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Foreword

India’s pharmaceutical industry is one of the most important industries in the
manufacturing sector. It is a high-technology industry, contributing significantly
to India’s merchandise exports. In contrast to petroleum refining, which is also a
significant contributor to India’s merchandise exports, manufacturing of phar-
maceuticals is much more job-creating. The ratio of employment to fixed capital
stock in the pharmaceutical industry is about 19 times that of petroleum refining.
This ratio in the pharmaceuticals industry exceeds that in manufacturing comput-
ers, another important high-tech industry, and is about half of that in textiles, a
highly labour-intensive industry.

In India’s pursuit of becoming a developed country by 2047, a manufacturing-
led growth strategy is at the heart of the development efforts. The expansion of
India’s pharmaceutical industry, alongside significant increases in pharmaceuti-
cal product exports, will play a crucial role in India’s growth process in the next
25 years. According to Economic Survey, 2021, India’s domestic pharmaceuticals
market is expected to grow from about US$ 41 billion in 2021 to about US$
130 billion by 2030. Enhancing the competitiveness of India’s pharmaceuticals
industry is essential for sustaining rapid growth, and a study of the efficiency and
productivity of the industry, as done in this book, thus assumes great significance.

There are many challenges facing the Indian pharmaceutical industry. There is
significant spending on research and development (R&D), but R&D intensity is
relatively low compared to international standards. The number of patent appli-
cations in pharmaceuticals made with the Indian patent office increased from
2,741 in 2017-2018 to 5,622 in 2019-2020, and the number of patents granted in
this area rose from 733 in 2017-2018 to 3,317 in 2021-2022. While there was a
setback to the process of pharmaceutical patent applications in the years affected
by the COVID-19 pandemic, the upward trend has probably resumed in the
post-pandemic era.

India can produce low-cost generic medicine and provide it to the world, and
it is recognised as a strategic partner in the drug discovery value chain. India has
about 1,400 World Health Organization Good Manufacturing Practices (WHO-
GMP)-approved pharmaceutical plants and about 250 European Directorate of
Quality Medicines (EDQM) approved plants with modern state-of-the-art tech-
nology. However, many relatively small pharmaceutical plants have not been able
to implement WHO-GMP. There is a problem of getting employees with requisite
talent and skills, and the pharmaceutical industry is affected by a relatively high



xx  Foreword

attrition rate. This factor has an impact on the efficiency and productivity of
Indian pharmaceutical firms.

The book contains an excellent, careful analysis of the technical efficiency
and productivity of Indian pharmaceutical firms using sophisticated econo-
metric methodology. By examining several vital issues, the book enhanced our
understanding of the performance of the Indian pharmaceutical industry and
what is needed for performance improvement. Some of the interesting questions
examined in the book include the impact of the product patent regime on firm
performance and the state-wise differences in the productivity performance of
pharmaceutical firms. The book will be of immense value to policymakers, indus-
try experts and scholars. Post-graduate students and researchers will find the
empirical applications of efficiency and total factor productivity measurement
methodologies useful for their studies.

Bishwanath Goldar
Non-Resident Senior Fellow
Institute of Economic Growth, Delhi



Preface

Pharmaceutical industries have been a favourite sector for policy makers and
academicians in both developed and developing countries. Indian pharmaceu-
tical industry (IPI) is the major source of low-cost, quality drugs in the global
market. It is imperative to assess its performance.

IPI has developed currently as the active as well as most eminent one, worthy
of special consideration. IPI has emerged as the major source of low-cost, quality
drugs in the global market. As medicines serve the population with safe well-
being, it is favoured for policies in both the advanced and less advanced countries.

The scenario of IPI has changed over time. Till 1970s, about 70% of the Indian
market was controlled by the foreign firms and the Patent Act of 1911 dominated
IPI (Chaudhuri, 2005). Indian drug prices were very high. But with the modifi-
cation of the Indian Patent Act 1970, medicine prices in the country declined.
Fascinatingly after 1970, the global market recognised IPI with the introduction
of process patents.

With the trade liberalisation and the signing of trade-related aspects of intel-
lectual property rights (TRIPS) agreement, substantial changes occurred in the
industry. IPI started a complete product patent regime since 2005. This enactment
of the Product Patent Act is another milestone in this regard, which considerably
changed the scenario and IPI became the frontrunners among the generic drugs
producer. Thus, companies were unable to reverse engineer & produce new drugs
invented abroad & protected by patents (Chaudhuri, 2005).

Therefore, to encounter the emergent challenge of global competition,
enhanced efficiency and productivity of IPI are indispensable. The efficiency and
productivity gained extraordinary prominence as in persistent economic slow-
down only efficient firms are expected to withstand and develop.

The IPI holds a significant place in the global economy. The IPI is ranked
3rd in the world for producing medicines by volume. The country through the
pharma sector is considered to be one of the most valuable nations.

Therefore, to encounter the emergent challenge of global competition,
enhanced efficiency and productivity of IPI are indispensable. The efficiency and
total factor productivity growth (TFPG) per se has assumed a very high impor-
tance in view of the fact that only efficient firms are likely to sustain and grow
during a period of all pervasive economic slowdown.

The success of the pharmaceutical industry in India has allowed the country
to not only meet these needs but also to export its expertise and knowledge to
other countries, helping to improve global health and well-being. Overall, the
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growth and success of the pharmaceutical industry in India is a testament to the
hard work and innovation of its companies and workers, and the important role
they play in addressing some of the world’s most pressing healthcare challenges.

The commitment to produce high-quality medications, while adhering to strict
rules and regulations, using the expertise and innovation to address the healthcare
needs of people everywhere has helped to achieve success in the IPI and to make
a positive difference in the lives of people around the world.

This deserves analysis of efficiency and productivity of IPI, identification
of different factors encouraging efficiency and productivity as well as the vari-
ables deterring efficiency and productivity. Also, it is needful to understand the
global position of IPI in order to achieve growth and sustainable solutions for IPI
around the world.

In view of the above perspective, the present book tries to touch upon a range
of issues which may be considered as important as well as critical in analysing the
performance of IPI in the context of global economy.

There are seven chapters in this book. Brief sketch of all the chapters is pre-
sented below:

Chapter 1: Introduction and the Relevance of the Study
Chapter 1 contains the introduction of IPI and its position in the global economy.
Then the relevance of the present study will be discussed.

Chapter 2: Survey of Literature

Chapter 2 discusses survey of literature on pharmaceutical industry in India and
across the globe. It discusses the existing study highlighting the gaps and presents
the connection of the present study with the existing literature.

Chapter 3: Analysis of Efficiency and Total Factor Productivity Growth of Indian
Pharmaceutical Industry Using Firm-Level Data

Chapter 3 estimates efficiency and productivity of IPI using non-parametric
method of data envelopment analysis (DEA) approach. For doing that it meas-
ures output-oriented technical efficiency of IPI and total factor productivity
growth considering each firm as a decision-making unit. Also, the factors behind
the variation in technical efficiency and total factor productivity growth are iden-
tified using panel regression. Another important contribution of this chapter is
that it verifies the presence of structural breaks, if any, in the total factor pro-
ductivity growth series at firm level by using panel structural break methodology.

Chapter 4: Analysis of Efficiency and Total Factor Productivity Growth of Indian
Pharmaceutical Industry Using State-Level Data

Chapter 4 investigates the performance of IPI using state-level data. It looks at
the performance of pharmaceutical industries in major Indian states. It estimates
technical efficiency and total factor productivity growth of Indian states. This
chapter helps to compare the Indian states as well as to identify the position of
the major states in terms of pharmaceutical industries. Also, the major factors
responsible for variation in technical efficiency (TE) and TFPG of IPI are found
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using a panel regression. Another important contribution of this chapter is that
it verifies the presence of structural breaks, if any, in the total factor productivity
growth series at state level by using panel structural break methodology.

Chapter 5: Total Factor Productivity Convergence in Pharmaceutical Industry
Across Indian States

Chapter 5 tries to understand whether total factor productivity of pharmaceuti-
cal industry across the major states of India converges or not in terms of sigma
and beta convergence by employing the conventional sigma convergence as well
as the modern panel data approach of beta convergence.

Chapter 6: Moving Towards a Growing Indian Pharmaceutical Industry

Chapter 6 considers that IPI is one of the few industries which have been affected
in a major way due to TRIPS agreement as from the year 2005 the existing pro-
cess patent regime gave way to the product patent regime although the process of
establishing a new patent regime in India started since 1995. In such an environ-
ment, it will be interesting to examine whether there has been any improvement in
the performance of IPI after 1995, i.e. after the period of first version of the prod-
uct patent regime. For this econometric analysis has been carried out for some
selected variables like output, employment, productivity of labour, productivity
of capital, capital labour ratio, export intensity, export price, import intensity and
price by applying a recent development using unit root test to estimate the break
point of these major variables using All India level data. This chapter clearly
identifies the variables whose performance are satisfactory and other showing
relatively poor performance and hence needs special attention.

Chapter 7: Position of Indian Pharmaceutical Industry in the Global Economy
Chapter 7 examines the performance of IPI and pharmaceutical industries of
leading countries namely the United States, China, Germany, Japan, Ireland,
Switzerland, France, Italy, Belgium, United Kingdom, Spain, Brazil, Canada,
South Korea and the Netherlands. This chapter looks at the trends of three
lead variables namely production, export and import of IPI and pharmaceutical
industries of leading countries and tries to compare IPI with the other countries
in terms of the above three variables and thus helps to identify the position of
IPI in the global context. Also, this chapter verifies the presence of structural
breaks, which may appear due to changes in economic regime over time, in the
different series of production, export and import using panel structural break
methodology.

Chapter 8: Summary and Overall Conclusion
Chapter 8 summarises the whole study and makes the concluding observations on
each of the seven chapters and recommends some policies for the betterment of
the pharmaceutical industries in the Indian states and for IPI as a whole.

The purpose of the study is to improve IPI and to raise awareness among
the stakeholders and institutions, and among the Indian planners to take care
to remove economic backwardness of the country and to make it a developed
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economy, equal development across different firms such that the people of weaker
segments benefit from the country’s economic progress. Thus, to reduce firm-level
disparities the knowledge about the growth performance of different firms and
the firms which are lagging behind are very much needed. Along with it state level
analysis of Indian states will be helpful for interstate comparison and special care
may be taken for the lagging states. The evaluation of IPI in the global economy,
i.e. to understand the global position of IPI may lead to more developed IPI and
sustainable one and may help to upsurge the rank of TPI with respect to the global
economy.

We hope that the book will provide immense knowledge base to post graduate
students, industry people, researchers and faculty members around the globe related
to various subjects such as Economics, Industrial Economics; Medicine, Pharmacy,
Health economics, Biotechnology, Microbiology, Business & Management among
others. The volume will also be helpful for policy makers, multi-nationals and gov-
ernment officials as well as the general readers interested in the field.

Chandrima Chakraborty
Dipyaman Pal
The Authors
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Chapter 1

Introduction and the Relevance
of the Study

Abstract

This chapter introduces the development of the Indian pharmaceutical
industry (IPI) in different phases such as till the 1970s, with the modifi-
cation of the Indian Patent Act 1970, i.e. after the 1970s, with the trade
liberalisation and the signing of Trade-Related Aspects of Intellectual
Property Rights (TRIPS) agreement and in the product patent regime,
i.e. since 2005. This chapter also discusses the position of IPI in the global
economy along with the top medicine-producing countries in the world.
The objectives of the present study are presented separately with the firm-
level data, state-level data as well as All India and global-level data. All the
research questions are also presented in this chapter related to the firm-
level data, state-level data as well as All India and global-level data. Then
the relevance of the present study in the existing literature is discussed con-
sidering each of the book chapters separately while outlining the structure
of the present study.

Keywords: Indian pharmaceutical industry; Indian Patent Act 1970; trade
liberalisation; TRIPS agreement; product patent regime; global economy

1.1. Introduction

Indian pharmaceutical industry (IPI) has developed currently as the active as
well as most eminent one, worthy of special consideration. IPI has emerged as the
major source of low-cost, quality drugs in the global market. As medicines serve
the population with safe well-being, it is favoured for policies in both advanced
and less advanced countries.

Performance Analysis of the Indian Pharmaceutical Industry:

A Global Outlook, 1-7

Copyright © 2025 by Chandrima Chakraborty and Dipyaman Pal
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2 Performance Analysis of the Indian Pharmaceutical Industry

The scenario of IPI has changed over time. Till 1970s, about 70% of the Indian
market was controlled by foreign firms and the Patent Act of 1911 dominated IPI
(Chaudhuri, 2005). Indian drug prices were very high. However, with the modi-
fication of the Indian Patent Act 1970, medicine prices in the country declined.
Fascinatingly after 1970, the global market recognised IPI with the introduc-
tion of process patent. With the trade liberalisation and the signing of TRIPS
agreement, substantial changes occurred in the industry. IPI started a complete
product patent regime since 2005. This enactment of the Product Patent Act is
another milestone in this regard, which considerably changed the scenario and
IPI became the frontrunners among the generic drugs producer. Thus, compa-
nies were unable to reverse engineer & produce new drugs invented abroad &
protected by patents (Chaudhuri, 2005). Therefore, to encounter the emergent
challenge of global competition, enhanced efficiency and productivity of IPI are
indispensable. The efficiency and productivity gained extraordinary prominence
as in persistent economic slowdown only efficient firms are expected to withstand
and develop.

The economic reforms of 1991 further propelled the IPI onto the global plat-
form by removing licencing restrictions. The IPI holds a significant place in the
global economy. The IPI is ranked 3rd in the world for producing medicines by
volume (Economic Survey, 2022-23). The country through the pharma sector is
considered to be one of the most valuable nations.

As of 2021, India is the largest country for the production of low-cost generic
drugs which is advantageous for exporting medicines to other countries. There-
fore, the share of medicines in the global pharmaceutical export is 20% in terms
of the generic pharma sector. It may provide a position of leadership to continue
excelling and thriving through the help of a talent pool. This is possible through
cultivating and promoting quality in pharmaceutical learning for formulation
research within the country. The nation is the largest provider of generic medi-
cines in the world and supplies medicines to many countries. The success of the
pharmaceutical industry in India has allowed the country to not only meet these
needs but also to export its expertise and knowledge to other countries, helping
to improve global health and well-being.

The United States is the biggest pharmaceutical market in terms of consump-
tion and import and the third largest in terms of export. The high level of health-
care spending alongside advanced healthcare infrastructure and a significant
population plays an integral part in the strong demand for pharmaceutical prod-
ucts in the country. China has the distinction of being the biggest producer of
pharmaceutical ingredients in the world. The most populous country in the world
has a rising middle class, an increasing footprint of healthcare coverage, and an
ageing population. Generic drugs and APIs make it the number one drug maker
in the world in terms of volume. The country has a very tough drug approval pro-
cess that takes significantly longer than other developed countries of the world.
Germany is the biggest exporter of pharmaceutical products in the world and
employs 143,000 people in the pharmaceutical industry. The country has the big-
gest pharmaceutical market in Europe and the fourth biggest in the world, with an
annual consumption worth $64.6 billion. The significant level of pharmaceutical
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consumption in Germany is due to high healthcare spending and a large popu-
lation. Japan is the third biggest pharmaceutical market in the world, with an
annual estimated consumption of over $100 billion. The country is a key export
market for pharmaceutical goods manufactured in the United States. Japan has
an ageing population that is playing an integral role in the strong demand for
pharmaceutical products. Ireland is the fifth biggest exporter of pharmaceutical
products in the world. The country has established itself as a leading global centre
for pharmaceutical manufacturing. Due to the low corporate tax in the country,
numerous leading pharmaceutical companies like Pfizer among others have estab-
lished their manufacturing facilities in Ireland. The country provides convenient
shipping facilities across the Atlantic as well.

Coming to the pharmaceutical industry in India, its growth and success is a
testament to the hard work and innovation of its companies and workers, and
the important role they play in addressing some of the world’s most pressing
healthcare challenges. The commitment to produce high-quality medications,
while adhering to strict rules and regulations, using the expertise and innova-
tion to address the healthcare needs of people everywhere has helped to achieve
success in the IPI and to make a positive difference in the lives of people around
the world.

1.2. Objectives of the Present Study

Given the transformed situation of IPI, the following are the objectives of the
present study:
With firm-level data:

To estimate the extent of efficiency of the firms

To identify the factors affecting such efficiency

To find out the total factor productivity growth (TFPG) of the firms

To break down TFPG into its diverse constituents

To elucidate the causes of variation in TFPG

To look at the common factors responsible for variation in efficiency and TFPG
To verify the presence of structural breaks, if any, in the series of TFPG.

With state-level data:

To estimate the extent of efficiency of the states

To identify the factors affecting such efficiency

To find out TFPG of the states

To elucidate the causes of variation in TFPG of the states

To examine whether total factor productivity converges in pharmaceutical

industry across states

e To understand whether the total factor productivity (TFP) of the pharmaceuti-
cal industries across the 17 major states of India converges or not

e To check whether IPI is moving towards a growing industry or not

e To verify the presence of structural breaks, if any, in the series of TFPG.
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Considering the data on leading countries along with All India:

To test the growth performance of major selected variables of IPI at All India
level

To understand the position of IPI in the global economy in terms of produc-
tion, export and import

To make an inter-comparison of countries and their performance in terms of
the above variables

To verify the presence of structural breaks in the series of production, export
and import.

Thus keeping in mind the above objectives, the following research questions

can be framed:

Considering the sample firms:

What is the efficiency score of the firms?

What are the major determinants of the efficiency of IPI?

What is the value of TFPG of the firms?

Which component of TFPG dominates over the other?

What are the determinants of TFPG of IPI?

What are the common factors responsible for variation in efficiency and TFPG
of IPI?

Whether there exists any structural break in the series of TFPG?

Considering the sample states:

What is the efficiency score of the states?

What are the major determinants of efficiency of IPI?

What is the value of TFPG of the states?

What are the determinants of TFPG of IPI?

What are the common factors responsible for variation in efficiency and TFPG
of IPI?

Whether total factor productivity converges in pharmaceutical industry across
states?

e Whether IPI is moving towards a growing industry or not?
e Whether there exists any structural break in the series of TFPG?

Considering the leading countries along with All India:

What is the growth performance of major selected variables of IPI at All India
level?

What is the position of India compared to other leading countries in terms of
production, export and import?

e How the different countries performed in terms of the above three variables?
e Are there any structural breaks in the different series of production, export

and import?
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1.3. The Structure of the Present Study

The structure of the present study is as follows:

Chapter 1: Introduction and the Relevance of the Study

Chapter 1 introduces the development of the IPI in different phases such as till
the 1970s, with the modification of the Indian Patent Act 1970, i.e. after 1970s,
with the trade liberalisation and the signing of TRIPS agreement and in the
product patent regime, i.e. since 2005. This chapter also discusses the position
of IPI in the global economy along with the top medicine-producing countries
in the world. The objectives of the present study are presented separately with
the firm-level data, state-level data as well as All India and global-level data. All
the research questions are also presented in this chapter related to the firm-level
data, state-level data as well as All India and global-level data. Then the relevance
of the present study in the existing literature is discussed considering each of the
book chapters separately while outlining the structure of the current study.

Chapter 2: Survey of Literature

Chapter 2 discusses a survey of literature on the Pharmaceutical Industry related
to efficiency, productivity and other issues in India and across the globe. Econo-
metric theoretical literature on technical efficiency (TE) as well as econometric
theoretical literature on TFPG are discussed in separate sections. Individual sec-
tions discuss studies on the performance of the pharmaceutical industries in the
Indian context, studies on the performance of the pharmaceutical industries in
the international context, studies on efficiency in the IPI, studies on TFPG in the
IPI, other studies on IPI and also studies on the performance of the pharma-
ceutical industries in the international context (other than India). This chapter
discusses the existing study highlighting the gaps and presents the connection of
the present study with the existing literature in a separate section.

Chapter 3: Analysis of Efficiency and Total Factor Productivity Growth of Indian
Pharmaceutical Industry Using Firm-Level Data

Chapter 3 estimates the efficiency of the IPI using non-parametric method of
data envelopment analysis (DEA) approach. For doing that it measures output-
oriented technical efficiency of the IPI considering each firm as a decision-
making unit. Also, the factors behind the variation in technical efficiency are
identified using panel regression. It also estimates the productivity growth of the
IPI. For that, it measures TFPG considering each firm as a decision-making unit
using non-parametric method of the DEA approach. Also, the major factors
responsible for variation in TFPG of the IPI are found using panel regression.
Also, this chapter compares the efficiency and productivity of the IPI, i.e. it com-
pares TE and TFPG of the IPI. This chapter also tries to identify the common
factors responsible for changes in these two performance indicators. Another
important contribution of this chapter is that it verifies the presence of struc-
tural breaks, if any, in the TFPG series at the firm level by using panel structural
break methodology.
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Chapter 4: Analysis of Efficiency and Total Factor Productivity Growth of Indian
Pharmaceutical Industry Using State-Level Data

Chapter 4 investigates the performance of the IPI using state-level data. It looks
at the performance of pharmaceutical industries in major Indian states. It esti-
mates technical efficiency and TFPG of Indian states. This chapter helps to com-
pare between the Indian states as well as to identify the position of the major
states in terms of pharmaceutical industries. Another important contribution of
this chapter is that it verifies the presence of structural breaks, if any, in the TFPG
series at the state level by using panel structural break methodology.

Chapter 5: Total Factor Productivity Convergence in Pharmaceutical Industry
Across Indian States

Chapter 5 tries to understand whether total factor productivity of pharmaceuti-
cal industry across the major states of India converges or not in terms of sigma
and beta convergence by employing the conventional sigma convergence as well
as the modern panel data approach of beta convergence.

Chapter 6: Moving Towards a Growing Indian Pharmaceutical Industry

Chapter 6 considers that IPI is one of the few industries which have been
affected in a major way due to TRIPS agreement as from the year 2005 the
existing Process Patent regime gave way to the product patent regime although
the process of establishing a new patent regime in India started since 1995. In
such an environment it will be interesting to examine whether there has been any
improvement in the performance of IPI after 1995, i.e. after the period of first
version of the product patent regime. For this, econometric analysis has been
carried out for some selected variables like output, employment, productivity
of labour, productivity of capital, capital labour ratio, export intensity, export
price, import Intensity and price by applying a recent development using unit
root test to estimate the break point of these major variables using All India
level data. This chapter clearly identifies the variables whose performance are
satisfactory and other showing relatively poor performance and hence needs
special attention.

Chapter 7: Position of Indian Pharmaceutical Industry in the Global Economy
Chapter 7 examines the performance of IPI and pharmaceutical industries of
leading countries namely the United States, China, Germany, Japan, Ireland,
Switzerland, France, Italy, Belgium, United Kingdom, Spain, Brazil, Canada,
South Korea and the Netherlands. This chapter looks at the trends of three lead
variables namely production, export and import of the IPI and pharmaceutical
industries of leading countries and tries to compare IPI with the other coun-
tries in terms of the above three variables and thus helps to identify the position
of IPI in the global context. Also, this chapter verifies the presence of struc-
tural breaks, which may appear due to changes in economic regime over time,
in the different series of production, export and import using panel structural
break methodology.
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Chapter 8: Summary and Overall Conclusion

Chapter 8 summarises the whole study and makes the concluding observations
on each of the seven chapters and recommends some policies for the betterment
of the pharmaceutical industries in the Indian states and for the IPI as a whole.
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