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Introduction

Battelle India is pleased to prepare the Knowledge Report on 'India's Emerging Competitiveness as 

Destination of Global R&D' on behalf of FICCI National Committee on S&T/Innovation. This report is 

being released during the inaugural session of 'Global R&D Summit 2013 – Destination India' to be 

held on July 25-26, 2013 in New Delhi. 

When it comes to characterizing India's R&D, it is like pots of gold amidst potholes. There are many 

oases of excellence – brilliant scientists, devoted entrepreneurs and high-caliber research and 

academic institutions – contributing despite all the infrastructural, bureaucratic and mindset 

challenges. We believe India offers three significant advantages to those interested in R&D - a 

burgeoning market for virtually all products and services; a large pool of scientists and engineers; and 

R&D at low cost. Of course, there are many hurdles that come in the way, which is why we are still 

so low on the Global Innovation Index and in Ease of Doing Business Index. 

This report, focused on scientific and industrial R&D – wrestles with the question: what makes India 

a good destination for R&D? It briefly explores the size of opportunity (market and demographics), 

how R&D has evolved in India, the needs in selected technical areas and issues related to Intellectual 

Property. 

We conducted a survey to obtain the views of domestic and multi-national companies that are 

already here and others that may enter in the future. Based on the responses, we developed a few 

recommendations for the consideration of decision makers. 

While we do not claim this to be an exhaustive report, we wish that it will provide necessary feed for 

meaningful deliberations among experts during the Global R&D Summit 2013 and thereafter. We 

hope that the discussions during the Summit will lead to an actionable agenda for improving India as 

one of the leading destinations for R&D in future. 

I am very thankful to the staff of Battelle India who developed this report by assembling and 

analyzing information from various sources. I would like to express my apologies in advance if we 

have inadvertently missed crediting any source of information used in this report. 

Shalendra Porwal

Managing Director & CEO, Battelle India 

Co-Chair, FICCI National Committee on S&T/Innovation





Foreword

India is fast emerging as a major force in the global research and development arena. A considerably 

large talent pool across diverse areas of science, technology and management, along with robust 

academic and research infrastructure and a progressive policy environment is spurring a lot of basic 

and industrial R&D activity in the country and increasingly making it a top choice among global 

corporations for off-shoring their R&D needs.

While the cumulative domestic R&D output and investment in India has shown a healthy growth 

over the past few years, public investment still accounts for more than three-fourth of the total R&D 

spend and boosting private sector investment in R&D continues to be a challenge. 

There is increasing thrust from the government, especially, in terms of doubling public R&D spend 

from the current level of just under 1% to a projected 2% of GDP over next five to ten years. This, 

coupled with some of the latest policy interventions, such as the recently released Science, 

Technology and Innovation (STI) Policy 2013, is expected to boost innovation and R&D activities in 

both public and private sector and provide necessary fillip for the necessary growth in this area. 

At the corporate level, the trend of R&D off-shoring to India started way back in 1984 when Texas 

Instruments had set up its first India R&D centre in Bangalore. Since then a large number of foreign 

players have forayed into the country and started their R&D activities in India. According to current 

estimates, around 1000 multi-national companies are having one or more of their R&D centers based 

out of India. While most of these centers have steadily increased their capacity and headcount over 

time, some of them have already attained enormous proportion and made their mark in the global 

scene through development of world class products and solutions.

I am sure that Global R&D Summit 2013, under the theme 'Destination India' will serve a valuable 

purpose by creating the right forum for discussion, debate and deliberation among national and 

international experts participating in the summit to explore strategies for achieving India's potential 

to become the preferred R&D destination of the future.

Dr. A Didar Singh

Secretary General

Federation of Indian Chambers of Commerce and Industry





Foreword

The international dimensions of science and technology have been intuitively recognized for some 

time now. This cannot be more justified by the fact that the Nobel Prizes today are outcome of 

collaborative efforts across nations.  For example, the 2009 Chemistry award has been shared for a 

work on ribosome structure deciphered by scientists working across disciplines and institutions in 

UK, USA and Israel. In the current context, the mantra of globalization has further offered an 

altogether new paradigm that can make a significant impact through strategic alliances translated 

through effective R&D collaborations spanning across nations, institutions and disciplinary 

boundaries. 

As governments, academia, research institutions and corporates place increased emphasis on 

pursuing science and technology across national boundaries, innovative frameworks for partnerships 

have to emerge. Such global approaches need to be identified and integrated with the national policy 

framework which promotes reciprocal mobility of scientific and technological community that could 

support mutual gain outcomes  through 'collaborative advantage'.

India has a vast and strong intellectual tradition coupled with large, varied and competent scientific 

establishments. This is further expected to grow manifold times as we invest more in higher 

education, science and technology. As India grows to become a centre of knowledge economy, new 

opportunities for using this comparative advantage to integrate with the leading scientific enterprises 

around the world by exploiting complementarities of science, technology and innovation systems 

needs to emerge.  

The Global R&D Summit 2013 under the theme 'Destination India', organised by FICCI in association 

with Department of Science & Technology, Government of India is expected to discuss new models 

and framework of international collaborations. The Summit should provide a fertile platform for 

forging effective partnerships and innovative models of engagement between public and private 

sectors, and between academia and industry.

Dr. Arabinda Mitra

Adviser & Head-International Cooperation (Bilateral)

Department of Science & Technology

Government of India





Preface

India is a research and development hub to several global companies. Multinational companies have 

been setting up their R&D units here since 1985 and continue to show interest in India for their 

research and product development needs despite a low 2013 Global Innovation Index (GII) rankings. 

So what makes India a good destination for R&D? This knowledge report provides a broad overview 

of some of the compelling reasons as to why foreign companies continue to consider investing here 

in spite of many challenges. 

This report is focused on scientific and technical R&D and does not include all sectors of the industry. 

The report begins with examination of key factors that companies think make India a desirable 

location for R&D and the important role played by Government institutions in formulating 

programmes that will help India achieve the required growth in R&D. Chapter 1 also highlights the 

contributions made by private companies for R&D in India.

Chapter 2 explores specific technology needs in various sectors in India. We have only commented 

on a few representative sectors to exemplify the types of R&D needs. The views presented here 

were assimilated from discussions among Battelle India staff; therefore, we do not claim to be 

comprehensive. This chapter underscores the importance of conducting R&D in a holistic way for an 

overall development.

The success of developing technologies in various sectors depends primarily upon the process and 

management of R&D which is discussed in Chapter 3. This chapter reviews how R&D models in 

India have evolved and which models are predominantly being used in the country and highlights 

gaps that need to be filled. This chapter then suggests some promising models that will be useful for 

making R&D services available to SMEs. 

Chapter 4 presents results and analyses of survey we conducted with companies that have been 

doing R&D in India or plan to set up R&D activities in India in future. Respondents provided candid 

feedback on the R&D climate in India and what would make it a desirable destination for R&D. 

Chapter 5 discusses several initiatives taken by different stakeholders to improve the protection of 

innovation through intellectual property rights in India and finally Chapter 6 outlines our thoughts on 

path forward that India needs to follow to build a world-class R&D destination.

This is not a comprehensive report, but we believe it is a strong step toward understanding the 

status of scientific R&D in India. 

Battelle India Team – Swapnil Gawade, Shoeb Momin, Christeena Thomas, Deepti Srivastava, 

Shalendra Porwal, Sunil Earath, Neesha Selvakumar, Rajeev Sanyal, Pavan Kumar Kathuroju, 

Satyanarayana Kuchibhatla, Ajay Karakoti, Bharat Lodha, Kaustubh Pathak, Devika Wattal, Indurekha 

Biswal, and Vaibhav Jain
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Executive Summary

This report attempts to respond to the conundrum: “Is India a good destination 

for R&D given the mix of opportunities and challenges? If yes, then how do we 

construct a roadmap that will make India a desired destination?” This report 

discusses several essential elements of a R&D ecosystem and provides clues 

that scientist, entrepreneurs, corporate leaders, and policy makers should 

consider while contributing towards one single goal – to make India as one of the 

top R&D destinations in the world.

About 870 multinational companies have established R&D centres in India. But, 

to be claimed as a world class R&D destination, India needs to overcome several 

challenges. Companies that have shown strong preference to establish their 

R&D and manufacturing centers in India have repeatedly mentioned the top 

three reasons to enter India as large burgeoning market for virtually all types of 

products and favorable demographics, access to young science and engineering 

talent pool, and opportunity to reduce cost of doing R&D. Other factors such as 

fluency in English language, India's strengthening intellectual property regime, 

and a strong judicial framework are always present in the background. 

More than half of India's population is in the age group of 15-54. India has a 

burgeoning middle class population of 9 crores with ability to spend money and 

aspirations to acquire new products. This has created a large market which is 

attractive to domestic as well as foreign companies. The Indian customer, 

however, demands products at very low cost. This creates a challenge and an 

opportunity for companies to innovate advanced products and technologies at 

low cost to satisfy the masses. 

There is an intake of over 4 lakh students in science and engineering per year; 

however the challenge is to produce graduates with skills that are useful to 

Large and Developing Market

Large Pool of Scientists



industry. MNCs employ some of the most skilled scientists and train them 

further in well-established R&D processes to make them highly productive. 

Recently, Prime Minister Manmohan Singh, during the release of the book 

“Science in India (2004-2013): Decades of Achievements and Aspirations”, 

emphasized the need for private sector participation in scientific research and 

also urged the scientific community to ensure that the research is converted to 

technology or products that will boost India's development goals. The common 

thread here is the need for emphasis on Applied R&D by both sides of the R&D 

ecosystems – the scientists that create the technologies and the industries that 

apply this technology to their products. 

FICCI's background paper on Industry – Academia Linkage released during the 

India R&D 2011 conference provided several examples of R&D models for 

applied R&D, focusing on the industry-academia collaborations. Additionally, India 

needs other applied R&D models that:

• Encourage participation of private sector

• Ensure availability of resources and funds for small and medium size 

enterprises (SMEs) 

• Help channelize government investment toward application oriented R&D, 

and 

• Solve industry specific problems that are essential for an overall 

development of a R&D ecosystem 

Models to manage R&D in India have evolved and the government has taken up 

several initiatives to create a robust infrastructure for innovation. However, some 

of the management practices that still persist need to be revisited to assure that 

the government investment made in R&D equipment and facilities is accessible 

to SMEs. 

New models need to be employed to make delivery of R&D services effective 

and efficient. Companies working together with trade associations can use 

innovative models to support R&D. Regional technology-focused clusters will be 

useful in solving technical problems efficiently at local level; however, the 

clusters must be managed in a manner that they actively seek to help the 

industry, rather than industry seeking the clusters.

Need for Applied R&D

Need for Adopting New R&D Management Models 

11



Applied R&D services delivered efficiently and cost effectively is the key to 

India's growth in the technical world. Innovative contract R&D models can be 

adopted to reduce the cost of R&D.

Efforts to promote grass roots innovation by National Innovation Foundation and 

other organizations are laudable. Government can help further by funding R&D 

efforts to make the rural innovations scalable and reproducible so they can be 

successfully commercialized throughout India.

As mentioned earlier, multinational companies hire some of the best talent 

available in India and put it to use solely for their own benefit. This is akin to 

'virtual brain drain' in that the talent nurtured in India is now physically sitting in 

India and putting its brain power to use for a foreign company for solving foreign 

problems. The Government of India should relax its policies allowing MNCs to bid 

on India centric projects supported by government funding. Appropriate IP 

arrangements and other financial constraints can be instituted to make sure that 

the profits generated from such projects remain in India.

Indian companies need to learn and adopt best methods and practices for project 

and R&D management. Attention to testing and characterization is urgently and 

severely needed to increase the quality of R&D as well as assure that products 

produced are of acceptable quality in the world.

Technology improvement and R&D needs exist virtually in every sector. Buying 

'proven' technology from abroad sets India behind by a number of years and 

makes us dependent on foreign technology providers. India needs to take a 

holistic approach towards development of technologies across sectors for self 

reliance and a sustainable future. 

The purpose of our online survey was to broadly understand the factors that 

influence selection of an R&D location and highlight the challenges that need to 

be overcome to position India as a preferred R&D destination in near future. 

Almost half of the respondents were from the R&D function followed by 25% 

Re-align Government Spending on R&D

Involve MNCs in Developing Solutions to India's Critical Needs

Improve R&D Management Practices

Focus on Indigenous Development of Technology

Survey Findings
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from product development and production. The survey clearly indicated that 

majority of the companies engage in R&D for profit maximization; one third of 

the respondents did indicate social innovations as their top priority. 

Along with the positive highlights, the survey also brought out several challenges 

faced by R&D companies in India. Fifty-eight percent of the respondents believe 

that “India has major potential to operate world class R&D ecosystem, but 

significant improvements are still required.” Most of the challenges can be 

grouped in four main categories: poor infrastructure, lack of government support, 

lack of support from management teams and dearth of skilled talent available for 

R&D. 

In spite of all these challenges respondents were optimistic with the prospects 

of the growth of R&D in India. Strengthening the relationships between industry 

and academia, providing the right incentives to SMEs, and developing regional 

clusters could contribute significantly towards the development of R&D in India. 

To improve the attractiveness of R&D investment in India, the respondents 

selected the establishment of stronger industry-academia links, development of 

specific R&D clusters, and increased incentives for R&D as the top three 

choices. 

However, availability of skills, participation of private sector in R&D, and 

protection of IP were picked as the most important for effective R&D by 

respondents. This underscores the need for an overhaul of the current R&D 

infrastructure and support system. India must continue to emphasize the 

development of high quality scientific and technological skills, create efficient 

system for protection of Intellectual Property Rights (IPRs), design innovative 

ways of cost reduction for R&D, utilize government R&D funds to the best 

advantage of industry, and improve the regulatory environment. 

MNCs indicated a preference toward collaborating with customers and other 

entities in the value chain that understand the pain points and have domain 

knowledge of the industry. This survey highlights the importance of developing 

collaborative relationships between suppliers and buyers for R&D. 

Almost all the respondents indicated that the focus of their R&D activities is the 

Indian market. It is therefore safe to conclude that companies setting up R&D in 

India are, in addition to cost leveraging, looking to address the product and 

technology needs in India. Other geographies where companies are currently 

focusing their R&D efforts after India are US and Europe, followed by Asian 

countries. It is however, very interesting to note that companies planning to set 



up R&D establishments in future are planning to focus on the South East Asian 

market more than US and Europe. 

Considering the status of scientific and technical R&D, India is a pot of gold 

amidst potholes. There is definitely a positive move toward embracing R&D. We 

believe that India's strengths will outweigh the challenges and India will become 

a significant contributor to worldwide economic growth.

14
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1. Introduction

This knowledge paper focuses on scientific and technical R&D, which is defined 

as a process of converting scientific knowledge in some tangible form such as a 

research publication, patent, or prototype that could be further used for 

developing products / services for applications in different markets. 

More than 870 multinational companies (MNCs) have set up their R&D 
1operations in India since 1985, the first one being Texas Instruments . Even 

though their motivations for coming to India may have varied, some of the core 

reasons making India an attractive R&D destination remain the same viz., access 

to large burgeoning market, availability of large talent pool and cost effectiveness 

in conducting R&D. 

India has a huge market for new technologies, the demand for which arises from 

the middle class segment, around 9 crores of Indian population, with an average 
2,3monthly income of INR 40,000.  The segment greatly contributes to the demand 

for electronic appliances and gadgets, automotives, and fast moving consumer 

goods (FMCGs) among others. The digital consumption of this segment is also 

growing at a fast pace. According to McKinsey research, the total number of 

Internet users in India will increase more than five times in the period 2010 to 
4

2015 from 81 million to 450 million,  as shown in Figure 1. Even though the 

number of Internet users is very high and India ranks third in the world by 

Internet connectivity, the penetration is very low which indicates that the growth 

opportunity is tremendous.

1.1. Why India as a Destination for R&D
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Similar growth is observed in the telecom sector (Figure 2). India reached to 

about 900 million mobile phone subscribers in 2011 from 150 million in 2006 at 
6

an annual growth rate of 43%.

Figure 1: 5
Share of Internet use in India (%)

Figure 2: Mobile Subscribers in India (in millions)
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India's consumer electronics industry is on a growth trajectory. Introduction of 

digital revolution with rapid technology up-gradation in the past decade has 

propelled the growth of Indian consumer electronics market. The compounded 

annual growth rate (CAGR) of the Indian electronics industry is estimated to be 
7

17.5% during the period 2012-15.  The impressive growth of the electronics 

industry market can be attributed to the robust and consistent growth of the 

hardware market (approx. 25% of the total market) and the large middle class 
8,9

population.  Similarly, other industries such as textile manufacturing, capital 

goods, automotive are expected to grow at a double digit rate in future. 

In order to be a part of this growth story, companies increased their presence in 

India by setting up local operations. Soon companies realized that it was not 

possible to sustain in India using the global business models and realized the 

need to develop products in India according to local preferences and hired talent 

for the development of such products. With the large number of science and 

engineering graduates in India, MNCs were able to establish a good workforce to 

grow their operations. As per the latest (2013) report issued by the All India 

Council of Technical Education (AICTE), there are more than 3524 diploma and 

post-diploma offering institutions in the country with an annual intake capacity of 

over 1.2 million. In addition to the various autonomous institutions like IITs and 

the IISc, there were 1,346 engineering colleges in India that are (AICTE) 
10approved with a total intake of 4,39,690 students in 2012 as shown in Figure 3.  

With around 4.5 lakh students graduating every year in technical education there 

is a huge talent pool available in our country, which once effectively trained, can 

contribute extensively towards technology development and implementation. 
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Figure 3: Number of engineering colleges at various zones and student 

intake in 2012
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In addition, a large number of scientists are already working in several research 

facilities shown in Figure 4. The Council of Scientific and Industrial Research 

(CSIR) alone has about 4500 scientist working in 37 research laboratories in 

India, along with around 7000-8000 technical staff for the support of research 

and development programmes. In addition, there are many other government 

supported research laboratories and academic research centres that employ 

thousands of researchers and scientists. Considering all the research institutes 

which include CSIR laboratories, Indian Council of Agricultural Research (ICAR), 

Indian Institute of Science Education and Research (IISER), Military and Medical 

Research Institutes among others; India has a large scientific pool available for 

companies to employ for their research activities.

Figure 4: Distribution of research institutes in India (Total = 400)

In spite of the talent available in the country, companies face several challenges 

while meeting the diverse needs of the Indian customers. This diversity arises 

from the differences in language, literacy, geography and economic conditions. 

With a total population of more than 1.2 billion, the average age of Indian citizens 

is 26.5 years. It is expected that, in 2020, the average age of an Indian will be 29 

years, compared to 37 for China and the United States, 45 for West Europe and 
11

48 for Japan.  The current demographic breakup of our country is illustrated in 

Figure 5. 
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More than 50% of the population (600 crores) is in the age group of 15-54. This 

particular group has high aspirations for world class products, but wants to meet 

those aspirations with relatively low spending capacity. This poses a daunting 

challenge to new product designers and companies that are in the midst of 

developing new technologies. Reducing the cost of the products as well as 

reducing the cost of doing R&D is a necessity in India. Hence the cost factor 

adds a new dimension to the challenges faced by the R&D companies. Given the 

large size of market, many companies and organizations have undertaken the 

challenge to develop low cost products in India to meet the Indian customer 

needs. MNCs benefit by taking this challenge as it helps them to reduce cost of 

their products worldwide by taking innovations done in India to the global 

markets. 

Access to large markets, availability of scientific and engineering pool and cost 

reduction opportunities remain the core reasons for India's popularity as an R&D 

destination. The following sections present a snapshot of current status in R&D. 

 

The overall R&D expenditure in India has doubled since 2007 and was estimated 

to be around USD 40 billion in 2012. During this period, India's Gross Domestic 
13,14Product (GDP) grew from USD 0.57 trillion to USD 1.8 trillion.  The overall 

government and industrial spending in scientific and technological R&D has 

remained below 1% of total GDP for more than a decade. The government 

spending accounts for over three-fourths of the Gross Expenditure for Research 

1.2. R&D in India – Current Status
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Figure 5: 12 Indian demographic profile 2013
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& Development (GERD), followed by 20-25% spent by private sector and 5% by 

universities as depicted in Figure 6. 

Figure 6: 15 R&D spend structure in India - 2012

India's R&D expenditure is merely 2.1% of the total global expenditure in R&D in 

comparison to US where R&D spending accounts for about a third of the global 
16R&D spends (33.6%) and, Japan and China account for 12.6% each.  

India needs research and innovation in virtually all areas including energy, 

consumer electronics, pharmaceuticals, food processing, bio-technology and 

automotive. India is gradually progressing in its R&D efforts and there are some 

notable examples of innovative products such as the Tata Nano, GE's portable 

electrocardiography (ECG) device, Pureit water filters and Micromax phones. The 

drivers for these innovations are local needs, user preferences and most often 

the paying capacity of the customer. This has given rise to a new paradigm of 

innovation, often referred to as “frugal innovation”, the “Gandhian innovation” or 
17

“constraint-based innovation”.

Patenting, which is an important measure of innovative R&D activity, is also on 

the rise in India. Patent registrations in the US from India grew from 94 in the 

year 2000 to 465 in 2010, and registrations in Europe increased from 7 in the 

year 2000 to 200 in 2010. High tech hubs such as Bengaluru, Chennai, Delhi, 

Hyderabad, Mumbai and Pune have seen the maximum patenting activity. The 

share of patents filed by Indians at the Indian Patent Office has been rising 
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18marginally over the years.  Figure 7 depicts the patenting trends in the Indian 

Patent Office (IPO) over the past 4 years.

22

Figure 7:
19

 Patent filing trend in IPO

1.3. Government Initiatives in R&D

•

•

•

•

•

•

R&D expenditure in India is majorly contributed by the Government. A glimpse of 

India’s Science and Technology structure is presented in Figure 8. The R&D for 

various sectors is spread over in many laboratories. Therefore, it is often possible 

that similar research is taking place in different laboratories.

Government is contemplating on increasing the investment in R&D in public and 
20

private sector to 2% of GDP via the following measures:

Higher allocation to scientific research

Setting up of new institutions for science and educational research

Creation of centres of excellence and facilities in emerging and frontline 

areas in academic and national institutes

Strengthening infrastructure for R&D in universities

Encouraging public-private R&D partnerships

Grants for industrial R&D projects.
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Figure 8:

(For abbreviations, please refer the table below)

21  Indian S&T structure
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The Department of Scientific 

and Industrial Research (DSIR) 

encourages industry to set up 

R & D  l a b s  t h a t  m e e t  a  

min imum standard.  Th is  

provides tax benefits to the 

organization. There is a steady 

growth in the number of in-

house R&D units recognized 

b y  D S I R .  T h i s  n u m b e r  

increased from about 1,200 in 

1995 to 1,378 in 2010. Of 

these nearly 1,180 are in the 

p r i va t e  s e c t o r  a n d  t h e  

remaining units are in the 
22,23

public/joint sector.

The Indian government has made concerted efforts to drive investments in 
24,25 

Science and Technology (S&T) and this is reflected in the five-year plans.

There is a plan to establish an in-house Policy, Planning and Coordination Cell 
th

within DST during the 12  plan period. There is a recommendation for re-

inventing of three ongoing programmes of DST, namely, Fast Track Scheme for 

Young Scientists (FAST), Women Scientists Scheme (WOS), and Science and 
thEngineering Research Board (SERB) schools. The 12  plan estimates the total 

resource need for technology as INR 6,395 Crores, of which spending for R&D in 

water technologies is INR 180 Crores (2.81%), in security is INR 90 crores 

(1.42%), in drugs & pharmaceuticals is INR 300 crores (4.69%), in climate change 

programme is INR 1,000 crores (15.64%), in solar energy research initiative is 

INR 200 crores (3.13%), and in nano science and technology mission is INR 500 

crores (7.82%). The rest of the money goes for other DST policies like awards, 

technology interventions, funding for technology platforms, etc.

24

The XII Five Year Plan (2012-2017) 

estimates the total resource need for 

technology as INR 6,395 crores, of which 

spending for R&D in

• Water technologies: 2.81%

• Security:1.42%

• Drugs & pharmaceuticals: 4.69%

• Climate change programme: 

15.64%

• Solar energy research initiative: 

3.13%

• Nano science and technology 

mission: 7.82%.
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1.3.1. Department of Science and Technology

The Department of Science and Technology (DST) plays several roles for 

development of science and technology in India as depicted in Figure 9.

The XII Five Year Plan (2012-17) has ambitious programs that include 

the following:

• Increasing investments into R&D by about 55% as measured in 

relation to GDP during the 12th plan period

• Stimulating private sector engagement for investment into R&D 

from the current 0.24% to about 0.5% level through Public-Private 

Partnerships for promotion of R&D and Clean Energy

• Expanding the base of human capacity for research 

o 1000 overseas doctoral and 250 post-doctoral fellowships during 

the 2012-17 supported by assured career opportunity

• Attracting Indian companies to contractual R&D 

• Fund for Improvement of S&T infrastructures in Universities and 

Higher Educational institutions (FIST), Promotion of University 

Research and Scientific Excellence (PURSE), Consolidation of 

University Research for Innovation and Excellence in Women 

Universities (CURIE), Special State and regional packages, etc.

• Establishment of major national R&D facilities 

• Participation in establishment of global mega scale R&D 

infrastructure 

• Investments into solution science for national challenges

o Strengthening on-going programmes in solar energy, water, 

internal security, etc.

• Promotion of (Public-Private-Partnership) PPP for R&D and clean 

energy 

• International Reciprocal Technology Partnerships 

o For example Dutch India water alliance for leadership initiative 

and bi-national technology missions

• INR 791 crores is allotted for food safety, R&D and promotional 

activities for the food processing industries sector.



DST pursues technology development through its Technology Development 

Board (TDB) and Technology Information, Forecasting and Assessment Council 

(TIFAC). A long term technology forecasting exercise was conducted by TIFAC 

that resulted in the Technology Vision 2020 projects, a few of which are Bihar 

Agricultural Project, Eastern UP Agricultural Project, Integrated Gasification and 

Combined Cycle (IGCC) Project, and Relevance and Excellence in Achieving New 

Heights in Educational Institutions (REACH). TIFAC’s earlier mission mode 

projects were the Sugar Technology Mission, the Fly Ash Mission, and the 
26

Advanced Composite Mission.

Collaborative projects between the European Union (EU) and Indian innovators 

through the Seventh Framework Program (FP7) of the EU are routed through 

DST. It also coordinates many bilateral and multi-lateral programmes among 

Indian organizations and global countries and organizations like United Nations 

Educational, Scientific and Cultural Organization (UNESCO), United Nations 

Development Program (UNDP), BIMST-EC (Bangladesh, India, Myanmar, Sri 

Lanka, and Thailand), IOR - EC (Indian Ocean Rim), and The World Academy of 

Sciences (TWAS).

Autonomous research institutions of DST are engaged in R&D in emerging areas 

of astronomy and astrophysics, palaeobotany, Himalayan geology, 
26

Figure 9: Various roles of DST
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geomagnetism, microbiology, modern biology, medical sciences and technology 

and several other fields. During the year 2012-13, DST sanctioned 43 projects 

under the Technology Systems and Development Programme (TSDP), the total 

cost of which amounts to INR 33.15 crores. Projects sanctioned were for 

technologies in varied areas of microbiology, biotechnology, advanced materials, 

structural engineering, pharmaceuticals and diagnostics, water technologies, 
27

automotive engineering, environmental engineering, nanotechnology, etc.

In the current budget, the finance minister P. Chidambaram has allotted nearly 

INR 17,000 crores to departments such as atomic energy, space, and science and 

technology. The budget emphasizes separate grants for agricultural research and 

a new fund to promote rural innovations, the effectiveness of which can only be 

seen if the line government science bodies such as the Ministry of Science and 

Technology, the Department of Biotechnology, the Council of Scientific and 

Industrial Research (CSIR) and others are able to set in place efficient 
28mechanisms to spend the allotted money.

The Department of Scientific and Industrial Research (DSIR), one of the 

departments of the Ministry of Science and Technology, was established in the 

year 1985 with a broad mandate of promoting industrial research and to carry out 

activities related to technology development for the benefit of the nation at large. 

DSIR has two public sector enterprises, viz., Central Electronics Limited (CEL) 

and National Research Development Corporation (NRDC), and two autonomous 

organizations, viz., Council of Scientific and Industrial Research (CSIR) and 
29Consultancy Development Centre (CDC), under its ambit.

thThe DSIR programmes in the 12  five year plan focus on building an innovation 

ecosystem in the country. DSIR aspires to be an agency that influences policy 

formulation leading to industrial competitiveness; a one-stop agency in the 

country for all matters related to industrial research and development; and an 

agency that is looked at by anybody in the country, as one that nurtures and 

supports innovations having industrial applications.

The Defence Research and Development Organization (DRDO), which started 

with only 10 laboratories in 1958, has expanded with a vast network of 52 

laboratories and establishments spread across the country. The organization has 

proven its competence to produce state-of-the-art technologies in diverse 

disciplines such as aeronautics, armaments, combat vehicles, combat 

1.3.2. Department of Scientific and Industrial Research

1.3.3. Defence Research and Development Organization



30engineering, electronics, missiles, life sciences, materials, and naval systems.  

The government has allocated INR 2,03,670 crores for the defence services 

(including armed forces and DRDO) for the FY 2013-14. This budgeted estimate 

has seen an increase of 5% percent from the previous year’s budget of INR 
31,321,93,407 crores.

Currently, DRDO has INR 80,000 crores worth projects to be completed in the 

next decade where the projects range from missiles, aeronautics, armaments, 
33

naval systems, combat engineering and life sciences.

In 2011, the Government released its first ever defence production policy. The 

policy was released with a stated objective to achieve self reliance in the 

development of defence products by encouraging private sector participation and 

broadening defence R&D in the country. The 2011 Defence Procurement 

Procedure (DPP 2011) which is revised by the government every year has the 

following key features:

Buy: Global – Outright purchase of equipment form a foreign vendor and 

Indian – Outright purchase of equipment from and Indian vendor with 

minimum local content of 30%

Buy and Make: Global – Purchase from foreign vendor and licensed 

domestic manufacture through technology transfer and Indian – Purchase 

from an Indian company or JV with minimum local content of 50%

Make: Indigenous design, development, and production of equipment

The policy also states that futuristic weapon systems required in the next 10 

years would be specified and developed in the country. It stresses on the 

importance of achieving synergy between academia, R&D institutions, technical 
34

and scientific institutions, consortia, and Public Private Partnerships (PPP).

The Department of Biotechnology (DBT) was set up in India in the year 1986. The 

department has worked significantly in the application of biotechnology in the 

fields of agriculture, healthcare, animal sciences and environment. The various 

organizations promoted by the DBT include Biotech Consortium India Limited 

(BCIL), Biotechnology Industry Research Association Council (BIRAC), Small 

Business Innovation Research Initiative (SBIRI), and Biotechnology Industry 

Partnership Programme (BIPP).

•

•

•

1.3.4. Department of Biotechnology

28
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DBT manages various autonomous institutions like Centre for DNA Fingerprinting 

and Diagnostics (CDFD), Institute of Bioresources and Sustainable Development 

(IBSD), Institute of Life Sciences, National Agri-Food Biotechnology Institution 

(NABI), National Brain Research Centre (NBRC), National Centre for Cell 

Sciences, National Institute for Plant Genome Research (NIPGR), National 

Institute of Animal Biotechnology (NIAB), National Institute of Biomedical 

Genomics (NIBMG), National Institute of Immunology, Rajiv Gandhi Centre for 

Biotechnology, Regional Centre for Biotechnology (RCB), and Translational Health 

Science and Technology Institute (THSTI). DBT manages two public sector 

undertakings viz. Bharat Immunologicals and Biologicals Corporation Ltd. and 

Indian Vaccines Corporation Ltd.

The Indian biotech industrial sector saw a growth of 24% in the last decade. 

Several measures for discovery and innovation in biotechnology are promoted 

through BIPP such as setting up of BIRAC, Wellcome-DBT Affordable Healthcare 
35 Initiative and Stanford-India Biodesign Programme. BIPP, promoted through 

BIRAC, is a government partnership with industries for support on a cost-sharing 

basis for research in futuristic technologies in the areas of agriculture, health, bio-

energy, and green manufacturing. The mission of BIRAC is to work as a 

Development Agency in the field of biotechnology which addresses the national 
36

needs of health and food security problems.  The Wellcome Trust/DBT India 

Alliance is a £80 Million initiative funded equally by The Wellcome Trust, UK and 
37Department of Biotechnology, India.  The goal of Stanford-India Biodesign is to 

train the next generation of medical technology innovators in India facilitated 
38

through fellowship, internships and events.

There is a slow but gradual 

growth in industry-academia 

linkage in India which can be 

s e e n  f r o m  t h e  m a n y  

c o l l a b o r a t i v e  p r o j e c t s  

undertaken by major institutes 

like IITs and IISc with industry players as well as central and state governments 
39 on a regular basis. Examples of such linkages include the following:

Tie up between the Automation Industry Association with IIT Madras to 
40

enhance research projects in the field of industrial automation.

IIT-Madras is set to join hands with Hindustan Aeronautics Limited (HAL), 
41Bangalore, to work on joint research projects in design and technology.

1.3.5. Government's Role in Strengthening Industry-Academia 
Linkage

•

•

Joint research projects between 

institutes like IITs & IISc and industrial 

leaders indicate increasing industry-

academia linkages in India.



• The Solar Energy Research Institute for India and the United States 

(SERIIUS) co-led by the Indian Institute of Science (IISc), Bengaluru and 

the National Renewable Energy Laboratory (NREL), Colorado, USA 

signifies the efforts put in by Indian institutes to bring out more fruitful 
42research from India.

30

DST has taken the following steps during the financial year 2012-13, to 

strengthen institutional capacities in R&D:

• Fund for Improvement of S& T infrastructures in Universities and 

Higher Educational institutions (FIST): During the last one decade or 

so, more than 1800 S&T departments and PG colleges have been 

supported with a total investment of about Rs1500 crores.

• With a view to spread R&D base, state and region specific special 

packages have been evolved.

• Consolidation of University Research for Innovation and Excellence 

in Women Universities (CURIE): Six women universities have been 

supported by DST under this programme for the past three years. 
nd

The 2  Phase of CURIE has been rolled out from Banasthali 

University, Rajasthan

• Promotion of University Research and Scientific Excellence 

(PURSE):  PURSE was initiated by DST in the 11th five year plan 

period to boost research at the university sector. DST–PURSE 

intends to provide support to universities essentially for research 

manpower cost, augmentation of equipment and computational 

facilities, establishing research infrastructure, acquiring research 

consumables, fund for travel, organizing workshops and 

conferences, contingencies and maintenance of the facilities.

The current demographic profile of India shows a young and vast talent pool, 

waiting to be employed as resource for the expanding science base. This is 

actively attracting international standard research and development activities to 

India. The government is taking some measures to further improve this situation. 

For example, government has set-up Indian Institutes of Science Education and 

Research (IISER) in Kolkata, Pune, Mohali, Bhopal, and Thiruvananthapuram. This 

seems to be on the track of driving more scientific education in India, where 

50% of the students join for 5 years integrated course of MSc after their higher 

secondary education. 
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thA planning commission sub-group of the 12  Five year Plan is strongly in favor of 

consolidating programmes like Intensification of Research in High Priority Areas 

(IRHPA), Fund for Improvement of S& T infrastructures in Universities and Higher 

Educational institution (FIST), Promotion of University Research and Scientific 

Excellence (PURSE), Consolidation of University Research for Innovation and 

Excellence in Women Universities (CURIE), special packages for specific regions 

and enlargement of investments, their coverage and increasing the per project 

support. The sub-group also recommends a development fund scheme for 

providing one time allocation of INR 5 crores for new state funded institutions 

and universities. The national targets for scientific publications are expected to 

increase from the current 3% to 5% levels by adding 2,500 new full time 

equivalent R&D personnel per year up to 2017, enrolling 700 new investigators 

into Extra Mural Research annually, increasing the PhD output in science and 

engineering to 10,000 per year by 2017, and enrolling 500 college teachers into 
43

R&D per year.

India has been a very aware nation since the very beginning when it comes to 

science and technology. Prime Minister Pandit Nehru lay down the foundations 

of modern science in India by starting with a nuclear programme, a space 

programme and a fascinating setup of scientific government labs since the very 
44beginning of Independent India.  India's tryst with S&T started with the adoption 

of a Scientific Policy Resolution by Parliament in 1958. This policy laid the 

groundwork for training S&T personnel on a sufficient scale to satisfy the needs 

of the various economic sectors. 

Indira Gandhi during her tenure in office laid emphasis on the technology and a 

Technology Policy Statement was adopted in 1983, the main aim of which was to 

develop indigenous technology and ensure efficient absorption and adaptation of 

imported technology corresponding to national priorities and available resources. 

Various government policies brought in the connection between technology and 

public welfare under the guidance of Mr. Narsimha Rao. This work was continued 

by the Mr. Atal Bihari Vajpayee with special emphasis to space programmes and 
45nuclear sciences.  In January 2003, the then Prime Minister Mr. Vajpayee 

announced a new Science and Technology Policy, the main objective of which 

was to raise India's overall research intensity from 0.80% of GDP in 2003 to 

2.0% of GDP by the end of the Tenth Five Year Plan in 2007. Although this target 

was not achieved, this policy contained few refreshingly new features like 

recognition of the extremely low density of scientists and engineers in a 

populous country like India, the need to manage brain drain, the emphasis on 
46patenting and a need to monitor policy implementation.  

1.3.6. Evolution of R&D initiative/policy in India



India's Eleventh Five Year Plan (2007–2012) contained provisions for a massive 

rise in the public outlay for S&T of 220% over the previous plan. It provided for a 

national mechanism to be set up to develop policies for science and 

technological development; increasing scientific pool and provision for better 

scientific infrastructure; imitation of flagship programmes in areas of rural water 

supply, sanitation and health to telephony and education, with a direct bearing on 

India's technological competitiveness; establishment of global centres of 

excellence; development of new models of public–private partnership, enhancing 

collaboration between academic and industry and encouraging linkages with 

advanced countries via participation in international multi-country, megascience 

initiatives like rice genome sequencing project. 

The Twelfth Five Year Plan (2012 -2017) for the first time included a section on 
47

science and technology as well as Innovation.  The plan is evidence to the fact 

that our resolve and dedication towards scientific and technological development 

remains strong. Prime Minister, Dr. Manmohan Singh, has also started several 

policy initiatives such as the National Innovation Council and the National 

Knowledge Commission.

Set up in the year 2000, National Innovation Foundation (NIF) started functioning 

as India's national initiative to strengthen the grassroots technological 

innovations and outstanding traditional knowledge. With major contribution from 

the 'Honey Bee Network', NIF has been able to build up a database of more than 

1, 60,000 ideas, innovations and traditional knowledge practices from over 545 

districts of the country. Honey Bee Network is a crucible of like-minded 

individuals, innovators, farmers, scholars, academicians, policy makers, 

entrepreneurs and non-governmental organizations (NGOs), with presence in 

more than 75 countries. NIF has filed over 550 patents on behalf of the 

innovators and outstanding traditional knowledge holders of which 35 patents 

have been granted in India and four in USA. Micro Venture Innovation Fund 

(MVIF) at NIF extends financial support to grassroots innovators under a single 

signature on a simple agreement of understanding without any collateral or a 

guarantor. It has provided risk capital for 178 projects, which are at different 
48

stages of incubation.

There are several efforts underway in India to promote technology development. 

The planning commission has laid down several initiatives for the enrichment of 

knowledge base, incentivizing of R&D in public and private sectors, improving 

1.3.7. National Innovation Foundation

1.3.8. Other Initiatives

32
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governance in S&T institutions, strengthening collaboration between academia 

and industry, collaborating through clusters, developing a supportive financial 

system, and building a strong IP regime. Notable examples are the National 

Innovation Council - which is in process of setting up industry and university 

based clusters to spur innovations, or the initiative at CMTI along with ISRO to 
49

develop technologies for flexible manufacturing.

There are numerous other initiatives to spurt innovation and R&D in India. We 

have touched upon a few such initiatives only; these initiatives exemplify the 

intention and direction of government in fortifying India as a destination for R&D. 

Foreign investment in India has grown significantly over the years. India is home 

to about 870 MNC centres utilizing the workforce here. In an absolute sense the 

R&D expenditures by Foreign Direct Investment (FDI) companies has shown a 
50

robust increase from INR 286 crores in 2002-03 to INR 2,883 crores in 2009-10.  

The share of foreign companies in overall R&D has risen to around 20 percent 

according to the most recently available estimates. The 'knowledge augmenting' 

or 'knowledge exploiting' strategies of MNCs have led to setting up of increased 

number of R&D centres in physical proximity to their manufacturing units in 

India. These strategies seem to be driven by the 'pull' factors of MNCs as they 

seek substantial market share here. This strategy has been on the rise with the 
51

development of global innovation networks.

The American semiconductor major Texas Instruments (TI) set up a R&D facility 

in Bangalore in August 1985 and became the first global technology company to 

establish its presence in India. Ever since, India has been an integral source of 

intellectual property for big multinationals. Many foreign companies are patenting 

their R&D innovations in India and abroad. A large majority of these companies 

are of US origin. R&D outsourcing is carried out by major MNCs in India mostly 

for fragments of huge R&D projects initiated abroad. In the pharmaceutical 

sector, clinical trials are the most frequently outsourced R&D activity to India. 

According to The Economic Times (7 January 2013), “in a recent survey of R&D 

centres by McKinsey, two-thirds of executives say their companies are spending 

part of their 2011 R&D budgets in emerging economies with most focusing on 

the support of either product platforms sold in global markets, or innovation for 
52products made and sold in local, emerging-economy markets.”  

The major drivers of MNC R&D in India are lower development cost, rising 

technology intensity, rise in local demand for top of the line unique technology 

products/solutions, etc. A growing telecom and devices market, digitization of 

1.4. Contribution of Private and Multinational Companies



broadcasting services and a need to create health and education infrastructure in 
53

rural areas are creating the needs for India-centric technology products.

54India's industrial R&D spending in the year 2010 is given in the below.

34

Table 1: Industrial R&D spending in India - 2010

Company R&D Spend (USD  million) R&D Spend (% Revenue)

Tata Motors 397.8 1.50%

Prithvi Information 246.3 60.50%

Polaris Software 228.0 67.60%

BHEL 176.3 2.50%

Mahindra & Mahindra 157.2 2.50%

Lupin 112.7 9.30%

Infosys 112.0 1.90%

Reliance Industries 110.0 0.20%

Core Projects 96.2 53.40%

Bharat Electronics 67.2 5.90%
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in India

First chapter described the initiatives taken by the government for the growth of 

R&D in India. It also highlighted the core reasons that attract companies to set-

up R&D facilities – access to market, talent pool and cost reduction 

opportunities. These macro economic factors are important for the growth of 

R&D. But the success of R&D programmes depends upon the ability of these 

factors to support technology growth. Technology growth should be balanced 

between sectors and there is a need to address the issues across sectors 

concurrently for a sustainable development in the country. A case in point would 

be the recent breakthrough in the natural gas extraction process called hydraulic 

fracturing. Hydraulic fracturing which employs technologies such as horizontal 

drilling and drilling through deeper shale rocks using millions of gallons of water. 

This is possible through development of new and advanced materials. But a 

consequence of this drilling activity is the large amount of wastewater generated 

which needs to be treated before safe disposal. The technologies in the 

wastewater treatment sector 

need to progress at the same 

pace as  the  advanced 

materials developed for the 

drilling process. This will 

ensure that the wastewater 

generated by the hydraulic fracturing process can be safely treated, thus 

reducing environmental impact of the fracturing process. There are many such 

examples that require a holistic development of technologies across sectors for a 

sustainable future. This chapter does not describe the dependence of 

technologies across sectors, but provides a review of some key areas where 

technology development is required within the following sectors:

Information and Communication Technology (ICT) and Wireless

Water

Manufacturing

•

•

•

36

Holistic development of technologies 

across sectors is required for self 

reliance and sustainable future.
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Materials for Energy

Energy Storage

Bio Energy

Agricultural Biotechnology

Pharmaceutical and Healthcare

Quality Control

•

•

•

•

•

•

Information and Communication 

Technology (ICT) is evolving in India at 

an unprecedented rate and is seen as 

the core of economic growth. With 

the emergence of cloud computing, 

the applications and scope of wireless 

technology has opened endless opportunities. ICT has carved its way from 

national defence to individual homes, from multinational corporations to 

agricultural services, from forest divisions to security services and so on. In 2011, 

the ICT spending in India was forecasted to reach USD 71. 9 billion, a 10.3% 

increase from 2010 spending of USD 65.23 billion and is further expected to 
55grow to USD 95.5 billion by 2014 with a CAGR of 10.9%.  The 

telecommunications market, which is the largest IT market segment in India, is 

expected to reach USD 47.8 billion in 2013 in terms of IT spending. The telecom 

segment in India, a valuable division, accounting for 67 % of Indian ICT market, 
56is set to grow at 7 % revenue growth in 2013.  

The importance of being connected is gaining momentum and a recent survey 

estimated 2.7 billion people, almost 40% of the world's population, are now 

connected to the Internet. In the developing world, 31% of the population is 
57

online, compared with 77% in the developed world.

The wireless telegraph is not difficult to understand. The 

ordinary telegraph is like a very long cat. You pull the tail in 

New York, and it meows in Los Angeles. The wireless is the 

same, only without the cat.

– Albert Einstein

2.1 ICT and Wireless Technology 

Emergence of cloud computing 

has opened endless opportunities 

in wireless technologies.



With 41% of the world's households connected to the Internet, various 

governments are mulling over the idea of e-voting. With e-governance emerging 

even in the developing countries, consumer services are listed, tracked, and 

delivered with ease compared to traditional manual data logging.

The emergence of cloud computing in the ICT, promises to enhance public and 

private services in India and transform the way businesses are being conducted. 

Improvements in network infrastructure and economic solutions for satellite 

technologies will simplify access to cloud computing resources in remote parts 
59

of India.  In this age of instant connectivity, consumers are inundated with 

options of feature rich Smartphones. Allied with the Smartphone industry, the 

consumer electronics industry is going through a complete redesign cycle, with 

traditional products being upgraded with wireless features. Controlling home 

appliances and surveillance devices remotely via SMS are features in vogue. 
38

Figure 10:
58

 Internet users by development level (2003-2013*)
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Among wireless technologies, 

Zigbee is one of the few 

standards for low data rate 

applications. Now, we can find 

Zigbee solutions in most of the 

handsets. Bluetooth is also a commonly used platform for wireless data transfer. 

Bluetooth has recently announced BLT v4.0 with ultra low energy consumption 

that can run on button batteries for years. Other technology platforms like Global 

System for Mobile communication (GSM), Code Division Multiple Access 

(CDMA), and Wireless Local Area Network (WLAN) are also continuously 

reinventing themselves and have made a mark in the market. Most common 

applications for these technologies in industry are machine supervisory, remote 

data acquisition, health monitoring, wireless control, automation, and media & 

infotainment. Large MNCs who have set up operations in India are providing 

such wireless technology and silicon devices. India is emerging as a R&D 

destination for many of these organizations.

E-Choupal, an initiative by India Tobacco Company (ITC) Limited, takes the 

application of ICT to rural parts of India. It is amongst the first to link farmers via 

Internet for procurement of agricultural and aquaculture products. It helped 

tackle the challenges in the agricultural sector characterized by fragmented and 

remotely located farms, weak infrastructure links and the involvement of 

middlemen. Today, there are communities of e-farmers with access to daily 

prices and variety of crops and treatments enabling them to make an informed 

choice and get the best price for their yield.

Kanha National Park of Madhya Pradesh (MP) is another example of penetration 

of ICT and wireless technology. To ensure effective monitoring, the MP forest 

department developed a wild life management system wherein approximately 

27,000 officials are connected to a Central Data Base via Personal Digital 

Assistants (PDAs). They receive timely alerts on wildlife sightings and forest fires 

and thus efficiently gather and analyze data, share information and alert citizens 
60in case of catastrophe.

Listing applications of ICT and wireless technologies in defence is a daunting 

task. Access to authentic, secure and timely information is necessary for 

enabling the military personnel to take crucial decisions. ICT plays a crucial role in 

ensuring success of military operations. One of the applications of ICT is in the 

miniature, unmanned drones, which are used for surveillance. Defence 

personnel are able to control and direct these drones and their payloads sitting 

thousands of miles away. Another example is Unattended Ground Sensors 

(UGS), a non-intrusive infrared system, which alerts the computerized control 
61

systems and detects intrusion.

Low power devices and devices with 

higher duty cycles are needed for the 

future.



Though the Indian market is flooded with wireless solutions; there are some 

setbacks in implementation and adoption of these technologies. Cost of chipsets 

is one of the dominating factors to be evaluated, owing to ever increasing 

demand of cheaper products with extensive features. Chipset cost is 

dramatically reduced for high volumes, but designers and manufacturers have to 

pay very high prices for low volume customized chips. 

Another contributing factor is the power consumption. Low power device or 

devices with higher duty cycles are constantly being researched and developed. 

Efforts are also directed by the government to reduce power consumption in 

various ICT sectors. For example, to reduce the carbon footprint in telecom 

towers, the Telecom Regulatory Authority of India (TRAI) has issued directives 

requiring at least 50% of rural telecom towers and 20% of urban towers to be 
62

powered by renewable energy by 2015.  Efforts are also focused on elimination 

of congestion in existing network infrastructure. Improved network 

infrastructure, transparent policies and awareness will significantly improve 

technology adoption in India.

40

2.2. Water Technologies 

When the well is dry, we know the worth of WATER

– Benjamin Franklin

India has about 16% of the world's population and only 4% of water resource.  

With population of over 1.2 billion, the per capita water availability is around 3.2 
63

liters/person/day.  However the urban water demand is around 135 
64liters/person/day.  Table 2 shows the break-up of the urban water demand.

Table 2:
65

 Break-up of urban water demand according to IS 1172

Purpose Water demand (liters/person/day)

Bathing 55

Washing Cloths 20

Washing House 10

Washing Utensils 10

Cooking 5

Drinking 5
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The lack of availability of water and poor management practices have manifested 

in poor sanitation facilities, one among the biggest environmental and social 

challenges that India faces 

today. Severe water shortages 

have led to a growing number 

of conflicts between users in 

the agricultural, industrial and 

domestic sectors. The only 

way to meet the shortcomings is concerted efforts to use water more efficiently, 

mainly in three major sectors of consumption: agriculture, industry and 

municipal/domestic. The efforts should concentrate on treatment, recycling, 
66recovery and reuse of water.

In the agricultural sector, which accounts for about 85% of total water 
67consumption,  groundwater irrigation is the major contributor to water 

withdrawals in many river basins. At present, more than 60% of the total 

irrigated area is groundwater irrigated. The package of well-known measures 

include drip- and sprinkler-irrigation to control flood irrigation, integrated pest 

management, rationalization of fertilizer use, genetically modified crops for both 

rain-fed and irrigated lands, artificial recharge and scientific drainage systems to 

use rainwater efficiently. R&D efforts are required to determine proper fertilizer 

and pesticide ratios based on water characterization, crop and soil type. Efforts 

should also focus on developing economically viable sewage treatment 

technologies that can generate water that can be used for irrigation (with 

sufficient nitrogen and phosphorous content). 

In the industrial sector, the current focus is to treat wastewater so that the 

discharge limits set up by pollution control boards are met. The government also 

provides subsidies to clusters of industries for installation of common effluent 

treatment plant (CETP). Unfortunately, out of 78 CETPs installed till 2005, only 5 
68

CETPs were pollution control board norms compliant.  The failure is mostly due 

to the installation of conventional wastewater treatment systems, which cannot 

treat the recalcitrant compounds and total dissolved solids (TDS). Hence, 

research is required to develop low cost treatment technologies for degradation 

of recalcitrant compounds (like dyes, pesticides, insecticides, poly-aromatic 

hydrocarbons, etc.). To attain the recycling of treated water, TDS removal is also 

essential. The current technologies for TDS removal are either expensive or 

ineffective and hence a cost effective TDS removal technology is urgently 

needed. 

In fact, the approach should not be to treat wastewater to discharge limits but to 

treat it in such a way that reusable water is generated. This will involve R&D 

efforts to develop low cost technologies which can recover/convert the 

contaminants to value added products and water that can be reused again for 

either industrial or other purposes.

Treated reusable wastewater can 

alleviate water shortage.



In municipal/domestic sector water is presently treated at various treatment 

plants and distributed to residential areas after chlorination. However, recent 

literature has shown generation of carcinogenic by products resulting from 

chlorination. Hence, R&D is required for developing cost effective non-chlorinated 

disinfection technologies. Further, in rural India, most people utilize groundwater 

for domestic purposes. The groundwater in most parts of India is contaminated 

with various compounds like arsenic, fluorides, nitrates, etc. Hence R&D is 

needed to develop technologies for treatment of groundwater. Another 

possibility is treatment of seawater so that water of drinkable quality can be 

obtained. Current desalination technologies are not very cost efficient 

emphasizing the need for the development of new cost effective desalination 

technologies.

The sewage generated from household activities can be collected and treated so 

that water from the sewage can be recycled after proper disinfection for potential 

use in agricultural activities, gardening, flushing, etc.

In broader terms, India cannot afford wastage of water. Therefore, R&D efforts 

should concentrate on developing technologies for treatment, recycling, 

recovery, reuse and efficient use of water.
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2.3. Manufacturing Technologies 

Quality is never an accident. It is always the result of 

intelligent effort.

– John Ruskin

India is a manufacturing hub for several global companies. In a competitive 

market like India, one of the biggest challenges faced by these companies is to 

understand the fast changing landscape of the market and design, development 

and manufacturing processes to create products for the local customer. In order 

to maintain their market position, companies are relying on insights from the 

local market for manufacturing of products. For this reason, quite a few global 

companies have set up or plan to set up R&D facilities in India to support their 

manufacturing plants. 

There are many examples of global companies setting up R&D facilities, or 

forming R&D teams involving Indian scientists and engineers, working together 

with their global counterparts for manufacturing products that cater to the Indian 

markets. These manufacturing companies are conducting research in India to 

reduce the cost of development, ensure faster response to local customers, and 

employ low cost – high skilled labour. Some examples include, Huawei 
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Technologies – a manufacturer of telecom equipments planning to set up a new 

R&D centre in Bangalore with an investment of USD 150 million (about INR 813 
69

crores) in the second half of 2013.  Yamaha Motor Pvt. Ltd recently set-up their 

fifth global R&D centre in India, after facilities in Italy, Taiwan, China and 
70

Thailand.  Indian companies are taking initiative and have started ramping up 

their R&D efforts. The Tata group has spent around USD 2 billion, or roughly 2% 
71

of its overall revenue on R&D in the financial year 2012-13.

The National Manufacturing Policy introduced in 2011focuses on developing India 
72

as a manufacturing hub. Some of the key points of the policy are:

Increasing the growth of manufacturing sector to 12-14% over the 

medium term 

Increasing the rate of job creation in manufacturing to create 100 million 

additional jobs by 2025

Increasing 'depth' in manufacturing, with focus on the level of domestic 

value addition, to address the national strategic requirements

Enhancing global competitiveness of Indian manufacturing through 

appropriate policy support

Ensuring sustainability of growth, particularly with regard to the 

environment. 

If India needs to sustain a 

growth of 12-14% in the 

manufacturing sector and 

create the required depth in 

manufacturing, innovative 

applied R&D and technology 

development is an inevitable aspect. Technology development plays a key role in 

the growth of manufacturing sector. According to the survey conducted by R&D 

magazine in 2012, 18 firms out of top 50 by R&D spending were from the United 

States. All these firms have strong leadership in manufacturing R&D and most of 

them conduct collaborative R&D with academics, other private companies, 

federal laboratories, and private research organizations. The overall growth of the 

world economy continues to spur manufacturing, but companies which 

continually discover ways to reduce costs and tightly couple all activities along 

the value chain have a chance to succeed in the fiercely competitive world. 

Manufacturers are squarely addressing these challenges by thinking out-of-the-

box to optimize manufacturing processes and identify afresh controllable cost 
73

centres.

•

•

•

•

•

Automation and environmental 

sustainability are the key focus areas for 

manufacturing companies.



With increase in manufacturing, needs for reduction in overheads, surviving 

market competiveness and providing better product quality to the end customer 

has increased considerably. Following are two major areas where R&D would 

contribute to the development of manufacturing industry:

Process control and automation at every step to deliver defect-free 

quality products

Environmental sustainability by recovering value from waste and tapping 

waste heat 

Global companies extensively leverage automation to ensure productivity, 

improve plant availability, product consistency and quality; they look upon 

automation as a business enabler and not as a technology enabler. Significant 

growth potential in the automotive segment, automotive sales and exports, 

sustained interest toward electronics manufacturing, and increasing investments 

in consumer packaged goods, among others, stand out as prominent examples 
74

of the underlying potential of implementing automation in the industrial sector.  

Major end users of automation technology will continue to be power, oil and gas, 

food and beverages, pharmaceuticals, automotive and other sectors as they 

continue to provide significant growth potential. Other industries such as 

consumer packaged goods (CPG), electronics, and textiles are also expected to 

generate significant demand for automation in the coming years. Advances in the 

automation and control solutions space are also expected to maintain the same 

pace as evolving end-user challenges. The total automation and control solutions 

market in India, which generated USD 1,352 million in revenues in 2011, is 

expected to generate USD 2,077 million in 2015 with a Compound Annual 
75Growth Rate (CAGR) of 11.3 percent.

One key aspect about automation, which applies to every manufacturing 

technique, is the ability to sense, measure and control the process. 

Manufacturers are looking for sensors that will predict end of life of equipment in 

a factory and thereby notify the customer to troubleshoot or replace the 

equipment before it starts producing erroneous parts. The ability of sensors to 

monitor the products from its inception to delivery is extremely important for 

manufacturers. Since the capital investment required for setting up 

manufacturing lines for new equipment is extremely high, manufacturers are 

willing to invest in sensors and automation to ensure that the old machines keep 

producing as per the requirement.

Environmental sustainability is another key driver for manufacturing R&D. 

Manufacturers are investing heavily on technologies which can recover value 

from waste material and also reduce their energy expenses by implementing 

energy efficient solutions. Manufacturers investing in R&D in these areas are not 

•

•

44
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only looking to go green, but also cash upon the opportunities presented by 

these technologies. They are actively pursuing opportunities to recycle the 

material derived from the product that is at the end of its life, back into the 

manufacturing process or develop new products from that material. 

Few companies surveyed for this report were putting plastic waste from 

manufacturing facilities to some creative use. One such company used recycled 

plastics for construction material, while another company used non-recyclable 

plastic for energy generation using a clean gasification process. Automotive 

industry in India, which is heavily manufacturing based, is focusing on use of 

alternative materials or different joining methods to reduce weight of the vehicle 

and make cars more fuel efficient. Processing companies are devising methods 

to be energy efficient, by harnessing energy from sub critical steam and tapping 

into other sources of waste heat. 

General Motors (GM) practices maximize the value of leftover materials by 
76recycling of steel parts:

Automaker General Motors (GM) makes around USD 1 billion every year 

by recycling its waste. When an automaker's stamping press cuts the 

shape of a car door out of a flat sheet of steel, there's a large hole 

reserved for the window. In most auto factories, the leftover steel 

cutouts are stacked up, and then sold to a foundry, where they are 

melted with other bits of steel and converted into scrap metal. That's 

one way to recycle, but the melting and reprocessing of steel costs 

money and consumes a lot of energy. GM sees those leftover steel 

cutouts (roughly four feet square) as a marketable commodity. It sells 

them directly to a local steel fabricator, which uses them to stamp out 

small brackets for heating and air conditioning equipment for other 

industries, skipping the foundry altogether. Everyone benefits: GM 

maximizes the value of that leftover material; the fabricator saves money 

buying scrap steel, and the environment is spared from additional 

greenhouse gas emissions from a foundry.

R&D needs in the manufacturing sector are emerging in all types of industry.  All 

manufacturing sectors are looking at alternatives for production of highest quality 

products and reduction in costs of processing and recycling of wastes. With 

global companies opening up their R&D centres in India, local manufacturers are 

also pursuing services from external R&D centres or government laboratories for 

development of better products and processes.



2.4. Materials for Energy

I n d i a ' s  o p p o r t u n i t y  f o r  

development emerges from the 

wealth of natural resources and 

mineral reserves present in the 

country along with highly skilled 

man power. Energy security is 

the basic requirement for 
77,78

sustained economic development and growth for India.  Innovation in materials 

required for energy generation, utilizing the natural resources available within the 

country, is a fundamental need to gain energy security. Hence, research focus 

should also be on materials needed for effective transmission and distribution of 

power along with generation and storage. 

Before looking into various possibilities of research in materials for energy, it is 

important to understand the current installed power generation capacity in 

various sectors in India. As shown in Figure 11, majority of power in India is coal-

based.
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 Installed power generation capacity in India, 2013

Considering the long term environmental impact of coal-based power generation, 

a paradigm shift towards cleaner power generation using nuclear and renewable 

technologies is a need of the hour. Table 3 summarizes the import status on 

various energy sources by India and the estimated availability of raw materials for 

power generation within India as of 2012.

Multi-disciplinary research to combine 

emerging concepts in nanotechnology 

with fundamental metallurgical 

chemistry is a way forward.
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Table 4 shows a brief summary of potential for energy generation through 

available natural resources within India and specific materials research required 

in various fields. 

Table 3: India's import status and available resources for energy generation

Source of energy Import Status (2011) Available Resources/Power

generation potential (2012)

Oil and Other Liquid Fuels ~ 912 million barrels 5.5 billion barrels 
th(4  largest in the world)

Natural Gas ~ 600 billion cubic feet 43.8 trillion cubic feet 

Unconventional hydrocarbons - Between 9 and 92 trillion 

(e.g. Coal bed methane) cubic feet

Coking Coal ~ 100 million short tons 66.8 billion short tons

(in 2010)

Biomass - 500 million metric tons 

per year

Table 4: R&D requirements in the areas of materials and metallurgy

Type of Energy Materials Requirement/R&D Scope

Fossil fuels Materials that can withstand harsh (high temperature, highly 

corrosive and erosive) environments in coal gasifiers  

· Develop ceramic based coatings for the conventional materials 

that will help extend the life of infrastructure made out of 

conventional material

Catalytic materials that will help burn coal efficiently 

Fuel Cells In the case of Solid Oxide Fuel Cells (SOFC) – it is required to 

develop materials that are compatible over long periods with the 

high-temperature operations

Technologies to indigenously produce Ceria-zirconia based 

materials from raw materials and mineral reserves present in India   

In the case of Proton Exchange Membrane (PEM), innovative 

catalysts for fuel processing  

Innovative materials such as glass sealants for balance of plant 

applications

•

•

•

•

•

•

•



The list included in the table above, is just a tip of an iceberg when it comes to 

identifying the R&D needs in the materials required for effective energy 
80

generation, storage and distribution.

It is evident from the data in the table, that there is a pressing need for 

revolutionary innovations in materials at various levels. Cross-breeding through 

multi-disciplinary research to combine emerging concepts in nanotechnology to 

fundamental metallurgical and chemistry knowledge in India is a way forward.  It 

is also equally important to indigenously develop extraction and processing 

technologies required for effectively utilizing the natural resources and mineral 

reserves available in India.  
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Type of Energy Materials Requirement/R&D Scope

Solar Cells Engineering materials with tunable band gaps is a premier 

requirement

Various organizations are focused on innovative concepts to realize 

thin film solar cells with desired efficiency

Considering the interest in titanium oxide based dye-sensitized solar 

cells, it is essential to develop technologies that can effectively 

extract titanium oxide from indigenous ores such as illemenite

o India is expected to have ~ more than 20% of the global illeminite 

ore 

Off-shore Wind Composite materials used for manufacturing defect-free blades with 

erosion resistance and long life with resistance to irregular loading 

and harsh environment

Nuclear Both fusion and fission based nuclear power generation need unique 

set of materials for containing the fuel

For oxide dispersion strengthened (ODS) steels, used for cladding in 

fast breeder reactors, research to avoid anisotropy in mechanical 

properties, fabrication processes for thick walled structural sections 

and efficient metal joining techniques demand intense materials 

research

Biomass Catalysts to effectively burn the bio-mass, 

Catalysts to reduce soot,  environmental pollutants 

Ceramic based materials for effectively capturing the pollutants from 

entering the environment  

•

•

•

•

•

•

•

•

•
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India’s energy consumption and demand are likely to increase significantly due to 

population explosion, rapid urbanization, and economic growth and improved 

standards of living of millions of Indian households. Therefore, apprehensions 

that the resource supply crunch will arise and severe energy shortage could 

occur are reasonable. As per the report of the working group on power for 12th 
81

Five Year Plan, Ministry of Power, Govt. of India,  the energy demand (with 9 % 

GDP growth rate), would reach 1,403 billion units (BU) by 2016-17 (12th plan end) 
thand 1,993 BU by 2021-22 (13  plan end) with peak load of 1,97,686 MW (by 2016-

17) and 2,89,667 MW (by 2021-22) respectively. This would lead to a requirement 

in capacity addition summing to a total of 75,785 MW (including thermal, hydro 

and nuclear power). In line with the low carbon growth strategy, priority has been 

accorded to renewable energy source based hydro and nuclear generation 

capacity. In addition, as per inputs from Ministry of New and Renewable Energy 

(MNRE), an additional grid interactive renewable capacity of 18,500 MW (from 

wind, small hydro, biomass power, bagasse cogeneration and waste to energy 
82put together along with solar) is planned for the 12th plan.

Renewable energy resources 

will play an important role in 

meeting the future energy 

demand of India. The only 

challenge with renewable 

sources of energy is their 

in termi ttent  nature .  The 

variable nature of these 

renewable sources causes significant challenges for the electric grid operators. 

This is because other power plants (usually fossil fueled power plants) need to 

compensate for the variability. For example, during the day, wind power can be a 

few MW at some moments and only a few kW and even zero at others. 

Intermittency and variability in wind generation output due to sudden shifts in 

wind patterns can lead to significant imbalances between generation and load 

that results in shifts in grid frequency. Similarly, solar power is generated only 

during the daytime (6-8 h) and varies when clouds pass by or if there is dust 

2.5. Energy Storage

If you want to find the secrets of the universe, think in terms 

of energy, frequency and vibration.

– Nikola Tesla

The intermittency and variability in the 

continuous supply of energy from 

renewable resources calls for 

advancements in electrical energy 

storage.



accumulation in the atmosphere. To smooth out the intermittency of renewable 

energy production, electrical energy storage (EES) becomes necessary. 

Electrical energy storage is a valuable approach for improving the reliability and 

utilization of the entire power generation, transmission, and distribution system. 

EES can be deployed for providing many grid services, including a set of ancillary 

services such as (1) frequency regulation and load following, (2) cold start 

services, (3) contingency reserves, and (4) energy services that shift generation 

from peak to off-peak periods. For example, employing appropriate energy 

storage technologies with solar systems in India can reduce stress on the grid 

and optimize overall system resources. Grid-tied photovoltaic (PV) system 

integrated with storage can allow for the sale of excess energy to the grid. 

Energy storage can also play an important role in optimally sizing the solar PV 

systems for off-grid usage. In addition, it can provide services to solve more 
83,84 localized power quality issues and reactive power support.

Performance specifications and requirements of the electrical energy storage 

systems for grid use depend on applications which vary with power and energy 

ratings, energy to power ratios, cycle life, discharge time, etc. For example, 

energy management systems require systems which can store up to a few 

MWh energy at rated powers for long duration (few hours). Frequency regulation 

applications require only a few minutes of storage time. However, high cycle life 

is the requirement as the system is likely to encounter multiple discharge events 

during the day. High discharge rates or high current densities are important, 

although the state-of-charge (SOC) of the storage system typically will not move 

over a wide range. Figure 12 summarizes the power ratings and storage time 

requirements for various grid based applications. Apart from the technical 

parameters mentioned, 'installation and life cycle costs', reliability, durability and 

safety of the energy storage systems must be addressed for grid applications 

mentioned. EES must have a long cycle life (4000 + cycles), large calendar life 

(15+ years) and minimum maintenance and safety requirements for low life cycle 

cost. 

50
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The energy storage technologies for renewable energy and utility applications 

can be classified based on the methodology in which the energy is stored, either 

by direct storage means or by conversion to other forms of energy (as shown in 
84

Figure 13).  Among all the technologies available, the most researched and 

matured energy storage technologies for renewable and utility applications are 

electrochemical energy storage technologies. These can store energy efficiently 

in chemicals and release it reversibly as per the requirements of the load. There 

are a large number of battery technologies developed in the past few decades 

and continue to be researched across the world. Summary of incumbent as well 

as emerging technologies which are being researched are summarized in Table 5. 

Figure 12: Grid storage applications: power ratings and discharge time 

requirements

Figure 13: Classification of energy storage technologies for grid applications
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To absorb high technology, the indigenous R&D base is important to understand 

the various technicalities involved to apply the same to Indian environment. There 

is a need for collaborative research between research institutions, academia and 

the power sector to bridge the gap between the knowledge and rapidly changing 

technologies to implement the best energy storage technologies for the Indian 

scenario.

An important step towards this ambitious goal is the establishment of 

SERIIUS—the Solar Energy Research Institute for India and the United States co-

led by the Indian Institute of Science (IISc) Bangalore, India, and the National 

Renewable Energy Laboratory (NREL), Golden, Colorado, USA. SERIIUS 

identified Solar Energy Integration (SEI) as one of the major research thrust area. 

The two key activities in this thrust are:

Road-mapping and Assessment: Analyze the necessary market, policy, 

and technology data to develop roadmaps for the bankable deployment 

options for solar electric conversion.

Solar Energy Integration (SEI) and Storage Analysis: Quantify the 

interactions of a diverse set of solar electric generators on the grid in 

India, predict optimum deployment and interconnection, and validate the 

modeling. Look at the impact of localized storage and validate with test 

systems.

•

•
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Table 5: Battery technologies for grid storage

Battery Technologiesfor Grid Applications Description

Lithium Ion

Lithium cobalt oxide

Based on Lithium ion intercalation and deintercalation during 
charge-dischargeLithium iron phosphate

Li4Ti5O12–LiFePO4

Lead Based Lead acid Oldest chemistry based on Pb-PbO2 electrochemistry in H2SO4

Sodium ß-Alumina   
Na-NiCl2 (ZEBRA)

Use high Na+ conducting ß’’-Al2O3 membranesat elevated 
temperatures, 
Molten sodium anode and cathode as S/Na S  (molten) or solid 2 x

metal halide
Na-S

Lithium-Sulfur Li-S
Lithium dissolution from the anode surface (and incorporation 
into polysulfide) during discharge, and reverse lithium plating to 
the nominal anode while charging

Redox Flow 
and   

Liquid metal

Vanadium-redox
In redox flow batteries,electrolyte containing one or more 
dissolved electro active species flows through an  
electrochemical cell that reversibly converts chemical energy
directly to electricity

Hydrogen-bromine

Zinc-bromine

Iron-chromium

Mg-Sb (Liq. metal)
Electrolytes and electrolyte in liquid state (separated by specific 
gravity difference)

Other Ion chemistry

Sodium ion
Sodium intercalation battery that stores energy in the form of 
sodium intercalated in cathode.

Magnesium ion
Stores the energy in form of a divalent cation intercalated in a 
cathode for larger volumetric specificenergies

Metal-Air
Li-Air Anode is a made from pure metal and the cathode connects to 

an inexhaustible supply of air(oxygen).  Energy densities are 
limited only by design.Zn-Air

Other
Lead-carbon and Lead -
carbon ultracapacitor

Lead anodes partially or fully replacedwith carbon to improve 
power densitiy and cycle life
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A project under the SEI is on integration and energy storage involving tasks as 

listed below:

Task 1: Grid analysis and solar energy integration into the grid

Task 2: Energy storage analysis and technology development

Task 3: Decentralized and rural applications

Other collaborative effort towards energy storage research was established 

between Research Council of the United Kingdom (RCUK) and the Department 

of Science and Technology (DST), India. The RCUK-DST, during its interaction 

meeting on 'Smart Energy Grids and Energy Storage Research Challenges' Bath, 

UK – June 2012 identified four research areas of significant interest to both India 

and UK. Among them, the most significant area is 'Appropriate distributed 

storage technologies.' RCUK and DST expect to commit up to £5 million each, on 

research programmes of up to three years in length. This challenge looks at 

community and building scale storage for thermal and power applications. 

86Description of this focus area is listed below:

Flexibility of output (short, medium and long term) including the 

hybridization of technologies (electrical, electrochemical, mechanical and 

thermal) 

Optimization of storage technologies (including safety, reliability, asset 

lifetime, sustainability, round trip efficiency) 

Understanding performance targets, business models and roll out 

Associated system modeling, analysis and manufacturing.

Potential drivers for development of energy storage technologies are the 

requirements in the following sectors apart from the need for India to attain 

energy security and overcome energy deficit. These sectors are (i) Telecom, (ii) 

Transportation, (iii) Agriculture, (iv) Defence, (v) Microgrids and rural 

electrification, (vi) Solar and wind based technologies off grid and small 

applications, (vii) Building energy systems and townships, (viii) Consumer 

electronics and other commercial and industrial applications. The requirements 

for energy storage for these users vary from few microwatt-hours to megawatt-

hours with varied power density requirements requiring storage from few 

seconds to days. To implement these varied specifications, research should focus 

on newer electrochemical storage technologies, associated materials and 

systems. 

•

•

•

•

•

•

•



Based on the requirements in each sector, R&D efforts need to be focused 

towards development of nanomaterials which will provide high specific energy 

densities, high specific capacity, better coulombic efficiency, larger discharge 

time and safer battery/electrochemical storage chemistries at low operating 

temperatures and lower cost. R&D efforts are also essential in development of 

power conditioning modules and thermal management systems for integrating 

with the electrochemical energy storage systems.
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2.6. Bio-Energy

We've got to look at the energy sources of the future, like 

wind and solar and biofuels, and make those investments

– The Times of India

Energy plays a pivotal role in the economic development of every country, and its 

demand will rise considerably in the future. It is expected that approximately 669 

million tons of coal, 234 million tons of crude oil, 223 million tons of firewood 

and 67 billion cubic meters of gas will be required to meet India's demand for 

energy in 2020. Consumption of fossil fuels, the cost of which will increase 

significantly as time passes, must be significantly reduced for three main 

reasons; energy security, human health and climate change mitigation. Thus, 
87cheaper renewable sources must be found for domestic purposes.

Compared to all other renewable energy sources; agricultural, industrial and 

municipal solid waste offer vast potential under Indian conditions. This is due to 

the wide range of residues available in different agro-climatic regions of the 

country. Generation of biomass based energy is ideal for agriculture based 

countries such as India, Sri Lanka, Pakistan, Europe and Africa, where there is a 

huge availability of agro-forestry waste. It is estimated that around 500 million 

tons of agricultural and forest residues and about 50 million tons of industrial 

waste consisting of press mud, food & fruit processing waste, willow dust, 

spent wash and others are generated annually. All this bio-waste can be tapped 

for large amount of high energy fuels and be efficiently used to replace firewood, 

coal, liquid fuel and gas, by means of appropriate processing. Bio-energy can be 

obtained in various forms such as, bio-gas, bio-pellets, bio-diesel, bio-ethanol, 

bio-oil, pyrolysis-oil, bio-coal, or bio-power. Figure 14 shows how different type of 

feedstock can be converted into different energy products. Bio-energy offers 

several economical and environmental advantages: 

Economic Advantages: Cost savings, waste-to-wealth, rural development, 

and ease of storage makes bio-energy very attractive for exploitation.

•
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• Environmental Advantages: Bio energy is carbon neutral, is obtained from 

renewable resources, and would result in more utilization of land for 

cultivation and energy harvesting than leaving them barren.

Bio-energy is one of the most promising alternatives that can help meet India's 

energy needs. It also holds a great potential to meet the rural energy needs of 

the country. In India, a number of innovative policies and programmes have been 

formulated to promote bio-energy technologies. However, according to some 

preliminary studies, the success rate is marginal compared to their potential. This 

limited success is a clear indicator of the need for a serious reassessment of the 

bio-energy programmes on the whole.

Figure 14: 88 Biomass to energy conversion technologies

Some of the challenges that need to be overcome for successful deployment of 
89bio-energy programmes are:

a. Absence of effective institutional and financing mechanisms at national, 

regional and local levels 

b. Absence of commercial and service networks (for collection, 

transportation and delivery of biomass fuels)

c. Lack of adequate policy and regulatory framework
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d. Lack of technical capacity (technologies are not yet fully standardized, 

packaged, documented and validated as they are in early stages of 

commercialization)

e. Absence of effective information dissemination (availability of limited 

information, lack of proper dissemination capacity of project developers 

and promoters)

f. Limited experience in successful technology commercialization models 

g. Long gestation period

h. Fuel supply risks (function of rainfall, harvesting effectiveness and 

productivity), operational risks, lack of infrastructure, lack of working 

capital.

Advancement in biomass energy sector rely heavily on development of 

technology in two areas - biomass production practices (which includes soil 

preparation, planting, harvesting technologies, using variety of biomass 
90

feedstock, etc.) and energy conversion technologies.  Development of improved 

harvesting and post harvesting technologies has also contributed to reduction in 
91production cost of biomass energy.  Technological advancements in biomass 

energy conversion comes from three sources viz., enhanced efficiency of 

biomass energy conversion technologies, improved fuel processing technologies 

and enhanced efficiency of end-use technologies. Versatility of modern biomass 

technologies to use variety of biomass feedstock has enhanced the supply 

potential. Reduced capital expenditure due to smaller sized, more distributed 
92

plants and co-firing with other fuels has also opened up additional applications.

Though bio-energy is beneficial, its use so far is not satisfactory. Insufficient 
93investment in the biomass sector is seen due to the following reasons:  

a. Price of biomass per GJ is 1.5 times higher than price of coal in India 

(INR.72/GJ compared to INR 48/GJ). It costs around 1.33 times more for 

a biomass plant than thermal power plant. Evidently electricity derived 

from biomass plants is costlier.

b. Biomass with high calorific value (> 4000kcal/kg) is not abundantly 

available.

R&D growth in bio-energy is 

essential and some of the key 

drivers for biomass energy 

research in India include 

demand-supply gap with 

increase in population, large 
56

Bio-energy is a promising alternative to 

meet rural energy needs in India.
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untapped potential, concern for environment, need to strengthen India's energy 

security, pressure on high-emission industry sectors from their shareholders, a 

viable solution for rural electrification, narrowing scale difference between coal 

and biomass plants, and improved plantation practices. To enhance biomass 

productivity, the Ministry for New and Renewable Energy (MNRE) is supporting 

9 research centres in 9 (out of 14) different agro-climatic zones in India with an 

aim to develop practices of fast growing, high yielding and short rotation (5-6 
94years) fuel wood tree species for the degraded waste lands in these zones.  As 

part of its long term vision to promote biomass based projects, the Indian 

government has allocated resources to execute such projects in PPP (Public 

Private Partnership) mode through three different instruments; viability gap 
95funding, repayable grant, and low cost capital.  Development of pilot and 

demonstration projects in biomass sector need to be carried out quickly with the 

support of initial investment. 

Bio-energy has the potential to provide solutions to climate change, energy 

security, global warming, elimination of waste, deforestation, employment 

generation, rural development, productive land use and so on. As bio-energy 

gains popularity, availability of biomass/feedstock will limit its deployment in long 

run. Thus, policies in favor of increased agriculture productivity and forestry are 

needed. Success of bio-energy is largely dependent on policy making and its 

timely amendment, availability of cost-competitive bio-fuels and use of advanced 

technological solutions. This requires successful co-ordination between 

government, industry and other stakeholders to establish a framework conducive 
96

to investment in bio-energy.

2.7. Agricultural Biotechnology 

Your Farm Tells a Story 

– Dow AgroSciences

After the major success of the 

green and white revolutions, 

India now is moving towards 

g e n e  r e v o l u t i o n .  G e n e  

revolut ion is agr icultura l  

biotechnology that involves 

production of transgenic or 

genetically modified (GM) varieties in crops and livestock that have high yields, 

better quality and better resistance to pests and diseases. The reasons to adopt 

Though genetic modification of crops 

looks promising, acceptance of the 

technology for food crops still remains a 

farfetched goal.



biotechnological methods in agriculture are the ever rising population, 

malnutrition, shrinking land and water resources and rising environment 

problems. Over the years due to continuous cultivations and increased use of 

fertilizers, soil fertility has reduced considerably and problems like eutrophication 
97have come up.  It is predicted that, in 2020 India would need 284 million tons of 

food grains, 160 million tons of vegetables, 97 million tons of fruits and 69 million 
98

tons of oilseeds, all of which are substantially higher than the current demand.  

Due to the shortage of cultivable land, it is necessary to research and adopt 

higher yielding technologies to meet the increasing demand for food. 

Agricultural biotechnology is a promising approach to revolutionize Indian 

agriculture overcoming its current challenges. The main objective of agricultural 

biotechnology in India is to increase the total production of food (plant based and 

animal based), eradication of malnourishment and reduction of impact on 

environment. All this can be achieved through genetic engineering by production 

of: 

Biotic and abiotic stress resistant crops/livestock

Fortified crops/dairy/poultry products

99Higher yielding crops/livestock.

Cognizant of the challenges in Indian agriculture and recognizing the potential of 

biotechnology, the Government of India established the Department of 

Biotechnology (DBT) in 1986 to provide research and human resource 

development in crop biotechnology. There are a number of ongoing agri-biotech 

projects under DBT and the future of biotechnology looks bright in the agriculture 

market in India. Table 6 gives a list of projects currently being undertaken by DBT. 

•

•

•
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Table 6:
100 Some of the projects currently undertaken by DBT

Biofortification of rice, wheat and maize for micronutrients through conventional breeding 

and transgenic approaches

Development and evaluation of salt and drought tolerant transgenic rice

Fruit and Shoot Borer Resistant Eggplant

Development of transgenics crops – cotton, rice, mungbean and tomato resistance to 

biotic stresses. In cotton, cotton bollworm, CLCV (Cotton leaf curl virus); in rice – RTSV ( 

rice tungro spherical virus );in mungbean MYMV ( mung bean yellow mosaic virus );and in 

tomato TLCV (Tomato leaf curl virus)

Development of varieties with durable resistance to leaf and stripe rust using molecular 

marker technology in wheat
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At present in India the only commercially produced GM product is Monsanto's 
101 

Bacillus thuringiensis cotton (Bt cotton). Bt cotton has genes from the bacteria 

Bacillus thuringiensis which renders it the property of insect resistance. Due to 

the introduction of Bt cotton the total consumption of pesticides in cotton 
102cultivation in the country has gone down by 33%.  However, Monsanto's Bt 

cotton also needs further research because of the development of Bt cotton 
103

resistant pests.  After the super success of Bt cotton, next in the row for 

commercial cultivation was Bt brinjal. Since Bt brinjal would be consumed by 

people directly, several biosafety issues were raised and Bt brinjal still awaits 

approval for its commercial cultivation. 

While genetic modification in crops looks promising, the acceptance of 

genetically modified sources for food still remains a farfetched goal in India. GM 

source of food has become a debatable issue in India. The opponents of GM are 

of the view that consumption of GM food will lead to the entry of the genetic 

modification in the food chain and can result in genetic defects in the 

subsequent generations. Hence, their argument is that the health risks posed by 

GM sources seem far more than its benefits. The proponents of GM however 

claim that GM sources of food are completely safe. In the case of Bt cotton, the 

byproducts of Bt cotton have been used as food, as well as, in feed. The cotton 

seed oil from the Bt cotton seeds has been consumed by humans and the oil 

cakes have been fed to the farm animals. And hence, the genes of Bt cotton has 

already entered the food chain in India and there are no safety issues so far. The 
104GM proponents are of the opinion that when almost 58 countries  in the world 

have accepted GM food products for consumption, why is India lagging behind? 

The pros and cons of GM technology have to be clearly understood before taking 

any decision. This requires educating the stakeholders including the consumers, 

farmers and policy makers about biotechnology and its potential applications 

particularly in agriculture. India needs to set up facilities dedicated for conducting 

acceptable biosafety experiments on GM food. All this is necessary to make 

optimum use of the huge pool of talent and biotechnological resources available 

in India. 

The Government of India is promoting agricultural biotechnology and is actively 

investing in several new projects. Today's scientists are highly interested in 

taking up agri-biotech as field of study. But the real value of these research 

projects can be realized only when there is a clear, identified path to market. 

Hence it is very important that field trials are done and biosafety concerns are 

addressed fully with conclusive results. Compared to other developing countries 

the transition from green revolution to gene revolution is slow in India but the 

effort should not stop.



Research and development activities in the Indian pharmaceutical and allied 

sectors are on the rise. Analysis of the technology, market landscape and R&D 

needs for this sector can be divided into two distinct segments as follows: 

1. Pharmaceuticals

2. Medical devices and diagnostics

The market segmentation of the healthcare industry in India is depicted in the 

Figure 15.
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2.8. Pharmaceuticals and Medical Devices & Diagnostics

I don't expect to get yesterday's medicine. If I can help it, I'd 

like to get tomorrow's medicine

– Elizabeth Edwards, American Attorney; 

Novelist and Health Care Activist

Figure 15: Revenue split by healthcare sectors in India

Indian Pharmaceutical Sector

Pharmaceutical industry is one of the fastest growing sectors in India. The 
105

domestic pharmaceutical market, estimated to be worth INR 728 billion,  is 
106 expected to grow at CAGR of ~14.5% till 2020. Rising income levels, increase 

in chronic diseases, better medical infrastructure, wider health insurance reach 

and supportive healthcare policies are driving the growth in domestic market. 

India exported pharmaceutical products worth USD 14.5 billion in 2012-13, 
107increasing at CAGR of ~10.6 for past 5 years.  Indian pharmaceutical industry 

thrives on the strong generic medicines production capability of private sector 
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companies, who have mastered the art of reverse engineering. The global patent 

cliff and recent changes in healthcare policies of developed countries provide 

unprecedented opportunities for affordable Indian generics. Pharmaceutical 

Export Promotion Council of India is targeting to increase exports to USD 25 
108billion by 2014-15.

R & D  i n  p h a r m a c e u t i c a l  

industry, a high risk and capital 

intensive area, is the key to 

growth and is at nascent stage 

in India. Policies under Indian 

Patent Act 1970 and capabilities built by public sector pharmaceutical companies 

led to establishment of a strong bulk drug industry in India. Globally, on an 
109

average, pharmaceutical companies spend 16% of revenues in R&D.  But, 

according to annual report for 2011-12 issued by Department of Pharmaceuticals, 
110domestic companies invested only 4.5% of revenues in R&D in 2010.

Public Private Partnerships provide 

avenues for risk sharing and better 

collaboration.

Figure 16: R&D Expenditure by Indian domestic pharmaceutical companies 
111

as % of sales

Presently most of the pharmaceutical R&D is carried out by private sector 

companies, with major R&D spenders like Dr. Reddy's laboratories, Glenmark 

and Piramal enterprises spending 7-8% of total income in 2013 in R&D 
112,113,114 activities. Due to presence of large market for generics abroad, domestic 

R&D efforts are mainly aligned towards reverse engineering and developing 

alternate manufacturing processes for existing drugs, and there has been less 
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impetus for developing new chemical entities (NCEs). Innovation and R&D 

activities got a boost post implementation of 'Agreement on Trade Related 

Aspects of Intellectual Property Rights (TRIPS)' in 1994 and strengthening of 

Indian patent laws by amendments made in 2005. Indian firms started venturing 

into new drug development and collaborating with MNCs to develop 

competence in all aspects of drug development. Out-licensing of new potential 

molecules to MNCs was once viewed as a profitable business model but 

domestic players became cautious of the required R&D investment, when 
115 couple of promising molecules failed in pre-clinical and clinical trial stages.

With stronger intellectual property protection regime in place since 2005 and 

favorable environment for foreign investment in pharmaceutical sector, MNCs 

are progressively exploring opportunities in India. String of acquisitions and joint 

ventures between Indian and foreign pharmaceutical companies in recent years, 
116notable examples being Ranbaxy-Daiichi Sankyo and Piramal-Abbott,  have 

created win-win situation for both. Indian companies get access to markets and 

technologies abroad, while big pharmaceutical companies are tapping onto the 

abundant scientific talent and low R&D and manufacturing costs in India. Apart 

from in and out licensing models, contract research and manufacturing services 

(CRAMS) and collaborative R&D activities are other avenues for increased 

alliance between multinationals and Indian companies. 

117With 323 manufacturing sites approved by USFDA  and more than 350 
118

manufacturing sites endorsed by EU  for their Good Manufacturing Practices 
119 

(GMP), and manufacturing costs being 50-65% lower than that of US and 

European counterparts, Indian contract manufacturing industry is globally 

attractive. Contract manufacturing is estimated to be an opportunity worth USD 
120 

7-8 billion by 2015. Indian industry has had quality control and safety issues, but 

after the recent incident of Ranbaxy pleading guilty of GMP violations with US 
121 Department of Justice, Government of India has explicitly expressed its intent 

to further tighten the regulations to meet international standards, introduce 
122 

'trace and track' mechanism and increase transparency in the system. India is 

also emerging as a preferred destination for clinical and drug discovery research. 

Ethnically and genetically diverse population, healthcare infrastructure, 

abundance of English speaking medical professionals and low wages make 

clinical trials in India easy and cost effective. Clinical trial data management is 

another emerging sector, building its foundations on the strong IT industry in 

India. Clinical research market was estimated to be worth USD 485 million in 
1232010-11 and revenues are expected to grow to USD 1 billion by 2016.

Indian companies have expertise in process research and developing new drug 

delivery systems, and are strengthening pipelines in these areas. But, they are 
62



63

still trying to build capabilities in biology and medicinal chemistry, which are 

essential for pre-clinical research for developing NCEs. Domestic firms are now 

increasingly collaborating with MNCs, for example, Biocon and Bristol-Myers 

Squibb's research partnership, to provide specialized start to end drug 

development research services. Indian players need to synergies these 

competencies gained across the spectrum for developing NCEs. Big 

pharmaceutical companies in India have started investing in developing 

indigenous NCEs, but SMEs need to follow their lead. Biopharmaceutical 

industry, engaged in developing biosimilars, vaccines and oncologic products, is 

also gaining momentum in India. In 2012, it grew at a rate of 19% and stood at 
124

USD 2.6 billion in revenues.

The present R&D efforts are mainly targeted towards therapeutic areas of global 

interest like diabetes, cardiovascular diseases, central nervous system disorders 

and oncology. However, diseases local to India and other tropical countries, for 

example tuberculosis and malaria, are getting less attention due to economic 

reasons. To promote the novel research and development in these areas, 

Government of India need to further incentivize the private sector for new drug 

development and bringing down the commercialization barrier in these areas. 

Presently, apart from strengthening intellectual property protection system, 

government is providing soft loans, grants and tax benefits to promote R&D 

activities. Public-Private Partnerships (PPPs) initiated by DST and CSIR are 

providing avenues for risk sharing and better collaboration between public 

research facilities and private sector for development of NCEs. These 

partnerships need to be more commercially oriented and proactive in bringing 

innovations to market. To commercialize new drugs developed for neglected 

tropical diseases, government need to promote them by providing incentives to 

private sector in form of subsidies or drug assistance programmes, or by reviving 

public sector manufacturing for these drugs.

For India to become a global destination and innovation hub in pharmaceutical 

sector, quality and safety standards need to be improved, and patent protection 

and regulatory framework need to be further strengthened. Public and private 

sector need to work collaboratively and proactively to develop competent 

facilities and workforce in science and technology for India to lead new drug 

development and pharmaceutical R&D at forefront.

The medical devices (equipment and supplies) sector in India is a growing market 

and ranked amongst the top 20 growing markets for medical devices in the 
125 world. Currently at USD 5.2 billion industry, the growth rate of this sector is 

Medical Devices Sector 



126higher (at 15%)  than the overall growth rate seen in the healthcare industry 
127

even though it contributes to only 6% of the total Indian healthcare market.  

Figure 17 shows the segmentation of this market by application. The humongous 

growth rate in this sector is driven from the growing medical awareness in 

population, increased life expectancy, booming medical tourism and migration of 

population to the urban areas where most of the growth in this sector is 

concentrated at present. A steep increase in the number of hospitals, primary 

care facilities and growing multi-specialty clinics providing secondary and tertiary 

care in the urban areas have led to an increase in the demand for healthcare 

infrastructure as well as sophisticated devices for treatment of patients. Most of 

these high-end facilities and infrastructure are currently imported and large 

international MNCs supply up to 65% of the medical devices in India. Most of 

the smaller and domestic manufacturers are at the supply end for providing 

support services, disposables and medical supplies though there are some 

notable exceptions.

64

Figure 17: Medical devices - Market size

The demand in medical devices sector can be divided into following sectors: 

medical furniture, radiation source based devices for diagnosis, orthopedics and 

prosthetics implants or supports, electro-medical devices, ophthalmic 

instruments and appliances, medical and surgical instruments, syringes, needles 

or catheters, medical supplies, and other medical instruments. Out of these, the 

electro-medical devices, radiation devices and medical and surgical instruments 

combined account for more than 60% of the market share. The government 

initiated a move to create several primary healthcare facilities in rural areas will 

increase the market share of other medical devices as well. 
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Despite a huge demand and phenomenal growth rate in the medical devices 

industry the R&D scenario is weak in the country when compared to the R&D 

investments in the pharmaceuticals industry. The lack of funding in R&D comes 

at the backdrop of the cost cutting measures by various MNCs in the wake of 

global economic slowdown. Several MNCs have already set up or have plans to 

set up manufacturing base in India and most of the funding is currently flowing in 

these efforts. In addition, with the exception of few companies most of the 

domestic Indian companies still have not imbibed the R&D culture and prefer 

buying a readymade technology over internal or applied R&D. The idea of 

immediate returns on investment, absence of futuristic vision and lack of 

willingness to invest in high risk initiatives is hampering the rate at which the 

domestic companies should be innovating and creating new products and market 

in India. Currently a large number of domestic medical devices companies are 

trading imported products with little or no contribution to the R&D efforts and 

innovation. Recent move by the Government of India to reduce the import duty 

on medical furniture from 16% to 8% may affect the innovation and investment 

in R&D from the domestic companies in this sector though the overall growth in 

the sector will be benefitted by the scheme. 

However, the academic funding will continue to flow with support from the 

government initiated schemes supported by the Ministry of Health and Family 

Welfare (MOHFW). In addition to the academic funding, the government has also 

initiated several programmes to nurture innovation in these areas such as the 

Indo-US endowment fund created to foster the joint activities between USA and 

India to nurture innovative ideas and cultivate the techno-preneurship base in 

India. 

Affordable medical devices and reducing the technology and digital divide are the 

two major thrust areas under this scheme with the goal of promoting 

technologies with significant commercial potential. Similarly the technology 

development programme by DST also encourages strong industry-academia links 

to materialize the innovative ideas into commercial products in several areas 

including the medical devices. Due to the lack of venture capital in India, the 

willingness to fund high risk ideas is missing. The seed stage funding is also not 

available in this sector to promote or foster innovation. An area requiring 

immediate attention is the opening of technology incubators for medical devices. 

BIRAC (Biotechnology Industry Research Council), a not-for-profit organization of 

the Government of India is set up to serve this purpose. However, BIRAC is only 

one such organization serving as the sole window for the emerging medical 

devices as well as biotechnology companies in India. Looking at the potential size 

of the market and the immediate need for creating innovative home-grown 



solution for serving Indian community, government needs to create several 

BIRAC's. These institutions and companies should engage in not only incubating 

the technology in its initial and POC stages, but helping them cross the “Valley 

of Death” and grow into profitable business. Thus, owing to the high cost of 

technologies especially in the devices sector, the government should promote 

the development of technology incubators for medical devices either at reputed 

institutes or in conjunction with Association of Indian Medical Devices Industry. 

This is an area that could be of potential interest to VCs where they could invest 

to promote small start ups and new technologies developed in India. The returns 

for their money could be really high given the current lack of real funding 

infrastructure in India to mature technologies from the POC level.

Department of Health Research, under the MOHFW, has several schemes to 

promote basic and applied research as well as foster innovation, coordination and 

training in health and medicine. However, such schemes should be implemented 

with large participation from industry as well as venture capitalists. Government 

should engage in true PPP (Public Private Partnership) models with large 

multinational companies. Unlike other industries where small and individual 

entrepreneurs have a lot of room to play and create new innovative products, the 

medical devices community needs large infrastructure and sustained funding to 

meet the need of the hour. The buzz word of “frugal innovation” has limited 

meaning in medical devices community. It is impossible to think of state-of-the-

art fully automated surgical equipment with all associated bells and whistles to 

be frugal. In fact the long turnaround time of a medical device to reach the 

market place makes it very difficult to become a frugal innovation. At the same 

time the funding required to create a device at half the current cost could, in 

many cases, end up being twice the cost of the current technology. Government 

should appreciate these issues and provide a level playing field to the large 

MNCs irrespective of their ownership. As the MNCs have the necessary 

infrastructure they should be encouraged by the government to address and 

develop products and solutions that are India specific by creating a sustained 

funding environment for them as well. The Government of India should 

encourage and embrace the use of resources, expertise and the 

commercialization ability of the MNCs to cut down the time for development. 

The manufacture of diagnostic kits and reagents is a relatively new segment in 

the Indian market. In spite of its late entry, the diagnostic market in India is 
129witnessing a 20% growth which is faster than any other country.  The 

Promoting the Participation from Industries: 

Medical Diagnostics – A sector demanding attention: 
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diagnostic market in 2011-12 reached USD 600 million from USD 510 million in 

2010-11. The market in India for point-of-care diagnosing can be widely divided 

into glucose monitoring, blood chemistry and electrolyte, pregnancy and fertility, 

cardiac markers, drug and alcohol, infectious disease, cholesterol, 

hemoglobin/homeostasis, urine chemistry and tumor marker. The key growth 

areas are hematology, reagents, molecular diagnostics, and specialty diagnostics 

(e.g. TB, cancer, HIV, etc.). 

According to the International 

Diabetes Federation (IDF), 61.3 

million people in India suffered 

from diabetes in 2011. The 

figure is projected to rise to 

101.2 million by 2030. IDF also 

reveals that India has more diabetes than the United States, and is ranked 

second in the world in diabetes. Consequently, the most dominant diagnostic 

market in India is glucose monitoring. Recently, allergen test kits are also gaining 

popularity in India. There is significant scope of R&D in each of these sectors as 

a majority of the kits are imported at present and there is an immediate need to 

develop these kits with antigens and other markers specific for Indian 
130

conditions.

Lifestyle diseases such as cardiac diseases and diabetes require immediate 

diagnosis and self-monitoring. Currently most of the high-end diagnostic devices 

and consumables are imported but the scenario is changing fast. 

131 Indian companies are not lagging behind in developing innovative products.

One of the Indian laboratories has designed a device which is hand-held, point-

of-care, real time, and utilizes quantitative mini Polymerase Chain Reaction (PCR) 

and is battery operated. This device, using Micro Electro Mechanical Systems 

(MEMS) technology can detect the disease organism. The technology developed 

is specific to each disease and will soon catch up with the market.

One of the other large corporations in India has developed a device to effectively 

monitor blood glucose level. The device is targeted at patients, requiring 

continuous monitoring of blood glucose level more than once a day and 

accordingly injects insulin shots. Ideally, the patient needs a set of three devices 

- a glucose monitoring device, a lancet device, and an insulin-delivery device. The 

device developed eliminates the need of carrying three different pieces, by 
132

combining all the features into a single compact and easy-to-use device.

India needs inexpensive diagnostic kits 

with antigens and markers that are 

specific to Indian conditions.



A major challenge specific to Indian market is the lack of quality control in the 

diagnostic labs in India. The skepticism of Indian people towards the diagnostic 

labs has on one hand created a challenge for the doctors and the diagnostic labs 

in India, but on the other hand has opened a niche area of creating more rapid 

diagnostic test devices (RDTs) in India that can be operated by general public just 

like the popular glucose meter. The price sensitivity of the Indian market also 

calls for development of a special device such as a multipurpose meter that can 

diagnose a multiple of diseases with interchangeability of the test strips. In 
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Telemedicine will make the services of 

experienced surgeons and doctors in 

remote areas.

Innovations in equipments and devices 

for mobile medical units, telemedicine, 

and inter-portability of medical devices 

are areas with significant potential in 

India.
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rd2.9. Quality Control – Changing the 3  Party Testing System

Quality is a degree of excellence at an acceptable price and 

the control of variability at an acceptable cost

– Robert A. Broh, Author

Quoting former Indian President Honorable Dr. APJ Abdul Kalam, “There is a 

strong urge in our society to come out of century old “Developing Country” 

brand name to a “Developed Country” status.  To become a developed country, 

we must have competitive edge in the international market.  Quality is very 

essential to achieve this.  We must use competition as an opportunity to improve 

our quality and to transform from a technology importer to technology 
135

exporter.”  The above quote sums up the current status of quality control in India 

and the enormous need of the country to grow out of the shadow of a 

developing country.  While India is global destination for services sector 

especially in IT; India is still globally perceived as a technology importer. Table 7 

sums up the status of competitiveness of Indian SMEs compared to other 

selected neighboring countries in Asia. 

Table 7: 136
 The competitiveness of India SMEs compared to other Asian countries

Country Total Number of SME Average Value of the Export

per Company in USD

Singapore 9,296 6.74 million

Malaysia 28,840 2.05 million

South Korea 2.9 million 45,000

India 26 million 4,000
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Average export from an Indian 

SME is far below the level of 

export sales in other countries 

and quality of the exported 

goods is seen as one of the 

major single factors affecting the success of Indian SMEs. Two factors that affect 

this are the lack of quality ecosystem and need for a change in the way the 3rd 

party testing system works in India. India lacks a good quality control ecosystem 

as a nation. The concept of good manufacturing practices, skilled labour and 

investment in quality control are largely missing in SMEs and most of them look 

at quality control as a major roadblock to production. In addition most of the 

SMEs use quality control just to ascertain the quality of the products in 

production and very rarely they work on improvement in products and the 

manufacturing practices to resolve the issue. 

In the absence of quality control at the plant level, third party testing services are 

critical to assure quality of goods that are exported. Low price alone is not 

sufficient for competing globally. Quality Council of India (QCI) set up jointly by 

the Government of India and the Indian industry, represented by the three 

premier industry associations – Associated Chambers of Commerce and Industry 

o f  I n d i a  ( A S S O C H A M ) ,  

Con fede ra t i on  o f  I nd i an  

Industry (CII), and Federation of 

Indian Chambers of Commerce 

and Industry (FICCI) – is plays a 

very significant role on this effort. It was set up to establish and operate national 

accreditation structure and promote quality through National Quality Campaign. 

National Accreditation Board for Testing and Calibration Laboratories (NABL) was 

set up for accreditation and quality control of the in-house and 3rd party testing 

laboratories. However, out of more than one lakh testing and calibration service 

provider in the country, only 962 have been granted NABL accreditation (2013)., 

Thus less than 1% of the testing laboratories in the country have NABL 

accreditation and these few accredited laboratories have to cater to a large 

number of Indian companies, decreasing their effectiveness and timely services. 

Indian SMEs can significantly grow 

exports by paying attention to quality.

Less than 1% of all testing laboratories 

in India have NABL accreditation.



The manner in which the 

testing laboratories operate 

does not create a good 

ecosystem for quality control 

ser vices in the countr y.  

represents the current 3rd party 

testing system in India that works much like a black box. The goods producer or 
rd manufacturer sends samples to a 3 party testing house which issues a test 

report to the goods manufacturer who sends this report with its shipment to the 

end customer. Very rarely does the end customer sends his representative to the 

goods producer site for sample collection and rarely ever is the report sent 

directly to the end customer. And, there is minimal archiving of the test data and 

analyses reports. There is minimal communication between the testing 

laboratory and the end customer and absolutely no communication between the 

accreditation board or various government quality control boards and the testing 

laboratory about the validity of the tests, the reliability of results, and the quality 

of data on which the analysis 

was based. This results in 

creating an ecosystem that is 

non-transparent and leads to 

lack of trust between the 

participating organizations. 

Other major drawbacks of such an ecosystem are: delay in shipments, rejection 

of products, complications and delays in payment, and loss of reputation in the 

international market. For instance, there have been more than 800 cases of 

rejected shipments (Indian originated) related to processed food and agricultural 

products in last five years resulting in restrictions on Indian peanuts, rice, poultry 
139

products, curry leaves, okra, groundnuts and cassia seeds from India.  These 
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Figure 18: Current black box model of the third party testing services
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Product quality can be ensured when all 

parties involved are engaged in the QC 

process.

Shipments of food and agricultural 

products are rejected because of poor 

quality.
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restrictions not only hurt the manufacturers and exporters of these goods but 

also put the reputation of the country at stake. 

We need to change this ecosystem to create new relationships and increase 

trust between various parties involved in the ecosystem. Testing services should 

recognize their importance and value in setting up a good culture and the quality 

ecosystem in the country and open up to become more transparent. They can 

also benchmark the quality of the products from the manufacturer by comparing 

their historical data and actively take part in the quality control system of the 

manufacturer. The role of accreditation body and quality control authorities 

should also be extended to regular monitoring of the calibration data and test 

data (coming out of the analytical instruments) than a periodic formal visit to the 

testing services. Although it may be laborious and time consuming, it is easily 

possible with the help of Internet and cloud computing services. 

Manufacturer/
Exporter

Importer

Testing Services

Samples

Continuous access to all 
parties

Accreditation 
body

Sample Management

Test Data Data Archiving

Analysis and Report

Calibration

Reports

Quality 
control body

Figure 19: Proposed transparent model of the third party testing services

Figure 19 represent such a system that can be put in place where all parties are 

engaged in assuring the quality of products and reliability of test data coming out 

of various laboratories. Testing services can put up their entire system online that 

can be monitored and controlled through a cloud portal. The manufacturer and 

the importer can access their 

data through protected login. 

Now the importer of goods 

can not only see the test data, 

but also see the frequency as 

well as the time when a 

Online availability of independent 

testing data and shipping information 

will avoid delays and rejections of 

shipment.



sample from the current shipment was sent to the testing services for quality 

testing. This will also increase the mutual trust between manufacturer and the 

importer as the sample can be collected and sent to the testing lab at any point 

in the entire packaging and shipment process and compared with historic data. 

Such a system can also streamline the shipment of the products as well reduce 

unnecessary delays in the shipments as now the importer does not need to wait 

for the test report before the shipment is released from the manufacturer end. 

Importer can access the test data as well as report online and in an ideal case it 

can look at the live results of the test data. The testing agency can also give 

controlled access of their regular calibration and performance of analytical 

instruments to the accreditation board. In case of a dispute in the quality of 

exported products, the quality control boards can look at the historic (archived) 

data as well as current data of the shipment and take an informed decision. 

Information technology has changed the way we do business in several areas 

and it is time for us to imbibe this culture in improving the quality ecosystem of 

our country. Of course, like any other system, such a system will have to be 

carefully articulated, processed and verified before it can be implemented as a 

win-win for all. 
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3. R&D Models – Past, Present
& Future

A number of factors affect the quality of R&D delivered by an organization. 

Among them the objectives of R&D and how it is managed significantly 

influence the output. Below we briefly examine the R&D models in India from a 

historical perspective and how they have evolved over the years. 

In the past, the mantle of R&D in India was borne primarily by academic 

institutions, and the national, defence and space laboratories. The models were 

simple, but largely with a few notable exceptions, focused on creating scientific 

knowledge rather than helping the industry and the economy. 

For academia, the government gave research grants through UGC, DST or 

individual ministries. Apart from helping graduating students and publishing 

papers, there was little outcome of such research that had direct relevance to 

industry. The proposal review and project selection process did not have any 

industrial outlook or rationale and was more driven by the need to disburse the 

allocated money. Industry collaboration was minimal. Industry collaborated with 

academia more with a corporate social responsibility (CSR) mindset or in some 

cases to utilize the expertise of a university professor as a technical consultant 

than to seek deployable research output. 

Professors from premier institutes such as IITs, IISc, etc. performed majority of 

the research work and also had the credibility that enabled them easy access to 

new and follow-on research grants. The second tier institutes such as regional 

engineering colleges and some premier state run universities and institutions 

had only pockets of research activity, more driven by individual faculty members 

3.1. R&D Models – Historical Perspective

3.1.1. Academia
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than by the institution. The private institutions which started in large numbers in 

the late 80s only focused on teaching at the undergraduate level and had no 

research activity. 

There were virtually no start-up company activities at any academic institutions. 

A strong focus on publishing papers and lack of focus on patenting precluded the 

possibility of commercialization and spinning-off of companies based on research 

performed at academic institutions. Another reason for absence of start-up 

activity was that existing employment rules prevented academic faculty from 

taking a formal role in starting companies. 

The focus on publishing, lack of IP awareness, slow pace of work and response 

also deterred industry from collaborating extensively with academia. Trade secret 

was, and in many cases still is, the primary mode of IP protection strategy 

employed by the Indian industry. They therefore felt uncomfortable working 

closely with academia where awareness of IP was minimal and professors 

actually looked for avenues to publicize their work. Lack of appropriate IP 

safeguards and practices also resulted in concerns of proprietary information 

leaking out to competition and this added to the industry's discomfort in working 

with academia. The primary model of academic R&D was therefore one of 

government funding to individual professors. 

The national laboratories were fully owned, funded and operated by the 

government. They were set up with the intention of helping the industry with 

their technology needs. They include CSIR, ICAR, DST, DBT laboratories as well 

as laboratories set up by various ministries in their focus areas. These 

laboratories had two primary models of R&D. 

The first was government funded R&D based on proposals put up by scientists 

in these laboratories. Technologies developed in these programmes were 

available to industry for commercialization. However, here too a focus on 

publications, which was one of the metrics required for progress in the scientific 

career, led to the technologies losing their novelty and proprietary character and 

hence their attraction to industry. Moreover, technologies developed without the 

end-user involvement had many challenges and gaps when it came to actual 

practice. Many of the technologies developed in these laboratories remained un-

commercialized or under commercialized. 

3.1.2. National Laboratories



There was also no start up or spin-off activities related to these technologies. 

There were multiple reasons for this. These laboratories did not have staff with 

business focus, training or acumen. They primarily consisted of scientists. The 

employment rules were restrictive where the staff could not participate in 

ventures associated with their technologies. And lastly, there was no framework 

to give adequate support that is critical for tech start-ups to flourish. 

The second model of R&D pursued by these laboratories was one of industry 

sponsored technology development projects. These were however few and far 

between. The laboratories did not and still do not have ample business 

development staff who proactively seek out industry clients. Such projects only 

happened when a particular company took the initiative, found a scientist who 

was willing and competent, and overcame the bureaucratic hurdles to set up a 

project. The industry usually got assistance at subsidized prices as all the 

manpower and overhead costs 

were not considered in costing 

the project. Starting from the 

mid 90s, MNCs who were 

considering outsourcing R&D 

to India saw great potential in 

terms of equipment and 

scientific staff in these national laboratories. They were not averse to paying full 

costs for R&D. Hence the national laboratories which by now were under 

pressure to generate part of their funds on their own saw this as a lucrative 

avenue. Some very large successful multi-year programmes were set up by 

MNCs with some of the premier national laboratories.

Up until recently, there was little collaboration between these laboratories. The 

laboratories were focused on engineering or scientific disciplines and not on 

application of technologies. Hence they have many a times different national 

laboratories that independently pursued development of similar applications and 

technologies. 

The defence establishment has a large network of laboratories with significant 

infrastructure and investment under the umbrella organization called Defence 

Research and Development Organization (DRDO). The primary model of R&D in 

defence has been one of self financed and self contained execution. The 

individual laboratories have focus on different defence related systems that are 

of strategic importance to the nation. Scientists from these laboratories propose 

3.1.3. Defence, Space and Nuclear Laboratories
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National labs lack business 

development staff and efforts to 

commercialize their research.
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projects which are reviewed and sanctioned by the head office. While the inputs 

of the end users, namely the armed forces, with regard to the utility and 

importance of the proposed projects are sought, they are not given a decisive 

role in project sanctioning. The projects are executed mainly within the DRDO 

laboratories. Collaboration is sought from academic institutions, primarily IITs and 

IISc, on an as needed basis. Often Public Sector Undertakings (PSUs) also 

collaborate in these projects as many a time they are manufacturers of the 

products developed. Collaboration with private industry has been extensive only 

in the successful missile programmes and has not been part of the operating 

philosophy of DRDO laboratories. Even in the existing collaborations, private 

industry is not fully reimbursed for their efforts. It is expected to bear some of 

the developmental expenses with the intent of recovering them later through 

manufacturing and product sales.

The space and nuclear laboratories have the best record of successful applied 

R&D in India. Ironically, the primary reason for this is the set of crippling 

technology embargoes levied on these institutions by foreign governments. The 

embargoes prevented easy access to foreign technologies which forced these 

institutions to innovate. Another reason for the drive to innovate was a strong 

political support to these organizations and their missions that gave them a great 

deal of operational autonomy and access to significant resources. These 

institutions built multi-disciplinary teams and worked with small, medium and 

large private companies to 

independently develop critical 

technologies needed for  

India's space and nuclear 

programmes. They created a 

collaborative environment with 

academia and private industry and successfully focused on applied R&D. 

However, they may not have gone far enough to finance and support spin off 

companies based on technologies developed by them.

R&D took place in the private industry in the form of incremental and reactive 

product and process improvements. These were more a result of individual 

initiative rather than a structured organizational process. R&D departments 

traditionally performed quality control (QC) and troubleshooting functions as their 

main responsibilities. R&D did not have a role to play in growth planning and 

strategy. Indian organizations always looked for the easier way of procuring ready 

and proven technology from companies abroad. In large corporations, R&D 

3.1.4. Private Industry

Space and nuclear laboratories have 

been most successful in multi-

disciplinary, applied R&D in India.



personnel did not frequently interact with marketing and other business 

functions. However, in smaller companies such boundaries may have not existed 

and market needs could more effectively be translated into R&D projects. Some 

of the small and medium companies were very successful in developing import 

substitutes and technologies of their own. However, reliance on trade secret as a 

method of IP protection limited the commercial exploitation of some of these 

technologies. Use of trade secrets created another issue. R&D collaborations 

between industry and academia and national laboratories were relatively very 

less. This prevented a healthy R&D ecosystem from developing. The private 

industry was further hindered by excessive duties, controlled pricing structure 

and restrictive license requirements imposed by the government. They were also 

resource constrained and had to operate in a controlled economy that was not 

driven by competition and 

market forces. These reasons 

took away the motivation and 

drive for structured innovation 

w h i ch  r e q u i r e d  s e r i o u s  

investment. It drove them 

toward unstructured and homegrown techniques such as 'jugaad' and frugal 

engineering. There are many unsung heroes in the industry who have built the 

foundation for new product and technology development using such methods. 

Indian industry became very efficient at copying, simplifying, adapting and in 

some cases improving upon western technologies at a fraction of the original 

cost. They, however, were unable to sufficiently exploit these successes due to 

the restrictive economic climate and an unfavourable IP enforcement regime. 

MNCs with manufacturing set-ups in India also followed a similar pattern. 

Platform technologies were developed in their parent nation and brought to India. 

The local R&D team assisted in ensuring that the products were produced to the 

quality required. Further they also undertook productivity improvement projects 

to reduce manufacturing costs. Starting in the late 90s, many MNCs came to 

India to set up R&D outsourcing centers. The primary model was to perform 

R&D in India for their global operations thus earning great cost leverage. This 

model became a great success and was replicated by many US and European 

companies.

PSUs invested in setting up large R&D departments. However, similar to large 

private corporations, the provision of assured funding from their respective 

corporate offices made some of these departments disconnected and thereby 

less effective in addressing business technology needs. These companies 

continued to rely on foreign sources for providing technology to address their 

market needs. 80

Private industry R&D in India focused on 

developing import substitutes and 

reverse engineering.
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3.2. R&D Models – Current Scenario

3.2.1. Academia

3.2.2. National Laboratories

The academic institutes still predominantly have government funded R&D 

projects. However, in recent times institutes have made good efforts to 

participate in other R&D models. The IITs and IISc have taken a lead in various 

international bilateral R&D programmes. Some of these programmes such as the 

Indo-US Science and Technology Foundation (IUSSTF) have large grants and the 

grantee teams consist of multiple participants from academia, national 

laboratories, and industry both in India and the US. The National Institutes of 

Technology (NITs – formerly RECs) and state run colleges and universities have 

increased their participation in government funded projects. Private colleges and 

institutions have also now realized the value that R&D programmes bring. Some 

of them have developed pockets of excellence and activity in innovation. 

Another new development is the growth of start-ups from academic institutes. 

With increased funding available for technology start-ups from government, 

angel investors and international grants, and with employment rules permitting 

faculty to formally participate in spin-off companies, there has been a spurt in 

this area. 

In the last few years, academia has shown increased collaboration with industry. 

Academic institutes have adopted better IP protection and sharing practices. 

They are also employing faculty with international as well as industrial exposure. 

The institutes now permit professors to get a share in industrial projects in terms 

of consulting fees. These changes have led to a more welcoming attitude 

towards industrial clients and also have developed a positive impression of these 

institutes among the industry. MNCs, large corporate, and PSUs have greatly 

increased their collaborations with premier institutes such as IITs. IIT Madras has 

set up a business park to facilitate companies to set up technical collaboration 

outposts that will increase their access to the IIT resources. However there are 

still concerns of access to R&D facilities by small and medium size enterprises 

who are critical to the Indian economy and who need the technical help the 

most.

National laboratories continue to work with industry in patches. Their 

predominant model still remains government funded R&D. However, there are 

changes in the nature of projects. Large mission programmes such as New 

Millennium Indian Technology Leadership Initiative (NMITLI), Jawaharlal Nehru 



National Solar Mission (JNNSM), etc. provide large grants to enable multiple 

laboratories to collaborate and form multi-disciplinary teams to take on some of 

the large national technology challenges. Industry is still not an active participant 

in these programmes, though unlike before, they participate, albeit passively, 

right from the beginning of the programme. The current thought is that when the 

technology is developed to a scalable stage, the industry can easily take it on 

from there. Such large programmes do have a drawback in that they significantly 

draw upon the resources of the laboratories. Consequently, the laboratories 

tended to move away from working with the industry which is their main charter. 

Small and medium industries, today, have an even tougher time getting the 

attention or services of these laboratories and their scientists. 

Another development is the increased emphasis on IP and commercialization in 

the national laboratories. As with academia, available financial support and 

flexible employment rules permitting staff to take part in spin-offs, have created a 

few instances of start-ups that have emanated from the national laboratories. 

One great example of recent efforts in commercialization is the setting up of the 

Venture Center as an independent not-for-profit organization by the National 

Chemical Laboratory (NCL). The Venture center aims to support technology start-

ups connected to NCL or from outside. This effort could be made even more 

effective, if a dedicated fund is set-up to support selected entrepreneurs through 

the incubation and start-up phase at places like the Venture Center.

National laboratories still continue to be scientific discipline focused. This leaves 

individual laboratories short in terms of multidisciplinary talent that is required to 

solve complex technical problems of today. As mentioned before, it also leads to 

overlapping projects between laboratories as each tries to pursue similar 

applications and challenges. The organization and focus of these laboratories 

need to be re-evaluated in terms of today's needs. 

Increasing spending on overseas defence procurements has put significant 

pressure on DRDO to develop technologies for self reliance. DRDO has realized 

that operating in a self contained manner is not effective when it comes to 

innovation. Hence it is looking to establish collaborative R&D models that will 

permit it to work with private industry and global R&D establishments. Private 

industry can only afford to participate in such R&D projects if they have an 

assured way of recovering their investments, either in the form of fully paid R&D 

or product sales thereafter. These collaborative models in defence R&D have 

been successfully employed in other countries.

3.2.3. Defence, Space, and Nuclear Laboratories

82



83

DRDO is also actively exploring commercialization of technologies developed by 

its laboratories for non-military use. It is looking at different levels of support 

including setting up an incubation center to spin-off startup companies based on 

its technologies. DRDO is working closely with FICCI to develop a channel for 

commercialization of its technologies. This is a step in the right direction.

The space and nuclear laboratories continue to work in their unique self 

developed innovation ecosystems. With the acceptance of India as a space and 

nuclear power, some of the embargoes are in the process of being lifted. Hence 

these organizations will have a great opportunity to collaborate with global 

entities.

The Indian industry in recent years sees applied R&D as an important way to 

remain competitive in the future. There is an increased awareness of IP and the 

need to create and protect it. The industry has been investing increasingly in 

R&D. Indian corporations have started setting up large multi-disciplinary R&D 

centers. Medium scale industries are also making investments into R&D by 

setting up internal R&D teams and also engaging in collaborative projects with 

universities and national laboratories. Significant government tax incentives have 

encouraged industry in making some of these investments. However, realizing 

business value from such investments is still of concern to the industry. 

Small scale industry still innovates on its own, in an ad-hoc manner, as and when 

resources permit. Government is setting up industry specific clusters to help 

small and medium industries in product development. These clusters have had 

mixed results when it comes to being successful in helping these industries.

R&D centers of MNCs in 

India have “moved up” the 

value chain by starting to 

support its India and Asia 

market needs. They see 

value in the India innovation 

paradigm which helps them develop rugged low cost products that are applicable 

to large parts of the world. Government should recognize this and support them 

in such efforts. MNCs with their considerable and proven expertise in running 

R&D programmes can help set the standards in India for result oriented and 

timely applied R&D. 

3.2.4. Private Industry

Well-developed R&D processes and R&D 

management enables MNCs to be 

productive in R&D.



As part of the government's initiative to double the national R&D spend as a 

proportion of the country's GDP, PSUs now have a mandate to spend a 

percentage of their earnings on R&D. They are beginning to realize that being 

collaborative can help innovate in a competitive manner. However, their purchase 

and contracting systems currently limits them to IITs and government 

institutions in setting up R&D projects. They are working on setting up 

transparent ways to work with Indian and global private R&D laboratories. One 

such example is the R&D empanelment process initiated by Bharat heavy 

Electricals Ltd. (BHEL). This process has now been taken up by other PSUs such 

as Vizag Steel to help integrate them and tap into the global R&D ecosystem.

Technology start-ups are a recent development. There is increasing support for 

entrepreneurs with good technology ideas and products. The government 

provides good schemes, both grants as well as soft loans, for start-ups at various 

stages. International foundations also provide ideation, scale up and 

commercialization grants to start-ups for technologies which are at different 

maturity levels. Recently technology incubators have come up in cities such as 

Bangalore, Hyderabad, Pune and Delhi. These incubators, both private and 

government, provide equipped facilities and advisory support to technology start-

ups. There is also a strong angel investor network in the country, which is 

actively supporting these start-ups. 

In India, only Original Equipment Manufacturers (OEMs) and a few Tier 1 

suppliers have adequate facilities for new product development, but Tier 2 and 3 

suppliers have little or no access to any equipment and facilities for new product 

development. Therefore, to support the Tier 1-3 suppliers, clusters are 

established as a Public-Private-Partnership (PPP) project with funding from 

central government, state government, and industry. The total investment for 

such a cluster could run into several crores. The contributions from the central 

government and the state government are in the form of funds and / or land 

which can be up to 80-85% and the contribution of industry is around 15-20% of 

the total investment.

One such cluster for automotive companies was set up in Pune in 2006. The 

main objective of the Auto Cluster is to provide facilities and expertise to Tier 2 & 

Tier 3 auto companies in a timely manner for their product development and 

testing needs. Currently the Auto Cluster houses a collection of different facilities 

specific to product development. These include a rapid prototyping facility, 

prototype production facility, laser cutting facility, CAD/CAE/CAM design center, 

3.2.5. Cluster Model
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rubber and polymer testing labs, endurance testing lab, and an environmental 

lab. Such facilities like the Auto Cluster are an excellent model to support the 

research and product development efforts of the SMEs.

In recent years, there has been 

significant improvement in the 

R&D models that are being 

employed in the country. It, 

however, still falls short of 

helping create a connected 

and vibrant innovation ecosystem. True innovation can only occur if all the 

stakeholders such as industry, national laboratories, academia, government, 

defence, space, nuclear laboratories, technology start-ups and entrepreneurs 

have viable ways to work together on challenges faced by the nation and the 

needs of India's growing markets. In most developed countries, national 

Governments play the role of a catalyst to develop such an innovation 

ecosystem. Those involved in innovation, especially private individuals and 

companies, need sustained support as they are usually preoccupied with fighting 

their day to day battles for survival in the market place and long term needs 

usually take the back seat. The government has the capacity to provide support 

for these long term technology development efforts and bring in all the 

innovation stakeholders together. Without adequate and whole hearted 

participation of the private sector, a sustainable innovation ecosystem cannot 

become a reality. In the next section, we will discuss various models that can 

help bring in a sustainable and healthy collaboration between the various 

stakeholders in the innovation economy. Innovation is resource intensive. 

However, when compared to the long term benefits that innovation can bring to 

the economy - in terms of jobs, earnings, self reliance and sustainability – 

innovation has the greatest leverage and is really very cheap.

The discussion in the previous section defines the need to create a more vibrant 

and inclusive R&D ecosystem than what is currently in place. In order to have 

such an ecosystem in place new R&D models need to evolve. Such models will 

lay the foundation for the growth of the R&D ecosystem in the country and will 

create an environment that is conducive for companies to look at India as a 

popular destination for R&D. Different stakeholders such as MNCs, academia, 

corporate, NGOs, national laboratories and start-ups engage in these models for 

the purpose of conducting R&D in India. Figure 20 summarizes the purpose of 

doing R&D by each of these stakeholders. The key aspect that is missing in their 

3.3. Promising R&D Models

True innovation can occur only if all 

stakeholders work together on 

challenges.



motivation for doing R&D is the focus on SMEs. SMEs form the backbone of any 

economy. According to the the Ministry of Micro, Small and Medium Enterprises 

there were 311.52 lakh registered MSMEs, that employed 732.17 lakh and had 
140an annual production of Rs 1,095,758 crore for 2010–11.
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MNCs Academia Corporate R&D NGOs National Labs Start - ups

• R&D directed
towards
global
business

• Products
customized
for different
regions based
on economic,
social,
political and
environmenta
l needs 

• Focus on
fundamental
research and
capability
development
for staff and
students

• Emphasis on
publications 

• Limited
industrial
research

• Product
oriented
research

• More market
focus

• Aims at
attaining high
return on
investment in
products with
respect to
sales and
profits

• Work focused
on societal
needs

• Not normally
profit
oriented

• Preference
given to work
related to
rural
development,
optimized
utilization of
resources etc.

• Preference
given to
development
of indigenous
technologies
beneficial for
the nation.

• Research
projects
selected  by
staff

• Generate
trained
scientists for
the country

• Focus on one
particular
field

• Address
smaller sized
markets

• Limited funds
for in-depth
research

Figure 20: Broad R&D objectives of different entities

Therefore, there is a need to develop models that could focus on R&D for the 

SMEs. This chapter proposes few such promising R&D models which are 

evolving and may also exist in some form, but need to be propagated throughout 

the country. 

Besides the emerging demand 

for various products and 

t e c h n o l o g i e s  a n d  t h e  

availability of talent pool to 

conduct R&D, another factor 

that requires attention is to 

make R&D facilities accessible 

and inexpensive to all levels of entrepreneurs. Our earlier analysis shows that 

India does not spend enough in R&D; further, it spends very little on industrial 

R&D. below shows the ratio of technology related expenditure to sales for Indian 

manufacturing companies. This ratio is an average for the period 1994-2011. This 

suggests that Indian manufacturers have spent very less on R&D and focused 

heavily on foreign technology purchase for their growth. One of the key reasons 

3.3.1. Contract R&D

Contract R&D is a simple way of 

developing an applied solution for 

client's problems with the help of 

external expertise.
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for this low spending by Indian manufacturing companies in R&D is the limited 

involvement of Small and Medium Enterprises (SMEs) in the technology 

development efforts. Current Indian R&D organizations do not serve the industry, 

particularly SMEs. There is virtually no avenue to quickly solve industrial 

problems. There is a severe lack of applied R&D in India. New product and 

technology development requires diverse input which is often not available 

internally. It is expensive for companies to hire, train, and productively use staff 

not involved in core business. Cost of hiring and training a new professional is 

very high and cost of establishing new R&D facilities is higher still. Often, a rapid 

independent assessment is needed before committing large investments; Indian 

organizations need to recognize the importance of engaging outside assistance 

before the health of the organization gets to a state of disrepair.

 

0.14

0.27

1.94

R&D Domestic Technology
Purchase 

Foreign Technology
Purchase

Figure 21: Average ratio of technology expenditure to sales of Indian 
141manufacturing companies for the period 1994-2011

It is in this context that contract R&D is sensible mechanism for making R&D 

accessible to all. Contract R&D, also referred to as 'outsourced R&D', is simply a 

way of developing a solution for clients' problems with the help of an external 

expertise. Clients hire an outside party to perform R&D for them on objectives 

and timeline specified by them. The relationship between parties can be 

structured in creative ways. It is important that the parties address potential 

issues in advance via appropriate non-disclosure and contractual agreements. 

Early agreements on payment terms and revenue sharing result in a healthy, 

collaborative relationship between the client and the service provider.



The services under a contract R&D relationship can range from simple testing of 

products/raw materials to new product/technology development. Typically such 

services include:

Development of specialty materials and products

Polymer and organic chemical synthesis

Process development

Characterization and testing of materials

Product evaluation

Developing new test methods

Patent trend analysis

Finding alternative applications for new and existing technologies

Assist in commercialization activities

Technology and market assessment

New technology development

Laboratory validation

Concept generation

Businesses in India face many challenges and must scout for growth 

opportunities in the face of ever-increasing domestic and foreign competition. 

“Enhanced performance at reduced prices” is a typical customer demand in any 

industrial sector. Further, fluctuating prices, restricted availability of raw 

materials, non-availability of indigenous technologies, and lack of highly trained 

work force, only add to the challenges faced by the industry. 

To stay ahead of the competition, it is necessary to systematically explore and 

evaluate growth opportunities. Many of these challenges can be addressed by 

adopting innovative funding methods to support applied research and 

product/technology development efforts. 

SMEs often lack resources to explore growth alternatives, especially based on 

technologies that are not core to their existing business. In the absence of 

adequate funding, several companies can pool in their resources to conduct a 

multi-client programme. This distributes the high cost of the R&D programme to 

the participating companies – thus every company receives the benefits of a 

large programme by paying a fraction of the programme cost.

•

•

•

•

•

•

•

•

•

•

•

•

•

3.3.2. Multi-Client R&D Programmes
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An example where this approach may be useful is the component 

manufacturers. Component manufacturers need to be very secretive to ensure 

that their proprietary knowledge is properly protected and their competitors do 

not gain any advantage over 

them. However, in any given 

industrial sector, there a set of 

problems that are common to 

almost all the companies 

regardless of the product they 

manufacture. Such problems 

may include basic technology, standardization, export issues, etc. But, no 

individual company has adequate resources to find solutions to such problems. 

This may be due to budgetary reasons and/or the lack of technical expertise 

required for solving such problems. 

The primary objective of such a programme is to identify innovative options to 

resolve existing challenges, provide technology landscape for new entrants and 

analyze the opportunities for diversification and expansion of existing product 

lines. Specific scope and deliverables are decided in consultation with the early 

participants. Essential aspects to be covered under such a programme may 

include:

1. State-of-the-art analysis

2. Evolving market needs

3. Generic strategy alternatives (materials, technologies and process design)

a. Replacement of conventional materials while retaining the familiar and 

conventional appearance

b. Development of indigenous technologies or tuning of available 

technologies to meet Indian requirements

c. Modulation of process flow and/or design to achieve cost 

effectiveness, energy efficiency 

4. Opportunities to impart value addition

5. Technical and non-technical barriers to growth 

6. Innovative ways to tackle the barriers

Multi-client programme provides solutions to generic and common problems 

faced by a business “sector” while ensuring the confidentiality of individual 

clients who are part of this programme. Each participating organization invests a 

fraction of the cost of the programme and receives benefits of the entire 

Multi-client programmes are a cost 

effective solution for advancing the level 

of technology for a large number of 

companies



programme. The larger the group of participating companies, the smaller the 

investment from a participating company. A multi-client programme can be 

organized in a manner depicted in the Figure 22. 
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R&D Service
Providers

Consultant
(Local)

In - 

Laboratory

facility/

University

house
Consultant

(Global)

• Ensure client 
   confidentiality
• Provide end-to-end 
   solutions

• Interdisciplinary 
   expertise
• Client specific 
   contract R&D

Group of Companies

Co. 1 Co. 2 Co. 3 Co. 4 Co. 5

Figure 22: An approach for a multi-client programme

Battelle has conducted over 50 multiclient programmes in such diverse areas as 

developing safety standards, benchmarking of business operations, new 

technology development, plastics recycling, construction industry, etc.

A large segment of companies 

in India spend very little 

toward forward looking R&D. 

SMEs typically cannot afford 

to  set  up and conduct  

sophisticated R&D on their 

own. They lack broad technical 

expertise, skills to set up and 

conduct R&D projects, and facilities to undertake research activities to solve their 

own problems. The closure of many small scale industries dealing with paper, 

textile dyeing, and leather tanning due to environmental pollution caused by 

them exemplifies the need for help. Some of these problems can be, and should 

be, undertaken by the academia and national laboratories. However, it does not 

seem attractive and rewarding for the academia and national labs to work on 

these problems that have been plaguing the small companies. A fraction of the 

government research funding directed to academic institutions can help solve 

such specific technology related problems that are common with SME's. 

3.3.3. Collaboration Between Trade Associations and SMEs 

There are many innovative ways of 

funding applied R&D through 

collaborations among academia, 

national laboratories, companies and 

trade associations. 
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An alternative to government funding is to create a pool of funds from the SMEs. 

Trade associations dealing with the SMEs can facilitate pooling and management 

of resources from SMEs and make the funds available to institutions that can 

solve targeted problems for SMEs. A concept similar to this is practiced in the 

US by soybean farmers. The US Soybean Council collects a small fraction of 

sales from each farmer and deposits it into a fund that is managed at the national 

and state levels by soybean councils. The council solicits and funds R&D projects 

in the interest of the farmers. The projects are proposed, selected and funded by 

the Councils that routinely follow on the progress of the research. The results of 

the research are implemented and proceeds from licensing are used for funding 

additional research that benefits the soybean farmers. 

Several models have been initiated by FICCI for the growth of innovation in the 

country across different levels. These models not only target SMEs, but also 

entrepreneurs and grass root innovators. The India Innovation Growth 

Programme (IIGP) is one such joint initiative of the Department of Science and 

Technology, Govt. of India; Lockheed Martin Corporation; Indo-US Science and 

Technology Forum, Federation of Indian Chambers of Commerce and Industry; 

Stanford Graduate School of Business, and the IC2 Institute at the University of 

Texas. The aim of the programme is to accelerate innovative Indian technologies 

into the global markets. This year, the programme received around 1,000 

Example: Development of Water-Based Technologies for Paint

An innovative way of funding projects deserves mention here. When the 

Clean Air Act was imposed in California, USA, a lot of small furniture 

makers that were using solvent-based coatings found it difficult to stay in 

business without crossing the pollution limits. The solution was to switch 

over to water-based paints. However, the water based paints were not 

developed enough to replace the solvent-based paints; more R&D was 

needed to bring them up to the performance and finish achieved with 

solvent based paints. The small furniture makers did not have funds to 

support the R&D of water-based paints. When the small furniture 

manufacturers began closing shops, the demand for electricity went down 

and the electric utility felt the pinch of losing customers. The electric utility 

then decided to fund a research project on behalf of the small furniture 

makers to assist them in the developing and improving water-based paint 

technology. Once the generic technology was developed, the furniture 

makers took it upon themselves to customize the technology. This approach 

saved a number of small furniture makers from going out of business

3.3.4. R&D Commercialization Models



applications from various sectors including clean energy, healthcare, agriculture, 

robotics, etc., out of which there were 30 winners for the year 2013. These 

innovators are given week-long advanced training in principles of product 

commercialization, readiness for market, business models, IP rights, competitive 

positioning, and mechanisms for revenue by experienced faculty members from 
143

the Stanford Graduate School of Business.

The Millennium Alliance (MA) is another programme that focuses on global 

development that will benefit the bottom of the pyramid population in India and 
144

around the world.  It was developed under FICCI's leadership and in partnership 

with United States Agency for International Development (USAID) and the 

Technology Development Board (TDB), and other MA partners. The Alliance 

provides innovators with services such as seed funding, grants, incubation and 

accelerator services, networking opportunities, business support services, 

knowledge exchange, and technical assistance. The focus sectors for this model 

are:

Basic Education (Early Grade Reading) 

Agriculture/ Food Security

Maternal & Child Health

Family Planning & Reproductive Health 

Water

Clean Energy/ Climate Change

One other model developed by FICCI along with DRDO is the Accelerated 

Technology Assessment and Commercialization (ATAC) Programme. The 

objective of this programme is to commercialize technologies developed by 

DRDO for use in civilian products and services. Some key innovations that have 

been commercialized so far are the following: 

Bio Digester Toilet Technology, adopted as a National Level Programme by 

Ministry of Drinking Water and Sanitation 

Mobile Reverse Osmosis (RO) Water Purification System, a unique 

innovation, which reaches the source & filters water. 

Ganga Action Parivar – Parmarth Niketan Ashram's initiative for saving 

GANGA by installing bio-degradable (BD) Toilets. 

•

•

•

•

•

•

•

•

•
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The true success of any R&D 

p r o g r a m m e  i s  t h e  

commercialization of its 

output. Though the word 

commercial indicates profit, it 

is not bad in itself. On the contrary, commercial interest ensures a vested 

interest in developing appropriate and reliable solutions. Successful 

commercialization leads to value creation through new markets and new jobs. 

Many government funded R&D programmes, though very successful in 

achieving technical goals, have fallen short of their potential in terms of 

commercialization. One of the main reasons could be the limited and passive 

role played by the industry. As opposed to this, many successful government 

funded programmes, especially in the US are funded by the government, but 

managed and driven by industry with national laboratories and academic 

institutes playing key roles in the programmes. One such programme is the Solid 

State Energy Conversion Alliance (SECA), A US Department of Energy 

programme for the development of Solid Oxide Fuel Cells which is managed by 

the industry with key roles being performed by US national laboratories and 

universities. Instituting such a programme in India will mean changing mindsets 

in terms of Government R&D funding. Industry should be given the key 

leadership role in putting forth proposals to the Government in selected strategic 

areas. Government should fund industry fully, including manpower and overhead 

costs, for their involvement. Industry in turn can subcontract projects to their 

partner research institutes. The current mindset is that industry should bear the 

costs of their involvement. However, industry is usually constantly involved in a 

struggle to survive in a challenging market place. R&D spending usually takes a 

back seat and therefore the reason for the lackluster participation of the industry 

in Government R&D programmes. If the government funds a group of industries 

to lead the programme, the resultant IP can be shared by the group and platform 

technologies and capabilities can be developed in the national laboratories which 

other industries can make use of. The Government can ensure appropriate use of 

the funds by mandating these projects to be subject to Government audits and 

oversight. The defence industry abroad is also similarly funded by their 

Management of government-funded R&D 

programmes by industry can be effective 

for technology commercialization.

Anything that won't sell, I don't want to invent. Its sale is 

proof of utility, and utility is success.

– Thomas A. Edison

3.3.5. Industry Led Government Funded Programmes



governments to develop critical military hardware. In some cases multiple 

companies are funded and made to compete in the development programmes. 

Here too, high success rates were seen. 

Industry brings a strong product focus, market oriented thinking and aggressive 

timelines to the programme. Facilitating management of key R&D programmes 

by the industry through Government funding can be an effective way in ensuring 

success of R&D programmes and creating significant impact on our growing 

economy. 
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4. India as a R&D Destination – 
    An Industry Survey 

India is fast emerging as a preferred destination for cutting-edge R&D. A 

considerably large talent pool across diverse areas of science, technology and 

management, along with a robust academic and research infrastructure and a 

progressive policy environment is spurring a lot of basic and industrial R&D 

activity in the country. This is increasingly making India a top choice among global 

corporations for off-shoring their R&D operations. On the other hand, there are 

practical challenges related to infrastructure, retention of science and 

engineering pool, utilization of government funds, and participation of private 

companies in promoting R&D growth. These challenges hamper the pace of R&D 

programmes projected in the five year plans. 

 

The purpose of this online survey was to broadly understand the factors that 

influence selection of an R&D location and highlight the challenges that need to 

be overcome to position India as a preferred R&D destination in near future. 

The online survey was designed considering three types of respondents:

1. Individuals working with organizations that have R&D set-up in India – To 

understand the challenges faced while conducting effective and efficient 

R&D. 

2. Individuals working with organizations that plans to set-up R&D in India in 

near future – To find out the reasons behind choosing India as a R&D 

destination over other countries.

3. Individuals working with organizations not interested in setting up R&D in 

India – To find out perspectives about R&D climate in India from entities 

not planning to set up a facility. 

4.1. Purpose and Methodology 
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4.2. Respondent Profile 

This survey was sent to over 1000 companies covering more about 3000 

respondents with the assistance of FICCI. About 200 completed responses from 

various industries in India and abroad with functional responsibilities primarily 

related to research, product development and manufacturing were received.

About 60% of the respondents belonged to companies that have R&D set-up in 

India, 10% from companies that plan to set up R&D in future and about 20% 

from companies not interested to set up R&D in India. Figure 23 shows the 

distribution of the nature of respondents. Almost half of the respondents were in 

the R&D function, followed by about 25% in product development and 

production. Rest of the respondents, as shown in Figure 24, belonged to other 

functional areas such as sales and marketing, finance, human resource, and legal 

and intellectual property.

Figure 23: Nature of respondents

n=188

Companies that have 
R&D set-up in India

Companies that plan to set-
up R&D in India in 
near future

Companies not interested 
to set-
up R&D in India

69%

21%

10%

Looking at the distribution of respondents by industry, it was observed that 35% 

belong to manufacturing industry, followed by 17% from energy sector at and 

12% from ICT and wireless sector. Figure 26 show the distribution of 

respondents by functional areas. These respondents represented various 

industries such as water, agriculture, healthcare, materials, electronics, defence 

and education as shown in Figure 25.
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n=188

Healthcare and/or Pharmaceuticals

IT / ICT and Wireless technologies
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Manufacturing and Production

Chemicals & Materials

Defense

Education

Electronics

Service

4.3 Analysis of Responses

The responses received from the respondents were analyzed and the results 

grouped in major categories. Salient findings of this survey are analyzed in the 

proceeding sections.
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Figure 24: Distribution of respondents by functional area

Figure 25: Distribution of respondents by industry
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4.3.1. Motive for R&D

4.3.2. Types of R&D Activities

As expected, profit maximization came out was found to be the most significant 

driver for R&D growth in India with almost half of the respondents voting for it. 

Th is  ind icates that  the 

respondents believe that they 

can reduce the cost of doing 

R&D by being in India. There 

is, however, an increasing 

focus toward innovation in 

the rural and the bottom-of-the-pyramid segments. It is interesting to learn that 

one third of the respondents selected social factors as the key driver for R&D 

growth as shown in Figure 26. For example, in the healthcare sector the need for 

development of drugs and diagnostic tools for malaria, tuberculosis and other 

neglected diseases in developing countries is largely addressed through 

philanthropic efforts and foundations such as Drugs for Neglected Diseases 

Initiative (DNDi). Few government supported organizations like National 

Innovation Foundation (NIF) are also involved in promoting rural, grassroots 

innovation and assisting social entrepreneurs in eradicating healthcare issues in 

rural areas. 

The top three R&D activities opted by organizations in India were exploring new 

technologies, improving current product/process performance and developing 

low cost product/process. Fundamental research was picked by only a few 

respondents indicating that there are other possible ways of exploring new 

One-third of the respondents selected 

social factors as key driver for R&D 

growth.

Figure 26: Factors driving the growth of R&D
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Social (Innovations focused on 
the rural or bottom of the 
pyramid segment)



technologies than just conducting 

fundamental research. The need to 

reach market faster is probably one of 

the reasons why companies are 

scouting for newer technologies 

t h r o u g h  m e t h o d s  o t h e r  t h a n  

fundament a l  research .  Severa l  

companies may be willing to license early stage technologies with proof of 

concept or prototype already developed, so that they can increase their speed to 

market. This response (Figure 27) underscores the importance of and the need 

for applied R&D.

More than 40% of the respondents conduct testing and characterization as part 

of their in-house R&D activity. But, there is often a need to seek outside 

assistance in testing and characterization when equipment and instruments are 

not available internally. Most respondents indicated that companies face 

challenges finding reliable testing facilities at a reasonable price. One third of the 

respondents conduct R&D for import substitution, which is essential in sectors 

such as defence because of national interest and electronics where the import 

duty is as high as 30%. Few companies conduct R&D to comply with 

regulations; but this number is expected to go up in the future, as companies 

look for better technologies to meet stringent environmental regulations. Among 

other R&D activities “Reverse Engineering” got the least number of hits from 

the respondents. Reverse engineering is considered as a R&D activity by very 

few. This signifies a conspicuous shift in mindset toward what constitutes R&D 

in India.
100

Figure 27: Type of R&D activities conducted in India

Speed to market is essential for 

companies scouting for new 

technologies.

0 20 40 60 80 100 120 140

Reverse engineering

Compliance with regulations

Substitution of foreign imports

Conducting fundamental research

Analytical testing and characterization

Development of low cost products/process

Product/ Process/ Performance improvement

Exploring new technologies

# of Hits

(Multiple Choice)
n=148



101

4.3.3. Region of Focus

Almost all the respondents 

indicated that the focus of 

their R&D activities is Indian 

market (Figure 28). So it is 

safe to say that companies 

setting up R&D in India are, in 

addition to cost leveraging, 

looking to address the product and technology needs in India. Other geographies 

where companies are currently focusing their R&D efforts after India are US and 

Europe, followed by Asian countries like China and Japan. It is however, very 

interesting to note that companies planning to set up R&D in future are planning 

to focus on the South East Asian market more than US and Europe. Several 

companies are considering India as a R&D hub for their Asian operations. 

Companies like Ford Motor that generate 3% of their global sales from the Asia 
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Pacific region, are hoping to increase that share to 60-70% by 2020.  It 

considers India as the lead edge indicator of what is needed in the rest of the 

world and plans to make India as an export hub. Such examples emphasize the 

growing importance of India in the near future and conducting R&D in India can 

provide companies the necessary lead for innovating newer products that 

customers are demanding more frequently.

New companies planning to set up R&D 

facility in India indicated that they would 

focus on needs in India and South East 

Asia. 

Figure 28: Region of focus for R&D activity in India
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4.3.4 Method of Protecting Innovation

The respondents of our survey indicated that they are protecting their innovation 

in India mostly in the form of patents and know-how.
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Figure 29: Method of innovation protection preferred by companies having 

R&D set-up in India

Multiple Choice (n=130)

Figure 30: Method of innovation protection preferred by companies planning 

to set-up R&D in India

Multiple Choice (n=18)
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Companies that plan to set-up R&D in future selected know-how as the preferred 

method for protecting their innovation. This is in contrast to companies already 

with a R&D set-up in India that refer patenting. This may be because of the 

apparent lack of confidence in the Indian patent system. But significant 

improvements in our laws and enforcement have led companies already with an 

R&D set-up to take up vigorous patenting compared to others forms of 

protection. 25% of the respondents in this category prefer protecting innovation 

by way of patenting to trade secrets and knowhow. Also, protecting innovation 

by a combination of patents, trade secrets and knowhow are the best known 

methods of protecting any innovation and practiced by these companies.

Companies that plan to setup 

R&D in India are usually 

technology intensive and 

bring in a lot of know-how 

along with patented and 

patentable technology which 

may be the reason why 29% 

of  respondents in  th is  

category prefer protecting an 

innovation by way of know-how over patents. Companies in this category also 

prefer patents in combination with trade secrets as the next best choice and go 

by the trends pointed in . Companies in this category may also trend towards 

higher patenting activity once they establish their R&D set-up in India. 

Shifting gears toward the operational issues of conducting R&D, respondents 

were asked about their preference for partners to engage in collaborative R&D. 

As shown in , about 70% of the respondents preferred towards working with 

customers and academic institutes for collaborative undertaking of R&D 

activities.

4.3.5. Partnership/Collaborative Preferences

Figure 30: Preferred partners for collaborative R&D in India

Combination of patents, trade secrets 
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method for protecting intellectual 
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P r e f e r e n c e  t o w a r d s  

collaboration with customers 

indicates that companies 

prefer working with other 

entities in the value chain 

which understand the pain points and have domain knowledge in the industry. 

Several SMEs that responded to this survey indicated a preference of working 

with their large customers that can provide them with resources such as know-

how or testing facilities. This survey highlights the importance of developing 

collaborative relationships between suppliers and buyers for R&D. Another 

possible indicator is that companies are looking up to Indian customers and their 

diverse needs as a source for ideas to conduct R&D and customize their 

product/service offerings.

Academic institutes play an important role in collaborative R&D because they can 

provide low cost talent under supervision of experienced teachers and 

professors along with laboratories equipped with suitable instruments for R&D. 

Another reason for industry to engage with academic institutes is to evaluate 

research students as potential candidates for employment after they complete 

their studies. This way companies can reduce the initial training and mentoring 

cost as the candidates become familiar with the culture and requirements of the 

company while they are still at universities.

Companies that have R&D operations in India find lack of government support as 

a major challenge in conducting effective R&D. Although Indian government has 

taken many initiatives to encourage and promote R&D activity at all levels, 27% 

of our respondents have reported otherwise (see Figure 32 ).

4.3.6. Challenges to R&D
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Figure 32: Challenges in conducting effective R&D in India
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Also companies find it difficult to source sufficient funds both internally & 

externally and face lack of support from internal business team when it comes to 

R&D activity. The decision to fund 

R&D is influenced by the 

perception of R&D in the 

company, the effectiveness of 

R&D to solve problems, and 

the expectation of immediate 

return from R&D. Several 

large Indian companies with 

sizable R&D departments 

have reported operation in silos with little or no interaction with business units to 

build a technology roadmap. Opinion gathered from a few personal interviews 

conducted during the survey indicated the challenges of utilizing the scientific 

work force to the best of their ability. For example, one particular respondent 

with a PhD degree and several years of experience was well known in the firm 

as 'doctor' who spent most of the time addressing day to day manufacturing 

issues, with very little time to focus on the long term R&D initiatives necessary 

for the growth of the company. Other interesting constraint raised through this 

survey is poor R&D infrastructure, specifically referring to non-availability of 

affordable and reliable testing and characterization facilities in India. 

In this survey, respondents were asked to select the challenges from the choices 

mentioned in the survey questions including, lack of government support, raising 

sufficient funds and lack of support from business teams. Respondents provided 

additional insights in the challenges faced while conducting R&D in India. Most 

of the challenges cited can be grouped in two categories: poor infrastructure and 

lack of skilled talent available for R&D. Poor R&D infrastructure indicates lack of 

testing facilities which are reliable and affordable. Direct quotes provided by 

respondents related to these challenges are listed below.

1. “Lack of skilled human resources”

2. “Not sufficient analytical support around”

3. “Creation of long term collaboration structures is needed. Need to effectively 

use the specialized talent pool being generated in India (job opportunities). In 

the case of academic set-up, integrated product development approach is 

still lacking. Long term focus of industries is crucial for R&D to be effective, 

which is missing in Indian firms. Government policies that encourage Indian 

R&D are negatively skewed and favours imports (disconnected from reality 

of business). In short there is a S&T policy, but no R&D policy.”

4. “Lack of clarity on goals, Lack of patience by management”

Other Challenges

Poor infrastructure, lack of government 

support and limited availability of skilled 

talent are some of the key challenges for 

R&D in India.



5. “Bureaucracy, lack of or complexity in institutional processes”

6. “Lack of availability of credible partners and facilities; inadequate intellectual 

resources”

7. “Difficulties in commercialization of developed technologies”

8. “Company policy”

9. “No research and innovative mindset”

10. “The investment requirement in R&D for government recognition is very high 

and cannot be afforded by Small units. Hence it will be appreciated if the 

government has its own R&D units in industrial cities for SSI units to avail of 

its facilities as a member. This will enhance the innovations and patent 

applications in the country and give a strong impetus to the SSI units”

11. “Lack of R&D mindset among scientists/engineers”

12. “Poor ecosystem to support internal R&D”

13. “Getting talent and retaining talent”

14. “Poor R&D infrastructure”

15. “Unavailability of good scientists; Work culture is not conducive towards 

innovation”

16. “In general academic institutions will not deliver the deliverables in time.”

17. “Lack of technological inputs available in India, as these advance 

technologies are not evolved here and nor are the components /essential 

ingredients available in India”

18. “Non-cooperative attitude of public institutions and universities.”

19. “Lack of skills & good academic institutes to collaborate”

20. “Lack of machines / raw material manufacturing Industries (not available) in 

India. We have to depend on other countries for them if we want to try any 

new design”

21. “Being a government controlled company; we cannot hire good scientists at 

higher wages.”

22. “Insufficient infrastructure, archaic laws/custom rules and inadequate 

enforcement”

23. “Finding a suitable knowledge partner"
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24. “We are in early phase of the development efforts in India”

25. “Find common strategic interest and right long term capabilities.”

26. “Lack of testing facilities. Other laboratories charge heavily.”

27. “Insufficient talents with aptitude to R&D activities”

28. “Private industry is also not used to funding R&D”

29.  “Inability to know Government / Defence requirements”

30. “For certain subject matters, the experts are very costly in India. 

Fundamental research is time consuming and the probability of success is 

also very low. Small companies like ours do not have big pockets to stay 

invested in”

31. ““Supply chain and ecosystem constraints”

32. “Lack of proper response from customers for implementation of processes”

33. “Procedural delays in sanctions of projects and procurements severely slow 

down research in government laboratories & IITs”

Despite the several challenges mentioned above, 58% of the respondents 

believe that the Indian R&D ecosystem has high potential to operate world class 

R&D though significant improvements need to be made to reach that level 

(responses are shown in Figure 33).

4.3.7. Perception of R&D Ecosystem

Figure 33: Perception related to R&D ecosystem in India
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It is a positive sign that most of 

the respondents are optimistic 

about India's potential, but 

a ch i ev i n g  t h a t  s i g n i f i c a n t  

improvement entails delivering 

strong performance at all the 

levels – national, institutional and individual. A good R&D ecosystem requires 

that, at the national level, the regulatory environment is conducive, the political 

climate is stable, and the government funds are channelized in the right 

direction. At the institutional level, factors such as cost reduction measures, 

quality of fundamental and applied research and methods of protecting 

innovation form the backbone of a good R&D ecosystem. Finally at an individual 

level, the development of high skilled workforce, continuous training, and 

developing an R&D mindset are most essential.

Finally, we asked the respondents to rate a list of factors (on a scale of 1 – 5, 5 

being the most impactful) that they consider would be most impactful for India 

to improve its potential as a R&D destination (Figure 34). It was no surprise that 

the respondents highlighted most of the factors as impactful (rating above 3.5) 

for the development of a good ecosystem so that India is considered as a R&D 

hub.

But the factors - availability of skills, participation of private sector in R&D, and 

protection of IP were picked as the most important for effective R&D by 

respondents. This underscores the need for an overhaul of the R&D 

infrastructure and support system. India must continue to emphasize the 

development of high quality scientific and technological skills, create efficient 

4.3.8. Improvements Desired
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Figure 34: Factors affecting India as a R&D destination
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system for protection of IP, design innovative ways of reducing cost of doing 

R&D, utilize government R&D funds to the best advantage of industry, and 

improving the regulatory environment. 

Probing further about the 

actions that need to be taken to 

improve the R&D investment 

attractiveness in India, the 

respondents selected the 

establishment of stronger 

i ndus t r y - academia  l i nks ,  

development of specific R&D 

clusters, and increased incentives for R&D as the top three choices as shown in 

Figure 35.

This limited survey hints at broad guidelines that could be helpful in further 

strengthening India's R&D ecosystem. Stronger industry academia linkages 

could be improved by overcoming some of the challenges mentioned by the 

respondents such as improving the skill level of the science and engineering 

pool, improving the operational efficiencies of academic institutes to keep pace 

with the fast moving industries and improving the mindset of academic scientist 

and engineers that uncertainty is associated with research and hence it is 

important to invest for the long term. 

In India Micro, Small and Medium Enterprises (MSME) play a key role in the 

economic development as they are the main engines for employment growth in 

the country. The Pune Auto Cluster and the Ankleshwar Chemical Cluster are 

some example of clusters set up to foster industrial development in the region 

Stronger industry-academia links, 

development of R&D clusters, and 

increased incentives will improve the 

attractiveness of R&D investment in 

India.

Figure 35: Factors that attract R&D investment in India
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by focusing on close collaborations with MSME. More such clusters focusing on 

R&D need to be set up in different parts of the country to promote innovation 

based activities. Creation of clusters is the first essential step, but more 

important would be nurture and sustain these clusters through collaborative 

efforts that will eventually lead to innovation and job creation.

Incentives for R&D institutes and early stage start ups are extremely important 

as they take high risk for their ventures. R&D institutes that are certified by 

Department for Scientific and Industrial Research (DSIR) are provided with tax 

deductions up to 200%. The recent feather in the cap is the inclusion of angel 

investors by Security and Exchange Board of India (SEBI) within the ambit of 

alternative class investments. Angel investors take risks in early stage 

businesses where no other investors are interested. They play an important role 

in making capital available at that stage, but until now angel investing was not 

recognized by the Indian regulatory and tax system. Such incentives and policies 

will go a long way in improving the investment attractiveness in India. 
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5. Intellectual Property 
   Environment in Indian R&D

5.1. Introduction

5.2. Intellectual Property Laws in India

Intellectual Property (IP) laws are an 

effort to protect the rights of 

individuals, while simultaneously 

encouraging the development of 

k n ow l e d g e  b a s e d  e c o n o my.  

Intellectual property rights are the rights given to a person for creations of his 

mind or intellect. These give the creator an exclusive right over the use of his/her 

creation for a certain period of time. The most significant law that affects R&D is 

the patent law. Patent law is based on the philosophy that an opportunity of 

acquiring exclusive rights in an invention stimulates technical growth and 

development of the society. It encourages research and invention and induces an 

inventor to disclose his discoveries in exchange for an award for the expenses of 

developing inventions. This induces investment of capital in new lines of 

production that are innovative and lead to general technological advancement of 

the country. The value of Intellectual Property Rights (IPRs) is a well recognized 

part of strategy in the contemporary knowledge based economy. IPRs protect 

the ideas and stimulate innovation and design. To this end many corporations 

have designed their project management system to ensure innovation capture, 

optimized use of internal knowledge base, strategic management of IPRs, clear 

demarcation of rights for collaborations and licensing. This provides market 

leadership, sustained growth and enhanced profits. 

The importance of intellectual property in India is well established at all levels - 

statutory, administrative and judicial. There are administrative mechanisms for 

enforcement of Intellectual Property Rights. Police officers are empowered to 

take action against the infringement of IPRs in case of pirated and counterfeit 

products. Cases of infringement of IPRs are tried in the higher judicial courts. 112

Strong IP laws will induce 

investment of capital in R&D.
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Indian IPR Laws also provide for the Intellectual Property Appellate Board (under 

the Ministry of Commerce and Industry) dedicated to IP disputes and for appeals 

in the judicial courts of the administrative decisions relating to Intellectual 

Property Rights.

Dedicated statutes in India protect various forms of intellectual property rights 

like: 

Patents 

Copyrights and related rights

Trademarks

Geographical indications

Plant varieties

Designs

Semiconductor and integrated circuits layout designs

Biodiversity 

Traditional knowledge and undisclosed information

As mentioned earlier most pertinent to R&D is the patent law. India has 

undertaken exhaustive amendment of its Patents Act 1970, three times since 

1999. Now Indian Patents Act is fully compliant with India's obligations under the 

TRIPS Agreement of the WTO. Amendments have also been made in other laws 

to bring India at par with the global IP regime. Furthermore, various trade 

chambers and government bodies like DST and CSIR have undertaken a variety 
149 

of programmes for creating a strong IP ecosystem in India. These programmes 

aim at capacity development, IP protection, enforcement, and appropriate policy 

reforms. 

IPR Division of FICCI is intensively involved in issues pertaining to protection of 

Intellectual Property Rights and its effective enforcement. It has taken a lead role 

in raising awareness on Intellectual Property at the national level; the division is 

also engaged in capacity building and training in industry and enforcement 

agencies, including the police and customs departments. In addition, the division 

sensitizes judiciary on the quality and speedy adjudication of Intellectual Property 

related matters. FICCI IPR Division provides a platform for continuous 

interactions among industry, the patent office/Govt. law firms, IP consultants, IP 

outsourcing firms and the patent office so as to provide an interface and enable 

businesses to resolve IP related issues through research, global networking & 
150

advocacy.

•

•

•

•

•

•

•

•

•

3.5.  Patent Regime and Indian R&D



FICCI-IPR Division is working towards the following:

Making enforcement of IP Rights more effective.

Facilitating government in bringing out an Innovation law for India.

Amendments in Patent rules for removing ambiguities and streamlining 

the working of patent offices.

Improving effectiveness of patent offices through continuous orientation 

programmes to make them more user friendly and responsive to industry 

needs

Creating awareness about inherent benefits in filing patent applications 

through electronic gateway (E-Filing) and working with government to 

incentivize users who file patent application through E-filing

Assist government in creating digitized database containing patent 

applications and enabling online public access.

Increasing awareness about the role of Intellectual Property in today's 

knowledge economy.

Training police and custom officers on effective protection of Intellectual 

Property Rights
151Sensitizing Judiciary on adjudication of IP disputes.

Dedicated efforts by the Government and various public and private agencies 

have led to a significant increase in the patenting activity in India in the last few 

years (see Figure 36 ). Patenting activity in India is dominated by the high-tech 

hubs of the country. Majority of patents are filed from cities like Bangalore, 
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Chennai, Delhi, Hyderabad, Mumbai and Pune.

•

•

•

•

•

•

•

•

•

5.4. Patenting Trends
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Figure 36: Patenting trends in India
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According to Indian Patent Office’s 2011 annual report, nearly half of all patents 

were assigned to Indian inventors in two states; Maharashtra and Delhi (see 
153

Figure 37).

Data clearly shows that Maharashtra (capital Mumbai) and Tamil Nadu (capital 

Chennai) respectively account for 30% and 13% of total patents. Karnataka, with 

the great majority of its 11% 

of Indian patents centered in 

its capital Bangalore, comes 

third along with the capital 

state of Delhi (11%). All 

together, five Indian states 

account for 74% of all patents. Other states around Delhi or in the South and 

east, such as Gujarat (5%), West Bengal (5%), Uttar Pradesh (4%) and Kerala 

(4%) form a second tier of innovative states. 

Despite numerous efforts India along with other BRIC countries (Brazil, Russia, 

India and China) received the worst scores for protecting copyrights, patents and 

other intellectual property in an index released the U.S. Chamber of Commerce. 

India received poor rating for poor membership in international agreements, high 

rates of software and music piracy, and licensing policies favoring the country's 

generic drug manufacturers that irk U.S. pharmaceutical companies that hold 

patents on the medicine. Although many of these indices might not give the 

correct picture as they are biased towards certain lobbies and economies, but 

there are enough instances that point out the shortcomings in the Indian IP set-
154 

up that hinder the technological development of the country.

5.5 Shortcomings

Figure 37: State wise patent filing trends
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IP regimes not only in India 

but worldwide suffer from 

various inadequacies, the first 

and the foremost being their 

formalistic approach. This 

remains unchanged because 

most of the lawyers practicing IP law have a formal legal training with no contact 

from other disciplines like science, technology and engineering. Similar scenario 
155prevails when it comes to courts and judges.

The present system works on the assumption that every innovation is connected 

with a sole inventor or researcher and is in furtherance of their personal means 

whether it is to get recognition for their work or earn more money. The system 

purports to foster more innovation and creativity but due to lack of the same, 

fails to recognize the role of IP in community welfare and social development in 

general. 

Due to the aforementioned shortcomings in the system a number of informal 

channels of information sharing and collaborations have emerged. The open 

source movement has already established its roots and proven its worth in 

programming and software industries. This model of innovation has been so 

successful that other sectors like biotechnology and pharmaceuticals are 

attempting to use this innovation model now. 

Almost 90% of Indian economy comprises of the rural sector. There is 

abundance of innovation there that still needs to be tapped. The National 

Innovation Foundation, an IIM Ahmedabad initiative, has compiled more than 

50,000 innovations belonging to the rural sector. But merely identifying such 

innovative potential in Indian villages is not good enough; protection of these 

innovations is necessary so 

the rightful inventers can 

reap the benefits of their 

creativity. NIF also helps in 

p a t e n t i n g  g r a s s  r o o t  

innovation. The Grassroots to 

Global model (g2G) that NIF is propagating is all set to change the way the world 

looks at the creativity and innovations at grassroots. NIF has received over four 

hundred product inquiries from around fifty five countries for various 

technologies. NIF has succeeded in commercializing products across countries in 

5.6. Emerging Trends
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Grass root innovations in India are also of 

interest to many other countries 

throughout the world.

R&D environment supported by a strong 

IPR regime will help India achieve 

economic, social and technological 

advancement.
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six continents apart from being successful in materializing seventy cases of 
156

technology licensing to eighty licensees with the help of partner agencies.

The newer IP regime in India such as the protection of geographical indications 

and plant varieties, traditional and indigenous knowledge have brought rural 

sector and Indian village communities in sharper focus. The concept of 

community rights purported in these laws will not only protect Indian IP better 

and economically benefit this sector. But it will also help bring in more 
157

integration and cooperation in this sector.

As IP initiatives in India gain momentum, new policies that conform to our 

ecosystem while staying in conformity with international standards will develop. 

R&D environment supported by a strong IPR regime will help India to achieve 

economic, social and technological advancement. Effective policies and effective 

enforcement of policies will stimulate innovations in the country.
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6. Path Forward

India spends less than one percent of GDP on R&D and we have been talking 

about increasing the R&D spend to over 2 percent of GDP for more than a 

decade. Simply urging industry to invest more in R&D will not achieve the 

growth in R&D spending. Both, the government and industry, have to adopt a 

lockstep approach to achieve this growth. Many of the path forward steps 

suggested below will require simultaneous participation of government and 

industry. We believe that presence of strong industrial R&D and government 

support for R&D will attract many more foreign companies to set up R&D 

establishments in India. 

Technology improvement and R&D needs exist virtually in every sector. Buying 

'proven' technology from abroad sets India behind by a number of years and 

makes us dependent on provider of technology. India needs to take a holistic 

approach for development of technologies across sectors for self reliance and a 

sustainable future. 

The world of science and technology is changing at a very fast pace. Much 

knowledge is available via the Internet to all regardless of the geographic 

location. Students in science and engineering now need to be adept at seeking 

answers and developing solutions rather than regurgitation of fundamental 

principles that they learn in a classroom. The academia should work with industry 

to define skills that are useful for students to be productive in an industrial 

environment. The government should support skills development program 

through academia as well as industry.

Focus on indigenous development of technology

Implement programs to upgrade skills of science and engineering 
students
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Increase government spending on R&D related to rural innovations

Improve Government decision making for R&D projects

Involve MNCs in developing solutions to India's critical needs

Create 'Government-Owned Contractor-Operated' R&D laboratories 

Adopt new R&D management models 

Efforts to promote grass roots innovation by National Innovation Foundation and 

other organizations are laudable. Government can help further by funding R&D 

efforts to make the rural innovations scalable and reproducible so they can be 

spread widely throughout India.

The decision making for R&D projects of national importance cannot be done 

based on tenders and lowest cost. An organization offering an innovative solution 

cannot be compared against another organization that does not possess an 

equivalent solution; the solution should be considered on its own technical 

robustness and appropriateness. Further, organizations do not want to bid if their 

solutions are exposed to public for the fear of losing their intellectual property. 

As mentioned earlier, multinational companies hire some of the best talent 

available in India and put it to use solely for their own benefit. This is akin to 

'virtual brain drain' in that the talent nurtured in India is now physically sitting in 

India and putting its brain power to use for a foreign company. The Government 

of India should relax its policies so MNCs can bid on India projects supported by 

government funding. Appropriate IP arrangements and other financial constraints 

can be instituted to make sure that the profits generated from such projects 

remain in India.

There is a severe lack of applied R&D facilities where an entrepreneur or a 

technologist from a small industrial organization can go to solve a technical 

problem. Many of the technical problems are complex and require multi-

disciplinary input. The government should fund the formation of 'Community 

R&D Laboratories,' but the R&D facilities should be managed by private 

companies with experience in R&D management. Talented, trained R&D 

personnel and equipment can be made available for R&D and industrial problem 

solving through these laboratories. Such facilities can provide R&D service on a 

contract basis and become self-sufficient over time. 

Applied R&D services delivered efficiently and cost effectively will be a key to 

India's growth in the technical world. Innovative contract R&D models can be 



adopted to reduce the cost of R&D. India needs to adopt applied R&D models 

that:

Encourage participation of private sector

Ensure availability of resources and funds for small and medium size 

enterprises (SMEs) 

Help channelize government investment toward application oriented R&D, 

and 

Solve industry specific problems that are essential for an overall 

development of a R&D ecosystem 

Models to manage R&D in India have evolved and the government is taking 

many initiatives to create a robust infrastructure for innovation. However, some 

of the management practices that still persist need to be revisited to assure that 

the government investment made in R&D equipment and facilities is accessible 

to SMEs. Indian companies need to learn and adopt best methods and practices 

for project and R&D management.

New models that make delivery of R&D services effective and efficient need to 

be employed. Companies working together with trade associations can use 

innovative models to support R&D. Regional technology-focused clusters will be 

useful in solving technical problems efficiently at local level; however, the 

clusters must be managed in a manner that they are actively seeking to help the 

industry, rather than industry seeking the clusters.

Attention to testing and characterization is urgently and severely needed to 

increase the quality of R&D as well as assuring that products we produce are of 

acceptable quality in the world. Affordable and reliable testing and 

characterization facilities are a must for excelling in R&D in India. Well run testing 

services can enable creation of a good quality ecosystem in the country.

•

•

•

•

Set up quality testing services 
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