
2.6  India: dirty versus clean decentralised energy generation

Ranjit Bharvirkar

2.6.1  Introduction

Typically, in most of the developed world (and China), provision of electricity 
to customers has evolved from a decentralised version (e.g. a building served 
by a small coal-thermal generator in its basement, as seen in the early 1900s in 
New York city) to massive power plants connected by high voltage transmis-
sion lines serving hundreds of thousands of customers over wide swathes of 
areas (referred to as ‘centralised’ systems). It is only in the last decade – with 
the advent of increasingly affordable solar PV – that customer-sited electricity 
generation has made a comeback in the developed world.

The developing world – including India, which is the focus of this chapter – 
is still somewhere on this path of moving from a decentralised to a centralised 
electricity system. Unlike the developed world, customers in India still meet 
their electricity needs through a combination of the centralised power system 
and decentralised systems served by the private sector (e.g. diesel gensets, kero-
sene lanterns, lead acid batteries, gas water heaters, etc.). As per India’s Cen-
tral Electricity Authority, as of 31 July 2018, the centralised sector accounts 
for ~345 GW of installed generation capacity with an additional 60–90 GW 
of captive generation installed by large commercial and industrial consum-
ers on their premises (Central Electricity Authority 2018a). Good quality and 
comprehensive data on the existing decentralised systems mentioned above is 
non-existent. It is estimated that ~250 million Indian citizens are not yet con-
nected to the grid – accurate data is non-existent although a few organisations 
have started conducting surveys to ascertain this figure. The remainder of the 
population face highly unreliable supply as estimated by relatively crude efforts 
such as www.watchyourpower.org.
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The adoption of these decentralised systems had nothing to do with any 
environmental or policy objectives. They are simply improving the custom-
ers’ quality of service beyond what was being provided by the centralised sys-
tem. The decentralised electricity systems are both dirty (in an environmental 
sense) and expensive. They are also modular and hence, customers are able 
to invest in them in an incremental fashion. Consequently, the quality of ser-
vice as received by the customers is a function of their ability and willingness 
to pay. However, even the combined centralised and decentralised systems are 
still unable to meet all the electricity needs of millions of customers. Many are 
simply forced to forego some of their needs.

Historically, there have been no policies or programs to encourage decentral-
ised systems – on the contrary, the policymakers have constantly been under 
pressure to improve the centralised system so that customers would not have to 
depend on the dirty and expensive decentralised systems.

The easy availability of clean decentralised technologies (e.g. solar PV, vari-
ous battery technologies, etc.) that are now significantly cheaper than the exist-
ing dirty decentralised technologies is now altering the value proposition and 
allowing customers to make the substitution both from centralised to decen-
tralised, and within decentralised from ‘dirty’ to ‘clean’.

The performance and cost effectiveness of these new clean decentralised 
technologies has improved so quickly and significantly, that in many parts of 
the country, more than half the grid-connected load already finds it signifi-
cantly cheaper – relative to the marginal retail tariff they face – to install roof-
top PV in an attempt to minimise purchasing power from the grid. Bloomberg 
New Energy Finance (2017) has estimated that the compound annual growth 
rate (CAGR) since 2013 for adoption of rooftop PV systems for large consum-
ers (typically, commercial and industrial) who face high marginal tariffs across 
India is ~117 per cent. The centralised grid in India may never become what it 
used to be in the developed world – i.e. the sole provider of reliable and cheap-
est electricity to all customers. In fact, India appears to be moving towards a 
hybrid system – i.e. a mix of centralised and decentralised systems – that is 
better able to meet its energy needs.

2.6.2  A brief history of systemic changes

Historically, electricity generation started with small generators serving small 
loads that were located next to the load itself – e.g. the Pearl Street Station 
in New York in the 1880s served ~400 lights and 85 customers and was liter-
ally located in the neighbourhood. As the benefits of economies-of-scale were 
recognised, the sizes of the generating stations grew to 100s if not 1000s of 
megawatts serving 100s of millions of customers. Inevitably, these stations were 
located away from the load centres and electricity had to be transmitted over 
high voltage transmission lines. And over time the small-scale neighbourhood 
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or customer-sited generators were eliminated except for a small portion of cus-
tomers that have a requirement of extremely high levels of reliability.

In most of the developed world (and China), today the main source of elec-
tricity is this centralised system (i.e. large-scale generators, high voltage trans-
mission networks, and low voltage distribution networks) that is both reliable 
and affordable.24 The use of centralised systems, driven by their low costs due 
to economies-of-scale has been common across the developed world outside 
the power sector also – e.g. natural gas, heat, water, phone/cable, etc. All of 
these centralised systems are extremely complex – in terms of the number of 
components in the supply chain that have to work well and in concert with each 
other – and yet they are also extremely reliable in these countries.

It is only in the last decade or so that customers have begun to adopt distrib-
uted generation – e.g. solar PV – largely encouraged through policies/programs 
where the objectives at least initially did not include either reliability or cost 
effectiveness. The objectives were numerous including but not limited to envi-
ronmental protection, climate change mitigation, etc. For a detailed discussion 
of these objectives see Deshmukh et al. (2012). The value proposition – i.e. 
quality of the electric service and its cost – from the centralised system for 
most customers in the developed world (and China) appears to be no longer 
true across the world as cost of rooftop PV (even unsubsidised) have started 
edging below the retail tariffs faced by consumers – see for example, Australia 
and Hawaii.

India, too, embarked on a similar trajectory where the centralised system 
was expanded rapidly, especially, after gaining Independence in 1947. It is 
important to note that the data and information presented in this paragraph 
represents only the centralised system. The installed capacity at that time was 
~1.4 GW serving a population of ~345 million (Central Electricity Author-
ity 2018b). Today, after more than seventy years, the installed capacity has 
reached ~345 GW (or more than 200 times that of 1947) while the population 
has quadrupled.

Of order 250 million citizens in India still do not have access to electricity –  
in as basic a sense as having a wire reaching inside their household. Several 
efforts to validate the claims of ‘electrification’ (i.e. www.garv.gov.in) indicate 
that the definition of ‘electrification’ continues to be suspect – see for example, 
Patel (2016), Bansal (2016), Sharma, Josey and Sreekumar (2016), etc. Those 
who do have access to electricity routinely face power outages that can stretch 
into several hours per day (Sengupta 2016). Unfortunately, rigorous data on the 
exact level of ‘true’ electrification and quality of service is not available in India 

	 24	 The exceptions in the developed world in terms of affordability are few – e.g. Austral-
ian customers are increasingly finding solar PV (including batteries) to be cheaper 
than the centralised system. Most of the other examples where distributed solar PV 
makes sense in the developed world are limited to isolated systems such as those on 
islands or located in remote areas. 

www.garv.gov.in
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in a comprehensive manner. Efforts such as Prayas Energy Group’s Electricity 
Supply Monitoring Initiative (ESMI) are providing at least a glimpse about the 
quality of service.25

Rolling blackouts are – in fact – so common for most Indian citizens that in 
many states the local electricity distribution companies (commonly referred to 
as ‘discoms’ in India) provide formal schedules by location and time in local 
newspapers and online. These schedules are approved by electricity regulators 
and consumer advocates. Of course – as there is no way to monitor accurately, 
the discoms can and do deviate from these formally announced schedules. In 
fact, the infamous power outage in 2012 that blacked out two thirds of India 
simultaneously, as experienced by citizens in India, was no different in its 
length than the usual outages they face on a regular basis.

The two key characteristics of electricity from a centralised system in India – 
lack of access and when connected albeit with poor reliability – have, obviously, 
not resulted in citizens simply foregoing end-uses (e.g. lighting, water heating, 
electronics, etc.) that rely on electricity completely. After all, the Indian econ-
omy has been growing rapidly for several years – averaging 6–7 per cent annu-
ally over the last decade – that has in turn led to a rapid growth in the income 
albeit not uniformly across all income classes. Consequently, Indian citizens 
have always sought to supplement their consumption of electricity from the 
centralised system with a wide range of alternatives.26 The alternatives that are 
most prevalent in India include:

1.	 Electricity: diesel generators and lead-acid batteries.
2.	 Lighting: kerosene lanterns.
3.	 Water heating: liquefied petroleum gas (LPG), wood, etc.
4.	 Water pumping: diesel-fired pumps.

The variations and combinations in which these alternatives are deployed by 
each user range widely and are driven by factors such as the requirements of 
the user, ability and willingness to pay, availability of alternatives, etc. These not 
only vary among users but also vary over time for the same user. And – most 
important of all – these alternatives are not even acknowledged by the central-
ised system (i.e. the local electricity distribution company and policymakers) 
let alone being encouraged and supported. On the contrary – whenever there 
are periods of the centralised system being able to provide electricity at high 
level of reliability, the investments of users in these alternatives get completely 
stranded without any possibility of recourse.

	 25	 http://www.watchyourpower.org/the_initiative.php.
	 26	 And this observation applies to other sectors also – e.g. natural gas provided in cyl-

inders in the form of liquefied petroleum gas, water supply service quality is similar 
to electricity (i.e. unreliable and poor), and phones/cables have been usurped by 
distributed technologies such as satellite dishes and cell phones. 

http://www.watchyourpower.org/the_initiative.php
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2.6.3  Potential for decentralised energy

A thriving marketplace exists all over India that provides these alternatives to 
individual customers under a wide range of contractual arrangements such as 
leasing diesel gensets, outright purchase, and others. However, comprehensive 
data of a high quality about this marketplace is not available for India. Not only 
is basic data – e.g. sales of diesel generators –not readily available, there is not 
much data available about the usage of these alternatives (e.g. hours of use for 
a typical lead acid battery). Market research firms provide estimates – see for 
example 6WResearch (2016). To be sure, lack of data does not imply that these 
alternatives do not exist. In reality, the Indian end-user demand for electricity 
has always been met through a combination of centralised system, and decen-
tralised alternatives in sharp contrast to the situation in the developed world 
(including China). The extent of the decentralised system is not comprehen-
sively quantified although numerous case studies have been done that provide 
a useful qualitative picture.

From a cost-effectiveness perspective relative to the centralised system – 
most of the alternatives listed above are massively more expensive than the 
centralised system. For example, running a diesel generator is twice as expen-
sive as even the most expensive retail tariff for electricity from the central-
ised system. Similarly, kerosene lanterns are among the most expensive ways 
of providing lighting. However, given the unreliability and often availability 
of the centralised system, the user is – in fact – assessing the cost effective-
ness of the alternatives relative to having to forego the service (e.g. lighting) 
in its entirety.

It is in this context that one has to examine the role of new technologies such 
as distributed solar, batteries, more efficient equipment (e.g. LEDs), and oth-
ers and assess the factors that influence their adoption. In India, distributed 
solar PV systems are – fundamentally – not competing with electricity from 
the unreliable Indian centralised system but with the substantially expensive 
distributed alternatives (e.g. diesel generators, etc.) that have been historically 
used to supplement the centralised system. Initially, solar PV was significantly 
more expensive than these alternatives.

From a meeting of the reliability needs of a consumer – the comparison 
between the two sources of distributed generation (i.e. rooftop PV and diesel) 
is not straightforward for two reasons:

•	solar PV is available only during day-time and if there is sufficient space 
available for its installation while diesel generators are available on demand 
and have a relatively small footprint;

•	the upfront (or fixed) costs of the current alternatives (e.g. diesel generators 
or kerosene lanterns) are relatively low with high variable costs in sharp 
contrast to that of solar PV – as availability of cheap credit is limited for 
most consumers.
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Yet – the value proposition has started becoming so compelling that even the 
key manufacturers of diesel generators in India (e.g. Jakson, Sukam, Kirlo-
skar, etc.) have added solar PV to their portfolios – whether independently or 
hybridised with diesel generators (Paul 2015). For example, Jakson Inc. – one 
of the main diesel generators in India – forecast in 2014 that within three years 
half of their sales would be from solar PV (Pearson 2014).

Not only is solar PV successfully competing against alternatives such as die-
sel generators, it has also now started competing against the retail tariffs faced 
by commercial and industrial (C&I) customers in India for the electricity they 
purchase from the centralised system – see Prayas Energy Group (2017) and 
Bloomberg New Energy Finance, 2017. The high retail tariffs for C&I custom-
ers in India is a consequence of the distinct policy environment which is dis-
cussed in more detail in the next section. For now, we simply note that these 
high retail tariffs are unlikely to decrease in the future – see Central Electricity 
Authority (2018) for trend in Average Revenue Recovered (i.e. average retail 
tariff) by discoms.

The Indian national and state policymakers have in recent years announced 
and initiated the implementation of several policies to support distributed solar 
PV. Forty GW out of a total of 100 GW of solar PV that is set as the national 
target for 2022 is allocated to rooftop PV. However, discoms have started con-
fronting the distinct possibility that the early adopters are likely to be their 
larger and wealthier consumers. These consumers provide the cross-subsidy 
that sustains the utility cash flow. If the utility sales to these large consumers fal-
ter, then there would be an immediate and significantly adverse impact on the 
utility financial situation. Consequently, utilities in many parts of India have 
started resisting the growth of rooftop PV that has led to rumours that the 40 
GW policy target may end up being revised downward significantly. However, 
there is not much anyone can do when consumers install behind-the-meter 
rooftop PV systems that simply and passively offsets their consumption from 
the grid. From the discom’s perspective, this appears similar to load that has 
vanished somewhat akin to but a potentially significantly larger impact than 
that of energy efficiency or demand response.

2.6.4  The drivers of decentralised energy

These circumstances – i.e. unreliability, increasing costs of the centralised sys-
tem, and cost effectiveness of rooftop PV relative to retail tariff for a grow-
ing number of its customers – are unlikely to change in the future creating an 
attractive market for distributed solar PV without any policies and programs 
designed to promote it. In this section, we discuss in more detail why these 
circumstances are likely to persist in the future.

Historically, electricity has been one of a number of public goods for which 
the government was seen to be the sole provider. On paper – there are specific 
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departments for each type of infrastructure – e.g. the state electricity distribu-
tion companies, municipal transport and housing authorities, centrally owned 
railways, etc. However, from the citizens’ perspective, it was the state govern-
ment that was supposed to provide them with electricity, just as it was meant 
to provide roads, healthcare, education, water, sanitation, public safety, etc. The 
electricity ratepayers of the government-owned utility also are the voters that 
state governments care about at election time. Issues like the cost of electricity 
to consumers not only come up in regulatory proceedings but also routinely 
show up in politics – see for example Dubash, Kale and Bharvirkar (2018).

Within India’s federal division of power, state governments have the lion’s 
share of authority in the electricity sector. After independence in 1947, the 
hundreds of small private utilities that generated and distributed electricity 
throughout the subcontinent were gradually subsumed into State Electricity 
Boards that were wholly owned by the respective state governments. In the first 
few decades post-Independence, the majority of the investment in the power 
sector was made by the state governments.

Over the last 15–20 years, these SEBs were unbundled into generation, 
transmission, and distribution companies. The national government has been 
attempting to introduce amendments to the 2003 Electricity Act with the goal 
of introducing full retail competition. However, there has been sustained resist-
ance from the state governments to this step.

Significant investment from the central government and private sector has 
been made in the generation-side of the power sector, even today, state govern-
ments own most of the electricity distribution companies in India.

The world of the state government-owned distribution companies consists of 
trying to both expand massively its electricity distribution network (remember 
the 200–300 million customers with no access and the fact that India’s popu-
lation is still growing rapidly) and maintain the existing one, which has high 
wear-and-tear and as customers need increasing amounts of electricity to power 
air conditioners and other conveniences. All of this must take place in a context 
in which the retail tariff at which electricity can be sold to customers (also vot-
ers!) is fundamentally subject to political constraints and therefore remains low.

Given that India is still a poor country with many competing demands for 
limited government resources, it is difficult for state governments to come up 
with direct subsidies to keep the price of electricity low for its citizens, particu-
larly the electorally significant agricultural users and low-income households. 
The alternative, which most state governments have chosen, is to achieve that 
outcome by charging richer and larger customers, who are typically commer-
cial and industrial users, higher-than-cost tariffs while charging low income 
and agricultural customers tariffs that often approach zero.27 This cross-subsidy 

	 27	 From a techno-economic perspective, the cost of providing service to large (e.g. C&I 
and urban residential) customers is the least due to economies of scale and density 
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system—in effect, based on the same principle as a progressive income tax 
policy—runs into obvious limitations. Beyond a certain point, richer and larger 
customers will either invest in their own electricity supply and/or leave the ser-
vice territory completely. Either circumstance worsens the already difficult sit-
uation of the state-owned distribution utilities. Consequently, the distribution 
companies are constantly trying to strike a balance between their mandate to 
provide reliable power to all customers (also voters!) while keeping the costs at 
a level that are deemed politically acceptable.

From a broader perspective – i.e. how Indian citizens have received a wide 
range of services similar to electricity – the experience has been that the cen-
tralised system has consistently been unable to keep up with the demand. 
Consequently, Indian citizens have been forced to develop alternatives to the 
centralised systems in many aspects of their lives. Barring some solely central-
ised and publicly provided services (e.g. national security, roads, railways, etc.), 
decentralised and privately provided services supplement (even substitute) the 
centralised system in case of services such as education, transportation, elec-
tricity, water, healthcare, food, and others.

The service most analogous to electricity is water. And this example, too, 
is telling. Unlike in western countries, most Indian cities have not been able 
to supply their citizens with 24-7 water through a centralised pipeline system. 
Consequently, almost all households and businesses have water storage tanks. 
Some households have multiple. Many households have private ‘bore wells’ that 
run deep underground to access subterranean aquifers; others hire companies 
to deliver water in private tankers. Similarly, since the quality of the water is 
poor, households rely on a host of purification technologies installed and oper-
ated at the point of consumption.

As the costs of decentralised systems in the electricity domain continue to 
decrease – i.e. rooftop PV (analogous to bore wells in the water infrastructure 
above) and batteries (analogous to water storage tanks in the water infrastruc-
ture above) – it is quite possible that the electricity system would also evolve 
into a hybrid system similar to the water supply system. The problem is that the 
current water system (and the future potential electricity system) is not opti-
mally designed, implemented, and operated in this hybrid form – but has sim-
ply evolved in a haphazard manner. A more thoughtful approach that actively 
incorporates both forms of centralised and decentralised systems in order to 
minimise the overall costs to society would be beneficial. For example, the dis-
tribution utilities may want to formally incorporate the decentralised systems 
(both spatially and temporally) while designing and operating their distribu-
tion grid infrastructure and making their wholesale level procurement deci-
sions. Retail tariff designs could be considered that provide appropriate signals 

and highest for the small (e.g. rural and agriculture) customers. Consequently, the 
cross-subsidy mechanism is, especially, unattractive for large customers. 
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to consumers as they determine which decentralised systems to invest in. Cur-
rently – the distribution utilities have either ignored the existence of the ad hoc 
decentralised systems or resisted them outright.

Acknowledging that there are important variations across states in India, we 
can nevertheless make some general observations about the prevailing equi-
librium: distribution companies are starved of capital to expand, an Indian 
population equivalent to that of the United States remains without electricity 
connections, and everyone else has a poor quality of service. However much 
the bureaucrats, engineers, and politicians who work in India’s central and state 
governments might yearn to achieve their ultimate objectives of 24-7 power 
for all through the centralised system, they are constrained by political and 
economic conditions. Consequently, the status quo for the quality of the service 
provided by the centralised system is unlikely to change in the near term.

2.6.5  Outcomes

As discussed in the previous two sections, the existence of decentralised alter-
natives in India, albeit non-RE-based, long pre-dates the current interest in 
the United States and European Union for supporting decentralised RE-based 
alternatives. The circumstances that sustain the existence of these decentral-
ised alternatives are unlikely to change substantively in the near term. And as 
the cost of RE-based decentralised technologies drops below that of existing 
decentralised technologies and the cost of electricity from the centralised grid, 
the uptake of RE is likely to continue. This uptake of decentralised RE is likely 
to take place independent of government policies and programs. For example, 
Prayas Energy Group (2017) has estimated that when the levelised cost of roof-
top PV system reaches Rs. 5 per kWh in India – in nine major states in India, 
more than 50 per cent of the non-agricultural sales would find it cost effective 
to start switching to rooftop PV. In five of those nine states, the proportions is 
more than 70 per cent. As per BNEF (2017), all across India, prices for rooftop 
PV discovered through auctions have already sunk well below Rs. 4 per kWh 
with the minimum prices being observed as low as Rs. 2.38 per kWh.

Appropriately designed and implemented government policies and pro-
grams could expedite this uptake significantly. While poorly designed and 
implemented policies and programs may at best not influence the rate of 
uptake but at worst, is likely to slow it down. In this section, we discuss the 
implications of the existing policies/programs and suggest some approaches 
worth considering.

Most of the policy mechanisms currently being implemented or considered 
in India are adapted from those in the developed countries (e.g. the United 
States) where the value proposition for decentralised technologies is fundamen-
tally different than that in India. To reiterate – decentralised technologies in 
India compete with an unreliable (sometimes non-existent) and an increasingly 
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expensive centralised system. Unlike a typical customer in the developed world 
that expects the centralised system to be extremely reliable and affordable, the 
expectation of a typical Indian customer is to be able to pay for the level of relia-
bility they seek and can afford. Indian policies can better take into account these 
two unique conditions in order to develop approaches that are better suited for 
the Indian context.

One possibility is a national-level program similar to the successful LED-
distribution program (http://www.ujala.gov.in) for solar PV panels, batteries, 
and inverters could be implemented that would streamline the availability of 
those products significantly while ensuring their quality at the lowest cost pos-
sible (through aggregation of demand and negotiating with manufacturers). 
Further, storage in the form of electricity (i.e. batteries and inverters) is not 
necessarily the only way to store useful energy. Thermal storage systems such 
as ice for space cooling and water heaters are a mature technology that could 
be deployed where appropriate. Other distributed systems such as geothermal 
heat-pumps can also be considered as the technology matures.

There would be no subsidies involved as the program is designed in the form 
of a loan that is recovered through an on-bill financing mechanism in partner-
ship with the local utility. A wide range of sizes of technology (i.e. make full use 
of the modularity of the technology!) could be available to customers through 
this program for procurement either individually or in the form of cooperative 
arrangements. In conjunction with this technology dissemination program, 
retail tariffs could be re-designed to ensure that the costs/benefits are shared 
fairly between the utility and the customers. Both the approaches described 
here don’t’ rely on large financial commitments from the government and 
instead attempt to make full use of the existing demand for these technologies. 
For programs aimed at specific end-uses – e.g. agricultural pumps – the design 
must ensure that negative indirect impacts (e.g. water/land overuse) are mini-
mised if not avoided through the use of a comprehensive portfolio of policies 
that go beyond the power sector (e.g. crop selection, water-use efficiency, etc.).

In India, the centralised power system will continue to provide a certain level 
of reliable electricity supply at prices established through a process that remains 
essentially political.

Outside of this bound, though, customers will continue to enhance their sup-
ply from the outside, where options have evolved from no electricity to lead-acid 
batteries and diesel generators, and now to solar PV and advanced batteries. In 
the absence of a more thoughtful approach to designing and operating the grid 
(e.g. retail tariff design) – the hybrid form of the power sector will evolve in a 
chaotic manner thereby imposing needless costs on the society. The goal of the 
policymakers – then – is to find ways to ensure their thinking about the future 
power sector is not largely restricted to the centralised system with decentralised 
systems a mere after-thought at best or outright nuisance at worst – but one of the 
important components of the power sector that can yield even lower costs for all.

http://www.ujala.gov.in
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