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Preface

Green industrialization presents an opportunity for late-industrializing countries like
India to harness the potential of manufacturing for jobs and income generation while
also decarbonizing to achieve global sustainability commitments. However, fostering
green industrialization is more complex than traditional patterns of industrializa-
tion requiring a lot of interventions especially given the substantial market failures
arising from the diverging social and private returns. As India seeks to accelerate
its process of industrialization, especially focussing on the manufacturing sector,
different interactions between agents of industrialization such as MSMEs and large
businesses, foreign direct investment (FDI) inflows that hook up their host countries
with global value chains (GVCs) of multinational enterprises (MNEs), and produc-
tivity, digitalization, and policies for enhancing sustainability need to be understood
better through evidence-based research presented to back up the policy formulation.

Against that backdrop, the 16 contributions in this book present fresh research
on interactions between FDI, MSMEs, patterns of clustering and agglomeration,
digitalization, innovative activity, productivity improvements, and policies towards
sustainability. The unique strength of the volume is in its rigorous evidence-based
treatment of complex interactions using secondary and primary sources of data and
analytical techniques, methodologies, and models. In light of empirical findings,
each chapter comes up with lessons for industrial strategy.

This collection of articles is an outcome of the first National Conference on India’s
Industrial Transformation organized by the Institute for Studies in Industrial Devel-
opment (ISID) in New Delhi on 4–6 October 2023. A nationwide call for papers
for the conference issued by ISID elicited a huge response with the submission
of over 200 proposals. ISID selected 69 of these papers for presentation after two
rounds of peer reviews. The 16 papers included in this volume were selected out
of those presented by a further process of peer reviews. They have been revised for
publication.

As the premier national research body focussed on industrial development, ISID
has taken upon itself the task of providing researchers working on different aspects
of industrialization, a platform for presenting their research in the form of the annual
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vi Preface

National Conferences on Industrial Transformation (NCITs) and publishing a selec-
tion of papers in volumes such as this. There are also plans to establish the Industrial
Development Research Association (IDRA) and a journal focussed on industrial
development.

I wish to thank the authors of the papers for their cooperation in responding to
comments andmeeting the tight deadlines. I also appreciate the efforts of ISID faculty
members who served on the committees formed to review the papers and the chairs
and discussants for their comments besides those of the publishers. Dr. Satyaki Roy
served as the convenor of the Conference and collaborated in editing this volume. I
thank Springer Nature for an expedited publication schedule.

I wish to thank the Indian Council of Social Science Research (ICSSR) for
generously supporting the National Conference besides other activities of ISID
consistently.

With these words, I am happy to commend the volume to the researchers, policy
analysts, and students of industrial and environmental economics.

New Delhi, India Nagesh Kumar
Director, ISID



Contents

FDI, MSMEs, Digitalization, and Green Industrialization: Editor’s
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Nagesh Kumar and Satyaki Roy

FDI, Trade, Innovation and Environment

Foreign Direct Investment and Export Dynamics in India:
Unveiling the Role of Brownfield and Greenfield Investments . . . . . . . . . . 15
Anjali Sreekumar and M. Padmaja

Outward FDI and ITS Impact on the Parent Firm: A Case
of Indian GVC Firms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Amal Krishnan and M. Padmaja

Does Import Competition Spur Firms’ Innovation Behaviour:
Evidence from Indian Manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Hariom Arora and Ruchi Sharma

MSMEs, Digitalisation, Cluster Dynamics and Sustainability

Digitalization and Exports: A Case of Indian Organized Sector
Manufacturing MSMEs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Sugandha Huria, Kriti Sharma, Neha Jain, and Ashley Jose

Geographical Dispersal of the Manufacturing Industry in India . . . . . . . 103
Ashish Andhale and Sharadini Rath

COVID-19, Digitalization, and Firm Productivity: A Tale
of MSMEs in Two Industries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
Vinish Kathuria and Rajesh Raj Natarajan

vii



viii Contents

Capital Constraints and Competitiveness: Exploring
the Finance-Productivity Linkages of MSMEs in Developing
Countries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
Akhilesh Kumar Sharma, Durairaj Kumarasamy, and Prakash Singh

Trends and Patterns of ZED Certified MSMEs: A Sectoral
and States-Level Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
Parag Gupta and S. Subramanian

Clean Transition and Green Industrialization

Linkages Between Global Warming and Indian Productivity
Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
Pami Dua and Niti Khandelwal Garg

Decoupling Between Industrial Growth and Carbon Emissions:
Evidence from India’s Core Industries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
Nivaj Gogoi and Farah Hussain

Estimating Carbon Emission Intensity of Energy Intensive Firms:
A Firm-Level Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
Murali Kallummal, Aishwary Kant Gupta, and Simran Khosla

Analysing International Trade in Green Goods: A Special
Reference to the Case of India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
Saon Ray and Smita Miglani

Circularity of Critical Raw Materials: A Step Towards India’s
Net-Zero Targets 2070 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
Anjali Singh and Siddharth S. Saxena

Nudging Circular Economy in Indian Industry: An Evaluation
Using ICRIER “Sampada” WSUT Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327
Amrita Goldar, Sajal Jain, Ritika Verma, and Esha Agrawal

A Global Assessment of Green Hydrogen Value Chain:
Synthesizing Policy Learnings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 371
Jatin Mathur

Sustainability and Green Industrialization: A Case of Indian Solar
Photovoltaic Technological Innovation System . . . . . . . . . . . . . . . . . . . . . . . . 395
Akoijam Amitkumar Singh



About the Editors

Nagesh Kumar is the Director of the Institute for Studies in Industrial Development
(ISID), New Delhi, India. Prior to taking up this role in May 2021, Professor Kumar
served for 12 years as Director at the United Nations Economic and Social Commis-
sion ofAsia and the Pacific (UN-ESCAP), Bangkok.During 2002–09,Nagesh served
as the Director-General of the Research and Information System for Developing
Countries (RIS), a policy think-tank of the Government of India. During 1993–98,
Nagesh served on the faculty of the United Nations University-MERIT (then UNU/
INTECH) in Maastricht, the Netherlands. He is also a Non-Resident Senior Fellow
of the Boston University Global Development Policy Centre. Nagesh has also served
on the boards of the Export-Import (EXIM) Bank of India, the International Centre
for Trade & Sustainable Development (ICTSD), Geneva; the South Asia Centre for
Policy Studies (SACEPS), Kathmandu. He has published 18 books and over 120
peer-reviewed papers covering themes in industrialization, FDI, innovation, trade,
and sustainable development. A Ph.D. from the Delhi School of Economics, Nagesh
received the Exim Bank’s first International Trade Research Award in 1990, and the
Global Development Network (GDN) Research Medal in 2000.

Satyaki Roy works as an Associate Professor at the Institute for Studies in Industrial
Development (ISID), New Delhi, India. His initial research focusses on industrial
clusters in India and the nature of spatial concentration of production in the context of
late industrialization. Satyaki has worked and published extensively on diverse issues
related to labour and employment, structural change in India, and the emerging trends
in the manufacturing sector and the political economy of informality. His current
areas of interest include industrialization in India, labour-intensive sectors, global
production network, and its implication on industrial growth in developing countries.
Satyaki’s books include “Small and Medium Enterprises in India: Infirmities and
Asymmetries in Industrial Clusters” (2013) and “Contours of Value Capture: India’s
Neoliberal Path of Industrial Development” (2020).

ix



List of Figures

Foreign Direct Investment and Export Dynamics in India:
Unveiling the Role of Brownfield and Greenfield Investments

Fig. 1 India’s FDI inflows and exports. Source Author . . . . . . . . . . . . . . . 17
Fig. 2 CUSUM plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
Fig. 3 CUSUMQ plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

Does Import Competition Spur Firms’ Innovation Behaviour:
Evidence from Indian Manufacturing

Fig. 1 India’s exports and imports (% of GDP) (constant prices
2011–12). Source Authors’ compilation based on Economic
survey of Indian economy, 2022–2023 (Statistical appendix) . . . . . 59

Fig. 2 Scatter plots with year means of R&D Expenditure
and Various import competition measures Source Authors’
compilation based on CMIE Prowess and WITS Comtrade
databases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

Fig. 3 Relationship between R&D expenditure and different
measures of import competition Source Authors’ compilation . . . . 66

Fig. 4 Relationship between R&D expenditure and different
measures of import competition by Size. Source Authors’
compilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

Fig. 5 QQ plot: R&D expenditure (quantiles) and Total Imports . . . . . . . 71
Fig. 6 QQ plot: R&D expenditure (quantiles) and ERP. Source

Authors’ compilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

Digitalization and Exports: A Case of Indian Organized Sector
Manufacturing MSMEs

Fig. 1 Digital intensity of Indian incorporated Manufacturing
MSMEs (1990–2019). Source: Authors’ calculations
from the Prowess database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

xi



xii List of Figures

Fig. 2 Trend between digital intensity and export intensity of Indian
incorporated MSMEs (1990–2019) where indicates fitted
values of digital intensity, indicates export intensity, and
indicates digital intensity of firms over the 1990–2019 time
period. Source Authors’ calculations from the Prowess
database. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

Fig. 3 Sector-wise proportion of Indian Unincorporated MSMEs
using the internet and computers. Source National
Sample Statistics (NSS) 73rd round on unincorporated
non-agricultural Enterprises (2015–16) . . . . . . . . . . . . . . . . . . . . . . 98

Geographical Dispersal of the Manufacturing Industry in India

Fig. 1 Number of completed projects in manufacture (MNF)
from Projects Today (PT) and active manufacturing
companies registered in each year (Ministry of Corporate
Affairs, GoI) (MCA_Mnf) from 2001–2002 to 2017–2018.
Source Author’s calculation from Projects Today (PT)
and Ministry of Corporate Affairs (MCA), GoI . . . . . . . . . . . . . . . . 107

Map 1 Location of new completed manufacturing plants
from Projects Today from 2002 to 2018, with states
of India (Total plants = 7232) with urban areas with one
million and more population. Source Author’s calculation
from Projects Today data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

Fig. 2 Weighted plant occupancy for Mumbai (radius 400 km).
Source Author’s calculation from projects today data . . . . . . . . . . . 111

Fig. 3 Weighted plant occupancy for Chennai (radius 350 km).
Source Author’s calculation from projects today data . . . . . . . . . . . 111

Fig. 4 Weighted plant occupancy for Delhi (radius 400 km). Source
Author’s calculation from projects today data . . . . . . . . . . . . . . . . . 112

Fig. 5 GDP growth rate (2004–2005 base) for India and number
of completed plants in each year. Source Author’s
calculations from projects today and GDP data from Reserve
Bank of India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

Map 2 Clusters (DBSCAN) for each year group and for the entire
15-year period, labelled with their share of the new industries
completed in that period. The minimum points used
and the calculated Epsilon, along with the number of clusters
are also given. The dots are industry plants that were outside
of any cluster (non-cluster). Source Author’s calculation
from projects today data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

Map 3 Automobile component clusters, all industry clusters (Map
2, 2002–2018), non-cluster automobile component plants.
SourceAuthor’s calculations from ACMA directory, Projects
Today data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119



List of Figures xiii

Fig. 6 Total motor vehicle registrations in north and south regions
Source Derived from MoRTH, (2004–05 to 2014–15) . . . . . . . . . . 120

Fig. 7 Motor vehicle registration per lakh population in north
and south regions Source Derived from MoRTH, (2004–05
to 2014–15), Population Census 2001 & 2011 . . . . . . . . . . . . . . . . . 120

Map 4 Manufacture plants (Projects Today) and highway
infrastructure (Open Street Maps). Source Author’s
calculation from Project today data and Open Street Maps . . . . . . . 126

Map 5 District percentage share of all India Other Workers
in Population Census 201. Source Author’s calculation
from Population Census, 2011 data . . . . . . . . . . . . . . . . . . . . . . . . . 127

Map 6 District percentage share of all Indian workers in all hiring
enterprises Economic Census, 2013. Source Author’s
calculation from Economic Census, 2013 . . . . . . . . . . . . . . . . . . . . 128

COVID-19, Digitalization, and Firm Productivity: A Tale of
MSMEs in Two Industries

Fig. 1 Kernel density plot of firm productivity. Notes
Pre-COVID-19—2010–2019 and COVID-19—2020–2022 . . . . . . 141

Fig. 2 a Productivity distribution by firm size: pharma industry b
Productivity distribution by firm size: textile industry . . . . . . . . . . . 143

Fig. 3 Differences in productivity by digitalization, ownership,
organization type, and location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

Fig. 4 Differences in productivity across size groups . . . . . . . . . . . . . . . . . 150
Fig. 5 Productivity change across size groups: role of digitalization . . . . 151
Fig. 6 Productivity change across size groups: role of short-term

bank borrowings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

Capital Constraints and Competitiveness: Exploring the
Finance-Productivity Linkages of MSMEs in Developing Countries

Fig. 1 Percentage distribution of growth obstacles faced
by MSMEs. Source Authors’ own calculation based
on the WBES database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

Fig. 2 Impact of external formal finance on MSME performance.
Source Authors’ own calculation based on the WBES
database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168

Linkages Between Global Warming and Indian Productivity
Growth

Fig. 1 Temperature and Productivity growth: Mechanisms. Source
Authors’ Illustrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208



xiv List of Figures

Fig. 2 Quinquennial Trends in Labour Productivity Growth
(per cent) Over 1993–2021. Source Authors’ elaborations
using data from India KLEMS, Asian Productivity
Organization (APO) and The Conference Board’s Total
Economy Database (TED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

Fig. 3 Quinquennial Trends in Capital Productivity Growth
(per cent) Over 1993–2021. Source Source Authors’
elaborations using data from India KLEMS, Asian
Productivity Organization (APO) and The Conference
Board’s Total Economy Database (TED) . . . . . . . . . . . . . . . . . . . . . 212

Fig. 4 Quinquennial Trends in Total Factor Productivity Growth
(per cent) Over 1993–2021. Source Authors’ elaborations
using data from India KLEMS, Asian Productivity
Organization (APO) and The Conference Board’s Total
Economy Database (TED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213

Fig. 5 Trends in Rate of Growth Materials Productivity Growth
(per cent) Over 1993–2021. Source Authors’ elaborations
using data from India KLEMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

Fig. 6 Decadal Trends in Average Annual Mean and Maximum
Temperature of the Indian Economy Over the Period
1993–2021. Source Authors’ elaborations using data
from World Bank Climate Change Knowledge Portal . . . . . . . . . . . 215

Fig. 7 Annual average mean temperature anomaly relative
to 1961–1990 of India and the global economy
over 1950–2021. Source Authors’ elaborations from Our
World in Data and World Bank Climate Change Knowledge
Portal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

Decoupling Between Industrial Growth and Carbon Emissions:
Evidence from India’s Core Industries

Fig. 1 Tapio elasticity of decoupling. Source Tapio (2005) . . . . . . . . . . . . 236
Fig. 2 Frequencies of the decoupling elasticity degrees in the Indian

core industries. Source Authors’ compilation . . . . . . . . . . . . . . . . . 243
Fig. 3 Decoupling index values of the Indian core industries.

Source Authors’ compilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246

Estimating Carbon Emission Intensity of Energy Intensive Firms:
A Firm-Level Analyses

Fig. 1 Carbon emission in the aluminum and iron & steel industry.
Source Authors calculation based on CMIE (Database) . . . . . . . . . 261

Fig. 2 Source of Carbon Emissions in the iron & steel sector.
Source Authors calculation based on CMIE (Database) . . . . . . . . . 263

Fig. 3 Source of Carbon Emissions in the Aluminium sector.
Source Authors calculation based on CMIE (Database) . . . . . . . . . 265



List of Figures xv

Fig. 4 Emission Intensity in the iron & steel sector. Source Authors
calculation based on CMIE (Database) . . . . . . . . . . . . . . . . . . . . . . . 266

Fig. 5 Emission intensity in the aluminium sector. Source Authors
calculation based on CMIE (Database) . . . . . . . . . . . . . . . . . . . . . . . 267

Fig. 6 Average investment and carbon emission intensity
in the iron & steel industry. Source Authors calculation
based on CMIE (Database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267

Fig. 7 Average investment and carbon emission intensity
in the aluminum industry. Source Authors calculation based
on CMIE (Database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268

Fig. 8 Source of carbon emissions in the iron & steel sector. Source
Authors calculation based on CMIE (Database) . . . . . . . . . . . . . . . 272

Fig. 9 Source of carbon emissions in the aluminium sector. Source
Authors calculation based on CMIE (Database) . . . . . . . . . . . . . . . 273

Fig. 10 Number of firms in energy intensity industries. Source
Authors calculation based on CMIE (Database) . . . . . . . . . . . . . . . 273

Analysing International Trade in Green Goods: A Special
Reference to the Case of India

Fig. 1 Trade in CRE goods, 2017–2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . 292
Fig. 2 Trade in EPP goods, 2017–2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292
Fig. 3 Trade in HEM goods, 2017–2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . 293
Fig. 4 Trade in NRP goods, 2017–2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . 293
Fig. 5 Trade in NVA goods, 2017–2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . 294
Fig. 6 Trade in REP goods, 2017–2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294
Fig. 7 Trade in SWM goods, 2017–2021 . . . . . . . . . . . . . . . . . . . . . . . . . . 295
Fig. 8 Trade in SWR goods, 2017–2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . 295

Circularity of Critical Raw Materials: A Step Towards India’s
Net-Zero Targets 2070

Fig. 1 Schematic diagram showing metrics used for qualitative
criticality assessment of raw materials . . . . . . . . . . . . . . . . . . . . . . . 303

Fig. 2 Identified critical raw materials for key climate technologies . . . . . 307
Fig. 3 Critical raw material demand projection in solar a and wind

b sectors in 2030 and 2050 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 309
Fig. 4 Demand projection of critical raw materials for battery

energy storage systems for electric vehicles and stationary
applications based on two scenarios (a, b) considered in this
study. The demand of rare earth elements is independent
of the choice of lithium-ion battery chemistry (c) . . . . . . . . . . . . . . 310

Fig. 5 Demand projection of critical raw materials for hydrogen
production based on two scenarios (a, b). Percentage weight
contribution of other materials is shown in (c) . . . . . . . . . . . . . . . . . 313



xvi List of Figures

Fig. 6 Ways of applying circular economy at different stages
of the life cycle of critical raw materials . . . . . . . . . . . . . . . . . . . . . . 314

Fig. 7 Supply–demand scenario for critical raw materials (CRMs).
Supply indicates the proved reserves of CRMs, as reported
by the Indian Bureau of Mines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319

Nudging Circular Economy in Indian Industry: An Evaluation
Using ICRIER “Sampada” WSUT Model

Fig. 1 Waste hierarchy structure Source Oregon State University
(2020) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329

A Global Assessment of Green Hydrogen Value Chain:
Synthesizing Policy Learnings

Fig. 1 What makes Green Hydrogen a lucrative choice for the future . . . 372
Fig. 2 Investment gaps across different segments of the value chain

(Council, 2022) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373
Fig. 3 Export value percentage share of Platinum globally;

Representation of leading countries on the world map . . . . . . . . . . 378
Fig. 4 Export value percentage share of Palladium globally;

Representation of leading countries on the world map . . . . . . . . . . 379
Fig. 5 Export value percentage share of Iridium globally;

Representation of leading countries on the world map . . . . . . . . . . 379
Fig. 6 Export value percentage share of Zirconium globally;

Representation of leading countries on the world map . . . . . . . . . . 380
Fig. 7 Export value percentage share of Rare Earth Elements

(REEs) globally; Representation of leading countries
on the world map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 380

Fig. 8 Export value and export share of electrolyzers globally . . . . . . . . . 382
Fig. 9 IPC main groups and their percentage share . . . . . . . . . . . . . . . . . . 382
Fig. 10 Export and Import shares of the top five leading countries . . . . . . . 384
Fig. 11 Number of green hydrogen projects with percentage share

globally . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 384
Fig. 12 Status of green hydrogen projects with their percentage share . . . . 385
Fig. 13 Percentage share of green hydrogen projects based on status

and end-user segment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Fig. 14 Matrix for ranking countries based on exports and patents

(Author’s Analysis). *Selected countries for policy analysis
in yellow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 386

Sustainability and Green Industrialization: A Case of Indian Solar
Photovoltaic Technological Innovation System

Fig. 1 Technological innovation system (TIS) Framework (Source
adapted from Bergek et al., 2008; Gosens & Yu, 2013) . . . . . . . . . 399



List of Figures xvii

Fig. 2 Indian solar cell and module manufacturing capacity,
2007–08 to 2006–17 (Source MercomIndia, 2017; MNRE,
2018) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403

Fig. 3 Top 10 Indian Solar Cell Manufacturers, MW, % 2017)
(Source MNRE, 2018) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 404

Fig. 4 Top 10 Indian Solar Module Manufacturers, MW, % 2017)
(Source MNRE, 2018) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406

Fig. 5 Number of publications related to solar PV technology
in India, (2006–2015) (Source Researcher’s data based
on the Scopus database, 2017) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407

Fig. 6 Publications related to solar PV by top 10 countries
in the world (Source Researcher’s data based on the Scopus
Database, 2017) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 408

Fig. 7 Publications by the top 15 Affiliations in India (Source
Researcher’s data based on the Scopus database, 2017) . . . . . . . . . 408



List of Tables

Foreign Direct Investment and Export Dynamics in India:
Unveiling the Role of Brownfield and Greenfield Investments

Table 1 Variable description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Table 2 ADF and DF-GLS unit root tests . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Table 3 Bounds test-results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Table 4 Long-run estimates (ARDL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Table 5 Error correction model of ARDL (1 1 1 1 0 1) (short-run

estimates) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Table 6 Diagnostic tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Table 7 Vector autoregressive model: Types of FDI . . . . . . . . . . . . . . . . . . 29
Table 8 VAR stability test (greenfield investments) . . . . . . . . . . . . . . . . . . 31
Table 9 VAR stability test (brownfield investments) . . . . . . . . . . . . . . . . . . 31

Outward FDI and ITS Impact on the Parent Firm: A Case of
Indian GVC Firms

Table 1 Heckman two-stage estimation results . . . . . . . . . . . . . . . . . . . . . . 42
Table 2 Descriptive statistics (for GVC firms only) . . . . . . . . . . . . . . . . . . 43
Table 3 Test for equality of means of OFDI and non-OFDI firms

(unmatched sample) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Table 4 Balancing test results (matched sample) . . . . . . . . . . . . . . . . . . . . 45
Table 5 PSM-DID estimation results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Table 6 PSM-DID estimation results based on location . . . . . . . . . . . . . . . 48
Table 7 PSM-DID estimation results based on ownership mode . . . . . . . . 49
Table 8 Robustness check using kernel matching method

for the sample . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Table 9 Distribution of firms across industry groups . . . . . . . . . . . . . . . . . 52

xix



xx List of Tables

Does Import Competition Spur Firms’ Innovation Behaviour:
Evidence from Indian Manufacturing

Table 1 Descriptive statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
Table 2 Total imports as a measure of import competition . . . . . . . . . . . . 68
Table 3 ERP as a measure of import competition . . . . . . . . . . . . . . . . . . . . 69
Table 4 Panel quantile estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Table 5 OT as a measure of import competition . . . . . . . . . . . . . . . . . . . . . 73
Table 6 IT as a measure of import competition . . . . . . . . . . . . . . . . . . . . . . 73

Digitalization and Exports: A Case of Indian Organized Sector
Manufacturing MSMEs

Table 1 Construction/Definitions of variables . . . . . . . . . . . . . . . . . . . . . . . 85
Table 2 Summary statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Table 3 Testing for the differences in export intensity across low

and high digital intensity firms . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
Table 4 System GMM results: dependent variable = export intensity . . . 91
Table 5 Dynamic Probit results: Factors affecting the entry of firms

into the Export Market (odds ratios) . . . . . . . . . . . . . . . . . . . . . . . . 93
Table 6 Digital services value addition to India’s sectoral exports:

2018 (% share) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
Table 7 Digital services value addition in manufacturing exports

(% share) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

Geographical Dispersal of the Manufacturing Industry in India

Table 1 Quartiles of distribution of the distance of plants
from the city within a radius of agglomeration influence
for each year group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

Table 2 Interquartile distance, plant share, and weighted occupancy
of distribution of the distance of plants from the city
within the radius of agglomeration influence for each year
group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

Table 3 Cluster parameters for all years groups and full period . . . . . . . . 115
Table 4 Share of North and South in Gross total GSDP, total

per capita GSDP, and total population . . . . . . . . . . . . . . . . . . . . . . 121
Table 5 Geographic coverage of the clusters . . . . . . . . . . . . . . . . . . . . . . . . 122
Table 6 Accessibility of vendors for assemblers . . . . . . . . . . . . . . . . . . . . . 124

COVID-19, Digitalization, and Firm Productivity: A Tale of
MSMEs in Two Industries

Table 1 Classification of firms by size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
Table 2 Descriptive statistics: production function variables . . . . . . . . . . . 137
Table 3 Firm performance by size: Pharma and Textiles . . . . . . . . . . . . . . 139
Table 4 Changes in productivity by firm size . . . . . . . . . . . . . . . . . . . . . . . 142



List of Tables xxi

Table 5 Changes in productivity by size: Pharma sector, Textile
sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

Table 6 Productivity change by firm characteristics . . . . . . . . . . . . . . . . . . 151
Table 7 Digitalization, short-term borrowings and productivity:

regression results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
Table 8 Digitalization, short-term borrowings, and productivity:

regression results for pharma and textiles . . . . . . . . . . . . . . . . . . . 154
Table 9 Distribution of firms in the final sample by 4/5-digit NIC

codes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
Table 10 Description of variables – Factors influencing productivity . . . . . 156
Table 11 Basic descriptive statistics (N = 727) . . . . . . . . . . . . . . . . . . . . . . 157
Table 12 ACF Production function estimates at 4-digit level,

Balanced panel—2010 to 2022—Dependent variable
lnRsales (Pharma) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

Table 13 ACF Production function estimates at 4-digit level,
Balanced panel—2010 to 2022—Dependent variable
lnRsales (Textiles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158

Capital Constraints and Competitiveness: Exploring the
Finance-Productivity Linkages of MSMEs in Developing Countries

Table 1 Effect of formal finance on MSME labour productivity
(measured by sales per worker) . . . . . . . . . . . . . . . . . . . . . . . . . . . 169

Table 2 Impact of formal finance on MSME labour productivity
(measured by GVA per worker) . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

Trends and Patterns of ZED Certified MSMEs: A Sectoral and
States-Level Analysis

Table 1 Classification of MSME in India applicable w.e.f 1st July
2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

Table 2 Types of incentives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
Table 3 States and No. of State Policies . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
Table 4 States and percentage change in Micro Enterprises . . . . . . . . . . . 190
Table 5 States and percentage change in Small Enterprises . . . . . . . . . . . . 192
Table 6 States and percentage change in Medium Enterprises . . . . . . . . . . 193
Table 7 States and percentage change in micro, small, and medium

enterprises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
Table 8 Sectors and percentage change in Micro Enterprises . . . . . . . . . . 196
Table 9 Sectors and percentage change in Small Enterprises . . . . . . . . . . . 197
Table 10 Sectors and percentage change in Medium Enterprises . . . . . . . . 199

Linkages Between Global Warming and Indian Productivity
Growth

Table 1 Coefficient of correlations between variables . . . . . . . . . . . . . . . . 217



xxii List of Tables

Table 2 Dependent variable: TFPg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
Table 3 Dependent variable: LPg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
Table 4 Dependent variable: KPg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
Table 5 Dependent variable: MatProdgr . . . . . . . . . . . . . . . . . . . . . . . . . . . 226

Decoupling Between Industrial Growth and Carbon Emissions:
Evidence from India’s Core Industries

Table 1 Variable description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
Table 2 Decoupling scores . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
Table 3 Average decoupling score range for industries . . . . . . . . . . . . . . . 241
Table 4 Decoupling elasticity degrees of the Indian core industries . . . . . 242
Table 5 Average score of the industries . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247

Estimating Carbon Emission Intensity of Energy Intensive Firms:
A Firm-Level Analyses

Table 1 Choice of NCV and CO2 EFs of different types of fuel
used for estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258

Table 2 Results of the regression six models . . . . . . . . . . . . . . . . . . . . . . . . 270
Table 3 NIC codes used in the analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274
Table 4 Summary statistics table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
Table 5 Number of firms in each year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275

Analysing International Trade in Green Goods: A Special
Reference to the Case of India

Table 1 Results of the gravity equation: Dependent variable India’s
exports of CLEG goods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289

Table 2 Results of the gravity equation: Dependent variable India’s
exports of CLEG goods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289

Circularity of Critical Raw Materials: A Step Towards India’s
Net-Zero Targets 2070

Table 1 Abundance risk index values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303
Table 2 Domestic production risk index values . . . . . . . . . . . . . . . . . . . . . 304
Table 3 Import dependency risk index values . . . . . . . . . . . . . . . . . . . . . . . 304
Table 4 Geopolitical risk index values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 305
Table 5 Environment impact index values . . . . . . . . . . . . . . . . . . . . . . . . . . 305
Table 6 Economic importance index values . . . . . . . . . . . . . . . . . . . . . . . . 306
Table 7 End-of-life recycling rate index values . . . . . . . . . . . . . . . . . . . . . 306
Table 8 Demand projection of renewable energy, hydrogen

production, and battery technology in India . . . . . . . . . . . . . . . . . 308
Table 9 Possible substitutes of CRMs and their end-of-life potential

recycling rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315



List of Tables xxiii

Nudging Circular Economy in Indian Industry: An Evaluation
Using ICRIER “Sampada” WSUT Model

Table 1 Diagrammatic for the WSUT (in units) . . . . . . . . . . . . . . . . . . . . . 331
Table 2 Annual waste generation by waste types (in Metric Tonnes

or MTA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 332
Table 3 Waste treated by waste type (in MTA) . . . . . . . . . . . . . . . . . . . . . . 333
Table 4 Per Unit Costs of treatment technologies (INR per MTA) . . . . . . 335
Table 5 Waste allocation matrix (in MTA) . . . . . . . . . . . . . . . . . . . . . . . . . 336
Table 6 Total waste generation effects in aggregated intermediate

sectors (tonnes per crore Rupees) . . . . . . . . . . . . . . . . . . . . . . . . . . 338
Table 7 Total waste generation effects in waste treatment sectors

(tonnes per tonnes treated) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338
Table 8 Economic stimulus per tonne treated in waste treatment

sectors (Rupees crore per tonne treated) . . . . . . . . . . . . . . . . . . . . 339
Table 9 Total waste generation multipliers determined through

the Leontief Inverse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341

A Global Assessment of Green Hydrogen Value Chain:
Synthesizing Policy Learnings

Table 1 Overview of the research steps (objective and methodology) . . . . 375
Table 2 The classification of value chain segments with variables

and data sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 376
Table 3 Summary of the strategic elements used

in the manufacturing of electrolyzers . . . . . . . . . . . . . . . . . . . . . . . 377
Table 4 Major suppliers, exporters, and importers of strategic metals . . . 378
Table 5 The description of IPC main groups of the patents . . . . . . . . . . . . 383

Sustainability and Green Industrialization: A Case of Indian Solar
Photovoltaic Technological Innovation System

Table 1 Main key actors and stakeholders in the Indian Solar PV
innovation system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397

Table 2 Indian solar cell and module manufacturing capacity . . . . . . . . . . 403
Table 3 Status of the Indian solar PV market . . . . . . . . . . . . . . . . . . . . . . . 404
Table 4 Top five Imported Foreign PV Firms in India and global

PV module suppliers, 2017 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405
Table 5 Annual ranking of solar cell and module manufacturers

in Indiaa (2016–2017) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407
Table 6 Publication trends from India in various solar PV

technologies, 2007–2016 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 408
Table 7 Number of US granted patents from India in various solar

PV technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409



xxiv List of Tables

Table 8 Number of training institutes approved for Suryamitra
programme in India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 412

Table 9 List of training programmes on solar PV under the MNRE
support, 2015–2017 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 414


	Preface
	Contents
	About the Editors
	List of Figures
	List of Tables

