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Renewable energy, more specifically, electricity 
from renewable sources of energy, has tradi-
tionally been viewed in a narrow lens of price 

and market share.  While true that prices are falling and 
market shares are rising dramatically, a more detailed 
analysis of the scalability, viability, and growth of re-
newables must place renewable energy (RE) in the con-
text of the broader electricity grid.   The power sector in 
India already faces enormous challenges, most notably 
of limited access (electrification), shortfalls of power 
(manifested by load-shedding), and precarious finances 
of the power utilities, with annual losses measured in 
many tens of thousands of crores per year.  

In this backdrop, the government has announced bold 
targets for RE, most notably solar power, aiming to 
grow to 100,000 MW by 2022, compared to today’s 
total utility grid of some 250,000MW.  What will RE 
do to the power system, not just from the obvious eco-
nomics perspective, but also from a grid management 
perspective?  It’s well known that RE is variable – how 
will the Indian system manage?  

More than just a question for utilities, RE is attractive 
for end-users as well, who can generate their own pow-
er (e.g., via roof-top solar photovoltaic, or PV, panels).  
But, if those who pay the most for power today are the 
first ones to leave the traditional grid, what will this do 

Foreword

to the rest of the system?  Hence, transformation is the 
fundamental question that RE brings – what will RE do 
to supply-demand balances, and what will be the role of 
the traditional grid?

With an aim of increasing dialogue towards making 
renewables sustainable in India, and move the overall 
power system towards being green, clean, and smart, 
Brookings India is delighted to bring together experts in 
this space with academic, non-profit, government, and 
industry experience, to share short essays on different 
aspects of sustainable electricity in India, with focused 
recommendations spanning the short-term (easy) to 
longer-term (challenging).  Our focus is limited to re-
newables-based electricity, and not all renewable energy 
(where biomass and solar thermal have great potential).  
Also, as per norms, only mini or micro-hydropower is 
considered in this framework of renewable energy; big-
ger hydro plants are considered conventional sources of 
energy.  As with all publications from Brookings, the 
views presented are those of the authors, and there is no 
institutional viewpoint taken.  

The Table of Contents shows the wide range of top-
ics covered, from small to large scale RE, the environ-
ment, jobs, institutional and financial issues, to R&D.  
There are also chapters asking tough questions on grid 
integration and economics.  A shortcut answer to the 
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over-simplified question of how much RE can the grid 
handle is that the truth lies somewhere in between the 
extremes.   RE is neither a silver bullet to increased sup-
ply, nor is it a burden that will collapse the grid.  The 
grid can handle more and more renewables, but at a 
cost.  Even costs themselves are dependent on assump-
tions, and claims of “grid parity” today must be taken 
in context (one cannot compare retail prices with bulk 
procurement prices).  Ultimately, we hope this volume 

provides reflective analysis combined with focused pol-
icy recommendations for this space.  

The government has a commitment to renewable en-
ergy, and the private sector has also responded well.  
Ultimately, we want to accelerate the trajectory of re-
newables in the most sustainable manner possible, with 
sustainability defined not just as the environment but 
also economics and equity.  

VIKRAM S. MEHTA
Chairman & Senior Fellow

Brookings India

RAHUL TONGIA
Fellow

Brookings India
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Since the 1970s, if not earlier, renewables were 
touted as the energy of the future, but remained 
so for decades.  However, that future has now 

arrived, and renewables are not merely a niche, but a 
mainstay of electricity supply, and growing in impor-
tance.  What has changed? On the supply side, technol-
ogies have improved, most notably for solar and wind 
power.  On the demand side, a Business As Usual model 
based on fossil fuels has proven limited in its ability to 
feed a growing appetite for electricity.  Add to this is the 
pressure for sustainability, with environmental pressures 
ranging from local pollution (air and water) to global 
(carbon and climate change).  Ultimately, the supply 
and demand have intersected moving renewable power 
towards viability.  

While there is much enthusiasm and support for renew-
ables in India, especially at the central government lev-
el, there are reasons for caution and improved policies 
when we consider the long-term plans for renewable 
energy.  More than just the economics, there are issues 
of scalability, grid integration, consumer acceptance if 
not participation, etc., in addition to worrying about 
the broader transformation of the grid that renewables 
will entail.  

The scope of this volume is broad, as demonstrated by 
the topics covered in the chapters (sole or lead authors 

listed below).  While the focus is Renewable Energy, a 
sub-text of this work is the broader transformation the 
power system needs, not just from an economics or reg-
ulation point of view but also grid design, operations, 
and architecture.  In the West, utilities and governments 
have already started grappling with the “utility death 
spiral” driven by renewables and technology, where 
small-scale renewable generation by end-customers 
(plus storage, smart grids, etc.) prompts them to reduce 
if not eliminate supply from the broader grid, raising 
the utility’s costs (which still needs to serve “expensive” 
customers and also keep the grid stable), which further 
prompts others to exit the grid, and so on.  

India isn’t quite there yet, but broader changes are in-
evitable, in part driven by an unsustainable system of 
cross-subsidies which sparks its own exit strategies of 
captive power, renewable power, and even theft.  Re-
newables have thus far mostly been grid-scale, feeding 
into utilities, but more and more, end-users will opt 
for renewable power, either distributed (small-scale) or 
even larger. The fundamental question this will raise is 
how will this impact the utilities, who must still be a 
provider of last resort, and keep the grid stable?  Will 
this transition be gradual and managed, or will this be 
the straw that breaks the camel’s back?  This is the im-
portant conversation that must be started, on the future 
of the grid.  

Introduction
R A H U L  T O N G I A
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CHAPTERS OF THIS VOLUME

1) Introduction Rahul Tongia

2) Chapters and Volume Summary Rahul Tongia

3) Renewables & the Grid Rahul Tongia

4) Institutional & Financial Issues  Anish De

5) Renewables & Economics Rahul Tongia

6) Making Grid Scale Renewables Work Sumant Sinha

7) Making Small Scale Renewables Work  
     Harish Hande, Surabhi Rajagopal & Vikshut Mundkur

8) The Electricity Future & Synergy - Efficiency      
     Ashish Khanna & Mudit Narain

9) The Electricity Future and Synergy - Storage  
    & Smart Rahul Tongia

10) Environmental Issues Ramprasad Sengupta

11) Renewables & Employment Sabina Dewan

12) R&D and Innovation for Renewables  
      Gopichand Kattragadda 

13) Renewables Policy & Broad Recommendations    
      Kirit Parikh

This volume goes beyond  
targets and vision. Building on 
the expertise and analysis of 
the authors, the chapters offer 
insights for making renewable 
power sustainable in India

enunciation of tradeoffs, focused analysis, and transpar-
ent choices that will best serve the sustainable growth of 
sustainable energy in India.  

PUTTING RENEWABLES IN CONTEXT 

Aren’t renewables sustainable by definition?  Environ-
ment is only one of the pillars of sustainability, which 
must also cover economics and equity.  Making renew-
able power viable for generators is easy – raise the price 
– but long-term sustainability requires buyer sustain-
ability as well, which is sometimes more than just a 
utility (or even direct end-user), we have the state as a 
stakeholder, both financially and otherwise.  

Potential - From Paper To Practical

Renewable power is doing exceptionally well in India. 
From Table 1, we can see that it is already 12% of the 
capacity in India, and a disproportionate fraction of the 
capacity being added presently.  In fact, the share by 
capacity is expected to grow to roughly 18% within just 
5 years.  A less well publicized aspect of renewables is 
the low plant load factor (PLF, also called capacity uti-
lization factor).  While coal plants often cross 70%, the 
PLF of wind and solar is often just over 20%.  While 
one could say the economics can work that out, the im-
plications for the grid, especially because of variability, 
need special attention.  At a national level, renewable 
generation is only about 5-6% of the total, and that too 
varying heavily by time including by season. 

Renewable  
Energy (RE)

Total Capacity

CAPACITY (MW)

TABLE 1: Installed Electricity Capacity 
in India as of July 31, 2014

250,256.99

31,692.14

SOURCE: CEA

This volume goes beyond targets and vision.  Building 
on the expertise and analysis of the authors, the chap-
ters offer insights for making renewable power sustain-
able in India, balancing challenges with opportunities 
and policy needs.  Importantly, there remain a number 
of issues on which not only is there no answer offered 
(easy or otherwise), but the various authors themselves 
have differing points of view, all with valid points and 
counter-points.  Ultimately, it is the need for dialogue, 
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A number of publications have talked about the enor-
mously high theoretical capacity for renewables in In-
dia.  While the capabilities for solar are easy to under-
stand based on surface area (and several of our authors 
offer ranges for these), the potential for wind was more 
complicated and for many years used to be in the ball-
park of 50,000 MW.  Increasing the height at which 
measurements were made to 80 meters and further ex-
trapolations have increased the official potential (as per 
the National Institute of Wind Energy, formerly known 
as C-WET) to the range of 100,000 megawatts.  How-
ever, a number of other publications1 indicate 600,000 
– 800,000 MW of capacity potential for wind, if not 
more.  

While there are limitations if not flaws of some of the 
studies (e.g., limited granularity), most scientists and 
analysts would agree that the potential is dramatically 
higher than the actual rollout.  This prompts the more 
important question of why aren’t we realizing a greater 
fraction of the potential?  The answer is not because of 
the limitation of technology or inherent potential, but 
of policy, regulation, and business model issues.  For 
starters, the wind-speeds in India are lower, often class 
2 or 3 (on a scale of 1-5, with very few class 5 sites).  
Many of the best wind sites are already used, but their 
utilization some time back was often with less capable 
wind turbines – revamping existing sites has complex 
business implications.  Second, there is the issue of lo-
gistics, starting with land acquisition, to construction 
(with poor roads and connectivity to increasingly re-
mote sites), to interconnecting with the grid (termed 
power evacuation).  Ultimately, these issues collide in 
economics, which is exacerbated by the high interest 
rates that impact all renewables (which are capital cost 
heavy).  Economic concerns also extends to state utility 
finances, which raise risks, further raising costs of RE.  

Solar power has grown tremendously in the last few 
years, spurred by state and national level support, no-

tably the Jawaharlal Nehru National Solar Mission 
(JNNSM).  The resource potential in India is very high 
by global standards, unlike wind, and projects are ramp-
ing up, though mostly at the grid (megawatt) scale, and 
not per-user through a solar panel on every roof.   Grid 
scale solar inherently serves the broader grid, and doesn’t 
require a battery, which an individual household system 
would if it were the primary source of power.  Such a 
system, of small, household level solar panels has thus-
far remained niche or for areas where the grid is absent 
or functionally absent (very poor supply), but this is 
changing very rapidly.  As seen in Germany, which has 
a strong and stable grid, the rapid growth of solar PV 
(photovoltaic) systems was for grid-interactive (feed-in 
capable) ones, which are expected to grow in India as 
well, especially when pricing and operational norms for 
feeding-in become clear.  Per the National Institute of 
Solar Energy (NISE)’s study of February 2014, the PV 
potential in India is 749 GW. 2          

The potential is dramatically 
higher than the actual rollout 
– so why aren’t we realizing  
a greater fraction of the  
potential?

The other major forms of renewable power, micro-hy-
dro and biomass based, haven’t yet captured the imag-
ination of most stakeholders (per MNRE, micro/
mini-hydel have a potential of 19.75 GW, estimated 
for March 2014,3 and biomass-based electricity has a 
potential of 18 GW from bio-residues and 5 GW for 
bagasse-based cogen4).  Hydro is naturally very loca-
tion-specific, and biomass has challenges of land use 
competition, reliability of the technology, and feedstock 
availability.  In addition, if one were to compare rupees 
per unit energy, the greatest bang for buck from bio-
mass is for liquid fuels for transportation, and not pow-

1 An early reassessment was by Lawrence Berkeley Labs;  Phadke, A., Bharvirkar, R., & Khangura, J. (2011). “Reassessing Wind Potential Estimates for India: Eco-

nomic and Policy Implications.” Retrieved from http://ies.lbl.gov/sites/all/files/lbnl-5077e_1.pdf
2 http://mnre.gov.in/file-manager/UserFiles/Statewise-Solar-Potential-NISE.pdf
3 http://mnre.gov.in/file-manager/UserFiles/SHP-potential.pdf
4 http://mnre.gov.in/schemes/grid-connected/biomass-powercogen/
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5 Different grids have different costs based on alternatives, as seen in an IEA multi-country (International Energy Agency’s Task 25 “Design and Operation of 

Power Systems with Large Amounts of Wind Power”), the summary of which is available at http://www.ieawind.org/task_25/PDF/W1W/WIW13_Task25_Summa-

rypaper_final.pdf (October 2013).

er generation.  Nonetheless, there is enormous potential 
for using so-called waste biomass, especially in a co-gen-
eration mode where heat/steam are used for different 
processes such as sugar production, or even co-firing 
a tiny fraction within conventional coal power plants, 
which can be done with little if any modification.  

THE ELEPHANT IN THE ROOM: 

ECONOMICS

The most often quoted figure of merit for electricity 
is a “simple” price in Rupees per kilowatt hour.  The 
catch is a comparison of “x” rupees per kilowatt-hour 
versus “y” is misleading since power plants rarely cost a 
fixed amount at any given point in time.  For traditional 
plants, fuel costs vary (grow) over time, while for capital 
intensive plants like renewables, the up-front costs are 
high.  These are all brought into a single number for 
comparison based on levelizing, a technique that fac-
tors in the time value (discounting) for future money as 
well as future power production.  The problem is this is 
assumption driven, and even value-laden.  Market pric-
es are only available for interest rates (debt), and, to a 
lesser extent, equity returns.  

Even if one had 100% accura-
cy in predicting the output of 
renewables, which removes the 
uncertainty (stochasticity), 
there remains variability to 
contend with

Beyond this uncertainty, from a utility or grid operator 
perspective, the when, where, and other characteristics 
like predictability also matter enormously.  Renewables 
like wind and solar are use-it-or-lose-it (from a grid dis-
patch operator’s perspective, not only would these score 
high in terms of merit-order despatch with the lowest 
marginal costs, these are treated as “must-run” genera-

tors).  These also vary over time both with some reason-
able predictability as well as randomness (stochasticity).  
On the other hand, while a coal plant is despatchable 
(can be summoned or controlled), it cannot ramp pro-
duction up or down very quickly.  So-called peaking 
plants, capable of rapid ramp-ups or ramp-downs (like 
hydropower or open-cycle gas turbines), are needed to 
handle variability (not just of supply but even consumer 
demand).

Unfortunately, power procurement by Indian utilities 
has predominantly focused on unit costs, without fac-
toring in such characteristics, which are worth not just 
signaling for but even paying for, as is done in many 
countries.  Unfortunately, India is yet to develop mar-
kets (or non-market systems) for ancillary services 
(like frequency regulation, ramp-up/ramp-down, etc.).  
While the exact number varies based on grid conditions 
and alternative supply options, per several US studies, 
e.g., by the utility Xcel Energy, the increased variabili-
ty of renewables above 20% or 30% penetration leads 
to approximately half a US cent/kWh in increased an-
cillary services costs and wear and tear implications of 
cycling alternative plants more due to renewables’ vari-
ability.5  

Even if one had 100% accuracy in predicting the out-
put of renewables, which removes the uncertainty (sto-
chasticity), there remains variability to contend with.  
The Indian grid mostly faces peak demand around 7 
PM (based on examining 6 years data available from the 
National Load Despatch Center).  Solar power is most-
ly unavailable at 7 PM, and even wind power isn’t at its 
peak most often.  Thus, for every kW of solar power 
added, one would still need 1 kW of some other des-
patchable power source to meet the evening peak, at 
least for the foreseeable future with a pronounced eve-
ning peak.    

Considering this factor, IEEE (the major global electri-
cal and electronics engineers Society) suggests treating 
the output of renewable power not as helping capacity, 
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but rather as negative demand (at a capacity level, they 
suggest equating it to the maximum additional load 
that can be added reliably with that form of renewable 
power, which would approach zero for both solar (daily 
variations) and wind (seasonal variations)).  Of course, 
this depends on the definition of “reliably” is, and there 
are studies indicating a capacity value of renewables in 
India in the range of 20-30 percent.   If we treat re-
newable energy as negative demand, then its marginal 
value only equals the savings of displaced fuel.  In the-
ory one could consider avoiding diesel, but in practice 
the displacement is often coal (at the utility level).  A 
more sophisticated analysis is recommended to truly 
understand the grid implications of RE variability in 
India, one that factors in not just supply and demand as 
declared but shortfalls (load-shedding), peak/off-peak, 
transmission limitations, etc.  

If we consider a simple model for the economics of 
coal versus solar (not to claim the two are directly 
comparable), any assessment clearly depends on not 
only standard power plant variables like plant load fac-
tors, installed capital costs, interest rates, etc., but also 
case-specific decisions. Is one displacing imported (ex-
pensive) coal or domestic coal? Is one only considering 
fuel costs (from the negative demand perspective) or all 
the capital costs for coal as well?  Analytic choices on 

these points can change the cost ratio for coal versus 
solar by a factor of 2 or 3.  We dig into this more in the 
chapter on renewables economics.  

MANY OPTIONS, MANY CHOICES 

The history of renewable energy, worldwide, has in-
volved support mechanisms, ranging from tax breaks 
to up-front support (e.g., the accelerated depreciation 
norms used for wind power in India), to feed-in-tariffs 
that offer a higher price than other generation sourc-
es.  Such “subsidies” aren’t necessarily inefficient, since 
renewables are still improving along the price-perfor-
mance curve at a healthy clip (a learning curve effect, 
estimated on the order of 20% for solar, or even 40% in 
recent years).  However, which support mechanism(s) 
work best, and what do they achieve are important 
questions that need reflective analysis.  

One critical aspect of renewables is their concentra-
tion in favorable locations, notably in just 5 states (Ta-
ble 2), which have over 85% percent of the country’s 
Renewable Energy (RE) deployments.   This obvious-
ly impacts grid integration and balancing, but it also 
impacts finances when we consider both utility ability 
(and willingness) to pay as well as state obligations and 
targets.  Isn’t coal also concentrated in just a handful of 

TABLE 2: Concentration Of Renewable Energy (Re) In Select States (July 31, 2013)

Rajasthan

Gujarat

Maharashtra

Karnataka

Tamil Nadu

Total (5 States)

STATE

CONVEN-
TIONAL 
GENERA-
TION

WIND

SOLAR 
(ABOVE  
1 MW) BIOMASS BAGASSE

SMALL  
HYDRO

TOTAL 
RE (MW)

RE  
CAPACITY 

SHARE

9,588

18,479

27,137

10,247

11,974

77,425

3,366

4,058

4,669

4,110

8,062

24,265

26.0%

18.0%

14.7%

28.6%

40.2%

23.9%

2,683

3,164

3,008

2,142

7,179

18,176

553

857

206

14

20

1,650

106

31

127

106

204

574

77,425

24

6

332

701

1,063

77,425

996

1,147

659

2,802

77,425

SOURCE: Central Electricity Authority (2013)10

10 Central Electricity Authority. (2013). Large Scale Grid Integration of Renewable Energy Source - Way Forward. CEA, New Delhi. Retrieved from http://www.cea.nic.in/

reports/powersystems/large_scale_grid_integ.pdf
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states? Yes, and there are bottlenecks and costs associat-
ed with transporting coal. The takeaway for RE should 
be that concentration of capacity isn’t a fundamental 
bottleneck, but one that requires investment and effort 
to manage.

The takeaway for RE should 
be that the concentration of 
capacity isn’t a fundamental 
bottleneck, but one that re-
quires investment and effort
to manage

Resource availability mostly drives concentration of re-
newables, but policy support helps, so the next question 
comes to state level Renewable Portfolio Obligations – 
to what extent can or should these reflect the in-state re-
alities of Renewable Energy potential? Just to list a few 
of the choices, (a) Set a uniform target everywhere.  This 
makes some states “importers” and others “exporters” 
(which could be via credits/RECs (Renewable Energy 
Certificates), instead of actual power delivery across 
state borders); (b) Set up a small range of targets of Hi/
Med/Lo based on resource potential; (c) Set up a pre-
cise target per state based on the respective potential, 
e.g., whatever the state potential may be, they should 
achieve, say, 25% of that to start with; (d) Let states 
decide on their own, through whatever mechanism they 
wish.  

Most analysts do not recommend a one-size fits all 
approach, since variances are inherent and inevitable.  
This extends to more than target deployments but also 
any tariffs to be offered (feed-in).  Do we want a reg-
ular determined RE tariff, e.g., state Commissions or 
CERC, or the market? One number never suffices, since 
wind speeds (or solar radiation) vary by location, in ad-
dition to other variables impacting costs.  Even if we get 
a reasonable number for a state, it may not be appro-
priate across the entire state – even small variations as 
allowed by Maharashtra may not be sufficient to reach 

the ultimate potential. Instead, one could do the reverse 
– consider a market-based system for determining tak-
ers for a given site (ideally, where resources assessment 
is done, and there are single-window clearances for de-
velopers). In theory, a market is a good mechanism for 
price discovery, but there are a number of caveats to 
making markets work well.    

It’s worth pointing out that already a number of states 
are over 20% of capacity by RE, an oft-reported thresh-
old for where renewables integration poses externality 
costs on the rest of the grid.  That western number is for 
a stable grid – the Indian grid today has virtually zero 
reserve margins (unlike the 15-20% target in the west).  
The fact that the entire National Grid is interconnected 
is a start but not sufficient.  At a national level we are 
still well below 20% RE, but at the level of both finan-
cial and despatch control (the state), the RE share is 
only going to grow for RE-heavy states.   The point isn’t 
to ask up to what point can the grid handle increased 
RE? There isn’t a fixed limit.  It can handle more and 
more, just at higher and higher costs of transmission 
and variability management.  

How renewables policy unfolds will be a work in prog-
ress, with lots of choices, and tradeoffs.  The fact that 
distinguished authors, and analysts can come up with 
divergent recommendations, (e.g., whether we need 
state-by-state renewables targets or a national targets) is 
a reflection of not only the challenging nature of sound 
policy but the fact that there are trade-offs for any pol-
icy.  What we believe to be important in this process 
is transparency and a dialogue amongst stakeholders to 
ensure the top-down and bottom-up come together.  A 
classic example of where this fell short was in wind pow-
er, where policies promoting wind power led to a rush 
of developments.  In contrast, the transmission grid, 
especially at a state level, often failed to keep up, result-
ing in numerous cases where wind power evacuation 
became the bottleneck, and not wind capacity.  In Tex-
as, Germany, and other places, high renewables output 
has periodically resulted in negative prices for electric-
ity!  Without such mechanisms and with transmission 
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bottlenecks, we end up wasting (backing down) a small 
but measurable share of renewable power.   

At the highest level, elec-
tricity sustainability cannot 
be viewed in isolation from 
broader transformations of  
the electricity grid 

FROM OPPORTUNISTIC RENEW-
ABLES TO THE FUTURE GRID

At the highest level, electricity sustainability cannot be 
viewed in isolation from broader transformations of the 
electricity grid, and all sustainability (including energy 
efficiency) should be coordinated, if not brought under 
an integrated National Electricity (or even Energy) Sus-
tainability Mission.  

Much of renewable power in India added in the last few 
years has been what could be described as opportunis-
tic.  This term is used without any negative connota-
tion – when the wind blows or the sun shines, power 
is generated, without significant storage of electricity.  
This is the cheapest RE possible.  However, as and when 
the scale of RE grows, opportunistic growth, that too 
without holistic planning (operational or financial), will 
lead to distortions in the rest of the grid.  

For an end-user, while RE may be attractive, his or her 
benchmark is traditional supply, which is often expen-
sive through cross-subsidy designs (for select classes 
of end-users) or simply unreliable.  However, just like 
large users exiting traditional utility supply through 
Open Access never took off as planned (due in part to 
subtle if not overt hostility by state utilities), contin-
ued state-level utility support for RE cannot be taken 
for granted indefinitely.  This is especially true if we 
consider economics from a utility and despatch choice 
perspective.  Fundamentally, renewables shouldn’t be 
considered only a generation issue – these have enor-
mous operational impacts on the grid.  With holistic 

planning, we can move from opportunistic and perhaps 
limited RE to what some observers have called the Fu-
ture Grid, one that is robust, flexible, and capable of a 
very large share of RE. 

A subtle policy recommendation for thinking of the 
economics and operations of renewables worth re-it-
erating is to think dynamics, and at the margin, i.e., 
adding (or removing) one unit of power at a particular 
location, what does it do to the rest of my system.  The 
variability of renewables actually results in unplanned 
environmental impacts, something the use of average 
numbers cannot capture (fast-acting fossil fuel plants 
like gas turbines or diesel, used to offset renewables’ 
variability, have higher fuel consumption and pollution 
emissions when operated in a cycling mode, which, 
per one study, measurably reduced some of the envi-
ronmental benefits of renewable power ).  Thinking dy-
namics could improve everything from grid operations 
(variability) to finance (time of day pricing) to innova-
tion (storage technologies and Smart Grids).  

Renewables have a bright future, and must play a lead-
ing role in India’s energy security and growth.  They 
aren’t a panacea, but a vital tool in the broader spectrum 
of India’s electricity future.  For sustainability, renew-
ables cannot be viewed in isolation, but rather as part 
of a transition if not transformation of the grid, which 
includes variable and dynamic pricing, distributed 
generation, storage technologies, smart grids, etc.  Of 
course, no discussion of the future of the grid in India 
can ignore the other elephant in the room, agriculture 
(pumpset) supply, which itself cannot be solved as an 
energy problem but a broader challenge spanning land, 
subsidies, crop-choices, water tables and availability, 
fertilizers, support prices, etc.  

The highest level takeaway we hope to convey is that 
sustainable growth of renewable energy isn’t a rushed 
dash for more capacity, but a longer term endeavour 
that has to factor in economics, grid integration, con-
sumer and utility demand, and innovation. Broader 
transformations of the power grid are anyways viewed 
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as inevitable, given the current system is both loss-mak-
ing and has failed to deliver on its social contract (with 
many users lacking supply). The recent announcement 
by the government increasing the target for solar power 
by 5 times to 100,000 MW by 2022 is a useful and am-
bitious target, but such a target should be there to guide 
stakeholders and the enabling environment, and not a 
hard-and-fast obligation.  In that vein, not reaching the 
target (if that happens) should be viewed not as a fail-
ure but simply a reflection that the time and ecosystem 
wasn’t right.  Any target can be met, with heroic or dis-
proportionate effort, or unintended consequences. The 
goal is to meet the target sustainably.    

Any target can be met, with he-
roic or disproportionate effort, 
or unintended consequences. 
The goal is to meet the target 
sustainably 

We hope this volume provides a few insights and rec-
ommendations that engender a deeper dialogue on the 
issues and trade-offs, leading to policies that accelerate 
the deployment and enhance the sustainability of re-
newable energy in India.
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in the evening, driven by lighting and household plus 
commercial use, and many renewables have limited if 
not zero output at this hour.  While storage technolo-
gies might help, this is some ways away from commer-
cial viability.  Thus, for every kilowatt of solar capacity 
added, almost one kilowatt of something that can be 
despatched (called on demand) must be added.  There is 
also the challenge of a weaker grid, with no spinning re-
serves.  To address these, some of the recommendations 
span proper accounting, improved pricing (that doesn’t 
treat every kilowatt hour the same, rather adding fac-
tors for time of day, location, congestion, etc.), and the 
creation of ancillary services for the grid.  These are sys-
tems if not markets for non-traditional non-kilowatt-
hour services such as frequency regulation and voltage 
support, which make the grid more stable, especially in 
light of fluctuations in both supply and demand.  

ANISH DE explores the institutional and financial as-
pects of renewables, especially in large scale.  While cheap-
er is better is a starting point, a few of the questions that 
frame recommendations are how much should support 
mechanisms play a role, and in what form are they 
most effective.  Operational improvements are an easy 
starting point, and that includes coordination with the 
grid so that renewable energy is never wasted (curtailed 
because the system couldn’t handle it), in addition to 
better forecasting.  Given the capital intensive nature 
of renewables (with nearly but not quite zero operating 
costs), cheap financing is a vital need – this links to risk 
management for renewables projects.  There also need 
to be improvements in Renewable Portfolio Obligations 

Chapter Overviews and  
Volume Summary   

R A H U L  T O N G I A

RAHUL TONGIA discusses renewables integration in 
the context of the larger electricity system, especially the 
interconnected grid.  More than just the global chal-
lenges of location-specifics (concentration in often re-
mote locations), variability, and economics, the Indian 
power system is different from that of the west.  Most 
importantly, the Indian grid peak demand is mostly 
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and other support mechanisms such as RECs (Renew-
able Energy Certificates) that balance generator needs 
with buyer (utility) constraints.  At a big picture level, 
coordinated planning and even an integrated National 
Mission for Sustainability (instead of silos of Nation-
al Solar, Wind, Efficiency, etc. Missions) can improve 
broader electricity sustainability in India.  

RAHUL TONGIA shares a focused chapter on the eco-
nomics of renewables, pointing out that more than just 
typical power plant variables like construction cost, in-
terest rates, plant load factors (aka capacity utilization 
factors), etc., economic comparisons must factor in 
network level costs due to the variability of most re-
newables.  With one set of assumptions, solar power 
could already be cheaper than imported coal power.  
With another set of assumptions, it is 2 to 3 times as 
expensive over the lifetime from a utility procurement 
perspective.  

SUMANT SINHA talks about making grid scale renew-
ables work, drawing especially from his experience with 
the wind sector.  First and foremost, he suggests consis-
tent, realistic policy support, which can give industry a 
combination of a lofty target as well as a realistic path-
way to get there.  As prices for the Clean Development 
Mechanism (CDM) have slumped, a domestic push 
through improved RECs and RPOs (tradable Renew-
able Energy Certificates and state-level Renewable Port-
folio Obligations) are recommended.  In addition, co-
ordination and grid integration are key needs, especially 
as the scale of renewables becomes larger and larger.  In 
another dimension, cheaper financing as well as means 
to reduce risks and costs become important, including 
land acquisition and financial hedging options.  

HARISH HANDE and colleagues discuss making small 
scale renewables work, drawing especially from their ex-
perience with solar power (which is pretty much the 
only renewable energy option that works down to the 
household scale – almost everything else is village scale 
if not larger).  Small scale power shouldn’t be viewed 
merely in a Rs./kWh lens, instead being valued for its 

social impact as well as availability, reliability, and more.  
To that end, the end beneficiaries (or target groups) ar-
en’t just citizens but also programs on education, health, 
etc.  Making small scale systems work will ultimately 
depend on a favorable ecosystem, which emphasizes the 
multitude of factors and stakeholders that must align, 
ranging from financing, supply-chain (including qual-
ity and quality assurance), training, maintenance, etc.  
Such networks can span to not only the so-termed mar-
ket, but also government, NGOs, donor groups, aca-
demia, etc.   

ASHISH KHANNA and colleagues talk about energy 
efficiency, which is a complement to renewables and an-
other tool in the portfolio needed for making the broad-
er electricity ecosystem in India sustainable.  A specific 
link to renewables is the expected (and some say inexo-
rable) transformation the grid will need to manage the 
variability of renewables, and that will come from more 
effort on the consumption side.  At the ultimate lev-
el, dynamic management of demand becomes a Smart 
Grid.  Even before a Smart Grid, efficiency in power 
consumption is a low-hanging fruit where the first need 
is aggressive and innovative targets.  While targets are 
one step, they become realized when incentives align, 
which is where the institutional framework for energy 
efficiency needs enhancement, also extending far be-
yond the Center down to the states.  In fact, they sug-
gest a network, based on a hub-and-spoke model (with 
layered institutions in the middle), to cover the dimen-
sions of stakeholders for finance, training, markets, be-
havioural change, R&D, and policies.  

RAHUL TONGIA explores the future of the grid as 
a Smart Grid, in particular how it can synergize with 
renewable power.  This includes new (dynamic) pric-
ing schemes, storage technologies, and dynamic de-
mand management.  Each of these aspects, rather, the 
entire spectrum of a Smart Grid needs policy support, 
independent of the links to increased renewable power.  
These include new tariff and pricing schemas, support 
for new technologies, and even a new framework for 
Smart Grid rollouts across the nation.  One addition-
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al area where Smart Grids and renewables intersect is 
for distributed generation, including microgrids, where 
now power can flow upwards from the edge, instead 
of top-down (aka centralized delivery).  This requires 
legal, regulatory, and safety-engineering standards and 
policies to materialize and scale.  

RAMAPRASAD SENGUPTA examines the link be-
tween energy and the environment, presenting depth to 
the obvious environmental benefits of renewable ener-
gy, in addition to other externalities such as energy se-
curity.  While always fraught with assumptions, using 
literature and his own calculations, he gives ranges for 
the externality costs of coal-based power, which then 
allows a more sustainable view of the price of renewable 
power.  For coal based power, the mainstay of power 
in India today, these costs can be in the same order as 
the nominal costs of today.  This is not to say there are 
no externalities to renewables, not only land use but 
also even carbon (especially during construction of so-
lar panels), but these need to be in perspective.    One 
of the takeaways to try and internalize the externalities 
(e.g., through pollution taxes) is the need for better 
numbers on the lifecycle costs, which start with fuel ex-
traction (mining), and extend to power plant chimney 
stack emissions, as well as water usage.  

SABINA DEWAN makes the case for employment by 
growing renewables, something even the US focused on 
during Presidential elections.  More than just the ac-
tual number of jobs created (which must be examined 
in comparison to jobs in with other energy forms, and 
these are not all the same, e.g., diesel is imported), the 
quality, safety, and wages can be higher in clean ener-
gy than many traditional fuel systems.  One of the flip 
sides of clean energy jobs is the need for skills upgra-
dation and training, which can be a bottleneck with-
out focused effort and even policy support.   Given the 
relatively smaller scale of renewable deployments and 
large role of the private sector, one of the first needs is 
a consistent database of jobs in the renewable energy 
space, something which hasn’t been compiled yet.  

GOPICHAND KATRAGADDA focuses on some 
contours of R&D and innovation for renewable power, 
which will take us further along the price-performance 
curve.  Almost unsaid because of its primacy is the need 
for Indian innovation or at least innovation accessible 
to India at low-cost.  Some of the recommendations 
focus on specific technologies, such as adopting newer 
solar cell technology to leap frog in the current envi-
ronment of abundant (and some would say over-abun-
dant) cheap cells from foreign suppliers, or the imme-
diate prospects for low-wind-speed wind turbines (since 
India’s wind speeds are lower than Western Europe or 
parts of the US).  Also highlighted in the discussion 
are game-changing issues such as hydrogen availability 
to make fuel cells viable.  Other recommendations ask 
for new models of collaboration, especially the need to 
bring together industry, academia, and government.

KIRIT PARIKH examines policies for making renew-
ables sustainable, spanning a high-level view all the way 
to the details.  Starting by putting renewables in the 
broader context of the current (fossil-fuel dominated) 
power system, the chapter focuses on renewables, of-
fering suggestions on existing schemes such as RECs 
and RPOs (which need to be enforced) all the way to 
increasing domestic capabilities in manufacturing and 
innovation.   Some of the recommendations draw from 
the Expert Group on Low Carbon Strategies for Inclu-
sive Growth, aka Parikh Committee Report (Planning 
Commission), but there are also new calculations, such 
as the premium renewable energy entails, and the fiscal 
impact of this, which is high enough to be visible on 
the GDP scale!

SUMMARY: MAKING RENEWABLE 
POWER SUSTAINABLE

The key areas that need policy effort or solutions, what-
ever these may be, focus on:

1) Finance.  The high cost of capital is just one rea-
son for the relatively high cost of renewable power.  In 
addition to absolute costs (which are falling), risks of 



16    |    Blowing Hard or Shining Bright? Making Renewable Power Sustainable in India

all power projects remain, making the required returns 
on investment higher than optimal.  Utilities are cash 
strapped, and broader reforms and improvements in 
utility operations and finances will go a long way to 
making the case for renewable power (rather, all power).  
By some measures, traditional fossil-fuel power projects 
have higher risks, since they require fuel linkages, water 
supply, etc., and are often very large sized.  On the other 
hand RE projects might sometimes be given a short-
shrift by states, with delayed payments and other oper-
ational headaches.  

2) Grid integration for renewables, with dynamics.  
While we now have a unified national grid, it wasn’t 
designed for taking Tamil Nadu wind power to Delhi 
air conditioners.  (It’s a separate issue that the 5 Regions 
of India’s grid have limited interconnectivity—which 
must be strengthened—and dedicated transmission 
“green corridors” don’t entirely solve the problem).   

 • Coordinated and dynamic planning (and trans 
 mission pricing).  For all bulk RE projects, not  
 only must transmission be firmed up in advance,  
 such calculations must be for a dynamic grid, instead  
 of a static/average calculation.  The transmission  
 system today needs upgraded calculations to han- 
 dle dynamics, and congestion, ideally through a  
 pricing mechanism such as Locational Marginal  
 Pricing (LMP). 

 • ToD and dynamic power pricing (bulk procure 
 ment, and eventually consumers). The broad 
 er power system needs to move towards Time of  
 Day (ToD) pricing.  While retail (consumer) ToD  
 will take time and requires new meters, the first step  
 should be bulk power procurement ToD by Distri- 
 bution Utilities, instead of today’s generation  
 contracts which focus on a single dimension of kilo- 
 watt-hours through PLF targets.  

 • Storage technologies. In addition to the tech- 
 nology innovations needed to reduce costs, storage  
 technologies need an appropriate regulatory frame  
 to provide value.  In addition to ToD pricing to  
 encourage energy arbitrage (supply: off-peak to  
 peak, demand: peak to off-peak), storage especial- 

 ly helps for short-term fluctuations in supply and  
 demand, through ancillary services.  

 •  Ancillary Services.  These are systems, which could  
 operate through a market mechanism, but don’t  
 have to, for keeping the grid stable, instead of just  
 valuing kilowatt-hours.  A few of the ancillary ser- 
 vices include the ability to ramp-up/ramp-down  
 quickly, frequency regulation, and black-start capa- 
 bility.  

3) Forward-looking yet realistic targets, incentives, 
and perhaps penalties (for RPO or other non-com-
pliance).  Realistic targets that factor in transmission, 
grid management, variability, finance, etc. would be 
much more sustainable than the (almost) cycles of 
boom-bust that accompany support-driven growth of 
renewables, which collapse when the rules change.  If 
there are Renewable Portfolio Obligations, these must 
be enforced, which would then send stronger pricing 
signals, either directly or through tradable Renewable 
Energy Certificates.   If a Regulator wishes to set the 
price for renewable power, they might not get it right.  
Too low and there would be few suppliers.  Too high 
and not only would many cry foul, the buyers (utilities) 
would struggle to pay.  This highlights the challenge of 
bids and so-called market solutions as being done today.  
They may be efficient from a supplier perspective, but 
this does little towards discovering utility equilibrium 
willingness-to-pay.  In such cases, an encouraged (if not 
mandated) target may be required.  

Any future policy plans need to also reflect structural 
issues of ownership and incentives. Unlike solar farms, 
most wind farms have many small individual owners 
(e.g., one turbine each), but are operated by a wind pro-
moter.  Thus, policies need clarity between owner and 
operator, individual turbine or farm.  This also impacts 
any attempts at “re-powering” wind farms, a key need 
since older turbines are less powerful and less efficient.  
Here, the ability to collate and consider farms as coop-
eratives may be important since we have can different 
owners of individual turbines within a wind farm, each 
with different vintage, efficiency, tariff, etc.   
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For solar power, the incentives issues is further compli-
cated for small-scale distributed generators (e.g., roof-
top solar), where now end-user’s rational economic 
comparison becomes between solar generation (which 
can be cheaper if opportunistic, i.e., without any output 
back-up or predictability) and retail grid-power, which 
has cross-subsidy based pricing, and thus higher tariffs 
for some classes of users, precisely the ones most like-
ly to jump into personal renewable generation.  These 
aren’t comparable, since the grid is inherently designed 
for multiple supply options, redundancy, maintenance, 
etc.
 
4) Better accounting and numbers.  The above-men-
tioned dynamic aspects of operations and payments are 
just a subset of the improved data required for making 
renewables more sustainable.  
	 •	Predictions.  While computational improvements  
 (especially so-called “big data”, “Smart Analytics,”  
 etc.) can help, real-time monitoring stations with  
 instantaneous sharing of data will go a long way  
 towards at least knowing about upcoming vari- 
 ability.   This needs coordination, perhaps through  
 the proposed Renewable Energy Monitoring Cen- 
 ter(s) (REMCs).  Dynamic and granular (local- 
 ized) information will help grid operations – an av- 
 erage number isn’t good enough.  

 •	Environmental	impacts,	especially	on	a	lifecycle	ba- 
 sis. While externalities are a tough challenge to han- 
 dle, worldwide, even before we consider how to al- 
 leviate them (taxes, subsidies for helpful things,  
 regulatory fiat, etc.), we first need to properly mea- 
 sure the externalities and other environmental im- 
 pacts of energy, both renewable and conventional. 
 A transparent framework combined with a database  
 would be the direction to move towards.  

 • Jobs and employment, both during implementation  
 and ongoing operations.  Given the mix of public and  

 private, large and small, owned and outsourced,  
 etc., there are no good numbers on the manpow- 
 er implications of green energy.  Such information  
 isn’t just to help choose technologies but also to im- 
 prove deployments, especially given skilled labour  
 (for not only deployment but operations and main- 
 tenance) is a bottleneck for many projects, especial- 
 ly in remote locations.  

5) Innovation.  Renewable energy is inherently about 
innovation, and R&D can help with not just the effi-
ciency of a solution (the science), but also its costs (the 
engineering).  India has been riding the wave of glob-
al reduction in solar panel costs, but all of its cells are 
based on imported silicon.  One worry some folks have 
is to what extent are recent (low) prices the result of a 
global glut or push for market share?  Even if that is 
not the case, India should not only start and expand 
in-country production capabilities, it should innovate 
for technologies needed for its own conditions, such as 
low-wind-speed wind turbines, hybrid (grid + home) 
grid-interactive inverters for solar panels that don’t 
switch off when the power fails but instead isolate the 
house and continue supplying power to the home, etc.  

Some innovation is missing due to lack of policy clarity 
or support.  Solar thermal power would benefit from 
Time of Day (ToD) pricing due to its ability to easily 
store energy for a few hours.  Even more strikingly, solar 
thermal plants could be synergized with other fuel in-
puts for producing predictable if not continuous power 
(which also lowers the costs).  However, policies in In-
dia disallowed innovation for multi-fuel options since 
the incentives were only for solar power, and there were 
worries about misuse.  While measurements and cost 
allocations might not be 100% accurate (and based on 
assumptions), one could come up with transparent and 
fair norms for hybrid solar thermal power plants.  





RE BASICS AND  
FRAMEWORKS 





1 Portions of this chapter draw or are taken from a PlanetPolicy blog piece done by the author (http://www.brookings.edu/blogs/planetpolicy/posts/2014/05/21-renew-

able-energy-india-tongia).

The Indian Power Grid:  
If Renewables are the Answer, 

what was the Question?

 
R A H U L  T O N G I A 1

India has ambitious goals for renewable power, and 
while solar power has garnered much of the excite-
ment (and recent investments), all forms of green 

power have Central government support.  End-users?  
They worry about their lights being on (i.e., load-shed-
ding), and while they might be philosophically support-
ive of green power, it’s unclear how much premium they 
may be willing to pay for renewable energy (RE).  This 
leaves the electricity utilities as key stakeholders, with 
different roles spanning generation, retail, distribution, 
transmission, and balancing the grid.  Most states in 
India have unbundled the power sector (separating gen-
eration, transmission, and distribution), but regardless 
of institutional structure and reforms (or even state of 
finances, a critical topic), all power grids require bal-
ancing, i.e., continuously keeping supply in sync with 
varying demand (net of losses) in real time.  This is the 
basic principle of the modern alternating current (AC) 
grid, which has a characteristic that electricity cannot 
be stored easily.  

This is where the fundamental variability and stochas-
ticity (randomness) of renewables become a challenge, 
more so for the Indian grid which is operated far from 
optimally (with outages and load-shedding, frequency 
drifts, etc.)  

India needs to manage a  
capacity problem, unlike  
many countries seeing RE  
as an energy solution

How do other countries handle large RE inputs to the 
grid? They do what the power industry has always done 
– engineer for contingencies, with reserves and alterna-
tives.  Unfortunately, India is short of power, and thus, 
while other nations might see RE as helping an energy 
(kWh) problem, India also needs to manage a capacity 
(kW) problem, which is precisely where RE falls short.   
Renewables in India are different from renewables de-
ployed in the U.S., Europe, etc. and understanding 
these differences is key to viable policies. The triad of 
“usual” challenges of renewables remains in India, such 
as (1) intermittency/variability; (2) location-specific 
potential (concentrated in areas sometimes away from 
consumers or the grid; and (3) higher costs. Howev-
er, there are specific differences and needs that demand 
deeper analysis for the long-term viability of renew-
able energy. Making renewables viable for producers is 
easy—pay them enough—but can the rest of the system 
handle that? Because of pricing subsidies as well as high 
losses (both technical and commercial, i.e., theft), util-
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ities already lose on average about a rupee, if not more, 
per kilowatt hour sold, impacting the ability to finance 
all new generation capacity, just RE.

One of the typical calculations that power system op-
erators do is estimate how much renewable power the 
grid can handle. Typical figures from elsewhere are in 
the range of 20-30%,2 with more requiring signifi-
cant investments in transmission or peaker plants.  Of 
course, with more deployments and learning (and bet-
ter predictions), the ability to handle RE is increasing, 
and, most importantly, every region is different.  India’s 
grid is weak and unstable, and instead of having a rea-
sonable reserve margin (typically 15-20% in the west), 
there is a shortfall in the grid, officially in the range 
of 5% or so, but actually much higher. Even the Grid 
Code is modest, recommending (but not mandating) 
only a 5% margin.  The grid is kept afloat through mas-
sive “load-shedding” (feeder-level supply cuts).  

There are other technical reasons why the Indian grid is 
weak, including lack of ancillary services (systems de-
signed to keep the grid stable, instead of just pricing 
kilowatt-hours), and even a lack of time-of-day pricing 
for bulk procurement of power. There are few peak-
er plants (which would operate only some 5-10% of 
hours in a year), since there isn’t sufficient incentive for 
these. Without incentives for plants that can ramp up 
(or down) quickly but may not get used much, how 
will the grid handle 20% renewables? Even worse, the 
types of plants capable of fast ramping are limited in 
near-term growth in India—hydropower (due to land 
and social/environmental challenges) and natural gas 
(due to supply constraints). Hydropower has an addi-
tional constraint when considering peaking or storage 
– its additional duty for water management (irrigation) 
limits when water can be stored versus released.  Overall 
improvements in the grid, including better balancing 
without resorting to load-shedding, should be key areas 
of effort, which would facilitate increased RE penetra-
tion.  

2 http://energy.gov/eere/wind/renewable-systems-integration.
3 The official shortfall of power in India is now only 5%, but the actual shortfall is far higher.  See Brookings India Discussion Paper 01-2014 on Re-thinking Access 

and Electrification in India: From Wire to Service (http://brookings.in/wp-content/uploads/2014/09/electrification-from-wire-to-service.pdf).

More than just operations, even planning for RE inte-
gration is important, including coordination between 
the various stakeholders.  At a 2011 Workshop on 
Wind Power in Karnataka, Karnataka Renewable En-
ergy Development Ltd. (KREDL) proudly announced 
they had sanctioned windpower projects in Karnataka 
for roughly 12,000 MW of capacity (comparable to the 
total official capacity of the state), and that over a quar-
ter had achieved financial sanction as well.  The one 
catch, which came to light in the frantic discussions 
post KREDL’s presentation, was that nobody from Kar-
nataka Power Transmission Corporation Ltd. (KPTCL) 
(which was engaging with KREDL for the first time 
on such issues at the Workshop) was aware of any such 
developments, not even from a power evacuation per-
spective (availability of substations), let alone issues re-
lating to handling the variability of windpower.  The 
challenge, fundamentally, was one where the “makers” 
and “takers” of renewables didn’t coordinate.   

Overall improvements in the 
grid, including better  
balancing without resorting  
to load-shedding, should 
be key areas of effort, which 
would facilitate increased  
RE penetration

GRID DETAILS, FUNDAMENTALS 
AND NUANCES

It’s well known that the Indian peak demand (today 
and in the near future) is mostly in the evening.  While 
it’s obvious that the sun isn’t shining bright then, even 
wind is often on a ramp-down, especially in some states.  
Thus, even if India adds 20 GW of solar, it still needs 
20 GW of additional capacity to meet its peak, and the 
picture is almost as bad for wind because of its strong 
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seasonality.  Actually, it’s not quite as bleak, since RE 
offers some capacity value, but the exact amount it of-
fers is modest vis-à-vis conventional fuels, and we need 
detailed calculations for these at a systems level, instead 
of simplified correlation studies. Only for illustrative 
purposes, the chapter on Economics of Renewables 
compares different pricing regimes factoring in the sep-
aration of energy and capacity. 

As we can see for the example of Karnataka (which 
may or may not match other states), there is enormous 
variance, on a nameplate capacity that started 2012 at 
1,851 MW rising to 2,168 MW by the end of 2013.  

FIGURE 1: Total Wind Power Output in Karnataka at 1-Minute Resolution

While the annual average Plant Load Factor (PLF) is 
just over 22%, not only is there strong seasonal varia-
tion, even during windy periods the output falls to near 
zero.  Also, at least for Karnataka, the fact there are sev-
eral windy zones separated by hundreds of kilometers 
doesn’t steady the aggregate wind output very much. 
Converting these into month-wise PLFs, we clearly see 
the enormous variation. If the Indian grid had buffer ca-
pacity, and there were better regional interconnections 
with non-coincident peaks, then we could plan more 
in terms of RE and demand coincidence, like Germany 
and other countries, but as of now, even being opportu-
nistic with RE, we still need more peak capacity.
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FIGURE 2: Month-wise Total Windpower Plant Load Factor (Capacity Factor) in Karnataka. These 
are calculated from 1 minute data across the total state.  The annual average PLF in both years is 
just over 22% (22.19% and 22.46%, respectively). 

Variance is one reason why renewables aren’t a panacea 
for rural electrification. Beyond the issue of the evening 
peak (demanding a battery if standalone RE or an iso-
lated microgrid is to provide lighting), most optimal 
renewables (except solar) are village-scale, if not larger, 
not household. One still needs a last-mile connection. 
At that point, the grid becomes more attractive (given it 
reaches the vast majority of villages already), especially 
as demand grows rapidly once a household is electrified.  
However, for many users who need and are willing to 
pay for limited supply RE is already attractive today, 
since it is more reliable and in the individual’s control.  
Witness how one of the world’s largest solar markets is 
an open-air market in Bihar.  

Balancing the Grid

Much more subtle than the challenge of meeting the 
peak is keeping the grid in balance.  Germany now han-
dles 25% RE without major investments into the grid, 
but the German Energy Agency (DENA) estimates 
further increases will need large investments in grid 
strengthening, especially high voltage transmission (re-
portedly some 4,500 km at a cost of 42.5 billion euros)4   

Much less appreciated is the fact 25% is for Germany 
alone, but Germany is actually well interconnected with 
the European Grid (more than 4 times larger), so one 
can easily give or take from outside, which is precisely 
what Germany often does (as does Denmark, another 
country famous for high wind power penetration).  

4 Sarah Martin, “Germany’s Energy Transition: Changes and Implications on Generation, Transmission and Distribution” presented at the Future of the 
Grid Workshop, organized by WRI, Bangalore, November 19, 2014. 
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The fact that we have a National Grid helps, but less 
than people realize.  One could have power flow from 
Tamil Nadu (wind surplus) to Delhi (high demand) but 
it would be expensive, and require interconnections far 
stronger than today, which raises costs.   The second 
problem is this ignores “control areas”, which are ar-
eas of operational control (and have a specific technical 
meaning worldwide, but not operationalized in India), 
i.e., areas where supply and demand are meant to be in 
balance from an operations point of view.  This is, today, 
the state, with a State Load Despatch Center (SLDC) 
trying to keep the balance.  Sure, today a state can go 
above/below their notified demand, but they then have 
to pay for it, through Unscheduled Interchanged (UI) 
charges under the Availability Based Tariff (ABT) re-
gime for central generation.  Thus, the broader point 
isn’t can the grid handle deviations, but at what cost?   
Increasing balancing areas would help grid stability and 
RE, but requires a re-think of state control, finances, 
operational boundaries, etc.  

How much RE can the grid  
handle? Quite a lot, but with 
effort and at a cost 

While the grid issue has been studied and a recom-
mendation for Green Corridors (transmission lines for 
long-distance RE power flows) has been proposed, this 
~Rs. 43,000 crore investment should be placed in con-
text.  First, the economics.  The low Plant Load Factor 
(PLF) of renewables implies compared to the average 
transmission investment, the Rs./kWh cost of transmis-
sion could be not 25 paise/kWh but 3-4 times higher 
if the lines were mostly dedicated to RE.  Or, the costs 
would need to be socialized. Second, the plans are based 
on static calculations, instead of properly factoring dy-
namics, which are difficult to operationalize given we 
don’t yet have dynamic transmission pricing factoring 
in congestion (such as via Locational Marginal Pricing, 

or LMP).  Without such fixes and revamps, we would 
continue to have even conventional power subject to 
the mercy of transmission constraints, which CEA esti-
mated (in 2013) impacts almost 10% of generation ca-
pacity. Lastly, there remains the challenge of timeframe 
and coordination.  This large investment might take 
several years, but there is a possibility that many renew-
ables could be built up much sooner, not to mention 
in-state investments required for proper “on-ramps” for 
this transmission highway.  

Of course, on paper one could choose to make trans-
mission no-cost. CERC, in draft regulations from 
2014, indicates that solar power projects commissioned 
within 3 years shall, for the life of their project, be free 
from inter-state transmission charges as well as losses on 
the same. But this doesn’t affect the underlying funda-
mentals.  

There are a number of studies making the claim that 
renewables aren’t strongly correlated with demand, and 
thus manageable from the grid perspective.  For start-
ers, balancing should focus on a control area, rather, a 
load dispatch area, which is the state in India.   Second, 
an average correlation number is misleading (periods of 
high positive and high negative correlation also lead to 
a net average correlation near zero).  Third, states could 
cancel each other out in terms of national correlation.  
While they could theoretically balance each other, that 
means there has to be a large flow of power from one 
state to the other, something that may not be accounted 
for, either financially or in terms of grid planning. 

From a balancing perspective, one also needs to under-
stand the dynamics of changes in supply (and demand), 
i.e., ramp up and ramp down rates.  One doesn’t just 
need an alternative supply for when the wind dies (or 
when demand spikes up, a generator trips, etc.), that 
supply needs to begin supply very rapidly if not instant-
ly.  This is the essence of one of the some ancillary ser-
vices, such as frequency regulation and ramp-up and 

5 In reality, electricity flows like water based on potential differences, and most new capacity operates on a displacement mode (gets used nearby, 
instead of flowing far away, but making more available in other places).  If one had dedicated transmission lines (and long-distance lines can be High 
Voltage DC, or HVDC), then one could have the actual flow travel long distances.  
6 http://www.cercind.gov.in/2014/draft_reg/Draft_noti7_2.pdf
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ramp-down services.  This is where wind and solar ac-
tually become different (with different time constants 
for unexpected change), and where the rest of the grid 
(i.e., alternatives) matter.     

Fundamentally, India’s grid 
isn’t really in equilibrium, and 
has relied far too long on the 
worst possible mechanism for 
grid balancing: load-shedding

The challenges of the grid tie back to economics – RE 
is typically “must run” from a state load dispatch per-
spective – that means other generators often have to 
back down, even if their average costs are lower (which 
is what the state utilities often care about, though dis-
patch should be based on marginal costs).  Using state 
level findings, the CEA Report on Renewables Inte-
gration pointed out that “…against a wind must-run 
generation with an average tariff of Rs. 3.56 per unit 
in June 2012, they had to back down cheaper genera-
tion of about Rs. 2.50 to Rs. 2.70 per unit.”  Gujarat 
asked NTPC  to reduce its output when RE output is 
high, which has only worked because there were oth-
er takers for such power, but displacements only work 
for so long.  New pricing and operational schemas will 
be required, not least because for now we are simply 
socializing the up-and-down (and wear-and-tear) on 
other generators, not to mention the higher emissions 
that come from fossil-fuel generators who have to cycle 
their output.   Of course, with a larger balancing area 
(with requisite transmission), more flexible alternative 
supply, and a better managed grid, we should find far 
more flexibility for RE than we have today.  

So if RE integration is such a challenge, how come more 
hasn’t been done? How come we don’t notice so many 
problems in India?  Fundamentally, RE’s contribution 

in terms of generation (not capacity) has been modest, 
but that is going to change soon.  At a state-level, we 
already see many problems.  Fundamentally, India’s grid 
isn’t really in equilibrium, and has relied far too long 
on the worst possible mechanism for grid balancing: 
load-shedding.8   As long as this is allowed as a cheap fix 
(rather, cheap for utilities, passing on costs to consum-
ers and national well-being), India can handle almost 
any level of renewables.  India can do better.  

IMPROVING RE GRID INTEGRATION

Analysis, Planning and Coordination

To improve the grid integration of RE, one has to im-
prove planning and accounting for renewables (rather, 
for all generation), factoring in their burden on the rest 
of the grid such as transmission congestion.  A few spe-
cifics for this are:

1) Power evacuation planning.  The starting point re-
quirement should be that if RE plants are being built 
(and they are growing in total wind/solar farm size to 
not just tens of MW but hundreds), there must be suf-
ficient transmission capacity.  This is often an intra-state 
issue for now.  

2) Enable	inter-state	RE.   This effectively increases the 
balancing area, and isn’t so transmission burdensome 
when the favorable sites are near the border.  The prob-
lem isn’t the regulations disallow it, just that the present 
rules for inter-state transmission require 15 minute firm 
schedules, something impractical for renewable power.  
The use of power exchanges for improved (non-real-
time) balancing is also an option (subject to transmis-
sion constraints), but this begs the question why are 
these used so little today, even when prices are osten-
sibly low, only a few Rs./kWh? The reason isn’t tech-
nological but operational.  Current financial settlement 
norms, while good for the exchanges’ risk profiles, make 
it tough for states to buy much power since they have 
enormous liquidity problems.  

7 Central Electricity Authority. (2013). Large Scale Grid Integration of Renewable Energy Source - Way Forward. CEA, New Delhi. Retrieved from 
http://www.cea.nic.in/reports/powersystems/large_scale_grid_integ.pdf
8 In addition to load-shedding, power quality is also allowed to deviate more than desired, including frequency and voltage.
9 Wind output varies enormously with topography, and developers will not rely on general wind maps or even measurements in the region.  They 
will always put up wind masts to measure the wind over a long time period (dubbed “micro-siting”), an expensive process which is hard to finance 
(which limits small players and competition).   
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3) Improve measurements, predictions, and analysis for 
RE	 generation,	 including	 data	 sharing.  This could be 
through the proposed Renewable Energy Management 
Center(s) (REMC), which should also coordinate with 
state and regional load dispatch centers.  Data sharing 
is especially important for wind power, which has much 
more granular variance than solar power, especially on 
a kilometer scale.9  REMCs need not be a large or com-
plex institution – these could be envisaged as virtual 
centers in synergy with Load Despatch Centers.  

3b) Demand best (reasonable) predictions from generators.  
CERC attempted to mandate wind generators to pre-
dict, day ahead, their output in 15 minute blocks with 
a tolerance of 30% (with some corrections allowed in 3 
hour blocks), beyond which they would need to pay UI 
(unscheduled interchange) charges as per the current 
Availability Based Tariff (ABT) as a Renewable Regu-
latory Charge within the Renewable Regulatory Fund.  
There was opposition, and the proposal is currently on 
hold, pending validation (technically, predictions are 
asked for, but penalties not enforced).  Improved pre-
dictions and nimble grid operations are better than of 
simply socializing the prediction variation costs.10   
 
While I cannot offhand say what the state-of-the-art 
predictions could or should offer, let alone the financial 
implications of the same (since UI charges are them-
selves unknown, and vary with grid frequency), some 
norms are required.  Much more importantly, the 30% 
norm should be updated to reflect the particulars of 
the state (or balancing area).  If windpower is 40% of 
a state’s capacity versus 2% in another state, the im-
plications of a 30% deviation are obviously different.  
In addition to share of wind, alternatives available in 
the area matter – if there is more hydro or fast-ramping 
gas turbines available (or, storage), then the threshold 
for deviation penalties can be more tolerant.  Lastly, 
dynamics matter (how much the demand is, and how 
much slack there is in the system).  

10 Socializing costs was planned under the 30% wind power prediction schema, for deviations below 30%; above 30% would be paid by the wind 
farm operator. Note solar was to be exempt from prediction requirements. 
 

Thus, penalties should not be the same based simply on 
30% deviation, but rather state of the grid.  UI, while 
it has improved grid discipline, isn’t an ideal signaling 
mechanism since it is only frequency based, but doesn’t 
reflect state of the grid (demand as well as available 
generators and their characteristics).  Any demand de-
viation settlement mechanism has to recognize that the 
absolute variance of RE varies by state, with larger RE 
states facing hundreds of days of >1000 MW variance 
(some beyond forecasts), in addition to differences with 
respect to state of the grid.  

Improvements via Grid Operations

1) Make balancing a proper grid requirement.  While 
there is now a separate entity for Regional and National 
Load Despatch (POSOCO), India needs a complete-
ly independent Regional Transmission Operator (also 
called an Independent System Operator in some parts 
of the world).  Such an RTO/ISO must also coordi-
nate with state Load Despatch Centers, balancing their 
financial needs with grid operations.  Importantly, all 
despatchers must be discouraged from a mindset of 
load-shedding as a balancing mechanism.  One simple 
option (as a thought exercise for now) – treat load shed-
ding as having a cost, say, equal to the next available re-
source in terms of merit-order despatch. (In reality, load 
shedding’s cost may be far higher to society overall.)

2) Strengthen the grid.  Even before we think about an-
cillary services, there need to be basic improvements 
to operations, including the use of Primary frequency 
control from generators with free-governor mode of op-
erations, whereby deviations in frequency automatically 
signal the generator to increase/decrease output.  No 
generator should be allowed to ignore or bypass con-
trol signals like some reportedly do today.  In the fu-
ture, frequency tightening can be achieved by the use of 
Automatic Generation Control (AGC) based on Area 
Control Errors (ACE) as signaled by an Area balancing 
authority.   



28    |    Blowing Hard or Shining Bright? Making Renewable Power Sustainable in India

3) Add dynamics and granularity to the calculations.  
Congestion in the grid is dynamic, and requires dynam-
ic pricing for transmission, such as through the use of 
Locational Marginal Pricing (LMP), which combines 
marginal cost pricing for generation, transmission, and 
grid congestion.  This is before the obvious need for 
Time of Day retail pricing.   With proper generation 
pricing signals, we could perhaps find more value to a 
wind farm in a different location with lower variability 
(or better peak correlation) instead of just maximum 
kWh generation.  Ultimately, more than dynamics, im-
plications of supply (and demand) must factor in mar-
ginal costs.  As mentioned in the Introduction and Poli-
cy chapters, variability of RE impacts fossil fuel cycling, 
which impacts pollutant emissions.  

The century old grid is chang-
ing, and the question becomes 
is this a managed transition?

Adding dynamics and granularity changes the discourse 
on technical loss reductions.  As an aside, this is one 
reason that distributed RE generation won’t reduce the 
losses nearly to the extent often claimed in the press.  
For starters, the average total losses aren’t all technical 
losses (nor theft – these might be about equal).  Second, 
other than per household RE (such as roof-top solar), 
most other RE still requires “last-mile” distribution, 
sometimes even at a medium voltage level.  Not only 
does this entail costs, this is a source of perhaps 2/3 
of the total technical losses (applying a rule-of-thumb 
for transmission versus Distribution).  Thus, from, say, 
28% losses of today, a system of nearby (not household) 
RE might still have 14% non-technical losses plus some 
8% distribution losses.  Of course, the grid needs to 
improve in terms of loss reductions.  

4) Begin ancillary services in the grid.  These value grid 
support mechanisms beyond simple kilowatt-hour 
generation, such as the ability to ramp-up/ramp-down 
rapidly.  Today, either the grid is left unstable, or such 

services are provided by the sub-optimal provider (coal 
plants aren’t designed for cycling production), without 
appropriate compensation.11   

5) Move	towards	robust	RE	technology.	 Technologically, 
RE could provide more than simple kWh generation, 
such as reactive power, if it were incentivized to do so.  
In addition, India must plan for the ability of such gen-
erators to handle Low Voltage and Fault Ride Through 
capabilities, something China grappled with but ulti-
mately enforced in recent years.  The difficulty of a weak 
grid is exacerbated when RE generators cannot handle 
low voltages or faults – they trip, further weakening 
the rest of the grid.  The good news is that most newer 
turbines, technologically, could actually do this – the 
problem remains for existing capacity – should these be 
upgraded?

6) Deploy smart grids to make demand more dynamic and 
grids robust.  This extends to storage solutions (which 
often finds value not in energy (kWh) arbitrage but 
also in providing ancillary services).  Both of these are 
discussed in more detail in a separate chapter in this 
volume.  

Broader Changes in Grid Policy – The Future 
of the Grid 

For all the policy changes in the RE space, policy chang-
es and transformations in the broader electricity sector 
will have a greater impact.  Some changes may appear 
to hurt renewables, e.g., Time of Day might not help 
given the Indian peak is in the evening, but the day-
time is certainly not off-peak.  In addition, improved 
pricing should also reflect the marginal cost of power, 
which will be higher than the average price of power as 
procured by states (see the Chapter on Economics for 
more on this).  

ToD pricing is talked of for end-consumers, but that 
involves new metering infrastructure.  A starting point 
should be not just bulk consumers (that too with mean-
ingful ToD differentials, unlike today’s), but the bulk 
procurement of power by utilities (today’s mostly bi-

11 CERC has issued draft notifications for ancillary services, but the 2014 draft formulation doesn’t specify how (the market mechanism details) for 
these. More importantly, CERC’s frequency support ancillary services are designed for periods of wide frequency deviation, instead of more tradi-
tional ancillary services which operate all the time (and thus avoid the frequency deviation itself).  
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lateral contracts are based only on units generated and 
capacity, without a ToD component).  As and when 
we unveil ToD pricing, this will add incentives to solar 
thermal power, which inherently or at least cheaply can 
store energy for a few hours (until the evening peak).  
100% electricity access and ending load-shedding will 
put additional pressure on peak generation.  This will 
inherently drive a push towards ToD prices, at least for 
procurement if not retail.  

Thus far, discussions have often focused on treating RE 
as just another generation source for the utility (albeit 
one that is variable).  A far greater transformation will 
come when end-users opt for RE on their own.  While 
the Economics chapter discusses this in more detail 
(one should not compare bulk procurement prices with 
end-user retail tariffs), the first question from a grid per-
spective becomes is this for on-site consumption or to 
be fed into the grid? If the former, it is easy, but the 
latter requires a re-think of business models (including 
cross-subsidy surcharges, wheeling charges, etc.).  

Roof-top solar PV often relies on feed-in tariffs, which 
can and should go beyond “simple” net metering (equiv-
alent to a meter spinning backwards).  That is because 
consumer tariffs vary, the incentives for these might 
need to be higher than the consumer’s tariff, at least in 
the short run, or one may need a generation based in-
centive.  More importantly, planners must understand 

and plan for (price for) the variability of end-user gener-
ation, which would be opportunistic in the absence of a 
battery.  One point worth bringing out is the consumer 
mindset – anyone investing in a solar PV system would 
expect it to provide power during grid outages. But tra-
ditional grid-tie (feed-in) inverters specifically cut off 
supply when the grid fails, for safety reasons.  What we 
need are hybrid inverters than can both feed in and safe-
ly isolate the end-user for supplying power when the 
grid has failed.  

The century old grid is changing, and the question be-
comes is this a managed transition?  Renewables aren’t 
just inevitable, they should be supported and scaled up. 
However, part and parcel of such efforts must be invest-
ments in (and accounting for) expenditures and effort 
on grid infrastructure and operations.   Even if done 
right, grid integration is a challenge.  Done without 
proper planning, renewables will amplify if not exacer-
bate the weakness of the grid (stability, reserves, balanc-
ing, etc.)  The good news is much of what needs to be 
done isn’t a technological unknown – it just takes plan-
ning, coordination, investment, and a change in opera-
tions to handle well.  Combined with improved pricing, 
storage technologies, and a Smart Grid, the policy push 
for generation investments in green power can be not 
just sustainable, but even help meet the broader goals 
of the Indian power sector, viz., access and affordability.  





Institutional Structures for  
Making Electricity Sustainable   

Sustainable energy comes in different forms and 
has a wide array of applications.  For this reason 
the institutional structures required for effec-

tive and promotion of sustainable energy vary widely.  
Within the overall sustainable energy basket, renewable 
electricity is the largest contributor, and is progressively 
becoming an overwhelming policy priority in the face 
of the development challenges that conventional elec-
tricity generation alternatives face. This chapter focus-
es on renewable electricity generation at scale and the 
institutional and financing arrangements required for 
making this happen.

The principal sources of renewable energy at this time 
are wind and solar.  The history of wind energy in India 
spans two decades, although it is only in the last ten 
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years that the scale of production has started acquiring 
meaningful dimensions.  Solar development at scale 
is more recent.  However, in a short couple of years 
it has come to stand comparison with the scale of in-
cremental wind installations, as the graph below de-
picts.  Small hydro and Biomass based generation are 
the only other source of substantial scale. The installed 
capacities of these resources are significant, but new 
build has witnessed fall in installation growth due to 
development issues in the case of small hydro and fuel 
supply chain issues in biomass that have proved dif-
ficult to resolve. Other technologies like geothermal, 
tidal energy, etc., are still some distance from com-
mercial implementation, even as the technologies per 
se are proven.

FIGURE 1: Annual Capacity Installation Trends by Resource
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1 For example, in the state of Rajasthan where the incremental costs of renewable energy is Rs. 5.31 – 5.93 per kWh for wind (depending on location 
within the State and the AD benefits availed), the costs of marginal thermal generation is of the order of Rs. 4.50 (NTPC Aravalli). To put the costs in 
context, the distribution utilities in Rajasthan have accumulated financial losses of about Rs. 75,000 crores (approximately USD 12.5 Billion), which 
severely reduces their appetite for relatively expensive electricity when there is discretion in the purchase decisions. It is noteworthy that hydro-
power costs for Rajasthan are higher, generally of the order of Rs. 6.00 per kWh from NTPC projects like SEWA II, Dulhasthi, etc. However, these are 
concluded contracts with Government of India owned entities, and the DISCOMs are obligated to procure the contracted power from these stations.  
  

The need for economies of 
scale in renewable electricity 
is markedly lower as compared 
to conventional alternatives, 
making resource development 
substantially easier

The increasing contribution of wind and solar has been 
accompanied (and perhaps propelled) by a reduction in 
the gap between these resources and the supply costs of 
conventional alternatives. Indeed, barring coal, supply 
from new hydro, nuclear and gas plants are often more 
expensive than the mainstream renewable electricity 
resources at the generator bus-bar.  Even considering 
the costs of integration of renewable energy in the main 
electricity grid, the differences between conventional 
and renewable energy costs have come down sharply in 
the past few years.  This is clearly good news for renew-
ables.  Even better is the prognosis of further fall in re-
newable energy costs, in contrast to the increasing costs 
of conventional alternatives.  The need for economies of 
scale in renewable electricity is markedly lower as com-
pared to conventional alternatives, which also makes 
resource development substantially easier.  For all these 
reasons and more renewable electricity generation proj-
ects increasingly find a larger space in the investment 
plans of developers.

India has clearly got some things right in this area be-
cause rarely has any other developing country (barring 
China which, one can argue, defies that definition any 
more) achieved this scale of growth.  Wind power has 
largely been a private sector initiative, aided by favor-
able fiscal policies (mainly Accelerated Depreciation or 
AD for new build) for much of its run in the coun-
try, and a standard Feed in Tariff (FIT) procurement 
regime. With these two stays as support, investors took 
a deep dive into manufacturing, logistics, project devel-

opment and, more recently, technology development. 
The framework for solar has been more driven by a 
government sponsored, subsidy driven, large scale pro-
curement program in the form of the National Solar 
Mission (NSM). The benefits have been fast to come. 
In any planning scenario India currently looks at re-
newable energy technologies to substantially deliver its 
future electricity needs, thereby protecting the economy 
from the shocks of imported fossil fuel. The global en-
vironmental benefits from renewables in terms of CO2 
reduction and the reduction of local environmental pol-
lution in coal based power generation hubs is also being 
progressively recognized in the planning and permitting 
processes.

CHALLENGES FOR MAINSTREAM  
RE TECHNOLOGIES

As renewable energy penetration increases, challenges 
start to show up. The wind industry stands at a cusp 
where after a decade of strong growth it is struggling 
for reasons that it attributes to lack of institutional sup-
port from the national and state Governments.  Gov-
ernments in turn are finding it increasingly difficult to 
find the same levels of subsidies to support solar energy, 
especially in the face of increasing scale of deployment.  
More recently, for both wind and solar, utilities that 
offtake the energy are increasingly reluctant to commit 
to higher purchase levels due to the impact on their al-
ready stretched finances.1 This has put the investments 
made by the developers in jeopardy and affected their 
confidence in building new assets.

 An added problem is the concentration of resources in 
a few states in the country. This is particularly true for 
wind, but also holds to a great extent for grid scale solar.  
Most of the resource rich states have already reached 
the Renewable Purchase Obligations (RPO) targets set 
out by their respective regulatory commissions.  At the 
other end, regulatory commissions in states deficient in 
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resources have either set low RPO targets and/or have 
not enforced the targets set out. The CERC instituted 
the market based Renewable Energy Certificate (REC) 
trading framework to obviate the resource deficit issues 
in such states. However the REC mechanism has taken 
a hard fall on account of significant design issues relat-
ing to eligibility criteria for REC issuance, certificate 
pricing and trading framework, which has resulted in 
a very large unsold REC stock.  These issues can be ad-
dressed, and indeed the CERC is taking measures to 
improve the design of the REC framework that could 
result in more rational price caps and collars, vintage 
based certificate pricing (to address the issues of fall-
ing/fluctuating costs of installations), a more flexible 
trading arrangement that would allow for market mak-
ing by traders, etc. More fundamentally, the states that 
need to procure REC see the cost of the certificates as 
an additional and unwanted cost burden.  On the other 
hand the RE rich states where developers obtain their 
RECs do not see apparent benefits of such generation.  
Instead, in-spite of getting the electricity from these 
projects at their relatively low Average Power Purchase 
Costs (APPC2), they see the costs of management of 
these fickle resources to be much higher than the bene-
fits that accrue to them from the lower costs.

Challenges emanate from  
the lack of availability of  
usable resource data, 
regulatory approvals and  
high cost of finance

What thus becomes necessary is to resolve the challeng-
es that the developers and utilities face. The developers 
face some challenges on viability of investments at the 
present FIT or bid determined tariff levels.  However, 
the bigger challenges come from the uncertainties that 
they face in project development and power offtake.  On 

development, these challenges emanate from the lack of 
availability of usable resource data, regulatory approvals 
and high cost of finance that cause significant delay in 
project development, often undermining their viability.  
More importantly, even plants that are constructed now 
face loss of generation due to curtailment by utilities.  
Utilities curtail generators for technical and commercial 
factors that range from transmission inadequacies to the 
high costs of variability management. Wind and solar 
show significant variability in generation profile. Solar 
displays diurnal and seasonal variations, while wind at 
a location often has a very strong seasonal bias and un-
certain daily generation profiles.  These problems can 
be resolved through suitable investments in networks, 
developing forecasting capabilities, providing alternate 
balancing supplies to manage renewable electricity gen-
eration variability and in general through conscious 
planning and management.  However, these responses 
have their own financial and managerial demands on 
the utilities which, in the short term, often see renew-
ables as troublesome, high cost, and low contribution 
energy sources. While they remain positive about the 
prospects of renewable energy, they would like their 
next generation of managers to avail the benefits and 
manage the costs.

RESPONSES TO ADDRESS THE 
CHALLENGES 

Robust responses that help address the developers and 
utilities to manage their issues would be fundamental 
for accelerating renewable energy deployment in the 
next decade.  

Over the last few years all stakeholders – policy makers, 
regulators, civil society, utilities and developers – have 
become more aware of the issues.  The key now is to 
find the right mix of solutions, and administering them 
through a framework that is reliable and durable.

2 The definition of APPC has been a very contentious matter.  CERC’s proposed definition has been widely altered by State Regulators, thus creating 
anomalies.  The changes made by the State regulators alter the concepts that determine REC pricing.  The REC market mechanism has thus become 
exposed to multiple and non-standard regulation, which inevitably brings its efficacy and viability into question. 
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In terms of solutions, the following assume importance:

• Curtailment of available generation is very poor adver-
tisement for renewable energy and deters investments. 
Adequate network capacity needs to be created to pre-
vent curtailment.  Curtailment for commercial reasons 
needs to be avoided;

• With very little operating costs, wind and solar via-
bility are very sensitive to the cost of capital. Cost of fi-
nancing needs to be brought down significantly if India 
has to deploy renewable energy at scale.  While these 
costs are linked to broader macroeconomic issues,  till 
those are addressed, means to limit the impact on RE 
deployment costs need to be found;

• In terms of management of variability the parallels 
between RE and the broader climate changes responses 
are noticeable.  Just as climate change requires a combi-
nation of mitigation and adaptation, variable renewable 
energy requires better forecasting and scheduling (much 
like mitigation) and also the capability to manage the 
inevitable deviations from the forecasts (i.e., adapta-
tion).  While regulators led by the Central Electricity 
Regulatory Commission (CERC) have attempted the 
former, they have ignored the latter;

• Adaptation to generation variability can be achieved 
through resources that compensate or balance the vari-
ability (to the extent necessary), which need to be made 
available to the entity responsible for managing the 
variability.  Under the present framework, utilities are 
charged with the variability management responsibili-
ties.  The utilities need to have access to balancing re-
sources at costs that they are willing to bear;

• The management costs need to be evaluated on a sys-
tem-wide basis rather than the specific cost involved in 
managing a specific RE resource.  This has been tradi-
tionally the responsibility of the Government of India 
through its Central Electricity Authority (CEA).  How-
ever, a debilitated CEA has not accorded the centrality 

to renewables in its planning processes that is otherwise 
required.  In any event, since the Electricity Act 2003 
and its market based construct have taken roots, CEA’s 
plans are no longer of the same significance as before;

• Design of financing mechanisms like the REC need 
to be improved and supported by rational RPO levels 
across the country and strong compliance of the RPO 
levels by the designated entities responsible for such 
compliance. The specific philosophy guiding the level 
of RPO across states would need to be evolved, and 
must rely on robust analysis on the overall cost of deliv-
ered energy for the resource rich states as well as those 
deficient in renewable energy resources.3

State Governments are very 
important actors and most of 
the implementation actions  
would finally be in the States

The institutional set-up for the managing the above 
changes would be varied and complex, involving sys-
tem planners, regulators, transmission developers and 
operators, system operators, financial institutions and 
above all utilities.  It would also involve a number of 
parts of the Government of India namely the Minis-
try of Power, Ministry of New and Renewable Energy, 
Ministry of Finance, Ministry of Science and Technol-
ogy, and potentially the Planning Commission.  Most 
importantly, the State Governments are critical actors 
and most of the implementation actions would finally 
be in the States.  

An Integrated National Sustainable  
Electricity Mission

India’s success in implementing the National Solar Mis-
sion (NSM) has brought to bear the benefits of a mis-

3 Evolving a fair and rational framework for RPO is a challenging task.  It may be possible and appropriate to evolve a framework based on the 
avoided generation costs of each state in the long run, and thereafter ensure that the incremental difference in delivered cost of renewable energy 
is of the same order.  For example, if the avoided cost for State A is of the order of Rs. 4 while it is Rs. 5 for State B, then they should be willing to 
bear the delivered costs of RE of Rs. 5 and Rs. 6 respectively, assuming that there is a willingness to pay a premium of Rs. 1 (delivered basis) for re-
newable energy.  In such a framework the RPO can be the same for all states. The key in such case would be to evolve a transparent and adequately 
simple transfer mechanism for subsidies to bring about such equalization, and in all likelihood would require a Government of India controlled entity 
to manage the financial transactions and the subsidy flow.
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sion mode approach in complex and high impact tasks 
that involve multiple agencies across the span of the 
country.  There is merit in continuation of the mission 
approach and widen its ambit if the contribution of re-
newables to the electricity supply basket is to be stepped 
up in the coming decade.

The efforts on solar have not been backed by similar 
efforts to propagate wind and other renewable energy 
technologies.  In fact while incentives like Accelerated 
Depreciation (AD) were being extended to solar, they 
were simultaneously withdrawn from wind. Ostensibly 
this was because wind as a more mature technology, had 
already benefited from incentives in the past, and that 
such incentives were distorting the market and encour-
aging inefficient capacity. The latter point of inefficient 
capacity, while perhaps true in the 1990’s, is no longer 
the case.  What the withdrawal of the incentives did was 
to eliminate an entire class of investors for whom the 
tax benefits from AD mattered.  More fundamentally, it 
signaled that the Government was no longer seeking to 
encourage wind. 

This needs to change. Arguably, wind and solar need to 
be looked at through the same lens. Beyond the tech-
nological nuances and relatively minor differences in 
the scale of costs, there are few fundamental differences 
between grid scale wind and solar generation. On the 
contrary, there are obvious benefits in considering them 
on a similar footing since this would reduce artificial 
policy distinctions between them.  The development 
and integration issues also tend to be similar, although 
the details vary.  Further, technological integration of 
wind and solar in the form of hybrids is a real prospect.
That said, there are still reasons to maintain distinction 
between wind and solar.  In particular, the possibilities 
of distributed solar on a large scale (along with the as-
sociated issues of integration at the tail end of the grid) 
makes solar and wind candidates for common but dif-
ferentiated attention.  More importantly, the National 
Solar Mission has worked in its current form, and the 
fear is that the dilution of focus could in turn compro-
mise the benefits. 

Beyond the development issues which arguably could 
be addressed separately for wind and solar, there is 
however an unquestionable need to address the grid 
integration and variability management issues together. 
Variability management is clearly the biggest showstop-
per, and must be addressed through very rigorous and 
sophisticated planning, technological and operational 
measures.  This is a multi-stakeholder activity that de-
mands attention as a separate action area in itself.

National Sustainable Electric-
ity Mission (NSEM) would in-
tegrate conventional resources 
like hydro and also newer con-
cepts of energy storage and  
Demand Response

Integrating the above, it is perhaps time to launch the 
National Sustainable Electricity Mission (NSEM).  The 
prime drivers of NSEM would be wind and solar, but 
it would integrate even conventional resources like hy-
dro (including pumped hydro), gas and spinning coal, 
and also newer concepts of energy storage and Demand 
Response. 

The NSEM should have multiple component mis-
sions and programs. Firstly, the National Solar Mission 
should continue with the same ambitions and zeal as 
at present.  A parallel National Wind Mission (NWM) 
should build a parallel track for wind power, with in-
centive frameworks that are aligned with solar. The 
entities made responsible for detailed implementation 
actions of the component missions can differ.  Much 
like the Solar Energy Corporation of India (SECI) that 
manages the implementation of the NSM, an agency 
can be established for implementing the NWM.  

As this chapter has emphasized, variability management 
is among the biggest issues that the renewable electric-
ity sector faces.  This is where the conventional genera-
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tion resources are not alternatives but complements to 
wind and solar.  It is impossible to ensure renewable 
energy growth without the support of the (conventional 
and emerging) sources. These actions can be effectively 
managed through a National Clean Energy Integration 
Program (NCEIP) that can be supported by the coal 
cess earnings that accrue to the National Clean Ener-
gy Fund (NCEF).  As this paper has commented ear-
lier, some conventional alternatives are more expensive 
than wind and solar.  This has led to demands in certain 
quarters that new build of conventional resources be re-
placed by renewables. These demands and contentions 
are fallacious and ill-informed.

It is over-simplistic and  
incorrect to evaluate system 
costs based only on the  
individual resource costs, 
since each of these resources 
have very different operating  
characteristics

For a secure and economical operation of the power 
system, the costs of these resources (including transmis-
sion) need to be considered and optimized in conjunc-
tion.  The operating costs of individual resources are 
not of particular relevance so long as the overall system 
costs are optimized. The NCEIP would bring together 
all these technologies through rigorous planning and 
coordinated implementation and operations of these 
resources.

Off-grid and distributed generation also need mention 
in this context.  The NSM has been placing increas-
ing emphasis on distributed solar.  This needs to be 
continued and enhanced through strong institutional 
arrangements and infrastructure support.  The impact 
can be significant since agriculture consumes close to 
20 percent of electricity supplies in the country, and 

the transmission and distribution losses in agriculture 
(or attributed to agricultural supplies) tend to be high. 
Conversion of diesel agricultural pump sets and electri-
cal pumps in remote or high loss areas already makes 
economic sense.  Proliferation of these applications will 
only bring down costs further, and hence must be insti-
tutionally promoted.  The same applies for household 
and commercial applications at the tail end of the grid 
where solar can have a very short payback.  Solar roof-
top supplies in these categories can indeed get a strong 
boost with incorporation of Smart Grid technologies 
that allow for bi-directional flows.  Government of 
India already has an ambitious Smart Grids program, 
which can work in hand with the renewable energy pro-
gram to better manage renewable energy integration in 
all parts of the grid and thereby provide a fillip to sus-
tainable energy supply in the future.

Finally, financing costs have a huge impact on the de-
livered costs of renewable energy.  In the past, regulato-
ry instruments like the Renewable Energy Certificate 
(REC) mechanisms have been introduced to make re-
newable electricity more viable.  These measures do not 
fundamentally reduce the costs of energy.  If at all, as 
has been commented on earlier in the chapter, the proj-
ect risk profile increases with mechanisms like the REC 
due to the enhanced market risks and transaction costs 
that the REC trading framework carries, thus increas-
ing the costs of finance.  At the first instance the RPO 
monitoring framework needs to be tightened through 
creation of RPO registries in every state and implement 
the penal mechanisms for non-compliance.  The REC 
framework needs to be modified to address a host of 
issues that have been identified through expert studies. 
Beyond these measures, to reduce the costs of financ-
ing and hence the delivered costs of energy measures 
like takeout financing, long tenor and lower cost funds 
from pension funds and the like need to be considered.  
Specific funds that extend financing to RE projects can 
also be established and the NCEF marshalled effective-
ly. The entire effort needs to be accorded greater pro-
file through a Renewable Energy Financing Program 
(REFP).    
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FIGURE 2: Developing Institutional Arrangements for Sustainable Electricity Provision
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Institutions and programs covered in the above frame-
work would integrate parallel but related missions/
programs of the Government of India like the Nation-
al Mission for Enhanced Energy Efficiency (NMEEE) 
and the National Smart Grid Mission (NSGM) that are 
large programs in their own right, but have significant 
amount of shared space with the clean energy initiatives 
identified above. 

Finally, the actions need to be integrated at the admin-
istrative and political level.  The myriad ministries that 
handle the energy issues create turf challenges.  The 
federal structures make implementation the prerogative 
of the states. Within these constraints and realities, the 
emphasis must be on the maximum amount of ratio-
nalization and creation of structures that transcend in-
ter-ministerial and centre-state issues wherever feasible. 
The new government in Delhi has already taken an im-
portant step of bringing the power, renewable energy 
and coal ministries under the same minister.  Bringing 

them under the same line ministry – at least the Power 
and the New and Renewable Energy ministries - to the 
extent where electricity provision is concerned, would 
be a logical and indeed welcome step.   Under this new 
and combined ministry, a strong mission directorate 
that integrates the various policy implementation ac-
tions needs to be created. 

Bringing the states on board would be more difficult, 
but is absolutely essential.  This would call for strong 
political leadership from Government of India to ensure 
that the states follow the same construct and implement 
the provisions of the laws, policies and the missions in 
the right spirit.  Else, as experience in the past few years 
has shown, much of the forward thinking measures at 
the central level can be undone at the state level.  How-
ever, if done right, the measures would help the country 
take the leap towards clean, sustainable and universal 
electricity provision that that for several decades now 
has been an overwhelming but elusive policy goal.
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The Economics of Renewable 
Power: “It Depends”  

Remarkable.  That is the only sentiment that can 
describe India’s success with solar power, with 
pricing falling from the Regulator (CERC) in-

dicated almost 18 Rs./kWh before the 2010 Jawaharlal 
Nehru National Solar Mission to perhaps under 7 Rs./
kWh as seen in the 2014 2nd Phase of the Mission, 
Round 1 (adding the notified tariff plus the Viability 
Gap Funding, and levelizing).  This is competitive with 
global costs (except for comparisons with wide interest 
rate differentials), and highlights the likelihood of “grid 
parity” sooner rather than later, which analysts have 
forecast for 2017.   

However, as we’ve seen in the chapter on grid integra-
tion, a simple number for the cost of power isn’t always 
sufficient since renewables are treated as “must run” and 
many forms/locations don’t provide power coincident 
to the peak demand in India, requiring additional ca-
pacity for meeting the peak.   Even if no new alternative 
plant is required, any displaced plant reduces its output, 
raising its per-unit cost.  (Of course, India’s shortfalls 
become a hidden blessing, economically speaking, since 
RE would then not be displacing other generation, but 
meeting a shortfall).  

Ultimately, the economics of renewable power (rather, 
all power) needs more nuance, based on time, location, 
despatchability (controllability), etc.  These are just 
from a grid and operations point of view – adding in 
societal metrics would require thinking about broader 
impacts such as the environment, foreign exchange, 
land use, jobs, etc.  

To explore such issues, this chapter presents an analy-
sis on the economics of power for utility procurement.  
Importantly, it compares grid-scale renewables (with-
out a battery) with coal power, to what extent such a 
comparison can be made.  These economics excludes 
low hanging fruit of displacing diesel based pumpsets 
with solar pumpsets, where viability is already strong 
today, especially given such generation can, for the most 
part, be opportunistic (harnessed and designed for only 
when the sun shines).  This chapter is only for illustrat-
ing the issues and sensitivity analysis, and should not 
be used to pick a number for the cost of power.  Better 
analyses would look at the grid and impacts at a system 
level, which can be done with more time, computing 
resources etc. – probably the biggest need for undertak-
ing such studies is access to granular data.  

From a retail consumer perspective, renewables appear 
far more cost-effective given (a) retail rates are inherent-
ly much higher than bulk procurement costs, often 33-
50% higher in the US and Europe, and (b) Indian retail 
tariffs have enormous elements of cross-subsidy, both 
within categories based on tiered consumption (slabs 
where larger consumers pay more) as well as across cat-
egories, e.g., Commercial and Industrial paying much 
more than their cost to serve.   This highlights the need 
for comparing apples to apples when considering “grid 
parity.” One could compare “grid parity” at the edge 
(after removing pricing distortions) but one question 
remains, what value and services does the grid still pro-
vide (such as back-up, reliability, uncertainty mitiga-
tion, etc.), and how is it compensated for the same?     

R A H U L  T O N G I A
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1 A Regulator is still an important part of a market-based system, and not just a purely regulated system (with responsibilities in both cases spanning 
setting fair rules to checking market power to enforcement).  
2 See the book Smart Power (2010, Island Press) by Peter Fox-Penner for more on this concept.    
3 For more details on Levelized Cost of Energy (LCOE) calculations, and their limitations, see “Assessing the Economic Value of New Utility-Scale 
Renewable Generation Projects”, Chris Namovicz, presented at EIA Energy Conference, June 17, 2013 (http://www.eia.gov/conference/2013/pdf/pre-
sentations/namovicz.pdf), or an India-centric discussion on power pricing, “Electricity Prices in India: Comparing Apples, Oranges, and Lychees”, R. 
Tongia, Yojana Magazine, vol. 57, Planning Commission, December 2013.
4 The model is available online at the Brookings India website at http://brookings.in/a-public-model-on-pricing-solar-pv-versus-coal/
  

ECONOMICS OF ELECTRICITY

How are Generator Prices Set?

There are typically two options for setting prices for 
generation (and we assume prices are inherently linked 
to costs, plus a “reasonable” profit) – market-based, and 
regulated.  A good market requires competition and a 
level playing field, while regulated systems are mostly 
costs-plus rate-of-return, and common in much of the 
world.1   In reality, one could have hybrid systems as 
well.  As the focus is on generation (utility procure-
ment), we can ignore retail tariffs, which have slabs, and 
cross-subsidies.  

From an equilibrium point of view, even if a supplier 
is paid a fixed (contracted) price, the value to the con-
sumer (rather, utility) varies by time of day, location, 
etc.  Probably the best description of differentiation of 
power is the analogy to fruit.2   We (today) think of elec-
tricity like selling fruit (Rs./kWh) but the basket we sell 
is actually a mix of apples, oranges, lychees, mangoes, 
etc. each with different cost and other characteristics.  
Blending the supply as per their respective shares may 
work from an accounting perspective, but it masks im-
portant signaling about marginal costs as well as other 
characteristics of the power.  The same is true of blend-
ing or pooling “expensive” power – this helps liquidity 
(payments) but not solvency (financial viability).  

Down the road, including through eventual deploy-
ment of Smart Grids (which harness advanced digital 
communications and control to make the grid real-time 
aware of flows, more robust, etc.), consumer tariffs will 
become time of day if not real-time.  In the short run, 
we need improved Time of Day characteristics of bulk 
supply (generation procurement) to better reflect grid 
conditions and needs.  

Some Cost Number Calculations: A Model to 

Compare Solar PV and Coal 

To better understand the nuances involved in pricing, 
we examine the levelized cost of energy from coal and 
solar PV for 2014.  Levelizing is the process of convert-
ing cash flows (and generation) that vary over time into 
a time-value consistent figure, based on discounting.3    
This should hint at the first issue – what discount rate is 
to be used?  Solar is capital cost heavy (and has no fuel 
costs, let alone fuel uncertainty or risks), while coal is 
operating cost heavy, especially in future years as fuel 
costs are likely to go up with inflation.    

The below figures are based on a model made publicly 
available4  so one can vary the assumptions of prices, 
discount rates, interest rates, efficiency, etc., and the 
model uses median or conservative numbers as a base-
line for a new coal plant on domestic versus imported 
fuel, and solar photovoltaics (PV) from Phase 2 of the 
National Solar Mission, both open and domestic con-
tent categories.  For coal, capital costs (Rs./MW) and 
weighted average cost of capital (WACC) both matter, 
while for solar, since this was effectively a reverse subsi-
dy auction, the capital costs and WACC don’t directly 
matter (they would be internalized by the bidder).  

We need improved Time of Day 
characteristics of bulk supply 
(generation procurement) to 
better reflect grid conditions 
and needs

Another fundamental differentiator is whether we take 
the total cost of coal power including capital costs, or 
whether we choose, for comparison, to only think of 
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solar power as negative demand, in which case only 
the incremental cost of coal power (mostly fuel) will 
be the benchmark.  While at one level academic, this 
could actually mirror some utility decisions where the 
power plant is already built, and there might even be 
a take-or-pay clause for the power, or, in the case of 
Central coal plants, the capital costs are covered based 
on a minimum availability under the Availability Based 
Tariff schema, and so cutting down on output of a coal 
plant doesn’t save the capital costs (as seen in many two-
part tariffs, capital and operating expenses).5  

Note that this calculation is purely for the output, and 
doesn’t factor in grid externalities or variabilities, or oth-
er risks, except, as a choice for calculations, we could 
include the impact on the grid for stability, which is 
estimated to be at 30 paise/kWh (based on US num-
bers of half a cent/kWh for increased costs of ancillary 

5 From a load despatch perspective, how contracts are set up, especially how capital (fixed) costs are to be paid matters a lot.  Solar and wind have  
virtually zero marginal costs, so even “cheap coal” is more expensive, but asking RE to back down could make it cheaper for the Load Despatch  
Center (rather, utility) if the contracts were set up only to pay for units delivered, and if the fixed costs of coal were already covered.  
6 One Indian study also showed costs of increased cycling in the Southern Grid to be in a comparable range, varying by size of RE penetration  
and chosen balancing area (“Integrating Variable Renewable Energy.
with the Grid: Lessons from the Southern Region” AF-Mercados EMI, supported by the Shakti Sustainable Energy Foundation, November 2012,  
available at http://shaktifoundation.in/wp-content/uploads/2014/02/variable%20re%20grid%20integration.pdf). 
7 These are taken from the Ministry of Power’s National Power Training Institute (NTPI) note on “Tariff Determination Methodology for Thermal Power Plant”.  

services).6  While some variables are flexible, other in-
puts are chosen based on standard published data, and 
all calculations are normalized to 1 MW size, i.e., per 
MW).  The Viability Gap Funding mechanism is used 
for the price of Solar PV, which includes a flat charge 
by the utility plus bid VGF levels.  

Coal costs and assumptions can be compared to CERC’s 
Tariff Order for 2009-2014,7  which specifies a 15.5% 
equity return (pre-tax), and nominal (estimated) debt 
rate of 10%.  Instead of using overnight construction 
costs plus working capital, interest during construc-
tion capitalization, depreciation schedules, etc., a sin-
gle (loaded) cost of capital per MW is used, combined 
with a weighted average cost of capital (WACC).  Cap-
ital costs embed land and all other costs, and so these 
aren’t explicit variables.  
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MODEL RESULTS

While there are literally millions of options in the output of the simple model (which is parametric, with ranges of 
feasible values for the inputs), to help ease calculations we examine four possible if not quite plausible scenarios, 
ranging from exceptionally favorable to solar to favorable to coal.  More details on the rest of the assumptions (and 
the entire model) are available for download online at the Brookings India website.

FIGURE 1: Solar Photovoltaics versus Coal Comparisons (4 Scenarios, 2014)
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DISCUSSION & RECOMMENDATIONS

Depending on how you slice it, solar is already cheaper 
than coal (Scenario 1: expensive imported coal, low dis-
count rate, open solar, no ancillary costs, factoring full 
coal capital costs, etc. for the single best solar bid, which 
was an outlier in terms of the Viability Gap Funding 
bid), or 2.5 times more expensive (Scenario 2: exam-
ining domestic coal at the margin, i.e., treating solar 
as negative demand, domestic requirement solar, 12% 
discount rate, etc.).  Each of these scenarios is meant to 
convey insights – it would be simplistic to say the truth 
lies somewhere in between.  If you’re considering na-
tional policy, full costs of coal (Scenarios 1 and 4) mat-
ter.  From a state utility perspective, Scenarios 2 and 3 
(marginal coal costs) offer some insights.  Using Scenar-
io 4, solar is still 50% more expensive than coal-based 
power, even without factoring in the fact that solar does 
not contribute to the peak demand in India.  

Depending on how you slice  
it, solar is already cheaper 
than coal or 2.5 times more  
expensive 

The intent is not to suggest that coal can be viewed 
at only the marginal cost when viewed vis-à-vis solar.  
That is only the extreme example.  The real calculation, 
beyond the scope of this piece but worth undertaking, 
will be what does or should solar power displace? Die-
sel? Wonderful, then the fuel savings are dramatically 
higher, but how many utilities buy so much diesel?  (Of 
course, end-users use a lot of diesel, but that’s a more 
sophisticated analysis, adding this stakeholder, as well 
as adding a cost for load-shedding.) Should one use the 
average marginal cost of the displaced power?  For a 
hydro-rich state, that number can actually be very low.  
But if one displaces gas or a liquid fuel, that number 
becomes much higher.   However, the generation from 
natural gas, especially as procured by utilities during the 

non-peak hours, is very low in India, especially after in-
creases in the price of natural gas.  

Isn’t the learning curve of solar PV technology quite 
fast, perhaps as high as 20% (or, in recent years, closer 
to 40%)?  This indicates that this same calculation a few 
years hence would lead to different results.  The ques-
tion remains that if India saw far greater improvements 
recently, how much of those were one-off benefits that 
won’t continue for 5-10 years continuously?  If JNNSM 
or other factors pushed costs downwards, more so than 
the long-term learning curve rate, would a regression 
to the mean learning curve rate be expected in the near 
future?  

To play devil’s advocate, if, say, solar is 5 (or 10, or how-
ever many) years away from true (utility perspective, 
completely unsubsidized) viability, shouldn’t India just 
wait? An important question would be how much of 
price reductions are simply riding a global wave, and 
how much are driven by the Indian market, especial-
ly learning and innovation for installation, engineer-
ing/procurement/construction (EPC), etc.? Of course, 
worries about import risks and energy security are far 
less than for fossil fuels, since there is only a one-time 
cost calculation with most RE.  Detailed analysis on the 
breakdowns of the cost improvements of PV (instead of 
headline numbers of Rs./kWh) will help us learn where 
to focus.     

Ultimately, as recent renewable energy contracts in the 
US have shown, wind power can be just a few US cents 
per kWh (2.1 cents/kWh on average for a long-term 
contract in North Dakota, or about Rs. 1.3/kWh)8.  
While some of the differences are due to lower wind-
speeds in India, financing and other issues are major 
factors. This is seen in comparing solar PV tariffs, where 
India’s resources aren’t lacking, but the costs are still 
about double (post subsidies in the US).9 As discussed 
in the chapter on Institutional Issues, interest rates and 
loan tenures matter.  US interest rates are often in the 
range of 6%, or ~half of Indian rates.  In other coun-

8 “Solar and Wind Energy Start to Win on Price vs. Conventional Fuels” New York Times, Diane Cardwell, November 23, 2014.
9 ibid.

Solar
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tries, far lower interest rates have been seen for RE proj-
ects.  

FUTURE OF THE GRID

Per many estimates, in the West increase in renewables 
brings down the wholesale price for electricity, mean-
ing much if not all the extra investments for increased 
renewables can be done at no extra cost to consumers.  
It’s a separate issue that this has negative implications 
for traditional suppliers (witness the three-quarter re-
duction in market value for traditional grid suppliers 
in Germany) – does this even hold in India? Because 
India does not have mark-to-market pricing (where the 
pricing is the value of electricity or any other good, like 
a share in a company, set by the last price, regardless 
of the actual prices paid for different/previous units), 
such savings are mostly not available. In India, gen-
eration is mostly set on bilateral contracts, instead of 
wholesale markets (power exchanges are very niche and 
limited, and already have relatively low prices for vari-
ous reasons, including transmission and utility financial 
liquidity bottlenecks.)  In addition, because the Indian 
system is so far out of equilibrium (shortfall), adding 
supply from renewables isn’t likely to lower prices like 
it has in the West.      

Because the Indian system 
is so far out of equilibrium 
(shortfall), adding supply from 
renewables isn’t likely to lower 
prices like it has in the West

Indian utilities already have enormous pressure, and 
have become, so-to-speak, the worst of both world.  
They neither are profitable commercial entities, nor are 
they fulfilling the purported social contract through 
quality, low-cost service.  Costs to serve (fully loaded, 
including losses) are already above 5 or 6 Rs./kWh in 
many states, while average revenues are far, far lower.  

Because there is no mark-to-market pricing, the aver-
age cost of procurement is still lower than otherwise, 
in part because of older generators that are very cheap 
(because they are already amortized, i.e., paid off).  
This means the Long Run Marginal Cost (LRMC) will 
necessarily be higher than average, which also implies 
that average generator costs could rise higher than 
inflation.  On top of this, distribution utilities un-
der-invest in capital expenditure, with many of them 
already citing 80-90% of revenues going to power 
procurement.  This is unsustainable, and leaves very 
little scope for additional generation procurement, 
especially for peak pricing (or renewables pricing or 
innovation, like Smart Grids).  

RECOMMENDATIONS FOR  

RENEWABLES PRICING

Beyond the recommendations to improve financing 
and techno-economics of renewable power from a sup-
ply side, there are two recommendations for better pric-
ing at a systems level:

•  Transparency
•  Dynamic Pricing, Smarter Pricing

Transparency in assumptions and methodology is only 
the start.  The first step should be credible procurement 
plans by utilities, which minimize if not end load-shed-
ding.  This would then allow greater optimization of 
various supply options, as well as grid management. 
There should be greater examination of grid impacts 
(see Chapter 3) and also the incentives for renewables 
that other energy sources don’t get (but in fairness, fos-
sil fuels also have major externalities, see the Chapter 
on Renewables and the Environment).  As an example, 
support mechanisms for one State’s solar power include:

- “100% banking facility

- No wheeling & transmission charges

- No cross subsidy surcharge

- PPA for 20 years & payment security for  

  bankable proposals
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- Electricity Duty exemption

- VAT refund for all the inputs required

- Refund of Stamp Duty & Registration charges

- REC eligibility”10

Dynamics and improved pricing has already been dis-
cussed, but from a pricing perspective, a simple starting 
point is Time of Day (ToD).  More than Time of Day, 
the concept of State of Grid might be useful.  More 
than simply real-time pricing, it factors in grid condi-
tions (which range from predictable to unpredictable), 
alternatives (like spinning reserves), etc.  One mech-
anism for this is the use of Ancillary Services, which 
keep the grid stable instead of providing simple kilo-
watt-hour services.  To give perspective, depending on 
which set of numbers you use, the US Ancillary Services 
market is between $4 - 7.2 Billion. This implies the hid-
den Indian Ancillary Services market is already on the 
order of $1 Billion.11   

Once we get pricing signals right by ToD if not State 
of Grid, this will enable a host of complementary ef-
forts that will help manage the variability of renewable 
power, including peaker plants, storage technologies, 
and Smart Grids (especially in the form of Demand Re-
sponse, which varies demand in response to signals, as 
opposed to the more static Demand Side Management, 
or DSM).  In the longer run, more efficient and dy-
namic markets (which also signal marginal costs) will 
incentivize new energy saving services, without which 
efficiency (saving energy) reduces utility revenues, espe-
cially from the so-called “paying customers” (commer-
cial and industrial) (see Chapter 8 for more on efficien-
cy).  

It is worth exploring the issue of peaking, given wind 
and solar don’t provide despatchable power at the In-
dian peak demand period(s).  Coal is actually a base-
load provider, like nuclear power, and so regardless of 
whether renewables are 15% or 50% of the capacity, 
India will need more peaking power.  The main options 

supply side options, technologically, short of storage, 
are hydro, liquid fossil fuels, and natural gas.  Hydro 
is attractive at some levels (low marginal costs) but its 
despatch isn’t just based on the grid but also on irriga-
tion needs.  More importantly, a new hydro plant built 
just for peaking would be expensive, let alone the en-
vironmental/social challenges in adding new capacity.  
Liquid fuels are imported and expensive. This leaves 
natural gas.  India must build open cycle gas turbine 
(also called combustion turbine) plants to operate for 
a limited number of hours per year, as peakers.  De-
pending on the usage pattern (load-factor, say, 15%) 
and input costs of fuel (say, $8/MMBTU delivered), 
gas-based peakers could cost in the vicinity of Rs. 8.4/
kWh (bulk procurement).  While higher than the aver-
age, with blending it could be manageable.  

ECONOMICS FROM VARIOUS STAKE-

HOLDER PERSPECTIVES: IMPLICA-

TIONS FOR THE FUTURE GRID   

A very fundamental question, difficult to answer, is 
whether there is a cross-over point after which renew-
ables such as solar should displace new plants based on 
coal, and if so, when will that happen?  If people state 
grid parity by 2020 (if not earlier), should India be lin-
ing up contracts today for coal plants to come online by 
2020 (perhaps 100,000+ MW of such capacity)?   Of 
course, given the immense need for power in India and 
also the differences in time of day output, it’s not an 
either-or proposition – India will need both baseload 
and renewable power.  

Coal, like nuclear power, pro-
vides baseload power, and so 
regardless of whether renew-
ables are 15% or 50% of the 
capacity, India will need more 
peaking power 

 10 Andhra Pradesh Solar Power Policy, as referenced in http://mnre.gov.in/file-manager/UserFiles/presentations-23052013/APCPDCL.pdf. 
11 This is not to imply that no such services are undertaken today, but they are often undertaken by the default (state-owned) provider, often coal, 
which can be inefficient. To use an analogy, a marathon runner (coal) is often asked to run sprints (cycle up/down).  
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12 This excludes electricity duty and other surcharges.  Ashwin Gambir and Shantanu Dixit, “Future of the Grid: India perspectives – trends, implica-
tions and challenges” presented at the Future of the Grid Workshop, organized by World Resources Institute (WRI), Bangalore, November 19, 2014.  

Proponents of renewables point out that these deploy-
ments are able to be more rapid and draw private partic-
ipation, unlike large (thermal) projects which are much 
more reliant on the government and utilities.  On the 
other hand, large grid-scale renewables today also rely 
on the government and utilities. The question remains 
is there a future of the grid where renewables can, for 
the most part, bypass the government, and where either 
there is edge-based generation and consumption locally, 
or it goes through the grid to other consumers?  In such 
a world, distinctions between “grid-scale” and “edge-
based” become blurred.  

We need analyses for the Fu-
ture Grid which captures not 
just supplier versus supplier, 
but also edge based produc-
er-consumers (termed “pro-
sumers”) as well as the nuanc-
es of dynamics, tariff slabs, 
subsidies, and cross-subsidies 

If that future becomes a reality, this raises a fundamen-
tal question about the role of the utility and “the grid” 
– are these just a wires entity, or a provider of last resort? 
Keeping the grid stable with increased renewables will 
be increasingly expensive.  The only reason we don’t see 
major grid-level costs of renewables in India today is 
that the share is relatively small (except in some states) 
and we have an unstable grid which is kept far from 
equilibrium, where load-shedding is the low-cost bal-
ancing mechanism.  

Costs of renewable generation are falling, and without 
worrying about reliability, redundancy, and predictabil-
ity, simply on a use-it-when-you-can mode (opportu-
nistically), renewables are only a little more expensive 
than typical utility procurement costs at the margin 
(even though utilities have a mix of generation suppli-
ers, some cheaper than others).  From an end-consumer 
perspective, especially larger commercial and industrial 
(C&I) users, their retail tariffs are already higher than 
solar power.   In fact, per some calculations, 50% of 
units consumed in Maharashtra are already above the 
end-user solar price proposed by SECI (Solar Energy 
Corporation of India) for FY 2014-15.12  

The economics in this chapter was meant to focus on 
utility procurement, itself complicated but still easier 
than factoring in end-user retail tariffs (which have a 
tiered pattern of slabs, based on consumption, for many 
users).   It’s time analysts, regulators and policy-makers 
undertook analyses for the Future Grid which captures 
not just supplier versus supplier, but also edge based 
producer-consumers (termed “prosumers”) as well as 
the nuances of dynamics, tariff slabs, subsidies, and 
cross-subsidies.  One cannot change one part of this 
complex web in isolation, without direct and indirect 
implications on all other players.   

The nuances of electricity pricing are far more than the 
complexities hinted in this chapter as externalities, for-
eign exchange, employment, land-use, etc. are all ma-
jor issues, dealt with in part in other chapters. Richard 
Nixon famously asked for a one-armed policy advisor, 
who thus couldn’t say “On the other hand.” This space 
isn’t just dealing with another hand, but a multitude of 
nuances, trade-offs, and choices.  However, with trans-
parency in assumptions and accounting, we could get 
all the hands to at least stop pulling in separate direc-
tions, if not align.     
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The Big Picture: Making Grid 
Scale Renewables Work   

The power situation in India is precarious with 
over half of the Indian population lacking 
access to modern forms of energy. A signifi-

cant fraction of power generated is lost before getting 
utilized; there are with almost 30% aggregate technical 
and commercial, or AT&C, losses, of which half might 
be theft, on average. India faces both a significant peak 
deficit and total energy deficit, and a large number of 
villages/hamlets still do not have access to the grid. 
Additionally, India’s foreign oil import bill of around 
US$150 billion (varying with oil prices) that contrib-
utes to a significant worsening of India’s current ac-
count position needs to be brought under control. The 
negative impacts of climate change are also becoming 
more apparent and India’s high vulnerability due to its 
large population will slow its economic growth, impact 
health and development, make poverty reduction more 
difficult and erode food security. India therefore cannot 
ignore climate change and must start putting plans in 
place to reduce carbon emissions.

All these factors, therefore, present a huge opportunity 
for accelerating renewable energy growth in India. Ac-
cording to the India Renewable Energy Status Report 
2014, the total renewable energy potential from various 
sources in India is close to 250 GW, of which only 30 
GW is currently being exploited and shows significant 
growth potential.1   

Today, renewables are not only an important source of 
energy, but also a tool to address many other pressing 

needs, including: improving energy security; reducing 
the health and environmental impacts associated with 
fossil and nuclear energy; mitigating greenhouse gas 
emissions and creating jobs.
    
GLOBAL OVERVIEW AND INDIA

Globally, the share of renewable energy continues to 
increase within the electricity market. Renewables (ex-
cluding, large hydro projects) account for 43.6% of the 
new generating capacity installed worldwide in 2013, 
raising its share of world electricity generation from 
7.8% in 2012, to 8.5% in 2013. 

S U M A N T  S I N H A

1 A number of other publications show significantly higher potential.  In theory, solar power could provide all the electricity India needs, but the issues 
become cost, land, and storage.  
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From an investment perspective, the total investment in 
renewable power and fuels (excluding large hydro-elec-
tric projects) however, fell for the second year running 
in 2013, reaching $214 billion worldwide, some 14% 
lower than in 2012 and 23% below the 2011 record. 
Concerns about policy support, and reductions in tech-
nology costs, were the two main reasons for the fall in 
global financial commitments to renewable energy in 
2013.

2013 also witnessed, for the first time, China invest-
ing more in renewable energy than Europe. China’s to-
tal RE investment was down by 6 per cent at US$56 
billion, while Europe dropped 44 per cent to US$48 
billion. The United States saw a fall of 10 per cent to 
US$36 billion. India moved 15 per cent down to US$6 
billion and Brazil 54 per cent down to US$3 billion, the 
lowest since 20052.  

In terms of capacity addition, India needs to align its 
energy policies and institutions with global practices, 
especially China. China today has 1,300 GW of in-
stalled power capacity and is adding 70 GW every year 
of which 30 GW – roughly 45% – is wind and solar 
capacity. India has a total installed capacity of 240 GW 
and we are scarcely adding 3 GW of wind and solar 
power each year. So, there are lessons from the China 
model that would be worth considering while framing 
India’s renewable energy policy. India must consider 
China’s model of penalizing old coal-based plants, hav-
ing an economically viable long-term policy and giv-
ing huge monetary incentives for both generation and 
manufacturing. The finance minister’s recent move to 
double the clean energy cess from rupees 50 to rupees 
100 per tonne (levied on coal, peat and lignite) is very 
prudent in light of the push to expand the scope of its 
use to areas such as financing and promoting clean en-
vironment initiatives and funding research in the area 
of clean energy.

So, what is it that India needs to do to further encour-
age the growth of renewable energy?

India’s Unique Proposition – 
Resource: Not A Restraint

It is estimated that with the current level of technology, 
the ‘on-shore’ potential for utilization of wind energy 
for electricity generation is of the order of 100 GW. 
The unexploited resource availability has the potential 
to sustain the growth of wind energy sector in India in 
the years to come.

Similarly, India is endowed with vast solar energy po-
tential. About 5,000 trillion kWh per year energy is 
available over India’s land area with most parts receiving 
4-7 kWh per sq. m per day. There are 250-300 sunny 
days in most parts of the country. This is many times 
more than the total power consumption of the country. 
With a positive regulatory environment and R&D ef-
forts picking up, solar energy is expected to reach grid 
parity level in the next 3 to 4 years.

POLICY ENABLERS: ERRATIC  
IMPLEMENTATION

In India, there has been policy support over the last de-
cade for renewables, but a few specifics have not been 
stable (e.g., Accelerated Depreciation for windpower, 
which was withdrawn in between, or  Feed-in-Tariffs 
that have varied a lot). Further, this support needs to be 
more comprehensive rather than piecemeal. 

Jawaharlal Nehru National Solar  
Mission (JNNSM)

The Jawaharlal Nehru National Solar Mission (JNNSM) 
was launched as part of National Action Plan on Cli-
mate Change to increase penetration of solar energy in 
India. It is a transformational initiative for solar energy 
development in India and its primary focus is to estab-
lish an enabling environment for solar power, both at a 
centralized and decentralized level, with 22,000 MW of 
grid-connected solar power capacity by 2022 (recently 
upgraded to 100,000 MW of solar).

2 While investments fell, capacity additions increased in some cases, due to a fall in prices.   
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The JNNSM program has been designed as a three-stage 
process with targets set under each phase. Phase 1 (up 
to 2013) focused on capturing available options in solar 
thermal; promoting off-grid systems to serve popula-
tions without access to commercial energy, and making 
a modest increase in capacity to grid-based systems. Un-
der Phase 2 (2013-2017), 10,000 MW grid-connected 
solar plants will be implemented, including rooftop and 
other small-scale applications. For off-grid solar appli-
cations, the cumulative target for Phase 2 is 1,000 MW. 
Besides the national program, solar programs at the 
state level also exist.

Policy support needs to be 
comprehensive rather than 
piecemeal

Even after successfully implementing Phase 1 of the 
JNNSM, nothing significant happened on Phase 2 till 
the beginning of 2014. The delay of more than a year 
brought about stagnancy in the solar industry. 

Carbon Credits And Clean  
Development Mechanisms (CDMs)

The Clean Development Mechanism (CDM) is an 
arrangement under the Kyoto Protocol. The mecha-
nism allows developed countries with a greenhouse gas 
(GHG) reduction commitment to invest in projects 
that reduce emissions in developing countries as an 
alternative to more expensive emission reductions in 
their own countries. The developed country gets carbon 
credits, while the developing country gets capital and 
clean technology.

India is the second largest seller of carbon credits. How-
ever, companies, which had invested in CDM projects, 
are now facing a real loss due to a major slump in pric-
es that have fallen below one euro per credit. Demand 
Creation is critical to growing the renewables sector 
in India. Distribution of power is mostly in the hands 
of state owned companies. It is from these companies 

which are regulated by the SERCs that ultimately de-
mand has to be generated.

To do this the Renewable Purchase Obligation tar-
gets have to be enforced. Under RPO rules, distribu-
tion companies, open access consumers and captive 
consumers are obligated to buy a certain percentage 
of their power from renewable sources of energy. Just 
like China, India must strictly enforce the obligation 
on distribution companies to purchase power produced 
from renewable sources and penalize those who fail to 
meet their targets. The current contribution of renew-
able energy is 12.5 percent of India’s total generation 
installed capacity. The Ministry of New and Renewable 
Energy (MNRE) estimates that this contribution will 
increase to 16 percent or 17 percent by the end of the 
12th Five Year Plan in 2017. RPO is one of the tools 
for implementing this ambitious goal. We believe that 
going forward; the enforcement of RPO will create the 
volumes needed for the Renewable Energy Certificate 
(REC) market.

INFRASTRUCTURAL GROWTH

Land Acquisition

At present most of the acquisition of private land for 
wind and solar projects occurs through mediations di-
rectly with the land owners. This has been identified 
as a major barrier for renewable projects across India 
(in reality, all power projects). Additionally, the lead 
time to acquire land can range from 6 to 12 months to 
more than a year.3 There should thus be a single win-
dow clearance for all approvals. Land acquisition should 
become easier through faster forest approvals and ease 
of use classifications. For solar, revenue land from state 
governments should be allotted for generation.

Grid Management

To further support the growth of the renewable energy 
sector, the expansion of transmission infrastructure, for 
both intra and inter-state, is required. Grid enhance-

3 World Bank ESMAP Report on Barriers for Solar Power Development in India, 2010.
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ment and management is the key for integration of 
wind power. Wind power, both variable and intermit-
tent, stresses the grid. Large-scale wind integration may 
introduce new patters in the flow of power which could 
cause congestion in the transmission and distribution 
networks. To address these issues, planning for the grid 
and planning for wind power must go hand in hand. 

We should develop a robust interstate transmission net-
work to evacuate power, which is currently not opti-
mized in India. In this regard, MNRE and Power Grid 
Corporation of India Limited (PGCIL) have planned 
six dedicated green energy corridors to evacuate renew-
able energy from regions rich in such energy and feed 
it into other regions. These green energy corridors have 
also been envisaged to address intermittency and vari-
ability aspects as well as grid integration issues of large 
scale RE generation. 

Government should encourage 
domestic manufacturing with 
an export oriented mindset

The corridor needs to be rolled out on a priority ba-
sis. Mega Park sites also need to be aligned with and in 
proximity of the green corridor for easy evacuation of 
RE. The integration of wind power also requires better 
scheduling and forecasting of wind power generation. It 
requires that we set up state-of-the-art centralized fore-
casting centers, which will have to be integrated with 
supervisory control and data acquisition systems. As 
wind power installation increases in the country, grid 
management will become even more important.

Decentralized / Small-Scale Renewables

While the development of large-scale renewable energy 
has now become a desperate need to sustain and fulfil 
the energy requirements of the nation, the government 
should also incentivize setting-up of small renewable 
energy plants. Because of the remoteness of much of 
India’s un-electrified population, decentralized renew-

able energy offers the most viable solution for providing 
basic energy access to all. Off grid or small scale renew-
ables have the potential to support small communities 
of people and be more appropriate for the immediate 
surrounding environment.

Research and Development

Research and Development (R&D) in wind and solar 
sector is poor in India. As most technology is imported 
into India, there is little encouragement for in-house 
research, especially in the solar space outside niche 
academia or research. Government and industry need 
to develop substantial R&D capabilities within the 
country to suit the needs of the country’s wind and 
solar power sectors. This can also help keep costs under 
control.

Encourage Manufacturing

Government should encourage domestic manufactur-
ing with an export oriented mindset by attracting For-
eign Direct Investment (FDI), providing capital subsi-
dies or other incentives to manufacturers.

Financing

Achieving and Sustaining Investment Volume  
(Investment Environment) in India

A variety of investors finance renewable energy projects 
in India, including institutions, banks, and registered 
companies. Institutional investors are either state-
owned or bilateral or multilateral institutions. Among 
banks, both private sector and public sector banks are 
involved. In addition to registered companies, venture 
capital and private equity investors contribute equity 
investment. Return expectations of the investors vary 
according to the sources of their funds and the risk at-
tached to specific projects. 

Debt Financing

There is a significant difference between India and the 
developed world financial markets in terms of cost of 
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debt. It is a known fact that the cost of domestic debt in 
India (~13%-13.5%) is significantly higher than that in 
developed countries (~3.5%-4%).4   At the same time,  
it does not make sense for an Indian RE project to opt 
for foreign lending due to high landed cost of such debt 
(13%-13.5%), which is primarily attributable to signif-
icant hedging cost (8%-10%). 

The points below highlight the need to support RE sec-
tor in India by facilitating schemes to bring lower cost, 
long-term debt into the Indian RE market.

Declare Renewable Energy (RE) as Priority Sector

While the country is reeling under power shortage and 
wind energy is amongst the cleanest energy produced, 
the hurdles in financial closure for projects are resulting 
in a delay of projects. This calls for a much greater need 
to include lending for RE energy projects under the pri-
ority lending category for faster implementation.  And 
also to consider a lower interest rate and longer tenure 
of lending for wind energy sector.

Scheme for Offsetting Hedging Cost for RE Projects

The high cost of debt i.e. high interest rates is amongst 
the most pressing problems being currently faced by 
the RE sector in India. Besides, declining availability of 
debt for RE projects is becoming another impediment; 
discussions with lenders indicate that many lenders may 
be reaching the limit for the amount of money they will 
lend to the RE sector. 

Need to facilitate schemes to 
bring lower cost, long-term 
debt into the Indian RE market

In this regard, support could be provided by offsetting/ 
subsidizing the high hedging cost through a scheme 
so that RE project developers can get access to cheap-

er debts. Needless to say, this would be a big support 
to the investors and at the same time it would put a 
lower burden on the government, since hedging would 
be part of a bigger portfolio of government level forex 
transactions. RBI or IREDA may provide low-cost for-
eign exchange hedges at 3-4%.

Custom Duty Exemption

A total exemption for wind project components under 
the renewable energy sector is recommended. This will 
help reduce the cost of wind machines and thereby re-
duce the cost of wind energy. Also, the proposed An-
ti-Dumping Duty (ADD) on the import of solar cells 
should not be considered.5  These recommendations 
can lead to a complete collapse of the solar sector and 
impact India’s ambitious solar programme of installing 
of over 22,000 MW (in the process of being upgraded 
to 100,000 MW) of solar energy by March 2022.

Renewable Energy Certificate (REC) Market 

The REC market has been witnessing continuous and 
drastic downfall since inception. The situation has now 
reached an alarmingly low level wherein the REC mar-
ket itself is under the threat of being rendered defunct/
extinct in the absence of any support. The Government 
of India should earmark a fund that would act as mar-
ket assurance for buyout of unsold inventory of RECs 
at the floor price at the end of each financial year. Sub-
sequently, these RECs could be resold (to Discoms or 
obligated entities) as and when the natural demand for 
RECs improves due to RPO enforcement. 

Equity Financing

Equity typically comprises 30% of the total project 
cost. Strategic investors, venture capital, private equity, 
tax equity investors are the key providers of equity to 
RE projects. In India, the hurdle rates for direct equi-
ty investments range between 16 and 20 percent and 
are dependent on several factors, such as the size of the 
project, background of sponsor, technology risk, stage 

4 Exact rates vary by country and even within country on a case-to-case basis.
5 In light of the limited manufacturing capabilities within the country, and to encourage the overall sector, the government recently announced they 
will not implement Anti-Dumpting Duty on solar cells.  “No anti-dumping duty on solar cells to lower power cost”, Business Standard, New Delhi, 
December 10, 2014.
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of maturity, and geographic and policy risks. Private 
equity funds have dominated equity investment in the 
renewable energy sector in India. Most investments are 
made in Rupees and typically the funds stay invested for 
a period of 5 to 7 years.

There is a strong case for the creation of a proper Return 
on Investment (ROI) environment for more equity in-
vestment.  New forms of equity capital such as fund 
raising from international sources and attracting more 
FDI through long term visibility will go a long way in 
providing a boost to the RE sector. 

If India wants to achieve a total of 100,000 MW by 
the year 2022, or an increase of 80,000 MW in next 8 
years, or 10,000 MW per year, using estimates based on 
today’s numbers, it requires almost 3 billion dollars of 
equity financing every year and 8 billion dollars of debt 
financing. 

 CONCLUSION

If India chooses to place renewable energy sources as a 
key component of its future power system, major insti-
tutional, governance and technical changes would have 
to be made to make that choice successful. These in-
clude a fundamental reassessment, rethink and restate-
ment of the power sector strategy through an explicit 
recognition of and accounting for the direct and indi-
rect costs and benefits of renewable versus conventional 
resources. Government should support a robust trans-
formation of power sector planning and continued re-
duction of the cost of renewable electricity to the buyer 
over time.



1 RGGVY - Rajiv Gandhi Gramin Vidyutikaran Yojana
2 DDG - Decentralized Distributed Generation
3 RVEP - Remote Village Electrification Programme
4 MNRE - Ministry of New and Renewable Energy
5 Ministry of Power, http://powermin.nic.in/rural_electrification/definition_village_electrification.htm
6 DISCOM: Electricity Distribution company

Energy for the Poor: Building  
an Ecosystem for Decentralized  

Renewable Energy
 H A R I S H  H A N D E ,  S U R A B H I  R A J A G O PA L  &  V I K S H U T  M U N D K U R

INTRODUCTION AND BACKGROUND 

Over 1.2 billion people in the world have no access to 
electricity. 290 million of these people live in India, 
with over 90% of them in rural areas. According to the 
Central Electricity Authority, 31,981 villages in India 
remain un-electrified as on 31st December, 2013.

The Government of India has various programmes fo-
cused on rural electrification – the centrally driven RG-
GVY1 scheme (and its DDG2 component) of the Minis-
try of Power and the RVEP3  scheme of the MNRE4  for 
villages not covered under the RGGVY scheme. These 
programs have fallen short of achieving their targets of 
electrifying all villages by 2012.

As per the rural electrification policy definition, a vil-
lage is electrified if at least 10% of its households have 
been electrified by the central grid or through the DDG 
program.5 Also, the minimum power that must be pro-
vided is 6 to 8 hours per day. Both are not very com-
pelling benchmarks in the context of providing quality 
electricity access to all. Our experience has been that 
most rural areas with access to grid face issues with 
reliability, availability and quality of power supplied. 

DISCOMs6 perceive rural households as non-revenue 
earners, due to issues of lower consumption, theft and 
the DISCOMs own inability to meter and collect ef-
fectively. Hence they provide power to rural areas on a 
rationed basis, so as to provide a bulk of the power to 
urban households and industries.

Market-based small scale renewable energy (electricity) 
has the potential to be a viable alternative or can com-
plement grid extension programs, if implemented with 
the right business model and ecosystem setup. It has the 
potential to:

1) Reduce demand on fossil fuels.

2) Reduce cost of centralized power generation and  
     distribution.

3) Reduce transmission and distribution losses.

4) Reduce power theft issues.

5) Provide customized system designs, technology se-    
    lections, business models based on present commu-   
    nity needs and the community’s domestic/economic  
     growth projections/aspirations.
6) Decentralize tariff collections, operations, mainte- 
     nance and management, thus reducing costs.
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7) Once grid connected, they can potentially:
   • Shave peak power demand with intelligent use of    
       storage technology.
    • Reduce requirement of short term power purchase.

Over the past decade, socio-economic developmental 
philosophies have started to be looked at differently. 
Sustainability has taken center stage and participation 
of the private sector has become essential for plugging 
gaps in developmental services delivery. It has witnessed 
a significant growth in the number of enterprises es-
tablished to address social problems, while balancing 
socio-commercial objectives. These enterprises, catego-
rized as social enterprises, operate in areas where critical 
public services are poor or absent – such as education, 
energy, agriculture, water, health and so on. Improving 
the accessibility to solutions using largely market-based 
approaches, they also add to economic development 
through local entrepreneurship opportunities. 

Social enterprises, largely  
using market-based approach-
es, operate in areas where  
critical public services are 
poor or absent

Governments have introduced schemes to support 
dissemination of market based small scale renewable 
energy solutions. For example, to support the market 
based small scale solar energy sector, the JNNSM policy 
of the MNRE included a 2000 MW component to it 
that looks at promoting its adoption (like solar home 
lighting systems, solar water pumps and mini-grids) 
using a combination of credit financing and subsidies 
made available for end users. While measures like sub-
sidies and tax incentives are a welcome move, what is 
missed out is that the real impetus to dissemination of 
improved energy access revolves around other factors- 
technology, finance and the dissemination model for 
each specific product, and as important (if not more), 
similar factors for the sector as a whole- what is today 
referred to as ‘Ecosystem development’.

The small scale renewable energy sector offers a range of 
business models, across technologies and scales of oper-
ation, be they sales, leasing or rental models of individ-
ual home energy systems, portable products, communi-
ty-based products or mini-grids with productive anchor 
base loads. There is a variety in the way organizations 
deliver services and the technologies depending on con-
ditions related to the geography, socio-economic condi-
tions, and supportive infrastructure in a particular re-
gion. This sector includes technology solutions that are 
electricity (such as solar, micro-hydro, biomass, wind) 
and non-electricity based (thermal technology – biogas, 
solar thermal) including those that use sustainable ener-
gy sources such as improved biomass cooking solutions.

These solutions are vital to the discussion on addressing 
energy access and enabling households to leapfrog the 
traditional grid. They are solutions built for the house-
hold or the local community where the generation and 
consumption of energy occur in the same location. 
Here, making small renewable energy solutions work is 
spoken of primarily in the context of energy access. An 
important precondition is to be able to view these solu-
tions not as stop-gap measures for the grid but as ideal 
complements to the grid depending on resources and 
context. By making social entrepreneurship the center 
piece of the discussion on how to make these solutions 
work, the chapter draws attention to the critical com-
ponents essential to any business model, defined in the 
form of holistic solutions. This chapter also throws light 
on all the supportive infrastructure or ecosystem pieces 
required for entrepreneurship in this sector to prosper 
given the variety of stakeholders. 

We shall draw inferences from our experience in the 
electricity based small scale renewable energy sector 
(specifically solar) to elaborate on the issues to be ad-
dressed to make this sector work.

HOLISTIC SOLUTIONS

While there was once a focus on technology alone as 
the key driver in the provision of decentralized renew-
able energy solutions, its significance has reduced. The 
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realization of how important the other aspects are in the provision of last mile access to end user households have 
made it important to consider a holistic approach, combining customized technology with affordable financing and 
a sustainable dissemination and maintenance mechanism.

Customized Technologies

Recognizing early on that needs cannot be standardized 
helps enterprises work on the philosophy of customizing 
technology based on the specific needs and affordability 
of the end- user. This requires rigorous need assessment 
and last mile innovations in product combinations and 
installation. 

Financial Linkage

“Renewable energy is expensive” is one of the most 
popular arguments opposing greater dissemination of 

renewable energy sources. What is often forgotten is 
that this statement is only valid in comparison to the 
grid- which is itself heavily subsidized. The statement 
ceases to apply when we include households that are 
still unconnected to the grid. 

Kerosene fuel for lighting is a reality in most un-elec-
trified and under electrified households. And this fuel 
is by no means economical for the poor. Households in 
most parts of India spend between Rs. 180 to Rs. 300 
a month7– a significant part of their monthly income- 

7 While the National Sample Survey Organization in India pegs the expenditure at about Rs. 45 (3 liters), field realities reveal that the 3 liters from the 
Public Distribution System do not cover the requirements of the average household. They buy an additional 2-3 liters from the market at approximately 
Rs. 45 - Rs. 60 per liter. 

FIGURE 1: Provision of Holistic Sustainable Energy solutions
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on the most basic energy requirements of lighting and 
mobile phone charging. On the other hand, providing 
a product that comes with an instalment based payment 
in line with the cash flows of the rural household, plays 
an important role in uptake of small scale renewable en-
ergy systems, overcoming the burden of putting down a 
large one-time payment. 

In the case of rental or leased systems, an important 
question to be answered is on the collection mecha-
nism. A clearly defined collection mechanism for rental 
models is a significant driver of their long term sustain-
ability. 

The financial linkage is not merely important from the 
point of view of being able to afford decentralized ener-
gy solutions. In many cases, it is also an entry point for 
end users to build institutional financial relationships 
and credit histories. 

Dissemination and Follow-Up  
(System Maintenance)

Once an enterprise chooses its mode for dissemination 
of the product or solution, there is a need to ensure 
that the distribution network is extremely robust with 
availability of skilled personnel. Good after-sales ser-
vice and maintenance determine whether the solution 
is long term or not. They also affect the sustainabili-
ty of the business model itself. For example, a recent 
study undertaken by SELCO Foundation on behalf of 
a nationalized bank in Karnataka, India, reviewed the 
Non-performing assets (NPAs) within the solar portfo-

lio of one branch in particular and found that in nearly 
70% of the cases, despite households registering com-
plaints about non-functional systems, there was no ac-
tion from the system supplier to attend to maintenance. 
Such negligence is bound to affect the financing of ad-
ditional systems, which in-turn affects the business of 
enterprises in this sector. 

ECOSYSTEM DEVELOPMENT FOR  
THE SECTOR

Absence of a supportive 
ecosystem is the root cause  
for the inability to scale or 
replicate for social enterprises 
and practitioners

While a number of social enterprises and practitioners 
have stepped in to fill the energy access gap using de-
centralized solutions, their inability to replicate or scale 
these solutions fast enough is a hindrance. The absence 
of a supportive ecosystem is the root cause of this in-
ability to scale or replicate. Loosely defined, the absence 
of an ecosystem includes limited availability of skilled 
human resources, high cost of capital for entrepreneurs 
and limited access to affordable financing for end users, 
inadequate support to facilitate technology innovations 
for field applications, limited access to comprehensive, 
reliable information on end-users and unsupportive 
existing policy environments that follow top-down ap-
proaches.
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Human Resource Development

The need for skilled human resources in the sector is 
large and so far has not been fully addressed. While the 
sector is still nascent, it is critical to address the devel-
opment of human resources at all organizational levels 
for renewable energy enterprises - operations, sales and 
marketing, finance, servicing, research and develop-
ment and community involvement. With more than 
1.2 billion people without access to electricity world-
wide,9 there is immense potential for entrepreneurship 
and job creation in a sector that seeks to address this 
need. This need becomes more critical in the light of 
scepticism from bankers to lend for decentralized ener-
gy solutions owing to a fear of lack of adequate service 
network (as articulated earlier in the section on Main-

tenance). One of the main reasons provided by other 
stakeholders (including banks, financial institutions) 
for limited engagement with Decentralized energy pro-
grammes including JNNSM in India is the lack of rural 
project implementers with district-level presence and 
the lack of availability of appropriate, skilled human re-
sources at the local level. 

This time and resource intensive need is currently be-
ing met directly by the entrepreneurs- who are already 
stretched for resources. Individual organizations are 
forced to invest in the most basic skill training even 
while the initiative would better the sector as a whole. 

8 SELCO Foundation, “Policy Group: Review 2012-2014” (2014), available at: http://www.selcofoundation.org/publication/view/policy-review-2012-14/ 
9 Energy Facts: http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTENERGY2/0,,contentMDK:22855502~pagePK:210058~piP-
K:210062~theSitePK:4114200,00.html.

FIGURE 2: Ecosystem for the Decentralized Renewable Energy Sector

SOURCE: Selco Foundation (2014)8
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FIGURE 3: Challenges Around Financing for End Users and Entrepreneurs

Low-cost debt financing primarily for working capital is 
a key need for entrepreneurs which is often hard to ac-
cess from banks for young and upcoming entrepreneurs 
with no established credit history. Interest rates with 
other financial institutions are high and even with bank 
loans, moratorium periods are short- all of which make 
it economically infeasible for a newly established energy 
enterprise. Another critical concern is the difficulty in 
availing ‘patient’ investment capital on account of high 
expectations of growth and Internal Rate of Return 

10 The network of ITIs and RSETIs in India form the backbone of the vocational and entrepreneurial training initiatives to promote employability and 
entrepreneurship instincts among rural youth across the country. 

(IRR) from the impact investment community, with-
out considering the challenges of creating an ecosystem 
on the ground. In the case of end user financing on 
the other hand, the cost of finance (from Banks, MFIs, 
local financial institutions) and collateral requirements 
may become prohibitive factors. Lack of willingness of 
financial institutions to finance for productive utiliza-
tions and applications powered on decentralized renew-
able energy makes it difficult for households to move to 
applications beyond basic lighting. 

CHALLENGES AROUND FINANCING

Lack of innovative financing and financier capacity building
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HRD Recommendation:  
Institutionalize Energy Courses 

The skills required in this sector could be categorized 
into the following broad categories: Technical; Opera-
tions; Micro-entrepreneurship; Research and Develop-
ment. 

To reduce the cost of training and skill development 
incurred by individual entrepreneurs, there must be a 
thrust on creating curriculum and teaching modules 
for training of Renewable Energy technicians, operators 
and micro-entrepreneurs. For example, in a country like 
India, the existing Industrial Training Institutes (ITIs) 
and Rural Development and Self Employment Train-
ing Institutes (RSETIs)10 in rural areas and semi-urban 

areas can then be utilized to disseminate these courses 
at the local level and build manpower on the ground. 

Financing for Entrepreneurs and End-users 

The core aspect of building the Financing link in the 
ecosystem involves an interest from financiers and in-
vestors to provide access to credit, which in-turn re-
quires focused capacity building and sensitization ini-
tiatives. Drawing from the insights of enterprises in 
the sector and the experience of end users in accessing 
credit for renewable energy, certain factors usually iden-
tified as concerns are represented in the figure below. 
This includes concerns of grassroots entrepreneurs with 
no formal business training, as well as those with better 
educational qualifications and detailed business plans. 
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Financing Recommendations

Capacity building of financiers and investors 

Since the core concern revolves around the interest of 
financiers to lend for decentralized renewable energy, 
capacity building is inevitable. Experience in parts of 
India have shown that undertaking workshops and 
meetings with financiers to debunk myths about the 
technology and the engagement of former bankers who 
have actively financed the sector before to discuss the 
means of reducing or mitigating risks, innovations in 
financing, promoting financing on newer, productive 
use technologies, is critical in convincing new financial 
channels and institutions. For regions where the bank-
ing channel is not active, efforts are required towards ei-
ther revitalizing these or capitalizing on alternate finan-
cial institutions. Similar rigour in capacity building and 
sensitization is critical when it comes to investments in 
these enterprises. There is a need to convince investors 
on the importance of patient capital and push back on 
the nature of due diligence processes and investment 
conditions when they do not take note of realities on 
the ground. 

Innovations in financing (Loan guarantees, working 
capital debt) 

The use and adoption of innovative financing mecha-
nisms that reduce the risk of bankers, increasing access 
to loans, improve credit conditions for entrepreneurs 
etc. are essential in bolstering the financing link.  Where 
the basic financing model is unviable due to high risk- 
where customers have low ability to pay, where commu-
nities are migrant or “illegal” or lack land titles and col-
lateral, increasing the financial institution’s confidence 
can be achieved by facilitating innovations like Loan 
Guarantees and interest subsidies using soft funds. Sim-
ilarly, in the case of entrepreneurs, there is need for more 
work on structuring working capital debt allowing for 
lower rates of interest and a reasonable moratorium pe-
riod. While there are also a number of government and 
bank schemes in countries to provide this sort of credit, 
very little is known about their utilization for the energy 
sector.

Technology Innovation and Energy Efficiency

Today, there are issues with technology innovation in 
this space on many different fronts – while research 
continues into improving panel technology and reduc-
ing costs significantly, improvements in battery tech-
nology which have a clear bearing on decentralized re-
newable energy systems have not made enough progress 
to warrant steady local supply in underserved regions 
at affordable costs. Similarly, improving efficiency and 
innovating on DC products such as televisions, mo-
tors, pumps has been limited ultimately affecting the 
end-user’s ability to access additional productive use 
and household appliances. In cases where innovation 
is occurring, there are hardly standards for compari-
son of products to determine the working under field 
conditions.  Often quality assurance is lacking on these 
newer, efficient technologies (where available) and 
manufacturers make claims based purely on in-housing 
testing of products. This, however, is insufficient in a 
sector where end use happens in a completely different 
set of circumstances that are often difficult to predict- 
there is no way around field testing. 

In cases where innovation is 
occurring, there are hardly  
standards for comparison 
of products to determine the 
working under field conditions 

Such testing is often resource and time intensive for in-
dividual enterprises and can easily eat into the revenue 
streams of an enterprise.  

Technology and Innovation Recommendations 

Improved quality assurance frameworks 

In order to address these issues, a greater thrust is re-
quired to field testing of off-grid appliances, in addition 
to existing lighting solutions, for faster implementation 
in rural and urban poor communities to facilitate move-
ment of households up the energy ladder. There must 



62    |    Blowing Hard or Shining Bright? Making Renewable Power Sustainable in India

be a greater thrust on bringing these solutions to Tier-2 
and Tier-3 cities, with supportive financing for small 
entrepreneurs. Centralized R&D and quality assurance 
specifically for this sector would be a move in the right 
direction. 

Field-centric Technology needs

Flexible financial resources and soft funding should be 
allocated to developing such facilities that can further 
build sustainable models (through field-based testing 
and pilot programmes in specific contexts) for decen-
tralized renewable energy as well as energy efficiency. 
This is possible through initiatives of bilateral and mul-
tilateral agencies. 

Policies Driven by Practitioner Inputs 

Improving energy access for rural and underserved 
communities is an arduous task requiring supportive 
Government policies. Capitalizing on the decentralized 
renewable energy solutions in addressing this energy 
access on a large scale requires a conducive policy en-
vironment.  Unfortunately, a number of energy related 
policies have failed to appreciate ground-level realities 
and practitioner perspectives. As a result, they have not 
benefitted end users and have instead become barriers 
in the way of enterprises providing energy solutions.

Improving energy access for 
rural and underserved com-
munities is an arduous task 
requiring supportive Govern-
ment policies 

Practitioner Input Recommendations 

Cross-sector approaches

It is vital for governments to look at more integrated 
energy and electrification policies to take note of where 
decentralized solutions can complement the grid. De-

centralized solutions can help in addressing the criti-
cal energy gaps that exist in the development oriented 
programmes of ministries such as Health and Family 
Welfare, Rural Development, Women and Child wel-
fare and Human Resource Development. 

For example, interventions can support improvements 
in agriculture, dairy farming and small businesses. Self 
Help Groups (SHGs) through Government livelihood 
programmes can make energy a livelihood in itself, and 
provide support for other DRE interventions in the vil-
lage. In the case of maternal health issues, decentralized 
clean energy can be used to power a number of health-
care devices in rural and remote primary health centers 
and support the Traditional Birth attendants during 
delivery. 

Representative Network

There are also a number of key guidelines and policy 
changes required to institutionalize the various other 
links in the ecosystem- financing, technology innova-
tion as well as skill development. To support practi-
tioners tackle common challenges, develop the ecosys-
tem for this sector and build a voice for their inputs 
to be part of policy dialogues, a representative body or 
network is useful. 

In India, an alliance is being created by a representative 
group of practitioners, relevant research organizations, 
think tanks and donors. This alliance – CLEAN, or the 
‘Clean Energy Access Network’ – will focus on specific 
target points such as access to finance, networking and 
information, training, technology, standards and certifi-
cation, regulatory framework and policy advocacy. The 
experience of CLEAN could be useful in determining if 
this model could be adopted elsewhere as well.

CONCLUSION

Making small scale renewable energy solutions work is 
no longer an option, it is a necessity in an attempt to 
meet one of the most basic needs of households in a re-
liable manner with a quality option. However, the cre-
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ation of an ecosystem for these solutions requires that 
all players and stakeholders take constructive efforts: it 
is the only way a real breakthrough can be created in de-
centralised energy access while simultaneously realizing 
other social objectives including rural entrepreneurship, 
skilled employment and increased access to credit.  Pro-
vision of sustainable energy to rural and remote house-

holds is regarded today as a comparatively expensive 
proposition on account of a failure of the sector to build 
a strong foundation that can be capitalized upon by en-
ergy providers for the benefit of end users. Addressing 
that most basic challenge of ecosystem building would 
change the entire tone and need for conversations on 
the kind of incentives required for dissemination.





FUTURE  
TRANSFORMATIONS 





Energy Efficiency is  
Everybody’s Business

A S H I S H  K H A N N A  &  M U D I T  N A R A I N 1 

1 At the time of writing, the authors were working as Lead Energy Specialist & Energy Specialist respectively with Global Energy and Extractives Practice of the 
World Bank, but the views expressed here are personal and do not represent World Bank’s views, or that of its Management, or Board of Executive Directors.

Energy is one of the most critical inputs for an 
economy. The various forms of energy like 
electricity, diesel, petrol and natural gas are the 

lifeblood of every modern economy, involved in every 
activity from lighting homes to transporting imports 
and exports, powering schools to running hospital 
equipment, pumping water in fields to running motors 
in small industries, powering large manufacturers, and 
beyond.

INDIA’S ENERGY CONSUMPTION  
AND EFFICIENCY     

India is the world’s third largest energy consumer, be-
hind China and the USA. India imports almost 28% 
of the energy it consumes every year, spending close to 
6.3% of GDP, or US$ 120 billion on these imports. 
The fuel import bill is continuously rising and is expect-
ed to rise to as much as $230 billion by 2023. India’s 
energy consumption is closely related to its economic 
development. While India is still behind most advanced 
countries in terms of its energy consumption per capi-
ta, rising economic strength and lifestyles will increase 
demand of electricity four to six times between 2010 
and 2030. While the country has almost a fifth of the 
world’s population, it has only 1/30th of the world’s en-

ergy resources in its territory. Given the pervasive use of 
energy in all aspects of economic growth and improv-
ing citizens’ well-being, it is crucial to ensure India has 
access to cheap, reliable, sustainable and secure energy 
supplies to power its ambitions. Energy efficiency is the 
idea of reducing the amount of energy required per unit 
economic output or per capita consumption. 

While it is imperative to explore new resources and cre-
ate new energy generation and distribution infrastruc-
ture, it is also critical to ensure that the least amount of 
energy is required for economic growth, increasing en-
ergy security and reducing the need for rising imports. 
Known by different names like energy productivity or 
energy sufficiency or economic output per unit energy, 
this concept of resource conservation can be understood 
as mainly comprised of the four steps demonstrated in 
Table 1.

Energy efficiency is a “low-
hanging, low-cost” option to 
reduce future energy consump-
tion without compromising on 
economic progress
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TABLE 1: Steps and Examples of Improving Energy Productivity

TABLE 2: Saving Potential across Selected Sectors in 2007-08 (in billion kWh)

Reducing energy wastage

Agriculture pumping

Commercial buildings/establishments with connected load >500 KW

Municipalities Domestic Industry (including SMEs)

Domestic Industry (including SMEs)

Industry (including SMEs)

TOTAL

Encourging energy conservation

Improved design for low energy  

consumption

Design of infrastructure to reduce  

need for energy use

ENERGY CONSERVATION STAGE

SECTOR

EXAMPLES FROM DAILY LIFE

Air conditioning blast in meeting rooms, set at temperatures  

of 16C in peak summer, requiring use of jackets

Car-pooling, reducing car trips, etc.

High mileage cars designed for low fuel consumption,

through better engines, acrodynamics, etc.

High public transport penetration to avoid cars; mixed-use  

development to reduce need for office commutes; high use  

of IT to reduce need for travel; bike lanes for secure travel  

of bicycles etc.

Reducing energy wastage and moderating energy de-
mand can help the country to increase its industrial 
competitiveness, and also reduce outflow of foreign 
exchange for fuel imports. Many demand side energy 
efficiency measures ranging from efficient light bulbs to 
irrigation pumps provide a cost-effective alternative to 
adding more energy production capacities.  Energy effi-
ciency thus becomes one of the “low-hanging, low-cost” 
options to reduce future energy consumption without 
compromising on economic progress. In the current 
context,  where there are huge deficits in supply capac-
ities vis-à-vis rising demand, blackouts and brownouts 
have become common, which affects both economic 

productivity and quality of life,  EE offers a unique op-
portunity to bridge the demand-supply gap in India in 
the short-term. It is estimated that if India improves 
energy efficiency by 15% over the next decade, it could 
save $32 billion per annum by fiscal 2023. Reforms in 
the energy sector could reduce India’s annual energy im-
port bill by $40 billion by the same year. These savings 
run across sub sectors like Agriculture, Domestic and 
Industries reflecting the cross-sectoral nature of inter-
ventions. Table 2 shows more than 15% savings that 
are feasible from Energy Efficiency (roughly translating 
into 15% avoided capacity equivalent to more than 35 
GW).

SAVINGS
POTENTIAL

CONSUMPTION

92.33

9.92

12.45

120.92

265.38

501.00

27.79

1.98

2.88

24.16

18.57

75.36

SOURCE: NPC, 2010
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High mileage cars designed for low fuel consumption,

through better engines, acrodynamics, etc.

High public transport penetration to avoid cars; mixed-use  

development to reduce need for office commutes; high use  

of IT to reduce need for travel; bike lanes for secure travel  

of bicycles etc.

SOURCE: NPC, 2010

FIGURE 1: Components for a Successful  
National EE Strategy FIGURE 2: Institutional Framework for Energy 

Efficiency Implementation

Successful implementation of energy efficiency requires 
several pieces to fall in together. As shown in Figure 1, 
robust and effective institutions need to facilitate an en-
abling framework for EE market transformation.  Suc-
cessful EE institutions are able to coordinate with both 
public and private sector stakeholders in the formula-
tion, prioritization, implementation and monitoring of 
regulations and policies to address market failures. In 
addition, efforts are required in the area of research and 
development; developing appropriate financial incen-
tives and instruments; and, induce behaviour changes 
to save energy through awareness and capacity building. 

The private sector and private citizens need to under-
take a majority of the interventions, but government 
support is required to provide impetus through policies, 
mandates, standards, labels, financial and regulatory in-
centives, and other financial tools. 

Experience from other countries has demonstrated that 
all these factors need to work in concert for success in 
reducing an economy’s energy intensity. Different mod-
els of promoting investments in energy efficiency have 
been tried in different countries, depending on the con-
text. The government of PR China established targets 

REALIZING ENERGY EFFICIENCY

Institutional Enhancements 

Energy efficiency is everybody’s business. It goes across 
supply, demand, policy, and behavior change in citi-
zens. Since EE is not a physical asset, it requires careful 
examination and identification of opportunities, based 
on research and analysis. It requires extensive applied 
research into trends and the nature of energy consump-
tion in an economy, so that an ideal implementation 
can be identified. 

As experiences from other countries show, an adequate 
institutional framework with high level political sup-
port is critical for success, and lack of any of these com-
ponents results in inadequate success. In India, as vast, 
untapped opportunities for potential EE improvements 
are spread across multiple sectors, an effective and ro-
bust institutional framework with appropriate gover-
nance and monitoring mechanisms would be critical to 
deliver energy efficiency improvements on a larger, am-
bitious scale. For energy conservation, the institutional 
requirements go across central and state governments, a 
network of implementation institutions, private sector, 
to work with citizens, as demonstrated in Figure 2.  

INSTITUTIONS

Regulations  

& Policies

Markets & 

Incentives

Research &  

Development
Financial 

Instruments

Behavior

Change

Top level politicians ownership  

at the center

State governments

Network of institutions

Cross-sectoral linkages across industries
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of 20% reduction in energy intensity from 2006-2010 
and 16% during 2011-2015. To achieve these targets, 
the central government agreed with provincial govern-
ments, and held provincial leaders ‘accountable’ for 
reaching these targets.2 Additionally, the central govern-
ment signed ‘responsibility contracts’ for energy saving 
with the country’s 1,000 top energy consuming enter-
prises that account for a third of the country’s energy 
use. These contracts were supported by financial assis-
tance of various kinds, as well as extensive technical as-
sistance through various means, to disseminate knowl-
edge on these efforts. China also extensively supported 
its energy utilities to reduce energy consumption. Ja-
pan created a network of institutions like banks, util-
ities energy service companies (ESCOs), and technical 
assistance entities, to reduce energy intensity.3 South 
Korea has also initiated innovative programs on energy 
efficiency projects, through the private sector. Almost 
all major economies have taken on initiatives to reduce 
energy wastage in all sectors like industries, transport, 
households, etc. The United States has a range of pro-
grams at federal, state and municipal levels on industry 
and household energy efficiency that have been success-
ful in introducing new technologies and institutionalize 
energy efficiency. All such initiatives are backed up by 
research institutions that can identify opportunities and 
design systems to harness those opportunities. 

Since EE is not a physical  
asset, it requires careful  
examination and identifica-
tion of opportunities 

In India, improvement of the implementation institu-
tions is much overdue, and there is a lack of a network 
for viable research institutes that can identify opportu-
nities. Currently, institutions like the Bureau of Energy 
Efficiency (BEE), Energy Efficiency Services Limited 
(EESL), and state nodal agencies have been entrusted 

2 Wang, Xiaodong, Richard Stern, Dilip Limaye, Wolfgang Mostert, and Yabei Zhang 2013. Unlocking Commercial Financing for Clean Energy in East 
Asia. Directions in Development. Washington, DC: World Bank. doi:10.1596/978-0-8213-0020-7. 
3 Ibid.
4 India Energy Planning Tool 2047, http://indiaenergy.gov.in/

with the energy efficiency agenda, including research, 
project management and implementation, regulation, 
and monitoring and evaluation. However, the im-
plementation has fallen short of the expectation. The 
state nodal agencies, and state distribution companies 
entrusted with Demand Side Management (DSM) 
programs have weak institutional capacity and need 
regulatory clarity on funding and inherent incentive 
structures in undertaking these programs.

AN AGENDA FOR ACTION

Bolder and More Ambitious on Energy Efficiency 
Targets

The current target of 19 GW of energy savings in Na-
tional Mission on Enhanced Energy Efficiency could 
be enhanced by a multiple of three over next ten years 
given the level of urbanization and industrialization 
expected in India. The cross-sectoral nature of possi-
ble interventions, such as co-planned improvements in 
urban transport and manufacturing sector, should be 
incorporated in the overall target for energy efficiency. 
In addition, bolder targets across buildings, appliances, 
industries and agriculture are needed. Getting a low car-
bon intensity of growth is the best strategy for ensuring 
energy security of India, as corroborated by recent stud-
ies and models of Planning Commission.4

Monitoring and Policy Framework at Highest Polit-
ical Level

The delivery and implementation of China’s energy 
efficient program is monitored at the President’s level 
through National Development Reform Commission. 
A similar oversight mechanism at the Central level in 
India is required. This body or office would monitor 
clearly defined performance targets and indicators for 
different ministries. This would also involve coordinat-
ed decisions on energy pricing (as a tool for encouraging 
energy efficiency), strategic communication including 
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aspects on behavior change, and resource allocation for 
programs. The process of defining norms for standards 
as per these bolder targets would require capacity build-
ing of existing institutions like Bureau of Indian Stan-
dards, complimented by a panel of third party monitor-
ing agencies at central and state level.

Strategic priority on energy 
efficiency through optimum  
focus on institutions, financ-
ing and behavior change could 
be the most important driver 
for energy security of India 

Administrative and Financial Autonomy to Institu-
tions (Involving Public-Private Partnership Models)

To achieve bolder targets, institutions would need to be 
strengthened accordingly. The Bureau of Energy Effi-
ciency would need a significantly higher administrative 
autonomy from the parent ministry, further enhanced 
with clearly defined greater delegation of power even 
within the staff of Bureau. On financial resources, a 
useful illustration is the energy efficient equipment pro-
gram where China has allocated a budget of USD 20 
billion over the last five years to incentivize adoption 
of new technologies by large private sector enterpris-
es and their adoption by consumers.5 In contrast, the 
Super Energy-efficient Equipment Program (SEEP) of 
the Government of India has resource allocation of only 
Rs 100 crores (less than USD 20 mn) in the XII Five 
Year Plan, and is yet to take off due to myriad approval 
processes involved in decision making. For the BEE to 
design and implement larger projects to meet a bold-
er target, it will require increased financial allocation 
matched by corresponding administrative autonomy 
and institutional strengthening. This would include in-
volving lateral entry of private sector professionals in ar-

5 Presentation made in South Knowledge Exchange on Energy Efficiency between China, India and East Asian countries held at Beijing, June 2014.

eas with limited expertise within the public sector, like 
energy efficient technologies, innovation and strategic 
communication. A complimentary set up of institu-
tions would also be needed at state level with clear ac-
countability of performance targets along with required 
delegation of powers.

Network of Federal, State and Thematic Institutions 
on a Hub and Spoke Model

Since BEE alone would not be able to implement pro-
grams in the different ministries and at the Central and 
State levels, a network of institutions would be needed 
for effective implementation with a flexible monitoring 
mechanism. As an encouraging start, Energy Efficiency 
Services Limited (EESL), a super ESCO, and financial 
institutions like IDBI and Small Industries Develop-
ment Bank of India (SIDBI) have already started ex-
panding their services to promote energy efficiency.  
Appointing such agencies as hubs of select pillars of a 
broader energy efficiency strategy – like EESL for devel-
opment of ESCO market and SIDBI for financial inno-
vation – would enable other supporting institutions to 
emerge as spokes responsible for implementation. Sim-
ilarly, as behavior change and awareness for energy effi-
cient appliances, buildings and equipment is acknowl-
edged as a key pillar of strategy, a network of agencies 
would be needed with a multi-year agenda on strategic 
communication. These would be a mix of central, state, 
autonomous and private sector institutions.

India has a unique opportunity in history to demon-
strate to the world that low energy intensity based high 
economic growth is feasible and sustainable in the long 
term. Given significant increase in urbanization and in-
dustrialization expected over the next decades; strategic 
priority on energy efficiency through optimum focus 
on institutions, financing and behavior change could be 
the most important driver for energy security of India 
in the next few decades. The time for scaling up action 
is now.





Smart Grids, Storage,  
and Renewables – Pillars  

of the Future Grid

 
R A H U L  T O N G I A 1

Smart Grids are a complex, important topic wor-
thy of their own book, if not books, but these 
have a special synergy to renewables.  Most di-

rectly, Smart Grids are designed to handle variability, 
and enable renewable energy, amongst other function-
alities of efficiency, robustness, flexibility, consumer 
participation, etc.  

AN INDIAN SMART GRID

What are Smart Grids? There is no single technology or 
design, but this is a general term for the transformation 
of the power grid using digital communications and 
control to enable functionalities such as increased mon-
itoring, resiliency, flexibility, efficiency, and enhanced 
renewables integration.  Definitions and functionalities 
abound, but for India, the killer apps are likely to be 
different.  In the West, labor costs for meter reading 
and connections/disconnections have been one driver, 
in addition to pressures due to renewable energy and 
electric vehicles, as well as concerns on handling the 
peak on aging infrastructure (especially in the US).  In 
India, the short-term needs include reduction of losses 
(both technical and financial) and keeping the grid in 
balance (especially given shortfalls).  Focusing on these 
applications, and viable price points, will make or break 
Smart Grids in India.

1 Portions of this chapter draw or are taken from a PlanetPolicy blog piece done by the author (http://www.brookings.edu/blogs/planetpolicy/
posts/2014/05/29-smart-grids-india-tongia).
2 This incentives problem hurts all efficiency programs, especially if utilities are in a Rate of Return (RoR) regulatory framework.  A better schema focuses on 
service, instead of kilowatt-hours.  

It’s important to recognize that Smart Grids are only a 
means to an end, an enabling infrastructure.  Instead 
of feeder-level load-shedding, using smart meters, one 
could provide all homes 50-100 watts (or 300 watts) 
as “lifeline” if one wished.  You also don’t need a Smart 
Grid to cut down theft, but it helps immensely.  The 
scope for Smart Grids is vast, and one area where there 
is synergy with renewable energy (RE) is helping with 
balancing the grid, managing the load in times of short-
fall of supply.  

Traditional Demand Side Management (DSM) pro-
grams worked only up to a point – the classic example 
of a CFL bulb helped mainly because this cut down 
the evening peak demand, but if so-called paying (com-
mercial and industrial, or C&I) consumers reduce their 
overall demand, this hurts the finances of the utilities.2 
In contrast, Demand Response is reducing demand spe-
cifically when the utility needs it, in a dynamic manner, 
through a pricing or a control signal.  Instead of pro-
curing peak power, the utility can pay for load reduc-
tion, effectively enabling consumers to participate in 
the grid, through what are termed Virtual Power Plants.  
This is one part of making consumers prosumers (pro-
ducers-consumers), the other being distributed RE.  
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Probably the greatest reason Smart Grids can work in 
India is a willingness to change – people are frustrat-
ed with business-as-usual.  The government recognizes 
the issue of utility losses (many billions of dollars per 
year), and consumers hate losing power and paying 
for back-up power (also to the tune of billions of dollars 
per year).  This has an impact on GDP growth report-
edly of several percent.  In the U.S., to save a dollar or 
two per month, consumers may not get that excited or 
bothering changing their lifestyle (a small enough sum 
leading to what I have called the “Smart Grid Slice of 
Pizza Syndrome”, i.e., ~$1/month), but in India, if you 
tell consumers that with modest modifications to their 
usage patterns, they can save Rs. 50/month (with time 

If we see the drivers for Smart Grids in India (Table 1), 
we can see that there is a strong mapping to the func-
tionalities Smart Grids enable.  These are actually broad 

TABLE 1: Drivers for a Smart Grid in India

UTILITIES GOVERNMENTCUSTOMERS

Source: India Smart Grid Vision and Roadmap (Min. of Power, August 12, 2013)

• Reduction of T&D losses  

 in all utilities as well as 

 improved collection 

 efficiency

• Peak load management –  

 multiple options from direct  

 load control to consumer  

 pricing incentives

• Reduction in power  

 purchase cost

• Better asset management

• Increased grid visibility

• Self-healing grid

• Renewable integration

• Expand access to  

 electricity – “Power for All”

• Improve reliability of supply  

 to all customers – no power  

 cuts, no more DG sets and  

 inverters

• Improve quality of supply  

 – no more voltage stabiliz- 

 ers

• User-friendly and  

 transparent interface with  

 utilities

• Increased choices for  

 consumers, including  

 green power

• “Prosumer” (producer and  

 consumer) enablement

• Options to save money by  

 shifting loads from peak  

 periods to off-peak periods

• Satisfied customers

• Financially sound utilities

• Tariff-neutral system  

 upgrade and modernization 

• Reduction in emission  

 intensity

of day pricing), or avoid blackouts, many will jump at 
it.  Modest? They already face extreme (involuntary) en-
gagement with the grid – many lose power weekly if not 
daily, and expensive back-up power only covers part of 
their load.

Probably the greatest reason 
Smart Grids can work in  
India is a willingness to 
change – people are frust- 
rated with business-as-usual  

transformations, and Smart Grids aren’t any specific 
technology or even architecture/design to enable these.  
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• Satisfied customers

• Financially sound utilities

• Tariff-neutral system  

 upgrade and modernization 

• Reduction in emission  

 intensity

POLICY NEEDS FOR SMART GRIDS

Smart Grids are a fundamental transformation of utili-
ties, and focusing on the Distribution Utilities, rollouts 
need to be in sync with a number of operational and 
business process changes.  Beyond the well-recognized 
need for standardization (and standards), modularity, 
etc., improved Smart Grids require the below policies 
and efforts:

Focus on Consumers (and Utilities), their Needs, 
and Think Bottom-up

Too much of Indian smart grids today are top-down 
driven, if not vendor/consultant driven.  Utilities have 
their hands full trying to implement the Flagship R-AP-
DRP program, which can be considered a pre-cursor to 
Smart Grids.  Both efforts need to synergize to avoid du-
plicated or wasted effort.  Instead, Smart Grid sustain-
ability comes when there is a need if not desire for them.  
Consumers need carrots (e.g., no more load-shedding) 
and not just sticks (e.g., theft detection). Consumers 
also should have multiple options for engagement, e,g., 
through mobile phones and SMSes, instead of the In-
ternet or even fancy in-home displays for interaction. 

Use societal cost benefit anal-
yses (CBA) for proving the 
business case of Smart Grids, 
instead of utility Return on  
Investment (ROI) 

Improved if not Innovative Financing & Accounting

• Innovative doesn’t mean convoluted Wall Street-type 
instruments, just improved granularity and accuracy. 
Instead of average costs, one has to account for margin-
al costs and time of day costs.  Pricing issues are covered 
in more detail in other chapters of this volume.  

• Use societal cost benefit analyses (CBA) for prov-
ing the business case of Smart Grids, instead of utili-

ty Return on Investment (ROI).  If a Smart Grid ends 
load-shedding, as of now the utility doesn’t benefit fi-
nancially, but the consumer saves on back-up power.  A 
ROI will not capture this, but a CBA will.

• Consumers today pay for electricity meters – can they 
pay for a smart meter? A modern digital meter already 
costs about Rs. 1,000 (almost $20), so can consumers 
cover the incremental estimated Rs. 1,000 for a sim-
ple smart meter? This isn’t the full system cost, but the 
utility could cover shared infrastructure, telecoms, data 
center, analytics, and more.  This is akin to the telecom 
concept of “houses with tails”, where the last hop opti-
cal fiber costs are borne by the household, in exchange 
for a network this can simply plug in to.

Is this fair? First, if the utility buys the smart meter, ulti-
mately it charges the consumer down the road. Second, 
regarding affordability, in most urban areas, the most 
basic of homes costs many hundreds of thousands of ru-
pees (in Mumbai, there are single-room tenements that 
builders have paid Rs. one crore for).  This incremental 
cost is a small price to pay for improved electricity.

Learn, try, Innovate, and Focus Efforts (Including 
Mission Mode)

If anyone says they have a perfect, ready smart grid at 
the Indian price point, with modularity, interoperabil-
ity, security, and other important features, then either 
they’re unaware, or trying to sell you something.  Smart 
grids need effort, and the 14 nationally supported Pilot 
Projects are a step toward rollouts. Better pilots would 
differentiate between learning and deployment pilots.  
India also needs innovation to handle communications 
and other challenges, not to mention usability and con-
sumer engagement needs. In-home displays are avail-
able, but most are too expensive (if not complex) today.  
The government is planning a National Smart Grid 
Mission, which can help drive both funding and policy. 
Every domain would love a Mission, but this needs to 
be one with independent authority and budget.  Smart 
Grids aren’t a drop-in solution – these are a process, not 
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a product. Hence, the ability to engage if not mandate 
participation from required stakeholders will be key to 
success.  This is especially true given the real challenges 
are not at the Centre but with the States, which are re-
source-constrained, both in skilled manpower and cash. 
In addition, a Smart Grid is really a fundamental trans-
formation of the grid, and hence needs links to RE, 
Electric Vehicles, energy efficiency, climate change, etc., 
all of which already have National Missions or similar 
efforts.  

Challenges with Smart Grids remain, including relating 
to the technology, especially communications.  Rural 
areas have limited cellular (data) coverage, and urban 
areas are cellular congested, and RCC-type dense con-
struction with apartments doesn’t help in urban areas.  
Perhaps Smart Grids (and similar applications) need 
dedicated or additional spectrum.   These are surmount-
able issues -  probably the single biggest challenge is one 
of mindset.  To a utility, nothing looks cheaper than 
load-shedding, which should be disallowed.  We can 
and should be granular.  We already differentiate con-
sumers and tariffs. But now we can do it smartly, in a 
transparent, equitable, and efficient manner.

Technology challenges are 
surmountable – probably the 
single biggest challenge is one 
of mindset 

ELECTRICITY ACT 2003 (PROPOSED) 
AMENDMENTS

The Government solicited comments on proposed 
Amendments to the Electricity Act 2003, along with 
a request for new suggestions.  While the most strik-
ing of the amendments relates to structural separation 
and retail competition, there are a number of needs for 
enabling Smart Grids (and renewables).3   Importantly, 
legislation should be about enabling stakeholders and 
changes, and less about specific targets or timeframes 

3 Portions of this sub-section draw from India Smart Grid Forum comments on the proposed EA2003 Amendments (Rahul Tongia and Reji Kumar 
Pillai, lead authors).
4 Central Electricity Authority. (2013). Large Scale Grid Integration of Renewable Energy Source - Way Forward.

(except where required for a policy push, like the car-
bon reduction goals by the European Union). 

The EA2003 Amendments must reflect Smart Grids, 
Renewables (especially by end-consumers), and stor-
age technologies, removing generator-centric licensing 
norms for their use.  If a consumer is capable of De-
mand Response, they should be treated equivalent to a 
Virtual Power Plant.  While Demand Response is usual-
ly for larger consumers, renewables (and storage) could 
allow anyone to become a prosumer.  In practice, due 
to scale and complexity reasons, many Smart Grid func-
tionalities could be undertaken by specialized third par-
ties, who could, for example, aggregate loads, supply, 
or load-reductions to the threshold required for market 
(or other mechanisms) participation.  Such entities also 
need license exemptions, along with renewables based 
microgrids. The amendments talk of distribution (sup-
ply) licensees procuring sufficient power to avoid power 
cuts or load-shedding.  Beyond needing teeth for such 
rules (penalties for non-compliance), the Act should 
also allow the use of innovative supply models (such 
as Smart Meter-based load-curtailment) to meet short-
falls.  In addition, while the proposed Amendments talk 
of improved power quality, they do not explicitly enable 
about new services for achieving these, such as ancillary 
services

STORAGE AND ITS POLICY NEEDS

Storage is an intuitively attractive proposition, helping 
not only variability of supply (like with RE), but also 
varying demand.  The main challenge has always been 
one of economics.  Not only is there an investment re-
quired, almost all technologies also suffer from efficien-
cy losses.  Pumped hydro, where water is pumped up 
during off-peak periods, is the technology most com-
mercialized and in large scale globally (and has a 79% 
round trip efficiency per US EIA data), but pumped 
hydro has found limited deployment in India.  Part of 
this is simply the lack of economic incentives (missing 
Time of Day supplier pricing), but also because of lack 
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of planning and the dual nature of dams for water con-
trol as well, which limits how and when water is to be 
released.  Worse, per CEA calculations, almost half the 
constructed pumped hydro systems aren’t working in 
pumped mode, mostly due to lack of construction of 
the tail hydro pool (which stores enough water below 
to lift back up).4   

New storage technologies (especially advanced batter-
ies) are on the horizon, and these are likely to have in-
creasing impact on grid operations.  If one had a very 
cheap electricity storage solution, it would profoundly 
affect RE integration into the grid.  Realistically, bar-
ring R&D breakthroughs, improvements are expected 
and steady, but will take some time to compete with 
peaker technologies.  

Storage is an intuitively at-
tractive proposition, helping 
not only variability of supply 
(like with RE), but also varying 
demand

There is evidence that storage economics are driven not 
(just) by energy arbitrage by time of day (or season) 
but the ability to ramp up/down rapidly, i.e., ancillary 
services markets.  Opening these up will allow storage 
technologies greater viability, at which point a storage 
device should be allowed to participate in both sets of 
markets (ancillary as well as responding to time-based 
shortfalls, viz., demand response).  Much of the effort 
on batteries is driven by the push for electric vehicles 
(EVs), where the price differential per kilometer vis-à-
vis petroleum is staggering.  But the grid doesn’t need 
the energy density like a car does, and so specialized 
and/or cheaper battery solutions are likely to emerge.  
To help the growth of energy storage technologies, pol-
icy support includes:5

•  Pricing incentives, including Time of Day pricing

•  The start of ancillary services in the grid

•  R&D support, from basic research to pilot  
    deployments

•  Regulatory ability for storage technologies to enable    
   prosumer participation

THE FUTURE GRID AND SMART/ 
STORAGE SYNERGIES

The traditional grid was based on keeping up supply 
to meet demand (with reserve margins).  Renewables 
make this harder.  In the future, instead of supply 
matching demand, a Smart Grid can enable demand to 
also match (varying) supply, at least in part.  How this 
is achieved is a work in progress.  

India already had significant load management through 
the use of phase-wise rostering of supply for irrigation 
pumpsets in rural areas – 3 phase supply is meant to be 
given only during off-peak periods, including the night.  
Unfortunately, such load-flattening cannot continue, in 
part because at some point, pumpset use will approach 
saturation (not to mention they must become more ef-
ficient), while overall demand will grow.  Today’s rela-
tively flat demand profiles will have greater and greater 
peak/off-peak gaps, pushing not only Time of Day pric-
ing but even Smart Grids.  

As a thought experiment, if we take all the homes that 
don’t have electricity (either at a wire level or at mean-
ingful supply levels), and we give them minimum life-
line supply of, say, 100 watts, the total extra capacity 
we’d need even from the centralized grid, with technical 
losses, would only be on the order of 15 GW of capac-
ity.  This is less than India has added in a single year. 
The catch is we have no means today of either limiting 
usage to 100 watts or of ensuring supply goes to such 
users (electricity flows like water based on voltage dif-
ferentials, so new capacity is shared across the grid based 
on physics).  Smart Grid technologies now exist to en-

5 More details on storage and its policy needs can be found in reports by the India Energy Storage Alliance (IESA), prepared for the Ministry of New  
and Renewable Energy (MNRE).  
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able such curtailment through smart meters.  The al-
ternative of using distributed renewables holds promise 
mainly for remote locations far from the grid, or where 
the load is limited, such as for lighting.   The flip side, 
which might yet materialize, is that as new “lifeline” us-
ers grow their demand, RE supply costs will fall even 
further, changing the dynamics of the grid.  This might 
drive microgrids in many regions.  

Renewables create grid management challenges (see 
Chapter 2), but new technologies can help manage 
such issues better.  A not-so-well known fact is that 
the grid is mostly constrained not by the physics of the 
wires overloading (thermal limits) but by stability lim-
its.  Smart grid monitoring technologies such as Wide 
Area Measurement Systems (WAMS) on transmission 
lines, which can help measure the stability of the grid 
in real time, can reduce the risks of grid collapses, and 
even allow the grid to be used more efficiently (higher 
loading).  

Smart grids have been de-
scribed as a work in progress, 
a journey, with different utili-
ties worldwide at different 
levels of implementation

A lower hanging fruit might be something as simple as 
Dynamic Line Rating (DLR), which has particular rel-
evance for wind power generation and should be started 
across high-wind regions of India at the least.  Most 
transmission lines have a rating based on their con-
ductor, and this is often a conservative rating.  DLR, 
with measurements, makes the loading limit not only 
dynamic, it factors in things like wind-speed.  The high-
er the wind, the more current the line can carry safely 
without overheating, which is precisely when wind tur-
bines would pump out more power.  

A combination of short-term, medium-term, and long-
term focused efforts will be the path ahead for Smart 
Grid projects in India.  Smart grids have been described 
as a work in progress, a journey, with different utili-
ties worldwide at different levels of implementation.  If 
these are tough to get right in developed regions, do 
Smart Grids make sense for India, which is still strug-
gling to keep the lights on (and provide access)?  Smart 
Grids can and should look different in different places, 
and an Indian Smart Grid becomes not only an option 
but, likely, an inevitable transformation of the grid.  
Why? Because business-as-usual just will not meet In-
dia’s aspirations in terms of speed, economics, equity 
and sustainability.
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INTRODUCTION

The need for transforming the global economy and so-
ciety to control climate change and clean up the envi-
ronment at the local and global level has led to a vision 
of a new industrial era based primarily on the devel-
opment of renewables and hydrogen to replace fossil 
fuels in the electricity and the transport sector. The 
major opportunity of fuel substitution has been in the 
Indian electricity industry. For example, the  shares of 
coal, oil and natural gas in the electricity industry of 
India have been 70%, 1.7% and 11.5%, respectively, 
in the total gross generation of electricity, while shares 
of the carbon free resources of hydro, nuclear and new 
renewable in the same have been 13%, 2.3% and 1.5% 
respectively in 2010.2 The development of new renew-
ables (i.e., renewables excluding large storage hydro) is 
slowly emerging not only as a resource of off-grid power 
generation for supply in remote areas, but also more 
importantly as a grid connected source of supply. The 
serious disturbing consequences of the large storage hy-
dro power on river ecosystem and human settlements 

on the one hand , and the problems of uncertainty and 
risks of  pollution arising from the radioactive wastes 
from nuclear power led to greater focus on the new re-
newables. In this chapter we confine ourselves to some 
selected issues relating to the development of the new 
renewables

Macroeconomic and Environmental Unsustainabili-
ty of the Pattern of India’s Energy Resource Use

The high dependence of India on fossil fuels – coal, oil 
and natural gas – for meeting her total energy needs 
has become unsustainable, not only because of the re-
sultant high carbon emissions as well as total ecological 
footprint, but also because of macroeconomic implica-
tions. India imports all three fossil fuels necessitated by 
their growing eco-scarcity (Figure 1), while their import 
prices for India have been rising in nominal dollar and 
rupee over the period 1989 – 90 to 2010-11 (see Figure 
2). While the share of fossil fuels in the total apparent 
consumption of commercial energy in oil equivalent 
terms has increased at the rate of 3.25% per annum, 
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the growth of net imports of all fossil fuels together has been 8.79% per annum during the same period. The unit 
import price of  fossil fuels together in oil equivalent terms has in fact increased in nominal dollar and rupee terms 
at the rates of 15.05% and 19.92% per annum respectively in the same period (see figure 2 ). 
 
FIGURE 1: Apparent Consumption of Fossil Fuels in India (Mtoe)

FIGURE 2: Trend of Prices per Tonne Oil Equivalent for Fossil Fuels Combined in India

500

450

400

350

300

250 Natural Gas

Coal

Oil

200

150

100

200

300

400

500

600

50

100

0

0

19
89

-9
0

19
9

0
-9

1

19
9

1-
92

19
92

-9
3

19
93

-9
4

19
9

4
-9

5

19
9

5-
9

6

19
9

6
-9

7

19
97

-9
8

19
9

8-
9

9

19
9

9
-0

0

20
0

0
-0

1

20
0

1-
0

2

20
0

2-
0

3

20
0

3-
0

4

20
0

4
-0

5

20
0

5-
0

6

20
0

6
-0

7

20
0

7-
0

8

20
0

8-
0

9

20
0

9
-1

0

20
10

-1
1

SOURCE: Author’s own calculations

SOURCE: Author’s own calculations

19
89

-9
0

19
9

0
-9

1

19
9

1-
92

19
92

-9
3

19
93

-9
4

19
9

4
-9

5

19
9

5-
9

6

19
9

6
-9

7

19
97

-9
8

19
9

8-
9

9

19
9

9
-0

0

20
0

0
-0

1

20
0

1-
0

2

20
0

2-
0

3

20
0

3-
0

4

20
0

4
-0

5

20
0

5-
0

6

20
0

6
-0

7

20
0

7-
0

8

20
0

8-
0

9

20
0

9
-1

0

20
10

-1
1



Blowing Hard or Shining Bright? Making Renewable Power Sustainable in India    |    83

20
10

-1
1

FIGURE 2b: Percentage Share of Energy Import Bill in India’s Total Exports

As a result, India’s energy import bill as a share of GDP 
exceeded 7 percent in 2010-11 current prices. The share 
of the same in India’s total export earningshas also been 
rising (Figure 2(b)).

This has become a source of concern for the macro-eco-
nomic sustainability of India in view of a chronic trade 
deficit - particularly the sharp decline in the rate of 
growth of IT related service export earnings, down to 
10% per annum, and the slowing down of foreign di-
rect investment inflows in recent years. The promotion 
of growth of exports, including those of services, and 
attracting foreign investments are thus now critical for 
strengthening the macroeconomic fundamentals in the 
interest of sustainable growth of energy use for provid-
ing energy security in a high growth economy. It is in 
fact important that the direct foreign investments be 
guided through government policies to flow into the 
renewable energy industry. The issues of macroeco-
nomic sustainability and policy considerations cannot 
be divorced from those of energy security and sustain-
ability in a heavily energy importing country like India. 
The substitution of fossil fuels by renewables assumes a 

greater significance as it would reduce not only the mea-
sure of the ecological footprint, but also the pressure of 
energy imports on the balance of payments and on the 
currency. 

POTENTIAL OF GREEN POWER IN  
INDIA

The potential of new renewables based power genera-
tion in India has been researched as a continuing proj-
ect in various institutions at home and abroad. Without 
entering into their assumptions, we present in Table 1 
the potential of power generation by the alternative re-
sources of solar, wind and other new renewable energy 
technologies based on WISE 2014 and the Planning 
Commission reports. Table 2 on the other hand pro-
vides capital and generation costs of such new renew-
ables based electrical power. Table 1 thus shows that 
only a miniscule share of the potential has yet been real-
ized. However, one may raise the issue that if all the new 
renewable resources are environmentally sustainable 
then what kind of pressure it may create on the eco- 
system, which we deliberate on in the following section.
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TABLE 1: Potential of New Green / Renewable Power (GW)

TABLE 2: Cost of Power for Various Renewable Resources (March 2012)

3 Solar power is the technology for which periodic updates are most likely to show differences, in this case, lower prices.  The focus isn’t on the exact 
numbers but the broad differentials between technologies.  

SPV

Wind Onshore

Wind Offshore

Biomass

Waste-to-energy

Small Hydro <25 MW

SPV Pump & Panel
Over Banks of Canal

Congeneration
from Bagasse

Total New Renewables

Large Hydro >25 MW

Total Green Power

Other sources: Geo
Thermal and Ocean

TECHNOLOGIES POTENTIAL GW CAPACITY FACTOR
GENERATION 

BILL. KWH

CUMULATIVE 
CAPACITY GW 

March 2012

SOURCE: WISE 2014

Small Hydro 

Wind Power 

Biomass Power 

Biogas Generation 

Solar Power

ESTIMATED INITIAL CAPITAL COST ESTIMATED COST OF ELECTRICITY  
GENERATION

SOURCE: CERC Regulation regarding tariff determination dated March 20123

(Rs Crore/MW)

5.50 - 7.70

5.75

4.0 - 4.45

4.2

10.00 - 13.00

(Rs/KWh)

3.54 - 4.88

3.73 - 5.96

5.12 - 5.83

4.61 - 5.73

10.39 - 12.46

850

322

2006

15

18

5

7

16

15

3254

150

3404

0.2

0.2

0.25

0.25

0.6

0.6

0.6

0.2

0.2

0.2

1489.2

564.14

4393.14

32.85

94.61

26.28

36.79

28.03

26.28

6691.32

262.8

6954.13

1.58

15.86

3.99

0.07

2.96

24.49

38.99

63.48
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SOURCE: WISE 2014

4 (WISE 2014) World Institute of Sustainable Energy (2014), Coal in India: Time for a Verdict, World Institute of Sustainable Energy, Pune.

NATURAL RESOURCE REQUIREMENTS 
AND THE PRESSURE ON ECO-SYSTEMS

Land Use

All modes of power generation involve some use of 
land, which is a scarce and politically sensitive natural 
resource in India today. However, land requirement 
of coal thermal projects has been substantively greater 
than that of the new renewables based power genera-
tion technologies. The saving of land requirement by 
switching to renewables from coal thermal is an import-
ant environmental benefit from such fuel substitution. 
The land requirement would vary between 0.25 ha to 
0.4 ha per MW of coal thermal power generation for 
the project site itself. Given the projected growth of ca-
pacity addition at 8% growth in per annum, the total 
future cumulative requirement of land for acquisition 
over the 20 year period 2012 to 2032 would thus be 
112.6 thousand hectare, as worked out by WISE 2014. 
Such estimates do not include any share of land require-
ment for coal mining and transportation for supply of 
coal to the power plant. The renewable energy based 
generation has, on the other hand, much less land-use 
when we compare the total life cycle requirement for 
the different technologies. Besides, new renewable en-
ergy based generation of power causes no irreversible 
damage of land as in the case of mining, and land can 
be re-used after the life of the project in 25 years, with 
the same level of primary productivity, and land with 
wind turbines can actually find dual use to some extent.

Unlike coal thermal generation, abiotic resource based 
power generation- solar or wind have no environmental 
impacts like those of emissions, deforestation, damage 
to crops, grasslands or forests and no additional lands 
like coal-handling at ports, transport, townships etc. As 
renewable energy based generation, like wind or solar, is 
modular, it does not require contiguous pockets of land. 
Rooftop solar generation or solar pump sets would not 
require additional land. Even if we think of scaling up 
the solar or wind generation, we may focus on harvest-
ing the resources of solar radiation or wind at a large 
scale for conversion into electricity in areas where they 

are more abundantly available. For example, environ-
mental and social cost of solar power development in 
arid and semi-arid areas would be low where popula-
tion pressure is low, and opportunity cost of land-use 
diversion is low due to low primary productivity of land 
in such areas. In case of wind one has to identify loca-
tion, season and timing of the day with abundant wind 
flow – onshore as well as offshore - which may have 
low opportunity costs in terms of diversion of land-
use, warranting  scaling up of wind generation. It may 
also be noted that as modern IT permits the operation 
and maintenance of such renewable energy technolo-
gy projects from distant locations, no additional land 
is required in any significant scale for housing and the 
attendant infrastructure. Besides, as renewable energy 
generation takes place in small dispersed units, there is 
no large scale requirement of acquisition of land involv-
ing diversion of its use and ownership causing a source 
of social tension.4

Impacts on Water, Forests and Pollution

Renewable energy based generation of power- particu-
larly based on solar and wind- does not require any sig-
nificant quantity of water as compared to the require-
ments of coal thermal. Wind power is water-neutral, 
while water is required for cleansing solar PV panels, 
but such a requirement is small except in desert areas 
where dust pollutes the panels. 

While the coal-based thermal projects get delayed be-
cause of the constraint of forest clearance for the devel-
opment of linked mines, there is no environmental im-
pact on forests for solar or wind based generation. These 
projects can be located outside forests as these have no 
externalities of pollution, noise or thermal effects creat-
ing any damaging impacts on wild-life and habitats. In 
case any such projects are developed inside a forest, the 
adverse impact may be controlled by conditionalities of 
the grant of forest clearances. In the case of wind tur-
bines, there would be some requirement of such clear-
ances for transportation of large blades and heavy-duty 
cranes for the setting up or dismantling of the plant. 
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The counterpart requirements for setting up solar PV 
panels are minimal or negligible. The environmental 
impact of any large solar thermal electricity projects for 
power generation would also be of much smaller order 
as there would be no requirement of transportation of 
energy resources like coal or evacuation of wastes like 
fly ash, hot water etc. Besides, renewable energy based 
technologies can supply power to forest based commod-
ities through micro-grids which would have no adverse 
impact on the forest eco-system. 

Air Pollution

Finally the renewable energy based technologies have 
no environmental impact through air pollution in the 
cases of solar PV, solar thermal, wind or small hydro. 
In the case of biomass combustion or gasification based 
power generation, there would be some adverse im-
pact on air quality. This can be controlled if there are 
non-overlapping areas of biomass supply. Besides, there 
are technologies like bio-methanation which have far 
lower particulate emissions as in the case of natural gas 
based power generation. Also, these compare favorably 
with fossil fuels because of their by and large carbon 
neutrality due to recycling of the carbon emitted.

One of the major environmen-
tal cum financial benefits of 
substitution of fossil fuels by 
new renewables is going to be 
in the form of substantive re-
duction in the requirements for 
transportation of fossil fuels

Saving Financial Costs  as a Relative Advantage of 
RE Technologies vis-á-vis Coal 

One of the major environmental cum financial ben-
efits of substitution of fossil fuels by new renewables 
is going to be in the form of substantive reduction in 
the requirements for transportation of fossil fuels by 

railways and road transportation therefore, resulting in 
substantive savings of capital investment for the devel-
opment of mines, railways, ports, etc. that would have 
been otherwise required.  Besides, the secondary fuel 
requirement of oil for the current 116,000 MW of coal 
thermal power generation yielding 693 Billion units of 
electricity, requires an expenditure of Rs. 6,300 crores 
per annum only on oil at an assumed subsidy rate of 
diesel at Rs. 45 per litre, while the renewables do not re-
quire any  such secondary fuel.   The savings out of such 
costs of transport and oil are in fact important benefits 
of such substitution which are not recognized in the 
current methodological practice of cost benefit analysis. 
This becomes particularly important when the pricing 
of oil and railway tariffs contain substantive subsidy ele-
ments since the tariff of power based on such subsidized 
input prices would not reflect the true cost of the con-
cerned technology. 

HOW TO COMPARE THE TRUE RE-
SOURCE COSTS OF TECHNOLOGY  
OPTIONS?

The correct methodology for the choice of technology 
among alternatives does in fact require the comparison 
of the true socio-economic costs of   power generation, 
i.e., the one that does not contain any hidden subsidy 
and internalises all costs of environmental externalities 
over the life time of the projects which are substantive 
in the case of coal vis-á-vis any RE technology. It is in 
fact the stream of net differences between the true costs 
of coal thermal and any competing alternative RE tech-
nology which is to be considered as the stream of net 
savings of costs  or net benefits arising from the tech-
nology substitution over the life of the project. The net 
present value of the stream of such cost savings at an 
assumed rate of discount (say 10% or 12%) is going 
to be the deciding criterion of merit ordering between 
the two. By all such binary merit comparisons we can 
finally arrive at the complete merit ordering of all RE 
options along with coal thermal technology, the latter 
being the dominant generation technology of power in 
India today.  
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Hidden Costs of Subsidy of Coal 

The real challenge involved is the estimation of both 
the hidden subsidy in coal thermal power and in re-
placing technology, on the one hand, and the costs of 
environmental and social externalities of the different 
power generation technologies. The subsidies in a tech-
nology route may take the forms of underpricing of the 
fuel input, capital subsidy, tax waiver, or concessional 
tax rate on capital equipment, etc., by way of govern-
ment interventions and regulations (eg., price control) 
in the fuel,  finance  capital  or equipment market.  As 
the range and forms of subsidy – direct and indirect – 
is quite large in India it is a difficult task to ascertain 
the hidden subsidies precisely. The World Institute of 
Sustainable Energy (WISE) at Pune made an attempt 
to calculate the hidden subsidy for 19 thermal power 
projects in India (WISE 2014) by comparing the cost of 
coal thermal power without any benefit of subsidy and 
the cost as it is. 

For the current installed ca-
pacity of coal thermal power 
generation the estimated  
hidden subsidy is ~Rs. 561  
billion per annum excluding  
subsidy to the railways for  
coal transportation 

For the 19 power projects considered by WISE, the 
weighted average subsidy was estimated to be Rs. 0.68 
per kWh of gross generation. For the current installed 
capacity of coal thermal power generation the total 
amount of hidden subsidy would work out to be Rs. 
561 billion per annum or roughly US$10 billion per 
annum without taking any share of subsidy to the rail-
ways for coal transportation.

Costs of Environmental Externalities

The monetization of the cost of environmental exter-
nalities is however difficult because of the non-traded 
character of the concerned eco-services whose gain or 
loss is to be captured in such costs. In recent years some 
international studies like Extern–E 5 made some prog-
ress in this direction particularly in the context of power 
generation. Paul Epstein and his co-authors showed the 
methodology of working out the costs of environmental 
impact over the entire life cycle of coal from the stage 
of coal mining, extraction, transportation, washing and 
combustion for power generation, causing damages to 
the landscape, massive deforestation, degradation of 
air quality due to emissions of methane, NOx, SO2, 
PM2.5, CO2 and mercury and other carcinogenic 
emissions. Besides these, there was damage to the local 
hydrology due to the effluents containing sludge and 
drainage of other highly acidic wastes in the case of coal 
thermal power. 

All these externalities identified as per Extern E meth-
odology are then classified into three categories: (a) 
quantifiable and monetisable, (b) quantifiable but 
difficult to monetise, and (c) finally those which are 
qualitative. Different methods are employed for es-
timating these damage impacts of the different types. 
These impacts are further grouped into two groups: (i) 
impacts on climate and (ii) impacts on public health. 
The cost implications of these two types of impact, in 
value terms of loss of income or asset, are worked out 
which are finally internalised to obtain the true resource 
cost of coal thermal power generation. All the public 
health impacts due to mortality and morbidity are to 
be estimated using the mortality adjusted disability and 
disability adjusted statistical value of life. 

Epstein and his colleagues6 have found the estimate of 
the cost of environmental externalities of coal thermal 
power generation in 2008 US $ to be in the range of  

5 Bickel P and Friedrich R (eds). 2004. ExternE: Externalities of Energy-methodology 2005 update. Luxembourg: Office for Official Publications of the 
European Communities. 270 pp. http://ec.europa.eu/research/energy/pdf/kina_en.pdf p. 53.
6 Epstein P R [and 11 others]. 2011. Full cost accounting for the life cycle of coal. Annals of the New York Academy of Sciences 1219: 73-98.
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Rs. 9.36 / kWh to Rs. 26.89 / kWh. In the Indian con-
text Shukla and Mohapatra (2008),7 on the other hand,
estimated such costs of externalities only due to air pol-
lution and water pollution in coal thermal power gener-
ation over the life cycle of coal to be Rs. 3.15 per kWh, 
the components of air pollution and water pollution 
damage costs being Rs. 2.09 and Rs. 1.09 per unit of 
kWh respectively.

Although the results have varied across studies for a 
range of countries, there is broad agreement among the 
results of various studies with respect to the dominance 
of the cost of health which has been found to be the sin-
gle largest element in the total cost of externalities. This 

TABLE 3: True Cost of Coal Thermal Power

has serious implications with respect to relative prioriti-
sation of the issues of public health and climate change 
in the policy context.

Table 3 provides the estimate of true cost of coal ther-
mal power along with its build up following the ap-
plication of the methodological principle as discussed 
(see WISE 2014) and assuming a range of coal blend 
varying between all domestic coal and 90% imported 
coal in the blend. This is found to be between Rs. 8.79 
to Rs. 19.09 per kWh. The component of cost of envi-
ronmental externalities thus constitutes a major share 
of 50% to 66% of the economic resource cost of power 
generation (See Table 3).

7 Shukla P R and Mahapatra D. (2008). Fuel life cycle for India. 10 pp. Costs Assessment for Sustainable Energy Markets, Deliverable No D 7.1, Project No 
518294 SES6.

Share of Imported Coal (%) 

Variable Cost (Rs./kWh) 

Fixed Cost (Rs./kWh) 

Total estimated cost based 

tariff (Rs./kWh) 

Variable Cost as % of Tariff 

Hidden Cost of Subsidy

on Sample observation of 19 

power projects (Private owne- 

rship basis),  discount rate 10%, 

(Rs./kWh)

Cost of externality (Rs./kWh)

Total true cost (Rs./kWh)

RANGE OF GENUINE COSTS OF COAL-BASED ELECTRICITY

Lower Limit

0

2.44

1.75

4.19

58.22

Min. over sample

0.59

5.71

10.49

Upper Limit

90

4.65

1.84

6.49

71.64

Max. over sample

0.73

16.40

23.63

Mean Value (unweighted  
average of min. & max.)

5.34

66.00

0.66

11.06

17.06

Assuming 1 US$ = Rs. 61 (wherever conversion was required to be used)
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Assuming 1 US$ = Rs. 61 (wherever conversion was required to be used)

A comparison of the true costs of coal with the CERC 
tariff of new renewables based power, which are based 
on social costs for new renewables as assessed by the reg-
ulator after correcting financial costs  for the problems 
faced by the emerging technologies due to non-level 
playing fields and also netting out the benefits of their 
dynamic externalities, makes it clear that the new re-
newables based power technology should be the pre-
ferred social choice as it involves substantially lower 
socio – economic resource costs. The major reason be-
hind this true cost competitiveness of  renewables based 
power is the opportunity of saving substantive costs of 
externalities, if not also hidden subsidies of coal thermal 
generation that is offered by such  substitution  oftech-
nology and also those of coal transportation and sec-
ondary fuel costs. However, it is to be admitted here 
that we need to carry out more in-depth research on the 
estimation of socially unwarranted hidden subsidy costs 
and costs of environmental externalities. 

We need to carry out more in-
depth research on the estima-
tion of socially unwarranted 
hidden subsidy costs and costs 
of environmental externalities  

CONCLUSION 

How soon can India’s power industry become low car-
bon and the economy macro economically sustainable? 
The author in a separate study developed a projection 

model for electrical energy and CO2 emission to find 
out if it is feasible for the Indian economy to achieve 
the goal of raising the share of new renewables in power 
generation alternatively to 17.7% and at a higher accel-
erated rate to 30% by 2031-32., i.e., that of green pow-
er (i.e., including the share of large hydro) to 30% and/
or 43% of gross generation requirement for 8% GDP 
growth rate. The latter scenario of accelerated introduc-
tion will in fact permit India to attain a share of Green 
power of 75% by 2050.  The summary results are given 
in Table 4 which assumes combining alternative growth 
of real price of energy with the GDP growth beyond the 
base of 2009 as well. A comparative reference to Table 1 
for these results makes it clear that it should be possible 
for India to achieve such targets of a green power sector 
much faster than the business as usual trend, provided 
appropriate policies are in place for the implementation 
of such a big bang change. This will require on the one 
hand removal of the constraints on the development 
such as the lack of entrepreneurship in the deployment 
of such capital and technology, that of institutional 
support at the grass root level, poor focus on training 
and management for using and maintaining such new 
technologies and the lack of awareness of rural commu-
nity regarding these new technologies which are small 
scale decentralized ones. Besides, substantive upscaling 
of R & D efforts is required on both the technologies 
of generation and transmission of both electricity and 
information through smart grid, introduction of re-
newable technology education and inventorisation and 
analysis of data on RE resources and environmental and 
social externalities for continued and better assessment 
of power technologies.
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TABLE 4: Future Projections of CO2 Emissions (billion kWh) and Growth Rate (%)
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*CAGR: Compound Annual Growth Rate of CO2 emissions

Baseline Share of New  

Renewables

Baseline Share of New  

Renewables

Accelerated  
Use of New  
Renewables

Accelerated  
Use of New  
Renewables

Gross Genera-

tion Electricity 

(Billion kWh)

979.87

2,577.99

4.50%

Gross Genera-

tion Electricity 

(Billion kWh)

979.87

2,057.70

3.40%

2009

2031

CAGR*

CO2 (MT)

1,002.78

1,650.88

2.30%

CO2 (MT)

1,002.78

1,317.70

1.25%

CO2 (MT)

1,002.78

1,284.68

1.13%

CO2 (MT)

1,002.78

1,025.41

0.10%



*CAGR: Compound Annual Growth Rate of CO2 emissions

Harnessing India’s  
Productive Potential through  

Renewables and Jobs

 
S A B I N A  D E WA N

INTRODUCTION

The blackout in July 2012 that left over 600 million 
people without electricity highlighted India’s inability 
to meet its economy’s voracious appetite for energy. Yet 
with the enormous challenge of meeting India’s grow-
ing energy demand comes an opportunity to leverage 
the production of renewables - biomass, mini-hydro, 
solar, and wind - to expand the country’s energy sup-
ply while helping to address the employment challenges 
also plaguing the nation.

Flagging economic growth in recent years, coupled with 
joblessness and underemployment, has created the dual 
imperative of generating more employment and en-
hancing productivity. Renewables hold the potential to 
help address both these aims.

• First, investment in renewables spurs new jobs in grid 
construction and upgrading to smart grids, production 
of small-scale renewables, distribution, installation, and 
maintenance.

• Second, by improving energy supply, renewables can 
stimulate greater productivity across sectors.

• Third, renewables offer the possibility of better work-
ing conditions, healthier and more productive liveli-

1 Rahul Tongia (2012) “Renewable Energy in India: For Now or in the Future?” in Empowering Growth: Perspectives on India’s Energy Future. (Economist 
Intelligence Unit Limited).
2 World Bank, World Development Indicators.
3 Abhishek Shaw (2013) “Employment Trends in India: An Overview of NSSO’s 68th Round” in Economic and Political Weekly, vol. 48, No. 42.

hoods, especially when compared to non-renewable 
energy sectors such as the coal industry.

Renewables are not a panacea. Scaling up production of 
renewable energy in India is constrained by factors such 
as cost, pricing, and diffuse geography.1 Yet renewables 
can be part of the solution in generating more and bet-
ter employment, raising productivity and shifting the 
nation onto a cleaner, more sustainable growth trajec-
tory.

These potential dividends should further strengthen the 
new government’s resolve to scale up the production of 
renewables and maximize their potential to generate 
good employment in the process.

THE JOBS, POWER, AND  
PRODUCTIVITY DEFICIT

Despite India’s average annual growth rate of 8.5% 
between 2005 and 2010,2  employment only grew at 
approximately 1 million per year3 - an alarming trend 
given that India’s working age population is growing at 
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roughly 1 million per month.4  Capital-intensive growth 
did not deliver jobs. Moreover, while employment elas-
ticity increased slightly over the couple of years since, 
annual Gross Domestic Product (GDP) growth halved 
from a peak of 10% in 2010 to 5% in 20135  - a down-
ward trend that has deepened the employment deficit.

Reversing this trend requires a larger and more reliable 
power supply. The power shortfall in India between 
2011-2012 was pegged at 10.3%,6  and projections sug-
gest that the country’s demand for energy could grow 
by up to 54% by 2020, exacerbating the power deficit.7  
India’s shortage of electricity is in part the result of wan-
ing supplies of coal, an inadequate grid, and inefficient 
distribution of existing supplies stemming from leakage 
or outright thef.

Electric power transmission and distribution losses 
amounted to 21% of total output in 2011.8  Access to 
grid power continues to be low with an electrification 
rate of approximately 55%.9  Some 35,000 villages and 
one in four people still lack access to electricity.10  This 
energy gap compounds India’s employment challenge.

A lack of power results in a substantial loss of produc-
tivity across sectors and at the individual level, stifling 
economic activity. A study by the Federation of Indian 
Chambers of Commerce and Industry notes that Indi-
an companies can lose up to INR 40,000  (about US$ 
700) per day in revenue as a result of power shortages.11  
Services, from communications and finance to trans-
port, are heavily energy dependent. Power outages that 
disrupt these basic services have ripple effects through-
out the economy.

4 India will add 245 million people to its working-age population between 2010 and 2030, roughly 1 million people per month. See: David Lam and 
Murray Leibbrandt. 2013. Global Demographic Trends and Their Implications for Employment.
5 World Bank. World Development Indicators.
6 Rahul Tongia (2011), “A Smart Solution to Power Shortage: Smart Grid Technologies Can Revolutionise Electricity Management in lndia”. Business 
Standard, July 5, 2011.
7 Martin Adams (2012), “India’s Energy Future: The EIU View” in Empowering Growth: Perspectives on India’s Energy Future. (Economist Intelligence 
Unit Limited).
8 World Bank, World Development Indicators.
9 World Bank and Energy Sector Management Assistance Program (2010),  Unleashing the Potential of Renewable Energy in India. (Washington, DC: 
World Bank).
10 Neha Pahuja et al. (2014), CHG Mitigation in India: An Overview of the Current Policy Landscape. (World Resources Institute, TERI, and IFMR Re-
search).
11 Federation of Indian Chambers of Commerce and Industry (2013), Lack of Affordable and Quality Power: Shackling India’s Growth Story.

  

Reduces 
productivity

Constrains 
human 
capital

Energy poverty 
exacerbates 
inequality

D
rag

 o
n eco

no
m

ic g
ro

w
th

Environmental 
sustainability

Employment
Opportunities

- New jobs
- Higher productivity
- Better quality jobs

Problem : Energy Shortage

 Coal

Hydroelectric Natural gas

Nuclear

Oil

Renewables

68%

13% 10%

5%

3%

1

Solution : Greater Power Generation

Figure 01

Electricity 
Production (2011)

FIGURE 1: Electricity Production (2011)

Source: World Development Indicators



Blowing Hard or Shining Bright? Making Renewable Power Sustainable in India    |    93

12 Ajit Ghose (2005), “High Wage - Low Productivity. Organized Manufacturing and the Employment Challenge in India” in Indian Journal of Labor 
Economics, vol. 48, No. 2.
13 World Bank, World Development Indicators.
14 Hunt Allcott, Allan Collard-Wexler, and Stephen D. O’Connellú. (2014), How Do Electricity Shortages Affect Productivity? Evidence from India.  
Accessed on October 1, 2014. http://pages.stern.nyu.edu/acollard/ACO_Electricity_Shortages_in_lndia.pdf.
15 World Bank and Energy Sector Management Assistance Program, ibid.
16 Narendra Modi (2014), Speech on 68th Independence Day.
17 Boston Consulting Group (2013), People Productivity: Key to Indian Manufacturing Competitiveness.
18 Ministry of Power. Accessed on September 12, 2014. http://powermin.nic.in/indian_electricity_scenario/introduction.htm.
19 World Bank and Energy Sector Management Assistance Program, ibid.

  

Agriculture’s value added as a share of GDP was only 
17% in 2012; yet almost one in two – 47% – employed 
people worked in agriculture, underscoring the need to 
improve the sector’s productivity. Greater use of tech-
nology would help achieve that goal, but this requires 
a reliable source of energy. Renewables offer a triple 
advantage: (i) a better power supply supports greater 
deployment of technology increasing productivity, (ii) 
off-grid renewables can help enhance access in areas 
where last mile delivery is a challenge, and (iii) the de-
velopment, installation, distribution, and maintenance 
of renewables could help offset employment losses aris-
ing from productivity gains.

Moreover, a more reliable power supply would facil-
itate the expansion of rural non-farm activities, espe-
cially those that link agriculture with industry such as 
agro-processing and packaging, giving a boost to both 
agriculture and manufacturing as well as generating em-
ployment.

India’s organized manufacturing sector, and its em-
ployment elasticity, remains small relative to the size 
of its economy.12 Manufacturing value added as a share 
of GDP has remained relatively stagnant over the last 
decade, standing at 13% in 2013.13  A vast majority 
of those in the manufacturing sector report working in 
facilities that lack a steady supply of electricity, ham-
pering production. Studies suggest that power shortages 
reduce average output of manufacturing firms by about 
5%.14  About 60% of Indian firms depend on expen-
sive captive or backup generation.15 Small and medium 
enterprises, where job expansion is likely to occur, are 
the most adversely affected by energy shortages because 
they often lack these expensive back-up systems.

On his first Independence Day address, Prime Minister 
Narendra Modi emphasized the need to expand manu-
facturing to improve employment and reinvigorate the 
nation’s slowing economic growth with minimal impact 
on the environment.16 But manufacturing cannot ex-
pand without a reliable supply of energy to power it. 
Minimal impact on the environment means that indus-
try - the consumer of a third of all electricity - will have 
to clean up its act and rely less on dirty coal and more 
on renewables.

At the individual level, a lack of electricity limits the 
ability of children to study and of adults to engage in 
income-generating activities. India’s labor productivity, 
relative to global figures, remains low and has grown at 
a very slow rate between 2002 and 2012.17 

The development of renewables facilitates the expansion 
of economic activity to ultimately generate more, and 
more productive, work. Greater productivity implies 
that more can be produced with fewer inputs, includ-
ing labor; but more energy to power an expansion of 
economic activity will generate new jobs that will help 
offset job losses from productivity gains.

India’s renewable energy generation - 31.7 GW as of 
mid-2014 - has been rising consistently over the last 
decade, constituting 12.7% of total installed energy 
capacity.18 This positive trend will continue, especially 
as India depletes its coal reserves, projected to run out 
in the next 45 years.19 The challenge for the new gov-
ernment lies in realizing the capacity of renewables to 
generate power in a way that also creates as many good 
jobs as possible.
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INDIA IN THE GLOBAL SIX ON RENEWABLES EMPLOYMENT

India ranks fifth in the world in total installed renewable capacity; and it is in a cohort of six countries where the 
bulk of renewable energy employment is concentrated.20

Table 1 depicts the distribution of direct and indirect 
jobs Brazil, China, India, the United States, Germany, 
and Spain generated in their respective renewables sec-
tors. Direct jobs are those generated by core activities 
related to renewables. Indirect jobs refer to employment 
generated in upstream industries that provide inputs, 
supply, and support to core activities.

These nations constitute the major manufacturers of 
renewable energy equipment, producers of bioenergy 
feedstock, and installers of production capacity.21

Despite the growing number of jobs in India’s renewable 
energy sectors, China’s ability to leverage renewables to 
generate employment outpaces that of India’s. China 
has been very successful in incentivizing the growth 
of labor-intensive manufacturing and exports through 
several means, many of which are controversial - such 
as subsidizing priority sectors through State-owned en-

terprises, holding down the value of its currency, en-
couraging ‘indigenous innovation’ through domestic 
content requirements and limiting foreign competition 
and investment.

India must explore how it can incentivize the growth 
of labor-intensive renewables manufacturing within in-
ternationally accepted parameters. Initial evidence on 
domestic content requirements in India’s solar industry 
suggests that they raise the cost of inputs constraining 
the expansion of the sector.22  Moreover, the current 
process of obtaining government subsidies to develop 
solar products, for example, is fraught with inefficient 
bureaucratic procedures requiring large amounts of pa-
perwork and time.23

The central government must therefore undertake a 
combination of tax incentives, rebates, and subsidies 
and expand the availability of low-cost financing for 

20 International Renewable Energy Agency (2013), Renewable Energy and Jobs. (Abu Dhabi: IRENA). 
21 Ibid.
22 Council on Energy, Environment and Water & Natural Resources Defense Council (2014), Solar Power Jobs: Exploring the Employment Potential in 
India’s Grid-Connected Solar Market.
23 Sanjay Dutta (2014), “Govt may rejig subsidy for solar projects”. The Times of India, June 12, 2014.

TABLE 1: Employment in Renewable Energy

Biomass

Small Hydro

Solar Photovoltaic

Solar heating/ cooling

Wind power

COUNTRIES WORLD BRAZIL CHINA INDIA U.S GERMANY SPAIN OTHER EU

753

109

1360

892

753 29

266

300

800

267

58

12

112

41

48

152

8

90

12

81

57

7

88

11

118

39

2

12

1

28

178

18

212

20

124

SOURCE: International Renewable Energy Agency 2013. Renewable Energy and Jobs. (Abu Dhabi: IRENA)

(THOUSANDS)
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renewables-related businesses, especially small and me-
dium enterprises. And it must streamline current pro-
cesses to encourage new businesses and the expansion of 
existing businesses in the renewables sector.

In the near term, scaling up renewables in India is likely 
to serve the domestic market rather than cater to export 
demand. The country must first meet its own rising 
demand for energy. Moreover, India’s renewable ener-
gy industry needs to grow and innovate before it can 
compete with the major players in manufactured envi-
ronmental technologies and inputs - solar, for instance. 
Domestic production for domestic consumption plus 
distribution and servicing activities, rather than exports, 
will drive renewables job creation in the near term.

EMPLOYMENT ACROSS RENEWABLES

Renewables - from equipment manufacturing and 
grid construction to installation and operations - have 
significantly higher employment elasticities relative 
to fossil or nuclear alternatives. This applies per unit 
of investment, per unit of installed capacity, and per 
unit of output.24  Within renewables, solar generates 
the most employment per unit of output (measured in 
megawatts) followed by biomass, small hydro and wind 
power. Calculations in Table 2 provide a rough estimate 
of the employment in renewable energy production per 
megawatt in existing plants, not jobs created in the con-
struction of new plants, which would be higher.25

TABLE 2: Drivers for a Smart Grid in India

Each type of renewable lends itself to a range of func-
tional activities: business development, manufacturing, 
fabrication, installation, operations and maintenance, 
and marketing.26  These activities create direct and 
indirect jobs that span different geographies, differ in 
duration, and range from low to high labor and skill 
intensities.

24 Worldwatch Institute (2007), Preliminary Report: Green Jobs - Towards Sustainable Work in a Low-Carbon World. (Washington, DC: Worldwatch 
Institute).
25 The enormous disparity for wind versus solar is because (i) these numbers appear to be steady state employment, and not, during construction, 
and (ii) solar is likely a mix of different scales and locations.  If there were a very large single solar farm, it would offer lower long-term employment.  
These are however global estimates, and one needs Indian data, especially given India’s lower labor costs and high capital costs might lead to differ-
ent labor-automation ratios than in other countries.   
26 Ministry of New and Renewable Energy and Confederation of Indian Industry (2010) Human Resource Development Strategies for Indian Renew-
able Energy Sector.

  

Renewables production is geography dependent; there-
fore, the employment impact varies from place to place. 
By 2010, Tamil Nadu, for instance, had realized nearly 
78% (4304 MW) of its potential capacity for power 
generation from wind, translating into some 11,000 
new jobs. Mini-hydro is one of the few indigenous 
sources of renewable energy for states such as Haryana. 
By 2010, Haryana had an installed capacity of 57% of 

Biomass

Small Hydro

Solar Power

Wind Power

COUNTRIES
EMPLOYMENT

(Thousands)

EMPLOYMENT

(per MW)

GRID-INTERACTIVE POWER

(Capacities in MW)

OFF-GRID/CAPTIVE POWER

(Capacities in MWEQ)

58

12

112

48

 1264.8

 3671.25

 1759.44

19317.05

473.95

124.67

33

3

59

3

SOURCE: Employment estimates for 2012 taken from: International Renewable Energy Agency 2013. Renewable Energy and Jobs. (Abu Dhabi: 
IRENA). Power estimates from: Ministry of New and Renewable Energy – Government of India. 2013. Physical Progress (Achievements). *Off-
Grid Captive Solar Power refers to SPV.
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its potential to generate 110 MW, creating roughly 206 
new jobs.27

The potential capacity for wind is concentrated in four 
States: Karnataka, Gujarat, Andhra Pradesh, and Tamil 
Nadu. Small hydro-power has the highest potential in 
Himachal Pradesh, Uttarakhand, Jammu & Kashmir, 
and Arunachal Pradesh. The potential for renewable 
energy from biomass spans the nation, but is most con-
centrated in Maharashtra, Tamil Nadu, and Madhya 
Pradesh. Potential capacity for solar power is most pro-
nounced in parts of Jammu & Kashmir, Rajasthan, and 
Gujarat.

Beyond the potential to  
generate direct employment  
in these particular States,  
expanding renewables produc-
tion also gives rise to indirect 
jobs such as producing steel  
or plastics, which could be  
located in other States

But beyond the potential to generate direct employ-
ment in these particular States, expanding renewables 
production also gives rise to indirect jobs such as pro-
ducing steel or plastics, which could be located in other 
States. Solar and wind energy, in particular, have result-
ed in increased activity in plastics, semiconductors, and 
electronics industries.

Small-scale off-grid renewables production is becom-
ing an increasingly viable means of delivering energy 
to rural communities, expanding opportunities for in-
come-generating activities. Off-grid renewable supply 

chains allow for highly localized employment and facil-
itate skills development and the creation of micro-en-
trepreneurs. Companies, for instance, sometimes train 
unskilled workers from rural areas to sell and perform 
basic maintenance on their products.

While solar manufacturing entails working in a factory 
that may or may not be local, the other activities in the 
supply chain - from assembly, distribution and sales, to 
installation and servicing - can drive local job creation 
in rural communities where employment opportunities 
are lacking. What’s more, access to power also enables 
individuals to engage in a more productive economic 
activity. With the advent of electricity, a female artisan, 
for instance, can turn to her embroidery in the evening 
after fulfilling family and farming obligations. Children 
have more time to study after dark. Street lights boost 
economic activity by extending working hours. Pho-
tovoltaic lighting allows factories to operate for longer 
hours, and potentially even operate in multiple shifts.
Initial construction and grid upgrading creates tempo-
rary jobs, while other ancillary activities generate ongo-
ing employment. Yet as long as the sector continues to 
grow both in scale and in production, those employed 
in construction, grid upgrading, and installation will 
continue to find employment opportunities – though 
some might be limited by location.

Of the four main renewables in India, biomass28 is likely 
to create the steadiest stream of employment. Biomass  
(mostly wood and dung-cakes) is India’s largest renew-
able source, accounting for a quarter of the nation’s total 
energy consumption.29  A case study of a dairy cluster in 
Jabalpur, Madhya Pradesh by the International Labour 
Organization found that productive use of India’s total 
available dung could generate up to 2 million full-time 
permanent positions.30 Biomass such as cow-dung-
cakes entails a range of labor-intensive activities, from 
initial collection to processing in plants. Activities be-

27 Author’s calculations based on data from: World Bank and Energy Sector Management Assistance Program. 2010. Unleashing the Potential of 
Renewable Energy in India. (Washington, DC: World Bank).
28 The potential environmental benefit of greater reliance on biomass as an energy source is also complicated by some of its negative environmental 
impacts. Wood collection can drive deforestation, and burning wood and dung-cakes produces air pollution, which is especially.
unhealthy if used in indoor kitchens. Further, bioenergy can also compete for agricultural land, hampering food production.
29 Rahul Tongia, 2012. Ibid.
30 Marek Harsdorff (2014), The Economics of Biogas: Creating Green Jobs in the Dairy Industry in India. (Geneva: ILO).
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come more skill-intensive as one moves from collection 
to processing phases.

Although the range of activities related to renewables 
has the potential to engage labor with varying skill sets, 
a dearth of certain skill-sets can lead to bottlenecks in 
renewables expansion. The initial stages of business 
development and pre-construction for wind and solar 
projects, for instance, call for skilled personnel capable 
of procuring land, conducting resource assessments, 
developing technical proposals, designing mechanical 
and electrical systems, and various other skill-intensive 
tasks.31 Having a skilled workforce capable of managing 
these tasks lays the foundation for the rest of the proj-
ect that then utilizes semi-skilled and unskilled labor in 
the construction, operations and maintenance phases. 
A lack of consistent data on the potential employment 
impact of renewables expansion makes it particularly 
hard to assess the quantity of skilled, semi-skilled, and 
unskilled personnel that will be needed.

RENEWABLES AND WORKING  
CONDITIONS

Renewables not only offer the potential to create more 
jobs, but also better jobs. India’s employment challenge 
is as much about the poor quality of employment as it 
is about a lack of employment.

Electricity production from coal sources constitut-
ed 68% of the total in 2011. From Jharkhand to the 
unregulated mines of Meghalaya, India’s coal mines 
have some of the country’s most exploitative working 
conditions. In addition to the significant health risks - 
silicosis, coal workers’ pneumoconiosis, noise-induced 
hearing loss - a high demand for coal has spawned a 
number of illegal mines, many of which deploy child 
labor. Estimates suggest some 70,000 children work in 
5,000 mines.32 A report by the Indian Ministry of La-

31 Council on Energy, Environment & Water and Natural Resources Defense Council (2014), Solar Power Jobs: Exploring the Employment Potential in 
India’s Grid-Connected Solar Market; Council on Energy, Environment and Water & Natural Resources Defense Council. 2014. Creating Green Jobs: 
Employment Generation By Gamesa-Renew Power’s 85 Megawatt Wind Project in Jath, Mahrashtra.
32 Gardiner Harris (2013), “Children Toil in India Mines, Despite Legal Ban”. New York Times, February 25, 2013.
33 Ministry of Labour and Employment Government of India (2011). Report of the Working Group on Occupational Safety and Health for the Twelfth 
Year Plan (2012 to 2017). (New Delhi: Government of India).

  

bour and Employment’s working group on occupation-
al safety and health for the twelfth five-year plan notes: 
“Mining, particularly coal mining, is recognized as one 
of the most hazardous peacetime occupations and can-
not be compared with other industries in terms of occu-
pational safety and health mainly because of highly un-
predictable and varying nature of working conditions 
in the mines.” 33 

A lack of consistent data on 
the potential employment im-
pact of renewables expansion 
makes it particularly hard to 
assess the quantity of skilled, 
semi-skilled, and unskilled 
personnel that will be needed

As an alternative to coal, renewables - especially re-
newables-related manufacturing - offer an opportunity 
to create employment with a lower incidence of child 
labor and better working conditions. Renewable in-
dustries, such as solar, are better regulated and involve 
fewer health hazards of the kind inherent to coal mines.

Nevertheless, estimates suggest that India’s coal indus-
try directly employs over 600,000 workers, and this 
figure does not account for employment in smaller, un-
regulated mines. As India depletes its coal resources and 
renewables fill the energy gap, retraining mineworkers 
and cultivating livelihoods in areas where coal mines are 
the primary source of employment is a looming chal-
lenge.

Capitalizing on the potential of renewables to deliver 
good jobs also means hedging against the risk for ex-
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ploitation in the renewable energy sector itself. For in-
stance, the labor-intensive rural activities in the initial 
stages of the biomass value chains tend to be carried out 
by unpaid family workers, placing a disproportionate 
burden on women and children. As India looks to har-
ness the potential of a biomass industry, it must regulate 
working conditions not only for the skilled workers in 
processing facilities, but also the unskilled workers en-
gaged in collection.

CONCLUSION

Scaling up renewables in India offers the dual advan-
tage of improving the energy supply while creating 
more and better employment. If India can leverage the 
opportunity before it, the result will be more sustain-
able, more broad-based economic growth.

The task will not be easy. Even though renewables’ share 
of overall electricity production has risen consistently 
over the last decade, constituting 12.7% of total elec-
tricity production in the middle of 2014, this share re-
mains well below capacity. Reaping the job gains from 
renewables entails addressing the constraints on the 
expansion of the industry. A number of factors - from 
cost to the availability of land – continue to inhibit the 
development of renewable energy.

A decentralized approach means that the onerous of 
growing the renewables sector and leveraging it to gen-
erate direct and indirect employment is on States, many 
of which lack the vision, organization, and capacity to 
deliver. Inconsistent enforcement of national policies 
implemented at the State level, for instance, means that 
renewables purchase obligations - targets specifying the 
share of renewable energy in the overall energy pur-
chased by distribution utilities - have not been effective, 
with some States consistently failing to achieve their 
targets while others surpass them year after year. Since 
the launch of renewable energy certificates - tradable 

renewable energy credits - in November 2010, not a 
single State distribution company has purchased RECs, 
notwithstanding laws mandating that they do so. 34

Still the combination of the need to enhance energy 
supply for businesses and households coupled with 
the need to reduce the nation’s carbon footprint means 
that the renewables sector is likely to continue to ex-
pand, though perhaps not at the speed and efficiency 
it is capable of. Policies aimed at expanding the renew-
able energy sector must be accompanied by measures 
that ensure the industry’s growth creates the maximum 
number of good jobs.

In order to reap the potential employment gains from 
renewables, the government must:

• Define metrics and systematically gather time series 
data on the impact of renewables expansion on the 
quantity and quality of employment. Existing research, 
much of which is based on anecdotal evidence, is woe-
fully inadequate and inconsistent, making it difficult to 
paint an accurate picture of the current renewables and 
employment nexus. 

A handful of sources derive employment figures for the 
renewables sector from industry surveys, or by generat-
ing an employment coefficient (jobs per unit of produc-
tion, for instance). In order to ensure policymaking is 
backed by reliable data, the government should develop 
a standard method for regularly measuring and report-
ing the impact of renewable energy production on job 
creation.

• Incentivize renewables-related, labor-intensive manufac-
turing activity through a combination of tax incentives, 
rebates and subsidies, gradually redirecting fuel subsi-
dies toward renewables manufacturing.

• Streamline government processes to make it easier for 
entrepreneurs and businesses to access government sup-
port for renewables ventures.

34 Pahuja et al, 2014. Ibid.
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Streamline government  
processes to make it easier for 
entrepreneurs and businesses 
to access government support 
for renewables ventures

• Take measures to expand low-cost financing through 
low-interest loans to renewables-related businesses, es-
pecially small and medium enterprises that are engines 
of job growth. To this end, the government must sig-
nificantly improve its administration and oversight of 
the National Clean Energy Fund, the repository for the 

cess on coal, which can serve as a vehicle to provide 
low-interest loans and potentially issue bonds to enable 
investments in renewables-related entrepreneurial ven-
tures and technologies.

• Upgrade weak and unstable grid infrastructure and tran-
sition to ‘smart grids, which will create direct jobs of 
varying skill levels and durations in the process.

• Map the varying activities and associated skill require-
ments in the renewables supply chain. Then ensure that 
workers have access to appropriate training in manu-
facturing, installation, and maintenance of renewable 
energy systems.





Research and Innovation in 
Greening Electricity Generation, 
Transmission and Distribution

 G O P I C H A N D  K AT R A G A D D A

Global oil prices rose from $50 a barrel in early 
2007 to $100 a barrel on January 2, 2008.  
Subsequently, the price of oil peaked in July 

2008 at $147.27 per barrel before a deep plunge to 
close to $40 by the end of the year.  Since then the price 
of oil has stabilized at $100 per barrel level barring the 
drop to $80.00 seen in the second half of 2014.1 While 
the plunge of 2008 has several political, financial, and 
technical aspects to it, the stability from 2009 to mid-
2014 had been achieved on the back of US shale gas 
technology offsetting Middle-East woes. Technology 
investments continue to be critical to meet the energy 
demand from emerging markets in an environmentally 
friendly manner.  

Technology investments con-
tinue to be critical to meet the 
energy demand from emerging 
markets in an environmentally 
friendly manner 

Specific to the electricity segment, the next decade will 
see the world adding 225 Gigawatt (GW) on an aver-
age every year with half of it coming from China and 

India.  This is based on China adding about 70 GW 
every year and India adding 20 GW every year.  China 
and India will continue to add significant coal-based 
power generation while expanding nuclear power and 
exploring renewable sources of power.  Due to policy 
issues in India over the previous few years, addition to 
the grid has dropped to less than 10GW from about 
18GW.  This drop in grid addition has been offset by 
the addition of distributed or consumer-based power, 
mostly in the form of diesel gensets. The grid collapse 
of July 2012 in North, Eastern, and North- Eastern re-
gions serves as a wake-up call to relook at the electricity 
supply-demand-transmission scenario in India.  Close 
to 50 GW of electricity was impacted, with over 600 
million people affected.  The report of the enquiry com-
mittee identifies a few areas related to the grid for im-
provement, including better outage management, man-
datory generator response based on frequency variation, 
availability of real-time data and intelligence at the load 
dispatch centers, reactive power compensation, regula-
tions to limit overdrawal / underdrawl, fail-safe relays, 
and wide-area monitoring systems.  

While we get better at grid management, we need have 
a better understanding of the true demand for power 
in India.  Current estimates of power shortage are un-

1 Late 2014 has seen a fall in global oil prices again, emphasizing the volatility of oil prices, even though long-term trends indicate high oil prices.  
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derstated to be at 10-15%. These estimates are based 
on a ‘fix the famine mindset’ rather than position for 
the growth aspirations of a young nation.  Even tak-
ing half the world average per-capita consumption as a 
benchmark, India has a 100% growth requirement for 
electricity in order to create jobs, alleviate poverty, and 
meet the basic needs of the population.

FOCUS AREAS FOR CLEAN ENERGY  
FOR INDIA

In order to study the global trends in energy research, 
we  conducted an automated collation and ranking of 
author keywords in 2006-07, and then updated the 
work for results from 2011-13. The study included 
more than 160 journal titles.  An interesting outcome is 
the emergence of carbon dioxide as the most used key 
word in 2011-13 (up from 11th position in 2006-07), 
emphasizing the importance of clean energy.  Electricity 
generation typically contributes to 40% of total carbon 
dioxide produced from the combustion of fossil fuels.  
Overall, the focus on clean technology is high with hy-
drogen, wind, and biomass all featuring in in the top 10 
list.  Solar cells at position 17 in 20011-13 still moved 
up from the 47th position in 2006-07.  This study gives 
a heat map of ongoing research including the technol-
ogy trends.

Utilizing the trends discussed in previous paragraphs as 
a starting point and rationalizing the focus based on the 
energy ecosystem in India, the following are recommen-
dations for research areas in electricity generation:

• Hydrogen is an energy carrier rather than a fuel.  This is 
because hydrogen is not available in significant quanti-
ties on earth.  Hydrogen is produced from water, as an 
example, by using available energy sources such as wind 
or solar to split hydrogen and oxygen.  Hydrogen can 
also be reformed from natural gas and other fossil fuels.  
The amount of energy that can be obtained from hydro-
gen cannot be more than what was used to produce it in 
the first place – hence it is an energy carrier.  The major 
areas of research in hydrogen hence are the economical 
production and efficient storage of hydrogen (hydrogen 

has very low energy density).  The centralized produc-
tion of hydrogen similar to the production of electricity 
can be achieved by various primary energy sources.  

At this point of time, however, it is not easy to make a 
case for hydrogen either from a cost perspective or from 
an environment perspective for hydrogen fuel or hydro-
gen based fuel cells in India.  For costs to be competitive 
without subsidies it will take at least a decade after the 
introduction of fuel cells at scale in the industry (most 
likely in automotive and telecom tower applications).  

The environmental argument can be made on basis SOx 
and NOx reductions.  CO2 reduction is tied to higher 
efficiencies of fuel cells (can be twice that of internal 
combustion engines) and the implementation of ac-
ceptable sequestration techniques.   Application of fuel 
cells can be classified broadly based on steady or dy-
namic demand and on the output being KW range or 
MW range.  The Proton Exchange Membrane (PEM) 
Fuel Cell is a leading candidate for dynamic demand 
kilowatt range applications (automotive and telecom), 
while the Solid Oxide Fuel Cell (SOFC) is gaining mo-
mentum for the steady demand megawatt range appli-
cation (stationary power generation).  

The Ministry of New and Renewable Energy (MNRE) 
has programs in the development of fuel cells right from 
materials research to development of infrastructure to 
support application of fuel cells.  These programs fund-
ed at the universities and CSIR labs would be well 
served by having industry partnerships and taking a 
stock of roadmap to commercial feasibility.  MNRE 
and the Ministry of Power (MoP) should focus efforts 
on the fuel side of fuel cells to determine availability 
and price of natural gas to make fuel cells viable.  Ac-
celerated commercialization of PEM Fuel Cells for tele-
com towers and SOFCs for distributed power genera-
tion should be specific application focus in partnership 
with the industry.

• Wind research should be focused on optimization of wind 
farms and wind power forecasting.  In farm optimization, 
data analytics can play a big role.  Each wind turbine 
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in addition to being an electromechanical system is 
also an instrumented computing node.  Several wind 
turbines of the wind farm interconnect to form a local 
area network.  Several wind and other power generating 
units interconnect to form a wide area network.  With 
appropriate optimization for better yield and stability 
at a grid level rather than only at a turbine level better 
utilization of wind capacity can be envisaged.  
However, in India there is limited availability of histor-
ic data at the required heights.  Hence, while encourag-
ing wind forecasting, Indian regulators need to have a 
technology panel review the feasibility of norms before 
implementing them.  There should be a soft implemen-
tation of the future predictions to benchmark the best 
in class before penalizing producers on prediction and 
performance standards which are not implementable.  

India is a low wind regime country with average wind 
speeds of 6-8 m/s at altitudes of about 80 m.  Contin-
ued research is needed to ensure that the cost of energy 
at the lower wind speeds makes it a viable option in 
the long run.  Optimized rotor dimensions and hub 
heights are already on the roadmaps of commercial en-
tities.  MNRE funded research on materials and new 
mechanical designs for improved transportability on 
Indian road and improved capture of wind is recom-
mended.  However, it is ill advised to go after wind 
regimes with average wind speeds of 3 m/sec or lower 
from a cost or environment benefit analysis. 

Another critical area to investigate is storage techniques 
to counter wind power’s intermittency and its availabil-
ity during off-peak hours.  The induction generation 
used in wind turbines requires reactive power to be 
supplied from the grid.  For stable, grid friendly oper-
ations extensive forward and inverse models need to be 
developed especially in India where grid predictability 
is an issue.

• Biomass research directions should be focused around 
production of syngas containing hydrogen through the gas-
ification of biomass, and production of bio-oils through 
the pyrolysis of biomass.  Some reports state that there 
is sufficient biomass from agricultural waste in India 

to produce 80 GW of power.  MNRE should sponsor 
an independent assessment of practical power genera-
tion possibility from agricultural/forest waste.  There 
is limited justification for growing biomass for power 
generation as solar cells are far more efficient in produc-
ing power from the sun compared to photosynthesis.  
MNRE funded research is also needed to develop effec-
tive techniques to collect and distribute biomass either 
as itself or converting it to biogas and bio-oils before 
distribution.  Industry partnerships in producing pure 
hydrogen from biomass for use with fuel cells should be 
another area of focus. 

• Solar research is focused on cost and efficiency and has 
seen significant advances in the past few years.  Some re-
cent advances have been accomplished in layered solar 
cells with each layer optimized for absorbing a different 
part of the solar spectrum reporting cell level efficien-
cies of close to 45%.  Conventional thin film technolo-
gy using CdTe and CIGS has reached module efficiency 
of 17% with the potential of much lower costs than 
crystalline silicon PV. N-Type mono solar technology 
offers higher efficiencies than poly crystalline PV and 
lower degradation over time.  For all of these, R&D 
efforts in India, plus commercialization efforts, must be 
stepped up.  

Researchers are also working with various aspects of 
nanotechnology, to produce hydrogen through pho-
to-catalysis, and use nanostructured semiconductor 
based solar cells.  An emerging area is hybrid (nanotech-
nology and plastics electronics) solar cells with various 
thin film oxides.  At the end of the day, various technol-
ogies have to compete based on cost of electricity.  For 
India, the right mix of solar between crystalline silicon, 
thin films, and concentrated solar thermal will be deter-
mined by availability of land, roof-tops, and appropri-
ate tariff structure.  

Indian industry should focus 
on leap-frogging solar cell 
technology and continue to op-
timize the balance of systems  
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MNRE should study long term solar costs when mod-
ules from China are no longer available at current pric-
es.  MNRE is working on a roof top solar policy which 
would help promote increased penetration of solar.  
Net Metering is a critical aspect of implementing the 
rooftop solar policy and should be studied in detail un-
der MNRE funding. Indian industry should focus on 
leap-frogging solar cell technology to differentiate from 
Chinese cells and continue to optimize the balance of 
system.

• Conventional research areas such as heat transfer and 
combustion continue to draw heavy research with hot 
spots such as heat transfer enhancement using aqueous 
suspension of multi-walled nanotubes (or in general 
heat transfer in nanofluids) and swirl combustion sys-
tems.  Also, use of catalysts and adsorption for reduc-
ing emissions is a key area of research.  In these areas 
India would be best served at this point by being early 
adaptors.  India should take lead in developing technol-
ogy for improved use of coal (from environment and 
cost standpoints), and high-ash coal in particular.  Coal 
beneficiation, coal liquefaction, and coal transportation 
should be major focus areas for the Ministry of Power 
for policy and PPP implementation.

SMART GRIDS

To understand the research directions in transmission 
and distribution, it is important to understand the 
‘Smart Grid.’ (See chapter 9 for more on Smart Grids 
and clean energy).  Smart Grid is grid modernization. 
The EPRI definition of Smart Grid states: A Smart Grid 
is one that incorporates information and communica-
tions technology into every aspect of electricity gener-
ation, delivery (transmission & distribution) and con-
sumption in order to minimize environmental impact, 
improve reliability, service, efficiency, and reduce costs.  
To the EPRI definition, one could also add asset mod-
ernization as an important element of Smart Grid.  
The following are some of the research activities in 
smart grid for electricity generation, transmission, dis-
tribution, and consumption and potential application 
for India: 

• Generation: The ability to use renewable energy is 
limited by the fact that renewable energy sources are 
intermittent.  Intermittency brings the quality and re-
liability of power under question if more than 20% of 
generation is dependent on renewable sources.  Smart 
Grid have effective power-factor control and intelligent 
resource deployment making renewable energy more 
grid-ready.  

• Transmission: Transmission occurs at high-voltages 
(and lower currents) so as to minimize the I2R losses.  
In addition to the I2R losses, reactive losses in trans-
mission can be significant.  Another issue is that of grid 
congestion with increased generation capacity and de-
mand but with a grid that is behind times.  Smart Grid 
encompasses existing technologies to mitigate losses 
such as intelligent deployment of capacitor banks to 
offset reactive losses and new opportunities through the 
visualization and prediction of grid state to handle grid 
congestion issues.

• Distribution:  In a round table on Smart Grid or-
ganized by the Digital Energy Solutions Consortium, 
representatives from the Indian Ministry of Power 
highlighted detection of theft as a chief area of focus 
in addition to technical losses.  Smart Grid for distri-
bution requires asset (meters, transformers, switches, 
and breakers) modernization and will provide tools for 
optimal asset deployment.  In addition effective visual-
ization can identify and isolate theft locations.

• Consumption: Smart Grid enables distributed power 
generation where consumers are able to feed back into 
the grid via smart meters.  Also, the consumers can de-
ploy their appliances during off-peak tariff hours using 
smart meters with integrated appliance programming 
and control.  Additionally, as plug-in hybrid usage in-
creases, the grid needs to turn smart and deliver power 
to the vehicle while optimizing availability and other 
demands.  Smart metering and Smart appliances will 
bring the smart grid to the consumer.

The Smart Grid has benefits at multiple levels.  The na-
tion moves towards energy independence through in-
creased renewable use.  The people benefit from new 

This work was conducted by the Whitney Knowledge Centre at the GE John F. Welch Technology Center utilizing Scopus database.
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jobs created and a control over their electricity bills.  
The industrial growth is spurred through a reliable grid.  
The utilities continue to be profitable despite rising fuel 
costs.  And most importantly lower emissions through 
better usage of the electricity generated and better con-
trol of how it is generated.
 





Renewable Energy:  
Hasten Slowly

Prime Minister Modi has talked about a “Saffron 
Revolution”, a revolution of solar energy and 
power. This is a vital goal given our growing de-

pendence on energy imports. India is short of fossil fuel 
resources. 75% of petroleum products consumption is 
based on imported crude. Natural gas consumption de-
pends on imported gas for 15%. Even coal imports at 
100 MT now account for 15% of domestic consump-
tion. This is despite having adequate coal reserves to 
produce all the coal we need. 

INDIA’S ENERGY NEEDS

Our total commercial energy consumption has grown 
from 295.49 million tonnes of oil equivalent (Mtoe) in 

K I R I T  S .  PA R I K H
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SOURCE: : Author’s calculations based on elasticity of 0.7 for energy and 0.75 for electricity

TABLE 1: Projected Energy Needs for Different Growth Rates of GDP

PRIMARY ENERGY  (Mtoe) ELECTRICITY (BkWh)

2000-01 to 536.59 Mtoe in 2011-12, a compound an-
nual growth rate (CAGR) of 5.57%. During the same 
period the economy grew at a CAGR of 7.56%. This 
implies that for every 1% growth in the economy, com-
mercial energy consumption grows by 0.74% i.e. with 
an elasticity of 0.74. Over the same period, electricity 
supply increased from 554 billion kWh to 1,052 billion 
kWh with a CAGR of 6.0%. The elasticity of electricity 
consumption w.r.t. growth of GDP is thus 0.8. If we 
assume that we will be more energy efficient in future, 
the growth rate of commercial energy may be 0.70% 
and of electricity consumption only 0.75% for every 
one percent increase in GDP. Table 1 shows projected 
energy and electricity needs till 2050.
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As of today (without any major 
environmental costs added), 
renewable power is more ex-
pensive than coal based power 
and requires much larger  
investment upfront 

Compared to 2011-12, primary commercial energy 
needs will be 6.5 times to 10.8 times and that of elec-
tricity 7.4 times to 12.8 times as much in 2050-51 de-
pending on the growth rate.  How can we meet these 
needs? Our energy resources of fossil fuels are limited. 
The growth rate of nuclear capacity has a limit and that 
limits what energy it can contribute.1 Among renew-
ables, solar is the only resource that has the scale to meet 
our needs.

STRATEGY AND POLICIES FOR SOLAR 
DEVELOPMENT

A number of issues arise. The pace of development and 
the policies to promote solar power plants in the coun-
try as well as building manufacturing capacity are all 
important to attain energy security in an efficient way.2

Desired Pace of Development of Solar Energy

Thus for India development of renewable resource is a 
must, the potential for it is vast. Just 20 million hectares 
of solar PV cells with a net efficiency of 15% can pro-
vide 30,000 billion kWh of electrical energy/year In-
dia generated, including captive plants less than 1,000 
billion kWh of electricity in 2013-14. However, “the 
renewable energy sector in India today faces numerous 
financial, regulatory and supply chain barriers which 

impede its growth. The non-availability of low-cost, 
long-term finance for renewable energy projects along 
with the regulatory uncertainty and absence of a sus-
tainable domestic manufacturing base have a long term 
impact on the growth of this sector“3

While a solar transition is inevitable, reckless promo-
tion can be costly. As of today (without any major 
environmental costs added), renewable power is more 
expensive than coal based power and requires much 
larger investment upfront. Thus, the capital cost of a 
coal based power plant is Rs. 3.5 crores/megawatt but 
that of a solar photovoltaic plant is Rs. 5.3 Crores /MW 
at 2007-08 prices. Moreover, the coal based plant can 
be operated 70% or more of the time, a solar plant has 
a load factor of less than 20%. Thus the investment cost 
per kWh is even more for solar even when we account 
for the lower transmission investment for solar power. 
In table 2 it is seen that while the capital / output (C/O) 
ratio for coal based plant is Rs 9 that for solar PV is Rs. 
36 for creating capacity to generate one kWh per year. 
Thus if we push solar too fast, less investment would 
be available for other sectors and the growth rate of the 
economy could be lowered.

We need to push solar power at measured pace with 
clear objectives in mind. One would have to balance 
higher current cost against the advantages of an early 
move, gains from learning by doing, benefits of econo-
mies of scale and the prospect of technical progress that 
will bring down cost in future.

Solar cell efficiency is likely to improve over time as 
many in the world are working on it. It will reduce the 
need for land and the cost of solar power. Still we can-
not wait to begin introducing solar till new technologies 
are developed.

1 Planning Commission (2006), Integrated Energy Policy: Report of the Expert Committee, (Parikh Committee Report), Planning Commission, Govern-
ment of India, 2006.
2 Energy Security is a nuanced topic, since many RE technologies require only a one-time import (initial build), while conventional fossil fuels may re-
quire ongoing imports.  However, domestic manufacturing of RE has other benefits such as employment, foreign exchange savings, etc.
3 Planning Commission (2014), The final report of the Expert Group on Low Carbon Strategies for Inclusive Growth, (Parikh Committee Report), Planning 
Commission, Government of India, 2014.
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The Expert Group on Low Carbon Strategies for In-
clusive Growth (LCSIG) projects a solar capacity of 
110 GW by 2030, and wind capacity of 118 GW.  
New government targets for RE, especially solar, may 
accelerate the timeframes.  These along with various 
demand side measures of energy efficient appliances, 
ECBC compliant commercial building, improved fuel 
efficiency of vehicles, longer share of railways in freight 
movement, greater emphasis on urban public transport 
and improved energy efficiency in industries along with 
increased sequestration through enlarged green cover, 
reduce India’s GHG emission intensity w.r.t. tonnes of 
CO2/US$PPP (purchasing power parity) by 42% by 
2030 compared to 2007-08.

However, this does not come free of cost. The GDP is 
lower compared to a scenario where these measures are 
not taken. The difference over 2011 to 2030 is US$ 638 
billion at 2011-12 market exchange rate discounted at 
a real rate of 4% per year. The additional investment 
needed for these measures comes to US$ 396 billion 
discounted at 4% over the period. Of course if addi-
tional external resources are made available, or if dra-

TABLE 2: Capital to Output (C/O) Ratios for Power Technologies in 2007-08 Prices

matic progress in technology lowers costs, the difference 
would be smaller. In the absence of these, the rate of 
increase of renewable power has to be determined by 
balancing the cost and the gains in energy security and 
emission reduction.

POLICIES FOR SOLAR DEVELOPMENT

The primary objective of the solar mission is to make 
solar power cost competitive to coal power. It also rec-
ognizes that to do so we need to support the first 20,000 
MW. This will create domestic capacity, experience and 
scale to push solar at a rapid rate when it becomes cost 
competitive.

A number of instruments have been used to promote 
development of renewable power in the country. These 
include: 

•  Accelerated depreciation (AD) for wind power

•  Feed-in-tariff (FIT)

• Renewable portfolio obligation and tradable renew 
    able energy certificates and
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• Generation based incentive (GBI)

The effectiveness of these instruments varies and de-
pends on the way they are implemented. We look at 
them one by one.

Reverse Bidding for FIT

Feed-in-tariff guarantees a price for every unit of elec-
tricity fed into the grid by renewables such as solar, 
wind, etc. This provides financial support to investors 
who can then set up relatively expensive renewable en-
ergy plants.  Also in order that the needed financial sup-
port in the form of feed-in-tariff (FIT) decreases over 
time, it is competitively determined and reverse bidding 
for FIT can be introduced as is done in the Solar Mis-
sion. It has been successful and the demanded FIT has 
come down from an expected 15 Rs./kWh to around 
7.5 Rs./kWh.

Tariff reductions have happened because of the fall in 
price of solar PV cells in the international market driv-
en by cheap Chinese cells. It is not clear how China is 
able to supply PV cells at such a low price, whether it 
is due to economies of scale, hidden subsidies or cheap 
credit. While India should take advantage of the cheap 
cells, it has stalled the development of domestic indus-
trial capacity to manufacture PV cells. We need to find 
ways to encourage domestic manufacturing in a WTO 
compliant manner. One could raise tariff on imports or 
government procurement can give a price preference to 
domestic manufacturers. For India to be energy secure, 
over the long run domestic manufacture is critical.

Renewable Portfolio Obligation (RPO)

RPO requires all electricity distribution companies 
(DISCOMs) to source a certain fraction of its electric-
ity from renewables as specified by the state electric-
ity regulatory commission (SERC). The DISCOMs 
then buy renewable power from the cheapest available 
source, though solar may have its own RPO target. 
Thus the price of renewable power is determined in a 

competitive market. This has also the advantage that it 
gives a level playing field to all renewable technologies. 
The disadvantage is that it introduces uncertainty. In 
the cases where there is no FIT, the renewable power 
generator does not know what price he or she would 
get and so financial closure becomes difficult. This un-
certainty can be reduced if a minimum support price is 
prescribed in advance by the DISCOM which is then 
obligated to pay that price. It can then sell the surplus 
to other DISCOMs. This will require a national mech-
anism to compensate the DISCOMs if they are unable 
to sell surplus renewable power, e.g., via a national clean 
energy fund. This will also require that the RPO has to 
be enforced and a fine at the level exceeding the most 
expensive power available is levied on DISCOMs who 
do not meet their RPO obligation. The LCSIG report 
has elaborated on the problems and policies needed to 
make RPO work better. 

We need to find ways to encour-
age domestic manufacturing in 
a WTO-compliant manner
 
The FIT regime and RPO mechanism complement and 
mutually reinforce each other. While the RPO is a de-
mand creating measure for renewable energy – the FIT 
regime ensures developers get a fixed return on their in-
vestments for renewable power. 

The RPO has the advantage that all technologies com-
pete (though solar may have its own RPO). However, 
this generates lot of uncertainty about what price one 
would get in the future. The ability to trade may lower 
some risks, but the uncertainty of price and availabili-
ty of buyers remains. To minimize this, we recommend 
the following measures:

1) Strict Enforcement of RPOs: Strong enforcement 
mechanisms with stringent penalty clauses should be 
used to scale-up the demand for renewable energy in 
the country, thereby creating an alternate instrument 
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for market based financing for this sector.

2) A Uniform RPO across States: All states should stip-
ulate a uniform RPO level. If states are free to set their 
RPO, the tendency would be to set it too low, and all 
states would have surplus renewable capacity and no 
buyer. Every state utility must have some obligation, ex-
cept North Eastern States since they already have high 
hydroelectric power generation capacity and limited 
power transmission capacity.

3) Fixing of long term RPO targets by SERCs: To cre-
ate visibility about solar power requirement, 5-10 years 
of the states’ RPO target should be declared at one go.

4) Visibility of Floor & Forbearance Price: A floor 
price should be prescribed as a minimum FIT. This 
would at least ensure a minimum cash flow and reduce 
uncertainty. A national mechanism would have to be 
worked out to pay for all unsold renewable power. This 
price should be for at least 10 years to facilitate financial 
closure for RE plants.It should be set at a level that pro-
vides adequate return to RE producer. A fund should 
be created to purchase unsold RECs at the floor price 
in case the total supply of RECs is greater than the de-
mand for RECs. A forbearance price, an upper bound, 
should also be set. In case of short supply of RE, forced 
buy out at this price should be provided for. The price 
may be set at the highest level of other subsidized power. 

5) Grid Linkage Obligation: Be it on the DISCOM, 
or on the plant operator, the obligation to build the 
required transmission line should be clearly spelled out.

6) Multi-time Trading and Banking of RECs: The 
trading of RECs should be allowed for more than one 
year and it should be multi-time tradable. Banking of 
RECs for a period of three years at least, should be per-
mitted.

7) Requirement to Meet RPO Periodically: In place of 
the annual requirement, the RPO requirement should 
be met on a half yearly or quarterly basis to reduce the 
payment risk and the year-end rush for the RECs”4

Accelerated Depreciation and Generation Based 
Incentives (GBI)

Accelerated depreciation was provided for wind power 
plants as a capital subsidy, which led to rapid develop-
ment of wind power capacity in the country. The prob-
lem with the capital subsidy was that investors had all 
the incentive to build the plant but little incentive to op-
erate it. To overcome this, a system of generation based 
incentive (GBI) was introduced, which was meant to 
be financially equivalent. Unfortunately, the financially 
equivalent feed-in-tariff determined by the bureaucrats 
did not satisfy the investors and development of wind 
power slowed down.5 Any system in which a bureau-
crat determines the price is unlikely to be satisfactory. 
A competitive market based mechanism is best. The 
discount rate assumed in working out equivalence may 
be too low from the point of view of investors. Also in-
vestors may inflate the amount of investment to claim 
higher depreciation. Though this is strictly illegal, the 
possibility cannot be ruled out, but examining capacity 
growth versus support policies may be difficult due to 
both time delays between policy and effect and due to 
confounding factors. 

The trad ing of RECs should be 
allowed for more than one year 
and it should be multi-time 
tradable, with banking  
for upto 3 years

The LCSIG report suggests “To encourage Generation 
Based Incentive it is important to ensure that GBI is 
timely paid by creating a small balancing fund which 
can draw upon the National Clean Energy Fund de-
pending on the requirements. This is a classic example 
of complementarity in the use of policy instruments, 
where Feed-in-Tariffs can be combined with Genera-
tion Based Incentive, the former bid competitively, and 

4 Planning Commission (2014), The final report of the Expert Group on Low Carbon Strategies for Inclusive Growth, (Parikh Committee Report), Planning 
Commission, Government of India, 2014.
5 The slowdown in wind power was also due to removal of support mechanisms, such as AD and GBI.  
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later made conditional on technology, region and own-
ership to ensure development of renewable capacity if 
fair and more evenly spread across the country.”  

Creating Domestic Manufacturing Capacity & 
Securing Long Term Supply Chain

Policy measures like FIT, GBI and RPO/REC will cre-
ate a market for renewable power. However, policies are 
required to facilitate the development of manufactur-
ing industries. Domestic manufacturing industry needs 
to be encouraged if energy security based on solar and 
wind power is to be realized. The country should not 
aim to go from import dependence for oil and coal to 
import dependence for solar and wind equipment and 
its components.

The country should not aim to 
go from import dependence 
for oil and coal to import de-
pendence for solar and wind 
equipment and its components

While the solar sector in India is poised to grow in the 
near future, the Indian photovoltaic and solar thermal 
equipment industry is facing challenges from global 
players, who have overcapacity, have far lower interest 
costs and higher incentives or subsidies as compared to 
the Indian photovoltaic and thermal equipment man-
ufacturers.  Several solar equipment manufacturing 
industries in India are either operating at sub-optimal 
capacity and/or have shut down production. In order 
to achieve JNNSM objectives, the industry needs a 
level playing field where the government ensures a bal-
ance between indigenous manufacturing capacity and 
imports. A higher value add in the indigenous supply 
chain would lead to increased investment, job creation, 
reduce foreign exchange outflow and sustain long term 
growth of this sector.

The following list of recommendations can help domes-
tic solar and wind plant manufacturers by providing a 

level playing field, and creating a sustainable, reliable 
and long term demand for the domestic renewable in-
dustry. 
1) Capex Support for Solar Manufacturing: Nation-
al Manufacturing Policy has identified solar as a sector 
of strategic importance. Sectors of strategic importance 
should be given special thrust in terms of capex sup-
port in the form of long term, low interest non-recourse 
loans.

2) Technology Upgradation Schemes for Solar Man-
ufacturers &Suppliers: A technology up-gradation 
scheme for the solar energy sector should be introduced 
to promote induction of state-of-the-art or near-state-
of-the art technology. Such a scheme can be supported 
through the National Clean Energy Fund (NCEF) to 
support technological upgradation and productivity en-
hancement in the solar energy industry.

3) Tax and Duty Rationalisation: The inverted duty 
structure for the solar photovoltaic sector has been a 
matter of grave concern for this sector. There is an ur-
gent need to rationalise taxes and duties along the solar 
thermal and solar photovoltaic value chain to restore 
the level playing field for the Indian solar manufactur-
ing industry.

Decentralized Development of Solar Power

One great advantage of solar power is that it could be 
generated near the point of demand. Thus decentralized 
microgrids at village level can be set up to bring electric-
ity quickly to villages not connected to grid or to villag-
es connected but not supplied power. Grid connected 
solar plants distributed across the country can reduce 
transmission cost and increase availability, the proba-
bility of cloud cover for all plants may be smaller than 
for one large plant. However, the enthusiasm for village 
level solar grids needs to be moderated. A village level 
grid will need back up and so the costs would be higher.

For remote villages where cost of grid connection can be 
very large, such local generation makes economic sense. 
However most villages would prefer to have reliable 
grid connected power. Villages are reluctant to declare 
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themselves as remote villages if it precludes grid con-
nection. A strong argument can be made for grid con-
nected power. It is lot cheaper. India has already con-
nected more than 95% of villages to grids. Gujarat has 
shown that providing 24x7 power to villages is feasible. 
The inability of many states to provide reliable power 
to consumers, urban and rural, is a problem that can 
be and must be tackled up front. One cannot imagine 
a country in which villagers get limited power through 
local solar grid for few hours every day and the rest of 
the country has a power system supplying unstable and 
unreliable power. The argument for such village level 
solar or renewable based grids is that the normal grid 
will take a long time to reach all and that even where 
grid connections are given, power does not flow. This 
unfortunately is the experience in many states. How-
ever, this need not be so. Gujarat’s model of 24x7 elec-
tricity to all villages was accomplished in two and a half 
years. Our aim should be to replicate it all over.

The village level solar power systems operated by ded-
icated NGOs often provide power for few hours at 
night, limited to basic household needs. Power for pro-
ductive activities is rarely provided by such grids. Also 
the cost of electricity would be many more times the 
rate charged to households in urban areas. A village grid 
has to be financially viable and would require that pow-
er is available for productive purposes. This would not 
be viable for electricity supplied for few hours at night, 
even though such power does provide an enormous im-
provement in quality of life compared to no supply at 
all.

We need entrepreneurs / 
managers who can run a mi-
cro-grid, having ability to 
manage, maintain, collect 
charges and make a successful 
business enterprise out of it

Covering the lakhs of villages with such local micro-grids 
poses huge challenges apart from cost. We need entre-
preneurs, managers who can run such a micro-grid, 
having ability to manage, maintain, collect charges and 
make a successful business enterprise out of it. A person 
with such skills is unlikely to find it worthwhile as one 
might not get enough of an income from operating a 
single village level micro grid.  It may be possible to at-
tract such a person if one were given a charge of a cluster 
of villages to set up microgrids with an assurance that 
once the grid comes, the power can be fed into the grid 
at an agreed rate. 

I strongly believe that India must go for 24x7 power 
supply to all. This does not mean that solar power has 
no role. The grid power can be from grid connected 
solar plants.

Roof-Top Solar

Germany has expanded solar generating capacity rap-
idly with roof-top solar plants with a Feed-in-Tariff 
(FIT).  There are days in the year where the majority of 
generation is met through RE.  

There seems to be lot of enthusiasm in India for pro-
moting roof-top solar plants with net metering. MNRE 
is even giving a subsidy for installation of roof-top solar 
systems, which some states augment.

India should move cautiously in pushing roof-top so-
lar with subsidy. This is a regressive subsidy as only the 
relatively well off would have their own roofs. If the 
rich consumers go out of the DISCOMs, their financial 
viability, which is already in a precarious condition, will 
worsen. Their ability to serve their poorer consumers 
will be worsened.

In Germany the cost of residential electricity is $0.34/
kWh (around 20 Rs./kWh) of this $0.07/kWh (around 
4.2 Rs./kWh) goes to subsidize renewable energy. The 
high cost of residential electricity reportedly lead to 
shutting off of electricity for some 300,000 poorer fam-
ilies as they cannot afford to pay their electricity bills. 
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What is ironic is that Germany’s carbon emissions from 
power plants are increasing.6 Roof-top solar plants 
have increased the variability of power required from 
the grid and the high price of natural gas makes gas 
powered plants uneconomic for peaking purpose. Also 
since Germany shuns nuclear power, it has to rely more 
on coal based plants at least for few years (may be a 
decade) where renewable energy fills the gap left by nu-
clear power. 

While the situation in India would be not as bad as in 
Germany, where the plant factor of solar plants is around 
one half that of India, the consequences could be sim-
ilar. If India is to support roof-top power, it should be 
without subsidy and the price paid for feeding surplus 
electricity into grid should be carefully determined tak-
ing into account the system wide repercussions.

If India is to support roof-top 
power, it should be without 
subsidy and the price paid for 
feeding surplus electricity into 
grid should be carefully deter-
mined taking into account the 
system wide repercussions

CONCLUSIONS

Solar Imperative

• India’s limited fossil fuel resource and its vast solar 
potential make solar (and other green power) inevitable 
in not too distant a future.

• The National Solar Mission (NSM) has the correct 
objective of making solar cost competitive to coal.

• Setting up 20,000 MW of solar capacity under the 
NSM (or vastly more, as per recent announcements) 
is a means to realize the objective. Competitive reverse 

bidding for FIT is the right approach and has led to 
rapid reduction in cost of solar power.

• However, this has not yet led to domestic manufac-
turing capacity as desired. WTO compliant measures 
need to be taken to protect them from cheaper imports. 
These could be higher tariff on imports or price prefer-
ence for government procurement.
Pace of Development

• The up-front investment required for renewable is still 
more than coal power. When the low plant factor of so-
lar is taken into account, the capital cost for solar PV for 
building capacity to generate one kWh of electricity per 
year is measurably more than that of a coal based plant.

• Thus development of renewable power plants diverts 
investments from other sectors and could result in low-
er growth rate of the economy.

• Thus the pace of development of renewable power 
should be carefully determined to balance the need for 
domestic capacity creations against loss in GDP.

• There is also another reason to moderate the growth 
rate of renewable capacity. Significant efforts of R&D 
around the world are going on to increase efficiency and 
reduce cost of solar PV cells as well as of storage tech-
nologies. One can expect success in a decade (or less). 
Solar would then be an economically preferred alterna-
tive requiring no sacrifice of GDP.

Decentralized Development

• Solar power’s advantage that it could be set up near 
the consumers has opened up the possibility of decen-
tralized development.  However, the enthusiasm for vil-
lage level solar grids needs to be tempered with more 
planning for reliability and cost-effectiveness. 

• A village grid has to be financially viable and would 
require that power is available for productive purposes. 
This would not be viable for electricity supplied for few 
hours at night.

6 Carlyle Ryan (2013), “Should Other Nations Follow Germany’s Lead on Promoting Solar Power?” Forbes, October 4, 2013, http://www.forbes.com/sites/
quora/2013/10/04/should-other-nations-follow-germanys-lead-on-promoting-solar-power/



Blowing Hard or Shining Bright? Making Renewable Power Sustainable in India    |    115

• A manager to maintain the plant and distribution net-
works and to collect bills may not find it worthwhile for 
her skills in terms of income she could earn.

• What may be feasible is for such an entrepreneur to set 
up a cluster of such village grids with an assurance that 
once the grid reaches the villages, power can be fed into 
grid at prescribed tariff.

• The argument for such village level solar or renew-
able based grids is that the normal grid will take a long 
time to reach all and that even where grid connections 
are given power does not flow. This unfortunately is the 
experience in many states. However, this need not be 
so. Gujarat’s model of 24x7 electricity to all villages was 
accomplished in two and a half years. Our aim should 
be to replicate it all over.

Roof-top Solar

• Roof-top-solar should not be promoted with subsidy. 
It is a regressive subsidy as only the relatively rich would 
have a roof. Also taking such paying consumers off the 
DISCOMs’ customer base would worsen their finan-
cial health and delay supply of electricity to the poorer 
citizens. 

• The price paid to consumers for surplus power from 
their roof-top plant fed into the grid, should be careful-
ly determined taking into account system wide reper-
cussions. 
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