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The chemical industry is one of the first science-based industries that emerged in the middle 

of  the  nineteen  century  during  the  second  industrial  revolution,  using  new  scientific 

knowledge to create on engineering scale a large assortment of new synthetic materials that 

replaced natural ones. It was, and in certain segments still is, a knowledge based industry.  

Few sectors  could  illustrate  so  well  the  historical  changes  and  future  challengers  of  an 

industrial segment.

The chemical sector complexity with micro-niches (more than 150.000 different substances), 

the  institutional  framework  (policies,  laws,  educational  systems,  government  incentives, 

lobby or environmental rules), the technological characteristic, the interdependence among 

players and financial aspect compound the difficulties to choose the crucial issues to explore 

and the right questions to answer. 

Commoditization,  globalization,  new  barriers,  increase  of  competition,  licenses,   new 

entrants, lock in phenomenon, environment & health regulations, new fields in bio chemicals, 

nano chemicals  and increase finance operations back grounding the industry have been 

forcing the companies to rebuilt  their strategies , thus marking this sector  evolution. The 

common  sense  indicates  that  the  commodity  chemical  production  has  been  shifting  to 

developing  regions  meanwhile  in  the  specialty  or  fine  chemicals  the  competition  has 

increased. Also the industrial player’s main core businesses become more antagonized into 

specialties (including hybrid science) or commodities chemical.   

The principal matter that disposes this thesis is concerning the changes in the chemical firms 

for achieve “new strategic boundaries”. The main objective is to understand and characterize 

the  heterogeneous  chemical  companies’  strategies  and  if  possible  to  classify  in  distinct 

groups.  

The first premise of this thesis is that the accumulative scientific learning or IPR (Intellectual 

property rights) is not anymore the main barrier to new entrants into the segment; it  was 

added to finance supremacy, HESQ (health, environmental, safety and quality) certifications 

and  intangible  values  (brand,  supply  chain,  network,  clusters,  customer  understanding, 

marketing,  management  and  skilled  labor).  Several  new players  appeared  supported  by 

national governments, sovereign funds and using licensees or technologies from specialized 

engineering firms ( SEF), raw material suppliers  &  equipment fabricators are able produce 

locally and replace imported products, furthermore those new players through foreign direct 

investment(  FDI)   ,  merger  &  acquisition  (M&A)  or  joint  ventures  (  JV)  expand  their 

operations abroad in direct  concurrence with the traditional groups.

Second premise is that the hottest competitive environment are recreating  new strategic 

firms’ boundaries divided in sub sectors like life science, basic or specialty chemical inducing 
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the main player’s actions  in product portfolio , fixed assets, process, R&D , M&A, network, 

JV, alliances, licenses , knowledge capital and marketing. For instance the specialty or fine 
chemical sector is still, in general, not concentrate due the vast existence of micro niches 

where national or global companies are in competition in the most profitable ones or creating 

new  niches  combining  different  sciences  (biology,  chemistry  and  physics)  to  form  new 

products or services. On the other hand the basic chemicals tends to regional concentration 

due the large equity investments required, higher ratio :transportation costs / low value items, 

inducing the construction of new sites close to raw material and end users, thus commodities 

companies manage their assets for return overinvestment, capital productivity and cash flow 

rather  than only  profit,  while  the  integrated companies (they have activities  in  basic  & 

specialty chemicals) tend to become atypical because of the limits to growth into this model 

with unrelated approaches needed for those different activities, indeed they could not benefit 

from real interrelated economies of scale and scope due the complexity and disparity of each 

sub  segment  structure  and  requirements  (  process,  distribution,  market  needs, 

management, services), thus growth and profitability are not necessarily  jointly reinforcing. 

To argue in favor of the hypothesis, that the new competitive environment provoke  “new 

strategic boundaries” and by their turn those players strategic movements evolve the sector, 

this  thesis  explain  the  past  knowledge  accumulation  process  in  the  evolutionary 

technological path development and the actual reorganization  from the chemical sector, that 

it seems being yet described into three main technological models that we could nominate : 

The basic chemicals ( petrochemicals, solvents, large inorganic, fertilizers, acids, etc)  firms, 

the  specialty  chemicals  (  life  science,  fine  molecules,  crop  protection,  final  products, 

formulations, etc) firms and the integrated ( activities in basic and specialties) firms. 

The  corporative  strategies  and  governance  models  conducted  by  key  players  to  keep 

competitively barriers and uniqueness proposition,  became quite different  in each model, 

while the basic chemicals searches for margins in  large scale on continuous process close 

to raw material /consumer market, with the entrance of new strong contestant companies like 

Sabic ( Saudi Arabia), Reliance (India) ,Brasken (Brazil)  or Sinopec (China), at the same 

time  traditional  corporations  and  start  ups  search  for  new  “specialty”  boundaries  with 

customized batch production within higher  value products.  The specialty  chemicals  firms’ 

strategic  movements  include  more  and  more  the  ‘intangible’  barriers,  for  instance  Cap 

Gemini with  Ernst &Young, 2002 had developed a survey to identify the main value creation 

factors in mature sectors, based upon 70 large corporations in the chemical segment, this 

study  indicate  that  alongside  of  physical  assets  and  “accountable”  resources,  also  the 

intangibles  factors  represents  an increasing  percentage of  the  firm value.  The key  “non 

quantitative”  performance  factors  are  ranked  as  follow:  1°  -  Innovation,  2°  -  Alliances 
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/network  ,  3°  -  Leadership  &  organizational  effectiveness,   4  °-  Social  &  Environment 

responsibility  ,  5°  -  Quality  of  products  ,  6°  -  Customers  relationship  ,  7°  -  Human  & 

intellectual  capital.  Those values are subtle  and could  have different  meanings for  each 

company, nevertheless they are becoming the key part of chemicals firms whereas basic, 

specialties or integrated.

The model, “integrated firms”, at the past was more common, it is recently becoming rarer 

due the despairs strategies in R&D, production, management and commercialization from 

large scale basic products and niche specialty chemicals. The withdraw of traditional firms’ 

like ICI, Hoechst, Rhone Poulenc or Union Carbide demonstrate the limits to growth inside 

this integrated model. Only Japanese firms due the conglomerate historical framework and 

few other oversize corporation like Dow (USA) or BASF (German) due lock in phenomenon, 

management  power,  financial  capacity  and  gigantism  are  still  in  the  integrated  model, 

nevertheless the signs (ex: acquisition of Ciba and Cognis by BASF or  Rohm & Haas by 

Dow) indicate that those corporations indeed bascule slowly into the specialty chemical side.

Methodology for theory and empiric approach

The whole chemical sector is extremely complex and dynamic, becoming difficult to establish 

‘law-like’ generalization, each player situation is unique even inside similar firms groups. The 

goal of this study is to understand the transition and transformation of the global chemical 

industry, to comprehend what is happening and why, indeed characterize the heterogeneous 

chemical companies’ strategies in set compilation. For this reason we use a phenomenology 

multi method approach in an inductive research and using qualitative /quantitative secondary 

data (journal, magazines, associations, consulting firms, annual reports, sector statistics, and 

cases analysis) as well personal experience and direct contact with managers and experts. 

Also we construct a own data base  about the main  actions and strategies (JV, M&A, FDI,  

R&D, Finance, etc) from the principal players at chemical sector  from 2005 to 2009 ; this 

study was based upon the specialized revues, sites and corporate annual reports with 150 

large  corporations  and  300  SME  within  700  observations.  The  main  descriptive  and 

analytical  results  indicate  a  dynamic  sector  with  traditional  and  new  actors  in  constant 

movements.

The theoretical framework is composed by the traditional references in industrial evolution, 

microeconomic,  management or firm theory like Teece, Chandler,  Pavitt,  Schumpeter,  as 

well new researchers interested at the recent chemical industrial strategy.
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Thesis Plan

The thesis is dived in two main parts with eight chapters. 

Part I has a theoretic and historical approach. It demonstrates the World recent chemical 

industry history at the traditional and emergent regions, including the national framework. 

Also include an academic background from the path dependence and evolutionary theory.

Part  II  has  a  theoretic  and  empiric  approach  concerning  the  major  players’  competitive 

actions  and  movements  at  strategic  composition  like  product  portfolio,  information, 

organization, assets, communication,  finance. 

Also  include  several  real  examples  and  a  deeper  view  of  one  sub  segment  inside  the 

specialties chemicals.

Chapter  1  illustrate  the chronological  development  of  the  chemical  sector,  from the first 

pioneers  industries,  passing by the formation of  large corporations,  new entrants,  till  the 

actual market re structure.  The historical perspective is important to illustrate the importance 

of continuity or discontinuity in the technological development. The chemicals sector passes 

by  four  mains  feedstock  platforms  (inorganic,  coal,  petroleum and  biological).  The most 

important technological progress in the nineteenth century was synthetic dyes; in the twenty 

century  were  the  polymers  and  now  the  highest  investment  in  R&D  comes  from  the 

companies  with  core  business  in  life  science  like  pharmaceutical  and  crop  protection 

chemicals, in which the European, Japanese and North American chemical industry expects 

to be empowered into the twenty-one century.  The new technological  paradigm (biotech, 

nanotech) has been incorporated inside the traditional groups or spins off in independent 

companies. Corporations today search for diversification and scope economies in innovation 

or scale economies and lower cost process in commodities, but both patterns are confronted 

to incertitude, information asymmetries and constrains in a global market competition, even 

with their intrinsic cumulative and collective rationality firms could not easily overcome certain 

difficulties in forecasting and planning at long terms due the actual economic conjuncture.. 

Corporations  and SME (small,  medium enterprises) are trying to re-invent  themselves to 

overcome the strong competition, economic downturn, societal pressures and the changing 

in the technological path. The answer from the corporations comes from the specialization 

inside Business Units that reduce hierarchical bureaucracy simplifies the analyses, decision 

and  actions  for  profitability.  The  merger  and  acquisition  (M&A)   or  joint  ventures  (JV) 
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movements , for instances, serve to rapidly access scale economies, critical mass, market 

share or to achieve new technological complementary bases with predictable cost and more 

visibility. Indeed the exiting strategies permit to corporations to divestiture from non ore low 

profitability activities and obtain capital to invest in new domains, like e.g.  Rhone Poulenc 

had sold its bulk chemical assets to finance acquisition in the pharmacy industry and Shell 

divestment activities in PVC (polyvinyl chloral) to concentrate in bulk PP (polypropylene) and 

PE (polyethylene)  process.  SME (small  &  medium enterprises)  are specializing  in  single 

technologies or regions and / or working as outsourcing for corporations.

Chapter 2 remarks the path dependence in product and process development. It describes 

the  importance  of  scientific  discoveries  as  well  the  born  of  the  chemical  engineering  to 

submit a production on industrial large scale from those discoveries till the effect of lock in 

phenomenon .  Indeed  the  significant  contribution  from the SEF (specialized  engineering 

firms) and equipment manufactures to develop, expand and divulgate the chemical process 

knowledge, which allowed many other companies and countries to access the manufacture 

process know-how.

Chapter  3 presents a general  overview from national  framework,  culture and institutions, 

which  influence the development of the sector inside the principal traditional countries and 

the  new entrants  that  represent  together  around  90% of  total  World  chemical  output.  It 

present  how  the  national  industrial  history,  incentives,  institutions,  politics  and  the 

government framework influenced  in the expansion of a strategic industrial sector.

Chapter  4  describes  the  organization  and  firm  governance  model  assumed  by  different 

actors in the sector. The importance of financial aspects incises the share holder behavior 

imbibed into the actual  managerial  practices.  Enlighten the importance from the decision 

process  for  the  resources  allocation  at  strategic  investments.  Illustrate  the  rise  of  “Risk 

management” as a crucial tool inside corporations as well the M&A and FDI that become 

significant as external growth/ enter in new field or markets and restructure mean.

Chapter 5 explains the networks issues. The alliances and joint ventures approach as an 

alternative for less risky and flexible structures for new  projects like for example the case of  

Elf-  Rohm Hass ( Ato Hass) in the  segment of acrylic, or  the agreements to establish World 

standard positions like e.g. the union between BP and Shell at the segment of bulk  plastic 

(polyethylene ,  polypropylene).  Due the complexity and interdependence the sector  allow 

different  forms  of  cooperation   and  the  goals  of  joint  ventures  vary  from  share/access 

technologies, synergies for costs reduction,  new markets access. Those alliances become 

very  common  to  ramp  up  capabilities,  gain  fast  market  share  and  minimize  capital 

investment.
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Chapter  6  portray the new financial  aspects  that  bascule  the sector  after  the  80’s.  The 

abundance of liquidity that allowed the leverage operations, the LBO (Leverage buy out), the 

LBI (leverage buy in) the MBO (manage buy out), the venture capital, the new firms formed 

from financial profile and not technical background. The financial market allowed the fast re 

structure of the sector  he revamp of low performance firms , but also the emergence of a 

strong supervision stress and short terms goals management. 

Chapter  7  explains  the  major  business  ‘intangible  ‘strategies  that  became  the  core 

competitive advantages from firms aligned to physical assets. The industrial sector is forced 

to develop intangible and complementary customer services. Chemical firms are becoming 

not just product provider, but also the suppliers of whole integrated system /solutions with 

applied  services  to  their  goods  and  complementary  products.  The  intensity,  quality  and 

innovation  in  the  service  system are a differential  key issue.  The producers  develop  an 

integrate management system called supply chain excellence, from the costumer’s needs 

identification to the final product utilization, passing through an applied R&D, ERP (enterprise 

resources  planning),  modular  production  process,  distribution  just  in  time,  brand 

management, CRM ( customer relationship management)  and SAS ( after sales services). 

It is important to include a view in the issue of sustainable development concern, a topic 

reviewed  at  chapter  7.7.  The  sustainable  production  concern  has  a  major  and  growing 

evidence for the political/social framework on the chemical industry future. 

The chemical industry is responsible alone for around 25% form all energy consumption in 

the worldwide industrial sector. It utilizes large amount of energy resources, as raw material 

or to function their facilities. Nevertheless for every tone of greenhouse gases emitted by he 

chemical  industry  it  enables  two  tones  of  emission  saving  via  the  innovation  for  other 

industries (insulation, antifouling coatings, low temperature detergents, lighting, etc)

One of  the most  actual  challengers is  HQE policies  (health,  quality  and environment)  to 

develop less energy consumption,  pollution  and reduce the risk of  process/products that 

pulse the corporation in R&D efforts and target new economic routes and goods.

The bad reputation “conquered” by decades of negative externalities: pollution, accidents, 

obscures  information to public  and rejects  in  the  nature  it  cause difficult  to  reverse this 

image. The industrial companies , mainly in Europe, are strongly pressure by society and 

institutions (Montreal and Kyoto Protocol, REACH), by the markets (Pollution rights quota) to 

diminishing  pollution  and  banished  dangerous  substances  (CFC,  PCB,  Chloral  ethylene, 

Pesticides).  About  5%  to15%  from  the  corporative  investment  in  Europe  are  driven  to 

environment  protection:  Replacing  old  facilities  to  new  safe  process,  water  residues 

treatment, pollution control, recycling solvents, search for new friendly products like water 
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based and prevention against  leakages and accidents.  New process to avoid the use of 

dangerous raw material and the new rules to force companies to develop equipments for the 

environment  conservation  as  new  filters,  electrostatic  decanters,  cyclones,  incinerators, 

centrifuges, flotation,  biochemical process to water purification that at the same time save 

energy  and control pollution . 

Finally the chapter 8 exemplifies one specific niche inside the chemical sector (Adhesives 

and sealants)  in a deeper vision.  The scientific  platforms,  the firms ,  the history and the 

structural changing. For instance the production of aromatic and aliphatic solvents decrease 

in OECD region due the regulation,  companies began to replace old solvent base products 

for different technologies such as water base, high solids or reactive cured products 100% 

solids or even green chemicals from bio mass.  Certain movements of M&A , FDI or JV 

create  global  brands  ,  but  do  not  jeopardize  local  companies,  and  SME  with  single 

propositions. The sector demonstrate  an interesting example of complex competition and 

cooperation  with  all  kind  of  players  like  large  specialty  corporations,  large  integrated 

companies , local  low technological firms , or highly technological smaller companies.

PRELIMINARY CHAPTER - CHEMICAL MARKET STRUCTURE

From  the  foundation  as  small  local  firm,  some  chemical  companies  became  global 

corporations,  multi  divisions  and  capital  intensive,  demanding  important  investments  in 

industrial  sites  and  distribution  network.  The  sector  is  considered  today  mature  and 

fragmented  with  numerous,  niches,  suppliers  and  customers,  albeit  some segments  are 

already  consolidate  within  oligopolies,  other  are  still  “pulverized”  spread  or   new  sub 
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segments  are  create  at  initial  phase.  After  a  decade  of  relative  strong  global  volumes 

increase, the actual industrial downturn is forcing many players to delay several projects and 

further idle capacity.

Although the chemistry business is spread Worldwide, the majority of the outputs come from 

only a handful  of  nations,  85% of  the World total  production is fabricate by 19 countries 

(USA, Canada, Japan, Germany, China, France, UK, Italy, South Korea, Brazil, Argentina, 

Benelux, Spain, Taiwan, Switzerland, India, Mexico ,Russia and Australia). 

Graphic 1 -World Chemical Sales 2007 €

In 2007, world chemicals sales were estimated at €1820 billion, an increase of 4% compared 

to 2006. With €537 billion, the EU chemical industry is still in a top position, but has lost its 

first place in the ranking to Asia (including China and Japan), mainly due to the rise of China 

and India.  Taken together,  the EU, Asia and NAFTA (North American Free Trade Area) 

account for almost 90% of the world turnover.
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In  2009  the  total  turn  over  from  the  sector  represent  around  US$  1.900  Billions  (hors 

pharmacy), divided in output by 28% in Europe, 22% in USA, 8% in Japan, 16% in China, 

15% in  Asia  without  Japan  and  China,  5  % Latin  America,  6% other  countries  (source 

WEFA-Win, CEFIC). 

Graphic 2 -World chemicals sales by region in 1997 x 2007

In the last 10 years  EU has lost  the leader position in world chemicals sales  against Asia. 

Comparing 2007 to 1997, the contribution of the EU to World chemical sales was reduced by 

2.7 percentage points and US was reduced by 5.87 percentage points. In fact, Europe and 

North  America’s  sales  have  been  growing  continuously,  but  world  chemical  sales  are 

growing faster. The value of word chemicals sales has increased by 60% in 2007 compared 

to 1997 and stabilizes since them due the economic downturn.

Western Europe continues to have a strong positive trade balance ($ 60 billions),  North 

America a small negative and Asia a large negative. Over 35% of chemical world trade is 

intra firm due the action of multinationals companies geographic spread and their product 
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specialization/concentration,  in  general  the  more  sophisticated  molecules  are  produce  in 

developed countries whereas bulk chemicals in developing regions. 

The growth of the sector in Europe, US and Japan are quite stable following the industry 

GDP growth, whereas in Asia and Latin America the annual growth is around 8% and 5 % 

respectively.  China confirms this trend showing numbers around of 10% annual growth, the 

country evolve from 5% of the world chemical production and today represent alone 16% of 

the total global chemical production. Until two decades ago, developing countries had only 

moderate domestic  chemical  production;  they were considered markets to export  for  the 

chemical industries based at developed nations. Since the 60’s the large corporations have 

been active in FDI ( foreign direct investments) among OECD region, but after the 70’s many 

new industrialized countries established programs to develop its own competitive chemical 

sector (  private and public) and corporations start also increasing productive FDI in those 

new industrial regions in Asia: Singapore, South Korea, Taiwan, Thailand, China; in Latin 

America:  Brazil,  Mexico,  Argentine,  Venezuela  and  finally  at  the  Middle  East  Countries. 

Although North America, Japan and Europe still remain the center of this industrial segment 

with the corporations head quarters located in it, but it is China, Asia Pacific and Middle East 

that are receiving the more significant investments and pushing the growth. 

Graphic 3-International comparative of chemical production growth rate in volume

Graphic 4- Comparative Index Average growth
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The long- term trend shows that also over the years (1997-2007), the European chemical 

industry showed the lowest  growth,  whereas Asia Pacific and Latin America started their 

steep rise at the end of the 90’s

Graphic 5 -Main chemical producer countries average sales growth 1997-2007
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On a worldwide level, chemicals sales grew yearly by 4.8% over the years (1997- 2007). The 

EU with an average sales growth rate of 3.9% is below world growth. 

Japan shows a small sales growth rate of 0.1%. The higher growth countries and regions are 

China,  Mexico,  India,  Taiwan,  Korea and Brazil  with  sales  growth  rates  between  16.5% 

(China) and 6.8% (Brazil)

15



Graphic 6-World  Chemicals* trade balance comparison: EU  x USA x Asia

The chemical sector represent around 13% of the world trade of industrial goods; considering 

trade balance, only Europe has a positive trade surplus, mainly in specialty chemicals and 

consumer products (painting, perfumes, and cosmetics) and Japan have a modest surplus. 

The other OECD regions have negative trade in chemicals.
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Graphic  7 –  Percentage  of  export  from  total  chemical  production  in  value 
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Historically the production and use of chemical product were basically local /regional. With 

the  advent  of  new logistics  (  containers,  warehouses)   and  new consumer  markets  the 

international  trade increase faster  after  the 60’s  arriving today at  30% of  the total  World 

chemical production being exported   

Graphic 8 -Global share of export/import of chemicals
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In 2007, the key trading regions were the EU, Asia (including China and Japan) and NAFTA. 

The EU is the world's  leading exporter  and importer  of  chemicals,  accounting for  half  of 

global chemical trade, which could be still impressive but much less than at the beginning of 

the XX century when Europe had 90% of chemical exports ( German alone had  40%) . 

Graphic 9- Global share of chemicals export by value in 1913
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Graphic 10- Global share of chemicals export by value in 2000
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Graphic 11 – Historical global share of chemical exports in value

Global share of chemicals exports%

0

5

10

15

20

25

30

35

40

45

Y1899 Y1913 Y1929 Y1937 Y1950 Y1959 Y1990 Y2000

UK
FR
D
Other WE
US/CAN
JAP
OTHER

 Source CEFIC and American Chemical Council

Other West Europe countries (Benelux, Italy, Spain, Scandinavian)

The graphic  above  reflect  a  trend  of  the  decrease  share  of  global  export  for  traditional 

countries like German , France while the increase importance of new competitors from other 

West  European  countries  like  Nederland  ,   newly  industrialized  regions  or  also  by  the 

increase  of  FDI  in  those  new  developing  regions  (western  multinational  corporations 

producing locally)
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Graphic 12- Chemical Industry's Top 30 in 2007

*in billions of dollars based on year-end exchange rates. Source: company reports 2009

For  the oil companies the turn over is only consider  from chemical products 

In 2007 these 30 major chemicals companies above  had a combined sales turnover of €577 

billion,  as  to  say  30%  of  the  total  World  chemical  turnover  that  reflects  the  ongoing 

consolidation in the chemicals sector , the creation of new groups and the rising importance 

of new entrants from emergent regions 
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Table1  - Chemical Industry's Top Ten in 2009

Company Revenue

BASF (German) $56.7

Dow Chemical( US) $44.9

ExxonMobil (US) $40.9

Ineos (UK) $41

Shell (UK/Nederland) $38

LyondellBasell (US) $30.8

Sinopec(China) $28.1

Sabic ( Saudi Arabia) $27.5

Dupont ( US) $26.1

Total ( France) $21.5

*in billions of dollars based on year-end exchange rates. Source: company reports 2009

For  the oil companies the turn over is only consider  from chemical products 

After the economic downturn in 2008-2009 we can see a sharply decrease in sales of the 

principal players, but few changes in the classification, reflecting a constant strategy of main 

corporations. For understand those strategies is necessary to comprehend the structural and 

conjuncture  market structure.

Under the term Chemical Industries it consists of hundred  segments with more than 100.000 

important substances produced by at least thousand large size companies (with turn over 

above US$ 500 millions) and plentiful smaller  or mini size industries  and niche companies 

that convert, mix or formulate final products. 

The taxonomy form the sector’s subdivision could be named in 6 main different branches, 

even  though  the  boundaries  among  them  are  not  totally  clearly  and  some  degree  of 

overlapping,  complementariness,  links  and  convergence  exist:  A-Basic  Chemical  /  B- 

Specialty / C- Fine Chemicals / D- Life Science / E-Consumer products/ F- Agro Chemical

A-Basic Chemical:  

This is the first generation of bulk inorganic or organic chemical products and raw material in 

large-scale process from natural resources. The key factors are the high capital intensity, 

maturity,  declining  real  value,  globalization,  environmental  pressure,  cyclical  activity  , 
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increase concentration, raise dominance from affiliates of oil companies in petrochemicals, 

growing presence of Middle Eastern producers (ex: Sabic) and increasing customer service 

orientation.

The  process  technology  is  more  important  than  product  development;  it  is  based  on 

reactions,  catalysis,  distillation,  separation,  synthesis  to manufacture in continuous  large 

scale methods, ending up with commodities out puts with not much higher differentiation 

which are incorporated later as components  into the process of specialty chemicals or other 

industries (textile, paper, metal, and fertilizers). Customers tend to purchase large amounts 

in contract base and logistic is important as the product itself.

Prices are correlated to capacity levels  and feedstock costs, resulting in cycles of shrink 

margins  or  upper  pricing.  There  are   barriers  to  entry  due  the  large  capital,  scale 

requirement, and access to raw materials. This higher capital requirement reflect the large 

plant capacity and automation to obtain economies of scale, the capital endowment (capital 

stock /employee) is the second higher just behind petroleum industry. Increasing the level of 

capital  employed is  still  a key to improve productivity with  new modern equipments  and 

process. Actually  the capital investment is divided on 25% in buildings , 30% in process 

equipments and almost 30% in ITC ( information & communication technologies) showing the 

growing importance of organizational  reactivity,  supply chain,  fast decision making tools , 

ERP  (  enterprise  resource  planning  )  ,  EDI  (electronic  data  interchanging)  ,  networks 

(pipelines), and knowledge management  in process technologies.

As the process technology are accessible through licenses or Engineering firms, thus the 

number of competitors become world spread, but a  new consolidation wave is in trend in 

petrochemical and gas , the chemical branches from the oil  companies ( private or state 

owned), that rely upon their feedstock advantages, account for a large and increasing share. 

The majority of fixed sunk investment are done at developing regions , whereas at OECD 

region  today only 5% of the capital investment is to add capacity for new products , in fact  

95 % of capital investment  are motivate to expand, replace or improving capacity for existing 

traditional products .

Moreover  the  basic  chemicals  are  distinguished  in  Inorganic  Chemical  and  Organic 

Chemical.  Inorganic  Chemical  utilizes as raw material  basically  metallic  and non metallic 

mineral compounds: water, air, salt, sulfur, phosphates, etc to produce acids, bases, gases 

for example   sulfuric acid, soda ash and derivate. It is the oldest chemical segment with a 

stable  demand.  Industrial  gases  (nitrogen,  oxygen,  etc)  are  also  considered  inorganic 

chemicals.
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The  Organic  Chemical  (hydrocarbons  composed  by  hydrogen  and  carbon)  utilizes  the 

sources from vegetal, coal but mainly the petroleum raw material to produce derivates (egg: 

solvents,  plastics,  polymers  and synthetics).  Petrochemicals  are  the basic  building  block 

(Toluene,  benzene,  xylem,  ethylene,  propylene,  butadiene  and  methanol)  for  thousand 

derivate downstream products. Organic intermediates are the next process step via further 

one  or  several  chemical  conversions.  At  the  end,  downstream,  over  70%  of  the 

petrochemicals end ups as synthetic rubber, fibers, polymers and plastics.

The total basic sector involves more than 10.000 differences substances, with certain level of 

industrial  concentration  due  the  capital  intensity  of  each  specific  product.  It  is  a  global 

market, often organize into oligopolies that dominate some segments within an unpredictable 

cyclical that ask for large finance support. The actual approach is the specialization, back 

integration,  cutting  cost  to  achieve  a  low  cost  position,  moving  the  strategic  zone  to 

developing regions. The contradiction in this sector is that while reinvesting the profits from 

the up cycle it could create over capacity that will ends in down bottom cycle, thus negative 

margins. 

 Those multinational companies have their production sites located in each key region in the 

Globe regarding the natural resources or consumer market. New entrants from developing 

regions based in natural advantages and international technology are indeed competing for 

global market share.

To conquer new potential markets petrochemical groups had started with exportation and 

local  commercial  branches  before  to  invest  in  small  production  sites  (only  to  mixture, 

blending and finishing process). At a second time, depending from the previous results, they 

sunken  investment  ,  doing  acquisitions  or  joint  ventures  with  local  partners  in  order  to 

construction  fixed  transformation  process  sites  to  supply  a  whole  region  with  local 

production. In general, the more the product is a commodity the more the probability to a 

local  production  in  large  scale,  of:  industrial  gas,  petrochemical,  solvent,  plastic,  and 

polyolefin. 

The enter barrier is due the large capital intensity requirement. Prices are driven by capacity 

utilization  and raw materials  costs,  the  last  10 years  had showed a  trend of  production 

stagnation in Europe, US and Japan, whereas production sites de-localization to developing 

countries. Several reasons contribute for this trend: There is a search for competitive low 

cost production factors, less environment control, gets closer to natural resources and new 

consumer  markets.  Production  in  Mercosur  (Brazil,  Argentina),  Southeast  Asia  and 

specifically  Middle  East  had  begun  to  growth  rapidly  with  FDI,  joint  ventures  or  local 

producers with  technological  licenses that  utilize  low cost  feed stocks /labor  to  supply  a 

growing regional industrial demand..
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Other trend is the optimized production site sizes, more productivity,  more scale and less 

wasteful  with  better  process.  In  the  mature  segment,  the  process  technology  are  more 

important than product development, in general  the companies invest  95% of R&D funds in 

new process, nonetheless actually any new process development has been  reached  really 

shutdown economics with more than 25% gains .

Consolidation is still occurring in basic chemicals, often in regional scope and punctually in 

international  transactions.  Traditional  corporations  are  facing  competitors  with  low-cost 

advantages strategies and focus in narrow range products in local markets. The last example 

was the acquisition of Huntsman Petrochemical ( US) and DSM petrochemical (Nederland) 

by SABIC (Saudi Arabian) in cash payment of 700 millions of dollars. There is already a 

strong concentration in some segments inside the mature markets, like for an example in the 

niche of printing pigment we have the North American companies DuPont, Tioxide et Kronos 

with 62% of the Titane Oxide production while the German BASF, Bayer and Hoechst had a 

joint venture called Dystar with the Swiss Ciba and Clariant to dominate 60% of the Iron 

Oxide production.

B- The Life Sciences Related Chemical. 

It concerns the production of substances by biological process. The principals sectors are 

pharmacy, food, flavors, aroma, cosmetic and agro chemical business with products likes: 

drugs,  diagnostics  substances,  nutrition,  crop  protection,  vitamins.  The  Life  science  is 

actually the most dynamic and innovative sub-sector, prices are often on high value/benefit 

consideration,  patent  and  other  intellectual  property  rights  are  still  important  and 

development costs are higher. The development risks are more important due incertitude 

and long term results or homologations, thus requiring higher margins. Prices per kilo are 

general  higher,  although  large  customers  and  national  governments  have  increased 

bargaining power (generics brands for instance).Competition is largely based on innovation, 

product  development,  differentiation,  patents,  geographical  distribution  coverage,  brand 

management  and  customer  service.  Companies  invest  95%  of  R&D  budget  in  product 

innovation (For pharmaceutical, R&D spending ranges from 15 to 25% of sales). 

The biotechnologies have done enormous paces from the discovery of the genetic material 

(DNA) in the50’s, the protein synthesis in the 60’s and the study of bacteriologic genetics on 

the basis of antibiotic resistance in the 70’s. At  the eight ‘s, there were several new small 

labs and independent companies conducting advanced research in  fields like: transgenic 

crops,  fomenter,  cell reproduction, clone process, with external venture finance and joint 

venture  agreement  with  the large  corporation.  The following  period  was  denoted by  the 
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acquisition  of  those independent  lab by the established  corporations  and the spin off  or 

fusion in a third new company to manage those new technologies, for example recently the 

Sanofi-Synthelabo-Aventis  case  resulted  by  several  M&A  actions(  Hoechst  and  Rhone 

Poulenc  merger).  Several  traditional  chemical  corporations  ,  like  Bayer,  DSM,  reoriented 

their  focus  to outstrip  basic chemical  revenues and to concentrate in  new technological 

routes.  Biotechnology  represents,  already,  15% of  life  science  and  is  now beginning  to 

diffuse into the specialty chemicals and consumer chemicals sectors. The pharmaceutical 

sector will be not cover in this thesis.

C- The consumer chemical products. 

They are finished products often based in simple chemistry but featuring a high degree of 

differentiation in branding management for basic application for the quotidian life including 

mainly hygiene, cleaning, food process and cosmetics, dominated by powerful brands and 

transnational companies (ex, P&G, Gessy Lever, L’Oreal,  Henkel). Consumer chemicals are 

segmented  by  end  user  and  along  distribution  channels  (supermarkets,  stores,  hard 

discounts, etc). Brand management is extremely important as so distribution management. 

Product life cycle is shorter so product development is important and the trends are in green 

products. In this sector the consolidation and globalization are the reality since long time. 

This sector will be not direct cover in this thesis.

D- The sector of Specialty chemical 

Valued in US$ 300 billions, with average 3% year global growth, the sector is characterized 

by  the  synthesis  of  complex  molecules  and  formulations  from  the  basic  chemical  raw 

material  into  specifically  intermediaries,  additives  and  applied  performance  products.  In 

general  they  are  higher  value  items  due  the  compound  production  process  and  small 

quantities resulted from it,  but  higher value added products too,  with more stable prices, 

higher  margins,  and  lower  degree  of  economic  downturn  cyclicality.  Specialty  Chemical 

comprises several different branches producing a large scope of technologies and products 

(70.000)  with  different  properties  definitions  like:  painting,  sealants/caulking,  coating, 

adhesives, explosives, ink, dye, special solvents, engineering plastics, catalyses, synthetic 

rubber, electronic chemical, additives, surfactants , composite material, etc. Those products 

are largely  extended to some end user utilization  to enhance other product  performance 

(automotive,  apparel,  appliances,  paper, etc).  They are important for their  features giving 

technological  solutions  for  many  downstream  industrial  segments.  In  general  specialty 

chemicals represent a small portion from customer’s production costs due the low quantity in 
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their own  process, but are essential to improve the performance; therefore the rationality in 

specialty chemical is the total value-added to the customer , not only final prices like in the 

commodities  chemicals.  As  examples,  engineering   composite  and  thermo  set  plastics 

(epoxy, polyurethane, acetate, polycarbonate and other) are used to replace metal,  glass  or 

indeed in formulation of structural adhesives, coating, ink that by their turn will be utilized in 

automotive, construction, appliances, apparel, paper ,etc, giving for each final product ( car, 

house, refrigerator, airplane, etc)  certain attributes ( lightness, strength, resistance, etc). 

Corporations  invest  around  70%  from  R&D  budget  in  product  development  and  the 

proprietary technologies are still an entry barrier. The success is driven by market fulfillment 

and  the company’s  specific  know –how,  for  example  to  create  components  in  a  unique 

formulation for a precise application. End users are reluctant to switch suppliers only based 

on price, when this one actually represents a small  fraction of their total production cost. 

Therefore  products  are  not  easily  substituted  and  there  is  no  global  quotation  for  true 

specialties like there is for basic chemicals. 

Many  specialty  markets  are  still  fragmented  due  the  regional  characteristic  and  market 

relationships, nevertheless the internationalization and consolidation are occurring in a faster 

path.  Depend  the  segment,  the  barriers  to  entry  could  exist  because  of  patents  and 

technology requirements; innovation is still a critical issue and companies invest around 3-

8% of revenues in R&D. Marketing , branding, distribution and costumer service are indeed 

important  routines to keep customers loyalty. Though large fixed asset capital endowment 

are  less  important  as  production  process  are  in  batch,  nevertheless  the  trends  in 

globalization induce to higher scales to obtain productivity and companies invest around 5-

10% of revenues in equipment. Specialty chemical are in general niche players, or B.U .from 

corporations  operating  in  fragmented  market,  but  consolidation  are  occurring  due 

corporations aim to gain market share, create new products, achieve cost synergies, new 

segments, new markets. The margins are squeezing recently as demand in OECD region 

slowed, raw material‘s price increase, new entrants arrive, large customers increasing the 

bargaining power  by supply chain methods and there are some overcapacities in certain 

niches.  A  deeper  view  from  one  specialty  chemical  segment  (Adhesive,  Coating  and 

Sealants) is explained in chapter 8.

The major difference between the specialty chemicals and fine chemicals is that the first one 

are finished products and the second one are intermediate raw materials that will be required 

in further formulations, but the boundaries are not completely clear as often a final product 
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could be used into further formulation or  an intermediary could also be used like a final 

product. 

Typically,   this sector  was preponderate formed by  small/  medium size companies with 

complementary assets that focus  marketing niches and local competitive scale advantages 

(market acquaintance, distribution network, customer service) since less capital was needed. 

However after the 70’s with the increase of the internationalization trade, new competitors, 

global procurement and the new production process created the possibility and the need of 

more capitalization, forcing smaller players to sellout, seek partners or go public, at the same 

time many commodity products’ companies firms decided to divest bulk segments and invest 

into specialties (mainly by acquisitions), to eliminate the cash flow volatility originate by the 

cyclical  nature  of  the  commodities.  In  fact  they  realized  that  specialty  and  commodity 

chemicals are quite different in scale and principally in management issues (R&D, marketing, 

service,  etc).  Actually  the  large  petrochemical  corporations  divested  or  separated  their 

specialty branches and few companies could still  afford to be totally integrated like DOW, 

Sumitomo, Mitsubish or BASF.  Besides a consolidation trend in some specialty niches and 

the existence of important corporations exclusively into the specialty sector like Henkel, 3M, 

DuPont , the global market structure in Specialty is still pulverized, not concentrated, divided 

into three business model concerning the firm configuration: 

A- The Mega Global Corporations (ex: 3M, Dupont, Dow Corning,  Bayer, DSM,  Clariant,  

Akzo,   etc)  with  large  scope  economies  acting  in  several  niches  trough  business  units 

management in several countries.

 B-  The  medium  diversified  companies  (  Reliance,  Pidilite)  with  middle  size,  managing 

extensive product portfolio mainly in local or regional expansion.

C- The Niche focus players, global or local, small or large, acting strongly in just one market  

or just one product technology, they could be large international companies( Sika, Ecolab, 

JDiversey)  or SME (small & medium enterprise) locally (Buckman, Brascola, Renner )   . 

A- The first model (international corporations) is characterized by a worldwide presence in a 

breadth scope of products and scale economies that induce cost reduction and global supply 

chain.  The corporation’s organization is divided in business units and divisions originated 

from product deployments, new technologies and acquisitions, however there is a risk to run 

small  business  units  without  insufficient  focus/  differentiation  and reduced  flexibility  as  a 

result of increasing complicated business portfolio and bureaucracy. The principal players 

today are the centenary ones like Bayer, DOW, 3M, Henkel, Dupont but also new comers 

originated from M&A movements. 
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B-The second model (medium companies) characterized by national companies ( in general 

private family) with local brands, local distribution network or specialized in one segment with 

different  products.  They have  some international  activities  and  more  traditional  products 

manufacturing. The competitive environment and the lack of a global supply chain or a strong 

marketing differentiation give rise to a great movement of consolidation and taking over, for 

example the acquisition of Morton by Rohm & Hass and lately the acquisition of Rohm & 

Hass by Dow. This M&A movements are originated by the increase market share objectives 

from corporations or to combine the synergies in production and marketing from two medium 

companies  thus becoming  strong enough  to  compete against  corporations.  However  the 

reinvestment in fixed capital doesn’t address the problem of innovation and differentiation, in 

consequence  this  strategy  maintains  the  low  value  added  products,  smaller  margins  , 

besides the possible market share gain. Those companies have their administration within 

more flexibility, adapted to local service, but continue to be threat by large corporations with 

market power and by niche players with technological focus in a specific segment. Those 

companies struggle to achieve ‘ critical mass’  ( volume, cost reduction, brand recognition) to 

maintain their competitive advantage and reinvest in their principal products or regions (ex: 

Roullier group in France or  Brasken  in Brazil) or to avoid to  be taken over by corporation of 

or equity investors ( who are not subject to stock market ).

C- The third model, with smaller regional players focus in one or two technological platform, 

ex:  Loxeal in Anaerobic adhesive,  Cytec in Aerospace adhesive, Avery Dennison in PSA 

adhesives.  They have been also menaced by the commoditization of specialties and the 

principal question today is how they could continue to innovate and differentiate themselves 

to create a unique value proposition. This smaller producers, to survive, require to develop a 

unique expertise in a specific niche and enough productivity (often working as outsourcing 

suppliers)  to avoid being left  out,  because global  supply chain favors large corporations. 

Several smaller businesses ( in general family owned)  accepted  to be acquired by large 

corporation, being part  of  a global  organization to offset the pressure of competitors and 

balance the power with  corporate customers, as the  recent example of Loctite acquired by 

Henkel, EMFI  and Chemence by 3M or  Anaerobicos by ITW .

The more a product is a “specialty” with a higher value per volume, thus less expensive to 

transport, the more the probability to have a centralized production centers that will supply 

other regions with small consumption.  Europe, USA and Japan export US$ 120 billions/year. 
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Nevertheless  this  ‘transportability’  characteristic  allowed  also  new  companies  from 

developing countries like China and India to export into developed regions, starting by less 

critical applications and simpler products.

Corporations are facing squeezing margins or low return over capital due: the global crises, 

strong  global  competition  including  local  small  and  medium  specialized  companies, 

transparent prices by Internet information, vegetative growth demand in developed regions, 

increase  feedstock  costs,  customers  moving  abroad,  maturity  of  end  user  (  automotive, 

paper,  appliances),  consolidation  of  end user (increase the buyer  power,  electing  mono- 

suppliers  within  master  contract  at  corporate  level),  lower  product  life  cycle  with  early 

commoditization, lack of radical innovation and environmental constrain issues. 

All  these concerns  aligned  to internal  cost  saving pressure  (reducing  R&D,  engineering) 

changed the approach from developing to improving existing technologies tied to business 

level strategies rather than fundamental research. 

Many specialty products have become indeed cyclical  looking like commodities, therefore 

less  profitable,  thus  institutional  investors  became  last  interested  in  owning  specialty 

companies stocks due the lower potential growth, reduce profits, intricate liquidity and small 

market capitalization.

Excellent companies with renowned products and brands, like Ecolab, are indeed suffering 

financial problems due the focus in mature end markets, asking for realign their products and 

adjust  productive  and  administrative  costs.  A  number  of  specialty  companies  shifted  to 

higher margins end users like electronic chemicals, batteries, composite material, cosmetics, 

flavors and life  science segments using their  synthesis  capabilities  to make even higher 

value added products.

The last  two decades there was a new M&A flourish due the liquidity abundance at  the 

financial market, ended in 2008 with the financial crises. The 2008 crises alone could not 

explain the causes of decline profits and the consolidation going on will  not solve all  the 

margin problems. Companies are driving their strategies to increase share holder value via 

process  rationalization,  product  customization  (advanced  products  indeed  could  have  a 

higher  prices  if  they  could  reduce  the  customer  total  production  cost),  green  products 

development and international marketing awareness effort. Because it is becoming difficult to 

come  up  with  radical  innovative  breakthrough,  corporations  are  improving  the  level  of 

differentiation of core products into new functions to specific performance characteristics and 

tailored  services  like  commodatum or  consulting.  Besides  marketing  efforts,  corporations 

develop products and applications expressly to one niche in a partnership that may include: 
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testing,  appliance  services,  process  expertise,  packaging,  inventory  management, 

outsourcing,  after  sales  support,  technical  service,  development  services  and  waste 

solutions. 

A  further  step  is  the  development  of  multidisciplinary  approach  with  the  interaction  of 

chemical, physic, mechanic and biotechnology to create a new hybrid engineering discipline 

to answer the market requirements.  

In  resume  the  contemporary  specialty  companies  have  a  clear  vision  of  the  present 

environment; a fine forecast of the future; great international management skill and  financial 

health to invest besides the financial  crises or economic downturns cycles.  The strategic 

movements conform among organic development , external acquisition,   collaboration with 

strategic  players;  strong  leadership  in  specific  segments;  fast   interface  with  customer 

relationship and loyalty programs; strong brands to distinguish themselves in target market 

segments  that  value  service  (consulting,  just  in  time  delivery,  etc)  /  innovation  (new 

molecules,  new  biocatalysts,  inorganic  rare  substances,  biodegradable  polymers, 

composites, etc ); multidisciplinary ( material,  chemistry,  physics,  life science)approach to 

solve  problems downstream.  For  instance successful  corporations  create  value  and  fast 

novelty by combining their separates capabilities in strategic alliances. A brilliant example of 

successful  innovative  business is the alliance between PPG and Essilor  to produce light 

sensitive resins to eyeglass protection against UV sun, or the Dow‘s alliance with Alchemia 

to achieve lower cost new synthesis routes.

The table bellow explain in synopses the main process in the chemical routes from diverse 

organic or mineral raw materials passing through the first generation process that will output 

a synthetic compound ( ex: monomer, solvent ) that will be used in the following industrial  

steps till arrived in a final end user product like an adhesive or a paint. 

Table  2   Explicative process                                    1 Generation                2, 3 Generation

Raw Material Chemistry Basic  Chemical  ; 

organic /inorganic

Specialty  Chemical 

life science

Air Mineral Industrial Gas Glass bubbles
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Mineral Mineral Colorant, pigment Paint, Ink, Dye

Salt, Sulfur, Sand Mineral Inorganic Fine  chemical 

Pharmacy  , 

construction chemical

Gas, phosphate... Mineral Grains Agrochemical, 

Fertilizers

Petroleum, coal Organic Solvents, Organic Additive,  detergent, 

Fine Chemical

Petroleum, coal Organic Polymer Plastic Composite material

Petroleum, coal Organic Polymer  Synthetic 

Rubber

Pneumatic,  Adhesive, 

Coating,  Caulking, 

Tapes

 

The table  bellow explains in synopses the differences from basic chemical, fine chemicals 

and specialty chemicals within the features of: industrial focus whereas in large scale or in 

modular batch; market structure whereas concentrate or pulverized; the technology approach 

in  products  or  process;  the  management  guidelines  whereas  induce  more  by  internal 

constraints or market demand and finally capital requirements intensity for large or smaller 

assets investments.

   Table 3 - differences from basic, fine  and specialty chemicals

 Basic chemical 1° 

generation

Fine and differentiate

chemical 2° generation

Technical  specialties  3° 

generation

Chemistry Production  of Development  of Modification & mixture of 
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molecules molecules        molecules

Site Focus Large scale , lock 

in phenomenon

Lean operations Customization/batches, 

flexibility

Structure Centralized  / 

concentrate

Some  centralized 

/concentrate

Decentralized  / 

Not concentrate

Technology Process Process and product Product and application

Management Internal process Internal/external market External  –  niche 

marketing needs

Capital 

intensity

High Moderate Low /moderate

The  table  4  below  defines the  principle  differences  among  commodities  basic  chemicals  and 

specialty chemicals

Basic chemicals Specialty chemicals

Pricing Based on raw material cost, 

cyclical,  transparency  to 

customers

Value  added,  quite 

disconnected  from  raw 

material cost cycles

Raw  material  cost  in  the 

sales price

≥ 65% ≤ 30%

Marketing /distribution Standard  items,  No  brand 

importance, B2B distribution

Brand  asset  management, 

Services,  CRM,  Distribution 

channels or B2B  

Switching cost Customers  can  easily 

change  to  other  supplier, 

Few  suppliers,  switching 

takes more time and money
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same specifications 

Entry barrier Low barrier  besides  capital, 

know  how  and  technology 

accessible

Patent  protection,  intrinsic 

tacit experience

Competitors Many,  competition driven by 

price and capacity utilization

Few,  competition  driven  by 

differentiation  and  improved 

performance

 

Part I - Industrial and institutional development 

This  first  part  introduce  a  historical  view  for  the  chemical  industry  formation  and  try  to 

demonstrate the procedures of product innovation, into the framework of basic and applied 

research, the path dependence, but also the progress of production process due incremental 

technology  dynamic,  as  well   the  managerial  innovation  that  allowed  complex  forms  of 

control and large portfolio management at the actual large multinational corporations

CHAPTER 1. HISTORICAL TRANSFORMATION 

Natural chemical components have been used for humankind since the pre-historical time. 

The  first  organic  substances  (vegetal  resins,  animal  cartilages,  blood)  or  the  inorganic 

substances ( salt, sulfur, sand) used by the first neolithic populations helped to improve the 

tools  and  the  culture  from  the  first  important  civilizations  that  started  to  dominate  the 
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utilization  of  pigments,  resins,  glass,  rubber  to  use in  better  construction,  transportation, 

apparel,  communication,  weapons,  etc.  Chemical  manufacturing  can  be  traced  back  to 

Middle Eastern artisans, who refined alkali and limestone for the production of glass as early 

as 7,000  B.C.,  to the Phoenicians  who produced soap in  the 6th cent.  B.C.,  and to the 

Chinese who developed black powder, a primitive explosive around the 10th cent. A.C. In the 

middle  Ages,  alchemists  produced small  amounts of  chemicals.  By 1635 the Pilgrims in 

Massachusetts produced saltpeter for gunpowder and chemicals for tanning. The first real 

large-scale  chemical  industries  have  developed  in  19th  cent  during  the  called  second 

industrial revolution. In 1823, a British entrepreneur James Muspratt started mass producing 

soda ash (needed for soap and glass) using a process developed by Nicolas Leblanc in 

1790. Advances in organic chemistry in the last half of the 19th century allowed companies 

to produce synthetic dyes from coal tar for the textile industry as early as the 1850s.

To understand the actual  stage of  the chemical  sector  it  is  important  to  understand the 

historical  path  of  the  chemical  industry  since  the  industrial  revolution,  the  first  synthetic 

process,  the foundation of  first  chemical  firms that  become the transnational  groups that 

evolved into the actual corporations  present worldwide, the entrance of new players and the 

increase  financial  approach  influence.  The  chemistry  scientific  knowledge  created  by 

universities  and  institution  had  been  transformed into  products  through  public  or  private 

companies that integrated technical product /process development as well  marketing and 

distribution capabilities.  Those initial  companies mainly located in west  Europe /USA and 

later Japan benefited from national governments incentives and first  movers position that 

allowed them to raise barriers (patents, scale, distribution channel, etc), build a supply chain 

network and create a virtuous cycle of abnormal profit /reinvestment.

1.1 XVIII and XIX Century. “The pioneer’s time”.

The chemical industry emerged in Europe in the eighteenth century, when the makers of 

glass, paper, paints, soaps, dyes and textiles looked to chemists to improve their production 

processes, particularly during times of shortages of natural raw materials. In the 1740s, John 

Roebuck, an English chemist turned industrialist, introduced a process for the commercial-

scale production of sulfuric acid using the lead chamber process. A partnership with another 

industrialist,  Samuel Garbett, enabled him to sell  the sulfuric acid as a substitute for sour 

milk, buttermilk and urine in the bleaching of textiles. Afterward sulfuric acid as a bleaching 

agent  was  replaced  by  chlorine  gas  discovered  fifty  years  later  and  commercialized  by 

Scottish industrialists. 
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In the late eighteenth century, the French chemist Nicholas Leblanc, discovered a process 

for making soda ash from salt, which was applied commercially first in Britain. 

Soda ash, as an industrial chemical, was one of the first compounds to be used in a wide 

range of products including glass, paper, paint and pottery; also it was important to produce 

products like hydrochloric acid. In the 1860s, Ernest Solvay developed the ammonia process 

for soda ash manufacture, copied by  U.S. companies in 1884 and within 50 years after  its 

introduction, completely displaced the Leblanc technology.

What we call the actual chemical industry, however, began with the production of synthetic 

mauve  (dye),  the  first  synthetic  organic  chemical,  accidentally  produced  by  William  H. 

Perkins in 1856,  an English chemical  researcher,  while  trying to synthesize quinine from 

aniline and toluidine. 

From 1830 to 1870 England dominated the World chemical industry, leading in products like 

soda ash, dyes, and sulfuric acids. This dominance was explained by the entirety of factors 

like the access of basic raw material (coal), large consumer market (textile, glass, fertilizers) 

and educational system to supply qualified labor.

Those advantages were not enough to keep the British industries ahead. From 1870 the 

German dominance came from a strong relation between the universities networking with the 

new coal  dye  industry,  research labs  and by a  good understands from the new market 

needs. The Company Bayer was created in 1861 by two dye traders (Friedrich Bayer and J. 

Werskott). The Company Hoechst was created in 1862 and BASF (Badische Anilin und Soda 

Fabrik) in 1865. A symbol from this dominance, at that time, was the development of the 

synthetic dye alizarin that replaces totally the natural dye from grace flower. The synthetic 

dyes were much less costly as raw material and they were an answer to the requests from 

the  mass  production  use  of  colors  in  the  textile  industry.  The  establishment  of  strong 

intellectual property legislation in Germany in 1877 had incentive R&D and increased the 

race for discovering new products or process that would give a dominant position for the first 

patentee. Two good examples were the syntheses of the dye Indigo discovered by Bayer in 

1880 after 17 years of research effort and the 2500 catalyzes tested and patented by BASF 

till 1900.                                                                                                            

 The R&D and  new technologies  became one of  the  three main  pillars  for  the  modern 

corporation  aligned  with  capital  and  organized  labor.  The sector  moved  very  fast  to  be 

characterized as technological, oligopoly, capital intensify and long-term R&D strategies.   

The Biochemical industry 
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Like  the name indicate  (bio=life),  it  is  the  study of  life  mechanisms and theirs  chemical 

reaction. Due the taboo imposed by the Church, avoiding the study of life, the biochemical 

study started very late comparing with the inorganic chemical. Louis Antoine de Lavoisier in 

1780 proved that animal consumes oxygen, but this important research rested marginal, at 

that time the life studies focused only on the animal classification. 

Only at the 19e century the chemistry researchers start focusing deeper in the life science 

through what it called today enzymology. In 1815 Louis Joseph Gay-Lussac describes for the 

first time the alcohol fermentation. Payen and Jean Persoz discovered the first enzyme en 

1833. En 1838, le Baron de la Tour proved that the fermentation is caused by life organisms, 

concept  that  was  enlarged  by  Louis  Pasteur  from  1858  to  1871,  starting  several  new 

conservation  processes at  the food and beverage industries.  At  beginning of  the twenty 

century the comprehension of the bacteria enable the production of antibiotics medicines 

with first penicillin from the bread champignon. 

1.2 From 1900-1945 –“The vanished innocence”.

The new synthetic dyestuffs, which replaced natural dyes, were taken over by Germans and 

Swiss, with Britain losing its grip on them. The Germans firms established strong positions in 

the organic chemicals sector, growing from synthetic dyes to pharmaceuticals, photographic 

chemicals, explosives and synthetic fibers. Germany rapidly became the leader in European 

chemicals, overtaking Britain within a few decades. By 1913, German chemicals output grew 

by an annual average of 6 percent, and was 20 to 30 times the size of Britain’s industry. 

Germany accounted for 90 percent of the world’s production of synthetic dyes, with a work 

force of 270,000, with major customers in the US, Russia, France, Britain and British India. 

Germany’s advanced educational system of science graduation linked to the internal firms 

R&D enabled them to advance over its other major European competitors such as UK or 

France, with the exception of Switzerland.

 Switzerland exploited  its  own scientific  expertise  to develop  specialty,  high-priced dyes, 

avoiding competition from German standard bulks and enabling them to develop their own 

niche markets around the World. By the end of the nineteen-century, 90 percent of Swiss 

dyes were being exported - Swiss producers were also selling pharmaceuticals abroad. With 

a work force of only 10,000 workers, the chemicals sector provided, at that time 5 percent of 

Switzerland’s total exports.  In terms of sales per employee, they were twice as high as those 

of the country’s celebrated watch industry.
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Making only a fifth of Germany’s output, it was the world’s second largest chemical producer 

and  both  two  countries  accounted  for  around  85  percent  of  World  industrial  chemical 

production by value at that time.

During  the  First  World  War,  Britain  had  only  9,000  chemical  graduate  students,  while 

Germany had 58,000. Britain had an estimated 1,500 trained full-time chemists, while the six 

leading German chemical companies - Agfa, BASF, Bayer, Cassella, Hoechst and Kalle - 

had  around  10,000  among  them.  The  first  World  conflict  forced  German  companies  to 

developed new chemical weapons and synthetic materials, for instance to replace the natural 

nitrate from Chile blocked by the British navy .     

The other European countries concentrated on the production of  alkalizes  and fertilizers. 

With the exception  of  France and Britain,  there  was  only  limited involvement  in  organic 

chemicals.  Norway for  instance became the world’s  biggest  producer  of  calcium carbide 

(Norsk Company),  -the raw material  for  acetylene manufacture,  -  helped by the plentiful 

supplies  of  hydroelectric  power.  By  1909,  the  Norwegian  output  reached  50,000  tons, 

equivalent to 20 percent of the World production. Four years later exports rose to 1,800,000 

tons.

With the onset of the First World War an era of protectionism and trade barriers was ushered 

into Europe. At the end of the nineteenth century cartels began to take place in chemicals 

and other sectors, usually with the connivance of the national governments. There were also 

coalitions of international companies aimed at dividing up markets for specific products like 

soda ash. Alfred Nobel, the Swedish entrepreneur, formed a big cartel to stifle competition in 

explosives across Europe. His trust, Nobel Dynamite Trust Co., negotiated a worldwide deal 

with Dupont under which the North American market would be reserved for the Americans, 

continental Europe for the Europeans,  United Kingdom and the British Empire for the British 

firms. 

The German chemical industry’s dominance (88% of the world synthetic dyes in 1914) was 

reinforced by these cartels, which were often imposed by legislation. Leading German dye 

manufacturers were divided into two cartels in the 1900s, which became a single alliance in 

1916, called Interessengemeinschaft (IG) or community of interests. In 1924, the eight IG 

members formally merged into IG Farben. 

The British  government,  alarmed during World  War I  by the revelation  that  British  army 

uniforms were colored with German dyes,  merged UK dyestuffs makers into British Dyes 

Ltd., later to become British Dyestuffs Corp.( BDF) 

BDC made part in the formation of one of the biggest chemical conglomerates, the Imperial 

Chemical  Industries.  ICI  was  founded  when  the  UK  firms  Brunner,  Maund  Co.,  Nobel 
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Industries Ltd., United Alkali and BDC were combined to create the new company in 1926, 

which comprised a total of 54 companies with 93 plants in the UK and worldwide. It  was 

much bigger than IG Farben, in terms of share capital. 

In France, in 1926 Poulenc Company and Societe Chimique des Usines du Rhone merged to 

face the international giants like ICI and IG Farben. Later, the four bigger companies (Rhone-

Poulenc, St. Gobain, Pechiney and Ets. Kuglmann) entered into a cartel to control the French 

chemical  industry.  Thus  chemical  production  tended  to  be  concentrated  among  a  few 

producers  in  most  countries.  In  UK,  the  top  ten  chemical  companies  accounted  for  93 

percent of chemicals output in 1930.Nevertheless the depression in the inter-war years stop 

the trade. In 1937, the chemical percentage in the total trade of manufactured products was 

only marginally higher than it was in 1913.

United States achieved also a high industrial standard able to supply their internal increasing 

consumer sector and started a concentration movement in many sectors like the foundation 

of Dupont resulted from the acquisition of several small groups in 1902. Hobert Dow formed 

a small  start  up in  1900,  Dow Chemical.  Union Carbide was formed by the merge of  6 

companies in 1917. Monsanto was also founded like a small start up in 1901. In 1920 was 

founded Allied Chemical from a merger of four complementary companies. The I World War 

caused shortages of intermediate chemicals supplied by Germany that were necessary to 

produce explosives what enforce American companies to expand their own formulas and to 

diversify  into  new  products.  The  development  of  new  products  benefited  from  the  US 

government’s  expropriation  of  German  chemical  firm’s  patents  in  1918,  allowing  the 

American  companies  to  produce  the  same  technologies  that  European  had  dominated 

(Organic chemistry and High-Pressure Process). During the II War another  concentration 

movement took place like the example of the Acquisition by Dow Chemical of Corning Glass 

in 1943 forming one of the huge companies in the sector, Dow- Corning. U.S. had in 1945 

14.000 researchers inside their  main chemical  corporations like  Dupont,  Union Carbide, 

Allied Chemical, 3M, Monsanto and Cyanamid, what enable a fast catch up at the post War 

period.

The charts bellow indicate the concentration of chemical production at West Europe and US 

at  the beginning of the XX Century 

Graphic 13- Global share of chemicals production by value in 1913                        
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1.3 From 1945-1974-  The golden years

After World War II large part from the German industry was destructed and all their patents 

and trade secrets were obligatory to be revealed. IG Farben was dismantled divided back 

into the original individual companies (BASF, Bayer, Hoechst) but they retained the same 

senior  management  and  the  main  production  complexes.  They  overcome  the  threats, 

expanding rapidly from 1950 to 1970 growing more than 10% a year.

In England ICI was slower to renovate their business as they faced problems to modernize to 

supply their own home market and also they lost the captives market with the end of the 

British  colonies.  ICI  keep  the  British  leadership  ,  1970  ICI  opened  a  pan-European 

headquarter  in  Brussels  and  in  1973  they   enter  into  US  market,  moreover  expanding 

strongly in international areas with operation in more than 150  countries.

The Swiss companies such La Roche, Ciba and Geiger expanded their global operations 

spreading the high R&D costs of specialty products. As a small country they exported 90% of 

their production in 1960. Ciba and Geiger merged to achieve higher market share in the fine 

and  specialty  chemical  (Adhesive,  construction,  aerospace,  automobile,  ink,  additives, 

Agrochemicals).
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Moreover the end of cartels increases the competition from the U.S. and German companies. 

US firms started a strong movement of internationalization, with foreign direct investment in 

Europe,  Latin  America  and  Asia.  The US industry  grew enormously  and  dominated  the 

market  after  Second War until  the 70’s,  reposing in  their  large-scale process plants and 

applied R&D. 

The reconstruction after the World War II was based on the Petrochemical and new material 

technologies,  remarking  the  absence  of  environmental  ethics  and  no  compensation  for 

negative externalities (pollution or contamination). Some companies made a back integration 

to strength their position in feedstock like Dupont acquisition of Conoco (divest one decade 

after). 

The productivity gains and innovative products were the bases for the economic grow from 

the supplier side in the developed countries. The mass consumption society arrived with the 

full employment convention, higher purchase power, a ruled labor market that supported the 

rural exodus (due the increase in the agribusiness productivity and the demand from the 

industry labor market) and an incitation from the mass marketing framework, through a new 

mass distribution regime. After the Second World War, the Western European governments, 

strongly supported free trade, opening the chemical markets and the cartels were declared 

illegal.   The  creation  of  the  European  Economic  Community  (EEC)  in  1957  started  the 

dismantling of trade barriers between Western European States.  

The overseas  markets,  before  the  War II,  were  considered  much as  outlets  for  surplus 

domestic  production,  but  with  the intensively   USA  competition  and the apparition  of  a 

consumer  market,  they  become to  be  considered  as  investment  opportunities  for  direct 

investments.

US companies  like  Dow Chemical  and Dupont  begun to establish  sites in  the European 

market. European chemical companies also increase expanding into the U.S. The entry of 

oil companies into the chemical sector, particularly in the growing plastics segments , was 

the biggest post-war change. The products’ variety achieved through the chemical synthesis 

from Petroleum, produced a revolution in the downstream industry with new materials like: 

propylene,  ethylene,  halogens,  agrochemicals,  colorants,  pharmacy,  plastics  (PVC,  ABS, 

SBR,  polyurethane,  polypropylene,  polyethylene),  etc.  The  requirement  of  large  process 

facilities in each specific branch denoted the concentration movement. Only the strongest 

groups were able to finance the extremely high capital-intensive scale development. In the 

late 1960s, British Petroleum (BP) had become the second largest chemicals producer in the 
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UK  after  ICI.  National  oil  companies,  mostly  state  owned,  across  Europe  moved  into 

petrochemicals, which resulted in an excess of producers in many bulk polymer sectors. 

During  the  70’s  oil  shocks  crises,  the  decrease  of  the  economic  grow  ,  as  well  the 

competition from new products and new countries, like Japan or South Korea aligned to the 

decline  from  R&D  returns  on  traditional  technologies,  forced  the  traditional  groups  to 

reorganized their activities and strategies. The prices for establish products decline at rates 

below inflation, loosing profitability. With the maturity, the traditional groups started to venture 

in  new  domain,  substantially  in  new high  value  added  technologies  like:  Specialty  and 

Pharmacy, in order to find back their monopoly and higher margins. Diversified acquisition 

and holding  formation  movement  punctuated this  period.  It  was  in  the  60’s  that  Rhone-

Poulenc acquired companies in other different sectors than conventional chemical to enter 

into Pharmacy and Agro Chemical buying firms like : Roger Bellon, Institute Merieux, Progil  

et  Pechiney-Saint  Gobain. BP bought Distillers Chemicals  to start  in the fine chemicals . 

Dupont in 1969 bought Endo Product and finally Dow Chemical bought Laboratories Merrel.  

After the II War the Japanese companies increased their commercial success based on a 

quick  learning  and  incremental  improvement  of  imported  technology.  All  the  five  main 

Japanese chemical companies ( Mitsubishi Chemical,  Sumitomo Chemical,  Mitsui,  Showa 

Denki and Ube) belong to large Japanese holdings, the Keiretsu. In the 70’s the Japanese 

groups started to refocusing in specialty chemicals and expanded overseas, first in  Asia and 

after in US and Western Europe.  

At the end of this period the Industry could be classified in three big groups,: 1- The Bulk 

commodity Chemical, 2- Specialty and Fine Chemical , 3- Related Chemical(The Agro/Food/ 

Pharmacy). Those huge corporations from the traditional sector started to invest and acquire 

competence in the pharmacy and specialty.  

1.4.  From 1974- “Post-Industrial Model”

The exogenous crises in the 70’s (e.g. Petroleum shock, new developing markets) but mainly 

the  endogenous  conflict  inside  the  traditional  accumulation  system  (from  cooperative  to 

individualism  behavior)  resulted  in  a  new  industrial  and  institutional  framework  for  the 

developed economies. The corporations had 30%- 50% overcapacity,  strong exit  barriers, 

weak  prices,  rising  costs,  reduced  level  of  technological  breakthroughs,  thus  poor 

profitability. Indeed there has been a new competitive market environment worsted by: the 

strong  concerns  about  sustainable  development  (the  notice  of  scarcity  from  natural 

resources), the negative social externalities internalized by the producers( pollution), global 

recession,  increase  oil  prices  and   the  new  international  competition  from  low  cost 
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industrialized  countries  (Brazil,  China,  India,  Arabia,  Russia)  with  the  de-  localization  of 

industrial facilities close to natural resources  (Middle East) and new consumer market with 

strong GDP grow (China). In resume the petrochemical that had grown at 15 -20 % annually 

at the 50’s and 60’s had dropped to vegetative GDP growth in the developed regions, thus 

arriving at their limits to growth inside the rich countries. Nevertheless in other regions like 

China  and South  Asia  the growth  rates  kept  high (around 10% annum).  A slowdown  in 

growth rates at home markets and competition from Asia and Middle East producers has 

prompted many traditional chemical companies to reorganize their operations to concentrate 

on their strongest businesses.

Globalization becomes a fact in the chemical business with global exports of one trillion of 

euros in 2006 account for 41% of total chemical global production. At the same time that 

companies in US /Europe / Japan face mature markets growth prospects are more favorable 

in China, Russia, India , Latin America and Middle East. As illustration, the consumption per 

capital of chemical products is around $2.200 / person in West Europe and only  $65/ person 

in  India  or  $310  in  China,  demonstrating  the  enormous  potential  for  chemical  products 

development inside developing industrial nations. The tables bellow indicate the worldwide 

spreading  of  chemical  production  ,  nevertheless  a  major  predominance  for  exportation 

(higher value items) from West Europe ( not only German ,but also, Switzerland, Nederland)

The graphic  14 bellows  indicate  the actual  worldwide  spread of  chemical  production  by 

value.
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The graphic15 bellows indicate the actual worldwide trade export share

Source CEFIC , ACC

This globalization phenomenon shifts the chemical sector economics cycles effects, before 

unique restraint to a country, now enlarging for one region or even for the whole World.
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The restructuring and investments abroad became inevitable  in the 80’s  and 90’s;  direct 

investment became, for the first time, the prime vehicle of corporation’s oversea expansion. 

Large  groups with  worldwide  activities  have started  exploiting  the neo  liberal  framework 

using their superior financial position to empower foreign direct investment and acquisitions. 

During the 80’s the European chemicals flow of capital in the U.S. became a “flood”, they 

bought overall in the Agrochemical, increasing a strong concentration like the examples:  . 

ICI buying Garst Seed, Sinclair,  SES Miln,  Contiseed,  Agroplant  and Monsoy.  BASF and 

Bayer bought respectively Cyanamid Agric. and Aventis Crops Science.  Monsanto also did 

several movements in the same direction , buying: Dekalb, Jacob Hartz Seeds, Greensweep, 

Ortho,  Agracetus,  Monsoy,  Asgrow,  the  Bio-genetic  companies  Cargil  Seeds  and  Plant 

Breeding

The end of several patents and the constraints in the return over mature technologies has 

made  the  specialty  chemical  companies  changed  their  investments  in  R&D  to  new 

researched  fields  like  biochemical  (Life  Science)  and fine  chemicals.  Bayer  for  example 

drives 65% of their investment to these new sectors en 1990, while in 1970 it had driven only 

10%.  

The changes in the structural framework (service based economy, higher education level, 

market internationalization, higher competition between economic blocs, new technologies 

like Bio Techs, IT, Bio informatics)  matching a set of institutional  changes:  UE, NAFTA, 

OCDE, WTO, GATT, Open trade markets, flexible labor market, IPR( Intellectual property 

rights), EHS (environment, health safety rules).  Till 2008 the neo liberal system seems to be 

imposed like the best conjecture to adapt, utilized and achieves better results from this social 

economic competitive challenger, including services and labor liberalization with individual 

rather than collective negotiation, lower transaction cost, decentralization, privatization and 

flexible market oriented organizations, nevertheless the recent conjuncture demonstrate the 

imminent demand from regulation and monitoring. 

There is a deeper organizational change inside the chemical companies. The restructuring 

took two forms, one was the consolidation inside segments through Merger and Acquisition, 

finance  leverage,  portfolio  exchanges,  horizontal  integration,  for  instance  inside  the 

petrochemical segment: The LBO to formed Vista Chemical in 1984; BP - Amoco merger in 

1998;  Total  –Petrofina-Elf  merger  in  1999;  Exxon-Mobile  merger  in  1999;  BASF bought 

Inmont and  Polystar in 1999, Engelhard in 2002 and Degussa in 2006, Hoechst Acquired 

Celanese  and  Shell  divest  its  specialty  chemical  and  invest  in  India  and  Malaysia. 

Nevertheless these movements are also caused not only by financial aspects but also as 

long-term strategy to optimizing a position in a mature field. In Parallel the other  trends in the 

specialty  chemicals  are to divestitures commodities  business  and realignment  of  product 
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lines in more attractive fields, like did Rhone-Poulenc that sold its petrochemical division to 

Ato-Elf in 1980, its specialty branch ( Rhodia) in 1990 and became a pharmacy company 

(Aventis). 

It seems that companies’ that are only in the commodity sector would perform better with 

great  back  integration  hooked  on  competitive  hydrocarbon  or  inorganic  feedstock  to 

overpass frequents petrochemical cycles, whether the corporation only in specialty chemical 

bases their efforts in innovation, supply chain and marketing  From the traditional western 

chemical  corporations  only  Dow  and  BASF  continue  to  be  totally  internally  vertically 

integrated, nevertheless considering also the specialty chemicals as main focus.

The process of re-consolidation, re-concentration happened at the same time as the internal 

process of reorganization in Business Units  with the decentralization of the applied research 

inside  those Business Units, even so, keeping the basic exploratory research in the central 

corporative  headquarters  like  for  example  ICI  created  the  Biosciences  Group  in  1976; 

Monsanto in 1980 and Dupont in 1984. The research strategy from large corporation at the 

80’s included again the networks and alliances with academic centers, universities and small 

start ups in biochemical. The corporations supplied the venture financial resources needed 

for the avant-garde research in counterpart of a private equity participation and/or exclusivity 

appropriation of intellectual property, patent) from the results. However at the end of the 80’s 

the corporations followed an acquisition strategy of the same start ups that they had previous 

made alliances contracts,  like the example from Bayer  buying US Diagnostic  and Roche 

buying Genentech in 1985. 

Since the 90’s the majority of specialty chemical corporations have been abandoning non-

core and commodities segments. Fives types of segments are large distinct: The Pharmacy / 

Genetic  (Life  Science);  Consumer  products,  Specialty  formulations,  Agrochemicals  and 

Basic Chemical. The re- consolidation in this new order is marked by process of de –merger, 

spin off and selling of peripheral assets, like the following examples:

Rhone Poulenc and Hoechst  spun off theirs chemical branch to center in pharmacy; in 1990 

Pfizer sold 15 non-pharmacy branches; in 1993 ICI was divided in two companies, resting ICI 

in bulk/specialty chemical and Zeneca in Biochemical/ Pharmacy/ Agrochemical. Indeed ICI 

consolidate into specialty chemical in 1997 when they bought National Starch (Adhesives), 

Quest, Unichema and Crosfields (fertilizers). In 1993 Monsanto divested its plastic business 

to Styrenics; in 1995 Dow divest its pharmacy business and Sandoz separated from Clariant 

(Textile business, Dyes). 

Beyond, the separation in specialty chemical, commodities  and biochemical is clear in the 

examples of Novartis, appeared in 1996, from the merger between Ciba with Sandoz and 

46



later the spun off from Ciba Specialty Chemical (adhesives, epoxies, construction). Also the 

example of Aventis formed from the alliance between Hoechst and Rhone Poulenc. 

The traditional mature basic chemical segment reports a decrease in returns and profits even 

becoming less than the average industrial index. The bulk chemical rests very sensible to 

raw  material  price  fluctuation,  mainly  the  petrochemical.  A  clear  example  is  the  actual 

average only 20% gross margin in the bulk plastic business, in a sense that, the volatility raw 

material  price  index fluctuation  could  not  be incorporate effortlessly  into  the sales  price. 

Furthermore as an example, since 1990 the total traditional chemical business revenue in 

Europe had diminished less 10%, with the total volume production recovered only in 2000. 

Since 1993 the profit margins shrink 5% and the employment in the sector reduced 30% in 

Europe. 

Other aspect is the increasing necessity of sunken capital in fixed assets demanded at the 

traditional  sector  that  results  lower  ROI  (return  over  investment)  of  only  35% while  the 

industrial average is around 70-75%. Nonetheless, the relatively secure cash flow is one of 

the reasons that several firms continue operations and investments funds or leveraged firms, 

like  Huntsman,  have  bought  some  of  this  business.  The  most  logical  producer  of 

petrochemical is the oil companies or local companies support by low cost feedstock. A large 

numbers  of  companies  that  had  produced  petrochemicals  in  the  past  (Hoechst,  Rhone 

Poulenc,  DuPont,  Monsanto,  PPG,  Hercules,  Bayer,  DSM)  divested  completely  their 

commodities branches while the ones that rest in the business try to strength their position by 

acquisitions  like  BP  &  Amoco  and  SABIC  (Saudi  Arabian  Chemicals)  acquiring  DSM 

petrochemicals  or  joint  venture  like  the  examples  of  BASF  with  Shell  in  the  polyolefin 

production or with Huntsman in China for the isocyanides production, or even. At other side 

some oil companies divest theirs specialty division that demand a different organization and 

strategies like for instance Total and BP that spun off respectively Arkema and Innoveve as 

independent business. In basic chemical there is a limit to cost reduction and technological 

innovation, thus the actual requirement of scale economies to reduce and spread costs over 

more units of out put, the attempt to access low cost feedstock, to be close to consume 

markets, therefore size still matter for basic chemicals, for illustration the typical world scale 

for ethylene cracker was 350 millions of ton in 1970, today is 1, 7 billion of tones.

At the other hand the Biochemical arrived as a fertile and promise field for the R&D output 

and  potential  radical  innovation.  Pharmacy  companies  and  agrochemical  firms  start  to 

outsource their basic raw material production to the traditional fine chemical groups, in order 

to reduce heavy chemical process and to become more a “bio- process” center. 
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Graphic  16  -  International  comparison  of  capital  spending  in  the  chemical 
industry

Comparing the ratio of capital spending ( R&D, fixed assets) to sales of the chemical industry 

(including pharmaceuticals) in Europe, NAFTA and the Asia Pacific region,  the Asia Pacific 

clearly attracts more investment . NAFTA has a slightly higher investment to sales ratio than 

the EU over all the years (1997-2007). The heavy investment in new capacities in the Asia 

Pacific region is reflected in the higher investment to sales ratio. Between 1997 and 2007 it 

was around twice the ratio of the EU or US and the gap between the regions has been 

increasing in recent years. An increase share of spending goes in  M&A actions as way to 

fast enter in new markets, acquire distinguish technologies or remove a competitor.

Contrarily from the 90’s M&A wave, more focused in R&D and Know- How assessment, the 

recent  concentration  from  2001  to  2007  was  more  due  market  share  and  scale/scope 

economies goals, using the liquidity abundance at financial market, for instance: the merger 

between  Glaxo and Wellcome ; Beecham with SmithKline and after Glaxo SmithKleine in 

2001(the world’s largest pharmaceutical company, expending US$ 3 billion/year on R&D); 
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the merger of Sanofi and Synthelabo and later Aventis in 2004, the acquisition of  Ergamol, 

Degussa, Engelhard,  Cognis and Ciba by BASF, the acquisition of ICI by Akzo, also the 

specialization  of  Bayer  divesting  their   regular  chemicals  into  Lanxess  and  acquiring 

Schering.

As  mentioned  before,  an  important  phenomena  is  the  activities  separation  among 

Biochemical firms into Pharmacy or Agrochemical (ex: Transgenic crops) motivated by the 

specificity of assets and markets,  for instance: Monsanto divested Pharmacia Corporation in 

2001,  Cyanamid and Aventis sold out the agrochemical division to Bayer. Novartis merged 

with Zeneca to form an exclusive division into the transgenic products call Syngenta. Dow 

specialized  at  agrochemical  and  sold  the  pharmacy  division  to  Hoechst.  The  same 

concentration  movement  that  is  occurring  in  the  Biochemical  today  looks  like  the  one 

occurred inside the traditional chemical sector at the beginning of the XX century. The new 

biochemical sector became concentrated, with 70% market share divided by only 6 large 

groups (Monsanto, Bayer, Dupont, Rhone-Poulenc, Cyanamid  and Sygenta). 

It is important to figure the historical pathway of the chemical sector to understand the actual 

structures, paradox and players movements.

It could be create an historical synopsis of the chemical sector framework representing the 

chronological development of the chemical industry divided in 6 major phases: foundation, 

development, expansion, diversification, maturity and actual shareholder value.

Table 5 . Chemical historical synopses.

Foundation Development Expansion Diversification Maturity Shareholder 

value

Time 1850-1920 1920-1950 1950-1970 1970-1985 1985- 1995-2008
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Line 1995 

Scope Scientific 

discovery

New 

molecules,

inorganic

Upscale  from 

lab

Emergence of 

polymers, 

coal  based 

organic

Import 

Substitution 

Internationali

sation

Petrochem, 

SEF

Broadening 

products 

range,

biotechnology

Global 
competitors

Cost 
reduction

Focus  in 

finance 

measures 

and returns

Supranational 

companies 

Key 

Factors

R&D  , 

access  to 

raw material

R&D  , 

process 

development

R&D, 

process, 

Integration

Marketing  , 

sales

Application 

development

Scale ,

Operational 

optimization 

LBO

M&A  ,  New 

business  , 

new  regions, 

lean 

operation

Growth 

relative to 

GDP

Low Medium/high High High /medium medium Medium /low

Industry 

structure

regional, 

fragmented

National  and 

multidivisional 

companies  

Multinational 

concentration 

in commodity 

Conglomerates 

new  strong 

entrants

Multi 
business 

portfolio

Specialized 

companies, 

niche firms

The schedule above inspired from McKinsey Consultant (Mckinsey,2007) resume the main 

transformations in the chemical industry the last 150 years, from inorganic chemicals  to coal 

base organic, than oil organic base and  the last frontier in biochemical. The chemicals firms 

were  capable  for  transforming  new  scientific  knowledge  into  innovative  products  and 

developing scale/scope process. During the nineteen century the compass were more in new 

basic  molecules  discoveries,  companies  had  been  founded  based  upon  those   initial 

discoveries , but the relative growth was still low  with start up companies in local markets.  

Between the Worlds Wars the production has up grade in scale, with new patents, mainly in 

polymers; the firms started to have national coverage. The after Wars period is marked by a 

fast  growth,  large  internationalization,  the  establishment  of  petrochemical  standard  that 

predominates till today. The crises of the 70’s induced a diversification in portfolio with the 

beginning research in new technologies, at the same time that new entrants from developing 

regions  appeared  mainly  in  basic  commodities.  With  the  maturity  the  sector  has  been 

suffering stumpy rates of return, more competition and lower rates of innovation.

The recent period of the chemical sector indicates that the international financial aspects and 

governance measures become preponderant. National governments, political incentives and 
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the national barriers are no longer able to defend or create champion corporations which in 

fact require international strategies to pace with the environment shifts. The actual sector 

configuration indicates slow rates of product innovation, dropping return over investments, 

the  internationalization  of  corporations’  equity  structure.  The  efficiency  on  finance 

engineering,  organization and the marketing /  supply chain has become as important  as 

industrial  operations  or  R&D.  The  consolidation  is  a  trend  in  some  sub  segments  with 

companies  searching  for  markets  and  core  business  where  they  could  be  a  worldwide 

leader. The global economic turmoil has created a hard environment for chemical industry, 

the  slowdown  in  the  chemical  demand  at  downstream  industries  like  automotive, 

construction,  etc  is  expected  to  continue  in  2010,  further  deteriorating  profits  and 

investments. The companies that obtain yet a major profit are those centers in the segments 

with lower demand elasticity like personal care, pharmacy, fine chemicals, water treatment 

and agrichemicals. 

CHAPTER 2– TECHNOLOGICAL TRAJECTORY (PATH DEPENDENCE) 

The chemical industry history reveals how the accumulation and use of scientific discoveries 

over  time influences the rate and direction of  further invention  process.  The current  and 

future output tends to be related as novelty in the chemical industry is often incremental, 

originate from actual data bases. Enterprises utilize its knowledge acquired or developed to 

create new products.  The learning processes that  underpin  technical  change tend to be 

localized, collective and cumulative (Pavitt,1992). It is the case in the chemical sector where 

the  exogenous  national  scientific  environment  and  the  firm  endogenous  development/ 
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engineering departments corroborate to create competitive advantage among corporations 

from different countries. There is a historical  evidence of the influence from national and 

institutional  frameworks  inside  the  sector  that  was  considered  strategic  for  countrywide 

defense, for instance according to the Brusoni and Geuna( 2003), the fundamental research 

in  Western  European  countries  are  still  more concentrated in  traditional  chemistry  fields 

(organic, inorganic, crystallography, physical chemistry) while UK and US  have center more 

attention in pharmaceutical, medical and biotech, nonetheless  OECD large corporations  are 

increasing their   fundamental  research on new fields like bio chemical  or  nano chemical 

fields, catalyses and new materials. 

The inventiveness at the chemical industry has been created from the integration of different 

scientific and technological domains since 150 years ago, which has constructed the actual 

immense vary of substances, specificities that defines the sector. Each firm’s technological 

path is constrained by its technological history (path dependency), nevertheless firms have 

indeed  the  capacity  to  take  advantage  of  technological  opportunities  created  by  new 

scientific breakthroughs somewhere else (Teece et al ,1999) and choose new strategies due 

its  organization  learning  process.  To be a competitive  enterprise  the firms develop their 

distinguished capacities in three types of capabilities ( Chandler , 2005) the scientific ability 

to research and find new products and patterns; the technical /functional ability to get better 

process, solve customers’ problems, and improve formulations; finally the managerial ability 

to handle marketing issues, supply chain orchestration ,  human resources empowerment 

and finance . 

2.1- Scientific capability & product innovation

The chemical industry has been developed, at the twenty century, into two complementary 

models that Francois Caron(1997) called” Chimie des fonction “ and “Chimie de filiere”  that 

could be related  into the Teece ( 1999)  taxonomy:  “Incremental Technology” and “Radical 

Technology”.

The  first  one  could  be  interpreted  in  the  term  of  “Applied  Chemical”  concerning  the 

development  or  improvement  of  original  answers  for  specific  needs  from  downstream 

industrial  segments like automotive,  aeronautic,  electricity,  telecommunication,  or  even to 

provide  the  mass  consumption  market  (health  care,  cosmetics,  sanitary).  The  classics 

examples are: The fast cure varnish, water base paintings or adhesives, tapes, the freon 

gas, all   developed for the requirements in automotive, appliances or electrical industry 
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The second model could be nominate the “ Fundamental Chemical” concerning the essential 

investigation and the knowledge network in institutionalized scientific program to find new 

molecules, synthesis and catalyst. Several studies support the positive relation between firm 

size  and  fundamental  R&D  intensity;  while  other  studies  demonstrate  the  lock  in 

phenomenon  (large  fixed  assets  investments  that  increase  switching  cost  for  another 

technology) of establish firms and the inverse flexibility of smaller innovative firms to create 

new  patterns.  The  controversies  among  the  Schumpeter  one  and  Schumpeter  two,  for 

example,  could  be  well  illustrate  in  the  chemical  industry.  The  sector  had  three  main 

remarkable breakout moments started  in general at small  emergent companies: The first 

one the organic synthetic dyes (coal-tar based) occurred at the end of nineteen-century on 

West Europe, by companies outside the traditional inorganic chemical sector;  the second 

one was  the organic  polymer  chemistry  (petroleum based)  started in  1920 in  U.S.  Both 

breakout had able the formation, within time, of the huge present corporations.  The last one 

breakthrough,  the biotech knowledge,  started in the 80’s,  with the Biochemical  start  ups, 

outside the traditional  sector,  but  rapidly  absorbed by corporations  through  Merger  and 

Acquisition process.

In fact,  both approaches (fundamental and applied R&D) are committed together as new 

explorations are conducted in a cumulative way,  using applied research to improve early 

substances  discovered  by  fundamental  research.  For  example,  the  case  of  the  polymer 

branch with the incremental technology over successive generations:                         . 

The first version of a plastic material was created in 1862 when Alexander Parkes presented 

the Parkesine without  much success.  The first  semi synthetic  successful  plastic  was the 

cellulose  discovered  by  J.M.Hyatt  in  1869  and  used  in  large  scale  till  1930.  The  first  

completely synthetic plastic was the Bakelite (based from phenol), utilized largely till 1940 

due its isolation features (telephones, battery).  Those phenol plastics were replaced by new 

product generations like the PVC in 1931, the polyethylene in 1935, the Neoprene by Dupont 

in 1932, the polystyrene in 1934, the polyurethane in 1937 and the ethylene in 1943. All of 

those new polymers were resulted from the extensive research and know how exchange in a 

knowledge  network  between  commercial  companies  and  academic  centers.  A  real 

revolution, those new materials through applied research, started to be adapted and utilized 

in  several  markets  like  packaging,  construction,  automotive,  replacing  with  low cost  and 

higher  performance  ancient  materials.  The  volume  production   percentage  increase  in 

France, showed the fast growing product cycle, while it was 30%/year from 1932 to 1960 it 

dropped to 15%/year from 1960 to 1968; 17% from 1968 to 1973 and achieving the maturity 

in  the  70’s  with  a  stable  growth  of   only  of  1,5%/year  accompanying  GDP  growth  in 

developed countries.      
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Those plastic materials started do became commodities in the 70’s, as the possibilities of 

technological improving extinguished and the competition shift to price, cost and production 

capacity.  Indeed due its characteristics of low added value and high volume to transport, 

those materials needed local product plants close to the raw material source and consumer 

centers.  As  the  patents  expire,  other  local  national  companies  started  to  produce  in 

economic  scale,  in  each  region,  competing  in  price  and  distribution.  Many  traditional 

chemical  multinational  corporations  sold  their  actives  in  those fields  and  converted their 

business to a new ad value research area after, like the specialty polymer (engineer plastics) 

and composite material. The development of new advanced synthetic material was and still 

is a new knowledge frontier not yet complete exhausted. After the 80’s the R&D center in 

several  corporation  like  Dupont  Plastic,  Dow,  General  Electric,  not  only  enhanced  the 

properties of ancient resins, but they started testing new catalyzes and composite material 

like the carbon fibber or Kevlar. New materials with specific mechanic features that replace, 

with several advantages ancient material and ancient process of rivets, welding or nail,  in 

markets like aerospace, electronic, automotive or even home appliance. Today the hybrid- 

composites combines the high performance of polymer with new material to be utilized in 

specific applications for example like conductive media, the optical fibber, airplanes, sport 

goods  or  the  advanced  plastic  used  in  precision  elements  and  security  control.  The 

fundamental  research  in  new material  and  composite  material  is  one  of  the  knowledge 

frontier related to chemical but in a multi discipline approach, connected with other fields. 

The new metatheses process will enable the discovery of new materials and catalyzes with 

superior features and low cost production. It could be  consider today the second polyolefin 

generation technology with bimodal resin, bio degradable resins or low molecular weight with 

high strength plastics, all  outputs yet  with higher prices to final  users. New technological 

plastics like Pet (polyethylene terephthalate) or PTT (polytrimethylene terephthalate) or the 

PBT (polybutylene terephthalate) create different characteristics for specific applications like 

resiliency and stain resistance for fibers in carpets or resistance and transparency for soft 

drinks bottles or even to create  concrete walls that permit the light passage.  

The main advantage at the large specialty corporations is that they are able to set a self-

financed  elemental  research,  thus  enable  them to  absorb  external  scientific  knowledge, 

which could produce new technological paradigm. The more basic research a ‘chemical’ firm 

performs the more patents it produces, Gambardella (1992). 

Large  firms  are  able  to  securing  finance  for  risky  R&D  projects  due  their  own  profits, 

collateral  assets  guarantee  and  the  appropriation  capacity  to  exploit  the  new  patent 

(distribution, production, sales). Speed and scopes economies in R&D could be redeployed 
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to many business units, they have large volume of sales over which spread R&D fixed cost, 

more over they have established complementary assets (production, marketing, finance) to 

convert  ideas  in  profitable  products.  Some  Multinational  are  also  decentralizing  some 

developments to subsidiaries thus they are able to joint expertise from different regions to 

work together in projects to come up with global patents. This network allows a truly global 

products  or  platforms  to  be  adapted  locally.  The  graphic  bellow  demonstrates  the 

international interaction of R&D inside corporations.

Graphic 17 -The patents application from some major chemical players 

At  the other hand,  the chemical  corporations had to confront  several  collateral  problems 

linked to their  size, mainly the bureaucracy result  the loss of managerial  control,  interest 

conflicts with decrease of individual effort and the conservatism in locked in phenomena. In 

chapter 4 it will be discuss the governance approach at corporations level for overcome the 

inertia and managerial divergence.

As said before regarding the path dependence (pattern of historical technological solutions), 

the modern Chemical industry had three main different technological platforms. The recent 

one is the biochemical technologies started at the 80’s not completely delineate yet. The first 

one was the Inorganic branch started in the middle of the eighteen century and for 100 years 

it  was the largest  and the most  important  field.  The second major platform is the actual 
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organic  chemical  standard  started  in  the  middle  of  the  nineteen  century  with  vegetable 

feedstock (cellulose, ethanol) and the coal based product. After the II War the coal based 

was replaced by petrochemical backbone that still today predominates. Started first in U.S. 

the Petroleum-based chemicals differed significantly from those from coal feedstock. This 

change opened a large front for new opportunities, like the already discussed example of 

plastics or the synthetic rubber case. The development of new synthetic rubber was based in 

petrochemical. Dupont developed the neoprene (still a very useful rubber) in 1931. IG Farben 

produced  one  of  the  first  successful  concepts  in  1936  (butadiene)  pushed  by  the  Nazi 

government to achieve independence from natural rubber or nitrate, produced at that time by 

French and Britain colony. 

Due its natural resources opportunity, U.S. started early the change to an organic chemistry 

based on the petroleum. In 1920 U.S. companies like Standard Oil and Union Carbide had 

output new solvents and catalyzes like Isopropane toluene, acetylene based from oil crack 

process. The researches in this new field ended in whole new intermediary raw materials, 

which  were  applied  in  specialty  chemicals  products  like:  adhesives,  paint,  insecticides, 

polymers,  etc.   Europe  and  Japan  due  their  path  based  in  coal  and  lack  of  natural  oil  

resources, started to change the technological paradigm for petroleum only in 50’s and 60’s.

At the 70’s the large corporations seemed to had loosed its ability and desire to engage in 

competency-destroying  innovative  activities  because  of   their  decision  process  biases 

associated with their size, current assets, business practices and organizational structure in 

a locked in phenomena. (Teece, 1999).  

With  the  increase  price  of  petroleum,  alternative  feedstock  is  now  a  day,  being  in  re 

development like for instance:

A- Natural Gas. Improved technologies to methane refinery permitted the use of low cost 

stranded  of  methanol  to  convert  into  chemical  products.  The  technical  challengers  are 

enormous due the risk of explosion, the lower conversion, the requirement of high reaction 

temperatures  and  corrosive  catalyst,  thus  probably  will  increase  the  fixed  assets  cost. 

Several  new process and routes are being developed like  the zeolite  catalysis  or  silica-

aluminum catalysis in order to arrive at specific chemicals derivate for example: Butane into 

maleic anhydride, ethane to acetic acid and vinyl chloride or even propane into acrylonitrile

 

B-  Renewable sources with new technologies ( bio catalysis, nanotechnology) and process 

could  become a true root  in  the future.  At  the  past  only  traditional  basic  chemicals  like 

cellulose  or  ethanol  were  largely  obtained by vegetable  feedstock.  Due the constrain  of 

slowly batch production, the aqueous solution of microbes that required lower temperatures 
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and lower conversion rates, there is more potential economical success when making higher 

value  pharmaceutics  products,  or  fine  chemicals.  Some corporations  like  Monsanto  and 

Aventis have the clear strategy into the life science and biotechnology. Nevertheless more 

recently other traditional corporations achieved specific success concerning the fabrication of 

large volume chemicals using biotechnologies, like DuPont biocatalyst for converting glucose 

into new polyester,  or  the joint  venture between Cargil  and Dow Polymer  (CDP) to new 

biotechnology routes to some acids  and bio  degradable  polymers  production.  To design 

biocatalysts  process  commercial  viable  is  the  main  challenger  into  the  actual  chemical 

sector.  Combinatory chemistry using trial  and error,  micro sampling and IT (  information 

technology) to analyses large volumes of data are  the main tactics to speed the results and 

reduce the R&D costs.

Nevertheless  as  mentioned  before,  the  overall  level  of  new technological  breakthroughs 

substantially slowed down since the 80’s . The cyclical return over commodities in mature 

technologies made the  chemical companies aim their investments in R&D to new research 

fields like biochemical (Life Science) or fine chemicals and divest mature business. Indeed 

OECD national  government  sponsor  firms in  new fields,  for  instance the  biotechnology 

received a strong subsidy from the US  Government  for “Cancer Program” for instance and 

from the military research for bio-war and genomic project. 

The  intellectual  property  afforded  some  protection  and  appropriation  to  novelty  at  the 

chemical sector, nevertheless, patents from the major innovations from the 50’s and 60’s had 

expired and also trade secrets formulas could be disclosure by advanced chromatography 

that  identifies  the  ingredients  and  percentages  in  chemical  products.  Once  the  maturity 

arrived at the commodities sectors, the competition migrate to prices, leaving room for local  

companies  with  low  cost  and  lower  organization  weight,  to  entry  into  the  market.  Even 

though there is a correlation between firm size and patents number( Arora & Landau, 1998) 

at the chemical sector, a patent protection  increase only 7%  the imitation cost (license, law 

suits) for follower competitors, a spread easily surpass by lower production /overhead costs 

in smaller companies. Nevertheless the specialty chemical corporations rely upon constant 

inventive products and services developed inside their many business units to create new 

paradigm  and  trade  marks   that  would  replace  current  products.  Very  often  those  new 

technologies require an internal independent  ‘corporate venture’  due the divergence from 

main business. This independent approach could be more consistent within the condition of 

higher risk, but high potential growth business. Often, a  new product would come from an 

unpredictable  environment  that  requires  creativity,  encouragement  and  long-term 

commitment. The internal venture organization form varies from a simple teamwork inside a 

business unit, passing to a separate corporate venture unit or even a complete spin-off. The 
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level of freedom will depends from several strategic reasons like the proximity from the new 

paradigm to the mainstream operations, the potential growth, the desirable skills, assets and 

investment.  For  instance  3M  create  their  magnetic  and  IT  (  Information  Technology) 

business  in the 60’s as an internal venture, passing to a independent business unit in the 

80’s and finally an spin-off  to form an independent company named IMATION in the 90’s. 

IMATION spin off from 3M Corporation with completely independent organizational structure, 

assets and skills. 

A  specialty  chemical  corporation  has,  as  general  rule,  a  central  corporate  fundamental 

research and applied developments linked to each business units, the former are able to act, 

regardless from actual  standards and assets,  in  a long term uncertain promising results, 

while the later has to manage actual base ( markets, production, technology ,etc) in product 

development for short term outputs. 

New  technological  breakthrough  creates  new  markets  niches  (Cohen,95)  but  further 

encourage new entrants, which could produce similar products  with lower overhead costs. 

The task is hard for the corporations that shoulder the R&D costs and the marketing cost to 

launch  new concepts  and when this  product  lifecycle  passes from an  initial  phase to  a 

growing phase, with the end of patents and broaden demand, the local competitors are able 

to  copy the product  in  a  short  period  of  time  and launch  a  low price  version,  the  ratio 

cost/benefit becomes the basis of competition, if  the pioneer firm had not construct other 

barriers ( homologations, strong brand, supply chain, etc). With the reduction of innovation 

rates  in  new  paradigms,  the  corporations  increase  their  approach  keen  on  distribution, 

marketing,  branding,  services,  financial  expertise,  application  expertise  and  process 

optimization.  

2.2- Process Innovation

Product and process innovation are frequently interdependent at the chemical sector,  the 

initial major product novelty is, often, improved by better process. Moreover, as the rate of 

product innovation decreases and standard products become universal, there is a pragmatic 

growing importance of process innovation with continuous incremental, rely on engineering, 

mechanical and chemistry skills.

The academic unification of industrial process design and formulas outset started in German 

and  in  U.S.  in  1920,  with  the concept  of  “chemical  engineering”.  The MIT  was  the first 

university to set a class named chemical engineering, enclosing the study and knowledge of 

mechanical engineering adapt to the industrial chemical process improvement. This new field 

was able to accumulate methodological tools that could be refined and provide the basis for 
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a wide range of problem-solving activities connected with the design of chemical process 

plant.

Historically  the  development  of  the  chemical  industrial  production  process  was  path 

dependent,  cumulative  (Teece,98)  and  important  as  the  product  development.  The 

incremental changes on established fixed assets and capital goods enhance the opportunity 

for potential solutions, in some cases the new machines or process (mixer, blander, reaction, 

filtration, centrifugation, distillation, etc) permit the manufacture of new products and resins, 

before impossible to synthesize in large scale. The switching cost in the process was not so 

high at the beginning inasmuch the suppliers of equipment were able to produce system 

models that could be integrated with old generation equipment. 

From one new formula created in laboratory it  could be difficult  to pass to a large-scale 

industrial  production  and  maintain  the  same  initial  design  features  from  the  lab  testes, 

denoting the vital role of industrial equipment performance. The establishment of specialized 

engineering firms (SEF) allowed the specialization and knowledge accumulation in industrial 

chemical process that afterward will be spread world wide. 

The  polymer  synthesis  history  is  a  clear  example  of  the  importance  from  the  process 

development to achieve new performance products or improve the ancient ones. The PVC 

and polyethylene  history demonstrate  this  straight  relation  between  process and product 

improvement. In the case of PVC the substitution from the acetylene by ethylene and the 

new polymerization method using over pressure resulted in a much better product capable to 

several utilization in the construction market (tubes, pipelines,  water case, etc).  The new 

process in the polyethylene made this product much less costly and applicable to several 

utilizations, like in the packaging of water bottles in the 70’s.Another good example is the 

electrical  chemical  process  that  totally  obsoletes  the  Leblanc  process  for  soda  ash 

production.

As  mentioned   the  commodities  chemical  sector  is  capital  intensive,  the  influence  of 

equipment manufacture and process contractor is not only constrict to the production issues, 

but also to innovate in process solutions issues as those suppliers are important sources of 

new knowledge . Each plant is customized to a chemical company’s requirement. Equipment 

manufactures (Westphalia Separator, GEA, Alfa Laval, APV, AEA, Sulzer Brother, etc) are 

recognized  by  contractors  and  chemical  companies  as  sources  of  innovation  within  the 

production process. The risk in new process plant or upgrading/de-bottlenecking process is 

minimized by the machine manufactures experience with the possibility of an initial trial on 

limited scale before sunk investments. 
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Till  the  80’s  most  corporations  maintained  an  intensive  in  house  process  engineering 

department, however with the maturity, the outsourcing of this activity has increased using 

subcontractors that design plants to specific new needs for individual customer using the 

solutions from equipment manufactures’  advances.  The sector  maturity favors the rise of 

those SEF and equipment manufactures as key sources of incremental developments. The 

industrial process became so specialized that the advantages in terms of process knowledge 

has partly switched from the chemical company to the  SEF and equipment manufacturer . 

New machines and modern equipment (higher shear mixer,  speeder reactor,  multi-phase 

pump for gas and liquid, fast centrifuge, low diameter mash for distillation columns) achieved 

a precise control and optimal performance able the chemical sites to be more productive and 

flexible.  There is a trend to use ‘vendor packages’  that means when just one equipment 

manufacturer  is  responsible  for  the whole  design and installation  of  equipments (pumps, 

compressor,  power,  control,  etc).  This  approach  increase  the  role  of  large  equipment 

manufactures for  technological  innovation  at  chemical  sector,  as well,  reducing cost  and 

uncertainty in new plants. Nevertheless the equipment manufacture promote their solutions 

not  only  for  large  corporations  but  for  any  new  chemical  companies  that  desire  their 

products, mainly the cheaper and well proved ones. Once again the risks of new process rely 

on corporations that demand and adopt early new equipments, later purchase by followers.

For instances, the United States chemical sector gained strength through the  large-scale 

petroleum-refining process developed by the hands of specialized machine and engineering 

companies. In Paradox, that know-how developed and codified by those SEF resulted in a 

knowledge process that could be independently market and accessible to any company in 

the World that wants to start a chemical plant. This allowed chemical process know-how to 

been fast diffused, for instance 68% of know-how licenses inside the chemical sector come 

from equipment supplier (Hutcheson  & Pearson, 96). Those specialized process “makers” 

start to work toward the developing countries due the international corporations demand, but 

later,  also  the  local  national  companies  were  able  to  buy  this  know how.  The  process 

innovation became tradable (equipments, license) and rapidly accessible to competitor and 

potential entrants, resulting further in overcapacities and downward on prices / returns. The 

speed  of  process  information  diffusion  made  more  difficult  for  innovators  to  maintain 

competitive advantage based in production process only. 

Large corporations are in the search for the ideal scale and scope economic procedure on 

optimized facilities with higher productivity. This concerns aligned to the exploration of less 

costly labor /raw material, the increase environmental liabilities, new consumer markets and 

the old obsoletes plants forbidden to operate are the main reasons for a de-localization of 

petrochemical process from OECD plants to developing regions. 
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A decline of petrochemicals arrived at the developed countries, denoted by the closing of 

refineries, thus  the equipment manufacture adjust their offer to the new  large green field 

investments  located in Asia and Middle East.

The demands from chemical plants shift towards reductions in fixed assets cost. The result is 

that  equipment  manufactures are reluctant  to invest  in  major high-risk R&D for  long and 

uncertainty pays off. The new approach that emerged is a collaborative strategy to transfer 

the technology proved in one mature segment to another growing niche, using the cumulated 

knowledge of equipment manufacture and chemical companies.

In resume, the success in continuous incremental improvement requires equal emphasis on 

product and process design,  which must be integrated (Willian Abernathy,2000).  Process 

advances enable further improvement in specialty products. Moreover,  incremental know-

how, procedures, norms entail a perseverance in new capacities for measuring/ analyzing 

product and process performance. Those improvements result in better use of raw material, 

energy,  labor,  reducing  process steps and making final  products simpler  to  use for  end 

customers. 

For  instance the emergence of  the scale  biochemical  process would  obsolete  traditional 

methods, being supplanted by complete new production routes / new process, for example 

using  fermentation  equipment,  now  employed  in  food  process,  creating  firms  with  less 

energy intensive consumption, less pollution, even though generating other risks to control. 

Although traditional chemistry will remain the mainstay of basic chemicals, the effect of this 

technological innovation is still unclear, but it seems that it will be a profound change in long-

term perspective, mainly in developed regions.

2.3 Managerial Innovation

Managerial capabilities is the set of a firm organizational skills to coordinate the flow of goods 

from raw material  to  end products/services  to  final  customers,  passing  by supply  chain, 

production,  distribution,  marketing,  branding,  financing.  Management  ability  is  related  to 

business  models,  firm  hierarchies  and  overall  the  top  management  appraisal  for  critical 

decision and competence in  allocation  the firm resources in  the in  most  profitable  fields 

responding  to  changes  in  technological  framework,  market  demand and  macroeconomic 

environment. 
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The managerial evolution supported by new information technology allowed the actual multi 

division corporations with several business units acting globally and keeping central control 

while leaving some local entrepreneurship freedom to subsidiaries.

It  is  important  to  denote  the  historical  development  of  the  thinking  and  methods  of 

management applied to the industry.

 Historical development 1890 to 1945 Fordism

Frederick Taylor an American engineer publishes The Principles of Scientific Management, 

single-handedly  creating  the "Taylorism,"  after  named also   “  Fordism” ,the  first  modern 

management trend. Inspired by the rise of the Industrial Age and centralized bureaucracy, 

Taylor encourages managers to think of their employees as “replaceable components”. By 

studying  work  methods  and  directing  people  more  precisely  he  supposed  the  gain  in 

productivity,  using scale production, standard components and repeated methods in large 

vertical production sites.

The decisions of supervisors, based upon experience and intuition, were no longer important. 

Employees  were  not  allowed  to  have  ideas  or  responsibility,  just  follow  strict  rules  and 

procedures.  It  is  the  begging  of  the  large  corporations  based  in  their  specific  assets, 

technologies  and  labor  specialization,  managed by  strict  hierarchies  with  several  layers, 

inspired by military organizations.

1949 -1960  Sociotechnical Systems Theory

A group of researchers from London's Tavistock Institute of Human Relations, led by Eric 

Trist, studied a South Yorkshire coal mine in 1949. Their research leads in the development 

of  the Sociotechnical  Systems Theory which considers both the social  and the technical 

aspects when designing jobs. It marks a change departure from Frederick Taylor's scientific 

management. The basic components to sociotechnical theory are the combination of: 

o environment  social subsystem , including the cultures, national framework 

o technical subsystem , including the available know how and science

o organizational design, including the set of management models and hierarchies   

The  growth  and  internationalization  of  the  multinational  corporations  with  multi  division 

products, induce the creation of new organization models ( U form, M form, matrix) indeed 

the division of managers’ categories  in three levels: top management ( control and strategic 

decisions  at  long  term);  the  middle  management  with  specific  competences,  regional 

approach  and  finally  the   lower  management  with  operational  responsibilities  (Chandler, 

1977).  These  multi-division  models,  appeared  at  the  chemical  firms  in  US  like  3M and 
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Dupont,  they  provide  a  framework  for  gaining  employees'  commitment.  The  role  of  the 

authoritarian leader is downplayed; instead, group decision-making becomes the norm with 

individual motivation and personality respect.

Division leaders become responsible for meeting revenue and profit expectations, they are 

subject to controls and budgets meted out by a central executive committee that are by their 

turn linked to share holders.

1960’s - Organization Development

In the 1960s a new integrated approach originated as Organization Development (OD): the 

systematic application of behavioral science knowledge at various levels (group, inter-group, 

and  total  organization)  to  bring  about  planned  changes,  influence  the  design  and 

implementation  of  personnel  policies  and  practices  through  empowerment  and   self 

realization aligned to the company goals. It arrive the concept of stakeholders as a person, 

group, organization, which affects or can be affected by an organization's actions.

1970’s -1980’s Performance Technology

The beginning of MBO (management by objectives) induce a level of freedom, less strict 

control  but   define  individual  performance  goals  required  to  measure  accomplishment. 

Commitment and not imposition is the best starting points for developing high performance 

standards.  In  addition,  accomplishments  become  the best  tools  for  the development  of 

performance-based job descriptions as they allow management to describe the measures 

that are important to the organization, specific to the position observable and accountable. 

Also, mainly in Japan, it  was born the concept of "quality management." The basic idea: 

Profit comes from repeat customers, so every person in a company should be focused on 

making the highest-quality product possible, not only meeting management-mandated sales 

quotas; any resemblance to the old top-down management structure should be abolished. 

Japanese  businesses  quickly  adopt  this  doctrine  and  the  more  efficient  supply  chain 

methods like “just in time” known as the “Toyotism”

The spread of Information technology (computers, mainframes and telecommunication) gave 

the possibilities of a higher decentralized management and individual effort appraisal. 

1990’s - Learning Organization

Peter Senge popularized the "Learning Organization" in the book  “The Fifth Discipline: The 

Art  and  Practice  of  the  Learning  Organization”. He  describes  the  organization  as  an 

organism with the capacity to enhance its capabilities and shape its own future. A learning 

organization is any association (e.g.  school,  business,  industry,  government agency)  that 
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understands itself  as a complex,  organic  system that  has a vision  and purpose.  It  uses 

feedback systems and alignment  mechanisms to achieve  its  goals.  It  values  teams and 

leadership throughout the  disciplines like: 

o System Thinking (The process of understanding how things influence one another 

within a whole, focuses on cyclical rather than linear cause and effect that measure the 

performance of the organization as a whole and of its various components)

o Personal Mastery ( The commitment by an individual to the process of learning 

through staff training and development

o Mental Models (The assumptions, behaviors, norms and values held by individuals 

and organizations with an open culture that promotes inquiry and trust

o Shared Vision (Common ideals  creates a common identity that provides focus 

and energy for learning

o Team Learning.  (The accumulation  of individual  learning in a teambuilding  to 

shared meanings and understanding by engage in dialogue and discussion

Learning organizations typically have knowledge management structures, allowing creation, 

acquisition, dissemination, and implementation of this knowledge. Other characteristics of the 

new  learning  organization  is  the  continuous innovation,  network  relationship,  modular 

disintegration,  outsourcing,   entrepreneurship  ,  coaching  speed  economies  and  the 

separation between conception,  production and marketing in a value creation management. 

Moreover Managers are no longer linked to only a specific company asset, but they run their 

carries as also  a “service supplier” ,relocating the knowledge capital not only inside the firms 

but link to human capita and individual capacities. 

Unlike tangible technologies that after developed could be set in a blueprint document, those 

managerial  capabilities  are  mainly  tacit,  affected  by  contemporary  conjuncture,  national 

educational system and overall cultural pattern, this means variety from nation to nation, firm 

to firm and professional  to  professional.  With the end of  major  advances in  products  or 

process and the technological “banalisation”  ( licenses, SEF, M&A, J&V) new entrants have 

been  establishing  inside  market  segments  boundaries,  actually   the  implicit  managerial 

actions ( finance architecture, alliances,  network, market access) and uncountable features 

(brand, recognition, regulation,  image, customer understanding) become one of the main 

defensive strategic barriers. 

The  first  pioneer  chemical  industries  achieved  an  integrated  learning  that  generated 

monopoly  inventions  that  by  their  turn  generated  overvalue  profits  that  were  re-invested 

generating again monopoly inventions and scale process, this virtual cycle created powerful 
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barriers to entry till the seventies when the exhaustion of breakthrough novelty and technical 

knowledge diffusion made the technological advance no longer a defensive barrier. 

Conclusion:

The development of the chemicals industry is an example of knowledge accumulation within 

different technological ‘platforms‘ : inorganic, vegetal, coal, petroleum, biotechnology, in each 

one  with  several  downstream possibilities.  More  over,  the  development  of  the  chemical 

industry  was  possible  thanks  to  a  multi  disciplinary  approach,  not  only  in  traditional 

chemistry,  but  also  in  physic,  biology  and  mechanical  fields.  The  discoveries  of  new 

molecules would be not enough to create an industry within large size production without the 

support of the chemical engineering to translate scientific discoveries in industrial products, 

the  scale  up  and  technical  set  up  from  the  laboratories  to  a  mass  production.  The 

specialization of the equipment firms and engineering firms (SEF) allowed a fast process 

know how divulgation and cost reduction of industrial methods, increasing the competition in 

the sector.

The internationalization and the global corporation was the  result not only from product and 

process  innovation  but  also  management  models  development,  that  allowed  the  multi 

business firms to extend in different fields and regions keeping at the same time central 

control and local reactivity.

With the end of the ‘Petroleum age’ the technological future of the sector is still unclear with 

some trends into the biotechnologies,  green chemicals,  recycling and the come back  to 

vegetal sources. In the mean time, corporations in basic petrochemical are delocalizing close 

to new demand markets and oils  sources whereas traditional  corporations are stirring to 

specialties chemicals with high value add. The management innovation became as important 

as product, or  process improvements.

CHAPTER  3   NATIONAL   FRAMEWORK  INFLUENCE  IN  THE 

CHEMICAL SECTOR DEVELOPMENT

There is an absolute necessity of chemical compounds in almost every industrial, agriculture 

or  consumer  sector.  The  chemical  branch  has  been  one  of  the  colons  from  the  entire 
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occidental  mass consumption economic model since the first industrial revolution, playing a 

major role for a higher productivity, increase the standard of living /comfort, replacing scarce 

natural materials, improving military power and enabling new technological innovation inside 

many  other  sectors  downstream.  The  chemical  per  capita  consumption  (  CCC)  is  one 

indicator of economic development of each country, for instance the CCC in USA is $ 1.700, 

West Europe around $ 1.100 while developing countries like Poland and Brazil with $ 300 

chemical consumption per capita per year 

 Due the strategic aspect of this segment, nationals governments had been accompanying 

close the development of this base industry and pushing the strength of national ‘champions’. 

This chapter remarks some principal production countries examples, it will describe shortly 

the traditional countries like US, German, France, UK because they were already  denoted in 

the historical chapter, thus the focus will be more in the new industrialized countries with a 

chemical sector development. 

Different  national  infrastructures,  policies  and institutions could  stimulate or  constrain the 

evolution of a specific  sector, as well the influence from the international competitiveness, 

the presence of strong firms and the trade regulations adopted . The past and the present 

seems  indicated  that  for  the  chemical  sector  the  connection  among  firms  with  national 

government support was vital at early stages of growth.

 National governments have developed policies to establish their chemical sector for security 

and economic reasons. Since the beginning, the industrial chemical sector had been largely 

affected by national composition (political,  institutions, finance, labor,  education, scientific, 

market,  regulation,  culture)  stimulating  or  constraining  its  development.  State  companies 

were founded in the basic sector; existent ones were nationalized or merged during the first 

half of the last century to create strong, large scales companies with international competitive 

power. Since the 70’s with the end of the welfare state and the neo liberalization policies, the 

privatization of the leading chemical companies, the M&A, the financial players have been 

influencing  the  industrial  countries.  Today,  with  the  maturity  of  the  segment,  national 

governments are more concern about other new sectors like finance , defense, utilities or 

aerospace.  Large  chemical  corporations  are  completely  private  managed  and 

internationalized, even in their equity structure, for instance BASF’s shares holders are 60% 

outside German.

On a global view the demand of chemical product is steady close to GDP growth; negative in 

the traditional markets like North America, Japan and Europe and increasing in emerging 

markets  like  the  ‘BRIC’  (  Brazil,  Russia,  India,  China)   and  Middle  East  because  basic 

chemicals  have  to  be  made  near  the  users  and  easy  access  to  oil  feedstock.   Asia 

especially became the manufacturing place for low cost industrial goods; its comparative cost 
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advantage and their internal enormous market are extending to a greater production choice 

of manufacturing items that require chemical components. The delocalization or creation of 

industrial  facilities in new industrial  countries has lowered domestic volume production in 

OECD countries and will therefore diminish the usage of chemicals in these countries. The 

Middle East oil countries (Qatar, Saudi Arabia, Iraq, Kuwait, Iran) are positioned to strong 

expand their position as the ‘World’s basic petrochemical industry ‘place, for instance the 

region has today 50% of the total  global  new investments in ethylene facilities,  the local 

production will  enlarge more than 10% per year,  far beyond its 3% growth of the internal 

demand, this surplus has the destination first  to Asia,  than Europe and NAFTA. Another 

example is the Saudi Arabian company SABIC that is strong investing in its organic growth 

as well very active for OECD companies acquisitions.

Great opportunities are open for traditional corporations and for the new local players in the 

BRICS and Middle East to supply the growing market. China for examples has enormous 

gap in local supply and will continue to import chemical products for the further years. Those 

new local entrants companies (Sinopec, Sabic, Braskem, Reliance, Tata, etc), after achieved 

the technology expertise and scale, they are increasing capability to export  and reaching 

external markets. The new entrants firms from new industrialized countries, with new assets 

are starting to act as important global players, for instance the company Blue Star (China) in 

Silicones acquiring Rhodia or also Brasken (Brazil) that are open subsidiaries in Europe and 

US to come near those markets. 

Although countries still differ concerning their level of technological intensity or density  in the 

chemical  sector,  the  differences  among  companies  have  reduced.  The  increasing 

international  competition  and  knowledge  transfer  process  (license,  FDI,  SEF)  led  to  a 

technological convergence in a similar degree for enterprises, forcing the new national firms 

searching  now for  other  competitive  advantages besides technology,  as to say:   scope, 

branding, and distribution network. 

The traditional corporations from US, Europe and Japan have the historical advantage of 

been  first  movers  at  their  regions,  yielding  from  their  original  countries  framework 

(institutions,  scientific,  accumulated capital,  market).  They still  are the major players  and 

have  important  earning  returns  due  scale/scope,  international  presence  and  a  superior 

technological  edge.  At  the  other  hand  this  traditional  corporations  have  an  increasing 

percentage of  foreigner equity investor, thus national borders are becoming less important 

for global companies, the concept of national chemical industry are becoming senseless in 

the chemical market as well  the notion of ‘national champion’ or local ‘proud’ characteristic 

itself are senseless due the complex international interdependence of the players and the 

extended globalization, nonetheless the national resources, or national infrastructure, are still 
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important factors in the decision of FDI ( foreign direct investments) from those corporations, 

or the formation of new firms from developing countries.  

3.1 Countries national path development: Traditional countries

 United Kingdom

United Kingdom chemical industry history was largely described at the chapter one, thus only 

mentioned here. Britain was the first economy to industrialize in large scale, using their large 

colony as raw material source and market. However, in the chemical industry they were soon 

unable to keep pace in frontier knowledge and create innovative technologies. They started 

to  be  depended  from  external  license.  At  the  beginning  of  the  twenty  century  only  in 

explosives  (Nobel)  and  consumer  chemicals  (Lever  Bros.,  Courtaulds)  they  succeeded 

independents thanks to a strong marketing and monopoly  access in their colonies. England 

was the first country to develop the synthetic dyes for example, but German with a superior 

level of research and technology shattered British companies at the beginning of the XX 

century. One of the reasons was the lack of financial support due the British bank constrain 

to  remain  small,  within  foreseen  risk,  thus  banks had non  incentive  to  develop  skills  to 

appraise  complex industrial business because most British firms (textiles, food) invested in 

simple technology and catered into the stable domestic and colonial market.  Research and 

capital intensive sector like chemicals had hard financial barriers to develop; it is only in 1926 

with the ICI (merger of the 4 bigger chemical firms) that the British chemical sector started to 

take importance in the global market share again. 

From  1950  to  1970  the  petrochemical  was  one  of  the  fastest  growing  sectors  in  UK 

economy.  ICI  (  Imperial  chemical  Industry)  and  other  players  got  interested  in  the  new 

chemicals  generations  in  specialty  products  like  painting,  adhesives  or  in  consumer  / 

pharmaceutics chemicals.

Today the UK  chemical output represent 11% of European chemical production  in value , 

UK still account   today for 3% global turn over and 7% of chemical global exports in value. 

ICI  ,the  most  important  industrial  company  in  UK,  divest  their  pharmaceutical  and  was 

completely acquired by Akzo-Nobel (Nederland), thus from the  pioneers traditional British 

corporations it  still exist only Shell chemicals, BP and Ineos in basic Petrochemical, Johnson 

Mathey in rare inorganic,  Astra –Zeneca in Pharmacy and Glazo Smith Klein and Unilever in 

health/ consumer chemicals, continuing the tradition of companies in large , less technical, 

specialized  markets,  supported by strong marketing.  UK economic  history symbolize  the 

born of industrial mass consumption society, the influence of politics in the early stages of 
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new industries,  the  liberalization  and finally  the passage  to  a  post  –  industrial  economy 

where the services and finance activities obtain the priority. 

 

 Germany 

The chemical sector was established in German in the last quarter of the nineteenth century, 

by individual entrepreneurs, supported by governments and based in new research  fields 

and chemical engineering. During the World Wars the patents and assets were confiscated, 

nonetheless the German companies fast recovered and developed after, demonstrating that 

the competitors were able to catch up the know-how already developed,  but  not  able to 

obtain the intrinsic / tacit procedures of the German chemical sector and the future potential 

development.  German firms pioneered the use of  science combine to engineering in  the 

development  of  chemical  industries.  More  over  the  importance  of  the  network  among 

industries, universities and research centers resulted in high top technologies like synthetic 

dyes, polymers, fertilizes.  The country had no colonies to rely upon as raw material sources 

or consumer market, as a consequence its singularity come up from technological innovation 

in products and process.

The private banks were fundamental to support the development of the industries, they were 

large enough to invest and evaluate capital and R&D intensive sectors. For example BASF, 

AGFA, Hoechst and Degussa received important support from the banks which allowed them 

to invest in long term pay-off technologies; the average investment in R&D was 5 % to 10% 

of the turn over which come up with several radical innovations like synthetic rubber or new 

polymers. A strong advance of the German corporations has been the applied technology 

(anwendungstechnik) by means of which at the same time there is an exploration for the 

potential  uses  to  innovations  and  assist  their  customers  to  solve  their  problems.  This 

applicative know- how often made the corporations more profitable achieving, by their market 

proximity,  add  value  products  to  specific  segments,  so  creating  many  business  units 

downstream.

Nevertheless,  the global  share of   chemical  output  produced inside the German territory 

dropped from 23% in 1938 to 7% in 2002, this number demonstrate the strong development 

of  the  international  industry,  particularly  in  new  industrialized  regions  and  the 

internationalization of the German chemical corporations themselves, based in their know-

how advantages, they start to invest inside West Europe, than in North and Latin America , 

more recently in Asia and East Europe. The total sales of German corporations including its 

foreigner subsidiaries represent 12% of global chemical production.
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From  the  90’s  until  the  present  there  is  a  clear  division  into  distinguish   corporations’ 

strategies, whereas focused in life science: intensive in research, using the biotechnology 

routes or the traditional firms: with scale/scope in organic chemical, diminishing in R&D mode 

and increasing in a marketing model. Downsizing, merger, acquisition, LBO (leveraged buy 

out),  were  instruments toward companies  strength in  core business,  divest  commodities, 

create new companies in specific product and markets, as the examples of the merger of 

Hoechst with Rhone Poulenc to form Aventis in life science or the divest of basic chemicals 

of Bayer in Newco to concentrate only in Life science, or even Degussa transformed into 

Evonik in specialty chemicals. The exception is BASF that still concentrate its strategic future 

vision  in  integration  of  basic  and  specialty  chemicals  within  the  vertical  combination 

scale/scope of its operation (Verbund) to reduce production costs by the synergies  from raw 

material,  intermediates,  fine  and  specialty  chemical  products,  they  complete  divested 

pharmacy activities in contrary of all trends, nonetheless taping also into new biotechnology 

and nanotechnology applied  to conventional  substance and agro chemicals.   The recent 

acquisitions  (Degussa,  Ciba)  and developments indicate that  BASF will  give strategically 

importance to mature markets (construction; transport, intermediate) using scale capabilities, 

marketing efforts but indeed creating new technological platforms.

By its manufacturing history development and  industrial policies German create a handful of 

leader chemical companies, whereas large vertical integrated like BASF;  basic chemical like 

Evonik, Celanese   or  in specialty chemicals  like  Synrise, Cognis,Bayer  or Wacker.

 France

The French chemical corporations were created by merges and acquisition of small family 

companies at the nineteenth century like Compagnie  du Rhone and Freres Poulenc, or state 

owned companies like ELF, or even niche companies like Air liquide in industrial gases and 

L’Oreal in cosmetics. Historically the French companies based its growth on the large scale 

and large scope of downstream products due its extended colonies as raw material supply 

and consumer market or in very specific niches within large marketing expertise. The French 

State  had an important whole during the last century..

 Today the French chemical represents around 17 % of the sector in Europe. There are still  

important  family  groups  like  Roullier  (  agro  chemicals)and  international  corporation  in 

Petrochemical- Total Elf ( Arkema, Bostik), Pharmacy -  Aventis , Industrial gas – Air Liquide, 

Inorganics –Imerys, Saint Gobain  and Cosmetic – L’Oreal, LVMH. The example of France is 

quite similar from UK with some more State interference, but also demonstrating the early 

stage of industrialization, the privatization and the passage to the post industrial economy.
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3.2 Countries national path development: Later entrants:

Japan:

The Japanese chemical industry developed more stalwartly around the second half of the 

20th  Century,  before  the  sector  was  very  fragmented  and  focused  in  low  technology 

segments.

The majority of the chemical corporations belong to industrial conglomerates, its origin come 

from the process of backward integration of firms in other sectors to acquire self capacity into 

chemical raw materials. In the 20’s and 30’s these conglomerates (the old Zaibatsu) were 

reluctant to enter in new fields due the risk adverse, conservatism, while some small groups 

started to interest in the chemical sector. The use of foreign technology, the protectionism 

with extensive trade barriers in Japan, the influence in the Asia market and the long term 

relationship  among finance  -  industry  made it  possible  to  Japanese  firms  catch up  and 

achieve an upgrade level in scale and scope in a relative short term. 

The government incentive plan after the II War was decisive to create strong petrochemical 

companies and networks. The MITI (ministry of international trade and industry) guide the 

policies for petrochemical sector augmentation, concerned about trade balance at the 50’s 

and at that time imposing international standards as performances criteria for governments 

public  funding.  MITI  established  a  consulting  committee  to  create  development  plans  to 

improve local producers, to set up import substitution action within protected prices inside the 

domestic  market.  At  the  50‘s  the  petrochemical  technology  was  already  developed  and 

tested in US and Europe, thus able to quickly be acquired by other nations, at the same time 

many  new  applications  downstream  (automotive,  appliances,  textiles)  required  more 

precision chemicals products that could be produced locally (plastics, fibbers, coatings). New 

local  entrants  in  Japan  took  this  new  opportunity  trend  replacing  coal  chemicals  to 

petrochemicals  supplied  by  foreigner  companies  at  the  beginning.  The first  refinery  was 

constructed in 1951, still  over influence from the occupation; five international  firms were 

presented at that time: Shell, Standard, Caltex, Tidewater and Union Feriang with the first 

products in basic chemicals like acetone, benzene, ethylene and derivates. The ‘occupation’ 

government  plans  encouraged  oligopoly  among  international  corporations  and  local 

conglomerates;  some  times  they  worked  together  in  joint  ventures  to  increase  capacity 

reducing competition. The first national petrochemical complex were created in 1957  with 

local  conglomerates   like  Mitsui,  Sumitomo,  Nippon,  Showa,  Asahi-Dow,  Mitsubishi  and 
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others acting in cluster to facilitate the exchanges and networking. At this time the principals’ 

Zaibatsu had catch up, especially in plastics like polyethylene and polypropylene.

In the 60’s it started the II phase of the MITI plan focusing in expansion of the capacities of 

petrochemicals  companies  and  the  replacement  of  old  production  process  into  modern 

systems.  The  chemical  Japanese  corporation,  mainly  petrochemical,  emerge  in  the 

international market; strongly supported by their national government policies, they increased 

influence  into the Asian Market.  Indeed the rise of  engineering companies  which supply 

industrial  production  sites  with  the ‘key in  hand ‘chemical  factories  lead to  enhance  the 

numbers of  companies producing locally  and replacing imported products interested in  a 

demanding market. The firms inside the conglomerates were able to acquire the product and 

process technology, catch-up quickly and then make incremental improvement on them. The 

cost  saving  in  manufacturing  were  the  major  source  of  international  competitiveness  of 

Japan’s Industry (Hikino, 2007)

At The 70’s, this competitive environment led to overcapacity in the exact moment when the 

developed countries demand to chemicals decrease in combination with the oil crises that 

increase the raw material prices. The restructuring of the industry was made again by the 

government policies, inducing the consolidation to reduce the numbers of companies and 

business  in  which  each  company  specialized  itself.  The  MITI  set  up  minimum  capacity 

standards  and  producers  were  obliged  to  engage  in  rationalization,  M&A,  joint  ventures 

whereas the focus start to change toward fine and specialty chemicals.

At the 80’s with the neo-liberalization wave, the MITI allowed the free import of raw material 

and constraint even more the sector into reorganization to restructuring the facilities, inducing 

the expansion in foreigner markets and diversification into specialties.  

Actually the sector is still dominated by the huge conglomerates (Kigyo Shudan, Keiretsu) 

like  Mitsubishi,  Mitsui,  and  Sumitomo.  This  organization  model  was  able  to  reduce 

transaction  costs,  as  the linkages  among agents  are made inside  the same group.  The 

corporative governance inside the conglomerate leaves more freedom to managers at each 

company to act toward, innovation, sales increase and market share gain in long term growth 

strategies,  regardless  the  risk  and  uncertainty.  This  orientation  in  the  direction  of  size 

enlargement  works  quit  well  as  long  there  are  growth  opportunities  within  the  firm 

boundaries,  but  when the core business of  the firm does not  match the opportunities  of 

potential  future  growth  outside,  then  the  expansion  movement  strategy  obtain  negative 

results. That was the case in the 70’s when the shrinking market for petrochemical asked for 

dowsing or re conversion strategies more difficult to implement when there is the absence of 

active share holders or other disciplinary mechanism from capital markets, thus Japanese 

conglomerates had more difficult to change quickly  into different specialization, remaining 
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vertical integrated.  Many companies moved downstream for higher value products, but still 

maintaining the basic products inside the conglomerate. 

At the other hand recently other independent companies started to focus only in specialty 

(electronic for instance) with differentiation, less price competition, low volumes of production 

but higher margins. This new companies  utilize the user-producer relationship in a deep 

understanding and customization to strength the competitive advantage that  lie  more  in 

incremental process/product than in real product break through .  

The Japanese chemical  companies are in  general  vertical  integrated in narrowly product 

portfolios  inside  conglomerates.  This  conglomerate  structure  provide  a  stable  ownership 

structure limiting the control by the M&A due the rivalry among conglomerates in Japan, but 

reducing the pressure for value improvement enforced by active shareholders. Nonetheless 

there are several corporations that achieved a global presence with a worldwide standard 

size.

Their internationalization is focused in exportation, direct investments and alliances, mainly in 

Asia. Their position is quite similar to other corporations from later entrants, the know-how 

are quite strong to absorb external knowledge, but not to compete in scope and innovation 

with the leading enterprises in each segment. As general rule, the Japanese conglomerates 

have  been  more  technological  learners  even  tough  some  specialty  and  independent 

companies within specific niche fields are having success in new patents for downstream 

specialty chemicals, mainly in electronics or advanced materials areas as the case of 3Bond 

in specialty adhesives. 

The conglomerate  governance  in  chemical  industry  appears  very  often  in  the  Japanese 

companies (Keiretsu). Even tough conglomerate  would look likely to be more  decentralized 

with  discriminate  own  funds  to  finance  capacity  and  innovations,  what  happens  in  the 

Japanese chemical firms belonging to conglomerates is a lack of a real independence and 

an autonomous  ‘chemical culture’, thus creating much ‘free riding’ with companies with no 

strategic  future  vision.  This  governance  model,  reduce  the  incentive  for  a  divisional 

performance specialization, diminish innovation and results in poor disclosure. Nonetheless 

the  Japanese  chemical  industry  is  still  characterized  by  large  conglomerates,  some 

specialized and independent  companies with high value products are becoming important 

global players, like for instance Kaneka in the hybrid new materials.
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 United States of America

At the nineteen century  the American chemical industry was very fragmented, made up of 

many small firms acting in locally and the country was largely depend from importation. By 

1900 only three chemical companies were listed on the Wall Street Stock Exchange, the 

others  had  to  rely  upon  own  funds.  Once  their  income stabilize  at  the  decade  of  20’s, 

however, they benefited from the  growing internal market and starting to invest in the R&D, 

like the examples of 3M, DuPont , Dow or Monsanto. Similar to the German examples, the 

links  among  academia  and  industry  were  very  important  to  the  development  of  new 

molecules and further scale up to industrial process as the examples of the MIT lab. working 

together  with  Dupont  researchers and the advance creation  of  the  chemical  engineering 

faculty to study the purpose in industrial scale of the principles from laboratories discoveries. 

After  the  two  World  Wars  a  virtuous  cycle  of  profits  and  re  investments  improved  the 

American companies  to catch up quickly  in  a double  rate compare to GDP growth.  The 

consolidation in internal market allowed the formation of strong corporations that later were 

able to go abroad and became globally present, based in their superior marketing, know-how 

and  capital  power.  Other  major  contribution  from  the  US  chemical  sector  was  the 

development of the specialized engineering firm (SEF) and catalyses reaction that allowed 

the  codification  and  the  market  for  chemical  process  building,  lately  indeed  helping  the 

developing countries companies to catch up in petrochemical.

Besides the new polymers discoveries, that in the 60’s represented 50% of the total turn over 

in the sector,  corporations realized that their strong investment in R&D were having less 

marketable results and  its real applications were rarefy , their ‘discounted cash flow ( taking 

consideration the value of long projects return discounted by interested rates) were negative. 

Since  the  80’s  the  sector  maturity  became  clear,  declining  profits,  declining  radical 

innovations  rate,  the sector  has  been struggling  for  re-  structure,  pushing companies  to 

choose assets in core business whether commodities, specialty or life sciences. Financial 

heuristic  rationality  in  measures  like  return  on  investments,  cash  flow,  etc,  replaces  the 

industrial logic of pure size growth or market share. In the 90’s the market for buying and 

selling  chemicals  companies  or  BU  become  one  of  the  most  important  activities  of 

executives.  For  example,  the  total  chemicals  asset  values  trade at  the  end  of  the  90’s 

accounts around 25% of the world chemical assets, this consolidation reduced the numbers 

of players in each sub segment, as examples 70 % of ethylene is produced by 5 companies 

in US. Corporations are adopting dissimilar strategies, 3M and Dupont for example establish 

in specialty end-user products in many segments, DOW in a vertical integrated vision and 

Monsanto in life science. 

74



The sector has been since the beginning, private owned business in U.S. and corporations 

quote  in  stock  exchanges,  what  gives  the  sector  a  very  fast  reaction  from  the  market 

constrains .  Today the sector contributes only to 2% of the US GDP even though is the 

largest exporting industrial sector with US$ 135 billion in 2006. The strengths of American 

chemical  corporations  rely  upon  their  advanced  know –how,  but  also  strong  marketing, 

internationalization  and  finance  power.  The  country  has  a  handful  of  leader  companies 

whereas in commodities like Air products, Lyondell, or specialty chemicals like Dupont, 3M or 

even vertical integrated like Dow and Huntsman

 Italy

At  the end  of  the  nineteenth  century Italian  chemicals  companies  were  dependent  from 

foreigner technology by license of some product to supply niche markets. The lack of a large 

domestic  market  restrains  also  the  investments  in  scale  production  or  technologies 

development and the national financial system supported more other kinds of industries like 

mechanical due the lack of expertise in chemical sector to evaluate risk investments. The 

only world class chemical firm that appeared was Montecatini, original from mining business 

and Edson that merger later to form  Montedison. After the II War, induced by the national 

government, Italy was the first European country to build a petrochemical cluster, but this 

pioneered  policies  in  the  40’s  had  followed  by  two  decades  of  non  coordination  and 

fragmented small players financed by debt with lack of transparency and dexterity which left 

an oligopoly structure in basic petrochemical and pulverized small companies downstream. 

After the 70’s within the oil crisis, interest rates increased and the high debt leveraged from 

the chemical companies, specifically Montedison and ENI the both biggest ones, give rise to 

a heavy interest rate burden that ends with several bankrupts,, companies were nationalized 

and the political  protection  induced a weak pressure to create value and rationalization. 

During the 80’s and 90’s the Italian government tried to create a national champion ‘ Eni 

Chem, (today only in basic petrochemical) but the lack of a real expertise leave the Italian 

chemical sector fragmented in small companies mostly  focused in final consumer/ end user 

chemicals markets  like paints , detergents, cosmetics. This characteristic in the chemical 

industry follow the more general framework of the Italian economy of small fragmented family 

business.

 Switzerland

The chemical industry starts in the country in the end of the XIX century to replace imported 

dyes to the textile  industry.  Due its disadvantage in  natural  resources and small  internal 
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market, only international oriented firms were able to survive constraining the local firms to 

approach more knowledge based segments like pharmaceuticals or specialties, where they 

could gain market share abroad, still today about 90% of the Swiss production is exported.

The  main  firms  appeared  at  Basel  region  (Ciba,  Geige,  Sandoz,  etc.)  due  the  existent 

infrastructure and universities clusters. The behavior of Swiss companies were very close to 

their European peers concerning the cartels, but not having colonies or internal market the 

firms were obliged to invest in R&D to obtain patentable products in niches to export. When 

the sector maturity arrived in the 70’s, the crises affect less the Swiss corporation due their  

approach in high end niches in specialties and pharmacy. Ciba and Geyge merger in 1970 

and after  divested their specialty chemicals to Huntsman (an LBO company from US),  it 

concentrated  in  pharmacy,  merging  with  Sandoz  later  to  create  Novartis.  The  reduced 

internal market forced the Swiss corporations (like the Nederland corporations) to locate their 

production  sites  abroad,  with  more  that  90%  of  the  total  global  turn  over  coming  from 

foreigner subsidiaries. This reality is due not only by production reasons or internal market 

reasons, but also due the shortage of qualified personnel or non expertise in specific field 

inducing Swiss firms use the other European countries specific advantages in knowledge 

fields. The R&D activities became decentralized and based in the host country excellence in 

a specific target field.

Today is clear the separation between pharmaceutical sector ( ex:Novartis ) that focus on 

biotechnologies  without  scale  intensive  necessity  and  traditional  chemical  sectors,  (ex: 

Basel, Ciba ) that follow a decision to grow outside the original country using geographical 

diversification  in  other  host  nations  with  comparative  advantages  or  important  markets. 

Indeed due the deregulation  of  global  capital  the internationalization  of  ownership  in  the 

Swiss  corporation  induces  the  aspiration  and  approach  of  value  creation  to  foreign 

shareholders either, regarding less the national borders. The original Swiss companies and 

also the Nederland companies (Akzo Nobel, DSM) are pure examples of global corporations 

not only with assets around the world but also international equity structure.

3.3 Countries national path development: -Developing regions

The new entrants companies come from countries with later industrialization that started in 

the chemical sector by means of foreign capital  and technology.  These countries remain 

dependent  on foreigner knowledge for  last  frontier  high technological  segments, as large 

corporations  still  have  the  control  over  many  fields  through  their  own  subsidiaries, 
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nonetheless in the petrochemical and some specialties, local companies are mature enough 

and independent.

Besides the difficulties in establishing a modern chemical sector,  several countries try to 

catch  up  into  the  specialty  chemical  sector  developing  policies  to  improve  national 

champions  that  could  achieve  a  global  size.  Asia  already account  for  40% of  the  world 

market.

 Middle East

 The worldwide petrochemical sector is changing rapidly, new companies appeared, most of 

them taking advantages from low cost feed stock in petroleum producer countries in Middle 

East and at the same time the demand increase in Asia. Many Traditional companies are 

exiting or moving to east, often in partnership with local companies to defend their global 

market share. This new framework force established corporations to find new strategies in 

FDI,  portfolio  rationalization,  market  segments,  risk  management,  partnership  with  local 

players and superior global management in production, sales, R&D, HR.

The demand is increase in two digits percentage for basic chemical (specifically plastics) in 

Asia  Pacific  and  declining  in  Europe  /  USA.  Moreover,  the  cost  advantages  (basic 

hydrocarbon account 60 to 80% of polymer cost) and the exhaustion of the possibilities to 

increase the productivity through process improvement, make the East countries the optimal 

region to place new industrial sites. As an example the world ethylene capacity is forecast to 

achieve 150 millions tons in 2010 and the market share from Middle east companies would 

move from 9% to around 20%, by supplying more than 50% of China demand whereas by 

local companies alone or in alliances with China companies as examples Sinopec + Sabic or 

Saudi Aramco + Fujian.  

The new local  entrants  based  their  strategies  in  their  low cost  feedstock  and  a  mature 

technology available. Rather then keeping simply crude oil exporting, they are targeting the 

development of basic downstream products to access new markets in Asia with refineries 

closed  to  oil  sources  and  indeed  approaching  western  corporation  assets  acquisition  to 

achieve at the same time higher knowledge and get the ‘rights to entry’ to western market, as 

the case of the acquisition of Huntsman petrochemical and DSM petrochemical by Sabic. 

Traditional corporations are also investing in greenfield sites or in joint ventures with local 

partners to preserve their share, thus giving the opportunity for the local  partners to access 

production know-how, as the example of the joint venture among Chevron and Sabic or BP 
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and Shanghai petrochemicals. For the specialty chemical foreigner corporations the solution 

is to establish local subsidiaries to enhance customer relationship and reduce production 

cost to re export to their own original market.

The Middle East is transforming itself from a net importer of polyolefin into a major exporter, 

and the region will eventually dominate global trade. Imports have been declining for several 

years and in 2007 the region had, for the first time, a net trade surplus in PP.(polypropylene).  

Exports of PP from the Mideast are expected to rise by  3.65 million m.t. in 2010, as huge 

new capacity is onstream in the region . Capacity additions currently under way will result in 

the Middle East dominating PP trade in the future, most of the PP will be exported to China, 

also exports  to Europe and Africa.

Asia/Pacific’s net deficit will rise from 0.9 million m.t./year in 2005 to 2.3 million m.t./year in 

2011. Europe will need to import 900,000 m.t./year by 2011. The increasing build up of PP 

capacity in China, meanwhile, means that the country will no longer consume the rest of the 

world’s surplus, which will be looking for a market.

Saudi Arabia will  become the dominant player in international PP trade. Abu Dhabi,  Iran, 

Oman,  and Qatar  will  also play a role.  Exports  of  PP from Saudi  Arabia  will  more than 

quadruple  from 984,000 m.t.  2007 to an estimated 4.1 million  m.t.  in  2010.  Iran will  be 

exporting about 400,000 m.t. of PP by that time, almost double its exports in 2010. Qatar, 

currently a net importer of PP, is expected to become a net exporter in 2010, selling an 

estimated 123,000 m.t. overseas in 2010. Exports from Qatar are expected to rise to 545,000 

m.t./year in 2011. Abu Dhabi will also become an exporter of PP when Borouge, a 60-40 joint 

venture  between  Adnoc  (Abu  Dhabi)  and  Borealis,  completes  construction  in  2010  of 

Borouge II, a second petrochemical complex at the jv’s Ruwais, Abu Dhabi site. Borouge II 

will include two Borstar-process PP lines with a combined capacity of 800,000 m.t./year.

 Other hydrocarbon raw materials have been used in more large scale like methane, propane 

as this know-how has been improved due the inconstancy from the cost  of bruit  oil,  the 

investments in these new sources are very suitable for this region. 

The region’s olefins production is shifting from pure ethane, which is becoming scarce, to 

mixed and/or liquid feedstock. That will result in more than 1.5 million m.t./year of additional 

propylene being available  in  the Mideast  by 2010.  Refineries,  and a growing  number  of 

propane dehydrogenation and metathesis plants, will supply the rest of the propylene.

The  number  of  PP  producers  in  Saudi  Arabia  will  increase  from two,  to  nine  by  2012, 

according  to  the  Saudi  Arabian  General  Investment  Authority  (Sagia;  Riyadh).  Existing 
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producers  Saudi  Polyolefins  Co.  (SPC)—a  jv  between  National  Petrochemical 

Industrialization Co. (Tasnee; Riyadh), Basel, Zahr and Yanpet will be joined by Advanced 

Polypropylene Co. (APPC); National Petrochemical Co. (NatPet; Yanbu); National Chevron 

Phillips Co. (NCP); PetroRabigh, a jv between Saudi Aramco and Sumitomo Chemical; Ras 

Tanura Integrated Refinery, a jv between Aramco and Dow Chemical;  Sahara Group and 

Sipchem. 

The  accompanying  increase  in  Saudi  propylene  propylene  capacity  will  increase  to  6.1 

million m.t./year, from 1.4 million m.t./year between 2006 and 2012.  Saudi Arabia accounts 

for 70.4% of the planned total in the Mideast,  Iran will contribute 18.4% of new propylene 

capacity, Oman 10.2%, and Kuwait 1%.

Saudi  Arabia will  account  for  21% of  additional  propylene capacity and 26% of  new PP 

capacity worldwide by 2010. The Saudi propylene and PP industries will become the world 

fourth-largest  and  third-largest,  respectively.  The country’s  share  of  worldwide  propylene 

capacity will be 6.1% and its share of PP capacity will be 8.6% .

The proportion of Saudi petchem output based on propylene feedstock will rise from 10% in 

2006 to 20% by 2012. Sabic alone is adding 1.25 million m.t./year of PP capacity in Saudi 

Arabia by 2010. Saudi Kayan, another Sabic affiliate, is building a 350,000-m.t./year unit at 

Al Jubail, using Basell technology. This is in addition to the Zahr and YanSab PP projects.

Those green field investments are based in SEF like ABB Lummus Global technology, or 

corporations licenses like   DOW technology, Basell technology or Sumitomo .

Aramco is planning to establish itself as a major producer of PP. The company’s  jv with 

Sumitomo is building two 350,000-m.t./year PP units,  based on Sumitomo technology,  at 

Rabigh,  Saudi  Arabia.  The jv  with  Dow at  Ras  Tanura,  Saudi  Arabia  will  add a  further 

700,000 m.t./year of PP capacity by 2012.

Basell  continue  expansion in the Mideast  is part  of  a strategy to expand its geographic 

presence by establishing together with strong local partners new world-class manufacturing 

facilities  with  attractive  feedstock  conditions  in  close  proximity  to  target  markets.  The 

company is raising capacity at the SPC complex at Al Jubail  from 520,000 m.t. /year;  to 

800,000 m.t./year Basell  also holds a 25% stake in Al-Waha Petrochemical Co.,  a JV in 

which Sahara holds the remaining 75%. Al-Waha is building a 450,000-m.t./year propane 

dehydro plant at Al Jubail and a Spherizone-process PP plant with the same capacity due 

onstream in  2009. It will be the world’s biggest Spherizone-process PP plant.
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Advanced Polypropylene Co. (Riyadh), meanwhile, is building a Novolen-process, 450,000-

m.t./year  PP  plant  at  Al  Jubail  and  a  455,000-m.t./year  propane  dehydro  plant  using 

Lummus’s Catofin technology.

Additional PP capacity is coming onstream in other parts of the Gulf region such as Oman 

and Qatar. Oman Polypropylene Co. (OPP; Muscat) recently completed a 340,000-m.t./year, 

Novolen-process PP plant at Sohar. OPP is owned 40% by Oman Oil Co., and 20% each by 

International  Petroleum Investment Corp. (Abu Dhabi),  LG International  (Seoul),  and Gulf 

Investment Corp. (Safat, Kuwait). OPP sources propylene feedstock from Sohar Refinery Co.

Meanwhile,  a  JV  among  Qatar  Intermediate  Industries  Holdings,  an  affiliate  of  Qatar 

Petroleum; and Honam Petrochemical (Seoul), have signed an agreement to build a cracker 

at Mesaieed, Qatar. That project, due for completion in 2011—two years later than originally 

planned—will include a 700,000-m.t./year PP unit.

Elsewhere, Egyptian Propylene and Polypropylene Co. (EPPC; Cairo) is investing to build a 

propane dehydro and PP complex at Port Said, Egypt for start-up in  2009. Uhde is supplying 

its Star propane dehydro technology for the plant, which will produce 350,000 m.t./year of 

propylene. Basell is licensing its Spheripol process for the associated 350,000 m.t./year PP 

plant. EPPC is a jv among OPC, Oriental Weavers Group (Cairo), and state-owned Egyptian 

Petrochemical Holdings Co. (Cairo).

Iran is doubling its PP capacity in 2010 to 800,000 m.t./year by bringing online two Novolven 

process  80,000-m.t./year  facilities  at  Regal  Petrochemical’s  manufacturing  complex  at 

Bandar Imam and expanding Marun Petrochemical’s Spheripol process PP unit to 300,000 

m.t./year at Bandar Imam. Iran’s PP capacity is expected to expand by a further 60% to 

reach 1.3 million m.t./year by 2010. By that time Jam Petrochemical is expected to complete 

a  Spheripol-process  300,000  m.t./year  PP  unit  at  Bandar  Assaluyeh  and  Regal 

Petrochemical is expected to double capacity at its two respective Bandar Imam facilities.

As China’s domestic production catches up with demand, Mideast producers will increasingly 

need  to  find  other  markets,  including  in  Africa,  Europe,  and  India,  for  their  Petrochem. 

China’s import of PP dropped by 3% in 2008 to 2.94 million m.t... 

However, the expansion downstream into specialty products is quite more difficult  for the 

local companies that will require a much higher set of capabilities in production, formulation, 

and  marketing.  Local  market  is  rather  small  and  the  foreign  investments  into  specialty 
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production depend upon existent  chemical cluster around refineries, thus the government 

policies would encourage infrastructure investments. As said before another strategic action 

from local companies towards higher value products is the acquisition of western companies 

by local agents, like the recent cases of Sabic acquiring DSM and Huntsman petrochemicals, 

nevertheless the geographical expansion by FDI, mainly in to Asia, are analyzed carefully by 

those new players because the local companies will lose their advantages of low feeds stock 

cost and they have a lack of the Asia market understanding. 

 China 

Since the 80’s the China GDP has grown by more than ten percent a year and the country 

become the 2rd economy in the world.

The chemical sector is one of the pillar for this growth, it  employs 3,7 million people and 

contribute to 2,5 percent of  the total  value added in China.  The country accounts for 15 

percent of the world chemical market, with 11 % year increase; by 2015 the expected value 

would be around 370 billions of euros, as to say 23% of global market. The net profitability is 

the same as in the Western countries, around 6,5 %.  

The  sector  is  also  fragmented  with  around  15.000  companies.  The  biggest  chemicals 

companies  in  China  are:  China  National  Petroleum Corporation  (CNPC),  China  National 

Petrochemical  Corporation  (Sinopec),  China  National  Offshore  Oil  Corporation  (CNOOC) 

and  China  National  Chemical  Corporation  (CNCC).  Most  of  these  companies  are  state-

owned.  As  the  chemical  industry  occupy  a  key  position  in  the  economy the Chinese 

government continues to actively steer market entry for foreign companies.

 At the begging of the political /economic overture in China the international corporations 

initially set up cooperation and joint ventures with local partners, which are still the case for 

foreigner SME, but actually the FDI in entirely owned subsidiaries is the preferred way to 

gain market share. FDI in China accounts by 20 billions of Euros from 2000 to 2004, being 

BASF, Dow, Dupont and Bayer the biggest chemical investor, even though 70% of what they 

trade inside the internal market is imported. Still 20 % of total internal consume of chemical 

products is covered by importation and even with the actual 11% annually production growth 

the country is expected to remain a chemical net importer beyond 2020. There are two main 

reasons: first of all, chemicals consumption is rising enormously as a result of the expected 

dynamic  economic  growth.  Second,  the  market  is  demanding  high-quality  products  that 

China will not be able to produce in sufficient quantities in the foreseeable future.

Since  2001,  when  China  joined  the  World  Trade  Organization,  obstacles  for  chemicals 

imports have been reduced.  Now,  Chinese companies are no longer  obliged to buy raw 
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materials primarily in their home country. Liberalization progress eliminating structural deficits 

is highly improving the quality of China as a business location. Import tariffs for more than 

1,000 chemicals were reduced from 15% to about 7%, a process starting in 2005, but it is 

more advantageous to operate in the domestic market thanks to lower costs for production 

and transport.

The chemical multinationals are shifting chemicals activities to China, following their main 

clients – the automobile, electrical & electronics, communications and textiles industries – 

that  were  attracted  by  the  Chinese  sales  prospects  and  cost  advantages.  To  remain 

competitive, direct contact between Western chemicals producers and customer companies 

in China is often of pivotal importance. The big chemicals companies mainly want to profit 

from high demand in the country and lower wage costs. Average labour costs in the Chinese 

chemicals sector are lower than EUR 1 per hour, compared with about EUR 5 in Poland

and more than EUR 20 in Germany. Furthermore, construction costs are relatively low and 

licensing procedures are considerably shorter than in Europe. These favorable conditions are 

attracting more chemicals companies. Western chemicals manufacturers currently are not 

only  establishing  sites  for  simple  production  processes,  but  also  for  high-value-added 

products that incorporate the latest technology. Research and development sites are also 

being set up.

Following  the  labor-intensive  sectors,  the  capital-intensive  chemicals  industry  is  now 

increasingly  investing  in  China.  At  the  present,  China’s  chemicals  industry  is  still 

concentrating on the production of basic chemicals, e.g. inorganic and organic feedstocks 

like  ethylene,  propylene,  ammonia,  benzene  and  chlorine.  However,  the  Chinese 

government plans to raise the special chemicals’ share of overall production from 30% to 

45% in the years ahead as demand from the main customers, especially the automobile and 

construction industries, is very strong. A series of measures is planned to create stronger 

investment incentives for the manufacturers of special chemicals products. One example is 

the Shanghai industry park established specifically for such product.

Furthermore,  Chinese chemicals  production  is  shifting  to the less developed west  of  the 

country which is due to Beijing’s attempts to stimulate these regions by creating investment 

incentives.  The  textiles  industry  has  already  responded  to  the  government  program  by 

moving in the desired direction. Other sectors, including the chemicals industry are likely to 

join in.

 

Germany’s  BASF,  the  world’s  biggest  chemicals  company,  was  one  of  the  first  foreign 

entities to discover the Chinese market. Asia’s share of the company’s overall chemicals

turnover is expected to be 20% by 2010. In mid-2005, BASF and its Chinese partner Sinopec 

started up a further chemicals plant in Nanjing with about 1,500 employees. About 1.7 billion 

82



tones of chemicals and plastics are produced in the over EUR 2 billion chemical complex 

invested.  The  complex  consists  of  a  cracker  that  separates  crude  oil  into  its  main 

components,  ethylene  ,  propylene  and  downstream  chemicals  .  Among  other  things, 

ethylene and propylene are needed to produce plastics for the ship-building, automobile and 

IT industries, household goods and toys. The cornerstone of the complex was laid in 2001 

and it was already completed by end-2004. The factory in Nanjing and two bigger plants in 

Shanghai and Caojing are the company's base in China.

Chinese companies are upgrading and becoming important also at  specialty sector.

The production of special  chemicals needed in a large number of products like coatings, 

additives, adhesives, flavors, scents and pharmaceutical feedstocks will continue to expand 

in China. Special chemicals providers which produce dyes and additives for textile production 

benefit from the booming Asian textile industry. Today, more than 50% of all chemical fibers 

are produced in Asia, with half of the total volume produced in China.  

Almost all textile fibers are produced synthetically, because natural fibers like cotton are by 

no means able to satisfy demand. Dye manufacturers also benefit from the flourishing textile 

industry. China is the biggest producer of synthetic dyes worldwide, at almost 600,000 tones 

annually.  Moreover, this sector produces about 145,000 tones of organic pigments. Since 

domestic manufacturers in many cases do not fully satisfy the quality standards required for 

exports, foreign companies have opportunities in this market.

Nevertheless  in  some  specialty  segments  like  agrochemicals,  local  companies  are  self 

sufficient internally and indeed have started to expand abroad, based upon  their lower labor 

cost , land, raw material and investment . Local national companies like Zhejinag are growing 

at  more than 20% per year  using cost  advantages to gain access to the huge domestic 

market  as  they  comprehend  better  than  international  companies  how  to  find  potential 

widespread customer/suppliers network or assess risk, more over they are also fast catching 

up  in  advanced  technologies  by licensing,  joint  ventures  or  only  not  respecting  patents. 

Chinese chemicals companies will  be ready to ‘assault ‘external market in few years from 

now. Indeed   build-up of chemical capacities ahead are planned for the further 15 years, it 

expects the Chinese chemicals industry to boost output considerably in the medium term, 

driven mainly by the good performance of the domestic customer industries (automobile,

electrical  &  electronics  and  construction  in  particular)  and  by  stimuli  from  private 

consumption. According to the National Bureau of Statistics of China, industry’s contribution 

to GDP rose from about 40% to 50% in the last decade and is expected to rise further –

above all at the expense of the agricultural sector. Given the expanding Chinese economy, it 

is not surprising that chemicals industry capacities will be increased significantly in the
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years  ahead  to  meet  the  prospective  demand.  The  demand  for  propylene,  to  give  one 

example, is twice the capacity currently available.

 However, neighbors from China, such as South Korea and Japan, which are big exporters 

could  face problems when  the Chinese  increase  their  chemicals  capacities.  It  is  expect 

China's  GDP to  rise  by  over  5% per  year  until  2020.   Chinese  industrial  production  is 

expected  to  expand  at  a  double-digit  rate  on  average  in  the  years  ahead.  The  strict 

regulation in OECD region, like the REACH that requires the “Registration, Evaluation and 

Authorization of Chemicals”  might speed up the process of shifting occidental production to 

China even further. As Chinese production facilities are increasingly being modernized, the 

country is correspondingly able to improve the chemicals products' quality and thus to boost 

export opportunities.

The gigantic increase in capacity in the chemicals sector has mainly been financed so far at 

big companies by direct investments as part of cooperative ventures with foreign partners. 

As in other sectors, China is increasingly boosting domestic investments in the chemicals 

sector by pursuing capital procurement schemes of its own devising and will became one of 

the leader countries in the sector.

  Mercosur  (Brazil and Argentina)

The FDI (foreigner direct investment) at the region, since the nineteen century, has been 

important to create the initial infrastructure (rail roads, metalworking and utilities) in many big 

cities like Sao Paulo, Buenos Aires, Asunción, and Montevideo. 

To exploit the new potential markets the foreigners’ corporations started with exportation and 

local commercial offices before to invest in small conversion sites (only to mixture, blending 

and  finishing  process).  In  the  Twenty  Century  at  the  50’s,  depending  from the regional 

previous results, government incentives, trade barrier to protect internal producers, natural 

resources,  size  of  internal  consumer  market  and   the  country  political  risks,  some 

corporations  started  to  make  some  sunk  investments  in  the  construction  of  fixed 

transformation  facilities  to  supply   the  region  with  local  production.  Nevertheless  the 

importation of many specialty chemicals products was kept and still is a major reality today. 

In general,  the more the product  is  a commodity more is the probability  to have a local 

production  in  large scale  like:  Industrial  gas,  Petrochemical,  Solvent  and Polyolefin.  The 

more  a  product  is  a  specialty  with  a  higher  value  (Fine  Chemical),  there  is  a  higher  

probability to has a centralized production that will supply Mercosur.  
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Indeed during the 50’s till the middle of the 70’s Argentina and Brazil organize their industrial 

policies based in the local expansion of basic infrastructure financed and managed by public 

state companies. For the private sector, it was established a protectionism barrier with the 

policies for importation substitution to incentive local entrepreneur, nevertheless during this 

‘golden age’,  the easy flux of capital  and excess of  liquidity facilitated the loans that  will 

finished in a tragic credit and financial crises in the following decades. During the 60’s for 

instance, South America absorbed almost 50% of all worldwide FDI in developing countries, 

about US$250 billions. The economics shocks in the following decades and the competition 

for  funds  from new industrialized  countries  in  Asia  had  made  the  part  of  FDI  in  South 

America drop to 20% among the developing countries in 1980 or only 3% of the world FDI in 

2000. Dissimilar from other developing countries in Asia, like Taiwan, Singapore or South 

Korea that start to develop their local companies, more independent from foreigner influence 

and more center into higher technological sectors, the national companies in the Mercosur 

were concentrated in traditional sectors like agriculture, mining or labor intensive like apparel, 

where the low wages produce a vicious circle of low productivity and bloc the enlargement of 

the  internal  market.  Nevertheless,  after  the  70’s,  government  policies  (public  research, 

electronic  market  reserve)  and the knowledge  leakage or  transfer  from the transnational 

companies (suppliers, license, former employees) made possible the appearance of some 

SME in many different technological segments like mechanic, chemical, auto parts  or even 

mass consumption electronics.  Those companies  had constructed their  know-how based 

upon foreigner technologies with specific assets to cover a niche market or to supply the 

large corporations’ requests of components. Many of those companies survived and became 

an important  agent  inside the region with  serious  ambition  to an international  expansion 

since  the  90’s,  although  the  constant  need  to  up  date  their  know  how  in  order  to  be 

competitive against the global companies, even in the mature segment like chemicals firms 

need to invest to achieve the necessary standards to compete/ export  to OCDE markets. 

Within  this  competitive  environment,  the  Mercosur  companies  struggle  to  achieve  global 

standards in productivity, quality and technology. 

After the 80’s the new liberal reforms and trade overture revamp the local market, aligned 

with  the  privatization  of  national  state  companies  and  the  growing  importance  of  some 

national  private  groups.  This  chapter  would  address  some  light  into  the  historical 

development  and  future  challengers  (accumulation  of  capital,  knowledge,  technology 

strategies) to this sector into the Mercosur.

Table 6 -The 10 first Chemical groups at the Mercosur (Revenues in 2008) 

Rang Group  US$ million Nationality

1 Braskem 6.000 Brazil
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2 YPF Quimica 5.920 Argentina

3 Copene 1.150 Brazil

4 Copesul    815 Brazil

5 Rhodia    812 France

6 Hoechst    570 German

7 Bayer    530 German

8 Uniao Petroquimica    470 Brazil

9 OPP Poliolefinas 435 Brazil

10 Dow(Bahia Blanca) 430 USA

  

   

Historical development from chemical sector at Mercosur

A – 1950 -1980, The Importation substitution process.

The called ‘’import substitution process’’ had its strong impulse in Brazil and Argentina during 

the  50’s.  The  state  government  intervention,  ad  hoc  nationalistic  policies  of  economic 

development played a major hole in the industrialization, as well the formation of national 

state companies in the basic capital  intensive sectors /  infrastructure:  Utilities,  oil,  metal, 

transportation, basic chemicals, aligned with the incentives to foreign direct investments. A 

higher protective importation tax were putted in place for those basic products, however the 

lack of technological capability and reduce finance power obliged the governments to apply 

an open policy toward productive foreign capital goods and productive investments.

Transnational companies, that were already present in the region with commercial operations 

or small blending and finishing process, enlarged their presence investing in production sites 

to supply the local protected and growing market for mature industrial products, using the 

raw material /infrastructure supplied by state-led heavy industries. 

The conception and construction of chemical cluster around state owned petroleum refineries 

helped  to  a  fast  vertical  integration  between  the  agents  from  the  petrochemical  first 

generation(basic)  financed  by  the  state  and  producers  of   the  second  and  third 

generation(intermediate  and  specialty).  The  first  petrochemical  cluster  were  create  in 

Argentina  around  the  state  firm  Bahia  Blanca  and  General  Mosconi  company,  in  the 
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Enseada - Buenos Aires region, due to raw material and market easy accesses. They supply 

the transnational  companies  like  BASF,  Dow,  ICI  but  also  local  companies  like:  Atanor, 

Carbocloro, and PASA.  In Brazil the first cluster was create in Cubatao, in 1958, between 

Sao Paulo and the Santos port with the Petrobras ( Brazilian oil  company) initializing the 

supply  of  basic  products(ethane,  ethylene,  nafta).  The federal  government  promotes  the 

heavy investments to assure raw material supply with favorable prices to the transnational 

companies  like:  Rhodia,  Borden,  Union  Carbide  and  Solvay.  Indeed  the  national  state 

participated  like  associate  with  the  local  private  capital  in  second  generation  chemical 

products  companies  that  were  located  around  the  oil  refineries.  (Copebras,  Petroclor, 

Quimica Taubate, Uniao). 

The chemical cluster in Brazil was born as a result of the government development policies 

having like pillars: The monopoly from Petrobras in refining and producing first generation 

basic products and the incentives for private companies, transnational or national groups, to 

install their production sites around the refineries as a way to achieve process integration 

and scale /scope economies. In this period another characteristic was the alliances between 

international  companies,  local  groups  and  the  Brazilian  government  companies  for  the 

replacement of chemical imported products, like the new companies Oxiteno and Poliolefinas 

born by the joint  venture between Brazilian groups (Unipar,  Ultra, and Monteiro Aranha), 

state company Petroquisa and the transnational company National Distillers. This alliance 

model was called “modelo tripartite”. The state company assured the low cost raw material,  

the  MNC(  multinational  company)  assure  the technology and local  private  partners  local 

facilities and market access.

During this period  the chemical sector  was a priority,  aligned with other basic industrial 

sector (metalworking, transportation) and other clusters had been created: Duque de Caxias-

(Rio de Janeiro state), Triunfo-( Rio Grande do Sul state), Camacari( Bahia state). The later, 

different from the former clusters where the international firma came from Europe, in  Bahia 

the international  partners were Japanese companies(  Sumitomo,  Mitsubishi,  Nissho Iwai) 

that  established the alliances with local financial or industrial groups (Odebrech, Mariani, 

Economico).  For  the  local  national  conglomerates  it  was  the  opportunity  to  diversify  in 

industrial  equity  and  reduce  the  investment  volatility,  moreover  to  absorb  international 

technologies, like the case of Brazilian companies: Ipiranga, Olvebra, Hansen, and Ultra.

 

Those industrial plants allowed the replacement of importation by local production in several 

basic chemical items and allowed the born of a local chemical complex; nevertheless those 

industrial  sites were far from the advanced process technology and scale capacity to be 

global competitive, many times using old fashion capital goods and equipments. 
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The trade barriers protected the internal market and allowed the beginning of a local sector, 

but also live a pace for less productive operations with higher output prices than comparing 

with US or West Europe. Moreover the protective environment gave rise to market deformity 

with  a  central  control  poorly  organized,  redundant  incentives,  under  performance 

management, weak absorption action from the externalities whereas negative (pollution) or 

positive (technical know how)

 

B- 1980- 2000, Neo liberal De regulation situation.

 

This period begun with the international oil prices crises, the internal economic stagnation / 

inflation in the region due the debt crises and the end of the abundant international capital 

flows. The new competitive environment and global trade negotiation pressures forced the 

local government into a liberal regime. However,  during the 80’s the  physical production in 

chemical sector still had a considerable grow, duplicating the capacity due foreign and local 

investments of US$ 1.200 millions pre-planned in the end of the 70’s. Those new installations 

had been constructed respecting the international  competitive minimum productivity scale 

with labor /raw material saving search. The region achieved an important production capacity 

which aligned with the internal crises that reduce consume, could generate over production 

that allowed some exportation grow up. During this phase, the local private companies had 

increased their market share in the commodities products due nationalistic policies and the 

divestures  of  transnational  companies  that  abandoned commodities  lines  or  avoided risk 

sunk investments in  the region.  In  Brazil,  during  this  period,  there  was the basic  sector 

consolidation  with  the  enlargement/renovation  of  Camacari  and  Triunfo  clusters  and  the 

development  of  a  new  one  in  Paulinea  City  (90  km  from  Sao  Paulo).  In  spite  of  the 

privatization of state owned companies that occurred in the 1990’s, followed by the Brazilian 

market opening and import tariff reductions, the Brazilian petrochemicals industry did not get 

the requisite amount of new investments to be world wide competitive. During the 1990s, 

Petrobras ceased to act as an industrial policy planner for the petrochemicals sector and sold 

most of its interests in Brazilian petrochemicals companies. As a result, this sector registered 

just a 9% market growth between 1990 and 1997, while the Brazilian GDP increased by 

about 21% in the same period. On average, 83% of the variable costs of the petrochemicals 

industry are from raw materials (oil and gas), the Petrobras’ withdrawal from the sector and 

the end of subsidies had a strong negative impact on the competitiveness of the national 

88



petrochemicals  companies.  As  a  result,  second  generation  petrochemicals  companies 

became more sensitive to competition from imported products. 

The process of trade liberalization “open” again the internal market for imported products, 

even with similar ones produced locally. The average importation tariff dropped to 10- 15% 

for  products  with  local  production  while  dropping  to  0-  3%  for  products  without  local 

production (must specialties).  After the trade liberalization the importation increased 10% for 

commodities, but 230% for fine products. The percentage of imported product over consume 

increased from 30% to 65% in the specialty chemicals sector. In resume after the 90’s there 

has been an increasing of imported products penetration and a trade balance deficit in the 

whole  sector.  For  example  in  Brazil  in  2004,  the  importation  of  chemicals  was US$ 3,5 

billions and exportation US$2,4 billions . The exportation goes 33% to Mercosur, 14% to 

North America, 14% to EU,   40% to other regions. It is important to denote that more the 

local product is sophisticated more the export destination is concentrated over Latin America 

(55% over specialty product exported). Considering the total importation, it comes 40% from 

North America, 23% from EU, 37% from other regions, nevertheless the more basic is the 

product, the more the importation comes from Mercosur or Latin America (54% from basic 

imported product).  In the case of Argentina the importation comes from 40% from Brazil, 

30% North America, 15% EU and 15 % other regions. 

 

The  prices  of  commodities,  without  subsides,  started  to  follow  the  international  market, 

indeed in Argentina, the national oil company  YPF  was privatized, liberating almost  the 

prices without no more strict government control or  state raw material monopoly in the case 

from  Argentina  (Petrobras  in  Brazil  still  is  a  state  company  with  internal  monopoly  for 

refineries  production).  The  prices  follow  international  open  market,  considering  the 

international quotation trends, including the fluctuation of oil prices. In a general view, the 

increase  of  basic  raw material  prices  and the competitive  effect  from imported products 

resulted in a decrease of intermediate and fine products local production. The rentability and 

average prices of organic chemicals decrease 12% in the 90’s. The price of home tradable 

inorganic products(difficult to export due transport costs and hazard conditions) like sulfur 

acid,  potassium  or  nitrogen increased while  the price  of  organic,  extremely exposed  to 

international oil quotation and competition, had negative grow and production stagnation, like 

the case of some plastics and elastomers. This profit reduction forced the reorganizations of 

the sector translated into: closing old factories, merger and acquisitions, lay-off (less 35% 

jobs applied in the sector), productivity search with new de- bottle-necking process (digital 

control),  product  line  rationalization  (stopping  low  volume  items)  and  new  managerial 

methods (quality,  outsourcing, reducing the hierarchy levels / administrative functions and 
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increase in technical jobs). After the “ open borders shock” the companies that had endured 

achieved  in  average  60% more productivity  per  employ  in  Argentina  and  95% in  Brazil 

comparing with the previous decade.

In the 90’s the economic stability in the region( Plano Cruzado in Brazil and Plano Cavallo in 

Argentina)  brought  a  recuperation  of  internal  demand  for  chemical  products  and   new 

polymers  /  specialty  chemicals(  increasing  the  application  in  automotive,  agricultural, 

packaging) along with the  return of investments in new production sites, privatization of state 

companies, credit expansion and reduction in interest rates. The production in Argentina and 

increased from 2,5 millions of tons in 1990 to 3,7  millions of tons  in 2000, in  Brazil from 

16,7 millions  of tons to 24,7 millions of tons

 

The  process  of  privatization  in  Argentina  was  accomplished  mainly  by  transnational 

companies’  investments like the case of Bahia Blanca cluster where the corporation Dow 

from USA bought the companies PBB and Polisur. In the 90’s the total amount of chemical 

sector investment (mainly privatizations) in Argentina were around US$ 600-700 millions (5% 

from total industrial investment in the country).

In  Brazil  the  investment  during  the 90’s  was  around  US$ 2.900millions  (15% from total 

industrial  investment).  The majority of  those investments had the objective to supply the 

regional  market   or  in  some  few  cases  the  Latin  American  market,  for  the  basic 

commodities(solvents, polymers) but  also in some specialty niches like paints, adhesives, 

fibbers(yet  dominate  by   transnational  corporations  like   BASF,  Bayer,  DuPont).  The 

chemical  sector  rest  one  of  the  major  industrial  investment   destinations  for  the  FDI, 

representing around 10% from total FDI in the region, nevertheless 70% of this investments 

were driven to commodities production.          

 

The  consolidation  of  the  common  regional  market,  with  the  increase  of  intraregional 

commerce corroborated to the re-organization of the sector in the Mercosur allowing more 

scale economies without loosing variety of choices. There was a new arrange profile at the 

region and production rationalization by the transnational companies that started to centralize 

their core operations in one country to supply the region, like for instance Rhodia (Rhone 

Poulenc) concentrated its operation in Brazil and Dow Chemical in Argentina.  In Argentina 

the presence of international groups in the sector change from 30% to 43% of the total, while 

the state companies importance dropped from 34% to only 1,5%, national groups from 21,5 

% to 53% and joint venture between international /national capital from 14,5% to  only 2,5% . 

The former national groups that dominated the commodities (Astra, Garovaglio-Zorraquin, 
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Richard, Bunge y Born) had their activities reduced or moved to other sector, only Perez 

Companc (Unistar, Innova) still keeps its importance, at the other hand some international 

corporations have increased their presence in Argentina using the privatization process, like 

Dow and Solvay in forward vertical integration to access raw material. Another corporations 

transfer their approach for more specialty chemical like, ICI and Monsanto.

In Brazil the presence of transnational companies in the total sales volume passed from 8% 

to 17%, the state companies from 47% to 7% and the national groups from 45% to 76%, 

different from Argentina, where many national players disappear replaced by international 

corporations, the Brazilian players are the same ancient national groups and international 

corporations that stayed in the market and had participated in the privatization process.  

In  general  terms,  there  was  a  market  concentration  of  basic  commodities  producers 

searching  from  vertical  integration,  for  example   only  3  groups(Dow,  YPF  and  Perez 

Companc) in  Argentina dominate 65% of the market,  while in Brazil  in each specific bulk 

segment, two or three leader the market, like  Odebrecht in polyethylene and PVC. Another 

example  of  this  integration  is  the  company  Braskem,  the  Latin  America’s  biggest 

petrochemicals  company,  began  operations  as  a  consolidated  company  in  August  2002 

following the incorporation of assets previously owned by Odebrecht, OPP Petroquimica and 

the  Mariani  Group.  In  March  2003,  Braskem  completed  the  incorporation  of  OPP, 

Nitrocarbono and ESAE (basic petrochemicals and plastic companies) . In July that year, the 

company acquired the stake held by Japan’s Mitsubishi in Trikem and Polialden (polyolefin 

companies) and entered an agreement with Nissho Iwai to move its equity interest in these 

two companies into Braskem. On December 2003, Braskem successfully concluded a public 

offering for the remaining Trikem common stock in the market. Braskem’s shareholders on 

January 2004 approved the incorporation of Trikem into Braskem. Braskem now manages 

the Copene refinery (including the 1.2mn t Camaçari cracker) and OPP Petroquimica, which 

is the Brazil’s premier Polyethylene (PE) and polyethylene terephthalate (PET) producer . 

The company also has a 42% stake in PP( polypropylene) producer Polialden and a 92% 

holding  in  the   caprolactum producer   called  Nitrocarbono.  Through  OPP Petroquimica, 

Braskem has a 29.5% stake in Copesul’s 1.1mn tpa Triunfo cracker. Ownership of Braskem 

is  divided  between  Odebrecht  (44%),  holding  company  Norquisa  (12%),  Petrobras’ 

petrochemicals division (11%) and the Mariani Group (4%). A further 25% is traded on the 

New York and São Paulo stock exchanges and the balance is split between pension and 

other funds. The consolidation of previously separate operations have several effects, not 

least of which will be the profit-enhancing opportunities of avoiding taxes on sales previously 

charged between companies at the Camaçari complex and staff reduction programs. 
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The national  groups  at  Mercosur region started their  internationalization and exportation 

strategies  to  yield  their  scale  economies,  first  inside  the  Mercosur  ,  like  the  former 

Argentinean group Perez Companc (Petrobras bought 56 %stakes on Perez Companc)and 

Bunge  y  Born  going  into   Brazil  or  the  Brazilian  groups  Ipiranga  and  Odebrecht  into 

Argentina,  or  even  the  state  company  Petroquisa  buying  the  ICI  polyethylene  plant  in 

Argentina. Indeed local groups started recently in FDI or joint ventures in other developing 

countries like Angola, Peru or even in OECD countries like YPF acquiring local producer by 

US$1,84 billions in US. The Mercosur  development banks like BNDES continues to support 

exports, defined as a priority by the government to counter the vulnerability of the region. The 

Brazilian  government’s  export  plastics  program financed  by  the  BNDES chemical  export 

funding raised by 180% to US$153mn during 2003, reflecting producers’ export-push in an 

attempt to balance declining domestic demand.

Besides the improvements, today the basic sector still presents a regional deficit (exports-

imports)  of  –25%, the intermediary sector  a deficit  of  -117% in Argentina and a positive 

balance of 22% in Brazil. The specialty products represent a deficit of –388% in Argentina 

and –215% in Brazil,  showing a clear diminishing of  the competitive advantages against 

other regions. The increase of the internal consume (+83% from 1990 to 2000) were largely 

supplied by imported products that passed from 7% to 23% of intern consume, revealing a 

pre-eminent lack of some level of protection and development strategies for the specialty 

sector in the region.

 

With the liberal (open border , privatization) conjuncture, few protections from NTB (non tariff 

barriers) were put in place, due the lack of former experience with those procedures and 

lower economic power to negotiation. Although the commodities segment could survive with 

their own accumulated technical/managerial capacity,  as well had achieved in some basic 

products an international competitive position (besides the higher interest rates and financial 

difficulties in the regions), the specialty sector  lag behind and is unprotected. Other ways of 

some NTB (no tariffs  barriers)  protection  started to be employed ,  like  the anti-dumping 

actions, nevertheless the further improvements in the specialty segment require a knowledge 

intensify based that is far from being local independent and still need international sources to 

achieve a world wide competitive position. The lack of scientific competences and the ‘brain 

leakage’ to developed countries or to international corporations is obvious, for example the 

number of engineering students at the university: 450 thousand in Japan, 300 thousand in 

South Korean whereas in Brazil  about  180 thousand,  also if  we compare the number of 

engineers working in R&D activities per millions of habitants: Japan 4.000, in US 3.000, in 

South Korea 800 and Argentina 390. More over,  the actual path dependence based upon 
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large scale commodities and the low internal R&D investments (Ex: Braskem invest US$ 10 

millions/Year  in  R&D,  only  0,5%  over  revenues)  difficult  diversification  strategies  into 

specialties . 

After the 80’s,  other forms of  foreign private investments,  more market  oriented  had a 

growing  importance  in  the  region,  for  instance  joint  ventures  between  local  groups  that 

searched know how and international  companies that  wanted to reduce the risk in  sunk 

investment or access  resources supplier

In fact, in the region, the principal players’ movements are in process concerning strategic 

alliances,  consolidation  and  leadership.  Today  the  majority  of  those  alliances  between 

corporations  and  national  companies  have  a  meaning  to  achieve  vertical  supplier 

integrations, like the example of BASF acquiring stock participation in Uniao Petroquimica or 

Dow in Bahia Blanca region in Argentina,  for the same reason. The downstream vertical 

integrations are a way to control the access to raw material sources like the example of the 

association of Odebrecht with Petrobras (unique supplier  of basic raw material  in a state 

monopoly).  The reasons for the vertical  integrations and alliances today is to proceed in 

scale  economies,  enlarging  the market  size,  access raw material  and transfer  rent  from 

commodities into intermediary sector production.

Another  characteristic of alliances are the formation of chemical pole, as example a local 

consortium in cluster region called  ‘Mega ’, a joint venture between YPF, Petrobras and Dow 

to produce propane butane and polyolefin inside the cluster Bahia Blanca in Argentina. Dow 

also invests in Camacari cluster -Brazil with Petrobras for the same reason.

All those strategically actions seems a movement to achieve a new equilibrium in the region, 

with a concentration effect in horizontal/vertical integration in Brazil and Argentina. There is a 

scale  specialization  in  place  to  achieve  international  and  local  competitive  force.  The 

companies concentrate themselves in some sub segment of basic or intermediary chemicals, 

like:  Petrobras, YPF(nafta, solvents), Odbrecht, Dow(polyethylene ,PVC) Perez C,  Petroflex 

(elastomers).  To prove this concentration phenomenon, several movements of acquisition 

and  fusion,  besides  the  privatizations,  occurred  within  the  national  groups,  for  instance 

Petroflex x Coperbo (elastomer production), or Pronor x Nitrocarbono (polyurethane) or even 

Ciquinie x Maleic x Polialden (polyethylene and anhydride maleic). 

The other large corporations present in the region (BASF, Bayer, ICI, Monsanto, GE, etc.) 

follow  their  international  strategies,  verticalization,  divesting  the  commodities,  moving  to 

specialty  chemical,  fine  products  and  diversified  applications,  including  new  composites 

materials or biotechnology. 
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Those  new  knowledge  intensify  areas  are  largely  dominated  by  MNC  (multinational 

corporations) that could coordinate different researchers fields within their internal networks. 

Those corporations have several advantages for achieve innovative products like: internal 

funds for  risky  R&D projects,  scale/scope  economies  in  R&D,  larger  sales  volumes and 

business  units  to  spread  the  R&D  cost  and/or  appropriate  from  results  and  strong 

complementariness’ assets (production, marketing, branding, finance and accounting)  

Nevertheless some SME (small & medium enterprises) are well established in some small 

quality niches,  even though with  a regional  focus strategy,  like special  painting,  plastics, 

adhesive or compounds material, for instance the group Garovaglio Zorraquin in the special 

thermoplastic  business,  the  group  Quimican  in  leather  applications  or  the  company 

Anaerobicos Argentina in Acrylic  adhesives (recently acquired by ITW from USA). Those 

local companies avoid the bureaucratic multilevel control, agency costs and rely strong in key 

individual’s efforts and creativity. But in fact, the local market for specialty chemical products 

applied  in  downstream  markets  (construction,  automotive,  aerospace,  textile,  publishing, 

apparel,  electronics)  is still  small  for very innovative product  in the region,  thus they are 

largely  supplied  by importation  from the Triad companies.  In  other  words,  the  expected 

growth due to innovation tend to be limited by the current firm size ( Cohen ,1995)  notably in 

chemical sector where the innovations tend to be incremental.

Recent trends in South America chemical sector:

South  America  has  experienced  a  period  of  relative  stability  in  recent  years  with  most 

countries enjoying strong currencies, enhancing consumer purchase power and sustained 

GDP growth. However, the recent global financial turmoil has started to hit the region since 

October 2008 and many executives are suspending major business decisions until they can 

assess the impact that the crisis will have on pricing and exchange rates.

The recent steep decline in oil prices also raises questions about the viability of the many 

planned Brazilian “green” polymer projects, which will use ethanol derived from sugar cane to 

make polyethylene (PE) and other resins. Firms that are betting on sugar cane-to-ethanol 

projects expect that they can charge more for green polymers because oil prices will remain 

high in long term and the green polymer projects will give them valuable credits under any 

future greenhouse gas-reduction requirements.

The global economic downturn has driven the value of South American currencies down by 

30%-40%, which in turn puts pressure on consumer purchasing power thus certain capacity 

94



expansions may be delayed as a result  and that enthusiasm for some world-scale grass 

roots mega projects may be waning.

 Brazil’s recent discovery of large offshore oil reserves means the country will  likely have 

enough raw materials to competitively satisfy its own growing petchem demand and may 

become  self-sufficient  for  supply  of  its  own  downstream  petchems  in  5-10  years.  New 

capacity is likely to be added in the form of expansions, rather than greenfield, world-scale 

petchem complexes. The state-owned chemical firm Pequiven (Venezuela) plans to expand 

ethylene at its El Tablazo complex in western Venezuela to an estimated 800,000 m.t./year 

by 2012, from the current 160,000 m.t./year. The ethylene will feed polyethylene (PE) plants 

planned  by  Pequiven,  including  a  300,000  m.t./year  low-density  PE  (LDPE)  unit  and  a 

separate 300,000 m.t./year  high-density  PE plant.  Pequiven  and Braskem ( Brazil)  have 

formed two  joint  ventures,  Propilsur  and Polimerica,  to  produce  polypropylene  (PP)  and 

polyethylene (PE), respectively. One of the first new plants to go on-stream in Venezuela is 

likely  to be a unit  that  Propilsur  plans  to build  at  Jose city ,  in  eastern Venezuela.  The 

450,000-m.t./year unit will use Basell’s PP technology and UOP’s propane dehydrogenation 

technology. Polimerica will build a grassroots, 1.3-million m.t./year ethylene and derivatives 

complex at Jose. The project, slated to come onstream in 2013, would provide ethylene to 

Braskem to produce PE at the site. Pequiven plans to make additional ethylene available for 

a polyvinyl chloride (PVC) unit.

Pequiven and Braskem have also signed a pre-marketing agreement under which Braskem 

will supply PP and PE to Pequiven in advance of the Jose complex’s startup. Venezuela’s 

PE  market  is  growing  20%/year,  primarily  for  food  packaging  applications.  Venezuela’s 

domestic resin demand is 140,000 m.t./year of PP, and 500,000 m.t./year of PE, Polyolefins . 

Petrobras (  Brazil  )  forecast  to construct  an $8-billion  petchem and derivatives  complex, 

Complejo Petroquimica Rio de Janeiro (Comperj), to be built at Itaborai, near Rio de Janeiro. 

Petrobras will use Shaw’s proprietary ethylene technology for the 1 million m.t./year Comperj 

project. 

 The consolidation of the petchem ( petrochemical) sector in Brazil has been completed after 

several major M&A deals. The industry had struggled for years with inefficiencies, due to the 

complex ownership structure of Brazil’s three major chemical complexes. In 2008, Petrobras 

and Unipar formed Quattor (São Paulo), which brings together their operations at the São 

Paulo chemical complex.

Quattor joins nine separate production units in Brazil: Rio de Janeiro, São Paulo, and Bahia. 

It expects revenues to reach more than $4.3 billion in 2010, placing it among Brazil’s 20-
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largest companies.  Quattor  have an installed capacity of 2.8 million m.t./year of basic and 

intermediate petrochemicals and 1.9 million m.t./year of resins. It will account for nearly 40% 

of domestic PE and PP production. One of Quattor’s key advantages is its location near São 

Paulo and Rio de Janeiro, two of the largest consumer markets in Latin America.

Quattor’s  assets  include  former  Dow Chemical  holdings  in  Brazil.  Unipar  has  purchased 

Dow’s shares in Petroquimica União; Polietilenos União in turn has purchased Dow’s LDPE 

plant in Cubatão city.

Quattor  includes  the  shares  of  state-owned  oil  company  Petrobras  and  its  chemical 

subsidiary  Petroquisa;  private  polyolefins  firm  Unipar;  the  consortium  Rio  Polímeros; 

Petroquimica União; and Suzano, which Petrobras acquired earlier this year. Unipar is the 

primary stakeholder in Quattor, with 60%. Petrobras is the second-largest shareholder, with 

32%,  and  Petrobras’  subsidiary  Petroquisa  holds  8%.  The  remainder  is  held  by  the 

shareholders of the other companies including Suzano and Rio Polímeros.

The new petrochemical company is concentrated in two production centers—Rio de Janeiro 

and São Paulo—which will jointly have higher operating flexibility by the use of different types 

of raw materials: natural gas and naphtha. The consolidation of the other two petchem poles

—at Camaçari in the North and Triunfo in the South—took place in 2007 when Braskem, 

Petrobras,  and Oxiteno  parent  company Ultra Group (São Paulo)  spent  a total  of  about 

$4 billion for Ipiranga’s petchem and fuel distribution assets.

Other projects planned for Brazil include Braskem’s $417-million, 300,000-m.t./year PP plant 

at  Camaçari,  slated  for  startup  in  2010,  almost  two  years  earlier  than  initially  planned, 

Polyolefins .

Braskem and Petroquisa started production at their joint PP plant at Paulinia, Brazil in 2008. 

Total investment in the 350,000-m.t./year facility was $418 million.

Mitsubishi Corp., Mitsubishi Gas Chemical (MGC), and Pequiven( Venezuela) are expanding 

methanol capacity at Jose. The jv, Meteor, plans to bring an 850,000-m.t./year unit online by 

2010.  Meteor  currently  operates  a  750,000-m.t./year  methanol  plant  at  Jose.  Mitsubishi 

Heavy Industries has been awarded the turnkey construction contract for the plant.  Total 

investment in the expansion is about $400 million. 

Braskem  has  not  limited  its  international  activities  to  Venezuela.  The  firm  also  recently 

signed an agreement with Petrobras(Brazil)  and Peru-owned oil  firm PetroPeru (Lima) to 

conduct  a feasibility  study for  a petchem complex  in  Peru.  The complex  would  produce 

ethylene and 700,000 m.t.-1.2 million m.t./year of PE using Peru’s ethane-rich natural gas as 

feedstock.  The  companies  did  not  announce  a  location  for  the  proposed  complex,  but 
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sources say that feedstock would be sourced from the Camisea gas field via a pipeline that 

has outlets near Lima and the port of Pisco, making those sites possible locations.

India’s Reliance Industries also recently expressed interest in investing in South America. 

Reliance is considering petchem investments with Petrobras in the Northeast Pernambuco 

state,  Brazil,  where Petrobras’s chemical  subsidiary Petroquisa has plans to invest  $500 

million to build a 640,000-m.t./year purified terephthalic acid (PTA) plant. Mossi & Ghisolfi 

(M&G; Tortona, Italy) will  expand capacity of polyethylene terephthalate (PET) at Ipojuca, 

Brazil, from 450,000 m.t./year, to 650,000 m.t./year.

Lanxess  has  also  been  increasing  its  operations  in  South  America.  It  completed  the 

acquisition  of  Braskem  and  Unipar’s  combined  70% stake  in  synthetic  rubber  producer 

Petroflex  (Rio  de  Janeiro)  last  year  for  €198  million  ($289  million)  .  Petroflex  is  Latin 

America’s largest rubber producer and has manufacturing sites in Brazil at Cabo, Duque de 

Caxias,  and  Triunfo.  The  company’s  total  synthetic  rubber  capacity  is  about  400,000 

m.t./year, and its most recent annual sales were about €500 million. 

In  Colombia,  state-owned  oil  firm  Ecopetrol  (Bogotá)  is  considering  expanding  domestic 

petchems and is studying the feasibility of expanding PE from about 100,000 m.t./year, to 

900,000 m.t./year,. Ecopetrol is also considering adding an estimated 500,000 m.t./year of 

PP production.

There has been little activity in Chile and Argentina. Lack of investment in gas extraction has 

made it difficult to expand production there. Methanex continues to struggle to find ways to 

secure additional gas supply from Chile. Argentina, its original supplier, has not been able to 

supply enough gas for Methanex’s methanol plants at Cabo Negro.

Multinationals, including many specialty chemical firms, have been making a steady stream 

of smaller  investments in the region. Bayer plans to invest about  €100 million at sites in 

Brazil,  its  biggest  market  in  Latin  America,  through  the  end  of  2010.  Bayer  will  invest 

€40 million to modernize and upgrade plastics precursors and crop protection plants at its 

Belford Roxo ( Rio de Janeiro)  site,  and partner companies will  invest  an additional  €55 

million at the Bayer industrial park at Belford Roxo. Bayer also plans to spend about €60 

million at its other sites in Brazil.  Bayer generated sales of €1.2 billion in Brazil last year, 

accounting for more than one-third of its total Latin American sales.

BASF  plans to build a plant for sodium methylate at Guaratinguetá, Brazil, the company’s 

biggest site in South America. The plant will  have a capacity of 60,000 m.t./year and be 

BASF’s  first  sodium methylate  production  in  the  region.  Start  up  is  scheduled  for  2010. 

Sodium methylate is an “efficient” catalyst for the production of biodiesel. The investment will 

capitalize  on recent  mandates  in  Latin  America  for  increased biofuel  production.  Expect 

97



annual global demand for biodiesel to increase to about 18 billion m.t. in the coming years, 

and about 15% of this will be in South America.

Meanwhile,  MeadWestvaco Specialty Chemicals  (MWVSC; Charleston,  SC) has greed to 

acquire a 50% stake in Resitec Industria Quimica (Rio de Janeiro), a producer of synthetic 

rubber, resins, and lubricants. Resitec will assume some production and all regional sales of 

MVWSC’s products and will  build a tall oil refinery at Lages, Brazil to produce tall oil fatty 

acid and tall oil rosin. The refinery is due for start up in the fourth quarter. Resitec is a JV 

between oleo chemical producer Chemserve (Johannesburg), which owns a majority stake, 

and other undisclosed minority stakeholders.

As explicit above , many new investments , JV , M&A and strategic movements are going on 

South America, however constraint by the limited financial/human resources that difficult  the 

architecture of   long term R&D projects,  the reliance from foreigner technology,  the path 

dependence  in  bulk  commodities  chemicals  with  large  volume  process,  the  switching/ 

searching  and  transference  cost  for  new  technological  path,  the  small  local  market 

appropriate from innovation cost amortization,  the weak links among the local companies & 

universities’(low  scientific  accumulation)  and  the  increasing  concurrence  form  Asian 

countries in commodities. This framework delineate the local companies strategies to  focus 

in  basic  chemicals  in  order  to  supply  the  internal  market  but  also  to  gain  international 

competitively in a near future. The actual interest is still the supply of internal market in basic 

petrochemicals using feedstock advantages, as the case of Brasken and Quattor with the 

consolidation among national firms and the alliances among players. This strategy seems the 

unique solution to accumulate enough capital and knowledge to replace completely imported 

products and further catch up in specialties segments and achieve enough parity power to 

create a strong international brand /distribution network. 

3.4 National governance comparative differences, 

The chemical  sector  had been  a  strategic  sector  very  well  supported and  controlled  by 

national  governments. At the first  half  of  the twenty-century due the two World Wars the 

national  government  in  France,  UK,  German  and  US  had  utilized  autocratic  rules  and 

interventions to regulate, coordinate  and even enforce strategic research & development 

regarding  the  national  defense  or  tactical  ‘patriotic’  goals.  The  national  governments 

supported  their  chemical  companies  during  the  military  conflicts,  they  acted  as  time 
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compress pressure or financial sustain for discovery of new synthetic performance materials 

and resins that have being applied direct in explosives and weapons or logistic products 

downstream (airplane,  automotive,  etc).  An overview perspective concerning the national 

institutional environment is important as the corporations were born embedded in national 

regulatory policies,  national  differences and constrains in  the interaction of organizational 

and institutional conditions.  

After the II War the  incentives from national governments to chemical industry rare and the 

corporations turn again to private independence , albeit a number of national public funds 

that support some researches in last frontier science ( ex: bio genetics) , the majority of the 

R&D in the sector come from the corporations themselves in link with academia or not. Supra 

national regulations and control are now situated in HES (health, environment, safety) 

The German case is very useful to understand the changes in national governance models at 

the  chemical  sector  the  last  50 years  in  Europe.  In  Germany,  the  financial  system turn 

around  the  strong  banks,  although  stock  ownership  became  widespread,  those  banks 

retained power through proxy voting and close ties with the borrower issuing long term credit. 

The  banks  boarders  and  advices  have  the  functions  of  ratification  from  corporation 

manager’s  propositions  and  vigilance  of  strategies  implementations,  but  in  fact  as  the 

chemical sector is technological complex, the called ‘bank’ governance model doesn’t has 

enough technical expertise to judge the business strategies, they concentrate more in the 

final results analysis. For instance Hoechst increased its capital several times from 1950 to 

1960, raising 1 billion marks without loosing the independence, keeping always the decision 

power  on  the hands  of  the  top management  which  had in  general  long  time inside  the 

company and origin from technical functions. Today the banks represented about 50% of 

equity  in  chemical  corporations and 60% of  the shareholders  with  the majority  of  voting 

inside the firms in the sector. Further the lack of a strong stock market for corporate control 

does not cause a managerial inertia;  on the contrary it  favorable the R&D expenses and 

investments which were both strong till the 70’s (R&D/ Sales ratio was between 4%-5%). 

Banks had a positive efficient relation with the Germany chemical firms during the Post War. 

Although the bank monitoring worked well in the 50’s and 60’s after the 1970 the pattern of 

finance started shifting from only domestic bank loans to international loans, pension funds 

and long-term bonds. This change demonstrate the internationalization of finance but also 

from German firms, ending  the increase power of corporate  managers in an industry that 

was arriving to maturity or to the top of a long life cycle of prosperity without competition. 

Bank governance worked  particularly  well  for  the  German corporation  during  the golden 

ages, in a stable macroeconomic environment. During that period it was possible to control 

and  motivate  corporate  management  without  dramatic  restructuring  or  the  need  for  fast 
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adjustment. In an analogy we could say that the Germany Corporation was in a comfortable 

‘cruiser velocity’ inside an ocean of a growing cycle. 

After the 70’s, the exogenous factors (oil shock, liberalization, increase competitors) and the 

endogenous reality of the sector (maturity period, reduction in cash flow, lower breakthrough 

technologies) forced a change in the corporate governance inside the sector. The increase in 

the production costs and competition lower operating margins, for consequence R&D were 

temporarily reduced and redirect towards the incremental perfecting of existing processes 

rather the development of new radical products (Bozdogan 1989).

The major players, stressed by low returns and market value decrease, reacted by leaving 

less  profitable  commodity  products  and  diversified  into  high  value  added  sectors  like: 

Specialty,  pharmaceuticals and composite material. The finance resources for this change 

into new R&D programs came from the profits of existing mature commodity products and 

the  sales  of  depreciated  plants.  There  was  an  intrinsic  need  for  a  separation  into  two 

governments’ model: one for commodity business with expectable cash flow, based on the 

careful control and management of cost reduction and scale productivity, more in a financial 

results upbringing. The other model based on innovation effort with risk forecast, required 

capital expenditure in specialized knowledge for niche markets.

The Germany’s bank governance model was inadequate to sustain growth after the 70’s. 

BASF, Bayer and Hoechst were held with a majority active voting rights exercised by banks 

and some institutional investors (Allianz, Kuwait Investment Office) suffering an increasing 

loss  of  independent  management  accountability.  German  corporations  were  embedded 

within networks of industry and labor association, which they rely upon to solve a variety of  

incomplete contracting dilemmas and create collective learning systems. Legal provisions 

encourage managers to develop long-term relational contracts with investors and give strong 

voice to employees. The power is dispersed across various stakeholders on the supervisory 

board (Aufsichtsrat) and executive board (Vorstand). The members of the Vorstand can be 

removed in case of low performance and does not receive the high remunerations comparing 

to the similar chemical corporations in US. Although the concentrate ownership by banks 

with  long-term liquidity  options  (patient  capital)  that  would  be used  to  finance long-term 

investment, the research expenditure has fallen below 3% of sales and the profitability has 

not recovered since the 70’s. Due its dual governance power, Germany corporations cannot 

easily cut programs and business units with low commercial results, thus the rate of return on 

investments become low. 

With  the  increase  of  international  capital  market  and  institutional  investors,  today  the 

chemical  corporations became  multinational  not  only  concerning theirs assets abroad in 

FDI,  but  also  in  their   equity  structure,  for  example  25  % of  BASF stakes  are  held  by 
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investors outside Germany, the growing percentage of shareholding by foreign institutional 

investors has been a factor  in pressing the large corporations to split their life science and 

chemical business, indeed to target applied research than fundamental one in the chemical 

sector  for fast returns.

There are signs of a change in the financial market in Continental Europe where pension 

funds, insurance companies and reserves are starting to play a major role, rising the equity 

participation from 5% in the 70’s to 25% in the 90’s, consequently decreasing the importance 

from  bank  credit.  For  instance  at  BASF,  pension  provision  has  increased  from  7%  of 

liabilities in the 70’s to 20% in the 90’s. Mutual funds have been recently introduced, in 1995, 

65% of the chemical equity was held by institutional investor and 35% by individual investor, 

indeed  50%  of  the  holders  were  abroad  located  from  Germany.  Given  the  weight  of 

institutional  investor  and  the  increase  of  international  ownership  into  the  large  German 

chemical firms, investment fund managers have started voicing their discontent with actual 

results  and  some  changes  in  the  governance  are  affecting  the  management  style  that 

became more liable for external holders. 

European chemical  Corporations  have been showing an active restructuring the last  five 

years, illustrated by the strong movement by Hoechst and Bayer to higher value segments 

and  the cooperation  tactics.  M&A between  the European  chemical  companies  into  R&D 

intensive niches, for instance, Glaxo with Wellcome,  Beecham with SmithKline and after 

Glaxo SmithKleine with  Sanofi, Synthelabo,  Aventis.  Indeed the recent huge M&A achieve 

values never before done; in the pharmacy sector like for instance Bayer acquired Schering 

by for 22,3 billions of Euros, in basic chemicals also like Liondel acquired by Basell for 19 

billions  euros  and in the specialty like the  ICI bought by Akzo for 16 billions of euros or 

BASF that acquired Ciba and made an offer over Cognis. The last 3 years the total M&A 

movement in chemical deals is superior to 152 billions of euros.

The transition from a mature, commodity business to a higher value sector has been longer 

and  less  effective  in  Continental  Europe  than  at  U.S.  for  example.  Americans  firms 

restructured more quickly and thoroughly than did firms in Europe. The reasons would be

A- The more active and liquid capital market in U.S., the shareholder pressure exercised as 

business law to protects the right of dispersed shareholders and by establishing an open 

market for corporate control.

 B- Link of agency costs to company results with flat and managerial flexibility, in addition 

that executives have performance incentives (bonus, share options) to align objectives with 

shareholders and powerful decision-making authority over the strategic initiatives. 
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C- Another major tool was the leveraged and management buyout finance operations arrived 

in the 80’s, it represent a mixture of deregulation, increase power of investment funds and 

financial  experts(General Partners),  connecting industry experts and the  financial  market 

(pension funds, insurance ,etc). Using LBO (leveraged buyouts) newly formed or renovated 

companies could issue large amounts of bounds to buy or improved industrial facilities. The 

resultant higher debt to equity ratio and the incentives of equity ownership provide a austere 

management stile with an interest alignment with investors, as the menace of default leaves 

no room for managerial slack. Albeit the agency cost reduction, this governance model could 

result  in  a  negative  block  to  innovation,  due  its  characteristic  of  risk  avoiding  and  the 

necessity of allocate the cash to repay loans. 

The corporate restructuring of the U.S. chemical industry was successful in the 90’s since 

profitability had bounded back and the return on equity was about 5% higher than the other 

mature and large manufacturing companies.  At those reorganized corporations, center in 

specialty chemicals, the R&D intensity has increased steadily, reaching back historical levels 

of investment. For instance at  Monsanto R&D was up to 7% of sales in the 90’s, also the 

spending in research was superior to capital equipment investment. In fact the monitoring 

power of America’s capital market has been fostered since the 70’s by increasing strength of 

institutional  investor.  Before  the 70’s,  the called ‘Wall  Street  Rule’  held that  institutional 

investor would vote for the incumbent CEO or sell their shares, till that time pension funds, 

mutual funds and life-insurance companies all operated under rules, which imposed a very 

passive portfolio policy as a way of splitting the risk over varied investments. Other basic 

principle, the legal doctrine of ‘equitable subordination’ had contributed to keep other external 

holders away from active stances and power decision inside corporations, because a creditor 

who becomes active  executive,  lose the seniority of its claim when his lender becomes 

financially  distressed  The ‘Bank  Holding  Company  Act’  also  prevents  banks  from direct 

involvement  in  corporation.  All  those  rules  preserved  the  autonomy  of  the  professional 

management, allowing the era of super powerful and charismatic CEO.

Several changes in legislation have favored a more active representation of shareholders 

and bondholders, which has started weakening the traditional power from the American top 

CEO Managers. Pension funds, trusts and insurance companies started to intermediate the 

bulk  of savings and increase their  activism inside American corporations.  The Erisa Law 

(Employment Retirement Income Security Act) after 1974 start  to impose strict  rules and 

duties  from  the  pension  funds  liabilities  to  securities  their  holders  (future  retires),  thus 

increasing the investment criteria and transparency to holders. The evolution from pension 

governance  gave  rise  to  investment  decision  delegations  to  professional  investors  with 

heuristic  methods  to  ranking  the  risk.  The  ‘Uniform  Prudent  Investor  Act’  from  1994 
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institutionalized the requirement of risk analyses and limited the frontier to risk investments to 

General Partner and financial agents. The financial engineering from specialist agents takes 

into inconsideration the ratio risk/profitability from each investment (security analyses), the 

return for each risk level (portfolio analyses, Net Present Value) and finally the selection of 

an optimal  portfolio  investment  for  each objective.  Those financial  analyses  allied  to the 

enterprises  evaluation  (actual  and  potential  results)  gave  to  financial  specialist  tools  to 

evaluate real business while defining the best portfolio for pension fund’s diverse objectives. 

The  North  American  governance  style  has  been  developed  relying  in  the  free  market, 

delegating the investment decisions to specialist, but at the same time the liberal framework 

could live place to moral hazard and block the required extremely transparency and audit as 

the  recent  example  Enron  or  the  financial  crisis  in  US  stared  in  2008  by  Sup  primers 

operations and speculations inside the financial system.

As result  the modern governance,  into  the American chemical  corporations’,  established 

strong and independents committees to define and monitor the rules about top managers’ 

remuneration, power distribution and even strategic orientation. It is a code of conduct and 

ethic for top managers, in favor to company value, manly as a guideline to align goals and 

evaluate the whole organization structure efforts,  keeping some level of autonomy to the 

Business Unit in operational efforts.

In  Europe  the  reorganization  of  the  chemical  industry  has  been  much  slower,  although 

accelerate  the  last  10  years.  Besides  government  intervention  and  rigidly  labor  market 

(stakeholders’ power) another fundamental factor has been the small firm’s accountability to 

their shareholders. For example, the under performing management that leave ICI (UK) with 

strong  losses  for  several  years  could  be  the  result  from  a  lack  of  effective  corporate 

governance inside a widely diffused ownership. ICI had accumulated losses until the 80’s 

keeping a strategy of very low ratio R&D/Sales, less than 2%. In the 90’s they started to 

implement a remarkable reorganization effort. They exited from commodity petrochemicals 

like polyethylene and they split their activities, in high tech knowledge-intensive life science 

and specialty chemical. From the announcement of this division in 1992, the equity of the two 

separated  units  appreciated  by  60%,  more  than  the  double  of  the  stock  market  index. 

Nonetheless the company could not keep its strategies and finished by selling this adhesive 

business (National Starch) to Henkel in 2007 and the whole activity was acquired by Akzo 

Nobel in 2008. 

Indeed, one of the probably reason for a low internal rate of return at BASF, Hoechst and 

Bayer were the lower powered performance incentives and their slow ‘consensual decision-
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making process’ resulted from their governance model. Moreover, the reason from a tardy 

movement to higher value-add fields like biotechnology was due constrain imposed by the 

stakeholders system of corporate governance. Employee representative on company board 

could block or held up changes. Today the German companies are in trend to implement the 

Germany’s corporate governance code to increase transparency, especially for international 

shareholders. They start to open all  details about managerial remuneration and long time 

incentives for instance. Deregulation and transparency have made equity and stock markets 

in Europe started to be more similar to US model and the importance of institutional investors 

has increased, for instance the new commercial laws simplify the use of employee stock 

options  remunerations  and  reduce  the size  of  supervisory  boards.  As  example,  in  2001 

Germany abolished  high capital gains taxes on long term for shareholders, while increasing 

the liquidity and importance in stock markets. In the next chapter the financial aspect and 

internal managerial governance in the chemical companies will be more exploited.

Conclusion

The  history  demonstrates  that  the  institutional  and  national  industrial  policies  were 

fundamental for the born of a strong chemical sector in Europe and Japan. In US the indirect 

support  by  national  government,  for  instance  in  military  efforts,  also  aids  the  private 

industries in research programs and to appropriate the patents from German companies after 

the belligerences. Recently the new industrialized countries also have been supported by 

national government and sovereign funds  into the creation of nationwide chemical sector. 

Nevertheless the physical frontier and national connotation are becoming less important due 

the large globalization of assets and internationalization of equity in the sector. Therefore the 

chemical industry has two paces, one represent by the large corporations in global market 

with subsidiaries and branches worldwide,  hold by international  shareholders,  institutional 

investors funds and at the other side the SME represent by  family companies or institutional 

investors attached to local environment in niche markets, thus depending more yet from the 

national policies.
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The new industrialized countries have developed their basic industries, indeed the chemical, 

based upon public  investments,  FDI and local private investments. Some companies like 

Sinopec, Sabic, Brasken become global players in basic chemicals. They are private owned, 

public  companies  or  a  mix  of  both  and  have  strict  central  control  which  facilitate  the 

investments  decisions  .  Nonetheless  the upgrade  for  higher  value  add  chemicals  is  not 

dependent from the companies governance alone, but to  the access of specific know how , 

size of the markets to exploit advance substances  and enough funding reserves to support 

risk investments, reserves that come from internal treasury or external funds ( bank, private 

equity, stocks , JV) more expensive for new  companies from developing countries with less 

capital  or   not  in  the  stock  market   and  with  less  market  power  (  distribution,  brands, 

marketing).

Even in a liberal , globalized and mature sector as the chemical one ,national or regional 

structure (labor  cost,  scientific  knowledge,  infrastructure,  legislations,   etc)    and country 

specific industrial policies are still, in some how,  the framework for  SME or corporations 

development and could support  or jeopardize individual companies’ efforts.  

Part II – Financial, informational and organization strategies
This section describe empiric examples of player behaviors at management, organization, 

policy and investment to obtain leadership at market, technology and financial. 

CHAPTER  4  .ORGANIZATION  STRUCTURE  AND  CORPORATIVE 

GOVERNANCE   

Most  ‘chemical’  technologies  capabilities  are  dispersed  across  highly  skilled  experts 

embedded  within  many  different  complex  organizational  structures,  called  ‘governance 

structures’  (Williamson,  1985).  This  chapter  introduces  the  organization  and  governance 
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inside  chemical  corporations  and  their  implication  for  tactical  decision  (innovation, 

investments, etc) that would enhance or jeopardize the companies in long run.

Place  into  practice,  corporate  governance  conduct  the  managerial  strategies  linked  and 

controlled by the ownership interest. It is based in a country civil code or deontology code 

and instigates individual company’s rules. It is formalized by the procedures that include risk 

management,  control  system,  compliances with  internal  values/  culture as well  laws and 

regulations. The main stature of governance command is  the board of directors and the 

chairman figure, they  are entrusted by shareholders to: approval of the principal strategic 

direction; establish the policies, rules , codes of conducts, procedures, business principles, 

corporate integrity and supervision the performance to achievement of strategic and financial 

goals. The CEO (Chief executive officer) and CFO (chief financial officer) are the main point 

of liaison among the board and the overall operational management; they are responsible for 

the company mainstream functions and implement the major directives established by the 

board. In general the board members are nominated by the principal shareholders on the 

basis of ‘one share one voter’ and stay in the board during 3 to 5 years. An important issue in 

corporate governance is the information flow and transparency for investor with the use of 

external  independent  auditors  to  accounting  /reporting  the  results  to  the  public  and 

investment community.

The chemical corporation has been embedded inside the share holder value primacy since 

the 90’s. The governance structure is associated with the control, delegation and decision 

power  over  resource’s  allocation  to  irreversible  investments  with  target  returns.  In  those 

corporations  the  separation  between  owner  ship  and  management,  the  information 

asymmetry  between  possession  and  control   give  rise  to  interest  conflict  between  the 

principal (stockholder) that want to maximize share values and agents (manager) that could 

approach  personal  distinct  interest.  The  former  realized  equity  investment  without  any 

guarantee  of  return,  besides  being  the  residual  claimant,  but  as  an  outsider  from  the 

business,  they  need  to  delegate  the  operational  and  strategic  decisions  to  dedicated 

managers.  The later  are the responsible  expert  for  business operation  with  discretionary 

allocation of funds in human and physical assets into organizational process for production, 

research,  sales,  etc.  Managers  have  the  strategic  control  to  allocate  resources  to 

investments. In order to minimize the conflict of  interest  and appropriate incentives for a 

risk enterprise, the board implement  an alignment of interest between principal and agents 

with  pecuniary motivation (bonus, stock options, profit sharing) that increase the agency cost 

whereas non-pecuniary(prestige, empowerment, status) could enhance moral hazard. The 

classical  question  is  how  to  aligned  shareholders  investments  expectation  with  top 

manager’s choices and middle manager diligence with workers efforts. Which is the optimal 
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power  structure  and  organization  flux  for  a  certain  technological  condition  and  human 

capabilities? How to balance the long term innovation challenger versus the pressure to meet 

short  term financial  results?  Several  value base management  tools  have been in place 

inside  corporations  like  the  EVA  (economic  value  added)  or  benchmark  to  incitation, 

evaluate, select and control the optimized  investments and activities that should give the 

better rentability to increase the earnings per share and stock value. This convergence into 

the “financialization” of industry activities on the subject of strategic choices is well denoted 

by the importance of accounting milestones inside corporations as well the increasing power 

of the financial vice presidents and chairman. Nonetheless the contrary is also somewhere 

true, denoted by the industrial expertise of general partners that manage investment funds in 

operation like leveraged buy out or venture capital. 

4.1. Governance and innovation

There  are  principally  five  business  governance  models  at  the  chemical  sector:  Holding, 

Private firms (family  owned,  or  private investor  owned),  national  state owned firms,  joint 

ventures and public corporation (quoted at stock market). 

 The ‘holding’ form is denoted when independent companies belong to a central  controller 

owner, like the group RPM for example that posses several autonomous business in the 

construction chemical market, or the Roullier group in France with chemical companies in 

fertilizers,  plastics  and  detergents,  or  even  Odebrecht  in  Brazil  with  companies  in 

construction market and petrochemicals. This business form is common in  Japan, which for 

historical and cultural reasons, has many chemical firms belonging to powerful holdings. This 

model is characterized by the strategic freedom of each company, but rigid finance results 

control.  

The second model is the “Private Direct Operating Control’ more common for SME in mono 

products in niches or basic chemicals. This model is very common in the chemical sector 

with family owned companies in several distinctive areas. Another variation of the private 

operating control is realized through the LBO (leveraged buy out) operations when general 

partners raise funds to acquire and manage chemical companies of different sizes with the 

goal  of  increase  value  to  re  sell  again.  This  model  is  characterized  by  hierarchy  rigid, 

centralization at the owner or few top managers. 

The 3rd model of state owned firms was very important in Europe during the beginning of the 

sector for the construction of a scale infrastructure and during the belligerence periods to 

support nationalistic expansions.  State owned companies are still  important in developing 

countries that catch up, mainly in petrochemicals as the case of SABIC (Saudi Arabian), or 
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Sinopec (China). In this form of organization could arise the contradiction in terms or political 

and  social  goals  against  pure  economic  business  objective.  Due  the  intercontinental 

character of the sector the tendency is that state owned companies in developing countries 

would be acquired by local capital to continue its international expansions and be competitive 

world wide, as the case of Brasken in Brazil former owned by the national state, actually 

owned by local private capital. 

The 4th  Model of JV is becoming very common for investments in new regions or in new 

technological sectors. It has the advantage of sharing risks and costs, but the difficulty of 

combining the different parental companies’ cultures, vision and future strategies. This model 

will be more explained in the chapter 5

The 5th  model is the most common one for  the global specialty chemical firms, the ‘public 

corporations’ quoted in the stock exchange. They have a matrix management model with 

independent business units spread into local subsidiaries authority and a central strategic 

planning pushing by a head office.  They adopted the “global  multi  divisions”  model  with 

product/  segment  divided  into  business  units  responsible  for  deploying  the  fundamental 

group vision developed at central head quarters, reproduced at subsidiaries and supported 

by corporate staff services that include marketing, R&D center, global sourcing or even new 

ventures in new technological segments that could generate a new business unit.

This business model allows the coordination of global strategies and customized services at 

local level, the results come from not only the superior financial power but also from the mix 

of  central  resources  /expertise  with  local  freedom  at  subsidiary  level,  thus  increasing 

empowerment, entrepreneurship, benchmarking and talent attraction. 

Some chemical trusts and state owed firms from the beginning of the twenty-century change 

from  a  cartel  condition  to  become  integrated  company,  they  become  private  with 

independent portfolio management and after transformed into the modern public corporation. 

Their success over the competitors came from several reasons, but mainly due their superior 

organizational model and the conquest of a dominant position at a specific inventive system 

shaping the market. The winners companies grow through external acquisition but also within 

organic  internal  capabilities.  Their  advanced  organizational  model  created  incentives  for 

employees in every level to apply their skills  and to engage in interactive learning,  while 

pursuit  of  a  common  goal.  They  institutionalized  the  innovation  routine  based  on  an 

integrated  “Research  and  Development”  in  continues  process.  They  internalized  the 

research, creating important laboratories in several new fields, financed by large amount of 

internal  free  cash  flow  and  new  equity.  The  multi-products  corporations  are  able  to  re 

allocate cash flow from a profitable business to newborn products with still  negative cash 

flow; indeed they increased the pay off from uncertain R&D due the higher appropriations 
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possibilities by their different business units. At other hand bureaucratic organization ask for 

formal expenditure process that slows decision and reinforce the status quo, thus radical 

innovation would be threatening for top management that could reduce the funds available to 

new uncertain programs. Also, decision makers tend to have aversion to losses, as such; 

seek to avoid any risk situation or actions that have the appearance of causing financial 

setbacks to avoid to lost their bonus, reputation or jobs.

There is no doubt innovation has been playing a major role for the remarkable growth in the 

sector. The recombination of existing factors or the creation of new ones to originate higher 

quality innovative products and/or lower cost process is a matter of allocation of resources 

inside corporations. 

The strategically  choices to  allocate and balance the external  finance resources (loans, 

equity, etc)  and  internal resources(retained earnings, cash flow, assets, labor,) is a theme 

of corporate governance, as well to define who are the decision makers that should have the 

willingness and ability to conduct or not the innovative challenger. Indeed,  it  has been a 

governance  issues  how to  motivate  and  controlling  the  decision  makers,  what  types  of 

investments and how results are reallocated. The answer from the large corporations has 

been the innovation inside organization structures and governance model. New structures 

were created to facilitate the innovative behavior through different decision-making protocols. 

The  new  arrangements  are  translated  into  special  business  units  and  ventures 

department/division or more radical solutions like spin off or spin out, as an example of the 

biochemical spin off from traditional chemical companies, inasmuch those new organizations 

are not tied to the parental established assets and routines, they are free to embrace radical 

innovations.

The chemical sector due its characteristic of large amounts of free cash flow till the 70’s, 

were able to redistribute the gain to shareholders and maintain investments in R&D at the 

same time. Today, the challenger is to find the ideal governance model for each branch in 

the sector, reducing agency cost, increasing discipline, while maintaining entrepreneur spirit. 

Historically the chemical industry was formed by individual entrepreneur (epic innovation) 

and small families business based in one main process or product. The founders had totally 

the ownership and the management control; there was no division between the ownership 

and the management. As an insider the owner was the residual claimant, assuming the risks, 

but also discerning the investment strategies and receiving the residual returns over their 

management investment. Management and control were on the hands of the same and small 

number of people. With the transformation from family owned companies to corporations, the 

agent conflict became present in the chemical corporations, but masked, at beginning, by the 
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strong  external  pressure  from  national  intervention  and  national  institutions/  government 

rules. 

Actually hybrid governance modes are current, for instance JV among state owned firms and 

private companies or Holding firms belonging to private families in cooperation with firms 

belonging to private equity investors or even corporations active in acquisition,   no more 

integrating in internal business unites the acquired firms but acting as a Holding  maintaining 

independent  the purchased firms , for instance 3M with EMFI and Chemence or BASF with 

Elastogran and Relius, thus avoiding the risks and cost of incorporation and culture stress for 

assimilation.

Most of chemical corporation has adopting a share hold value as a key objective to align risk 

management to share value. The value creation metrics (economic profits, return on capital) 

are very often target  internally  and promulgated externally,  nevertheless  there are many 

doubts whether the capital markets and the stock values really reflects the fundamental value 

from a company.  At the other side, a constant pressure to obtain higher earnings per share 

forces managers to attain short term results. Managers are quite stress with quarterly reports 

instead to foreseen a long term vision with investment in basic R&D for instance. 

The governance indicates the set of  rules and control  by which companies are run .The 

historical economic development, the national financial system, public policies, the level of 

stock market, equity market and institutional investors, cultural aspects and the regulatory 

environment influence the creation of dissimilar governances manner. For instance countries 

with large stock markets allow firms to raise large sums, but the dispersion of ownership may 

induce  the appropriation  of  decisions  mainly  in  the  hands  of  managers,  them individual 

investors are unable to effectively ensure share holder value objectives devoid of  higher 

monitoring costs. To resolve agent x principal conflicts an increase in stock option is granted 

for instance to CEOs in the basis of achieving operational goals to amplify share holder value 

and earnings per share.

 Moreover the stock market is not the only source to raise funds for corporate enterprises; 

their  function  is  more  to  ownership  transfer.   Due  the  squeezing  margins,  chemical 

corporations have been in difficult to convincing the investment community of their ability to 

improve share holder values continuous, most the time they recurred to burdens debts.

Concerning external debts, many authors founded evidence of a strong negative correlation 

between  R&D  and  external  leverage,  suggesting   that  R&D  intensive  firms  have  less 

relatively debt in their capital  structure than low intensive R&D ones. The credit-financed 

110



firms need certain cash flow to repay the interest and the debt, thus avoid long-term risk 

projects  and  creditors  prefer  traditional  standard  strategies  than  risk  investments.  The 

traditional  chemical  corporations relied  upon own profits  and free cash flow as the main 

source of investment finance. Nevertheless the last 10 years the abundance of liquidity aid to 

reorganize the sector through M&A operation, while corporations has been placing a greater 

emphasis on balancing long term goals and short -term results with extended loans and short 

period  debt.  The  end  of  the  virtuoso  cycle  in  2008  decrease  the  shareholder  value, 

corporations are yet in a stage of incertitude of how to reoriented their financial strategies to 

pursuer growth objectives. 

The  financial  characteristic  of  chemical  firms  vary  within  their  segments  and  sizes,  for 

instance the basic  commodities  are more fixed  assets capital  intensive  and cyclical,  but 

stable cash flows whereas the specialty chemicals are more research intensive, innovative 

with  uncertain outputs,  hence  both are constraint  by finance possibilities.  Their  different 

business models require different governance structures, in a sense commodities will require 

heavy fixed assets, long term investments, elongated depreciation,  productivity strategies 

and  specialty  will  require  flexible  production,  long  term  R&D  investments  and 

marketing/branding strategies. 

Each enterprise has its resource allocation strategy with the allowance of discretionary power 

among distinct agents and levels, defining decision makers at each investment intensity /risk 

stage and how returns are redistributed or reallocated. 

Albeit the self limited cognitive rationality, the heuristic approach gives to decision makers 

the impression of  the best  possible  utilization  of  accessible  resources to improve,  boost 

innovate  and  overcome  competitors  in  achieving  better  financial  results.  In  general  the 

strategic choices are connected from the principal goals, to align long term strategies and 

quotidian actions.

Normally funds allocations are proportional to the expected return over investment (more 

predictable  in  fixed  assets  for  mature  products  than  innovative  ones);  nevertheless 

competitors  with  threatening  movements  could  cause  a  reaction  keen  on  innovative 

challenger goals and enforce managers to precise audacious strategies in new fields. Thus 

the  funds  allocation  among  R&D,  fixed  assets  or  dividends  is  influenced  by  the  firm 

comparative  advantages  (financial  health,  marketing  power,  proprietary  knowledge, 

branding, technologies, market share, labor skills, etc.), conjuncture perception and vision of 

the future.
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The more the committed investments are important, irreversible, innovative or distinct from 

the main traditional core business, the higher will be the hierarchical level of involvement due 

the uncertainty and risk. The insecurity is about what kind of output could be achieved from a 

project, like the doubt of return from new productive capabilities or R&D for instance. The 

initial  forecast  volumes  could  result  in  market  failure  or  overcapacity,  besides  the 

probabilities from outside economic environment shocks and drastic changes, like the World 

are living since 2008.

In fact the stockholders are considering the residual claims because they assumed the final 

residual  risk  of  profit  or  loss.  Notwithstanding,  they  should  optimized  return  through 

spreading their financial holdings across a portfolio of securities issued by enterprises with 

different types of risk, while top manager has in fact the residual control, optimizing return by 

the best alternatives choice for allocation the resources into different combinations of labor 

and capital. Top manager from corporations earn higher remunerations to act  according the 

share holders value creation.

It is the liquidity and stock market that induced public stockholder to keep corporate equities 

with  a costless process to monitoring manager  (Lazonick,  2000),  as shareholder  are not 

obliged to tied forever their shares. As mentioned before, stock market is not the main source 

of  funds for  long-term business investments,  rather is a way to transfer  ownership while 

leaving resource allocation under the control of the organization’s manager. For instance, 

North American public stockholders had made little direct influence to strategic decisions, 

regarding the allocation of retained earnings before the 90’s. The shareholder confidence in 

leaving the control to top managers comes from the company prior success and the liquidity 

of  their  stock options.  Top managers constructed their reputation of  good managers and 

justify higher remuneration,  based in experience,  former good performances showed that 

they could repaid investor with gain and be able to manage future investments. The alliance 

between  top  managers  and  stock  holders  (Weinstein  ,2010)   is  clear  indicate  by  the 

astonishing remunerations of CEO from the large corporations.  Furthermore, the attraction 

of stock market for institutional investors comes from the financial sphere itself; a process of 

resource allocation that is more reversible rather than in the direct operational investment. 

According to the financial theory of risk bearing, the separation of management decision and 

shareholder residual risk bearing permit optimal risk allocation, albeit the agency problems 

between the principal (residual claimant) and agent (decision-maker). Corporations establish 

direction boards and chairman to protect stockholders interest by selection of investments in 

new  business  hire  the  top  executives,  approving  policies,  general  directions,  set 

performances standard,  ethical  behavior,  monitoring management,  appraising results  and 

approving new business developments. 

112



 

As  common  rule,  new  business  opportunities  could  come  from  R&D,  M&A,  JV, 

marketing/sales, production new ideas or approaches from different Business Units, translate 

in forthcoming projects. The feasible projects are ranked and approved by top managers, but 

the more radical and risk ones ( M&A, new subsidiaries, ventures, spin off, etc) would require 

a  ratification  from  the  higher  levels,  like  the  board  of  directors  and  chairman  that  are 

supposed to represent shareholders. Actually, an important consideration is how to link the 

risk  and  results  as  innovative  assignment  that  is  more  risk,  consuming  extra  effort  and 

commitment would ask for higher returns. Additionally there is much ambiguity to link just a 

single investment direct to a specific return over time. 

The decision of investment in an innovative project, besides heuristic criteria has always a 

certain level  of  personal  vision  (feeling),  risk  approach and intrinsic  experience from the 

decision makers, which is quit subjective and interpretative of a possible expectative reality. 

Furthermore, the discount rate for evaluating potential projects cash flow  could be based in 

rational comparative analyses, but also in emotional desirable results. The theory of interest 

bears  a  ‘premium’  on the exchange  between  present  and  future,  it  is  based  in  part  on 

subjective elements, a derivative of marginal desirability; namely the marginal preference for 

present over future. This preference has been called ‘time preference’ or human impatience 

that shapes investment opportunity. Thus the shareholder’s returns are the compensation for 

risk  and  for  waiting  the time during  which  their  investment  was  tied  up  in  the  project’s 

execution, considering the development and production learning curve till the higher return 

point, also comparing the yield of other possible allocations for the same amount. 

The frequent and easier method for evaluating and ranking projects is the ‘discounted cash 

flow”(DCF)  that  forecast  future  revenue  bringing  to  the  net  present  value(NPV)  with  a 

discount rate that symbolized the expected return, but as said, in relatively foreseen future 

revenues and normal interest rate. Unfortunately this method favors higher probabilistic short 

terms results than long-term high uncertainty. The DCF are less efficient in evaluating R&D 

projects due the uncertainty results in long-term perspective. 

The Capital Asset Pricing Model (CAPM) that estimates the expected returns in function of 

risk measured by the market Beta it is another tool to compare options to transform new 

discoveries into real profitable investments, but also depends of a discretionary interest index 

for each market. 

Due the large capital investments employed among chemical firms an easy and often applied 

metric is the EVA (economic value added) traduced into the return on the capital invested 
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less the cost of capital dived by the amount of capital invested, this measure how much 

money is  left  for  investor  over  the  cost  of  capital  yielding,  so  if  a  company are  able  to 

increase their EVA shows that it has been able to ear a return grater than its cost of capital.

Besides  the  quantitative  and  judgmental  rationality  the  decision  is  still  in  some  portion 

qualitative. The solution found by some companies is to have a separate accountability to 

those new projects or even separate internal venture units to measure the results in different 

criteria, not only financial return, fixing milestones to continue or preclude the project as early 

as possible.  In this case, the corporative governance is extremely vital  to keep company 

values, because the company return on investment relative to its cost of capital is one of the 

signs that  indicate the share value,  but avoiding long term vision and risk position could 

jeopardize the value in the future. 

Large specialty chemical corporations have a broader portfolio of projects, thus having higher 

ability to combine actual mature cash flow products with future promise one. The opportunity 

to diversify over time minimizes the variance of the return on his portfolio, blending risky but 

higher expected return projects with actual stable cash flows.  

In  fact,  at  several  chemical  companies,  the  choice  of  investments  is  many  times 

disaggregate  from  corporate  long  term  strategy  due  conjecture  aspects  and  risk  avoid 

attitude, for example if a company has the strategy of growth in bulk chemical by external 

acquisition the right moment to invest is when cyclical downturn occurred due the lower asset 

prices, but at this time loans is hard to obtain and the interest are higher due the increased 

risk. In downturn periods, companies are forced (by debt holders, legislation) to act in a short 

term to achieve cash flow, cutting long term investments in R&D or assets. Thus groups with 

more financial autonomy (higher equity, cash reserve, private own) could have more freedom 

to pursue risky, but value creating strategies.

The majority of corporations in basic or specialty sectors are adopting the risk management 

control, assessing the internal and external risk factors and addressing respective strategies, 

for instance:

-The economic downturn:  corporations monitor  the macro economic environment,  market 

trends and spread its activities geographically to benefit from opportunities and reduce the 

risk of political and economical instability. A change in the economic environment shifts the 

allocation of the resources in alignment with the situation.
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-The technology transformation: corporation invests in R&D, M&A, license, patents and JV 

for keep competitively growth using product portfolio management, innovation and integration 

of external business.

-The malfunction to implement the strategies: corporation monitors the senior executives by 

the board of directors and aligns interest by MBO (managed by objectives) remuneration.

-The operational risk (quality claims, accidents, seasonality, raw material cost): corporation 

have quality programs for standard production, insurance policies to coverage accidents and 

contingency plans to deal with unforeseen events in a crises management. To mitigate cost 

increase  risk,  corporation  aims to  use its  purchase  power  with  long  term contracts  with 

supplier, global sourcing, substitute’s procurement and keep adequate inventory.

- The sales risks (competition, trademarks, margins, distribution): Corporations limit this risk 

through  appropriate  marketing  procedures,  diversification  of  products  /  services,  CRM 

‘customer relationship management), brand management and network management.

-The HR risks: corporation implement carrier plans to attracting, retaining, motivating and 

educating  personnel,  giving  clarity  in  the  work  environment  through  communication 

programs. The empowerment are use to involve managers in the decisions.

-The Financial risks (exchange rates, credit rating downgrading, interest rates, tax, adverse 

stock market), corporation have premises to mitigate financial risks, like:  hedging currency 

policy, centralize treasure functions, diversified investment policies, increase provisions. 

- The HES ( health, environment and safety) risks: chemical corporations are suffering an 

impressive,  but  necessary  regulation,  as  example  REACH  in  Europe.  Corporations  are 

operating under comprehensive law compliance program including monitoring / assessment 

and  making  provisions  to  increase  cost  of  testes  and  certifications,  for  products  and 

production process. 

 

     In sum, with the important grow of institutional investor (pension funds, mutual funds,  

insurance  companies)  across  borders,  there  has  been  an  increasing  awareness  inside 

corporations for the share holders value on a consensus that, over time, markets punish poor 

governance  whereas  good  governance  (board  monitoring,  transparent  books,  board 

accountability, policies against mismanagement) are necessary to attract and keep investors 

and talent  collaborators.  In  fact  the superior  company value is  compatible  with  business 

decisions,  innovation and strategies that create fundamental and unique worth for customers 

in tactical/ operational excellence to achieve leadership or higher market share in a specific 
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segment. A significant authority that enhances governance inside chemical corporations is 

the adoption of the risk management policies, with the constant assessment of the issues 

that could injure the company share value.

OECD companies, which are exposed to international capital marketing, are following the 

rules of transparencies, introducing codes of good governance. Companies like Aventis, Ciba 

and Air Liquide, scored respectively in the ISS (Institutional Shareholder Services) ranking by 

92.6, 90.2 and 90.7 are examples from good governance with independent board members. 

Nevertheless,  some  corporations  still  discriminate  against  minority  shareholders  with 

secretive and non equitable voting rights for example.  

4.2 Merger and Acquisitions.

The  chemical  corporation  has  been  formed initially  by  organic  growth  based  upon  their 

founder’s tacit knowledge and specific assets protected inside the firm, but soon the firms 

relied upon external acquisitions and network, not only within concentration / market share 

goals,  but  also  to  obtain  new  knowledge  areas  and  enhance  innovative  efforts.  Those 

strategies include the M&A (merger and acquisition) and the external networks relationship. 

They represent competitive responses to turbulent environments and vigorous competitive 

moves and countermoves.

Total World M&A activity in the 90’s was US$ 2,6 trillion,  North America hosted, alone, 32% 

(US$  832  billions)  of  the  inward  M&A  worldwide,  the  European  chemical  companies 

represented  80%  from  this  inward  investment.(  Chemical  week  ,2001)  The  foreign 

investment in U.S. reflects a desire from the European chemical corporations to penetrate 

into  a  strong  market,  but  also  to  access  advanced  technological  capabilities  like 

biotechnology.  Europe  absorbed  46%  (1,2  trillion)  of  total  inward  M&A  but  65%  was 

undertake by own European companies inside EU and 28% by American companies. The 

chemical sector represented only 17, 5% of this investment. 

In 2007 the chemical makers completed € 60 billions in deals (inflated by the acquisition of 

ICI by Akzo Nobel for € 14 billions) , which dropped to € 40 billions in 2008 due the economic 

downturn. 2009 seems recovering the figures due important deals like the   acquisition of 

Ciba by BASF or Rohm &Haas by DOW.

We made  a research about the main M&A frequency at chemical sector from 2005 to 2009 

that accounted 240 billions of Euros; this study was based upon the specialized revues, sites 

and  corporate  annual  reports  with  150  large  corporations  and  300  SME  within   700 

observations. 
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Graphic 18- Origen of chemical acquirer companies 2005 to 2009
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- The main descriptive results indicate that:

- 80 % of the acquirers come from US or West Europe, they target specialty chemicals 

in 78% and 75% respectively, with the purpose of migrating to higher value segments 

with less downturn cycles. Asia ( mainly China and India) represent 9% of acquires, 

,showing the new importance of this  region. 

Graphic 19 - Origen of chemical seller companies 2005 to 2009               
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-   78% of the purchased firms come still from US and West Europe; also 10% of the 

targets are in Asia.

Graphic 20 – Main reasons for M&A 2005 to 2009               
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- 50 % of the M&A at the chemical sector were due market share reasons, indicate 

some trends due consolidation inside West Europe and North America; 17% is due to 

enter in new regions buying local firms; 18% is to get new products or technologies 

indicating a restructure of product portfolio to concentrate in core business and add 

related  technologies,  12%  is  due  Leverage  Buy  Out  operation  denoting  the 

importance of finance players in a mature sector with foreseen cash flow.

- Some large corporations act in different operations with different raisons to achieve a 

leader position in their core business, whereas gaining market share , adding related 

products or entering new regions.

Graphic 21 – M&A at Specialty or Commodity frequency from   2005 to 2009               

M&A

28%

72%

COMMODITES

SPECIALITES

118



- The total M&A visualized occurred 72% in specialty chemical, demonstrating a more 

dynamic sector, propensity to consolidation , with a variety of property technologies 

and  diversity of firms   outside large corporations.  

Graphic 22/23 Analytical multifactor  analysis  M&A from 2005 to 2009
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Using a multi variables analysis to encompass the simultaneous observation and try to set 

the variables concerning the reasons and the type of firm in main strategic groups. 

The analytical  MCA above using the same database gave  two  main  axes  to  construct 

associative  factors.  These two dimensions  related indicate  3 main  trends and groups of 

companies doing actively M&A in the chemical sector: 

Financial players, like for instance LBO especially in North America. Private equity investor 

utilize  the specialization  of  general  partner investors firms to target  middle  cap chemical 

industries  under  valuated to obtain a capital  gain  in  3 to 6 years  after  revamping them. 

These groups of companies will be discussed at chapter 6

A  second  group  has  been  denoted  more  in  a  market  share  gain  and  acquiring  related 

products  in specialties chemical, ex the BASF, DOW, Henkel, PPG, Sika, Bayer, RPM, 3M . 

They have targets especially in US and Europe and try get leader position in higher values 

end markets.

Finally a third group worried about enter new markets whereas in commodities like Sabic, Air 

Liquide or in biochemical like Solvay. 

Indeed the entry into the chemical sector has become relatively easy. Oil & gas companies 

from  developing  regions  have  made  substantial  downstream  expansion  into  important 

segments of the chemical industry. Thus, although some individual chemical firms may have 

a  large  market  share  in  single  product  segment,  their  price  and  production  policies  are 
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severely  constrained  by  active  and  potential  entrants.  Especially  important  are  wealthy 

foreign firms, many of which can make rapid entry through license, equipment fabricator or 

by acquisitions of domestic firms, whose capabilities provide an immediate market position 

with potentials for powerful expansion by combining strengths. 

In  many  cases  new entrants  into  a  segment  have  purchased  activities  divested  by  an 

established chemical firm..  Differences in bundles of capabilities and environments cause 

some activities to shrivel and fade in one firm and yet expand and thrive in another. Thus, 

substantial  evidence supports the conclusion that  entry into chemical industries becomes 

relatively easier and mobility between segments is continuously taking place. 

The chemical  sector  had two  main  strong M&A period,  during the XX Century,  the first 

happened  during  the  20’s  and  the  last  since  the  90’s  till  2007.  Both  actions  had  the 

objectives of market consolidation and restructure; however the first wave was characterized 

by a  period of  market  concentration,  focusing in  scale  economies,  with  external  growth, 

which formed the large corporations of today. The race for market share, scale economies 

and leader positions in the market impulse that movement. Indeed national governments had 

a strong influence in supporting the trusts and cartel due the bellicose and political tension 

between developed countries in the first half of the last century.

The second period started in the 90’s with more than 13.000 acquisitions, is characterized by 

the  sector  re-structure  with  the  separation  between  basic  chemicals,  life  science  and 

specialties, the divestiture of commodities units by large  specialty chemicals  corporation, 

while the acquisition of start ups in new research fields. For instance, ICI had a strategy to 

turning into the high value sector, selling off their commodities business and acquiring the 

specialty chemical unit divested by Unilever, nevertheless its strategy were not sufficient to 

avoid the take over by AKZO NOBEL that acquired ICI in 2008. 

The first movement at the beginning of the 20th century had a productive and scale goal imply 

and the second a more technological boundary definition approach. 

The main objectives and results for the first M&A movement were basically to:

 A- To strength existing product line by adding capabilities or extending geographic markets. 

B- To obtain scale capabilities. 

C- To reduce cost by eliminating duplicate activities and improved sales to capacity relations. 

D- To strength distribution systems. 

E- To achieve vertical integration. 
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F- To eliminate competitors and gain market share. 

G- To achieve a critical mass required for effective utilization of large investment outlays.  

                                                                                                                                               Th

e second large M&A recently  wave has indeed other purposes    : 

A- To Add new technology platforms. 

B- To obtain external know-how and key scientist for development of new R&D programs. 

C- To divest activities not performing well. 

D- To move into new potential growth business lines. 

E-  Foreign acquisitions to obtain new capabilities or a needed presence in local growing 

markets

F - To strengthen supply chain & distribution systems.

G- Also gain market share

The last  20  year  the  sector  has  been  passing  through  a  strong  reshape  due  the M&A 

movements. Gambardella, 2008  in a study showed that from 1985 to 2000 there were more 

than three thousand M&A operations in the chemical sector mainly inside OECD region. 

 In  one  side  there  is  the  specialty  chemical  corporation  that  spread  their  operation  of 

chemical and life science, for instance Hoestch and Rhone-Poulenc divested their traditional 

chemical  business,  respectively  Celanese  and  Rhodia,  to  merge  their  pharmaceutical 

activities into a new company named Sanofi-Aventis, also Specialty companies that pursue 

opportunities through association of other value chains, brand powers or technologies. At the 

other side the giant petrochemicals merged their operations to gain world scale economies 

and  savings  by  synergies  like  BP-  Amoco,  Exxon-Mobil,  Total-Elf,  some times divesting 

specialty chemical like for instance Arkema, Innovene and Lanxess spun out from Total,  BP 

and  Bayer  respectively  and  concentrating  in  basic  petrochemicals.  Another  interesting 

examples is Basell  Company,  in 2000 Basell  was formed through the merger of Montell, 

Elenac and Targor as global leader in polyolefin technology, production and marketing. In 

2004,  Basell  was purchased by Access Industries, a privately held,  U.S.-based industrial 

group with long-term holdings worldwide. On   2007, Lyondell Chemical Company and Basell 

Polyolefin merged to become Lyondell Basel Industries - one of the world’s largest polymers 

chemicals companies. The M&A in basic chemicals has the logical of reduce new Greenfield 

costs and to achieve critical size faster, it forced many  traditional companies struggling to 

achieve  global  scale  assets,  finally  they  were  overstretched  face  a  downturn  cycle  and 

competition from new entrants from emerging countries. Today only few corporations have 

yet the strategy of full vertical integration from raw material to specialty products, the majority 
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of corporation divested non core business with low earnings to other petrochemicals firms or 

new investor like the LBO operation that are taking profit from under evaluate assets.

 M&A helped the specialty  chemical corporations  to move fast in new areas, as the cost of 

acquisition is known, reduce risk  and quickly could supply the lack of internal know how 

which would be much more costly and uncertain in a internal venture to obtain. However the 

M&A it is not an easy fixture and could arrive several disadvantages. According to contract 

theory the phenomenon of  adverse  selection  and limited  rationality,  in  spite  of  previous 

diligence, make it hard for the buyer, ex ante, to know as much about what is being acquired 

as the seller does, specially in knowledge companies with less fixed assets and tacit know 

how. Indeed implementing the merger requires a lot of management, staff commitment and 

effort due the distinctiveness cultural and organizational realities, including different implicit 

knowledge difficult to transmit. The first M&A wave were in general well implemented as the 

technological platforms were much closer, the employees had similar background and skills. 

That  homogeneity,  including  cultural  aspects,  helped  the  fast  integration  from  acquired 

companies into corporations. The second recent wave looked more for complementary new 

assets and technologies, thus corporations retained only the employees, from acquired firms, 

with non-redundant skills or functions, it is a more difficult process to create synergy within 

different  companies,  which  could  be  nullified  by  organizational  problems.  All  staff 

departments ( legal, human resources , finance, IT) are centralized in corporative staff.  A 

important asset acquired from knowledge companies is their ‘human brain’. To avoid to loose 

talents, the corporations were obliged to spin off, create new venture business units or even 

create entirely new companies, for instance, in the pharmaceutical business. In the case of 

specialty business the top managers, marketers and key technical people are retained from 

acquired  companies  due  their  known-how  and  in  order  to  create  additional  value. 

Considering their tacit  knowledge and importance for the organizational learning process, 

many times the acquired companies had the autonomy and independence , but little by little 

they are incorporate inside the corporations loosing their flexibility and market approach  or 

split off in new companies again. 

Looking for the quantities  of  absorption actions , it was reasonable to expected a higher 

concentration in the sector after several decades of M&A, in fact  it exists a certain level of 

oligopoly  in  the  main  bulk  large  scale  commodities  (petrochemicals)  and pharmaceutical 

business(generic  brands  is  an  answer  against  this  concentration),  but  in  the  specialty 

chemical  market,  due the characteristic  of  market  diversification in branches and niches, 

there is no strong market concentration on every segment, on the contrary, several factors 

act for an increasing number of competitors in the market : Access to modern production 
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process,  industry  boundaries  blur,  license,  corporations  divestitures,  spin-offs,  shorter 

product life cycles , knowledge leakage from top employees ,  and new  market in developing 

countries. 

The  concentration  measured  by  the  Herfendal-Hirschman  Index  (HHI)  is  the  measure 

adopted for the antitrust guidelines first issued by the US Federal Trade Commission and 

Department of Justice in 1982 and still retained . The HHI is measured by the sum of the 

squares of the market shares of all firms in an industry. For example, if there were 20 firms in 

an industry, each with a market share of 5 percent, the HHI would be 20(25), which would  

equal  500.  If  only ten firms,  each with a market  share of  10 percent,  the HHI  would be 

10(100), which equal 1,000. With 50 firms with a market share of 2 percent each, the HHI 

would be 50(4), which equals 200. This illustrates that more concentration results in a higher 

index and vice versa. Of course, assigning equal market shares is artificial but simplifies the 

arithmetic. 

The  guidelines  have  specified  critical  levels  for  the  HHI.  Below  1,000,  concentration  is 

considered sufficiently low, so that no further investigation is required to determine possible 

effects of a merger or joint venture on competition. If a pre merger HHI is between 1,000 and 

1,800 and the index had been increased by 100 or more, the merger would be investigated. 

If the industry HHI is more than 1,800 and it had been increased by at least 50, the merger 

would be challenged. Thus, if the industry, consisted of one firm with 40 percent and six firms 

each with 10 percent of industry revenues, and one of the six was acquired by the largest 

firm, the new HHI would be 50 squared plus 500 resulting in an industry measure of 3,000. It 

would clearly violate the antitrust guidelines, because the HHI exceeded 1,800 at beginning 

and  was  increased  by  800  points.   For  example  the   HHI  at  North  American  chemical 

industry in 1980 was 178, declining to 148 in 1990, and to 102 in 1998. Obviously, the HHI 

for the U.S. chemical industry is far below the critical 1,000 specified in the guidelines

Several studies try to found evidence of appositive relationship between concentration and 

research intensity, but in the case of specialty chemical sector the intense competition made 

the  large  corporations  and  local  companies  find  their  niche  markets  where  they  could 

dominate by their main capacities, whereas R&D, production, supply chain or complementary 

assets.  Furthermore Geroski  (1990)  argued  that  the  overall  effect  of  market  power  was 

negative  for  creativity,  as  negatives  externalities  (bureaucracy,  inertia,  arrogance  )  are 

dominant over positive externalities (finance, creativity,  appropriation).In fact the empirical 

literature on the innovation-market structure it is inconclusive regarding the chemical sector. 

In general there is little evidence of a positive relationship between market concentration and 

R&D intensity or innovative output in specialty chemical.  
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Considering the Corporate Governance,  the M&A could  leave room for  increasing agent 

conflicts,  mainly  in  the  post   merger  operations  between  firms  with  distinctly  size  or 

specialized field.  There is,  after the M&A process, a necessity for adjust  in financial  and 

management policies, review of cost structures and criteria in utilization of funding sources 

as large acquisition in general are debt financed. Those changes affect the company stocks 

values and the dividend policy,  demanding a strict  review on the organization strategy in 

short terms. Another issue is that many companies do acquisition that will destroy the value 

of the acquired company with returns inferior of the costs of capital, in negative net present 

value. This illogical behavior is justified by the recognition that would cost more or take too 

long to develop the needed technology or to achieve market /brand share through internal 

organic means, thus the trade off could be positive in longer period.  

Another  important  acquisition  strategy  is  the  company’s  own  share  purchase.  The 

announcement of share repurchase is taken as a signal of future probably improvements in 

profits and cash flow. It results, on average, immediate share price increase, as well superior 

market value. This operation needs a strict shareholders governance to avoid moral hazard 

in  emitting  false  signs.  The reduction  in  the number  of  shares outstanding will  increase 

reported earnings per share, even if total net income does not increase, so the ratio of net 

income to shareholders ‘s equity is artificially increased . To remain a credible signal, the 

repurchase must be supported by substance superior operating performance and real higher 

cash flow.  The responsible CEO would utilize this approach to give higher  values to the 

shareholders in exchange of confidence for future funds investments with empowerment of 

decision.  As  an  example  Union  Carbide  conducted  a  re-capitalization  in  1985,  due  the 

Bhopal disaster; the company lost share value and faced a hostile bid from GAF, a much 

smaller player. They get a debt to repurchase 55% of its share at a higher price, but they 

needed to sell  off  its best performing business, battery Eveready,  to repay the debt.  The 

strategy was not enough to erase the problems as the company was acquired in 2001 by 

Dow.

The post merger management is fundamental to ensure the value creation, in fact only 40% 

to 50 % of the M&A in the chemical sector succeeded in creating value, mainly due the poor 

post M&A management. An analysis prior M&A is critical to define the type of integration 

planned, with the goals and potential value creation. Mainly 3 types of integration occurred in 

the  chemical  sector:  the  simple  ‘  takeover’  where  the  acquired  firm  disappears  into  the 

acquiring  corporations(  ex.  Union  Carbide  into  DOW,  or  Degussa  CC  into  BASF),  the 

‘building on’ where the acquired  firm is added to the acquiring firm , but largely maintain its 

125



own structure ( ex. Bostik into Total or National Starch into ICI) and  the ‘ transformation’ 

where the two existing  structure melt  in  a new organization  (  ex.  Ciba and Sandoz into 

Novartis or Hoechst and Rhone Poulenc into Aventis).

In  the  short  term  the  M&A  should  give  production  or  marketing  synergies  from  the 

combination  of  both  existent  assets  and  in  the  long  term  would  create  new  strategic 

opportunities  combining  firm’s  strengths.  The  synergies  would  occur  in  the 

purchasing/production  side  (reducing  raw material  prices  due  increase  volume,  selecting 

better  suppliers,  rationalizing  of  industrial  sites,  improve  scale)   at  the  marketing/sales 

(improve  portfolio,  improve  distribution  network,  brand  management,  new services,  new 

markets ) , at technology( R&D, new products , new process, innovation).

In  fact  in  the  long  term  strategy,  companies  are  overhauling  portfolios  to  build  a  new 

performance organization, as well, redesign management systems, practices and behaviors 

throughout  communication  into  a  cultural  integration,  taking  in  consideration  initial 

differences,  employee’s  resistances  and  further  ambitions  aspirations.  Nevertheless 

synergies and transferring best practices will  be lower as the less overlap in technologies, 

management structures and values among the firms.

      The chemical industry configuration has largely been built by M&A and FDI (foreign direct 

investments)  This  re  structuration  has  been  accelerated  the  last  two  decades  due  the 

financial  liquidity abundance, also due capital and goods has begun to move more freely 

around  the  World.  Companies  have  used  the  merger  route  to  acquire  new  sources  of 

feedstock, new products or new markets. M&A has been used to transform companies faster 

and give them more focus. Some interesting cases could be illustrated for instance those 

following recent examples:

ICI. In 1997, ICI completed the purchase, for $8bn, of four business units from Unilever to 

position itself as a world player in specialty chemicals.  The company was charting a new 

course,  aiming  to  continue  to  divest  industrial  chemical  businesses  that  were  no longer 

essential. ICI had been through a de merger of its own - the first in the sector - spinning out 

its  life  science  businesses  to  concentrate  on  chemicals  and  ultimately  specialties.  The 

company was caught in a declining operating environment and hampered by its debt and 

pension liabilities. The unwind ICI position in numerous markets took a decade, ICI Industrial 

chemical  businesses  were  sold  to companies  that  included  US giant  DuPont,  US-based 

Huntsman, UK group INEOS and UK nitrogen company Terra. ICI paints and specialty starch 

business, was then bought by Netherlands Akzo Nobel  for $16bn.

The big oil mergers of the late 1990s re structure the petrochemicals as well.
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 In  1998,  Exxon and  Mobil  merged  in  an  $80.billion  deal  to  create  the  world's  largest 

industrial company. This was followed by the UK's BP buying US-based Amoco in 1998 to 

create a company with sales of $140bn, BP exit from its core olefins derivatives business 

with the sale of Innovene to the UK's INEOS in 2005.

 The merger of TotalFina and Elf Aquitaine in February 2000 led to the creation of a new 

chemical industry player,  Atofina, thus realigning the chemical sector in France. In 2006, 

France's Total spun out most of its specialty chemical operations as Arkema or Bostik. Shell 

retrenched from downstream petrochemicals  and developed its "cracker”  business model 

that show it focus on olefins and first line derivatives like SRB rubber.

Dutch polyolefin giant Basel, a company once owned by BASF and Shell, but now owned by 

US industrialist Len Blavatnik, acquired the third-largest publicly traded chemical group in the 

US, Lyondell, for $19bn.

In 2001, US-based Dow Chemical completed its $9bn acquisition of Union Carbide, making it 

one of the world's leading producers of chemicals, plastics and agricultural products. Dow 

has  struggled  to  deal  with  the Carbide  legacy through  much  of  the  current  decade.  Its 

strategy, however, played out further in 2007 when it announced that it would merge much of 

its petrochemical asset base with Kuwait's Petrochemical Industries Co. in an $11bn JV. In 

2009  Dow Chemical purchase the US specialty chemical firm  Rohm & Haas for an equity 

value of $15.4bn.

Some of the most impressive deals have been struck by private equity. In 2004, US-based 

Blackstone Group acquired  Celanese for  around $3.1bn.Blackstone finally  cashed out  of 

Celanese for an estimated $5bn - a sizeable return on its $650m equity investment. In 2007, 

Blackstone agreed to buy a 20% stake in  China  National  Bluestar,  a  growing  influential 

player  in the global  chemical  business created by intense M&A activity in China.  Private 

investors like Blackstone flagged the shape of the sector.

DSM .  In  the  1990s,  the  Netherlands-based  producer  set  its  sights  on  becoming  more 

focused on specialties.  Its  European petrochemical  business  was sold  to Saudi  Arabia's 

SABIC in 2002 for $2.5bn. SABIC consolidated its position in Europe through the acquisition 

of  Huntsman's  European  petrochemical  business  -  including  a  cost-advantaged  naphtha 

cracker based at Wilton, UK, once owned by ICI.  DSM  acquires the vitamins business of 

Roche to push further  into  nutraceuticals.  It  is  emerging as a  life  science  and specialty 

materials group. 

SABIC ( Saudi Arabian) was successful in 2007 in acquiring GE Plastics for  $12bn. That 

acquisition takes it downstream into plastics for key consumer markets such as automobiles. 

SABIC's  move  shows  just  how  powerful  the  company  has  become,  the  world's  newer 
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players, in segments as diverse as bulk petrochemicals and custom fine chemicals, have the 

drive and the access to capital to help them make much more of a mark on the sector.

The drive into specialties, and, indeed, fine chemicals, has been a feature of the business for 

the past 20 years. A feature of the past decade was the rush into fine chemicals and the 

capabilities to produce active pharmaceutical ingredients (APIs). However, in some instances 

acquisitions made at high multiples  near the top of the business cycle, destroyed rather than 

enhanced  value.  Companies  such  as  France's  Rhodia and  Switzerland's  Clariant  were 

forced to exit the fine chemicals market.

    M&A activity hit a high in 2007, four deals worth more than $10bn (€6.4bn) were struck.  

Industry    players were keen to divest businesses at the top of the cycle and buyers were out 

in  force,  buoyed by ready money.  Private equity was a source of  power  and acquisition 

multiples rose sharply. This entire situation  changed since the second half of 2007 as the full 

impact of the US sub prime mortgage hit global markets.

The slowdown in the global economy, the credit shortage and the risk aversion indicate that 

time of highly leveraged deals has made a pause. According to a report  from Yong and 

Partners (Y&P,  NY 2009)  chemical  M&A deals  valued global  $40 billions  in  2008 which 

represent a decline of 27% from 2007.The  debt financing globally chemical was $ 11 billion 

which represent  a  decline  of  40% from 2007.  The volume of  M&A activity  in  the  global 

chemical industry plunged through the first half of 2009 and kept down substantially for all of 

2009 in terms of the number of completed deals. 

There  were  only  four  deals  greater  than  $25m (€17.5m)  in  value  completed  in  the  first 

quarter (Q1) and seven in Q2. The increase in Q2 broke a string of six consecutive quarters 

of lower numbers of completed deals. A total of  22 transactions were completed in  2009 - 

well off the pace of 55 for all of 2008. Through 2009, $30bn in deals on an equity basis were 

closed,  versus  $40bn  for  2008.  US-based  Dow  Chem  ical's purchase  of  US  specialty 

chemical firm Rohm and Haas for an equity value of $15.4bn accounted for the bulk of the 

figure.  While  there were two other billion-dollar  deals  completed -  German giant  BASF's 

$4.7bn acquisition of Switzerland's  Ciba Specialty Chemicals  and Japan-based  Mitsubishi 

Rayon's $1.6bn purchase of UK-based methyl methacrylates firm Lucite International - these 

were legacy deals agreed to prior to the start of the economic crisis and are not indicative of 

activity in  today's  market.  In  2010 the expectation  is that  the economy will  stabilize  and 

companies  will  have  more level  of  earnings  visibility,  M&A activity  may be poised  for  a 

rebound like the recent example of BASF acquiring Cognis for 3 billions of euros. 
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 The sellers  in 2010 will be  companies that are struggling to meet debt obligation and need 

to divestiture activities for one side and  buyers with enough cash , for instance the sovereign 

wealth fund from Mideast  Asia , or  Asian companies that remain interest in opportunities in 

US and Europe like Sabic (Saudi Arabia), TATA (India) or Pidilite ( India) as actives buyers .

Conclusion:

M&A became one of the principal strategies responding the threats and opportunities for the 

consolidation  and  reshuffle  the  sector.  Many  corporations,  even  those  ones  who  were 

attached to internal  growth like 3M or BASF, are  now active in acquire  strategic assets in  

synergy with their core business and divest non core ones. The external growth strategy are 

quite faster than organic growth, however  the phases of the integration process, combining 

different  cultures  and  values  is  a  fundamental   concern  for  successful  acquisitions  that 

ensure the implementation with systematically monitoring of the activities and results. This 

assimilation  process  could  be  onerous  and  long.  Double  or  parallel  activities  required 

controlling, tracking whether the forecast actions are implemented and the financial results 

related to goes. In many case of misacting or wrong strategies there was not enough room to 

changes and adaptation before value destruction.

In summary, M&As enable chemical firms to revisit, speed and refresh their strategic visions. 

M&As  also reduce the time for firms to catch up new technologies, new processes,  new 

products, increase market share , gain recognized brands and enter in new market or new 

region. M&A could enable a firm to make a change more rapidly. The cost of new projects is 

known  at  the  time of  purchase.  By obtaining  an ongoing  organization  the  delays  in  the 

learning process are reduced .  Nevertheless the integration cost  and time could be also 

important due the culture organizations conflicts and bureaucracy.

M&A  and  organic  growth  are  not  mutually  exclusive.  One  reinforces  the  other.  A 

disadvantage of internal programs is that the firm may lack the requisite experience in a 

specific field or region,  not have an effective operating organization in place or the time 

required for achieving a profitable market position is uncertain. 

Acquisitions  also  have  different  kinds  of  disadvantages.  In  spite  of  due  diligence,  it  is 

impossible  for  the  buyer  to  know as  much  about  what  is  being  acquired  as  the  seller. 

Implementing two organizations fusion is not effortless. Considerable top executive talent 

and time commitment are required. Implementation problems are magnified if organization 
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cultures and portfolios are completely different. This is often a serious challenge in cross-

border transactions. 

 M&A at the chemical  industries has been relatively  constant,  with more intensity during 

abundance of financing and decrease during economic downturn phases. M&A and related 

activities in chemicals reflect the forces of change and the dynamics of competitive actions 

and reactions. The pace of new product introductions has increased. Product life cycles have 

been shortened. The numbers of competitors have increased. Competitors from one industry 

segment  or  region are  invading  other  industry  segments or  regions.  Industry  boundaries 

continue  to  blur.  Besides  several  waves  of  M&A  concentration,  in  general,  are  not  so 

strongt ,besides some commodities and competition has intensified in the evolution of more 

than 10.000 chemical substances.

 Furthermore, the trend has been strongly downward in concentration.  How can the HHI 

decline when M&A activity is increasing? The answer is the intensity of competition including, 

license, less barriers, divestitures, spin-offs, carve-outs, downsizing, etc. Also  the chemical 

industry is dinamic, many new firms  appeared as a result of: divestitures, former employer 

that  started  their  own  firm,  LBO,  FDI,  SEF,  license,  outsourcing,  national  government 

investments. 

 Compilations  of  chemical  industry  firms indicate  that  HHI  index  for  the  world  chemical 

market is significantly below the critical 1,000 level and that it is probably declining for the 

same reasons  - new entries and competitive forces. 

4.3 -Foreign Direct Investment 

The weight of foreign direct investment ( FDI) represents almost 20% of the World Economy 

according to the CNUCED and almost 30% of the international flux of merchandise is done 

among  intra  companies  .  The  multinational  become  one  of  the  main  columns  of  the 

globalization.

A firm has an incentive to become a multinational if the extra internal cost for setting up a 

foreign subsidiary ( fixed assets, salaries, etc)   is lower than international transaction cost 

(trade , barriers, tax, transportation, etc). Producing  overseas outweigh the loss of scale 

economies at home plant by benefiting from lower production /raw-material cost , but also 

this  presence  enhance  the  knowledge  of  cultural  and  market  of  foreign  countries. 

Transferring  part  of  the  production  abroad  reduce  unit  costs,  becoming  more  local 
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competitive , gain market share and could also increase output in the other home plants for 

other chemicals.  Foreign investments also strengths economic activities at home not only 

through  profits  repatriation  but  also  by  raising  the  investments  in  R&D,  finance, 

communication, management and intangible assets at home. 

The localization of chemical subsidiaries depends from country comparative advantage like: 

market size, raw materials, labor costs, skilled professionals, infrastructure, public incentives, 

tax, as well political stability.  The foreign country proximity, while geographic or cultural is 

also positively related to  FDI for the first time.  

Nowadays a large share of international chemical trade occurs within multinationals and the 

manipulation of the transfers prices /transfer costs can shift a huge amount of taxable profits 

between countries. 

In  fact  in  an  industrial  strategic  vision  FDI  and  exports  are  complementary  rather  than 

substitutes  for  chemical  industries  due  the  strong  sector  independence  and  variety  of 

substances; moreover, one of the most important forms of FDI is the cross borders mergers 

and  acquisition  (around  80  %  of  the  World   FDI  in  the  90’s)  discussed  before  in  the 

paragraph 4.2 . 

 The bulk of FDI has been mostly among developed countries nevertheless during the last 50 

years some developing countries have been practicing an explicit  policy to develop their 

industrial sector, attracting foreign firms to set up operation inside their territories, first with 

protectionism and later with subsidies. Almost all international important corporations have 

established a presence abroad since a long time, with an approach ‘rent seekers’. In some 

regions they represent 40 - 70 % of domestic production and more than 50% of exportation 

of chemical products. Today some firms utilize their industrial presence in one key country to 

supply a whole region in certain products, like the case of Dow, Solvay, BASF, 3M or Rhodia 

in South America. In bulk chemicals, the higher transport costs of petrochemicals, low value 

per  volume  and  the  local  lower  fixed  costs  induce  a  logical  delocalization  and  regional 

production rather than export/import.

 Within common markets like UE, NAFTA , Mercosur or huge markets like China, India , 

Russia,   corporations  could  reorganize  their  subsidiaries  operation,  concentrating  their 

facilities by market or by raw material sources. The economic stabilization recovered in the 

90’s, aligned with global credit liquidity helped to boost the FDI in many regions, as well: the 

diminishing of economic uncertainty/risk till  2008, the control of  inflation, market overture, 

exchange  rate  stabilization,  the  political  stability  and  the  positive  attitude  toward  foreign 

capital  inflow /  dividends expatriation.  Nevertheless from the 300 billions euros of  FDI in 

2005, it is still the traditional corporation from OECD regions that accounts for around 90% of 
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origin investment and 60 to 70% of the global  FDI is in the form of acquisition, privatizations, 

expansions and not really new Greenfield sites. 

We carry out a research about the main direct investments at chemical sector action from 

2005 to 2009; this study was based upon the specialized revues, sites and corporate annual 

reports 150 large corporations and 300 SME within 700 observations. The main descriptive 

results indicate that: 

Graphic 24 - Origen of chemical FDI frequency 2005 to 2009
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- 70 % of the investors firms in the period come from US or West Europe, they invest 

outside  their  original  regions  for  80% and  66% respectively,  with  the  purpose  of 

growing internationally.  Asia ( mainly China and India) represent 10% of investors 

and Middle East 11%,showing the importance of new  players from these  regions. 

Graphic 25 - Destination of chemical FDI frequency 2005 to 2009
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- The  destinations  of  the  direct  investments  are  concentrated  in  new  developing 

regions that show superior potential growth ,47 % is in Asia ( mainly China and India), 

from this investment 62% are in specialty chemical showing that corporations in this 

segment prefer to do alone investments to avoid knowledge leakage.   
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- 12 % was concentrate at Middle East,  mainly in petrochemicals due raw material 

abundance. 10 % was in direction to other developing regions, but still 30 % of direct 

investment was located at US and West Europe, mainly on improving process and 

specialty production.

Graphic 26 – Reason of DI, frequency 2005 to 2009
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- 54 % of global DI was to construct new factories at other region than the company 

home country  (mainly  at  developing  regions),  40  % was  to  construct  or  improve 

factories at companies home country ( mainly at developed region), nevertheless the 

partition of total direct investment was even with 55% in specialty chemicals and 45 

% in commodities,  showing that  both sectors have potential  to growth and active 

players. Another interesting trend is the build up of foreigner research center outside 

head quarter demonstrating certain level of global overture and the recognition of the 

needs and competences’ diversity around the World.

The direct investments occurred besides the irreversible nature of these assets installation, 

because  the  economic  scenario  inspired  the  expected  profitability,  return  above  cost  of 

capital  and other  local  conditions  were  positive  related  with  FDI  (Fosfori,  2002)  like  the 

internal infrastructure and the trade openness.                                                   .  

The majority of the flux was for local market supply reasons, replacing imported products, but 

due the new competitive environment there is also, an efficiency seeking approach, translate 

into new  process  and  managerial  methods.  Hence  the  corporations  are  obliged  to 

strength their local competitiveness, they support a technical skill improvement bringing new 

products, improving managerial and production methods. For example from the total patents 

issued  at  Mercosur,  around 55%  are  chemical  related,  but  only  15% are  from  national 

applicators (Instituto Nacional de Propriedade Intellectual) including universities and public 

133



research centers. MNC(Multinational companies) established  R&D departments abroad to 

facilitate the transfer,  adaptation and production of home technology into foreign markets. All 

this upgrading would benefice the local suppliers /customers that could absorb and adapt 

part of this knowledge from their interaction. In fact this knowledge flow is somehow limited, 

moreover the corporations reproduce into their subsidiaries the supply chain they have in 

their homes country, hence establishing global suppliers chains that will difficult the access of 

local agents to international complex contracts and inhibit  local competitor due the unfair 

bargain  power.  In  general  MNC  upgrade  the  production  capability,  but  gives  little 

corroboration for an active local learning and innovative capabilities, even for the subsidiaries 

that  depends  upon  head  quarters  formulations.                         .  

Local  subsidiaries  have  a  restricted  freedom  to  conduct  independent  own  researches, 

considering  their  main  objective  to  supply  only  local  market  with  standard  technologies 

developed  at  head  quarters  and  expatriate  back  the  surplus   from  its  operations.  The 

maximum permitted is to develop adaptation capacities (production, application, suppliers) in 

process/ formulas from head quarters or to become a central production center for basic or 

intermediary  product  that  would  not  be competitive to produce at  higher  income/salaries 

countries. The Research centers remain at the head quarters for IPR (intellectual property 

rights) protection, quality of scientific environment, scope economies and historical / political 

reasons. The innovative activities and R&D efforts are still very concentrate in ‘home-based’, 

though been less global and from the center to the periphery, specifically considering MNC 

from large industrial  market countries.  Pre-determined technical solutions are generate in 

central laboratory and replicated at other subsidiaries sites. Many reasons for this ‘push- 

behavior’ could be advocate as: Centralize control, domestic experience, economies of scale 

/scope, coordination, large internal market and IPR protection. Furthermore, corporative FDI 

in other region rely not only upon their financial supremacy and their patents (with possible 

disclosed) but in their skillfully human resources expatriation, secrecy of process , first mover 

advantage,  strong marketing /branding and management capacity to quickly moving down 

the learning curve inside the hole organization. 

However, lately some large corporations started to coordinate developments from dispersed 

subsidiaries, pulling together locally competences to former a potential global network. This 

increase of R&D decentralization is due the technical improvement of some subsidiaries,  the 

higher  sensitivity  to  home  market  characteristics  (customers  desires,  production 

requirements,  regulation,  economic  level,  natural  resources)  and local  knowledge 

environment (skilled labor, research centers, IPR, public subsidies, tacit stocks of know-how, 

infrastructure,   etc.)  thus  when  these  factors  are  present,  aligned  with  internal 

production/development/sales capacity, the subsidiary could make pressure to enhance their 
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autonomy , status and importance within the corporation, as well the head quarter realized 

the  potential  of  new ideas  and  foreign  projects,  allowing  some autonomy to  their   filial 

branches.  This  decentralized  R&D  movement  is  more  remarkable  at  corporations  from 

countries  with  smaller  internal  market  like:  Canada,  Belgium,  Netherlands,  Sweden, 

Denmark and Switzerland or very internationalized/liberal  economy like  UK;  first  due the 

search of larger demand markets abroad and secondly to access diversify expertise pools of 

research,  tapping  in  a  specific  technological  field  in  which  a  region  is  specialized.  

Technology strategy is managed inside corporations mainly as three kinds of firm’s decision, 

depends their internal vision and the reality of each subsidiary ( Kottler, 2002):

 A- Ethnocentric- There is a clear head quarter with a central administrative / strategic bureau 

and  fundamental R&D center and small foreign units of development only to transference, 

adaptation and re-production from parental technology to the local branch. This is the model 

that prevails, overall into the developing countries. 

B-  Polly-centric/Region  centric:  with  some  decentralized  development  due  local  specific 

knowledge  or  for  local  requirements/  opportunities.  Nevertheless,  even  in  a  poly-centric 

strategy, the foreign R&D will  approach more a commercial applied development and the 

basic  research  will  be  located  at  OECD  countries.  Niosi  &Godin(1999)  in  a  study  with 

Canadian  MNC  demonstrated  that,  even  though  the  analyzed  companies  had  a 

decentralized and autonomous approach, only 10 % from their total overseas R&D budget 

were allocated to fundamental or pre-commercial research in advanced materials and just 

5% of their abroad investment in R&D  were located in developing countries.  Janne, Odile 

(2002) suggest that Dutch and Belgian chemical MNC when engage in research abroad, 

even in foreign countries with higher knowledge accumulation, are more inclined to remain 

focused on their original home technological strengths. The recent phenomena of trade blocs 

( EU, Mercosul , Nafta, etc) enhance the intra-union commerce and export –platform gain 

what  is causing more local  liberty and scope scale for  achieving regional  developments.

C - The Geocentric .The last hypothetic stage has not been achieved by any chemical group 

inside a global perspective, although some MNC started to pursue this strategy inside the 

Triad region. The Geocentric strategy means entire autonomy in overseas fundamental R&D, 

only  organized  by  the  parent  lab  who  builds  networks  for  learning  interaction  through 

dispersed locations sources worldwide. As result MNC would increase their knowledge base 

accumulation while subsidiaries will  reinforce the scientific region’s capabilities by feeding 

into the local innovation system.                                                                 .  

The  approach  from  corporations  to  their  subsidiaries  has  been  mainly  ethnocentric,  to 

market,  brand,  industrialize  and  reproduce  standard  products  generate  at  home  head 
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quarter, while exporting fine goods from their industries based in OECD countries. Thus the 

top foreign technology from the corporations  is  not  easy relocate to subsidiaries  without 

strong  local  advantages  as  a  counterpart  (  market  size,  scientific  community,  labor 

knowledge,  etc).                                                                .  

Even though the traditional paradigm is still a ‘one way transfer’ from center to subsidiaries, it 

is  true that few companies started to develop a ‘regional centric’ vision with independent 

innovations  in  some subsidiaries,  but  rely  upon country specific  competencies  and to be 

close to customer requirements in large markets, as it would make sense to develop some 

innovative project in a subsidiary if it has special or complementary assets and competitive 

advantages  comparing  with  somewhere  else.  Indeed  strong  home-based  technological 

environment would encourage foreign affiliates to develop technological capabilities through 

the access to this local knowledge  and inter-firms network for innovation, for instance the 

bio-fuels in Brazil. However, where indigenous capabilities are weak, foreign-owned MNC tap 

into available resources, gradually dominate them or displace the local innovative capacity, 

thus  overall  level  of  local  interactions  and  innovation  decreases  (Janne,2002).  

 Whatever  ethnocentric  or  region  centric,  the  increasing  foreigner  productive  capital  flux 

allowed few spillover (moreover knowledge leakage). In fact they increase brain drain (the 

best professionals and students prefer MNC jobs or they are expatriate abroad), increase 

external idiosyncratic behavior (local consumer prefer and better estimate MNC products) 

and the constant profits and dividend re-expatriation gives a null sum to one punctual inward 

investment. 

Local  companies  with  strong  absorptive  capacities  (internal  R&D,  human,  financial, 

marketing, distribution, strong brands) would profit from possible knowledge leakages and 

spillover from vertical relationship with MNC that outsource some operations or in horizontal 

alliances with  international  companies not  present  in  the region.  The later  might  want  to 

avoid skunked local investments within long term projects and hence would prefer a local 

partner.  National  company confront difficulties with  the local  cost  of  capital  (interest  rate, 

imported capital goods, credit) and know how access. The alliances among those agents 

seems a possible strategic way to foreign medium companies sharing sunk investments and 

appropriating  quickly  from  innovation  in  a   potential  market,  at  the  same  time  local 

companies   would scan international technology, absorb new knowledge, achieving a high 

value portfolio diversification. Some national companies became as well strong enough to 

pursue an international expansion, installing themselves abroad at closer countries or new 

regions , as the example of Sinopec ( China) ,  Reliance( India), Brasken (Brazil)  .

Conclusion:
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FDI  has been the principal  strategic  action  aims the corporations’  organic  growth  in  the 

chemical  sector.  The first  movers firms fast  became transnational  corporations exploiting 

their superior knowledge in different regions. At beginning positioned inside the Triad region, 

corporations start to invest in developing countries with the purpose of raw material access 

and later to exploit local market.

Today the continuo FDI flux has been not only for raw material or market access reasons, 

but indeed because of national expertise in a specific fields’ background.  

FDI has been a strong leverage for increase companies power and boost performance at 

home,  nonetheless actually  technologies cold be easily acquired in foreign market or get 

dispersed to foreign partner /competitors, so FDI and M&A became as well a way to non 

OECD firms enter into OECD regions, new entrants are vigorous in FDI for achieve abroad 

markets. With the sector maturity the tendency is that FDI will  be stronger in  developing 

regions as the chemical is the base for industrialization and decrease inside OECD where 

the sector achieve a saturation.

The modern firm is a combination of an organizational structure and a governance system 

(Weinstein, 2010). The specific company features developed by its accumulated knowledge 

is intrinsic and dynamic. FDI and M&A are strategic decisions for long term approach that 

will  influence  this  knowledge  dynamic  due  diversification,  integration  and combination  of 

external factors ( human resources, scientific knowledge, etc )   with endogen competences.

The different organizational modes (conglomerates, holdings, business units, private, public) 

and market  threats /opportunities will  induce organic  investments and/or external  growth, 

nevertheless  almost all chemical corporation use both strategies in dissimilar levels , to gain 

market share and dominance position on the selected segments, entering new niches or 

regions as well balance a product portfolio in accordance with the main visions and goals. So 

besides the complementarities of both strategic actions, there is a confrontation between the 

transaction cost of acquiring an external firm or the internal coordination cost of DI, in general 

the  top managers  will  the  approval  of  investors  have  to  decide  regarding  the risks,  the 

companies  uniqueness  capacities,  the  lead-time  ,  economic  environment,  legislation, 

financial,  forecasts,  etc,  what  induce  in  some  cases  for  a  market  option  (  M&A),  an 

organizational option (DI)  or even a mix of both in a joint venture.
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CHAPTER  -5  .  COLLABORATIVE  MODEL.  ALLIANCES,  JOINT 

VENTURES AND NETWORK.

Alliances and Joint ventures are accords between companies for specific goals. The former 

are more informal, flexible and market oriented, and the later usually are more specific and 

formal in a contractual basis or even an equity arrangement of two companies to form a 

separate organization to deal within a special common project while the parental companies 

continue in their core business. The objective is to achieve complementary asset, market 

access or new knowledge that the company lacks in a fast and less costly way, even though 

sharing the gains. 

The first  chemical  corporation’s  collusion  was  to  divide  international  markets  among the 

principal  corporations.  Famous  cartels  like  the  Nobel  trust  (set  up  among  explosives 

industries) or the Dreibund in Germany that originate the merger of the local companies in 

the IG Farben, or even the Nitrogen Cartel were current examples in the last century to avoid 

overcapacity or price erosion due higher competition at the beginning of the XX century. The 

last  official  cartels  ended in 1952 with  the new framework  of  international  business  law, 

antitrust policies and world commerce organization to preserve competition. 

Later,  another  kind of  industrial  cooperation,  started among chemical  groups,  looking for 

complementary assets and cost/risk spread, but preserving the competitive environment. The 

first important joint ventures period occurred between the  World Wars when companies had 

overcapacity. The horizontal relationship in this period was punted by collusion, cartel and 

state protectionism,  which  did  not  oppose some exchange  of  technologies,  for  instance, 

between Dupont and Rhodia in the new synthetic fibbers and cellophane films, or the joint 

ventures  between  Dupont,  Standard  Oil  and  IG Farben  in  the  field  of  synthetic  rubber. 

Indeed, those international agreements utilized technology division as a vehicle for a global 

cartel,  sharing  international  markets  and  maintaining  stability  in  pricing  and  capacity 

utilization.

An important joint venture and alliance wave started after the 80’s. The sector crises induce 

the restructuring of the chemical sector and new linkages among players and users. Many 

companies exited from the commodity sector moving downstream, whereas petrochemical 

took over existing commodity in new JV with companies from Asia and Middle East.  For 
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example inasmuch the biotechnology revolution occurred outside the established corporation 

many biochemical start up were obliged to set up alliances to fund their R&D, at the same 

way the corporation were able to get into new research field. 

More ‘flexible’ than self direct investments , alliances can reduce the need for new funds in 

complementary assets and are less  risky for  an adverse selection  than M&A,  in  fact  as 

discussed in the historical  view above,  many corporations utilized alliances to first  get in 

contact with biochemical start up before to acquire them. The corporations  that had provide 

resources and incentives to start up, further enhance absorptive and monitoring capabilities, 

they have developed their internal scientific knowledge and finally acquire definitively those 

start ups.   

Successful example of alliance in the specialty sector is the agreement between Dow and 

Owens Corning in the silicone platform and between Rohm Hass and Dow Corning into the 

acrylics  and  hybrids  co-polymers  new  technologies.  Dow  Corning  provides  its  sales, 

marketing,  and  silicon  (inorganic)  technologies;  they  are  the  principal  market  interface 

through  which  customers  can  access both  Dow and  Rohm Hass  products.  Rohm Hass 

endow with their know-how and expertise in acrylic (organic) platform. In fact this relationship 

provided a close match of both expertise platforms and organization, indeed allowed the offer 

from Dow to acquisition of Rohm and Hass 13 Billion of US dollars .

Another important joint venture is between BASF and Monsanto in joint  R&D project of 1,2 

billion of euros, for developing higher yielding and more resilient crops. The results will be 

commercialized  by  Monsanto  alone,  but  the  net  profit  split  40% for  BASF and  60% for 

Monsanto.  

However  the  nature  of  such  agreements  could  create  risks,  for  instance  the  strategic 

information leakage  and appropriation  conflicts  between  partners.  Critical  control  passed 

through the intellectual property rights and governance structure, to define the level of inter-

firm organization integration. Such intensity will  depend of informal agreements or ad hoc 

contracts,  but  in  both  cases,  will  affect  internal  decision  process  in  each  company, 

influencing their  allocation  of  resources.   Usually  the use of  small  equity  participation  is 

current  used  to  increase  commitment  and  manage  contractual  problems  in  formal  joint 

ventures.
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5.1 Industrial agreements.

In the economic evolutionary theory perspective (Nelson &Winter, 1982) only the better firm 

strategies, through the process of natural selection among the firms in the market, meaning 

that  the better  environment  adapted companies will  survive.  The companies  with  deeper 

market reality understanding, accurate future vision, better organizational behavior (norms, 

rules,  strategies),  with  superior  creativity  and  adapted  to  their  environment  would 

predominate over  competitors.  The economic  reality  marshal  significant  objections  to the 

fundamental  neoclassical  assumptions  of  market  equilibrium,  which  is  ineffective  in  the 

analysis of technological innovation , institutional support and the dynamics of competition 

among firms.

To replace these assumptions, the evolutionary theory borrows from biology the concept of 

natural  selection to construct  a precise and detailed progression assumption of  business 

behavior. Each  company  has  a  set  of  rules  that  determine  its  performance  routines 

depending on the type of activity and guide its technological trajectory.  Essentially,  these 

routines are specific to each company, explicit and informal (tacit) and their changes explain 

the trajectories of firms.

The decisions taken by managers and the knowledge held by employees can be adequate to 

changing market or rather inadequate. At each new cycle of innovation, some companies 

disappear and others are created: it is a form of selection routines by the market. Likewise, 

the tendency for the more profitable firms (better skill, procedures, strategies adapt to the 

market) to drive the less profitable ones out of business. 

The logic of the evolution  process in social science is seen as an ‘evolutionary regime’:

 In the first phase, new generic ideas are originate. 

 In  the  second  phase,  macroeconomic (population-level)  adoptions  governed  by 

various mechanisms (selection, path dependence, learning effects etc.) occur. 

 In the third phase, stabilization based on high-frequency adoption, happens. 

Thus, evolutionary process is seen as a transition from one state of generic idea dominance 

to another paradigm (mutation). Evolution represents a genealogy of regimes that come into 

existence  through  adoption  by  populations  of  economic  agents.  This  can  be  achieved 

through look like Darwinian evolution 

140

http://en.wikipedia.org/wiki/Learning-by-doing
http://en.wikipedia.org/wiki/Path_dependence
http://en.wikipedia.org/wiki/Selection
http://en.wikipedia.org/wiki/Macroscopic


Evolutionary economics is concerned with the transformation of generic ideas, or social and 

technical  knowledge,  that  determine  states  of  socio-economic  system  and  dominating 

economic phenomena (products, technologies, institutional arrangements) . The innovation 

could be an improvement of  heredity routines ands products or  a change of  established 

paradigms (mutation) 

Although within the framework of uncertainty, imperfect/ limited/ asymmetric information and 

bonded rationality with ‘trial and error’ process, not only the competitive selection mechanism 

is present, but another strong model co-exists: ‘The cooperative logic’, like the ‘symbioses 

phenomenon’ in the natural life. The cooperative behavior could become a ‘win-win’ game 

where invidious joint their strengths capacities to overcome their weakness and survive. In 

the economic view, the ‘game theory’ tries to analyze this collaborative or not behavior in a 

just one shot period by the famous prisoner dilemma. In the reality,  the repeated ‘game’ 

tends to form explicit  collusion among the players,  frequently traduced in:  cartels,  trusts, 

alliances,  agreements,  joint  ventures  between  firms                            .  

The chemical sector has become,  a global strategic industry with the formation of cartels 

among the corporations to sharing the market or to common development around a single 

technology base, fixing the prices or controlling the outcomes. After the II War, these ‘anti-

competitive’  collusions were gradually  forbidden by anti-  trust regulation and international 

institutions pro-competition. 

The  private  incentive  for  cooperation  is  when  the  collusive  profits  are  higher  than  non-

cooperative ones. Alone firms need to implement complementary assets, support uncertain 

elemental research, deal with quickly obsolescence,  obtain foreigner market or legislation 

knowledge.  Thus  partnership  became  an  important  initial  strategy  in  multiples  cases. 

Nonetheless the potential partners must have complementary assets. In order to pursue this 

kind of strategies the partners companies might ‘ex ante’ match their downstream/upstream 

productive  assets,  as  well  future  strategic  decisions.                     .  

For  instance  the  developing  countries  leaders  firms  are  well-built  in  basic  commodity 

production and rely on scale methods. Their focus is to maximize capital  good utilization 

increasing the productivity and export. Thus actual standards of their production  equipment 

don’t provide a high degree of improvement and faster set up changeovers. Inasmuch, the 

agreement  between  a  local  firm  and  multinational  firm  is  usual  to  develop  new 

solutions/technologies with the exploitation of their complementary diversity in areas close to 

their core business  as the examples of the JV between BASF and Sinopec( China) or Dow 

and  PIC  (  Kuwait)                                          .
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The collaboration objectives  is to achieve complementary tangible and intangible assets that 

companies  lack  (technology,  leading  position,  production  process,  market  information, 

distribution network,  brand reputation, services) in a fast and less cost/risk way, even though 

sharing the gains in a transitory phase. The alliance relationship facilitates the transfer of the 

organization’s  embedded  knowledge  (people  skills,  creative  tools,  routines,  solution 

systems), not only the codified know how as usual in the license procedure in addition  there 

is no requirement for the subsequent transfer back of improvements and updates,  usual in 

the license procedure. Thus this relationship would facilitate to the recipient firm to identify 

the practices or knowledge from a partner firm, understand, absorbed and converted them to 

its local needs, as well a further new conception departing from this original base. 

In a recent study using a data base from 14.818 inter firm agreements, Gambardella , 2008 

showed  that  from  the  total  joint  ventures  22%  were  due  manufacturing  reasons  like 

outsourcing, joint production in new regions or even to feedstock access; 15,6% were due 

marketing reasons, to enter new regions, to gain distribution network scale or share costs, 

14,5% to R&D to overcome risks in fundamental research and share cost; 14% to licensing 

agreements to access new technologies  or  harvest  IPR (intellectual  property rights).  For 

instance  horizontal  cross  borders  alliances  between  local  companies  and international 

medium size specialty chemical company is a usual technological catch up strategy. It would 

facilitated to the former the access to new  know how and to the later a fast IPR appropriation 

and  access  to  new markets  for  their  inventions,  avoiding  risk  /heavy international  direct 

investments. Since large multinationals impose more restrictions and operate through their 

own local subsidiaries, international specialized SME , considering their financial constrains, 

need collaborative linkages with local partners for the quickly commercialization abroad of 

their particular technologies. 

With the recent wave of consolidation in the sector, the SME are facing difficulty to maintain 

their  independence  inside  the  restructuring  sector.                            .  

The  international  specialty  chemical  and  biochemical  SME  had  to  develop  specific  and 

competitive  deep  capacities  in  narrow  lines  to  exist.  Their  specific  know  how,  smaller 

overhead cost  and higher  flexibility  make them a possible  candidate  for  outsourcing the 

production of some goods for the large MNC. At the other hand their small financial structure 

does not permit risk industrial/marketing investment abroad everywhere, thus the possibilities 

of strategic alliances in other parts of the world with different local partners would allowed 

them: the appropriation from their distinctly capacities in a global perspective, fast diffusions 

of  their  outputs,  the  creation  of  network  patterns and avoid  the dependence  in  just  one 

country or just one partner. 
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The national specialty chemicals (explosives, painting, cleaning, special polymers, adhesive, 

coating)  in  developing  regions  are  just  few  ones,  besides  their  long  manufacturing 

experience , they are small and have  weak brand/market power or much localized profile in 

some sub-region/ niche segment. Some alliances are already in place on initial commercial 

stages, like for instance at the adhesives market: Kommerling (German) x Brascola (Brazil); 

Tivorcarz (Italy) x Colabene (Brazil); EMFI (France) x Anaerobicos (Argentina). In order to 

pursue this strategy these kinds of partners have the initial advantage of sharing a similar 

understanding and experience in  the segment,  reducing the ‘combining cost’  to  equalize 

initial comprehension, but should confront the financial/marketing limits to exploit and evolve 

the relationship.

We carry out a research about the main Joint venture and alliances frequency at chemical 

sector action from 2005 to 2009 ; this study was based upon the specialized revues, sites 

and  corporate  annual  reports  with  150  large  corporations  and  300  SME  within   700 

observations. 

 Graphic 27 – Main JV partner origin, frequency 2005 to 2009
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The main descriptive results indicate that: 

- 75 % of the principal partner firms come from US or West Europe, they do alliances 

with  firms from other  regions  in  77% and  62% respectively,  with  the  purpose  of 

expansion to other regions with more growing perspectives. Asia ( mainly China and 

India) represent 10% of principal partners showing the new importance of this  region 
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- Graphic 28 – Second JV partner origin, frequency 2005 to 2009
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-  The second partner is  spread worldwide 19% firms come still from US, 22% West 

Europe,   25% of  the  partners  from Asia,  14% from Middle  East  and  14% other 

regions, indicating  chemical operations become wider  globally .

- Graphic 29 – Raison for  JV , frequency  from 2005 to 2009
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- 50 % of the JV are aim to construct sites in developing regions( 80%from this is in 

commodities chemicals), indicate some importance of local partners to enter in new 

regions  to  access  raw  materials  or  new consumer  markets;  10% is  to  construct 

combine sites in developed regions indicating a reorganization of product portfolio; 
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18% is to perform combine applied  R&D to share the risks but  also the possible 

results; 12 % is related to license agreements as a classical know how transfer in the 

sector; finally 11% is aim to supply chain ( raw material ,components) and distribution 

agreements.

- Graphic 30 – JV  frequency  among companies from different or same regions 2005 

to 2009
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- The total  JV visualized  occurred 65% inside the same region ,  only  35% among 

partners from different  regions,  demonstrating  yet  some concerns about  proximity 

(geographic, culture, etc) when doing agreements. Also  indicate the importance of 

trade union zones ( Naphta, Mercosur, EU) facilitating the network relationship , or 

the creation of chemical clusters.  

- Graphic 31 –  Type of JV , frequency  2005 to 2009

Type  of partnership

67%

33%

JV  formal
Alliance informal

- The  total  JV  visualized  occurred  67%  with  formal  contracts  and  equity  base 

formation, demonstrating the search for official set up ex antes to avoid or regulate 

further conflicts ex post.
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-

- Graphic 32 –  Sector of JV  frequency  2005 to 2009
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- The total  JV  visualized  is  dived   56  % in  commodities  and  44% in  specialties  , 

demonstrating global opportunities in both sectors for  alliances developments.

In our study regarding the strategic movement at the chemical sector for the last two years , 

it was showed that : 60 % of the joint ventures had productive goals (outsourcing, process, 

cost reduction, combined facilities, market access)and  based in the emerging market , 60% 

were among basic chemical firms, denoting the maturity of the commodities sector ,  but also 

the greater opportunities in basic goods and the option from OECD companies to use local 

partners to reduce cost, speed development , or share risk .                                             .

 

The direct collaboration among SME with complementary assets (technological know how, 

marketing know how, distribution network or low cost manufacturing) attain, within time, a 

greater scope and some scale size, in a mutual learning process to adapt the companies for 

the fast  changing markets.  It  able the partners to compete,  somehow,  in  market  niches, 

reducing time, investment and risk for the local partner access the new know -how and to the 

international  partner  to  access  the  distribution  facilities.  Many  studies  indicate  that 

international alliances are in general aimed to market  access reasons whereas the joint R&D 

are in general more located national  or intra regional ,  due cultural aspects as well   the 

technological  level  of  the  incumbents  inside  a  country  with  comparative  advantage  in  a 

specific field .
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The cost to search partners is not negligible. The methods to find potential foreigner partners 

are in general from personal recommendations and professional direct contacts established 

in  international  chambers  of  commerce,  trade fairs,  trade missions  or  by third  parts  like 

embassy,  government agency,  trade association  or  consultant.  There is an evaluation of 

several  possible  candidates  to  define  the  best  one  that  would  fit  the  lacked  assets  the 

companies  are  looking  for  and  also  to  identify  the  existence  of  some basic  overlapping 

knowledge that facilitate the JV. At the other side, the foreigner company  see the local firm 

as a pertinent partner for pursue its projects in the foreigner market, thus the searching cost 

are higher,  if  the companies are not commercial  partners yet.  To start a cooperation it  is 

required a number of visits and personal contacts among the partners to create an initial 

commitment in a feasible project. 

Not  only the interface cost  would be enormous,  also the nature of  such agreements,  as 

incomplete contracts  with uncertainty outputs, instability (weak incentives structures) and 

asymmetric  /incomplete/imperfect   information(firms  do  not  know,  ex  antes,  the  real 

capacities and commitment of each partner),  create future risks like: poor outputs, strategic 

information leakage,  opportunistic  behavior,  moral  hazard,  difficult  negotiations,  bankrupt, 

M&A  or  new  knowledge  appropriation  conflicts  between  partners  due  properties  of 

knowledge(indivisibility,  difficult  appropriation)  as  the recent  example  of  alliance  between 

EMFI and Anaerobicos that finished because EMFI was acquired by 3M and Anaerobicos 

acquired by a 3M competitors (ITW). The partnership level rely upon informal agreements or 

ad hoc contracts, but in both cases, the relative alliance importance for each partner, the 

mutual  dependence  and  the  further  results  will  affect  internal  decision  process  in  both 

companies,  influencing  their  allocation  of  resources  at  the  beginning  and  during  the 

relationship,  considering that the transfer of complex and tacit knowledge required longer 

and  strong  interaction                                    .  

Critical  control and measures to the alliance management passed through ‘tangible tools’ 

like: the intellectual property rights (IPR), institutions, contracts, meetings, and governance 

structure  as  such  to  evaluate  the  level  of  inter-firm  organization/  integration,  but  also 

‘intangible aspects’ (trust, compromise, motivation etc), discussed below, play a major whole 

in the possible outcomes
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5.2 Collaboration and competition  paradox

On  of  the  principal  worries  in  alliances  is  how  to  minimize  problems  like  the 

underperformance  or even the hidden agenda  ( technology copying, bypass),  dissimilarities 

between partners, integration with the partners company, antitrust and patent protection. Due 

the complexity of chemicals sectors, firms could be at the same time customer one another, 

partners in some matter and competitors in other items.

 Each company has their core values, strategies and a certain technological level in codified 

blueprints in addition to implicit values and policies; how to connect distinct worlds and share 

proprietary know-how require a very complex management, leadership and organizational 

structure.

An alliance will require less binding organizational and financial burden than FDI or M&A, but 

more effort  than simple  commercial  transaction,  thus  specific  governance  structures  are 

required to diminish the relationship risks. Confidential agreement could also preserve the 

company to expose their trade secrets to several prospective licensor, dealing only with a 

confidential  partner  in  consequence   avoid  the  risk  from  a  ordinary  buyer  using  the 

technology in ways not anticipated by the contract.

The main uncertainties from partners are about how to avoid or anticipate the moral hazard, 

how to avoid the individualistic and opportunistic behavior, the adverse selection that could 

arise from the asymmetry of information and power. In fact the success of a partnership does 

not  extinct  the  possible  further  competition.  The instability  of  the  agreements  is  due  its 

intrinsic characteristic: weak incentive structures, transitory, creation of common assets that 

could be use unilaterally against each other, cultural distinctiveness. The procedure below is 

usually  followed by successful  agreements in  chemical  sector  once the companies  have 

defined the alliance as the best option for answer their challengers in a specific moment. 

Firms scan  the  market  to  define  the  best  partner  based  on its  capacity,  reputation  and 

strategies. To configure an agreement both partners analyze their individual planned choices 

and evaluate mutual goals, structures, assets complementarities, cultures, size, know how, 
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history, reputation, distinctive competences and the reciprocal possibilities. In the definition 

phase  the  partner  determine,  ex  ante,  the  level  of  commitment  and  the  degree  of 

competencies or the desirable interaction effort. It will be formalized a formal contract with 

restrictive conditions, to avoid as possible, the adverse selection effect (uncertainty about the 

real intentions and capacity of the prospect partner) or  the alliances will  be initiate by a 

simple verbal agreement with mutual goals. 

The implementation phase gives rise to mutual comprehension and information interchange 

during formal and informal relationship. It is the construction of the framework to manage the 

partnership  and  learn  how to  learn  from one  each  other.  Firms set  up  common codes, 

languages,  interfaces  routines  in  an  active  learning  process,  often  with  the  creation  of 

specific tangible (industrial facilities) and intangible  assets (comprehension, trust). At this 

point it arise the incorporation of new clauses and procedures to reduce conflict, ad hoc to 

the initial  contract.   At a certain period partners measure (ROI, EVA) and share (stocks, 

appropriation, leadership) the results (novelty, patents, profits) within formal rules established 

at the beginning of the cooperation. 

 Finally the decision to continue or finished the alliance. Many reasons exist for the end of 

alliances. Bad results,  M&A, divestitures, bankrupt, moral hazard like one of the partners 

intent  to  appropriate  the  re  deployable  results  alone  or  continue  with  other  partner,  the 

cooperation  could  has  no  meaning  any  more  and  be  dismantling  with  transparency, 

anticipation, as the case of EMFI and Anaerobicos as this last one were acquired by ITW, 

and the fist one acquired  by 3M. 

The mutual sunken investment in physical (factory) and abstract (brands) common assets 

enhance both commitment and create an exit barrier within a more equitable/stable relation, 

besides  the  tension  between  collaboration,  competition  and  higher  bargaining  power. 

Although common assets could create the ‘lock in’ phenomenon (higher switching cost) the 

persistence of an underperformance alliance is harmful in the long run making companies to 

loose competitive features. Companies evaluate the trade off between the possible gains and 

losses to withdraw the contract.

The unbalance among short and long terms goals, sizes, capacity or importance give to the 

alliance from each partner give rise to an unstable relation that will end the agreement. The 

more  there  are  synergy,  commitment,  transparency,  equity  investment  and  irreversible 

common assets between the partners, the more there are synchronization and long duration 

relationship, as long as expected results are achieved. 

According to the game theory, one key issue is the intangible asset constructed inside the 

long term relation, the ‘trust’, obtained in repeated relationship; accumulate in the historical 
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memory of the partners while  they learn how to interact one each other.  This interaction 

reduces the doubts, clarifying the firms. 

Furthermore some configurations equalize the alliance in the decision to continue:

A- The technological  integration agreement in a pre competitive step,  where competitors 

cooperate in specific projects with their individual know how interchanged inside mutual R&D 

efforts that could arise in common innovations to be commercialized individually, for instance 

the alliance among BASF and Monsanto in bio genetics agricultural seeds.  

B-  The consortium agreements  where  companies  allied  efforts  to  develop,  produce  and 

market a unique product that individually they could not produce alone (ex: Airbus or Sabic& 

BASF).

C- Complementary Alliance. It is a commercial or industrial agreement where each company 

has  a  very  specific  and  different  product  or  technologies  in  his  own  market  and  will  

interchange  them  with  a  partner  to  go  into  their  market;  both  companies  have  a 

complementary rapport,  when joined give rise to an extra plus. It  could or not induces a 

construction  of  specific  common  irreversible  investments.  Complementary  cooperation 

increase the supply of products and competition inside a specific  market, but around 20% of 

the cases will finished with one looser and one winner who will strong their technological and 

market situation in despite of their ancient partners .

The  cooperation  type  A  and  B  seems  to  be  more  stable  agreements,  reducing  the 

opportunistic behavior, in the case A  it is a clear transitory phase or in the case B with the 

construction of not deployable assets, whereas the case C is a clear intermediary strategy 

instable in time.    

5.3 -Governance structure in alliances

The governance structure is associated with the rules of control, delegation, appropriation 

and decision over resource’s allocation to investments with forecast returns. In the alliances 

cases if the firms are mainly private or family hold companies, the strategic decisions are in 

the ‘owners’ hand. There are no agents or intermediaries, the principal and his close team 
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are the responsible for expertise in business operation with discretionary allocation of funds 

in personnel and physical assets along with organizational process. As an insider the owner 

is also the residual claimant, assuming the risks, discerning the investment strategies and 

receiving the residual returns over their management investment. Management and control 

are on the hands of the same and small number of people, who might facilitate the alliance 

set  up  in  a  less  bureaucratic  operational  relationship.  This  entrepreneurial  (fast  and 

responsive) background and shallow hierarchy would facilitate the information flow from the 

market  along with  the decisions  makers.  Nevertheless  the differences in  the form of  the 

collaboration vary from a simple informal alliance to a more complex equity joint venture and 

in consequence the mode of governance inside the distinct agreements will be affected by 

the balance between minimizing ‘relational’ costs and maximizing control:

.

 ‘Quasi – market form’, the alliances are non equity  arrangements contractual or informal, 

with  low  or  medium  horizons  lead  time   to  a  market  approach  (in  general  abroad)  or 

technology approach(in general intra –regional) objectives. Those kinds of partnership have 

different form possibilities like exclusivity distribution, contract production outsourcing, joint 

R&D, joint procurement to gain bargain power, joint marketing efforts, etc. In general they are 

aimed as simply agreements and the transference of final products or codified know how. 

Their characteristics of organizational flexibility are suitable for uncertain environments or as 

an  evaluation  before  to  engage  in  advanced  risk  investments.  Besides  reducing  the 

transaction cost, this less complex mode of inter organization relationship could also raise 

intangible  positive  or  negative  intrinsic  topics  like  trust,  moral  hazard,  opportunism  or 

forbearance.

Another  form or  alliance  could  combine  a  formal  contract,  like  an  exclusive  license  for 

instance, with partnership agreements by side. This model has fewer burdens than a joint 

venture, but more attachment than informal alliances. The use of a formal contract or even a 

cross –licensing will create a legal mutual dependence, common interests and at the same 

time eliminate complex governance structures (joint ventures, M&A). The duration is usually 

larger than informal alliances, but relatively shorter than JV.

Joint Ventures: ‘Quasi –hierarchy form’, an equity sharing base partnership, is traduced in a 

common  venture,  in  general  for  complex  projects,  long  term  objective  and/or  sunk 

investments.  This  more  complex  inter-organizational  mode  of  cooperation  induces 

intermediate level of corporate governance. The long term perspective with the creation of 

common assets (partners’ equity stakes) aligns the incentives, lower the opportunistic risk, 
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define legal  rights,  facilitate  the transference of  tacit  knowledge  and reduce the ex post 

contract alias. 

Many studies indicate that in general the more mature is the sector with stable environments, 

slow-paced in incremental  changes and higher  appropriation  features the more a formal 

mode  of  cooperation  become  preferred,  for  instance  Joint  ventures  is  usual  in  the 

petrochemical agreements among international corporations and local firms. In a study of 

Hagedoorn &Narula, 1994 they identify in Europe, US and Japan that 65 % of the alliances in 

chemical are in equity joint venture modes, searching scale production, market penetration or 

even joint R&D (new material, process).   Thereby in complex projects with tacit or strategic 

knowledge transfer the creation of the equity joint venture would be also preferred due the 

less reversible characteristic and appropriation problem assuage.

The best  governance mode will  be  the less expensive  one according to:  the objectives, 

appropriation  safeguards,  the  nature  of  investment  and  knowledge.  The relational  mode 

could  be  preferred  when  the  patent  owner  desire  to  maintain  the  exclusiveness  and 

interdependencies among a close partner with complementary assets, thus licensee need to 

invest  in specific  assets and licensor  in counterparties  transfer  a part  from its cognitive 

patrimony. 

Bellow, a possible “partnership”  level strategies schema of  chemical companies choosing 

from simple acquisition of  customized  machines and raw materials (transaction cost) to an 

informal  alliance passing by more complex  relationship   in  a JV till  internal  organization 

(integration)

Table 7 –  Partnerships Rank 

Ex: buy of capital goods           buy of license            alliance                   Joint 

venture                 M&A (integration)

The option to pursue one step further  or another depends from marketplace  opportunities, 

player financial health, core business, market share,  future vision, executives’ capacity , cost 

structures and l knowledge management.    

The concerns about technology expropriation from the supplier point of view  put in evidence 

the strategic importance of their knowledge management and the partners ability to copy or 
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the intention to acquire the know- how. Bellow we  propose a model to define which kind of 

knowledge transfer relationship is adequate from the licensor point of view.

Table 8- Partnership decision matrix

Recipient absorptive capacity                high 

                                                                 low                   

                                                                               low                                  high

                                                                                   Licensor’s ‘uniqueness ‘know how

This proposed matrix takes in consideration the technological capacity of partners and the 

interest of the principal partner: 

1- If the main partner (licensor, customer/ supplier, contractor)  has a current know-how 

(  standard  formulations,  ordinary  process)   and  second  partner  (  licensee, 

customer/supplier, outsourcer) has low absorptive capacity ( standard technology, no 

R&D department)  a simple license  or  vending agreement could supply the licensee 

with enough know-how for their  local proposals and  keep the possibility to licensor 

exploit the same knowledge with other “customer” in other regions. 

2- If the licensor has a current know-how and the partner has higher absorptive capacity 

(development  department,  technological  process)  an  alliance  could  be  better   to 

exploit the main partner know-how and avoid the creation of a new direct competitor. 

Also could give the opportunity to the main partner to outsource common product to 

reduce cost while investing and producing higher value add new items.

3-  If  the  licensor  has  an  exclusive  know-how  and  the  partner  has  low  absorptive 

capacity a normal license also could exploit the knowledge ( patents, trade secrets) 

within constraints (region limits, maximum time, etc) for the licensee .  

4-  If the licensor has an exclusive know- how and the partner has higher  absorptive 

capacity an equity joint venture could be adequate to assure mutual compromise and 

avoid ex post conflicts like knowledge leakage, opportunism  or moral hazard
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Not only the appropriation issues are important for governance mode in JV, but indeed the 

searching cost, relational cost, switching cost and intangible aspects. 

Business  alliances  are  bonded  together  also  within  intangible  (trust,  confidence, 

commitment,  motivation,  etc)  aspects.  Alliances  evolve  overtime as  partners  interact  and 

create  trusty  links  in  long  term relationship  (reducing  moral  hazard).  There  is  a  mutual 

learning  process  during  the  partnership  experience  that  would  vary  according  to  the 

commitment, mutual acquaintance and the strategic relative importance from the alliance to 

the core business strategy from each associate. The agreement ‘put it in place’ requires a 

mutual effort that would be more or less intense depending from the common goals but also 

depends  from  the  firm’s  initial  intrinsic  ,  intangible  aspects  that  would  influence  this 

relationship  like:  cultural  aspects,  values,  mindsets,  personal  competencies  and 

organizational informal norms . Nevertheless, it seems that three principal ‘relational aspects 

in the alliance’ would facilitate the open shared specific embedded information and reduce 

opportunistic behaviors: Trust, commitment and learning orientation. Trust is achieved with 

the transparency and mutual acquaintance in time, sharing common beliefs and a common 

experience acquired within the relation. Thus the transfer cost from intrinsic knowledge or 

technical improvements will decrease with experience (Teece, 1999), due the creation of a 

common  language,  exchange  of  personnel,  less  defensive  barriers.  The  second 

(commitment) comes from the ‘alliance strategic importance’ percept by each partner that will 

devote  relative  resources  /  time  to  the  cooperation  and  create  the  mutual  dependence 

because there is not a better option to achieve the goals alone or the switch cost to another 

partners is prohibitive. The accord will last as long as the partners see a higher priority in the 

project, thus enhancing the motivation and focus to achieve the goals. The third (learning 

routines) comes from the intrinsic or deliberate organizational behavior to learn and generate 

new knowledge. Companies with a learning culture, incentive innovation, tolerate ‘creative 

mistakes’  and  delegate  responsibility  downstream.  In  the  case  of  knowledge  transfer  a 

recipient with learning routines would facilitate the transfer process, with existent mechanism, 

activities  and  administrative  structure  already  in  place.  A  study  (Emden,Yaprak& 

Cavusgil,2000)  demonstrate  that  alliance  with  organizational  commitment  and  learning 

orientation achieved better partnership and marketing performances. When the presence of 

these intangible elements, that could not be easily redeployed to another alliance(switching 

to  another  partner  will  be  costly  and  time  expanded), allied  with  some form  of  tangible 

protection (the use of small equity participation in some cases, could be helpful to increase 

commitment  and  manage  contractual  problems)  it  would  create  a  ‘problem  solving 

orientation’  inside  the  alliance  and  minimized  the  tensions  between  collaboration  and 

competition  whereas  moving  to  an  ideal  hypothetic  “symbioses  state”  equilibrium.  The 

154



stability inside the alliances will  evolve according to the results increasing the number of 

cross transfer activities, but also from the highly irreversible investment at the creation of 

specific common tangible and intangible assets that ‘could not be used outside their specific 

relationship’. In general, the formal joint ventures among chemical firms end with one of the 

partners acquiring the totality of the equities.

For  instance,  at  first  step  the  cooperation  between  local  companies  and  international 

companies would be probably only distribution or marketing agreements. As the collaboration 

evolve in trust, this collaboration could be deployed in outsourcing, private labels or joint-

production  and  finally,  if  the  previous  results  are  satisfied  and   if  partners  could  afford 

(technical  and  financial  capacities),  a  next  step  could  be  established  arriving  in  a  R&D 

collaborative efforts, sharing the risk, but also a vision of the future market environment. 

The step below is an example of the procedure in the chemical business for partnership 

establishment. The mutual partner’s investments will be proportional in each phase:

‘Selection’-  Identification  of  potential  areas  and  partners  through  personal  contacts, 

exhibitions, commercial chambers, etc. The criteria for a partnership are in general notoriety 

in technological competences, marketing or production capacity. 

‘Definition’ – When selected the best partner, both establish the ex antes common business 

plan to determine the goals, milestones and the nature of their interaction in a governance 

mode (equity, contract, joint venture), as well organization tools, capital commitments and 

budget. The business plan defines the know-how to share in codified and tacit attributes. The 

recipient partner realizes their own gap distance to overcome and the know-how owner will 

balance the quantities of proprietary technology to transfer anticipating the future competitive 

position and risks from their partners as a direct competitor.

‘Implementation’-   The organizational  form with  the set  up of  interfaces,  sharing values/ 

believes practices,  equalization of routines and define key person to start  the transfer of 

product/process  know-how  through:  documentation,  drawings,  blue  prints,  critical 

components,  traveling,  meetings,  training,  physical  assets  investment,  technical  support, 

translators and   ‘gate-keepers’. Gate keepers (key persons) establish the methodological 

routines to manage the ‘inter- firm day–by- day’. Partners learn how to interact during the 

implementation and arrive to enlarge their organizational repertoires due the alliance. This 

phase is the development of a shared language across partners, development of trust, share 

experiences and the definitions  of  multi-teams/leaders  in  the ‘inter-companies knowledge 

assembly’. In the successful alliances the interaction process is reciprocal with constant feed 
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backs,  transfer  of  the  codified  (written,  formulas,  draws,  etc)  and  embedded  knowledge 

(human skills,  tools operations,  routines, social  relation,  values),  nevertheless unforeseen 

facts  claim for adaptation, necessary due the local characteristics and conjunctures  (ex: 

economic  crises,  not  available  components,  local  preferences,  existent  equipments, 

limitations in  raw material, etc.).

The horizontal  interactive  inter-communication  (training,  demonstrations)  or  passive  (blue 

prints, videos) and the participative decision between each company departments members 

(mktg., R&D, commercial, etc) would easy not only the product know how transfer, but also 

the organizational environment and best practices around this product. Firms utilize the face 

to  face  contact,  IT  (information  technology)  visits  and  meetings  for  the  agreement 

implementation. Another important issue during the implementation process is the leadership 

of  the  process  championed  by  key  element  (gatekeepers)  with  technical  know-how  in 

addition ‘relational’ capacities, able to inspire members with a unified vision of purposes, to 

garner support, built a common sense and addressing the conflicts. 

The ‘Evaluation’. In this phase companies regard results, review strategies and define to stop 

or continue the agreement. The cooperation could finish due: the lacked of necessary assets/ 

competences,  the  failed  to  attain  the  objectives,  M&A or  other  strategies  changes.  The 

relation could be finished even if satisfactory results were attained, if there is no more reason 

to  continue  the interaction  (new strategies,  new managers/owners,  new capacities,  trust 

broken). At the end of an alliance the decision will take in consideration the trade-off between 

irreversible common tangible/intangible assets and the profitability of individual by own use 

from re-deployable outputs or resources outside the agreement. Indeed agreements could 

become autonomous with creation of  independent  specific assets,  business units or new 

firms with the integration of the collective novelty in a common vision of the future shared by 

both partners but in a new firm form, as the case of Aventis formed from Hoechst and Rhone 

Poulenc. 

A majority of formal JV are done among chemical corporations, in reality the difficulties of a 

partnership are immense for SME due financial constrains and inexperience.  Moreover the 

hypothesis  of  a possible  creation  of  really  genuine and innovative product  or  process in 

cross-country  (north-south)  cooperation  is  remote  due  properties  of  R&D  outputs 

(indivisibility,  uncertainty,  difficult  appropriation),  the  existents  distances  (cultural,  values, 

geographic,  organizational,  knowledge)  and  the  intrinsic  secrecy  characteristic  of  the 

chemical sector. Firms would enter in international alliances only with companies that provide 
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access to a sizable market, advantages in natural resources or to particular technological 

sophistication access.

Indeed, the gaps should not be so large and the partners should have some overlapping or 

certain minimal know- how redundancy to avoid several unproductive / expensive learning 

steps  and  also  shared  some  minimal  values  (quality,  transparency,  innovation,  etc)  to 

smooth relationship.  

By collaborating companies could fast access some knowledge (technologies, environment, 

market,  organization  tools)  from  their  partners  as  they  learn  –by  –collaborating,  but  as 

mentioned  before,  there  are  several  difficulties  to  integrate  and  replicated  knowledge 

depending the absorptive capacity (the fit  between the source and recipient  knowledge). 

Moreover  the  opportunistic  use  of  common  outputs  will  allowed  the  partner  with  better 

position  to utilize  outside the alliance (alone or  with  another  partner)  and even compete 

inside the same partners market using the new re-deployable asset.

Mariani (2000) in a study with 200 thousand chemical patents in Europe shows that only 8% 

were co-patenting with two or more companies and from this percentage 64% were partners 

from the same country,  demonstrating that  firms will  focus their  relationship with another 

firms located in its geographical region and been part of its network. Several reasons for this 

behavior  could be advocate: the complexity of R&D projects, the cultural and geographic 

proximity,  but also to preserve the intellectual knowledge inside the organization/ region.  

 

In a realistic context, the cooperation evolution is constrict inside the scarce finance, human 

resources  limits  ,  technological  gap  and  further  competitive  position  from  partners, 

considering  the  factors  as:                         :  

·          High R&D costs and the long/risk pay back to select, interpret and integrate  new 

knowledge.

·          Higher administration/coordination costs (documenting, controlling, overhead, travel, 

communication, invoices, marketing new products) to select, interpret and integrate the new 

knowledge  within  physical  distances.  Ex:  Hiring  or  expatriation  of  skilled  workers 

(gatekeepers), who at the same time, could manage international contacts, discover/analyze 

potential marketing segments, follow projects and transfer new know-how. 

-            Technological, cultural and geographic distances. The lower those distances are the 

easier the transference and relationship. Many action address this issue, mainly the use of 

intense IT resources and the definition of key ‘gatekeepers ‘ to organize,  simplified  and 

clarifies the synthesis with feedbacks and face to face contact .
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The  most  successful  JV  at  the  chemical  market  deploys  a  strict  relation  between  the 

partner’s strategies and their internal capacities, thus the potential areas for technological co-

operation and potential partners’ selection are crucial in the pre-defining phase. Winning JV 

was due the selection of the right partner that fit the strategic decisions, but also considering 

the internal possibilities (technical, financial, production, human) which the company could 

afford. Some Medium Specialty chemical companies from the OECD countries has achieving 

new paradigm patterns and they are looking for partners abroad to exploit patents, mainly 

from  OECD  countries  with  smaller  domestically   internal  markets  are  searching  for 

candidates  as  potential  partners  like:  Canada,  Switzerland  ,  Netherlands,  Sweden.  For 

instance in 2006 in Denmark 90% of the international agreement were in the biotechnology 

and  Chemical  related  fields.  In  Belgium  65%  of  international  agreements  were  in 

biotechnology and chemical related at the same period. 

Doherty  & Hutchinson (2007) in a study about SME (small & medium enterprise) in Europe 

estimate that 34% of chemical SME in EU had conducted one or more kind of alliances, from 

this percentage 40 % were related to distribution or marketing agreement whereas only 11% 

had  R&D  developments,  demonstrating  the  partners  limitations  and  restrictions  in 

technological field at that time, the relative financial limits, the partner’s distances and the 

lack of time and human resource to conduct complex projects. Even in the ex ante process, 

the  financial  /  resources  limits  (travels,  language,  managers  capacity,  time)  difficult  the 

search  and  the  discovery  of  right  partners,  thus is  natural  that,  at  the  fist  steep,  those 

alliances  would  set  up  in  precise  basic  objectives  like  just  one  product  distribution  for 

instance.  The challenger  for  the  partners is  how to  make the alliance  evolve  in  time to 

superior levels within more technological approach, considering the ‘hidden agendas’ (fear of 

technology copy from one side or fear of sharing local market network power to another 

side).  Articulate  instruments  and  incentive  policies  towards  cooperation  create  adequate 

conditions  to  explore  the    partners  diversity  assets  ,  enhancing  positive  externalities 

(knowledge  diffusion/  sharing,  communication,  acquaintance  )  and  avoiding  negative 

externalities( lock in phenomenon, knowledge restriction, bureaucracy).

The routines of acquiring, analyzing ,combining and disseminating experiential  transferred 

knowledge may enable the local partner to ‘endogenized’ the skills and technologies it lacked 

at the time of the alliance formation (Emden,Yaprak& Cavusgil,200). The internal capacity is 

complementary to external source of knowledge, first  to absorb this external transfer and 

secondly to carry own projects based on it. Considering that the technological out put from 

the source partner will  be the input of the recipient partner, both companies departments 
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(R&D, mktg., etc) might work together without intermediaries to share experience/routines, 

enhance relationship, commitment and ownership over the knowledge. As mentioned before, 

international travels, face to face meetings and key personal expatriation are important to the 

embedded knowledge transfer (personal skills, values, meaning). Nevertheless, routines and 

managements  tools  are  important  to  better  articulate  the  existent  know-how  throughout 

written  documents,  drawn,  plants  designs,  data  sheets,  schedules,  formulas,  speeches, 

presentations, seminars and electronic tools 

For instance, the outsourcing alliance among corporations and SME are becoming ordinary 

for basic products that the multinational, without competitive costs, outsourced to small firms. 

From the MNC point of view, these sub-contractors are a method to achieve flexibility, agility 

and cost reduction. For the local companies is the opportunity to strength their cash flow, 

also to touch new technological fields and invest in more versatile, quicker and productivity 

plants.  Nonetheless,  the  collaborative  arrangement  is  a  transitory  phenomenon;  tend  to 

finish, many times in an integration strategy based in world class manufacturing/marketing.

The non OECD companies are trying to escape the knowledge external dependence , they 

intent to adapt their organizational routines to new process, integrating, disseminating the 

information  inside  the  company.  Nowadays  they  combine  external  knowledge  with  their 

current back ground and transform them into internalized knowledge through the learning 

experience /  organizational  capacity/  reverse engineering.  The initial  improvement  efforts 

contribute,  later,  to  create  conditions  of  technology  independence  and  a  search of  own 

genuine and exclusive intellectual property that could be explored in novel ways, for instance 

the new process route based from ethanol developed by Brasken ( Brazil).  Indeed there is a 

new  trend  of  alliances  among  companies  from  developing  countries   for  example  the 

Chinese and Indian firms investing in Africa and the  investment funds from Middle East 

investing in Brazilian companies.  

It is complex the access of OECD markets (homologation, regulation, distribution, cultural), 

thus the OECD partner also facilitate and open the channels to the OECD market, at the 

same time new entrants will receive the feedback from an exigent demand, highly normative 

( ex: REACH regulation ) and competitive environment, keep contact with another foreigner 

networks, thus adapting their technology at the top frontier level.

Moreover,  when  companies  achieve  higher  technological  level  they  are  ready  to 

entrepreneur  a  common  R&D  project  that  could  be  appropriated  by  both  but  market 

separately in each respective region. The alliances, in this situation is a flexible tool to handle 

new challenges/opportunities, create the conditions to move from low margins commodities 
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into  upper  level  sectors  and  increase  the  attraction  of  talents  and  skilled  labor  in  the 

region(avoid the brains drain phenomenon)                                            .  

Indeed,  JV  departing  from  a  Greenfield  plant  perspective,  allowed  the  new  production 

process  to  integrate  global  technical  standards,  selecting  a  combination  of  modern 

equipments (high shear mixers, solvent recycling, reactors), quicker set up for flexible, faster 

and optimal performance.

 The movement in the direction of specialty segments from non OECD companies are still 

very small,  only few large national  companies (TATA, Reliance,  Pidilitie,  SABIC,) start  to 

diversifying to achieve high added value products and to  have  better chances to make 

business abroad, no more relying only upon commodities difficult to export due their higher 

transport cost (low value/ large volume). 

OECD and non OECD chemical firms are using alliances and JV as a tool to get into new 

technologies or markets, reduce costs and incertitude.  The experience in industrial alliances 

(the learning ‘how to interact), ‘increase the companies ability to cooperate with more and 

different partners, opening the opportunities.

. 

5.4 Vertical alliances.

 Beyond the normal market transaction among suppliers and customers, the vertical alliances 

with customers or suppliers are also a tactic often deployed by chemical firms to achieve 

competitive advantage, As discussed above in the topic about process innovation, as the 

chemical sector is connected in networks somehow, the supplier and customer relationship 

were definitive for the development of the chemistry technology. The equipment supplier and 

the  first-generation  chemical  raw  material  companies  offer  to  the  specialty  sector  new 

possibilities and recombination of factors. The main industrial end user markets (automotive, 

construction,  textile)  asked  for  new  solutions  and  propositions  in  order  to  resolve  their 

problems  born  with  the  mass  production  activity.  At  the  same  time,  many  chemicals 

companies are competitors in some products, but customers or suppliers among each other 

in other products.

The chemical sector depends on complementary products and assets from suppliers. For 

instance,  the new adhesives water based rely upon the neoprene emulsion from DuPont 

which supply to all  adhesives producer in the World. Therefore the agreements between 

chemical  producers with  their  supplier  are recurrent  due strategic  reasons (reduces risk, 

guaranty access to raw material, exclusivity, credibility, scale, block competition, know- how)
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For  instance  strong  economies  of  specialization  were  achieved  with  the  vertical  links 

between  chemical  companies  and  engineering  contractors  or  equipment  suppliers.  This 

relationship started from corporations, for developing new process, but latter many small and 

middle companies were able to acquire those open new technologies. In the 60’s, 75% of 

new chemical  plant  were constructed by specialist  contractors,  who were responsible for 

30% for  all  licenses  in  chemical  process  (Freeman,  1968).  Furthermore,  this  know-how 

allowed other companies from developing countries to catch up quickly in petrochemical by 

using that codified knowledge. The process technology became a commodity that could be 

trade without  secrecy.  Several  vertical  linkages exist  between producers and specialized 

engineering firms (SEF) to outsource process installation or to design new solutions. The 

know-how accumulate during decades became the base to create a market for the chemical 

engineering process, thus facilitating the entry of new competitors.  ‘In the last two decades 

the SEF continues to design and install more than 70% of the plants in the world, 35 % of 

process licenses in average and 80% of the process licensees to chemical SME with less 

than 5 plants’ ( Arora&Gambardella,2001), demonstrating the clear importance of this agent 

into the technology dissemination  to developing regions.

Another phenomenon is the outsourcing of some chemical production from corporations to 

for  other  specialized  company,  particularly  when  product  differentiation  is  weak  or  when 

vertical revenues are relative small in one region due to large gains from specialization of 

other players. In this case of partnership the incentive to outsource conflicts with supplier 

bargaining power, what gives a inverted U shape pattern : when the bargaining power is very 

weak the intermediate supplier have little incentive to produce becoming very costly, at the 

opposite site when the bargaining power  of this intermediary is very strong few partners are 

able to enter the market to compete against this  supplier.

 Customers 

Partnership  with  end users,  are also  very common in  the industrial  market,  business  to 

business. Specific products are designed for a punctual need or solve a technical problem 

from a specific customer, which could be or not  redeploy to other end user . The relationship 

between those agents gives the firm more knowledgeable about market requirements and 

downstream applications to design new products. More over, in specialty sector this linkage 

is  necessary  to  keep  competitive  advantages  in  differentiation,  innovation  and  customer 

loyalty in long term CRM (customer relationship management).  For instance, the technology 

of palladium coating on printed circuit board was developed by 3M together with a customer 

in the electronic market, within exclusivity contract terms. 
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Additionally, the chemical sector is a very important source of industrial knowledge for other 

industrial  sectors  downstream  like  automotive,  aerospace,  textile,  publishing,  etc.  An 

excellent example is the plastics applied to packaging that helped the industrial food  mass 

consumption revolution in the 60’s, reducing the weight of products, reducing the freight cost, 

increase protection features, shelf life and simplifying the distribution process. Other example 

of  sectors  that  utilize  the  synergies  and  know-how  from  the  chemical  products  is  the 

automotive, naval, train and aerospace producers, using new composite material, isolation 

elements, painting, sealing, engineering plastics, protection shield and covering. Chemical 

solution offer less weight and higher mechanic features to all transportation segments. For 

instance in1960 an automobile  had 20kg of  chemicals;  in  1990 increased for  200 kg of 

chemical synthetic products. In the aerospace business, in 1982, the Airbus A310 had 9% in 

composite  materials,  in  1988  the  A320  has  19%  and  the  A380   have  around  25%  of 

composite chemical material.  

Historically there has been always a partnership among chemical suppliers and industrial 

end user besides the normal transaction based in market process. Special cooperation was 

obtained by some sectors like automotive and appliances due their economic weight  and 

large scale. Concentrate in oligopolies those companies, could impose their requirements 

making  their  suppliers  to  adapt  or  ad  services  to  their  offer  (technical  service,  improve 

quality, just in time stocks, outsourcing labor to applied  products, tests, problem solution, 

training,  consulting,  cost  reduction  process,  etc).Today  the  relationship  with  customers 

became  a  important  source  of  information  for  innovative  improvements  in  pioneering 

products.  In  several  cases  the simple  market  relations  are  being  replaced  by  the  close 

contact between suppliers and customers to treat new important projects within information 

sharing,  confidence and secrecy,  thus achieving  customer  loyalty,  at  the  same time the 

chemical upstream firm could be reward properly for their R&D  expenses, by the transferring 

of useful and customized information/products/services percept as having superior value to 

the downstream firm. This new business model differentiates the firms that cultivate strict 

relationship into the supply chain and CRM to improve product development cycles, provide 

add service and keep customers fidelity.  For instance:  Mineral  Technologies,  the world’s 

largest producer of PCC(precipitated calcium carbonate) to paper industry, designs, install 

and operates satellite PCC plants at customers’ paper mills sites under mutually  long –term 

partnership agreement.  Another example comes from 3M that install own warehouses inside 

O&M car manufacture plants to reduce customers stocks and facilitate ‘just is time’ supply 

chain  strategies.  Another  example  is   Air  liquid  that  also  designs,  install   and  operates 

satellite gas plants at customers. Nevertheless an extreme dependence in just few customer 
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or few sectors would weak the negotiation power and reduce to possibility of learn and grow 

in other markets.

 Distribution alliances 

The large production volumes require large end-markets and to achieve those end users 

companies need to invest in marketing tools and distribution channels. The establishment of 

distribution networks, aligned with brand asset management becomes a key issue into the 

marketing strategy. The company distribution channels (local or global) permits to reach the 

final users at spread regions and give more customized service in place (stocks, training, 

consulting,  advice,  technical  assistance).  To  increase  the  market  share,  firms  need  to 

improve their sales and distribution network to reach a larger and diversified demand. 

The basic chemical producer traditionally uses the B2B (business to business) direct sales 

with  long  term  contract  or  spot  operations.  Actually  the  use  of  EDI  (electronic  data 

interchange)  and  “on  line”  sales  sites  becomes  vital  to  spread  the  offer  and  reduce 

transaction costs. Several companies are working together in common professional extranet 

web pages to combine their offer and achieve transparency in commodities quotations.

 At  the other side the increasing concentration in  the retail  market  (Brentagg,  Univar)  is 

raising the channel bargain power against the specialty and consumer chemical firms that 

deal  with  B2C  (business  to  consumer)  or  ‘B2P’  (business  to  professionals)  products. 

Specialty  companies  address  this  situation  with  portfolio  management,  segmenting  the 

brands according to consumer targets and product cost/benefits. An interesting example of 

vertical distribution integration is the Saint Gobain conglomerate group in France specialized 

in specialty inorganic chemical (sand paper, glass, etc) that have several industries ( Norton, 

Weber, etc) and their own distribution net work with dedicate stores by segment like Point P 

or Lapeyre in the construction market.

5.5 -Scientific Bodies Network

Another form of fruitfully alliance is the non market agreements among public universities/ 

research centers and private industry inside the actual chemical clusters.

The relation with academy / scientific institutes and commercial firm has been historically 

important  for  the chemical  sector  development.  Corporations have supported and link  to 

universities in research collaborations, often recruiting academic researches to joint their labs 

163



in order to appropriate for external expertise companies need to develop internal knowledge 

to absorber and codify external sources. The historical example from the German industry, 

where  the inner  R&D enabled  the appropriation  from the  network’s  positive  externalities 

(universities  new  knowledge),  shows  the  widely  role  from  universities  as  source  of 

fundamental research after applied as industrial know-how. In US, since the beginning of the 

last century many universities established chemical engineering departments funding by the 

chemical industries thus assuring the focus in the sector wants for academic research.

Chemical companies link with university programs as an ‘open window’ to enter in new fields, 

for instance Akzo Nobel Chemical launched a series of university-funded research programs 

that yield more than 40 patent applications. 

                            .

Another  interesting  association  is  the  “Capturing  the  Potential  of  Innovation  in  Industrial 

Biotechnology”  (CLIB;  Dusseldorf)  is  a  biotech  innovation  network  featuring  60  member 

companies with a novel approach to R&D through a regional innovation group relationship.  

The network is focused on the development of products and processes that reduce cost and 

cut carbon emissions with specific emphasis on the commercialization of specialty chemical 

products  rather  than  commodity  chemicals.  Product  fields  include  detergents,  specialty 

chemicals, monomers and polymers, and fine molecules for pharmaceuticals. 

The group has a range of expertise in fields including informatics and genomics through to 

biocatalysis and process optimization .

The  companies, with a total R&D budget of about €2 billion, provide a critical financial mass 

and  offer  an  R&D service  for  big  industries,  small  companies,  academia  and  investors. 

CLIB’s funding is 71% from large industries and 29% from small companies.  

The association features a diverse range of companies from agro-industrial firms, through to 

feedstock suppliers, chemical processors, and consumer industries as well as investors and 

research institutes, mostly from the German state of North Rhine-Westphalia. The have the 

potential to get a product-to-market more quickly than a standard approach because within 

the network researchers are directly linked to the companies marketing the products. 

The network is highly integrated with research institutes and universities from the region. 

Universities participating  include the German Universities of Bielefeld (Bielefeld), Dortmund 

(Dortmund),   Dusseldorf  (Dusseldorf),   Henrich-Heine  University  (Dusseldorf)  and  the 

Westfalische  Wilhems  University  (Munster).  In  order  to draw new  research  talent  the 

network’s members have agreed that the top 5% of chemistry students from participating 

universities should be invited to participate in  research projects.  
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Chemical company members of CLIB include Altana, Bayer , Cognis, Evonik, Julich , Henkel 

and Lanxess. German chemical industry association VCI (Dusseldorf) is also a member. 

Public funded research, remain an important factor as the local industries could draw upon 

after.  The cooperation, under ad hoc contract or open collaboration in new pre-competitive 

projects  among  private  and  public  bodies  would  facilitate  the  access  to  complementary 

intellectual skills, fulfill the lack of internal scientific competencies or fundamental research 

for  the  industry  and  at  the  other  side,  it  will  offer  the  financial  resources,  firm  specific 

knowledge  and  market  needs  opportunities  to  the  public  bodies,  thus  increasing  the 

probability of innovative tailored products or to create new process that reduce production 

cost.                                                          .  

The positive  results  from those alliances  in  the  form of  technological  spillover  would  be 

easier absorbed by the companies involved in the agreement due their active participation in 

the  interactive  process,  thus  transforming  a  great  part  of  scientific  implicit  knowledge  in 

explicit competence. Scientists from public bodies and engineers from private firms working 

intimately (tacit knowledge exchange) together in the same topic will be able to equalized 

information, establishing a common ground (reciprocal knowledge flow) to assimilate new 

scientific findings, mix  and integrate them in new process/products. The cooperative effort 

could reduce the space between the last frontier scientific knowledge and technical applied 

know-how, as the actual case in composite material, nano particles and biotech chemicals. 

The  procedures  for  project  selection,  further  exploitation  of  the  outputs  and  intellectual 

property call  for   predetermined contractual  provision established at the beginning of the 

cooperation,  with  further  regular  communication ,  face to face ,  meetings,  follow up and 

milestones to guide the researches direction. A representation from the investor would make 

part of the management board at the public center, to participate in the day- by-day decisions 

concerning the project, thus achieving a balance between markets requirement and feasible 

scientific  developments.  Wolfe  &  Lucas  (2005)  explain  the  main  factors  to  facilitate  a 

common project:   realign  the  motivation  ,  common objectives,   the  expectation  of  each 

partner, incentives to access each other expertise(equipment,  background, material,  data, 

procedures) , personal interaction, frequent communication,  mediation to bridge the gaps in 

culture, language, expertise, exchanging personnel, sharing results (patents and papers).  

The private partners would have some priority in the appropriation from results, like patents 

during a short period of time, to reward their investments in some fundamental research, but 

the outputs should benefice also the public and small business. For the public centers it’s the 

opportunity  to  boost  their  capacities,  financing,  management  and  human  resources, 
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achieving a high standard level, which will include those centers in the international state of 

art investigation in some specific fields like new molecules or materials exploration. Besides 

some possible private applied patents which the investor would had choose, the assembly of 

new knowledge in the region becomes a public good in publications that will be available for 

other local economic/scientific community. Another important externality is the formation of 

local  human capital, specifically a global competitive higher skilled labor force that need to 

be  motivate  to  stay  in  the  region  keeping  their  research  project,  going  into  the  private 

national  groups  or  even  creating  new  companies,  thus  avoiding  brain  “exodus”  to 

transnational corporations. Therefore, the partnership public-private will provide at the same 

time a business opportunities and enhance the local intellectual ecosystem in the chemical 

sector. 

5.6 - Consortia 

A consortium exists when several companies work together on a specific project, sharing the 

cost, risk, pooling expertise and assets for defining a new technological standard. 

At the chemical sector the first important original consortia was the industry association in UK 

during  the  First  War  to  respond  to  Germany  companies’  threat.  It  was  funded  by  a 

combination of government funds and contribution from companies, later several of those 

companies merged to form ICI (Imperial Chemical Industry); as well during the Second World 

War the association of the German firms  Hoechst , Bayer , BASF , Degussa in a consortium 

called IGFarben for bellicose purpose.

Today, there are few cases of consortium in chemical sector, the last large one was Dystar, 

leader in dye for textile industry; the company was formed in 1995 with equity participation 

from 30% by BASF, 35% by Bayer and 35% by Aventis.

It is more frequent to find chemical corporations consortia on the pre competitive step like 

definition of safety and environment new standards or  fundamental research than in real 

collaboration  in  competitive  areas,  nevertheless  in  the  commercialization  of   basic  bulk 

segment it reappear this kind of agreement, an interesting example is ‘ELEMICA’ a neutral 

inter  company  e-commerce  consortium  .   Elemica  is  a  leading  network  for  the  global 

chemical industry, developed by 22 of the leading chemical companies in the World. It is one 

of the first networks consortiums to offer total solutions focused on improving supply chain, 

offering  an  experience  through  browser-based  and  Enterprise  Resource  Planning  (ERP) 

connectivity. Given its considerable liquidity, reach, security and capability, Elemica’s vision 

is that these standards will lead to significant efficiencies in the commercial process providing 

savings across the industry of up to $20 billion. 
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 The 22 founding chemical companies represent a significant percent of the World buy and 

sell  transactions,  creating  substantial  initial  liquidity.  This  foundation  provides  financial 

stability and global reach, with the ability to scale quickly. This combination creates positive 

externalities  forming a network  that  attracts  additional  buyers  and sellers.  Elemica  is  an 

independent company with a dedicated management team and no single shareholder has 

more than a 7.5 percent equity stake in the company, it is designed as an open network that 

embraces all  chemical buyers and sellers looking for an e-commerce solution to improve 

supply chain efficiencies and facilitate transactions.

 Those  associations  are  more  common  in  basic  chemicals,  through  e-commerce  and 

dedicate to normal commodities products ( without differentiation). At the specialty sector the 

examples of consortium are rarer; there are few initiatives in pre-commercial fundamental 

research  in  biotech  and  nanotech  as  the  case  of  the  association  CLIB  (Capturing  the 

Potential  of  Innovation  in  Industrial  Biotechnology)  from Dusseldorf,  it  is  a  group  of  60 

organizations  including  large  multinationals  (  Bayer,  Altana,  Cognis,  Evonik,  Henkel 

,Lanxess) ,as well research institutes and universities with the main approach in fundamental 

bio tech R&D .

5.7 - Clusters 

The chemical supply chain is more productive within cluster that include from the refineries to 

the specialty producer in network. Many examples exist in each country, like for instance in 

Europe the regions of the rivers Rhone and Rhine with a strong concentration of chemical 

companies with different complementary products linked by pipelines.

Existent petrochemical cluster serve as a base for develop a technological and supply chain, 

pulling together localized competencies from national companies, MNC, universities bodies 

and public centers. As the knowledge is created embedded in specific regional, institutional, 

technical  environment,  the  chemical  clusters  with  upstream/  downstream  firms  in 

complementary niches  enhance the circulation of products, experts, information and create 

positive externalities  with  opportunities for  local  companies  to touch into new fields,  new 

sources,  local  poll  of  skilled  labor,  thus  enhancing  innovation  diffusion  and 

managerial/technical learning possibilities.

Beyond the physical network that facilitates the transfer of raw material, there is a significant 

creation of a ‘social capital’ (accumulation of relationship and group acquaintance), that is 

fundamental for setting a network, dense enough to create information accessibility for all 

firms  inside  the  pool.  The  importance  of  inter-industry  knowledge  exchange  between 

upstream  and  downstream  firms  (2nd  and  3rd  chemical  generation),  customers  and 
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equipment  suppliers  is  a  key  to  the  creation  and  fast  diffusion  from  new patterns  and 

paradigms, thus ‘social  capital’  would improve the exchange of knowledge.  The proximity 

and the density from ‘first movers’ (pioneer firms with constant new  patent) would facilitate 

and speedy the imitation from ‘followers’ firms through positive externalities likes: spillovers, 

outsourcing activities, information leakage, labor market, non commercial agent’s relationship 

(universities and institutions). 

Nevertheless  as  many  authors  argue  a  sole  social  capital  approach,  only  with  political 

relationship  like  associations,  cartels  would  enclose local  actors inside a regional  cluster 

distanced and protected from other parts of the world, thus reducing the competition and 

incentive  to  innovation.  At  other  hand,  too  many direct  rival  firms inside  the  poll  would 

increase information barriers that impede the diffusion of new technologies. To avoid this 

situation another approach could be in place together with the social capital strategy, what 

Verspagen  &  Duysters(2004)  called  ‘the  structural  holes’  perspective,  in  other  words 

meaning the active search inside the network of a specific partner which could fulfills the 

company lacks and needs (organizational, know-how, market access, etc.). Conforming the 

authors this strategy easy the knowledge flows in the network due the direct link (short cuts) 

between complementary partner,  different  from the pure social  capital  perspective where 

firms disperse their focus and seek a large number of social contacts instead of search a 

specific  ideal  partner  for  a  new project  (alliance).  For  the  chemical  sector  the  industrial 

associations  and  government  agencies  in  some  countries,  like  Germany,  operate  as 

catalyze for an ‘exchange system’, they act as a coordinator for the cooperation and enhance 

the information flow inside the sector. The proximity ( physical, cultural, technological) and 

the  agents  complementarities  allied  to  a  better  infrastructure  to  reduce  transaction  and 

transfer  costs  (information,  clear  rules  and laws,  telecommunication,  IT,  transport,  public 

centers and universities) would facilitate the agents to exchange and collaborate,  as well 

reducing the time and the cost  of  coordination/transference and appropriation among the 

agents. 

 The development of the whole local sector is facilitated by the cluster and network  approach 

with  active  technological  and  commercial  relationship  among  firms  and  other  agents, 

improving  the  connectivity,  receptivity,  absorptive  capacities  for  possible  externalities 

available in the environment, as well facilitate the local reciprocity and process (meetings, 

forums, exchange knowledge, speeches, public & private  research, etc). Formal institutions 

(government policies, bodies’ laws, regulation, homologations) could facilitate the spill over 

and knowledge transfer  inside the cluster  /network by weakling IPR (intellectual  property 

rights) and increase subsidy to public research.  Indeed the improvement in the level of labor 

capacity, information, infrastructure and a growing demand for sophisticate products would 
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induce the corporations to conduct local advanced researches, profiting from the positive 

externalities, scope/scale economies and spillover due local clusters expertise, including the 

region in their international  interdisciplinary R&D network and global  supply chain,  as the 

example of Brazil in chemicals using Bio ethanol feedstock.

Conclusion:

Horizontal alliances occurred only when partners appreciate that the collaboration will result 

in better results, lower time, reduce cost than alone action. This form of cooperation varies 

from informal agreements till formal joint ventures equity contracts or consortium. It tends to 

be transitory and instable due the further interest conflict, but is an important tactic to lay a 

hand into new market  or  new technologies.  Due its intrinsic characteristics,  the chemical 

sector is well developed in chemical poles or clusters, as well associations and networks that 

some times act as a valuable cooperation catalyze.   

The vertical collaboration among producers, customers, distributors or public bodies aim to 

improve partners results  independently  and could  be a  long term partnership.  The main 

customer of  the chemical  industry is  the chemical  industry itself,  the formulators (  paint, 

coating, pharmacy, etc) use the expertise of raw material producers to create  new products 

to downstream application ( automotive, agriculture, construction, etc). 

The  reasons  and  opportunities  for  a  JV  or  alliances  are  multiples:  market  penetration, 

technology  access,  cost  reduction,  risk  share,  reduce  funding,  legislation,  raw  material 

access, image or create a new business.

In reality the majority of chemical corporations does not follow an unique strategy, but a mix 

of several patterns, them transaction cost ( M&A, outsourcing, supply chain) or organization 

cost  (  direct  investment,  new business  line)   are  complementary to this  hybrid  business 

model  of collaborative strategies ( JV, alliances, partnership, consortium) whereas for shot 

term  or  long  term,  in  new  regions  or  new  products.  Firms  balance  the  advantages  of 

cooperative models (flexibility, speed, risk sharing, finance) with the problems (moral hazard, 

complexity,  knowledge  leakage)  to  decide  to  enter  or  exit  alliances.  Even  for  SME this 

operation (mainly in marketing, production or distribution) became more often with the new IT 

process and market globalization, nevertheless the finance difficulties are greater to keep in 

path with more important joint investments. 
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Chapter 6 – Financial control.

At  the  chemical  industry,  investments  funds,  pension  funds,  finance  institutions  and 

professional  investors  became  important  agents  like  private  equity  (  PE)  shareholder, 

influencing the capital  structure of  corporations and the governance.  Indeed the financial 

agents influence  in two types of debt operations: the first one in leverage buyout (LBO) for 

mature  companies  facing  capital  replacement  or  under  performance.  The second  is  the 

venture capital for seed and start up companies. 

Most financial dictionaries define a leveraged buyout (LBO) as a debt-financed transaction, 

typically via bank loans and bonds, aimed at taking a public company private. Because of the 

large amount of debt relative to equity in the new corporation, these bonds are typically rated 

below investment-grade and are properly referred as high-yield or junk bonds, even though 

the fixed assets of the acquired firm serve as collateral to issued bonds.

Investors can participate in a LBO operation through either the purchase of the debt (ex: the 

purchase of the bonds or participation in the bank loan) or the purchase of equity through a 

LBO general partner that specializes in such investments, this last one is more common in 

mature  chemical  business.  Many  investor  like  Gordon  Cain  or  Huntsman,  were  able  to 

benefit  form bankrupts in family companies or divestments from non core business unit’s 

corporations to, through leverage operation, to acquire at discount cost undervalue actives, 

subsequent to improve management and reaping the benefits.

The  investor ‘s worry is to identify the ideal general partner agency (GP) to manage the deal 

concerning their expertise in specific chemical portfolio companies (PC), their competence, 

last  results  as  sign  and  willingness.  Heavy  reliance  on  debt  to  finance  the  acquisition 

magnifies the risk of the transaction; consequently,  the potential return to the buyer upon 

subsequent exit should be increased. The acquired Portfolio Company use its own operating 

cash flows to revamp its business and repay the debt incurred in its acquisition. Possible exit  

strategies  for  LBO  include  1)  initial  public  offering,  which  allows  investors  to  liquidate 

ownership  interest,  2)  re-capitalization  which allows  equity holders to realize  a return by 

taking a sizable dividend, and 3) outright or partial sale to another strategic or financial buyer.

The LBO market comprises three major types of purchase transactions: 1) those in which a 

public company is taken private (this is usually the takeover segment of the LBO market), 2) 

divestitures that result from selling off divisions of a public corporation, and 3) private market 

transactions involving companies whose stocks are not publicly traded. There are derivates 

forms of  LBO: 1- Management Buy out (MBO) Is a LBO in which the target company is 

acquired by its current management staff that leads the buying group (investors) which by 

they turn  will provide debt and equity. The second variant is the  Management Buy In (MBI) 
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is a LBO in which outside investors through an External General Partner team purchases a 

target company. (Gottschalg,2002). 

Over  the  years  there  has  been  much  debate  regarding  the  value  created  by  LBO 

transactions. Skeptics argued that the LBO is simply a means for ‘investors’ to earn paper 

profits by arbitrage the valuation differences between public and private markets. Studies by 

academics and professionals reports, however have provided ample evidence of substantial 

value contributed by leveraged buyouts.  For example, a paper examined 90 post-LBO firms 

that  returned  to  public  market  through  IPO’s  between  1983  and  1988  (Holthausen  and 

Larcker, 1996). They found numerous evidences indicating value increase, for instance in the 

year before re-entry into public market, the LBO companies had almost doubled the pre-

interest, after-tax profits comparing with their competitors, using only half as much working 

capital, and maintained similar levels of employment.  Total capital expenditure was lower, 

but this was in line with the expectation for the industries with excess capacities. Also, for at 

least four years after the IPO’s, these 90 firms continued to outperform their peers both in 

terms of stock returns and operating returns. Given that the non-LBO IPO considerably under 

performs  compare  to  market  average  over  a  three-year  period  after  going  public,  such 

performance improvement by post-LBO firms seems quite impressive.

One of the essential elements for good performance in LBO is the definition of who will take 

the incumbency of  management  direction inside the Portfolio  Company.  In the traditional 

governance system in public companies there is a important hole from the board of directors 

that represents the holders interest (Fama and Jensen 1983) in aspects like: Provide advice 

on business strategy and guide lines for top management; ratify major corporate policies; to 

select  and fire the CEO (chief executive officer) and seniors executives;  manage agency 

costs,  conflicts and monitoring legal  and ethical  process.  The conflict  arises due the top 

managers  have  more  personal  incentive  to  increase  the  company  size,  image,  social 

influence (status, political) and sales than the real firm market value. There would be a trend 

from CEOs to invest in the lower return but short -term results to increase the company size 

quickly. LBO has the ability to create value due alignment of goals and incentives between 

managers and owners of mature business units. The increase in debt reduces manager’s 

discretion over expenditures,  the debt  forces managers to efficiently  run the company to 

avoid default. Also managers are encouraged to increase their share in equity ownership 

having a positive incentive to look for efficiency. Both effects are known by the “carrot and 

stick” mechanism (Jensen, 1986). First, managerial incentive is through equity participation 

(the “carrot”),prior to LBOs, management-owned stock or stock-related compensation was 

rare  in   chemical  companies,  within  LBOs,  the  investors  typically  owned 80-90% of  the 

target, and operating managers owned about 10%, this resulted in an ownership structure 
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that is aligned  the interests of the management and owners, hence reducing agency costs in 

managing the firm, thus as manager’s ownership significantly increased, it gave them strong 

incentive to work  harder.  Second,  managerial  discipline  was tightened through high debt 

service  requirements  (the  “stick”).  Jensen,  1989  characterizes  LBO  targets  as  “firms  or 

divisions of larger firms that have stable business histories and substantial free cash flow 

(mature business but with potential for generating foresee cash flows). Managers in such 

firms  have  an  incentive  to  spend  free  cash  flow  on  value-dissipating  investments  that 

increase  firm  size,  because  a  larger  firm  offers  incumbent  management  greater 

compensation, greater power, and greater opportunities for advancement. Thus, one benefit 

from the high level of post-buyout debt is strict finance control due the forced allocation of the 

firm’s free cash flow to debt servicing rather than to value-dissipating investments. The LBO 

governance  concentrate  equity  ownership  and monitoring  inside  PC (Portfolio  Company) 

management,  the increase in  the percentage of  ownership  are positively  associated with 

better  accounting  performance  and  reduction  in  working  capital  and  funds  expenditure. 

Indeed there is a positive incentive effect associated with more concentrated ownership in 

chemical companies due organization changes to contribute for a superior performance with 

a new more reactive and expert management team. Managers in LBO have greater equity 

ownership than in normal public or family private companies, hence their interests depend 

upon more on the market value of the company rather than only its size. Compensation and 

monetary rewards are linked to PC performance, manager is more worried about keep cash 

flows,  profits  and  debt  retirement  than  increase  sales  and  accounting  earnings 

(Jensen,1989).

6.1 –LBO  at chemical sector

The private equity funds are attracted to chemical industry because the foretell returns they 

could get due its stable cash flow, additionally the actual structural consolidation provide the 

opportunities for financial sponsors. The LBO operations have played an important role in the 

US industry and increasing importance in Europe and Japan, to consolidate and reorganizing 

the commodity sector,  using more leverage funds and management know how to create 

value  in  poorly  performing  business.  Chemical  Companies  like  Huntsman,  Cain,  GAF, 

Sterling,  Quantun,  Vista,  Aristech,  Apolo  and  other  were  founded  by  highly  leveraged 

transactions to acquire petrochemicals  plants at  the end of  the cycle and turn them into 

profitable  business  by  cost  discipline  and  ensure  stable  cash  flow to  repay interest.  As 

example,  in the last  20 years the total  shareholder returns in publicly trade US chemical 

companies  have  been  lower  than  those  of  S&P500  (Standard  &  Poor's  500  Index), 

meanwhile  chemical  companies  owned  by  LBO  firms  delivered  higher  returns  than  the 
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S&P500, this example gives some signs from the superior LBO model in mature business on 

short or medium terms (2 to 8 years). Globally 25 % to 30% of chemical companies M&A 

were done by financial agents in OECD region the last decade.

The LBO management  in  the sector  acts  in  removing unnecessary costs and improving 

capital productivity as well motivating manager to get more output from assets when they 

invest  together  their  own  funds  or  obtain  an  equity  percentage.  Traditional  chemical 

companies measure performance through return over asset,  but LBO focus in challenger 

earnings and cash flow targets to trigger bonus payment to managers/ employees and repay 

the debt. 

 About 50 high-leverage restructuring operations took place in the 80’s and 90’s, mostly in 

the commodity chemicals such as ethylene,  methanol,  polyethylene,  PVC, propylene and 

styrene  (Lane 1993).  Monsanto  sold  US$ 900 million  of  their  industrial  plants  and Dow 

divested  $1,8  billion  assets  through  buyout  whereas  issuing  large  amounts  of  equity  to 

finance part  of  the acquisitions  in  new sectors and new production  plants.  Other  recent 

examples are: the case of the Dystar, leader in dye for textile industry, the company was 

formed in 1995 with equity participation of 30% by BASF, 35% by Bayer and 35% by Aventis. 

Due the strong competition from Asian companies Dystar had decreased its sales and profits 

13% per year which result the cession to Platinum Investment Fund per US$560 millions in 

2004.

In the year 2000 the private equity firms had very limited role in the global mergers and 

acquisition  activities  in  the  chemical  industry  accounting  for  just  5.0  percent  by volume. 

However  this  number  has  increased  significantly  at  a  faster  rate  in  the  following  years 

enabling the PE firms taking a record share of approximately 50.0 percent of global M&A 

volume in 2006. . With consolidation picking momentum in the chemical industry there is an 

increasing role of private equity (PE) firms in the M&A activities. For instance, out of the top 

10 deals in the 2006 nearly 50.0 percent of the buyers were private equity firms. These firms 

include Carlyle Group, BC Partners, Advent, Apollo, CVC and Blackstone.

The main reason behind PE (private equity)    interest towards chemical industries is the 

attractiveness of chemical companies' cash positions and their cheap assets compared to 

other sectors. This creates an opportunity for the private equity to buy assets when there is 

not much interest shown by the industrial buyers. The other reason strongly believed to have 

incited the private equity firm's interest  on chemical  industry is the IT firms bubble  burst 

which makes them shifts their attention towards old economy.

Though  attractive,  the  chemical  industry  offers  numerous  challenges  to  the  PE  firms. 

Understanding  the  business  model  and  raw  material  cycle  always  remains  a  major 
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challenge.  In  addition,  the pay back periods  and investment cycles  are long in  chemical 

industries hence it is difficult to fund with short terms goals . If the assets are not restructured 

properly, PE firms could be at financial risk. This risk becomes more likely when the industry 

cycle starts to point downwards leading to slow down in merger and acquisition activities. 

These factors make the exits a major challenge for the private equity firms. According to US 

industrial statistics, five years after the takeover of a chemical company by private equity 

firm, only 44% of the investments are being sold.

The entry of PE firms in the chemical industry has evoked mixed response amongst the 

industry experts.  There is a wide spread skepticism amongst the professionals  over the 

success of these firms in the chemical industry.  Most of the participants believe that the 

investment involves high risk and only few PE houses have the necessary resources and 

background to understand the business models of chemical industry to make a profitable 

investment

The chemical industry in North America and Europe are witnessing a relocation trend of 

customers  and  products  towards  China,  India  and  other  emerging  markets.  This  raises 

serious doubts about the ability and willingness of the PE firms to invest in chemical facilities 

to follow the customers.

PE firms, recently,  are showing more interest in specialty chemicals market than commodity 

chemicals  as  the  former  involves  shorter  investment  cycles  compared  to  the  latter. 

Furthermore specialty chemicals market involves more technology innovation and products 

catering niche applications. This acts as a relatively high barrier for entry to other chemical 

companies hence could possibly improve the profitability of the PE firms.

There were more than 30 important large equity chemical LBO in US and Europe from 2000 

to 2004 with a total of 40 billions of euros. Investment funds specialized in chemical business 

acquired corporate divestiture in commodity business trough leveraged buyout. For instance 

Huntsman  bought  polystyrene  plants  from  Shell  and  Hoechst,  Cain  Chemical  bought 

polyethylene plants from DuPont and D. George Harris & Associates created a global salt 

and soda ash business .The Nobel Chemical, after a bid war, was acquired in 2004 by the 

private equity house Kohlberg Kravis Robert and Credit Suisse First Bank by US$ 2,7 billion, 

Celanese was acquired by Blackstone Capital  by US$ 3,1 billion,  Apollo capital  acquired 

Borden for US$ 1,2 billions and Texas Pacific purchased Vita Chemicals for US$1,3 billions. 

There was till 2007  one huge LBO equity fail, Vantico, divested by Ciba to an investment  

fund, underperformed after and went into bankrupt breach.  In the midst of the economic 

downturn since 2008 with reduced liquidity, LBO transaction are more selective with equity 

requirements risen to 60% of the deal, private equity firms are taking just minority stakes 
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(acting like simple stock holders) investing in their own portfolio or working more in the mid –

market ( sub $500 million).

Nevertheless, LBO  become an important agent in the chemical sector, they are exit  options 

for companies that are in difficult to divest  their assets due different raisons like antitrust law, 

lack of growth or profitability even tough sellers also are becoming more experienced and 

informed  than  in  the  past  and  corporate  buyers  returned  as  competitors  for  acquiring 

strategic chemical assets.

Recently the difficult to divest LBO firms increase the time to profitable exits, this situation 

give  rise  to  the commercialization  of  separate  parts  of  a  whole  asset,  like  for  instance, 

Blackstone sold part  of  Celanese via IPO and Goldman Sachs conducted partial  IPO of 

Nalco.  Actually  there is a completely secondary market  for  buyout  assets,  as to say the 

transaction among LBO funds to exchange portfolio companies are becoming common, as 

example Ripplewood Investment  sold Kraton to Texas Pacific in 2003 for US$ 770 millions 

and Borden Chemical holded for nine years by KKR Partners was sold to Apollo fund in 2004 

for US 1,2 billions.  

In  fact  the  LBO  model  at  chemicals  are  searching  targets  in  grown-up  segments  with 

business  units  or  companies  in  symptoms  of  chronic  under  performance,  but  potential 

revamping or  static growth but foresight cash flow that requires an operational effectiveness, 

reshape by cutting costs and rationalizing production. The advantage in LBO is the fast, easy 

and  direct  governance  model  based  in  ownership  concentration,  expertise  and  financial 

support at same time. In the chemical sector many SME have attractive fix assets, skills and 

operations  that  indeed  reduce  the  requirement  of  capital  expenditure,  thus  only  with 

efficiency improving and management optimization buyers could create value in short terms. 

During the last five years many corporations divest low earning business units to achieve 

greater focus and LBO capital took profit from under-evaluate assets. Recently the General 

Partners firms are increasing specialization and operational know-how in specific sectors to 

really improve value of portfolio companies by a superior strategy and function. 
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Gottschalg ( 2005) identify five general types  of value creation by LBO:

Financial arbitrage or value capture- Generate return by value difference between acquisition 

and divestment independent of changes in business performance, it  is based on superior 

market  information or  negotiation capabilities.  Often the LBO use the ‘buy and separate’ 

(acquired companies and separate the business units with  more value independent  than 

together), this is the case in divestment of corporate business units or acquisition of family 

underperformed companies.

Financial  Engineering - Optimizing capital  structure and minimizing tax costs.  This is the 

case of deficiency in family companies with small financial knowledge improved by the LBO 

partner  experience.  The LBO requires  a  strict  financial  management,  by  working  capital 

(receivables, stocks, etc) control and discipline capital expenditure to achieve important cash 

flow in order to repay the debt.

Reducing agency costs –  Improving monitoring, controlling and incentive alignment by the 

new ownership.  New specific  metrics  (cash flow,  ROI,  ebit,  etc)  aligned  to  the changes 

conducted by strict  management,  highly skilled team and motivated by the opportunity to 

share the results at the exit time. This is the case in Corporate Business unit’s divestitures.

Operational  effectiveness  -  Enhance  productivity  by  cost  cutting,  capital  optimization, 

increase scale and scope, increasing revenues, restoring entrepreneurial spirit by superior 

management  capacities  from buyout  firm.  The overhead costs and plant  productivity are 

managed together with a market driven approach.  

Increase strategic  market  distinctiveness – adjusting  strategies  and market  segmentation 

trough superior management skills and ‘buy and build’ strategies (acquired companies with 

combine synergy to create superior value due their merger). The performance improvement 

is  the  actual  key  issue hooked  on  the value  creation  at  chemical  assets  within  ad  –on 

acquisitions to achieve worldwide leadership and increase brand management. 

Private equity firms have been largely absent from the chemical M&A market in 2008/2009, 

contributing to the overall drop-off in activity. Today for quality chemical assets that are not 

leveraged, private equity firms need to put  60% in equity, financing 40% with debt,  in the 

heyday of private equity two years ago, firms could put down as little as 20% in equity and 

finance the rest with debt.

The only chemical acquisitions by private equity firms in the first half 2009 have been US-

based  SK  Capital,  buying  a  compatriot  Solutia's  nylon  business  for  $50m  in  June  and 

Luxembourg-based BLUO buying Swiss specialty and fine chemical company Rohner, from 
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German  private  equity  counterpart  ARQUES  Industries  for  €30m  ($43m)  in  January.  In 

September  2009,  SiVance,  an affiliate  of  US-based  GenNx360  Capital  Partners,  bought 

Swiss specialty chemical firm Clariant's specialty silicones business for an undisclosed sum. 

On the sell  side, Charterhouse Capital  Partners, of the UK, completed the sale of Lucite 

International to Mitsubishi Rayon for $1.6bn .

Financial  buyers  are either  putting  more equity  into  deals  or  asking   "disintermediation 

banks" – (hedge funds) for other sources of financing. Constrained by the lack of financing 

options, PE firms are also looking at other ways of making wealth in chemicals. A number of 

financial buyers have shifted their attention to buying the debt of their own chemical portfolio 

companies  at  a  discount  and  pursuing  financially  stressed companies  by  acquiring  their 

discounted  debt  and  extending  financing.  For  instance  US-based  Hexion  Specialty 

Chemicals, owned by compatriot private equity firm Apollo Management, has been buying up 

its  own debt  at  deep discounts  to reduce leverage.  During Q2,  the company purchased 

$180m of  Hexion LLC outstanding debt for $24m. After Q2, Hexion bought $71m in face 

value of its various unsecured bonds for around $31m. Also there has been activity in a 

bunch of names, including Georgia Gulf, [Netherlands-based producer] LyondellBasell and 

Chemtura."

There are signs that the traditional financing market is coming back in 2010, although slowly, 

and only for companies with investment-grade credit ratings.  US industrial gases firm  Air 

Products sold $400m in senior notes , while compatriot  Praxair sold $600m in 4.5% notes. 

US-based chlor-alkali producer Olin sold $150m in  senior notes while Dow sold $2.75bn in 

various debt instruments. 

With financing markets improving back, the economy stabilizing and confidence returning, 

the  M&A  trough  LBO  market  could  be  at  a  critical  turning  point  ,nevertheless   the 

entrepreneurial spirit, the major disadvantages from LBO model still is the conservative, risk 

averse  behavior  that  jeopardize  innovation  and  long  term  projects,  relying  upon  the 

repayment of debt in short terms, this  undertake a risk aversion by managers, leaving non 

room for high level of uncertainty. 

For technological fields another private equity investment model is more useful, the venture 

capital that works similar to LBO with some degree of modification. 
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6.2 -Venture capital

Small innovative firms have difficulty to raise funds and are charged higher interest rates on 

bank loans as considered higher risk. Venture capital  is  a specific type of equity finance 

provided by certain firms who invest alongside management in young high tech. companies 

that are not quoted on the stock market. Venture capital investments generally involve a long 

time frame, an element of risk, a partnership with management and returns in the form of 

capital  gains  rather  than  dividends.  Venture  capitalists  support  high-risk  investments  in 

technology-based firms, which are often not understood, by large companies and traditional 

financial institutions. Potential entrepreneurs have new ideas, but lack own resources as well 

commercial experience. The potentially higher return of innovative firms is subject to large 

risks. In the early start-up phase, the product or service is not yet fully developed and the 

market potential is uncertain. Start-ups require considerable funds to support research and 

development as well  as equipment investment, which far exceed the entrepreneur’s, own 

wealth. If entrepreneurs cannot offer enough collateral to secure business debt, they will find 

difficult to rise outside finance as they are unable to generate sufficient revenue immediately 

to pay regular interest.

Moreover they have few own track record that could be assessed by outside investors to 

prove the market potential, besides the technological risks for a further product development. 

Further, the entrepreneur superior knowledge about the new technology creates a possibility 

for opportunistic behavior that puts the investor's funds at risk (Information asymmetry, moral 

hazard).  The informational  disadvantage of  outside investors is  particularly  severe in  the 

case  of  young  innovative  firms.  Assessing  the  projection  of  such  firms  requires  much 

business competence and inside industry experience from the investor’s part (which banks 

do not have). For these reasons, bank finance is difficult to obtain for innovative start-ups. 

Venture capitalists (VCs) have funds and industry experience. Their managerial know-how 

and  industry  knowledge  establish  a  comparative  advantage  over  other  financial 

intermediaries  in  financing  young,  innovative  firms.  The main  functions  of  VC consist  in 

screening, contracting, intermediary and advising. VCs carefully screen and select potential 

business  plans.  They have developed sophisticated financial  instruments and contractual 

arrangements to alleviate the problems resulting from informational asymmetries. They add 

value by establishing contacts, giving strategic business advice and generally helping in the 

improvement  professionalism  of  young  firms.  VC-backed  firms  introduce  more  radical 

innovations and pursue more aggressive market strategies compared with other start-ups. 

For example, once a VC joins the firm and provides finance, the probability of introducing 
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new  products  on  the  market  jumps  up  by  a  factor  of  more  than  three  (Hellmann  and 

Puri,2000).

Since efforts are largely intangible and not verifiable, the relation between entrepreneur and 

financier could suffer from moral hazard due information asymmetry, consequently the equity 

shares are carefully split to set incentives for both parties as the entrepreneur's remaining 

shares secure an appropriate amount of return to their effort. VC advice and entrepreneurial 

effort  are  conducive  to  the  firm's  success.  In  equitable  operations  both  parties  split  the 

marginal return. 

The  relationship  between  entrepreneurs  and  financiers  in  non-linear  contracts  such  as 

convertible securities offer more flexibility in allocating cash flow rights, conditional on the 

firm's account. Control rights refer to the right to make strategic decisions for fund allocations 

to achieve predefined milestones. VCs are often endowed with reaching control rights that 

enable them to replace the entrepreneur with a professional  outside manager in case of 

underperformance and if  this action helps the firm to become more profitable.  Actual VC 

contracts in bio chemical for instance tend to, emphasizes control rights.

Large companies represent another source of venture capital. The term “corporate venturing” 

is normally used to describe the situation in which a large company will take a minority equity 

stake in  a  smaller,  unquoted  firm or  even mounting an internal  unit  for  developing  new 

technologies.  This  activity  has  been  considerable  in  biotechnology  and  nanochemicals. 

Corporate venturing takes three forms.  First  companies  may invest  indirectly via existent 

venture  capital  funds;  this  model  makes  it  virtually  indistinguishable  from  “conventional” 

venture  capital  (except  that  companies  may  invest  in  funds  specializing  in  specific 

technology).  The second and more significant form of corporate venturing, involves direct 

investment in smaller unquoted firms. The motive is usually strategic, as corporate venturing 

provides the company with a window on new technologies and is an economical form of R&D 

based upon the efficiency of innovative SME expertise in their use of R&D resources in last 

frontier knowledge. The third one is a new internal business ‘venture ‘unit to develop a new 

platform and create new markets, like for instance Bayer Life Science, or BASF crop science. 

For instance many  biotechnology firms have the origin from pubic bodies but founded by 

VC,   in  the  80’s,  there  were  spin-offs  from  academic  centers  in  collaboration  between 

scientists  and  managers,  financed  by  venture  capitalists,  later   supported  by  corporate 

venturing  and  finally  many  of  those  start  up  finished  being  acquired  by  corporations, 

integrated inside corporations.
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Conclusion:

The actual stage of the chemical sector (mature, consolidation, re structure) is denoted by 

the financial predominance over industrial expertise, while at large corporations the share 

holder value vision predominate, the LBO / Venture capital firms are taking preponderance 

over  family  business.  LBO  and  Venture  capital  operations  at  chemical  sector  became 

widespread in OECD regions, at the beginning for capture value in arbitrage of undervalue 

asset, more recently with funds specialized in chemical industry and bringing value creation 

by strict management. This trend (professional investors) will  continue and spread to new 

industrialized regions, for instance the Middle East sovereign funds investing in assets in 

Brazil and Argentina. 

LBO  are  more  frequent  during  liquidity  abundance  and  they  focus  more   at  traditional 

chemicals whereas venture capital seems more extend in biochemical and nano chemicals, 

but the current corporations are also establishing own venture business units into those new 

platforms to create new products or  apply them to their traditional products with advance 

features offered by nano or bio technology.

The  financial  expertise  became  as  important  as  the  technological  know  how  and  the 

challenger for chemical firms is to obtain both proficiency and equilibrate them with other firm 

pillars  like  marketing,  supply  chain,  commercial  in  different  stages,  projects,  portfolio, 

lifecycles  and  regions.  The  complementarily  and  the  power  of  those  internal  company 

divisions  will  avaible  a  certain  range of  possible  business  strategies  that  will  match the 

company external environment. 
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Chapter 7 Business Strategy 

The concept  of  business strategy was developed since the 50’s  by Harvard authors like 

Peter Drucker, Michel Porter and Philip Kotler in analogy from military action. It means the 

heuristic process to “analyze internal idiosyncratic capacities (knowledge, competences, etc) 

and external conditions (competition, demand, legislation, etc) to formulate, implement and 

evaluate decisions that enable the company to achieve its vision and objectives’’  besides 

imperfect  unsymmetrical  information,  limited  rationality  and  uncertainty.  The  individual 

companies  strategic behavior is, at the same time, influenced by the sector evolution and 

create the sector evolution. 

The  value  based  management  (VBM)  approach  induces  firms  to  develop  a  deliberate 

planning  to  achieve  advantages  in  economic  value  targets,  based  upon  the  external 

opportunities and the internal relative strengths. Different knowledge, different competences, 

different  managements,  in  resume different  histories,  opportunities  and  future  vision  will 

provoke  heterogeneous  strategies.  Business  strategies  may  be  translated  in  one  or 

combined following tactic plans and the available financial resources will deploy the actions 

like:  the  merger  and  acquisitions  /  vertical  or  horizontal  integration/  product,  process 

development /  market penetration/ retrenchment / divestiture / liquidation / alliances,  joint 

ventures/ outsourcing/ licenses/ research, etc. Firms adequate their internal planned policies 

according to their operational capacity and  competitive advantages in each department : 

Marketing  (  communication,  branding,  public  relation,  certification,  sales,  distribution) 

Management  (  competence,  empowerment,  training,  HR,  motivation,  culture,  values) 

Finance  (  investments,  cash  flow,  profits  ,  debt  ,  equity,  stock  values,  accounting) 

Production  (  supply  chain  ,  process,  plants,  raw  material,  EHS,  energy,  engineering) 

Technology (Information,  R&D, patents ,scope economies, licenses ) 

The chemical  markets  are  spread  into  hundred  sub sectors  and  niches,  some are  very 

concentrate, other are still fragmented. This complexity in heterogeneous, but interdependent 

organizations and competences, offers a large range of opportunities to exploit or redefine 

different ways to create value or even to repositioning the company competitively. Chemical 

firm’s strategies involve products, process, services, management and markets in a variety of 

approaches to achieve better  performance advantage.  With their  superior  finance power, 

high-value products and intelligent solutions, corporations play an important role in finding 

answers to global  challenges,  such as climate protection,  energy efficiency,  nutrition and 

mobility.
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Chemical  Corporations  are  consolidating  in  sub  sectors,  they  have  a  deliberate  thinking 

regarding  what  they are  (organization,  performance,  behaviors,  etc)  what  are  their  main 

capacities (know how, production, marketing, etc), where they want to go (new technologies, 

new markets) and what they need to achieve those goals (gaps, changes, transformation 

management).With their business portfolio they operate in several technologies and markets 

with  different  products  in  different  life  cycles.  The firms’  actions  are  decoded  in  tactical 

planning  for  safeguarding/improving  the  present  business  ore  creating  new  business, 

summarized in the following table inspired by Peter Drucker theories.

Table 9 - Portfolio management 

Product Technology Market Strategy

present present present Defensive

new present present Product 

development

present present new Market development

new new present Innovative paradigm

Market share

new present new Diversification

new new new New business unit 

 

 Defensive  strategies  or  market  development  are  more  common in  SME or  corporation 

business units (B.U) in mature stage, phase-out or divestiture.

Product  development  and  new ventures  involve  higher  risks  and  are  decided  in  higher 

hierarchal level, further implemented inside B.U by marketing department, technical service 

and applied development in order to diversify portfolios. 

Innovative paradigm are developed by central corporative R&D centers aim to create  new 

technologies  and  patents  to  replace  ancient  products.  If  the  innovative  results  could  be 

deployed inside one actual end user segment  already served by the firm, probably it would 

be commercialized via an existent B.U, but if there will be a novel concept for a new market, 

them it  could persuade the formation of  a new  B.U or even an independent   business 

venture, as for instance the company Imation, divestiture from 3M to hold electronic goods, 

disconnected from traditional chemicals .
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7.1 Business Portfolio

One of the main drivers for value creation inside the chemical corporations is the composition 

and the management of the product portfolio, balancing the old and new products, the short 

and long term return on R&D investments. The chemical companies invest the earns from 

actual products in creating or acquiring new ones, thus forming multi business corporations 

with multiple but integrated learning bases. Business units’  managers are responsible for 

operational  success  or  failure  of  products  families,  supported  by  central  staff  (finance, 

research, legal, engineering, etc). At the same time headquarter senior managers are able to 

analyze  those  portfolios  performance  and  put  together  scale  economies  (process,  raw 

material) and scope economies ( use of the same equipments, personnel, knowledge, supply 

chain, etc) to achieve cost advantages and/ or  innovation advantage.

A study from the McKinsey, 2004 try to identify the main variables for good performance at 

North Americans and European chemical companies from 1992 to 2003, it demonstrate that 

the variables ‘geography’ localization , ‘focused approach’ (more than 80% of return from 

only one business ) and market position (leader, challenger, follower) are not significant to 

explain  performance.  The  variable  ‘scale’  counts,  as  expected,  mainly  for  commodity 

products.  The  more  significant  variable  to  explain  the  superior  results  was  the  ‘product 

portfolio’ (firms with more than 3 business units) management. In this study, integrated and 

specialty companies generated higher return to shareholders, mainly due the diverse set of 

opportunities available  for  creating value in different  niche markets,  less competition and 

higher customer relationship. Nevertheless this ‘diversification’ strategy is not possible for 

every company,  due the dissimilarity in size, resources, market place and the sub sector 

characteristics they are present. Diversification seems to work well but in related fields, thus 

it is important to come back to the concepts of basic, specialty or integrated chemicals

A .Basic chemicals 

The basic  chemicals  reached the maturity  about  25 years  ago becoming a slow growth 

sector.  The cyclical  evolution  of  supply-  demand is  quite  foreseen with  stretches of  low 

margins  in  button-down  cycles  in  average  7-10  years  cycles  when  supply  increase  or 

demand decrease like in 2009 and periods of higher profits like till 2008 when the capacity is 

not sufficient to the increase demand. The cash flow is stable, the sector is in slow growth, 

but the average return to investor (ex.: average 13% in US in 2004) continue higher than 

other maturity heavy sectors like metal, paper or even automotive. The process of strategies 

selection in the commodities sector induce the actual focus in cost leadership with economic 
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production sites on full  back-integration between refineries and chemicals  downstream to 

achieve larger scale and low cost feedstock. It is a concentrate sector with dominant firms 

from the OECD, but new entrants with already scale economies, based in petrochemicals.  

With the industrial growth outside OECD as well the competition from other local corporation 

(China, India, Mercosur, and Middle orient) increased, the traditional corporations center their 

FDI  outside  OECD  in  new  regions  with  competitive  feedstock  prices  and  great  market 

access,  acquiring  competitors,  doing  JV,  but  also  going  in  downstream  integration  into 

plastics and fibers for example. At the other side those new players from developing regions 

are becoming important in scale and are themselves doing JV, FDI in OECD regions and 

acquisition from OECD companies or business units divested by traditional corporations, as 

the examples of the achievement of SINOPEC from China, Brasken from Brazil establishing 

branches in Europe and US or Sabic from Saudi  Arabia that acquired the petrochemical 

divisions of Huntsman and DSM.

Actually, more than the revenue growth, the commodities companies search the return on 

investments as an important measure, in addition is difficult to separate the real growth from 

the price fly-up due the inherent up and down cyclical prices resulted from the supply side, 

linked  to  the  fluctuation  of  demand,  since  firms  compose  most  of  their  fixed  assets 

investments during the upper side cycle  and prices decrease after  as results the supply 

excess. 

The last price fly up had its origin in the increase global demand specially in Asia (China), the 

actual  economic  downturn  result  in  a  sharp  price  decrease,  even  analyzing  the  global 

capacity,  the projects and  global potential demand , it is quite difficult to roughly estimate 

average future prices and margins in the next cycles. Basic chemical companies are able to 

select  in  which  products  or  regions  to  increase/  decrease  capacities,  or  what  types  of 

facilities  are  needed  to  meet  future  demand in  a  short  vision,  however  contending  with 

overall  economic  cycles  it  is  quite  difficult  to  go  beyond  a  decade  forecast  horizon, 

additionally the actual situation has made corporations to frozen the investments and reduce 

production due cloudy horizon. 

Firms  concentrated  their  efforts  in  operational  excellence  through  their  strategic  view to 

define  their  action  plans  translated  into  key  investments  to  achieve  the  goals.  These 

investments in fixed assets could be only for ‘debottlenecking’ process in existing plants, or 

new greenfield plants whether in traditional regions or new regions closed to feedstock / new 

consumers markets. Indeed those new plants could be based in new process technology 

with cost advantages whereas in productivity or using new feed stocks (gas, coal, biomass). 
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The previous downturn cycle last from 1997 to 2001, since this date the results recovered for 

many companies with record levels and commodity demand increase steadily driving by the 

growth into some developing regions. Since  2008 the constantly capacity improvement and 

the financial economic crises indicate a pause on prices fly up, but slightly beginning again 

since the second trimester 2010..  

Due the sector maturity and raw material scarcity  there is a decreasing attractiveness for 

greenfield  investments  at  developed  industrial  regions,  thus  new  investments  are 

concentrate  strongly  in  new  developing  regions  like  China  and  Middle  East  which  are 

expected to booming due the investor anticipation to earn much more than the cost of the 

invested capital elsewhere else . Those new facilities have the objectives, not only to cover 

the  new growing  internal  market,  but  more  over,  they  have  a  vocation  for  exporting  to 

developed regions.  US and Japan have already a negative trade chemical balance,  only 

Europe still resist, but the expectations for 2015 is that Europe also will have around 50 – 70 

billions euros negative trade in chemicals. Thus together with production units, R&D centers 

are now also being delocalized to those emerging markets, with indeed labor, demand and 

regulatory environment less strict.

The  stressing  experience  of  downturns  in  cyclicality  induced  several  players  to  divest 

commodity  chemicals  like  for  instance  BAYER,  DuPont  or  DSM,  to  concentrate  in  new 

specialty  chemicals  segments  or  in  applied  chemical  for  final  users.  This  movement  is 

marked by a considered vision of future keen on which new technical areas to exploit and 

how the market could be create/ anticipated. Several corporations and SME firms’ opted to 

switch for specialty chemicals where there would have higher potential growth, profitability, 

return over investment, nevertheless this conversion is complex due the switch costs, path 

dependence, technology and investments needed. At the other hand many basic chemical 

corporations(  petrochemicals,  fertilizers,  gas)  are   increasing  global  investments  and 

achieving higher profits.

B. Specialty

The  specialty  chemical  sector  has  been  positioned  with  higher  value  products  than 

commodity outputs. The production is in modular batches with smaller quantities of products. 

The sector has been characterized by heterogeneous supply- demand specialized niches in 

a more fragmented market structure. The sector trends are: the coming of new entrants, local 

players from newly industrialized countries, the higher costs of global marketing, new fields 

for R&D, technical service customization,  breakthrough innovations reduction and the rising 

levels  of  required  invested  capital  (M&A,  FDI)  .  To  avoid  the  commoditization  of  their 
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business, the specialty firms are forced to a rigorous focus on marketing, services, increase 

brand awareness,  CRM (customer relationship  management)  and mainly  to develop new 

exclusive customized products. In the specialty business the barrier are not only the fixed 

assets investments (machines, installations, buildings), but more over a specific knowledge 

in formulations, process and market requirements. At the specialty segment the determinants 

conditions  for  entry  is  a  previous  acknowledge  of  formulations,  process  know-how  and 

distribution network. Nonetheless the higher value in specialty chemicals products allowed 

the  competitive  exports/import,  the  raise  concentration  of  industrial  customers  (textile, 

transport,  electronics,  appliances,  furniture)  in  developing  regions  induce  the  chemical 

producer to be relocated closer to them due the related services required, thus the more 

traditional  specialties  chemicals  (painting,  adhesive,  detergent)  could  be  also  produced 

abroad and be re exported into OECD countries. 

At  beginning  the export  products  from these new industrial  regions  had  been  the basic 

chemicals  produced  at  subsidiaries  of  OECD  corporations  or  joint  venture  with  local 

producers. Recently the local companies from developing regions in some specific niches 

are becoming important enough to enter in OECD markets.  

C. Integrated

The vertical  integrated companies are historical  players that have a large and diversified 

portfolio from refineries, basic chemicals, passing to intermediates  till the specialty niches 

products. Their strategy is based in replacing the transaction cost by organization cost, the 

advantage  of  vertical  internalization  has  been  a  key  factor  for  this  model  success, 

additionally the rigorous portfolio rationalization, allowed firms to concentrate on downstream 

segments where they could be an important player,  producing from the raw material till  a 

large  portfolio  of  end  products  in  specific  segments  as  example  BASF  focusing  in 

Construction market or Dow in Automotive market.  Finally this business model is able to 

profit  from the scale and scope and use their global marketing presence to improve their 

short term return while maintaining their critical size to invest in long term projects. In this 

model corporations are able to start new developments at the same time as keeping existent 

ones or also new opportunities in their current business in other markets.

Nevertheless the main challengers for chemical corporations with unconnected multi portfolio 

are: bureaucracy, focus dispersion and the conflict between global scales to be competitive 

and at the same time remaining nimble, with local responsiveness to the specific needs from 

markets they serve.  In Japan and Korea the total vertical integrated model is quite common 

due  the  historical  reasons,  thus  the  chemical  companies  often  belong  to  large 
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conglomerates. In Europe or USA few corporations still continue the vertical strategy, only 

DOW, BASF strongly pursue a vision of integrated chemical to gain in scale, scope and use 

of  byproducts,  besides  the  complete  difference  between  a  scale  large  volume  basic 

chemicals and batch production for specialty chemicals.

  Table 10 -  The portfolio/ segment  evolution  position of some major players 

Source : Basf report 2009

The table above indicates the “deverticalization” , of the main players, that follow a strategy 

to split themselves on independent companies focus in main core business to operate more 

efficient  inside the sub segments. The pharmaceutical  sector  becomes independent  from 

traditional  chemical  segment.  Beside  Dow and BASF the other  major  West  corporations 

reorganized themselves by means of divestures, M&A  or DI. Another important issue is the 

emergence of new competitor from developing regions like Sabic ( Saudi Arabia) or Formosa 

Plastics (China)in commodity chemicals 

We conducted a  own  research  about  the  main  strategies  in  2006-  2008  from  the  150 

principal chemical corporations in the World that accounted for  720 billions of Euros; this 

study was based upon the specialized revues, sites and corporate annual reports. Besides 

the complexity and possible overlap the main analytical results evidence four main strategic 

groups: in the abscises axe goes from at left a more modular production till at right a more 

vertical integrated production. In the coordinate axe at bottom is a more innovative and last 

frontier technology and at the top a more standard technology
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Graphic 33/34- Analytical multifactor strategy analysis 2006 to 2008
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It was used a multi variables analysis to encompass the simultaneous observation and try to 

set the variables in 4 main firm’s strategic groups. 
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The group 1 “Hybrid Science”(major innovation & major modularity) categorize the firms in a 

search  for  strong  differentiation,  extremely  novelty  in  products  and  process,  using 

biochemical  &  nanochemical  technology  approach,  discovery  of  fine  molecules,  scope 

economies and strong fundamental research to achieve new patterns in order to replace 

current products/process. The firms in this model try to invent  new paradigm with higher 

value and property rights, supported by the last frontier scientific knowledge. They have the 

strongest R&D investment comparing to the other groups, as for instance Monsanto and 

Syngenta invest 9% of the turn over in new vanguard projects.

They are less concern about internal production of all basic components and develop new 

modular process in batch, outsourced or in networks. The examples are companies like DSM 

from Nederland that divested basic petrochemicals to concentrate in high value products in 

nutrimental or human health, or Monsanto that specialized in transgenic crops research while 

doing alliances with traditional chemicals for joint projects, for instance the JV  with BASF for 

developing transgenic potatoes for starch production.

Today  the  companies  belonging  to  this  group  are  already  the  operating  profit  leaders 

(together with commodity chemicals) and it  seems that it  will  be sector with the strongest 

increase in the XXI  century.  As a brand-new technology,  the public  opinion is still  afraid 

about  the health and environment  effects,  the issues for  this  group is  how to prove the 

passivity  of those new products and the  same time how to improve in scale those process. 

The group 3 ,  “  Specialties”  spot  a set  of  companies more related to standard specialty 

chemical  products  with  strategies  in  international  expansion,  FDI,  M&A,  export  ,  market 

share gain, niches approach, applied development and tailor made solutions. Modularity and 

flexible production is important  as well  scope,  speed economies,  end user acquaintance, 

brand management and service are also vital. The examples are the companies like Sika 

from Switzerland or 3M from US with systematic creative .functional advances and strong 

marketing,  branding,  supply  chain  in  modular  decentralized  production  globally  located. 

Those companies have formulation expertise and market requirement knowledge to develop 

functional  solutions  specific  for  a vast  end user  segments downstream.  The license and 

knowledge “banalization” and the smaller  investment   increase the number of competitors 

worldwide and the issues for this group is to increase brand awareness  and distribution 

network, thus the marketing activities are becoming priority along to customer service , the 

certifications and local approvals. . 

The group 4 is more focus in “basic chemicals” (petrochemicals, inorganic, gas) with limited 

product  portfolios,  few  applied  research,  only  process  development  and  large  scale 

economies,  continuous vertical  production  and large volumes.  Those firms dominate  the 

vertical process from raw materials to final basic end products. The examples are the new 
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companies from the Brazil (Brasken), Mexico( Alfa) and Middle East ( Sabic) or traditional 

companies like Shell,  Airliquide,  Yara. This group has the top leaders in productivity and 

capital spenditure with direct investments in new green field sites. Due the potential growth in 

developing  regions for  fundamental  goods (construction,  agrochemicals,  plastics,  energy, 

raw  material)  those  companies  are  also  top  leaders  in  profits,  even  producing  mature 

products.  Probably  there will  be a production decline  at  developed regions and a strong 

increase in developing regions with new powerful entrants. The traditional   

Finally the group 2 identifies a more vertical “integrated” strategy within companies handling 

commodities chemicals and specialties at same time. For those firms is important the scale 

economies, scope economies and speed economies. The examples are the Japanese firms 

(Mitsubishi,  Sumitomo,  etc)due  historical  path  inside  the  large  conglomerates,  they 

internalized several production steeps from basic chemicals to more sophisticated molecules 

or  even  the new companies( ex: Sinopec), based upon  large scale, low cost, they try to 

build  up  wide  facilities  and  extend  for  more  sophisticate  molecules  to  replace  imported 

products. Indeed , some large  corporations like BASF (German) ,Celanese (  German) , 

DOW (US) or Huntsman (US)  seems to adapt this strategies to keep internal production of 

basic and advanced molecules whereas due lock in phenomenon, governance power  or 

future  strategic vision. This group confronts a strong dichotomy in their internal management 

due the increase differentiation into in a low cost position strategy and a value adds position. 

Those  companies  intensify  the  M&A  activities  to  extend  operations  in  specific  targets, 

nevertheless  increasing  the  culture  conflict  and  bureaucracy  inside.  The  majority  of  the 

companies inside this group would probably need to choose to keep operations  in basic or 

advanced chemicals, few companies will be really  able to persuade this vertical strategy; 

even doing so they will  need to focus and selection the downstream market they want to 

serve and identify  the  whole  supply  chain  for  those  end  markets.  Another  option  is  the 

conglomerate model used by the Japanese companies when the head quarter management 

is merely financial, not operational. 

 

Those  four  groups  are  generic  archetypes;  due  the  dynamic  and  interdependence  of 

chemical firms the boundaries of those 4 main model strategies are not completely close and 

evolve from time and regions,  one firm could adopt  different  models in  different  regions. 

Nevertheless one central pillar for all those strategic groups is the know-how organization 

whereas in a new venture for  risky advanced  fundamental investigation,  applied research, 

marketing & branding acquaintance,  large process implementation or even in managerial 

tools to integrated different and opposite business lines.
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The  actual  competitive  environment  affects  distinctly  those  four  groups.  We propose  a 

measure scale base on interviews with sector professional as well companies annual report 

analyses.  

The synoptic table above resumes, in our view, the main forces into the chemical industries 

and their relative importance to the changes and the sector re- structure framework. 

Table 11 – Key issues impact on company changes

1-_None ,2_-Low , 3 – Medium, 4 _ High , 5 – Extremely high

Basic

 Group 4

Specialty 

Group 3

Integrate

Group 2

New Hybrid Science

Group 1

Customer Segmentation 1 4 5 2

Competitive price 5 2 3 1

Supply chain 1 5 2 3

Communication /Brand 1 5 4 4

“Green “strategy 1 4 3 5

Portfolio management 1 5 5 2

Asset management 5 3 5 2

Alliances 4 4 4 4

FDI 4 4 4 3

M&A 4 4 5 2

Product innovation 1 4 4 5

Process innovation 4 2 4 4

Risk management 5 3 5 3

Regulatory 4 4 4 4

Intangible values 1 4 3 4

Total Impact 42 57 60 48

Customer  segmentation,  understanding  the  niches  requirements  are  more  important  for 

specialties firms to differentiation and even more to integrated firms that have the risk to be a 

raw material supplier of a downstream competitor.

Competitive  price  and productivity  is  fundamental  for  commodities  (no differentiation)  but 

also to integrate firms that keep basic goods production, as they could survive providing only 

internally, they need to be market competitive.

Supply chain is fundamental for specialties as they need to handle at the same time several 

suppliers, distributors and large number of items in different niches.
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Brand management is a constraint for all groups besides commodities, as the other groups 

need to enhance awareness and brand image.

Portfolio management is vital for specialties and integrated due the dissimilarities among end 

user niches.

Asset management is imperative for commodities but also integrated how to finance capital 

expenditure and achieve the best ROI.

Alliances , mergers , acquisitions and direct investment are quite significant for all groups

Product innovation is the key for hybrid sciences firms.

Process innovation risk management and regulation are even central for all groups

Lastly,  the  intangible  values  (brand,  service,  skills)  are  essential  for  all  groups  beside 

commodities that central strategy is in fixed assets bases worldwide.

Making an comparative analysis of our statistics compilation from 2005 to 2009, regarding 

the 150 world major chemical corporations, it indicate that concerning the total sales rank 

the integrated companies BASF ( German)and DOW (US)are the top ones since a decade , 

followed by the the petrochemical operation from oil companies like Shell (UK/Neederland), 

Total(France), Exxon(US); the Japanese  holdings like Mitsubishi, Sumitomo, Mitsui; some 

large specialty chemical companies like  Dupont( US), Bayer(German) , Akzo(Neederland) 

and the new entrants in commodities like Sinopec(China), Sabic ( Saudi Arabia)  , Brasken 

( Brazil) or Reliance ( India)

Nevertheless  this gigantism from integrated companies does not  support   them to have 

better profits, in fact the decade best results come from inorganic commodities companies 

like: Linde ( German), Praxair ( US) , Potash corp( Canada), Terra ( US),Israel Chemical; or 

high  technological  hybrid  science  corporations  like:  Monsanto(  US)  ,  Syngenta 

( Switzerland), Sigma Aldrich( US), Shin Etsu( Japan). Concerning the top rank in capital 

expenditure  (fixed  assets)  ,  besides  strategic  cycles  of  each  company,  the  Japanese 

companies  like  Shin  Etsu and the fertilize  company Potash Corp.  dominate the decade. 

About the top R&D spending the leaders are the hybrid science firms like Monsanto(US) , 

Syngenta ( Switerzland) , Symrise (German) , Bayer ( German ) with around 10% of sales 

investment.  Looking  into  productivity  per  employee  the  top  rank  are  the  petrochemical 

companies like Shell, Brasken, Alfa( Mexico) ; the inorganic commodities like Mosaic( US), 

Agrium ( Canada), some specialty Japanese companies like Toyobo and Kaneka , but also 

two integrated companies like Dow and Mitsubish.
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Following these indications we could presume that the integrated firms are the ones that are 

suffering  the strongest  impact  to  transform or  reshape  its  business  models  due internal 

asymmetries (scales x scope/ cost x value) and bureaucracy; they will probably tend to give 

up some commodities portfolios to be able to invest in specific end user niches downstream, 

increasing R&D and specific fixed assets investments.  

The traditional basic sector has yet a more equalized structure adapt to the market, besides 

demand cycles. The possibilities to develop further into several developing regions give to 

this group a comfortable foresee.  The results in this decade prove that those companies 

have yet good results, strong industrial base and productivity.

The specialty group are also under pressure due the ‘commoditization ‘ of  their products and 

the  increase  of  international  competition.  The  answers  are  the  strong  movement  into 

consolidation ( M&A ) and marketing efforts to differentiation. Probably several players will 

migrate for a more hybrid technological platform.

Finally the  life science & hybrid sector receive an intermediate pressure, mainly from civil 

society fears and legislations, something that will be solve due the technology improvement 

and regulations. This sub sector probably will lead the XXI century discoveries due its last 

frontier radical new knowledge. 

7.2 Knowledge management.

 

One  of  the  key  elements  for  the  chemical  corporation  strategies  is  their  knowledge 

management,  meaning the cumulative  process of:  scan,  collect,  classify,  organize,  store 

information and apply tacit and explicit acquaintance to create & disseminate new concepts. 

More than just products, process or services the chemical firms transfer innovative solutions 

to customers downstream. The knowledge capital in the sector includes the accumulated 

intellectual asset that allows the link between the science and industrial technology, but also 

the  acquaintance  with:  legislation,  supply  chain,  customer’s  applications  and  markets 

requirements.  The value  of  intangible  assets  (brands,  patents,  knowledge,  services  and 

relationship)  is  becoming  almost  50%  of  the  company’s  market  value.  More  over,  the 

specialty & life science sector is so far knowledge intensive, around 30% - 40% of employees 

having at minimum an university degree and there is an increasing share of high skilled 

workers the last two decades which, aligned to better process and equipments, explain the 

productive gains. 
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The knowledge regime in the chemical industry is more characterized by dominance of large 

corporations with higher appropriation capacity (patents, scale economies, learning curves, 

financial resources, distribution network and homologations).  Their idiosyncratic know-how 

has been accumulated overtime related to the problem solving activities for their customers 

from one side  and links with fundamental research institutes for the other side. Much more 

abundant  in  number,  the  chemical  SME  represent  much  less  innovative  out  puts,  the 

chemical SME depends from large corporations, for raw material or outsourcing contracts.

One of the main important issues concerning the dynamic knowledge management inside 

chemical companies is the decisions of the technology “platform” that the company would 

need to put in place to achieve competitive advantages,. Companies consider the tradeoff 

among  the  level  of  opportunities  for  innovative  outputs  from  M&A  /  JV  or  the  organic 

investment  in  research  and  the  ‘appropriation’  of  this  innovation  whereas  by  patents  or 

through internal exclusive capacities (production, distribution network). Pioneering success 

generates a first mover advantages with higher profits, which can be reinvested again for 

engender new inventions in a virtuoso cycle.

Several questions are decided like: which technologies to concentrate, how to develop or 

acquire them ( R&D budgets, new ventures, license and partnership), how to appropriate and 

protect  them  and  finally  balance  this  information  with  the  current  business  needs,  the 

demand conditions and competitors threatening. 

Business  strategy  and  technology  strategy  are  suppose  to  have  synergy  and  formal 

coordination among laboratory, commercial, financial and technical staffs to improve the firm 

competitiveness, to identify opportunities and overcome the mismatch objectives and time 

perspective. 

At the literature about technology management, it   appears basic profiles like: the radical 

breakthrough  (innovators,  pioneers)  and  the  imitators  (followers,  copiers).  The  innovator 

profile  achieves  the  pioneer  position,  being  the  first  mover  player  in  certain  products, 

whereas  the  imitators  just  follow  with  existent  technologies  as  later  competitors.  At  the 

chemical sector several firms adopt an ‘imitator’ profile searching exogenous current know-

how and use it with or without improvement to supply the same market within a lower price. 

There are several formulations that has no patents or end patent, thus there is always a 

possible knowledge leakage by ancient employees or licensee. The pure ’innovator’ profile it 

is more rare, determined by few firms investing in R&D to develop new technologies and 

products to achieve a pioneering first mover position in a existent market or a step further 

creating new paradigms in complete new technological platform with discontinuity from the 
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existent ones, replacing traditional products and creating new markets, as the case of the 

hybrid sciences firms ( Monsanto, Syngenta). As  a matter of fact it is not always that the 

innovator appropriates itself  from the discovery;  due non interest or lack of resources for 

marketing  the  new  product,  the  discovery  could  be  appropriate  and  promote  by  other 

companies, as the example of cyanoacrilate (super glues) discover by Eastman, but market 

by Loctite the first time.

Chemical corporations manage not only scientific or technical knowledge for product/process 

development,  but  more over   they  have specific  know how in  marketing,  finance,  legal, 

supply chain or human resources , all these management skill are push to be innovative . 

7.3 Innovation  Strategy 

The chemical corporations employ their values, capacities, funding, ideas and network to 

generate external or organic growth, through innovation in products, process, management 

and services to meet the needs from current and potential markets; it is a long term driver for 

future financial performance and value creation by competitive advantages. 

Innovation  inside  chemical  companies  is  translated  into  new  molecules,  compounds, 

formulations,  technical  process,  packages,  feedstock,  applications  but  also  in  services, 

brands or distribution. The R&D investment in the chemical sector (average 1 - 3 % over 

turnover) is one of the largest private funding at mature industries. 

Graphic 35- International comparison of R&D spending at the chemical sector
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Analyzing the ratio R&D spending to sales of the chemical industry it can be observed that 

the USA had a slightly higher ratio than the EU, but has decreased to similar levels in recent 

years,  whereas  Japan  has a  ratio  around  twice  as  high  as  the other  two  industrialized 

regions.  A study of  the American Chemical  Council  (1999)  indicate  that  during the 90’s 

decade in US, there was an average 17 % return on industrial R&D investment, nonetheless 

recently successful cases for completely new molecules are becoming longer and  rare. Most 

successful researches on applied chemistry are accomplished only after intensive deliberate 

effort and major expenditure, typically it takes four to eight years from the time a project is  

conceived until  the time a product is bring to the market and around only 1% of them is 

successful to yield enough return to the R&D investments. There are many new areas of 

R&D in specialty chemicals: Biotechnology process / Artificial life/  Metallocene and other 

catalysis/ Nanotech/ new rare inorganic/ powder, water base and radiation coatings / green 

sustainable  chemistry  /advanced  composites  /  conductive  polymers/bio  degradable 

polymers/  new  fibers  /  smart  plastics/  chemicals  to  microelectronics  and  a  trend   in 

combinatorial  technology  (  molecular  modeling,  ‘intelligent’  materials,  biometrics,  etc). 

Corporations  combine  different  scientific/industrial  platforms  to  maintain  or  create  new 
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business.  For instance BASF compound five new technological  platforms base upon last 

frontier  scientific  discoveries  in  biology,  chemistry  and physic  thereafter  redeploy  in  new 

pattern or patents in product innovation, process innovation or management innovation.    

Table12 -  BASF generic technological platforms 

Source : Basf annual repport 2009

In fact,  as radical  breakthroughs are becoming rare and more expensive to achieve,  the 

innovation become more incremental and stronger in new process, services or new business 

model that give customer solutions rather than only products. In consequence since the 90’s 

corporations invest more in applied research than fundamental study and even more in the 

development for translating exploration findings into the market and customer applications 

(applied research).

One main factor for innovation is the tacit and explicit knowledge accumulated internally or 

acquired externally (M&A, joint ventures, license). The challenger for firms is to set internal or 

external (consulting) capacities to identify customer problems and translate them into new 

products/ services. There are several filters levels in between the end user and the scientists, 

thus the need of intersection ‘bridges’ along different departments or business units in cross 

functional  task  teams.  More over,  a  number  of  companies  are  seeking  critical  mass for 

innovative systems via alliances and open innovation model,  due positive externalities of 

networks and early adoption. 
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Since the last decades with the commoditization of specialty chemical,  it became vital for 

firms  how  to  organize  themselves  for  innovation,  with  corporations  setting  objectives, 

measures and assessment to an “innovation strategy” in short and long terms. Companies 

like 3M, DuPont, BASF, DSM, BAYER set challenger goals to have in portfolio at least 25 % 

turn over from products launched in the last four years.

Many times an organizational change is required to redesign internal structures and process 

to implement discoveries from internal research or external integration (JV, alliance, M&A). 

The fundamental  research  has  been  done  in  independent  research  centers  financed  by 

public funds, but supported by private companies interested to tap into new promises and 

opportunities. There would be a direct link between R&D efforts and commercial results as 

business units in many companies have become more responsible for defining development 

programs that fit their goals for market solutions, thus knowledge management for innovation 

is a strategic area along the entire chemical industry value chain.

7.3.1 Pull /push policy

There are  basically  two  research approaches  inside  chemical  companies  for  obtain  new 

products,  indeed  there  is  another  specific  phenomenon,  generally,  outside  current  firms: 

A-  The first approach could be called the “market-orientation” or ‘pull-approach’ or even  “ 

applied  research”  ,  it  is  a  form of   defensive  research based  upon  the tangible  current 

products/  technologies.  The guide  line,  goals  are  done  by  marketing/sales  departments, 

companies search internally or outside technical solutions for customer problems and market 

demand  requirements/  opportunities.  The  product  searched  could  become  a  specific 

customized solution for just one client or a creation for a specific niche or even the use of 

simple  reverse  engineering,  for  improving  competitors  products.   Labs  will  work  under 

customer’s  features requirements,  chemistry  limitations,  legislation  impositions  and target 

prices as constraints for their research. 

B- The competence-based or ‘push-approach’ or even “exploratory offensive investigation. 

Central  research  laboratories  are  quite  independent  to  make  experiences  and  after 

companies utilize their internal know-how to exploit results in new applications or markets 

opportunities for their discoveries.  Originally reliance is place on serendipity hooked on the 

last frontier knowledge, available raw material and focusing  in a specific technical field 

At both cases, companies rely upon existent know-how accumulated somewhere with some 

level  of  incremental  changes.  In  fact  corporations  utilize  both  approaches  for  solution 

seeking, whereas by opportunities identified by marketing /sales, whereas by discoveries in 

labs that could be redeployed into the market.
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C-  New  technological  paradigm  translated  into  radical  breakthroughs  that  create  new 

industries, new markets and replace actual products/ process. This specific rare occurrence 

was,  generally,  originated  outside  present  companies,  due  the  dependence  on  existent 

patterns  (switch  cost,  sunken  investments,  networks,  brands,  reputation,  skills,  etc) 

traditional companies have more inertia into new paradigms. The radical discontinuities could 

affect  the market  structure and the survival  of  established firms that  avoid changing the 

pattern, thus outside firms and independent labs with direct links with new scientific fields are 

more free and able to perform new researches and find new scientific discontinuous ways. 

Nevertheless in the chemical industry history all  major scientific discontinuities (Inorganic, 

Coal  feedstock,  Petroleum  feedstock)  were  originate  inside  the  corporations  or  quickly 

acquired, merged, absorbed (Bio science, Nano technologies ) by leaders corporations which 

started by their turn to applied R&D efforts based upon those new scientific fields. In many 

sub sectors new platforms replace ancient products for the open demand. 

 At the specialty chemical segment the ‘knowledge vision’ is fundamental to achieve quickly a 

first mover advantage that fit  with corporate objectives and skills.  Where to invest,  which 

product to develop, where to find the knowledge lacking, how to balance the visionary ideas 

and the company real capabilities. Most all specialty chemical corporations have developed a 

formal structure method to manage innovation, a value assessment tool for identify the:

” Market relevance” - it means the measure of attributes required and the attractive of the 

market.   

“Technical requirement”, it is to measure the internal capacity or external sources availability, 

clarifying the specifications required and I.P.R, as well the probability of technical success, 

the development costs, production process.

“Commercialization feasibility”,  to define the marketing resources needed, distribution, the 

cost of the product and the price required ( thus profit during product cycle life), scale up 

justification, competition  and the possible rapid acceptance from the customers or not . 

“Capital Requirement”, it is to define how it will be financed the fixed asset and return over 

investments and initial working capital to sustain the project.

“Regulations and environmental concerns”, it is important to define the tests and approvals 

necessary  for  products  and  process,  which  became  the  vital  key  for  success  in  many 

regions.
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The steeps into an original product development would vary from the competence-based or 

the market-orientation approach. 

In the first case, the ‘competence based’ the steps would be deployed like: 

A- Initial concept from internal capabilities, ideas, discoveries or external acquired sources 

(M&A, public lab, joint venture, new venture). 

B- Definition of parameters (strength, temperature, pressure, process, cost, elasticity, etc.), 

measures and properties.

 C- Set-up phase between the new technology, features and possible application. In this level 

occur the meeting between Marketing, BU managers and R&D experts to evaluate potential 

segments and customer, as well cost/benefits ratios to redeploy the technology into potential 

use. 

D- In an affirmative case with sufficient expectative, it starts the laboratory scale production, 

the functional experiences and application tests until achieve the first prototypes, in scale- 

up. With positive results it goes to next level. 

E- Field test in market niches’, customer evaluation, pilot production, cost /price definition. 

If positive the pre testes, it goes to next level. 

F-Investment Analyze (ROI, ROE, profits, Cash flow, etc), the construction of industrial scale 

plant and marketing actions. 

The use of this approach could turn up radical innovative solutions, but also blind the market 

needs  with  several  failures  due  launching  new products  disconnected  to  the reality.   In 

general the corporate funds finance the fundamental research in central labs which results 

would be after re developed by the B.U. labs, but overtake by marketing criteria filter before 

launching.  The  use  of  miles  stones  and  constant  follow  ups  has  the  objective  for  the 

assessment,  as  yearly  as  possible,  of  a  champion  product  that  will  be  the  target  for 

investments in scale up testes, production, homologations and marketing, as well to identify, 

as soon as possible, predictable failures to avoid resources waste   .

In the second case, ‘market-orientation’, the steps could vary: 

A- The initial idea could come from sales / marketing teams, customer new requirements, 

improving actual product or improve competitors product (benchmarking) with a considerable 
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potential forecast or other business units products. In this case it is easier to evaluate the 

potential revenue due the knowledge from actual market. 

B- Definition of parameters (strength, temperature, pressure, process, target price, elasticity, 

cost, etc.), measures and needed properties. 

C- Review internal capabilities, scientific literature, external sources (research centers, hiring, 

etc), investment capability, risk and definition of the hypothetical project feasibility or not. 

D- In affirmative case, it starts the R&D actions, lab experiences and tests to achieve the first 

prototypes in scale- up. With positive results further  goes to next level.

E-  Field  test  in  market  applications,  customer  evaluation,  pilot  production,  cost  /price 

definition. If positive, it goes to next level. 

F-Investment  Analyzes  (ROI,  ROE,  Earning,  cash  flow,  etc).  Finally  it  is  allowed  the 

construction of industrial scale plant, homologations and marketing actions. The use of this 

approach isolated give fast results, but could damage the long term vision and rise lock in 

phenomenon due decrease funding on basic research. In general the B.U finance their own 

applied  development  and  appraisal  the  projects  with  best  results  in  short  term,  thus 

corporations  keep the fundamental  research under  a central  control  or  new venture unit 

without direct link to current business units.

In  reality  chemical  corporations  use  both  methods  within  an  opportunity  behavior,  with 

discoveries  from  research  labs  applied  to  market  and  from  specific  customers  demand 

developed  by  research  labs.  The  corporations  do  not  depend  only  from  fundamental 

exploratory  research  program  due  the  risk,  timing   and  the  difficulties  to  measure 

quantitative forecast; also they do not rely upon only in defensive development from market 

demand that could create myopia at long term.

 In  any  case  it  became  imperative  a  cross  function  team  work  among  marketers  and 

researchers to create , analyze best optimums and future product champions within a life 

cycle  approach.  In  many  corporations  during  and  after  the  design  development,  the 

responsibility  is  shared  among  the  research,  marketing,  sales,  production  departments. 

Critical steps that define  the success or not of an  invention include the originality, but also 

preliminary definition (concept  accuracy ),  evaluation,  pilot  plant  design,  testes,  operation 

excellence  operations,  quality  standards,  regulations  complaints,  marketing,  training, 

environment  concerns,  intellectual  properties,  distribution,  services,  etc,  but  overall  the 

general  commitment from the whole  organization  into clear  objectives.  Technologies  and 
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markets are scrutinized and combined to define product portfolios and innovation strategies. 

For instance the model of BASF to analyze technology and market 

Table 13 - BASF Innovation models

 
Source : Basf annual repport 2009

When there is a current technological platform trade inside a known market the strategies 

managed  by  B.U  focus  in  marketing,  branding  actions  or  to  extent  /improve  present 

technologies inside the actual end users to achieve higher market share and customers’ 

loyalty.

When current know -how but new markets, the focus is new business model development 

with  marketing  research  ,  new  distributors  partners,  packaging  adaptation  or  even  the 

creation of a new B.U formation to better adapt the products to a new end user needs.

When  new knowledge   at  current  market,  the  exploratory  R&D  focus  replacing  current 

product or process, to achieve technology leadership, higher value unique products, patents, 

monopolies  for actual customers   

When new technology at new markets the model is a risk management, with venture units 

expect in future business like for instance fuel cell or vegetal science.
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7.3.2 Life Cycle management

The useful framework to models technology strategy is the ‘product and technology life 

cycle’, often used by chemical corporations to distinguish the products on initial, growing , 

mature and decline phases : 

A- At the initial phase (pre paradigm) the investment are relative lower in equipments and 

capital goods, but there is an extremely higher requirement of scientific  knowledge base 

from an expensive and longer accumulation process. The innovation project might anticipate 

or create the future environment. There is a negative cash flow, but this is the crucial stage 

for companies to engage in new technological patterns as a pioneer, besides the high 

investment risks. This is the phase of ground-breaking actions, audacious and visionary 

leadership.

The three principal new research fields in the specialty chemical concern the biotechnology 

(catalysis, biomasses), the new material (composite, hybrid) and Nanotech. 

For example in nanotech research, the global chemical industry spent some 2 billion of euros 

in R&D; this is the highest investment in any industrial  sector outside the semiconductor. 

Many traditional  products are getting new features and new applications  using Nanotech 

principles like adhesives, painting,  or sunscreens with superior benefits.

New expertise have been developed by small specialist companies like for example Oxonica 

in UK, but the scaling up into industrial production required the financial, organizational and 

technical capabilities from large corporations that are shutting out small niche players that 

have not secured their markets. 

While this new paradigm progress, the boundaries among chemistry, biology, physics and 

information process will shift and erode, giving rise to a hybrid science.

 B - The growing phase, there is a need of strong investments in production, branding and 

marketing to  appropriate  from  the  new  intellectual  discoveries  and  achieve a  first  move 

position. New entrants are blocked by IPR (intellectual property rights). There is the break 

even point ( return = investment) and increasing profitability period. For imitator’s companies 

there  is  no  other  choice  besides  license,  or  illegal  copy.  For  instance  the  market  of 

composites ( carbon fiber) are positioned in this phase; largely dominate by multinational 

companies that are trying to set up leadership in applications, homologations, certification, 

systems and specific markets.

C_ The mature phase, with the end of patent protection and standardization, new entrants 
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develop cost leadership strategies or regional marketing/distribution networks to compete in 

larger  scale production  to bypass the leader  notoriety ,  distribution  channel  blocked and 

brand awareness. Phase of stagnation in profitability. For regional imitators companies, there 

is a need of continue investment in productivity to lower the cost (new modern process) and 

sales  &  marketing  to  gain  market  share.  Some  endogenous  product  improvement  and 

optimization in the production could also be a key factor to maintain profitability and export to 

other country or also sell  the process knows-how to other firms in developing regions.  A 

great proportion of chemicals are positioned in this phase. Corporations try to get out of the 

‘’commoditization’ whereas by marketing/branding effort and or by innovation improvement 

(new process, better features, environment /health protection). SME competitors in specialty 

chemical with much less overhead by they turn, try to get market share in the regional low 

cost segment for customers that want basic features and does not want to pay for advertising 

or the higher salary of corporations top managers;  while in basic chemicals new companies 

from  developing  countries  achieve  enough  technology  and  critical  size  to  compete  in 

international market based upon their low cost feedstock and labor.   

D-  The  Decline  phase,  for  the  chemical  sector  is  more  adequate  to  classified  as 

‘commoditization’,  as the chemical element will  not really disappear but will  became bulk 

products with no differentiation, like for instance the inorganic chemicals. In this period the 

cartels and oligopolies are more common and the advantages of raw material access, market 

proximity,  scale size and cost production are decisive to survive. The new process would 

replace obsolete ancient costly production methods. It is the phase of squeezing profitability 

as well having a cyclical behavior with subsequent up and downturn periods due demand 

and  offer  mismatching.  This  is  the  case  for  a  great  portion  of  inorganic  chemical  and 

petrochemicals. The new companies from developed countries are becoming important like 

global players and acquiring divestment from traditional chemical companies. At the other 

side, some oil giant corporations like Shell or BP keep investments at chemical operations in 

basic products as a way to diversify in related products, nonetheless for those corporations it 

represents a very small proportion of their assets (less than 5%) , but for the sector they are 

ranked at the 10th first important chemical groups in the World, due their size and quantity 

outputs.  

Corporations inside their multi divisions/ business unit, utilize portfolio life cycle management 

with products in each of those phases as a way to combine sure cash flow ones and risk but 

potential higher margins projects, thus balancing  short term and long term. In general their 

approaches  were  ‘competence  based’  pushing  their  discoveries  inside  market.  Lately, 
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corporations  are  balancing  technical  development  with  market-  orientation  to  create 

customer loyalty,  faster  results  and more value to clients  when in competition with  local 

companies.  The  multi  business  companies  have  the  structural  advantage  that  allow 

investments in long term risk projects inside the central R&D centers financed by all  the 

corporation funds, while applied research and market orientation inside specific B.U, arriving 

in a new product launching as a result of the coordination among several departments:  R&D, 

marketing, sales, legal, finance, manufacturing, purchasing, toxicology, accounting, etc. 

In opposite, the specialization of SME in very specific niche markets gives rise to a price and 

expertise competitive position in some niches, but small room for portfolio management. 

Indeed the  ‘importation replacement’ process and the lack of indigenous knowledge leave 

the local companies with the unique technology choice of  benchmarking , copying  or 

‘market-orientation’, seeking everywhere technical solutions sources to replace imported 

products for local customer demand, in general  at already mature products, not passing by 

the organic internal  technology life cycle.  

The search and introduction of new products/process is a risk initiative especially to local 

mono-producers companies that only have focus in adapting or improving existing product in 

a lower cost manufacturing process.

For  local  companies  quality  improved products  or  lower  prices  are enough to get  some 

market share in commodities and intermediates, but the lower cost could not be sufficient to 

grow  at  advanced  higher  value  fields,  thereby  innovative  SME  develop  distinctly 

competences  (recognition  and  development  capabilities)  to  achieve  an  offensive  leading 

position in some niche, while maintaining sure cash flow in mature products, rather than only 

be followers or defensive at the later stages, low end market.

Another key issue for SME is how to short the internal learning process time, pace structural 

and organizational changes (flat / learning organization, autonomy, empowerment) to reduce 

the  technology  gap  and  create  endogenous  knowledge  at  high  add  value  segments  or 

achieve  the  ‘de-  commoditization’  tailoring  of  mature  products,  like  for  instance 

the differentiation of bulk polypropylene (PP) on ultra-stiff PP, or high clarity PP. 

For both, corporations or SME the business strategies in portfolio management might induce 

a coherent and consistence technology strategy,  considering local constrains and answering 

the questions about which know how is lacking, how to develop it or where to search it. 

Specialty chemical field has been a large ground for innovations with great market results. 

The specific requirement for customization would create innovative and unique products to 
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niche segments, while achieving customer loyalty with higher margins that allow advanced 

products exportation for global markets. 

As denoted before, the commoditization of many chemical products increase the innovative 

efforts in services. Starting within the automotive and electronic downstream industries, the 

services offered at  many other segments has been enhanced.  Services like consultancy, 

technical  assistance,  supply  solution,  application,  just  in  time,  reducing  waste,  recycling, 

environment  protection  ,  leasing,  commodatum,  inventory  management,  procurement, 

maintenance, quality assurance, consignation, EDI, etc. The premises of these new services 

is to shift from the ancient vision of selling ‘physical things ‘ to provide “higher value added 

chain” that can lower total production, coordination, transaction and other costs to customer

7.4 Technology Acquisition 

A competitive vector in the chemical sector is expressed by the access to large financial 

resources to achieve scale/scope economies and market share, but also the technological 

and managerial know how have a fundamental role, being able to launch innovations within 

market  monopoly  or  to  reduce  the  production  costs,  thus  knowledge  creation  and 

accumulation (continuous learning) are central sources of competitive advantage. Moreover, 

the increase raw material  prices ,  the recent  economic downturn,  the new environment / 

health regulations (REACH program) and the competitive new entrants (China, India, South 

Korea, Brazil) are squeezing the sectors’ margin, thus novel sources, products, services and 

process are vital for enhance profitability. 

While at the commodities and second generation sector the technological changes are now 

based  upon  bottom-up  learning  for  improvement  progression  (upgrading  of  plants,  new 

capital goods, cumulative tacit knowledge, user-producer relationship, new raw materials and 

new production  process or  reduction  in  production  cost),  at  the specialty  sector  and life 

science the traditional top-down process based upon R&D and scientific discoveries are still 

required for innovative products.

Chemicals substances and products have been created and use to fulfill market and society 

requirements.  The  old  vision  from  the  chemical  sector  has  been  neither  preserved  nor 

completely replaced, it is in trend to be reshaped within modern process in the two main axes 

not complete dissociated, rather very linked among them: 
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A- Applicative chemicals :  In a ‘pull-approach’ perspective from market requirements, the 

development of products,  technologies , methods to create and tailoring chemical outputs to 

specific  customer needs with the creation of  friendly materials  in value added niches for 

human  health/  comfort,  environment  protection,  energy/raw  material  saving,  for  reduce 

waste, pollution reduction,  agriculture improvement, transportation solutions, etc . 

 The specialty  chemical  is,  by excellence,  the  field  of  formulations,  product  creation  for 

specific uses. Areas like adhesives, detergents, paintings, isolation, fertilizers, insecticides 

and others could be consider as independent sub-markets, each one with important global 

and  local  players  supplying  to  downstream  industries  (automotive,  appliances,  apparel, 

paper, construction, agriculture, etc). In opposite from the petrochemical where the scale at 

large facilities are key  to achieve lower  cost,  while  the  production cot  is relative  less 

important  in  the  specialty  chemicals,  being the key issue the cost/benefit  relation  (  high 

value),  the aggregate service to the product, the brand power,  marketing and distribution 

network .

B - New Fields: In a ‘push approach’ from the last scientific knowledge frontier. It searches 

the discovery  of  new molecules,   biochemical,  the  artificial  life,  the  nano particle,  green 

chemical” , new materials like hybrid polymers or composites and them find in which market 

is fittable.

The catalysis business today, for instance, is around US$ 15 billions (mainly inorganic solid 

forms) for application in new chemical process to reduce: time, energy, labor, pollution, raw 

material  costs  and  undesirable  ‘by  product’  that  results  from  reactions  or  replace  non 

renewable raw material, also to educe hazard and toxic final product. More than 80% of all 

chemical  products  and  reaction  utilizes  catalysis;  the  actual  challenger  is  to  find  new 

catalyses without precious metal or heavy metals. 

 Another example is the engineering plastic or techno plastics and composite materials. The 

incorporation  of  additives  and  charges  (talc,  aluminum,  etc)  modify  significantly  the 

properties of known polymers improving for instance high temperature resistance till 500° C 

or flame retardants. Performance techno plastics called copolymers (polyamides, ABS, PS, 

PPO,  polycarbonate,  PET,PBT)  are  originate  from  the  combination  among  different 

monomers arriving to specific characteristics like chock resistance, transparency, flexibility 

and strength, replacing traditional materials (metal, wood, glass) at applications in several 

markets like transportation, electronics, construction, etc.

     The composites are, today, the excellence field for performance materials; it includes the 

conventional low cost materials like fibber glass applied in the transportation market or the 

high  tech  materials  like  carbon  fibber  applied  in  the  aerospace,  energy  and  military 
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applications. Composites are made by a structural fibber base (carbon, glass, Kevlar, silicon, 

bore, alumina) fulfilled by another resin (epoxy, polyester, polyamide). From the composition 

of those variables raw materials, each one with its own characteristics, will  surge different 

high  performance  composite  characteristics  that  will  fit  to  specific  applications  (roller 

bladders, mills, aircrafts spare parts, satellites, sport articles, medical device, offshore spare 

parts).  The  relative  higher  cost  are  compensate  by  their  extreme light  weight,  strength, 

corrosion resistance, non fatigue and flexibility that will reduce for example fuel consumption 

or  maintenance  costs  in  a  long  term.  Only  a  small  club  of  companies  dominate  the 

technology to produce and develop those advanced materials, the know-how to textile the 

fibber and combine with the right resin is still  kept in trade secrets besides the traditional 

Fiberglas process. 

7.4.1 Catch-up process

The technological  knowledge  is  seen as  cumulative,  specific  to  a  context,  embedded in 

persons,  firms,  cluster  of  firms,  regional/national  networks  and  difficult  to  transfer 

(Janne,2002).  The  tacit  firm-specific  knowledge  is  even  more  difficult  to  transfer  than 

articulate know-how. Thus to achieve frontier technologies, still  a key challenger for local 

agents with some endogenous R&D (absorptive capacity) to enter in innovative sectors, this 

process might be translated into catch-up process. Considering the competitive environment, 

the path dependence and the gap in financial, human skills and knowledge resources from 

national groups, the strategies for achieve upgrades know- how  in process for commodities 

segments  could  be  based  by  internal  experience  or  external  license,  thus  to  achieve 

knowledge in short time firms usually recur through exogenous sources that could speed the 

transfer of a  dense volume of  information with much lower costs than those incur if the local 

companies intent to  developed the technology by themselves. The capacity of local firms to 

tap into new knowledge would also depend upon the national innovation system  in place by 

private networks, government policies  and the entire existent technological environment .

The sources for  new knowledge transfer  could be described in four main matters: A-market 

process (licensing, suppliers, capital goods, turnkey plants and patents), B- internal hierarchy 

(FDI, cooperation among subsidiaries ) C- something between both possibilities, a  hybrid 

form  (alliances,  joint  ventures,  agreements,  cooperation,  clusters  and  network).  D- 

knowledge  leakage/  spill  over  (patent  copying,  ancient  workers,  reverse  engineering, 

industrial spying, free hider). This later topic will be not cover due the lack of available and 

reliable information. 
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Each of these ‘information transfer process’  must be understood through the knowledge 

management view, in other words the firm capacity to recognize  the value of internal and 

external information, absorb/ create and take advantage of a specific knowledge( data, know 

how ,know -why, know- who, know- where, know- what). The concept of the absorptive and 

learning capacity from Cohen, 95 is interesting within this perspective, meaning the internal 

skills (ex. organizational rules, R&D efforts) the company must has to be able to reception 

and  transform the  external  information.  Firms need  some investments  in  initial  ‘imitative 

capacities’ to acquire the ability to identify the trends and know how to be transferred, to 

absorb  this know how and move further to a knowledge creation step being able to modify or 

adapt the original idea.  

The successful assimilation would incorporate the new knowledge inside the organization 

core routines. In fact the technology transfer is dynamic and compounded by several stages 

separated by internal or external barriers. The knowledge transfer would differ regarding the 

process whereas in a License or FDI or M&A, or Alliances. There is a common sense that  

the most tacit and strategic knowledge it will be better transfer  by FDI or M&A and the more 

explicit/ codified could be also transfer by normal JV or  licenses contracts. Nevertheless this 

simple vision is the reality in 100% the cases because some licenses include the service and 

human resource necessary to put in place new process for example, whereas at the other 

hand some corporation subsidiaries (FDI) are not allowed to develop certain products that by 

“strategic” reasons are still  imported from its headquarters, or even some M&A operation 

create competitive identities inside the same corporation. The schedule  bellow, represents a 

synopses  of the industrial learning capacity in a know- how absorption process describing 

the actions and difficulties to scan the environment, select, transfer , applied , acquired and 

transform specific core knowledge

Table 14 – Synopsis of the industrial learning capacity

Terminology ACTION BARRIER

Scanning 

environment

Exhibitions,  publications, 

academia,  customer, 

Bounded 

rationally, stock of 
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competitor,  Web, 

suppliers,  consulting, 

association, etc

capital, 

knowledge, 

relationship.

Selection SWOT  analyses,  match 

business strategies

Adverse 

selection, 

asymmetries

Absorptive Transfer(tacit, 

codified )

Communication  :  verbal, 

written,  IT,   visual, 

interpretation, 

gatekeeper (bridge)

Gaps: knowledge, 

cultural,  physical, 

understanding, 

hidden agenda

Capacity Acceptance Understanding, 

perception   of  value, 

training

Cultural, believes, 

fear  or  the 

change, power.

Learning Initial Application Development,  tests, 

projects,  procedures, 

instructions

Commitment, 

Capital, personal

Capacity Assimilation Adoption inside periphery 

routines.  Internalization 

internal dissemination.

Commitment, 

competition  with 

actual know- how

Acquisition Adoption  inside  core 

routine

Production 

capacity

Transformation Improvements  , 

adaptation,  combination, 

new solutions

 Capital , personal 

skill

Innovative Innovation R&D,  new  scientific 

fields,  research 

cooperation, new paths.

Capital , personal 

skill  ,  market 

potential, 

Capacity New Scanning Idem again Idem again

This table above is proposed from the ideas of Hagedoorn and Cohen , 2000 to synthesize 

the levels of learning capacities in firms and to exemplify the main characteristic in each 

phase.

The knowledge transfer process occur when a specific understanding move from a source to 

a recipient  as a result  of  an involvement  among both, but mainly by the effort  from the 

recipient to absorber it. 

Regarding the technological capabilities the recipient company could be in 3 different stages: 
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A –Just basic production capabilities, the main objectives and searches is in regular process 

and improvement of quality. The technological transfer process consists, generally, in capital 

goods investments (machines), process and some service to operate them. 

B-Advanced capabilities,  when more than just  a standard product or processes the local 

company  achieves  upgrading  design,  some  ‘in  house’  development,  networking, 

benchmarking,  reverse  engineering,  formulation  .  The  transfer  process  includes  new 

process, licenses, ,and tacit skills to adapt the external  know- how. 

C -  Innovative capabilities  when a company has extents  R&D,  base research and own 

patents, the technological transfer is in general based in equilibrate power between partners, 

including the ‘ know-why’ that enable the expertise for  generating indigenous capability to 

technical changes. At this later stage there are just international corporations or few local 

companies, mainly in the polymer segment which could, by their turn, transfer technology to 

local suppliers. 

In  fact  the  process  for  innovative  development  is  instigated  by  hostile  environments, 

competition  and  constraints.  The  company  identifies  their  problems  (competition, 

productivity, profitability, cash flow, or marketing) and their internal limitations/advantages to 

choose  which  solutions  to  develop  (process  /product  development  /service 

improvement/management). When inside the firm there is not the right capacity to develop 

the required solution,, companies scan the possible outside sources through their network, 

fairs,  sector’s  communication  (web,  folders,  and  pub.)  scientific  academia,  consulting, 

suppliers,  journals,  patents  data  base,  conferences,  reverser  engineering  ,  acquisition, 

license, joint ventures and customers relationship to find their main sources. In a sense, the 

selection  of  technological  platforms would  be a heuristic  process,  but  in  reality  the  path 

dependence  limit  the  choices  as  well  opportunism,  tacit  ‘feeling’  and  ‘chance  ‘  are 

determinant  to  ‘strategic’  choices,  like  new  acquisitions,  new  employees,  licenses, 

discoveries, available patents or  alliances. 

The lacks of internal strong research capacities induce to external sources search to replace 

expensive and risk internal R&D. To become skilled at a new concept the recipient would 

require  an  extra  effort  to  translate  it  into  their  internal  codified  references.  The  current 

methods  are:  training,  documents,  IT,  personal  expatriation,  apprenticeship,  experts, 

observation, rewards and daily routines modification. Nevertheless the barriers could come 

from  the  knowledge  itself  (large  gap  from  the  original  source  to  the  current  recipient 

framework)  the  cultural  aspects  (language,  organization,  behavior),  personal  issues 
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(motivation,  reliability,  relationship,  absorptive  capacity,  perception  of  value,  skills, 

reluctance, fear, time, commitment), indeed the lack of local raw material suppliers or local 

components  supplier  could  difficult  the  manufacture   of  a  specific  product,  thus  even 

acquiring the formulas and process know how, local companies are still constraint to global 

suppliers chemical network . The most vital step for companies is not only assimilate and 

acquire  information,  but  overall  to  exploit  it,  creating,  improving  new products/  process/ 

services, or  exclusive patentable innovations to exploit in monopoly or in licenses.

7.4.2-License 

Proprietary technology has been used since the last  century like a strategic  ‘weapon’  to 

construct a new business in monopoly. The IPR (intellectual property right) could maintain a 

strong barrier for a while; nonetheless it provides also the means to hurdle the barrier and 

transfer the know-how after. An interesting example is given by Peter Spitz concerning the 

Butanediol (BDO) an important raw material for synthetic rubber develop at 30’s in Germany 

by IG Farben ( a cartel among BASF, Bayer, Hoechst , Degussa and GAF), that was obliged 

to develop synthetic rubber as the natural raw materials from French or UK were blocked. 

After  the II  WAR with  the appropriation  of  all  the patents and formulas from IG Farben, 

DuPont and Dow started to produce BDP. During 60 years only  3 companies had 100%  of 

this market till the 90’s when Arco Chemical developed a new route to produce BDO with low 

cost and DAVY, an engineering firm, start to license another newly route, starting a market 

for license BDO process. When the process became freely available the entrance of many 

producer induce to overcapacity, lower prices , squeeze margins and only in 2001 with the 

bankruptcy of some players (ISP, SISAS) the sector became profitable again.

 The advances in multiple chemical fields and the IPR regulations increase the capacity and 

the need of codification in blueprints from products’ formulas and  production process, thus 

enabling this know how transferability by market process. Licensing enables the local firms a 

speed access to new technology with lower development cost and uncertainty. The licensee 

could: enter new markets, quickly react to new opportunities or sudden challenge in their 

market, follow the requirements of multinational customers or product diversification strategy 

with a technical complexity for which they were not prepared to confront by they own. The 

licensor  avoid  direct  sunk  investments  but  take  a  small  part  of  the  commercial  output 

traduced in the royalties fees based in a percentage of net profits from the license turnover, 

thus depending of the relative success of this later. 
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Nevertheless,  the  license  is  more  common in  standard  know-how,  with  codified  mature 

knowledge, thus the licensor will keep secrete the last generation technology,  to avoid the 

tacit transfer, the licensor will keep away from opening their secrets process and employers 

expatriation in frontier savoir faire. Moreover, from the licensee point of view, the license is a 

more passive transfer process, with less effort and thereby, less positive externalities and 

improvement in their own creative capacity. From the licensor point of view, they sell mature 

technologies in packages, meaning that it should earn more from the license deal than the 

return over own equity investment.

The license is  based in an intellectual  property transfer  contract  that  could replicate and 

maintain the monopoly outcome from the inventor.  The reason for  license exclusive  IPR 

could  variety  from  the  lack  of  complementary  asset  to  the  inventor  commercialized  his 

invention on specific markets, quickly obsolescence, easy imitation, network effect that ask 

for quickly dissemination from a new standard or even the inventor could be enforced by anti 

trust law.

A license contract  would specify precise restrictive clauses like:  quota/price/ applications/ 

markets/applications and regions in which the technology could be used. The contract will be 

stuck in a period of  time,  it  will  require the licensee(buyer)  to grant  back to the licenser 

(seller)  subsequent  improvements made into the technology and  much higher  royalties’ 

percentages over sales above the quota or if exported to other regions as a way to control 

the licensee.  

The license is often based upon a protected patent. The patent is a temporary monopoly that 

allowed a market power with higher margins (mainly for leaders in concentrate markets), but 

at the same time, establish a knowledge codification, such as a detailed information about 

the innovation,  that  could  be replicate.  It  is  often not  the most  efficient  mean to protect 

intellectual property rights (IPR). Although it would provide legal recourse against intellectual 

violations, it is still difficult to be enforced abroad, difficult to detect imitation in production 

process and quite not effective on the protection for future deployment or small changes in 

the original intellectual property. 

More over, writing and executing a reliable contract will require legal skills, strong monitoring 

and  local  enforcement  to  reduce  the  information  asymmetry,  moral  hazard  and  adverse 

selection  between the licenser  and licensee,  thus characterizing the ex ante contract  as 

incomplete, complex, uncertain and hard to secure. 
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The patent  is granted to innovative  products /process that  are non obvious,  original  and 

codified. The patents in products and process have some effectiveness to protect innovation 

in the chemical sector for a while. On the contrary of common sense, still there are patents at 

the basic chemicals that are granted a large share of patent due the use of new process and 

catalysis,  followed  by  new  sector  of  biotechnology,  fuel  cell   and  new  materials.

The IPR protection would facilitate the international technology co-operation in the chemical 

sector  minimizing  any  potential  conflicts.  Paradox,  the  system  must  secure  a  return  to 

innovators but also privileged the knowledge dissemination and enhancing the competition 

to create critical mass size and network positive externalities. 

The features of the IPR system in many developing regions contain obligation of patents 

publishing  after  12  months,  allowed  deferred  examinations  for  shorter  time,  opposition 

remedies, limiting the scope and patent terms to no more than 10- years, thus the local IPR 

systems try to reach an equilibrium between innovation rewards, information diffusion and 

limit monopoly. Nevertheless recent studies demonstrate that IPR add little to intrinsic know 

how  transference,  thus  one  firm  could  access  a  formulation,  but  the  process,  the 

accumulated  pathway, the  methods and all the tacit intrinsic knowledge from the original 

company will be not codified in a blueprint.

On the other hand, at the chemical sector, the protections of new formulations by patents are 

long time enforced efficiently  in  OECD region.  Fosfuri  (2002)  in  a study about  chemical 

technological  transfer  demonstrate that  licensing is  done mainly among OECD countries, 

nonetheless it has also become recently a  predominant know-how transference method to 

most  new industrialized  developing  countries’  companies,  the  only  exception  is  in  South 

America  (FDI  and  Alliances  predominate),  showing  the  fear  from  the  local  not  efficient 

protective  IPR system  that promote the technology access in the region( obligation of patent 

disclosure to achieve approbation, expire protection from a patent not put in the local market, 

lower  period  of  protection  )  and  an  existent  local  absorptive  capacity,  thus  the  risk  of 

imitation.  The  author  reaffirmed  the  importance  of  engineering  companies  in  the 

technological transfer that accounts for almost 40% of licenses in the whole sector, mainly in 

more standardized, large scale and mature segments like, solvents, plastics and gases. 

For  instance in Argentina  the  total investment from local companies in internal R&D is only 

0,4% over  total  sales,  whereas  the  investment  in  new equipments  and  license  process 

achieved 4,5% over total sales, which shows   clear strategies to catch up and optimize 

product /process for actual technologies in homogeneous products, within  foreseen results, 

avoiding venture investments. 
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SEF (specialized engineering firms):

After the II War the development of the chemical engineering and the increase of oil sector 

resulted  in  the  development  of  the  petrochemical  plant  suppliers  and  capital  goods 

manufacturers (pumps, centrifuges, compressors, valves, reactors, heat exchangers) at the 

OECD region. Those SEF had begun to elaborate an extensive well-organized and codified 

process knowledge that could be applied in several different  processes and applications. 

Their  main  product  becomes  their  superior  capabilities,  by  cumulative  learning  and 

incremental  innovations,  in  design /coordinate  engineering  solutions  and catalytic  agents 

which would reduce uncertainty  as well cash requirement , eliminating ‘trail and error’ efforts 

for further customers new demands. Companies like Betchel, Lurgi, Lummus, John Brown, 

Zimmer,  Kellog,  UOP,  Parsons,  Merichem,  ACSA,  Germainn Lind  Scientific  Design,  Alfa 

Laval, originated from different fields, profited from the rapid growth at the chemical sector in 

the 70’s as  corporation required improved process and cost efficient plants/equipments to 

follow the demand. 

 

Further, this innovation in process (with the development cost already skunked in their home 

market)  became accessible  to  local  groups in  new industrialized  regions  at  a  just  small 

marginal   transfer  cost,  thus  lowering  technological  barriers  for  new  entrants.  Strong 

economies of ‘specialization’ with positive externalities ( scope, byproducts utilization, in site 

all  around  chemicals)  were  achieved  with  the  vertical  links  between  the  new  chemical 

companies   and  engineering  contractors  /  equipment  suppliers  from  the  Triad.  The 

competition among engineering firms and also the local government incentives lowered the 

net price of capital goods and pipe lines facilities close to marginal transfer cost. 

As  said  before,  this  process  technology  became a  ‘product  ’’  that  could  be  trade-able, 

facilitating new entrants in the region that lacked in house capabilities to construct their own 

facilities.  Furthermore  a  number  of  products  formulations,  technological  process  and 

equipments patents become in the public domain, eliminating the royalties’ payments, even 

tough  imposing  clauses  for  purchasing  accessory  equipments  and  spare  parts  from the 

original machine fabricator. The engineering contractors are responsible for about 40 -60% of 

know how’s transfer to local basic chemical companies. This codify know-how translated into 

packages  of  ‘key  in  hand  installation’  with  all  facilities,  training,  technical  support  and 

consultancy allowed local groups to catch up quickly in petrochemicals, financed, in part, by 

national development governments funds like the  BNDS, FINAME, in Brazil for instance.
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These Specialized engineering firms (SEF) concentrated upon process, already developed to 

customer in  their  home market,  rather  than downstream product  innovation  which would 

require close links with users and large financial  resources to undertake costly R&D and 

marketing development. Thus a division of labor occurred in the innovative research where 

the separation between process and products was easier, namely the large volume organic 

intermediates (Arora, 1996), not in low volume specialty chemicals where the product and 

process innovation are much more related and dominated by MNC with in-house engineering 

capacity and secrecy.  

Furthermore some petrochemical corporations, induced by the SEF competence, started to 

sell their commodities production process knowledge, linked to their subsequent raw material 

purchase. Companies like Air Liquide, Mitsubish, Texaco, BP, Mobil and Shell license more 

than 80% of their proprietary process technologies. This behavior could be interpreted as a 

strategy to make quickly profits from IPR before engineering contractors does,  to enhance 

the potential  customer  loyalty  for  their  bulk  raw material  products  and to  avoid  sunk(no 

redeployed  to  alternative  uses)  chemical  investments  downstream in  risk  regions.  Thus, 

through the transaction cost theory the companies will make the trade-off analyses (actual 

and needed assets investments, competitors, potential market, return on investments, risk 

management,  etc)  and  decide  for  the  less  costly  strategy:  selling/licensing  the  IPR 

(transaction cost) or in house exploitation (organization costs). Probably following this logic, 

recently some specialty chemical corporations, such as Dow, Hoechst, Monsanto, Huntsman 

started to sell mature proprietary technologies aligned with their product, like the ‘neoprene 

water dispersion ‘ from DuPont, the ammonia process by ICI, the air separation technologies 

by Air Liquide, the polyethylene by DuPont; polypropylene process by Union Carbide, Amoco 

and Himont or the recent new route to polyprolilene production from methane of BP. 

This  trend  demonstrates  that  the  corporations  are  today  also  in  the  knowledge  market 

competition for their inventions, depending upon their strategies of ‘rent appropriation’ or ‘rent 

seekers’ and the competitive environment. In other worlds, corporations are competing not 

only in products by also to supply their intellectual properties, thus the result is new entrants 

and  profit  squeezing  in  mature  technologies,  notably  to  the  commodities  markets  with 

already several producers.

  The basic chemical sectors with codified formulas and process facilitate the use of simple 

licenses to transfer know–how. Although the SEF allowed to local companies a more rapidly 

access to optimal process plants in basic commodity or intermediary chemical (including long 

term payments,  credit),  their  generic  process  are  less  useful  in  new specific  context  of 

specialty  product  with  different  types  of  reactions  patterns,  catalysts,  raw  materials,  by 

products, batches, etc.  Thus to the current specialty chemical development in developing 
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countries,  the license  process is  just  one first  initial  step,  but  less  ‘fittable’  to  innovative 

strategies due the passive characteristic of  this transferring (black box) and the constant 

changes  in  customer  tailoring,  flexibility  and  quickly  process  requirement.  Indeed  the 

hypothetic  imitation,  adaptations  and  transformation  from  actual  licenses  by  reverser 

engineering's would require first a large vision and analytical criteria to identify technologies 

with  greater  potential  and after,  not  only  an active  assimilation  capacity  given  by  actual 

internal knowledge level, but also a ‘creative’ capacity to manage the acquired know how in 

forward /backward linkages generating dynamics paths of technical changes, that seems not 

the case today for the large majority of local firms. Thus, the pure license method is enough 

at  the  commodities  chemicals  with  basic  and  codified  know  how,  but  is  incomplete  for 

achieve  the  specific  and  pulverized  frontiers  know-how  of  specialty  chemicals   or  for 

transferring  tacit  knowledge  (accumulated  experience,  sensations,  feelings,  intuition, 

personal  know-how,  creativity).  Moreover,  the  ‘exclusive’  use  of  license  as  ‘innovative’ 

strategy decrease the incentive to invest in R&D, maintain the technological gaps , difficult 

the creation of own IPR, leave the licensee suddenly with an new path without going through 

a process of accumulation and force the importation of advanced raw materials from the 

licensor  .  The licensor,  by their  turn,  reinforce their  R&D,  accumulate more international 

experience,  increase  revenues,  and  have  more  time  to  dedicate  to  strengthening  his 

expertise and moving ahead the technological field.

7.5 Management strategies

For a long time the focus of the chemicals industry has been in the operational excellence , 

heavy assets investments and R&D, however since two decades, an important source of 

value  creation  has  been  achieved  through  more  intangible  factors  like  brand  asset 

management, marketing , services and sales optimal implementation. Industrial  marketing 

strategic  thinking  has  been  introduced  inside  chemical  corporations  render  actions  like 

market  research,  competitor  analysis,  branding,  services,  market  segmentation 

requirements, packing, communication, trends foreseen, innovation driver, commercial tools, 

distribution, pricing definitions. For instance just 1% increase in price above the market would 

represent around 10%  to 12% augment in final profitability and at the opposite side a price 

reduction of 5% would need a volume improvement of 20% to maintain the same result. New 

communication tools and management system are required to implement a sustainable value 

advantages based in core unique technologies. The marketing strategies should create a 

217



significant  value  for  customers  and  the  customer’s  clients  with  distinctive  competitive 

advantages for each target segment. This value adds position (higher benefits at premium 

price) has been more common in the specialty sector whereas the commodities chemicals 

with  basic  benefits  at  average  price  are  more  difficult  to  differentiate  by  brands.  In  the 

commodities  sector  the  marketing  strategies  are  based  in  the  distribution  network 

management, sales rap expertise and discount by volumes. The internet and professional 

web sites are giving transparency price for buyers that could place orders on line.    

In the specialty sector the deeper understand of customer’s intrinsic requirements and value 

chain  comprehension  allowed  tailored  products  and services  to  each niche segments to 

maximize  value  capture.  Corporation  and  SME  try  to  optimize  asset  utilization,  stock 

reduction , at the same time looking for margin maximization based on what their customers 

are willing to pay. Indeed the differences across regions, segments, applications, companies’ 

sizes, and maturity of downstream market allowed the possibility of a price mix adequate for 

each niche.

The  marketing  intelligence  assist  to  best  segmentation  and  niches  definition  which  is  a 

relevant framework to customize products, services, attributes, till the design of partnerships 

with key accounts. The optimal segmentation approach is based in clients and sectors with 

best profitability that at the same time match the company assets advantages. In many cases 

new assets are required and ancient  ones need to be divested in order to tap into high 

profitable  niches,  with  lower  competition  or  still  in  initial  phase.  Indeed  the  actual 

rationalization in portfolios management consider the customer profile to select the higher 

profitable ones or more exigent( higher value perception) ones offering superior products, 

better services, customized relationship and leaving smaller or less profitable ones  into low 

cost  customer’s interface systems( e-commerce) with basic goods.  

To develop a World class marketing system companies center on their core business and 

develop  the  right  skill  and  competences  to  create  a  distinct  value  proposition  into  the 

selected markets, thus achieving the company aspirations/ objectives. The design of new 

business  models  integrate  the  outside  market  aspects  (segmentation,  customers’ 

expectations,  competitors’  pressure,  distribution,  suppliers,  legislation)  with  internal 

capacities ( technology,  products, production) to create innovative value propositions and 

delivery solution system. Firms adapt organizations according to the market structure, for 

instances many times at the same business unit, in parallel, it may be found a local account 

manager to country specific customers and a global account managers to large corporations 

customers. Firms adapt their offer to market segments with different brands portfolios. 
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Corporations  are  creating  radical  new  structures  that  required  new  tools,  techniques, 

capabilities,  but  overall  new  mindsets  and  behaviors  with  constant  learning  approach. 

Several  programs  at  corporations  (ex:  customer’s  relationship  management)  and 

communication (Trade fair, advertising, seminars) are in place to strength the brand power 

behind  high  quality  products,  whereas  the  SME with  weak  brands  are  oblige  to  act  as 

outsourcer doing  private label to maintain economic scale. 

Another important project at corporations is the supply chain management, that integrates 

from one side, the customer relationship (segmentation, application knowledge, marketing, 

forecasting)  with  the  internal  production  capabilities  (flexible  process,  ERP,  lead  time, 

planning,  and  stocks)  and  from the  other  side,  the  integration  with  suppliers  (long  term 

contracts,  on  line  inventory)  and/or  distributors  (exclusivity,  forward  integration,  EDI). 

Corporations  focus  in  reducing  inventories  with  production  flexibility  and  efficient 

forecasting /planning models to supply direct to demand and if possible make to order, just in 

time, due the short shelf life of chemical products and to reduce stocks. For commodities 

product, that change is still very difficult due the natures of continues production flow and 

international  price  quotation.  With  the  actual  downturn  the  challenge  to  bulk  chemical 

companies is to optimize the fixed assets utilization, achieve the right level of stocks and 

reduce  cost  operation.  The  production  follow  up  linked  to  marketing  strategies  aim  to 

optimize  the  supply  chain  management  with  accuracy  forecast  from  marketing/  sales 

department, dynamic procurement  and search for more flexible manufacture tools to achieve 

a stable, reliably supply and at the same time with higher utilization rate of asset capacity. At 

long  term  the  optimization  in  production  network  and  market  intelligence  endeavor  the 

construction  of  exact,  well  located  industrial  capacity.   Chemical  corporations  are 

reconstructing assets into lean manufacture concept, reduction set up, reducing inventory, 

increasing flexibility but keeping productivity goals, even to react under unforeseen increase 

or  decrease demand. This integrated management  process include a collaborative  cross 

function  planning  process  (sales  x  marketing  x  purchase  x  production  x  inventories) 

supported largely  by IT  systems (IBM,  SAP,  etc)  and should  be in  accordance with  the 

overall business strategy.      

7.6 Sustainable strategies considering environment, health and safety .(EHS)

After more than a century of a mass consumption society the industrialization growth had 

created an amazing material  progress ,but  also an astonishing level  of  pollution  and an 

exhaustion of natural resources. 
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There is no doubt that the  general public demand for new safe products, recycling systems, 

green goods, renewable feedstock and less pollution process, those are the most important 

challengers to the chemical industries and ask for new researches in the environment control 

field, green chemical, but this new process and products must also compete on cost base 

with traditional feedstock to succeed. Chemical industry will  pace to a new age of ‘green 

renewable technological platform’ which is starting to cause a dramatic change in a mature 

and locked system on petroleum base.                                                                      

The rise of an environmental consciousness generates unprecedented levels of regulations 

to  protect  flora,  fauna,  air,  water  and  soil.  Governments  create  local  or  supranational 

institutions to coordinate policies in regulation for protection. As result of tougher rules the 

average  environmental  investment  in  the  chemical  industry  rose from about  3% of  total 

operational investment over in 1940 to 20% in 2000 in OECD region.

Recent history have many bad examples of how the chemical industry damage environment 

and the human health, the accidents  of Bhopal, Sevesso,  AZF, chemical weapons mustard 

gas,  orange  agent  illustrate  how  the  sector  acquired  this  mediocre  image.  The  lack  of 

transparency,  pollution  and  the  continuous  production  of  chemicals  with  inherently 

dangerous  properties  (carcinogen,  mutagen,  toxic)  are  still  common  for  the  majority  of 

companies in activity. From the 100.000 chemical substances, around 30.000 are produced 

in more than one tone by process and 95% of those have not yet a proof evidence for human 

or environment innocuous effect because prior 1980 such testes were not obliged before 

marketing. Several chemical substances have perverse effects in human health (carcinogen, 

mutagen, toxicity, endocrinology alteration and irritation), ecological harm (bioaccumulation, 

global  warning,  ozone  depletion,  animal,  soil,  water  and  vegetal  toxicity)  not  only  due 

saturation quantities but indeed due time and persistence in nature (not bio degradable). 

Social and environmental issues become strategic points for chemical corporations impacting 

financial performance and business compass. More than ever, the value from corporations 

include the environmental liabilities as well the opportunities and advantages from a correct 

environmental  approach.  The  actual  challenger  for  the  whole  chemical  industry  is  an 

obligation to develop new process and products inside a framework of long term sustainable 

performance respecting EHS (environment,  health and social  safety).  This new paradigm 

indicate that the company competitive advantage will  come not only from new molecules 

innovation,  branding,  marketing or  productivity,  but  also starting to obtain customers and 

share  holder  value  without  damage  the  human and  ecosystem  life.  More  transparency, 

accountability, sustainability,  companies are more responsive for public concern. This new 

societal conscientious incentive leader firms for developing green chemistry, safer process 
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and harmless substances. Governments are also formatting more strict legislation that place 

the burden of testing and proofing the security of molecules upon companies. Investors are 

increasing value sustainability practices and SRI (social responsible investing). Customers 

are willing safety products and new “clean “manufacture process. 

This new framework is pressuring firms to organize strict  EHS programs that are deploy 

inside corporations in four main structures:

Employee Health Worries – Ergonomic, protection equipment, training, safety procedures. 

Environmental risks – Energy efficiency, pollution control, waste minimization, recycling. 

Hazardous  activities  –  Risk  management,  safety  process,  transportation,  storage, 

maintenance, raw material control, avoid byproducts, accidents procedures.

Hazardous  Substances-  collateral  effects  analysis,  risk  management,  occupational  and 

environment exposure limits, MSDS (material safety data sheet) information, R&D to replace 

dangerous products, lifecycles, recycle and the World harmonization of ranking / labeling by 

levels of danger. 

The principles for a  ‘friendly’ chemical industry have been installed  since the 90’s traduced 

on: the prevention of waste and byproducts; the search for substances benign to human and 

ecological  health  with  less  toxicity,  while  keeping  features;  save  energy  (  ex:  reducing 

synthesis  steps);  design  new  products  with  no  persistence  in  the  environment  and 

recyclables;  minimize  the  potential  accidents  while  controlling  and  replacing  by  safer 

chemistry;  reducing Co2 emissions; finally using renewable raw material, for example the 

use of glucose can  replace benzene to produce hydroquinone.    

At  the  public  authority  side  a  more  strict  legislation  have  been  in  place  aspired  by 

environmental  policies,  applied  to  chemical  industries  to  eliminate  exposure  to  harmful 

agents,  also  to  induce  the  redesign  production  process  to  minimize  risk  and  providing 

transparent  information.  Every  government  from  traditional  industrial  countries  has 

established  the  rules  for  chemicals  sites  production,  pollution  control  and  the  maximum 

concentration of toxic substances that human could be exposed. 

Three fundamental policies have emerged: ‘The polluter principle’ that indicate who bears the 

cost for chemical pollution is the producer; the ‘substitution principle ‘to persuade companies 

to  launch  new safety  chemicals  and  the  ‘precautionary  principle  ‘to  promote  preventive 

action,  for  instance  in  new  quality  standards  homologation  like  ISO  14001,  the  EMS 

(environmental management system) or the EMAS (European Eco management and Audit 

Scheme).  More specifically  for  the chemical  industry in  Europe the REACH (registration, 

evaluation,  authorization  of  chemical  products)  legislation  ensure  that  by  the  2012  all 
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chemicals substance would be evaluated and the dangers ones (ex lead, mercury, cadmium, 

hexavalent,  chromium, brominates) will  be banished . The cost for the companies will  be 

around 2 to 7 billions of Euros, but at the same time will  create a non duty trade barrier 

based  in  quality  certifications  that  will  protect  the  European  producer  against  foreigner 

producers  that  had  not  passed  the registration;  the  sanction  and  fines  could  go  to  350 

thousand  of  Euros  per  substance  not  declared  what  will  logically  stop  importers  .  The 

REACH regulation replaces 40 ancient EU chemical rules, creating a new harmonized  set of 

responsibilities for the industries. All chemical substance in commerce over ten tons per year 

is request to be evaluated by firms and approved by the Central European agency, already 

145.000 substances were register till 2009.

Companies  are  liable  for  theirs  products  and  process  from  “cradle  to  grave”,  from  raw 

material to final residual / recycling management chain. The duty of care induces chemical 

firms to assume the responsibility for testing and management their substances along the 

entire  product  manufacturing  chain,  replacing  dangerous  molecules  and  searching  safer 

substitutes. This new regulation will change the classification of production sites ( Sevesso 

legislation ) as well the CLP ( classification, labeling and packaging) of the chemical products 

in Europe that will be more strict and controlled.

Another important initiative from the chemical sector is the ‘Responsible Care’ program, by 

adopting voluntary cooperation with governments and society for continuous improvement in 

EHS  knowledge,  improve  resource  efficiency,  set  up  regulations,  increase  public 

transparence and promote responsible management of chemicals.  

Chemical firms have been establishing risk management policies to predict potential hazard 

to managed, regulate, control or avoid accidents even prior to introducing new chemicals in 

large  scale.  The  quantitative  risk  assessments  are  use  to  calculate  PBT(  persistence, 

bioaccumulation, toxicity ) chemical properties, as to say how to measure bioaccumulation, 

aquatic  toxicity,  persistence in  the environment  and potential  carcinogenicity  substances. 

Molecules with those characteristics has been banished, phasing out, forbidden and replaced 

by substances non accumulative in nature, like the mercury, lead or PCB (polychlorinated 

biphenyls).  Demonstrate the ability to manage risk increase the confidence from financial 

investor leading to facilitate funds access and lower cost of capital. 

Vertical  producers  like  Dow  or  BASF  are  improving  their  plant  energy  efficiency  with 

synergies  and  use  of  byproducts  like  high  pressure  steam.  Some  new  management 

initiatives have been adopted by chemical corporations to eliminate waste, reduce mistakes 

or improving designs, using methodology like the six sigma, lean operation that use statistical 

measurement approach to optimize resource productivity.  An  new set of  “sustainability” 

metrics have been started to be used by large corporations like the energy use, reduction of 
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CO2  ,  N2O  rejection,  water  use,  material  efficiency,  reduce  consume  of  carcinogens 

substances and the use of renewable raw materials / energy. BASF for example, besides the 

Verbund concept ( link each production facility to other plants in order that byproducts and 

streams from one plant could feed in the next) have clear environmental objectives till 2012 : 

Green house gas pollution reduction of 10% per metric ton , 60% reduction in organic and 

nitrogen emission into water  and 40% reduction in  green house air  pollution compare to 

2002.More over,  BASF use a safety risk matrix for chemicals substances classifying in : 

Safe, Harmful and Toxic  grades, thus managing to replace the last one in a called ‘ eco-

efficiency management that balance the costs, environmental impact and social effects of 

different products or process alternatives. Nonetheless BASF expends US$ 200 millions in 

projects to environmental protection and workers security, in fact only 0.3% of total turn over.

Besides this recent regulations many dangerous substances are still produced or generated 

as byproducts, in fact the lack of harm proof is often misinterpreted as a proof of save (prior 

the 80’s the new chemical products were not subject to testes prior launching),  even the 

programs like REACH that will  analyses the dangerous of isolated substances will  be not 

able to evaluate a combine “cocktail” of chemical substances that in reality are exposed  the 

environment and human health. 

The risk assessment, that has started the large corporations, are expensive, time consuming, 

more  often  use  to  analyze  problems  than  prevent  them  The  conflict  among  the  best 

performances, the lower cost and good environmental properties often induce companies to 

privilege the two first options than safety products for ecosystem. 

The real challenger for companies is to strive into new green benign chemistry while keeping 

the same performance and reducing costs through efficient use of materials and energy.

 The chemical industry still contribute to VOC (volatile organic compounds) and CO2 (carbon 

dioxide) emission, representing 7% of total global emissions and some new products from 

the new technologies like biochemical and nanotechnologies are yet not complete analyzed 

concerning public health long term effects.

 Strict global regulations that oblige the internalization of negative externalities (ex: pollution, 

waste)  to the well  being of  employees,  local  community,  the environment and the whole 

society in a sustainable industrial evolution are still in a preliminary form.

Concomitant  with  authorities  and  public  regulation,  leaders  producers  are  involved  in 

sustainable development to optimize the use of chemical substances and minimize the risks 

while  respecting  communities  and  natural  functioning  of  the  ecosystem.  In  reality  for 

developing  such  new  economic  concept  is  required  the  enforcement  from  government 

policies, incentive from markets and support from corporations, as an example at US is the 
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Global Environmental Management Initiative ( GEMI) that  is a non profitable association of 

leading chemicals to foster sustainable and EHS plans. The GEMI approach is based in six 

principal elements:

A  –  Quality  of  live  and well  being:  assuring  employees,  workers,  users,  subcontractors, 

communities,  etc  involved  with  the  companies,  encourage   a  dignity  quality  of  life,  by 

facilitating, education, health service, information, protection.

B- Business ethics: Promoting honesty, integrity and fairness.

C- Share holder value creation: securing the company continuity by achieving a competitive 

return on investments and assets.

D – Social impact: improving the development of the local or national society.

E- Environment impact minimization: striving to eliminate the adverse environmental impacts 

concerning  the production,  transportation,  utilization  and recycling  chemicals  products.  A 

proactive approach is desired to minimize the risk for health and ecosystem, through new 

products and process that are benign with minimal toxicity and prevent waste.

F- Natural resources protection: Promoting sustainable use of renewable resources at a rate 

that does not exceed the regenerative capacity of the ecosystem . 

The link between the companies’ stock value and the environmental /social performance are 

becoming more evident in the recent years. The bankrupt of Union Carbide and Rhodia were 

profoundly linked to their accidents and terrible EHS careless practices, the accidents of BP 

in US or Total in France have sharply decrease the companies’ stock values. Several ‘non 

financial’ intangibles aspects like innovation, alliances, diversity, transparence, image, culture 

human capital and ecosystem concern has become key issues for increasing firm values. 

Undeniably  leadership  corporations  are  worried  by  sustainable  development  model  and 

environmental  performance, internalizing the negative externalities bear before by society 

(pollution,  waste,  accidents,  and  byproducts).  Market  also  recognizes  environmentally 

responsible  firms  that  associate  business  revenues  with  societal  benefits.  Sustainability 

programs with performance reflect a good management for short and long term and avoid 

litigation.  The world  index of  Dow Jones sustainability  include large corporations like Air 

products, BASF, Bayer, DSM, Degussa, Dow, DuPont ,Praxair, noted by  their environment 

performance started  from the top of the organization, insert on the corporate governance 

level, till the programs applied to employees, suppliers, customers and communities.

 There is a growing range of performance standards related to sustainable development like 

firm’s guidance, internal principles, rules and norms. Responsive corporations are increasing, 

depend the country, to providing information on their sustainability goals and environmental 
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performance in their  annual  reports,  at  same time working together with  community  and 

environmental activists, assuring regulatory compliance.  This transparency addresses the 

issue of trust in public-corporate relationship, but also influences the company value. Several 

chemical  firms indeed  supply  services  that  include  consulting,  safety  storing,  supervises 

waste collection and recycle of the chemical waste or empty packaging.   

7.6.1 Environment policies and chemical, industry public Image.            

                 

An increasing part of modern societies  are becoming ‘chemical unpleasant’ as to say ,they 

are  looking  for  products  (  apparel,  food,  construction,  cosmetics)  produced  with  natural 

materials with less utilization of synthetic chemical derivates as possible. In fact they utilize 

normally they car, their cellular phones, their laptops, travel in aircrafts without any remorse 

knowing  that  those  products  are  plaint  of  chemicals  composites,  but  when  they  have a 

choice  of a natural product ,even 30-100% more expensive they prefer to consume. 

Chemical Corporations identify that the leadership in environmental and social responsibility 

become correlated to value equity, thus lawsuits or accidents certainly impact the value of a 

firm, some empirical studies demonstrate the share values reduce in between 1 to 5 % just 

after accidents, mainly due the fears of fines and brawny legal actions. At the other hand 

sustainable ecological practices improve a friendly image and attract more loyal customers.

In a  survey from Price Waterhouse Coopers in 2003, with the 35 more important chemical 

companies,  65%  of  them  declare  that  the  greatest  sustainability  opportunities  are  for 

enhance  reputation  and cost  savings  in  operational  optimization.  For   75% of  them the 

sustainability  concern  is  strongly  housed  at  the  communication  and  public  relation 

department.

To address the chemical industry  image apprehension ad enhance favorable reputation an 

important marketing strategy is transparency in public relation and the communication from 

the   benefic  applications  of   sustainable  chemical  products  (medicines,  special  plastics, 

transportation, telecom, etc) that are used for the improvement of modern life, that are not 

really  recognized  for  the  vast  majority  of  the  normal  people.  On  the  opposite  chemical 

industry  gives  to  the  public   the  fears  of  risks,  contaminations,  collateral  effects  and 

accidents, that make the sectors bad image to the general community, some times with the 

specification of a single company related to this bad image like Monsanto or Union Carbide. 

The global public perception for the chemical sector is only better view than nuclear sector, 
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petroleum industries or financial institutions. Chemical industries are viewed with suspicion, it 

is the target for environmental policies in the environment, health, safety pollution control, 

recycling or new molecules health effects. The regulation is developed through legislation at 

national  and  international  levels.  The  several  accidents,  the  bad  policies  and  lobbies 

pressure  by  companies  like  Monsanto  that  manipulate  national  government  or  control 

agencies like FDA in US for GMO (genetic modified organism) approvals, increase the whole 

negative image of the sector, demonstrating not only by the general society reject, but also 

the decline in the numbers of students in chemical related disciplines,  reflecting the poor 

attraction of this area among the young people. The last research from the CEFIC in 2004 

demonstrate the differences of the chemical industry perception in several countries, going 

from 62 % of positive perception in Germany or Spain, 46% positive  in USA and only 31% 

positive  in France or 21%  positive in Sweden.

The last two decades several new programs and regulation in US and Europe have been 

implemented concerning the security of plants, environment and the study of the specific 

effects in human been health. Programs like ‘Responsible Care’ in US , the ISO 14001 and 

the  REACH  (Registration  Evaluation  and  Authorization  of  Chemical  products)  in  Europe 

which  force the analyzes of more than thirty  thousand different substances. Since the 60’s 

there has been a regulation framework put in place to control chemical production.  As early 

as 1979 after the Seveso accident in Italy the chemical industry counsel in Europe set up 

actions for protection legislation to prevent accidents by obligations in safety equipments, 

contingency plans and at the same time doing communication campaigns on current issues 

to improve its image. Other important subjects were putted into the lights for public opinion, 

like the directive on dangerous substances in the water in 1976 dividing the products by its 

biodegradability,  thus  banishing  un-biodegradable  ones.  In  US  Since  1976  the  Toxic 

Substance Control Act gives the power to the EPA (Environmental Protection Agency) to 

track 75.000 chemicals produced or imported into US. 

 The  changing  in  regulation  and  the  increasing  public  reporting  of  EHS  are  pushing 

corporations for increasing  spends around 1 – 3% of turn over in re design products and 

process  to  and  environment  performance  and  health  projects  to  reduce  toxic  releases, 

achieve products with safety manufacturability, transportation, use, and recyclables. Improve 

non hazardous process that minimize waste, pollution, no byproducts and save energy. 

The  trend  is  that  the  burden  of  proving  that  a  product  or  process  is  safe  is  owed  to 

companies and audit by independent agencies / laboratories, The REACH program is one 

example the total cost would be estimate to 2, 3 billion of euros to the industry scanner more 

than 30.000 substances and proving the non danger. This process will increase the cost/time 

of products registration but it will give an answer to the public about health and environment 
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risks by improving information access open the public dialogue and constructing a road to a 

possible  sustainable  development.  Classification  is  a procedure to determine the physic-

chemical, human health and environmental hazards of a chemical substance. Classification 

is followed by a labeling assessment. During the certification process the identified hazards 

substances  are  labeled  to  corresponding  new  global  harmonized  pictograms  elements 

(warning symbols, toxicology phrases and safety phrases). Finally, these labeling elements 

are displayed on dangerous product together with component MSDS ( material safety data 

sheet) information. Many REACH provisions refer to build on classification & labeling,  for 

example  registration,  chemical  safety  assessment,  preparation  of  safety  data  sheet, 

authorization  and restriction of  non compliance substances,  all  the companies  in  Europe 

producing more than a certain quantities of products are obliged to proceed the certification 

to avoid fines, penalties, and obtain license to operate.

Nonetheless many question still  exists as companies will  work in consortium to certificate 

identical products at once  together and share the costs, but in case of failure, not approve or 

a future damage in future years, who and how it will  be split  the penalization among the 

consortium. In fact the REACH certification could serve more as a trade barrier protection 

helping European industries against  foreigner producer that will  be also forced to do the 

homologations to enter in the market than a real revolution in the chemical sector. 

 

 7.7 Other feedstock, renewable resources, “green revolution”:

The petroleum scarcity and volatility  of oil-based petrochemical prices, which constrained 

margins and crippled industry earnings last year, forced chemical producers to take a closer 

look at diversifying their feedstock base. Many firms have R&D projects under way involving 

gas, coal or renewable resource-based feedstock, but these technologies present their own 

challenges that industry is at work to address.

Alternative  feedstocks  have not  yet  proven  to  deliver  a  return  on  investment,  but  some 

industry  firms expect  that  they will  ultimately  yield  a  big  payoff  in  the form of  a  sizable 

competitive  advantage.  The  hope  is  that  using  any  of  several  alternative  feedstocks  to 

produce chemicals will provide flexibility for chemical producers seeking to ultimately reduce 
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their dependence on conventional  oil-based feedstocks, help their margins, and, in some 

cases, reduce their carbon footprint.

Industry projects include several types of alternative feedstocks—such as methane, as well 

as plants or  coal  used to produce synthesis  gas  (syngas)—that  are then used to make 

chemicals. All of the alternatives include high capital costs, which currently hinder their wide-

scale adoption. Even so, Avantium, BASF, Dow Chemical, Shell, BP and several other firms 

are investing in these technologies and trying to overcome the challenges.

Currently, low prices for petroleum-based chemical feedstocks have caused some firms to 

question whether to move ahead with alternative feedstock investments. Projects that looked 

great in when oil was more than $140/bbl oil do not look as attractive now that prices have 

collapsed.

Alternative feedstock projects are capital-intensive. Syngas-to-chemical routes, for example, 

are unlikely to be economically viable at current oil prices in the $50/bbl range, unless they 

are subsidized.  Capital  costs for the gasification step are a significant  barrier to entry.  A 

world-scale gasification plant is on the order of $1 billion-$2 billion, thus now when oil  came 

back in the $60-$75/bbl range, these projects  make sense.

The production of  olefins from syngas is an established,  but capital-intensive,  route.  The 

conversion of methane directly to olefins, bypassing syngas, has been an industry goal for 

many years and how to find a   commercially viable process to take methane and couple it to 

make ethylene, skipping syngas, it will have a huge advantage to exploiting stranded natural 

gas resources.

Methane is abundant as it is the major component of natural gas, and there is large number 

of  natural  gas  reserves  in  many  parts  of  the  world.  However,  the  process  of  coupling 

methane to make ethylene still needs to be streamlined, because ethylene yield with current 

catalyst technology is not enough to make the process commercially viable. Nevertheless BP 

communicate in July  2010 that they develop  a patentable process to a direct methane-to-

chemical conversion process that is economically viable  likely encompassing advancements 

to the catalyst, process, and separations.

Several chemical companies are working to develop more efficient and economical syngas-

to-chemical processes to defray the capital requirements and conversion costs, for instance 

Dow and Süd-Chemie recently announced an R&D deal aimed at converting syngas from 

coal  or  biomass  to  building  block  chemicals,  including  olefins  (CW, Jan.  /  2009).  BASF 
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recently  announced  a  syngas-to-olefins  technology  that  uses  a  newly  developed 

heterogeneous catalyst for industrial-scale conversion of syngas to hydrocarbons using the 

Fischer-Tropsch process.  The method would  provide BASF with  an alternative  to  steam 

cracker technology based on high-cost feedstocks such as naphtha. The process will likely 

take another eight years to commercialize.

7.7.1 Coal to chemical

Coal to chemical was the standard for organic chemicals at the beginning of the Twenty 

century.  The increase price of petroleum gave back the incitation to improve the coal-to-

chemical  process.  Meanwhile,  recently  announced  plans  for  coal-to-chemical  projects 

include  Dow’s  initiative  at  Shaanxi  Province,  China,  which  is  in  the feasibility  stage and 

targeted for start-up in 2014 or 2015. The project will be based on clean coal technology that 

converts coal to methanol for production of ethylene and propylene.  Derivatives products 

made at the complex would include vinyl chloride monomer and chlorinated organics, as well 

as  acrylic  acid  and  derivatives,  amines,  glycols,  propylene  derivatives,  solvents,  and 

surfactants. Dow is also in talks with both federal and state authorities as well as potential 

partner companies for a coal-to-chemical project in the U.S. Both China and the U.S. have 

substantial coal reserves, making coal an attractive alternative to natural gas and petroleum 

feedstocks in these countries.

Shell says it has been developing gas to liquid (GTL) and coal to liquid (CTL) technologies 

that could open up new process routes to chemicals. The company’s Ras Laffan GTL plant 

Qatar Petroleum is set to come online this year and will be he world’s first commercial GTL 

plant. The company  has been licensed for 15 gasification plants in China and two in Europe. 

7.7.2 Biomass feedstock

One important new paradigm in the sector is the key strategies in product and process based 

upon vegetal feedstock and the  biotechnology platform. Biotech at chemical sector is related 

to the use of natural, renewable resources, living cells, enzymes and genetic manipulation in 

process  like  fermentation  and  bio-catalysis  to  obtain  molecules.  The  bio  process 

(fermentation)  has  been used by  humankind  since  the last   ten  thousand  years  (  wine, 

cheese,  beer, bread ), nevertheless the called biotech revolution means the recently new 

routes in genomics, increasing  resistance of enzymes and metabolic engineering  that are 

increasing the application of biotech in agriculture, health care and  in fine/specialty chemical 

industries.  In fact these new processes are becoming more cost effective, they are used 
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today to produce around 5% of the chemical substances and further there will be a growing 

potential to replace petroleum based products by biomass, besides the actual uncertainty 

that still require a risk management combined to a strong expertise and to link know-how and 

market opportunities.   

The global market for bio chemical is estimated in 100 billions of dollars (only ethanol is 

around USD 15 billion) and is forecast to achieve 150 billions in three to four years from now, 

as to say 10% of the total chemical sales. Biochemical feedstock start to replace oil based 

products and synthetic production process in several applications like biopolymers, resins, 

solvents,  food  additives  and  chiral  drugs  raw  materials  with  the  advantages  of  a  more 

environmental ‘clean systems’ and economic benefits due the shorten steps in production 

process,  optimization  of  capital  expenditures  with  productive  assets  used  by  bio-routes. 

Indeed the size for scale economic facilities could be shrink lowering risks and overcapacity. 

With such advantages in process, as well new products features (bio degradable) biotech will 

play an increasing role during the next decade in chemical products. Already some enzymes 

and organics are derived using biotech routes and are being used in manifold application 

such as replacing chlorine dioxide bleaching for paper pulp. During the next 10 years the 

actual research programs will probably culminate in competitive products in fine chemicals, 

painting,  adhesives,  food  additives,  plastics,  composites,  paper  chemicals  and  water 

management  chemicals,  even  20%  less  costly  than  petrochemical  routes  ,replacing  by 

biocatalytic  ‘clean’  solutions.  The evolution toward a more biological  –based platform will 

have other implications like reducing pollution and energy savings as this new process  are 

less scale intensive and could be customized. Nonetheless the effects from the modified 

genomics in the human body are not totally clear and further research is needed to assure its 

large use in crops or food application.

Several  new companies have been founded in this new market  of bio refineries and bio 

chemical like Genomatica , Codex , Elevance in US or OrganoBalance in Europe, But also 

traditional corporations are concern with sustainable development and renewable feedstock 

sources,  establishing JV or new ventures departments in that  frontier  knowledge ,as the 

following examples:

 Avantium  is collaborating with sugar and food group Royal Cosun to develop a process to 

produce plastics and fuels from agricultural waste streams that is be viable even when crude 

oil  is priced is higher than  $50/bbl.  Avantium and Royal Cosun will  focus on developing 

polyesters  that  have  the  potential  to  be  cost-competitive  with  oil-based  polymers  ,  for 

instance para -xylene, a feedstock for polyethylene terephtalate precursor terephthalic acid, 
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is  $800-$1,200/ton,  while  glucose  is  $150-$400/ton).  Avantium will  develop  a  chemically 

catalyzed production process under the deal. Cosun will select, isolate, and purify suitable 

components, such as carbohydrates  and -sugars, from the waste streams. The first phase of 

the collaboration is expected to last about two years. If results are positive  they will scale-up 

the technology to commercial scale.

Danisco’s  Genencor  develops  and manufactures enzymes  as  well  as renewable  bio-raw 

materials for chemical companies. Their process is still  economically viable if crude oil prices 

are at or above $50/bbl-$60/bbl.

Dow entered into an agreement with the U.S. Department of Energy’s (DOE; Washington) 

National  Renewable  Energy  Laboratory  to  jointly  develop  and  evaluate  the  commercial 

viability of a biomass-to-ethanol process. The process will convert non-food ingredients, such 

as the leaves from corn plants or wood waste, into syngas using a gasification process. The 

gas will be converted to a mixture of alcohols, including ethanol, using a Dow mixed alcohols 

catalyst.

Nonetheless ,  another factor in feedstock choice is the material’s overall  carbon footprint 

producing syngas from coal emits huge volumes of carbon dioxide (CO2). Its success in the 

future is highly dependent on being able to capture the CO2, such as is envisioned for CO2 

at integrated gasification combined-cycle power plants. Biomass-based syngas is expected 

to be eligible for carbon credits and has broader support from legislative bodies on a global 

basis.

The  focus  of  chemicals  from  biomass  will  be  mainly  niches  and  supplements  to  the 

petrochemical routes. It  is apt to be a long time before there is major displacement,  and 

during that  time any number of  things could happen,  such as increased recycling,  which 

could  affect  the  dynamics  of  petroleum  versus  biomass  sources.  The  gathering  and 

transportation  of  biomass also  remains  a  cost  issue.  Another  consideration  is  feedstock 

availability.  Alternative feedstocks often require local solutions. Dow has chosen Brazil for a 

planned polyethylene unit based on ethanol-to-ethylene conversion. The location enables the 

company to benefit from the region’s already established production of ethanol for fuel. The 

350,000-m.t./year  plant,  set to be online in  2012, will  be the world’s  first  fully integrated, 

world-scale renewable feedstock-to-plastics production unit.

The new environment regulation, social pressure, the increasing price of hydrocarbon and 

the incertitude regarding a constant petroleum supply made the feedstock diversification a 
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vital issue, overall with the use of renewable raw materials. The exploit from vegetal/animal 

base to chemical  application  is  old  as the human civilization.  In  the begging  of  the  last 

century  the  natural  resins  largely  predominates  as  raw  material  to  the  industry  (latex, 

cellulose,  etc)  in  many  applications  like  rubber,  tires,  explosives  and  medicines,  after 

replaced by hydrocarbon sources(coal, oil). Nowadays the increased cost of petroleum, gas 

and the development of scale productive methods from biomass, allowed the use, again, 

from the renewable vegetal sources (ethanol, cellulose, amide, oil, etc). New process and 

enzymes permit faster and simpler production installations (low temperature and pressure) 

with continuous flow or ‘batch outputs’. 

From basic sugar it is possible today, by biotech routes, to arrive till advanced materials. The 

main intermediary on the ‘green chemicals’ is the ‘ethanol’. Ethanol is a versatile chemical 

feedstock and on the past had been used commercially to synthesize dozens of other high-

volume chemical commodities. At the present, it was supplanted in many applications by less 

costly petrochemical feedstock. However,  in countries with abundant  agricultural  products 

ethanol  can  be  used  to  produce  basic  aliphatic  chemicals,  including  ethylene,  acetone, 

butadiene, glycerol or acetic and citric acids.

In the presence of an acid catalyst (typically sulfuric acid) ethanol reacts with carboxylic to 

produce ethyl esters. The two largest-volume ethyl esters are ethyl acrylate (from ethanol 

and  acrylic  acid)  and  ethyl  acetate  (from  ethanol  and  acetic  acid).  Ethyl  acrylate  is  a 

monomer used to prepare polymers for use in coating, and adhesives. Ethyl acetate is a 

common  solvent  used  in  paints,  coatings,  and  in  the  pharmaceutical  industry;  it’s  most 

familiar application in the household is as a solvent for nail polish. A variety of other ethyl 

esters  are  already in  use,  on much smaller  volumes,  in  fine  chemicals  as  artificial  fruit 

flavoring for instance. The ethylamine, from ethanol reacted with  ammonia is  use today  in 

the  synthesis  of  pharmaceuticals,  agricultural  chemicals,  surfactants  (tense  actives),  bio 

polymers (degradable),fibers, colors, varnish,  and synthetics resins (polyurethanes).

Ethanol derivate it is easily soluble in water in all proportions with a slight overall decrease in 

volume  when  mixed.  Absolute  ethanol  and  95% ethanol  are  themselves  good  solvents, 

somewhat  less  polar  than  water  and  used  in  perfumes,  paints  and  tinctures.  Other 

proportions of ethanol mixed with water or other solvents can also be used as a solvent. 

Ethanol is used in medical wipes and in most common antibacterial hand sanitizer gels at a 

concentration of about 62% because ethanol kills organisms by denaturing their proteins and 

dissolving their lipids and is effective against most bacteria, fungi and many viruses.

 The  legislation  in  place  in  America  (mainly  Brazil,  US  and  Canada)  are  inducing  the 

production of ethanol to fuel utilization, which will allowed abundant raw material to chemical 

outputs. The ethanol produce from sugar cane (6500 liter/hectare) is the double compare to 
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corn source, which gives  tropical countries a  great natural advantages based in low cost 

raw  material  arrive(  US$  0,  25/liter  comparing  to  US$  1,  00/liter  from  corn  feedstock). 

Another research in progress is the utilization of cellulose to obtain ethanol, but still far away 

form the right  set  up.  The technology for  the  production  in  cost  competitive  large scale 

production  of  ethanol  as  fuel  is  ready  in  some  countries  like  Brazil;  nevertheless  the 

application generalized in chemical derivates is not already achieved due the lock in within 

petrochemicals

Other fermentation process aligned to biotechnologies (enzymes) has been used in the life 

science purposes (hormones, enzymes, antibiotics, proteins, vitamins, diseases treatments, 

dextrin, etc) or in the alimentation industry (ex. Xanthenes like stabilizers).

Additional  Intermediaries  are:  Cellulose,  still  largely  used  in  the  fibers  (viscose,  rayon, 

paper),  films  (cellophane),  solvents  and  explosives  (nitrocellulose).The  hemicelluloses 

originate  the  furfural,  an  important  feedstock  to  produce  fibers,  plastics,  resins,  and 

medicines.  

Lignin is another vegetal base; it  is a poly-phenol from wood used to produce acetylene, 

vanillin, and resins. 

The amide is  other  important  base,  from corn or  potatoes,  is  used in  adhesives,  textile 

process,  plastics,  surfactants,  cosmetics,  industrial  food  (glucose,  maltose)  or  paper 

production.

The difficulties to implement  this ‘green’ raw material pass by : The ‘lock in’ phenomenon in 

actual  petrochemical  structures  with  all  process  and  professional  formation  driven  to 

traditional  hydrocarbon  feedstock,  also  the  requirement  of  large  agricultural  fields  with 

increasing productivity in despite of food production and the evolution of ‘vegetal refinery’ 

process  in  more  economical  methods(pyrolyse,  hydrolyze  ).  A  predictable  and  constant 

outputs  would  allowed  the  development  of  a  sustainable  green  chemicals,  increasing 

environment value and profit from all possible byproducts with the use, for example, of new 

low cost enzymes that will be applied like catalysis to reduce the fermentation steps or even 

increasing flexible production process and infrastructures (pipelines, ports) that could handle 

hydrocarbon and vegetal feedstock. Many companies like Gist, Bayer, BASF, Merck, are in 

this search, at the same time companies like Genencor, Novozymes are reducing the cost of 

enzymes  by  modifying  the  amino  acid  sequences.  The  total  value  chain  (agricultural 

producers,  machines producers, refineries,  etc)  at the ethanol  sector is not  ready yet  for 

replace petrochemicals world wide.  There are many local small  players and new venture 

business  units  in  diverse  activities  without  strong  collaboration,  moreover  the  lock  in 
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phenomena in oil  feedstock and the incomplete regulation difficult  the establishment of a 

structured  network  (farmers,  collecting,  refineries,  storage,  and  application  in  chemical 

process).  To  define  the  right  strategies  companies  make  the  economic  assessment  to 

evaluate  the potential  markets segments,  their  production  costs  comparing to incumbent 

products/process in order to define the appropriate business model (venture capital,  new 

Business unit,  M&A, partnering)  

 Another difficulty is the low property rights protection on the process once developed, thus 

reducing the incitation to R&D; indeed there are yet low links between academia and industry 

on the biomass studies. Large corporations with independent business unit  could redeploy 

investment in new areas or middle specialized companies with venture funding could focus 

on pioneer developments at this biochemical process, but the main effort  in fundamental 

research still come from public institutes, for example at United States the  government are 

deploying   US$  350  millions/year   in  basic  biotech  research  just  to  increase  the  corn 

productivity and  Europe is establishing a platform on sustainable biochemical  in a private – 

public partnership to develop a research agenda.

Today the ‘ethanol’  industry has the main purpose on food and alcohol outputs, thus the 

development of a green chemical axe will required a complete new approach which involve 

the agriculture producers,  sugar industries,  enzymes fabricants and chemical  companies, 

thus not only the chemical know –how are required but also biology, agronomy, physicians, 

mechanic ,etc .

At the supply side the life sciences companies (pharmacy, agrochemicals) are increasing the 

use of  biotech routes  to improve the productive  process or  to  create  features  products, 

however at the commodities and specialty sector the use of biochemical is yet marginal or 

relegate to traditional application like the nitrocellulose or cellophane, demonstrating the lock 

in phenomenon besides some small movements like the bio degradable plastics from amide 

produce by corporations like BASF. One answer to an alternative feedstock as new resource 

pass by the development of a structured sector for productive agriculture in several countries 

giving a reliable and constant outputs ( not periodic by seasonality),  innovative catalysis/ 

enzymes to increase the productivity and the creation of  flexible production process that 

would work whether with vegetal or hydrocarbon raw materials.

Another important future trends in chemical research are the principle of “biomimic”  and the 

creation of artificial life, meaning products and process inspired by the natural organisms  or 

natural chemical substances, but reproduce deliberate  in laboratory by simulated synthetic 

procedures. The examples: researches about the principles of spider web (protein and water) 

inspire  composites  fibers;  the  mussel  that  stick  under  water  inspire  new  immersions 

adhesives; the gecko toe hairs that inspire new tapes ( bond weakly in any surface); butterfly 
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and peacocks create colors by diffraction of light via ordering surface microstructures rather 

than pigmentation  inspiring  new cosmetics  and  decorative  paintings;  new alga  for  water 

treatment,  new ceramics  that  mimics  abalone  shell  nacre  improving  performance  or  the 

mimetic of photosynthesis to use solar power for energy generation.

 The companies that have been engaging in those new higher risk projects are financed by 

venture  capital  or  self  financing  and  targeting  narrow,  but  most  promises  opportunities 

markets  assessed  by  a  set  of  criteria  that  include  economic  value,  feasibility,  risk 

investments and the fit  with  overall  company strategy.  The first  mover  advantage would 

accelerate,  for  the  best  firms,  to  set  their  right  distinctive  assets  to  launch  quickly  a 

successful product/process with sustainable competitive advantages, like for instance DSM 

that divested their petrochemical business to Sabic and are investing in new bio material and 

food additives.                                                                                                                           .

Conclusion

Companies define their strategies based in their internal strengths / weakness, the external 

environment opportunities and treat as well the future vision from top executives and owners. 

The  core  strategies  redeployed  in  marketing  (portfolio,  communication  distribution,  etc.), 

technology (R&D, license, innovation, process, etc), management (M&A, FDI, finance, JV, 

etc)  tends to be coherent  with  the general  company mission and future vision,  to  avoid 

internal conflicts and disorganization.  

The Specialty chemical corporations are divesting commodities business, investing in new 

platform like nanotech or biotech financed by mature products with notorious global brands. 

Basic chemicals companies are increasing FDI in non OECD countries, specifically in the 

Middle East, whereas local firms are becoming global players and acquiring assets in OECD 

regions, indeed oil companies are keeping and busting business units in basic derivates with 

larger  scales  petrochemical  process,  they  are  investing  in  productivity  speed  process, 

vertical  integration  and  online  commercialization,.  SME in  OECD are  being  acquired  by 

corporations and financial  firms (LBO),  the independent  ones are searching higher value 

niches and regional markets to keep their independence, even though they are obliged to act 

as outsourcer producer for other companies in  non core products ( private label). 

 Companies from developing regions are  acquiring technology, catching up and also carry 

out  alliances,  acquisitions  or  license  to  achieve  new  products  or  markets,  using  the 

specialized engineering firms (SEF) suppliers. The SEF developed an extensive and codified 

knowledge  in  several  different  processes.  Their  main  product  becomes  their  superior 

capabilities  in  design  engineering  solutions.  They are  responsible  for  80% of  know how 
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transfer for small  and middle chemical companies.  Indeed the  bulk chemical companies 

started  to  sell  their  commodities  process  knowledge,  linked  to  their  raw  material  use, 

companies like Air Liquide, Mitsubish, Texaco, BP and Mobil license more than 80% of their 

proprietary technologies to avoid enter in competition at the specialty sector and to enhance 

the potential customer for their bulk raw material substances.

However,  in  general,  the  license  will  specify  a precise  application/  markets in  which the 

technology will be use and will require the license buyer (licensee) to grant back subsequent 

improvements  made into  the technology  to  the seller  (licenser).  For  instance,  Mitsubishi 

Chemical licensed a well-established process from Texaco, but did not license the catalyst 

polymer design, this avoid the company to give back its improvement in the polymer design 

to  the  competitor.  Another  example  is  Union  Carbide  (  today  DOW)  that  licenses  their 

proprietary process of  low density polyethylene  to many companies  generating revenues 

from royalties instead of higher fixed asset investments..

Developing  countries  companies  still  utilize  license  and  SEF  as  the  main  source  of 

‘innovation’.  It  is  important  to  denote  that  this  competition  between  licensors  has  lower 

royalties fee, giving great access to world class process to new producers, which in turn 

leads to more competition and lower prices for the final products.

Few corporations like Dow, BASF, Mitsubishi, Sumitomo, Total are still integrated with basic 

and specialty chemicals, nevertheless the complexity of the chemical technologies /markets 

made  almost  impossible  to  maintain  all  necessary  skills  and  assets  in-house.  The 

corporations choose, due its strategy, culture and internal capabilities, which will be the core 

business  to  maintain  internally,  which  complementary  technologies  will  be  access  from 

external sources ( M&A, JV, outsource) and which technology will be divested .

Finally the most recent constraint and challenger for the chemical industry is the sustainable 

development due stricter environment law, health regulation or even hydrocarbon feedstock 

rarefaction. 

The  civil  society  demand  more  information  and  safer  chemical  products  /process  for 

protecting environment, animal & human health and social concerns.  This new restriction 

pulse the research for new horizons, alternatives, vegetal chemistry renewable sources and 

recycling.  The recycling process is a strong trend, for instance from used plastic is possible 

to  obtain  back  chemical  components,  using  new  process  (hydrolyze,  hydrogenation, 

hydrocraking,  de-polymerization,  bio  catalyze)  is  possible  to  synthesis  the  complex 

molecules and recycle in new products.
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Besides the neo liberal market “ruling-less” in the global trade, the productive aspects are 

more controlled than ever. Local /international laws and regulations are enforced by national 

states.  In  Europe,  for  example,  since  1976  the  laws  Seveso  1  –  2  rule  the production, 

pollution and rejects.  Recently the European commission issued a plan called REACH a 

policy  and  legislation  to  evaluate,  test  and  authorization  of  thirty  thousand  chemical 

substances at an estimate cost of 80 thousand euros  per substance. 

More over, the chemical companies have a potential growth segment in the environmental & 

pollution control within some companies already focusing on, for instance, TOTAL -AtoFina 

create Eco-Per and Rhône Poulenc creates Rhône –Poulenc Environment Services, both are 

services branches to regeneration, recycling, treatment, ultra filtration and other process in 

the pollution control. The company Nalco Chemical is, also, a great example of advanced 

technological service in water-treatment with chemical process.

The economic future of the chemical industry is inside the sustainable (social, environmental, 

human) development mainstream.

Chapter 8- Adhesives, coating and sealants ( AC&S) technologies

An  interesting  example  of  specialty  chemical  segment  is  the  adhesives  ,  coating  and 

sealants  business,  to  illustrate  in  deeper  way  the  strategic  issues of  a  complex  second 

market structure.

 Adhesives are used to bond surfaces together, sealants are used to fill gaps and coatings 

are used to protect surfaces. The platform bases include polyurethanes, epoxy, hot melts, 

rubber, acrylic and others. Dispersed companies worldwide serve many downstream market 

segments like automotive, construction, electronics, packaging, etc. 

The total AC&S and Painting global market represent around US$ 150 billions ( 8% of total 

chemical market). According to a market research report, Adhesives & Sealants/Joining and 

Fastening— from BCC Research the market  only  for  adhesives  and sealants was  worth 

some $37 billion in  2007 and expected to increase for  $46.4 billion on 2012,  an annual 

compound growth rate (CAGR) of 4.7% over the next 5 years; it represents around 2 % of 
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the  total  chemical  market.  Nevertheless  pricing  is  rising  faster,  due  raw  material  costs 

increase.

The sector is not concentrate, the scope of regional applications, technologies and service 

required at the ACS industry allow the existence of large number of companies, there are 

more than 2.000 manufactures world wide, but only roughly 100 large corporations serving 

global markets (transport, electronic, appliance, construction, etc), in fact the majority firms 

are SME serving local or regional markets (ex: packaging, woodworking, furniture, apparel, 

etc). The adhesive applications are spread 40 % in paper / board, 18% building/ construction, 

12 % wood working, 10% transport goods, 8% industrial assembly, 5 % DIY / consumer, 5% 

footwear/leather , 2% other  .

The global distribution of turn over is around 34% in USA, 32% in Europe, 27 % in Asia/ 

Oceania, 5% in South America and 2% in Africa. 

The base platforms are broken down into of water-borne, solvent-borne, polymer dispersion, 

hot  melt  and reactive adhesives.  Considering the sealants they could be divided in non-

hardening and hardening sealants. From all of these systems, water-borne adhesives have 

the largest share of the market, worth $12.7 billion in 2006 and expected to reach $13.3 

billion in 2007 and $16.7 billion by 2012, a CAGR of 4.7%. Hardening sealants have the 

second largest market share, expected to reach nearly $8.0 billion in 2007 and $9.6 billion by 

2012, a CAGR of 3.7%. 

There is a continued increase in the demand for adhesives and sealants worldwide while on 

traditional assembly application or replacing mechanical fasteners. In terms of market size, 

the major adhesive and sealant producers and consumers remain the United States, Japan, 

Germany,  Italy,  United  Kingdom  and  France.  The  development  of  new  products  and 

technologies will continue to surge from these countries for at least the next few years. The 

outlook tendency for the following years projects that the industrialized markets will  have 

vegetative grow following GDP index, while many of the emerging markets will grow at 5% to 

7% per year. 

The  Far  East  represents  the  highest  growth  region.  China,  South  Korea,  Taiwan  and 

Vietnam are expected to experience growth above 7%. A smaller regional market in Eastern 

Europe has as well a major growth trend like Poland, Czech Republic and Russia showing 

demand growth above 4%. With growing investments in its industrial base, India has also 

become a major growth area in the East and has the potential to develop into a significant 

market for  adhesive and sealant  products.  Nevertheless the largest  regional  markets are 

North America, Western Europe and the Asia. These three regions account for 85% of the 

global demand volume and 78% of the total global value. 
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Graphic 36 - Global AC&S market share by volume and value 

Source: CHEM/DPNA 2005

8.1 Market Driving Forces

There are five major driving forces affecting the world adhesives market:  

A-Market globalization

Market globalization has different level of influence on each region. The traditional market, 

represented by the industrialized economies, is experiencing downturn use of conventional 

adhesives  whereas  by  regulation  banishing  solvent  base  or  because  labour-intensive 

industries (footwear, textile, consumer electronics, small machinery and woodworking) move 

to  lower-cost  labour  countries,  thus  new  reactive  adhesives  or  water  base  have  been 

increasing participation on developed market.

B- The strengthening of new trading blocs.

Trading blocs (E. U, NAFTA, Mercosur, others) and the greater role of the WTO in globe 

trade,  are  facilitating  the  extend  circulation  of  products  at  comparatively  prices.  Raw 
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materials have commodity global index, thus the differences in final prices come from gaps in 

labour, logistic, cost, margins, brands  or technology involved. 

C- Importance of environmental responsibility. 

The policies to protect environment   make pressure for the development of saver products 

and the use of green chemical,  as well eliminate VOC ( volatile organic compound). 

 Environmental  awareness and care responsibility  have touched about  every region and 

resulted  on  the  development  of  adhesive  and  sealant  products  that  are  environmentally 

friendly like for instance water base or biomass based.

D- Industrial consolidation. 

The increase competition on global basis as customer become also global players induce the 

consolidation and the establishing of leaders corporations (Henkel, 3M , Bostik, Sika,etc.) by 

M&A  process like the recent acquisition of Rohm and Hass by Dow for $18,8 billion , the 

acquisition of Hercules by Ashland for $3,3 billions , the Acquisition of National Starch by 

Henkel and the recent acquisition of Ciba by BASF..

Industrial consolidation has primarily affected the industrialized countries, where there has 

been  consolidation  of  adhesive  and  sealant  formulators,  customers,  and  raw  material 

suppliers. 

E - The technological evolution summit the replacing of mechanical fasteners by chemical 

adhesives.  

Durable goods shift  from metal to plastics or composites, in consequence there are new 

adhesives generation developed from hybrid technology, mixing different chemicals bases to 

achieve  new  features  to  fix  those  new  materials  or  traditional  materials  with  superior 

performance.

There is a general movement away from traditional solvent base systems, as the demand for 

environmentally  friendly  and  higher  performance  technologies  increases.  This  is  evident 

when considering that global growth is highest for hot melts (100 %solids), reactive ( high 

solids)  and water  borne types.  Figure  bellow presents  a comparison of  growth  rates  by 

adhesive technology.

Graphic 37 - Global AC&S Technology Trends 2004-2005
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Source: CHEM/DPNA 2005

The adhesive and sealant markets could be classified on 3 stages - emerging, growing and 

mature. The industrialized countries are in the mature stage whereas the emerging countries 

vary  between  emerging  and  growing  markets.  In  reality,  products  technologies  are  also 

divide by its life cycle (initial,  growing, stable and declining) .  Since the marketplace has 

become more global, many of the developing countries are "leapfrogging” (bypass) across 

the traditional evolutionary cycle. To become competitive, several are opting for the latest 

technology direct without passing for the normal life cycle. 

The global demand for formulated resins shows some adjustments as a result from shifting 

technologies.  Highlights  include  promising  increases  of  specialty  raw  materials  for 

formulating water borne, hot melt and reactive systems. Related formulating binder resins 

showing strong growth include acrylics, polyurethanes (both thermoplastic and thermoset), 

silicone,  and hybrid polymers. 

A comparison of market demand share for the top five global raw material resin binders, plus 

other "specialty" resins, is shown in Figure bellow.

Table 38 – Global raw material  share of market 

 

Source: CHEM/DPNA 2005

241



 Trends in regional Markets

The  Far  East  represents  the  highest  growing  region.  Four  countries  are  highlighted  as 

representing opportunities for significant growth - China, South Korea, Taiwan and Vietnam. 

A smaller regional market, Eastern Europe, has three major markets- Poland, Hungary and 

Russia,  showing  demand  growth  above  4%.  Other  industrial  emergent  countries  with 

increase use of adhesives are Brazil,  South Africa, Argentina or Mexico.  Growth in most 

other countries is sporadic due to the small size of the total demand.

One important country in the East region is India, the second largest population after China. 

India has begun to encourage investment in its industrial  scene and has the potential  to 

develop  into  a  significant  market  for  adhesive  and  sealant  products,  for  instance  the 

company  Pidilite,  an  India  adhesive  firm  leader  in  India  and  doing  active  acquisition 

worldwide to become a global player with strong brands in DIY.

In terms of market size, the major industrialized adhesive / sealant producers and consumers 

remain  the  United  States,  Japan,  Germany,  Italy,  United  Kingdom  and  France.  The 

development of new products and technologies will surge from these countries for at least 

the next 3-5 years.

End-User  Market segments

Adhesive are used in almost every industry, eight end user markets are qualify as being truly 

global, where the demand is for the latest state-of-the-art products. The top eight users for 

adhesives are: converting and packaging; construction; pressure-sensitive adhesives (PSA) 

for  tapes,  labels,  and  miscellaneous  products;  sealants;  and  woodworking  applications; 

flexible packaging, transportation and disposables. The relative share of the global end user 

segments and the remaining non-global markets are compared in figure bellow.

Graphic 39 -  End User  for AC&S, Market Segment  share
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Source: CHEM/DPNA 2005

Supply Patterns

Certain global end use segments are characterized by significant foreign trade activity. They 

are supplied worldwide by multinational merchant adhesive and sealant formulators. The top 

five  segments  supported  by  exports  are  converting  and  packaging,  construction,  PSA 

applications, sealants, and transportation. Most of the high tech products are manufactured 

in the industrialized regions and shipped to the emerging country markets. Adhesives and 

sealants can be exported in different forms ranging from a semi-finished to fully formulated 

merchandise.

Vertical integration is another characteristic of the adhesive industry. Captive ( B2B) versus 

merchant (B2C) supply of adhesive and sealant  products varies by market segment.  For 

example,  the  converting  and packaging  segment  is  40% captive  (direct  from supplier  to 

client)  and  60%  merchant-supplied  (through  distributors),  whereas  the  PSA  market 

represents about 80% captive and 20% merchant-supplied. On the other hand, the consumer 

DIY adhesive market  segment  represents a 100% merchant-supplied  market.  Altogether, 

about 30% of the adhesives demand is met by captive direct business to business without 

distributors.

The top 10 multinational adhesive and sealant companies supply nearly 50% of the merchant 

market in OECD region. They represent companies with sales ranging from US $400 million 

(ex: Forbo-Swift) to a high of US $2.6 billion (ex:Henkel). The remaining formulators below 

this  range  are  categorized  as  medium  (US  $100-390  million)  and  several  smaller  local 

companies that may have sales less than US $100 million. It is apparent that the supply of 

formulated products is still quite fragmented and populated with many small, local and niche 

players beyond the strong actual consolidation. 
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8.2 Principal technological platforms:

Polyurethane Adhesives

Polyurethane  reactive  adhesives  include  systems  that  are  available  as  100%  solids  or 

solvent based in one or two part formulations. These adhesives can cure at room or elevated 

temperatures.  Unlike  epoxies,  the  polyurethane  adhesives  are  flexible  and  have  both 

relatively high shear and peel strength.

Polyurethane-based adhesives form tough bonds with high peel strength. They have better 

low temperature  strength  than other  adhesives.  Polyurethane  adhesives  also  have good 

flexibility,  abrasion  resistance,  and  toughness.  They  have  good  chemical  resistance, 

although  not  generally  as  good  as  epoxies  or  acrylics.  Urethanes  do  not  have  high 

temperature resistance. Maximum upper use limits are about 150°C, and most formulations 

are used below 100°C resistance. 

Some  polyurethane  adhesives  degrade  substantially  when  exposed  to  high-humidity 

environments.  This moisture sensitivity occurs with  both the cured adhesive and the un- 

cured components. Once a polyurethane component is open to the air it should be used. To 

prevent moisture contamination, many large volume polyurethane users resort to keeping dry 

nitrogen blankets on the adhesive components before they are metered and mixed.

Because of their wetting ability and good flexibility,  polyurethane adhesives bond well  too 

many substrates including hard-to-bond plastics. Since they are very flexible, polyurethane 

adhesives are often used to bond glass, foils and elastomer. Urethane structural adhesives 

are used extensively  in  the automotive industry  because of  good adhesion properties to 

sheet  moulding compound (SMC),  glass,  and urethane reaction  injection  moulding (RIM) 

plastics.  Structural  polyurethane  adhesives  are widely  used in  SMC assembly  and other 

plastics bonding in the automotive market. 

Polyurethane structural adhesives may be one or two component formulations. The pot lives 

of two component urethanes can vary from as little as 15 sec to as long as 16 hrs, depending 

on the type of reactant and catalysts.  Many structural urethane adhesive formulations set 

quickly and require no primer or other surface preparation.

The one-component polyurethane systems can be formulated to cure when (1) exposed to 

moisture at  room temperature or  (2)  by activating a chemically  blocked isocyanate.  The 

chemically blocked isocyanate is then activated by heating or exposure to moisture. 

Recently  reactive  polyurethane  hot  melt  adhesives  and  sealants  have  been  introduced. 

These hot melts develop 2500-4000 psi shear strength and elongation of 500-700%. Initially, 
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polyurethane  hot  melts  function  similarly  to  conventional  thermoplastic  hot  melts  and 

eliminate  the  need  for  extended  holding  of  assemblies.  They  are  generally  applied  at 

temperatures as low as 105°C. However, once the polyurethane material has been applied to 

the  substrate,  the  terminal  isocyanate  groups  react  with  moisture  in  the  substrate  and 

surrounding air to form a thermosetting material. During this cure cycle, the product evolves 

from a thermoplastic to a thermosetting adhesive. Once the polyurethane is applied the parts 

should be joined rapidly. Green strength develops in seconds, and full cure will occur in one 

to  three  days.  The  bond  will  continually  strengthen  to  far  surpass  the  strength  and 

environmental durability of conventional hot melts. 

These reactive hot melt polyurethane adhesives are most often used to bond heat sensitive 

substrates  when  fast  assembly  times  are  required.  They  are  often  applied  in  the  auto 

industry for bonding trim and other assembly operations. 

Polyurethane  adhesives  are  widely  used  in  wind  shield  and  backlit  (rear  wind  shield) 

applications. The viscoelastic polyurethane adhesives are able to seal and bond the glass to 

the metal  body openings.  The urethane is  also  able  to damp out  vibration  in  the parts. 

Polyurethanes  are  used in  this  application  because they provide both a  sealant  and an 

adhesive. As an adhesive they contribute to the strength of the body as a unit. The multi-

functional bonding holds the glass wind shield in place even if the vehicle is involved in an 

accident, improves the rigidity of the automotive body, and allows for process automation via 

robotic applicators. These sealants are generally filled with silica and/or carbon black as UV 

inhibitors.

Another application for a two-part polyurethane adhesive is the fabrication of SMC (sheet 

moulding compound) car and truck body parts and the attachment of sun roof hinges to glass 

panels. Polyurethanes have excellent adhesion to many plastic parts. Their relatively high 

degree of elongation is well suited to bonding substrates that have a widely different thermal 

expansion coefficient and where thermal cycling is expected in service

Cyanoacrylate Adhesives

Cyanoacrylate adhesives became well known after their commercial introduction in the early 

1970s in the consumer market. This unique product was initially referred to as "super glue". 

The name is well deserved since cyanoacrylate adhesives have certain characteristics like 

no other adhesive. These adhesives are solvent-free, one-part formulations that cure rapidly 

when pressed into a thin film between two substrates. Perhaps no other adhesive bonds so 

rapidly and so easily to such a variety of substrates as does a cyanoacrylate. 
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Early generations of cyanoacrylate adhesives had significant performance limitations. Since 

they  were  essentially  thermoplastic  in  nature,  cyanoacrylate  adhesives  exhibited  poor 

thermal and chemical resistance. Since they were hard and brittle when cured, they exhibited 

poor impact and peel properties. These drawbacks limited the application of cyanoacrylate 

adhesives to high volume assembly operations with minimal performance requirements.

Newer formulations, however, have greatly improved the performance properties of these 

"instant" adhesives. New products continue to offer the ease of use of a cyanoacrylate but 

now with  the added performance properties of  a truly structural  adhesive.  Cyanoacrylate 

adhesives also have had and still do have relatively high material cost compared to other 

adhesives.  However,  on  a  cost  per  bonded  part  basis,  cyanoacrylate  adhesives  are 

competitive with most other joining operations. 

New  generations  of  Cyanoacrylate,  based  on  monomers  other  than  methyl  or  ethyl 

cyanoacrylate,  have  improved  toughness  and  high  shear  strength  (3,500  psi).  New 

cyanoacrylate resin monomers have also been introduced to provide faster cures, higher 

strength with some plastics, and greater thermal and impact resistance. 

Whereas  unmodified  Cyanoacrylate  normally  have  a  maximum  operating  temperature  of 

about 82°C, new thermally resistant formulations offer continuous service at temperatures as 

high as 120°C. These high temperature formulations are very useful in electrical / electronic 

applications such as wire tacking and component bonding to printed circuit boards.

Typically unmodified cyanoacrylate adhesives have high lap shear strength, on the order of 

2000-3000 psi, on most substrates. Lap shear strength can be further improved by 10-30% 

and peel and impact resistance can be greatly improved by incorporation of tougheners or 

plasticizers  to  the  unmodified  cyanoacrylate  adhesive  formulation.  Products  have  been 

developed which have 5-10 times higher peel strength than conventional compositions. 

Cyanoacrylate  is  now available  in  gel  form in  addition  to  the  conventional  low viscosity 

liquids.  These  systems  provide  the  ability  to  bond  to  substrates  that  have  inaccurate 

tolerances or are not well matched.

Epoxy Adhesives

Epoxy adhesives are commercially available as liquids, pastes, film, and solids. They are 

generally  supplied  as  100  percent  solids,  but  some  are  available  as  sprayable  solvent 

systems. 

Most commercially available epoxy structural adhesives are single component, heat curing 

adhesives or multiple component adhesives that cure at either room or elevated temperature. 

246



Generally,  epoxy systems that  cure at  elevated temperatures have a higher  crosslinking 

density and glass transition temperature than systems that are formulated to cure at room 

temperature.  This  provides  the  elevated  temperature  curing  epoxies  with  better  shear 

strength, especially at elevated temperatures, and better environmental resistance. However, 

they usually have poor toughness and peel strength.

Because  of  their  thermosetting  molecular  structure,  epoxy  adhesives  exhibit  excellent 

tensile-shear strength but poor peel strength unless toughened as explained above. Epoxy 

adhesives offer excellent resistance to oil, moisture, and many solvents. Low shrinkage on 

curing and high resistance to creep under prolonged stress is characteristics of many high 

quality epoxy adhesives. Epoxy resins have no evolution of volatiles during cure and are 

useful in gap-filling applications.

With  most  room temperature  curing  epoxy  adhesives  a  significant  drop  in  tensile  shear 

strength occurs between 80 and 120°C. The exact temperature where the drop in strength 

occurs will depend very much on the specific curing agent used, the fillers or modifiers used 

in the formulation, and the length of cure. When room temperature curing epoxy adhesives 

are cured at elevated temperatures or are given a post cure at elevated temperatures, the 

heat resistance is somewhat improved. However, the heat resistance of epoxies that are fully 

cured at elevated temperatures is generally far superior. 

Chemical resistance is similarly affected by curing agent type and the temperature of the 

cure.  Moisture,  solvent,  and  general  chemical  resistance  are  usually  superior  for  epoxy 

adhesives  that  are cured at  elevated temperatures.  Room temperature epoxy adhesives, 

having  a  lower  glass  transition  temperature,  will  generally  be more severely  affected by 

environmental exposures.

Depending on the epoxy resin and curing agent used, room temperature curing adhesive 

formulations  can  harden  in  as  little  as  several  minutes  at  room  temperature,  but  most 

systems require from 18 to 72 hrs to reach full strength. The room temperature curing epoxy 

adhesives can also be cured at elevated temperatures, if faster curing times are required

Phenolic

Phenol resins are the condensation product of phenol and formaldehyde. Because of their 

good heat resistance and dimensional stability,  they have been used mainly to bond disc 

brake pads. Phenolics are relatively inexpensive adhesives. Materials of this type are very 

reliable but require heat and pressure for prolonged periods in order to cure. Thus, their 
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application is limited to components that are assembled off line and do not interfere with the 

manufacturing rate. 

The phenol bond is somewhat brittle and tends to shatter under impact or vibration. As a 

result  phenol  resins  are  often  modified  by  the  addition  of  elastomer  resins  to  improve 

toughness and peel strength.  Certain blends of  phenol  resins with  nitrile  rubber produce 

adhesives useful up to 150°C continuously. Typical formulations may contain up to 50% by 

weight  nitrile  rubber.  The major  advantage of  incorporating  nitrile  into  phenol  resin is  to 

improve the peel  strength of  the phenol  without  significant  reduction in high temperature 

strength. 

On metals, nitrile-phenol offer shear strength of up to 5,000 psi along with excellent peel and 

fatigue properties. Good bond strengths can also be achieved on rubber, plastics, and glass. 

These  adhesives  have  high  impact  strength  and  elevated  temperature  capability  during 

service.  They are  also  used in  the  aircraft  industry  for  bonding  of  aluminium facings  to 

honeycomb cores. Other applications include electronics, footwear, and furniture assembly.

Nitrile-phenol adhesives are generally available as solvent solutions as well  as supported 

and unsupported film. They require heat curing at 150-250°C under pressure of up to 200 

psi.  The  nitrile-phenol  systems  with  the  highest  curing  temperature  have  the  greatest 

resistance to elevated temperatures during service. 

Cured Acrylic Adhesives

Thermosetting acrylic adhesives are structural adhesives that often compete with epoxy and 

urethane adhesives but have very unique characteristics of their own. Although they have 

been commercially  available since the late 1960s and relegated to rather niche markets, 

thermosetting acrylic adhesives may be poised for rapid growth for a variety of reasons.

Modern thermosetting acrylic adhesives are rubber-toughened systems that cure rapidly at 

room temperature to provide a crosslinked structural adhesive suitable for bonding metals, 

engineering plastics, and many other substrates. They provide a high tensile shear and peel 

strength,  chemical  resistance,  and impact  strength.  Thermosetting acrylic  adhesives  also 

have the ability to bond to a wide variety of substrates with minimal surface preparation.

A major breakthrough, however, occurred around 1974 with the introduction to the market of 

"second  generation  acrylics"  by  DuPont  under  the  trade  name  Cavalon.  The  second 

generation acrylics utilize chlorosulfonated polyethylene and related materials as tougheners. 

This leads to increased peel and impact strength and greater durability and reliability due to 

more efficient transfer of stress to the rubbery phase. 
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These adhesive systems provide several unique methods of application and cure at room 

temperature. Thermosetting acrylic adhesives can be applied as standard two component 

meter-mix-and-dispense systems, the base component can be applied to one substrate and 

an activating primer to the other or one component can be applied to one substrate and the 

second component to the other. These various methods of joining along with the capability 

for  providing  cure  times  ranging  from  very  short  to  relatively  long  provide  significant 

production advantages in assembly operations.

Substrates to which these adhesives bond well include metals such as steel, aluminium, and 

copper.  Most  metals,  due  to  their  catalytic  effect  on  the  free  radical  cure  mechanism, 

accelerate the rate at which thermosetting acrylic adhesives cure. Zinc surfaces, however, 

sometime present a problem and primers and surface treatments are necessary to enhance 

adhesion.

Plastics such as ABS, acrylic,  polycarbonate, rigid PVC, nylon, phenol,  reinforced plastic, 

epoxy, and melamine can be easily bonded with thermosetting acrylic adhesives

An advantage of the acrylic chemistry is the moisture and outdoor weather resistance. These 

adhesives  exhibit  durability  in  aggressive  environments.  Tests  have  also  shown  90% 

retention of the bond strength of steel joints after 100 hrs exposure to 95% relative humidity 

and 40°C. Thermosetting acrylic  adhesives are moderately resistant to attack from many 

industrial chemicals. Exceptions are polar solvents, such as acetone, and strongly acidic or 

alkaline solutions. 

A very interesting advantage of thermosetting acrylic adhesives is that they are particularly 

tolerant of surface contamination. They provide good bond strength with unprepared metal 

substrates such as oily steel. It is suspected that the oil diffuses into the polymer and acts as 

a  plasticizer.  This  is  a  distinct  advantage  for  bonding  large  area  steel  surfaces,  where 

generally the oil  (used to prevent corrosion) must be cleaned from the substrate prior to 

bonding  and  then  reapplied  after  bonding,  depending  on  the  application.  However,  for 

optimum results standard surface preparation techniques should be employed.

SPUR 

They are a group of specialty organofunctional compounds that possess dual reactivity. They 

can be used as additives, primers, and co-monomers in sealant applications. The silanes 

react chemically and promote adhesion: (1) between the base polymer in a sealant and the 

inorganic fillers in the formulation and / or (2) between the base polymer and the substrate. 

Silanes  can also  be used to  promote crosslinking,  and  they  can be incorporated  in  the 

polymer chain by various reaction mechanisms.
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The "molecular  bridge"  created by the use of  silanes  in  sealant  formulations  contributes 

various benefits such as:

A  chemical  bridge  between  the  inorganic  surface  and  the  organic  polymer  to  provide 

enhanced adhesion in both wet and dry environments; 

A barrier to prevent moisture penetration through the interface; 

Improved bulk physical properties of the sealant through enhanced adhesion between the 

polymer and filler particles and the efficient transfer of stress from the resin to the filler; 

Effective dispersion of fillers aid to the reduction in the apparent viscosity of the system and 

flexibility in compounding. 

Silanes  have  been  used  in  sealants  since  the  early  1960s  when  they  were  introduced 

successfully in polysulfide formulations. It was found that without using a primer only small 

amounts of silane were needed in the formulation to improve adhesion to hard surfaces, 

such as glass and metals and, in some cases, masonry. More recently, "siliconized" sealants 

have been widely commercialized. Many of these plasticizer latex sealants claim superior 

properties and will bond to a variety of substrates with surprisingly small amounts of  silane in 

the  formulation,  usually  less  than  several  percent  by  weight.  Silanes  have  multiple 

commercial uses such as coupling agents for reinforced plastics and adhesives, crosslinking 

agents  for  polyethylene  cables,  and  dispersants  for  paints  and  printing  inks.  

Other platforms

Other new technological platforms are:  Anaerobic Adhesives /Polyvinyl Butyral Adhesives / 

Silicone  Adhesives  /Thermoplastic  Polyester  Adhesives  /  Polyamide  Adhesives  / 

Polyisobutylene Adhesives

The table 15 below represents the historical milestones for the principal products that are in 

the market today and their advantages.
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Source: Adhesive Age 2006

 8.3 Small and Medium Enterprises

The chemical sector is dominated by large corporation,  nonetheless many segments like 

Adhesive & Sealants are fragmented.  95% of nominal chemicals industry that correspond to 

40 % of total global out put have fewer than 250 employees. They are independent families 

firms  or  financed  backed  companies  (  LBO,  private  investors,  holding)  working  as 

formulators   of  their  own  products  in  niche  market  and/or  outsourcing  production  for 

corporation that wants to eliminate the cost of internal production capacities for specific basic 

products, concentrating themselves in innovation and marketing.

Graphic 40 -  Global Adhesive companies market share 2007
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Source Adhesive Age 2007

Besides  the  consolidations  going  on,  the  sector  is  still  fragmented  with  several SME 

specialized  in  a  specific  platform,  like  the  case  of  EMFI  (acquired  by  3M),  Soudal  and 

DenBraven in mastics or Loxeal and Chemence (acquired by 3M) on anaerobics. Producers 

need  to  use  modern  equipment  and  flexible  batch  process  to  adapt  to  the  variety  of 

customers demand (colours, grades, packaging), at the same time they require some scale 

economies,  thus obliged  to produce the same product  for  several  customers in  different 

private labels.

They  have  advantages  of  inferior  overhead  costs,  more  management  flexibility,  less 

coordination costs, fewer decisions levels compare to corporation, but it struggling with lower 

margins and lower bargaining power with customers and distributors as those ones could 

change easily for other supplier due the technologies are standard, codified and the increase 

international  competition with new entrants from developing regions augment the offer of 

similar producers. 

Difficulties for the SME are the lack of advanced management tools, marketing capabilities, 

long term finance, less attraction to well  educated labour that prefer employment in large 

firms, logistic, higher transport costs and the deal with complexity of regulation/legislation / 

certification. Another critical issue is the lack of relevant knowledge management, due the 

lack of information, skilled workers, It is not easy for SME to create or search and assimilate 

from outside knowledge which will require an effort in source, adaptation, originality, ability to 

combine disciplines and develop creative innovation on risk and doubts projects. 

Indeed the difficulty to yield low rate credit  make the SME very dependent  on their own 

capital structure, often to solve  financing problems by using family funds, private investors or 

public funds. Self financing is the most used source of long term funding, their smaller asset 

size make SME more risk and with less counterparts.
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SME  encounter  enormous  pressure  from  the  large  groups  that  aim  to  consolidate  their 

position by external growth and become more competitive present on worldwide, they have 

been a precious target for corporations and LBO funds .Nonetheless, SME are important to 

the spread of  technology into low end market  by reducing final  prices,  or  enriching and 

personalising basic  products and working close to final  customers to create value and a 

competitive edge.

European  and  North  American  SME  are  more  able  to  export,  than  non  OECD  SME 

companies due superior know how. Nonetheless  a study form the European  Commission in 

1999 showed that 85% of  chemical SME exports, but only 8%  had tried FDI due shortage of 

finance  (  loans  )  ,  difficulty  in  finding  suitable  partners,  trade  barriers,  travel  expenses, 

recruitment  of  local  staff  and  lack  of  acquaintance  with  foreign  countries  in  culture, 

legislation, certifications and foreign regulation as well.  A determinant factor for FDI is the 

geographical  or  cultural  vicinity  to  SME,  more  than  tax  or  cost  labour  for  example.  To 

address this lack several public funds have been in place like for instance the European 

Regional Fund (ERDF), the European Social Fund (ESF), the European Investment bank 

(EIB) to improving access to finance and credit.

In developing countries the difficulties for SME are even higher due the lack of physical / 

intellectual capital, funds, and government incentive policies.

The challenger for SME is to work in networks, alliances, joint ventures in order to remain 

competitive against larger groups and enhance competitiveness in international cooperation.

For  instance  ,  the  complementary  alliances  between  SME  from  OECD  and  emerging 

countries firm it is a boost strategy deployed by some firms as partnering for  interchange 

formal and informal knowledge, tacit experiences, codify know how, products  and open the 

doors for innovation inside their respective norms and organization. It forces both companies 

to develop absorption capacities and learn to deal with different cultures and competencies. 

It would be a fruitful involvement in short or medium terms, but it is not a definitive strategy 

for long run, unless the alliance evolves to reduce the private frontiers among the partners to 

achieve a more common identity (merger, new companies). An independent firm could be 

born from a distinctly specialization due its new technological assets that had emerged from 

the partners interaction inside a learning by cooperating process among themselves.

Another  issue  regarding  SME  is  the  public  policies  in  some  countries  to  simplify 

administrative and regulatory procedures,  by:  financing, giving fiscal incentives, promoting 
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research / information access from universities or laboratories, guidance / counselling and 

training to facilitate technology absorption

8.3.1 Network. Outsourcing, in sourcing.  

In mature technological environments like AC&S the successful companies will not be those 

that necessarily create innovative formulation,  but those that rapidly absorb technologies, 

appropriate and market them quickly and efficiently.

The adhesive sector is an example of a sub sector with small / medium local specialized 

companies and global corporations with internal integrated business portfolios in separated 

business units by technology and product families. The corporation structure allows complex 

information’s flows and coordination of specific capital intensive assets investments, which 

facilitated  the  systemic  innovations  till  the  70’s.  Nevertheless  the  new  broad  scientific 

paradigms, requires many different skills and resources that even the corporations do not 

handle  alone.  External  network  has  been  important  to  give  up  away  from  a  rigid 

administrative,  legalistic  and bureaucratic  internal  model,  also  avoiding the technological’ 

locked in’  from current  assets. For instance Cesaroni  et  al.  (2001) utilized data from the 

European Patent Office from 97.000 chemical patents and found that only 18% of all patents 

were developed by a single inventor, nonetheless 90% of the multiple inventor patents were 

done among agents from the same country.  

SME and corporations indeed are linked in network to outsourcing production. An important 

perspective in the production process has been the decision to integrate (internal venture, 

M&A) or not (external alliances, license, outsourcing) the production and R&D efforts. The 

answer of each firm balance the importance and the singularity of the new product related to 

the main core strategies, but also the following issues: The transferability of the technology 

(tacit, codified).  / The relatedness with actual core know how and capacity of absorption. / 

The compilation of the internal organization costs for that complementary asset comparing to 

external transaction cost to reduce the cost and time.  / The control and enforcement within 

external contracts and procedures.  /The possible conflicts in appropriation and leakage of 

knowledge.    /  Firm  culture,  regarding  the  receptivity  and  ‘comfort’  from  manager  and 

researchers with this external knowledge. /Finally the level of technological opportunity.

The  low  level  of  new  technological  opportunities  and  the  increase  competition  on  the 

adhesive segment  persuade the corporations for choosing  the option of external growth by 

M&A  when  there  is  internal  integrate  complementarities  in  knowledge  or  production 
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capabilities, also  outsource  basic products with transaction cost rather than the long term 

coordination  costs  inside  hierarchies.  The actual  relationship  network  in  AC&S could  be 

divided in two main models: One is the market relation in a classic transaction cost analyses 

in vertical contract supplier - customer, often utilized by the chemical sector on the search for 

better process and low price raw material. The other one is in the form of strategic alliances 

in a bilateral horizontal contract that involves more hierarchies, structural organization and 

constant interaction among the parts.

8.3.2 Strategic alliances by the point of view of companies from developing regions      

 In a sense, the economic growth of BRIC’ market (China, Russia, Brazil,  and India) and 

Middle  East  enable  those  regions  to  enhance  the  scope  economies  with  the  variety  of 

industrial sectors and possibilities along within scale economies. Due the more homogenous 

level  of technology,  production structures and demand, this rationalization allow the local 

companies to supply their region and enhance their strengths indeed to start doing FDI  in 

other developing regions or even at the OCDE countries.

Furthermore, on mature sectors, where are localized the majority of those new industrialized 

countries (NIC) chemical companies, the competitive  industrial production efficiency require 

new process,  with  new sophisticated  machines,  more  productivity  and  quality  results.  In 

these traditional industrial sectors the technological changes could be measure more than 

radical innovations or new patents, but on accumulative tacit knowledge from the learning 

process in the path dependence that will produce the improvement of conceptions, industrial 

production techniques.  New local  firms with shorter  history will  require finance means to 

acquire  new  capital  goods,  technologies  and  organization  modes  to  increase  labour 

productivity / quality and keep competitively outputs.

License is one of the methods to acquire process know how, the license agreement many 

times  are  based  only  in  mature  codify  know  how,  leaving  gaps  concerning  the  tacit 

knowledge. Moreover, the licensee company should have the minimum absorption capacity, 

including basic theoretic and practical technical skills to proceeds totally from the license.  

Another  form of  knowledge transference is  the joint  ventures among firms has the main 

objective  to  use  the  partners  knowledge  to  access  new  technologies,  to  reduce  the 

uncertainty and development costs, to enter in new markets as well in the long run to extend 
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an autonomous know how from this base, not only to utilize the existent technologies, but to 

initiate the capacity to create and optimize their own expertise, creating superior standards. 

The  learning  process  (by  copying,  by  using,  and  by  doing  and  buy  studying)  with  a 

cumulative knowledge since the early phase of new paradigms is a fundamental issue in the 

competitive  economy.  The difficulties  for  SME to  arrive  first  on  the  conception  and  pre 

paradigm phase are due those business low level of scientific and technique skill  as well 

difficulty in support higher and longer development cost without a clear result at the end, 

furthermore they will face the need of a large production scale and marketing network after to 

payback the investment made in the pre phase. This reality make almost impossible for a 

local company alone develop an indigene global standard and break the vicious circle of 

foreigner technology dependence. 

There is an increase diversification of possible strategies to technology acquisition in order to 

be not dependent from only on type of source. Each company, due its specific assets and 

resources, define the best method to technology access in order to reduce the acquisition 

cost and the absorption cost. The access choices depend upon the absorption capacity of 

each  company.  One enterprise  with  an  internal  R&D,  long  experience  of  trial  and  error 

methods and a certain basic scientific knowledge would prefer to buy a specific part of a 

codify know how in an exclusive regional license, even with over evaluated prices, because it 

could use its internal experience to develop complementary skills or extend the technology in 

customized innovative product or process, nevertheless, the same company, in a future step, 

would need an alliance with an homologue at OECD to really access the last up to date 

technologies in a certain domain, when this know how is strategically protected and does not 

exist a license easily available. 

The cooperation would cause a more deeply organizational learning process than a simple 

license  contract,  allowing  the  transfer  of  tacit  knowledge  (not  codify  information)  and 

idiosyncratic information due the constant personal formal /informal contacts between both 

professional  teams  involved  in  the  matter  and  the  new  common  assets 

specificity/uniqueness. The intellectual process among professionals in both teams enhances 

the comprehension and finally motivates the creativity and innovation. It is an active learning 

process  with  the  purpose  of  competency  acquisitions  or  deeper  organizational/technical 

changes.                

Many  local  companies  had  acquired  an  important  experience  and  further  autonomous 

problem  solutions  for  their  local  needs  with  strong  contact  with  their  customers.  They 

constructed an interface between user needs and technical production features, like the case 
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of  improved adhesive  for  tropical  weather  conditions,  biomass  syntheses  from local  raw 

material for example. This home and specific knowledge developed in localized circumstance 

(labor intensity, low-end consumer market) could be used like a complementary exchange 

item within a negotiation with OECD company during an agreement, as well other traditional 

complementary assets like the distribution network,  market intelligence,  natural  resources 

possession or even productivity and quality process, all these features could re enforce the 

local  company negotiation  power.  In  resume the strategic  alliances is  not  only  a way to 

obtain foreigner industrial knowledge, developed in a distinct cumulative path dependence, 

but  more  over  to  achieve  own  competencies;  enter  OECD market  and  achieve  durable 

technology development capacity.   

 8.3.3 Strategic alliances by the point of view of small  and medium companies from 

industrialized countries 

The Adhesive SM companies in OECD, often, utilize the process of technological alliances or 

joint venture among them to develop new paradigms, to share the risks and R&D cost.  The 

fruit from this cooperation is shared between the associates that will incorporate it inside their 

own products  or  commercial  structures,  but  as general  rule,  the process of  international 

alliances  with  BRIC companies  has  other  goals,  denoting  the  production  outsourcing  or 

market enter using current technologies. 

Firms with the purpose of international development would need specific intrinsic competitive 

advantages  (finance,  brands,  know-how and  experience)  aligned  with  the  external  local 

opportunities (potential market, legislation, production cost, natural resources). 

In terms of international expansion, at the beginning, the first choice is, in general, just to 

export the products or sell the license that are in general, mature or secondary technologies. 

The faster obsolescence rhythm, which difficult the appropriation in all regions and the simple 

acquisition of expired patents could also obstruct the autonomous continuous development 

of local innovations.

Only when the company has the intrinsic  advantages and local  opportunities they would 

choose the direct foreign investment. It could be a local subsidiary 100% belonging to the 

parental  company,  which  will  pay  the  royalties  back,  expatriate  the  profit  and  keep  the 

technology far from competitors. If the local institutional / market situation does not allowed 

or even if the OECD company is not financially strong enough, in the case for example from 

a SME with an advanced technology position in just one very specific platform, but weak 

competitive and financial position, then the second choice would be a joint venture with stock 

participation  in  a  local  company and expatriation  of  key head  departments personnel  to 
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protect the intellectual assets. Another option would be a cooperative non equity alliance, but 

in 90% of this last case, this alliance will be just to access low cost production facilities like 

outsourcing  or  to  access  a  consumer  local  market  in  a  called  geographic  penetration 

agreement with former products or technologies, using the distribution network from the local 

company. As to say, the technology transfer will be reduced to the minimum as possible. 

 At the other hand if the OECD company  see its homologue as a possible partner that have 

an complementary technology or some asset developed in different routines, a specific know 

how,  qualified  technical  and human skills,  complementary  process  or  even possibility  to 

supply other products/ technologies back to the OECD Market; in those cases the alliance 

would be at the same time interesting for both partners to strength their forces against the 

corporation competition,  gain market  share,  diversifying their  portfolio  faster  and cheaper 

with less financial burden than in an isolate international implantation .

 

Wrap up  

The SME represent a majority number of companies in the adhesive & coating marketing, it  

estimated  that  the  3  leaders’  corporations  have  less  than  10  %  world  market  share. 

Nonetheless the movement of consolidation are becoming very strong  among corporations 

and local SME are struggling to maintain market share whereas by keeping into commodities 

low margin products not target by corporations or into sophisticate and niche products. The 

network and alliances between SME AC&S are  more often in private labels, outsourcing , 

marketing and just recently in R&D to propose a large portfolio of products and to resist to 

the M&A pressure from corporations or financial companies ( LBO). Furthermore in terms of 

long term economic development, it is the interest of the SME to enlarge the potential market 

for innovative products and technological sophisticate goods, while keeping its independence 

only possible by developing the industrial and consumer demand market in new regions.

Moreover, the quickly technological evolution for one side and the local market expertise at 

the  other  collaborate  to the option  of  alliances  is  an actual  choice  to increase partners’ 

comparative advantage against global competitors, M&A actions and get higher return over 

investments. 

   8.4 Principal Corporations 

The adhesive sector is pulverized with many agents, the principal corporation has less than 

3% market share. Nonetheless there is a strong pressure to consolidation and corporations 
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are increasing international  importance into their portfolio  management along with similar 

products (coating, paintings)

This ranking is based on   annual sales of paint, coatings, adhesives, sealants and related 

products. For companies based outside the U.S., sales are translated into U.S. dollars using 

the average currency exchange rate for the company’s fiscal year/reporting 2005 period. 

1. Akzo Nobel (The Netherlands) $6.974 billion

2. Henkel (Germany) $6.236 billion

3. ICI Group (UK)(Acquired by Akzoin2007) $5.817 billion

4. Sherwin-Williams (USA) $5.728 billion*

5. PPG Industries (USA) $5.566 billion

6. DuPont (USA) $3.78 billion*

7. BASF Coatings (Germany) $2.714 billion

8. Valspar (USA) $2.713 billion

9. RPM (USA) $2.556 billion

10.
SigmaKalon  (  Netherlands)(Acquired by 

PPG in 2006)
$2.215 billion

11. 3M (USA) $2 billion*

12. Nippon Paint (Japan) $1.9 billion*

13. Kansai Paint (Japan) $1.775 billion

14. H.B. Fuller (USA) $1.512 billion

15. Sika (Switzerland) $1.29 billion

16. Masco (USA) $1.264 billion

17. COMEX (Mexico) $1.22 billion

18. Rohm and Haas (USA)acquired by DOW $1.158 billion

19. Jotun (Norway) $1.042 billion

20. Benjamin Moore (USA) $1 billion

21. AB. Wilh. Becker (Sweden) $985 million

22. DAW (Germany) $952.7 million

23. Hempel (Denmark) $814.4 million

24. Asian Paints (India) $774.54 million
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25. Dai Nippon Toryo (Japan) $600 million

26. Tikkurila (Finland) $569.76 million

27. Brillux (Germany) $530 million

28. Forbo (Switzerland) $505.54 million

29. Orica (Australia) $434.79 million

30. Barloworld (South Africa) $404 million

31. Arch (USA) $358 million

32. Kelly-Moore (USA) $345 million

33. Wattyl (Australia) $335.63 million

34. KCC (South Korea) $312 million

35. Chugoku Marine Paint (Japan) $310 million*

36. Helios (Slovenia) $285.9 million

37. Dyrup (Denmark) $280.96 million

38. Dunn-Edwards (USA) $280 million*

39. Yasar (Turkey) $275 million*

40. Berger (India) $264 million

41. Sico (Canada) $257.78 million

42. Dainippon Ink and Chemical (Japan) $254.43 million

43. National Paints (Jordan) $234.93 million

44. Flugger (Denmark) $228.64 million

45. Rock Paint (Japan) $224.79 million

46. CIN (Portugal) $221.7 million

47. Yung Chi Paint and Varnish (Taiwan) $220.5 million

48. Altana (Germany) $218 million

49. Ameron (USA) $210 million

50. Renner (Brazil) $209 million*

51. Grebe Group (Germany) $201.75 million

52. DPI (South Korea) $190 million

53. Shinto Paint (Japan) $171.89 million
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54. Cloverdale Paint (Canada) $162 million*

55. Tigerwerk (Austria) $160 million*

56. M.A.B. Paints (USA) $150 million

57. Industrias Titan (Spain) $149 million*

58. Tohpe (Japan) $142.87 million

59. Ace Paint (USA) $141 million

60. Vogel Paint (USA) $140 million

61. Boero Group (Italy) $133 million 

62. Toa Paints (Thailand) $130 million*

63. Spraylat (USA) $125 million

64. Empils (Russia) $115 million

65. RedSpot (USA) $100 million

*sales in 2006

8.5 Trends in downstream end user markets

With the increase international competition, environment pressures, feed stock index volatility 

and squeezing  margins,  AC&S (Adhesive,  coating  and sealant)  companies  are oblige  to 

realign its strategies, the principal movements are:

Share holder value management, giving importance to value creation and financial index; 

Global  and  local  selective  consolidation  in  core  business;  Alliances;  Organic  growth  by 

innovation ( new materials, water based products); Forward vertical integration (distribution); 

Customer services; Brand asset management; Organization behavior ( culture, HR , values); 

License agreements; Outsourcing; Operational excellence (cost reduction);  FDI in strategic 

fast  growth  regions.  Corporations  are  customizing  products  also  to  niche  markets  and 

adapting their offer to global market demand.
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As functional chemicals, the AC&S companies’ strategies are much influenced by the trends, 

certifications and homologations in downstream specific market, as examples 

Automotive

Demand for  coatings,  sealants  and adhesives  will  benefit  from factors  that  will  increase 

utilization rates of  these materials after  the downturn.  For example automotive designers 

continue to stress weight reduction and improved fuel efficiency, while focusing on safety, 

aesthetics  and  durability.  Taken  together,  these  efforts  are  promoting  greater  use  of 

structural  adhesives  such  as  epoxies  and  polyurethanes  at  the  expense  of  mechanical 

fasteners,  both  to  reduce  weight  and  to  eliminate  potential  corrosion.  Similarly,  sealant 

demand has directly benefited from efforts to make car cabins quieter and better insulated.

Aftermarket demand will continue to benefit from a change in the product mix over the last  

decade favouring light vehicles, particularly sport utility vehicles (SUVs). Although demand 

for light trucks and vans (including SUVs) is slowing compared to recent years because of 

high fuel prices and market saturation, the number of such large light vehicles will continue to 

rise  as  a  percentage  of  the  total  light  vehicles  in  use.  Because  of  the  relatively  recent 

emergence of light trucks, vans and SUVs, fewer of them are being retired from the light 

vehicle park relative to conventional automobiles. The resultant shift in composition of the 

vehicle park will favour the aftermarket for coatings, sealants and adhesives, as larger light 

vehicles  require  more  materials  on  a  per  vehicle  basis  than  conventional  automobiles.

 

 The disadvantages of  mechanical  fasteners comparing to adhesives include high stress 

points, the potential for corrosion and uneven stress. Additionally, the removal of fasteners 

for use in automobile manufacturing also cuts down on weight, which is a growing concern 

due to rising fuel costs.

 

What’s driving the market is the increased demand for high performance products that can 

replace mechanical fasteners and attach plastics, rubber and aluminium components that are 

becoming more prevalent in new cars, such as the Mercedes-Benz CL. Several of the car’s 

parts, including the hood, rear fenders and roof, are made of aluminium. The front fenders 

and the trunk lid are made of plastic, and the inside of the doors are made with magnesium. 

Mercedes-Benz incorporated high-tech adhesives, as well as flanging and riveting, to deal 

with such a wide range of materials. 

268



The OEM market will  dominate automotive adhesives demand, accounting for about two-

thirds of the total market. Aftermarket products—body putty, windshield repair adhesives and 

those products used to bond mirror to windshield or attach moulding will expand due to an 

increase in worldwide vehicle ownership levels. The motor vehicle industry is making greater 

use of structural adhesives, in an effort to eliminate exposed welding. 

 There is a growing trend in the automotive industry to move away from conventional gasket 

to liquid gasket materials. There are significant savings to be made by replacing conventional 

rubber gaskets for liquid adhesives as anaerobic. 

 Medical device

A niche markets that have been growing rapidly over the past few years are adhesives  for 

medical device applications. The use of adhesives in medical applications was for a long 

time restricted to the manufacture of self-adhesive bandages (plasters, self-adhesive strips of 

fabric, etc.). The first pressure sensitive adhesives used for this use were based on natural 

rubber.  This  was  in  part  later  superseded  by  synthetic  rubbers  (e.g.  polyisoprene, 

polyisobutylene). In the middle of the 20th century, pressure sensitive adhesives based on 

polyacrylic acid esters became increasingly important, both for general use and for bandage 

materials.

Adhesives are today employed in diverse areas of medicine, replacing traditional methods 

with "friendlier" processes. In many cases, for example, stitches can be avoided by applying 

special cyanoacrylate adhesives to quickly close skin wounds. An advantage here is that the 

whole wound can be covered, so largely suppressing secondary bleeding and the risk of 

infection. Cyanoacrylic acid butyl ester is normally preferred over the methyl and ethyl esters 

because it cures more slowly and the polymerisation produces less heat; it also causes less 

tissue irritation.  By and large, this adhesive is only used for relatively small  wounds and 

occasionally in vascular surgery. In heart surgery, fibrin (made from fibrinogen), a soluble 

protein recovered from blood, is a key sealing agent having a haemostatic effect. 

Compared to cyanoacrylates, fibrin is gentler to body tissue but before use it must undergo a 

special treatment to prevent germs being spread. The use of methacrylate based adhesives 

has been a great success in orthopaedics for anchoring hip socket implants to the bone. 

There  are  currently  no  other  types  of  adhesive  used  for  this  application.  The  adhesive 

products comprise:  a)  a powder  component (a mixture of polymethyl  methacrylate and a 
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polymerisation  initiator)  and b)  a  liquid  component  (whose  main  components  are  methyl 

methacrylate and a polymerisation accelerator). Although this type of adhesive puts a not 

inconsiderable stress on bone and tissue due to the strong heat development, hip and knee 

implants anchored using this adhesive are in 90 %t of cases functional for about 15 years. In 

dentistry,  fillings  based  on  UV  curing  acrylates  have  largely  replaced  traditional  filling 

materials such as amalgam. The products have a long open time (the period during which 

they can be used after mixing) and bond in just a minute or so when exposed to UV light.

New  applications  as  well  as  the  popularity  of  delivering  drugs,  hormones  and  nicotine 

suppressants  via  transdermal  methods  are  increasing  the  number  of  applications  and 

amount  of  adhesives  required in  the  medical  market.  As  a result,  this  market  has  seen 

growth rates exceeding 15% in the last  three years.  Additionally,  many industry insiders 

predict this will be the case for the next five years as well

 

Currently,  the  greatest  demand  seems  to  be  in  the  medical  market  with  health  costs 

increasing there is a trend of technological advances trying to offset costs and reduce the 

price of health care. It’s a market  that has continued to evolve with technology and has 

developed a significant reliance on higher quality adhesive

 Construction 

World consumption of construction chemicals( without painting), including coatings, grouts, 

mortars, adhesives, caulks, cement , additives and polymer flooring systems, was valued at 

approximately $25 billion in 2005, according to analysts at The Freedonia Group. The U.S. is 

the largest consumer of construction chemicals globally, comprising roughly one-quarter of 

the total while Western Europe and Asia/Pacific region each account for approximately 20% 

of the market. 

Construction  and civil engineering are the largest markets for adhesives, in tons and also in 

values , because large surfaces and thick joints are involved.

In the past, bonding and sealing of traditional construction materials was done with cement, 

plaster and natural adhesives for ceramic tiles, erection of walls and decoration materials.

But since  II World War  many new construction materials have been developed such as 

plastics, plasterboard panels, insulation foams, wood based panels ( particle board ) and 

many  new  synthetic  raw  materials  for  decoration,  and  all  these  materials  needed  new 
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adhesives  in  order  to  display  a  good  adhesion  to  these  new  materials,  improved 

performances and easier application techniques.

Also, the building of houses required faster techniques of construction in order to meet with 

the new prefabrication techniques, to provide faster building and erecting or prefabricated 

parts, panels, roofs, partitions.

Areas  of  the  world  such  as  Africa,  Latin  America,  the  Middle  East  and Eastern  Europe 

account  for  a comparatively  small  amount  in  the global  market,  primarily  because these 

areas have less developed infrastructures, In general, most of the economies in these areas 

do not produce or consume large quantities of construction chemicals, although there are 

exceptions. Poland and Hungary in Eastern Europe, Israel in the Middle East, South Africa in 

Africa, and Brazil and Argentina in Latin America are such exceptions, due to the relatively 

advanced state of their national economies..

Some fairly significant markets, such as India and Indonesia, do not make extensive use of 

construction chemicals yet, but the sheer size of their respective populations makes them 

larger  markets  for  construction  chemicals  as  their  level  of  industrialization  increase.  

At the U.S, for instance the demand for construction chemicals used in on-site applications 

increase five percent per year to $7.5 billion till 2007 before the sub prime crises, essentially 

in line with average growth over the last decade, according to Fredonia’s analyses. However, 

this steady growth masks significant changes in specific market segments. Slowing demand 

in residential building due the sub primes crises will be offset by a significant rebound in non-

residential construction, specifically the industrial and commercial markets. The growth after 

2009  is  expected  in  cement  additives,  sprayed  polyurethane  foam  (SPF)  and  caulks, 

although  opportunities  exist  in  nearly  all  products  based  on  improvements  in  materials 

technology.

In  order  to  allow more people  to  get  comfortable  new housing,  the cost  of  construction 

needed to be reduced through the use of prefabricated parts,  which requires fast setting 

adhesives in order to fit to the lines speeds. Another important factor is the fact that now,  

reliable techniques allow structural bonding of concrete to concrete or metal to concrete, with 

epoxies or improved modified cement based mortars.

Another  important  example  is  China.  From the $25 billion  global  market  for  construction 

chemicals China accounted for roughly 15% of the total, according to The Freedonia Group’s 

statistics.  Several  thousand  companies  supply  construction  chemicals  to  China’s 

construction industry.
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This market is highly fragmented, with the five leading competitors—Nippon Paint, Imperial 

Chemical Industries, BASF , Sika and Henkel—supplying just 18% of the total market. The 

diversity of the construction chemicals used in the construction industry contributes to the 

lack of concentration in the market, as does the regional nature of business in China. Even 

among  the  leading  firms,  there  is  a  significant  difference  in  the  product  offerings.

Demand  for  construction  chemicals  used  in  on-site  applications  in  China  is  forecast  to 

expand 10.5% annually through 2009 to $6.6 billion, according to Fredonia’s analysts. While 

growth  has  been  more  than  quadrupling  in  value  since  1994,  strong  annual  gains  will  

continue as China’s ongoing emergence as an economic powerhouse provides additional 

capital for infrastructure and housing construction. Growth will also be driven by the use of 

higher  quality  products  as  structure  quality  and  longevity  become  progressively  more 

important, environmental regulations tighten and construction techniques advance to meet 

the needs of increasingly complex projects.

Acquisition & Expansion 

Several  movements  have  been  in  demarking  the  chemical  business  in  the  construction 

market. Many leading construction chemicals companies in the U.S. and Europe have been 

active on the acquisition front, the external growth is aim to fast get market share, leader 

position, new technologies and scale /scope synergies. Some important examples are: 

 BASF completed its acquisition of Degussa’s global construction chemicals business. The 

acquisition included production sites and sales centers in more than 50 countries as well as a 

research  and  development  center  in  Trotsberg,  Germany.  This  action  demonstrates  the 

BASF’s motivation for expanding its global presence as a principal provider of construction 

chemicals.

Earlier  this  year,  ICI  decided  to  sell  its  Cimsec  Business,  part  of  ICI  Paints  Europe,  to 

Henkel. ICI said it was letting go of the tile adhesives and grouts business in order to focus 

on its decorative paint  brands in Central  and Eastern Europe.  Cimsec, which is used by 

professional tile layers and by consumers, operates in Austria, Hungary,  Czech Republic, 

Slovakia, Croatia and Poland. With the impossibility to improve their margins ICI Recently ICI 

divest their adhesives business, National Starch, to Henkel and finally , the total ICI asset 

was acquired by Akzo Nobel that would keep the principal brands with  great awareness in 

the  market,  nonetheless  the  industrial  strategy,  regarding  synergies,  are  not  totally 

communicate yet
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DAP,  Inc.,  a  wholly  owned  subsidiary  of  RPM  International,  acquired  Custom  Building 

Products’ line of ready-to-use pre-mix patch and repair products. Custom’s major patch and 

repair brands acquired by DAP include Patch-N-Paint, Lightweight Spackling, All  Purpose 

Spackling Paste and Flexall Flexible All Purpose Filler.

H.B. Fuller Company and Roanoke Companies Group, Inc. entered into an asset purchase 

agreement under which a subsidiary of H.B. Fuller acquired all  the assets of Roanoke, a 

manufacturer  of  pre-mix  grouts,  mortars  and  other  products  designed  to  enhance  the 

installation of flooring systems. Focused particularly on the retail home improvement market 

segment, Roanoke’s brand portfolio includes Tile Perfect, CHAPCO, Color Caulk and AIM. 

Roanoke  will  become  part  of  H.B.  Fuller’s  Specialty  Construction  Brands,  Inc.  (SCB) 

business  unit  within  the  Full-Value/Specialty  Group.  The acquired  brands  will  align  with 

SCB’s TEC brand in the flooring market.

Expanding its presence in South America, Henkel has acquired the adhesives company Alba 

Adesivos from Hexion Specialty Chemicals.  Alba Adesivos, based in Boituva, Sao Paulo, 

Brazil,  is a leading Latin American producer of branded consumer and professional grade 

adhesives.  Its  primary  products  include  contact  cements,  polyvinyl  acetate  adhesives, 

silicone  sealants,  and  epoxy  putty  adhesives  for  consumers  and  contractors.

H.B.  Fuller  Window  recently  acquired  the  assets  of  Henkel’s  Teroson  Insulating  Glass 

Sealant business. This acquisition has allowed them to significantly broaden the product line 

and enter segments they did not previously participate in.  Furthermore, it  positions more 

strongly  to  participate  in  fast-growing  regions  such  as  China  and  the  Middle  East.

Adhesive manufacturer Lord Corporation also signed a definitive agreement with Henkel to 

purchase  its  rubber-to-substrate  bonding  and  rubber  coating  business.  The  business 

primarily serves industrial manufacturers of rubber molded and extruded components and 

includes the trade names Chemosil, Flocksil, Cuvertin and Sipiol.

Finally  Dow  corporations  enter  aim  to  increase  market  share  in  functional  adhesives 

acquiring by $ 18.8 billion the company Rohm and Hass specialized in packaging adhesives 

and PSA ( pressure sensitive adhesive ).
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 Wood Applications

At the  woodwork and in particular  in the furniture making industry,  the  polyvinyl  acetate 

dispersion(PVA) adhesives have long time ago superseded the carpentry adhesives based 

on  animal  proteins  that  were  used  thousand  of  years  ago.  Condensation  resins  (urea, 

melamine, phenol and resorcinol-formaldehyde resins) have made possible the development 

of  new  wood-based  materials  such  as  plywood,  chipboard  and  laminated  composites 

(resorcinol/  phenol-formaldehyde resins) for  building construction.  Melamine-formaldehyde 

resins are used in conjunction with special papers for manufacturing decorative boards for 

laminating wood for furniture manufacture. Polyurethane adhesives that cure by exposure to 

moisture are currently of growing importance for the manufacture of chipboard, due to the 

fact  that  they  represent  formaldehyde-free  alternatives  to  the  aforementioned 

polycondensation resins. 

As all adhesives in many areas of technology, wood adhesives are also tending to become 

100% solid  systems;  they  combine  simple  application  with  rapid  curing.  Hot  melts  have 

proved  particularly  useful  as  adhesives  for  assembly  work  and  for  bonding  decorative 

edging. The application of PUR hot melts, which cure via the influence of moisture, is getting 

market share  for the structural bonding of wood and for joining wood with a host of other 

materials. This type of adhesive involves two different curing mechanisms: The solidification 

of  the hot  melt  on cooling means that the components are rapidly affixed.  The chemical 

curing which then follows,  involving the cross linking of molecules, leads to high-strength 

bonds. The use again of natural material will increase the demand for wood adhesives.

 Packaging  adhesives

The variety of modern packaging  solutions that are available today would not be possible 

without  modern  adhesive  systems.  The  evolution  of  the  packaging  industry  has  closely 

matched  the  development  of  new adhesive  materials  and  production  processes.  These 

trends have led to high quality and technically demanding packaging structures required by 

the consumer. 

An extremely high proportion of all industrial products are sold in packaging - either due to 

stability requirements for storage and transport or for aesthetic reasons. Although normal 

envelopes and paper bags consist of just a single layer of material, most packaging materials 

used nowadays are in fact different materials laminated together 

By laminating  cardboard  with  paper,  in  particular  high  gloss  paper,  it  is  possible  to  put 

product  information  on  the  cardboard  and  give  the  product  a  commercially  alluring 
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appearance.  Adhesives  based  on  starch,  dextrin  and  gluten,  and  also  polyvinyl  acetate 

dispersions, are used for this purpose.

Important requirements on overprinted packaging materials, in particular the various types of 

packaging materials used for foods, are their strength, stability to heat and inpermeability to 

moisture, oxygen and aromas. These properties along with desired appearance can usually 

only be obtained by combining different  materials.  Laminated films can be manufactured 

from polyester (PETP, PBTP), polyamides, polyethylene, polypropylene, cellophane, paper, 

polyvinyl chloride, polyvinylidene fluoride, polyamides, aluminium and a few other materials. 

Metallic foils are also often used. Solvent-containing adhesives based on polyurethane are 

used for laminating films; the most recent developments in this area however involve solvent 

free systems, so-called high-solid products and adhesives based on aqueous polyurethane 

dispersions. For application using automatic packaging machinery, high requirements are put 

on the constancy of the adhesive properties, especially with regards to its viscosity stability 

like dispersion adhesives and hot melts are used to seal packaging (e.g. folding cartons, 

packets).

For many applications in packaging the use of a single material may not satisfy all of the 

properties demanded of the product. In these cases, a composite consisting of two or more 

layers of material may provide the desired performance. A particularly common means of 

creating such a composite is to laminate various polymeric films to other films, foils, papers, 

etc. with a polymeric adhesive. 

This production solution is commonly employed in the packaging industry where the end-

products  require  multi-functional  properties,  such  as  high  tensile  strength  and  high  gas 

permeability. These are generally referred to as barrier films. The laminate construction can 

become rather complicated due to the nature of the specific application. A typical laminate 

used  in  the  medical  packaging  industry,  for  example,  may  be  multi-layer  composite 

containing films of polyester / polyethylene / metal foil / polyethylene.

Laminating adhesive

Laminating adhesives for packaging are available in a variety of technologies, viscosities, 

and solids concentrations. There are four basic categories of laminating adhesive that are 

commonly used. These are:

Waterborne / Solvent based,/ Reactive 100% solid (solvent less)/ Liquid/ Hot melt. 
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Each category has a number of applicable base polymers and a wide variety of formulation 

possibilities. The specific formulations will  heavily depend on the nature of the laminating 

process employed, the nature of the film substrate, and the final physical properties desired.

Water Based

In  the early  development  of  waterborne  coatings,  the  products  found application  in  very 

specific areas and were not able to replace solvent borne coatings and adhesives since they 

all had serious performance problems. This was in part due to the lack of understanding of 

the  chemical  and behavioural  characteristics  of  polymeric  systems in  aqueous  solutions, 

which are far different from solvent systems. 

Aqueous dispersion of acrylics,  SBR, neoprene,  vinyl’s  (PVC), nitriles and natural  rubber 

lattices  all  have  been  used.  In  the  early  1970s,  aqueous  urethane  dispersions  were 

introduced without much success due to the high cost and poor performance. 

Recent  technology advancements have resulted in  dramatic improvements in  waterborne 

resin dispersions, both from a chemical structure and an economic point of view. However, 

when these resins are used in formulation, their behaviour and structural conformation do not 

stay the same and are subject to great changes. This is due to the interaction of the resin 

with its surrounding media. 

Therefore, a basic understanding of the dynamic behaviour of component molecules in the 

formulation is important to see how they are related to the properties and performances of 

the finished products, such as adhesion to substrate, cohesion strength, improved chemical 

resistance,  etc.  This  understanding  is  essential  to  avoid  the  unnecessary  waste  of 

manpower,  energy  and  expenses  involved  in  experimenting  with  thousands  of  formulas 

simply to find one that works without knowing why it worked. 

By the same token, this knowledge is essential to identify and solve any technical problems, 

which  may  appear  in  the  course  of  application.  No  problem  can  be  solved  unless  it  is 

correctly  defined.  In  waterborne  adhesive  formulations,  a  blend  of  polymers  is  used  for 

economic reasons or to attain a better balance of properties for a specific end use. Each 

polymer  in  the  blend  plays  a  specific  role  in  determining  the  end  properties,  thus  the 

importance to match technology know-how to market understanding.

8.6 New markets, new application 

Renewable energy
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Traditional  renewable energy sources include wind turbines and solar photovoltaic.  Other 

renewable  energy sources exist  such as energy enriched  agricultural  crops,  geothermal, 

ocean tide, wave, and hydropower. However, these are less developed and suffer because 

of their size factor and inability to be easily distributed. Fuel cells have recently been included 

as  renewable  energy because they could  be fuelled  by hydrogen  and hydrogen  can be 

manufactured from renewable resources, such as bio-gasification or the electrolysis of water. 

Together wind power, solar, and fuel cells are considered "alternative" energy sources in that 

they offer alternatives to today's energy generation technologies, which deplete the fossil fuel 

supply and are considered to be polluting to the environment.

The European Union (EU) for instance has set a target that 12% of primary energy should 

come from renewable sources by the year 2015. The majority will have to come from wind 

energy, both onshore and offshore. Solar cells just do not provide the quantity of kilowatt 

power  necessary  to  make  a  sizable  dent  in  these  objectives.  However,  the  U.S.  had 

introduced a "million solar roof" initiative with 2010 as the target date, and architects and 

building / community developers are beginning to integrate solar modules into their projects. 

Today,  the  costs  of  these  new alternative  energy  technologies  are  not  competitive  with 

conventional energy sources. Worldwide, renewable energy is supported through innovative 

capital  grants,  tax  breaks,  and  price  guarantees.  However,  it  is  expected  that  volume 

production,  refinements  in  manufacturing,  and  a  strong  "green"  market  will  spur 

commercialization. There has been an escalating enthusiasm toward the use of renewable 

and non-conventional sources of energy as the foundation for a new energy economy. Much 

of the appeal is generated by anticipated environmental and political benefits. 

Materials issues have been critical in the development of alternative energy technologies to 

be commercial from 2011.

The global large wind turbine market is expected to grow at an average annual rate of 24 % 

to reach over € 20 billion  by 2011, according to a study from the European Commission.  

New,  large  wind  capacity  will  account  for  almost  24%  of  all  new  bulk  power  installed 

worldwide. Market research firm Principia Partners predicts that the fuel cell market could hit 

$ 6 billion by 2010 and dramatically increase from there during the following five years. Solar 

photovoltaic is already a large market of approximately $2 billion and projected growth to $27 

billion in 2020 according to PV Energy Systems, an independent research firm. It is too early 

to say what percentage of the total alternative energy markets will be attainable for adhesive 

and  wind  turbine  manufacturers  frequently  use  load  carrying  epoxy  resin  adhesives  for 

bonding metal hubs to the composite rotor blades. The applications demand an adhesive 

that can withstand the centrifugal forces applied to each blade. With lap shear strengths in 

the 4000 psi range and resistance to outdoor exposure and significant temperature ranges, 
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epoxy adhesive produces the needed high resistance to stress, fatigue, and aging to ensure 

long lasting joints. The wind turbine manufacturers are looking toward adhesive bonding to 

lower  fabrication  costs,  increase,  production  rates,  and  enhancing  durability.  Epoxy 

adhesives are also used for maintenance purposes. Highly aware of the need to minimize 

downtime, wind turbine manufacturers can offer a suite of options for every environment.

Adhesive corporations are being able to fine-tune their offerings to the wind energy market. 

For example,  improved 'processabilty'  and cure profiles, and reduced peak temperatures. 

Adhesives face a major challenge in the wind energy market since they must at the same 

time bond very large components, such as the two halves of a blade envelope and the spar, 

while filling substantial gaps that are inevitable with joint structures up to 60 meters long. 

They maintain  bond strength for  the  blade's  lifetime under  constant  thermal  cycling  and 

environmental  attack.  Bonds  must  endure  outside  ambient  conditions  with  daily  cycling, 

without yielding for up to 25 years. Certain applications, such as bonding the metal bolts that 

attach the blades  to  the hubs,  are  complicated  by  the  very  different  thermal  expansion 

coefficients of the metals and composites to which they are bonded. Adhesives that include 

chopped carbon fibber and the latest adhesion promoting additives have been developed for 

this demanding application.

Several  companies,  SP  Systems  to  name  one,  offer  epoxy  paste  adhesives  for  this 

application. These can be applied in thicknesses of up to 50 mm without sagging, enabling 

the adhesive to accommodate a degree of misalignment and unevenness inevitable in joint 

lines running the entire lengths of the blade. Vantico also offers epoxy, polyurethane, and 

methacrylate adhesives to this industry. These are optimized for blade applications by having 

no  slump,  easy  pumpability,  and  rapid  low  temperature  cure  characteristics.  Products 

available  for  structural  bonding  include a new faster  setting  development  of  the epoxy / 

hardener  system  widely  used  by  blade  manufacturers.  Scott  Bader  is  also  working  on 

additions to its Crestomer urethane acrylate system that will be able to withstand the greater 

shear and peel forces expected in large blades.

Polymers are deeply  involved in  the effort  to  develop more efficient  and economic solar 

energy systems, and adhesives and sealants play a large part. Today, ethylene vinyl acetate 

(EVA) and multilayer films based on polyvinyl fluoride (PVF) and polyethylene terephthalate 

(PET)  are  widely  used.  Future  opportunities  for  plastic  materials  in  solar  modules  arise 

especially  due  to  the  need  for  assembly  cost  reduction  and  high  production  speeds. 

However, there is also a need for weight reduction. For example by replacing a glass front 

cover with a polycarbonate cover, a considerable weight reduction is achieved along with 

lower module assembly costs.

Solar energy
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Solar  module  consists  of  interconnected  and  encapsulated  silicon-based solar  cells  in  a 

durable and environmentally protected package.  The encapsulation system incorporates the 

latest polymer technology. Tempered low-iron glass is normally used for the front cover to 

provide permanently transparent protection of the optical surface of the module. However 

other types of glass may be used. The remainder of the laminate consists of clear ethylene 

vinyl acetate (EVA) encapsulate, the cell circuit, a second layer of EVA, a Fiberglas sheet, 

and a back cover, which could be PVF, glass, or metal.

Fuel cells

Fuel  cells  represent  the  latest  and,  perhaps,  the  most  rewarding  of  alternative  energy 

technologies. The fuel cell is a power generation system in which hydrogen (H2) is used as a 

fuel source. The hydrogen can be extracted from fractionated hydrocarbons (e.g., gasoline, 

methanol,  propane) or natural gas with what  is called a reformer. Hydrogen can also be 

produced  from  the  electrolysis  of  water.  Within  the  fuel  cell,  the  chemical  reaction  of 

hydrogen with oxygen (supplied from the air) produces electricity. The efficiency of the fuel 

cell,  30-60%, is greater than that of current internal combustion engines. Also, because it 

produces almost no harmful emissions such as CO2, it is an alternative as an environmentally 

friendly  energy  source  for  powering  almost  everything  including  laptop  computers, 

automobiles, residential homes, and complete buildings. 

Fuel  cells  now  being  developed  are  categorized  in  several  types,  depending  on  the 

electrolyte used to convert the hydrogen and oxygen to electricity. The type that will likely 

have the greatest market volume is PEM or proton exchange membrane fuel cells. These are 

lightweight and operated at relatively low temperatures of 70 to 100°C. PEM fuel cells are 

especially appropriate for high volume automotive and residential power applications. The 

other types of fuel cells are larger, operate at higher temperatures and are more appropriate 

for larger sized utility applications.

The  construction  of  the  PEM  fuel  cell  starts  with  a  polymeric  membrane  (typically 

perfluorosulfonic  polymer)  in  the  center.  This  is  coated  with  catalyst,  and  a  conductive 

diffusion material is applied to both sides to form a membrane electrode assembly (MEA). 

This is sandwiched between two conductive plates, which function as a bipolar anode and 

cathode. A series of cells stacked together forms a fuel cell stack, the bigger the stack, the 

more power  is generated. For example,  three hundred fuel cells  in a stack will  generate 

about 50 horsepower (energy sufficient for an automobile).

Tighter reliable, fail-safe sealing is an absolute necessity in fuel cell technology. To achieve 

their true promise and potential, fuel cell  stacks will  need to be mass-produced in a cost 

efficient manner. The physical properties required for adhesives and sealants in fuel cells are 
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superior, in addition to providing these functions the perspective adhesive or sealant must be 

adaptable  for  high  volume,  mass  production  and  have  low  assembly  costs  (materials, 

equipment, energy, etc.) 

Several  adhesive and sealants manufacturers have already announced relationships with 

fuel cell  developers or  intentions on entering this market  with a product portfolio.  Ballard 

Power Systems recently signed a 5-year agreement with Hernon Manufacturing to supply its 

Porosity Sealants for manufacturing fuel cells. Designed for leak proof parts, the sealant is 

currently approved by manufacturers that include Daimler Chrysler,  Ford, Caterpillar,  and 

Boeing.  Similarly,  Henkel  Loctite and Three Bond,  a Japanese company,  are developing 

specialty materials for fuel cells and is playing an important role in many of these programs. 

The details of many of the various fuel cell development programs are shrouded in secrecy 

as  would  be  expected  with  any developing  industry  that  has  so  high  a  payback.  Thus, 

information concerning adhesive / sealant materials and assembly processes are also tightly 

held.  However,  there  is  also  a  large  number  of  government  sponsored  projects  where 

information concerning fuel cells and their assembly is available.

There is other element associated with the fuel cell  industry that  includes many different 

components other than the fuel  cell  stack.  These include fuel  tanks,  fuel  processor,   air 

supply and cooling subsystems. These components are assembled and perform with the 

same demands as fuel cell stacks. All of these auxiliary products are also expected to benefit 

from adhesives and sealants in their concept and construction.

Electronic 

Electronic  manufacturing is  another  market  that  holds growth opportunities  for  adhesives 

manufacturers. And while the recent economic downturn has overloaded inventories in the 

electronics  industry,  the  future  of  the  market  is  still  sound,  according  to  many  industry 

insiders.

From the very outset, the rapid developments in the area of electronics have involved ever 

smaller components and ever greater circuit complexity. The continuing miniaturisation has 

not only resulted in smaller components but also components that are more sensitive to heat. 

For cost reasons, it was also necessary to reconsider the methods used to assemble printed 

circuit boards (PCBs). The solution to these problems was advanced bonding technology. 

Adhesives have hence taken over many tasks in the assembly of electronic circuits. Besides 

being  used  for  mechanical  attachment,  they  also  function  as  for  example  electrical 

conductors and insulators. Today, many electronic components are fixed in their intended 

positions with adhesives, prior to soldering, like SMD (surface mounting device) process.
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Single-component paste-like epoxy resin adhesives are used. These adhesives bond in 3 

minutes at 120c . Acrylate adhesives are used to a lesser extent. The latter are pre-cured by 

UV light to allow rapid fixing. Their final strength is then developed by applying heat.

Electrically conducting adhesives are normally epoxy resin adhesives containing a very small 

amount of ionic contaminants. To a lesser extent special polyimide adhesives are also used. 

In both cases these adhesives contain 70 to 80 weight percent of very fine silver powder. 

They  are  used  when  components  cannot  be  soldered  due  to  their  sensitivity  to  heat, 

especially when repairs are being carried out. In addition, adhesives with heat conducting 

properties  (e.g.  adhesives  containing  high  amounts  of  aluminium  oxide)  are  growing  in 

importance due to the increasing requirements on the heat management of circuits.

Manufacture of Digital Versatile Discs (DVD)

Unlike a Compact Disc (CD), a DVD has a sandwich construction and is namely a bonded 

object.  Various designs are possible,  with  information storage on one or both sides.  UV 

curing acrylate adhesives are used for bonding the DVD components. These adhesives bond 

under the influence of UV light in a few seconds and besides having high optical purity the 

bonds have very good long-term stability under warm humid conditions. Special hot melts 

based on thermoplastic elastomers are also gaining in importance in this field 

Electric motors

A whole host of electrical devices, from kitchen appliances to CD-players and video cameras, 

contain  electric  motors.  These  mass-produced  motors  are  expected  to  have  precise 

synchronisation  and  a  long  lifetime.  Adhesives  are  nowadays  indispensable  in  motor 

assembly, for example for connecting the armature and shaft, for connecting the commutator 

and shaft, for attaching ball bearings and for securing screws in position .The preferred type 

of  adhesive  for  this  is  an  anaerobically  curing  acrylate  adhesive,  namely  an  acrylate 

adhesive that cures when oxygen is excluded.

8.7 High technology platform in adhesives.

8.7.1 Radiation-Cured Products.

According  to  the  consulting  firm of  Kusumgar,  Nerlfi  &  Growney,  global  consumption  of 
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radiation-cured products in 2005 was 270,000 metric tons (MT) with a value of $2.75 billion. 

Included are products for coatings, inks and adhesives. A modest six percent annual rate of 

growth is  forecast  through 2010.  Europe and North America are maturing regions which 

together  account  for  nearly  two-thirds  of  the  dollar  value.  Asia  is  the  second  largest 

consuming region in volume behind Europe, and is also the runner-up in dollars behind North 

America. A robust nine percent annual rate of growth is forecast for Asian consumption, led 

by the surge in China. By 2012, the Asian region is projected to be the leading consumer in 

both volume and dollars.

 

Coatings are the largest outlet for radiation-cured products representing approximately three-

quarters of the worldwide volume in 2005 and over one-half of the dollars. Wood, including 

furniture  and  flooring,  is  the  leading  coating  outlet  in  volume  and  dollars  with  Europe 

consuming approximately 40% of the volume. Paper overprints is the second largest coating 

application with North America the leading outlet representing 40% of the tonnage. Optical 

fibbers, CDs, PVC flooring, release and plastic substrates are other leading coating outlets.

Inks consumed just fewer than 20% of the radcure tons but nearly 40% of the dollars. Offset 

and screen inks combined were over 90% of the volume. Radiation-cured inkjet inks were a 

miniscule portion of the weight, but three percent of the dollars. Inkjet inks are forecast to 

surge in usage in the upcoming years

 

Adhesives  were  five  percent  of  the  global  volume  and  nine  percent  in  dollars.  DVD 

lamination was nearly 40% of the adhesive volume and dollars. CDs and DVDs are leading 

consumers of radiation-cured products with over $300 million of coatings, adhesives and inks 

used  making  these  products  in  2006.  Numerous  small  volume  assembly  adhesive 

applications took eight percent of the adhesive volume but over one-third of the dollars.

8.7.2 Nano tech

The chemical industry was leading the way with nanotechnology even before the term was 

invented. Chemicals or molecules are nano-objects. Carbon black, fumed silica, and many 

catalysts are essentially nanoscale products. The primary differences, however, are that the 

newer technologies give greater control over structures and increased ability to manipulate, 

physically and chemically, atoms on a nanoscale.
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The current market for raw nanomaterials is estimated around   $30-100 million dollars per 

year,  and  there  are  about  475  companies  that  participate  in  the  market.  The  largest 

applications  currently  are  chemical  mechanical  planarization  (CMP)  products,  magnetic 

recording  tapes,  sunscreens,  auto  catalyst  supports,  paints,  mortar,  smart  membrane 

separations,  energy  storage  and  transmition,  electroconductive  coatings,  and  superior 

adhesives and optical fibbers. This market is dominated by simple metal oxides, such as 

silica, alumina, and titania as well as nanoscale metals.

The nanomaterials market is expected to increase by 12.8 percent per year, to $1000 million 

by  2010.  As  the  case  with  many  paradigm-shifting  technologies,  the  near  term  market 

estimates for nanotechnology may be overestimated, but the long-term estimates may be 

underestimated. The potential global economic impact of nanotechnology in the next 15-20 

years could total one trillion dollars with the largest value coming from the materials and 

materials processing areas. See table 16 below:

Table 16 - Potential Global Economic Impact of Nanotechnology in 2010  

Market Segment Economic Impact, $Billon USD

Material, materials processing 340

Information technology devices 300

Pharmaceuticals / biotechnology 180

Chemical manufacturing: catalysis 100

Aerospace 70

Healthcare: diagnostics, prosthetics 30

Sustainability: agriculture, water, energy 45

TOTAL 1000

Source Adhesives Age 2009

 It seems possible that the interrelationship between the nanomaterial technologists and the 

adhesive  and  sealant  technologists  may  be  symbiotic.  It  is  probable  that  adhesive 
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formulators will be able to use the products developed by nanomaterial suppliers if they can 

be reliably and economically produced. It also appears that the nanomaterials developers will 

need knowledge and products from the adhesive industry. This will be primarily in the need 

to understand and control the interface. Thus, surface active agents, adhesion promoters, 

and  wetting  agents  will  be  useful  in  practical  nanomaterial  fabrication.  One of  the  main 

hurdles to the use of certain nano-particles (e.g., clay) as polymeric fillers is the ability to 

bond the particle effectively to the resin matrix rather than to one another.

 

Another  challenge,  of  course,  it  is  the  cost  and  scale-up  of  products  into  commercial 

volumes.  Today  relatively  few  firms  can  produce  commercial  quantities  of  nanoscale 

materials. Thus, the products are expensive and delegated to niche markets. Mass produced 

oxides typically range in cost from tens of dollars to several hundreds of dollars per kilogram, 

and specially processed or developmental quantities of materials may be priced as high as 

tens of dollars per gram.

At  a  materials  cost  that  could  be  10  times  more  than  micron-scale  materials,  future 

applications will have to be targeted where nanotechnology brings maximum value and be 

able to deliver product in commercial quantities. Thus, nanomaterials are likely to first find 

application in products where materials must be engineered for specific high performance 

characteristics and no conventional materials exist today.

Nanomaterials as additives for plastics, adhesives, coatings, sealants, and other polymeric 

products are only but one small segment of the overall nanomaterials market. Applications of 

nanomaterials in the adhesives and sealants industry will probably be limited to high tech, 

specialty  markets  where  the  adhesive  or  sealant  must  serve  multiple  functions.  Early 

applications might also appear in high performance adhesives and sealants such as those 

used in the aerospace industry.

Nano oxides

Nanoscale metal oxides are probably the most established market for nanomaterials. These 

oxides include zinc, iron, cerium, and zirconium as well as mixed metal compounds such as 

indium-tin  oxide.  Current  applications  include  polishing  agents  for  semiconductor  wafers, 

sunscreen formulations, and scratch resistant coatings for glass and plastics. The zinc oxide 

will serve as a UV filter in cosmetic applications. The cerium oxide is being developed as a 

chemical mechanical planarization (CMP) agent to polish semiconductor wafers having very 

fine circuit features. The indium oxide product is targeted at transparent, antistatic coatings 
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for windows and electronic display screens. Other target markets include catalysts, ceramic 

membranes, conductive coatings, personal care products, and electronics.

Nanoscale iron oxides particles are also being developed by BASF for additives in adhesive 

formulations to allow for bonding and de-bonding on command. The concept is to use an 

alternating  magnetic  field  applied  by mobile  generators,  to  heat  the nano-particles  in  an 

adhesive layer locally so that the layer can cure in the field. Subsequent heating at a higher 

energy rating would cause the cured adhesive to soften and de-bond. This technique could 

also be used to cure or de-bond adhesive materials or coatings at specific locations on a 

substrate. 

Nano  metal  oxides  could  also  be  used  as  pigments  for  coatings  and  plastics.  Scratch 

resistant films for clear glass or plastic substrates and water-repellent sprays that could be 

applied to shoes and other personal items are just two of the developing end-products. BASF 

Corporation is significantly involved in these development areas.

Nano metal oxides are produced using plasma based production techniques, precipitation 

reactions, or simple grinding techniques. The large established producers of fumed oxides 

are moving quickly to commercialize specific nanoscale grades to target novel applications. 

Although  some  nanomaterials  require  rather  exotic  approaches  to  compounding,  many 

nanomaterial reinforced polymer composites can be prepared quite readily. The low volume 

fraction of reinforcement particles allows the use of well  established and well  understood 

processing methods, such as extrusion and injection moulding.

Nanoclays

Nanoclays are another fast developing market for nanomaterial technology. These materials 

are primarily used today in composite structures for applications such as auto composites 

and barrier packaging. The nanoclay particles are a naturally occurring, plate-like form of 

smectite.  The  challenge  is  to  get  them  to  disperse  correctly  in  the  polymeric  matrix. 

Thermoplastic, thermosetting, and elastomeric nanocomposites are being developed.

Nanocomposites have improved mechanical and thermal properties when compared to the 

base resin, and they have better barrier performance and flame retardency. These improved 

properties  come  without  having  to  pay  a  price  in  increased  weight  or  reduction  in 

transparency. They also work at much lower loadings than traditional polymeric additives.
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Adding  small  amounts  (2%  by  volume)  or  silicate  nanoparticles  to  a  polyimide  resin 

increases  the  strength  by  100%.  The  addition  of  nanoparticles  not  only  improves  the 

mechanical properties, but also has been shown to improve thermal stability, in some cases 

allowing  use of  nanomaterial  reinforced polymers  an additional  100°C above the normal 

service conditions.

Use of nanoclay can reduce the use of traditional flame retardant additives. It also makes the 

products much less expensive and lighter. The propensity to develop a char layer and the 

decrease mass loss rates attributable to the barrier properties of layered nanoclay materials 

could result in adhesives and coatings with improved fire retardance and flame resistance. 

There  is  great  potential  for  such  products  in  eliminating  current  halogen  based  flame 

retardants.

Typical adhesive, sealant, and coating applications of these products could also be in barrier 

films. Such products could be used to keep oxygen out of plastic beverage bottles, paper 

juice cartons, and thermoformed containers. One well promoted nanocomposite end-product 

that  has  such barrier  properties  is  the  helium-filled  plastic  pouch in  the  heel  cushion of 

converse helium sneakers that are sold in China and Japan.

Nanocor Inc., is one of the market leaders in nanoclays, and they market a variety of forms to 

compound and plastic processors.  Developing products include those based on ethylene 

vinyl acetate, thermoplastic elastomers, ethylene propylene diene terpolymer, and nitriles. 

Southern Clay, another producer of nanoclay, is working with General Motors and Basel on a 

clay polyolefin nanocomposite that is being introduced on some GM models. The parts are 

stiffer,  lighter  and less brittle  at  low temperature than conventional  polyolefin  composites 

made with such fillers as talc. 

The overall market for nanoclays is small, but could increase rapidly as more applications are 

commercialized and technical challenges are overcome. The main technical hurdle is the 

development of surface treatments and processes to develop the plate-like structures.

Nanostructure Materials

Nanostructure materials are typically a processed form of raw nanomaterial  that provides 

special  shapes or  functionality.  Examples  are  carbon nanofibers  and  carbon nanotubes. 

These materials are said to be 100 times stronger than steel and one-sixth of the weight,  

more electrically conductive than copper, have twice the thermal conductivity of diamond, 

and safely usable in some medical applications. 
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Carbon nanotubes are essentially two dimensional graphene sheets, which roll into a tube 

with an aspect ratio of one to several thousand. Carbon nanotubes already find application 

as electrical conductive fillers in polymeric formulation to dissipate static charge. They are 

also  used  to  make  plastic  automobile  body  panels  conductive  so  that  they  can  be 

electrostatically spray painted without the need for a costly primer coat. 

Carbon  nanotubes compete  with  graphite  fibbers  in  some of  these  applications,  but  the 

nanotubes can be used at much lower loadings, thereby minimizing degradation of polymer 

properties.  Preliminary  scientific  reports  also  suggest  that  carbon  nanotubes  may  be 

excellent flame retardants in polyethylene, polypropylene, and ethylene vinyl acetate.

Hyperion Catalysts is the market leader in multiwall nanotubes. Their products are sold in 

commercial  quantities  mainly  for  conductive  composites  used  in  electrostatic  discharge 

control for automotive and electronics applications. 

Carbon  nanotubes represent  a relatively  small  market  at  the current  time and will  likely 

remain so unless a particular  application  takes off  and the price of  the materials  comes 

down.  The  development  of  nanocomposite  using  carbon  nanotubes  or  other  conductive 

nanoparticles may lead to adhesives, sealants, and coatings with multifunctional behaviour. 

Potential  early applications could include electromagnetic shielding as well  as conductive 

fibber and tapes.

Carbon nanofibers can be produced at  high volumes at low cost using natural  gas as a 

feedstock.  They have typical  diameter  of  50 to 200 nm,  hollow cores of  30-90 nm,  and 

lengths in the range of 50-100 nm. Incorporation of nanofibers into polymeric matrices leads 

to significant modulus increase, up to loadings of 10 percent (the highest loading possible). 

The yield strength increases as a function of loading, while the elongation decreases.

An example of application of nano technology is in the inspiration of how insects, spiders and 

geckos have such a remarkable talent for walking on walls and ceilings. Extremely thin hairs 

literally stick their feet to the wall and the larger the animal, the finer the hairs. Geckos, which 

are heavy compared to a fly, have been using nanotechnology for this purpose for millions of 

years, the shape of the fibres is also significant; for example, spatula-shaped ends on the 

hairs provide particularly strong adhesion.

 These discoveries aroused great expectations. It is possible to inspire by the structure of the 

soles  of  insects'  feet  and  before  long  find  equivalent  bio  mimetic,  i.e.  nature-inspired, 

adhesive materials in everyday use. The researchers at the Max Planck Institute for Metals 

Research and their pear at Gottlieb Binder GmbH in Holzgerlingen, a specialist company for 

fastener  systems  have  taken  a  big  step  forwards  in  copying  the  biological  adhesive 
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mechanism. They have developed a material with a bio mimetic microstructure that exhibits 

excellent adhesive qualities, basing it on investigations of the foot soles of several types of 

beetle. Their particularly strong adhesive force is the result of very small, specially shaped 

hairs reminiscent of tiny mushrooms.

 In rigorous tests carried out by the Max Planck researchers with measuring instruments 

developed  especially  for  the  purpose,  the  artificial  adhesive  system  gave  an  impressive 

performance and demonstrated many benefits. It lasts for hundreds of applications, does not 

leave  any  visible  marks  and  can  be  thoroughly  cleaned  with  soap  and  water.  The 

researchers found that five square centimetres of the material can hold objects weighing up 

to  one  hundred  grams on  walls.  However,  this  limit  is  much lower  for  ceilings.  Smooth 

structures, such as glass or polished wood, are good bases but woodchip wallpaper is not 

To manufacture the material, a mould, similar to a cake tin in baking, is used in which the 

required surface is embossed as a negative image. The mould is filled with a polymerizing 

mixture which is allowed to cure and then released from the mould. This sounds easy, but is 

the result of a "great deal of trial and error." The researchers found the construction of the 

micro structural "cake tin" particularly challenging and exactly how it works remains a trade 

secret. Optimizing the polymer mixture also taxed the researchers: if it is too fluid it runs out 

of the mould; if it is too viscose, it won't even go in.

Potential  applications range from protective foil  for delicate glasses to reusable adhesive 

fixtures - replacing fridge magnets, here come the micro hairs, which will also stick to your  

mirror, your cupboard and your windows. For example, the new material will soon be found in 

industrial production processes in the manufacture of glass components. It has already been 

shown to perform in higher weight categories: the artificial adhesive fibbers on the soles of a 

120 gram robot helped it to climb a vertical glass wall.

8.7.3 Biopolymers

During the past  century,  petroleum based feedstock has been the principal  raw material 

source for organic chemicals; however, reserves of petroleum are finite. Renewable sources 

resources  will  be  one  way  to  supplement  hydrocarbon  resources  and  meet  increasing 

worldwide needs for consumer goods.
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Biopolymers term is  quite confuse, it is use to describe two different concepts at the same 

time, the biodegradable /compostable polymers and the biomass renewable based polymers. 

In fact there is  biomasses based polymer not biodegradable and normal oil based polymers 

that are biodegradable. Renewable vegetal sources of raw materials for the manufacture of 

polymers are being counted on to: 

Solve the planet's growing waste problem (through the use of biodegradable materials in 

packaging, etc.) 

Reduce industry's reliance on expensive and dwindling petroleum reserves, and reduce the 

chemicals that are hazardous to the environment and to life. 

Biomass means the material  from biological  origin (principal  vegetal)  excluding the fossil 

fuels.

There is a request to develop alternatives based on renewable bio based energy sources. 

Several recent examples of this activity have indicated that bio based adhesives will become 

a significant route to new products in the coming years. Today the vast majority of polymers 

are made from fossil hydrocarbon; only 3% of the polymers come from renewable bio mass. 

The total market for bio chemicals will rise from the actual 100 billions of euros to about 155 

billions of euros in 2012.  There are currently 26 commercial  producers of bio resins and 

around 60 companies  involved in  R&D like  Genomatica ,  Genencor,  Codexis,  Elevance, 

Organobalance  .  The  production  process  are  several  and  different  like  fragmentation, 

distillation, fermentation and polymerisation depending the properties and raw material used. 

The foreseen emergence  of the second generation biochemical using non food biomass will 

provide a major boost for industrial biotech producers ,thus the global bio polymer production 

capacity is estimated to be multiple by 5 times from the actual annual 300.000 metric  tons 

for 1,5 million MT in 2012.

The market demand for biopolymers is influenced by factors such as price competitiveness, 

legislations, possible applications, constant availability, public sensibility, while supply side is 

also influenced by agricultural land available, biomass cost, industrial scale, legislation. The 

production or biopolymer is close linked to the production of biofuel as both are originated 

from the first generation conversation of vegetal products distillation, thus the regions with 

advanced programs in biofuels would have more advantages in raw material for biopolymers.

Bio based industrial products are steadily entering the market. Mells Industries (Des Moines, 

IA), for example, is making paper from corn stock fibber. Urethane Soy Systems (Princeton, 

IL)  has introduced a spray foam insulation  made from soybeans.  A joint  venture among 

Cargill Dow has opened the first large scale manufacturing plant for making polylactide, a 

polymer made from plant sugar. Traditional companies like DuPont, BASF, DSM, Novamont, 
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Metabolix,  Rohm  and  Haas  are  making  agreements  with  agricultural  companies  to  raw 

material  availability,  nevertheless the technologies that make the full  use of this biomass 

have not yet fully developed. According to the European Bio plastic Association, the current 

technological  substitution  potential  could  be  only  as  high  as  10%  of  actual  polymer 

consumption (around 5 million MT) 

Adhesives are an important field for biomass. Protein polymers have shown great potential 

for  adhesive  applications.  Several  projects  are  focusing  on  developing  soybean-based 

adhesives to replace formaldehyde containing adhesives in the plywood and particleboard 

industries.  Formaldehyde  emissions  cause  unpleasant  environmental  pollution  and  even 

toxicity problems during product manufacturing and distribution. However, another goal is to 

produce  these  adhesives  at  a  cost  that  is  less  than  that  associated  with  conventional 

materials. New research has resulted in formulations that can replace up to 70 percent of the 

phenol  formaldehyde  in  adhesives  used  to  bond  a  variety  of  wood  and  fibber  based 

composite products.

As an example the project sponsored by the US Department of Energy is engaging Eastman 

Chemical,  Rohm  and  Hass  and  the  Virginia  Tech  University  to  develop  biopolymers 

specifically  for  adhesives.  These  are  based  on  Carbon  Michael  chemistry  applied  to 

derivates  of  crop  oils  and  sugars.  The  addition  of  reactive  functional  groups  to  starting 

materials such as soy oil,  glycerol,  glucose,  sorbitol,  and isosorbide yields materials  that 

react to form polymers in the presence of proprietary catalysts. These researchers aim to 

develop these polymers to match the performance of polyurethanes in flexible packaging and 

assembly industries. 

Pressure sensitive adhesives are also being developed from plant oil derivatives, such as 

fatty acid methyl  esters by EcoSynthetix  Inc.   The rheological  properties of  the resulting 

polymers  are  comparable  to  petroleum-based  polymers  used  in  pressure  sensitive 

adhesives. Several other examples could be numerate to attest the reality of bio chemicals 

like the production using bio mass of MEK by Genomatica , or rubber by Genencor , many 

times with cleaner and cost  effective new biocatalytic routes.

 

Bio base market

Currently,  the  production  of  bio  based  polymer  materials  for  textile  fibbers,  polymers, 

adhesives, lubricants, inks, and other products is estimated at 6 millions tonnes per year. 

This is likely to swell up because, in many cases, using renewable resources became less 

expensive today.
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There are several examples for the advantage that may be associated with biopolymers. The 

average price of crude palm oil and glycerine in Europe has tumbled in recent years. In the 

case  of  glycerine  this  is  largely  related  to  the  large  amount  of  capacity  being  built  for 

subsidized bio diesel of which glycerine is a by-product. The prospects for fatty acids and 

natural fatty alcohols as replacements for petrochemical-based material are also high due to 

the relatively high price for ethylene and synthetically produced alcohols.

Over  the  next  generation,  scientists  will  make  great  advances  in  refining  crops.  Large 

refineries will  fractionate plant materials into components that can be converted into high 

value products such as adhesives.  Bio-refining is likely to supplement petroleum refining, 

however there are negative aspects in the decision in favor of biomass based chemicals like 

the  possible  competition  between  the  agricultural  production  for  food  or  chemical  /  fuel 

utilization due limited availability of arable land that may cause price increases, indeed the 

inferior technical performance like structural weakness, moisture absorption, low temperature 

and UV resistance.

Examples of biomass, the pine source chemicals

Pine  chemicals  are  renewable,  naturally  occurring  materials  derived  from  the  pine  tree 

(genus Pinus). The range of chemical classes obtained from pine trees includes numerous 

plant  sterols,  terpenes  (or  turpentine),  resin  acids  (or  rosin)  and  fatty  acids.  Pine  trees 

originated  in  the  Northern  Hemisphere,  but  are  now  found  worldwide.  Significant  pine 

resources exist in the United States, Canada, South America, Scandinavia, parts of Spain 

and throughout Asia. All  these regions have pine chemical production capabilities, though 

China continues to be the world’s largest national producer of pine chemical raw materials

Earliest recorded use of pine pitch was in the 4th through 2nd centuries B.C. in Greece, Asia 

Minor and Egypt. Pine resins were used in the 4th century A.C. as adhesives for attaching 

colour stones to buildings. As the number of wooden ships in the European navies grew, so 

did  the  need  for  rosin,  pine  tar  and  pitch.  These  products,  which  were  essential  for 

waterproofing and caulking the vessels, became known collectively as naval stores, a term 

still used today. The high-quality pine chemicals available today were initially developed and 

produced in the mid-to-late 20th century.

The annual  global  production of  major pine chemical  raw materials,  crude tall  oil  (CTO), 

crude sulphate turpentine (CST) and crude gum rosin is estimated to be 2,600 K MT.3 Of this 

1,100 K MT is converted to rosin, 500 K MT is converted to fatty acid, and the balance is 

converted to a range of terpenes, oils, flavour and fragrance chemicals, and bio-fuels. 

Graphic 41 - Global Rosin Consumption by Market Segment
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Source : Cross J. Proceedings of Pine Chemical 

associations Inc. Chicago (June 2003)

Rosin  and its  derivatives  account  for  the largest  segment  of  the pine-chemicals  market. 

Major uses include adhesives,  printing inks, coatings;  surfactants, rubber, paper products 

and chewing gum (see Figure above ). Within adhesives, the packaging and bookbinding 

segments account  for  most  consumption, followed by pressure-sensitive and construction 

adhesives.  Uses  for  terpenes  and  derivatives  include  adhesives,  flavours,  perfumes, 

camphor and cleaning products; tall oil fatty acid (TOFA) and derivatives are used to make 

polyamide resins, fuel additives, lubricants, and alkyd paints. 

Over the next several years,  demand for rosin and its derivatives will  grow fastest in the 

adhesives market. Demand in printing inks and paper size is expected to be flat. Adhesive 

demand  is  expected  to  grow  rapidly  in  developing  countries  as  living  standards  and 

disposable incomes increase. In industrialized countries, adhesive demand closely follows 

Gross  Domestic  Product  (GDP).  Printing  ink  growth  has  been  decoupled  from GDP as 

alternative media channels like the Internet and new production techniques reduce demand. 

Rosin  consumption  in  paper  size  will  continue  a  slow  decline  because  the  market  is 

converting to non-rosin sizing technologies  and higher-quality  printing  that  requires more 

efficient sizes. The exception is China, where paper size volumes will increase due to overall 

demand.

There  are  three  major  classes  of  tackifier  resins  for  the  adhesives  industry:  terpene, 

hydrocarbon and rosin resins. Terpene (pine-based) and hydrocarbon (petrochemical-based) 

resins are both hydrocarbons; that is, they contain only carbon and hydrogen. While they are 

similar in that respect, they impart somewhat different properties to the resultant adhesives. 

Terpene-based resins are more diverse than petrochemical hydrocarbons in that they are 

readily modified with other chemicals (e.g., phenol) to produce an array of products. Rosin 
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resins significantly  differ  from the previous two types in  that  they contain carboxylic  acid 

and/or  ester  groups.  These  resins  are  generally  more  polar  and  narrower  in  molecular 

weight, making them excellent tackifiers for a variety of end-use applications.

All groups of pine chemicals, except plant sterols, are used by the adhesives and sealants 

industry.  Rosin resins,  including esters and polymerized rosins,  are used as tackifiers to 

modify the properties of selected polymers to produce adhesives and sealants. Polyterpene 

resins are used to modify non-polar polymers for these same applications. Tall oil fatty acids 

can be dimerized to produce dimmer fatty acids that,  in turn, are the major ingredient  in 

thermoplastic polyamide adhesives. 

Within adhesives, hot melts are growing more rapidly than solvent- or waterborne types due 

to  their  performance  and  usage  benefits.  New  polymer  and  tackifier  technologies  are 

available to formulators, thus allowing adhesives that can be applied outside traditional paper 

and non-woven bonding. New uses in publishing, graphics, electronics and semi-structural 

applications will drive growth of hot melts. These products have no measurable VOCs and 

offer recyclability, fast bonding, and greater ease of application. 

End users expect  hot-melt  packaging adhesives to run faster and perform on a range of 

substrates.  Terpene  phenol  resins,  derivatives  of  alpha-pinene,  can  deliver  improved 

adhesion to difficult substrates such as recycled cardboard. They offer better green strength, 

making them useful for high-speed packaging lines with short set times. Rosin esters are 

commonly used to increase adhesion and the temperature performance range of ethylene 

vinyl  acetate  (EVA)-based  adhesives.  Rosin  esters  have  the  added  benefit  of  being 

compatible with a range of polymers, thus limiting formulating complexity . 

In pressure-sensitive adhesives, the tight supply of styrene-isoprene-styrene (SIS) polymer 

has many formulators considering alternative systems like styrene-butadiene-styrene (SBS) 

and styrene-isoprene-butadiene-styrene (SIBS).  This trend presents opportunities for pine 

chemicals like rosin ester and polyterpene resin because they have good compatibility and 

performance in these alternate polymer systems. 

The compatibility of rosin resins with polymers used in aqueous adhesives makes them well 

suited for these new systems. As new or modified polymers continue to be introduced, new 

waterborne resins will be developed to meet the challenge. Resins for waterborne adhesive 

can be purchased as dispersions or neat. Some pine chemicals are used in radiation-cured 
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systems, but this remains a relatively small part of overall demand. Pine chemicals, like rosin 

ester and terpene phenol resins; have been used in radiation-cured acrylic adhesives. 

Other vegetal Based Raw Materials

There are several other biologically based raw materials that have been used in adhesive 

systems. Since the beginning of time, plants have been known to act as feedstock for a 

variety of chemical applications. As of late, there has been a return to chemicals which are 

agriculturally  based.  The  development  in  this  area  is  primarily  due  to  environmental 

regulations and conservation, but it  is also due to biodegradation of waste. In addition to 

starch, much work has been done on adhesives based on casein, a material derived from 

milk. 

Linseed oil is a common feed stock for resins and coatings. Linseed oil, for example, can be 

used to derive several high performance polymer resins (e.g., polyester amide). Hemp oil 

based products (e.g., Biohemp, Regina, Saskatchewan, Canada) is a product developed for 

exterior coatings. The material boasts high environmental awareness and is derived from a 

renewable resource.

Castor oil  and soybean based polyols  are examples  of  plant  materials  which have been 

successfully  incorporated  into  polyurethane  resins.  Epoxidized  oils  are  synthesized  by 

reacting vegetable oils (typically soybean and linseed) with peracids or hydrogen peroxide. 

These epoxidized oils are employed as biodegradable plasticizers for adhesives and plastics. 

Long chain fatty acids dimmers derived from vegetable oils are reacted with a slight excess 

of primary amines to synthesize polyamides, which are commonly used as curing agents in 

epoxy coatings and adhesives.

Soybean Based Adhesives

Soybean flour is formulated into adhesive systems as either the main polymeric component, 

incorporated  as  extenders  for  phenol  resins,  or  blended  with  casein  or  sodium  silicate 

adhesives.  Their  primary  application  is  in  the  manufacture  of  plywood.  Soybean  glue  is 

derived from protein. These adhesives are cheap and can be used for making semi-water 

resistant plywood and for coating some types of paper. They set at room temperatures.

One-package soybean glue formulations are dry powders. Soybean powder contains both 

protein and carbohydrate. For adhesives, the flour is generally dispersed in aqueous sodium 

hydroxide and other alkaline bivalent metallic ions (e.g., calcium hydroxide) are incorporated 

to lengthen the working time and to improve water resistance. 

Soybean glues generally are considered to have limited water  resistance but,  like casein 

glues,  recover their  strength on drying.  Soybean glues  are susceptible  to mould  growth. 
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However, a variety of efficient preservatives are available such as pentachlorophenol, copper 

naphthenate,  and  tributyl  tin  oxide.  Fungicides  also  provide  some  degree  of  termite 

protection. 

Many polyfunctional materials are used as cross linking agents for soybean proteins. Typical 

denaturants and cross linking agents include sulphur compounds, such as carbon disulfide; 

soluble  metal  salts;  epoxies;  and  formaldehyde  donors,  such  as  dimethylurea  or 

trimethylphenol. Small proportions (usually under 1% of the dry weight of soybean flour) are 

sufficient. Fillers such as wood flour, walnut-shell flour, and clay result in lower cost, but they 

also lower the performance properties of the adhesive.

Soybean glues, like blood glues, can be safely utilized in the cold for laminating of wood. 

However,  for  rapid  production  of  assemblies,  where  several  cure  cycles  need  to  be 

performed per hour, it is necessary to employ temperatures as high as 140°C with pressures 

of 175-200 psi applied to the joint. 

Modern  soybean  adhesives  are  made by  combining  hydrolyzed  soy  protein  with  phenol 

resorcinol formaldehyde. Compared to standard phenol resorcinol formaldehyde adhesives, 

this hybrid adhesive has a faster cure time and could bond wood with moisture content as 

high as 150%. As result soy based adhesives are the few adhesives on the market that has 

the ability to join green lumber. This allows lumber mills to operate with less energy and 

fewer harmful emissions. New research has resulted in formulations that can replace up to 

70 percent of the phenol formaldehyde in adhesives used to bond a variety of wood and 

fibber based composite products. 

8.7.4  Biodegradable polymers

      Definition of "Biodegradable"

 Biodegradability is a product "capable of undergoing decomposition into carbon dioxide, 

methane, water, inorganic compounds or biomass in which the predominant mechanism is 

the enzymatic action of micro organisms that can be measured by standardized tests, in a 

specific period of time, reflecting available disposal conditions".  However,  many polymers 

that are claimed to be biodegradable are in fact oxo-biodegradable, hydro-biodegradable, or 

photo-biodegradable. 
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Hydro-biodegradable and photo-biodegradable products are degraded or broken down in a 

two-step  process:  (1)  hydrolysis  or  photo-degradation  and  (2)  further  biodegradation  as 

defined above by the ASTM. Products also exist that break down by a single phase process 

(water soluble or photo-degradation) where the residue is not further degraded by organisms. 

Biodegradable polymers are those that are capable of degrading without the action of micro-

organisms, at least initially.  Their degradation processes may include dissolution in water, 

oxidative embrittlement (additive to reduce molecular structure) or UV embrittlement. 

 All  of  these  different  polymers  come  under  the  broader  category  of  "environmentally 

degradable" polymers and offer specific advantages in medical, packaging and agricultural 

sectors, where degradability is important or indeed to reduce waste management cost. 

Most  synthetic  polymers  are  not  biodegradable.  Polymers  such  as  polyethylene  and 

polypropylene  can  persist  in  the  environment  for  many  years  after  their  disposal. 

Biodegradable  polymers  are  generally  obtained  via  polymerization  of  bio-based  raw 

materials. These raw materials are either isolated from plants and animals or synthesized 

through modern industrial processes. 

During the last two decades, significant advances have been made in the development of 

biodegradable polymers. These materials have been developed in a variety of forms, and 

thus have potential uses in a range of industries. Many of these polymers are well suited for 

adhesive  applications  such  as  environmentally  friendly  packaging,  recyclable  envelope 

adhesives, and biomedical devices. 

Biodegradable polymers based on renewable resources are also being looked upon as low 

cost alternatives to raw materials based on petroleum products. Industries which develop 

these materials will continue to see growth as the price of crude oil continues to climb, and 

the availability of fossil fuels begins to dwindle. Applications for such bio-based materials are 

widespread in the areas of resins, coatings, and adhesives. 

The development of biodegradable adhesives goes hand-in-hand with the development of 

biodegradable polymer products in general. In order for a finished product to be completely 

biodegradable,  it  is  necessary that  all  of  its  components are biodegradable.  There is  an 

extensive range of potential biodegradable products. Some of them include:

Packaging materials (e.g., trash bags, loose fill foam, food containers) 

Consumer goods (e.g., egg cartons, razor handles, toys, straws and utensils) 

Industrial products (e.g., planter boxes, compositing bags, fishing nets, mulch film) 

Medical applications (e.g., drug delivery systems, sutures, bandages, orthopaedic implants) 
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Coatings (e.g., barrier coatings with low moisture vapour transmission of paper and plastic 

film) 

Hygiene products (e.g., flushable sanitary products, diaper backing sheet) 

Many of the polymers developed specifically for these products may also be suitable base 

polymers for biodegradable adhesive systems.

The green raw material source and the functionality of biodegradable are independent issue 

and must not be confused. There are biomass polymers which are not biodegradable and 

biodegradable  polymers  based  only  on  fossil  fuels.  The biodegradability  is  an additional 

functionality for polymers independent  of  raw material  used.  Biodegradable material  offer 

advantages  for  waste  management.  They  are  already  used  in  the  medical,  packaging, 

detergent  and  agricultural  sectors;  however  the  biodegradable  product  does  not  resolve 

complete the litter issue that requires a combination of public awareness, education, waste 

management practices and law enforcement.

Market Potential of Biodegradable Polymers

The  global  market  of  biodegradable  polymers  is  currently  estimated  at  120  million  kg. 

Average annual growth rates are far in excess of the GDP, with forecasts for the market to 

be well over 200 million lbs by the end of the decade.

Table 17- - Global Biodegradable Polymer Market by Application Through 2010

Application
Market Volume, million kg. Annual  Average  Growth 

Rate, %
2000 2006 2010 

Packaging 33 53 83 9.4 

Compost bags 23 48 95 14.6 

Other 5 13 28 16.6 

Total 61 114 206 12.6 

 

Source : Chemical Age

a -  Includes loose-fill  packaging,  which constitutes about  two-thirds of  the total.
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b - Includes medical / hygiene products, agricultural, paper coatings, etc. 

Packaging,  which  includes  loose-fill  packaging,  constitutes  nearly  47%  of  the  total 

biodegradable  polymers  market  in  2005.  However,  compost  packaging  will  overtake  the 

market representing nearly 50% of the market by 2010. Other important products, such as 

medical / hygiene, agricultural, and paper coatings, account for 11% of the total applications 

in 2005.

The non OECD‘s biodegradable polymer market has not progressed as rapidly as it has in 

US,  Europe and  Japan.  The major  drivers  are  mandated  by  legislation  and  prospective 

increases  in  landfill  cost.  For  significant  growth  in  the  world  market,  systems  or 

infrastructures must first be put into place to collect and process biodegradable polymers, 

consumers  must  be  willing  to  accept  the  inconvenience  and  cost,  and  biodegradable 

products must  be viewed as a realistic and available alternative to waste disposal  by all 

parties. 

Ex: Starch Based Biodegradable Polymers

Starch is a pure, natural biopolymer found in the roots, seeds, and stems of plants such as 

corn,  wheat,  and  potatoes.  It  is  suitable  for  chemical  modification  into  a  thermoplastic 

material  for  various  applications.  Starch  is  fully  biodegradable  and  based  on  renewable 

materials.  Thus,  its  use in  commercial  adhesive  compounds and in  plastic  materials  will  

minimize environmental damage.

Starch degrades by molecular breakdown resulting from enzymatic attack on the glucosidic 

linkages between sugar groups. These products have starch contents that vary significantly. 

The starch content needs to exceed 60% for significant material breakdown although most 

starch based biodegradable polymers have starch contents ranging from 10% to greater than 

90%. As the starch content is increased, the polymers become more biodegradable. At low 

starch contents the starch particles act as weak links in the polymer matrix and provide sites 

for biological attack.

Starch is, perhaps, the original biodegradable adhesive. It plays a very large part in industrial 

production, especially the packaging industry. Starch based adhesives are principally used 

for  bonding  paper  products  and  other  porous  substrates.  Most  corrugated  boxboard  for 

making cartons are easily bonded with starch based adhesives.
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Starch adhesives are readily available, low in cost, and easy to apply from water dispersion. 

They  are  considered  to  be  the  least  expensive  class  of  paper  packaging  adhesive. 

Formulated starch adhesives  can be applied hot  or  cold.  These adhesives  are generally 

provided to the end-user as powder and mixed with water prior to use to form a relatively 

thick paste. Starch and dextrin cure by the loss of moisture. Since these adhesives cure to a 

thermosetting structure, they have excellent heat resistance. Another advantage is their very 

slow  curing  rate  allowing  ample  assembly  time.  Disadvantages  include  poor  moisture 

resistance and mould growth.

Although starch based adhesives have now been used as adhesives for  many decades, 

there are several important reasons why these natural adhesives will not be entirely replaced 

by synthetic products. The following advantages ensure that they continue to fill  particular 

niches in the market place. 

Availability is good and cost is relatively low 

Quality is stable 

Good adhesion to cellulose and many porous substrates 

Insoluble in oils and fats 

Non-toxic and biodegradable 

Heat resistant 

To meet the requirements of various modern applications, starch based polymers may be 

blended with higher performance biodegradable polymers such as aliphatic polyesters and 

polyvinyl alcohols. Adding starch to a polymer mix reduces the volume of synthetic materials 

required and correspondingly reduces the overall material cost. Varieties of biodegradable 

starch  based  polymers  include  thermoplastic  starch,  starch  synthetic  aliphatic  polymer 

blends,  starch  -  polybutylene  succinate  (PBS)  /  polybutylene  succinate  adipate  (PBSA) 

polyester  blends and starch - ethylene vinyl  alcohol  (EVOH) or polyvinyl  alcohol  (PVOH) 

blends. Polyvinyl  alcohol (PVOH) is blended with starch to produce readily biodegradable 

polymers.  The PVOH is very water  soluble,  and the starch-PVOH blends are,  therefore, 

degraded  via  hydrolysis  and  biodegradation  of  the  sugar  molecules.  As  starch  is  fully 

biodegradable and easily renewable, it will  continue to be an important component of the 

biopolymer industry. 

Biodegradable Polyesters
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The potentially hydrolysable ester bonds of polyesters make them significant raw materials in 

the  development  of  biodegradable  polymers.  The polyester  family  is  made of  two  major 

groups:  aliphatic  (linear)  polyester  and aromatic (ring structure) polyesters.  All  polyesters 

degrade eventually with hydrolysis being the dominant mechanism. Aliphatic polyesters are 

commonly  used  since  they  are  more  readily  biodegradable  than  aromatic  polyesters. 

Synthetic aliphatic polyesters are easily biodegradable in soil. These aliphatic polyesters are, 

however,  more expensive  and lack  mechanical  strength when compared to conventional 

plastics.  Aliphatic  polyesters are frequently combined with starch to reduce material  cost. 

Compositions  are blended with  nanoclay  reinforcement  to improve mechanical  properties 

and barrier performance in food packaging applications. Polylactic acid (PLA) is the most 

widely used biodegradable polyester.

Lactic acid is produced principally via microbial  fermentation of sugar feed stock. Making 

PLA  requires  30-50%  less  fossil  fuel  than  polymers  synthesized  from  hydrocarbons. 

Variation  in  polymerization  conditions  permits  the  synthesis  of  several  grades  of  PLA. 

Polylactic  acid  degrades  primarily  by  hydrolysis  and  not  microbial  attack.  It  does  not 

biodegrade readily  at  temperature less than 60°C due to its glass transition temperature 

being close to 60°C. 

PLA has high polarity, making it difficult to adhere. Tie-layers generally must be employed to 

provide a bond to non-polar PE and PP in multi-layer structures. PLA has excellent  heat 

sealing performance. PLA based materials such as those produced by NatureWorks LLC 

under  the  trade  name  of  NatureWorks,  are  most  commonly  used  in  packaging  as 

thermoformed products such as drinking cups, takeaway food trays and other containers.

Polycaprolactone  (PCL)  polyesters  are  synthetic  aliphatic  polyester  having  low viscosity. 

PCL's relatively high cost can be overcome somewhat by the addition of starch. Derived from 

non-renewable sources, PCL is fully biodegradable through a single process of composting 

at 60°C. PCL without  additives completely biodegrades after about six weeks in compost 

activated  with  sludge.  Processing  additives  increase  the  tensile  strength  but  lower  the 

biodegradability. 

Other Biodegradable Polymers

Water Soluble Polymers

There are two primary water soluble polymer types: polyvinyl alcohol (PVOH) and ethylene 

vinyl alcohol (EVOH). PVOH is readily biodegradable and water soluble. PVOH is commonly 

used  in  many conventional  adhesive  systems.  It  is  often  blended  with  polyvinyl  acetate 

(PVAc) for wood adhesives. The degradation of PVOH is influenced by its crystallinity and 
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molecular weight. The main degradation mechanism is dissolution in water. Biodegradation 

in soil is very slow.

EVOH is another water soluble synthetic polymer, it is often used as an oxygen barrier layer 

in multilayer film packaging and can be used as an effective tie-layer in laminating multilayer 

product.  The  high  cost  of  EVOH  is  a  significant  barrier  to  its  widespread  used  in 

biodegradable plastics. 

Photo-Biodegradable Plastics

Photo-degradable polymers are polymers into which have been incorporated light sensitive 

chemical additives or copolymers for the purposes of weakening the bonds of the polymer in 

the presence of UV radiation. Photodegradable polymers are designed to become weak and 

brittle  when  exposed  to  sunlight  for  prolonged  periods.  Photosensitizers  used  included 

diketones, ferrocene derivatives and carbonyl containing species. These plastics degrade in 

a two stage process, with UV light initially breaking the molecular bonds.

Controlled Degradation Through Additive Masterbatches

Additives  that  impart  controlled  degradation  behaviour  to  conventional  thermoplastics,  as 

well as to inherently biodegradable polymers are becoming a popular strategy due to price 

competition.  Such  additives  are  known  as  prodegradant  concentrates,  and are  generally 

based  on  catalytic  transition  metal  compounds  such  as  cobalt  stearate  or  manganese 

stearate. The additive is typically used at levels of 1-3% and, therefore, may be a practical  

solution  for  many  biodegradable  adhesive  formulators.  Polymers  modified  progressively 

degrade to lower and lower molecular weights. They become brittle, disintegrate, and are 

ultimately digested by micro-organisms. 

Recent Commercial Activity in Biodegradable Adhesives 

There are only a few major players in the global biodegradable polymer business. These 

include  NatureWorks  LLC  in  North  America,  Novamont  and  BASF  in  Europe.  Many 

Japanese companies are involved, but they have relatively small production volumes, some 

of  which  are  pilot  plant  operations.  There  are  far  less  companies  active  in  developing 

biodegradable adhesives. The following is a summary of recent activities in this area.

Bio-based  raw  materials  are  now  finding  their  way  into  adhesives  applications  where 

recycling and environmental concerns are important. Examples include a family of harmless, 

reactive sugar based monomers called ECOMER (Eco Synthetix Inc.). Copolymerization of 

ECOMER with  acrylic  monomers  has  resulted  in  sugar-based  acrylic  pressure  sensitive 
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adhesives for recycling. This adhesive is being used in environmentally benign self-adhesive 

postage stamps.

Pressure sensitive adhesives are also being developed at the University of Delaware from 

plant  oil  derivatives,  such  as  fatty  acid  methyl  esters.  The rheological  properties  of  the 

resulting polymers are comparable to petroleum based polymers used in pressure sensitive 

adhesives. 

Natural  based  adhesives  have  also  been  formulated  from  components  in  the  forestry 

industry.  A number  of  countries  have made efforts  to  extract  adhesive  for  particleboard 

manufacture from the barks of  their  indigenous trees.  These woods generally  have high 

tannin  content.  This  eliminates  the  need  for  relatively  expensive  phenol  resins.  Special 

formulations  have  been  prepared  with  the  combinations  of  tannins  with  melamine 

formaldehyde, phenol formaldehyde, and isocyanates. Adhesives using sulphite waste liquor 

from the forest industry have also been developed as a particleboard adhesive. 

The most common form of rosin adhesive is made from the oleoresin of the pine tree. This 

material is used either in solvent solution or as hot melt mastic. It  has poor resistance to 

water  and oxidation.  Bond strengths are moderate and develop rapidly.  This adhesive is 

often used for temporary fastening.

One the most  tenacious bio-adhesive  in  existence is  that  produced by the common sea 

mussel. The mussel depends on its ability to attach to solid surfaces for its survival. Poor 

adhesion for a mussel means that it can be dislodged from its marine home (generally wet 

rock, wood, or the steel hull of ships) and crushed by waves or lost to some other nautical 

fate. 

Chemists  have long known that  mussels  secrete a material  that  consists  of  a hardened 

matrix  of  proteins.  These  proteins  form  extremely  tough  fibbers  that  adhere  to  almost 

anything and under almost all conditions. Exactly how these proteins link together to provide 

an adhesive material, called byssus, has remained a mystery until recently. 

Researchers at the University of California - Santa Barbara have studied the mussel and 

come to the conclusion that  the secret  to the mussel glue's stickiness seems to be 3,4-

dihydroxyphenylalamine (DOPA). DOPA is an amino acid found abundantly in the mussel's 

bonding proteins. Further research at Purdue University indicates that another key ingredient 

in  the  mussel  adhesive  is  iron.  The  mussel  obtains  iron  by  filtering  it  directly  from  its 

surrounding water. It uses iron as a "cross linker". A single iron atom can bind to three DOPA 

side chains. Other bio-available metal ions do not appear to bring about this cross linking.

Unfortunately,  the  amount  of  adhesive  protein  that  can  be  directly  gained  from  marine 

organisms such as the mussel is quite small and expensive to harvest. Thus, it is hard to see 
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adhesive manufacturers going to replace their reaction vessels with mussel farms. However, 

the biosynthesis of these marine adhesive proteins can be copied, and production methods 

are possible and under development. 

It is believed that adhesives having molecular structure similar to the mussel secretions will  

be biodegradable and provide strong and durable structures. One goal of trying to mimic 

mussel adhesives is the preparation of better marine adhesives that can cure underwater, 

stick to almost  any substrate, and last  a lifetime. However,  the value may be in another 

water-rich application - medical adhesives. The ability of the material to bond to nearly any 

surface and its biological origin make it well suited for many internal medical applications. 

Man-made mussel  adhesives  could  be used for  wound  closure,  nerve reconstruction,  or 

when one might need a scaffold upon which to grow cells and build new tissue. 

8.7.5 Structural adhesive

After years of field experience, structural adhesive bonding has proven that it can provide 

high  volume  assemblies  with  greater  stiffness  and  better  crash  performance.  Being 

viscoelastic,  most structural organic adhesives also provide improvements in vehicle NVH 

(noise,  vibrations,  and  harshness).  This  became  possible  only  after  the  successful 

development of new generations of adhesives and specifically with the development of new 

toughening additives. As a result, adhesive bonding is now accepted in the transportation 

industry  as a "classic"  joining  technique.  Adhesive  usage  has grown  from about  50-100 

grams per vehicle to between 2 to 4 kilograms today and nearly 7 kilograms or higher in 

some vehicles. 

In order to understand the popularity of adhesive bonding in the automotive industry,  one 

needs to take a look at the characteristics that define the current market situation for autos. 

These characteristics can be separated into those related to property performance and those 

related to application and production. These defining characteristics are summarized below.

Property Performance Characteristics
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Although  steel,  including  high  strength  types  and  coated  types,  will  continue  to  be  the 

dominant  body material,  non-ferrous metals  (e.g.,  aluminium) and composites (reinforced 

elastomers) are increasingly being used because of their weight-reducing capabilities. 

Combinations  of  different  materials  (e.g.,  metals  and  composites)  are  being  utilized  for 

design variation and for reduced weight. The benefits of structural adhesive are particularly 

evident when different materials need to be bonded to each other. 

Adhesives  are  recognized  for  their  weight  reducing  capabilities.  Using  one  kilogram  of 

adhesive  is  claimed to reduce vehicle  weight  by 25 kilograms.  Adhesive bonded vehicle 

bodies are more rigid, allowing thinner sheet metal to be used. 

Increasing emphasis is being placed on multifunctional application (e.g., vibration damping 

plus joining) to reduce costs and improve production times. 

The need to improve crash capability and to reduce weight is more important today than ever 

before to meet safety and environmental standards. 

Fatigue and durability of assembled parts are more important because of increasing warranty 

coverage. 

Modular design concepts are being introduced to maximize design versatility and to minimize 

costs. These modular designs are conveniently assembled with adhesives.

There is  a  significant  need  to  reduce  cost  due  to  pricing  pressures.  This  includes  both 

material cost as well as application and energy costs. Adhesives have been recognized to 

reduce assembly costs in many applications. A medium sized vehicle requires approximately 

5,000 welds. It is estimated that more than one-half of these can be replaced by adhesive 

joints thereby saving around $100 USD per vehicle. 

Adhesives  and  processes  must  be  cognizant  of  the  environment.  Fortunately,  structural 

adhesives  often  have  low  VOCs  and  are  used  in  lower  volumes  than  non-structural 

adhesives. However, the energy required to cure structural adhesives is an environmental 

(and  cost)  issue,  and  structural  adhesives  are  being  sought  that  will  not  interfere  with 

regional recycling efforts. 

Adhesive  bonding  is  normally  applied  in  combination  with  other  processes  (e.g.,  hybrid 

bonding, curing in a paint oven, etc.). 

Production speed and cost are important parameters in selecting an adhesive. The adhesive 

must be prepared and applied quickly and without critical or expensive processing. Elaborate 

metering,  mixing,  or  surface  preparation  processes  are  discouraged.  Once  applied,  the 

adhesive must cure quickly with minimal featuring.
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New structural materials

Cyano

New  generations  of  cyanoacrylates,  based  on  monomers  other  than  methyl  or  ethyl 

cyanoacrylate,  have  improved  toughness  and  high  shear  strength  (3,500  psi).  New 

cyanoacrylate resin monomers have also been introduced to provide faster cures, higher 

strength with some plastics, and greater thermal and impact resistance. 

The use of phthalic anhydride has been reported to improve both the moisture resistance 

and heat resistance of the cyanoacrylates. Rubber toughened cyanoacrylates generally also 

show the best performance in water and humid environments. When moisture or solvent 

resistance is a concern the cyanoacrylate bond thickness should be kept as thin as possible. 

The  more  polar  solvents,  such  as  nitromethane  and  acetone,  will  rapidly  dissolve 

cyanoacrylate adhesives.

Whereas unmodified cyanoacrylates  normally  have a maximum operating temperature of 

about 82°C, new thermally resistant formulations offer continuous service at temperatures as 

high  as  120°C.  Improved  heat  resistance  is  addressed  by  the  addition  of  cross  linking 

agents,  heat  resistant  modifying  monomers,  or  both.  Cross  linking  monomers  such  as 

biscyanoacrylates or alkenyl cyanoacrylates can be used to generate some amount of cross 

linking in the adhesive. Several formulations are commercially available that claim service 

temperatures up to 150°C. These high temperature formulations are very useful in electrical / 

electronic applications such as wire tacking and component bonding to printed circuit boards.

Typically unmodified cyanoacrylate adhesives have high lap shear strength, on the order of 

2000-3000 psi, on most substrates. Lap shear strength can be further improved by 10-30% 

and peel and impact resistance can be greatly improved by incorporation of tougheners or 

plasticizers  to  the  unmodified  cyanoacrylate  adhesive  formulation.  Products  have  been 

developed which have 5-10 times higher peel strength than conventional compositions. 

Plasticizers such as aliphatic esters, aromatic phosphates, and phthalates can also be added 

to the cyanoacrylate formulations for flexibilizing the bond line. Plasticizers help improve the 

peel strength and shock resistance of the cured cyanoacrylate adhesive. 

Significantly  improved impact  strength has been accomplished  using various  elastomeric 

tougheners.  Modern  cyanoacrylate  adhesives  include  toughening  agents  such  as 

acrylonitrile-butadiene-styrene,  ethylene-methyl  acrylate  copolymers,  styrene  butadiene 

rubber grafted with styrene and methyl methacrylate as well as other copolymers and grafted 

polymers.  The toughening agent is usually added at a concentration of 15-20 percent by 

weight of the cyanoacrylate monomer. The toughening mechanism is primarily one of phase 

separation. 

305



Cyanoacrylates are now available in gel form in addition to the conventional low viscosity 

liquids. These systems provide the ability to bond to substrates such as wood, leather, and 

fabrics,  which  have  been  notoriously  difficult  substrates  for  bonding  with  cyanoacrylate 

adhesives.  Fumed silica  and  high  molecular  weight  acrylates  are  generally  employed  in 

these formulations as mentioned above.

Unmodified cyanoacrylate adhesives do not polymerize readily on acidic surfaces such as 

wood or dichromated metals. The incorporation of poly-n-vinyl pyridine or polyethyleneimine 

or even simple amines presumably serves the dual purpose of thickening the liquid (for better 

bonding  to  the  porous  wood  surface)  and  increasing  the  pH  to  speed  cure.  Surface 

insensitive  cyanoacrylates  have  been  developed  by  adding  agents  such  as  silacrowns, 

crown ethers, and calixarenes to ethyl cyanoacrylates. These products generally offer the 

most rapid fixture times of all the cyanoacrylates.

Recently light curing cyanoacrylate adhesives have been developed that offer the rapid light 

cure properties of a thermosetting acrylic adhesive coupled with the ease and speed of a 

secondary cyanoacrylate  cure.  Light  curing cyanoacrylates  are ethyl  based products that 

have photoinitiators added to the formulation, allowing them toixture rapidly on exposure to 

low intensity light, and to cure in shadowed areas.

A major benefit that light curing cyanoacrylate adhesives offer is that open liquid adhesive 

can be cured to a tack free surface in less than three seconds through exposure to a low 

intensity  light.  This  prevents  blooming  and  stress  cracking  of  plastics  and  greater  gap 

thicknesses can be cured. Light curing cyanoacrylate adhesive can be cured to depths in 

excess  of  0.64  cm  within  15  secs.  Since  light  cured  cyanoacrylate  adhesives  are 

thermosetting, they provide improved creep resistance and high temperature strength. 

 Modified Epoxy

Since  their  introduction  in  the  late  1940s,  epoxy  resins  have  found  widespread  use  in 

adhesives, sealants, flooring, paints and electrical applications. The versatility of epoxy-resin 

systems arises from the large number of combinations of epoxy resins and curing agents, 

each of which results in a different molecular structure in the resulting polymer. 

Even with a greatly variable molecular structure, epoxies generally share adhesion to a wide 

range  of  substrates,  resistance  to  a  wide  range  of  chemicals  and  excellent  mechanical 

properties.  Modification  of  epoxy-resin systems by additives,  modifiers,  fillers,  plasticizers 

and other  polymers  offers  vast  opportunities  to further  customize the attributes  of  these 

materials.  These  positive  attributes  and  easily  varied  structure  allow  formulators  the 

opportunity to tailor a resin system's handling, cure behaviour and cured performance over a 

tremendous range.
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Today,  elastomer-modified  epoxy  resins  play  a  critical  role  in  adhesives  and  damage-

resistant coatings. The toughening mechanisms of elastomer-modified epoxy systems are 

different  from  flexibilized  epoxy  systems  and  can  be  used  in  combination  with  them. 

Flexibilized  epoxy  systems  reduce  mechanical  damage  through  lowering  modulus  or 

plasticization; this allows stress to be relieved through distortion of the adhesive.

These hybrid epoxy adhesives are generally used for demanding structural applications such 

as in the aerospace industry where the optimal properties from each component are desired. 

For  example,  epoxy  is  generally  used  to  provide  good  adhesion  and  processing 

characteristics.  They  are  blended  with  the  following  resins  to  provide  additional 

improvements in the properties noted.

Phenolic - high temperature resistance

Nylon - toughness and peel strength

Polysulfide - elongation

Vinyl - High resiliency and peel strength

Nitrile - toughness and peel strength, chemical resistance

Polyurethane - peel strength

Hybrid resins have been used to improve flexibility,  thermal shock resistance, elongation, 

heat distortion temperature, and impact strength of epoxy adhesives. However, there can 

also be some sacrifice in certain physical properties due to the characteristics of the additive. 

These alloys result in a balance of properties and almost never result in the combination of 

only the beneficial properties from each component without some of their downside.

These blends can take a number of different forms. The added resin may be reacted with the 

epoxy resin, or it may be included as an unreacted modifier. The modifier may be blended 

into a continuous phase with the epoxy resin (epoxy alloys) or precipitated-out as discrete 

phases  within  the  epoxy  resin  matrix  (as  is  generally  done  in  the  case  of  toughening 

modifiers).  They  are  generally  used  as  film  (supported  and  unsupported)  tape  or  film 

because of the ease in which formulated systems can be dissolved into solvent and applied 

to a carrier or deposited as a free standing film. Some systems, notably epoxy-urethanes and 

epoxy-polysulfides, can be employed as a liquid or paste formulation because of the low 

viscosity characteristics of the components.

The most common types of epoxy hybrid adhesives are: 

A-  Epoxy  resins  that  are  toughened  with  elastomeric  and  non-epoxy  resins  and

B- alloyed blends consisting of epoxy-phenol, epoxy-nylon, and epoxy-polysulfide adhesives. 

The table  18 bellow indicates the new hybrid material and the features
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Hybrid Resin Characteristics

Epoxy - Nylon

Films  are  blends  containing  30-50%  by  weight  of  epoxy  resin.  The  nylon 

constituent provides high tensile shear strength as well as high peel strength. 

Suitable  catalysts  are  dicyandiamide  and  aromatic  polyamines.  These 

adhesives have useful properties at low temperatures but have only moderately 

good high temperature properties.

Epoxy - Phenol 

Epoxy-phenolic  adhesives  are  generally  used  in  aerospace  applications 

requiring high shear strength at temperatures in excess of 150C. Usually the 

phenolics are a resole-type and often the epoxy is a minor component. These 

adhesive are relatively brittle and have low peel and impact strengths. 

Epoxy - Nitrile

Epoxy-nitrile  adhesives  are  composed  of  solid  epoxy  resin  modified  with 

carboxyl  terminated  butadiene  nitrile  copolymer  (CBTN).  The  CBTN  is 

introduced  into  the  epoxy  resin  at  elevated  temperatures.  The  modification 

provides toughness and high peel strength without sacrificing heat and chemical 

resistance. The film adhesives are widely used in the aerospace industry in the 

construction of jet liners.

Epoxy - Vinyl

Epoxy-vinyl  adhesives  have  moderate  strength  at  temperatures  up to  150C. 

Oxidation stability is excellent. Vinyl constituents increase toughness and peel 

strength. The adhesive is often used for bonding safety glass, aerospace engine 

structures, and structural panels.

Epoxy  - 
Polysulfide

Epoxy  -  polysulfide  adhesives  and  sealants  have  a  very  high  degree  of 

elongation but poor tensile strength compared to unmodified epoxies. They are 

used  primarily  as  sealants  or  coatings  and  the  building  and  construction 

industries.

Epoxy  - 
Polyurethane

Epoxy - polyurethane adhesives have a great deal of toughness.  They have 

high elongation and very good peel strength and impact properties. They also 

have a relatively high degree of tensile strength given their elongation. These 

adhesives bond well to flexible substrates such as plastics. They also bond well  

to  oily  surfaces.  The  main  market  for  epoxy  -  polyurethane  adhesives  is 

automotive

Source Adhesives Age

Conclusion  

The AC&S (Adhesive, coating and sealants) it is a very dynamic chemical niche, it includes 

three chemically similar but functionally different groups of formulated products. Adhesive 

products are used to create a bond between two different or similar materials. Sealants are 

used to create an impenetrable barrier to gas or moisture and coatings are use to protect 

surfaces against external agents (corrosion, weather, abrasion, etc). Adhesives coating and 

sealants are made from precise blends of petroleum-derived plastic resins, synthetic rubber 
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elastomers,  and  agents  or  additives  used  to  enhance  certain  characteristics.  The  final 

formulation ultimately depends upon the end use. Industries that typically use AC&S include 

construction/  consumer/industrial  products,  assembly,  packaging,  labeling,  and 

transportation.

The global market for adhesives and sealants is growing at about the same rate of GDP, with 

significant variations between the regions. Historically,  the industry was  concentrated in a 

few industrialized countries. Now, a significant portion of new demand is being generated by 

emerging countries such as ‘BRIC’ region, where the growth is superior of 5% /year.

The sector of industrial adhesive is ancient as the chemical industry as such. The segment is 

fragmented, shaped by many small local companies and some large corporations with global 

brands.

SME are focusing in low end products and regional markets or at the opposite side in a 

specialization in just one high end technology at niche market. 

Corporations  have a portfolio  management  strategy with  products in  different  life  cycles, 

many  times  outsourcing  the  production  of  low  value  products.  There  is  a  search  for 

innovative  business  models  in  a  global  network  for  production,  marketing,  services  and 

research  to  achieve  tailor  –made formulations  and  system solutions  in  cooperation  with 

customers and suppliers. The knowledge of customer’s application is vital to match resins, as 

well the development of certifications, homologations along as patents and trade marks.    

Corporations are adopting a share holder value management,  giving importance to value 

creation and financial objectives guiding the industrial and marketing strategies.  There is a 

trend into global and local selective consolidation in core business traduced by the action in: 

M&A, alliances and joint ventures with market or product development goals.

Despite ongoing industry consolidation and M&A activities at the level of the multinational 

companies,  several  small-  and  medium-sized  companies  serve  targeted  regional  market 

niches and/or specialize in a specific state-of-the-art technology, the fragmentation probably 

will continues as new local entrants established themselves in developing regions, low end 

products or niche markets where multinationals are not competitive or don’t want to invest 

due  low  margins.  The  demand  growth  in  the  sector  is  supported  in  one  side  by  the 

developing regions using more AC&S  and at the OECD regions by the emergence of new 

platforms  /market  /applications  for  new  technologies  in  fields  like  bio  products,  hybrid 

material,  composites, that  change the paradigms, replace ancient  substrates and evolve 

assembly processes with higher productivity / performance. 

Concerning growth strategies for SME, they are investing in:
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-Licenses to catch up technologies.

- New machines and process equipments for reducing cost 

- Outsourcing (private label) production for multinational in basic products to achieve scale 

economies.

-Serve local low end markets by local retailer programs and local marketing for construct a 

brand asset.

- Establishing local network and international alliances with higher tech firms for enlarge the 

portfolio and enter in high end products or even enter into OECD markets.

Concerning expansion strategies for corporations, they are investing in:

-Innovation: in new platforms, in new materials, water based products, bio products, hybrid 

resins, new applications and license commercialization

-Forward vertical integration (distribution), like for examples Saint Gobain establishing their 

own distribution stores (Point P) for construction chemicals, gain the distribution margin and 

giving better exposition for their products

-Customer services,  CRM in mature market  (construction,  transport,  automotive)  to keep 

customer  loyalty,  improve  product  application  and  selling  final  solutions  rather  than  just 

products.

-Brand asset management:  increasing the awareness and differentiation of their  products 

trough a power brand in each region or a global brand (ex:Araldite, Loctite).

-Organization behaviour (culture,  HR,  values),  establishing  a  framework  for  stake  holder 

identity and proud, hiring the best professional in the market and try to keep them.

-Out sourcing the basic and low end technology products to gain in unit cost and focus in 

new tech products. 

-Operational  excellence;  cost  reduction,  better  logistic,  supply  chain,  less  overhead,  less 

hierarchical levels, more empowerment.  

-FDI in strategic fast growth regions (ex: .BRIC, Asia) to approach new emergent market as 

well being close to raw material sources and basic chemicals intermediate suppliers that are 

moving abroad their main production sites.

-Strong  M&A  activity  to  strategic  external  growth  whereas  in  new  regions  or  new 

technologies  as  the recent  examples  of  the  acquisition  of  Rohm and Hass by Dow and 

National starch by Henkel.
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The AC&S (Adhesive coating ands sealants)  companies seek to increase their  revenues 

looking  to  mergers  and  acquisitions,  particularly  in  developing  markets,  where  industry 

growth is expected to surpass OECD region; the industry  will became more globalized and 

more consolidated in some  high value niches.

Major factors influence the growth of this industry including: the economic stability of other 

industries using its products, the availability of raw materials, environmental concerns, the 

market  for  natural-base,  water-based  products,  new  emerging  markets,  innovation, 

marketing , supply chain and management expertise.

The AC&S industry's development can be best explained by the technological-wide transition 

from conventional  materials  (glass,  stone,  wood,  leather  and metal)  to  lighter  and more 

economical resources, mainly petroleum-based plastics. These new materials mandated new 

methods  of  assembly  and  suitable  bonding  components.  A  generation  of  new products 

emerged  to  service  this  rapid  growth  segments  (automotive,  aerospace,  construction, 

appliances, etc).

The market  for  reactive adhesives,  for  instance,  grew as the industry moved away from 

mechanical  fasteners.  At  the  same  time,  the  development  of  epoxy/urethane  hybrids 

attracted particular interest because of the broad range of demands placed on adhesives 

used in the construction &industry. Both, manufacturers and users of these products were 

looking for the best solution: combining high-tensile strength and compatibility with flexible 

materials. 

Growth, however, is constrained by the availability of raw materials, technology and market 

access.  Despite  heightened  industry consolidation  the last  20 years,  smaller  competitors 

resist in some positions as specialized applications for adhesives increase in demand and 

smaller firms should be able to carve out their own unique niches. The larger companies try 

to  take a superior portion of market share , over 50 percent of the market is controlled by the 

top 20 companies, but none of the largest corporations (Henkel, 3M, H.B. Fuller, GE, in the 

industry has more than 5% market share. 

Because most products in this industry are based on commonly held formulas and because 

of the high cost of overseas shipping, exports are not a large part of this industry, with the 

exception of some high-performance, application-specific products. Firms instead, worked to 

increase global market share via foreign direct investment or international acquisitions and 

joint ventures.
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Research and Technology future

Concerns over the HES (  health ,environmental,  safety )  impacting  the AC&S industry 

increased  following  new  legislation  for  environmental  and  health  protection,  requiring 

standards for volatile organic compounds (VOC) content and emissions reduction. 

AC&S manufacturers are counting on proactive research and development to keep them one 

step ahead of environmental regulators and market demands. Among the challenges faced 

are  regulations  aimed  at  reducing  volatile  organic  compound  emissions  and  bolstering 

pollution prevention measures.

Newer  areas  of  technological  challenge  in  terms  of  bonding  are,  for  instance,  glass-

reinforced polyesters. One emerging plastic technology is resin transfer molding (RTM). This 

is a polyester material, based on resin that is being used in automotive for instance.

The focus of new development is to make adhesives and sealants primer less, to gain in 

speed economy, and risk less ,as environmental mandates on chlorofluorocarbons, volatile 

organic compound emission standards and other ecological considerations are thus forcing 

adhesive formulators to nudge solvents out of their products and find alternatives. Research 

continues on meeting high-performance parameters such as water resistance, durability, and 

humidity resistance without using such solvents.

A  growing  area  of  research  is  vegetal  feedstock  based  products,  particularly  for  wood-

bonding applications and bio polymers. Developments in cloning technology may also hold 

potential for the creation of new  AC&S. 

In 2010 the adhesives and sealants industry is recovering from its worst year since the Great 

Depression at the 30’s. Nearly every strategic sector of the industry has retreated, lead by 

the collapse of the construction and transportation markets. For instance North American 

consumption  of  adhesives  declined  to  six  billion  pounds  in  2009,  a  decline  of  7% 

compounded annual growth rate since its peak in 2007. The sealants industry simultaneously 

bottomed at  slightly  below one billion  pounds,  a  more pronounced decline  of  16% on a 

compounded annual basis since its peak in 2006.

The industry has endured three trying years from 2006 to 2009 and the future looks better, 

although recovery will be protracted. Four factors led  this conclusion and provide an outlook 

scenario for 2010 and beyond: 
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 Capacity utilization — end market customers as well as the adhesives and sealants 

manufacturing base 

 Slow demand 

 Rising raw-material costs 

 Possible return to shortages of certain raw materials 

On average,  adhesive manufacturers are at below 60% in operating capacity usage,  the 

lowest  point  in  recent  history.  AC&S markets depend greatly upon secondary industries, 

trends in other sectors of the economy can have a large impact on this industry, within some 

industries with a heavy influence on adhesives and sealants, such as auto and light truck 

production, the capacity usage rate is approximately 50%. These levels reflect a need for 

structural  realignment;  otherwise,  the  entire  supply  chain  will  continue  to  struggle.  

Slow demand is a facet of the battered consumer. High unemployment coupled with stricter 

lending  practices  signal  a  long  road  to  recovery.  As  a  result,  demand  from  industrial 

customers,  while  stabilized,  is  20-25% below prior-year  levels  in  OCDE regions.  This  is 

particularly  the  case  in  the  automotive,  electronics  and  metals  industries.  Similarly,  the 

collapse  of  housing and commercial  construction  sectors offers little  relief  until  inventory 

levels recoup and construction returns to reasonably normal levels, which will not occur until 

2012.  

The rising raw material costs is due also to  an increasing shift to lighter cracking feeds from 

less-expensive natural gas (which, in turn, decreases production) to avoid processing costlier 

and heavier  feeds from naphtha. As demand dropped,  suppliers react by reducing rates, 

taking  capacity  offline  and  closing  plants  to  offset  capacity-usage  reductions.  Reduced 

operating rates add additional cost to these capital-intensive operations. Therefore, eroding 

margins  have  now  backed  many  suppliers  into  a  corner,  forcing  them  to  take 

uncompromising stands on price increases. Any further spikes in energy prices will further 

exacerbate that position. On average, key adhesives and sealants raw materials have risen 

nearly  180%  since  the  first  half  of  2000                                   .  

There are a number  of  actions that  manufacturers are doing  to overcome the downturn 

environment. 

 Investing in applied innovation. 
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 Structurally examine and/or change the cost structure of the business through 

complexity management:

- Evaluate capacity, costs and capabilities.

- Look for greater supply-chain efficiency.

- Apply lean manufacturing principles for cost control.

- Rigorously rank top and bottom performers (products, services, customers). 

 Focus on creating customized, technical solutions. 

- Examine engagements in  or alliances with  dosing, metering and dispensing 

equipment manufacturers for offering true customized solutions, especially in high-

tech fields like electronics, medical devices, white goods, aerospace, and automotive. 

 Strategically assessing the health and prospects of key markets and segments, as 

well as the main customers. In addition, identifying risks and scenarios and develop 

mitigating contingency plans. 

 Focus on cash generation in the short-to-medium term.

General Thesis Conclusion

Long-Term Outlook 

The chemical industry is a “patchwork “ of different sectors, mature or at intial phase , as well  

different types of companies whereas large global corporations or local small enterprises. 

Historically  at  the  industrialized  regions,  there  has  been  a  correlation  between  overall 

economy growth and chemical industry growth. During the “golden years” from the 50’s till 

the 70’s, the chemical sector grew at a multiple of over 2,5 times the global GDP growth.  

Starting the 80’s  the sector  has  been growing  only  0,6  – 0,8 times global  GDP growth, 

vegetative in OECD regions, but robustly increasing in developing regions linked to newly 

industrialization.. 

Within the 70’s has arrived  the limits from scientific chemistry to generate new molecules, 

resulting the rarefaction of major innovations. At other side other  a new approach combining 

different sciences ( biology, physic, chemistry, electronic) give rise to a new “hybrid “ field as 

biochemicals, nano chemicals, bioelectronics, open  a new horizon for future products and 

process.

Actually the BRIC region and Middle East regions have been supporting the sector growth 

from 2000 and beyond. For the next 10 years the expansion of chemical business is forecast 

to be in average 2 – 3% annual worldwide growth, but this augmentation should still lag the 

314



overall global GDP growth reflecting the industry maturity. Some of the best prospects will be 

in Asia, Middle East, Latin America and Africa where the chemical intensification will exceed 

the overall local GDP growth. 

Today  the  chemical  industry  is  experience  an  increasing  wavering.  Consolidation, 

globalization,  feed  stock  volatility,  regulation  concern,  environmental  pressure,  prices 

threaten, new competitors, technology easy access, R&D saturation, squeeze margins, aging 

asset infrastructure, lock in, raw material access. The maturity stage present less attractive 

for investment, the ancient strategic barriers (technology, patents)  are not enough to protect 

current markets or players and the sales growth strategies  are no longer only resulting to 

profits,  thus  companies  are  responding  by  deliberate  selective  actions  based  in  their 

environment perception, internal capacity and future vision including: FDI, JV, R&D, CRM, 

EHQS,  M&A,  services,  capital  productivity,  finance  architecture,  marketing,  IT  and 

divestitures.

The main structural and conjectural changes that are creating new boundaries and improving 

worth in the chemical sector indicate in this thesis are: 

A- Value creation.

The  increasing  importance  of  pension  /  mutual  funds,  institutional  investors  or  finance 

organization pressuring the chemical industry  enhance the attention to ‘share holder value’ 

inside  corporations  governance,  giving to top management  guideline  for  the actions and 

strategies to augment return over investment, dividends and stock values. It is true that many 

corporations became international not only on their  assets invested abroad but indeed in 

equity structure, BASF for instance has around 460.000 shareholders split   26% in North 

America, 17% in German, 10% in UK, 15% rest of Europe, 32% in other regions.

The majority of chemical companies recognize that no longer size growth and profitability are 

correlated or  reinforcing and they are turning their strategies from going larger  to getting 

better earnings by a selective approach ceding business that can not be exploit with superior 

economical   results  and  getting  market  share  in  core  niches.  The  goals  for  many 

corporations  became  a  search  for  increase  value  creation  by  means  of  a  solid  capital 

structure, risk management, strict corporate governance, lower working capital, reduce fixed 

costs, financial  discipline, higher return over investment  and sustainable performance for 

customers  and  investors.  The  materialization  of  all  concepts,  strategies  and  efforts  are 

translated into the product portfolio, services, brands, prices that should result in profits and 

cash flow.  Not  only the hard operational  activity (production,  raw materials)  is  important, 

overall the customer total proposition ( including intangible issues) became fundamental to 

achieve a superior company worth, so the brands, proximity, assessment strategies, supply 
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chain, marketing, service, quality, customization happen to be an important matter. At the 

commodities chemical prices are establish by the offer and demand with cycles of shortage 

or overproduction, but in the specialty chemicals and ‘hybrid ‘ science the key question is 

how  to  match  prices  and  customers  perceived  value  for  products  and  service,  thus 

companies  are  searching  for  the  identification  of  demand  requirements,  understanding 

customer’s behaviors in each niche, proposing unique solutions, differentiation, close supply 

chain and brand asset management.

The  share  holder  value  approach  is  supposed  to  bring  a  rigorous  financial  appraisal 

providing a visibility  of performance indicators (cash flow,  earnings,  ROI)  that induce the 

decision  in  production  capability  and  investments  placing  managers  under  pressure  to 

improve corporations’ value, but in fact the equity holders dispersion many times difficult an 

unique conscious voice which could give top managers space to pursued its own interest. 

The global market for capital gave the occasion to investors to search for best returns what in 

reality could enhance just a financial speculation. Only investors with a real chemical market 

understanding would have the ability to appraisal and influence the corporate governance for 

value  creation  instead  of  paying  astronomic  remuneration  for  catastrophic  CEO 

performances.  

The  value  base  management  is  translated  into  the  chemical  corporation  as  the  “whole 

innovative excellence “approach. Novelty is still a strong leverage for differentiation and profit 

surplus,  not  only  in  product  or  process,  but  also  in  services,  supply  chain,  marketing, 

management, etc.  To break away from commonplace pattern, specialty chemical and life 

science corporation are renovating with originality, surrounded by a market driven innovative 

platforms  to  solve  societal  problems,  improve  existing  products  and  create  entirely  new 

business more profitable. The actual paradigms bring the erosion of the boundaries among 

chemistry,  biology,  physics and information process giving rise to a hybrid science which 

could  engender  newer  and  richer  hybrid  technologies  as:  composites  materials,  nano-

chemicals,  biochemical,  biometric-  chemicals,  quantum  mechanics,  thermo  chemical 

dynamics, electrochemistry and ionic catalyses.  

Nevertheless  only  pure  science  and  technology  are  no  more  enough  for  competitive 

advantage.  The  slowdown  in  R&D  spending  reflects  a  growing  international  parity  in 

technological capabilities.

As  technologies  became  ‘prosaic  ‘or  tradable  the  axes  on  the  competitive  advantages 

became important also in the fixed asset management, finance power access or intangible 

aspects like: innovative organization, alliances /network , leadership , social & environment 
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responsibility  ,  customers  relationship  ,human  &  intellectual  capital,  services,  marketing, 

brand management, supply chain and operational optimization. 

Nonetheless  the  accountable   aspects  continue  vital  :  Increase  return  over  investment, 

increase in productivity; reduce  costs, capital efficiency,  flexible set up production to adapt 

customize business and portfolio management with broad range of products in different life 

cycles stages, also  to increase resilience against demand fluctuation. 

The  IT(  information  technology)  that  integrated  systems  and  methods  have  become 

imperative for  the whole sector  from the production,  management,  supply chain,  channel 

strategies till e-commerce or CRM (customer relationship management). The combination of 

all  business  process  is  fundamental  to  respond  fast  to  customer  demand,  market 

opportunities  and  external  changes  or  threats.  Another  issue  is  the  increase  average 

educational level of employees and the diversification / multiculturalism from talents recruited 

to bust HR. 

B- Globalization of chemical production

A strong movement keen on globalization and consolidation has been in place since the 80’s. 

Large firms are able to do FDI or M&A, depending on the economic trends, potential market, 

labor /raw material conditions, regulations and receptivity of host countries. Global markets 

for capital  give shareholders the opportunity to look for best industrial  returns, pressuring 

managers to improve financial results, at the same time the weakened differentiation through 

technological  superiority  pressure even more the managers  to  obtain  short  term results, 

reducing  capital  spending,  in  a  market  driven  development,  thus  reducing  fundamental 

research.

Since the end of the 90’s large investments in new capacities were made in the Middle East 

and China where traditional companies or new players  benefit from the access to a growing 

market and natural resources, while multinationals are selling or shutting down capacities in 

mature markets.  China’s  chemical  output  has grown almost  seven fold over the past  10 

years, to an estimated $600 billion in 2009. The first three major petrochemical joint ventures 

in  China  came online  during  2005,  adding  a  combined  2.3  million  m.t./year  of  ethylene 

capacity.  BASF-YPC,  Shanghai  Secco Petrochemical,  and CNOOC Shell  Petrochemicals 

were the first world-scale petrochemical jv’s between Chinese and Western firms, a dramatic 

change for a country that is now the global industry’s growth driver.
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Corporations  are  centering  attention  at  core  business,  outsourcing  periphery   products, 

divesting not value ones, using tightly integrated strategic partners to non core activities or to 

reduce  capital  assets  investments  or  sharing  risks  .  The  use  of  alliances  and  JV  are 

increasing as a way to loom in new markets / new technologies, amplify flexibility, share risks 

development  or  simple  manage  non  core  activities.  Nonetheless  the  consolidation 

movements  that characterize the sector does not impede that chemistry business still is a 

two paces sector, with large corporations with more than 500 millions of euros  turn over, 

medium companies in between 50 € millions to 500 millions, smaller companies with less 

than  50  millions  of  euros  turn  over  and  micro  firms  with  less  than 5  millions  /year.  To 

illustrate,  the  10  biggest  corporations  represents  30%  of  total  world  turn  over,  150 

corporations  represents  50% of  total  global  turn over,  but  in  opposite  150.000 chemical 

companies, that correspond to 40 % of total global out put, have fewer than 250 employees. 

All  the  same,  the  set  of  connections  among  players  still  typify  the  segment  due  the 

interdependence  and  the  increase  specialization  of  the  partners  acting  in  network  (  the 

principal customer of the chemical industry is the chemical industry). By their turn the SME 

adopt strategies of local brand, niche segments and outsourcing (private label) production for 

corporations / distributors.

Additional, the traditional and new companies concentrate their sites close with principal feed 

stocks  sources  and  customers,  delivering  tailored  products,  improving  activities  with 

comparative  advantage  which  impact  clients  and  anticipate  requirements.  New  entrants 

(SABIC,  SINOPEC,  Reliance  ,   Brasken,  etc)  from “emergent”  industrial  countries  found 

enough national  or  regional  framework  and incentive policies  to develop themselves and 

become today global players due their advantage in raw material access, labor lower cost , 

cost  structure or  localization,  for  instance  Sinopec( China)is  already ranked eighth in the 

World , with $31.2 billion in global chemical sales. 

A trade conflict among “Nord” and “South”, are being resolute by the increasing commerce 

among the South countries that achieve 600 billions of dollar in 2005 ( World Bank,  2006), 

today 40 % of the exportation from Latin America, Africa and Asia( without Japan) goes to 

Latin America, Africa and Asia( without Japan). The Trade among “developing” countries has 

increased annually 18 % comparing with 12% of the South to North or the 9% growth in the 

Nord – South Trade, as well the FDI among developing countries achieved more than 50 

billions of dollar in 2004. 

In fact the “globalization trend” facilitated the movement of firms only depending from the 

receptivity  of  home country  for  investment  (policies,  labor,  taxes,  energy),  thus  different 

policies among nations affect yet the growth and competitiveness of the chemical sector. The 
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international  commerce are  regulate  by  political   instance  (WTO) and countries  national 

interests,  for  instance  recently  new antidumping procedures are arising,  especially  from 

Europe  against the Middle East companies accused of dumping by their cost advantage in 

feedstock. 

C- Restructuring into Basic, Specialty and “hybrid-life science”

The analysis from our data base indicate a division of chemicals companies in 4 four main 

groups. There is a set of companies following similar strategies in specialty chemicals, basic 

chemicals, life science chemicals and vertical companies operating at the same time in all 

sectors. Besides BASF, DOW, DuPont and Japanese firms that keep a vertical integration 

strategy with internal operations from the basic raw material production till the business units 

dedicate to specialty chemicals niches, the majority of chemically companies are becoming 

dedicated whether in bulk basic chemicals or specialty niche segments or life science and 

concentrating their efforts in core business to became global leaders, as the example of the 

Swiss company SIKA, world wide leader in polyurethane construction sealants. There is a 

clear division into basic chemicals, agrochemicals, pharmacy, consumer chemicals and more 

over in the specialty sector with several sub sectors and niche players acting local or global, 

thus firms are investing in its strategic core business. Diversified companies with basic and 

specialty business could gain certain level of vertical economies, but are more complex to 

manage due the distinct and contradictory business models: research intensive/ low volume/ 

selective marketing at specialties or scale intensive/ large volume in commodities.  Moreover 

the vertical corporations have a lock in phenomenon and are based upon M&A to enlarge 

their business units, what augment the integration cost, enhance the overlap products and 

cultural conflicts. 

This  restructuring  has  been  accelerate  the  last  decade  and  support  by  the  liquidity 

abundance from the financial market. Operations like M&A or LBO have been significant to 

speed the sector reshape.  In 2006 marked the peak of a “surreal” period of buyout activity 

fueled by a temporary spasm of the so-called “infinite liquidity. Debt was cheap, terms was 

easy, and deal sizes limited only by the imagination of eager acquirers and their bankers. 

Sabic,  Apollo  Management,  Access  Industries,  BASF,  DOW  and  Akzo  Nobel,  each 

announce deals valued at more than $10 billion to acquire GE Plastics, Huntsman, Lyondell, 

CIBA, R&H  and ICI, respectively.

Sabic spent $11.6 billion in 2007 on the acquisition of GE Plastics, since renamed Sabic 

Innovative  Plastics.  It  was  Sabic’s  third  major  overseas  acquisition  of  the  decade,  the 

company having bought DSM’s European petchems business in 2002 and Huntsman’s U.K. 
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petchem  assets  in  2006.  Saudi  companies  have  also  been  buying  assets  outside  the 

petchem arena. National Titanium Dioxide Co. (Cristal; Yanbu) bought Millennium Inorganic 

Chemicals from the former Lyondell in 2006. Dow completed the R&H deal after a three-

month delay, as gradual improvement in credit markets and industry conditions eased fears 

of a possible liquidity crunch.

Dow issued more than $10 billion in debt and equity and raised $4 billion from asset sales to 

pay down a bridge loan used to fund the deal.

Spin  off  activity  reshaped the European chemical  industry  as the corporate restructuring 

wave  that  started  in  the  U.S.  during  the  1980s  and  early  1990s  continued  its  advance 

through  Europe.  Notable  spin  offs  include  Arkema  from  Total,  Givaudan  from  Roche, 

Lanxess from Bayer,  Syngenta from Astra Zeneca-Novartis,  and Yara from Norsk Hydro. 

Many of these conglomerates spun off assets to improve the focus of their company. The 

businesses  they  spun  off  were  distinct  units  that  did  and  could  continue  to  operate 

independently.  The leaner, more focused parent companies removed the trading discount 

that weighs on conglomerates’ stock prices. Many of the spin-off companies have actually 

flourished  since  gaining  autonomy,  notably  the  likes  of  Givaudan,  Syngenta,  Yara  and 

Celanese ( spun off from Hoechst in 1999).

Several  of industry’s  most venerable and notable names fade away via acquisition.  Ciba 

Specialty Chemicals, ICI, Rohm and Haas (R&H), Degussa , Cognis and Union Carbide were 

among the one-time leading names that either disappeared or were reduced to brand names 

by  their  acquirers.  Ciba,  ICI  and  Union  Carbide  encountered  major  restructuring  before 

succumbing to acquirers while a desire by the Haas family to diversify opened the door for 

Dow to pounce on R&H. Dow Chemical bought Union Carbide in 2000, and purchased R&H 

in 2009. BASF acquired Degussa in 2006 ,  Ciba in 2009, Cognis in 2010 and Akzo Nobel 

bought ICI in 2008. The deals allowed BASF and Dow to move downstream to less cyclical 

specialty  chemical  markets  compared  to  their  existing  petrochemical  businesses.  Akzo 

significantly strengthened its coatings business with the ICI deal. Dow shifts its focus away 

from  only  basic  materials  toward  its  specialty-oriented  differentiated  and  market-facing 

business.  The  R&H  acquisition  helps  Dow  become  a  leading  global  specialty  chemical 

player. ICI went through a series of sell-offs before it was acquired, in an effort to pay down 

debt brought on by its purchase of Unilever in 1997 for £4.9 billion ($8 billion). ICI sold its 

Quest flavors and fragrances unit to Givaudan in 2007 for £1.2 billion, and used the cash to 

significantly pay down debt.  ICI emerged as a hub company and an attractive take over 

target for Akzo Novel later.
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Our research  about  the  main  strategies  in  2006-  2008  for  the  150  principal  chemical 

corporations in the World that accounted 720 billions of Euros  corroborate for an analytical 

result setting  four major strategic groups : in the abscises axe left is modular production and 

right is vertical integrated production: 

In  the group 1,  we  name  “ Hybrid  science” identify  a  search for  strong differentiation, 

innovation,  biochemical  focus,  fine  molecules  production  and  fundamental  research,  the 

example  is  the  company  DSM  from  Nederland  or  Monsanto  from  US.  This  group  of 

companies searches the novelty in high technology fields like life science, unique patentable 

products and modular production. Besides fixed assets they account for important key “non 

quantitative”  factors like:   Radical  innovation,  network,  modularity  manufacture,  customer 

solution  and  intellectual capital . Even though  still smaller,  this strategic group will reshape 

the chemical industry in new combinatory sciences like nanochemicals, biochemical, artificial 

life and  other vanguard paradigms. 

At the group 3 , “Specialties” there are an assembly of strategies more related to expansion, 

FDI,  export  and market  share  gain,  they are   more represented in  formulated products, 

consumer chemicals, niches and tailor made solutions, the examples are the companies like 

Sika from Switzerland or 3M from US. This group of companies develops applied innovation, 

global  brand  management,  customized  products,  marketing  tools,  sophisticated  logistics, 

customer’s relationship and also modular flexible & fast production (batch). This groups as 
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well  is  subdivide in two realities with corporations with large multi  products portfolios like 

Dupont or focus mono platforms companies like Wacker  or DowCoring ( only silicones). 

Some level of product improvement is implemented for differentiation and leadership in this 

group, nonetheless the services, customer understand , suppliers selection, distribution and 

marketing power are crucial for those companies.

The group 4, “Asset Driven” has the heart in traditional basic chemicals with small portfolios 

but  large  scale  /speed  economies  ,  the  examples  are  the  companies  like  SABIC  and 

Sinopec.  This  group  integrated  the  huge  oil  companies  that  have  a  petrochemical 

department,  the  basic  inorganic  chemicals  (fertilizers,  salts,  acids)  and  the  new 

petrochemical companies from developing regions. Those companies invest in cost-effective 

size  sites  worldwide  in  continuous  new  process,  also  search  leadership  in  productivity, 

distribution and organizational effectiveness to be competitive, as products are commodities 

with low differentiation. The key issues are: process improvement, pipelines network, pricing 

excellence, speed scale and continuous feedstock access.

Finally in the assemblage 2 ,” vertical “Integrated” strategies within commodities, specialties 

and  life  science  together;  the  examples  are   BASF  ,DOW  ,  and  the  Japanese 

conglomerates.   This  group  seems  to  privilege  the  complementarily  among  basic  and 

specialty chemical ( ex : energy saves) , but in fact they  are in a historical fixed asset and 

cultural “locked in” phenomenon with large scales sites,  managers attached to their assets, 

or conglomerates structures. Due vulnerability and difficult  to keep this model with higher 

integration  costs,  destruction  of  acquired  companies  values,  overlapping  products, 

bureaucracy ,  there is a trend in a near future  to jeopardize this strategy or transform it in a 

holding structure (  the case of  TOTAL).  It  is  intricate to manage such different  business 

models together within heavy fixed assets with large volumes ( basic chemicals) and flexible 

assets  within  such  different  items  (  specialties).  Recently  some  traditional  vertical 

corporations are constructing or acquiring new specialty assets to up grade further in specific 

end  market  and  reduce  dependency  from  basic  chemicals;  at  the  same  time  the  new 

entrants from developing regions, that now have a strong base in commodities, would be 

planning to enhance in more specialty areas.

These 4 main groups are not exhaustive but it seems that represent the main trends and 

strategic axes of the chemical corporations today. The boundaries are not impermeable and 

the lively movements in M&A and JV make this division dynamic over time.

 Following our analyses we could presume that the integrated firms are the ones that are 

suffering  the  strongest  impact  to  transform  or  reshape  themselves,  while  the  traditional 
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sector  has yet  a more equalized structure adapt  to  the market  keeping productivity  and 

profits.

The evidences indicate that the separation in specialties, commodities, or life science will 

continue and vertical integrated companies would choose in which field they could establish 

leadership. A solution for integrated firms seem the split in independent companies in a look 

like holding business model like doing the French company Total ( Arkema, Bostik), or the 

German company Bayer ( Lanxess, Bayer Science) 

D- Regulations & Sustainable development

The three worst negative externalities from the chemical industry: cartel, pollution and health 

harmful, have started to be more closely regulated and controlled.

Antitrust crackdowns by regional and national authorities were a major feature of the decade. 

Numerous  cartel  investigations  were  launched  by  the  WTO, resulting  in  heavy  financial 

penalties, as governments got tough on companies that conspired to fix prices. The cartel 

probe targeted a range of industries and markets, chemicals were one of the sectors under 

the closest scrutiny.

The  clean-up  was  heaviest  in  the  EU.  The  two  most  recent  European  competition 

commissioners, Mario Monti (1999-2004) and Neelie Kroes (2004-2009), took the fight to 

price-fixing cartels, offering immunity from fines to companies that were prepared to blow the 

whistle on fellow cartel members. Total cartel fines imposed by the EU soared from €615 

million ($900 million) in 1990-99, to €12.9 billion in 2000-09, of which more than €4.1 billion 

were for cartels operating in the chemical industry. 

The biggest chemical fines, totaling €790.5 million, targeted eight companies that conspired 

to fix prices of bulk vitamins. The highest individual vitamin fine of €462 million was handed 

to Roche for being the “ring leader.” Roche sold its vitamins business to DSM in 2003. The 

vitamin fines opened the floodgates for a steady flow of chemical antitrust investigations and 

fines. Three chemical cartel fines, are among the 10 biggest imposed in the EU in 2000-09. 

They  are  for  paraffin  waxes,  butadiene  rubber  and  emulsion  styrene  butadiene  rubber 

(ESBR), and hydrogen peroxide and perborate. Sasol’s (South Africa) €318-million fine in the 

paraffin wax case and ENI’s (Italie) €272-million fine in the synthetic rubber case are among 

the top 10 individual fines to be handed out by the commission during the decade, including 

Arkema and its predecessors Atofina and Elf Atochem, as well as Bayer and ENI. Several 

repeat offenders have announced internal investigations to eradicate antitrust activities.

Even though the chemical industry has contributed to the technologic progress, the sector 

has been percept as one of the most dangerous industries for human health and ecological 

environment, this business is always under scrutiny.  The ‘green revolution’ is the new trends 
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into  environment  responsibility  and  sustainable  development.  Efforts  like  new  safety 

molecules, waste reduction, decrease undesirable by products, self testes controlling, reduce 

energy spend and social responsibility are the main drivers inside corporations.

Societal demand requires shifting the ‘burden of proof’ from government and authorities to 

the industry.  The new regulations  like  REACH,  UNEP,  CHAMP,  Carbon  tax,  have been 

established to improve transparency, public information, industry responsibility and control of 

risk substances. The emergence of the European Union’s (EU) Registration, Evaluation, and 

Authorization of Chemicals (Reach) program has been one of the most significant events in 

the EU and worldwide,  due to the administrative and financial  burden it  has imposed on 

chemical companies. Reach is expected to have an impact on portfolio management in the 

chemical industry, as firms will likely cease production of certain substances they produce in 

low volumes, or chemicals that may have to undergo costly testing. Reach, approved by EU 

member states in December 2006, redefines the legal position of the chemicals industry in 

relation to liability. The onus is now on chemical makers to prove that their products pose no 

threat to human health and the environment.

The  new  bio  chemistry  process  is  arising  as  an  imperative  system  to  environmental 

performance.  The use of biomass derived from forestry and/or farming could be a route to 

new environmental friendly products. 

By  side  of  product  /process  development,  chemical  companies  are  developing  a  large 

portfolio  of  services for  their  costumers,  from waste  management,  environmental  control, 

resource management, testing, analyzing, maintenance, and license. An increase part of the 

total turn over is coming from the services those industries are supplying to customers. 

At the other hand all this new rules are also became  a NTB ( non tariff barriers) that will  

increase the cost of imported products form developing countries into developed regions, 

that will be oblige emergent companies to comply to international standards and registrations 

when entering in traditional markets.

End Note

Due the complexity, interpedently and diversity of the chemical sector, deeper studies and 

analyses should be done in each sub segment to foremost understand the characteristics 

and  realities  of  specific  niches  that  compose  the  whole  industry,  indeed  the differences 
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among  corporations  and  SME  or  OECD  companies  and  new  emergent  entrants. 

Nonetheless in an exercise of synthesis we try to show the chemical sector as  a mosaic of 

companies  in  a  hurry  to  improving  return  to  investors  /owners  by  optimizing  capital 

deployment in an optimized risk /pay back return analysis. Further studies are  required to 

link the corporative governance to core strategies in three main zones: Market management 
using tools like: brand, marketing, distribution, HESQ, services, M&A, FDI. / Supply chain: 

raw material, production, inventory, asset life cycles, alliances / Technology management: 
R&D, IT, portfolio life cycles and process, network. The whole business model imbibes in a 

financial discipline and owner /share holder value increase. 
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Titre en Français

Développement et stratégie de l’industrie chimique

Résumé en Français:

La question principale que dispose cette thèse est relative à la restructuration du secteur et des entreprises chimiques à cause 

des  nouvelles  frontières  stratégiques,  notamment  concurrentielles,  technologiques,  financières  et  institutionnelles.  L’objectif  

principal c’est de  comprendre et caractériser les comportements hétérogènes des firmes chimiques, les en classent en groupes 

distincts.  La première prémisse de cette thèse est que l'apprentissage cumulatif  scientifique ou les DPI (droits de propriété  

intellectuelle)  ne sont plus les principaux obstacles aux nouveaux entrants dans le secteur;  elles ont été additionnées à la 

suprématie des finances, certifications HQES (santé, qualité, environnement, sécurité ) et les valeurs intangibles (la marque, la 

chaîne d'approvisionnement,  réseau,  les  clusters,  la  compréhension des  clients,  le  marketing,  la  responsabilité  sociale,  la 

gestion et de main-d'œuvre qualifiée). Le second postulat c’est que l’environnement concurrentiel et technologique a recrée des 

nouveaux limites stratégiques en partagent  les firmes en sous-secteurs  comme les sciences hybrides,  sciences de la vie, 

substances de base ou les produits chimiques spécialisés. Cette nouvelle configuration induit les opérations de l'acteur dans 

leur portefeuille de produits, leurs actifs, production, R&D,  F&A, réseau, JV, alliances, licences,  connaissances  spécifiques et  

le marketing. L’hypothèse soutenue c’est que les changements dans le secteur chimique évoluent dans un cadre nouveau 

avec  les   principaux  vecteurs :  mondialisation  concurrentiel,  création  de  la   valeur,  restructuration  du  marché  et  la 

réglementation.  
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Development & Strategy at  Chemical industry

Résumé en anglais

The principal matter that disposes this thesis is concerning the changes in the chemical firms for “new strategic boundaries”.  

The main objective is to understand and characterize the heterogeneous chemical companies’  strategies and to classify in  

distinct groups.  The first premise of this thesis is that the accumulative scientific learning or IPR (Intellectual property rights) is  

not  anymore  the  main  barrier  to  new  entrants  into  the  segment;  it  was  replaced  by  finance  supremacy,  HESQ  (health,  
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equipment fabricators to produce locally and replace imported products, furthermore those new players through foreign direct 

investment( FDI), merger & acquisition (M&A) or joint ventures (JV) expand their operations abroad in direct  concurrence with  

the traditional groups . Second premise is that the latest competitive environment are recreating  new strategic firms’ boundaries  

separated in sub sectors like hybrid science, basic or specialty chemical inducing the main player’s actions  in product portfolio , 

fixed assets, process, R&D , M&A, network, JV, alliances, licenses , knowledge capital and marketing . The thesis concludes  
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restructuring and regulation.

Discipline: Organisation industrielle, Innovations et Stratégies Internationales

Mots clés : Industrie chimique ; stratégie industrielle, gestion corporative

Université de Paris Nord , département d’économie

99, Av. Jean Baptiste Clément -Villetaneuse

338



339


	 General Introduction 
	Methodology for theory and empiric approach
	Thesis Plan

	Preliminary chapter - Chemical market structure
	A-Basic Chemical:  
	B- The Life Sciences Related Chemical. 
	C- The consumer chemical products. 
	D- The sector of Specialty chemical 

	Chapter 1. Historical Transformation 	
	1.1 XVIII and XIX Century. “The pioneer’s time”.
	1.2 From 1900-1945 –“The vanished innocence”.
	1.3 From 1945-1974-  The golden years
	1.4.  From 1974- “Post-Industrial Model”

	Chapter 2– Technological Trajectory (Path Dependence)    
	2.1- Scientific capability & product innovation
	2.2- Process Innovation
	2.3 Managerial Innovation
	 Historical development 1890 to 1945 Fordism
	1949 -1960  Sociotechnical Systems Theory
	1960’s - Organization Development
	1970’s -1980’s Performance Technology
	1990’s - Learning Organization

	Conclusion:

	Chapter 3  National  Framework influence in the chemical sector development
	 United Kingdom
	 Germany 
	 France
	Japan:
	 United States of America
	 Italy
	 Switzerland
	 Middle East
	 China 
	  Mercosur  (Brazil and Argentina)
	3.4 National governance comparative differences, 

	Chapter 4 .Organization Structure and Corporative Governance   
	4.1. Governance and innovation
	4.2 Merger and Acquisitions.
	4.3 -Foreign Direct Investment 

	Chapter -5 . Collaborative model. Alliances, Joint Ventures and network.
	5.1 Industrial agreements.
	5.2 Collaboration and competition  paradox
	5.3 -Governance structure in alliances
	
5.4 Vertical alliances.
	5.5 -Scientific Bodies Network
	5.6 - Consortia 
	5.7 - Clusters 
	Conclusion:
	6.1 –LBO  at chemical sector
	6.2 -Venture capital
	Conclusion:

	Chapter 7 Business Strategy 
	7.1 Business Portfolio
	A .Basic chemicals 
	B. Specialty
	C. Integrated

	7.2 Knowledge management.
	7.3 Innovation  Strategy 
	7.3.1 Pull /push policy
	7.3.2 Life Cycle management

	
7.4 Technology Acquisition 
	7.4.1 Catch-up process
	7.4.2-License 

	7.5 Management strategies
	7.6 Sustainable strategies considering environment, health and safety .(EHS)	
	 7.7 Other feedstock, renewable resources, “green revolution”:
	Conclusion

	Chapter 8- Adhesives, coating and sealants ( AC&S) technologies
	8.1 Market Driving Forces
	A-Market globalization
	B- The strengthening of new trading blocs.
	
C- Importance of environmental responsibility. 
	
D- Industrial consolidation. 

	8.2 Principal technological platforms:
	Polyurethane Adhesives
	
Cyanoacrylate Adhesives
	
Epoxy Adhesives
	Phenolic
	Cured Acrylic Adhesives
	SPUR 
	Other platforms

	 8.3 Small and Medium Enterprises
	8.3.1 Network. Outsourcing, in sourcing.  
	8.3.2 Strategic alliances by the point of view of companies from developing regions      
	 8.3.3 Strategic alliances by the point of view of small and medium companies from industrialized countries 

	   8.4 Principal Corporations 
	8.5 Trends in downstream end user markets
	Automotive

	 Medical device
	 Construction 
	 Wood Applications
	 Packaging  adhesives
	Laminating adhesive
	8.6 New markets, new application 

	8.7 High technology platform in adhesives.
	8.7.1 Radiation-Cured Products.
	8.7.2 Nano tech
	8.7.3 Biopolymers
	8.7.4  Biodegradable polymers
	8.7.5 Structural adhesive
	Research and Technology future


	General Thesis Conclusion
	A- Value creation.
	B- Globalization of chemical production

	BIBLIOGRAPHY- REFERENCE

