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medium-term, and long-term climate policies, introducing innovations like offshore wind 

power, green hydrogen, green ammonia, battery energy storage system, carbon capture 

utilization and storage, and the transformative potential of Industry 4.0. These have been 

tailored for various sectors and businesses, aimed to encourage specific climate actions. 

Recognizing Gujarat’s financial landscape, low-cost climate finance instruments, reflecting a 

commitment to making sustainability a feasible reality have also been studied. Moreover, it 

also delves into the initiatives undertaken by the state government, local communities, and 

various stakeholders to curtail carbon footprints, promote renewable energy sources, and 

build climate resilience. 

Decarbonizing Gujarat Towards Net Zero 2070 is not only a response to the global call for 

climate action but also a testament to the state's commitment to fostering a greener and 

healthier environment for its citizens. It envisions a Gujarat where economic prosperity is 

harmonized with environmental stewardship, where innovative technologies drive sustainable 

practices, and where communities thrive in balance with nature. 

We acknowledge senior officers from various departments of Government of Gujarat for their 

guidance and support over the years. 
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2.3 Macroeconomic Assumptions and Data 

National Gross Domestic Product (GDP)  

Table 2 shows India’s GDP growth rate projections following three different growth 
scenarios viz., baseline growth path, medium elevation growth path and high elevation 
growth path.  

Table 2. Scenario-wise GDP growth rate for India from 2022-23 to 2031-2032 

Year Baseline growth path Medium elevation 
growth path 

High elevation 
growth path 

2022-23 7.10% 7.10% 7.10% 

2023-24 7.50% 7.50% 7.50% 

2024-25 8.00% 8.00% 8.00% 

2025-26 7.80% 8.50% 8.50% 

2026-27 7.70% 9.00% 9.00% 

2027-28 7.50% 8.80% 9.50% 

2028-29 7.40% 8.70% 9.30% 

2029-30 7.20% 8.50% 9.20% 

2030-31 7.10% 8.40% 9.00% 

2031-32 6.90% 8.20% 8.90% 

Source: (DEA) 

Gujarat’s Gross State Domestic Product (GSDP) 

Table 3 shows Gujarat’s GSDP at current prices which have been indexed for the year 2018-
19 and estimated GSDP at constant prices by taking 2018-19 as base year. While Table 4 
shows Gujarat state’s GSDP growth rate projections till 2030 at constant prices with base 
year of 2018-19 which is further aligned with India’s GDP growth rate used for projection 
(refer table 2) for three separate growth rate scenarios viz., baseline growth rate, medium 
elevation growth rate and high growth rate.  
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Table 3. Gujarat GSDP at current prices and constant prices with 2018-19 as base year 

Year GSDP at Current Prices 
(Base 2011-12) in Million 

INR 

Indexation GSDP at Constant Prices 
(Base Year 2018-19) in 

Million INR 

2004-05 2033730 13.6 277186.7 

2005-06 2447360 16.4 401403.9 

2006-07 2836930 19.0 539365.4 

2007-08 3292850 22.1 726657.5 

2008-09 3679120 24.7 907138.8 

2009-10 4312620 28.9 1246431 

2010-11 5215188.8 35.0 1822745 

2011-12 6156060.7 41.3 2539754 

2012-13 7244953.6 48.6 3517686 

2013-14 8076232 54.1 4371227.6 

2014-15 9217731.5 61.8 5694216.3 

2015-16 10290097.4 69.0 7096183.3 

2016-17 11671555.8 78.2 9129423.6 

2017-18 13290947.7 89.1 11838529.3 

2018-19 14921557.1 100.0 14921557.1 

Source: (Gujarat Finance Department)  

Table 4. Gujarat’s GSDP (in billion INR) projections from 2019-20 till 2029-2030  

Year GSDP at baseline 
growth rate 

GSDP at medium 
growth rate 

GSDP at high growth 
rate 

2004-05 277 277 277 

2005-06 401 401 401 

2006-07 539 539 539 

2007-08 727 727 727 

2008-09 907 907 907 

2009-10 1246 1246 1246 

2010-11 1823 1823 1823 

2011-12 2540 2540 2540 

2012-13 3518 3518 3518 
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Figure 2. GHG emission intensity at medium growth rate from 2005 to 2030 

Source: Authors’ estimates 

3.3 Mapping Existing Policies for GHG mitigation 

This sub-section analyses the existing mitigation policies that are implemented or planned at 
national as well as Gujarat state level which would lead towards achieving NZ 2070 target. 
Several policies towards GHG emission mitigations being implemented across various 
sectors were mapped till 2022 and listed in table 5. These policies were mapped across 
various sectors such as renewable energy (RE), energy efficiency (EE), industry, building, 
transport, water and sanitation, waste, e-waste, green hydrogen, storage, agriculture and 
forestry, etc. These policies were also categorized into type of policy instrument viz., 
Economic, Regulatory, Information, etc., and their implementation level (Gujarat state, 
national, both), etc.   
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Table 5. Sector-wise existing policies for GHG mitigation being implemented/planned at 
Gujarat state and national level 

Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 

1 Surya Urja 
Rooftop Yojana 

Aims to promote large scale 
Solar Rooftop System on Private 
Residential roofs-terraces.  

Economic Gujarat RE (Solar) 

2 Gujarat Wind-
Solar Hybrid 
Policy 

To scale up installations of Wind 
& Solar Hybrid Power Projects to 
minimize the variability and 
strengthen the energy security of 
the state and country.   

Economic Gujarat RE (Wind & 
Solar) 

3 Solar Power 
Policy 

Advancing the growth of solar 
energy to help position it as a 
mainstream source of energy 
supply and contribute to India’s 
100GW Solar Capacity target.   

Economic Gujarat RE (Solar) 

4 Gujarat Wind 
Power Policy 

A conducive policy and 
investment framework to spur 
more competition and private 
sector participation for the 
development of Wind Projects.   

Economic Gujarat RE (Wind) 

5 Wind 
Repowering 
Policy 

To promote optimum utilization 
of wind energy resources by 
creating facilitative framework 
for repowering. 

Economic Gujarat RE (Wind) 

6 Gujarat State 
Biotechnology 
Policy (2022-27) 

To exert concerted efforts to 
drive innovation, create inter-
sectoral synergy and make 
Gujarat a globally competitive 
destination for development of 
biotechnology products, 
processes and services. 

Economic Gujarat RE 

7 Policy for 
Development of 
Small Scale 
Distributed Solar 
PV Power 
Projects (2019) 

The policy aims to facilitate the 
development of small-scale solar 
PV projects with sizes ranging 
between 0.5 and 4 MW.   

Regulatory Gujarat RE (Solar) 

8 5MW 
Gandhinagar 
Rooftop 
Programme 

For installing 5 MW of rooftop 
solar power generation capacity 
on PPP model.  

Economic Gujarat RE (Solar) 

9 Suryashakti 
Kisan Yojana  

To open the gates of economic 
growth for the farmers through 
use of solar energy in irrigation 
and farming.  

Economic Gujarat Agriculture/
RE 

10 Gujarat 
Industrial Policy  

It envisions Gujarat as a global 
business destination for next-
generation sustainable 
manufacturing and service 

Economic Gujarat Industry 
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Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 

industry that stimulates 
sustainable development, 
inclusive and a balanced regional 
growth. 

11 Gujarat State Ele
ctric Vehicle Poli
cy  

To support reduction in air 
pollution, oil import bill and to 
increase energy security of the 
state.  

Economic Gujarat Transport 

12 CNG Sahbhagi 
Yojana 

To tackle environment pollution 
and promote clean energy Gujarat 
in addition to providing ease in 
the availability of CNG stations 
for vehicle owners. 

Economic Gujarat Transport 

13 Gujarat State 
Water Policy  

To ensure the comprehensive 
multi- sectoral planning, 
development and management of 
the State’s water resources, and 
effective, efficient, equitable and 
sustainable service deliveries for 
various water uses.  

Economic Gujarat Water and 
Sanitation  

14 Policy for Reuse 
of Treated Waste 
Water  

To reuse 70 percent of treated 
waste water in Gujarat by 2025 
and 100 percent by 2030 for non-
potable uses. 

Regulatory Gujarat Water and 
Sanitation  

15 National Green 
Hydrogen 
Mission (2023) 

Development of green hydrogen 
production capacity of at least 5 
MMT (Million Metric Tonne) per 
annum with an associated 
renewable energy capacity 
addition of about 125 GW in the 
country. 

Economic Gujarat + 
National 

RE  

16 National Wind-
Solar Hybrid 
Policy (2018) 

To provide a framework for 
promotion of large grid 
connected wind-solar PV hybrid 
system for optimal and efficient 
utilization of wind and solar 
resources, transmission 
infrastructure and land.  

Economic Gujarat + 
National 

RE (Wind & 
Solar) 

17 National 
Offshore Wind 
Energy Policy  

The policy aims to incentivize the 
development of offshore wind 
energy and make it on par with 
the conventional energy sources. 

Economic Gujarat + 
National 

RE (Wind) 

18 National Policy 
on Biofuels 
(2018) 

The Policy aims at 
mainstreaming of biofuels and, 
therefore, envisions a central role 
for it in the energy and 
transportation sectors of the 
country. 

Economic Gujarat + 
National 

RE 
(Bioenergy) 
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Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 

19 National 
Bioenergy 
Programme 
(2021-2026) 

To promote the growth of 
bioenergy through sub schemes 
of Biomas Programme, Biogas 
Programme and Waste-to-Energy 
Programme.  

Economic Gujarat + 
National 

RE 
(Bioenergy) 

20 Green Hydrogen 
Policy 

It aims to make India a Global 
Hub for production, utilization 
and export of Green Hydrogen 
and its derivatives. 

Economic Gujarat + 
National 

RE/Industry 

21 Energy 
Conservation Act 

Efficient use of energy and its 
conservation and for matters 
connected therewith.  

Economic Gujarat + 
National 

EE 

22 Methanol 
Economy 
Programme 

Is aimed at reducing India's oil 
import bill, greenhouse gas 
(GHG) emissions, and converting 
coal reserves and municipal solid 
waste into methanol.  

Regulatory Gujarat + 
National 

RE (Waste) 

23 Atal Jyoti 
Yojana (AJAY)  

To illuminate dark regions 
through establishment of solar 
streetlights. It is a sub scheme 
under off –grid and decentralized 
solar application scheme. 

Economic Gujarat + 
National 

EE  

24 Pradhan Mantri 
Kisan Urja 
Suraksha evam 
Utthan 
Mahabhiyan (PM 
KUSUM)  

Ensuring energy security for 
farmers in India, along with 
honouring India’s commitment to 
increase the share of installed 
capacity of electric power from 
non-fossil-fuel sources to 40% by 
2030 as part of Intended NDC. 

Economic Gujarat + 
National 

RE (Solar) 

25 Waste to Energy 
Policy  

To facilitate and promote 
utilization of Municipal Solid 
Waste (MSW) for generation of 
solid waste of electricity at 
affordable cost in a sustainable 
manner. 

Economic Gujarat + 
National 

RE (Waste) 

26 National Solar 
Mission 

To promote solar power in India 
with a target of 1,00,000 MW by 
2022 of grid-connected solar 
power by 2022. 

Regulatory Gujarat + 
National 

RE (Solar) 

27 E-Waste 
(Management 
and Handling) 
Rules (2011) 

It aims to channelize the E-waste 
generated in the country to 
encourage recycling of all useful 
and valuable material so as to 
conserve the ever-depleting 
natural resources. 

Regulatory Gujarat + 
National 

E-Waste 
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Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 

28 Renewable 
Purchase 
Obligation 
(RPO) 

It is the requirement mandated by 
the State Regulatory Commission 
and is relevant to Distribution 
Licensee for ensuring a 
percentage of renewable energy 
sources in their total power 
supply.  

Regulatory Gujarat + 
National 

RE 

29 RPO and Energy 
Storage 
Obligation 
(2022) 

This includes wind RPO, 
hydropower purchase obligation 
(HPO) and other RPO. The 
energy storage obligation is 
calculated in energy terms as a 
proportion of total electricity 
consumption.  

Regulatory Gujarat + 
National 

RE (Hydro) 

30 Unnat Jyoti by 
Affordable LEDs 
for All (UJALA) 

To promote energy efficiency in 
all households. Aims to save 85 
lakh kwh of electricity and 
15,000 tonnes of CO2 by 
replacing traditional bulbs & 
CFLs and street lights with 
LEDs.  

Economic Gujarat + 
National 

EE 

31 Pradhan Mantri 
Ujjwala Yojana 
(PMUY) 

It aims to safeguard the health of 
women & children by providing 
them with a clean cooking fuel – 
LPG.  

Economic Gujarat + 
National 

EE 

32 Renewable 
Energy 
Certificates 
(REC) 

It is a market-based instrument to 
promote renewable sources of 
energy and development of the 
market in electricity. 

Regulatory Gujarat + 
National 

RE 

33 National Mission 
for Enhanced 
Energy 
efficiency 
(NMEEE) 

To strengthen the market for 
energy efficiency by creating 
conducive regulatory and policy 
regime and has envisaged 
fostering innovative and 
sustainable business models to 
the energy efficiency sector. 

Economic Gujarat + 
National 

EE 

34 National Mission 
on Strategic 
Knowledge for 
Climate Change  

Promotes research, knowledge 
generation and capacity building 
relating to climate science. 

Informative Gujarat + 
National 

EE/RE 

35 Solar cities 
development 
programme India  

Solar cities around Solar City 
Cells promoting solar 
technologies and providing 
training activities.  

Economic Gujarat + 
National 

RE (Solar) 

36 Energy Storage 
Obligation 
(ESO) 

The ESO specifies that energy 
storage should be set at 1% in the 
2023-2024 and gradually rise to 
4% by 2029-2030 of total energy 
consumed from solar and wind. 

Regulatory Gujarat + 
National 

RE + 
Storage 
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Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 

37 Deen Dayal 
Upadhyaya 
Gram Jyoti 
Yojana 
(DDUGJY)   

To provide continuous power 
supply to the entire rural India.  

Economic Gujarat + 
National 

EE 

38 Clean 
Environment 
Cess 

The Clean Environment Cess is 
levied as a duty excise on coal, 
lignite and peat in order to 
promote clear environment 
initiatives. 

Regulatory Gujarat + 
National 

EE 

39 Production 
Linked Incentive 
Scheme (PLI) 

The scheme aims to give 
companies incentives on 
incremental sales from products 
manufactured in domestic units.  

Economic Gujarat + 
National 

Industry 

40 National 
Programme on 
Energy 
Efficiency and 
Technology Up 
Gradation of 
SMEs (BEE-
SME) 

Activities and interventions are 
organised within this programme, 
including situation analyses, 
energy audits, technology gap 
assessment, information 
dissemination, etc.  

Informative Gujarat + 
National 

Industry 

41 Steel Scrap 
Recycling Policy  

Provide a framework for carrying 
out the activities in a scientific 
manner to have assured and 
regular supply of processed scrap 
for the downstream industry. 

Economic Gujarat + 
National 

Industry 

42 Perform, 
Achieve and 
Trade (PAT) 
Scheme 

To reduce specific energy 
consumption  in energy intensive 
industries,with an associated 
market-based mechanism to 
enhance the cost effectiveness 
through certification of excess 
energy saving which can be 
traded. 

Regulatory Gujarat + 
National 

Industry 

43 Carbon Capture, 
Utilization and 
Storage (CCUS)- 
Policy 
Framework and 
its Deployment 
Mechanism in 
India (2022) 

CCUS as an emission reduction 
strategy to achieve deep 
decarbonization from the hard-to-
abate sectors by outlining broad 
level policy interventions needed 
across sectors. 

Informative Gujarat + 
National 

Industry 

44 Draft 2030 
Roadmap for 
Carbon Capture 
Utilization and 
Storage (CCUS) 
for Upstream 
E&P Companies 

To provide a unified and practical 
strategy for the development and 
implementation of CCUS/CCS in 
the oil and gas sector which will 
help direct companies towards 
scaling up these techniques.  

Regulatory Gujarat + 
National 

Industry 

45 National Electric It aims at promoting hybrid and Economic Gujarat + Transport 
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Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 

Mobility Mission 
Plan 

electric vehicles. It sets out the 
target to achieve 6-7 million sales 
of hybrid and electric vehicles 
year on year from 2020 onwards 
by providing fiscal incentives.  

National 

46 FAME Scheme 
(Phase I) 

The FAME scheme was launched 
to encourage electric and hybrid 
vehicle purchase by providing 
financial support. Market 
creation through demand 
incentives was aimed at 
incentivizing all vehicle 
segments. 

Economic Gujarat + 
National 

Transport 

47 FAME Scheme 
(Phase II) 

Only advanced battery and 
registered vehicles will be 
incentivized under FAME II. 
With greater emphasis on 
providing affordable & 
environment friendly public 
transportation options for the 
masses, scheme will be 
applicable mainly to vehicles 
used for public transport or those 
registered for commercial 
purposes.  

Economic Gujarat + 
National 

Transport 

48 National Bio-
Diesel Mission  

With the intention of further 
promoting biofuels, India has 
begun consultations on allowing 
5% blending of biofuels in diesel 
that would be consumed by bulk 
users. 

Regulatory Gujarat + 
National 

Transport 

49 Roadmap for 
Ethanol Blending 
2020-2025  

The new Ethanol Blending 
Roadmap brings forward the 20% 
blending mandate from 2030 to 
2025 

Regulatory Gujarat + 
National 

Transport 

50 Vehicles 
scrappage policy 

This voluntary scheme aims to 
scrap vehicles 15 years or older 
to reduce pollution and road 
accidents. 

Economic Gujarat + 
National 

Transport 

51 Standards and 
Labelling 
Program (S&L)  

Provide the consumer with an 
informed choice about the energy 
saving and consequent cost 
saving potentials of the 
respective products.  

Regulatory Gujarat + 
National 

Building 

52 Smart Cities 
Mission 

Aims to drive economic growth 
and improve the quality of life of 
people by enabling local 
development and harnessing 
technology to create smart 
outcomes for citizens. 

Economic Gujarat + 
National 

Building 
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Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 

Mobility Mission 
Plan 
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Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 

53 Atal Mission for 
Rejuvenation and 
Urban 
Transformation 

Development of basic 
infrastructure, in the selected 
cities and towns, in the sectors of 
water supply; sewerage and 
septage management; storm 
water drainage; green spaces and 
parks; and non-motorized urban 
transport. 

Economic Gujarat + 
National 

Building 

54 India Cooling 
Action Plan 
(ICAP) 

Reduction of cooling and 
refrigerant demand across sectors 
by 20% to 25 % by year 2037-38; 
Reduction of cooling energy 
requirements by 25% to 40% by 
year 2037-38; Training and 
certification of 100,000 servicing 
sector technicians by year 2022-
23.  

Regulatory Gujarat + 
National 

Building/ EE 

55 Smart Meter 
National 
Programme 
(SLNP) 

The programme aims at replacing 
250 million conventional meters 
with smart meters via bulk 
procurement. 

Regulatory Gujarat + 
National 

Building 

56 National Energy 
Efficient 
Buildings 
Programme  

The programme aims at 
retrofitting 20,000 large public 
and private buildings with more 
efficient appliances and 
equipment by 2020.  

Regulatory Gujarat + 
National 

Building 

57 Energy 
Conservation and 
Building Code  

To establish minimum energy 
performance standards for 
buildings in India. Buildings 
consume significant proportion of 
our energy resources and the 
ECBC is an essential regulatory 
tool to curb their energy 
footprint. 

Regulatory Gujarat + 
National 

Building 

58 Jal Jeevan 
Mission 

To provide safe and adequate 
drinking water through individual 
household tap connections by 
2024 to all households in rural 
India and to implement source 
sustainability measures as 
mandatory elements.  

Regulatory Gujarat + 
National 

Water and 
Sanitation  

59 Swachh Bharat 
Mission  

To achieve an open defecation 
free (ODF) India in five years. It 
aims for adequate and equitable 
sanitation access for all.  

Regulatory/ 
Informative 

Gujarat + 
National 

Water and 
Sanitation  

60 Agriculture 
Demand Side 
Management 
(AgDSM) 

Farmers receive revenue monthly 
by selling the excess power to the 
grid for a period of 25 years.  

Economic Gujarat + 
National 

Agriculture  
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Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 

61 National Agro-
forestry Policy  

Protect and stabilize ecosystems 
and promote resilient cropping 
and farming systems to minimize 
the risk during extreme climatic 
events. 

Regulatory Gujarat + 
National 

Agriculture/ 
Forestry  

62 National Mission 
for Sustainable 
Agriculture  

Enhancing food security and 
protection of resources such as 
land, water, biodiversity, and 
genetics.  

Informative Gujarat + 
National 

Agriculture 

63 Neem Coated 
Urea 

100% Neem Coating on all 
subsidized agricultural grade urea 
in the country to increase the 
nutrient efficiency. 

Regulatory Gujarat + 
National 

Agriculture  

64 National Green 
India Mission 
(GIM)  

Respond to climate change by a 
combination of adaptation and 
mitigation measures. 

Regulatory Gujarat + 
National 

 Forestry  

Sources: (MNRE, Niti Aayog, MoP, GEDA) 

3.4 Estimating and Projecting GHG Emissions from Key Mitigation 
Policies11 

This sub-section discusses methodology for GHG emission mitigation potential of major key 
policies being implemented in Gujarat state during 2005-2019 and projects their GHG 
emission mitigations from 2020 till 2030.  

Solar Mission  

The data for solar power installed capacity has taken from monthly renewable report of 
Central Electricity Authority. The CO2 emission (CO2) factor numbers are the average 
carbon content of the national power grid and have been obtained from CEA CO2 baseline 
database for the Indian power sector. The total CO2 saved during these years have been 
estimated using the following formula:  

Total CO2 saved = solar power generation from total installed capacity of solar power x 
baseline CO2 emission factor  

Example:  

In 2019, Solar installed capacity = 2764 MW  

Energy generation from solar = 3279500 MWh  

Baseline emission factor = 0.82 tCO2/MWh  

CO2 saved = 3279500 x 0.82 =2689190 Tonne = 2.69 Million Tonnes  

 

11 This section is adapted from research report on “Revised Gujarat State Action Plan on Climate Change” 
prepared for Climate Change Department, Govt. of Gujarat and prepared by IIM Ahmedabad and IIT 
Gandhinagar during 2021. 
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Sr. 
No. 

Name of Policy/  Description         Type of policy 
instrument  

Implementation 
level  

Sector 
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This sub-section discusses methodology for GHG emission mitigation potential of major key 
policies being implemented in Gujarat state during 2005-2019 and projects their GHG 
emission mitigations from 2020 till 2030.  

Solar Mission  

The data for solar power installed capacity has taken from monthly renewable report of 
Central Electricity Authority. The CO2 emission (CO2) factor numbers are the average 
carbon content of the national power grid and have been obtained from CEA CO2 baseline 
database for the Indian power sector. The total CO2 saved during these years have been 
estimated using the following formula:  

Total CO2 saved = solar power generation from total installed capacity of solar power x 
baseline CO2 emission factor  

Example:  

In 2019, Solar installed capacity = 2764 MW  

Energy generation from solar = 3279500 MWh  

Baseline emission factor = 0.82 tCO2/MWh  

CO2 saved = 3279500 x 0.82 =2689190 Tonne = 2.69 Million Tonnes  

 

11 This section is adapted from research report on “Revised Gujarat State Action Plan on Climate Change” 
prepared for Climate Change Department, Govt. of Gujarat and prepared by IIM Ahmedabad and IIT 
Gandhinagar during 2021. 

We have taken assumption of 25 percent efficiency for calculation of solar power generation 
from the installed capacity. For 2020-2030 period, we have projected the mitigation numbers 
by applying 13.25% growth rate for solar power installed capacity data. Baseline emission 
number has been assumed on the basis of expert’s judgement.  

Wind Power Policy  

The data for wind power installed capacity has taken from monthly renewable report of 
Central Electricity Authority. The CO2 emission (CO2) factor numbers are the average 
carbon content of the national power grid and have been obtained from CEA CO2 baseline 
database for the Indian power sector. The total CO2 saved during these years have been 
estimated using the following formula:  

Total CO2 saved = Wind power generation from total installed capacity for wind power x 
baseline CO2 emission factor  

Example:  

In 2019, Wind power capacity = 7492 MW  

Energy generation from wind = 12910680 MWh 

Baseline emission factor = 0.82 tCO2 /MWh  

CO2 saved = 12910680 x 0.82 = 10586758 Tonne = 10.59 Million Tonnes  

For 2019-2030 period, we have projected the mitigation numbers by applying the 6% growth 
rate for wind power generation data. Baseline emission number has been assumed on the 
basis of expert’s judgement.  

Other Renewables  

The data for Biomass, Bagasse and other power generation and installed capacity are not 
currently available for Gujarat. The formula to calculate the total CO2 saved during these 
years have been estimated using below following formula:  

Total CO2 saved = cumulative power generation from other renewable sources × baseline 
CO2 emission factor  

Example:  

In 2019, energy generation from other renewable sources = 286000 MW  

Baseline emission factor = 0.82 tCO2 /MWh  

CO2 saved = 286000 x 0.82 = 234520 Tonne = 0.23 Million Tonnes  

Transmission and Distribution Losses  

The estimation for CO2 savings from Transmission and Distribution (T&D) losses requires 
the values for power generation in India. Generation numbers are obtained from 
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Compendium of Selected Indicators published by Directorate of Economics and Statistics. 
The yearly T&D loss numbers are taken from monthly executive summary reports of CEA. 
The CO2 emission factor have been obtained CEA CO2 baseline database for the Indian 
power sector.  

Total CO2 saved in year (Yt)= Total electricity generation in present year (Yt) × (T&D loss in 
previous year (Yt-1)- T&D loss in present year (Yt)) × baseline CO2 emission factor  

Example:  

In 2019, gross electricity generation = 123595 GWh  

T&D loss in 2018 = 20.88 %  

T&D loss in 2019= 20.72 %  

Baseline emission factor = 0.82 tCO2/MWh  

CO2 saved in 2019 = 123595 x 1000 x ((20.88-20.72)/100) x 0.82 = 159494 Tonne = 0.16 
Million Tonnes  

For 2020-2030 period, we have projected the mitigation numbers by applying the CAGR 
number which has been calculated from 2015-2019 gross electricity generation and T&D 
losses. Baseline emission number has been assumed on the basis of expert’s judgement.  

LED Lights Distribution  

The Honourable Prime Minister Shri Narendra Modi launched UJALA scheme is LED-based 
Domestic Efficient Lighting Programme (DELP) in 2014 and National Programme to convert 
conventional street and domestic lights with energy efficient LED lights in 2015. These 
programs aimed to promote efficient lighting, reducing energy consumption and energy. The 
primary data for the number of LEDs distributed during these years and the total CO2 
emission saved from the scheme have been taken from the UJALA (2019) and SLNP (2019) 
dashboard of Ministry of Power, Government of India.  

We have applied growth rate of 2 percent and 1 percent to UJALA LED and SLNP for the 
year 2020. Afterwards, we have assumed that the number will remain constant till 2030.  

Perform, Achieve and Trade (PAT) Scheme  

The results for the PAT cycle I have been taken from BEE report. The cumulative CO2 
mitigated data have been linearly distributed equally for the years PAT cycle I (2012-2015) 
and PAT cycle II (2016-2019).  

Following set of equations are used in order to calculate the energy savings, using the data for 
above mentioned DCs. The production data of the baseline year of PAT Cycle II, i.e. 2014- 
15 has been taken into consideration, in line with PAT rules, and the M&V exercise 
conducted by BEE.  

Step I: Obtain the Specific Energy Consumption (SEC) for the base year = SEC base year  
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implementation of sustainable practices, and the integration of climate change considerations 
into planning and policy-making processes. By doing so, the State can enhance its resilience 
and minimize the adverse effects of climate change on water availability, infrastructure, 
human well-being, and biodiversity. Coupled Model Intercomparison Project Phase 6 
(CMIP6; Taylor et al., 2012) provided an opportunity to examine the climate change impacts 
on the occurrence and severity of droughts (Aadhar and Mishra, 2020), climate change 
impacts on hydropower production (Chuphal and Mishra, 2023), and flood risk assessment 
(Pokhrel et al., 2020; Pandey et al., 2022).  

In this study, we evaluated the changes in precipitation and temperature extremes in the 
observed period 1951–2019. Further, we estimated the change in precipitation and 
temperature extremes under different warming levels (1.5°C, 2.0°C, 2.5°C and 3°C) for each 
GCMs of CMIP6 against the reference period of 1995-2014. We selected the decades for 
each GCM that were 1.5 (1.3-1.7), 2 (1.8-2.2), 2.5 (2.3-2.7), and 3 (2.8-3.2) °C warmer than 
the corresponding GCM baseline period (pre-industrial era: 1851-1900) for all SSPs (SSP1-
2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5). We estimated the decadal average extreme 
precipitation and temperature change corresponding to 1.5, 2, 2.5 and 3 °C global warming 
levels by averaging the results across all SSPs.  

3.5.2 Data and Methods 

To analyze the water availability conditions in the observed period we use observed datasets 
from the Indian Meteorological Department (IMD) with a 0.25 x 0.25-degree resolution. The 
data is available from 1951 to 2019 for both daily precipitation and temperature. The 
temperature data consist of the maximum, mean, and minimum temperature for the chosen 
study period and for future projections, we used climate model projections from five Climate 
Model Inter-comparison Project (CMIP6) models. These models13 are CanESM5, FGOALS-
g3, IPSL-CM6A-LR, MIROC6, and MRI-ESM2-0 and are presented in Table 7. To align the 
resolution of the CMIP6 models data with the IMD dataset, we performed re-gridding using 
bi-linear interpolation, resulting in a resolution of 0.25°. 

  

 

13 https://esgf-node.llnl.gov/search/cmip6/  
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13 https://esgf-node.llnl.gov/search/cmip6/  

Table 7. Specifications of data used and their sources 

Observed data 

Sl. No. Variable Period/resolution Source 

1 Precipitation 
1951-2019/ 

0.25 x 0.25-degree 
Indian Meteorological 

Department (IMD) 2 Tmax 

3 Tmin 
 

Data for the projected period 

Sl. No. Model Name Resolution 
(km) 

[lon × lat] 

Institute Reference 

1 CanESM5 309 x 311 CCCMA/Canada Swart et al. (2019) 

2 FGOALS-g3 250 × 250 The Earth System 
Grid Federation 
(ESGF) 

Zhang et al. (2022) 

3 IPSL-CM6A-
LR 

140 x 277 IPSL/France Boucher et al. (2018) 

4 MIROC6 256 × 128  MIROC/Japan Tatebe et al. (2019) 

5 MRI-ESM2-0 124x 124 MRI/Japan 
SS 

Yukimoto et al. (2019) 

 

3.5.3 Methodology for Assessing Climate Change-Induced Risks and Vulnerabilities 

The Fifth Assessment Report of the Intergovernmental Panel on Climate Change, i.e., IPCC-
AR5 (IPCC, 2014), defines the risk of climate change at the intersection of 'Hazard', 
'Exposure', and 'Vulnerability'. This information can guide decision-making processes and 
help prioritize adaptation and mitigation efforts to reduce the impacts of climate change. 
Exposure is the measure of the likelihood that a system or community will come into contact 
with climate hazards. To assess urban exposure to extreme heat and heavy rainfall in Gujarat 
state, we calculate the number of person-days per year for each grid. This calculation takes 
into account the population of each grid (Nij) multiplied by the number of days in a given 
year (Yi) where the threshold for extreme heat (99th percentile of Tmean) and heavy rainfall 
(99th percentile of precipitation excluding days with no rainfall during the summer months of 
May-June) is exceeded for that particular grid. In simpler terms, instead of solely estimating 
the hazard, we quantify the term (Hazard x Exposure).  

Climate change vulnerability provides valuable insights into the vulnerabilities of natural or 
socio-economic systems and the underlying factors contributing to these vulnerabilities. This 
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assessment serves as a foundation for developing strategies to address these weaknesses and 
adapt to the drivers of Vulnerability. By reducing Vulnerability to current climate variability, 
we can take an essential step towards minimizing losses and building resilience for future 
climate change scenarios. The methodology for developing state-level vulnerability indices 
(VI) is based on the risk assessment framework outlined in the IPCC-AR5 report. A 
comprehensive discussion of the methodology can be found in the Common Vulnerability 
Framework and Guidelines developed under the IHCAP. The vulnerability assessment 
utilized a set of 14 indicators, capturing both sensitivity and adaptive capacity of the districts. 
These indicators cover socio-economic and livelihood-based factors, biophysical aspects, and 
institution and infrastructure-related variables. Normalization of the indicators is based on 
their functional relationship with Vulnerability, allowing for a standardized comparison 
across districts. Equal weights were assigned to all indicators, and vulnerability indices were 
constructed by taking the arithmetic mean of the normalized scores. 

For indicators positively related to Vulnerability, where Vulnerability increases with an 
increase in the value of the indicator, the following formula was used: 

xP ij= (Xij - Min {Xij} )/(Max {Xij} - Min {Xij}) 

For indicators negatively related to Vulnerability, where Vulnerability decreases with an 
increase in the value of the indicator, the following formula was used: 

xN ij= (Max{Xij} - Min{Xij})/ (Max{Xij} - Xij ) 

Where Xij is the value of jth indicator for ith district, Mini {Xij} is the minimum value of the 
jth indicator across districts and Maxi {Xij} is the maximum value of the jth indicator. xPij 
and xnij are the normalized values of the indicators, respectively, for positively and 
negatively related indicators. Normalized values of an indicator will lie between 0 and 1. The 
value 1 will correspond to a district with maximum Vulnerability, and 0 will correspond to a 
district with minimum Vulnerability with respect to a particular indicator. By employing the 
hazard, exposure, and Vulnerability map, we have assessed the level of risk using the 
following relationship. 

 Risk = f (Hazard, Exposure, Vulnerability) 

This equation allows us to analyse and quantify the overall risk by considering the interplay 
between the hazard, exposure, and vulnerability factors. 
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3.5.4 Changes in the observed period (1951 - 2019) 

During the period of 1951-2019, certain districts of Gujarat, including Girsomnath, 
Surendranagar, Ahmadabad, Sabar Kantha, and Aravalli, experienced a significant increase in 
the frequency of extreme rainfall (wet) events. In contrast, the rest of the State witnessed 
normal changes in the frequency of such events, particularly in the southern districts like 
Dang, as depicted in Figure 4d. These districts not only received higher levels of precipitation 
but also encountered an increase in the number of extreme wet events, as shown in Figures 4b 
and 4d. 

 

Figure 4. (a) Observed mean monsoon season precipitation, (b) Change in monsoon 
season precipitation, (c) Observed number of extreme precipitation events, and (d) 
Change in number of extreme events during the period of 1951 – 2019 

Using the Mann-Kendall test and Sen's slope values obtained on a grid basis, we analyzed 
the trends in monsoon rainfall, extreme rainfall, and rainy days in Gujarat. Our findings 
revealed that the western part of Gujarat is experiencing a higher trend in extreme rainfall 
and an increase in monsoon rainfall (Figure 5 a-b). However, the number of rainy days has 
decreased in these regions (Figure 5c). Additionally, we observed an increase in 
precipitation above the 95th percentile in Gujarat, indicating a rise in the frequency of 
extreme rainfall events (Figure 5d). These findings suggest that the western part of Gujarat is 
becoming more vulnerable to floods and related disasters due to increased extreme rainfall 
events. This highlights the need for appropriate measures to manage such risks. 
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Figure 5. (a) The trend in monsoon rainfall, (b) Trend in extreme rainfall, (c) Trend in 
rainy-day, and (d) Number of rainfall events exceeding the 95th percentile during the 
period of 1951 – 2019. 

We also analyzed the daily maximum, mean, and minimum temperatures. Mean annual 
temperatures vary across the State, with maximum temperatures ranging from 30-35 °C, 
mean temperatures from 23-29 °C, and minimum temperatures from 16-22 °C (Figure 6 a, b, 
and 6e). The districts of Valsad, Navsari, Surat, Bharuch, Vadodara, and some parts of Tapi 
and Narmada have a mean annual daily maximum temperature above 31°C, while the rest of 
the State experiences temperatures below this threshold. Banas Kantha, Sabar Kantha, Patan, 
Mehsana, and Aravalli districts have minimum temperatures ranging from 23-25 °C. 
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We also analyzed the daily maximum, mean, and minimum temperatures. Mean annual 
temperatures vary across the State, with maximum temperatures ranging from 30-35 °C, 
mean temperatures from 23-29 °C, and minimum temperatures from 16-22 °C (Figure 6 a, b, 
and 6e). The districts of Valsad, Navsari, Surat, Bharuch, Vadodara, and some parts of Tapi 
and Narmada have a mean annual daily maximum temperature above 31°C, while the rest of 
the State experiences temperatures below this threshold. Banas Kantha, Sabar Kantha, Patan, 
Mehsana, and Aravalli districts have minimum temperatures ranging from 23-25 °C. 

 

 

 

 

Figure 6. (a), (c), and (e) Observed annual mean of daily max, mean, and min 
temperatures 

The trend in pre-monsoon, post-monsoon, and during monsoon temperatures was analyzed 
based on Sen's slope values obtained on a grid basis (Figure 7 a-c). We found that districts of 
Bhavnagar, Amreli, Junagarh, Rajkot, Morbi, and some parts of Kutch in Gujarat are 
experiencing a higher trend in temperature. On the other hand, the southern districts of 
Valsad, Navasari, Tapi, and Surat have been found to have a lower trend in temperature 
(Figure 7 a-c). However, we have noticed an overall increase in the number of days with 
temperatures exceeding 40 degrees Celsius (Figure 7d). This indicates a concerning trend for 
these regions, as the rise in temperature may have detrimental effects on the environment and 
public health. 
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Figure 7. (a) The trend in pre-monsoon temperature, (b) Trend in monsoon 
temperature, (c) Trend in post-monsoon temperature and (d) Number of temperature 
events exceeding  40°C during the period of 1951 – 2019. 

3.5.5 Projected changes and impacts of climate change 

Projected changes in precipitation 

We estimated the potential changes in the frequency of precipitation across different warming 
levels (1.5°C, 2.0°C, 2.5°C, and 3°C) compared to the reference period of 1995-2014 (Figure 
8). Results indicate that under the 1.5°C warming, there would be an increase in precipitation 
ranging from approximately 8-16% compared to the reference period. Similarly, 2°C shows a 
projected increase of 8-24%. The majority of the region under 2.5°C is expected to 
experience a more significant increase of about 32-40% in precipitation. Notably, there is a 
substantial spike in precipitation under 3°C, with nearly all regions showing an increase of 
about 40-64%. These projections reveal a wide range of precipitation variations across 
Gujarat. Specifically, the 3°C scenario indicates higher precipitation values, resulting in an 
overall increase in precipitation throughout the State. The southern parts of Gujarat are 
anticipated to undergo more pronounced increases in precipitation compared to the northern 
regions. 
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Figure 8. The multi-model ensemble mean projected changes (mm) in monsoon season 
precipitation for the Near, Mid and Far term temporal range. Changes were estimated 
against the historical mean for the reference period (1995 - 2014). 

Projected changes in Temperature 

The findings indicate that different warming scenarios have distinct impacts on temperature 
in Gujarat compared to reference period of 1995-2014 (Figure  9). In the 1.5°C warming, 
temperatures are projected to rise by approximately 0.6-1.5 °C compared to the rseference 
period. Under 2°C warming, the expected increase is slightly higher, ranging from 1.5-1.8 °C. 
However, the most significant temperature rise is anticipated under 2.5°C, where a majority 
of the region could experience a substantial increase of about 2.1-3.0 °C. Notably, the 3°C 
warming shows a remarkable spike in temperatures, with almost all regions indicating an 
increase of about 2.4 - 4.2 °C. 
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Figure  9. Ensemble mean projected change in the mean of an annual mean of daily 
mean temperature from the reference period (1995-2014) 

These projections highlight a wide range of temperature variations across Gujarat. 
Specifically, 3°C warming indicates a more significant deviation from the reference period, 
resulting in an overall temperature increase throughout the State. The southern and eastern 
parts of Gujarat are expected to experience more pronounced temperature increases compared 
to the northern regions. 

3.5.6  Assessing Climate Change Vulnerability and Risk in Gujarat 

Climate change impact on Population exposure 

The impact of climate change on population exposure to extreme precipitation and 
temperature events is expected to intensify as warming levels increase (Figure 10). However, 
the rate of change in population exposure due to extreme precipitation is notably faster, 
affecting almost every State. On the other hand, population exposure to extreme temperature 
events is primarily concentrated in a few states, specifically the southwestern districts of 
Gujarat. In these districts, the change in population exposure ranges from 20-35%, while in 
all other districts, the change remains within the range of 0-15%. It is important to note that 
the impact of climate change on population exposure will continue to escalate as we progress 
from 1.5 to 3 degrees Celsius of warming. 
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Figure  10. Population exposure to climate hazard (a) extreme rainfall, (b) extreme 
temperature. The percentage values indicate the percentage of the population exposed 
to the respective hazard. Hazard is the probability of exceeding the 99th percentile 
threshold value of rainfall and temperature per year under different warming levels. 
The 99th percentile threshold value is calculated based on the observed rainfall and 
temperature. It considers four different warming levels (1.5, 2, 2.5, and 3 degrees 
Celsius) derived from the CMIP6 model.  


































































































































































































































































