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Optimal targets for India’s per capita
electricity use and energy mix

T. S. Gopi Rethinaraj* and Dilip R. Ahuja

Economic growth and human development are generally based on the assumption of corresponding
increase in per capita energy use. The Economic Survey 2018—19 published by the Ministry of
Finance, Government of India, has recommended a fourfold increase in the country per capita pri-
mary energy use from the current level to achieve the human development index (HDI) target of
0.8. The supply and environmental challenges for achieving such a high level of per capita primary
energy use are formidable, if not insurmountable. Development experience of Sri Lanka, and Kerala
suggests that high level of human development is possible even at lower per capita energy use, if
complemented by adequate public investment in health and education. With a per capita electricity
use of 1500 kWh by 2030 and 2500 kWh by 2050, India can achieve significant improvement in

human development from the present level without imposing a large energy footprint.
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LENIN once remarked ‘communism is Soviet power plus
electrification’ and wanted a socialist Russia with mas-
sive networks of electric power stations to serve as the
model for development in Europe and Asia'. Economic
growth and human development are generally premised
on the idea of energy abundance and continue to influ-
ence policy in many countries, including India. The Eco-
nomic Survey 2018—19 tabled in the Parliament by the
Ministry of Finance, Government of India (Gol) last year
relies on the tautology that improving per capita income
and human development requires a corresponding rise in
per capita energy use’. The Survey noted that increasing
India’s real per capita GDP to US$ 5000 will need an in-
crease in per capita energy use by a factor of 2.5, while
raising the country’s human development index (HDI)
score to 0.8 will entail a fourfold increase in per capita
energy use. There is a strong correlation between energy
use and economic growth across countries, but only up to
a certain threshold, beyond which its effect is marginal.
Empirical data suggest that energy is a necessary but an
insufficient condition for economic growth and human
development. In this article we examine whether India
can achieve the human development goal set in the Eco-
nomic Survey 2018—19 without the large increase in per
capita energy use it assumes will be needed. If so, how do
we approach the question of setting optimal targets for
per capita energy use and energy mix in India that is also
compatible with supply and environmental constraints?
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Human development index and energy use

HDI is a convenient proxy for average national well-
being even though it does not factor in prevailing income
inequalities, poverty levels and gender disparities within
countries. There is also a growing use of happiness
surveys to measure well-being based on reported self-
satisfaction, but they are less reliable and highly subjec-
tive’. The United Nations Development Program (UNDP)
has used HDI since the 1990s to capture the barest mini-
mum features of human development on a scale of 0 to 1.
It is a composite index that summarizes a country’s aver-
age achievements in three basic categories of human de-
velopment: health, education and living standards. Health
is quantified by average life expectancy at birth, educa-
tion by the mean of years of schooling for adults aged 25
years using a combination of adult literacy rate, primary,
secondary, and tertiary enrolment ratios, and living stan-
dards by per capita GDP in purchasing power parity cur-
rency. HDI is the geometric mean of normalized indices
for each of these three categories of human development®.

Countries are listed and ranked according to these me-
trics in the annual HDI reports published by UNDP. In
the 2019 HDI report’, India with a HDI score of 0.647
was in the 129th position out of the 189 listed countries,
and placed in the category of countries with ‘medium’
level human development. China with a HDI of 0.758
was in the 85th position and in the category of countries
with ‘high’ level human development. India transitioned
from what is now considered ‘low’ to the present category
of ‘medium’ level human development in 2002. Achiev-
ing the HDI target of 0.8 set in the Economic Survey
2018—19 will place India at the lower end of the spectrum
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of countries with ‘very high’ level of human develop-
ment. The 2019 HDI report has listed 62 countries in this
category, ranging from Seychelles with a HDI of 0.801 to
Norway with a HDI of 0.954.

It is not difficult to understand the reasoning behind
the recommendation for increased per capita energy use
made in the Economic Survey 2018—19. Most countries in
the category of ‘very high’ level human development
have high per capita GDP and high per capita energy use.
The Survey relies on simple linear regression, which
shows an increase of US$ 145 in per capita GDP for
every gigajoule (GJ) increase in primary energy use. This
implies that increasing India’s current annual per capita
primary energy use by a factor of 2.5, from 24 to 60 GJ,
leads to a per capita GDP of US$ 5000 at 2010 price
levels. Likewise, the Survey curve fitted data on HDI and
per capita primary energy use to suggest that countries
with per capita primary energy use of 100 GJ on an aver-
age have a HDI of around 0.8.

Nevertheless, any number chosen without adequate
rationale, even if backed up with statistical armour, will
appear to be arbitrary. This is something that the leader-
ship of the Department of Atomic Energy (DAE), Gol,
has done for many years to bolster its case for a large
nuclear programme. Chidambaram® (Former Chairman,
Atomic Energy Commission (AEC), DAE, Gol) sug-
gested a minimum of 4000 kWh per capita electricity
consumption using a catchy advertising slogan to explain
his rationale: ‘dil maange more’ (heart desires more). His
successor Anil Kakodkar echoed a similar refrain recently’
and recommended a 30-fold increase in nuclear capacity
from the present level to achieve a target of 5000 kWh
per capita electricity use.

Aspirational targets are less useful for setting policy
goals and guiding development priorities. A more realis-
tic target pertinent to our discussion has been provided by
Goldemberg et al.®, which is one of the earliest attempts
to quantify minimum per capita energy requirement for
developing countries in warm tropical climate like India.
They concluded after a rigorous accounting of minimum
energy for various human needs that a total of 33 GJ per
capita energy use, including 1840 kWh per capita electric-
ity use would be adequate to ensure basic human comfort
and enable higher human development in developing
countries than the prevailing levels more than three decades
ago (note 1). The suggested benchmarks for primary energy
and electricity were based on the 1970s energy technolo-
gies and conversion efficiencies. With current efficiency
improvements and appliance standards, they should pro-
vide for more than the authors’ original estimates.

Some countries have achieved impressive development
outcomes with frugal energy use. Cuba and Sri Lanka
have a HDI of 0.777 and 0.776 with a relatively low per
capita primary energy use of 37 and 19 GJ respectively.
There are also examples of resource-rich countries with a
high per capita energy use, but lower or only comparable
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HDI scores than many rich and middle-income countries.
Russia and Turkmenistan with a per capita energy use of
238 and 318 GJ have a HDI score of 0.822 and 0.708
respectively, while Argentina and Romania with a per
capita energy use of 93 and 75 GJ have a HDI score of
0.832 and 0.813 respectively.

This underlines the importance of country-specific
challenges and opportunities to improve human develop-
ment. Recent data’ on per capita primary energy use of
182 countries show that 113 countries have per capita
consumption above the 33 GJ minimum suggested by
Goldemberg e al.®, while 71 countries, including India
are below this threshold. The actual per capita energy use
may be higher and at least 15-20 more countries will be
able to meet the 33 GJ threshold if non-commercial bio-
mass energy use, which is significant for many develop-
ing countries like India, is also included. There are 56
countries with a per capita use above 100 GJ, the target
recommended in the Economic Survey 2018-19. India’s
HDI of 0.647 for a per capita primary energy use of
24 GJ suggests that there is adequate scope for improving
the HDI further with only a modest increase in the per
capita energy use (Figure 1).

We could look at examples of countries such as Sri
Lanka, Cuba, Romania and Argentina for achieving the
human development target set in the Economic Survey
2018-19, but without imposing a huge energy increase
requirement. The development trajectories of various
States and Union Territories in India, and their per capita
energy use trends offer useful insights. Kerala with a low
per capita electricity use of 757 kWh has the highest HDI
score in the country and consistently performed well in
many socio-economic indicators than states with a higher
per capita electricity use like Gujarat (Figures 2 and 3).
HDI was devised to highlight the importance of human
resources and their capabilities as better criteria to assess
development outcomes. While per capita income and per
capita energy use have instrumental utility in achieving
those outcomes, massive public spending and investment
in health and education allow people in countries with
low per capita GDP and low per capita energy use to
achieve relatively high levels of human development.

Choosing optimal targets

Per capita primary energy use by itself is unimportant.
Reliable and affordable access to energy services is more
important to enable full development of human potential.
Primary energy in most cases is not directly consumed
and less helpful to understand its impact on human deve-
lopment. For example, a coal plant running at 40%
thermal-to-electric conversion efficiency dissipates three-
fifth of the energy content in fuel as waste heat, while
only two-fifth of the energy content are actually used as
electricity. Diesel, gasoline and other distillates from
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crude oil have roughly the same energy content as the
feedstock, but the derived products do not include energy
input for distillation and refinery losses. There are also
significant differences among various primary energy
sources used for electricity generation. Although the
Economic Survey 2018—19 uses per capita primary energy
use in its analysis, per capita electricity use offers better
clarity for evaluating HDI outcomes.

Per capita electricity use varies across countries (Fig-
ure 4). However, there appears a threshold minimum
below which ensuring a reasonable standard of living and
economic opportunities becomes difficult. Every country
has a unique set of energy requirements given its geogra-
phy, climate, spread and portfolio of economic activities.
In many developed countries, annual per capita electricity
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use exceeds 7000 kWh compared to middle-income coun-
tries, where it mostly ranges from 2500 to 4000 kWh. Per
capita electricity use in India is around 1200 kWh, while
in China, Germany and the United States it is 5200, 7300
and 13,000 kWh respectively (note 2). The per capita
electricity use is 3100 kWh in Argentina, 3000 kWh in
Romania, 1400 kWh in Cuba, and 760 kWh in Sri Lanka
(Figure 5). Although India has made significant progress
in increasing per capita electricity use since 1947, when it
was just 16 kWh (ref. 10), it is still below the world aver-
age of about 3400 kWh.

India’s current energy predicament is grim. Around
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firewood, crop residue and animal dung for cooking,
while 15% of the population does not have any access to
electricity''. Even for those who have access to electricity
connection, the quality of supply is poor. Load shedding
is common in urban areas, while villages in many states
do not get electricity for long hours every day. Over half
of electrified households in rural areas of Uttar Pradesh,
Bihar, Madhya Pradesh, Jharkhand, Odisha and West
Bengal have 12 h of power cuts every day'?.

The paraphernalia of battery and diesel back-ups that
are ubiquitous in urban residential and commercial areas
will not be needed if electricity supply were reliable.
Increasing per capita electricity use is certainly critical
for industrial expansion and agriculture modernization to
lift millions of families out of the poverty trap. However,
the issue here is what future level of per capita electricity
use should be set as a realistic target for policy action.
Scenarios examining various future paths have typically
set unrealistic per capita electricity use targets for India
based on international experience. Per capita use has to
increase primarily to provide access to those completely
deprived and those who are provided only intermittently.
This should proceed apace with energy conservation and
efficiency improvements. The goal is to achieve as high
HDI as possible without concurrently increasing per
capita electricity use.

It is unnecessary to try and peg a target to that of other
countries. We suggest a more realistic per capita electricity
use target of 1500 kWh by 2030 and increasing it to
2500 kWh by 2050, taking into account the expected
increase in population and constraints for increased elec-
tricity generation in India. These two targets are neither
unreasonable, nor do they suggest profligacy. The target
for 2030 is still more than 50% below current global
average. Even the target for 2050 is 50% lower than cur-
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rent Chinese per capita use and significantly below the
global average. The suggested increases are expected to
have an appreciable impact in improving the quality of
life and providing economic opportunities for those left
behind by post-1991 reforms.

The challenge then is to formulate a credible national
energy policy to achieve the above goals by 2050, a time-
line that will be useful on three counts. First, the power
projects that are under construction or being planned now
will still be operational around that time and determine
the eventual energy mix for electricity generation.
Second, acting on its own interest or in response to a
potentially binding future international treaty to reduce
carbon emissions even beyond the Paris commitment,
India will have to significantly move away from carbon-
intensive fuels for power generation by that time. Third,
the demographic transition from high to low fertility is
expected to stabilize India’s population by the middle of
this century.

India is expected to overtake China as the world’s most
populous country by 2027 (ref. 13). According to projec-
tions using medium fertility variant assumptions by the
United Nation Population Division, India’s population
will reach 1.5 billion by 2030 and stabilize at 1.6 billion
by 2050. The country’s total fertility rate is now at 2.2
with 14 states at or below replacement level fertility'.
However, there are still a handful of populous states hav-
ing fertility rates above 2.1 that will continue to add to
the population stock. Bihar is the only state with a fertility
rate above 3. States with better educational and health in-
dicators have relatively high HDI scores and have been
able to control population growth more effectively. Kera-
la’s example is noteworthy given that it has the highest
HDI in the country despite a low per capita electricity use
compared to richer and more industrialized states
(Figures 2 and 3).

Achieving per capita electricity use of 2500 kWh by
2050 requires a 2.5-fold increase in power generation
from the present level, while reaching the medium-term
goal of 1500 kWh requires 1.5-fold increase in generation
(note 3). Historically, addition of electricity capacity has
been slow in India due to market regulations, insufficient
investment, difficulties in obtaining environmental appro-
vals and public acceptance for major power projects.
Since energy projects are subject to various time lags, in-
itiatives to improve efficiency and conservation efforts
should proceed in tandem. Realizing these goals requires
substantial investment in generation, transmission and
distribution infrastructure.

While there are several pathways to realize the 1500
and 2500 kWh targets by 2030 and 2050 respectively, the
evolution of optimal energy mix for electricity generation
has significant implications for energy supply security
and environmental sustainability. A major concern is the
growing import dependence for energy fuels and technolo-
gies. Current import shares of fossil fuel consumption are
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32% for coal, 55% for natural gas and nearly 85% for oil
(note 4). Even the recent solar energy boom was driven
primarily by imports from China. Import dependence for
solar panels was more than 90% during the three fiscal
years from 2015 to 2018, when large generating
capacity was added'’. The wind energy sector is not de-
pendent on imports as India is in one of the main manu-
facturing hubs with many leading turbine suppliers'®.
Future nuclear expansion will also largely depend on im-
ported uranium because domestic production relies on
low-grade ores that are relatively expensive to mine and
process. Therefore, sources for electricity generation in
the future and reliability of their supply will be critical to
sustain the 2500 kWh per capita electricity use target
suggested here.

Sources for electricity generation

Since oil is primarily used for transport and is not signifi-
cant for electricity generation in India, except for captive
generation and back-up diesel generators in commercial
and residential areas, the sources relevant to future elec-
tricity generation in the country are coal, natural gas,
renewables and nuclear. Of the 370 GW of current total
installed electricity generation capacity'’, coal plants
account for 55%, large hydro 12%, renewable sources
24%, gas 7% and nuclear 2%. The percentage share of
actual power generation in 2019 were'®: coal plants 73,
hydropower 10.4, renewables 8.7, gas 4.6, nuclear 2.9
and diesel 0.5.

To meet the stated per capita electricity use targets,
total installed electricity capacity will have to reach
nearly 500 GW by 2030 and around 750 GW by 2050.
Targets for capacity addition also depend on the desirable
energy mix to achieve the per capita electricity use tar-
gets. The composition of fuel mix compatible with future
energy security and environmental goals requires increas-
ing domestic coal production while simultaneously in-
creasing the share of renewable sources and nuclear
energy for power generation. Even though new coal
plants are finding it difficult to economically compete
with renewable sources, they are likely to retain the larg-
est share in the generation through 2050. Even with a
significantly reduced share of about 50%, coal use will
continue to increase in absolute terms. Whether domestic
coal production can be increased on time to fuel the
planned expansion is difficult to prognosticate.

For long India’s coal policy suffered from compla-
cency on account of the large domestic coal resources
(proven reserves and indicated reserves) currently esti-
mated at around 325 billion metric tonneslg, which under
the current rate of production could last for more than
300 years. However, this large estimate does not indicate
how much of it is technically or economically recover-
able. This includes coal located up to a depth of 1200 m,
although current mining in India is limited to 300 m. The
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new estimates suggest not more than 50% of this could be
recovered, which is still a large resource for electricity
generation. Many of India’s coal provinces lie in forested
or heavily populated areas. Other bottlenecks for increas-
ing domestic coal production are poor infrastructure (rail
network and port capacity) and social resistance caused
by displacement of tribal communities from the coal
belts. Not surprisingly, import of coal has grown consi-
derably in recent years. Even if the planned coal-fired
thermal power projects are completed, current supply
situation remains precarious leaving many future coal
plants more dependent on imports. This is likely to
increase the price of electricity from coal. Despite its
increasing cost and environmental problems, coal will
remain the mainstay of India’s electricity supply, cer-
tainly through 2030 and likely through 2050, because of
its dispatchability.

Use of natural gas for electricity generation (mostly
peaking plants and captive generation) has also increased
recently in India because of lower capital cost and envi-
ronmental benefits. India’s gas reserves are modest and
estimated at around 1300 billion cubic metres™. Domes-
tic production is typically allotted on priority to fertilizer
plants, petrochemical units, CNG consumption and other
uses, leaving only the remaining (30-40%) for electricity
generation. Iran and Qatar have the potential to become
major sources of piped natural gas supply for India, but
international political difficulties continue to be a major
obstacle for this project. Given the current political diffi-
culties of building overland pipelines from the Middle
East to India via Pakistan, LNG imports have gained pre-
cedence even though they are more expensive than piped
gas. Current Indian imports are 6.8% of the global LNG
trade® and recent developments have driven up the spot
market price for LNG. Unless India negotiates flexible,
long-term contracts, LNG fuel purchased in the spot mar-
ket is an expensive form of electricity and could limit the
role of natural gas in electricity generation.

Even though hydropower is the largest source of non-
fossil electricity, further expansion is limited due to so-
cietal challenges. Therefore, increased use of renewable
energy sources such as solar and wind is a desirable goal
for India. Electricity generation from these renewable
sources has increased considerably in recent years be-
cause of a supportive policy environment, and low capital
and operating costs. They remain the primary hope for
cheaper and faster decarbonization of the electricity sec-
tor. India is one of the few countries with abundant sun-
shine with an annual average insolation varying from 4 to
7 kWh/m*/day with 250-300 clear sunny days per year.
While the pace of renewable capacity additions and gen-
eration has been remarkable in recent years, increasing its
role further requires sustained policy support for long-
term financial viability. Interestingly, Goldemberg et al.®
never anticipated that solar and wind would become the
cheapest source of electricity globally in 35 years, and
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left them out totally in their future projections of energy
supply.

Finally, the role of nuclear power in the evolving
energy mix to meet the suggested per capita electricity
use targets by 2030 and 2050 remains unclear. India has
been pursuing an indigenous ‘three-stage programme’ to
develop long-term electricity supply using a mix of
indigenous heavy-water reactors, breeder reactors and
thorium-fuelled reactors, in addition to imported light-
water reactors from Russia, United States and France.
The indigenous nuclear programme is aimed at eventually
utilizing the large thorium reserves in the country using a
closed fuel cycle path with dubious economic and energy
security benefits. However, this policy remains deeply
entrenched due to the international isolation and sanc-
tions that India faced after the 1974 nuclear test. The
2005 civilian nuclear agreement with the United States
opened doors for India to import uranium as well as
reactors from various international vendors. Following
India’s normalization of nuclear relations with the rest of
the world, DAE announced an ambitious target to build
63 GW of nuclear capacity by 2032. International deve-
lopments after the 2011 Fukushima nuclear accident,
rising costs of nuclear power, India’s nuclear liability law
and the present government’s preoccupation with renew-
able energy have dampened the prospects for nuclear
electricity generation in the country.

The best-case nuclear scenario for 2030 is the timely
completion of the nine reactors (6.7 GW) under construc-
tion and 12 reactors (9 GW) for which DAE has secured
financial approval from the government, in addition to
the 22 operating reactors (6.7 GW). These add up to
about 23 GW of nuclear capacity, which is just one-third
of DAE’s original target for 2032. DAE also has plans for
23 additional reactors (26.7 GW)’, but their approval
status is unknown. Nuclear expansion is arguably desir-
able on environmental grounds and as a potential hedge
against unforeseen future supply difficulties for base-load
generation, but the social and economic costs appear to
far outweigh those benefits. In addition, the siting options
for a large nuclear expansion beyond 22 GW in India are
limited. Land and cooling-water constraints in the interior
had directed the choice of locating new sites in coastal
areas which face frequent flooding risks. Given these
risks and challenges for securing sites with low popula-
tion density for new projects and building a permanent
geological nuclear waste repository, it would be prudent
to freeze nuclear capacity at 23 GW. While the economic
challenges influence the government’s support for fund-
ing and financial approvals, organizational opaqueness
and the culture of secrecy shape social attitudes toward
nuclear power. There is currently a large trust deficit and
it may require more than public relation campaigns to
assuage public perceptions. It is likely that the role of
nuclear power will continue to remain marginal for
India’s electricity supply through 2050.
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Conclusion

Poverty alleviation in India requires at least 2—3 decades
of growth of 7% or more, which requires a matching rate
of growth in infrastructure facilities, of which electric
power generation ranks highest in the order of priority.
Even if India were to settle down for the suggested lower
per capita electricity use compared to other developing
countries, total generation has to more than double from
the current level to achieve our suggested target of
2500 kWh by 2050, and increase by nearly 50% in the
medium term to achieve the 1500 kWh target by 2030.
Achieving these targets critically depends on the optimal
energy mix for electricity generation that is also compati-
ble with India’s supply constraints and long-term climate
goals.

Empirical evidence suggests that it is possible to
achieve a HDI target of 0.8 or closer to it without con-
comitant rise in per capita electricity use. Since per capita
income is one of the three inputs for computing HDI, it
would be unrealistic to set targets above 0.85 or 0.9 based
on closing the income gap between India and rich socie-
ties. It is also clear that reaching the HDI target set in the
Economic Survey 2018—19 is possible by largely improv-
ing health and educational outcomes for which modest
increases in per capita income and per capita electricity
use would suffice. Development experience of Sri Lanka
and Kerala suggests that a HDI of 0.8 can be reached by
just maximizing health and educational attainment with
existing levels of per capita electricity use and per capita
income. These observations underline the importance of
the government’s priority and responsibility in the
spheres of health and education. Inadequate public
investment in these two critical sectors leaves a largely
poor population at the mercy of private profiteers,
resulting in suboptimal human development and low
HDL.

Notes

1. The authors’ estimated 1049 W (~1 kW) of total energy use per ca-
pita including 210 W of electricity is converted to more familiar
units, viz. gigajoule (GJ) and kilowatt hour (kWh). For primary
energy use, GJ is more appropriate than kW, which is a unit of
power and not energy.

2. Current per capita electricity use for countries is derived using
gross electricity generation in 2019 from the BP Statistical Review
of World Energy 2020, and population estimates for countries pro-
vided by the United Nations Population Division for 2019. Per ca-
pita electricity use for Cuba is derived from US EIA International
Statistics and United Nations Population Division for 2017.

3. India’s gross electricity generation in 2019 was around 1500 TWh.
Per capita use of 2500 kWh for a population of 1.6 billion by 2050
requires electricity generation of 4000 TWh. Per capita use of 1500
kWh for a population of 1.5 billion by 2030 requires electricity
generation of 2250 TWh.

4. BP Statistical Review of World Energy 2020. The import share was
computed using the ratio of domestic production to total consump-
tion.
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