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ABSTRACT

Biotechnology will have a significant effect on future global industrial competitiveness and regional economic 
development.  Intense  competition  has  resulted  between  regions  and  local  communities  to  attract  biotechnology 
investment. It offers technological solutions for many of the health and resource-based problems faced by the world. 
The  application  of  biotechnology  to  health  care  management  could  result  in  an  emerging  “bio  economy”  where 
biotechnology contributes to a significant share of economic output. Biological sciences add value to a host of services 
and products that  are produced.  This is labeled “bio-economy”.  From a broad economic perspective,  bio-economy 
refers to the set of economic activities relating to the invention, development, production and use of biological products 
and  processes.  If  it  continues  on  course,  bio-economy could  make major  socio-economic  contributions  in  OECD 
(Organization for Economic Co-operation and Development) and non-OECD countries. These benefits are expected to 
improve health outcomes, boost the productivity of agriculture and industrial processes  and enhance environmental 
sustainability.  Product development is a part of all biotechnology projects. The success of bio-economy depends on 
coordinated policy action by governments to reap the benefits of the biotechnology revolution. Through the mechanism 
of a global R&D supply chain, biotechnology products can ultimately reach common man and improve the dietary, 
health  and income status of  the general  population.  This  paper  evaluates  existing evidence  and the uniqueness  of 
biotechnology innovation in order to estimate what the bio economy might look like. It also develops a policy design to 
help and guide the use of biotechnology to address current and future challenges.
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INTRODUCTION
Biotechnology is the use of living organisms 

to  produce  goods  and  services  for  practical  and 
industrial purposes.The United Nations Conference on 
Environment  and  Development,  stated  that 
biotechnology  “Promises  to  make  a  significant 
contribution  in  enabling  the  development  of,  for  
example,  better  health  care,  better  food  security  
through  sustainable  agricultural  practices,  improved  
supply  of  potable  water,  more  efficient  industrial  
development processes for transforming raw materials,  
and  detoxification  of  hazardous  wastes.”  Vigilant 
assessment reveals biotechnology’s inroads into almost 
all  the  fields  of  human  endeavour.  Biotechnology 
products have been all the way through the unveiling 
position  in  the  international  market,  and  it  is  now 
possible to assess the performance of biotechnology in 
the universal economy. We refer to the convergence of 
modern  biotechnologies  and  the  market  niches  that 
they engage as “the novel Bio-economy”. 

THE EVOLUTION OF BIOECONOMY

Evolution  in  different  sectors  of 
biotechnology:  genomics,  genetic  engineering, 
chemical engineering, and cell technology are changing 
the industrial and environmental procedures. The usage 
of microbes, enzymes and their products are preferred 
in  different  practices  over  chemicals  which  mostly 
cause damage to the environment. Various practices in 
biotechnology  enable  it  to  form  bio  economy  with 
greater  expectancy  for  the  commercialization  of 
innovative  biotechnology  products  and  for  ample 
contribution of the developing countries. This market 
inclusion  version  will  vary  from  the  recent  one  in 
which technology is concentrated in less countries and 
resistance to novel products is prevalent. 

As per its definition, biotechnology is a technology that 
has created a great revolution akin to information and 
communication.  With  this  high  outlook  there  came 
apprehensions,  which  caught  public  and  policy 
consideration  globally.  The  slender  share  of 
capabilities of biotechnology is also a foremost source 
of  intercontinental  concern  and  a  key  feature  in  the 
acceptance of biotech products globally.  There would 

Int. J. Int sci. Inn. Tech. Sec. C, Apr. 2012, Vol. 1, Issue 1, pg 61-66 

mailto:drshkrp@gmail.com
http://www.ijiit.webs.com/


66

 H. K. R. Prasad Saripalli et al. ISSN 2278-1145

be any development  in biotechnology only when the 
governance is improved. 

Figure 1. BIO-BASED ECONOMY

REASONS FOR INVOLVEMENT OF DEVELOPING 

COUNTRIES IN BIO ECONOMY

FEATURES  ARE:  The  foremost  reason  for 
the  participation  of  developing  countries  is  that  the 
present outlines for the globalization are unsustainable, 
and if  they are  not  incorporated  these countries  start 
utilizing  the  natural  resources  and  this  leads  to  the 
depletion  of  natural  resources  so  the  use  of  modern 
biotechnology saves the developing countries from the 
depletion of natural resources.

Subsequent  reason  is  that  many  of  the 
biotechnological  techniques  are  easily  accessible 
because of the increase in the scientific knowledge and 
this  is  easily  accomplished  through  expansion  of 
ventures and constant competence. Third feature is that 
industrial  countries  have  initialized  expenditures  in 
research  and  development  (R&D)  and  they  require 
enhanced  global  expenditures  .These  features  are 
followed by the developing countries depending on the 
competence.  Involvement  in  the  bio  economy 
extensively  also  encourages  importance  in  the 
coordination of narrow practices among countries. This 
analysis  is  based  on  statement  that  narrow  practices 
tend  to  develop  from  the  practical  execution  of 
technology .To become competitors internationally in 
the  path  of  biotechnology  the  developing  countries 
require  persons with knowledge and skills  in diverse 
and also sophisticated equipment is necessary.

DYNAMIC FORCE FOR THE ENLARGEMENT 
OF BIOECONOMY

Major reason for the development of the Bio-
economy is  the  increase  in  the  requirement  of  food 
supply, fuels etc.  Employing different Biotechnology 
procedures  like  biomass  conversion  into  useful 
products such as food, industrial products, and energy, 
play a significant task in economic development, and in 
planning efficient answers to the global challenges. In 

this process it makes a pavement to more sustainable 
economy.  It  also  assists  social  and  demographic 
improvement. 

INSTITUTIONAL  AND  SOCIAL  DRIVERS  OF 
BIOECONOMY

The  up-and-coming  bio  economy  will  be 
under  the  control  of  public  research  support,  and 
intellectual  property  rights.  In  2005,  public  R&D 
expenditures within the OECD area for various sectors 
of biotechnology were USD 28.7 billion, compared to 
2003 R&D expenditures by the private sector of USD 
21.5 billion. The public sector is most important player 
in health biotechnology and accounts for a prominent 
share of research for primary production, with 20% of 
field  trials  for  genetically  modified  (GM)  crops 
between 1989 and 2007 conducted by universities or 
government  research  institutes.  Public  sector  support 
mostly  goes  to  pilot  plants  instead  of  to  R&D. 
Regulations  to  ensure  the  safety  and  efficacy  of 
biotechnology products influence the types of research 
that are commercially viable and research costs. Pure 
regulatory  costs  are  highest  for  GM  crops  (ranging 
from USD 0.4 million to USD 13.5 million per variety) 
and  for  the  open  release  of  GM  micro-organisms 
(approximately USD 3 million per release). In health, 
the  future  of  regulation  is  not  clear,  with  economic 
pressures  and  technical  opportunities  pushing  the 
system  in  different  directions.  Intellectual  property 
rights  could  be  increasingly  used  to  encourage 
knowledge sharing through collaborative mechanisms 
such  as  patent  pools  or  research  consortia.  Social 
attitudes  to  biotechnology  will  continue  to  influence 
market  opportunities,  but  public  opinion can  change, 
for  instance  when  biotechnology  products  provide 
significant benefits for consumers or the environment.

COMMERCIALIZATION OF BIOTECHNOLOGY 
IN DEVELOPING COUNTRIES

There  is  no  single  characterization  of  the 
industrial and environmental biotechnology industry in 
developing countries. Though the growing importance 
of  international  partnerships  and  alliances  in 
biotechnology’s  evolution  in  developing  countries. 
Such alliances, which are likely to increase with time, 
also serve a larger function. They provide a basis for 
the kinds of partnerships that are essential for a market 
inclusion  model  to  function.  The  absence  of  open 
markets  for  technology  and  products  can  lead  to 
resistance  to  the  adoption  of  new  technologies,  and 
such  partnerships  are  thus  crucial  for  the  effective 
commercialization  of  biotechnology  products.  A 
winner-take-all scenario that was tried in the field of 
agricultural  biotechnology  is  slowly  giving  way  to 
opportunities  to  explore  new models  of  international 
cooperation. So far, much of the public debate on this 
issue  has  focused  on  the  importance  of  partnerships 
between  the  private  and  public  sectors.  While  these 
linkages  are  important,  they  are  not  a  substitute  for 
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international alliances,  under which the private sector 
plays  a critical  role  in the commercialization of new 
products. 

INTERNATONAL COALITION

Significance  of  international  coalitions  is 
showed  by  the  development  of  Biocon  India, 
established in 1978 in Bangalore as combined venture 
between  Biocon  Bio  chemicals  of  Ireland  and  local 
interests.  While Biocon India  carried  out  innovations 
and production, Biocon Ireland provided the market for 
the resulting products, enabling the newly formed firm 
to have a steady flow of income as well as eliminating 
marketing costs of products.  In  1989, Biocon Ireland 
and its 30 per cent share in Biocon India were acquired 
by  Uniliver.  Uniliver’s  financial  muscle  and  global 
standing  gave  Biocon  new  linkages  and  access  to 
funds.  Biocon  learned  Uniliver’s  global  operating 
procedures,  standards,  and financial  methods.  Biocon 
India  has  expanded  its  operations  and  ventured  into 
fields  such as  pharmaceutical  research.  It  established 
Syngene,  which  in  turn  spun  off  Clinigene 
International  as  a wholly owned subsidiary.  Syngene 
has close collaborations with AstraZeneca, Glaxo, and 
BMS,  which  contribute  to  its  research  efforts. 
Clinigene specializes in genomics and clinical studies 
to  support  the  pharmaceutical  section  of  the  Biocon 
Group.  Thus  Biocon  India  set  an  example  for 
international coalition. 

MAJOR ACHIEVEMENTS

In food industry:

Food security is one of the crucial factors to be taken 
into  consideration;  the  growing  market  represents  a 
new  source  of  demand  for  agricultural  commodities 
and requirement of agricultural products. This must be 
managed properly by utilizing available land resource. 
The availability of feed stocks for a bio-economy is the 
optimisation  of  the  yields  for  different  uses  through 
conventional  breeding,  or  its  alterations  or 
biotechnological methods. Currently, modern breeding 
means  are  offering  wide  range  of  approaches. 
Feedstock  optimization, is  acquiring required  amount 
of  attention,  the  potentiality  of  this  technology  is 
demonstrated  by  the  information  that  in  2009  more 
than 134 million ha of arable land were planted with 
transgenic crops by 14 million farmers worldwide and 
also optimization of the plant constituent or the change 
in  composition  of  fatty  acids  in  rapeseed,  sunflower 
oils and nutritional improvements of food products and 
the development of novel food products and processes, 
including  food  packaging  technologies  are  important 
drivers  in  expectations  for  healthy  food  and  healthy 
lifestyles.  Improvements in this area are necessary to 
reduce the environmental impacts like green house gas 
emission and water consumption contributing to a more 
suitable  eco-friendly  economy.  Achievements  in  the 
food sector in terms of promoting research and market 
development include the launch of diversified research 

reinforcing cooperation, and better exploiting research 
results.

In bio-based products:

In  the  area  of  bio-based  products,  enzymes 
play  a  crucial  role  for  applications  in  many  other 
industrial  sectors;  this sector  has significant  potential 
escalating  global  leadership  in  the  area  of  bio-based 
products and processes. Vaccines for meningitis B and 
hepatitis  B,  are developed and for  HIV,  haemophilia 
and cholera are under development Another established 
sector  is  the production  of  bio-chemicals  which  find 
applications  in  the  pharmaceutical  industry,  the  food 
and  feed  industry,  the  production  of  detergents  and 
cosmetics, and many other sectors.

In chemical industry:

In the chemical industry, an important step in 
increasing  the  share  of  bio  based  chemicals  is  the 
creation  of  biotechnological  platform  intermediates 
based  on  the  use  of  renewable  carbon  sources. 
Although,  the  production  of  bio-based  polymers  and 
plastics  are  technologies  still  in  their  infancy,  this 
industry has been characterised by an annual grow rate 
of  almost  50%  due  to  new  synergies  and 
collaborations.  There  is  also a  growing  focus on bio 
refineries.  These  use  biological  matter  to  produce 
transportation  fuels,  chemicals,  and  heat  and  power. 
Because  they combine and integrate  the technologies 
necessary  to  convert  renewable  raw  materials  into 
industrial  intermediates  and  final  products,  they  can 
straddle the whole value chain. 

CONTRIBUTION OF BIOTECH INDUSTRIES IN 
THE ECONOMY: 

Table 1 estimates the size of the market in industrial 
biotechnology.

ECONOMIC IMPLICATIONS OF BIOTECHNOLOGY

Several biotechnology implications are, more research 
is  needed  to  develop  gauges  of  biotech  activity. 
Increase in drugs cost is getting a lot of press as health 
care quality is increasing. Another implication is that 
representatives  should  encourage  basic  and  generic 
research and must make sure that marketing function is 
performed efficiently. Interference in the form of price 
controls  or  forcing  biotech  firms  could  discourage 
innovation In addition; patent laws must be followed so 
that  markets  can  perform  better.  Current  biotech  is 
utilizing advances in chemistry, biology, computational 
methods,  and  medicine  to  develop  new  therapeutics 
that  are improving  quality  of  life  and  boosting 
economic  growth.  But  to  get  success,  biotechnology 
firms require specialists from different areas, promote  

Table  1.  Market  estimates  for  industrial 
biotechnology

 Product Examples Market 
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size
Enzymes Liquefying,  proteolytic, 

maltogenic  and  isomeric 
enzymes

$1.6 
billion

Bio pesticides Nematodes,  pheromones, 
natural  products  and 
derivatives, insects

$380a

Bio plastics Hospital  fibres,  straps, 
cutlery, straws, Belts

135 
million 
MTb

Nutraceutical
s

Dietary supplements, foods
(natural/organic/functional)
, phyto pharmaceuticals

$86 
million

Bio fuels Electricity,  fuel  additives, 
methanol, Ethanol

2 
billion 
gallons

Bioreactors Mining, enzymes NA
a1997; represents 1.4% of the pesticide industry.

bMT - metric tons.
The price range is $1–$2 with subsidies and represents only ethanol

teamwork  among  scientists,  and  speak  about  their 
findings  to  regulatory  agencies,  customers,  and 
investors. The procedure for success in biotech appears 
to be a strong scientific base that is built in academic 
institutions,  endowing  with  pioneering  research.  The 
second important element is the ability to commercially 
develop  the  innovations  coming  out  of  research 
institutions. 

CONFRONTS FACED IN THE DEVELOPMENT 
OF BIO ECONOMY:

Major confronts in food industry:

For better  feedstock production, many challenges  are 
remaining  to  be  solved.  Challenges  concerning  the 
feedstock  include  the  increasing  demand  for  food, 
fuels,  and  materials  because  of  growing  human 
population. Gene transfer between species is been used 
in plant breeding to develop better varieties of plants. 
The agricultural output must increase over the coming 
years,  climate changes have a intense effect  on food 
production.

Major challenges in health industry:

Challenges  include  prevention  of  chronic 
diseases by encouraging research. They should widen 
public  health  research  programmes  on  diet  related 
diseases from molecular levels by integrating biology, 
genetics,  nutrition,  epidemiology,  and social  sciences 
and other related fields. Industries are facing problems 
while seeking approval for new vaccines, enzymes, and 
other health products because of the lengthy procedures 
and  the  uncertainty  of  the  outcome.  The  cost  factor 
discourages from patenting products .the development 
of innovative bio-based products is R&D intensive and 
increasing investments in certain technologies will be a 
major challenge.

SUGGESTIONS FOR THE DEVELOPMENT OF 
BIO ECONOMY

Main recommendations for the development of bio 
economy

1. Requirement policy for the bio economy:

To  achieve  a  competitive  bio  economy 
approach,  like  creating  and  maintaining  markets  for 
environmentally  suitable  products,  funding  basic  and 
applied  research,  and  investing  in  multi-purpose 
infrastructure and education, will need to be combined 
with  shorter  term  policies.  These  include  measures 
such  as  the  application  of  biotechnology to  improve 
plant  and  animal  varieties,  improving  access  to 
technologies  for  use  in  a  wider  range  of  plants, 
fostering  public  dialogue,  increasing  support  for  the 
adoption and use of internationally accepted standards 
for  life  cycle  analysis  together  with  other  incentives 
designed  to  reward  environmentally  sustainable 
technologies. 

2. Research and innovation:

In order to make efficient shift towards more 
integrated  and  sustainable  production  and  processing 
systems, the level of R&D funding in the bio-economy 
should be increased through multidisciplinary research 
programmes  at  both  national  level.  In  addition, 
cooperation between private and public sectors should 
be a focus for further improvement. 

Better  interdisciplinary  and  collaborative 
research  would  lead  to  valuable  new  business 
activities.  Special  attention  should  be  placed  in  the 
development  of  efficient  and  robust  enzymes 
particularly for the conversion of lignocelluloses. This 
should enable conversion from a variety of feedstock, 
synthetic  biology and metabolic  pathway engineering 
and  the  combination  of  technologies  such  as 
biochemical  and  chemical  processes  as  well  as 
applications  derived  from  agricultural  and  industrial 
biotechnology. In addition, specific research is needed 
to improve feedstock yield and/or the composition of 
biomass  involving  both  plant  genomics  and  new 
breeding  programmes,  also  incorporating  further 
research into efficient crop rotation, land management, 
and land-use change issues.

3. Communication and education:

To  facilitate  smooth  long-term  development 
and implementation of the different technologies of the 
bio  economy,  a  strategy  for  communication  and 
stakeholder involvement is necessary. 

This would not only help to raise awareness of 
the technologies but would help ensure that longer term 
objectives  are  fixed  to  provide  solutions  that  reflect 
societies real needs.  It is of critical importance for the 
bio-economy  to  have  a  multi-  and  interdisciplinary 
work force, in order to ensure that it keeps up-to-date 
with new knowledge and techniques. There is therefore 
a  need  for  multidisciplinary  education,  good 
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international training programmes and efficient lifelong 
learning. 

4. Commercialization Fund-of-Funds: 

The  value  of  a  healthy  venture  capital 
ecosystem  was  viewed  as  critically  important  to  the 
innovation  economy.  With  commitments  to  venture 
capital funds consistently decreasing, it was agreed that 
steps  must  be  taken  to  encourage  venture  financing. 
The value of venture capital to the federal government 
can  be  assessed  in  terms  of  its  contribution  to 
incremental  gross  domestic  product,  revenues  and 
taxes,  jobs,  and  commercial  products  for  export. 
Attracting  venture  capital  from  the  United  States, 
Europe,  and Asia was deemed critically important  to 
the sustainability of the industry. It was recommended 
in  creating  national  fund-of  funds,  directed  at 
commercializing biotechnology goods and services, in 
order to attract supplementary foreign sources of risk 
capital.  Long-term  sustainability  of  the  industry 
through domestic  and  foreign  sources  of  capital  was 
deemed a national priority.  

BIO ECONOMY LEVEL IN INDIA
 

The  Indian  biotech  industry  today 
encompasses 325 companies, some of them including 
Biocon,  Serum Institute  of  India  and Panacea  Biotec 
alone, contributing to 27% of revenues. According to 
the  5th  BioSpectrum-ABLE  (Association  of 
Biotechnology  Led  Enterprises)  Biotech  Industry 
Survey, of April-May 2007, the industry has grown by 
30.9%  in  2006-2007  alone.  The  contract  research 
industry  in  India  could  reach  as  high  as  US  $  270 
million by 2009 (Asia Specific Biotechnology Market 
2007-2010,  June  2007).

Top 10 Biotechnology Companies in India:

• Indian Immunologicals
• Zydus Cadila
• Krebs Biochemicals and Industries Limited
• Bharat Serum
• GlaxoSmithKline
• Wockhardt Limited
• Piramal Healthcare
• Panacea Biotec
• Serum Institute of India
• Biocon

A  small  description  of  these  companies  and 
their achievements

Indian Immunologicals:

Indian  Immunologicals  is  located  in  the 
capital city of Hyderabad in Andhra Pradesh and this 
organization  was  set  up  by  the  National  Dairy 
Development  Board  in  the  year  1982.  Over  two 
decades of its existence the company has made several 
milestones in the field of Biotechnology.

Zydus Cadila:    

Zydus  Cadila  is  an  integrated  global 
healthcare  company  involved  in  development, 
manufacturing,  discovering  and  marketing  of 
healthcare  products  functioning  with  its  corporate 
headquarters at the state of Gujarat in India.

Krebs  Biochemicals  and  Industries  Limited:

This  company  was  established  in  the  year 
1991  as  a  public  limited  company  with  the  basic 
objective  of  establishing  commercially  viable 
biotechnology  processes  with  applications  in  the 
industries of agriculture and medicine. The company is 
located  in  the  city  of  Hyderabad  and  several 
organizations  like  WHO,  ISO,  USFDA  and  EDQM 
have approved this organization.

Bharat Serum:

Bharat  Serum  and  Vaccines  Limited  was 
established  in  the  year  1971  and  right  from  its 
inception,  the  organization  has  been  working 
ceaselessly  towards  research,  development, 
manufacture  and  marketing  of  biotechnology, 
pharmaceutical and biological products.

GlaxoSmithKline:

This company holds the pride of being one of 
the  oldest  pharmaceutical  companies  in  India,  which 
was established in the year 1924. The company is one 
among the top health care solution providers in India.

Wockhardt Limited:

Wockhardt  Limited  is  functioning  with  its 
headquarters  in  India  and  manufacturing  units  at 
different countries like the US, France, Ireland and the 
UK. The company has brought  a great  impact  in the 
wealth of the nation through its contribution to the field 
of medicine and biotechnology.

Piramal Healthcare:

Piramal  Healthcare  has  been  working in  the 
field of health care since 1988 and the company has 
earned  several  awards  like  Forbes  2005  list  of  best 
small Asian Companies, Forbes best under a billion list 
of 2003 and 2004 and S & P Global Challengers List of 
2006.

Panacea Biotec:

This company is functioning from the capital 
city of India and it is engaged in manufacture of health 
care products. Recently, the company has set up a plant 
in  Himachal  Pradesh for  the production of  viral  and 
bacterial vaccines.
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Serum Institute of India:

This institute came into existence in the year 
1966  and  it  has  established  itself  as  a  leader  in  the 
production  of  DTP  and  measles  group  of  vaccines. 
Recently, the institution has set up Serum Bio Pharma 
Park, which is the first Biotech Special Economic Zone 
in the country.

Biocon:

Biocon  is  a  fully  integrated  healthcare 
company  delivering  innovative  biopharmaceutical 
solution.  The  company  is  following  significant 
manufacturing  capability  and  cost-effective  drug 
development capabilities to move ideas to the market.

 
Fig 2: Growth of biotechnology industries in 

markets

Growth parameters in biotechnology industry:

R&D expenditure: In 2005, R&D investment 
is  estimated to have increased  11%, reaching  $23.20 
billion.  This  increase  is  due  to  the  ramp  up  cost  in 
bringing new products to the market. R&D expenditure 
has been increasing at a CAGR of 7.1% over the last 
five years. R&D as a percentage of revenue was 37% 
in 2005, the lowest in the last five years.

CONCLUSION:

This  paper  has  summarized  the  development  of 
industrial and environmental biotechnology as raising 

Fig 3: R&D Expenditure in the Industry, 2001 – 
2005.

sectors  of  the  bio  economy.  The  implementation  of 
these  technologies  depends  on  the  amount  to  which 
global  financial  governance presents  ample space for 
the up-and-coming technologies. This paper shows the 
significance  of  open  market  system;  flexible 
implementation  of  intellectual  property  rights  in 
industrially  developed  countries  and following safety 
criterion  in  developing  countries;  broader  joint 
ventures  through  company  coalitions;  and  confronts 
faced in development of bio economy and suggestions 
for the better development of bio economy.
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