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FOREWORD

Odisha stands at a pivotal moment in its development journey.
Our economy is projected to grow at about 8.5 per cent annually, faster
than the national average. We aim to crcate many more jobs for our
youth and women as Odisha embarks on its vision, ‘Viksit Odisha, 2036
for Viksit Bharat, 2047. In this journey, we also need to diversify and
transform our economy to become more future- relevant, resilient, and
resource-efficient to ensure well-being and prosperity for all
communities.

A green economic paradigm, as outlined in this ground-breaking
report by the Council on Lnergy, Environment and Water (CEEW),
offers a unique pathway for Odisha to diversify and transform its
economy. By broadening the imagination of “green” beyond renewable
energy to include other aspects of cnergy transition such as circular
economy, bioeconomy and nature-based solutions, we can unlock
many more cconomic and employment opportunitics. With a thrust on
local value addition, it could also help Odisha catapult its ecconomy
from primary scctors to more sccondary and tertiary sectors —
generating higher incomes and better quality of life for our citizens.

Alongside, our industrial basc would help us make big strides in
supporting India’s cnergy transition and circular economy ambitions.
Odisha can become a regional lecader in showcasing a successful
circular model as the world moves from traditional mining to urban
mining.

Phone : : Office : 0674-2531100, 2531300, 2535100 (Fax)
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Continuation Sheet

This report on “flow a Green Economy Can Deliver Jobs,
Growth and Sustainability in Odisha’ helps us imagine the potential of
expanding our green cconomy initiatives in our state. It also outlines
institutional mechanisms necessary to develop a multi-sector green
economy, converging with cxisting schemes and programmes and
integrating various aspects of our development agenda.

I am happy to learn that Sccrctarics and Scnior Government
officials have supported this important initiative and CEEW Team.
Together, we can lead Odisha into a sustainable future, ensuring that
our next phase of development is pcople-centric and environmentally
resilient.

any )

(MOHAN CHARAN MAJHI)
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MESSAGE

Odisha's transition to a green economy is inevitable. A multi-sectoral green
economy that is resilient to climate change will help safeguard against future
economic vulnerabilities and create millions of jobs. This report by Council on
Energy, Environment and Water (CEEW) showcases the estimated size of a green
economy in Odisha and serves as a comprehensive guide for all key stakeholders,
including policymakers, administrators, industry and civil society organizations
(CSOs) to come together to realise its potential. By adopting the green economy
paradigm, Odisha will position itself as an important hub for green jobs and
investments, attracting sustainable industries and setting a benchmark for other

states.
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ANU GARG, IAS

Development Commissioner
-cum-Additional Chief Secretary
Government of Odisha

Date

MESSAGE

"The Green Odisha Initiative™ Report is a call to action for all sectors of the economy.
From micro-enterprises to large industries, across coastal and inland districts, there is
significant potential to generate green jobs, attract investments, and support the
development of emerging, future-relevant livelihood sectors. The Common Results
Framework (CRF), as outlined in this report by Council on Energy, Environment and
Water (CEEW), gives a structured approach to systematically track progress and ensure
that every Departmental initiative is aligned with the state's green economy objectives.
Planning and Convergence Department will act as the Secretariat to facilitate
coordination among Government Departments and Agencies so that the state’s green
economy goals are integrated with all sectors and programmes. The report is the
culmination of a year long engagement and interaction between the CEEW Team and

the Secretaries of related Departments which was coordinated by the Planning &

Convergence Department.
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INTEGRATED | INTERNATIONAL | INDEPENDENT

The Council on Energy, Environment and Water (CEEW) — a homegrown institution with headquarters in New
Delhi — is among the world's leading climate think tanks, often ranked among the world's best-managed and
independent think tanks. We use data, integrated analysis, and strategic outreach to explain — and change —
the use, reuse, and misuse of resources. It prides itself on the independence of its high-quality research and
strives to impact sustainable development at scale in India and the Global South.

In numbers

14 years of operation

11 Union ministries

20 State governments

330+ people

500+ research projects

600+ seminars & conferences
10,000+ media mentions

400+ mn lives impacted

2070 India's net zero target informed

Clean electricity penetration

+ Informed PMO: 100 GW solar, 175 GW RE target;
Surya Ghar Yojana (10 mn homes)

+ Informed Ujjwala & Saubhagya: 125+ mn people
electrified, 100+ mn households got LPG

% + Supporting rooftop solar deployment in
Madhya Pradesh, Uttarakhand & Rajasthan

- Training 30,000+ Vidyut Sakhis in Uttar Pradesh

Net-zero roadmaps for six states

- Power markets and pathways beyond 2030

Sustainable livelihoods & green economy

« Jobs, Growth and Sustainability, first economy
recovery report during CoViD-19

First (& ongoing) mapping of clean energy jobs
(3.4 mn FTE employment by 2030)

Powering Livelihoods: USD 5+ mn to support rural
startups; 19,000+ livelihoods; 10,000+ tech

[[] deployed

Green economy ecosystem in Odisha

Enabled world's first policy framework on distributed
renewables for livelihoods

Clean Energy Access Network impacting >200
enterprises

Global impact

- Strategic Partner to India's G20 Presidency
- Conceptualised International Solar Alliance
- Supported Paris Agreement, Kigali Amendment
+ "Think tank of the Global South" for Stockholm+50
®~ India’s first report on global governance
+ UNSG's High-Level Expert Group on Net Zero
+ Global Commission on the Economics of Water
« Co-created Our Common Air global commission
- Climate finance definitions & taxonomy; GIFT City
as sustainable finance hub

O

Building capabilities
Green financial intermediation for

Generative Al for energy

Leadership

Board

Mr Jamshyd N. Godrej (Chairperson)
Dr Janmejaya Sinha

Mr Montek Singh Ahluwalia

Dr Naushad Forbes

Mr S. Ramadorai

Dr Suresh Prabhu

Ms Vinita Bali

CEO
Dr Arunabha Ghosh

Low-carbon industrialisation & circularity

- Co-chaired Science, Technology & Innovation Policy
Supporting National Green Hydrogen Mission;
Green Steel Mission
ﬁ Informing Indian carbon market design

- Net-zero routes: steel, cement, fertiliser, aluminium
- Green industrial policies: Gujarat, Tamil Nadu
- Database of industrial emissions in India
- Natural-gas-based furnace for MSMEs

Fuels of the future

« Supporting India's Critical Minerals Mission

- Driving circular economy for solar, solid
waste & wastewater

E - Identifying & supporting value chains for clean

tech manufacturing

+ Supporting manufacturing of advanced cell
chemistry batteries

+ QUAD collaboration on critical minerals

Quality of life of citizens

« Clean air action in Delhi, Maharashtra & Punjab
Commission for Air Quality Management

National Water Resources Framework

Supporting National Mission for Clean Ganga
Developing first Climate Resilience Atlas
Supporting XVI Finance Commission with disaster
risk index for Indian states

U;P' Heat-cum-humidity action plans for 300+ cities

Flood-risk management action plans for five cities
Sustainable mobility in Kerala, Punjab (1,100
e-autos) & Uttar Pradesh (300+ e-buses)

« Natural farming in Andhra Pradesh & Rajasthan
Co-authored India Cooling Action Plan

- QUAD agreement on clean cooling

- Co-authored Mission LiFE

Planetary tipping points &

investments, insurance, & carbon markets | transition & climate resilience | impact on India's development

‘ ‘ The importance of institutions — for public policy research, advisory and action — is not

to claim a monopoly over truth. Their importance lies in rebuilding trust.
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A green economic paradigm can help states
achieve responsible growth, resilient jobs and
aregenerative environment.




Executive summary

ndia is one of the fastest-growing economies in the world and is home to the world’s
largest population. With reasonably young demographics, India needs jobs-intensive
economic growth and not merely economic growth. Simultaneously, India needs to achieve

an ambitious climate target to be net zero by 2070 while making its economy resilient to the
impacts of climate change. India’s economic development strategy needs a concomitant

focus on jobs, growth, sustainability and resilience. Adopting a green economy
paradigm could help India meet these four strategic outcomes, unlocking tens of
millions of jobs while fostering a low-carbon and resilient economy.

Box ES1 A green economy paradigm for India

A green economy paradigm for India must

mainstream sectors and value chains in the economy that further job-intensive economic growth while
regenerating/safeguarding the natural capital;

enhance economic resilience by investing in sectors that would be relevant and thriving in a low-carbon
and climate-changed world;

expand the ‘greening’ of the economy beyond the green energy transition to other sustainability-oriented
sectors, such as bio-economy, including the use of biomaterials and nature-based solutions, the circular
economy, and beyond; and

build the capacity and skills of the (future) workforce to actively transform the economy from an
extractive to a regenerative one.

The case for a green economy in Odisha

As India embarks on a green economy paradigm, its real implementation will happen in the

Indian states. To understand the relevance of a green economy at a state level, we focus on

Odisha, a state that has pioneered several positive climate action initiatives. Odisha was the

first to draft a state action plan on climate change, adopt climate budgeting initiatives and
institutionalise the state disaster management authority. The state also boasts ecological
diversity, from dense forests to a long coastline, a thriving industrial base, and significant
dependence on conventional extractive economic sectors. The state also needs economic
diversification, given the vulnerability of its current economic sectors to a low-carbon
transition as well as emerging climate impacts.

Adopting a
green economy
paradigm could
help India
unlock tens of
millions of jobs
while fostering
a low-carbon
and resilient
economy



How a Green Economy can Deliver Jobs, Growth and Sustainability in Odisha

A green economy paradigm can unlock much needed jobs and further economic opportunities
in the state while attracting fresh investments. Besides, it would help Odisha to:

Diversify its
economy into
future-relevant
sectors,

Reduce youth
out-migration
by creating new
economic

ensuring opportunities
long-term within the state;
economic
resilience;

Transition from Position itself

an economy as agreen
dependent on investment
primary destination,
production to attracting
one with new-age
value-added investments
sectors; and and talent.

We estimate the jobs, market and investment (J-M-I) opportunities, should Odisha adopt a
green economy paradigm. The report also elaborates on what it would take for Odisha to
adopt and implement such an economic paradigm.

For the assessment, we considered various emerging green sectors of the economy, namely,
the green energy transition (ET), the circular economy (CE), and the bio-economy and nature-
based solutions (BE and NbS). These green economic sectors were selected considering:

e the growing interest of the Indian private sector-from corporates to start-ups-in these sectors;
e emerging supportive government policies;

¢ the need to expand the spectrum of emerging climate solutions, including but also
beyond the ET; and

e the need to further economic activity across all levels of the economy - from
microenterprises to large industries and from primary sectors to tertiary ones.

Across these sectors, we identified and shortlisted 28 value chains based on (i) their
suitability to Odisha’s geographic and natural resource context; (ii) inputs received
from the state officials; and (iii) their commercial maturity (within or outside Odisha).
These value chains range from battery manufacturing to sustainable packaging to ecological
mangrove restoration (EMR). A detailed list is provided in Figure ES1.

It is worth noting that the three green economic sectors and their value chains do not constitute
an exhaustive list — many more green economic opportunities are likely to emerge in the
coming times. We selected these diverse value chains and sectors to broaden the discourse

on the green economy and its economic potential in India. Currently, many of these emerging
green opportunities are not on the radar of policymakers, economists, industrialists, financiers,
and civil society actors. This first-of-its-kind report would help broaden their imagination and
understanding of the possibilities that the green economy paradigm can offer.

N,

Odishaisa
pioneer of
several positive
climate action
initiatives

and has a real
opportunity to
also be the first
state to adopt a
comprehensive
green economy
paradigm



Executive summary

Figure ES1 Green economy value chains are diverse in nature and extend beyond renewable energy

4 E : :
Green hydrogen Plastic waste recycling”

(O Mini/micro grids* (n E-wase recycling”
[< ) EV manufacturing (A Construction and demolition waste recycling®

Li-ion battery waste recycling
E. Rooftop solar* (I n—
o]

. Bio-economy and nature-based solutions
‘. ’ RE manufacturing
inrfa Sustainable t
* : ustainable tourism
Floating solar*
[ﬁ = —
(ﬁi Bio-based packaging
[@ Pumped storage hydropower*
(. Ecological mangrove restoration**
[lu‘ Small hydropower*

Bio-inputs
(3 Utility-scale solar*

(é_ Sustainable forest management**
!
’ ’ Biomass to power*

3\’& Seaweed cultivation

Decentralised renewable energy (DRE)

technologies for livelihoods (ﬁ Agroforestry
b

, Bamboo-based products
( Battery energy storage systems* (n Compressed biogas
H
: Charging infrastructure* . l? Bio-fibre
el

Source: Authors’ analysis

Note: *Only deployment of the value chain has been factored in estimations. The rest of the value chains in the ET sector factor in estimations for
manufacturing. #0nly recycling of waste products is included in the value chain.

**Only restoration related activities — nursery management, plantation and maintenance activities — have been included in the value chain

We estimate that if Odisha actively adopts and scales up these value chains by 2030, the state can:

create ~-10 lakh Contribute INR Attract INR
full time equivalent 2 lakh crore (usp 3.5 lakh crore
(FTE) jobs 23.7 billion*) (usb 41.8

to the state GDP bi||ion)

in investments/ y

It would mean that Odisha can add about 23 per cent to its state GDP and about 20 per cent to its
current investment figures.

* Al INR to USD conversions are at the rate of 1 USD = 83 INR

These estimates are based on a bottom-up sizing of the potential of each of the selected 28 value chains in Odisha.
The sizing of the potential employs rigorous analysis using data from the literature and stakeholder interviews
with enterprises, sector experts, and relevant state government departments for each respective value chain. We
conducted 110+ private sector consultations, about 25 consultations with different state agencies or departments in
Odisha, and were guided by leading experts in the research process.
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Next, we present a breakdown of these aggregate potential numbers across the three sectors
(refer to Figure ES2) and their subsequent value chains (refer to Figure, ES3, ES4, ES5). It is
noteworthy that the jobs-to-investment ratio varies greatly across sectors and across value
chains. The number of FTE jobs per INR Cr of investment is about 12 to 9 times higher for CE
and BE+NDS, respectively, as compared to ET* — further emphasising the need to broaden
our green economic transition beyond only green energy transition, given the jobs-intensive
growth that India needs.

Figure ES2 A green economy paradigm can unlock huge opportunities for jobs and economic diversification in Odisha

o : Bio-economy and
Energy transition Circular economy :
nature-based solutions

No. of value chains 14 4 10
Job potential* 4 lakh+ 29,700+ 5.6 lakh+
Market opportunity** INR 1.6 lakh crore+ INR 9,500 crore+ INR 25,900 crore+

Investment opportunity INR 2.8 lakh crore+ INR 2,500 crore+ INR 63,500 crore+*

11.9 8.9

Jobs per crore of investment 1.4+

Source: Authors’ analysis

Note: *Only considers direct jobs. **Does not include carbon revenue and final product revenue of many VCs (such as agroforestry). #Includes public outlay for NbS.
##The investment opportunity in ET is high because of a high initial capex requirement.

**Job potential and investment opportunity have been estimated till 2030 while market opportunity has been estimated in 2030.

Figure ES3 Energy transition can generate more than four lakh jobs and INR one and a half lakh crore in market
opportunity with an investment of less than INR three lakh crore

Value chain Jobs Market Investment Value chain Jobs Market Investment
('000) (INR'O0Ocr) (INR'O0O cr) ('000) (INR'O00Ocr) (INR'O0O cr)
Battery energy
RE
manufacturing 93 44 65 storage systems 16 0-6 45
B":;"ass © 13 2.3 14
Mini/micro grid 82 0.8 21 power
Utility-scale solar 6.9 2.7 40
Green hydrogen
65 40 57
and electrolyser Charging infra 5 0.3 1.6
DRE technologies
o 44 5.7 0.1 Pumped storage
for livelihoods hydropower 33 6.2 19
fn\;nufacturing 31 53 25 Wind 0.6 0.5 6.9
Small hydropower 0.5 0.7 14
Rooftop solar 26 0.4 4.5
Total 401 161 281
Floating solar 17 3.2 31

Source: Authors’ analysis

Note: RE, renewable energy; GH2, green hydrogen; BESS, battery energy storage systems; DRE, decentralised renewable energy; PSH, pumped storage
hydropower; EV, electric vehicle

1 For example, plastic waste recycling can create more than 10 jobs per crore INR of investment, whereas electric vehicle (EV) manufacturing will
create about 1 job per crore of investment.
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Figure ES4 Circular economy can generate 30 thousand jobs and INR 10 thousand crore in market opportunity
with an investment of less than INR three thousand crore

Value chain Jobs* ('000) Market (INR ‘000 cr) Investment (INR ‘000 cr)
Plastic waste recycling 23 8.4 2

E-waste recycling 55 11 0.4
Construction and demolition waste recycling 1.5 0.1 0.1

Li-ion battery waste recycling 0.2 0.1 0.1

Total 30 10 2.6

Source: Authors’ analysis

* Represent direct jobs created from recycling operations and do not include other roles within a company like finance, administration, sales and marketing.

Figure ES5 Bio-economy and nature-based solutions can generate more than five lakh jobs and INR 26 thousand
crore in market opportunity with an investment of around 64 thousand crore

Value chain Jobs Market Investment Value chain Jobs Market Investment
(‘000) (INR'O00cr) (INR'00O cr) (‘000) (INR'O00cr) (INR'00O cr)
Sustainable forest 244 33 14 Sustainable . s s
management tourism . . .
Seaweed
cultivation el e = Bio-based 29 22 48
packaging* :
Agroforestry 136 4.9 29
Mangrove 2.2 0.01 0.1
Bamboo-based restoration
29 6.4 9.5
products
Bio-inputs 21 0.1 0.01
Cpmpressed 21 1 0.2
biogas
Bio-fibre 1 24 2.5 Total 565 26 64

Source: Authors’ analysis

* These numbers are based on an assumption that 50 per cent of the available biomass is utilised for bioplastic and 50 per cent for bio-based packaging paper.
Range of estimates for each product is shown in Chapter 3.

Catalysing a green economy in Odisha

The jobs, market, and investment (J-M-I) estimations build the case for promoting these value
chains, but the next big question is, what should be the approach to realising this potential?
We tackle this question at two fundamental levels: (i) efforts to implement and scale each value
chain and (ii) efforts across the value chains at an economic paradigm level.

At the value chain level, we answer a range of important questions to move forward in
supporting these value chains:?

What are the key barriers limiting the emergence and scale-up of the value chain? What could
be the mitigation strategies to overcome these barriers?

What are the roles and responsibilities of different state departments in promoting and supporting
each value chain? Who could be the lead and allied departments for each value chain?

2 These are discussed in detail for each value chain in the main report.



How a Green Economy can Deliver Jobs, Growth and Sustainability in Odisha

e What are the key risks in scaling the respective value chain? What could be the associated
mitigation strategies?

e What are the prevailing successful on-ground examples for each value chain? What can
we learn from them?

At the economy-wide level, to realise the immense potential of a green economy in Odisha,
we propose an implementation plan called the Green Odisha Initiative (GrOI). It weaves
in and builds upon the state’s ongoing isolated efforts to develop green value chains and
offers a state-wide and economy-wide coherent approach.

¢ A whole-of-government approach

The GrOI will function as an overarching initiative of the state government, directly
under the leadership of the chief minister. Its secretariat will be hosted at the Planning
and Convergence Department (P&CD), which oversees interdepartmental planning
and coordination.

A Common Results Framework (CRF)? is to be designed to ensure convergence of the
prevailing schemes and programmes across various departments, leveraging them
to promote the green economy. This step is essential for budgetary allocations and
for regularly monitoring the progress of the initiative. The CRF will also propose
department-level goals and targets.

A committee of select department secretaries, chaired by the chief secretary, will be
established to oversee the formulation and implementation of the initiative.

A subcommittee, consisting of state officials at the director level of the respective
departments, will be formed to support the secretary-level committee in ensuring
active collaboration and coordination between departments in implementing the

GrOIL.

¢ A whole-of-economy approach E
The GrOI aims to catalyse all sectors and segments of the economy — from primary /rl/ o
to tertiary, micro, small, and medium enterprises (MSMEs) to large industries, and 00000 I'[l
manufacturing to services — by greening existing business activities and promoting
new green activities and value chains. Currently,
Once the CRF is operationalised, it will enable the state to estimate how much of the many of the
budget is aligned with advancing the green economy in the state. The government can emerging green
then set progressively increasing targets to expand this share of the budget over time. opportunities

are not on

The GrOI will catalyse active policy signalling from the state government to direct

. . . s, . the radar of
private-sector investment towards Odisha’s green sectors. This includes creating a

policymakers,
economists,
industrialists,

more conducive and supportive policy environment for green enterprises, providing
favourable incentives where needed, and implementing regulations to scale up

green value chains. Additionally, it may also include an ecosystem development financiers, and
approach around value chains as well as cross-cutting support via areas such as skill civil society
development for green sectors. actors

3 Refer to Chapter 4 of the main report.
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¢ A whole-of-state approach /\/\/l

- The GrOI's on-ground implementation should be pan-Odisha, ensuring that all
geographical regions across the state begin evolving and aligning their economic
activities with more future-relevant economic sectors.

- Local contexts, such as biological resources and locational advantages, will naturally By 2030, Odisha

influence the kinds of green value chains that can be developed in different regions. can create 10
For example, the seaweed value chain would be dominant in the coastal districts, lakh full-time
while certain CE value chains may be dominant in more urbanised parts of the state. equivalent (FTE)
jobs, directly
The private sector and civil society must complement the endeavours of the government contribute INR
with regard to the GrOI through the implementation of technology, innovation, investments, 2 lakh crore
skills development, community engagement, local institutional capacity building, and other (USD 23.7
similar measures. billion) to the

state GDP, and
attract INR 3.5
lakh crore (USD
41.8 billion) in
investments

Image: iStock

Conclusion

A green economy has the potential to unlock vast economic and job opportunities, especially
as we broaden the imagination beyond just the energy transition. Many of these emerging
opportunities need public support and the private sector’s attention today so that the jobs
for our youth and our economy can thrive and become resilient in a low-carbon and climate-
changed future. Not investing in a green economy now may mean losing out in the global
competitive landscape as the demand for green products and services will skyrocket in the
coming years

This report is one of the first to estimate, characterise, and showcase a pathway for realising
these opportunities at a state level in India. While the scope and potential of the green
economy could be even greater, it will require coordinated efforts from the state, markets,
and civil society to translate this opportunity into a tangible reality for millions on the
ground.
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With a short cultivation period, seaweed farming
can improve livelihood opportunities for fishing
communities, especially women.
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1. Introduction

ndia is the fastest-growing major economy in the world, with a gross domestic product

(GDP) growth rate of 8.2 per cent in the fiscal year 2023-24. Comprising a population with
a median age of just over 28 years, India possesses significant economic and demographic
potential (PIB 2024). By 2030, its working-age population is expected to number more than
a billion people, with its demographic peak occurring only after 2040 (EY India 2023; Malin
and Tyagi 2023). However, to adequately realise its demographic dividend, India must create
about 80 lakh jobs annually (Ministry of Finance 2024). With an overall unemployment rate
of 6.8 per cent, the International Labour Organization (ILO) estimates that India’s youth
population accounts for 83 per cent of those unemployed (Fernandes 2024). Therefore,
India needs job-intensive economic growth to create equitable economic opportunities for
its population. Simultaneously, India has committed to achieving net zero by 2070, with
imminent and ambitious decarbonisation targets set for 2030 (PIB 2023a). To concurrently
achieve both priorities of job creation and low-carbon development, it is critical to build
a green economy paradigm that generates jobs, furthers economic prosperity, and fosters
climate and environmental action.

1.1 What is a green economy?

The extant literature provides varied definitions and characteristics of a green economy.
The United Nations Environment Programme propounds the key characteristics as being
“low carbon, resource efficient and socially inclusive” while also generating income growth
and job opportunities through an increase in public and private investments (UNEP n.d.).
The Green Economy Coalition propounds similar characteristics of a green economy; it says
that a “green economy is one that provides prosperity for all within the ecological limits of the
planet” (Green Economy Coalition 2020). The Global Green Growth Index, similarly, is an
attempt to quantitatively assess the performance of 157 countries along four green growth

dimensions: “efficient and sustainable resource use, natural capital protection, green economic

opportunities and social inclusion” (Global Green Growth Institute n.d.). The ILO particularly
emphasises the green jobs that are generated through a green economy, as “green jobs are
decent jobs that contribute to preserve or restore the environment” (ILO n.d.). The common
thread in each of these understandings is that a green economy is climate-positive and
sustainable while also being job-intensive.

In this study, we define the green economy as one that protects the environment and stays
within the ecological boundaries of nature while promoting job-intensive economic prosperity.
A job-intensive green economy paradigm is particularly crucial for a country like India to
align its environmental and climate-action objectives with that of sustainable economic
development.

It is critical to
build a green
economy
paradigm that
generates
jobs, furthers
economic
prosperity,
and fosters
climate and
environmental
action



10

How a Green Economy can Deliver Jobs, Growth and Sustainability in Odisha

To offer shape to this definition, in the context of India, it is necessary to answer a range
of questions:

e Which sectors and value chains constitute a green economy?
e Isagreen economy equivalent to a green energy transition (ET)?

e What is the potential of the green economy — in terms of generating jobs, economic
growth, and investments?

e How can we mainstream the green economy paradigm?

This report aims to answer these questions and initiate a broader dialogue to evolve

the Indian economy along a greener trajectory. In doing so, we explicitly broaden the
imagination and scope of a green economy beyond just the green ET to include other climate-
positive sectors, such as the circular economy (CE), bio-economy (BE), and nature-based
solutions (NbS). Together, these areas expand the vast span of emerging green opportunities.

1.2 A green economy paradigm for Odisha

As India embarks on a green economy paradigm, its real implementation will happen at the
subnational level- its states. To understand the relevance of a green economy at a state level, we
focus on Odisha, a state that has pioneered several positive climate action initiatives. Odisha
was the first to draft a state action plan on climate change, adopt climate budgeting initiatives
and institutionalise the state disaster management authority. The state also boasts of ecological
diversity from dense forests to a long coastline, hilly regions, central plateau, and floodplains
which provide an opportunity to examine diverse green economic sectors and value chains

in a single state. These advantages, combined with a thriving industrial base, significant
dependence on conventional extractive economic sectors and a range of supportive policies for
green sectors warrant Odisha to explore the possibilities of a green economy.

Odisha is a pioneer in India for action against climate change. It was the first Indian

state to (i) adopt a State Action Plan on Climate Change, (ii) formalise a climate budget,

and (iii) secure funding from the UN Green Climate Fund (Government of Odisha: Forest,
Environment and Climate Change Department n.d.). Encouragingly, in recent years, the state
has surpassed the national average in GDP growth, the Human Development Index (HDI),
and the Multidimensional Poverty Index (MPI) — all key indicators of a resilient economic
trajectory (PTI 2023; The New Indian Express 2019; NITI Aayog 2023). Additionally, it has a
strong industrial base with the presence of large steel, aluminium, coal, and other industries.

In adopting a green economy paradigm, Odisha can leverage its thriving industrial
ecosystem, abundant bioresources, and rich natural ecosystems to diversify its economy and
expand job and livelihood opportunities. The state’s combination of policies holds significant
potential to accelerate green economic development. This policy support will help attract

the private investments required to promote the green economy in Odisha. An illustrative
example of three such policy instruments is given here:

e Industrial Policy Resolution 2022 Odisha: Since its adoption, the Industrial Policy
Resolution (IPR) has significantly improved the ease of doing business, enhanced the
quality of governance infrastructure, streamlined regulatory compliance, and provided
incentives for several industries to flourish in Odisha. The resolution classifies industrial
sectors eligible for special incentives into two categories — priority sectors and thrust
sectors — each with its own set of incentives and regulations. A few green economic
sectors and value chains are placed within the ambit of thrust sectors, including
green energy equipment and green hydrogen (GHz2). The IPR can be further utilised to
include many more green sectors, thus attracting investments from the private sector
(Government of Odisha: Industries Department n.d.).

With a
combination
of progressive
economic
policies and
abundant
natural

resources,
Odisha has

the capacity to
become the first
state in India to
mainstream a
green economy
paradigm



Odisha Renewable Energy Policy, 2022: The state’s renewable energy (RE) policy provides
numerous incentives and benefits to industrial RE developers in an effort to attract

them into the state. The policy has a huge scope and covers almost all the value chains
included within the ET vertical of the Green Odisha Initiative (GrOI). Some of the
incentives and benefits that the policy provides include the following:

progressive waiver of inter-state transmission system (ISTS) charges and other
similar charges;

exemption of 50 paise per unit of electricity duty;
subsidies for consumers of electricity that is generated using RE sources; and

prioritisation of land availability for RE projects from industrial land banks
(Government of Odisha: Industries Department n.d.).

Odisha MSME Development Policy—2022: Odisha’s MSME policy provides several
incentives and benefits to companies that fall within its ambit to promote industrial
growth equitably across its districts. These include land subsidies, exemptions on certain
duties, fixed capital subsidies, interest subsidies, and several others. Currently, the policy
identifies eight focus sectors, none of which are green economic sectors. By extending its
focus to include green sectors, the existing provisions of the MSME policy can be used to
direct investments towards green value chains in the state (Government of Odisha: Micro,
Small & Medium Enterprises Department n.d.).

With a combination of progressive economic policies and abundant natural resources,
Odisha has the capacity to become the first state in India to mainstream a green economy
paradigm. However, certain additional efforts can help Odisha accelerate this transition.
These are as follows:

Converge economic development and climate action in the same direction
Become an attractive destination in India for green investments
Enhance value addition in the state

Diversify the state's economy to include emerging green sectors

1.3 Scope for a green economy in Odisha

We have selected three emerging green economic sectors to explore Odisha's green economic
potential.* These sectors comprise 28 unique value chains, each with varying potential to
generate jobs, market, and investment opportunities. This list is inexhaustive, and more
sectors and value chains may be included as the green economy begins to take shape in the
state. The three sectors that we have identified are as follows:

Energy transition: The ET sector is often considered the foundational pillar of a green

economy. This sector includes key technologies necessary for transitioning to a non-fossil-

fuel-based economy, such as the deployment of renewable technologies like solar and
wind, and the manufacturing of components critical to the RE ecosystem. It also includes
technologies, products, and services for decarbonisation, such as electric vehicles (EVs)
and GH2. We have identified 14 value chains within ET as greening energy sources could
unlock substantial job and market potential.

4 The methodology chapter of this report discusses our selection criteria. As the green economy efforts in the state

progress, it is possible for the state to expand these sectors and value chains.
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e Circular economy: The circular economy is a system where materials never become waste
and nature is regenerated. In a circular economy, products and materials are kept in circulation
through processes like maintenance, reuse, refurbishment, remanufacture, recycling, and
composting.” (Ellen Macarthur Foundation n.d.). The Indian economy is projected to
generate 165 million tonnes of waste from different streams by 2030 (International Trade
Administration 2023). To achieve an environmentally sustainable economy, it is crucial to
find methods to recover resources from waste and reintegrate them back into the economy.
Based on the state's priorities, we have included four green value chains in the CE in our
analysis. However, there is scope to include additional value chains in the future.

¢ Bio-economy and nature-based solutions: Arguably, the most innovative way to create
economic value from a green transition is by sustainably leveraging natural resources.
BE is defined as an efficient approach to converting and utilising biological resources
into economic goods, thereby scaling revenue creation towards realising a sustainable
economy (BIRAC 2021). It encompasses a wide range of value chains, including bio-
inputs, biogas, bio-fibre, and bio-packaging. While BE is a product-based framing of
industry, NbS involve actions that focus on the protection, restoration, or sustainable
management of natural ecosystems, generating income and job opportunities for local
communities (IUCN 2020). Under the combined sector of BE and NbS, we have identified
10 value chains, such as ecological mangrove restoration, bio-fibres, and sustainable
tourism, which could contribute to the green transition paradigm in Odisha.

This report is the first step towards mainstreaming a green economy in Odisha, and it consists
of four chapters.

e In Chapter 2, we discuss the methodology used to
identify these three green economic sectors and the value chains within them;

estimate the job potential, market opportunity, and investment opportunity of each
value chain; and

propose an institutional mechanism to implement and develop the value chains in
Odisha, and limitations to our methods.
e Chapter 3 consists of a brief overview of each value chain, covering
the jobs, market, and investment potential of each value chain;
the roles and responsibilities of relevant government departments to scale them up;

the risks and challenges scaling up may present, and mitigation strategies to tackle
them;

the rationale for the private and public sectors to invest in these value chains; and

a case study demonstrating success from the ground.

e To realise the green economy paradigm, we have proposed an implementation plan called
the GrOI. This initiative will adopt a whole-of-government approach to mainstream the
green economy in Odisha. Details of the initiative are shared in Chapter 4 of this report,
where we have included suggestions for

implementing an institutional mechanism;
a common results framework (CRF); and

the roles and responsibilities of the private sector and civil society in making the
green economy a reality.

e Detailed dossiers that provide crucial knowledge (J-M-I potential, challenges and
mitigation, mapping of lead and allied departments, risks to scale) on each value chain
identified under the initiative have been designed and attached as additional documents
to Chapter 3 of this report. These dossiers will be useful to assist government officials,
policymakers, and academics interested in scaling up the green economy in Odisha.

To realise the
green economy
paradigm,

we have
proposed an
implementation
plan called the
Green Odisha
Initiative. This
initiative will
adopt a whole-
of-government
approach to
mainstream the
green economy
in Odisha
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Image: CEEW

Members of the CEEW team at the State Secretariat in Odisha. Government consultations were crucial to the development of this study.

his chapter discusses the methodology used to estimate the opportunity size of a green

economy in Odisha and our recommendations for implementation routes. It also details
the methods employed to identify key green economic sectors relevant to Odisha, pinpoint
green value chains within these sectors, and assess the challenges, mitigation strategies, and
risks associated with scaling such green value chains.

We adopted a ‘five-step approach’ to quantify, characterise, and propose an
institutional mechanism for realising a green economy in Odisha. Table 2.1 discusses the
overarching set of methods leveraged for the study.
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Table 2.1 The five steps and rationale to estimate and implement a green economy

Sequential Steps Key queStion answered

Identify key green
economic sectors
relevant to the state.

Selection of value
chains under each
sector.

Estimate the size of the
job, market,

and investment
opportunities for each
value chain.

Identify the associated
challenges, risks, and
mitigation strategies
in scaling each of the
value chains.

Propose an institutional
mechanism to
implement a green
economy in Odisha.

Source: Authors’ analysis

Which emerging green sectors can
Odisha leverage to further jobs,
growth, and sustainability?

Which emerging value chains

can Odisha prioritise across the
selected green sectors to foster a
green economic transition?

Which green value chains hold the
most potential for scaling up?

If Odisha could embrace the green
economic sectors, how big would
the jobs, market, and investment
opportunities be?

Are there successful examples of
these value chains on the ground?

What are the key risks in scaling the
value chains? What could be the
mitigation strategies?

What are the major challenges in
scaling the value chains? What
could be the mitigation strategies?

What could be the role of various
government departments and the
private sector?

What is a suitable institutional
mechanism to implement the green
economy?

Identify economic sectors that are green or have the
potential for greening.

Identify a long list of value chains across the three economic
sectors.

Define and use guiding principles for shortlisting value
chains.

Delineate segments/activities within the shortlisted green
value chains for which jobs and market size will be estimated.

Undertake stakeholder consultations to finalise the list of
value chains.

Establish guiding principles for jobs and market estimation.

Leverage secondary data from industry and academic
research and publications for estimations.

Undertake stakeholder consultations to get data on FTE job
factors and demand for jobs and market estimations.

Leverage secondary data from industry and academic
research and publications and undertake stakeholder
consultations to map challenges.

Undertake stakeholder consultations to identify their
mitigation strategies.

Identify the roles of different stakeholders in mitigating the
challenges.

Leverage secondary data from industry and academic
research and publications to outline the risks associated with
scaling.

Undertake stakeholder consultations to map the risks
associated with scaling a value chain and possible mitigation
strategies.

Identify the lead and supporting departments for each green
value chain.

Assess the need for any additional institutional body (and
its form) to mainstream a green economy paradigm and its
form.

Develop a common results framework to map value chain
outcomes, outputs, and activities to existing government
schemes to enable budgetary convergence and regular
monitoring of progress.
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2.1 Identifying key green economic sectors relevant
to Odisha

We selected the green economic sectors considering the following: (i) the growing interest
from the private sector in India, ranging from large industries to start-ups, in these sectors;
(ii) evolving government policies; (iii) the need to expand climate solutions beyond the

ET; (iv) the need to further economic activity across all levels of the economy — from
microenterprises to large industries, and from primary to tertiary sectors.

Based on these considerations, we identified three emerging green sectors of the economy:
(i) the green ET (henceforth ET); (ii) the CE; and (iii) BE and NbS.

2.2 Selecting value chains in each sector

We compiled a comprehensive list of green value chains across the three identified green
economic sectors using the following set of guiding principles, informed by our analysis of
the existing literature from industry, academic research, and relevant publications:

e Suitability for Odisha's geographical and resource contexts: The value chains should
be well-suited to Odisha's geography and resources, aiming to create jobs and livelihoods,
diversify economic activities, and avoid depleting natural assets.

* Prioritisation of established value chains: Focus on value chains that have been
proven to be successful, scalable, and replicable and that have been prioritised by the
government.

e Inclusion of emerging high-potential value chains: Consider value chains with
high potential that are less explored or new to Odisha but have been successfully
commercialised elsewhere.

e Avoidance of long-term ecological damage: Exclude value chains that are likely to
cause long-term ecological harm.

After curating a long list of value chains using the guiding principles, we evaluated them
based on five key parameters to create an initial shortlist. These parameters included policy
support, natural endowment, supply-side feasibility, the presence of an ecosystem of related
goods, and global momentum. Additionally, we applied sector-specific filtering criteria to

refine our shortlist, recognising that each sector is at a different stage of development and has

unique characteristics. For example, in more mature value chains, such as those in the ET
sector, we prioritised those with strong policy support, government interest, and established
national or sub-national targets. Conversely, for emerging value chains, we focused on those
with significant stakeholder engagement and private-sector interest. Further details on these
sector-specific filtering criteria are provided in Annexure A.

Finally, we conducted stakeholder convenings and consultations to ascertain that the filtered
list of value chains is relevant in Odisha. As part of the stakeholder convening, we hosted

a closed-door roundtable with experts from eight civil society organisations (CSOs) in the
state, each with many years of experience across various sectors. Through this, we mapped
their perceptions on the relevance of the filtered value chains for the state of Odisha. We also
held more than 22 rounds of consultations with state officials across several departments. An
indicative list of the departments consulted is provided in Annexure B, and the process used
to select value chains is illustrated in Figure 2.1.

(@)

oS

We adopted five
key parameters
to identify value
chains: policy
support, natural
endowment,
supply-side
feasibility, the
presence of an
ecosystem of
related goods,
and global
momentum
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Figure 2.1 The process we used to select green value chains

Arriving at the guiding principles based on a literature review of industrial and academic research

Curating a long list of green value chains by passing them through our guiding principles

Shortlisting value chains based on five key parameters — policy support, natural endowment,
supply-side feasibility, the presence of an ecosystem of related goods, and global momentum

Applying sector-specific filtration criteria to refine our shortlist

Validating the selected value chains through stakeholder consultations with the
government, industry actors, and civil society

Source: Authors’ analysis

2.3 Estimating the size of the job, market, and investment
opportunities for each value chain

The study focuses on estimating the job, market, and investment (J-M-I) potential of the
selected green economic value chains, as determined by the process discussed above in
section 2.2. Some key features that inform these estimates are outlined in Box 2.1.

Box 2.1 Key characteristics of jobs, market, and investment estimated as part of the study

We account for and estimate only direct job roles. Indirect and induced job opportunities created will be discussed wherever
possible but are not estimated, to avoid double counting. Furthermore, we calculate cumulative jobs and investment till 2030
(accounting for the seven year period — 2024-30) and market opportunities in 2030.

To determine the J-M-I potential, we adopted a tailored approach for each value chain to
ensure robustness, particularly when dealing with both established and emerging sectors.
Key factors in formulating these estimates included job factor estimations, industry
consultations, and benchmarks from leading regions. We also ensured that projections were
aligned with industry norms while allowing flexibility for sectors with varying working
patterns or evolving dynamics. In addition, detailed approaches to each value chain
estimation are discussed in the document here.

While we employed a nuanced methodology for J-M-I estimations, we also set common
considerations applicable to all value chains. These are detailed below:
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A. Considerations for jobs estimations

e We estimate jobs to be FTE.

ﬂ Formula for FTE job estimation

An FTE job is estimated as the ratio of time an employee spends on a specific task or project during a given year to the standard total
working hours for that industry (A. Tyagi et al. 2023).

o For established sectors, we relied on existing FTE job factors (for instance, several value
chains within the ET).

¢ For emerging sectors, we conducted consultations and focus group discussions with
industry players to determine the FTE job factors.

¢ The number of working days for an FTE job may vary by industry. For most value chains,
the range is typically between 220 and 300 days. However, for certain value chains within
the BE and NbS sectors, the number of working days ranges from 100 to 180 days.

e We estimate jobs till 2030.

e We considered only direct job opportunities to avoid double counting.’

B. Considerations for market potential estimation

e We evaluated the business-as-usual (BAU), policy targets, and technical potential of value
chains to project an ambitious target for each.

¢ In addition, the ambitious targets were also benchmarked against the targets of leading
states or comparable international geographies.

e Wherever the benchmark did not exist or where Odisha was already ahead of the other
states, we undertook consultations with industry experts to estimate the ambitious targets.

e Market size was estimated based on the ambitious targets set for different value chains.

e We estimate market potential in 2030.

2.4 Identifying the associated challenges, risks, and
mitigation strategies in scaling each of the value chains

We leveraged an extensive literature review — academic papers, reports, policy documents,
and so on as well as stakeholder consultations with government and industry players — to
identify the major challenges hindering the scale-up of respective green value chains, the
risks in scaling value chains, and the measures that can be used to mitigate these.

When mapping the challenges, we ensured they aligned with the appropriate mitigation
strategies. Additionally, we developed a set of categories for mapping challenges, including
limited access to affordable financing, lack of investor interest, inadequate policy support,
absence of proof of concept and low confidence in viability, and psychological barriers.

For instance, to address the challenge of improper maintenance of rooftop solar (RTS)
systems, we mapped out the roles of private entities, including developers and channel
partners/vendors, alongside government departments. These stakeholders must ensure

the development of standard operating procedures (SOPs), provide consumer training, and
implement other suitable mechanisms to support the proper maintenance of RTS systems.

Scaling some green value chains carries the risk of negatively impacting biodiversity and
causing environmental degradation if resources are overexploited for economic gains or if
interventions are not well planned and implemented. For example, inadequately poorly

5 In some cases, indirect jobs in one value chain can be direct jobs in another value chain. In such cases, if we
account for indirect jobs, we will end up with double counting.
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planned and implemented floating solar can negatively affect marine aquaculture and
biodiversity, cause water quality disruptions, and interfere with local transportation and
fishing activities. Similarly, scaling biomass-based value chains could lead to an increase in
demand for crop residue, potentially driving stakeholders to shift to crops that provide high-
volume residue or even use forested land for cultivation. In this study, we have identified
these risks and provided some suggestive measures to address them, though we have not

outlined comprehensive mitigation strategies for each risk.
The immense

. . . . . . potential for a
2.5 An institutional mechanism for implementing a green green economy
economy in the state needs a robust

. . S and effective
The immense potential for a green economy needs a robust and effective institutional

. o institutional
mechanism to realise it. Given the need for a whole-of-economy and a whole-of-government mechanism to
approach, it was important for us to identify an institutional mechanism that enables multi- realise it

department convergence and coordination.

We first undertook a mandate mapping exercise for each department, to identify the
department that could serve as the lead for the promotion of a value chain and all the other
departments that will have an allied role. It involved reviewing their core mandate, schemes
and policies implemented by them and any recent announcements made by the state
government that further signalled their departmental mandate and priorities. Subsequently,
the consultations with the state’s Chief Secretary and other Principal Secretaries led to

the emergence of the idea of developing a secretary-level committee and officers’ level
sub-committees to oversee the implementation of the Green Odisha Initiative and enable
cross-department collaboration. It also emerged from the consultation that there is a need
to have secretariat support for the initiative as a Programme Management Unit (PMU) to be
housed under the Planning and Convergence Department (P&CD). The PMU would provide
secretariat support to the Committee of the Secretaries.

To enable convergence of the existing schemes and programmes towards the Green Odisha
Initiative, we looked at the previous examples of useful guiding frameworks enabling such
convergence. Based on the past experiences of a common results framework (CRF) for
enabling nutrition-related outcomes in the state, our collaborators, Socratus Foundation®,
co-developed a CRF for Green Odisha Initiative.

Further description of the CRF and the roles of the committee and subcommittees can be
found in section 4.1 and section 4.2 of this report.

2.6 Limitations

¢ Since many of the value chains are in their early stages, we had to rely heavily on
secondary data and stakeholder interactions for our estimations.

e While our report does not prescribe the specific standards and regulations each sector
or value chain should adopt to mitigate risks, it highlights these risks to emphasise the
importance of managing them effectively.

e Although we consulted with state departments to understand their priorities and
reviewed their mandates, we did not conduct a comprehensive institutional assessment of
these departments, which would have included factors such as departmental capacities,
vacancy rates, institutional structures (sub-departments and divisions), and operational
modes (such as special structures for specific schemes), among others.

¢ Since we did not conduct an in-depth institutional review of government departments, we
do not address implementation challenges. However, these challenges may be included in
the Common Results Framework (CRF) by the committee overseeing each value chain.

6 The Socratus Foundation for Collective Wisdom is a think tank based out of Bengaluru with extensive experience of
working with state governments in India.



3. Green economic value chains

As mentioned earlier in this report, we have identified three green economic sectors and 28 green value chains within them
to mainstream a green economy in Odisha. Here is a brief overview of the three green sectors and the value chains we have

selected within each of them:

Energy

transition

ET involves adopting essential
technologies to shift towards a
non-fossil-fuel-based economy.
We have identified 14 value
chains within ET, including
the deployment of RE sources
like solar and wind, as well
as the manufacturing of
critical components needed
for these sources. It also
encompasses technologies,
products, and services aimed
at decarbonisation, such as
EVs and GH2. Transitioning to
greener energy sources has the
potential to create significant job
opportunities and unlock new
markets.

Circular

economy

The CE is a system in which
materials are never wasted (Ellen
MacArthur Foundation n.d.) and
natural resources are restored. In

this model, products and materials
are cycled through processes
such as maintenance, reuse,
refurbishment, remanufacturing,
recycling, and composting. We
have identified four key value
chains within CE — construction
and demolition (C&D) waste,
lithium-ion battery (LIB) waste,
plastic waste, and electrical
and electronic equipment waste
(e-waste).

Bio-economy
and nature-

based
solutions

BE is described as an efficient
method of transforming and
utilising biological resources to
generate economic goods, thus
fostering revenue growth towards
realising a sustainable economy.
It encompasses a broad range of
value chains, including bio-inputs,
biogas, bio-fibres, and bio-
packaging. While the BE focuses on
product-based industry framing,
NbS involve actions like protecting,
restoring, or sustainably managing
natural ecosystems to create
income and job opportunities
for local communities. It
encompasses value chains such as
agroforestry, ecological mangrove
restoration, seaweed cultivation,
sustainable forest management,
and sustainable tourism. Within
this combined sector, we have
identified 10 value chains, which
could contribute to Odisha’s green
transition.



20

Green economic value chains

3.1. Energy transition

The ET sector is a key emerging green sector that can play a substantial role in driving Odisha’s economic growth, promoting
job-intensive development, ensuring future employment security, and enhancing economic resilience.

Importance of the ET sector for Odisha

India has set an ambitious target of achieving 500 GW of RE by 2030. The ET sector could unlock several new economic
opportunities that would facilitate this significant shift. The most promising value chains for Odisha in this sector include the

following:

4 N

Deployment of RE technologies

utility-scale solar, RTS, floating
solar, mini-grids, wind, biomass,
and small hydropower (SHP).

N

Storage technology deployment

pumped storage hydropower and
battery energy storage systems
(BESS).

Component manufacturing

solar modules, wind components,
and batteries.

~

Industrial decarbonisation

GH2 deployment; electrolyser
manufacturing; production of two-,
three-, and four-wheelers; and the

Decentralised RE for powering livelihoods

\ rollout of charging stations. j

For each value chain, we discuss

dryers, grain milling machines, and

decentralised renewable energy
(DRE)-powered applications such
as bulk milk chillers, cold storage,

looms. /

Job, market, and
investment (J-M-I)
potential estimates
for each value chain

or technology.
Challenges and risks
in scaling these A success story
value chains, along from the field to
with their mitigation inspire action.
strategies.
The roles
of the state

government, the
private sector,
and CSOs.
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3.1.1. Battery energy storage systems

BESS enables the storage of energy in batteries for later use. Deployment of BESS along with renewable energy (RE) ensures
that the excess power generated by RE is stored and used later, thus making RE a reliable source of power and mitigating the
impact of its intermittent nature. {

Opportunities for 2030

16,000 FTE jobs
against 4,700 MW of BESS deployment and 700 MW battery
manufacturing capacity deployment

INR ~600 crore

(USD 72 million)** /
the estimated market opportunity. Il —

INR ~4,500 crore m

(USD 540 million)***

the estimated investment opportunity -

™

N
Source: *Authors’ analysis of A. Tyagi et al. (2023). **Authors’ analysis of BloomberNEF (2023). ***Authors’ analysis of Warrior et al. (2023)
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Why should Odisha invest in BESS?

To solve the intermittency and variability issues associated with RE.

To reduce the reliance on coal, especially during peak hours.

To prevent failures typically faced by distribution transformers (DT) due to overloading, thereby increasing DT life and
deferring large investments on DT augmentation.

To release system congestion by supporting the distribution transformer during peak hours, thus avoiding outages.

To provide better reliability and quality power 24x7 to consumers.

Inspiration from a success story

Tata AutoComp, a vehicle component manufacturer since 1995,
has partnered with a Chinese battery manufacturer, Gotion

to establish a 9-GWh BESS manufacturing plant (Colthrope
2023). Through such partnerships, the company aims to
strengthen its research and development (R&D) in areas such
as cell chemistries, recycling, and so on. Key partners include
organisations such as the Indian Space Research Organisation
(ISRO), the Council of Scientific and Industrial Research—
Central Electrochemical Research Institute, and the Centre for
Materials for Electronics Technology (C-MET).

Departments that could support in scaling BESS

Department of Energy

Source: Authors’ analysis

Science & Technology Department

Overcoming challenges to scale BESS

@ Technological/technical challenge/s

Lack of cost-effective solutions to
mitigate the high upfront investment
required for setting up Battery Energy
Storage Systems (BESS)

Proposed interventions

The Department of Energy (DoE) should facilitate the deployment of BESS
by pooling land for developers, ensuring that the time and costs associated
with the process are minimised. This would ease the burden on developers
and accelerate deployment.

The Industries Department should enhance the investment climate by
providing plug-and-play facilities to battery manufacturers, improving the
ease of doing business in the state and encouraging investments in the
sector.

The Science and Technology Department (S&TD) should establish a centre
for excellence for research on storage technologies, and various battery
chemistries, etc., aimed at achieving greater cost competitiveness through
R&D in storage technologies.

The DoE should also plan to incorporate BESS in grid planning and provide
support for ancillary services to signal the state’s commitment to BESS
deployment. This would convey to investors that the state is serious about
the deployment of BESS.



@ Supply chain-related challenge/s

High dependencies on import of
input materials and lack of long-
term solutions to address import
dependencies

@ Sskill-related challenge/s

Unavailability of critical talent

@ Regulatory challenge/s

Lack of technical and safety standards
that are specific to tropical climates

Source: Authors’ analysis; stakeholder consultation

Green economic value chains

Proposed interventions

The S&TD, in collaboration with industry players and international and
national institutions, should set up centres of excellence that support
material innovations in battery technologies, such as the replacement of
critical minerals, when possible.

Industry and private players should work towards establishing businesses
to mine materials from battery waste for reuse in manufacturing (Warrior et
al. 2023).

Proposed interventions

The Odisha Skill Development Authority (OSDA) should address current
skill shortages, particularly in battery manufacturing, by facilitating
targeted training programmes. This would involve close collaboration with
the private sector to develop a relevant curriculum. Additionally, the OSDA
may partner with universities to establish centres of excellence focused on
critical technologies for the green transition, such as technologies related to
batteries.

Proposed interventions

The DoE should spearhead efforts along with the Bureau of Energy
Efficiency (BEE) to institutionalise safety standards for BESS, such as
ensuring humidity-free systems during summers and tailoring standards to
other typical weather conditions seen in different parts of Odisha and India
(WBSCD and IESA 2023).

Risk-proofing the scale-up of BESS

Post-use batteries and their improper disposal pose environmental risks due to the constituent chemicals leaching into

soil and water. While the Battery Waste Management Rules, 2022 exist, a system of responsible recycling industry with
processes for monitoring through inspections is required.

»
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3.1.2. Public charging stations for electric vehicles

Public charging stations (PCSs) supply electric current to recharge vehicle battery packs in public spaces such as malls,
offices, highways, and so on. These facilities are typically provided and operated by public authorities, utilities, charging
station operators, fleet operators, and location owners. There are more than 198 PCSs in Odisha (BEE 2024).

Opportunities for 2030’

~5,000* FTE jobs
against the deployment of 50,000 chargers

INR ~300 crore
(USD 35 million)**

the estimated market opportunity.

INR ~1,600 crore
(USD 190 million)***

the estimated investment opportunity

Source: *Authors’ analysis. **Authors’ analysis of Niti Aayog, Mop, DST, BEE, WRI (2021) and OERC (2023) ***Authors’ analysis of Pulse Energy (2024)

7 Does not include battery swapping.
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Why should Odisha invest in charging stations?
To enable EV penetration by scaling reliable, accessible, and affordable charging solutions.

To attain the co-benefits of the EV transition, such as lower import dependence and improved air quality in cities.

Inspiration from a success story

Tata Power operates one of India’s largest public charging
networks, with over 5,300 public charging points across 530
cities. To strategically identify optimum locations to set up
charging stations, Tata Power plans to leverage data and
insights from over 1.4 lakh EVs throughout India. Similarly,
through its partnership with Shell, Tata Power will leverage
Shell’s existing network of fuel stations to expand its network
of charging stations (Nigam 2024).

Departments that could support in scaling public charging infrastructure

Department of Housing and Department of Commerce and Transport
Urban Development Energy Department

Source: Authors’ analysis

Overcoming challenges to scale charging stations

@ Technological/Technical challenge/s Proposed interventions
Lack of interoperability resulting in The Engineer in Chief (Electricity) (EIC), industry players, and CSOs should
physical and digital infrastructure collaborate with the BEE to ensure interoperability for seamless EV charging
challenges by mandating standard charger types for various vehicle segments.

The EIC can work closely with the BEE and the DoE to encourage all players
providing charging services to join the app developed by BEE.

The DoE should facilitate the seamless deployment of charging
infrastructure to support grid connections.

Lack of a strong business case for The DoE and the Commerce and Transport (C&T) Department should
establishing PCS due to low utilisation  ensure government demand for charging through the procurement of EVs for
rates and uncertainty surrounding government services — for example, e-buses.

current and future demand The EIC, in collaboration with private players, should address low utilisation

rates by promoting EV roaming and interoperability.

Lack of identification of optimal The C&T Department and the EIC should periodically evaluate EV volumes
locations for public charging to on the road to ensure that the need for charging stations on the road is met
maximise utilisation while infrastructure for future EVs is built. The EIC can encourage charge

point operators (CPOs) to digitise charging-related payment processes and
share this data with the EIC, facilitating the monitoring of utilisation rates
and informing the planning of future PCSs.
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Lack of viable options for establishing = The C&T Department should offer guidance on lease rate calculations for
charging infrastructure in urban areas  charging infrastructure, along with a cap for rent.® Additionally, they can
because of high land leasing costs regularly provide data-driven recommendations for optimising the location
(Singh et al., 2020) of charging stations.

The EIC should also consider undertaking public—private partnerships
(PPPs) for establishing public charging infrastructure. For example, the
EIC may provide/aggregate land parcels, invite bids from private players,
award the tender to those who charge the lowest service fees, and place the
responsibility on the concessionaire to build, operate, and maintain the
stations. Alternative models, such as service-provider and consumer-driven
approaches, should also be considered.

@ Regulatory/Operational challenge/s Proposed interventions
Lack of efficient processes in The C&T Department and the EIC should set up single-window clearance
establishing PCSs due to time- for the deployment of charging infrastructure.

consuming steps such as securing
electricity supply and land-related
procedures

The EIC may set up a central management system platform for the ease of
CPOs as specified in the Odisha Electric Vehicle Policy, 2021.

Source: Authors’ analysis; stakeholder consultation

Risk-proofing the scale-up of public charging

As EV penetration grows, there will be additional demand on the grid. To address this, Odisha can begin collecting data
on peak charging demand patterns and locations to effectively plan the establishment of EV charging stations in high-
demand areas. It can also implement time-of-day tariffs or other mechanisms to nudge charging during non-peak hours.

8 Rent caps may drive up prices, as the lessor may think of it as the best lease price. Having a methodology guides in setting up a lease rate, rather
than just quoting the ceiling rate.



Green economic value chains 27

3.1.3 Electric vehicles and battery manufacturing

The main Electric Vehicle (EV) components include the battery pack, electric drive, power electronics, and vehicle interface
module control (Singh et al., 2020). This analysis only encompasses the manufacturing of batteries, two-wheelers, three-

wheelers, and four-wheelers.

Opportunities for 2030
~31,000* FTE jobs

against the manufacturing of 12 lakh units of EVs
and 26-GW batteries

INR ~53,000 crore
(USD 6,400 million)**

the estimated market opportunity.

INR ~25,000 crore
(USD 3,100 million)***

the estimated investment opportunity

Source: *Authors’ analysis. ** Authors’ analysis of BloomberNEF (2023). ***Authors’ analysis of Singh et al. (2020)
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Why should Odisha invest in EV and battery manufacturing?

To have economies of aggregation via the rise of towns/cities as manufacturing hubs, leading to economic growth in the
surrounding areas, which in turn will lead to the development of economic and industrial clusters.

To encourage the MSME sector to develop a manufacturing ecosystem.

To scale EV demand, thereby leading to better air quality and a decrease in dependence on petrol (Harikumar et al. 2022).

Inspiration from a success story

Nexus Power, an Odisha-based start-up, specialises in
manufacturing bio-organic and biodegradable batteries. It
plans to transition from prototype testing to commercial-scale
production in 2024. These rechargeable batteries use crop
residue as their main input material. Nexus Power provides
employment to individuals across various functions, including
design, procurement, manufacturing, and testing. The
company has also leveraged incentives for start-ups at both
the central and state levels, such as financial support from the
Technology Incubation and Development of Entrepreneurs
Scheme (TIDE) (Tripathi 2021).

Departments that could support in scaling EV and battery manufacturing

Industries Commerce and Transport MSME
Department Department Department
Skill Development & Technical Department of Housing and

Education Department Urban Development

Source: Authors’ analysis

Overcoming challenges to scale battery and EV manufacturing

@ Technological/Technical challenge/s Proposed interventions
Lack of a robust EV manufacturing The Industries Department should focus on creating a manufacturing hub
ecosystem in Odisha, as by streamlining the process of procuring or leasing land and conducting
manufacturers rely heavily on workshops with original equipment manufacturers (OEM) and other industry
vendors and local producers, players to attract manufacturers to the state.
operating in a just-in-time assembly/

The MSME Department should also evaluate the performance of the Odisha
Startup Policy—2016 and make appropriate revisions to the scheme such that
there is a focus on making Odisha the start-up capital of India.

production model

Further, the Industries Department, along with other concerned
departments, should offer incentives and create favourable conditions,

such as developing plug-and-play services, creating special packages for
players with large investment plants, developing Odisha as a hub for R&D in
the sector, and establishing the state as a skilled-workforce hub in EV and
battery manufacturing.



Lack of R&D infrastructure for
advanced cell chemistries and
insufficient support to scale
prototypes from lab to commercial
production

Lack of access to financing for Small
and Medium Enterprise (SME) OEMs
due to high barriers in the financial
landscape

Supply chain-related challenge/s

Lack of solutions to reduce
dependencies and vulnerabilities

of the critical mineral supply chain
given that they are concentrated in a
few geographical regions®

Demand-side challenge/s

Lack of charging infrastructure,
high upfront costs, and behavioural
barriers present numerous demand-
side challenges, preventing
manufacturers from viewing Odisha
as a significant demand centre

Skill-related challenge/s
Unavailability of a skilled workforce,
leading to additional time and cost
burdens for training new employees

Regulatory challenge/s

Unavailability of land and lengthy
acquisition process

Source: Authors’ analysis; stakeholder consultation
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The Science and Technology Department (S&TD) should encourage
research and provide grants for R&D in battery manufacturing while also
promoting indigenisation. This includes developing centres of excellence
on advanced battery technologies at universities and institutions. The
department, in collaboration with CSOs, can partner with national and
international organisations to lead knowledge-sharing by mentoring
programmes and workshops.

The MSME Department can develop a platform to facilitate industry
connections and provide additional funds to take battery technology start-
ups from lab and prototype development to commercial testing and scaling.

Apart from the benefits offered as part of the Odisha MSME Development
Policy—2022 and the Odisha Startup Policy—2016, the MSME Department,
Odisha may offer a working capital loan guarantee to MSMEs and create or
facilitate VC funding for EV SMEs (Singh et al.,2020).

Proposed interventions

The Science and Technology Department (S&TD) can promote material
innovations through R&D initiatives to reduce/replace the use of critical
minerals.

Industry and private players should tie up with local bodies to source
battery waste and develop businesses focused on extracting useful materials
from the waste.

Proposed interventions

The C&T Department should allocate resources for information and
communication campaigns to promote EVs. In addition to the existing
incentives offered to consumers under the EV policy, the department could
also link additional incentives to buying Odisha-manufactured EVs, such as
waiving road tax. The department, along with the EIC (electricity), Odisha,
may work towards strengthening charging infrastructure through better data
collection and planning of charging stations and facilitation of deployment
of charging stations through single window clearances, etc.

Proposed interventions

The OSDA may facilitate courses in consultation with the industry on current
skill needs, such as process engineering, quality control, cell simulation, etc.
The OSDA can work closely with industry players to identify opportunities
for placements and facilitate student and industry interactions.

Proposed interventions

The Industries Department can create plug-and-play facilities for

battery manufacturers and publicise manufacturing parks specific to EV
manufacturing, such as the National Investment and Manufacturing Zone at
Kalinganagar, Jajpur.

9 Currently, over 12-60 per cent of the battery value chain is dependent on imports (Warrior et al. 2023).
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Risk-proofing the scale-up of battery and EV manufacturing
Transportation of batteries to demand centres poses significant safety hazards if these are not packed and labelled
properly (CEEW 2023). Improper disposal of used batteries can lead to environmental risks. Additionally, scaling of EV
demand can impact the fuel tax collected by the government. For example, a 30 per cent penetration of EVs in 2030

in Delhi would lead to a 10 per cent reduction in revenues from fuel tax (Harikumar et al. 2022). Increased demand in
certain segments such as e-rickshaws could exacerbate urban congestion and battery waste. Short-term solutions could
include implementing a congestion tax in certain areas, regulating the number of e-rickshaws, and regulating end-of-
life management for conventional lead acid batteries, while long-term ones could include changes in road design. To
address environmental concerns, the State Pollution Control Board should oversee compliance with the Battery Waste
Management Rules, ensuring producers adhere to proper disposal methods. Additionally, new sources of revenue may
need to be explored to offset the revenue loss from fuel tax. J
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3.1.4. Biomass to power

Bioenergy generated from organic waste can generate power through various methods, including the direct combustion of
biomass, gasification of biomass into syngas, cogeneration of bagasse or non-bagasse feedstocks, and co-firing biomass
pellets in coal power plants. This section emphasises the use of biomass for co-firing in power plants and for combustion to
produce power.

Opportunities for 2030
~13,000 FTE jobs

against deployment of pellet manufacturing and
~150 MW biomass to power plants

INR ~2,300 crore
(USD 280 million)**

the estimated market opportunity.

INR ~1,400 crore
(USD 170 million)***

the estimated investment opportunity

& L &

Source: *Authors’ analysis of SCGJ (2020) and IASS, TERI, CEEW, and SCGJ, 2019. **Authors’ analysis of IndiaMART n.d ***Authors’ analysis of CEA and DEA(2022)
and Aggarwal (2023)
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Why should Odisha invest in biomass power plants and co-firing?

To leverage unused biomass for power, given that Odisha has a net sown area of 35 per cent (Ministry of Agriculture and
Farmers Welfare 2023) and generates crop residue of over 3.88 million tonnes annually.™

To develop systems of biomass supply and pellet manufacturing to meet the Ministry of Power’s mandate of having seven
per cent co-firing of biomass pellets in thermal power plants by 2030.

To support grid stability since power from biomass plants can be dispatched on demand.

To provide value for and generate income from surplus crop residue and other waste for farmers.

Inspiration from a success story

The Siltara Industrial Area in Raipur district is becoming a
significant hub for biomass power plants. For example, the
20-MW power plant developed by Godawari Power and Ispat
Limited (GPIL) helps reduce greenhouse gas (GHG) emissions
by more than 1,07,000 tonnes of carbon dioxide each year
(Ecologi n.d.). GPIL’s power plant uses rice husk as feedstock,
which is procured from within a 50 km radius, leading to
additional jobs in collection and transportation.

Departments that could support in scaling biomass

Department of Agriculture

Department of Energy and Farmers' Empowerment

Source: Authors’ analysis

Overcoming challenges to scale biomass to power and pellet manufacturing

@ Technological/Technical challenges/s Proposed interventions

Lack of reliable data on biomass The Department of Agriculture and Farmers’ Empowerment (DAFE)
feedstock availability at the district should collate and publish detailed, granular data on biomass surplus,
and block levels specifying the type of residue (such as rice or any other crop), predicted

seasonality, and change in quantity over time. CSOs and ground-level
organisations can collaborate with DAFE to assist in collecting and
organising this data.

Lack of price stability and Biomass aggregators and power plants could establish long-term contracts
inconsistent supply of feedstock with predetermined quantity requirements aligned with seasonal availability.
makes project planning challenging This approach would enable better planning and ensure a consistent

biomass supply under agreed terms and conditions.

10 Authors' analysis adapted from MNRE and ASCI (2021).



Lack of adequate storage facilities and
the high cost of specialised carriages
needed for transportation

Lack of affordable financing options
due to high costs of credit

Absence of trading platforms at a
regional level increases the costs of
coordination and transaction between
biomass aggregators, processors, and
power project developers

Lack of effective maintenance
solutions for boilers due to the
accumulation of fly ash, sulphur,
chlorine, and other deposits on the
boiler walls and tubes (CEA 2024)

Regulatory challenge/s

Lack of willingness from discoms

to sign Power Purchase Agreements
(PPAs) with grid-connected bio-power
projects due to concerns over high
seasonality

Lack of targets in the RE policy for
biomass

Source: Authors’ analysis; stakeholder consultation
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Private companies involved in supply chain operations can identify
strategic sites for aggregation and storage facilities based on the availability
of crop residue in nearby localities.

The DoE could support these efforts by developing a holistic scheme for
biomass, aimed at strengthening the supply chain through capacity building,
including diverse stakeholders, leveraging their expertise, and providing
financial assistance on pre-processing, storage, and transportation.

The DoE may work with banks in the state to anchor interest rates for power
projects to rates similar to those for other infrastructure or power-producing
technologies.

The DAFE should actively encourage the development of biomass feedstock
markets to ensure a steady supply and facilitate connections between
aggregators and buyers. This could be achieved by developing an online
platform to link the stakeholders.

The DoE could publish guidelines for preparing or augmenting equipment
to make thermal plants capable of co-firing, to prevent boilers from getting
damaged.

Proposed interventions

The DAFE could create an ecosystem of information on biomass availability
across seasons by developing a platform for coordination between
stakeholders, which would lead to better reliability and prediction of power
generation from plants.

The DoE should publish targets for the use of biomass in the energy sector to
signal and provide incentives to stakeholders, such as farmers, supply chain
operators, and power producers.

Risk-proofing the scale-up of biomass to power and pellet manufacturing

Scaling biomass would lead to an increase in demand for crop residue, which could incentivise stakeholders to shift to
crops that provide high-volume residue or even use forested land for cultivation. Also, while the use of biomass in coal
power plants or through direct combustion is less polluting than coal, it still emits pollutants such as nitrous oxide,
sulphur oxides, and heavy metals (when input is contaminated) (IEA Bioenergy 2024). To mitigate the risk of pollution,

the State Pollution Control Board (SPCB) can provide financial assistance to purchase and install air pollution contr

devices.

v
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3.1.5. Green hydrogen and electrolyser manufacturing™

GHz2 is hydrogen produced through the electrolysis of water, which is powered by RE or biomass with carbon capture, thus
yielding no carbon emissions (Jain, Ghosh, and Chhabra 2021). Electrolysers, using electricity generated from RE, split water
into oxygen and hydrogen (IEA 2024). GH2 has diverse applications, including in refineries for desulphurisation, ammonia
production, steel and cement manufacturing, transportation, and energy storage; it is also blended with natural gas in

city gas pipelines. Odisha is 1 of 10 clusters identified by the Indian government as having a high GH2 potential (Goswami
2022). Similarly, one of the four upcoming GH2 valley projects identified for government funding is situated in Bhubaneswar
(Koundal 2024).

Opportunities for 2030

44 65,000*FTE jobs
against ~1 MMTPA deployment and ~ 1 GW
< electrolyser manufacturing

the estimated market opportunity.

INR ~57,000 crore
(USD 6,900 million)***

the estimated investment opportunity

“’»‘} INR ~40,000 crore
@ (USD 4,900 million)**

Source: *Authors’ analysis. **Authors’ analysis based on stakeholder consultations and Biswas et al. (2020).***Stakeholder consultations

11 While green hydrogen deployment is a service/product and electrolyser manufacturing is core manufacturing, the two have been presented
together as they are upstream and midstream of green hydrogen production.
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Why should Odisha invest in GH2 deployment and electrolyser manufacturing?

To prepare for the European Union's Carbon Border Adjustment Mechanism (CBAM), which will impact exports in key
sectors like iron and steel, hydrogen, cement, aluminium, fertilisers, and electricity—critical to Odisha's economy—these
industries must transition towards green hydrogen (GH2) or adopt other emission offset measures.

To leverage existing port infrastructure that has access to eastern markets such as Japan, South Korea, and Southeast Asia.

Inspiration from a success story

Stegra, a Swedish company, is targeting the production of

5 million tonnes per annum (MTPA) of green steel by 2026,

with an investment of USD 1.6 billion. The plant is in

northern Sweden, and this location was chosen for its access

to RE and the availability of high-quality iron ore. By using =
GHz2 instead of coal, the plant reduces carbon emissions by

95 per cent. Contracts for green steel are priced 20-30 per

cent higher than those for fossil fuel-based steel (Reuters 2
2023), indicating that some companies are willing to pay a

green premium?* (Strega, 2023).

Departments that could support in scaling green hydrogen and electrolyser
manufacturing

Industries Department of Ministry of Ports, Shipping
Department Energy and Waterways

Department in sectors that may impact demand for GH2 -
Department of Steel and Mines, Fertilisers

Source: Authors’ analysis
Overcoming challenges to scale GH2 and electrolyser manufacturing
@ Technological/ Technical challenge/s Proposed interventions

Limited offtake due to the high cost of = The Industries Department may reduce costs for GH2 developers by

green hydrogen (GH2), which ranges developing common infrastructure such as common storage tanks and
between USD 4.10/kg and USD 7/ service hubs providing spares, consumables, evacuation infrastructure, etc.
kg, compared to natural gas-based in GH2 clusters.

hydrogen priced below USD 4/kg (Raj

The Industries Department may provide plug-and-play services for
et al. 2022)

electrolyser manufacturers, which may attract manufacturers to the state and
aid in the cost reduction of electrolysers.

The DoE may work towards attracting developers to deploy round-the-clock
(RTC) RE in Odisha by pooling land and facilitating the deployment process.
The DoE may work towards providing low-cost RE by creating a supportive
power banking framework and providing low-cost open-access electricity
(CFLI India & CEEW 2024).

Financiers and state government banks may consider providing low-cost
loans to GH2 pilots and projects.

12 This is because companies have sustainability targets or promises to customers — for example, one of the buyers of green steel, the Purmo Group,
aims to be net zero by 2030.
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Lack of established standards

for hydrogen transport through
pipelines, fuel cell modules, and
refuelling stations, as well as gaps in
standards for storage, transportation,
application, and dispensation
(Sripathy et al. 2023)

Supply chain-related challenge/s

Lack of domestic production

for critical components such as
membranes, electrolytes, and
storage cylinders for manufacturing
electrolysers leading to high import
dependence

High import dependencies due to the
concentration of essential minerals
like nickel, platinum, and rare earth
metals in countries such as China,
DRC, Australia, Indonesia, South
Africa, Chile, and Peru (CEEW 2023)

Regulatory challenge/s

Lack of long-term contracts and fixed-
price offtake contracts makes the GH2
business highly risky for developers

Lack of policy and signalling to other
players apart from developers in the
GH2 ecosystem

Source: Authors’ analysis; stakeholder consultation

The Industries Department, in collaboration with GH2 producers, may work
with the Bureau of Indian Standards (BIS) to develop standards or adopt
international standards. The department may also work with the central
government for certification of GH2, to develop confidence in buyers.

Proposed interventions

The Science and Technology Department (S&TD) should leverage its
technical institutions and universities to develop centres of excellence and
lead national and international partnerships in knowledge sharing to build
technical know-how and spur innovation in components manufacturing.

The Industries Department, by working with industry associations and the
central government may plan for a self-sustained indigenised electrolyser
manufacturing ecosystem after the completion of current schemes targeted
towards indigenisation.

The Industries Department, by working with industry associations and the
central government, may lead alliance-building to ensure the availability
and unhindered procurement of these minerals. The department along

with the S&TD may also start discussions and dialogues on the recycling of
electrolysers and material recovery.

The Department of Steel and Mines should take stock of the minerals
found in Odisha that can be processed and used for the ET.

Proposed interventions

The Department of Steel and Mines and the DAFE should mandate the use
of GH283 and set up a roadmap to transition.

The Industries Department should draft a GH2 policy, covering all

players in the ecosystem, such as electrolyser manufacturers, fuel cell
manufacturers, GH2 refuelling, etc., and also outline the available incentives
and exemptions and showcase policy stability to attract investment.

Risk-proofing the scale-up of GH2
According to the International Energy Agency (IEA), nine litres of water are required to produce one kilogram of GH2.
Taking this into consideration, water-scarce districts may be avoided for setting up GH2 manufacturing.

upper-range blast furnace steel-making costs.

water/potable water is used.

13 According to a CEEW study (Yadav et al. 2021), blending of up to nine per cent of green hydrogen is currently competitive when compared to

14 This is an estimate for de-ionised water. Industry consultations have also mentioned this number reached 25 litres per kg of GH2 produced if raw
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3.1.6 Rooftop solar

RTS consists of photovoltaic panels installed on the roofs of buildings. India has 12.5 GW of RTS installed, which is ~six per
cent of the total RE installed (MNRE 2024). The current installed capacity in Odisha is 48 MW.

Opportunities for 2030

A
~26,000* FTE jobs
O against 1,200 MW of RTS deployment

the estimated market opportunity.
INR ~4,500 crore

(USD 550 million)**

the estimated investment opportunity

“;} INR ~400 crore
Qmwl (USD 50 million)**

Source: *Authors’ analysis of Kuldeep et al. (2017). **Authors’ analysis

T e e e i —| R | —



38 Green economic value chains

Why should Odisha invest in rooftop solar?

To better manage daytime peak load, avoid transmission charges, decongest the grid, and contribute to renewable
purchase obligation (RPO) targets.

To reduce fiscal burden, as the state government will no longer be required to provide electricity subsidies to consumers.
To leverage existing roof space, especially in cities and urban areas.
To reduce electricity bills for consumers.

To minimise the impact of outages by using RTS along with battery storage.

Inspiration from a success story

An evaluation of the performance of RTS systems by the
Council on Energy, Environment and Water (CEEW), BSES
Yamuna Power Limited (BYPL), and PV Diagnostic found
that proper maintenance and cleaning were critical in
ensuring performance, with improvements of at least 10
per cent observed, leading to prosumer savings (B. Tyagi et
al. 2023). The study, which involved desk research and site
visits, identified hotspots, visible trails, and cracks as key
reasons for underperformance. Additional issues included
shadows cast by nearby objects, deposition of dust, and bird
droppings, which obstructed sunlight.

Departments that could support in scaling rooftop solar

Department of
Energy

Source: Stakeholder consultation

Overcoming challenges to scale RTS

@ Technological/Technical challenge/s Proposed interventions
Lack of a grievance redressal The DoE should frequently convene with discoms to ensure their role in
mechanism by discoms, promoting RTS in Odisha, focusing on raising awareness and setting targets.

unavailability of a system to track the
status of applications and delayed
installation of net metering

Distribution companies (discoms) could establish a dedicated RTS cell to
assist with application tracking, grievance redressal, etc.

Lack of affordability in the residential The DoE, in collaboration with financial institutions, should develop

segment due to high upfront capital affordable financial solutions for solar installations. This could include

investment costs, even with subsidies dedicated solar loans, reduced interest rates, lines of credit, and user-
friendly non-bank financial apps.



Lack of proper maintenance for the
RTS system, resulting in damage and
underperformance

@ Regulatory challenge/s

Lack of targets to scale RTS in Odisha

Lack of awareness among residential
consumers; only 68 per cent of
consumers in urban areas and 48 per
cent of consumers in rural areas know
about solar home systems (Zachariah
et al., 2023)

Lack of incentives for consumers to
transition to rooftop solar (RTS) due
to subsidies on grid-based electricity

Source: Authors’ analysis; stakeholder consultation
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Private players, including developers and channel partners/vendors,
should conduct annual check-ups of RTS systems and provide consumers
with guidance on proper maintenance.

The DoE should create a mechanism or use existing platforms to collect
information and evaluate vendors.

Developers should establish SOPs, especially for operations and
maintenance (O&M), for vendors to follow to minimise damage and ensure
the longevity of RTS systems.

Proposed interventions

The DoE should collaboratively set targets — either annually or every five
years — following the state RE policy. This will help measure targets and set
ambitious goals, signalling a supportive environment for the industry and
vendors.

The DoE, in partnership with CSOs, should conduct awareness campaigns
about the subsidies available and the benefits of RTS. Discoms can enhance
the credibility of these campaigns through methods such as SMS outreach
and lending their name and support to CSOs.

The DoE could develop a one-stop platform with information for consumers
— from low-energy users to commercial and industrial (C&I) consumers

— with easy-to-access, reliable, and compelling information about

various business models and available subsidies as well as other credible
information.

The DoE should target new consumer segments, particularly large C&I
consumers and residential societies, to promote the uptake of RTS through
demand aggregation campaigns.

The DoE may introduce attractive feed-in tariffs for RTS, incentivising
consumers to generate electricity and contribute to decarbonising the power
sector.

Risk-proofing the scale-up of RTS

Solar waste, resulting from end-of-life panels or damage during maintenance, poses significant waste management
risks if not properly addressed. As of now, the 66.7-GW installed solar capacity (utility and rooftop) has generated 100
kilo-tonnes of waste (MNRE and CEEW 2024). The collection and extraction of materials from this waste presents a
business opportunity and should be incentivised through pilot projects, viability gap funding, or financial assistance.

Similarly, academic institutions should research technologies to manage solar waste and develop innovative metho

for material extraction from panels.

3
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3.1.7 Floating solar photovoltaic (FSPV)

FSPVs, or floatovoltaics, are solar photovoltaic (PV) systems installed on water bodies like reservoirs and industrial ponds.
Odisha has the third-highest FSPV potential in India, estimated at 21 GW (STAAI n.d.).

Opportunities for 2030

A
~17,000* FTE jobs
Q against 5,000 MW of FSPV deployment

the estimated market opportunity.

INR 31,000 crore
(USD 3,800 million)**

the estimated investment opportunity

“{} INR 3,200 crore
Qmwl (USD 390 million)**

Source: *Authors’ analysis of Tyagi et al. (2021a). **Authors’ analysis.




Why should Odisha invest in FSPV?
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To leverage the existing infrastructure of 1.8 lakh water bodies (Irrigation census n.d.) and hydropower evacuation

infrastructure.

To overcome issues of land acquisition and scarcity as FSPV is land-neutral.

To overcome the intermittency of RE by utilising existing infrastructure to store excess solar energy generated during the
day. This can be done by co-locating FSPV systems with hydropower plants. The excess energy generated can be used during

non-solar hours (Acharya and Devraj 2019).

To enable water conservation, as FSPV saves 9o per cent of water covered by the platform from being lost due to

evaporation (Ravichandran and Ravichandran 2021).

Inspiration from a success story

Sembcorp’s 60-MWp FSPV solar farm on the Tengeh
Reservoir, spanning 45 hectares, powers five water treatment
plants, making Singapore one of the few countries with a
completely green waterworks system (World Bank n.d.(a)).
During the development of the Sembcorp plant, special
attention was paid to minimising its impact on the reservoir’s
ecology and quality of water. This included placing floats
with adequate gaps between them to ensure that oxygen and
sunlight reached aquatic life, deploying aerators to ensure
proper airflow, and using durable, UV and corrosion-resistant
materials to prevent rapid degradation of the floats (World
Bank n.d.(b)).

Departments that could support in scaling floating solar

Department of Grid Corporation of Odisha Hydro Power Department of
Energy Odisha Corporation Water Resources
Skill Development and Odisha Electricity Fisheries and Animal Industries
Technical Education Regulatory Resources Development Department
Department Commission Department
Source: Authors’ analysis
Overcoming challenges to scale FSPV
(] Technological/Technical challenge/s Proposed interventions
Lack of affordability in floating The DoE could offer financial incentives such as (i) a technology fund
solar technology, which is 7-10 per to encourage R&D among developers to reduce costs (STAAI 2024), (ii)
cent more expensive than ground- generation-based incentives or equivalent to promote initial adoption, and
mounted solar options (Jha 2023) (iii) higher clearing tariffs to enhance project viability. The DoE may also

aggregate demand (combine identified sites in one tender) during tendering,

enabling developers to benefit from economies of scale.

Lack of bathymetric/hydrographic The Department of Water Resources, in collaboration with the DoE and
surveys to understand the topography the Fisheries and Animal Resources Development Department, could
of waterbeds poses challenges in conduct these surveys to identify relevant sites for FSPV installation.

identifying FSPV installation sites
and designing systems
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Loss of livelihood and biodiversity The DoE should encourage developers to conduct environmental and social
associated with water bodies impact assessments during the project planning stage and prepare plans to

mitigate any associated risks.

CSOs may assist developers in designing these mitigation plans, ensuring
that the strategies address risks faced by all sections of the community.

Lack of standards for PV modules The DoE should coordinate with the Ministry of New and Renewable
used in floating solar photovoltaic Energy (MNRE) to implement standards for PV modules used in FSPV
(FSPV) plants that address the plants, ensuring that they are corrosion-resistant.
challenges posed by high humidity
conditions

@ Skill-related challenge/s Proposed interventions
Lack of highly skilled individuals in The OSDA could implement training programmes in hydraulics, marine
areas such as hydraulics and marine architecture, and the manufacturing of floats in consultation with industry
architecture players.

Developers need to engage closely with the OSDA to share job potential,
map skilling gaps, and design skilling programmes.

Lack of simplified operations and The OSDA could conduct courses on O&M-specific skills like diving and
maintenance (O&M) processes for disseminate know-how related to FSPV equipment, etc.
FSPV s;tstems, which require frequent CSOs can coordinate with the OSDA to facilitate the training of local
inspections oy . .
individuals for jobs in the sector.

@ Regulatory challenge/s Proposed interventions
Absence of deployment targets and The DoE and GRIDCO could establish periodic targets for FSPV, supported
need for periodic ambition-setting by the Odisha Hydro Power Corporation (OHPC). This approach would

signal a strong commitment to the industry, especially for developers and
manufacturers, while ensuring a consistent deployment trajectory.

Manufacturers need to invest in R&D and the production of FSPV
components, such as supporting structures and PV modules, to build
indigenous capacity, and lower costs.

CSOs can enable the development of local industries and boost the
manufacturing of supporting structures by facilitating access to finance and
credit, etc.

Source: Authors’ analysis; stakeholder consultation

Risk-proofing the scale-up of FSPV

Floating solar installations may negatively impact marine aquaculture, biodiversity, and water quality due to

variations in oxygen levels. They can also interfere with local transportation and fishing activities. To mitigate these

effects, continuous monitoring of microbiological parameters, algal composition, oxygen levels, and other chemical
parameters is essential. Ensuring proper spacing between solar panels will allow sunlight and oxygen to reach aquatic

life (Mathijssen et al. 2020). Additionally, conducting social impact assessments prior to site identification is critical to
minimise disruptions to the livelihoods of local communities. J



3.1.8 Solar mini/micro-grid
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Mini/micro-grids are decentralised energy generation systems that can power homes, businesses, and so on. They could be
off-grid systems with batteries, or they could be connected to the grid. Because generation is at the source of consumption,

they provide reliable electricity to nearby connected areas.

Opportunities for 2030

~82,000* FTE jobs
against 720 MW of mini-grid deployment

INR 800 crore
(USD 100 million)**

the estimated market opportunity.

INR 21,000 crore
(USD 2,500 million)***

the estimated investment opportunity

Source: *Authors’ analysis of Joshi et al. (2021). **Authors’ analysis. ***Authors’ analysis of Das et al. (2019)

Image: iStock.com (for illustrative purposes only)
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Why should Odisha invest in mini/micro-grids?

To enhance access to reliable electricity especially in remote areas, provide high-quality electricity, and increase efficiency
(Graber et al. 2019).

To generate direct and productive use jobs, reduce transmission losses to remote areas, and improve access to
information and opportunities (MNRE and ISA 2024).

To stimulate rural economies by offering alternative livelihood options via productive use of appliances.

To complement national electrification efforts, offer decentralised solutions in urban areas, democratise the grid, and aid
India’s decarbonisation goals.

Inspiration from a success story

Mlinda, a DRE provider in Jharkhand, has successfully
implemented a business model that expands beyond
distribution and transmission by focusing on capacity-
building initiatives. It aids its members in purchasing energy-
efficient appliances and offers microfinance to purchase
appliances such as rice hullers and millers, which help

boost productive use loads and generate entrepreneurial
opportunities (VoisPlanet 2022). The company has successfully
implemented and managed mini-grids in 45 villages, o {
impacting 7,000 households, providing electricity to 35,000 to '
40,000 individuals, and generating around 986 jobs between
2016 and 2020, averaging 15 to 28 jobs for each mini-grid (Joshi
et al. 2021).

Departments that could support in scaling solar mini/micro-grid

Department of Odisha Renewable Energy Skill Development and Technical
Energy Development Agency Education Department

Source: Authors’ analysis

Overcoming challenges to scale mini-/micro-grid deployment

@ Cost-related challenge/s Proposed interventions

Lack of self-sustaining models of The Odisha Renewable Energy Development Agency (OREDA) could
mini-grid deployment due to high enable last-mile financing options by offering low-interest loans and
capex costs resulting in uncompetitive  subsidies.

tariffs . . . . . . .
International and national financiers can provide flexible credit options to

communities, helping them cover the upfront costs of associated productive
use of electricity (PUE) appliances.

15 Energy charges vary across different states and different locations within the same state, and power from mini grids is approximately three to
seven times more expensive than grid power (VoisPlanet 2022).



Lack of financing options due to
unfavourable risk-return profiles,
small investment volumes, and
absence of appropriate financing
structures

@ Regulatory challenge/s

Lack of regulation in the mini-grid
ecosystem, leading to non-uniform
tariff structures, determined by
developers

@ Sskill-related challenge/s
Lack of skilled personnel to effectively

manage the system as well as
undertake grid maintenance

Lack of technical capacity at different
levels of implementation

@ Local context-related challenge/s
Difficulty in aligning community

interests makes it challenging to cater
to community needs

Source: Authors’ analysis; stakeholder consultation
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Local non-governmental organisations (NGOs), non-banking financial
companies (NBFCs), and microfinance institutions may offer innovative
solutions like dealer credit, pay-as-you-go models, etc.

The private sector and academic institutions should undertake R&D for
technology upgradation and lowering of costs, supported by incentives for
R&D by the OREDA.

CSOs may undertake demand aggregation and bundling of projects to increase
market size and make it more financially viable. They may also mobilise finance
and facilitate discussions between communities, financiers, and developers.

Proposed interventions

The OERC may provide a regulatory framework with clear entry and exit
policies, offer flexible and simplified procedures for a business set-up
(Bhattacharyya and Palit 2016), and try to achieve parity of tariffs for
electricity with the central grid. This will help the long-term business viability
of mini-grids and aid in their adoption in rural and urban areas

Proposed interventions

Developers aided by the OSDA may undertake skilling at the local level to
manage and maintain the system. Further, for successful implementation, the
implementing agency (developers, CSOs, etc.) should undertake technical
maintenance-related skilling, such as demand forecasting, load balancing,
etc., and delegate other maintenance to locals. This can include collecting
payments, electrical skill-related jobs, maintaining energy demand, etc.

In the long term, the locals can also be trained in technical skills and
independently manage the system.

The OREDA should undertake internal capacity-building to improve the
governance structure for mini-grids. Additionally, developers should ensure
capacity-building at the implementation level and train staff, technicians,
and local community members in the effective management of mini-grids.

Proposed interventions

CSOs should play a crucial role in connecting the system to address local
development needs. Further, via last-mile financing offered by financiers,
NBFCs, etc., CSOs can help unlock the full potential of the productive use

of electricity. They can also play an important role in navigating social and
economic hierarchies in cases of demand aggregation for higher financial
viability. Additionally, the implementing agency should undertake efficient
demand forecasting to ensure the reliability of supply.

Risk-proofing the scale-up of mini/microgrids

In grid-connected mini/micro-grids, several risks arise, including uncertainties related to strengthening grids in remote
areas and maintaining grids in coastal areas prone to high rainfall, monsoons, or cyclone damage. Further, scaling
mini/micro grids poses an environmental risk due to the accumulation of PV module waste; by 2050, India is projected
to generate 19,000 kilotonnes of such waste (MNRE and CEEW 2024). To mitigate grid-related risks, investing in local
skills and capacity building for grid maintenance is essential, along with targeted plans to strengthen grids in remote

on research and investment in recycling technologies (Tyagi et al. 2021b).

areas. To address environmental risks, proper management and recycling of PV modules is critical, with an emphasis

45
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3.1.9 Pumped storage hydropower (PSH)

Pumped storage hydro is a type of hydroelectric energy storage that generates electricity using water previously pumped from
a source at a lower level to a reservoir at a higher level. As the dominant form of energy storage technology, it accounts for ~95
per cent of global utility storage (MOP 2023). India has a potential of 103 GW, and Odisha, with its abundant water bodies and

reservoirs, can harness this large-scale storage technology to meet long-duration storage requirements (Kumar 2022).

Opportunities for 2030

~3,300* FTE jobs
against 3,790 MW of mini-grid deployment

INR 6,200 crore
(USD 750 million)**

the estimated market opportunity.

INR 19,000 crore
(USD 2,300 million)**

the estimated investment opportunity

& L &

Source: *Authors’ analysis of IASS, TERI, CEEW, and SCGJ, 2019.**Authors’ analysis
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Why should Odisha invest in pumped storage hydro?

To enable the rapid rise of variable wind and solar power by providing large-scale storage. PSH provides the largest and
most mature form of energy storage compared to other energy storage devices (Koohi-Fayeh and Rosen 2020).

To support grid operations and enable grid balancing by providing services such as peak-load shaving, high ramping
capability, round-the-clock support, as well as other ancillary services, such as voltage support and maintaining grid
frequency (CSTEP 2021).

To enable local area development via the improvement of infrastructure, generation of job opportunities, arresting of
migration, and so on.

Inspiration from a success story

Snowy 2.0 in Australia is the first 2-GW off-river system
(Snowy Hydro 2024) which connects two existing dams
and provides flexible, on-demand power while recycling
water in a ‘closed loop’. The project involves linking two
existing dams, Tantangara and Talbingo, through 27 km of
tunnels and building a new underground power station.

It is expected to create ~4,000 direct jobs (Snowy Hydro
n.d.) during its lifetime and has lower flood mitigation
costs compared to river-based systems (Blakers et al. 2021).
In India, all existing PSH systems are ‘open loop’ and
significantly impact biodiversity and river ecology. Odisha,
with over 200 large dams, (Government of Odisha n.d.b.) has
the potential to pilot an off-river (closed-loop) PSH.

Departments that could support in scaling pumped storage hydro

Department of Odisha Hydro Power Department of Water
Energy Corporation Resources

Skill Development and Odisha Power Odisha Electricity
Technical Education Transmission Corporation Regulatory Commission
Department Limited

Source: Authors’ analysis

Overcoming challenges to scale pumped storage hydro

@ Land-related and social challenge/s Proposed interventions
Lack of feasible land acquisition The OHPC could minimise local opposition and reduce time and cost
possibilities (Meghalaya Monitor, overruns by ensuring proper project siting, which includes conducting
2024) for deploying pumped storage impact assessments on site characteristics, natural reserves, and community
hydropower (PSH), particularly dependence. This should be accompanied by the creation of strategic
in sensitive forest areas, which mitigation plans through active engagement with local communities.

necessitates the resettlement and

L . Local government bodies, such as gram panchayats and CSOs, can
rehabilitation of local communities

facilitate knowledge dissemination regarding project specifics, completion
dates, and benefits, as a lack of awareness is a major cause of local conflict.

Further, developers should investigate rehabilitation and resettlement
measures, which should be tailored to the land and ecological context,
with the assistance of these local bodies and prepare mitigation strategies
collaboratively.
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@ Infrastructure-related challenge/s

Absence of roads and transmission
lines is a critical technical barrier
leading to delays in PSH development

Technological/ technical challenge/s

Lack of technical research on

various models of pumped storage
hydropower (PSH) preventing India
from utilising newer and more
efficient technologies, such as closed-
loop systems

Skill-related challenge/s

Lack of a readily available local skilled
workforce

Cost-related challenge/s

Lack of affordable technology due to
high upfront investment costs and a
long gestation period

Source: Authors’ analysis; stakeholder consultation

Proposed interventions

The OHPC could work closely with the Odisha Power Transmission
Corporation Limited (OPTCL) to develop transmission infrastructure in and
around sites with technical potential.

The OHPC could also assess all existing hydro projects, including run-of-the-
river and storage dams, for PSH potential. This approach would minimise
resettlement-related issues and ensure connectivity, etc. (Shankar et al. 2023).

The OHPC could partner with the state Rural Development Department, in
collaboration with local gram panchayats, to enhance road infrastructure to
improve connectivity.

Proposed interventions

The private sector needs to invest in R&D to reduce the environmental and
social footprint of PSH.

The DoE could also actively collaborate with academic institutions, think
tanks, and the private sector to promote research and innovation as a part
of the Renewable Energy Research Institute outlined in the Odisha Renewable
Energy Policy, 2022.

Proposed interventions

The OHPC could enlist help from the OSDA to formally skill local individuals
in operations, maintenance, testing and quality assurance, etc. Current
training centres established on-site can be utilised to upskill individuals to
manage the complex equipment used in PSH.

Proposed interventions

The OERC could work closely with academic institutions and the
private sector to develop viable financial models, deploy different pricing
mechanisms during peak and off-peak periods to ensure profitability and
assess potential integration with the national grid.

Risk-proofing the scale-up of PSH

Environmental risks include water loss, degradation of water quality, oxygen depletion, and threats to biodiversity due
to disruptions in river ecosystems (Ali et al. 2021; Lu et al. 2018; Lu et al. 2020). Further, technological improvements
and fluctuations in electricity prices pose financial risks (Wilson 2020). To mitigate environmental risks, it is essential
to conduct comprehensive hydrological studies to identify reliable water resources and implement effective water
management strategies, including inflow forecasting, reservoir management, and so on. Technological and financial

risk mitigation can be done via PPAs, focusing especially on critical components such as turbines, generators, and
control systems and utilising market hedging instruments.

»
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3.1.10 Renewable energy equipment manufacturing

The RE equipments covered here includes solar modules and wind components, including nacelles, blades, towers, and
monitor and hub systems. Odisha is the largest producer of aluminium, steel, and stainless steel in India, which are key raw
materials for wind components and solar modules. By integrating these base metal industries with a strong downstream
sector in RE equipment manufacturing, Odisha has the potential to unlock significant economic value.

Opportunities for 2030
~93,000* FTE jobs

against 35,650 MW of module manufacturing and
500 MW of wind manufacturing

INR 44,000 crore
(USD 5,300 million)**

the estimated market opportunity.

INR 65,000 crore
(UsD 8,000 million)**

the estimated investment opportunity

Source: *Authors’ analysis of Kuldeep et al. (2017) and IRENA (2017). **Authors’ analysis
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Why should Odisha invest in RE equipment manufacturing?
To enhance the value of existing mineral hubs and industries like aluminium, steel, and so on, given that itis a
downstream industry.
To establish Odisha as a leader in the eastern market for the supply of midstream and downstream RE components,
aided by access to the 450-km coastline (Government of Odisha n.d.a.) and development of inland waterways and non-major
ports (Department of Commerce and Transport 2022).
To capture the rising international interest in Indian-manufactured solar and wind components, with USD 1.9 billion worth
of modules exported to the US in FY24 (Gupta 2024) and 680 GW of new wind capacity expected globally between 2023 and
2027 (Hitchinson and Feng 2023).
To generate direct and indirect jobs in the manufacturing of components like supporting structures, inverters, and so on.
Inspiration from a success story
Adani Solar plans to establish India’s first integrated solar
manufacturing facility with a capacity of 10 GW in Mundra,
Gujarat, by 2027, with the potential to create over 13,000
jobs (PTI 2023a). This facility will encompass the entire
solar manufacturing ecosystem, ranging from metallurgical
grade silicon to PV modules, along with ancillary services
and supporting utilities, all co-located geographically. By
implementing backward integration across the value chain,
this initiative aims to boost India’s position as a hub for
module manufacturing while reducing costs associated with
the import of upstream components, such as wafers and
ingots.
Departments that could support in scaling RE equipment manufacturing
Industries Science and Technology Skill Development and Technical
Department Department Education Department
Source: Authors’ analysis
Overcoming challenges to scale RE equipment manufacturing
@ Technological/Technical challenge/s Proposed interventions
Lack of cost competitiveness in The Industries Department could work with the MNRE to ensure lower
solar modules, with Indian modules module costs via R&D incentives like capital expenditure subsidies and
being approximately 103 per cent encourage higher adoption of indigenous modules. Further, the Science and
more expensive than their Chinese Technology Department (S&TD) could invest in R&D in the sector and lead
counterparts® industry-academia collaborations.

16 Based on the price of Mono Perc modules in India and China, the dominant form of module technology as of 2024; taken from PV Insights (n.d.)
and InfoLink Consulting (n.d.).



Lack of domestic availability of
components such as large castings and
generators in India leads to reliance
on imports, which account for 55 per
cent of turbine costs and create a cost
differential of INR 0.9-1 crore per MW
between Indian and Chinese turbines
(Jain et al. 2023)

Lack of adequate investment in R&D
compared to other countries such as
China, South Korea, and the US*

Supply-chain related challenge/s

Lack of operational wafer and
polysilicon manufacturing capabilities
in India, along with low cell
manufacturing capacity and high
dependence on imports. Additionally,
there are significant gaps in

backward linkages for essential wind
components, such as large castings

Green economic value chains

The Industries Department could work with the MNRE to offer a production-
linked incentive (PLI) scheme to wind energy component and sub-component
manufacturers of casting, gearbox, and nacelle assemblies to enable vertical
integration in domestic manufacturing.”

The Industries Department should encourage R&D in RE equipment
manufacturing with the DoE under the Renewable Energy Research Institute
by collaborating with the private sector, academic institutes, etc. A capital
subsidy on equipment/machinery for supporting new R&D centres can also be
explored.”

The Industries Department could also work with the MNRE to encourage
R&D via industry-academia collaboration and capital expenditure subsidies
for setting up R&D laboratories. The MNRE can also mandate minimum
research expenditure for integrated solar manufacturers to spur technological
innovations and establish cost competitiveness.

Proposed interventions

The Industries Department could spearhead the creation of a manufacturing
hub of RE equipment in Odisha to achieve supply chain integration via the
measures elaborated below:

The Industries Department could involve the private sector via investment
facilitation measures like tax incentives, technology grants, and R&D
incentives.

The Industrial Promotion and Investment Corporation of Odisha Ltd.
(IPICOL) could attract investment and increase the visibility of state policies
via investor meets, international trade fairs, etc., whereas the Industrial
Development Corporation of Odisha (IDCO) could provide the necessary
infrastructural support® to establish the manufacturing hub.

The District Investment Promotion Agency (DIPA) could actively engage
in planning the creation of a supply chain ecosystem at the district level
via measures like logistics management and advocacy for industrial
infrastructure development.

17 India is currently heavily reliant on China, with 50 per cent dependence on hub castings and more than 90 per cent on gearbox castings.

18 India's 2022-23 Union Budget allocated only USD 5 million (INR 35 crore) for R&D spending across all renewable energy technologies, not limited

to manufacturing, whereas the US, on the other hand, allocated USD 95 million to solar research and manufacturing innovations in 2023 alone. In
China, 1-3 per cent of the gross revenue generated is utilised for R&D every year.

19 Limited to the first few units in the state.

RE equipment manufacturing, etc.

20 Identifying suitable land parcels with low leasing rates and high connectivity, development of industrial complexes for supply chain integration of
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@ Sskill-related challenge/s

Lack of a skilled workforce may pose
challenges in the future as the demand
for semi to highly-skilled workers rises
with the advancement of technology
and maturity of the module
manufacturing sector.” Additionally,
the need for STEM professionals is
greater in the onshore wind sector
compared to the solar PV sector

Source: Authors’ analysis; stakeholder consultation

Proposed interventions

The OSDA can support labour requirements through skill-training initiatives
in material handling, software, and STEM-related courses. This will require
close collaboration with the industry, academia, and ITIs. The OSDA may
also aid in the creation of manufacturing hubs by ensuring the availability of
skilled individuals from the local population to ensure the absorption of the
local workforce and prevent rural-urban migration.

Risk-proofing the scale-up of RE equipment manufacturing

Changing technology poses a risk of obsolescence, leading to potential loss of investment. Further, India’s heavy
dependence on China for wind and solar components is a constant import risk, threatening energy security. Targeting
the export market also introduces trade risks due to changing geopolitical conditions. To mitigate technology risks,
Odisha can offer incentives such as grants for technology upgradation, tax incentives, and R&D grants, particularly for

wind components. Manufacturers should stay up to date with emerging technologies, especially in the case of solar

modules (Garg and Jain 2022). Import risks can be mitigated by incentivising the domestic manufacturing of critical solar

supply chain. This can be done via supportive industrial policies, initiatives to strengthen supply chains, and so on.

components like wafers and ingots and key wind components such as large castings and generators, to secure the entire

21 As per stakeholder consultations, in cases of high automation (~80 per cent) and large-scale production, 75 per cent of the individuals in the facility

were highly skilled or semi-skilled.
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3.1.11 Small hydropower (SHP)

Hydro plants with capacities between 1 and 25 MW are categorised as small hydro plants (SHPs) according to the MNRE. Given
the multitude of water bodies in Odisha and an MNRE-assessed capacity of 286 MW, SHP offers significant benefits, including
a high ramping rate and a high capacity utilisation factor. Scaling SHP in Odisha can help meet India’s power demand while
contributing to grid-balancing efforts.

Opportunities for 2030

~500* FTE jobs
against 286 MW of SHP deployment

INR 700 crore
(USD 80 million)**

the estimated market opportunity.

INR 1,400 crore
(USD 170 million)**

the estimated investment opportunity

& L &

Source: *Authors’ analysis of IASS, TERI, CEEW, and SCG]J, 2019. **Authors’ analysis
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Why should Odisha invest in small hydropower?

To aid grid balancing due to the high ramping rate. Additionally, it is an important source of power, and although there is
significant expansion of variable sources of energy like solar and wind, there is reduced commitment towards large hydro.=

To lower the environmental and social footprint as compared to large hydro as it is also easier to deploy and maintain
(Doso and Gao 2020; Khan 2015; Mishra et al. 2015).

To enable local area development via the improvement of infrastructure, generation of job opportunities, and arresting of
migration, among others.

Inspiration from a success story

The San Michele dei Mucchietti Hydropower Plant is a
1.8-MW SHP plant located on the Secchia River in Italy. It is
known for utilising an existing water distribution network
and retrofitting it with smart technical solutions, resulting
in a cost saving of EUR ~5,00,000 (UNIDO, ICSHP 2022). :
The plant enables carbon emission reductions of ~3,600 ”*’*’ffﬂ"e’ﬂlﬂ {
CO2 tons/year. Its construction has had no negative impact ,{f,"f il r '
on the river regime as the water is returned to the Secchia
riverbed. The energy generated satisfies the annual energy
requirements of 3,500—4,000 families (7-10 GWh/year) in the
Sassuolo community (UNIDO, ICSHP 2022).

Departments that could support in scaling small hydropower

Green Energy Development

Corporation Odisha Limited Odisha Hydro Power Department of Water
Corporation Resources

Department of Skill Odisha Power

Development and Transmission Corporation

Technical Education Limited

Source: Authors’ analysis

Overcoming challenges to scale small hydro deployment

@ Infrastructure-related challenge/s Proposed interventions
Lack of availability of transmission The OPTCL, under the Odisha Distribution System Strengthening Project
infrastructure leading to delays in (ODSSP) (OERC 2015), could build transmission and distribution networks in
construction prospective areas for SHP development.
Lack of road availability or poor The Green Energy Development Corporation Odisha Limited (GEDCOL),
conditions of roads leading to project in collaboration with OHPC and the Rural Development Department
delays Odisha, could ensure adequate connectivity via roadways before project

construction begins in order to minimise project delays.

22 The installed capacity of large hydro is 46.9 GW as of December 2023, whereas the CEA optimal generation mix forecast assumes 61.6 GW of large
hydro by 2029-30 (including hydro imports of 5.8 GW). Thus, the energy generation mix in the coming years will not have much additional large
hydro.



@ Sskill-related challenge/s

Lack of local skilled manpower in
regions near small hydro power (SHP)
projects

Technical challenge/s

Lack of adequate hydrological data to
assess site viability leads to improper
assessment of power potential (Khan
2014; Kishore et al. 2021)

Social challenge/s

Lack of clarity and assurance for
landowners and land dependents,
resulting in delays in land acquisition

Statutory challenge/s

Lack of timely statutory permits,
clearances, implementation
agreements, and Power Purchase
Agreements (PPAs), which pose risks
to financiers and project completion

Source: Authors’ analysis; stakeholder consultation
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Proposed interventions

The GEDCOL could enlist help from the OSDA to formally skill local
individuals in areas relating to construction, contract management, testing,
quality assurance, operation and maintenance, etc. Current training centres
should be utilised to upskill local individuals in basic technical skills that can
be used to create a permanent workforce for all RE sectors.

Proposed interventions

The GEDCOL, aided by the OHPC, could actively look for potential sites
for more SHP deployment, undertake feasibility studies, and work with the
Department of Water Resources to identify suitable sites after assessing the
geological, topological, and hydrological conditions.

Proposed interventions

The GEDCOL could minimise local opposition, land-related issues, and time
and cost overruns by proper siting of projects through a thorough study of
site characteristics, natural reserves, land and transmission infrastructure,
etc.

CSOs and local government bodies like gram panchayats can undertake
knowledge dissemination on the SHP project since messaging and perception
are essential for distinguishing between small and large hydro and for
gathering local support.

Developers, facilitated by CSOs and local bodies, should conduct
stakeholder consultations to assess risk, formulate mitigation strategies to
minimise adverse project impacts on local communities and create local
development plans.

Proposed interventions

The GEDCOL could ensure interdepartmental coordination for issuing

all statutory permits and clearances methodically from project inception.
Likewise, all agreements, such as the implementation agreement, PPA, loan
agreement, etc., are to be monitored periodically to ensure execution as per
project timelines.

Risk-proofing the scale-up of small hydro

Flooding, damage to turbines from silt accumulation, and cyclones are some of the investment risks related to SHP

(Sharma et al. 2017). The environmental risks include high waste and muck generation, water diversion, impact on

aquatic systems, and so on. To mitigate investment and environmental risks, it is important to dispose of waste and
muck sustainably (Kishore et al. 2021), implement rules to divert minimum water, and strike a balance between the

local ecosystem and energy generation (Sharma et al. 2017; Khan 2015; Kumar, 2016). Assessing the impact on local
ecosystems and formulating mitigation strategies will reduce risks and help attract investment.

)
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3.1.12 Utility-scale solar deployment

This includes ground-mounted, large-scale solar technology for which Odisha has an assessed technical potential of 25 MW
(MNRE 2024), assuming land utilisation of three per cent. With higher land utilisation,* this goes up to 149 GW (Singh et al.
2023). Thus, solar energy presents a huge opportunity for Odisha to meet the central RPO of 43.33 per cent by 2030 (Ministry of
Power 2022).%4

Opportunities for 2030

~6,900* FTE jobs

against 7,970 MW of utility-scale solar deployment

INR 2,700 crore
(USD 300 million)**

the estimated market opportunity

INR 40,000 crore
(USD 4,900 million)**

the estimated investment opportunity

e 5 ®

Source: *Authors’ analysis of Kuldeep et al. (2017). **Authors’ analysis

23 Land utilisation of 50 per cent to 10 per cent in five wasteland categories of open scrub, mining wasteland, industrial wasteland, dense scrub, and
rocky/stony land.

24 This is 33.57 per cent for 'other RPO', which majorly includes solar, by 2030. Currently, Odisha relies heavily on imports, with 58 per cent of
electricity generated from solar imported and 436 MW of installed capacity within the state (DoE 2023).
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Why should Odisha invest in utility-scale solar?

To enhance energy security since Odisha will no longer be reliant on imports and can safeguard itself from risks such as
increasing cost of imports, risk to industrial growth due to lapsing ISTS waivers, and so on.

To attract investment, generate jobs, and arrest migration, with 50 per cent of jobs created in O&M,?* all of which are

permanent, resilient, and long-term.

To enable industrial growth with increasing opportunities for manufacturing and the development of local supply chains.

Inspiration from a success story T

The Pavagada Solar Park in Karnataka, India’s second-
largest, with a capacity of 2,000 MW (NS Energy 2020), is
a prime example of the successful use of the land lease

model for land procurement and developer contribution

to local communities. An SPV was specifically created to
ensure the smooth management and implementation of the
project, finalising on an initial annual rent of INR 21,000
per acre, with a five per cent escalation every two years,
paid to ~2,300 farmers for 28 years (Tumukuru District n.d.).
This arrangement benefited the drought-hit area, and ~INR
1 billion was contributed to the local area development
fund (KSPDCL 2018), which was used to develop local
infrastructure such as streetlights, local schools, and
healthcare equipment, among other things.

7

NN T

Departments that could support in scaling utility-scale solar deployment

Department of
Energy

Odisha Power
Transmission Corporation
Limited

Source: Authors’ analysis

Grid Corporation of Odisha Electricity Regulatory
Odisha Commission

Skill Development and
Technical Education
Department

Overcoming challenges to scale utility-scale solar deployment

@ Infrastructure-related challenge/s

Lack of robust transmission
infrastructure, which can result
in transmission line overloading,
frequency and voltage issues

Lack of effective grid integration
and stability measures due to the
intermittent nature of wind energy
and challenges in load balancing

25 Authors' analysis.

Proposed interventions

The OPTCL, under the ODSSP (OERC 2015), could build transmission and
distribution networks in prospective areas. The OPTCL could also work with
the private sector to adapt new innovative technologies like a compact tower
design and increase utilisation of existing lines through Uprate and Upgrade
designs, etc.

In addition to strengthening transmission infrastructure, GRIDCO Odisha
could investigate scaling large-scale storage systems such as BESS, plan for
flexible thermal generation along with the OERC and other generation
companies, and build capacities to undertake robust demand-and-
generation forecasting to prepare the grid for intermittency.
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@ Land procurement-related challenge/s

Lack of land availability for solar
projects due to competing land uses,
land disputes, and sociocultural
norms surrounding land ownership

@ Supply chain-related challenge/s

Lack of domestic production for
polysilicon and wafers, resulting in
India’s complete reliance on imports
from China (Gulia et al. 2022), with

56 per cent and 66 per cent for import
of cells and modules respectively in
FY24 (CID, 2024)

Source: Authors’ analysis; stakeholder consultation

Proposed interventions

Developers need to assess social and environmental risks and undertake
proper siting of projects in low-conflict zones (Deshmukh et al. 2017).
Additionally, there should be stakeholder consultations to understand the
impact on local communities and establish a mitigation strategy for assessed
risks and impacts.

GRIDCO Odisha can pilot utilising mining wastelands for utility-scale solar
deployment and contribute to understanding its feasibility and impact.

Proposed interventions

The Industries Department with the MNRE should ensure the
manufacturing uptake of solar components and lower costs via R&D
incentives like capital expenditure subsidies. It should also incentivise higher
adoption of indigenous products across the value chain. Further, the Science
and Technology Department (S&TD) can organise workshops for enhanced
industry—academia collaborations.

The Industries Department could incentivise domestic manufacturing

to strengthen supply chains by supporting MSME growth in the sector,
strengthening domestic raw material supply chains and promoting industrial
infrastructure development, etc.?

Risk-proofing the scale-up of utility-scale solar

Social risks in solar energy projects arise due to land use, as over 85 per cent of solar projects in India are built on land
with potential biodiversity and food security-related conflicts (Shivaprakash 2022). These concerns include the impact
on agricultural production, local natural resources, loss of agricultural income, etc. (World Resources Institute 2021).
Environmental risks include water-related conflicts, as ~24,000 litres of water are required per MW per wash of solar
panels (Renewable Watch 2022). Additionally, the growing volume of PV module waste is another environmental risk,
with estimates suggesting that India will accumulate 19,000 kilotonnes of PV module waste by 2050 (MNRE and CEEW
2024). To mitigate social risks, it is important to conduct thorough environmental and social assessments, including
stakeholder discussions, which should inform mitigation strategies. Further, for environmental risks, newer technology
like robotic dry cleaning (DQI Bureau 2022) of modules can be used to avoid high water usage. Addressing PV module
waste is critical and can be managed through proper disposal and recycling strategies. Encouraging second-life use

recycling technologies are key to mitigating these environmental challenges (Tyagi et al. 2021b).

of substandard modules, offering incentives like green certifications, and encouraging research and investment in

26 More details on incentivising domestic manufacturing for RE equipment are given in the separate note on Renewable Energy Manufacturing.
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3.1.13 Wind deployment

Wind energy can be of two types — onshore and offshore. Onshore wind energy is the power generated by wind turbines
located on land. Odisha has an indicative wind potential of 12,000 MW at a hub height of 150 m (NIWE 2023) and must
accelerate wind deployment? to meet the central wind RPO of 6.94 per cent by 2030 (Ministry of Power 2022). Here, we focus
on onshore wind energy.

Opportunities for 2030

A .
~600* FTE jobs
(e) against 1,041 MW of wind deployment

452 estimated market opportunity
INR 6,900 crore

(USD 830 million)**

the estimated investment opportunity

"w\} INR 500 crore
@ (USD 70 million)**

Source: *Authors’ analysis of Kuldeep et al. (2017). **Authors’ analysis

27 Currently, Odisha imports all its contracted wind capacity, as per DoE (2023).
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Why should Odisha invest in wind deployment?

To enhance energy security since Odisha will no longer be reliant on imports and can safeguard itself from risks, such as
increasing cost of imports, the risk to industrial growth due to elapsing ISTS waivers, etc.

To attract investment, generate job opportunities, and arrest migration with ~8o per cent of jobs created in 0&M,* all of
which are permanent, resilient, and long-term.

To enable industrial growth with increasing opportunities for manufacturing and the development of local supply chains.

Inspiration from a success story

The Halkirk Wind Project, one of Alberta’s largest wind power
projects with a capacity of 150 MW, has been operational since
2012 (Jeyakumar and Todd 2017). It stands out for its effective
public consultation and significant community support,
achieving success by incorporating community-centric practices,
such as inclusive compensation, proactive engagement, regular
follow-ups with the community, and undertaking responsible TrvesSta
practices beyond the statutory requirements.? Greengate Power, 2
the developer, used a pooled lease system with a standardised
payment structure that allocated compensation even to non-
participating landowners adjacent to turbines. Its success is
evident in Halkirk II being approved in 2023 (140 MW), which
will help meet the annual electrical needs of ~63,000 Alberta
homes (Power Technology 2023).

Departments that could support in scaling wind deployment

Department of Grid Corporation of Odisha Electricity Regulatory
Energy Odisha Commission

Odisha Power Skill Development and
Transmission Corporation Technical Education
Limited Department

Source: Authors’ analysis®

Overcoming challenges to scale wind deployment

@ Cost-related challenge/s Proposed interventions

Lack of cost efficiency in wind The DoE could offer generation-based incentives (GBI) and subsidies related
energy generation, as achieving the to banking charges, and the OERC could offer site-specific auctions for tariff
same output as high-wind states realisation.

requires installing turbines at higher
hub heights*, leading to increased
investment and balance-of-station
costs

The DoE and GRIDCO could work with institutions like the National
Institute of Wind Energy (NIWE) to assess the potential of different sites and
obtain accurate mast data for site-specific auctions.

The DoE could collaborate with academic institutions, think tanks, and
private-sector players to undertake R&D on technological innovations in wind
turbines to reduce costs at higher hub heights and increase generation capacity.

28 Authors' analysis.
29 AUC Rule 007 Requirements: Developers must notify stakeholders within 2 km of the project and have direct conversations with those within 800 m.

30 Odisha receives wind at 7.5 m per second at 150 m above ground level (agl), whereas the other 8 wind states — Tamil Nadu, Gujarat, Maharashtra,
Karnataka, Rajasthan, Madhya Pradesh, Telangana, and Andhra Pradesh receive 6-7 m per second at 100 m agl (Ramesh 2023).



@ Infrastructure-related challenge/s

Lack of adequate transmission
infrastructure, which may result in
transmission line overloading and
issues with frequency and voltage
stability

Lack of effective grid integration
and stability measures due to the
intermittent nature of wind energy
and challenges in load balancing

@ Land-related and social challenge/s

Lack of suitable site availability for

wind energy development in Odisha’s
ecologically sensitive hilly areas which

may also increase the risk of social
conflicts

@ Supply chain-related challenge/s

Lack of availability of low-cost

materials and upstream components,

coupled with time-consuming
procurement and supply processes,
resulting in delays in project
deployment

Source: Authors’ analysis; stakeholder consultation
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Proposed interventions

The OPTCL, under the ODSSP (OERC 2015), could build transmission and
distribution networks in prospective areas. It could also work with the
private sector to adapt new innovative technologies, such as a compact
tower design, and increase utilisation of existing lines through Uprate and
Upgrade designs, etc.

In addition to strengthening transmission infrastructure, GRIDCO Odisha
could investigate scaling large-scale storage systems such as BESS, plan for
flexible thermal generation along with the OERC and other generation
companies, and build capacities to undertake robust demand and generation
forecasting to prepare the grid for intermittency.

Proposed interventions

The DoE and CSOs may assist developers in undertaking proper siting of
projects in low-conflict zones, assessing social and environmental impacts,
and establishing appropriate mitigation strategies.

Proposed interventions

The Industries Department could incentivise domestic manufacturing of
components to strengthen supply chains by supporting MSME growth in the
sector and strengthening domestic raw material supply chains and industrial
infrastructure development, etc.3

Risk-proofing the scale-up of wind deployment

Environmental risks related to wind energy projects include risks to local and migratory bird species due to collisions with
turbines as well as negative impacts on the breeding process. Wind turbines also generate a lot of noise, which can have
notable impacts on the health of local inhabitants. Additionally, social conflicts may arise when turbines are installed in
ecologically sensitive areas or forested zones with dense human settlements. Odisha is also prone to tropical cyclones,
which are a considerable risk to wind turbine infrastructure (Dasgupta and Priyadarshini 2019; Chen, Li, and Tang 2016).
To mitigate these environmental and social risks, several measures can be implemented. Bird collisions can be prevented
by painting turbines. Detailed ecological and impact assessments prior to project deployment can help in formulating
mitigation strategies to reduce environmental risks. Proper site selection of projects is also crucial to avoid ecologically
sensitive zones and population centres. To prepare for cyclone risks, investment in climate modelling is essential, along

with updated maps for better tracking of high-risk sites. Strengthening grid balancing and integration will also help
manage the effects of weather anomalies (Shekhar et al. 2021).

31 More details on incentivising domestic manufacturing for RE equipment are given in the separate note on Renewable Energy Manufacturing.

_J
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3.1.14 Decentralised renewable energy (DRE) technologies for
livelihoods

DRE technologies offer a sustainable solution to India’s tripartite challenge of energy access, climate change mitigation, and
growth priorities by ensuring last-mile access to renewable energy (RE) for boosting rural livelihoods.>* Odisha currently has
~11,000 DRE technologies deployed, with 10,729 deployments of solar pumps alone.

Opportunities for 20303

~44,000* FTE jobs
through manufacturing and deployment of 700,366
DRE technologies

INR ~5,700 crore
(USD 690 million)*

the estimated market opportunity

INR ~130 crore
(USD 16 million)*

the estimated investment opportunity

& L &

Source: *Authors’ analysis

32 This note captures the following DRE technologies: DRE-based refrigeration, cold storage, chillers, grain milling and processing, textile reeling and
looming, sewing machines, fodder systems, aerators, pumps, charkhas, and dryers.
33 Stakeholder consultations.
&\ 34 These numbers are subject to the condition that the manufacturing of these technologies happens in Odisha itself. Jobs are calculated for
activities that include design of the applications, procurement and assembly of components, installation, maintenance and corporate functions
such as administration, marketing, installation and customer services, etc.
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Why should Odisha invest in DRE technologies?

To enhance its agricultural productivity and post-harvest management as DRE technologies can enhance the state’s low
agricultural productivity and reduce the annual post-harvest losses of over 6 lakh tonnes (Central Horticultural Experiment
Station 2021).

To enhance income by improving the state’s 22nd rank in per capita GDP through leveraging of DRE technologies, which
have been shown to increase users’ annual incomes by up to 35 per cent (Gaur et al. 2023).

To tackle unreliable power supply by mitigating the impact of brownouts and blackouts in the state, where 64 per cent of
households face two or more 24-hour blackout days per month, and 31 per cent experience three or more days of low voltage
supply (Tripathi and Jain 2017).

To localise economies by reversing Odisha’s distress migration trends and positively impacting over 9,25,544 livelihoods,
while strengthening the local economy through the promotion of manufacturing and indigenisation of the supply chain.

Inspiration from a success story

With a market potential of 569 units valued at INR 18.208
million (Jain et al. 2023) and a network of 3,138 weaving
households (CEEW 2021), Odisha presents a viable
opportunity to scale the production and deployment of
solar silk-reeling machines. Kuni Dehury, a skilled silk
reeler from Keonjhar, Odisha, has leveraged her extensive
experience to establish a small training centre in her village,
where she teaches women the art of silk reeling. To date,

she has successfully trained over 500 women at the Tussar
Silk Park. According to Kuni, these machines have proven
instrumental in helping women boost their monthly incomes
from approximately INR 1,500 to INR 6,000 (Gaur et al. 2023).
Moreover, these machines contribute to the centre’s cost-
cutting measures by reducing electricity expenses.

Departments that could support in scaling DRE livelihood technologies

Odisha Renewable Energy Department of Department of Energy
Development Agency Mission Shakti

Odisha Skill Development MSME and Industries Ministry of New and
Authority Department Renewable Energy

Panchayati Raj and Drinking Water Department — Odisha
Rural Development and Marketing Society

Source: Authors’ analysis; stakeholder consultations

35 Authors' analysis.
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Overcoming challenges to scale DRE technologies

@ Market creation and development Proposed interventions

related challenge/s

Low awareness and demand ignition
due to the nascency of the sector (Jain
etal. 2023)

Lack of ecosystem support for market
linkages (Jain et al. 2023)

Lack of trust among the stakeholders
regarding the viability of DRE
technologies

Financial challenge/s

Lack of end-user financing (Jain et al.
2023)

The Odisha Renewable Energy Development Agency (OREDA) can
implement concerted efforts to generate awareness through targeted
campaigns and community engagement.

The Integrated Tribal Development Agency (ITDA) can conduct needs
assessments in Odisha’s tribal regions and raise awareness to foster clean-
tech integration. Various line departments can promote the adoption of
DRE livelihood technologies. For example, the Fisheries & Animal Resources
Development Department can mandate the use of solar-powered aerators in
pisciculture and facilitate the availability of subsidies or interest-free loans
for potential users.

Self-help groups (SHGs), farmer-producer organisations (FPOs), and
CSO0s, such as PRADAN, SELCO Foundation, and Livelihood Alternatives, can
contribute to building awareness and communicating the benefits of clean-
tech applications to generate demand.

The Department of Mission Shakti and the Odisha Rural Development
and Marketing Society (ORMAS) should collaborate with technology
manufacturers, market enablers, and CSOs to establish and strengthen
forward and backward linkages.

Technology manufacturers and market enablers can work on technology
customisation, robust after-sales services, demand generation, and

market linkages to ensure the reliability and continued functioning of DRE
technologies in Odisha’s remote areas.

The OREDA should coordinate with the MNRE to implement standards for
DRE technologies to ensure high quality.

Proposed interventions

The ITDA can leverage the Special Central Assistance to Tribal Sub-scheme to
promote DRE technologies in high-potential tribal districts like Mayurbhanj,
Keonjhar, Koraput, and Rayagada.

The National Bank for Agriculture and Rural Development (NABARD) can
play a pivotal role in unlocking finance for the sector. Its support in the form
of interest subvention, first loss default guarantee, etc., can act as a catalyst
by providing credit guarantees to financing institutions.

Institutions like the NABARD and the Small Industries Development
Bank of India (SIDBI) can establish a revolving fund for clean energy to
be disbursed by regional rural banks (Jha et al. 2019) in the state (Odisha
Gramya Bank and Utkal Grameen Bank).

Odisha Livelihoods Mission (OLM) can channel institutional finance to
scale up the uptake of DRE technologies in the state.

The State Level Bankers’ Committee (SLBC) Odisha can be leveraged for
disseminating information and supporting physical demonstrations to build
financiers’ trust in DRE livelihood technologies.
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@ Skill-related challenge/s Proposed interventions
Lack of capacity building to ensure Pradhan Mantri Kaushal Vikas Yojana and the Odisha Tribal
robust technical and after-sales Empowerment and Livelihoods Programme should target stakeholders
services (Gaur et al. 2023) involved in the deployment for capacity building and training.

CSOs should coordinate with the OSDA to enable the training of local
individuals for the uptake of jobs in the sector.

@ Policy-related and institutional Proposed interventions
challenge/s

Lack of dedicated policy support and The OREDA, in collaboration with the Department of Energy (DoE),

targets can push to secure funding and policy support from the centre for DRE
technology initiatives. Working in tandem with the MSME and Industries
Department, it can develop policies to bolster the clean-tech ecosystem.
The OREDA should set periodic targets for DRE technology deployments to
provide signalling to the industry to scale up. The MSME Department could
collaborate closely with the OREDA and the Department of Mission Shakti
to effectively communicate information regarding incentives and support
provided by the department to start-ups and companies in the DRE sector.

Source: Authors’ analysis; stakeholder consultation

Risk-proofing the scale-up of DRE livelihood technologies

Improper disposal of DRE components can lead to significant ecological damage. Additionally, the heavy reliance on
imports for critical components poses risks of production delays and increased costs during periods of geopolitical
instability. Limited market linkages and the constrained expansion capabilities of enterprises can further hinder
technology uptake. Mitigation strategies can include awareness programmes on safe disposal and take-back initiatives,
targeted marketing, local sourcing of technology components, state government support in establishing distribution
networks, capacity building of locals, robust after-sales services, and financial assistance to enterprises for expansion.
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3.2 Circular economy

The CE sector is an emerging green sector that can help Odisha address the issues of waste management, while ensuring
resource conservation, job-intensive growth, future job security, and economic resilience.

Importance of the CE sector for Odisha

The rapid development brings along issues of waste management. The CE sector helps addressing it while unlocking new
employment opportunities that will also ensure sustainable use of resources. The value chains examined for Odisha in this

sector include

Construction and demolition waste

" Lithium-ion battery waste recycling
recycling

@)
Al®

Electrical and electronic waste

- Plastic waste recycling
recycling

For each value chain, we discuss

Job, market, and
investment (J-M-I)
potential estimates
for each value chain
or technology.

Challenges and risks
in scaling these
value chains, along
with their mitigation
strategies.

A success story
from the field to
inspire action.

The roles
of the state
government, the
private sector,
and CSOs.
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3.2.1 Construction and demolition waste recycling

Construction and demolition (C&D) waste recycling involves recovering materials from the waste generated during the
construction, remodelling, repair, and demolition of civil structures. Odisha generated 455 tonnes per day (TPD) of C&D
waste in 2022—23 (OSPCB 2023). However, the state has limited recycling facilities (Forest, Environment and Climate Change
Department 2023), and most of this waste is disposed of in low-lying areas or solid waste dumpsites, resulting in minimal
resource recovery.

Opportunities for 20303

& 1,500 FTE jobs

Q against recycling of 3,000 kilotonnes of C&D waste

the estimated market opportunity against recycling 1,000
kilotonnes of C&D waste

INR 80 crore

(USD 10 million)**

the estimated investment opportunity for recycling 1,000
kilotonnes of C&D waste

Jw} INR 80 crore
@ (USD 10 million)**

Source: *Authors’ analysis of stakeholder consultations. **Authors’ analysis

36 Authors' analysis: (i) 1,500 jobs will be generated from recycling 3,000 kilotonnes of cumulative C&D waste generated in Odisha between 2024
and 2030; (ii) the jobs herein consider different stages of operations undertaken within the recycling facility; (i) the market opportunity considers
the maximum recovery of materials from C&D waste and their sale.
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Why should Odisha invest in C&D waste recycling?

To reduce its reliance on virgin construction materials and minimise ecological impact due to their extraction and mining.
To reduce the carbon footprint of the building and construction sector by sourcing locally recycled construction materials.
To prevent the generation of dust particles from unmanaged or dumped C&D waste (CPCB 2017).

To divert land for other necessary purposes rather than using it to deposit voluminous C&D waste (Jain et al. 2019).

Inspiration from a success story

New Delhi’s C&D waste recycling plant*” at Burari, which
was the largest in India, had a processing capacity of 2,000
TPD (Roychowdhury et al. 2020). It was a public-private
partnership between the North Delhi Municipal Corporation
(NDMC) and Indo Enviro Integrated Solutions Private
Limited (IEISL). NDMC provided the land, while IEISL was
responsible for building and operating the plant (Biswas et
al. 2021). The integrated plant was equipped with machinery
for both wet and dry processing. It produced ready-mix
concrete, hollow bricks, pavement blocks, kerbstones,
concrete bricks, and sand. Initially, due to the poor uptake
of recycled C&D materials, the Delhi government mandated
the use of recycled products in government and municipal
contracts to boost confidence and encourage the use of such
materials (Roychowdhury et al. 2023). The plant supplied
over 1.8 million recycled C&D blocks for the construction of
the Supreme Court Extension (Roychowdhury et al. 2020).

Departments that could support in scaling C&D waste recycling

Department of Housing and Odisha State Pollution Control

Works Department

Urban Development Board
Source: Authors’ analysis
Overcoming challenges3® to scale C&D waste recycling
@ Supply-chain related challenge/s Proposed interventions
Lack of awareness among the waste Local bodies should conduct regular awareness campaigns targeting
generators on the authorised manner different stakeholders to educate them on authorised collection mechanisms,
of depositing C&D waste user fees, penalties for dumping, etc. Additionally, they should establish a
robust collection and transportation mechanism with traceability measures

Limited waste aggregation by to ensure channelisation by authorised entities and prevent leakages to the
authorised entities due to the informal sector. Tenders should be issued to C&D waste recyclers for the
presence of the informal sector establishment and operation of recycling plants, which should be aligned

with the current and projected requirements.

Odisha’s collaboration with Mission Shakti SHGs on solid waste
management can be extended to include awareness campaigns for C&D
waste collection and compliance requirements.

37 The original plant was established in 2009 and has now been dismantled. A new C&D recycling plant with more efficient technology was
inaugurated in its place in 2023 with the same capacity.

38 Based on stakeholder consultations



@ Regulatory challenge/s

Unauthorised collection and dumping
of C&D waste; non-implementation
of the Construction and Demolition
Waste Management Rules, 2016 (C&D
Rules)

Absence of monitoring and reporting
framework

Market creation challenge/s

Lack of awareness and confidence in
recycled materials and products

Low uptake of recycled materials and
products

Source: Authors’ analysis; stakeholder consultation

Green economic value chains

Proposed interventions

The Department of Housing and Urban Development (H&UDD) could notify
the state policy on C&D waste, as required by the C&D Rules, outlining the broad
roles and responsibilities of stakeholders to facilitate the effective management
of waste and promote the use of recycled products.

Local bodies should notify the by-laws for C&D waste, specifying the entire
process from collection to processing and detailing the duties of stakeholders,
user charges, penalties, etc. Additionally, they should establish a robust
grievance redressal mechanism to enable citizens to raise complaints.

Mechanisms can be established under the Odisha Development Authorities
(Planning and Building Standards) Rules, 2020, which promote transparency,
such as (i) requiring proof of channelising C&D waste from demolition to an
authorised facility before providing approval for a new building plan and (ii)
verifying compliance with C&D waste management plans submitted by bulk
generators before issuing an occupancy certificate. A common monitoring
system between the local body’s sanitation department and the development
authority can ensure such compliance and record keeping.

The Odisha State Pollution Control Board (OSPCB) should regularly inspect
and monitor C&D waste management facilities to ensure compliance with the
C&D Rules, dust pollution control, and terms of authorisation, among others.

Proposed interventions

Obtaining a recycled product certification from an independent third party
and listing the products in Green Rating for Integrated Habitat Assessment
(GRIHA) or GreenPro Ecolabel will improve market acceptability and
exposure (Niti Aayog 2018). H&UDD could incentivise builders to rate their
buildings through certifications such as GRIHA, Indian Green Building
Council (IGBC), etc., under the Odisha Development Authorities (Planning
and Building Standards) Rules, 2020. Several state governments have
provided incentives, such as an additional 10 per cent floor area ratio (FAR)
for rated projects (Indian Green Building Council n.d.).

Industry associations such as the Confederation of Real Estate Developers’
Associations of India (CREDAI), in association with recyclers, could identify
construction industry challenges in using recycled materials and disseminate
successful examples.

State departments, the Works Department (WD), Odisha, and local bodies
could mandate the minimum use of recycled C&D waste products in building
construction, road works, etc., as Delhi has done. Similarly, toilet construction
under the Swachh Bharat Mission could be mandated with a minimum content
of recycled C&D materials as per the specified design and quality control.

Risk-proofing the scale-up of C&D waste recycling
C&D waste collection, transportation agencies, and recycling facilities must consistently comply with their contractual
obligations and regulations. One of the major challenges for C&D waste recycling risks is the unauthorised collection
and dumping of waste, which can contribute to air and land pollution (Elshaboury et al. 2022; Du et al. 2020).

Therefore, it is crucial for local bodies to impose strict penalties and enforcement measures to maintain a responsib

C&D waste recycling industry.

U
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3.2.2 Lithium-ion battery waste recycling

Lithium-ion battery (LIB) recycling involves recycling batteries that have reached the end of their life to recover intrinsic
materials and, ideally, reintroduce them into the manufacturing supply chain. LIBs are a highly promising battery technology

widely used in consumer electronics, EVs, and stationary storage applications.

Opportunities for 2030%*°

~200* FTE jobs

against recycling of 7 kilotonnes of LIB waste

INR 90 crore

(USD 10 million)**

the estimated market opportunity against recycling 3
kilotonnes of LIB waste

INR 110 crore
(USD 14 million)**

the estimated investment opportunity for recycling 3
kilotonnes of LIB waste

Source: *Authors’ analysis of stakeholder consultations. **Authors’ analysis

39 (i) Recycling 7 kilotonnes of cumulative LIB waste generated in Odisha from 2024 to 2030.
(i) The jobs herein consider different stages of operations undertaken within the recycling facility.
(iii) The market opportunity considers the maximum recovery of materials and their sale.
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Why should Odisha invest in LIB recycling?

To become a LIB recycling hub on the eastern coast of India so that the state is able to supply critical materials domestically
and regionally and reduce import dependence (Warrior et al. 2023).

To create local jobs for the local workforce by scaling LIB recycling and thus reduce migration.

To reduce environmental contamination from untreated discarded batteries containing heavy metals like nickel and cobalt
and prevent fires caused by the residual charge.

Inspiration from a success story

Lohum Cleantech Private Limited, India’s first integrated

LIB treatment facility, performs repurposing, recycling, and
refining. The facility has been operational since 2018 and has
a refurbishing capacity of 300 MWh and a recycling capacity
of 10,000 TPA. Used batteries from EVs are repurposed and
reused in stationary storage applications or recycled to
recover raw materials. The facility is capable of recovering
all major minerals, including lithium, cobalt, nickel, and
manganese, which can be used in the manufacturing of new
battery cells and can be recycled endlessly (Lohum n.d.).

Departments that could support in scaling LIB waste recycling

Skill Development and
Technical Education
Department Department

Forest, Environment

and Climate Change Odisha State Pollution

Control Board

Industries
Department

Source: Authors’ analysis

Overcoming challenges*® to scale LIB waste recycling

@ Supply-chain related challenge/s Proposed interventions
Lack of awareness among relevant The Odisha State Pollution Control Board (OSPCB)“ can create awareness
stakeholders to supply waste to among registered vehicle-scrapping facilities and entities engaged in the
authorised entities O&M of stationary storage batteries about the facilitation of LIB waste to

authorised recycling facilities.

Local bodies need to spread awareness to citizens, dealers, the informal
sector, etc., on the disposal of LIB waste in an authorised manner. They
can collaborate with authorised waste management entities to channel the
battery waste collected through municipal channels. Further, a separate
empanelment process can be created for private entities who intend to

Low levels of waste aggregation

collect, sort, and channelise battery waste to authorised processing units.

Producers may explore business models such as ‘battery as a service’ or a
‘deposit refund scheme’ for the handover of waste batteries. This can also
be done by creating a strategic network of collection centres and EV battery
replacement or scrapping centres in collaboration with the recyclers on a
long-term bhasis.

40 Based on stakeholder consultations

41 Along with other state departments such as the Commerce and Transport (Transport) Department, Odisha.
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@ Sskill-related challenge/s

Limited knowledge of battery
chemistries and recycling machinery

@ Logistical and safety-related
challenge/s

High chances of fire hazards during

transportation due to the flammable
nature of LIBs

@ Policy-related challenge/s

Lack of a dedicated policy for LIB
circularity

Source: Authors’ analysis; stakeholder consultation

Proposed interventions

The SKkill Development and Technical Education Department (SD&TED)
can facilitate (i) the creation of short-term modules to upskill existing
Industrial Training Institute (ITI) graduates and (ii) the inclusion of battery
chemistries and waste management expertise in the ITI curriculum,
including practical training and visits to battery recycling units.

The SD&TED may leverage battery training programmes run by other
institutions such as the Ministry of Electronics and Information Technology
(MEITY) to customise the curriculum for this sector (MEiTY n.d.).

Recyclers should collaborate with government departments to design and
update the respective courses.

Proposed interventions

The Central Pollution Control Board (CPCB) and/or OSPCB can specify
compliance requirements or guidelines for the safe collection, packaging,
labelling, transportation, and storage of battery waste, as has been issued for
hazardous waste management (NPC 2019).

The OSPCB should enforce these guidelines as and when issued. They
should be further supplemented by awareness and skills development for all
workers engaged in collection and transportation activities.

Proposed interventions

The Industries Department, in consultation with the Forest, Environment
and Climate Change Department and OSPCB, should develop a
comprehensive policy to encourage recyclers, as referred to in the Odisha
Electric Vehicles Policy, 2021. The policy could focus on establishing recycling
clusters to achieve economies of scale, providing various fiscal and non-
fiscal incentives, promoting the uptake of refurbished products, and creating
markets for the reuse of recovered materials.

Risk-proofing the scale-up of LIB waste recycling

One of the biggest risks of LIB waste recycling is the pollution from the spent chemicals used in recycling or the
unprocessable waste. These materials contain toxins which must be disposed of in an authorised treatment, storage,
and disposal facility (TSDF). Hence, periodic inspections are imperative for a responsible LIB recycling industry.
Another risk is the obsolescence of battery technologies, which can make LIB unviable. LIB recycling is a capital-

intensive industry, and a shift from precious metal-based chemistries, like nickel-rich, to chemistries of relatively
abundant metals, like lithium ferro phosphate (IEA 2023), can impact the economies of recyclers. Recyclers should
track these developments and stack multiple revenue streams to mitigate the risks.
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3.2.3 Plastic waste recycling

The demand for plastic has been growing exponentially with the growth and development of all sectors. India reportedly
generates approximately 4—9 million tonnes of plastic waste annually (CPCB 2021; MoHUA 2021), of which 13—-60 per cent is
recycled (CPCB 2021; MoHUA 2021), respectively. Therefore, it is critical to increase waste segregation levels and scale plastic
recycling capacities to recycle plastic.

Opportunities for 203042

~23,000* FTE jobs

against recycling 7,000 kilotonnes of plastic waste

INR 8,400 crore

(USD 1,000 million)**

the estimated market opportunity against recycling 1,000
kilotonnes of plastic waste

o %

INR 2,000 crore

(USD 240 million)**

the estimated investment opportunity for recycling 1,000
kilotonnes of plastic waste

©r

Source: *Authors’ analysis of stakeholder consultations. **Authors’ analysis

42 (i) Recycling 7,000 kilotonnes of cumulative plastic waste between 2024 and 2030 will generate 23,000 jobs. The jobs herein consider different
stages of operations undertaken within the recycling facility. (ii) It is considered that Odisha will serve as a recycling hub for plastic waste, and in
addition to recycling its own waste, it will channelise 50 per cent of the plastic waste generated in the states of Jharkhand, Chhattisgarh, and West
Bengal. (i) The market opportunity considers the maximum recovery of materials from plastic waste and their sale.
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Why should Odisha invest in plastic waste recycling?

To avoid the disposal of plastic waste in dumpsites or water bodies or through open burning, thereby preventing
environmental contamination, the release of microplastics, and the negative impact on ecosystems (OECD 2018).

To displace the requirement for virgin plastic, thereby reducing oil usage and emissions of GHGs associated with its
production (Hopewell et al. 2009).

To become a plastic waste recycling hub for the nearby states and maximise the utilisation of its recycling infrastructure.

Inspiration from a success story

Banyan Nation is one of India’s first vertically integrated
plastic recycling companies, with a cumulative capacity

of 12,000 tonnes (Banyan Nation n.d.; Khanna 2023). The
company has developed a data-based platform to track

the plastic waste recycling supply chain, which facilitates
the integration of the informal sector into its collection
operations. This platform has also been extended to
municipalities. Banyan Nation processes high-density
polyethylene and polypropylene plastic, such as detergent
and toilet cleaner bottles. The collected plastic is cleaned
using proprietary technology to eliminate contaminants
from products and packaging, after which it is recycled and
converted into high-quality granules. These are then sold to
manufacturers to reduce the consumption of virgin plastic.

Departments that could support in scaling plastic waste recycling

Department of
Housing and Urban
Development

Industries QOdisha State Pollution
Department Control Board

Source: Authors’ analysis

Overcoming challenges*® to scale plastic waste recycling

@ Waste segregation and supply chain- Proposed interventions
related challenge/s

Low levels of waste segregation due to  Local bodies should maintain regular and robust door-to-door campaigns

loose enforcement and low awareness  focused on source segregation of waste through various modes to foster
behavioural change among waste generators. To further encourage active
participation, incentives may be extended to nudge consumer behaviour,
such as by offering points that can be redeemed at grocery stores, zero waste
tags and similar initiatives.

43 Based on stakeholder consultations



Inconsistent supply of good quality
and quantity of plastic waste

Lack of integration between informal
and formal waste management
workforce

Perception-related challenge/s

Low adoption of recycled plastic due
to perceptions around the quality of
recycled plastic

Inconsistent supply of recycled
plastic conforming to the
specifications of different brands

Cost-related challenge/s

Unfavourable economics of plastic
waste recycling due to high waste
management costs and volatility of
resale prices of recycled plastic
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The Department of Housing and Urban Development (H&UDD) should
integrate the informal sector for the collection and sorting of waste. This can
be carried out through direct employment or indirect engagement, such as by
providing a secure space for waste management activities.

Local bodies could initiate training sessions for the informal sector and
sanitation staff to familiarise them with the quality requirements set by
recyclers. Local bodies should also facilitate data management at materials
recovery facilities (MRFs), where data on plastic waste generation and
quantities accepted for recycling can be systematically recorded. The
Ministry of Housing and Urban Affairs (MoHUA) Sansaadhan portal can be
leveraged to capture this data, making it available for recyclers. Performance-
based incentives can be extended to the informal sector for continued
integration.

Proposed interventions

Producers should specify globally or nationally recognised certifications
that recyclers can obtain to enhance the credibility and acceptability of their
products.

Recyclers should conduct workshops for producers and their associations,
such as the All-India Plastics Manufacturers Association (AIPMA), to look
beyond pricing and adopt post-consumer recycled plastics to promote
circularity, subject to it meeting their quality requirements.

The Central Pollution Control Board (CPCB) should enforce provisions for
minimum use of recycled content in plastic packaging and gradually increase
the targets to ensure its consistent uptake.

Proposed interventions

The Industries Department could establish plastic or resource recovery
parks, offering subsidies for land, plants, and machinery, along with
exemptions from electricity duty, to support recyclers in reducing costs and
improving the economics of plastic recycling.

Facilities such as Paradeep Park in Odisha can establish vital links between
the upstream and downstream supply chains, encouraging manufacturers to
use recycled plastics. Such a mechanism will also reduce the transportation
of recycled plastic, which is often a significant expense. Parks with upstream
and downstream industries can also facilitate common infrastructure, secure
supply chains, and improve recyclers’ margins.
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@ Process and compliance-related Proposed interventions
challenge/s

Inefficient use of the plastic extended The CPCB could extensively test various features of the EPR portal

producer responsibility (EPR) portal and consult with stakeholders before updating the portal. Several

due to frequent updates stakeholders have highlighted difficulties in using this portal. Some of the
recommendations of the recyclers for ease of use include an increase in
automation to avoid multiple manual entries and refraining from making
frequent revisions to the portal.

Source: Authors’ analysis; stakeholder consultations

Risk-proofing the scale-up of plastic waste recycling

Plastic often contains toxic chemicals, and a lack of effective processes to remove these contaminants can result in
harmful chemicals being present in recycled plastic. This can expose consumers to chemical contamination from products
made from recycled plastic. To mitigate these risks, central regulations should be established to set recycling and chemical
safety standards for both virgin and recycled plastic products (Mahesh et al. 2024). Additionally, unscientific plastic

waste recycling can exacerbate pollution rather than alleviate it. The OSPCB should conduct periodic audits of recyclers

to ensure compliance (GHMC 2020). Another significant challenge is the improper handling of low-value plastic and
multi-layered plastic waste due to their lesser value and non-recyclability when compared to other plastics (Singh 2021).
Hence, this plastic either ends up in landfills or drainage systems or is burnt, leading to environmental degradation.
Municipalities need to track the collection and ensure its safe disposal by the formal sector.



Green economic value chains

3.2.4 Electrical and electronic equipment waste recycling

E-waste recycling refers to the disassembly and processing of end-of-life electrical and electronic equipment to recover
intrinsic materials. India generated 1.6 million tonnes of e-waste in 2021-22 and recycled only 33 per cent (PIB 2023b) of it.
Because of the reduced lifespans of electrical and electronic equipment (Bhutta et al. 2011) and increased consumption, a
large quantity of e-waste is generated, which must be responsibly managed and processed.

Opportunities for 20304

~5,500* FTE jobs

against recycling of 1,000 kilotonnes of e-waste

INR 1,100 crore

(USD 130 million)**

the estimated market opportunity against recycling 200
kilotonnes of e-waste

INR 400 crore

(USD 43 million)**

the estimated investment opportunity for recycling 200
kilotonnes of e-waste

Source: *Authors’ analysis of stakeholder consultations. **Authors’ analysis

44 (i) For this study, we have taken an average of the workforce required for recycling IT and non-IT items to calculate potential jobs. Since the
workforce required to recycle e-waste varies with the composition and size of the waste, the employment potential is subject to change with these
variations; (ii) the market opportunity considers the maximum recovery of materials from e-waste and their sale. (iii) recycling cumulative e-waste
of 1,000 kilotonnes in the period 2024-30 will generate approximately 5,500 jobs. It is considered that Odisha will serve as a recycling hub for
e-waste and in addition to recycling its own waste, it will channelise 50 per cent of the e-waste generated in the states of Jharkhand, Chhattisgarh,
and West Bengal.

Image: iStock.com (for illustrative purposes only)
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Why should Odisha invest in e-waste recycling?

To overcome issues of unscientific handling and disposal of e-waste, related environmental contamination (Raghupathy
et al. 2018), and adverse impact on marginalised communities (Singh and Ogunseitan 2022).

To recover materials from waste by leveraging the existing metallurgical industry, which will also aid the state’s
manufacturing industries.

To reduce the manufacturing industry’s carbon footprint by reducing procurement of virgin raw materials with efficient
recovery of material from e-waste.

Inspiration from a success story

Eco Recycling Limited (Ecoreco) is an R2-certified* e-waste
recycler based in Maharashtra, with a recycling capacity

of 25,000 TPA (Ecoreco 2018). Ecoreco operates a mobile
application called Bookmyjunk, which allows waste
generators to register for complimentary e-waste collection
services (Wangchuk 2021). It undertakes end-to-end e-waste
recycling and promotes the use of recovered materials by
electronics manufacturers. On Global Recycling Day in 2024,
Ecoreco successfully engaged 1,000 industrial and commercial
units across Maharashtra to advocate for responsible disposal
practices and collected over 10,000 kg of e-waste (ANI 2024).
It has partnered with the National Skills Development
Corporation (NSDC) to provide skills training for workers
within the informal recycling industry (Ecoreco 2023).

Departments that could support in scaling e-waste recycling

Skill Development and
Technical Education
Department

Department of
Housing and Urban
Development

Industries Odisha State Pollution
Department Control Board

Source: Authors’ analysis

45 R2 stands for ‘responsible recycling’ and is a voluntary standard specifically created for the electronics recycling industry by Sustainable
Electronics Recycling International (SERI). Globally, it is the most widely adopted standard for responsible practices for used electronics.
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Overcoming challenges*¢ to scale e-waste recycling

@ Supply chain and informal sector-
related challenge/s

Unavailability of the requisite
quantity of e-waste to formal recyclers

Increased environmental pollution
and health hazards due to unsafe
practices of informal players

Lack of awareness among the waste
generators and loose enforcement

46 Based on stakeholder consultations

Proposed interventions

The Department of Housing and Urban Development (H&UDD) can
integrate the informal sector with the formal supply chain or formalise it:

o The H&UDD could establish a framework where e-waste collected by the
informal sector can be sold to the urban local bodies and then channelled
to recyclers. The informal players will lead the collection exercise within
such a framework.

« It could set up infrastructure such as common dismantling and recycling
facilities, where the informal sector can use the space to undertake safe
and legally compliant operations. The private sector or local bodies can
invest in these facilities based on a public-private partnership model.

This integration is critical to capitalising on the informal sector’s high
e-waste collection rate and safeguarding economic and social benefits for
these marginalised communities (Zhang et al. 2012).

Through local bodies, the H&UDD could provide training to the informal
sector on the collection of e-waste, scientific methods for sorting and
dismantling it, and statutory requirements for channelling e-waste to
authorised entities.

The H&UDD could mandate that bulk consumers“” submit annual returns on
the proper disposal of their e-waste.

Local bodies could conduct regular awareness sessions for households
under the Standard Operating Procedure (SOP) For Decentralised Solid
Waste Management in the state of Odisha on the segregation of e-waste and
its handover.

Recyclers should increase their awareness levels on the segregation and
deposition of e-waste in an authorised manner. They can initiate tie-ups with
local bodies with relatively higher segregation levels for the e-waste supply.
Recyclers and producers could engage with CSOs to create awareness
among e-waste generators.

The Industries Department should establish resource recovery or industrial
parks with dedicated zones for waste recycling, offering both fiscal and
non-fiscal incentives, as well as a market linkage for the supply of recovered
materials. This initiative may encourage more recyclers to enter the
ecosystem and motivate some of the larger informal players to formalise their
operations. Proximity to other recycling and manufacturing units would ease
market uptake of materials recovered from e-waste. These initiatives can be a
component of the Odisha Electronics Policy—2021, or a separate policy could
be developed for e-waste recyclers.

47 As defined under the E-waste (Management) Rules, 2022
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@ Skill-related challenge/s Proposed interventions

Lack of skilled workforce for e-waste The SKkill Development and Technical Education Department (SD&TED)

dismantling and recycling should introduce modules on e-waste recycling in the ITI curriculum. These
modules should include lessons on the assembly of electrical and electronic
equipment and an understanding of recycling machinery and related
expertise in electronics and metallurgy.

The Odisha Skill Development Authority (OSDA) should introduce or
supplement existing courses with these topics. Existing courses on e-waste,
supported by the Ministry of Electronics and Information Technology (MEiTY
n.d.; NIEIT 2022), could be leveraged to update their courses.

@ Process and compliance-related Proposed interventions
challenge/s
Inefficient issuance of extended The CPCB could henceforth reduce the downtime of the portal to a minimum.
producer responsibility (EPR) Any future amendments to it should be tested extensively before being
certificates due to frequent changes released to the stakeholders. Reduction of EPR targets should be avoided as it
and downtime can undermine the feasibility of SMEs to continue with their operations.

Similarly, consents and authorisations to the recyclers by the different state
departments should be issued seamlessly, with a minimum turnaround time.

Source: Authors’ analysis; stakeholder consultations

Risk-proofing the scale-up of e-waste recycling

Risks associated with e-waste recycling include pollution from spent chemicals and residue waste that cannot be further
processed. These materials can be hazardous and should be disposed of at an authorised TSDF (CPCB 2022). Improper
disposal or dumping can result in severe environmental degradation. Further, some recyclers may register but not
conduct actual recycling operations, causing the recycling capacity of the state to be overestimated. Therefore, the OSPCB
should conduct audits and inspections of recyclers periodically to verify their compliance. Additionally, if health and
safety standards are not observed in recycling operations, it can lead to several health risks, especially for vulnerable
populations (WHO 2023). To prevent this, the Labour and ESI Department may audit the facilities for compliance with the
relevant approvals and requirements.



Green economic value chains 81

3.3 Bio-economy and nature-based solutions

The BE and NbS is an emerging green sector that can drive economic prosperity, job-intensive growth, and economic resilience
while also advancing Odisha’s climate goals by promoting the use of environmentally friendly and economically viable
biological resources.

Importance of the BE and NbS sector for Odisha

Odisha is the 4th largest economy-wide GHG emitter in India and ranks 9th in emissions from the Agriculture, Forestry,

and Other Land Use (AFOLU) sector, underscoring the urgent need for climate mitigation via the development of less GHG-
intensive and resource-efficient value chains and enhancement of carbon sinks. Hence, a focus on BE and NbS enables
economic diversification and creation of new markets for bio-based products and ecosystem services while creating localised
employment by empowering local communities and small-scale producers.

The most promising value chains for Odisha in this sector include the following:

( N [

~

Bio-Economy (BE) Nature-based Solutions (NbS)

biomass-based fibre manufacturing,
bio-inputs, bio-based packaging
material manufacturing, bamboo-

agroforestry, ecological mangrove
restoration, seaweed cultivation,
sustainable forest management,

sustainable tourism

based products, compressed biogas

For each value chain, we discuss

Job, market, and
investment (J-M-I)
potential estimates
for each value chain

or technology.
Challenges and risks
in scaling these A success story
value chains, along from the field to
with their mitigation inspire action.
strategies.
The roles
of the state

government, the
private sector,
and CSOs.
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3.3.1 Biomass-based fibre manufacturing

Biomass-based fibres (BBFs) are derived from agricultural residues that can be processed into versatile, biodegradable

fibres that match the strength and durability of natural and synthetic fibres (Jayaprakash et al. 2022). Cost-effective and
customisable for various industries such as textile, technical textiles, or fibre-reinforced polymers (FRPs), BBFs are a
sustainable alternative because of their lower environmental footprints and impacts (Dhir 2022). Odisha could capitalise on
the residues generated from its existing coconut, banana, and pineapple fruit processing units to boost its BBF manufacturing
to cater to global demand and also develop innovations for its local textile, handloom, and handicraft sectors.

Opportunities for 2030

~11,100 FTE jobs*#849
against the production of ~0.76 MMTPA® of BBFs
from various feedstocks™!

INR ~2,400 crore
(USD 290 million)*

the estimated market opportunity®?

INR ~2,500 crore
(USD 310 million)*

the estimated investment opportunitys:

& L &

Source: *Authors’ analysis

48 Approximately 7000 FTE jobs can be created by extracting ~0.75 MMTPA of coir (coconut fibre) from coconut husk, ~4,000 by extracting ~9,000
tonnes per annum (TPA) of banana fibre from banana pseudostem, and ~100 by extracting ~2,000 TPA of pineapple leaf fibre (PALF) from
pineapple leaves.

49 FTE jobs calculated across the BBF value chains include activities of biomass aggregation, business development and design of extraction units,
construction of fibre extraction units, and operations and maintenance of processing units and fibre extraction units.

50 The total annual production of BBF is estimated by calculating the combined annual residues from coconut, banana, and pineapple crop
production, applying specific fibre yield coefficients to each type of residue and adjusting for fibre extraction value chain loss rates for each BBF.

51 Feedstock of BBFs includes coconut husk, banana pseudostem, and pineapple leaves, each yielding fibre amounting to 2 TPA or more.

52 The market opportunity is calculated based on the annual production of fibre and their corresponding current market prices (2024).

53 The investment is calculated based on the required capital costs involved in biomass aggregation, fibre extraction plants, and any intermediary
processing units.
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Why should Odisha invest in BBF manufacturing?

To expand the raw material base of the state’s textile industry beyond its current natural fibre base, which includes
cotton, jute, and silk (Directorate of Textiles and Handlooms n.d.).

To boost the state’s export capabilities by leveraging the progressive Odisha Apparel and Technical Textile Policy—2022 and
by establishing a dedicated textile park (Ministry of Textiles 2023).

To increase farm incomes and enhance livelihood opportunities for women.>

Inspiration from a success story

Mangalam Kalpatharu Enterprises in Burhanpur, Madhya
Pradesh, operates a 0.1-TPD output capacity banana

fibre extraction unit, producing 30—40 kg of fibre daily.

This enterprise addresses the district’s environmental
challenge of crop-residue dumping and burning and
supports Burhanpur’s goal of a zero-waste model for

banana cultivation, which covers 24 per cent of the district’s
cultivable area. It processes 300—-400 pseudostems® daily,
which are collected from places within a radius of 15 km, into
30-40 kgs of banana fibre and sap,> which are good bio-
based inputs for agricultural intake. Operational for seven
months a year, the fibre extraction unit employs six women
and three men full-time. The enterprise also employs women
from the SHGs and trains them to produce high-quality
handicrafts from banana fibre in a decentralised model.>

Departments that could support in scaling BBF manufacturing

Handlooms, Textiles Science and Industries Micro, Small & Medium

& Handicrafts Technology Department Enterprise Department

Department Department P

Re?ii:l::ﬁ:;ﬁti Department of Rural Development Odisha State Agricultural
9 Co-operation Department Marketing Board

Farmers' Empowerment

Source: Authors’ analysis

54 Stakeholder consultations
55 Banana pseudostems are stalks of harvested banana plants that contain 9-10 fibrous layers.

56 Banana pseudostem sap, a by-product of banana crop residue, is rich in nutrients such as potassium (K) and growth regulators, which when used
in agricultural fields reduces the need for the application of chemical fertilisers.
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Overcoming challenges to scale BBF manufacturing

@ Technological/technical challenge/s

Limited technical feasibility of BBFs
to replace traditional fibres due to
insufficient stand-alone mechanical
properties (Fuentes et al. 2022;
Muzyczek 2012, 312-28)

Inadequate information on feedstock
availability for manufacturing>

Inefficient and weak downstream
market linkages>

Proposed interventions

The Handlooms, Textiles & Handicrafts Department (HTHD) and the
Science and Technology Department could encourage R&D efforts for
blending BBFs with traditional fibres in technological universities with
textile engineering departments and the National Institute of Fashion
Technology Bhubaneswar that is working on ‘farm to fashion.’s

The IPICOL could leverage the Invest Odisha forum to attract strategic
investments from alternative fibre-based textile or technical textile
manufacturers and other private sectors by offering incentives to create an
ecosystem for blending BBFs with traditional fibres.

The Department of Agriculture and Farmers’ Empowerment and the
Science and Technology Department could map relevant resources to
develop a repository of eligible crop residues and their availability for various
BBF applications and manufacturing requirements.

Think tanks and CSOs can work towards developing eligibility criteria or
matrices for all crops and agri-residue for fibre conversion in consultation
with subject matter experts.

The HTHD, the IPICOL, and the Industries Department could implement
regulations to ensure the widespread adoption of BBFs in traditional and
handloom textiles while also encouraging their use in industrial production
beyond just handicrafts.

The MSME Department and the OASME could engage in the development of
a sustainable label or eco-label for BBFs or products utilising BBFs to leverage
the export market.

The Industries Department could conduct conclaves with the Directorate
of Export Promotion & Marketing in the state to display the raw material
fibre base of Odisha. It can also highlight its BBF manufacturing capabilities
and develop BBF raw material clusters in the state to indicate opportunities
for industries to invest.



@ Supply-chain related challenge/s

Lack of storage and logistical
infrastructure for feedstock inventory
management and supply security>

@ Sskill-related challenge/s

Lack of availability of skilled labour

Source: Authors’ analysis; stakeholder consultation
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Proposed interventions

The Co-operation Department and the Rural Development Department
could promote farmers’ collectivisation to manage, collect, and store

crop residues for BBF manufacturing. The Odisha State Cooperative
Bank (OSCB) could offer specialised financing options for establishing
decentralised storage facilities for farmer cooperatives. CSOs could also
encourage collectivisation among farmers and farmer families to boost crop
residue management.

The Odisha State Agricultural Marketing Board could establish market
linkages between the BBF manufacturing companies and the crop-residue
management cooperatives through OASME and MSME to ensure sustained
supply to industries.

For large storage facilities, the Industries Department and the private
sector could engage in the PPP model of operating to manage storage
facilities and transportation for the downstream industries.

Proposed interventions

The OSDA could implement training programmes for fibre extraction,
maintenance and operation of fibre-extracting machines.

The private sector must engage with the OSDA to develop training modules.
Further, through their Corporate Social Responsibility (CSR) activities, the
private sector should skill farm households to manage decentralised or at-
source fibre extraction units.

Risk-proofing the scale-up of BBF manufacturing

The commercialisation of natural BBFs as high-value commodities risks soil health, as financial incentives may lead
farmers to sell all crop residues, disrupting natural soil enrichment practices in crop production such as mulching.s
For instance, applying banana pseudo stem to fields can naturally increase soil potassium levels (FAO n.d.a), and using
coir pith as mulch can enhance soil structure and moisture retention (Mapa 1996). Consequently, diverting organic
materials from agriculture to industry would interfere with natural soil enrichment. It would also increase the need for
chemical fertilisers and contribute to the degradation of the soil.

Incentivising the use of only surplus crop residues can reduce waste and maintain soil health among agricultural fields
while promoting the commercialisation of BBF products. This would help achieve a sustainable system that benefits

both agriculture and industry.
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3.3.2 Bio-inputs

Bio-inputs are natural or biological substances derived from plants, animals, or microorganisms that are used in agriculture
to improve soil fertility, promote plant growth, and support crop health (FAO n.d.b). In this report, we have assessed bio-
inputs such as biofertilisers, biopesticides,>® biostimulants,> and natural farming inputs,® which are vital for scaling up
sustainable agricultural practices.

Opportunities for 2030

~2,100* FTE jobs®!
against 5,49,000 MT bio-inputs produced in 2030*¢2

INR 100 crore
(USD 12 million)*

the estimated market opportunity in 2030

INR 9 crore
(USD 1 million)*

the estimated investment opportunity in 2030

& L &

Source: *Authors’ analysis

57 Biofertilisers contain microorganisms, which, when added to the soil, increase its fertility and promote plant growth.

58 Biopesticides are derived from natural materials, such as plants, animals, bacteria, and minerals. They are used to control pests and manage
agricultural diseases without harming the natural ecosystem.

59 Biostimulants are biological catalysts derived from natural sources that are used to improve plant processes such as nutrient uptake,
photosynthesis, and stress tolerance.

60 Natural farming inputs include jeevamrutham and beejamrit prepared using local ingredients by farmers practising natural farming.

61 FTE jobs include operation and maintenance jobs spanning across sub-value chains such as biofertilisers, biopesticides, biostimulants, and natural
farming inputs

62 The figure includes the projected production potential for centrally produced biofertilisers and biopesticides (~4,000 MT), decentrally produced
natural farming inputs such as jeevamruthum, beejamruthum, and handi khata ({4,000 MT), and centrally-produced biostimulants (~400 MT).
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Why should Odisha invest in bio-inputs?

To significantly reduce the state’s financial burden on fertiliser subsidies and healthcare costs (Gupta et al. 2020;
Charyulu et al. 2011). Fertiliser subsidies have increased by nearly 158 times since 198081, reaching INR 79,530 crore in 2021—
22, straining national finances (Ansari et al. 2022). Misuse of chemical inputs has contributed to an increase in conditions such
as cancer and congenital anomalies, thereby increasing health costs (Medina, Rotondo, and Rodriguez 2023).

To enhance Odisha’s agricultural resilience to climate change by adopting bio-inputs on a large scale, which boosts
biodiversity (Protergium n.d.), improves soil fertility, and increases water retention (Jiménez et al. 2023). These bio-inputs
also reduce the need for chemical fertilisers, cutting CO, emissions by 0.58 tonnes per tonne of chemical fertiliser produced,
thereby supporting India’s net-zero goals (Patidar et al. 2024).

To promote sustainable agricultural practices among farmers by increasing the accessibility of bio-inputs through bio-
input resource centres (BRCs). These centres would be particularly valuable in remote areas with limited access to roads and
chemical inputs, providing a one-stop solution for farmers practising sustainable agriculture (Gutiérrez 2022).

Inspiration from a success story®:

The Watershed Support Services and Activities Network
(WASSAN) has established six BRCs in the Sathya Sai and
Annamayya districts of Andhra Pradesh to support natural
farming by producing bio-inputs. Here, a major challenge in
bio-input production is the collection of cow urine, which

is a key ingredient and is often lost through seepage. BRCs
are essential for increasing the adoption of sustainable
agriculture. Each centre employs 20—30 entrepreneurs who
provide bio-inputs to 100 farmers, each producing around 11
MT of bio-inputs annually. This initiative provides financial
stability to farmers and reduces their reliance on chemical
fertilisers. It also enhances soil health and promotes
biodiversity.

Departments that could support in scaling bio-inputs

Department of Agriculture and Fisheries & Animal Resources
Farmers' Empowerment Development Department

Source: Authors’ analysis

63 Based on stakeholder consultations
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Overcoming challenges to scale bio-inputs

@ Technological/technical challenge/s

Low awareness of bio-inputs and
prevalence of adulterated products
(Gutiérrez 2022)%

Lack of consistency in the quality
of bio-inputs due to varying grades
of raw materials and production
conditions. Additionally, there is a
shortage of essential raw materials
such as seaweed for biostimulants
and cow urine for natural farming
inputs®

Inadequate infrastructure for
producing, storing, and distributing
bio-inputs, along with suboptimal
packaging methods, adversely affects
product quality (Mishra et al. 2020)

Proposed interventions

The Department of Agriculture and Farmers’ Empowerment, with
support from CSOs, could implement targeted education and awareness
campaigns to enhance farmers’ understanding of bio-inputs and help them
identify high-quality products. State Agriculture Universities (SAUs) and
CSOs could advocate for bio-input usage and provide extension support to
farmers, and guide them on effective application methods.

The Odisha Agro Industries Corporation Limited (OAIC) could help with
the strict implementation of quality assurances and regulatory frameworks

to ensure that all available bio-based fertilisers are safe and effective, which
can help in rebuilding lost trust among farmers due to the prevalence of low-
quality bio-inputs. To enhance the availability of bio-inputs in the state, OAIC
could mandate or incentivise retailers to allocate a portion of their inventory
to bio-inputs.

The Department of Agriculture and Farmers’ Empowerment can ensure
consistent quality through certification and support systems for bio-input
products. Moreover, the Fisheries & Animal Resources Development
Department can support natural farming by promoting the use of animal
waste, such as dung and urine, as raw materials for bio-input production.
They can facilitate the collection and transportation of these materials from
dairies and animal husbandry centres to BRCs through FPOs and SHGs.
The department could also establish community-level cow urine collection
centres to ensure a steady supply of urine for natural farming inputs. For an
uninterrupted supply of seaweed for biostimulant production, the private
sector should invest in infrastructure to promote seaweed cultivation.

The IDCO should provide the necessary infrastructure support, including
land allocation and the development of industrial parks for bio-input
production. The Agricultural Promotion and Investment Corporation
of Odisha Limited (APICOL) should promote investment in agricultural
enterprises producing biofertilisers, organic fertilisers, and biopesticides
through the capital investment subsidy of the Mukhyamantri Krishi Udyog
Yojana (MKUY).

Manufacturers should adopt international standards for packaging,
implement robust inventory management systems, and invest in advanced
storage facilities to effectively manage the limited shelf life of bio-inputs.
They should leverage the existing distribution networks of major public
sector undertakings (PSUs) that currently handle chemical fertilisers to
enhance the efficiency of bio-input distribution.



@ R&D-related challenge/s

Lack of systematic research on

the efficacy of natural farming
inputs, coupled with the absence of
innovative products and solutions
and insufficient investment in R&D
for bio-inputs (Kumar et al. 2020)

@ Regulatory challenge/s

Poor regulatory landscape and
outdated production technology
guidelines for biopesticides and
biostimulants®

Source: Authors’ analysis; stakeholder consultations

Green economic value chains

Proposed interventions

The Indian Council of Agricultural Research (ICAR) institutes and SAUs
should invest in research on refining production processes and conduct
studies to build credibility on the efficacy of bio-inputs. The private sector
can also invest in R&D for new formulations and improving production
techniques. Similarly, industries such as agriculture, food processing, and
biotechnology, can collaborate with bio-input manufacturers to develop
innovative products and solutions tailored to their specific needs and serve
as potential bio-input customers.

Proposed interventions

The Department of Agriculture and Farmers’ Empowerment should
streamline the registration process for manufacturers by establishing a single
clearance window to expedite the process of establishing biopesticide units.
The department should also develop process manuals that clearly outline
regulatory requirements to assist manufacturers in reducing the complexity
of and costs associated with licensing and update policy guidelines to
include newer, cost-effective technologies.

Risk-proofing the scale-up of bio-inputs

Scaling up the use of bio-inputs in natural farming practices may temporarily impact food security due to fear of
production losses during the initial adoption phase (Smith et al. 2020). Moreover, producing natural farming inputs
requires significant effort, particularly in collecting raw materials like cow dung and urine. This often places a heavy
burden on women and disproportionately impacts them, as they are the primary labour force in agriculture (Paliath
2022). Another significant risk is the potential harm to non-target organisms, including beneficial insects, wildlife,
and humans, caused by improper handling of biopesticides. To mitigate these risks, SAUs should undertake more
research to assess the impacts of natural farming input on crop yields and soil health (Smith et al. 2020). Farmers
should also adopt a phased transition to natural farming by prioritising rain-fed areas in tribal regions where the use
of chemical fertilisers is already low (Abraham et al. 2022). Integration of mechanised solutions, such as solar-based
drava jeevamruthum unit developed by WASSAN, should be explored to reduce the drudgery faced by women as they
significantly decrease bio-input production time.% Ensuring the safe and effective use of biopesticides requires further
research in strain selection and stringent regulations in the form of rigorous lab testing and extensive field trials
(Chakraborty et al. 2023; Yadav and Yadav 2024).
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3.3.3 Bio-based packaging material manufacturing

Bio-based packaging materials leverage the lignocellulosic biomass and macromolecules in agricultural residues to create
sustainable and biodegradable alternatives to conventional plastics and wood-based virgin packaging—grade papers. They
offer similar durability but have lower carbon and environmental footprints (Stark and Matuana 2021). Odisha could harness
its strong industrial base, start-up ecosystem, and stringent regulations on single-use plastics to take the lead in sustainable
packaging material production in India.

Opportunities for 2030
~1,400-3,000* FTE jobs®

against polylactide-based bioplastic granule
production of 0.14 MMTPA* and bio-based
packaging paper production of 0.24 MMTPA*¢>

INR ~2,000-3,000 crore
(USD 200 to 400 million)*

the estimated market opportunity in 2030

INR ~3,000-6,000 crore
(USD 400 to 700 million)*

the estimated investment opportunity in 2030

Source: *Authors’ analysis

64 The FTE jobs include activities spanning various production elements — biomass aggregation, business development and design, construction of
biorefineries, and operation and maintenance of biorefineries.

65 The range indicates high-growth scenarios of production of bioplastic granules (0.14 MMTPA) and packaging paper (0.24 MMTPA) as they both
utilise rice straw as the sole feedstock that allows for the establishment of either six bio-refineries for bioplastics or eight for packaging paper. The
range captures FTE jobs, market, and investment opportunities in case of shared feedstock between the two manufacturing categories. Assuming
a 50:50 split of available feedstock between the two, the economic potential for the value chain is estimated at ~ 2,900 FTE jobs, a $2,800 market
opportunity, and a $4,800 investment opportunity, as referred to in the Executive Summary.
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Why should Odisha invest in bio-based packaging materials manufacturing?

To avoid GHG emissions from crop residue burning (Jain, Bhatia, and Pathak 2014) by repurposing the surplus crop
residue — 1.76 million tonnes (MT)® of rice straw in the state — as a renewable feedstock for packaging material production.

To reduce reliance on crude oil and avoid deforestation (OECD 2014; Worku et al. 2023) by reducing the requirements for
virgin plastic and virgin paper production in the packaging industry.

To prevent environmental pollution from microplastics and minimise negative impacts on natural ecosystems due
to packaging waste disposal, which makes up 59 per cent of the total solid waste generated (CSE 2020). Bio-based packaging
materials offer superior end-of-life waste management solutions due to their inherent biodegradability and compostability
(Cruz-Romero and Kerry 2009).

To boost packaging material exports by leveraging port infrastructure and becoming India’s manufacturing hub of
sustainable packaging solutions and materials for the eastern zone.

Inspiration from a success story

Yash Pakka, with a mission to “let the world eat safe” from
Ayodhya, Uttar Pradesh, transforms 75,000 tonnes of waste
bagasse® into pulp and paper food-grade packaging materials
annually. Reaching 43 countries through its compostable
tableware brand, CHUK, and other agri-residue—based
packaging paper and pulp for food service and delivery,

Pakka utilises bagasse from three nearby sugar mills, roughly
supporting 3,000 farm households. It runs year-round on 100
per cent biomass-based energy generated from the utilisation
of black liquor,®® ensuring nature- and climate-positive
processes are used across all operations. Pakka has emerged as
a pioneer in sustainable packaging solutions in India, boasting
a state-of-the-art research lab for material development at the
Indian Institute of Science (IISC), Bangalore.®

Departments that could support in scaling bio-based packaging materials
manufacturing

Science and Technology Industries Department of Agriculture and
Department Department Farmers' Empowerment

Micro, Small & Medium Skill Development & Technical Department of Housing and
Enterprises Department Education Department Urban Development

Source: Authors’ analysis

66 Authors' analysis of Sardar Swaran Singh National Institute of Bio-Energy (n.d)
67 Bagasse is a fibrous residue left over after crushing sugarcane or sorghum stalks to extract their juice. It is a by-product of the sugar industry.
68 Black liquor is a by-product of the kraft process when lignocellulosic biomass is digested into paper pulp, removing lignin.

69 Based on stakeholder consultations
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@ R&D-related challenges

Limited market competitiveness of
bioplastics against traditional plastics
due to higher costs of production - by
about three to five times (Awasthi et
al.T2020)

Technical and operational challenge/s

Lack of consistent supply of feedstock
leads to frequent shortages in
manufacturing

Poor logistical infrastructure to
ensure supply security®

Lack of clarity in the certification of
end products that limits adoption
and hinders market acceptance of
the materials (Tewari, Batra, and
Balakrishnan 2009)

Lack of industrial composting units
to ensure the safe disposal of end
products (CSE 2020)

Overcoming challenges to scale bio-based packaging materials manufacturing

Proposed interventions

The IPICOL and the Science and Technology Department could
collectively facilitate the private sector’s R&D activities for process
transformation to reduce the costs of bio-based packaging materials

by providing funding and grants. In addition, the private sector and
industry associations on compostable plastics could establish strategic
partnerships with players such as the Indian Institute of Packaging (IIP) to
develop process technologies to achieve economies of scale® and optimise
costs of production.

The Industries Department and the Government of Odisha have a
valuable opportunity to take the lead in leveraging the recently announced
centralised PLIs for bio-manufacturing and bio-foundry. This strategic move
will allow Odisha to capitalise on the upcoming indigenous manufacturing of
biopolymers, thereby reducing import dependence.

Proposed interventions

The Department of Agriculture and Farmers’ Empowerment, the OREDA,
and the Industries Department should consider commissioning bioresource
allocation modelling exercises to CSOs and think tanks. This will enable the
development of policies for the optimised allocation of feedstock for bio-
based packaging material production in the long term, the realignment of
targets for competing sectors, and the identification of alternative feedstock
sources for these sectors.

The Industries Department, the MSME Department, and the C&T
Department could develop a roadmap to promote private sector engagement
in providing logistical support to sectors utilising bio-resources as

feedstock. This roadmap could be formulated with the help of supply chain
management experts in the private sector.

To support this, the Department of Agriculture and Farmers’
Empowerment could develop cluster-based resource maps to identify
feedstock variety and availability in the region.

The Odisha Pollution Control Board (OPCB), in collaboration with the BIS,
could develop a state-wide certification mechanism for bio-based packaging
materials to justify the cost of the material according to sustainability
standards. This would also facilitate a higher uptake of the products in the
market.

The OPCB can strengthen the regulatory framework on the use and
manufacturing of single-use plastic to facilitate the uptake of alternative
packaging materials by the industries in the state. To ensure the safe disposal
of alternative materials, the OPCB, in partnership with the H&UDD and

the Directorate of Municipal Administration, should lead the efforts in
establishing industrial composting units in PPP models across the state. This
can be accomplished by developing guidelines and issuing tenders.



@ Sskill-related challenge/s

Limited awareness of the application
of bio-based packaging products
among industries®

Absence of ancillary and supporting
industries such as printing, labelling,
adhesives and others, (Tewari, Batra,
and Balakrishnan 2009)

Lack of availability of skilled labour
for the operation and maintenance
of biorefineries hinders indigenous
manufacturing®

Source: Authors’ analysis; stakeholder consultations
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Proposed interventions

The Industries Department could commission and host workshops with the
OASME as part of the ProPack Odisha International Expo in collaboration
with the IIP and the Packaging Industry Association of India. The ProPack
summit can also be supplemented by multiple industry-specific interactions
to explore the possibility of moving to sustainable packaging materials along
with bio-based packaging materials.

Start-up Odisha could develop specialised incubation support for bio-

based packaging industries, including early biopolymer manufacturers,
biopolymer to bioplastic manufacturers, and bioplastic to packaging product
manufacturers, and similarly for paper-based packaging products. In
addition, the OASME and Start-up Odisha can facilitate investments across
the value chain of bio-based packaging material and product manufacturing.

The Industries Department, the IPICOL, and the MSME Department could
promote the development of ancillary industries for packaging (coatings,
labels, adhesives, etc.) in collaboration with the private sector. They could
co-create standards for the industry to engage in sustainable sourcing
practices to create demand for bio-based packaging products. IPICOL can
also integrate Odisha’s Plastic Park to facilitate bioplastic production.

The OSDA, along with the Skill Development & Technical Education
Department, can develop courses and diplomas that specialise in the
management of biorefineries. The modules and diplomas could be designed
by the Indian Institute of Packaging (IIP) and updated continuously to
cater to the regional need for technicians and managers of biorefineries

in collaboration with the Indian Oil Corporation Ltd (IOCL) and Bharat
Petroleum Corporation Ltd (BPCL), which already manage the biorefineries in
the state.

Risk-proofing the scale-up of bio-based packaging materials manufacturing

India’s push for bioplastic manufacturing could potentially jeopardise food security and lead to increased import
dependence. Seventy per cent of the requirements of the current market are fulfilled by imports of fossil-fuel-based
biopolymers such as polybutylene adipate terephthalate (PBAT),% with the rest obtained from food/1-G biomass.

In addition, the environmental risks of pollution from agro-waste-based paper mills and other biorefineries can be
significantly higher than that for virgin refineries unless chemical wastes such as black liquor are responsibly managed,
as mandated by the Central Pollution Control Board (CPCB) for all red industries (Tewari, Batra, and Balakrishnan
2009). However, this would increase the capital costs for pollutant treatment or chemical/energy recovery by 1.5 times
(Tewari, Batra, and Balakrishnan 2009),% further straining the economic viability of commercial manufacturing

facilities (Symons 2022).

A careful whole-of-state push towards achieving the techno-economic feasibility of bioplastic manufacturing from
biomass can be driven by strong and dedicated R&D support for material and process development. Capital incentives
that are linked to environmental regulations could be redesigned with periodic environmental impact

assessments (EIAs).
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3.3.4. Bamboo-based products

Bamboo is a fast-growing, woody grass known for its strength and rapid renewability (Bansal 2020), making it a valuable
resource across various sectors, including the furniture, construction, and power generation sectors. In this report, we have
focused on its applications in the construction, furniture, ethanol production, agarbatti (incense sticks), charcoal, and

packaging sectors.

Opportunities for 2030
~29,000 FTE jobs™

against 15,000 hectares of bamboo cultivation in
2030*

INR ~6,400 crore
(USD 770 million)*

the estimated market opportunity in 2030

INR ~9,500 crore
(USD 1,100 million)*

the estimated investment opportunity in 2030

e £ ®

Source: *Authors’ analysis

70 These jobs include cultivating Bambusa balcoa across ~15,000 ha in Odisha and integrating it into Odisha's bamboo-based industries such as
agarbatti, furniture, housing, packaging, ethanol, and activated charcoal in 2030.
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Why should Odisha invest in bamboo-based products

To utilise degraded lands by growing suitable bamboo species on ~15,000 hectares of cultivable wastelands, enhancing soil
biomass and increasing carbon sequestration capacity.”

To unlock new market avenues for bamboo products (Patel et al. 2019), such as public housing and bamboo-based
packaging, while also expanding the export potential of conventional bamboo-based products like agarbatti sticks.

To establish Odisha as a design and innovation hub (Patel et al. 2022) for bamboo-based products in the eastern zone by
leveraging its large base of highly skilled artisans with extensive indigenous knowledge of hamboo processing.

To empower women-led small-scale enterprises (Datta et al. 2016), such as those producing bamboo mats and sticks,
providing women with a stable source of income and improving their social status.

Inspiration from a success story

Bamboostan, a Guwahati-based start-up, is building a robust
bamboo supply chain in the Northeast by procuring raw
bamboo from farmers and processing it into beams, sticks,
slats, and other products for the construction and paper
industries. Bamboostan procures nearly 24,000 MT of raw
bamboo annually from local farmers to ensure a steady supply
of standardised bamboo products to private players. This
creates value for local communities by providing a steady
income as well as livelihood opportunities.’

Departments that could support in scaling bamboo-based products

Odisha Bamboo Odisha Rural Development Micro, Small, and Medium
Development Agency and Marketing Society Enterprises Department
Department of Housing Science and Technology Skill Development and
and Urban Development Department Education Department

Source: Authors’ analysis

71 The National Bamboo Mission promotes wasteland development through bamboo plantations. Although this analysis covers only a small
percentage (3.1 per cent) of the total cultivable wasteland, it is essential to undertake baseline studies on the socio-ecological impacts and the
selection of native bamboo species suitable for Odisha to ensure that the wasteland ecology is not disturbed.

72 Based on stakeholder consultations
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@ Demand and supply-related

challenge/s

Limited demand for bamboo products
and an inconsistent supply of
standardised products (Patel et al.
2022; APN-GCR 2020)

R&D-related challenge/s

Lack of R&D on diverse bamboo
applications, product designs, and
manufacturing processes prevents
cultivators, entrepreneurs, and
bamboo-dependent communities
from fully utilising bamboo

Awareness-related challenge/s

Limited awareness of bamboo
products among architects,
entrepreneurs, practitioners, and
other value chain actors, particularly
regarding its use in the construction
and furniture industries™

Overcoming challenges to scale bamboo-based products

Proposed interventions

The Government of Odisha can support manufacturers by spurring initial
demand for bamboo-based products in public sector initiatives, such as
installing bamboo road dividers and furniture in public spaces. The H&UDD
can promote bamboo as a construction material among builders and
developers by mandating that a certain percentage of government housing
projects use bamboo as the primary raw material through targeted policies.

Additionally, the MSME Department could play a pivotal role in supporting
the Odisha Bamboo Development Agency (OBDA) by collaborating with
incubators like Sambalpur University and KIIT-TBI, as well as initiatives such
as Start-up Odisha to support bamboo-based start-ups during the R&D phase.

Proposed interventions

The Science and Technology Department, the OBDA, and the Indian
Council of Forestry Research and Education (ICFRE) need to explore
novel and diverse industrial applications of bamboo, such as composites
and fibres. They should identify the most suitable bamboo species for each
application and determine the preferred areas for cultivation.

The Science and Technology Department could improve technology
promotion and dissemination by specifically focusing on bamboo in
incubators supported by the department and in other government
programmes. The private sector can be crucial in addressing functional
gaps in scaling up the bamboo value chain by innovating product designs
and improving quality to meet customer needs.

Proposed interventions

The OSDA could collaborate with the Building Materials and Technology
Promotion Council (BMTPC) and the Construction Skill Development
Council of India to align consumer needs with manufacturing capabilities.
This could be done by facilitating interactions between designers, architects,
builders, and the bamboo industry and integrating bamboo into architecture
and design curricula through specialised training programmes and
workshops to address the current lack of awareness about its diverse uses.

Private players and CSOs could also engage with the OSDA and the ORMAS
to ensure that skilling initiatives and FPOs align with industry needs.



@ Process-related challenge/s

Higher transportation costs owing to
bamboo’s physiology and higher GST
compared to conventional products
skew the cost-benefit ratio and reduce
the competitiveness of bamboo
products (Patel et al. 2022)”

Source: Authors’ analysis; stakeholder consultations
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Proposed interventions

Industry groups and CSOs should advocate for lowering the GST on bamboo
products to bring down costs and enhance competitiveness. The Ministry

of Finance could implement these tax changes to support the growth of the
bamboo industry.

Private players could establish manufacturing units closer to cultivation
areas and secure long-term contracts with FPOs cultivating bhamboo through
local CSOs, ensuring the year-round availability of cheap raw materials.
CSOs can also help private players by promoting simple hand-held
mechanical equipment among bamboo farmers, enabling them to process
raw bamboo into splinters on-site. This increases the loading capacity of
bamboo per ton for transport to manufacturing units.

Risk-proofing the scale-up of bamboo-based products

The adoption of large-scale bamboo monocultures on wastelands raises significant environmental concerns,
particularly related to biodiversity loss (Bowyer 2014). These risks are compounded by the unclear classification and
ecological importance of wastelands (Kar et al. 2024; Varma 2017). Using chemicals such as CCB” during processing can
harm human health and biodiversity, while poorly designed bamboo charcoal production units could increase GHG
emissions. Cultivating bamboo solely for bioenergy purposes can lead to inefficient land use and resource inefficiency.
To mitigate these risks, it is important to conduct detailed EIAs before repurposing wastelands for bamboo cultivation,
as they often serve as habitats for endemic species such as striped hyenas. Moreover, only diverse native hamboo
species should be grown on these wastelands through mixed cropping or agro-forestry. It would also be important to
transition to eco-friendly alternatives such as neem oil (Kaur et al. 2016) during processing and strictly monitor charcoal

resource optimisation and minimise environmental impact (Stegmann, Londo, and Junginger 2020).

production units. Prioritising use of bamboo for product-based applications over energy usage can ensure efficient

73 Copper chrome boron (CCB) is a common chemical used as a preservative during bamboo processing.
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3.3.5 Compressed biogas

Compressed biogas (CBG) is a RE source produced by compressing purified biogas, typically derived from the anaerobic
digestion of organic matter, making it suitable for use as a fuel in vehicles and for various energy applications (Dey and
Thomson 2023).

Opportunities for 2030

~21,000* FTE jobs™
against 648 TPD of CBG deployment in 2030

INR ~1,000 crore
(USD 120 million)*

the estimated market opportunity in 20307

INR ~200 crore
(USD 24 million)*

the estimated investment opportunity in 20307

& &)

Source: *Authors’ analysis

74 These FTE jobs include activities spanning across the following phases: feedstock collection and aggregation, construction and commissioning of
CBG plants, and operations and maintenance of CBG plants.

75 The market opportunity is calculated by multiplying the total volume in cubic metres of biomethane to be produced in 2030 by the CBG
procurement price set by the government.

76 The investment opportunity is calculated by multiplying the CAPEX required to set up one plant by the total number of plants needed to be set

up.
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Why should Odisha invest in CBG?

To reduce reliance on natural gas and enhance energy security by meeting approximately 13 per cent of Odisha’s total
natural gas requirements by 2030 through CBG.”

To drive the growth of localised circular bio-economies in agriculture through CBG production. For instance, a single 1
TPD CBG plant can save Odisha approximately INR 1.5 crore in fertiliser subsidies by converting bio-slurry, a by-product of
CBG production, into fermented organic manure (FOM),” an organic fertiliser (GT 2024).

To reduce GHG emissions and improve air and water quality through effective waste management (Sakthivel et al. 2024).

Inspiration from a success story

Banas Dairy’s 40-TPD industrial-scale CBG plant in
Banaskantha, Gujarat, has a digester with a volume of 3,000
cubic metres that produces ~300 MT CBG annually. Slurry from
the plant is processed further to obtain an organic fertiliser
and is sold to farmers as a replacement for diammonium
phosphate (DAP)” at one-third of the subsidised DAP price.
The project has increased income and job opportunities for
farmers who sell dung. It has also provided other co-benefits,
such as improved hygiene and sanitation in the village and -
lower GHG emissions (TNRDPRD 2021). : e o

Departments that could support in scaling compressed biogas

Department of Fisheries & Animal Department of Skill
Agriculture and Resources Development Development and
Farmers' Empowerment Department Technical Education

Department of
Energy

Source: Authors’ analysis

77 Author's analysis as a percentage of Odisha's total natural gas consumption that can be replaced by CBG by 2030 based on Odisha'’s capacity to
produce 648 MT of CBG per day.

78 FOM, or fermented organic manure, refers to the digestate left over from the biogas production process in a CBG plant, which farmers can use as
an organic fertiliser to replenish low soil organic carbon levels.

79 DAP is used as a chemical fertiliser to promote plant growth.
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Overcoming challenges to scale CBG

@ Feedstock handling and slurry
management-related challenge/s

Difficulty in ensuring an affordable
and steady supply of feedstock (EAC
2023)

Challenges in managing and
disposing of slurry (FOM) (PIB 2023c)

@ Sskill-related challenge/s

Lack of a skilled workforce for
biomethane production and
distribution (Jagtap and Dalvi 2021)

@ Finance-related challenge/s

Limited financing options and high
interest rates charged by private
banks (Nandigama 2023)

Proposed interventions

The OREDA, along with the Department of Agriculture and Farmers’
Empowerment, could conduct community-level mapping of potential
feedstocks to identify areas with abundant raw materials, such as dairy
pockets. The Department of Agriculture and Farmers’ Empowerment
could help establish a robust pricing mechanism for feedstock accessibility
and affordability. CSOs can assist in forming FPOs and facilitating
feedstock supply to CBG plant operators using a hub-and-spoke model.
The Department of Agriculture and Farmers’ Empowerment could
also facilitate long-term supply contracts between farmers and CBG plant
operators. The private sector can collaborate with local FPOs and waste
management entities through CSOs to ensure a steady supply of feedstock.
They could also help in promoting the use of hand-held mechanical
harvesters to ensure easy collection of good quality agri-based feedstock.

The Fisheries & Animal Resources Development Department could
promote the use of animal waste as feedstock and facilitate its collection
and transportation. To further promote slurry utilisation, the department
could collaborate with SAUs and local CSOs to mainstream bio-manure
usage among farmers. Fertiliser PSUs could support large biogas plants
by branding and marketing FOM/PROM?®° and establishing long-term
procurement contracts for organic fertilisers.

Proposed interventions

The OSDA could implement training programmes for technicians

and workers by integrating biogas-related modules into existing skill
courses across technical domains. It could also actively utilise MNRE’s
biogas development and training centres (BDTCs) to conduct training
programmes on the modules developed, making them hubs for equipping
workers with the necessary skills and facilitating job placements. CBG plant
operators need to engage closely with the OSDA and share employment
potential, map skilling gaps, and design skilling programmes.' CSOs

can coordinate with skilling programme coordinators to ensure that local
communities acquire the necessary skills for getting jobs in the biomethane
sector (feedstock aggregator and CBG machine operator jobs).

Proposed interventions

Private-sector banks should include more banks that are under priority
sector lending and offer loans at lower interest rates. The OREDA could
communicate information about lower lending rates and the banks offering
them to a wider range of CBG producers, facilitating the entry of more
entrepreneurs to the sector.

80 PROM, or phosphate-rich organic manure, is a valuable co-product generated in CBG plants that can be used as an organic fertiliser.

81 Based on stakeholder consultations.



@ Challenges related to high machinery
import reliance

High dependency on the import of
plant and machinery, highlights
the need for indigenisation of
manufacturing (Nandigama 2023)

Source: Authors’ analysis; stakeholder consultations
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Proposed interventions

The private sector could play a crucial role in supporting CBG plant
operators by investing in the manufacturing of CBG components, such as
biogas digesters, purification systems, and other essential machinery, to
support the domestic production of CBG equipment.

Risk-proofing the scale-up of CBG

As more CBG plants are established, the demand for feedstock will rise, resulting in increased prices. This could act
as an impetus for potential land diversion to cultivate bioenergy crops, leading to inefficient land use and higher GHG
emissions (Searchinger and Heimlich 2015). Prioritising organic waste streams, such as dung, over the cultivation of
bioenergy crops as potential feedstocks (Nandigama 2023) can counteract this and support climate mitigation goals as

well. Further, potential methane leaks from these plants could counteract climate benefits due to methane’s high global

warming potential. Therefore, strict monitoring and maintenance (Dahlgren 2022) of CBG plants by implementing
continuous monitoring systems and adopting advancing sealing technologies is crucial to prevent such leaks.
Additionally, the possibility of export of good-quality biomass can lead to domestic shortages, which could impact the
economic viability of these plants. To mitigate these risks, export restrictions should be imposed on biomass, which
will ensure its availability for domestic use (Nandigama 2023).
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3.3.6 Agroforestry

Agroforestry (AF) is a land-use system and technology in which woody perennials (trees, shrubs, palms, bamboo, etc.)

are deliberately planted on the same land as agricultural crops and/or on land used by animals, in some form of spatial
arrangement or temporal sequence (FAO 2008). Odisha could adopt AF as a viable long-term strategy to reach a targeted forest
cover of 43 per cent (Kumar, Hooda, and Bahadur 2016).

Opportunities for 2030

A . .
~1,36,000 direct FTE jobs
(o) against AF adoption across 41,700 sqg.km by 2030%***:82

=55 INR ~4,900 crore
(USD 590 million)*
the estimated market opportunity in 2030
(ICAR-CAFRI 2015)*#3
©

INR ~29,000 crore
(USD 3,500 million)*

the estimated investment opportunity by 2030 *8485

Source: *Authors’ analysis. **Authors’ analysis of (FAO 1985)

82 30,500 FTEs for 5000 sq. km of fallow land; 1,05,500 FTEs for 36700 sq. km of crop land

83 Based on the benefit to cost ratio range calculated for 24 different agroforestry models — 1.01-4.17. Here, 1.01 was used as a conservative factor to
calculate market opportunity in 2030

84 The investment opportunity is calculated based on the total investment required to produce planting material, plant, and maintain the
agroforestry system for four years until it becomes self-sustainable (validated by stakeholder consultations).

85 Based on stakeholder consultations




Why should Odisha invest in agroforestry?

To arrest agricultural land degradation.

To achieve land neutrality by rehabilitating 28.79 per cent of its degraded agricultural land (GoO 2020); increase the state’s
crop productivity by 20—-60 per cent while reducing input cost (CAFRI 2020); and increase its carbon sink (Forest, Environment

and Climate Change Department n.d.).

To unlock nature finance for increasing farm incomes by claiming credits for increased soil carbon by 21 per cent per hectare
and reduced freshwater pollution by preventing nitrogen and phosphorus groundwater leaching by up to 97.7 per cent and 90

per cent, respectively (Muchane et al. 2022).

To enable a diversified, secure, and sustainable raw material base for timber-based industries, such as paper and pulp,

Green economic value chains

the furniture industry, and bamboo-based industries and contribute to reducing India’s import dependence on timber.

Inspiration from a success story

The Wadi AF system, promoted by the BAIF Development
Research Foundation in Maharashtra, integrates multipurpose
trees and fruit and nut trees within agricultural fields. This
model improves soil and water conservation through the use
of trenches and bunds. The programme was implemented
from 2001 to 2005 and saw a 64 per cent adoption rate among
eligible farmers. Each Wadi typically included 0.4 ha of

land with an average of 43 surviving fruit trees per farm,
primarily cashew, mango, and amla. This system increased
tree cover, reducing the community’s reliance on local forests
for fuel wood. As regards its socio-economic benefits, 48 per
cent of adopters reported income from fruit yields, and the
programme helped mitigate distress migration. The key to

its success was the five-year technical support, provision of
free planting materials, and community-based planning,
which aligned local needs with conservation goals (Doshi,
Brockington, and Brook 2015).

Departments that could support in scaling agroforestry

Department of Odisha State
Agriculture and Agricultural Marketing
Farmers' Empowerment Board

Source: Authors’ analysis

Forest, Environment
& Climate Change

Department of
Co-operation
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@ Socio-economic challenge/s

Lack of information and availability
of financial mechanisms for
smallholders (Beetles et al. 2021)

The absence of formal land tenure
systems combined with the reduced
size of operational holdings (UNDP
2008)

Implementation/design-related
challenge/s

Lack of availability and access to
quality planting material (QPM) (NAP
2014)

Poor integration of socio-
economic needs and capacities for
implementation of AF project plans
(Mathur et al . 2020)

Overcoming challenges to scale agroforestry

Proposed interventions

The Department of Agriculture and Farmers’ Empowerment with the
ICAR-CAFRI (a nodal agency of AF in the state) could develop standardised
risk assessments and implement technological solutions for data

collection to improve lender confidence in the adoption of the AF system

by smallholders. The NABARD and cooperative banks could develop
specialised credit mechanisms for AF projects, including loans without
collateral and zero-interest credit, to avail certifications that enable market
linkages and fair trade. Additionally, CSOs could provide financial literacy
training to farmers to improve their access to formal financial channels for
better credit access for AF systems.

The Department of Agriculture and Farmers’ Empowerment could
collaborate with the Department of Land Resources to streamline and
digitise land records through initiatives such as the Bhulekh portal for
transparent resolution of land tenure conflicts. Additionally, CSOs could
mobilise farmers’ support for AF through collectivization and promote
community-based AF models on common lands, especially for the long-term
sustainability of AF projects.

Proposed interventions

The Department of Agriculture and Farmers’ Empowerment, the
Directorate of Horticulture, and the ICAR-CAFRI could develop standards
for the development of AF quality planting material (QPM) by providing
prescriptions of species-wise-appropriate planting seasons and seedling
ages for planting. The ICAR-CAFRI could develop certification processes
for nurseries and establish quality control methods for the production of
planting materials. In addition, the Odisha State Agricultural Marketing
Board could expand to develop input-based market linkages to enable
equitable access to QPM.

The Department of Agriculture and Farmers’ Empowerment, in
collaboration with the Odisha University of Agriculture & Technology
(OUAT), could conduct region-specific baseline studies of existing capacities
and develop land suitability analysis on AF at the farm level. District and
block-wise yearly dissemination of information on capacities and land
suitability analysis must be done by developing applications for remote
access with the help of the Science and Technology Department and CSOs.

The Forest, Environment & Climate Change Department, the Department
of Agriculture and Farmers’ Empowerment, and the ICAR-CAFRI could
develop a repository of AF models with AF species suitable at the landscape
level, considering biophysical limits. Additionally, CSOs could facilitate
participatory design processes involving local stakeholders to ensure that AF
models align with local needs and biophysical conditions.
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@ Market challenge/s Proposed interventions
Underdeveloped market linkages The Department of Co-operation could develop incubation centres through
(Kristina, Adser and Loibl 2020) the Odisha State Agricultural Marketing Board to ensure branding,

certifications, and marketing strategies for cooperatives and FPOs for AF
based products. The ORMAS could assist in developing market linkages and
value chains for AF products. The private sector could engage in contract
farming and sustainable sourcing practices to create demand for AF products
by ensuring financial support for certifications and assured buy-back
policies.

Source: Authors’ analysis; stakeholder consultations

Risk-proofing the scale-up of agroforestry

Natural hazards such as cyclones and floods can severely impact early-stage AF, causing significant economic losses for
farmers.® Small and marginal farmers might be particularly vulnerable to these risks as well as pest infestation risks

in monoculture plantations. In addition, AF systems could introduce new niches for pests and diseases, which could
challenge traditional pest control methods. This would require innovative, ecologically sensitive solutions (Schroth et
al. 2000).

Solutions could include developing financing mechanisms to provide insurance cover for early-stage AF against losses
caused by natural hazards. To control pests and diseases, integrated research that makes use of farmers’ knowledge,

takes into account pest—predator dynamics, and considers natural biocontrol mechanisms could be helpful. Other
mitigation measures could involve adopting comprehensive management strategies, including host and vector
management, tending operations, and avoiding monoculture in block plantations. J
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3.3.7 Ecological mangrove restoration

Ecological mangrove restoration (EMR)® is the process of repairing damage caused by humans to indigenous mangrove
ecosystems (Jackson, Lopoukhine, and Hillyard 1995; World Rainforest Movement 2010), enhancing storm and cyclone
protection, carbon sequestration, and biodiversity (Teutli-Hernandez et al. 2020). Given Odisha’s high and medium coastal
vulnerability indices (CVIs)®” and its susceptibility to cyclones, floods, and sea-level rise, mangrove restoration becomes
pertinent. With a 450 km coastline and an area of 1,55,707 sq. km. (Government of Odisha n.d.a), Odisha could leverage its
coastline’s potential to support mangrove ecosystems and boost its coastal hazard resilience.

Opportunities for 2030
~2,200 FTE jobs*88

can be generated by restoring 84 sq. km. of open
mangrove cover area® by 2030

INR ~8 crore
(USD 1 million)

the estimated market opportunity in 2030*%°

INR ~130 crore

(USD 16 million)
the estimated investment opportunity by 2030**

& L &

Source: *Authors’ analysis

86 The restoration process followed uses globally acknowledged principles of restoring ecology.

87 The Indian National Centre for Ocean Information Services classifies nearly 400 km of Odisha's coast as vulnerable to coastal hazards; of this, 297
km is classified as 'medium’, and 107 km along northern Puri and other areas is deemed 'high' risk (MoEFCC 2018).

88 The FTE job activities include QPM production, nursery management, site preparation, plantation, and maintenance and conservation for a five-
year implementation period.

89 The mangrove cover area includes the total open mangrove cover of 84 sq. km. across the state as per the India State of Forest Report 2021, which
is considered eligible for restoration (Forest Survey of India. 2021b).

90 The market opportunity is calculated using the carbon sequestration potential of 84 sq. km. area under restoration in 2030.

91 The total investment opportunity includes labour costs, establishment costs of nurseries, costs of planting, and costs of other materials required
for activities for a five-year implementation period.
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Why should Odisha invest in EMR?

To implement an efficient means of protection against coastal and climate hazards, rather than investing in built-up
protective infrastructure. This can be achieved by leveraging mangrove restoration, which is estimated to have a four times
higher return on investment (UNEP 2021).

To become only the second state in India to declare a mangrove biodiversity heritage site by harnessing the potential
of hosting the highest diversity of mangrove species in mainland India and enabling their conservation through restoration
(Kathiresan 2010).9

To sequester up to five times more carbon than forests on land (UNEP 2021) by increasing the state’s contribution
to Nationally Determined Contributions through total carbon sink enhancement using EMR, as mangroves act as potent
carbon sinks.

Inspiration from a success story

The Action for Protection of Wild Animals (APOWA) facilitated
a successful community-led mangrove restoration project

in Kendrapara and Basantpur. This project transformed

12 hectares of degraded mangroves, enhancing the self-
sufficiency of these villages and ensuring food security and
livelihoods for the coastal communities. The ten village
mangrove councils, which were established with women at
the helm, produced and planted 48,000 saplings, leading to

a tenfold increase in fodder production within two years and
creating 560 man-days of work, boosting the local economy.
The restoration model was centred on building coastal
resilience through capacity development and stewardship
enhancement to restore and protect the mangrove cover of the
region (APOWA 2013).%

Departments that could support in scaling EMR

Forest, Environment & Revenue and Disaster Rural Development
Climate Change Department Management Department Department
Fisheries & Animal Resources Department of Agriculture

Development Department and Farmers' Empowerment

Source: Authors’ analysis

92 EMR can help protect 11 of the 70 mangrove species worldwide that are at an increased risk of extinction, including two species found in Odisha -
Sonneratia griffithii (critically endangered) and Heritiera fomes (endangered).

93 Based on stakeholder consultations
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Overcoming challenges to scale EMR

@ Technological/technical challenge/s

Lack of scientifically designed
restoration guidebooks and absence
of bio-resource repositories’

@ Socio-economic challenge/s

Inadequate integration of community
aspirations and mobilisation
(Minchinton et al. 2019)

Poor redressal of current land use and
land tenure issues (Kathiresan 2010)

@ Anthropogenic challenge/s

De-prioritisation of restoration due
to the increasing expansion of port-
industry complexes and aquaculture
(Agarwal et al. 2017).

Source: Authors’ analysis; stakeholder consultations

Proposed interventions

The Forest, Environment & Climate Change Department, along with
the National Centre for Sustainable Coastal Management (NCSCM) and
the Central Marine Fisheries Research Institute (CMFRI), could conduct
biophysical resource mapping to align restoration efforts with ecological
realities. The Odisha Coastal Zone Management Authority could map
degraded mangrove forests and potential restoration sites.

In addition, the Forest Department could collaborate with scientists and
technical experts to develop guidelines and SOPs for the communities and
village-level institutions regarding appropriate site selection and restoration
techniques. The department could also commission the development of key
performance indicators to continue monitoring and verifying the restoration
activities.

Proposed interventions

The Forest, Environment & Climate Change Department could

establish long-term affiliations and community institutions for ownership

of restoration projects. In addition, CSOs could facilitate community
mobilisation and participation in restoration efforts by utilising the
community-based incentives offered by the government’s Mission Shakti, the
Rural Development Department, the Fisheries and Animal Resources
Development Department, and the Department of Agriculture and
Farmers’ Empowerment. These agencies could assist the Forest,
Environment & Climate Change Department in developing community-led
restoration models based on livelihood generation, such as beekeeping or
aquaculture development.

The Revenue Department and the Forest, Environment & Climate
Change Department could collaborate to address land tenure issues and
illegal aquaculture farms. The Forest, Environment & Climate Change
Department could develop innovative solutions to ensure the long-term
availability of land for mangroves through financial incentives provided
annually to landowners. CSOs can play a vital role in engaging with
communities to aid site selection and long-term management for sustainable
governance.

Proposed interventions

The Fisheries and Animal Resources Development Department could
develop sustainable aquaculture management guidelines in mangrove
ecosystems and develop traceability mechanisms.

The Forest, Environment and Climate Change Department and the
Revenue Department could control illegal mangrove conversion through
stringent regulation, penalties, and periodic checks.
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Risk-proofing the scale-up of EMR

EMR is a complex, time-sensitive process prone to failures due to various ecological risks involved in converting

vital ecosystems such as salt marshes (Mishra et al. 2024) into mangroves. Likewise, socio-economic risks arise from
excluding the needs and aspirations of the community during restoration, which may lead to destruction-associated
failures (APOWA 2013). Climatic risks, including natural hazards, can cause failures early in the restoration process and
require robust financial provisions such as insurance cover or buffer funds in the finances allocated for the project.”

Mitigating ecological, socio-economic, and climatic risks involves robust bio-resource and ecosystem suitability
mapping. Furthermore, community-led models can ensure the long-term success of the projects. In addition, early
warning systems may also help mitigate and manage the impact of natural hazards.
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3.3.8 Seaweed cultivation

Seaweeds are macroscopic algae classified into red, blue, and green based on their pigmentation. They are found in marine,
shallow coastal, and brackish water habitats (Mantri et al. 2019). Gracilaria and Kappaphycus alvarezii are traditional sources
of food, feed, and fibre for coastal communities, yet they remain commercially underutilised owing to a lack of awareness
(Marine Stewardship Council n.d.).

Opportunities for 2030
4 .1,08,000 FTE jobs*

against ~26,000 hectares of seaweed cultivation in
(o) 2030*

the estimated market opportunity in 2030%

INR ~1,100 crore
(USD 130 million)*

the estimated investment opportunity in 2030%

Jw} INR ~800 crore
@ (USD 100 million)*

Source: *Authors’ analysis

94 The FTE jobs include cultivating Kappaphycus alvarezii and Gracilaria seaweed species in ~1,400 hectares along Odisha's coast and 25,000
hectares in Chilika, Odisha.

95 The market opportunity is calculated by multiplying the average price of one kg of dried seaweed by the estimated total amount of dried seaweed
that might be cultivated in 2030.

96 Total investment opportunity includes the capital expenditure required to establish seaweed cultivation plots, which includes ropes, anchors,
floats, and fishing nets.
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Why should Odisha invest in seaweed cultivation?

To position Odisha as a leader in seaweed cultivation on the eastern coast by meeting the growing demand for
carrageenan and agar, which are crucial for the food, feed, pharmaceutical, cosmetic, and biotech sectors (Lomartire and
Goncalves 2022).

To improve livelihood opportunities for fishing communities, particularly women and tribal communities; seaweed
cultivation is a good alternative livelihood option because it has a short cultivation period with low entry barriers (Krishnan
and Narayanakumar 2013).

To leverage seaweed’s CO, absorption capacity for supporting carbon sequestration and emission reduction while
enhancing marine habitats and mitigating coastal erosion and flooding. Seaweed also acts as a natural nutrient scrubber
(ICAR 2018).

Inspiration from a success story

In Chilika Lake, Odisha, approximately 100 trained
individuals, particularly women, cultivate Gracilaria, which is
indigenous to the area near Balugaon. The seaweed matures
for harvesting within just 45 days of planting, enabling
cultivators to earn up to INR 10,000 per month from a 10-

acre underwater area. Besides providing a reliable source of
income, this initiative has empowered the local community,
restored the water’s capacity for carbon absorption, and
improved overall water quality.*

Departments that could support in scaling seaweed cultivation

Fisheries & Animal Odisha State Pollution Science and Skill Development and

Resources Development Technology Technical Education
Control Board

Department Department Department

Source: Authors’ analysis

Overcoming challenges to scale seaweed cultivation

@ Seaweed farm management-related Proposed interventions
challenge/s
Limited commercial cultivation The Fisheries and Animal Resources Development Department could
practices owing to inadequate support seaweed cultivation by offering investment incentives, transferring
infrastructure and a lack of policy technology to entrepreneurs, and establishing a seaweed park. The Science
support (NAAS 2003) and Technology Department, in collaboration with CSIR-CSMCRI, could

invest in research on high-yielding varieties, improve cultivation methods,
and explore novel applications. Additionally, CSIR-CSMCRI could support
the Fisheries and Animal Resources Development Department by
training seaweed farmers and setting up cultivation plots.

Deteriorating farming environment The Fisheries and Animal Resources Development Department could
and recurrent shortages of seedlings collaborate with CSIR-CSMCRI, the Science and Technology Department,
limit scaling up (Anilkumar 2022) and private actors to develop seed banks in PPP mode, devise efficient

cultivation methodologies, and propagate high-yield varieties among
seaweed farmers.

97 Based on stakeholder consultations
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Unregulated shrimp operations
pollute waters and impact seaweed
cultivation (Bull et al. 2021)

Skill-related challenge/s

Lack of trained manpower and
entrepreneurs®”

Regulatory challenge/s

Lack of regulation leads to
unsustainable harvesting of
wild seaweed, depleting natural
populations and reducing
biodiversity (Mantri et al. 2022)

Source: Authors’ analysis; stakeholder consultations

In partnership with the OSPCB, the Fisheries and Animal Resources
Development Department could implement coastal management plans
and enforce zoning regulations. CSOs could create awareness among fishing
communities on sustainable cultivation practices and the importance of
protecting the marine environment.

Proposed interventions

The OSDA could collaborate with CSIR-CSMCRI and CSOs to conduct
training and awareness campaigns on seaweed cultivation for coastal
communities. Together with effective marine spatial plans and leasing
policies, these efforts would help attract younger farmers by showcasing the
profitability and sustainability of seaweed farming. Such efforts can raise the
overall awareness of seaweed-driven industries among local communities
and help them gain insight into potential of industrial utilisation of seaweed.

Proposed interventions

The Fisheries and Animal Resources Development Department could
incentivise entrepreneurs to export only cultivated seaweed by implementing
strict export regulations that require proof of cultivation sources or imposing
higher prices for cultivated varieties can discourage wild harvesting and
promote traceability. The department, in collaboration with CSOs, could
encourage coastal communities to participate in seaweed cultivation by
providing training, technology dissemination, and financial assistance.

Risk-proofing the scale-up of seaweed cultivation

Odisha is vulnerable to extreme weather events, such as cyclones, which damage seaweed farms. These events

are becoming more common due to climate change, impacting seaweed yields by shortening growing seasons and
increasing water temperatures. Environmental risks include threats to marine life, as smaller animals like turtles can
get entangled in nets. Poor seaweed farm management can spread diseases, leading to production failures. To mitigate
these risks, researchers should focus on developing climate-resilient seaweed species and cultivation techniques;
meanwhile, farmers should adopt adaptive farming techniques, thereby improving farm management (UNEP 2023).
Encouraging the use of wildlife-friendly seaweed farming structures and enforcing strict monitoring can prevent
damage to marine life. Implementing biosecurity measures, such as regular health checks and quarantine protocols for
new stocks (Watsoncapps and Mann 2005), designing resilient structures, and developing early warning systems can
mitigate the risk from cyclones and other climate change-induced weather events (Safdar et al. 2021).
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3.3.9 Sustainable forest management

Sustainable forest management (SFM) aims to enhance the economic, social, and environmental value of all types of degraded
and deforested forests to benefit present and future generations (FAO n.d.c; IUCN n.d.a). Three relevant and high-impact SFM
practices that Odisha could adopt (MoEFCC 2014; MoEF 2006) are as follows:

« Assisted natural regeneration (ANR) is a flexible reforestation approach that enhances forest recovery by aiding natural
succession processes while effectively boosting the productivity of deforested or degraded lands and their ecosystem
functions (ANR Alliance 2023).

« Forest fire prevention and management (FFPM) aims to reduce the occurrence of large-scale forest fires and their
impact on the environment while maintaining the ecological benefits of controlled burns by leveraging natural resource
management techniques (NDMA 2022).

« Terrestrial invasive alien species management (IASM) is a process of controlling®® or eradicating non-native species
that threaten ecosystems, habitats, or other species (IUCN n.d.b).

Opportunities for 2030
44 -2,44,000 FTE jobs*?®

A can be generated across ANR, FFPM, and IASM inside the recorded forest area (RFA) of 61,204 sq. km.
(e} by 2030 (Forest Survey of India 2021a).

the estimated market opportunity in 2030*°°
INR ~14,000 crore

(USD 1,700 million)

the estimated investment opportunity by 2030*1°!

"?} INR ~3,300 crore
@ (USD 390 million)
©)

Source: *Authors’ analysis

98 The three acceptable methods of IASM are as follows: chemical control, biological control and mechanical control. For our analysis, we are
considering mechanical control methods only.

99 ANR and IASM implemented over 5 years can generate ~2,23,000 FTE jobs and ~ 3000 FTE jobs respectively. FFPM could generate ~18,000
additional jobs.

100 On completion of ANR implementation, non-timber forest produce (NTFPs) worth of USD 940 per hectare can be harvested leading to an annual
income of USD 300 million in 2030. In 2030, FFPM implementation can generate carbon credits worth of USD 90 million owing to avoided emissions.
IASM implementation will lead to USD 5 million worth of annual income in 2030 for the communities through harvested biomass utilisation.

101 ~USD 1,682 million to restore ~81 per cent of the degraded forests. USD 1700 million is required for implementing all SFM activities by 2030. The
investment pool includes labor costs, input costs and logistical costs required across ANR, FFPM and IASM.
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Why should Odisha invest in SFM?

To increase the state’s forest cover from 37 per cent to 43 per cent by 2030 (Forest, Environment and Climate Change
Department n.d.) while arresting degradation, creating carbon sinks, and preserving the biodiversity of the state’s forest area
by leveraging ANR (costing one-fifth of the traditional afforestation cost),*> FFPM, and IASM.

To avoid ecological losses while significantly reducing GHG emissions and managing air pollution as SFM practices
make forests 40 per cent less susceptible to large forest fires.*3

To conserve local biodiversity and enhance economic benefits to local communities (Abeysinghe et al. 2023) by
becoming the only state with an action plan to control and manage invasive species.

To secure and enhance the livelihoods of 12 million people dependent (RCDC 2018) on the forest by enhancing forest
productivity and ecological functioning using SFM, which will unlock opportunities for a Sustainable Forest Economy (The
I0FE 2022).

Inspiration from a success story

An initiative by the Foundation for Ecological Security in
Mandla, Madhya Pradesh, eradicated Lantana camara from
7,000 hectares, boosting agriculture and biodiversity in

the region. Half the farmers now cultivate lands previously
infested with this shrub, 94 per cent use these restored areas
for grazing or fodder collection, and village common lands
have seen an eightfold increase in fodder production. Forty-six
per cent of farmers reported more forest produce and fewer
human-wildlife conflicts, showcasing the IASM’s wide-
ranging benefits.

Departments that could support in scaling SFM

Forest, Environment
& Climate Change
Department

Department of Mission Finance Planning & Convergence
Shakti Department Department

Source: Authors’ analysis

102 Authors' analysis per the financial outlay declared in the Annual Plan of Operation (APO) 2023-24 by the Forest, Environment & Climate Change
Department (CAMPA 2024)

103 Based on stakeholder consultations
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Overcoming challenges to scale SFM

@ Technological/technical challenge/s

Limited integration of scientific
principles of restoration across
ANR, FFPM, and IASM (Chazdon and
Guariguata 2016)'>

Absence of technical and scientific
capabilities and skills for
restoration'*

@ Implementation challenge/s

Lack of QPM for restoration'>

Insufficient departmental resources
and expertise in FFPM (World Bank
2018)

Proposed interventions

The Forest, Environment & Climate Change Department could partner
with research institutions to develop technical guidelines based on
Chazdon’s 10 principles of restoration. The department, in coordination with
the Science and Technology Department, CSOs, and ecologists, could
commission a bio-resource mapping exercise to ensure that projects are
ecologically aligned. CSOs and implementing agencies could add to this by
developing a state-wide repository of successful restoration case studies.

The ODSA, in consultation with CSOs and experts, could collaborate with
the Forest, Environment & Climate Change Department to develop
training programmes, modules, and diplomas in restoration and ecosystem
management for local communities in vernacular languages.

Further, Mission Shakti, the ST & SC Development, Minorities & Backward
Classes Welfare Department, and the Rural Development Department
could ensure integration of OSDA’s training as part of their livelihood
programmes so that each community institution (VSS or eco-development
committees (EDC)) has at least one certified community-based ecosystem
manager.

Proposed interventions

The Forest, Environment & Climate Change Department could develop
SOPs for forest-based seed collection and local species nursery management.
The department should also mandate that restoration activities use only
locally sourced planting material. CSOs must engage with biodiversity
management committees (BMCs), VSSs, and EDCs to augment community-
level knowledge of biodiversity.

The OSDA and Mission Shakti could train local communities in quality
seedling production and nursery management while supporting them in
maintaining local biodiversity banks and specimens.

The Forest, Environment & Climate Change Department could partner
with the Forest Survey of India and ecologists to develop annual fire
damage assessment frameworks and predictive modelling. This will help
in making informed decisions about annual budgetary allocations and also
help plan for the cyclical nature of forest fire damages based on biomass
assessments.

The Finance Department and the Planning & Convergence Department
could make provisions for early disbursement of annual budgets for the
FFPM months ahead of the annual forest fire season. These departments
could develop seasonal co-management models with forest fringe
community institutions through the disbursal of forest rights and financial
and in-kind incentives.
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Absence of data or resource The Forest, Environment & Climate Change Department could collaborate
information on the spread of invasive with CSOs for ground-truthing and species identification through community
species engagement and developing indigenous knowledge repositories. The Odisha

Biodiversity Board could become a nodal department to integrate resources
from Access and Benefit Sharing (ABS) for aiding IASM at the community
level, apart from undertaking quarterly ecosystem assessments and
empowering BMCs to lead IASM work.

@ Economic challenge/s Proposed interventions
Inadequate monetization and In partnership with Start-up Odisha, Mission Shakti, and the Odisha Forest
economic benefits derived from SFM Development Corporation (OFDC), the Forest, Environment & Climate
practices (Michon et al. 2007) Change Department could be encouraged to develop business models using

non-timber forest products (NTFP) to attract investments from the private
sector for restoration work.

Inconsistent community stewardship The Forest, Environment & Climate Change Department could enhance

and engagement the agency of communities for restoration through the legalisation of
community institutions and ensure the disbursal of forest rights through
Ama Jungle Yojana. CSOs could assist in mobilising long-term community
support for restoration. The private sector could also partner with CSOs
and communities to ensure the long-term sustainability of the restored area
through nature financing tools, such as payment for ecosystem services,
and disseminating about various economic models for restoration within
communities.

Source: Authors’ analysis; stakeholder consultations

Risk-proofing the scale-up of SFM

SFM practices are technically challenging and time-sensitive, requiring implementation in the appropriate season and
as per the area’s biophysical attributes (Chazdon and Guariguata 2016; Chazdon et.al 2023). Any deviations can alter
ecosystems and harm biodiversity, causing degradation. Additionally, misaligned conservation goals and community
needs pose significant socio-economic and ecological risks, further exacerbating degradation.

Mitigation requires a community-centric approach in SFM project planning and execution by engaging forest-dwelling
and local communities in all phases of the project to align their needs with conservation goals (Vasundhara Odisha,
n.d.). Building localised technical restoration capacities by leveraging indigenous ecosystem knowledge becomes
critical to ensure successful restoration. However, resolving land tenure issues, granting community forest rights, and
empowering community-based institutions such as Van Suraksha Samities (VSS) and eco-development committees
(EDC) through legal recognition becomes inevitable for long-term sustenance of the restored area and conservation
(Foundation for Ecological Security 2016).
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3.3.10 Sustainable tourism

Embracing sustainable tourism involves conscientiously considering the present and future economic, social, and
environmental impacts of tourism while catering to the needs of visitors, the industry, the environment, and host communities
(UN Tourism, n.d.a). There are two critical types of sustainable tourism among the many types:

- Ecological tourism, or ecotourism, involves responsible travel to natural areas that conserves the environment, sustains
the well-being of the local people, and provides education (The International Ecotourism Society 2015).

» Rural tourism, or agri-tourism, involves visitors experiencing a wide range of activities and products related to nature,
agriculture, and a rural lifestyle and culture, including angling and sightseeing (UN Tourism n.d.b).

Odisha could leverage its agricultural and ecological landscape, which has garnered global and national recognition, to
attract tourism inflow to the state, supporting both forest and agriculture-based livelihoods.**

Opportunities for 2030

~7,500 direct FTE jobs

against the development of ~1,500 sustainable tourism
centres by 2030***105

INR ~4,800 crore
(USD 580 million)

the estimated market opportunity in 2030***:1°6

INR ~1,800 crore
(USD 210 miillion)

the estimated investment opportunity by 2030%***. 107108

Source: *Authors’ analysis **Stakeholder consultations

104 The FAO has classified one of its agricultural systems as a 'Globally Important Agricultural Heritage System' (GIAHS) (FAO 2012). Additionally, the
Odisha Government declared four 'Biodiversity Heritage Systems' in 2023 (PIB 2023d).

105 ~6000 FTE jobs can be generated through establishment of ~1400 ecotourism centres (Forest, Environment and Climate Change Department
2020). Similarly, ~1000 FTE jobs can be generated through establishment of ~130 agri-tourism centres.

106 USD 600 million of annual revenue can be generated through ~1400 eco-tourism centres with an average annual occupancy rate of 25 per cent.
Similarly, USD 20 million of annual revenue can be generated through ~130 agri-tourism centres with average annual occupancy rate of 50 per
cent.

107 Estimates are based on the investment required for construction and infrastructure set-up for the hospitality and activities at each tourism
centre. It does not include operational costs.

108 USD 200 miillion worth of investments will be required to set up ~1400 ecotourism centres with 10 dual-occupancy rooms and ~130 agri-tourism
centres with six dual-occupancy rooms.
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Why should Odisha invest in sustainable tourism?

To create resilient alternative income sources for forest-dwelling communities and farmers by leveraging 39 per cent of the
total geographic area (TGA) under forest area, 37 per cent forest cover, and 40 per cent cultivable land (Finance Department
2023), of which 14 per cent is under agroforestry (Gupta et al. 2021).

To become the first state to develop a sustainable tourism policy by diverting at least 25 per cent'® of the tourists towards
low-carbon-footprint tourism practices.

To preserve indigenous cultures and community-based environmental stewardship.

Inspiration from a success story

Spanning 30 districts with 328 agri-tourism centres, the
Baramati Agritourism Centre in Maharashtra and its sister
company, Agritourism Development Company (ATDC),
received 1.63 million tourists in just three years, accounting
for five per cent of the state’s total tourism footfall in 2023.1°
It generated a substantial revenue of INR 3.5 crore for farmers’
families and created valuable job opportunities in rural
communities.

Departments that could support in scaling sustainable tourism

Department of Department of Department of Agriculture
Tourism Co-operation and Farmers' Empowerment

Science and Technology Forest, Environment and
Department Climate Change Department

Source: Authors’ analysis

Overcoming challenges to scale sustainable tourism

@ Economic challenge/s Proposed interventions

Income instability due to seasonal The Department of Tourism, in collaboration with Start-up Odisha, can

variability of sustainable tourism™ enhance tourism offerings by leveraging the expertise of the Indian Institute
of Tourism and Travel Management. Through tailored marketing and
year-round tourism engagement campaigns, the collaboration can provide
incubation support to local businesses, addressing income instability and
fostering sustainable growth.

In addition, the Department of Tourism could collaborate with banking,
financial services insurance enterprises, and cooperative banks to
develop insurance packages that address income disruptions caused by
natural hazards or other external factors that may lead to a decrease in
overall tourist footfall.

109 Authors' analysis

110 According to the ATDC survey conducted in 2014, 2015, and 2016, the agri-tourism centres collectively received 0.40 million, 0.53 million, and
0.70 million tourists, respectively.

111 Based on stakeholder consultations



@ Sskill-related challenge/s

Lack of trained professionals
in hospitality or enterprise
management'

@ Conformity challenge/s

Lack of verification mechanisms for
sustainability claims undermining the
authenticity of sustainable tourism
(Netto et al. 2020).

Inconsistent metrics for measuring
tourism sustainability™

Source: Authors’ analysis; stakeholder consultations
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Proposed interventions

The OSDA could collaborate with the Indian Institute of Tourism

and Travel Management to develop courses and diplomas on hotel
management. The OSDA, in partnership with the Forest, Environment

& Climate Change Department, could provide training and certification
programmes for nature guides, camping guides, and birding field guides.
In addition, the Department of Tourism, along with hotels, restaurants,
and café industry associations, could organise workshops and seminars
on best practices in hospitality, customer service, and sustainable tourism
management.

Proposed interventions

To ensure compliance with sustainability principles, the Department

of Tourism could enforce stringent certification policies and provide
licences and codes of conduct, which should be coupled with regular
monitoring. CSOs could enhance consumer awareness and education
regarding genuinely sustainable practices and their positive impact on

local communities and the environment. The private sector could foster
partnerships between local communities, government agencies, and tourism
stakeholders to develop responsible tourism initiatives through coalitions.

The Department of Tourism, in collaboration with the Forest,
Environment & Climate Change Department, could develop standardised
tools and methodologies for calculating and monitoring carbon emissions
and evaluating nature-positive practices associated with sustainable
tourism centres. Government agencies could implement capacity-building
initiatives to train managers and stakeholders in the use of these tools, with
support from the Science and Technology Department to support digital
evaluations. Academia, CSOs, and hospitality industry associations
could assist in integrating essential methodologies such as ‘tourism carrying
capacity’, ‘limits of acceptable change’, and ‘visitor impact management’
into the sustainable tourism policy framework.

Risk-proofing the scale-up of sustainable tourism

Sustainable tourism can pose some environmental risks, primarily related to potential overcrowding and ecological
disturbances. These risks may manifest in wildlife movement disruption, habitat degradation, and pollution from
various sources, including litter, vehicle emissions, and wastewater.™ In addition, safety and health risks are also
a concern, particularly in natural settings where tourists might be vulnerable to accidents or injuries, such as from

animal encounters or environmental hazards. According to Mohanty and Wadhawan (2021), a high risk of natural

hazards could reduce tourism footfall. To mitigate these risks, the state could undertake capacity assessments,
implement visitor limits, develop localised activity guidelines, and base tourism licences on eligibility and regulations.
The state could also provide insurance cover for income loss resulting from unprecedented climatic events, train

local communities in first aid, and enforce strict regulations with fines for violations of tourist behaviour and facility

management guidelines.






4. Green Odisha Initiative: An action plan for
mainstreaming the green economy in Odisha

he green economy offers immense potential for Odisha to achieve a low-carbon growth
trajectory. To realise this potential, we propose an implementable action plan in the form
of the GrOL. The action plan is unique as it calls for

¢ awhole-of-government approach. We propose an institutional framework for the GrOI,
in which the host department is identified in addition to lead and allied departments. The
framework also includes a common results tool/framework to plan and monitor progress.

¢ awhole-of-economy approach. We propose engaging with diverse stakeholders in the
economy, including the government, the private sector, and civil society. We have outlined
their specific roles and responsibilities to scale up the green economy in Odisha.

¢ awhole-of-state approach. We propose identifying and including value chains
corresponding to the state’s geographical spread as well as its physical and social
diversity. While value chains such as bio-fibre and bio-inputs require the active
engagement of SHGs, others, such as DRE technologies and seaweed cultivation, can
significantly benefit tribal populations.

4.1. Institutional mechanism for the Green Odisha
Initiative: A whole-of-government approach

The green economy in Odisha will comprise three green economic sectors and 28 value
chains. We, therefore, strongly recommend a multi-department engagement approach.
Typically, climate action measures are associated with the mandates of specific government
departments. However, given the scope and scale of the green economy, it is necessary to
involve all major government departments in its planning and implementation. We have
identified five lead departments and corresponding allied departments that would be critical
to implementing the green economy through the GrOI. Annexure C includes a complete list of
these departments.

As a multi-department engagement, the GrOI must be housed in a particular department to
ensure efficient planning and coordination. Accordingly, we propose that the Planning and
Convergence (P&CD) be the lead department and house the GrOI. The P&CD could serve as the
ideal nodal department due to its official long-term economic development planning mandate
and interdepartmental convening and coordination authority. As the nodal department,

the P&CD can convene the relevant government departments to support the planning and
implementation of the departments’ respective value chains. We also recommend setting up a
high-level special committee within the P&CD for overarching interdepartmental coordination
with the mandate to mainstream the green economy in the state.

We propose an
implementable
action planin
the form of the
Green Odisha
Initiative to
realise Odisha's
green economy
potential
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How a Green Economy can Deliver Jobs, Growth and Sustainability in Odisha

With the P&CD as the nodal department, the institutional framework for implementing the
GrOI will include the following:

A high-level special committee that will be* chaired by the chief secretary and
comprise the principal secretaries of all lead departments and the state development
commissioner. The special committee will also include the principal secretaries of other
departments, such as the Finance Department and the Skill Development and Technical
Education Department (SD&TED), which are crucial for the overall implementation of the
initiative. The special committee will be convened each quarter and be responsible for the
following:

Allocating budgets for different departments and centrally sponsored schemes to
scale up green value chains and perform other aligned activities.

Developing and monitoring the common results framework (CRF) and ascertaining
annual targets for all value chains.

Monitoring and evaluating the activities undertaken under the GrOI.

High-level policymaking to provide additional incentives to the private sector to scale
up green value chains in the state.

All other tasks that may be required for the successful implementation of the

initiative.
A lead department will be assigned to each value chain, which will be responsible for
its overall implementation and scaling up. This department must be chosen based on its
mandate, resources, and capacity. When deciding on lead departments, it is paramount
that they are assigned to value chains with converging or overlapping targets. The lead
department will coordinate among its allied departments to promote and advance the
value chain that it is leading.

In addition to a lead department, one or more allied departments will be assigned to
each value chain. These departments will be responsible for implementing specific sub-
outputs mapped in the CRF and leveraging schemes and programmes falling within their
mandate to benefit the GrOI.

A standing subcommittee comprising directors of all lead, allied, and other relevant
departments will also be set up. This standing subcommittee will support the special
committee and be responsible for the day-to-day interdepartmental coordination
required to implement the initiative. While the special committee will meet each quarter,
the subcommittee will meet more frequently to ensure consistency and progress in
implementing the GrOI. The chairperson of this subcommittee may be decided on a
rolling basis.

4.2. A common results framework for the Green Odisha
Initiative

A CRF is necessary for the nodal, lead, and allied departments to achieve their common
goal with clarity and accountability. We drafted a CRF at the value-chain level to guide the
implementation of each value chain and set annual targets for realising the full potential of
the green economy in Odisha. We identified the following key result areas for the CRF:

A high level
special
committee
chaired by the
Chief Secretary
and comprising
principal
secretaries

of lead
departments
combined with
a standing
subcommittee
will form the
backbone of
the institutional
mechanism
needed to
deliver on the
green economy
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e Increase the demand and improve the delivery of GrOI-related schemes and entitlements
to identified citizen groups and communities.

e Increase the capacity and commitment of the state to GrOI through capacity-building
initiatives and partnerships with CSOs and private actors working for the green economy.

e Improve multi-sectoral planning and coordination as all relevant departments come
together for harmonised delivery.

e Improve political commitment and leadership for GrOI, including dedicated governance
infrastructure.

This CRF builds on several existing frameworks of the Government of Odisha, such as the
Odisha Sustainable Development Goals (SDGs) Indicator Framework (OSIF) 2.0 (Planning and
Convergence Department 2023), the SDG Budget (Finance Department 2021), and the Climate
Budget 2023-24 (Finance Department 2023). The specific verticals of the CRF will include the
following components for each value chain:

¢ Lead departments and allied departments will be responsible for identifying
annual budgets, geographical hubs, and the overall scaling-up of the value chain while
mitigating risks and challenges; these departments have been identified and listed in
Annexure C.

* Outcomes, outputs, and sub-outputs are to be developed for the GrOI. Outcomes are
high-level targets that the GrOI intends to achieve by promoting a specific value chain,
and outputs and sub-outputs are particular activities and tasks that must be done to
achieve the identified outcomes. These will be aligned with each other. To accelerate
implementation, existing government programmes and schemes will be mapped at

the sub-output level; existing programmes and schemes will help provide initial funding

and implementation support to the GrOL. If there are no matching pre-existing schemes
or programmes for specific sub-outputs, new ones may need to be designed. The special
committee may allocate funds for the GrOI from a common pool of funds generated by
combining allocations for existing schemes or allotting additional funding under existing
budget heads. According to our estimates, approximately INR 1,750 crore'? will be needed
to skill the workforce for the GrOI, which is more than the total budget of INR 1,583 crore
meant for the SD&TED (Finance Department 2024). Addressing this deficit will require
additional financial allocation from either within the overall budget (adjusting it from
other budget heads) or by increasing the overall budget itself.

¢ SDGs and OSIF indicators have been mapped to each value chain so that the outcomes,
outputs, and sub-outputs can be aligned with these indicators to achieve Odisha’s
existing SDG targets. Consequently, initial funding for implementing green value chains
can be derived from the state’s existing SDG budget.

e Annual targets will track the percentage increase in green jobs, market size, and
investments in green value chains within the state. Annual targets can contribute to each
value chain reaching its total potential by 2030; depending on whether they are being
met or not, the targets should be adjusted accordingly. The special committee on the
green economy will be responsible for ascertaining these targets. Figure 4.1 provides an
indicative CRF for the mangrove management value chain.

112 We considered the standard cost of training per hour for workers in a particular industry, and multiplied it to
the standard number of hours prescribed by a public or private training institute. The total cost of training per
person was then multiplied to the total number of potential jobs to be created to arrive at the final number of
direct costs. For indirect and administrative costs related to trainings, we considered a proxy of 36 per cent of
direct costs (based on the Odisha Climate Budget), and then added it to the total direct cost to arrive at the total
cost of (approximately) INR 1,750 crore. In cases of industries for which the standard rate or hours of training was
not available, we considered the closest available proxy.
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Figure 4.1 CRF for GrOl: ecological mangrove restoration
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4.3 Roles and responsibilities of different stakeholders in
the economy: A whole-of-economy approach

The huge potential of the green economy in Odisha can be fully realised only if the private
sector, civil society, and the government collaborate towards the same objective. While

the private sector could potentially drive innovation and investment in green sectors, civil
society and the government must ensure widespread community involvement and effective
on-the-ground implementation of the initiative. A macro-level overview of the roles of each
stakeholder is outlined below.'3

e Private sector: In order for Odisha to achieve significant green economic progress, the
private sector must take advantage of the opportunity to invest in green value chains
within the state. The following three types of private-sector companies will find it
attractive to invest in Odisha’s green economy:

Large industries: Odisha is already home to several large industries. These industries
have a well-established presence in the state and possess the capital and technology
to invest in Odisha. The Industrial Policy Resolution 2022 Odisha and the Odisha
Renewable Energy Policy, 2022 currently incentivise green private investments in the
state through an attractive rebate on capex for investments in green sectors. Over the
past two years alone, the state has attracted over INR 3,700 crore in investments in
RE value chains (The Hindu Bureau 2024). To accelerate the pace of private-sector
innovation and investment, large industrial actors must partner with universities
and other educational institutions to set up centres of excellence. They should also
collaborate with the government to design skill development courses and modules.
Meanwhile, the state should provide viability gap funding for certain technologies
to help in demand aggregation and promote R&D by providing initial funding. Large
value capital expenditure will benefit value chains that are relatively mature and
require high capital expenditure, especially ET value chains.

Existing MSMEs: MSMEs, especially medium and small enterprises with a presence
in green sectors, have a competitive edge in establishing or expanding operations

in green value chains in phases. They are well-positioned to benefit from their
knowledge of the state’s ecosystem. Green economic growth, led by MSMEs, will not
only be sustainable and equitable but also ensure higher job generation. Evidence
suggests that MSMEs provide more job opportunities with relatively lower investment.
For instance, up to 62 per cent of the total jobs in India exist in the MSME sector
(Kumar 2024).

New companies and start-ups: As discussed in several of our value chain-specific
sections, new and emerging private-sector players will play an increasingly important
role in scaling up the green economy in Odisha. Start-ups are more inclined to take
bold risks and introduce innovations, yet they also require backup measures to
guarantee their resilience. Measures such as low-interest debt financing, supported
incubation programmes, and increasing linkages to the market can significantly
contribute to creating a robust green start-up ecosystem in the state. Nexus Power and
Bamboostand exemplify how successful start-ups can drive the transition towards
green economic growth.

113 Detailed roles and responsibilities of the private sector and civil society for each value chain are included in the
dossiers published alongside this report.
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¢ Civil society organisations and research institutions: Community engagement,
civil society participation, and grassroots implementation will be extremely crucial
to maximise the potential of the green economy in Odisha. The state has a vibrant
civil society network that has been working for decades across diverse regions and
communities. Several of these organisations have extensive expertise in fostering
grassroots entrepreneurship in the state and implementing related government schemes.
We interacted with eight large CSOs in the state, and there is a clear opportunity and need
to engage civil society in establishing value chains that require community participation,
such as sustainable forest management, mangrove management, and sustainable

In mainstreaming
a green economy,
Odisha can serve

tourism, among others. CSOs can play the unique role of connecting individuals to new as an example for
and upcoming job opportunities by building capacity, transferring knowledge, and the rest of the
generating awareness. Similarly, research institutions can play a crucial role in filling country

existing gaps in the research required to adequately scale up all value chains and adopt
new mitigation strategies for any unanticipated risks and challenges.

The GrOl is a first step towards realising the potential of the green economy in Odisha.
Collaboration and cooperation among multiple stakeholders utilising an objective, target-led
model will allow Odisha to mainstream green economic development in the state, which can
then serve as an example for the rest of the country. The measures in the initiative are non-
exhaustive and will benefit greatly from continuous and direct feedback from the government
and other stakeholders. It can play a crucial role in helping India achieve its dual targets of
climate action and job creation.
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Annexure A: Sector-specific approach for
value chain identification

Our approach to selecting value chains across sectors was two-fold: first, by applying the
common selection criteria applicable to all sectors, and second, by tailoring the selection
process to the specific characteristics and requirements of each individual sector.

Accordingly, as a first step, we developed a comprehensive list of green value chains across
three identified green economic sectors, guided by principles derived from existing literature.
These principles focus on the suitability of value chains for Odisha’s geographical and
resource contexts, the prioritisation of established value chains, the inclusion of emerging
high-potential value chains, and the avoidance of long-term ecological damage.

Following the curation of this list, we evaluated the value chains based on five key
parameters: policy support, natural endowment, supply-side feasibility, the presence
of an ecosystem of related goods, and global momentum. In addition to the overarching
parameters delineated above, we applied sector-specific criteria to refine our shortlist and
conducted stakeholder consultations, including a closed-door roundtable with experts from
eight civil society organisations and over 22 discussions with state officials. Such a sector-
specific approach was necessary to account for the diversity in the level of development
(nascent or advanced), regulatory frameworks and growth potential of different value chains
within each sector.

We provide a detailed overview of the approach undertaken by each sector to identify its
respective value chains below:

e Energy transitions sector: Technology is at the core of the possibilities for India’s energy
transitions. These technologies were selected based on the following principles. After
developing the list of technologies, relevant departments in the Government of Odisha
were consulted to validate the technologies selected.

The technologies form a part of India’s energy ambitions: All clean technologies
that are a part of India’s portfolio and integral to India’s energy transition ambitions
have been included. These include renewable energy (RE) technologies such as solar,
wind, biomass, etc. Green hydrogen has been included given the global momentum
and the policy push through the National Green Hydrogen Mission. Similarly, Electric
Vehicles and module manufacturing have been included because of schemes such as
the Faster Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME I and
II) scheme and the Production Linked Incentive scheme for PV modules.

Focus on livelihoods: The application of renewables has expanded to provide
livelihood opportunities such as biomass cold storage/ chillers, solar dryers, solar
charkhas, etc. This sector has immense potential to impact 37 million livelihoods
and an approximate 50 billion dollar revenue opportunity (Jain et al., 2023). The
‘Framework for the promotion of decentralised renewable energy livelihood
applications ’ published by the Ministry of New and Renewable Energy was used as
a starting point to select the applications. Based on existing deployments and the
maturity of the market for the product, 14 applications were shortlisted.

The technologies form a part of the State’s energy transition ambitions: The
selected technologies align with Odisha’s clean energy ambitions. The ‘Odisha
Renewable Policy, 2022’ was used as a guiding document to ensure that all
technologies of priority to the state were included.
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Emerging sectors: Emerging sectors that offer significant promise and are required ﬁ
to meet the state’s RE targets with potential in the state have been considered. For

example, energy storage is critical to addressing RE’s intermittency and variability ﬁ ﬁ
and ensuring grid stability. Thus, Battery Energy Storage systems (BESS) and Pumped

Storage Hydropower (PSH) have been included. D D

e Circular economy sector: Our initial focus was on the downstream circular economy,
specifically waste management. This excluded aspects such as design, reuse, and
repair, as we aimed to concentrate on immediate post-consumer waste management.

Haryana and
Karnataka are

the top ranking
Although pre-consumer stages, such as extraction and processing of raw materials and states on the

manufacturing of goods, also generate waste, they are well managed by the concerned index
entities as per the consent issued by the relevant State Pollution Control Boards. When

the waste reaches consumers, there is an increased likeliness of resource misuse. Hence,

we focused on estimating the jobs, market and investment opportunities for post-

consumer waste management activities.

We compiled a comprehensive list of waste streams to choose the waste value chains

to work with. These were evaluated based on various factors, such as existing national
regulations, state policies, and initiatives and the volume of waste being generated and
processed. This thorough evaluation allowed us to identify the nuances and gaps in each
waste stream.

We further supplemented this approach with inputs from state departments involved

in these value chains. These consultations helped us better understand the on-ground
implementation, challenges, and interests of the relevant departments. Based on these
consultations, we narrowed down to emerging or existing value chains that are complex
to manage in Odisha.

* Bioeconomy and Nature-based solutions sector: We identified Bioeconomy (BE) and
Nature-based Solutions (NbS) value chains using a combination of secondary literature
reviews and industry reports.

For BE, we identified relevant value chains based on:

¢ The definition of Bio-economy as used by the Ministry of External Affairs (MEA)*4 and
Biotechnology Industry Research Assistance Council*s (BIRAC)’s classification of Indian
bioeconomy into key segments such as biopharma, bio-agri, bio-industrial, and bio-IT.

¢ Additionally, the reports on relevant value chains from industry associations (e.g., Indian
Biogas Association) and multilateral organisations (e.g., International Energy Agency,
INBAR) were used to arrive at an exhaustive list of value chains.

Similarly for NbS, relevant value chains were identified based on:

e Definition of NbS considered by United Nations Environment Programme (UNEP)"¢

e Secondary literature survey that recognises any intervention as NbS based on the
International Union for Conservation of Nature (IUCN)’s Global Standard for NbS.

e The applicability of value chains to India’s bio-geographic regions, degraded regions
and ecosystems as listed out by the National Remote Sensing Authority (NRSA) and
the Envistats Report -2023 released by the Ministry of Statistics and Programme
Implementation (MoSPI).

¢ An exhaustive list of BE & NbS value chains was prepared to further prioritise for deeper
analysis.

114 MEA defines Bioeconomy as a sector that includes the production, utilisation, and conservation of biological
resources, including expertise, science, technology, and innovation, to provide information, products, processes,
and services across all economic sectors that are aiming for sustainable growth.

115 BIRAC is a public sector undertaking set up by Department of Biotechnology, Government of India

116 UNEP defined Nature-based solutions (NbS) as actions to protect, sustainably manage, and restore natural and
modified ecosystems that address societal challenges effectively and adaptively, simultaneously benefiting people
and nature.



Annexures

Value chain selection framework:

We applied a set of filtering criteria and a multi-criteria scoring system as a selection
framework for prioritising the value chains for deeper analysis from the exhaustive list.

I. Shortlisting value chains:

We considered only value chains that either replace or provide alternatives to brown
economy products or services with high GHG emissions, offering lower-emission/ greener
alternatives or enabling enhancement of natural capital'’. However, we excluded those
value chains where the science behind them was still evolving, and the potential risks
associated with scaling them were significant.

We selected product-based value chains with Technology Readiness Levels (TRL) of 7 or
higher, and practice-based value chains (NbS) that demonstrate practical applicability
and proven success within Odisha or other regions in India.

We selected value chains relevant to Odisha. We established the relevance of each value
from the exhaustive list through extensive stakeholder consultations involving state
government departments, active CSOs, and private sector participants based in Odisha.

The value chains were filtered sequentially through these criteria to produce a shortlist of
value chains for further prioritisation and deeper analysis.

II. Selection of value chains:

We applied a multi-criteria scoring framework to evaluate the shortlisted BE & NbS value
chains for sizing their potential in Odisha using the following criteria:

Future potential:

Market demand: For BE, we assessed market demand and scalability using either
the brown economy product as a proxy or the direct product. For NbS, we considered
investment potential due to limited direct marketability. We prioritised value chains
aligned with global and continental nature finance trends, based on insights from
reports like the State of Nature Finance Report"®. Value chains with a growing market
share or higher investment trends received higher scores.

Resource availability: We evaluated the availability of critical resources, scoring
higher for abundant resources, especially in NbS (e.g. degraded forests for assisted
natural regeneration).

Policy environment/government and regulatory support: We reviewed the extent

of government subsidies, incentives, and policy mechanisms that promote each value
chain. Value chains with strong government backing and financial incentives were scored
higher.

Data availability: We assessed the availability of comprehensive data on critical
resources (e.g., natural resources, financial flows, technology), established policy targets
and market-related factors (e.g., trends, pricing, competition). Value chains with well-
documented and accessible data were scored higher.

117 For example- The use of this criteria allowed us to not consider a major chunk of the food-based value chains.

We did not consider the final agricultural produce but included the bio-inputs used to produce them as they

are replacing a brown or non-green product available that are chemical agri-inputs. However, we considered
the sustainable practices followed for agriculture as they are an alternative to conventional farming practices
that emit lesser GHGs. However, such sustainable agricultural practices were considered as part of nature-based
solutions.

118 The 2023 edition of the State of Finance for Nature report estimates the scale of nature-negative finance flows

from both public and private sector sources globally.
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Annexure B: List of departments consulted

An indicative list of state departments we consulted.

Sectors State departments and agencies Sectors State departments and agencies

Overarching e Planning and Convergence Department Bio-economy e Forest, Environment and Climate
e Odisha Skill Development Authority, and nature- Change Department
World Skills Centre balsec.l * Directorate of Soil Conservation and
solutions
e Odisha Livelihoods Mission and Mission Watershed Development
Shakti ® Odisha Forest Development Corpora-
e Panchayati Raj & Drinking Water Wi
Department ® Department of Agriculture & Farmers'
e The Odisha Industrial Infrastructure 2 A
Development Corporation (IDCO) ® Climate Resilience Cell
® Bhubaneswar Development Authority
Energy ® GRIDCO,! Department of Energy . .
transition , * Handlooms, Textiles, and Handicrafts
®* OREDA.? Department of Energy Department
e Industries Department * Science and Technology Department
* Invest Odisha * Odisha Bamboo Development Agency
Circular ¢ Department of Housing & Urban * Directorate of Horticulture
economy Development ® Directorate of Handicrafts

® State Pollution Control Board
® Bhubaneswar Municipal Corporation

Authors’ compilation
1. Grid Corporation of Odisha

2. Odisha Renewable Energy Development Agency

Annexure C: GrOl value chains with their corresponding
departments

Value chains and corresponding departments identified under the GrOI

5.No._[Valuechain | Department

Energy transition

1 Green hydrogen Industries Department
Department of Energy
Department of Steel and Mines
Science and Technology Department
Department of Agriculture and Farmers' Empowerment
Ministry of Ports, Shipping and Waterways

2 Mini and micro-grids Department of Energy
Odisha Renewable Energy Development Authority (OREDA)
Odisha Skill Development Authority (OSDA)

3 Small hydro Department of Water Resources
Skill Development and Technical Education Department
Green Energy Development Corporation of Odisha Limited (GEDCOL)
Odisha Skill Development Authority (OSDA)
Odisha Power Transmission Corporation Limited (OPTCL)
Odisha Hydro Power Corporation (OHPC)
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S No._|Valuechain | Department

4 Wind deployment Department of Energy
Odisha Electricity Regulatory Commission (OERC)
Grid Corporation of Odisha (GRIDCO)
National Institute of Wind Energy (NIWE)
Odisha Power Transmission Corporation Limited (OPTCL)
Industries Department

5 EV and battery Industries Department

manufacturing Commerce and Transport Department

Odisha Skill Development Authority (OSDA)
Micro, Small & Medium Enterprise (MSME) Department
Science and Technology Department

Department of Housing and Urban Development (H&UDD)

Skill Development and Technical Education Department

6 Battery energy storage system Department of Energy

(BESS) Science and Technology Department

7 Pumped storage hydropower Skill Development and Technical Education Department
Odisha Hydro Power Corporation (OHPC)
Odisha Electricity Regulatory Commission (OERC)
Odisha Power Transmission Corporation Limited (OPTCL)
Department of Energy
Department of Water Resources

8 RE manufacturing Industries Department
Ministry of New and Renewable Energy (MNRE)
Science and Technology Department
Industrial Promotion and Investment Corporation of Odisha Ltd. (IPICOL)
Odisha Industrial Infrastructure Development Corporation (IDCO)
District Investment Promotion Agencies (DIPA)
Skill Development and Technical Education Department

°) Utility-scale solar Department of Energy
Odisha Power Transmission Corporation Limited (OPTCL)
Grid Corporation of Odisha (GRIDCO)
Science and Technology Department
Odisha Electricity Regulatory Commission (OERC)
Skill Development and Technical Education Department

10 Biomass to power Department of Agriculture and Farmers' Empowerment
Department of Co-operation
Department of Energy
Department of Steel and Mines

11 EV charging infrastructure Department of Housing and Urban Development (H&UDD)
Department of Energy

Commerce and Transport Department
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SN0, | Valuechain | Department

12 DRE technologies for livelihoods
13 Floating solar
14 Rooftop solar

Circular economy

15 Battery waste

16 Construction and demolition waste
17 E-waste

18 Li-ion battery waste

Bio-economy and nature-based solutions

19 Agroforestry

20 Bamboo

Department of Energy

Department of Mission Shakti

Micro, Small & Medium Enterprise (MSME) Department
Department of Water Resources

Department of Energy

Industries Department
Grid Corporation of Odisha (GRIDCO)

Odisha Hydro Power Corporation (OHPC)

Industries Department

QOdisha Electricity Regulatory Commission (OERC)
Fisheries and Animal Resources Development Department

Department of Energy

Forest, Environment and Climate Change Department
Industries Department

Department of Housing and Urban Development (H&UDD)
Skill Development and Technical Education Department
Department of Housing and Urban Development (H&UDD)
Works Department (WD)

Forest, Environment and Climate Change Department
Department of Housing and Urban Development (H&UDD)
Labour and Employee's State Insurance Department
Industries Department

Skill Development and Technical Education Department
Forest, Environment and Climate Change Department
Industries Department

Department of Housing and Urban Development (H&UDD)

Department of Agriculture and Farmers' Empowerment
Forest, Environment and Climate Change Department
Science and Technology Department

Skill Development and Technical Education Department
Skill Development and Technical Education Department
Department of School and Mass Education

Micro, Small & Medium Enterprise (MSME) Department
Department of Agriculture and Farmers' Empowerment
Department of Housing and Urban Development (H&UDD)
Science and Technology Department

Panchayati Raj and Drinking Water Department

Forest, Environment and Climate Change Department
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SN0, | Valuechain | Department

21 Biogas Department of Energy
Forest, Environment and Climate Change Department

Department of Agriculture and Farmers' Empowerment
Fisheries and Animal Resources Development Department
Industries Department
Skill Development and Technical Education Department

22 Bio-inputs ST & SC Development, Minorities & Backward Classes Welfare Department
Department of Agriculture and Farmers' Empowerment
Fisheries and Animal Resources Development Department
Industries Department
Skill Development and Technical Education Department

23 Bio-fibre Industries Department
Micro, Small & Medium Enterprise (MSME) Department
Department of Agriculture and Farmers' Empowerment

24 Sustainable forest management Forest, Environment and Climate Change Department
Department of Water Resources
Revenue and Disaster Management Department
Panchayati Raj and Drinking Water Department
ST & SC Development, Minorities & Backward Classes Welfare Department
Skill Development and Technical Education Department
Micro, Small & Medium Enterprise (MSME) Department
Science and Technology Department
Department of School and Mass Education

25 Bio-based packaging Industries Department
Skill Development and Technical Education Department
Department of Agriculture and Farmers' Empowerment

26 Mangrove management Forest, Environment and Climate Change Department
Fisheries and Animal Resources Development Department
Department of Agriculture and Farmers' Empowerment
Revenue and Disaster Management Department

27 Seaweed cultivation Fisheries and Animal Resources Development Department
Science and Technology Department
Department of Agriculture and Farmers' Empowerment
Forest, Environment and Climate Change Department
Skill Development and Technical Education Department

28 Sustainable tourism Department of Agriculture and Farmers' Empowerment
Department of Tourism
Odia Language Literature & Culture Department
Handlooms, Textiles, and Handicrafts Department
Rural Development Department

Notes: EV and battery manufacturing are covered together

Lead department

Source: Authors’ analysis
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Acronyms
AF agroforestry
AIPMA All-India Plastics Manufacturers

ANR

APICOL

BBFs

BDTCs

BE

BEE

BESS

BIS

BMTPC

BRCs

BYPL

CBAM

CBG

C&D

CE

C&l

CREDAI

CSO

C&T

DAP

DAFE

DIPA

DISCOM

DoE

Association
assisted natural regeneration

Agricultural Promotion and Investment
Corporation of Odisha Limited

biomass-based fibres

biogas development and training
centres

bio-economy

Bureau of Energy Efficiency
battery energy storage systems
Bureau of India Standards

Building Materials and Technology
Promotion Council

bio-input resource centres

BSES Yamuna Power Limited

Carbon Border Adjustment Mechanism
compressed biogas

construction and demolition

circular economy

commercial and industrial

Confederation of Real Estate
Developers’ Associations of India

civil society organisation
commerce and transport
diammonium phosphate

Department of Agriculture and
Farmers’ Empowerment

District Investment Promotion Agency
distribution company

Department of Energy

S&TD

DRE

DT

EDC

EIC

EMR

ET

EV

e-waste

FFPM

FOM

FPOs

FRPs

FSPV

GEDCOL

GH2

GHG

GPIL

GRIDCO

GRIHA

GrOI

H&UDD

HTHD

IASM

ICAR

ICFRE

IDCO

Science and Technology Department
decentralised renewable energy
distribution transformer
eco-development committees
Engineer-in-Chief

ecological mangrove restoration
energy transition

electric vehicle

electrical and electronic equipment
waste

forest fire prevention and management
fermented organic manure
farmer-producer organisations
fibre-reinforced polymers

floating solar photovoltaic

Green Energy Development
Corporation Odisha Limited

green hydrogen

greenhouse gas

Godawari Power and Ispat Limited
Grid Corporation of Odisha

Green Rating for Integrated Habitat
Assessment

Green Odisha Initiative

Department of Housing and Urban
Development

Handlooms, Textiles & Handicrafts
Department

invasive alien species management

Indian Council of Agricultural
Research

Indian Council of Forestry Research
and Education

Industrial Development Corporation of
Odisha
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IEA International Energy Agency 0SCB Odisha State Cooperative Bank
IEIDL Indo Enviro Integrated Solutions OSDA Odisha Skill Development Authority
Private Limited
OSIF Odisha SDG Indicator Framework
IIP Indian Institute of Packaging
OSPCB Odisha State Pollution Control Board
IISC Indian Institute of Science
OUAT Odisha University of Agriculture &
IPICOL Industrial Promotion and Investment Technology
Corporation of Odisha Ltd.
PALF pineapple leaf fibre
ITDA Integrated Tribal Development Agency
PLI production-linked incentive
ITI Industrial Training Institute
P&CD Planning and Convergence Department
LIB lithium-ion battery
PSUs public sector undertakings
MEiTY Ministry of Electronics and ) o
Information Technology PUE productive use of electricity
MKUY Mukhyamantri Krishi Udyog Yojana QPM quality planting material
MNRE Ministry of New and Renewable Energy R&D research and development
MoHUA Ministry of Housing and Urban Affairs RE renewable energy
MSME micro, small, and medium enterprise RPO renewable purchase obligation
NBFC non-banking financial company RTS rooftop solar
NbS nature-based solutions SDGs Sustainable Development Goals
NDMC North Delhi Municipal Corporation SD&TED Skill Development and Technical
Education Department
NIWE National Institute of Wind Energy
SERI Sustainable Electronics Recycling
NTFP non-timber forest products International
OAIC Odisha Agro Industries Corporation SFM sustainable forest management
Limited
SHGs self-help groups
ODSSP Odisha Distribution System
Strengthening Project SHP small hydropower
OERC Odisha Electricity Regulatory SOP standard operating procedure
Commission TPA tonnes per annum
OHPC Odisha Hydro Power Corporation TPD tonnes per day
OLM Odisha Livelihoods Mission TSDF treatment, storage, and disposal
O&M operations and maintenance facility
OPTCL Odisha Power Transmission vsS Van Suraksha Samities
Corporation Limited WASSAN Watershed Support Services and
OREDA Odisha Renewable Energy Activities Network
Development Agency WD Works Department
ORMAS Odisha Rural Development and

Marketing Society
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