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Foreword

The Indian Railways has been the lifeline of India for more than a century. As India’s population 
grows and increasingly urbanises, and as the structure of the economy changes, public transpor-
tation, particularly Railways, will be the most preferred strategy for meeting rising transporta-
tion demands, in a sustainable and energy effi cient way. The Indian Railways, with its increasing 
network and intensive resource utilisation, has to play a signifi cant role for the ensuing transfor-
mation of the Indian economy, to achieve high growth combined with lower carbon energy use. 

While such a vision would demand expansion of the Railways, it will also lead to an increas-
ing dependence on resources, especially, energy. Indian Railways has taken various initiatives 
towards energy effi ciency and better resource management over the last decade. A key vision, in 
this regard, is to have a greater deployment of renewable energy, for various requirements of the 
Railways. 

In the Rail Budget 2015-16, the target to achieve one gigawatt of installed capacity of solar PV 
as part of the Solar Mission of Railways was announced. The Participative Policy document is-
sued in December 2014, aimed at promoting public-private partnerships in the Railways also 
included non-conventional energy projects, in order to achieve this objective. 

I compliment the Council on Energy, Environment and Water (CEEW), a leading think-tank, 
for coming forward to undertake this detailed study on the potential as well as way forward to 
achieve the one gigawatt solar PV target by Indian Railways. As the study indicates, we need to 
use our available resources, from the roof of loco-sheds & railway stations to the available rail-
way land, in a strategic manner to achieve this target. I am sure that this report will provide the 
required insights for planning and execution of the Solar Mission of Indian Railways.

1 June 2015

Yours sincerely,

(Suresh Prabhu)
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The Council on Energy, Environment and Water (http://ceew.in/) is an independent, not-for-profi t policy research 
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“An investment in 
Indian Railways is 
an investment in 

our future. It is an 
investment in our 
sustainability. It is 
an investment for 

posterity.” 

SHRI SURESH PRABHU
Union Minister for Railways, Government of India
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Executive Summary

With the Indian Railways being a signifi cant consumer of resources, especially energy, identifying cost-effective 
options and realising an energy system with minimal environmental impacts is essential. The Vision 2020 docu-
ment of the Indian Railways states that a key target is to use at least 10% of its energy requirement from re-
newable sources. Further to this, the Rail Budget 2015-16 announced that the railways would aim to achieve 
an installed capacity of 1 gigawatt (GW) of solar by 2018-19. This initiative of the Indian Railways would be a 
signifi cant contribution to India’s 100 GW solar targets under the National Solar Mission.

This study uses techno-economic analysis to assess the potential of solar PV projects across various non-traction 
operations of the Indian Railways. The analysis includes diesel locomotive sheds, railway workshops, railway 
stations, railway offi ces, level crossing gates, and use of vacant railway land. 

A conservative estimate indicates that the Indian Railways could achieve about 40% of the 1 GW target at an 
estimated cost of around ~INR 2,930 crore. In the ‘Optimistic’ scenario, the Indian Railways could achieve close 
to 1.37 GW of installed solar PV capacity. 

It is estimated that cumulative emission savings of about 45 Mt CO2 would accrue under the Optmistic scenario; 
under the Conservative scenario, emissions reduction would be about 12.5 Mt CO2. The results indicate that the 
use of railway land for large solar PV along with installations at diesel loco-sheds and railway workshops have 
the highest potential in terms of emission savings over the lifecycle of the plant. 

The study proposes that in the fi rst year, the Railways should focus on developing solar PV projects in the three 
railway zones, namely, Northern Railway, Central Railway and South Central Railway. These three together will 
help the Indian Railways achieve about 25% of its 1 GW target. 

In order to ensure that the Indian Railways achieves its 1 GW solar target, three key priority areas are: fi nanc-
ing, modalities of land use for solar, and streamlining of institutional mechanisms. The Railways must explore 
the possibility of innovative PPP modes which would facilitate adequate fi nancing for solar PV projects. With 
regard to use of vacant land, the Railways must map future expansion plans and, then, identify suitable tracts 
of land which could be diverted to large solar PV projects such that the opportunity cost of land is minimal. 
Coordination between the various line departments and Railway Board directorates, including the Environment 
Directorate, is essential for effective implementation of sustainability strategies. 
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1. Introduction

The Indian Railways, with a network of over 64,000 route-kilometres, is the fourth largest railway network in the 
world in terms of length, and the world’s third largest in terms of traffi c density, and commonly recognised as the 
‘lifeline to the nation’. 

The Indian Railways consumed about 1.8% of the country’s total power generation for its traction and non-
traction applications in 2013-14 (REMCL). Fuel expenditure in the railways constitutes a major portion of the 
Working Expenditure of the Indian Railways. The total expenditure on fuel during 2013-14 is estimated around 
22.26% of the total Ordinary Working Expenses (O.W.E.), as compared to about 18.49% in 2010-111. Electricity 
accounted for about 22% of the railways’ total working expenses. Of the total fuel expenses, diesel accounted for 
about 70%2. The CO2 emissions from railway operations in India is currently around 4 million tonnes each year3 
and is estimated to increase to about 6.7 million tonnes per annum by 2020-214. In view of rising energy demand 
and uncertainty in power tariffs, the Indian Railways identifi ed the need for an aggressive push towards alternate 
fuels in the Indian Railways5 as well as indentify potential opportunities for energy savings and realise a cost-
effective energy system with least environmental impact6.

The Indian Railways’ vision for sustainability states that it ‘shall provide effi cient, affordable, customer-focused 
and environmentally sustainable integrated transportation solutions7.’ 

The railway network has been a boon in terms of transportation and mobility, but at the same time, it is also a 
signifi cant consumer of resources, especially energy. Thus, measures towards resource effi ciency and energy man-
agement in the Indian Railways would also have a signifi cant impact on the environment. 

The objective of this study is to carry out a techno-economic analysis to assess the potential of solar PV projects 
across various non-traction operations of the Indian Railways and how far it would get the railways in achieving 
the dual targets of 1GW of solar and use of 10% of its electricity from renewable energy. 

1 Ministry of Railways, Railway Statistics (various issues), Ministry of Railways, Government of India
2 Singh S P (2015), Indian Railways gets cracking on environment protection, fuel bill, Business Standard (http://www.business-stan-

dard.com/article/economy-policy/railways-gets-cracking-on-environment-protection-fuel-bill-115012900178_1.html)
3 International Energy Agency (IEA) and International Union of Railways (UIC) (2012), Railway Handbook 2012, Energy Consumption 

and CO2 emissions, OECD/IEA
4 Singh S K (2006), CO2 emissions from passenger transport in India, European Business and Technology Centre
5 Ministry of Railways (2015), White Paper - Indian Railways: Lifeline of the Nation, Ministry of Railways, Government of India
6 Public Accounts Committee (2014), Environment Management in the Indian Railways – Stations, Trains and Tracks, Third Report of 

the Public Accounts Committee (2014-15), Sixteenth Lok Sabha, Government of India
7 Ministry of Railways (2009), Railway Vision 2020 Document, Ministry of Railways, Government of India
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2. Initiatives by Indian 
Railways towards 
Renewable Energy

A comprehensive roadmap would be one that aims to make overall railway operations environmentally benign 
such that infrastructure creation and railway operations would not put pressure on environmental resources. At 
the same time, it should attempt to compensate for the environmental damage caused by transport activities by 
adopting green technologies. Thus, there is a need to review every aspect of railway operations and infrastructure 
from the perspective of achieving resource effi ciency. The last 5 years have been signifi cant for the Indian Railways 
towards promoting renewable energy.

The Ministry of Railways’ ‘Vision 2020’ document issued in 2009 was one of the fi rst major steps towards ad-
dressing the challenge of reducing carbon emissions while ensuring expansion of the sector. The document high-
lighted various initiatives by the railways with regard to energy effi ciency and emission reductions. One of the key 
targets as per the Vision 2020 document was to ‘utilize at least 10% of its energy requirement from renewable 
sources and institute a foolproof eco-friendly waste management system.’

Subsequently, the Ministry of Railways (MoR) and RITES Ltd. formed a joint venture company, namely, Railway 
Energy Management Company Limited (REMCL), in the shareholding pattern of 49% and 51%, respectively. 
The main objectives being to undertake projects of the Indian Railways related to deployment of green energy like 
solar and wind power plants, power trading activities, and energy conservation initiatives, among various others. 

In keeping with the spirit of the New Environment Policy (2006), the Public Accounts Committee (Sixteenth Lok 
Sabha, 2014-15) in its third report, ‘Environmental Management in Indian Railways – Stations, Trains and Tracks’, 
reviewed the processes of the Indian Railways towards ensuring environmental protection. One of its key recom-
mendations was the need for a separate department within the railways which would coordinate and monitor 
environmental management initiatives across its various operations. With the establishment of the Environment 
Directorate, under the Railway Board, in January 2015, the Indian Railways has further established its commit-
ment towards environmental protection and resource conservation.

The efforts of the railways in setting up renewable energy projects would contribute to Government of India’s 
100 GW of solar target under the National Solar Mission. Given the large scale of operations and coverage of 
the Indian Railways, even sourcing a small percentage of its power requirements from renewable energy sources 
would have a substantial impact. The Union Rail Budget 2015-16 stressed the need for harnessing solar energy and 
identifi ed railway stations as one of the largest potentials for the same. 

Identifying critical areas for ensuring a comprehensive environmental management plan, the Union Rail Minister 
in the 2015-16 budget speech announced expanding and expediting the Solar Mission of the Railways with an 
additional capacity of 1000 MW to be set up by developers on railway or private land and on rooftops of railway 
buildings at their own cost with subsidy/Viability Gap Funding (VGF) support from MNRE8 over the next fi ve 
years.

8  Ministry of New and Renewable Energy, Government of India



3Greening the tracks: 
Achieving the 1 gigawatt solar PV target of the Indian Railways

Notable recent initiatives of the railways include the setting up of a solar power plant at the Katra Railway Station; 
a 26 MW wind farm in Jaisalmer district of Rajasthan9; commissioning of a 30 kW Solar Plant at the roof top 
of the Rail Bhawan at New Delhi; and installation of 2.1 MW of solar PV at the Rail Coach Factory (RCF), Rae 
Bareilly, Uttar Pradesh. Currently, the RCF at Rae Bareilly is functioning completely on solar power.

9  http://www.energynext.in/railway-minister-calls-ramping-re-generation
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3. Assessing the Potential of 
Commercially Viable Solar PV 
Projects in Indian Railways for 
Non-traction Activities

In line with the Indian Railways’ vision and mission for environmentally benign operations, this study aims to as-
sess the potential of commercially viable solar PV projects across its various non-traction activities. 

All railway operations can be classifi ed broadly into traction and non-traction activities. Traction includes running 
electric and diesel-based passenger and freight trains, whereas, non-traction include railways sheds, workshops, 
stations, and offi ces among others. The viability, particularly from the perspective of technology, has been debated 
with regards to the use of solar PV for traction purposes, whereas non-traction purposes provide a feasible op-
portunity for large scale deployment of solar PV projects and, thus, result in signifi cant benefi ts, both in terms of 
energy savings as well as emission reductions. 

For the purposes of this analysis, we have included diesel locomotive sheds, railway workshops, railway stations, 
railway offi ces, level crossing gates, and use of vacant railway land. Across its sixteen zones, the Indian Railways 
has close to 50 diesel sheds, 40 railway workshops, over 8000 stations and about 43000 hectares of vacant land. 
The analysis does not include electric locomotive sheds and the carriage and wagon depots for which the necessary 
data were not available. 

A preliminary analysis based on available data from railway statistics indicates that the average project size for 
most operations would be about 100kW. Thus, a Cost Benefi t Analysis (CBA) has been carried out for a prototype 
100kWp solar plant and the minimum tariff rate10 at which the plant would be commercially viable was deter-
mined. While electricity tariffs are periodically increasing, the CBA considered two scenarios:  

a. Constant electricity tariff over 25 years: With the railways planning to achieve the 1GW solar target by 
2018-19, and some states having taken up power sector reforms to a large extent, may not result in signifi cant 
electricity tariff hikes.  

b. 5% year-on-year increase in electricity tariff over 25 years: This case has been considered to provide an over-
view of the solar potential if there were a tariff hike across various railway zones. 

The following assumptions were made for the CBA: 

i. Cost of 100 kWp plant using crystalline PV panels was estimated at INR 75 lakh, i.e. INR 75,000 / kWp.

ii. A 70:30 Debt-Equity scenario has been considered, where in, 70% of the capital cost is raised through debt 
while the Railways would invest 30% as equity.

iii. Debt fi nancing has been considered at a 12% interest rate with a 10 year payback period.

iv. A discount rate of 11% has been assumed.

v. Power output has been assumed to decrease by 0.5% each year from Year 3 onwards11.

10 The tariff rate, at which, the Net Present Value (NPV) of the project equals zero. 
11 While studies by NREL and IFC indicate a degradation rate of 0.5% per annum, these have been based on studies in Europe and 

North America. A report submitted to the CERC indicates the assumption taken for this study based on studies in the Indian con-
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vi. The life of each plant has been assumed to be 25 years. 

vii. Operation and Maintenance (O&M) costs would increase by 5.72% each year from Year 1 onwards.

viii. No subsidy or Viability Gap Funding (VGF) from MNRE has been considered.

Table 1: Cost benefit analysis results of 100 kWp solar PV installation

Minimum tariff rate for project to be viable

At constant tariff INR 5.51

At variable tariff INR 3.75

Source: CEEW analysis, 2015

Based on the CBA for a 100 kWp system, it is observed that in the constant tariff case, the minimum tariff rate 
over which all plants are fi nancially viable, with a payback period of 10 years, is INR 5.51. Assuming an increase 
in tariff rates at 5% each year over a 25 year period, it is found that the minimum tariff rate above which all 
plants would be fi nancially viable is INR 3.75. The electricity tariffs for railway operations across various states 
in India range from INR 3.15 (Goa and Jammu & Kashmir) to INR 7.65 (Maharashtra), with the median tariff 
being around INR 4.93. Thus, in the case of variable tariff, most potential installations would be feasible. But, this 
would come at a signifi cant upfront capital cost. 

Based on the CBA estimates, two scenarios have been developed, which take differing assumptions with regards 
to availability of rooftop area, coverage of railway stations and use of vacant railway land. The two scenarios are 
summarised in Table 2. 12, 13

Table 2: Overview of scenarios considered for the analysis

Assumption Comments Scenario 1 (Optimistic) Scenario 2 (Conservative)

Availability of rooftop area in 
diesel sheds and workshops

Not enough data is available on the roof 
type.

70% of total covered 
area

50% of total covered area

Railway stations

With no data available on the roof top 
area available across railway stations, 
it has been assumed that each station 
could potentially have a 10kWp system 
(based on various pilot projects of the 
railways and REMCL targets). Actual 
assessment based on data availability 
could lead to higher estimates.

All railway stations (over 
8000) would have a 
10kWp system, at a 
cost of INR 1,25,000 
per kWp, including bat-
tery based storage

All Class-E railway stations 
(about 4000) would have 
a 10kWp system, at a cost 
of INR 1,25,000 per kWp, 
including battery based 
storage

Use of vacant railway land 12

With about 43000 hectares of railway 
land lying vacant, use of a small propor-
tion could add significant potential to 
installed solar PV capacity.

5% of vacant railway 
land to be diverted for 
installation of large solar 
PV

1% of vacant railway land 
to be diverted for installa-
tion of large solar PV

 The land required for setting up 1 MW of large 
scale solar PV is 5 acres.

 Cost is assumed to be INR 6.5 crore13 for projects 
of sizes 1 – 10 MW. Given that land availability is 
not contiguous in nature, most projects will be in 
the range of 1 – 10 MW.

Source: CEEW analysis, 2015

text (http://www.cercind.gov.in/2011/Whats-New/PERFORMANCE%20OF%20SOLAR%20POWER%20PLANTS.pdf).
12 Detailed assumptions on the use of railway land for installation of large solar PV are discussed in Section 3.6.
13 Based on discussions with various solar project developers.
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3.1 Diesel Locomotive Sheds
A total of 49 Diesel Locomotive Sheds across all Railway Zones were considered for the analysis. In order to es-
timate the potential of solar PV in each of the diesel loco-sheds and workshops, two cases were considered, fi rst, 
where 70% of the total covered area is available for rooftop installations, and, secondly, where 50% of the total 
covered area is available for rooftop solar. In cases where the system size is greater than the average monthly power 
consumption of the unit under consideration, it is assumed that any excess power would be sold to the grid via a 
net-metering system. 

The feasibility assessment (assuming constant tariff) indicated that solar PV installations would be commercially 
feasible in 21 of the 49 loco-sheds analysed. Table 3 provides the details. 

Table 3: Assessment of feasible solar PV projects at constant electricity tariff – Diesel loco-sheds

Constant Tariff (INR 5.518) Viable Projects

Scenario 1 (70%) Scenario 2 (50%)

Capacity (MW) 16.33 11.66

Costs (INR crore) 122.45 87.46

Source: CEEW analysis, 2015

The analysis indicates that, cumulatively, the 21 viable projects (Annexure – A) could lead to a total installed ca-
pacity of 16.33 MW in an ‘Optimistic’ scenario at a cost of INR 122.45 crore while in a ‘Conservative’ scenario, 
a total installed capacity of 11.66 MW could be achieved at an investment of INR 87.46 crore.

Under the variable tariff rate assumption, all 49 diesel sheds could contribute to a cumulative installed capacity of 
26 – 36 MW, at an investment of INR 197-277 crore. Table 4 provides a summary of the variable tariff rate case. 

Table 4: Assessment of feasible solar PV projects at variable electricity tariff – Diesel loco-sheds

Variable Tariff (INR 3.751) Viable Projects

Scenario 1 (70%) Scenario 2 (50%)

Capacity (MW) 36.87 26.34

Costs (INR crore) 276.54 197.53

Source: CEEW analysis, 2015

3.2 Railway Workshops
A total of 40 railway workshops across all railway zones in India were considered for the analysis. The feasibility 
assessment (assuming constant tariff) indicated that 17 of the 40 railway workshops analysed had the potential 
for commercially feasible solar PV installations. Table 5 provides the details. 

Table 5: Assessment of feasible solar PV projects at constant electricity tariff – Railway workshops

Constant Tariff (INR 5.518) Viable Projects

Scenario 1 (70%) Scenario 2 (50%)

Capacity (MW) 67.82 48.44

Costs (INR crore) 508.62 363.30

Source: CEEW analysis, 2015

The analysis indicates that, cumulatively, the 17 viable projects (Annexure – B) could lead to a total installed ca-
pacity of 67.82 MW in an aggressive scenario at a cost of INR 508.62 crore, while in a conservative scenario, a 
total installed capacity of 48.44 MW could be achieved at an investment of INR 363.30 crore.

Assessing the Potential of Commercially Viable Solar PV Projects in Indian Railways for Non-traction Activities
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Under the variable tariff rate assumption, cumulatively all 40 railway workshops could contribute to a total in-
stalled capacity in the range of 175-245 MW, at an investment of INR 1313-1838 crore. Table 6 provides a sum-
mary of the variable tariff rate case. 

Table 6: Assessment of feasible solar PV projects at variable electricity tariff – Railway workshops

Variable Tariff (INR 3.751) Viable Projects

Scenario 1 (70%) Scenario 2 (50%)

Capacity (MW) 245.13 175.09

Costs (INR crore) 1838.46 1313.18

Source: CEEW analysis, 2015

3.3 Railway Stations
The Indian Railways has 8495 railway stations in India14. The REMCL has set a target of covering 525 stations 
with a total capacity of 5.25 MW of solar PV. Thus, a total of 7970 stations remain as potential for solar PV 
projects, apart from the REMCL target. Two cases have been considered. The fi rst case assumed that all the 7970 
stations would get a 10 kWp solar PV plant each, while the second case assumes that each of the 4158 Class-E 
stations would get a 10 kWp solar PV plant. In both cases, it is assumed that each station meets the necessary 
requirements for setting up a 10 kWp solar PV plant at a cost of INR 1,00,000 per kW without any storage. 

In an ‘Optimistic’ scenario (Case 1), at an investment of INR 797 crore, a total capacity of 79.7 MW of solar PV 
can be installed across 7970 railway stations under the Indian Railways, while under a ‘Conservative’ scenario 
(Case 2), a total installed capacity of 41.58 MW of solar PV can be achieved at an investment of INR 415.8 crore 
across the 4158 Class-E railway stations. 

3.4 Proposed targets of Railways Energy Management Company Ltd. (REMCL)

3.4.1 Level Crossing Gates (LCGs)

The REMCL has also decided to install solar PV at level crossing gates (LCGs). This shall also ensure safety at un-
manned level crossing gates as fl ashing LED lights could give suffi cient warning for vehicles and others to refrain 
from crossing the LCG before a train passes through. 

A total of 6100 LCGs have been identifi ed to be installed with solar PV each with a capacity of 1 kWp. The noti-
fi cation by the Indian Railways states the cost for an off-grid 1 kWp solar PV plant with battery based storage for 
a LCG has been assumed to be INR 1,60,00015. 

Thus, at an investment of INR 97.6 crore, a total capacity of 6.1 MW of solar PV can be achieved across the 
identifi ed LCGs. 

3.4.2 Street Lights

The REMCL has also set a target of installing 600 street lights powered by solar PV, each with a capacity of 0.37 
kWp. The cost per street light is INR 20,000. Thus, at an investment of INR 0.44 crore, a total capacity of 0.22 
MW can be achieved through 600 solar powered street lights. 

14 Notifi cation No. ‘2012/TG-IV/10/PA/Category of Stns’, Ministry of Railways (http://www.indianrailways.gov.in/railwayboard/uploads/
directorate/traffi c_comm/Comm-cir-2k13/Number_050713.pdf)

15 The Energy and Resources Institute (2015), Rooftop Solar PV Experience in India, TERI; Notifi cation No. 2002/Elect.(G)/150/9, Min-
istry of Railways
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3.4.3 Railway Stations

The REMCL has also targeted covering 525 stations with a total capacity of 5.25 MW, in addition to those identi-
fi ed in Section 3.3. The cost assumption is the same as in Section 3.3. Thus, at an investment of INR 52.5 crore, a 
total capacity of 5.25 MW would be installed. 

3.5 Proposed solar PV projects of Indian Railways at Railway Offices (Ministry 
of Railways)

The Ministry of Railways has also proposed a total of 61 solar PV projects across various offi ces under the Minis-
try at a total investment of INR 23.73 crore, resulting in a total installed capacity of 0.76 MW of solar PV. 

3.6 Use of vacant land belonging to the Indian Railways
The Indian Railways has a large amount of land spread across the various zones. As per the Ministry of Railways, 
a total of 110935 acres (about 44894 hectares) is currently lying vacant16. It is possible that some of this land 
could be diverted for purposes of setting up solar PV. The Rail Budget 2015-16 indicates that use of railway land 
is possible for solar PV installations. 

While data on land holding distribution across the railway zones was available, information on whether this land 
was contiguous was not clear. Thus, for this analysis, it is assumed that the land holdings are fragmented and the 
optimum size of large solar PV projects would be in the range of 1 – 10 MWp. For large solar PV projects, the 
effi ciency of the plant, apart from other factors such as wind velocity and temperature, is dependent on solar ir-
radiation in that region. With India being a vast country, the Direct Natural Irradiance (DNI) ranges from below 3 
kWh/m2/day to 6.5 kWh/m2/day, with the median DNI being around 4.5 kWh/m2/day17. In this analysis, the total 
estimated potential of large solar PV using railway land includes all railway zones. 

The solar PV potential, which can be achieved in Scenario-1 (Optimistic), is estimated to  be about 1.11 GW, while 
in Scenario-2 (Conservative), it is about 0.22 GW, at a cost of ~INR 7210 crore and ~INR 1442 crore, respectively 
(Annexure – C). If zones with DNI < 4.5 kWh/m2/day were excluded, then the large solar PV potential in the 
Optimistic and Conservative scenario are estimated to be around 0.75 GW (~INR 4864 crore) and 0.15 GW (~ 
INR 973 crore), respectively. 

The use of railway land for commercial and other purposes is monitored by the Railway Land Development Au-
thority (RLDA). The RLDA identifi es land for various purposes and is responsible for processing the change in 
land use type in coordination with the respective State Governments if the need arises. The Ministry of Railways in 
a recent report has notifi ed that 100% FDI will be permissible for all solar PV projects installed on railway land18. 
As mentioned earlier, the railways could explore the possibility of leasing land to project developers for construc-
tion, operation and maintenance of solar projects. In order to make this an attractive model for developers, the 
Ministry of Railways has proposed that the land lease would be at INR 1 per annum if the power produced is for 
use within the railways19. If that were not the case, then the land lease would be at commercial rates. This indicates 
that for land identifi ed for solar PV projects, the opportunity cost of land could be negligible if the power gener-
ated were consumed wholly by the railways. 

16 Land and Amenities Directorate, Ministry of Railways, Government of India
17 Ministry of New and Renewable Energy, Indian Solar Resource Maps, National Renewable Energy Laboratory, Department of En-

ergy, Government of USA / Solar Energy Centre, Ministry of New and Renewable Energy, Government of India
18 Ministry of Railways (2014), Overview of Framework for Participative Models of Rail Connectivity and Domestic & Foreign Invest-

ment, PPP Cell, Infrastructure Directorate, Ministry of Railways, Government of India
19 Ministry of Railways (2014), Overview of Framework for Participative Models of Rail Connectivity and Domestic & Foreign Invest-

ment, PPP Cell, Infrastructure Directorate, Ministry of Railways, Government of India

Assessing the Potential of Commercially Viable Solar PV Projects in Indian Railways for Non-traction Activities
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4. Estimated Solar Potential 
and Emission Savings

Given the challenges involved in implementing small PV projects over a hundreds of touch points situated in dif-
ferent geographies, it might be useful to implement solar PV projects of larger sizes fi rst, so as to achieve targets 
within an established time frame. The REMCL has proposed to achieve a target of about 5.25 MW through solar 
PV projects by covering about 525 stations. It is found that the diesel locomotive sheds and railway workshops, 
even as per conservative estimates, have a cumulative potential of about 60 MW, which could be achieved by 
implementing 41 projects as compared to spreading 5.25 MW across 525 stations. It would be useful to identify 
such low-hanging fruits for implementation of solar PV projects in the Indian Railways, which could help to pro-
pel the commitment of the Railways to transition towards a greener transportation system.

Table 7 summarises the estimated potential of solar PV for non-traction activities across all identifi ed establish-
ments of the Indian Railways, analysed in the above sections. Based on the Vision 2020 targets of 10% renewables, 
it would require the railways to consume about ~ 0.4 GW from renewable energy, while the 1 GW target set under 
the Rail Budget 2015-16 for solar PV aims to go beyond this. The ‘Conservative’ scenario will help the Indian 
Railways achieve about 40% of this target through solar energy at an estimated cost of around ~INR 2,930 crore. 
With the REMCL also taking up projects to tap into wind potential, the Indian Railways could realise its renew-
able energy targets of 1 GW. 

In the ‘Optimistic’ scenario, the Indian Railways could achieve close to 1.37 GW of installed capacity of solar PV, 
which would be greater than the set target, though this would come at a cumulative investment of ~INR 9450 
crore. 

If the railways were to own all projects except the large solar PV projects on vacant railway land, under both 
scenarios, they would incur a cost of INR 150 – 200 crore each year towards servicing debt payments for a period 
of 10 years. 

The cumulative emission savings accruing over a 25 year period have been estimated for the various railway op-
erations included in the assessment of solar PV potential in this analysis. It is estimated that a cumulative emission 
savings of about 45 Mt CO2 and about 12.5 Mt CO2 could be achieved in the ‘Optimistic’ and ‘Conservative’ 
scenarios, respectively (Figure 1). 

The use of railway land for large solar PV along with solar PV installations at diesel loco-sheds and railway work-
shops have the largest potential in terms of emission savings over the lifecycle of the plant. 
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Table 7: Estimated solar PV potential across various identified railway operations (at constant tariff)

Railway Unit

Optimistic Conservative

Capacity (MW)
Costs 

(INR crore)
Capacity (MW)

Costs 
(INR crore)

1 Diesel Loco Sheds 16.33 122.45 11.66 87.46

2 Railway Workshops 67.82 508.62 48.44 363.30

3 Railway Stations 84.14 631.06 60.10 450.76

3.1 Already proposed (REMCL) 5.25 52.50 5.25 52.50

3.2 Additional potential 79.70 797.00 41.58 415.80

4 Level Crossing Gates (LCGs) 6.10 97.60 6.10 97.60

5 Street Lights 0.22 0.44 0.22 0.44

6
Railway Offices (Proposed by 

Ministry of Railways)
0.76 23.73 0.76 23.73

7 Total (1-7) 260.32 2237.40 174.11 1491.59

8 Large PV potential     

8.1 5% land utilization 1109.35 7210.80   

8.2 1% land utilization   221.87 1441.16

9 TOTAL (7-8) 1369.67 9444.20 395.98 2933.75

Source: CEEW analysis, 2015

Figure 1: Emission savings (million tones of CO2) across railway operations with solar PV installations
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5. Achieving Targets: 
The Way Forward

In conclusion, taking into account availability of budgetary resources and various other constraints as highlighted 
earlier in the report, it is recommended that the Indian Railways pursue the ‘Conservative’ scenario in a planned 
manner. The assessment indicates that this could lead to a return of 7% - 9% over the life time of the projects 
being undertaken20. The Indian Railways has set 2018-19 as the target for achieving 1 GW installed capacity of 
solar PV21. It is proposed that, in the fi rst year, the railways focus on development of solar PV projects in the three 
railway zones, namely, Northern Railway, Central Railway and South Central Railway. These three together will 
help the Indian Railways achieve 25% of its 1 GW target. 

Unleashing finance through a participative approach

While no specifi c funds have been earmarked towards energy conservation measures in the Railway Budget 2015-
16, so far energy conservation efforts have been covered through works sanctioned in the Pink Book Budget22, 
while day-to-day energy effi ciency efforts were covered through revenue grants. The Ministry of Railways, while 
recognising that energy conservation is an important thrust area, has integrated various such measures within its 
range of operating activities. Most of these measures form part of the Ordinary Working Expenses (O.W.E.) where 
adequate funds are provided23. 

While the Zonal Railways had, on their own, fi xed their Internal Action Plan targets for energy conservation, these 
were achieved partially or wholly subject to the availability of funds. Such projects were being planned and imple-
mented under revenue grants or under the lump sum grants allocated to the Zonal Railways each year. Availability 
of adequate fi nancing has been a major hindrance in meeting these targets. 

Keeping this in consideration, the Railways has proposed the setting up of solar plants of 1000 MWp in the next 
5 years with subsidy support of MNRE through the PPP mechanism. Under the PPP mechanism, the ‘Plug and 
Play’ PPP model could be explored, wherein the railways provides the land or rooftop area for solar PV installa-
tion and, then, along with private entities, develops a part of the infrastructure required. The developer(s) would 
operate autonomously, with the Railways getting fi rst access to the power generated. The asset ownership in this 
case would lie with the project developer. 

As suggested earlier in the analysis, fi nancing projects through maintaining a Debt-Equity ratio of 70:30 would be 
a feasible option with the equity coming from the railways. In such a case, the developer would only execute the 
project and then transfer the ownership to the railways, which will maintain and operate the plant. In such a case, 
the Railways would have to raise debt from domestic or international fi nancial institutions via long term loans 
or bonds. Once the solar PV plant is set up, the Railways could sign a Power Purchase Agreement (PPA) with the 
power utility or distribution company (DISCOM) to feed any additional power generation to the grid. 

As power tariffs increase in states such as Haryana and Maharashtra, the incremental benefi ts to the railways from 
installation of solar PV projects would be higher if they were to engage the services of a developer to install the 
project, while the ownership is retained with the railways. With the Railways already having suffi cient expertise 

20 The average Railway tariff across India is INR 4.95/kWh. The potential IRR that could be achieved is in the range of 17 – 20% (with 
a Discount Rate of 11%). 

21 Union Rail Budget 2015-16, Ministry of Railways, Government of India
22 The Pink Book provides a detailed programme of the ‘Work, Machinery and Rolling Stock Programme’ of the Railways for each 

fi nancial year.
23 Public Accounts Committee, Sixteenth Report, November 2014
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with its various departments (Electrical, Mechanical and others) to operate and maintain these plants, it could save 
on Operations and Maintenance (O&M) costs, apart from added benefi ts of ensuring security of railway premises, 
as it would restrict the free movement of any non-railway staff. 

With the Railways being a guaranteed consumer of the power generated, the risks to project developers are very 
low with assured returns on the project. A potential risk could be the non-compliance of Power Purchase Agree-
ments (PPA) due to the poor health of Distribution Companies (DISCOMs), which could be a factor in determin-
ing the geographic location and size of PV deployment. 

The Railways has also called for a subsidy towards large PV deployment on railway land via the National Clean 
Energy Fund (NCEF). A model, where in the railways could lease land to a solar project developer and then pur-
chase the power generated from them, could be explored in the case where vacant railway land is used.

Use of railway land: Asset or liability?

The use of railway land could, in theory, lead to signifi cant capacity addition of solar PV and has also been pro-
posed in the Railway Budget 2015-16 as a possible option. Large scale PV deployment on railway land has the 
advantage of zero-risk in terms of land acquisition and could see greater ease in raising debt given the sovereign 
guarantee of railway bonds. Land under the Railways is an asset and is used for various competing purposes which 
include expansion of railway networks, housing for staff, new workshops and sheds, as well as exchange for land 
acquired from private owners. Thus, the use of railway land for large solar PV projects could potentially have a 
signifi cant opportunity cost attached to it. 

This issue has been addressed to an extent by the Ministry of Railways in its proposal to lease land at INR 1 per 
annum to solar PV developers for large projects. With the land holdings distributed across various geographic 
locations, the assessment of whether a share of this land holding should be diverted to solar PV projects should be 
taken up on a case-by-case basis as future plans of railway network expansion and production need to be consid-
ered. This would help reduce the risk of land becoming a liability for railway operations as the competing uses of 
land, both in the present and the near-future, would be accounted for.   

Streamlining institutional mechanisms

While, the Indian Railways should in a phased manner carry out a detailed audit of potential energy saving mea-
sures including renewable energy deployment, all future construction including stations and other railway build-
ings could be designed in a way such that renewable energy deployment is integrated. Including use of solar PV 
within the criteria for an Adarsh Station or Model Station under the Adarsh Station Scheme could be an incentive 
for planned deployment of solar PV at basic functional units within railway operations. 

A monitoring system to document the performance of implemented projects and for quantifi cation of benefi ts 
accrued to railways as a result of deployment of solar panels/hybrid systems would go a long way in facilitating 
detailed energy conservation plans. 

In order to ensure that the guidelines and policies are effectively implemented, it is critical that the nodal staff in-
charge of the railway units or zones take the necessary proactive steps and processes to execute renewable energy 
projects. While the role of nodal departments within the Ministry of Railways, such as the Environment Director-
ate, is to provide the necessary policy and institutional support, adequate training programmes should be provided 
to those responsible for environment management at the zonal levels.

The 1 GW Solar Mission of the Railways is a step in the right direction. Along with various other initiatives in 
the areas of water management, waste management and energy effi ciency, these would take the Indian Railways 
close to realising the broader goals of environment management and become one of the largest rail networks with 
a focused sustainability strategy.     

Achieving Targets: The Way Forward
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Annexures

ANNEXURE – A

The following table provides a summary of all the 21 projects across Diesel Loco-sheds that are located in states 
with railway electricity tariff above INR 5.518.

Table A: Feasible solar PV projects across Diesel Loco-sheds at constant electricity tariff

Railway 
Zone

Unit Scenario 1 Scenario 2

Capacity (MW) Costs 
(INR crore)

Capacity (MW) Costs 
(INR crore)

CR Kurla 0.24 1.81 0.17 1.29

CR Kalyan 0.17 1.31 0.12 0.94

CR Pune 0.86 6.44 0.61 4.60

WR Bandra 0.34 2.59 0.25 1.85

ER Andal 0.78 5.87 0.56 4.19

ER Bardhaman 0.84 6.30 0.60 4.50

NEF Siliguri 0.99 7.39 0.70 5.28

NE Gonda 0.88 6.61 0.63 4.72

NE Izzatnagar 0.30 2.27 0.22 1.62

SEC Motibagh 0.39 2.90 0.28 2.07

EC Vishakhapatnam 1.47 11.03 1.05 7.88

SC Gooty 0.81 6.04 0.58 4.31

SC Guntakal 0.63 4.73 0.45 3.38

SC Maula Ali 1.06 7.97 0.76 5.69

SC Vijaywada 0.30 2.28 0.22 1.63

SE Kharagpur 1.02 7.61 0.73 5.44

N Tughlakabad 0.76 5.70 0.54 4.07

N Shakurbasti 1.22 9.14 0.87 6.53

N Alambagh 2.07 15.55 1.48 11.11

N Ludhiana 0.97 7.29 0.69 5.20

EC Mugal Sarai 0.22 1.63 0.16 1.16

TOTAL 16.33 122.45 11.67 87.46

Source: CEEW Analysis, 2015
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ANNEXURE – B

The following table provides a summary of all the 17 projects across Railway Workshops that are located in states 
with railway electricity tariff above INR 5.518.

Table B: Feasible solar PV projects across Railway Workshops at constant electricity tariff

Railway Zone Unit Scenario 1 Scenario 2

Capacity (MW) Costs (INR crore) Capacity (MW) Costs (INR crore)

CR Kurduwadi 0.25 1.91 0.18 1.37

CR Matunga 3.97 29.74 2.83 21.25

CR Parel 2.30 17.26 1.64 12.33

ER Kanchrapara 9.45 70.86 6.75 50.61

ER Lilluah 0.03 0.22 0.02 0.16

NR Alambagh 5.08 38.11 3.63 27.22

NR Amritsar 3.90 29.24 2.78 20.88

NR Charbagh 4.03 30.19 2.88 21.56

NCR Jhansi 4.58 34.34 3.27 24.53

NER Gorakhpur 3.57 26.77 2.55 19.12

NER Izatnagar 2.04 15.32 1.46 10.94

NEFR Tindharia 0.27 2.00 0.19 1.43

SCR Lallaguda 1.20 9.03 0.86 6.45

SCR Tirupati 2.52 18.90 1.80 13.50

SCR Guntapalli 1.53 11.47 1.09 8.19

SER Kharagpur 19.60 147.00 14.00 105.00

WR Mahalaxmi 3.50 26.25 2.50 18.75

TOTAL 67.82 508.62 48.43 363.30

Source: CEEW Analysis, 2015
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ANNEXURE – C

The following table provides a summary of railway land lying vacant currently and the potential of large solar PV 
that can be achieved under the two scenarios. 

Table C: Use of railway land for large solar PV 

Railway Zone Scenario 1 (Optimistic) Scenario 2 (Conservative)

5% of land Capacity (MW) Cost 
(INR crore)

1% of land Capacity 
(MW)

Cost 
(INR crore)

Central 306 61 398 61 12 80

Eastern 191 38 248 38 8 50

East Central 713 143 927 143 29 185

East Coast 167 33 218 33 7 44

Northern 361 72 469 72 14 94

North Central 91 18 119 18 4 24

North Eastern 732 146 951 146 29 190

Northeast Frontier 301 60 391 60 12 78

North Western 119 24 155 24 5 31

Southern 284 57 369 57 11 74

South Central 525 105 682 105 21 136

South Eastern 10 2 13 2 0 3

South Western 355 71 461 71 14 92

South East Central 419 84 545 84 17 109

Western 912 182 1186 182 36 237

West Central 60 12 78 12 2 16

1109.35 7210.80 221.87 1442.16

Source: Lok Sabha, Starred Question No. 383 (as on 30.07.2009)
             Rajya Sabha, Starred Question No. 1698 (as on 07.12.2012) 
             Land and Amenities Directorate, Ministry of Railways, Government of India
             CEEW Analysis, 2015



16

CEEW Publications
Books/Reports  

 Vaibhav Chaturvedi, Mohit Sharma, Shourjomoy Chattopadhyay, and Pallav Purohit (2015) 

'India's Long Term Hydrofluorocarbon Emissions: A detailed cross sectoral analysis within 

an integrated assessment modelling framework', CEEW-IIASA Report, May 

 

 Poulami Choudhury (2015) 'Unlocking Access to Finance for Decentralised Energy 

Solutions', April   

 Council on Energy, Environment and Water (2015) 'Negotiating the Climate Cliff: India's 

Climate Policy and Intended Nationally Determined Contributions', Conference Report, 

February 

 

 Council on Energy, Environment and Water (2015) 'Negotiating the Climate Cliff: India's 

Climate Policy and Intended Nationally Determined Contributions', Conference Report, 

February 

 

 Abhishek Jain, Poulami Choudhury, and Karthik Ganesan (2015) 'Clean, Affordable and 

Sustainable Cooking Energy for India: Possibilities and Realities beyond LPG', February  

 Arunabha Ghosh, Shalu Agrawal, Poulami Choudhury, Kanika Chawla, Anjali Jaiswal, 

Meredith Connolly, Bhaskar Deol, and Nehmat Kaur (2015) 'Clean Energy Powers Local 

Job Growth in India', CEEW-NRDC Interim Report, February 

 

 P.R. Shukla, Amit Garg, and Hem H. Dholakia (2015) ' Energy-Emissions: Trends and 

Policy Landscape in India'. New Delhi: Allied Publishers  

 Abhishek Jain, Shalu Agrawal, and Karthik Ganesan (2014) 'Improving Effectiveness of 

Domestic LPG Subsidy and Distribution in India: Rationalising Subsidies, Reaching the 

Underserved', November 

 

 Vaibhav Chaturvedi, Vaibhav Gupta, Nirmalya Choudhury, Sonali Mittra, Arunabha Ghosh, 

and Rudresh Sugam (2014) 'State of Environmental Clearances in India: Procedures, 

Timelines and Delays across Sectors and States’, October 

 

 Council on Energy, Environment and Water; and InSIS (2014) Climate Geoengineering 

Governance, Conference Report, June  

 Arunabha Ghosh, Rajeev Palakshappa, Rishabh Jain, Shalu Aggarwal, and Poulami 

Choudhury (2014) 'Solar Power Jobs: Exploring the Employment Potential in India's Grid-

Connected Solar Market', CEEW-NRDC Report, August 

 

 Arunabha Ghosh, Rajeev Palakshappa, Poulami Choudhury, Rishabh Jain, and Shalu 

Aggarwal (2014) 'Reenergizing India's Solar Energy Market through Financing', CEEW-

NRDC Report, August 

 

 Sonali Mittra, Rudresh Sugam, Arunabha Ghosh (2014) Collective Action for Water 

Security and Sustainability: Preliminary Investigations, CEEW-2030 WRG Report, August  

 Poulami Choudhury, Rajeev Palakshappa, and Arunabha Ghosh (2014) RE+: Renewables 

Beyond Electricity- Solar Air Conditioning and Desalination, CEEW-WWF Report, August  



17Greening the tracks: 
Achieving the 1 gigawatt solar PV target of the Indian Railways

 
 Karthik Ganesan, Poulami Choudhury, Rajeev Palakshappa, Rishabh Jain, and Sanyukta 

Raje (2014) Assessing Green Industrial Policy: The India Experience, CEEW-IISD Report, 

April 

 

 Vaibhav Gupta, Karthik Ganesan, Sanyukta Raje, Faraz Ahmed, and Arunabha Ghosh 

(2013) Strategic Industries and Emerging Technologies for a Future Ready India, Report 

submitted to India’s National Security Advisory Board, Prime Minister’s Office, December 

 

 Rishabh Jain, Poulami Choudhury, Rajeev Palakshappa, and Arunabha Ghosh (2013) RE+: 

Renewables Beyond Electricity, CEEW-WWF Report, December   

 Rudresh Sugam and Arunabha Ghosh (2013) Urban Water and Sanitation in India: Multi-

stakeholder Dialogues for Systemic Solutions, CEEW-Veolia Report, November, pp. i-147  

 Rajeev Palakshappa, Arunabha Ghosh, Poulami Choudhury, and Rishabh Jain (2013) 

Developing Effective Networks for Energy Access- An Analysis, CEEW-USAID Report, 

October 

 

 Nirmalya Choudhury, Rudresh Sugam and Arunabha Ghosh (2013) 2030 Water Resources 

Group National Water Platform: Preliminary Investigation of the Possible Roles, Functions 

and Potential Governance, New Delhi Council on Energy Environment and Water-Water 

Resources Group Report, September, pp. i-25 

 

 Arunabha Ghosh et al. (2012) Concentrated Solar Power: Heating Up India's Solar Thermal 

Market under the National Solar Mission, Report (Addendum to Laying the Foundation for 

a Bright Future: Assessing Progress under Phase I of India's National Solar Mission), 

September, New Delhi, Council on Energy, Environment and Water; and Natural Resources 

Defense Council   

 

 Arunabha Ghosh, with Himani Gangania (2012) Governing Clean Energy Subsidies: What, 

Why and How Legal?, August, Geneva: International Centre for Trade and Sustainable 

Development 

 

 Rudresh K. Sugam, and Arunabha Ghosh (2012) Institutional Reform for Improved Service 

Delivery in Bihar: Economic Growth, Agricultural Productivity, and a Plan for 

Reorganising the Minor Water Resources Department, Research Report submitted to the 

Government of Bihar, July, New Delhi: Council on Energy, Environment and Water, and 

International Growth Centre, Patna 

  

 Council on Energy, Environment and Water; and Natural Resources Defense Council (2012) 

Laying the Foundation for a Bright Future: Assessing Progress Under Phase 1 of India's 

National Solar Mission, Interim Report, April, pp. i-37 

 

 Arunabha Ghosh, Arundhati Ghose, Suman Bery, C. Uday Bhaskar, Tarun Das, Nitin Desai, 

Anwarul Hoda, Kiran Karnik, Srinivasapuram Krishnaswamy, Radha Kumar, Shyam Saran 

(2011) Understanding Complexity, Anticipating Change: From Interests to Strategy on 

Global Governance, Report of the Working Group on India and Global Governance, 

December, pp. i-70 

 



18

 
 Martin A. Burton, Rahul Sen, Simon Gordon-Walker, and Arunabha Ghosh (2011) National 

Water Resources Framework Study: Roadmaps for Reforms, October, New Delhi: Council 

on Energy, Environment and Water, and 2030 Water Resources Group, pp i-68 

 

 Martin A. Burton, Rahul Sen, Simon Gordon-Walker, Anand Jalakam, and Arunabha Ghosh 

(2011) National Water Resources Framework Study: Research Report Submitted to the 

Planning Commission for the 12th Five Year Plan, September, New Delhi: Council on 

Energy, Environment and Water, and 2030 Water Resources Group, pp. i-584 

 

 Arunabha Ghosh (2010) Harnessing the Power Shift: Governance Options for International 

Climate Financing, Oxfam Research Report, October, pp. 1-90  

  

Papers/Book Chapters  

 Vaibhav Chaturvedi (2015) 'The Costs of Climate Change Impacts for India', CEEW 

Working Paper 2015/11, March  

 Herath Gunatilake, Karthik Ganesan, and Eleanor Bacani (2014) 'Valuation of Health 

Impacts of Air Pollution from Power Plants in Asia: A Practical Guide', ADB South Asia 

Working Paper Series, October 

 

 David Steven and Arunabha Ghosh (2014) 'Materials, Markets, Multilateralism: A Strategic 

Approach to India's Resource Challenges' in The New Politics of Strategic Resources: 

Energy and Food Security Challenges in the 21st Century, edited by David Steven, Emily 

O'Brien, Bruce James. Washington: Brookings Institution Press 

 

 Vaibhav Chaturvedi and Mohit Sharma (2014) 'Modelling Long Term HFC Emissions from 

India's Residential Air-Conditioning Sector', CEEW Working Paper 2014/7, July  

 Karthik Ganesan and Rajeev Vishnu (2014) ‘Energy Access in India-Today, and 

Tomorrow’, CEEW Working Paper 2014/10, June   

 Vaibhav Chaturvedi and Son H Kim (2014) 'Long Term Energy and Emission Implications 

of Global Shift to Electricity-Based Public Rail Transit System', CEEW Working Paper 

2014/9, May 

 

 Vaibhav Chaturvedi, Priyadarshi R Shukla, and Karthik Ganesan (2014) 'Implications of 

Risk Perceptions for Long Term Future of Nuclear Energy in India: A Sensitivity Analysis 

around Nuclear Energy Cost within an Integrated Assessment Modelling Framework', 

CEEW Working Paper 2014/6, April 

 

 Arunabha Ghosh (2014) ‘Environmental Institutions, International Research Programmes, 

and Lessons for Geoengineering Research', Geoengineering Our Climate Working Paper, 

February 

 

 Nirmalya Choudhury and Arunabha Ghosh (2013) 'Responsible Hydropower Development 

in India: Challenges for future', CEEW Working Paper 2013/5, December   

 Rishabh Jain, Karthik Ganesan, Rajeev Palakshappa and Arunabha Ghosh (2013) ‘Energy 

Storage for Off-Grid Renewables in India: Understanding Options and Challenges for 

Entrepreneurs’, CEEW Report, July  

 

CEEW Publications



19Greening the tracks: 
Achieving the 1 gigawatt solar PV target of the Indian Railways

 
 Arunabha Ghosh, and David Steven (2013) ‘India’s Energy, Food, and Water Security: 

International Cooperation for Domestic Capacity’, in Shaping the Emerging World: India 

and the Multilateral Order, edited by Waheguru Pal Singh Sidhu, Pratap Bhanu Mehta, and 

Bruce Jones, Washington, D.C.: Brookings Press 

 

 Rajeev Palakshappa et al. (2013) ‘Cooling India with Less Warming: The Business Case for 

Phasing-Down HFC’s in Room and Vehicle Air Conditioners,’ Council on Energy, 

Environment and Water; Natural Resources Defense Council; The Energy and Resources 

Institute; and The Institute for Governance and Sustainable Development, June 

 

 Arunabha Ghosh (2013) ‘Energy-Food-Water-Climate Nexus: Implications for India’s 

National Security,’ Paper submitted to India’s National Security Advisory Board, Prime 

Minister’s Office, March 

 

 Vyoma Jha and Rishabh Jain (2012) ‘Results-Based Financing for Off-grid Energy Access 

in India,’ Case-study on the Economics of Results-Based Financing in Study by 

Vivideconomics for Energy Sector Management Assistance Program (ESMAP), World 

Bank, Washington DC, November 

 

 Arunabha Ghosh (2012) 'Industrial demand and energy supply management: A delicate 

balance,’ Empowering growth - Perspectives on India's energy future, A report from the 

Economist Intelligence Unit: 26-32, October 

 

 Arunabha Ghosh, Benito Müller, William Pizer, and Gernot Wagner (2012) ‘Mobilizing the 

Private Sector: Quantity-Performance Instruments for Public Climate Funds,’ Oxford 

Energy and Environment Brief, The Oxford Institute for Energy Studies, August, pp. 1-15 

 

 Sachin Shah (2012) ‘Institutional Reform for Water Use Efficiency in Agriculture: 

International Best Practices and Policy Lessons for India,’ CEEW Working Paper 2012/3, 

April 

 

 Arunabha Ghosh (2011) ‘Seeking Coherence In Complexity: The Governance Of Energy 

By Trade And Investment Institutions,’ Global Policy 2 (Special Issue): 106-119  

 Arunabha Ghosh (2011) ‘Strengthening WTO Surveillance: Making Transparency Work for 

Developing Countries,’ in Making Global Trade Governance Work for Development, edited 

by Carolyn Deere-Birkbeck. Cambridge: Cambridge University Press 

 

 Jason Blackstock, and Arunabha Ghosh (2011) ‘Does geoengineering need a global 

response - and of what kind?,’ Background Paper, Solar Radiation Management Governance 

Initiative, Royal Society UK, Chicheley, March 

 

 
 

 

Policy Briefs & Legislative/Government Briefings  

 Hem H Dholakia and Abhishek Jain (2015) 'Lead Acid Battery Recycling in India: 

Challenges and Next Steps' CEEW Issue Brief, April  

  

  



20

 
 Natural Resources Defense Council (NRDC); Council on Energy, Environment and Water 

(CEEW); Institute for Governance and Sustainable Development (IGSD); and Stephen 

Seidel (2015) 'India Proposes HFC Phase-Down Amendment Proposal to the Montreal 

Protocol', Fact Sheet, April  

 

 Shannon Dilley, Arunabha Ghosh, Anjali Jaiswal, Vaibhav Chaturvedi, and Bhaskar Deol 

(2015) ' Reducing Stress on India's Energy Grid: The Power Sector Benefits of 

Transitioning to Lower Global Warming Potential and Energy Efficient Refrigerants in 

Room Air Conditioners 'CEEW NRDC Interim Issue Brief, March 

 

 Sudatta Ray, Vaibhav Chaturvedi, Karthik Ganesan, and Arunabha Ghosh (2015) ‘India’s 

Intended Nationally Determined Contributions: Renewable Energy and the Pathway to 

Paris’, CEEW Policy Brief, February 

 

 Karthik Ganesan, Abhishek Jain, Sudatta Ray, Mohit Sharma, and Arunabha Ghosh (2014) 

'Agenda for a Reformed Power Sector in India: Risk, Resource, Relay, and Restructuring' 

CEEW Policy Brief, December 

 

 Poulami Choudhury, Shalu Agrawal, Kanika Chawla, Rajeev Palakshappa, Karthik 

Ganesan, and Arunabha Ghosh (2014) 'Tapping Every Ray of the Sun: A Roadmap for a 

Significant Role of Solar in India' CEEW Policy Brief, October 

 

 Rudresh Kumar Sugam, Sonali Mittra, and Arunabha Ghosh (2014) 'Swachh Bharat: Kachra 

Mukt, Shouchalaya Yukt Bharat' CEEW Policy Brief, October  

 Arunabha Ghosh (2014) ‘Making the UN Secretary General’s Climate Summit Count’, 

Issue Brief, September  

 Council on Energy, Environment and Water (2014) 'Shaping a Prosperous and Sustainable 

India: Action Plan for Energy, Environment and Water', Policy Report, September  

 Council on Energy, Environment and Water and Natural Resources Defense Council (2014) 

'Creating Green Jobs: Employment Created by Kiran Energy's 20 Megawatt Solar Plant in 

Rajasthan, India' Issue Paper, August 

 

 Arunabha Ghosh, Rajeev Palakshappa, Rishabh Jain, Shalu Agarwal (2014) 'Making Use of 

the Roof: Employment Generation from Hero MotoCorp's 80 kW Rooftop Solar Project in 

Haryana India' CEEW-NRDC Issue Paper, August 

 

 Rajeev Palakshappa, Poulami Choudhury, and Arunabha Ghosh (2014) 'Creating Green 

Jobs: Employment Generation by Gamesa-Renew Power's 85 Megawatt Wind Project in 

Jath, Maharashtra' CEEW-NRDC Issue Paper, August 

 

 Arunabha Ghosh, Rajeev Palakshappa, Poulami Choudhury, and Rishabh Jain (2014) 'A 

Second Wind for India's Energy Market: Financing Mechanisms to Support India's National 

Wind Energy Mission' CEEW-NRDC Issue Paper, August 

 

 Arunabha Ghosh (2014) "High Value, Technology-Enabled Manufacturing" Briefing note 

for the India-U.S. Strategic Dialogue. New Delhi. 18 July  

 Arunabha Ghosh (2014) "India-U.S. Partnership on Energy Storage (R&D, Enterprise and 

Deployment)" Briefing note for the India-U.S.Strategic Dialogue. New Delhi. 16 July  

CEEW Publications



21Greening the tracks: 
Achieving the 1 gigawatt solar PV target of the Indian Railways

 
 Arunabha Ghosh (2014) "Clean Energy Access Network (CLEAN) and Supporting 

Decentralised Clean Energy" Briefing note for the India-U.S. Strategic Dialogue. New 

Delhi. 13 July 

 

 Vaibhav Gupta and Karthik Ganesan (2014) ‘India’s Critical Mineral Resources: A Trade 

and Economic Analysis’, CEEW Policy Brief, July  

 Arunabha Ghosh and Susan G. Esserman (2014) ‘India-U.S. Cooperation on Renewable 

Energy and Trade,’ Briefing paper for the India-U.S. Track II Dialogue on Climate Change 

and Energy. Washington D.C. 12 February 

 

 Arunabha Ghosh and Karthik Ganesan (2014) ‘National Wind Mission,’ Briefing to MNRE 

Secretary, New Delhi, 4 February  

 Arunabha Ghosh (2013) ‘Strategic Industries and Emerging Technologies for a Future 

Ready India,’ Briefing to India’s National Security Adviser, Prime Minister’s Office, New 

Delhi, 18 October; to National Security Advisory Board, Mumbai, 3 December; and to 

India’s Planning Commission, New Delhi, 10 December 

 

 Arunabha Ghosh (2013) ‘Business Case for HFC Phase Down in India,’ Briefing to Prime 

Minister’s Office, New Delhi, 22 November  

 Arunabha Ghosh, Rudresh Sugam, Nirmalya Choudhury (2013) ‘Integrated Energy, 

Environment and Water Plan for Jharkhand: Preliminary Investigations and Propositions,’ 

Briefing to the Government of Jharkhand, Ranchi, 18 September 

 

 Nirmalya Choudhury (2013) ‘Knowledge Hub under National Water Mission – Governance 

Issues’, Briefing to the Ministry of Water Resources, Government of India, on the 

proceedings of the Working Group on Governance of the Knowledge Hub under the 

National Water Mission (a flagship mission of the Government of India under the National 

Action Plan on Climate Change), New Delhi, 26 August 

 

 Nirmalya Choudhury (2013) ‘Governance Issues towards Creating a Knowledge Hub under 

the National Water Mission,’ Briefing for a multi-stakeholder roundtable discussion on 

creating a Knowledge  Hub under the National Water Mission (a flagship mission of the 

Government of India under the National Action Plan on Climate Change), New Delhi, 14 

August 

 

 Arunabha Ghosh (2013) ‘National Water Platform: Some Thoughts for Brainstorming 

Meeting,’ Briefing to the Ministry of Water Resources, Government of India, on creating a 

Knowledge  Hub under the National Water Mission (a flagship mission of the Government 

of India under the National Action Plan on Climate Change), New Delhi, 5 August 

 

 Rudresh Sugam and Urvashi Sharma (2013) “Capacity building in the urban water sector,” 

Issue brief for the Fifth CEEW-Veolia Water Roundtable on Urban Water Management, 5 

July 

 

  

  



22

 
 Arunabha Ghosh, Stephen O. Andersen, Bhaskar Deol, and David Doniger (2013) ‘The 

Business Case for Avoiding & Replacing High-Global Warming Potential HFC Refrigerants 

While Phasing Out HCFC Refrigerants,’ Briefing at the Montreal Protocol Open-Ended 

Working Group. Bangkok, 26 June 

 

 Rudresh Sugam and Urvashi Sharma (2013) “Water data and measurement,” Issue brief for 

the Fourth CEEW-Veolia Water Roundtable on Urban Water Management, 27 May  

 Rudresh Sugam and Urvashi Sharma (2013) “Regulatory framework for urban water 

management in India,” Issue brief for the Third CEEW-Veolia Water Roundtable on Urban 

Water Management, 9 April 

 

 Rudresh Sugam and Urvashi Sharma (2013) “Private sector participation in water 

management and water for all,” Issue brief for the Second CEEW-Veolia Water Round table 

on Urban Water Management, 11 February 

 

 Arunabha Ghosh (2013) ‘Renewable Energies and Trade: Addressing tensions and 

challenges,’ Briefing to a high-level policy dialogue at the World Trade Organization  

meeting of Ambassadors, Geneva, 21 January 

 

 Rudresh Sugam (2012) “Water Utility Management in the Urban Water Sector,” Issue brief 

for the First CEEW-Veolia Water Roundtable on Urban Water Management, New Delhi, 20 

December 

 

 Karthik Ganesan (2012) “Climate Change and Business Leadership: Pathways to GHG 

Emissions Reduction and Sustainability in the Indian Cement Industry,” Paper presented at 

the Third National ICRN Conference on Climate Change, Indian Institute of Science, 

Bangalore,  4 November 

 

 Vyoma Jha (2012) “Trends in Investor Claims over Feed-in Tariffs for Renewable Energy,” 

Investment Treaty News, July  

 Arunabha Ghosh (2012) “Water governance priorities in India, South and East Asia, the 

case for integrated energy, environment and water plans, and Rio+20 goals,” Briefing to the 

Brazilian Federal Senate, Environment, Consumer Rights and Oversight Committee & 

Agriculture and Land Reform Committee, Rio de Janeiro, 20 June 

 

 Arunabha Ghosh (2011) “Briefing on global governance to Ambassador Shivshankar 

Menon, National Security Adviser, Government of India,” Prime Minister’s Office, 20 

December 

 

 Arunabha Ghosh (2011) “Governing clean energy subsidies: Why legal and policy clarity is 

needed,” Bridges Trade BioRes, November  

 Vyoma Jha (2011) “Cutting Both Ways?: Climate, Trade and the Consistency of India's 

Domestic Policies,” CEEW Policy Brief, August  

 Arunabha Ghosh (2010) “Negotiating around Tradeoffs: Alternative Institutional Designs 

for Climate Finance,” European Climate Platform Report No. 10, Centre for European 

Policy Studies, Brussels, 9 December 

 

  

CEEW Publications



23Greening the tracks: 
Achieving the 1 gigawatt solar PV target of the Indian Railways

 
Op-eds/Conference Papers/Other publications  

 Hem Himanshu Dholakia (2015) ‘Cutting the Flab From Delhi’s Polluted Air’ 

Fairboserver.com, 21 May. Available at 

http://www.fairobserver.com/region/central_south_asia/cutting-the-flab-from-delhis-

polluted-air-90124/ 

 

 Arunabha Ghosh (2015) 'Shifts and risks in energy' Business Standard, 19 May. Available at 

http://ceew.in/pdf/ag-shifts-and-risks-in-energy-bs-column-19-may15.pdf  

 Arunabha Ghosh and Karthik Ganesan (2015) Rethink India's energy strategy, Nature 521, 

156–157 (14 May) doi:10.1038/521156a  

 Arunabha Ghosh (2015) 'Build capacity for energy diplomacy' Business Standard, 21 April. 

Available at http://ceew.in/pdf/ag-build-capacity-for-energy-diplomacy-21-apr-15.pdf  

 Arunabha Ghosh, Shalu Agrawal and Kanika Chawla (2015) 'RE Vision Laid, Delivery 

Next' Energy Next, March. Available at http://ceew.in/pdf/ceew-article-on-re-budget-

analysis-for-energy-n.pdf 

 

 Arunabha Ghosh and Hem Himanshu Dholakia (2015) 'Competitive pollutionism no good' 

Business Standard, 17 March. Available at http://www.business-

standard.com/article/opinion/arunabha-ghosh-hem-himanshu-dholakia-competitive-

pollutionism-no-good-115031601230_1.html 

 

 Vaibhav Chaturvedi, Karthik Ganesan, and Hem Dholakia (2015) ‘Cohesive Natural 

Resource Management Needed for Sustained’ The Sunday Guardian, 1 March. Available at 

http://www.sunday-guardian.com/extra/cohesive-natural-resource-management-needed-for-

sustained-growth   

 

 Arunabha Ghosh (2015) 'Speed, scale, skill…solar?’ Business Standard, 17 February. 

Available at http://www.business-standard.com/article/opinion/arunabha-ghosh-speed-scale-

skill-solar-115021601820_1.html 

 

 Arunabha Ghosh (2015) 'India US Strategic Economic Compass' Business Standard, 20 

January. Available at http://ceew.in/pdf/ag-india-us-strategic-economic-compass-bs-

column-21jan15.pdf 

 

 Arunabha Ghosh and Abhishek Jain (2014) 'A Rs 12,000-crore year-end gift' Business 

Standard, 23 December. Available at http://ceew.in/pdf/ceew-a-rs-12000-crore-year-end-

gift-bs-column-23dec14.pdf  

 

 Arunabha Ghosh (2014) Breaking Through the Climate Chakravyuh' Business Standard, 25 

November. Available at http://ceew.in/pdf/ceew-ag-bs-column-breaking-through-the-

climate-chakravyuh-25nov14.pdf 

 

 Council on Energy, Environment and Water; Institute for Governance and Sustainable 

Development; Natural Resources Defense Council; and The Energy and Resources Institute 

(2014) 'Frequently Asked Questions, Cooling India with Less Warming: The Business Case 

for Phasing Down HFCs', Fact Sheet, November 

 



24

 
 Council on Energy, Environment and Water and Natural Resources Defense Council (2014) 

'Efficient Air Conditioning for the Next Decade: A Profile of Energy-Efficient Room Air 

Conditioners That Use HFC-32' Company Profile, November 

 

 Council on Energy, Environment and Water and Natural Resources Defense Council (2014) 

'Air Conditioners with Hydrocarbon Refrigerant - Saving Energy while Saving Money: A 

Profile of Energy-Efficient Propane (HC-290) Based Room Air Conditioners by Godrej & 

Boyce' Company Profile, November 

 

 Arunabha Ghosh (2014) 'Clearing the Air on Clearances' Business Standard, 28 October. 

Available at http://ceew.in/pdf/AG-BS-Column-Clearing-the-Air-on-Clearances-

28Oct14.pdf 

 

 Suresh P Prabhu (2014) Rethink on Land Use' The Economic Times, 22 July. Available at 

http://ceew.in/pdf/SP-Ground-Beneath-our-Feet-ET-Article-24Jul14.pdf  

 Suresh P Prabhu (2014) 'Ganga Rakshak Dal Banane Ki Zaroorat' Dainik Jagran, 3 July. 

Available at http://ceew.in/pdf/CEEW-SP-Article-in-Dainik-Jagran14Jul14.pdf  

 Rishabh Jain, Karthik Ganesan, and Vaibhav Gupta (2014) 'India's Coal Conundrum: 

Spurring Growth vs. Energy Security vs. Environmental Sustainability', CEEW Factsheet, 

June  

 

 Vaibhav Gupta, Karthik Ganesan, and Rishabh Jain (2014) 'Natural Gas as a Pillar of 

Growth: Domestic Production and Import Vulnerabilities', CEEW Fact Sheet, June   

 Arunabha Ghosh (2014) ‘Three Mantras for India’s Resource Security’ Seminar Magazine, 

June. Available at http://ceew.in/pdf/AG-Three-Mantras-for-India-s-Resource-Security-

Seminar-658-Jun14.pdf 

 

 Suresh P Prabhu (2014) ‘Handling the Energy Crisis’ The Hindu, 18 April. Available at 

http://ceew.in/pdf/CEEW-Handling-the-energy-crisis-SP-Article-in-The-Hindu-

18Apr14.pdf 

 

 Suresh P. Prabhu (2014) 'Idea 5: Let There Be Light, Always' Open Magazine, 22 March. 

Available at http://ceew.in/pdf/Idea%205%20_%20OPEN%20Magazine.pdf  

 Suresh P. Prabhu (2014) 'India's Green Growth needs Policy Push' Energy Next, 8 February. 

Available at 

http://ceew.in/pdf/Indias_Green_Growth_Needs_Policy_Push_Suresh_Prabhu.pdf                 

 

 Suresh P. Prabhu (2013) 'Strengthening the regulatory network' The Hindu, 3 December. 

Available at http://www.thehindu.com/opinion/op-ed/strengthening-the-regulatory-

network/article5415035.ece                   

 

 Suresh P. Prabhu (2013) 'Strengthening the regulatory network' The Gulf Today, 5 

December. Available at http://ceew.in/pdf/SPP-Strengthening-the-regulatory-network-The-

Gulf-Today-5Dec13.pdf 

 

 Jake Schmidt, Stephen O. Andersen, Arunabha Ghosh, et al (2013) ‘Cooling India with Less 

Warming: The Business Case for Phasing Down HFCS,’ Fact Sheet, November.  

CEEW Publications



25Greening the tracks: 
Achieving the 1 gigawatt solar PV target of the Indian Railways

 
 Arunabha Ghosh (2013) ‘More Lethal Greenhouse Gas’ The Times of India, 25 October. 

Available at http://timesofindia.indiatimes.com/home/opinion/edit-page/More-lethal-

greenhouse-gas/articleshow/24675848.cms 

 

 Arunabha Ghosh (2013) ‘Himalayan Ecosystems and Himalayan Cooperation: A Himalayan 

Effort Needed?’ Arctic Circle Forum. Reykjavik. 13 October.  

 Suresh P Prabhu (2013) ‘Gloom to Bloom to Doom’ The Economic Times, 13 August. 

Available at http://ceew.in/pdf/SPP-Gloom-to-bloom-to-doom-The-Economic-Times-

3Aug13.pdf  

 

 Suresh P Prabhu (2013) ‘Reviving the Power of Electricity’ The Financial Express, 22 

April. Available at http://epaper.financialexpress.com/108103/Indian-Express/22-April-

2013#page/6/2 

 

 Suresh P Prabhu (2013) ‘Think of Water Before it Rains Again’ The Financial Express, 19 

April. Available at bit.ly/XWaALS  

 Suresh P. Prabhu (2013) 'Sharing the burden of going green' The Hindu, 17 May.  Available 

at http://ceew.in/pdf/SPP-Sharing_the_burden_of_going_green-The-Hindu-

17May2013.pdf      

 

 Jamshyd N Godrej (2013) 'Bring in smart policies, clear the air on clean energy' The 

Economic Times, 17 April. Available at 

http://economictimes.indiatimes.com/opinion/comments-analysis/bring-in-smart-policies-

clear-the-air-on-clean-energy/articleshow/19587149.cms               

 

 Arunabha Ghosh and Ricardo Meléndez-Ortiz (2013) ‘Want clean energy? Avoid trade 

disputes’Business Standard, 15 April. Available at http://www.business-

standard.com/article/opinion/want-clean-energy-avoid-trade-disputes-

113041500023_1.html.    

 

 Arunabha Ghosh (2013) ‘India’s resource nexus: priorities for action’ Mint, 10 April. 

Available athttp://www.livemint.com/Opinion/zAOvm6gwBKa6Bzr9DfSyxN/Indias-

resource-nexus-priorities-for-action.html. 

 

 Arunabha Ghosh (2013) ‘Private Sustainability Finance: Need for cash, role of 

institutions’ NYU – UAE MOFA Workshop on Climate Finance and Institutions. Abu 

Dhabi. 22 April. 

 

 Sanyukta Raje and Vaibhav Gupta (2013) ‘India-US Track II Dialogue on Climate Change 

and Energy: Enhancing Bilateral Cooperation between India and the US’, Proceedings 

Report, 18-20 April.  

 

 Arunabha Ghosh and Anjali Jaiswal (2012) 'What's eclipsing India's solar sector' Business 

Standard,11 August. Available at http://ceew.in/pdf/AG%20&%20AJ-

Business_Standard_11Oct12.pdf          

 

 Arunabha Ghosh (2012) ' Make it profitable to save resources' India Today, 26 March. 

Available athttp://ceew.in/pdf/AG-Make_it_profitable_to_save_resources-India_Today-  



26

 
 Arunabha Ghosh (2012) ' Leave polemics out of the water policy ' The Hindu, 19 March. 

Available at http://ceew.in/pdf/AG-Leave_polemics_out_of_the_water_policy-The_Hindu-

19Mar12.pdf    

 

 Arunabha Ghosh (2012) ' Innovation needs an ecosystem' Business Standard, 26 February. 

Available at http://ceew.in/pdf/AG-Innovation_Needs_an_Ecosystem-

Business_Standard_26Feb12.pdf          

 

 Jamshyd N Godrej (2011) 'ET Awards' Agenda for Renewal 2011: Energy, the new poverty, 

says Jamshyd Godrej, Chairman & MD, Godrej & Boyce' The Economic Times, 24 

November. Available at http://articles.economictimes.indiatimes.com/2011-11-

24/news/30437448_1_clean-energy-energy-security-comprehensive-energy-plan            

 

 Jamshyd N Godrej (2011) 'Deregulation: Solving diesel conundrum' The Times of India, 28 

January. Available at http://timesofindia.indiatimes.com/business/india-

business/Deregulation-Solving-diesel-conundrum/articleshow/7375419.cms?referral=PM  

 

 Arunabha Ghosh (2009) 'Climate for a win-win dialogue' The Financial Express, 22 

December. Available at http://www.financialexpress.com/news/column-climate-for-a-

winwin-dialogue/557335/0         

 

 Arunabha Ghosh (2009) 'Street lessons in climate governance' The Financial Express, 18 

December. Available at http://www.financialexpress.com/news/column-street-lessons-in-

climate-governance/555484/0 

 

 Arunabha Ghosh (2009) 'Red herrings in debates over climate finance' Opinio Juris, 15 

December. Available at http://opiniojuris.org/2009/12/15/red-herrings-in-debates-over-

climate-finance/ 

 

 Arunabha Ghosh (2009) 'Even climate is about the money' The Financial Express, 7 

December  
 

 Arunabha Ghosh (2009) 'Making Copenhagen count' the GEG blog, 7 December.  
 

CEEW Publications






