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Foreword
A global energy transition is underway as the world seeks to meet rising demand while lowering carbon emissions. 
Yet energy systems are large, complex and slow to change. Decisions taken today will continue to have an impact 
well into the middle of the century. 

The energy choices that India makes will be critical to meeting its development goals. They will also be influential 
outside its borders. That is why researchers from three institutions  joined forces three years ago: to explore the 
energy choices available to India’s society and economy at a time of considerable uncertainty, but also opportunity, 
in the global energy system. 

This publication is a distillation of our joint work. It draws on the extensive knowledge of the three partners: Shell’s 
scenarios group based in The Hague, The Netherlands; the Council on Energy, Environment and Water (CEEW); 
and The Energy and Resources Institute (TERI), both based in New Delhi. It also draws on analysis and modelling 
undertaken as part of this collaboration. 

This book is not a report on the research findings. Nor is it designed solely for use by the government. Instead, the 
motivation to write and publish the book stemmed from our belief that national energy choices around the world, 
while undoubtedly technically challenging, are ultimately also political. 

As such, informed and sustainable choices require active public discussion, particularly in India, a society with a 
well-established tradition of lively public debate. As a key driver of India’s economic growth, and as a significant 
determinant of broader human progress, India’s energy choices deserve widespread discussion—within universities, 
government, industry, research institutions and the media. The purpose of this book is to stimulate such a 
conversation. 

Finally, the scope of our partnership is important and worthy of recognition. Solving the challenge of providing 
more and cleaner energy will require institutions around the world to operate outside their comfort zones. This 
principle applies as much to research institutions as to government departments. 
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The intellectual partnership, between a global energy multinational and two respected Indian research institutions, 
was a learning experience for all three partners and demonstrates the power of cross-border and cross-disciplinary 
collaboration. We congratulate this effort.

Harry Brekelmans
Projects & Technology Director, Royal Dutch Shell

Jamshyd N. Godrej
Chairperson, Council on Energy, Environment and Water

Ajay Mathur
Director-General, The Energy and Resources Institute
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Preface
This book explores the opportunities and challenges in articulating and implementing a resilient, robust but flexible 
set of strategies for meeting India’s primary energy needs. It has been written at a time of important transitions 
and considerable uncertainty for both India and the world. India is now among the world’s fastest growing large 
emerging market economies. It is also by far the poorest member of the G-20, as measured by real per capita GDP, 
and both less industrialized and less urbanized than its peers. 

The book deals with the energy system seen as a whole rather than following a sector approach. While several recent 
government reports have also followed this approach, we have two specific reasons for doing so: to develop a sense 
of what matters most in helping move the energy system towards meeting agreed long-term goals, and to identify 
common issues that span individual fuels or users. Accordingly, the book has been organized by cross-cutting 
themes rather than by energy source or user sector. While attention is paid to both the demand and supply sides of 
the energy system, the dimension given the most attention is the primary energy mix, which most directly affects 
both energy security and environmental sustainability. 

Intelligent energy policy requires an informed public debate on the energy choices and uncertainties facing India. 
In all countries, energy choices reflect economic, political and geopolitical considerations. India is no exception, 
and there can be no single correct answer. Cost and distributional implications are looked at to provide a thorough 
analysis of the trade-offs that different policy options present, and to identify the costs and trade-offs associated 
with one path versus another. Wherever possible the effort is to identify sweet spots that minimize avoidable costs. 

The book does not attempt to be directive or prescriptive with false precision. It reflects the work of three institutions, 
two based in India (CEEW and TERI) and one abroad (Shell). The partnership combines informed views on global 
long-term trends in energy and energy technology with detailed local knowledge of Indian issues. One of the 
three collaborating institutions (Shell) has an established tradition of addressing uncertainty through the use of 
scenarios. Accordingly, a range of scenarios is explored both qualitatively and, where possible, quantitatively. There 
is value in taking a medium- and long-term view as the lifetime and gestation of much infrastructure is in decades 
as opposed to months. Since many of the uncertainties have to do with global developments in supply, regulation 
and technology, this report makes use of Shell’s global energy scenarios published in 2013, the New Lens Scenarios. 
The hope is that this report can make a modest contribution to a more informed national debate on India’s energy 
options. For this reason as well, while the participating institutions have given encouragement and support to the 
researchers involved, the views presented in this volume are those of the authors even as they draw upon past work 
of their parent institutions.
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With a population of about 1.25 billion and a GDP per capita of roughly $5,700, India is in the midst of a huge 
transformation as the economy grows, incomes rise, manufacturing becomes a bigger part of the economy and the 
country becomes more urbanized. This growth will drive a sustained expansion of infrastructure for energy, urban 
development and transportation. 

India’s modern energy system is already sizable, with the world’s third largest electricity generation capacity. Rapid 
economic growth and a rising share of manufacturing in GDP will underpin growing demand for modern energy. 
About 75 million households, a third of the total, are not connected to grid electricity, and 80% of rural households 
use traditional biomass as a primary source for cooking.  Improving their energy access will further enhance India’s 
future demand for modern energy. And given the very low energy consumption per capita, the aspirations for a 
more energy-intensive lifestyle will almost certainly grow.

India’s energy choices are likely to be conditioned by less ample carbon space than was available to countries whose 
development preceded it—and by its vulnerability to climate-related stress. India could however benefit from the 
considerable research and innovation taking place globally on cleaner energy sources, based on which it could 
leapfrog to cleaner and more efficient options even faster.

India’s energy system has been in a process of steady evolution for the last two decades, particularly in blending 
private involvement in what previously had been a largely state-dominated sector. This process will continue and 
indeed can be expected to accelerate, raising fresh challenges of coordination and communication. Coordination 
between India’s states and the Union Government is a well-established feature of India’s vibrant federal polity, and 
this cooperation will face new challenges with the current government’s commitment to competitive federalism. 

Four impending transitions

The formidable challenges ahead are best articulated as a series of transitions from the situation today to a 
desired end-state, in the presence of continuous change. The biggest and, in many ways, most difficult shift will 
be in moving from traditional to modern sources of energy. Rising incomes have not yet translated into higher 
consumption of modern energy in many parts of India, despite long-standing efforts to provide income support, 
extend the grid, use the public distribution system to provide subsidized energy and introduce modern cook 
stoves and solar lanterns. In a democracy with a large young population, the drive to move away from traditional 
fuels will be inexorable.

Another big shift will be from rural energy demand to urban. India is still predominantly rural, and much of the 
deficit in energy access is particularly evident in rural areas. In the near term, meeting basic energy demand in 



4

rural India is a pressing priority. But the growth of the urban population will be much faster than that of rural, 
bringing not only new challenges but also opportunities. By 2050, 38% of Indians will be city dwellers. This will 
have implications not just for basic energy access—it will also drive energy demand in new sectors: buildings, air 
conditioning, transportation (public and private) and commerce. Meanwhile, energy demand in rural areas will 
also rise, as more energy is needed for a range of productive activities, such as agricultural mechanization, food 
processing and small-scale rural industries.

A third shift will be deeper integration into global energy markets. India has relied on imported crude oil for a long 
time. But the largest sources of energy—coal and traditional biomass—have been for the most part domestically 
procured. This allowed India to be fairly autarkic in its approach to energy policy. But in the 21st century India is 
on track to assuming a role in global energy trade similar to Europe’s in the 20th century. It will not be the biggest 
energy consumer, but it can no longer play only at the margins. India will be a “swing voter” in global energy 
markets, with a strong national interest in well-functioning markets. 

Meanwhile, the global energy system is going through its own perturbations. This is most evident in the sharp 
decline in the dollar price of oil since 2014, reflecting robust production from unconventional sources in North 
America, and in the commercial response from members of OPEC. No definitive conclusion can as yet be drawn 
on the longer term implications, except that price volatility will continue to be a feature of global oil markets, and 
such volatility needs to be factored into Indian planning and decision-making. Natural gas as an energy resource 
is increasingly global and is no longer limited by cross-border pipeline infrastructure. The pattern of global coal 
production, trade and use is being reshaped by declining demand in the United States and in China. 

These shifts—driven by the changing structure of the Indian economy—are happening against the backdrop of 
climate change. Depending on the level of global emissions, projections of global temperature rise above pre-
industrial levels between 2oC and  4oC by the century’s end, and could lead to severe impacts on water, food, coastal 
flooding, heat stress and health impacts—as well as systemic impacts on international security. The choices India 
makes and the pace of shifting to a lower carbon economic pathway have a bearing on the fourth transition of 
environmental sustainability. 

The sharp fall in the cost of renewable technologies—such as solar photovoltaics (solar PV) as a result of market 
and policy-driven decarbonization efforts—provides alternatives to the fossil fuel sources that have been the engine 
of economic progress over the last two centuries. This transition is already under way in many countries, but the 
potential for scaling up its implementation in countries like India is again contingent on technological progress, 
prices and policies.  Must the more intensive industrialization phase awaiting India be fuelled largely by oil, coal 
and gas? Or do new technologies provide opportunities for leapfrogging dependence on fossil fuels at an acceptable 
cost? 
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India’s energy aspirations

India’s energy choices will be driven by several key goals. Reliable modern energy is essential in a modern society 
and indispensable for enhancing economic opportunity and the quality of life. For this reason, one of the most 
important goals should be to infuse technology and to design competitive market structures that will quickly 
ensure universal physical and economic access to economically viable modern energy alternatives for all residents, 
particularly those with limited means and those living in remote areas. The success of Indian mobile telephony over 
the last 15 years provides an encouraging precedent. 

Equally, the scope of ambition for energy access should go beyond lifeline levels of residential energy (say in 
the form of a couple of LED bulbs for lighting or a cleaner stove for cooking). The impact of constrained and 
unreliable access to energy is manifested through many channels: health and educational outcomes, the time value 
of money in collecting traditional energy sources, or an overall decline in household-level productivity, entrenching 
many in an energy and income poverty trap. Thus, a baseline level of access to productive energy should be also 
recognized as part of India’s energy aspirations. Productive energy, say for small-scale agricultural use or to empower 
communities to adopt additional income generating activities, is essential if the link between energy access and 
human development progress has to be maintained. In short, energy first and foremost is an issue of both lives and 
livelihoods. 

A second goal is to ensure reliability and resilience of the entire energy system so that economic activity is shielded 
from disruptions arising from the energy sector. The aspect that features most prominently in policy discussions is 
India’s vulnerability to imported energy, but disruptions can arise from domestic sources as well, and addressing them 
is of equal importance. This resilience will be driven by advances in technologies and related costs, opportunities 
to change the fuel mix, and the policies to expand energy infrastructure on the supply side as well as to shape 
behaviour and consumption patterns on the demand side. The reliability of the energy system will be judged against 
its ability to contribute to rapid economic growth for India in the coming decades. 

A third goal is the long-term sustainability of the energy system in various dimensions. This most obviously 
includes both environmental sustainability and personal health and safety at all stages in the energy production 
and consumption chain. One element in environmental sustainability is India’s recognition of a global carbon 
constraint, but this is far from being the only one. Local air pollution, indoor air pollution, environmental and 
safety concerns surrounding fuel production including land and water management issues—all fall under this head, 
what might loosely be called sustaining the energy industry’s “license to operate.”

Sustainability also has an important fiscal and financial dimension. Resources have to be priced to recover costs and 
encourage investments. And subsidies need to be clearly motivated and targeted, with objective review milestones 
and exit strategies in mind. 
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How will India manage the four transitions—from traditional to modern energy, from rural to urban areas, 
from autarky to global integration and from a high-carbon to a low-carbon but robust economy? Will it be ad-
hoc, incremental and arbitrary? Or will India’s strategy and policies demonstrate a coordinated approach across 
government departments and between the government and the private sector? Will India plan for the long term 
while sequencing a series of short-term milestones in developing its energy choices? And will this approach be 
strategic, implying recognition that energy policy will be a core determinant of its economic transformation over 
the course of this first half-century? Managed well, India can demonstrate that a rapid shift to modern energy can 
be compatible with social, economic and environmental sustainability. Managed poorly, the true potential of India’s 
role and influence in the global economy will remain unrealized. The stakes are, therefore, substantial.

If this book had been written in, say, the early 1970s, the main criterion for making energy choices would 
possibly have been only cost. However, at this juncture, planning for energy choices is increasingly tilted 
towards internalizing the opportunity costs of finite resources, and health costs attributable to pollution from 
conventional fossil fuels. Moreover, today, there is global recognition of the fact that the carbon constraint is real. 
So cost, time scales and sustainability across multiple dimensions will all need to be relevant filters to evaluate 
India’s energy choices. 

As the four transitions are under way, India’s energy policies would have to satisfy some basic imperatives from 
a political perspective: greatly accelerating the pace of reducing energy poverty; modernizing the institutional 
structures entrusted with managing the energy system; and recognizing and welcoming a wider diversity of actors 
(technical, financial, entrepreneurial) who can help India navigate these transitions. This task will not be easy. 
Indeed, the political economy of India’s energy system will likely get more complex, with more interests in play. But 
the same diversity of actors and interests could also induce a healthy, transparent and competitive energy market 
suited to the diverse needs of India’s polity. 

Many reports on energy in India focus on specific sectors or sources, and study each in isolation. Yet this approach 
can lead to technology and policy proposals with unexpected side-effects in separate parts of the energy system. For 
that reason, our analysis of India’s energy options takes a holistic and long-term view and looks at India’s energy 
future, infrastructure, technology, pricing, position in the global energy system and policy environment.

The world that India inhabits now and the world that India will shape through its choices demands that this 
complex set of filters, transitions and drivers (economic and demographic shifts) be considered carefully. Given 
the inevitable uncertainties, we have to an extent applied the filters of cost, time and sustainability in a subjective 
manner to the modelling exercises used in this study. By being explicit about them, we are able to inform the 
assumptions in our energy models and arrive at value judgments in a transparent manner. At the same time, we 
fulfil the intention of not being deterministic about the future pathway that India’s energy system follows, but 
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drawing on the broad key findings to inform and stimulate a public debate on India’s energy choices and the factors 
that will shape them.

A range of scenarios (using different energy models, which are shaped by varying rates of economic growth and/or 
technological advances) indicate that India’s total primary energy demand could see an increase of around 120% 
to almost 300% by 2050, an average increase of between 20 million tonnes oil equivalent (mtoe) and 40 mtoe per 
year. Population growth and economic development will be the two main drivers of energy demand. All projections 
point to the continuing presence of fossil fuels in the primary energy mix (particularly for use as industrial energy) 
even as renewable energy enjoys significant growth in five of the seven scenarios developed for this volume. The pace 
of electrification of the energy system will also determine the rate of build-up of renewable energy infrastructure in 
India. Attempts to incorporate renewables into the electricity system would also help to diversify the supply mix 
from an energy security perspective. 

Fears may now grow about India’s vulnerability, if the contribution of renewables is going to be material but 
limited.  Despite significant increase in renewable-based capacity, fossil-based primary energy could increase from 
2 to 4 times its current level by 2050, with imports ranging from 30% to 60% across scenarios.  Indeed, by 2050 
energy import expenditure as percentage of GDP could range between 5% and 15%, and over the last two decades 
energy share in import bill has more than doubled, from 15% in 1990 to 38% in 2012.

Therefore, it is clear that India’s future energy demand will be large, no matter which projection is considered. 
There will continue to be a requirement for oil, gas and coal in these outlooks. And as a result, India must accept 
that it is going to become an important force in global energy markets. Pushing energy efficiency strongly across 
sectors is important to contain as much of this energy requirement pressure as possible. The debate around energy 
access should be refocused on how to shift from traditional fuels to more efficient and cleaner burning fuels, 
noting that technologies can ease this transition. In addition, energy policy on this topic should be split into three 
tiers: agriculture, industry and municipal. Finally, India must remain aware and opportunistic in its behaviour as 
assorted countries push ahead with transitions in their own energy systems, potentially exploiting gains by others 
to accelerate its journey to a more equitable and resilient destination.

India’s energy choices

Coal, gas and renewables in the primary energy mix

With all the challenges that India faces in building a resilient energy system, preferring one primary fuel over all 
others, is simplistic. Instead, the role the different fuels must play at different stages of development and across 
sectors merits further explanation. Conventional options like gas, hydro and nuclear along with coal will need to 
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continue playing an important role in supporting new renewables in the power generation sector. Moreover, with 
renewables having little scope in being able to supply industrial heat, natural gas holds prominence as a cleaner 
alternative to the use of coal and diesel.  Therefore, even as it gives a boost to renewable energy, India cannot veer 
away from fossil fuels significantly, at least in the short to medium term. In the short term, to provide energy and 
not hinder economic growth, coal will be the most critical fuel, particularly if the highest priority is providing 
electricity to all those that require it. But if India is to build an energy infrastructure commensurate with ambitions 
to limit greenhouse gas emissions, it must now also seriously consider infrastructure using natural gas, hydropower 
and nuclear energy. Natural gas can also provide the heat for a multitude of key industrial processes, but its role 
in supporting base-load capacity (along with hydropower) could become essential. Only through building this 
guaranteed base-load capacity will renewables be fully exploited. 

That India should aggressively pursue opportunities in renewable energy is not in doubt. To be stressed, however, 
is that—for renewables to make a significant contribution—with electricity making up only a fifth of useful energy 
consumed, any policy on power generation should go hand in hand with initiatives to electrify end-use technology. 
Even at this point, renewables can only diversify the supply mix, and not become the backbone of the Indian energy 
system.

For delivering energy to non-urban consumers, recent policies have focused on solar technologies to provide 
electricity. This is encouraging, but the scale of the residential sector calls for a multipronged approach. India 
cannot expect to electrify every single household using solar photovoltaics, certainly not in the outlook period, 
whether through grid-connected or decentralized systems. Yet, with the persistent failure to provide centralized 
grid-connected power to tens of millions of households, solar PV does have a role in partly bridging the current 
access to electricity gap. 

For cooking energy, India must take into account the role of traditional biomass, now dominant. Numerous 
technologies now enable the more efficient and safer burning of these fuels. In the near future, then, the focus 
should be on shifting the population away from burning traditional biomass on open fires and implementing—
what is a relatively short-term solution—the use of cleaner cook stoves and other cleaner burning fuels. This, in 
turn, buys the time to fully understand the economic and technical challenges of a large-scale rollout for modern 
cooking fuels (liquefied petroleum gas [LPG] or electricity). 

Which transport fuels can India depend on for its growing mobility needs?

All scenarios indicate that between now and 2050 transportation will still rely heavily on oil-based fuels. There may 
be gradual penetration of electric vehicles, and biofuels can reduce some of the pull on oil products, but at least four 
of our scenarios have oil products meeting at least 85% of transport fuel demand in 2050. 
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Of larger relevance is the potential reduction in demand as a result of vehicle efficiency and system efficiency. 
Energy efficiency could bring significant reductions in energy consumption across various scenarios considered, 
and ought to be pushed effectively on both technology and policy fronts. The scenarios also indicate that some 
of the largest reductions can be brought about by reducing the distance to be travelled (through better urban 
planning) and from modal shifts (shifting more people and freight from roads onto railways, for example). Again, 
while it is not the mobility-related aspirations that are intended to be curtailed, reduction in useful service-level 
demands through smart city-level planning and provision of alternatives to personalized modes of movement are 
required. Similarly, greater uptake of alternative technologies such as CNG or electric vehicles is strongly linked 
with provisioning of appropriate infrastructure. Enabling modal shifts again is all about infrastructure as well as 
providing the appropriate nudges to consumers through pricing and policies.  

Unlike technological efficiency, where a “rebound” effect sees consumers using more of a product if it is cheaper to 
run (since it is more efficient), structural reductions in the need for energy service tend not to see the same effects. 
For that reason, better city planning forms are just as important (if not more important) than policies for end-use 
energy efficiency. It is estimated that urbanization and the continuing growth of cities could provide an opportunity 
to lower the need to travel as much. Urbanization also provides the chance to build a more efficient building stock, 
which in turn can reduce the energy demand for heating and cooling. 

A “no-regret” strategy for infrastructure

India is likely to rely on coal for 55% (or more) of its primary energy needs through the next three decades. 
All model scenarios suggest that the contribution of renewables to electricity generation by 2030, even with the 
best efforts, will not exceed 30%. The use of coal could peak by 2040 and the need for assets to mine, handle 
and transform coal would decline significantly after that, partly driven by the longer term goal to reduce India’s 
contribution to global GHG emissions commensurate with its commitments in the light of its anticipated future 
income. That said, as elaborated in Chapter 1, when compared against a “business as usual” scenario, India’s 
projected deployment of energy from renewable sources is significant in terms of scale, performance of comparator 
countries and the timelines within which current policies aspire to achieve large-scale deployment. Moreover, it 
is likely that India’s coal consumption will peak at a lower per capita income than has been committed by China, 
underscoring how the evolution of India’s energy system will internalize the carbon constraint and the imperative 
of sustainability in setting out its infrastructure choices.

A “no-regret” strategy for the power sector would focus on the rollout of efficient thermal power in the near to 
medium term and to use it optimally over its technical life. The critical infrastructure components are capacity 
expansion of the rail network and increasing the output from domestic mines. Model results suggest that transmission 
of electricity is almost always cheaper than transporting coal. Given the difficulties in acquiring land and expanding 
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the rail network, priority must go to strengthening and expanding the transmission network and to concentrating 
coal-based generation to areas close to the pithead. Also, given that the country eventually intends to move to 
cleaner generation options, investments in coal mining and processing infrastructure must also be judiciously 
planned for. Relying on coal imports may be economically beneficial when compared to the high costs of procuring 
coal from underground mining techniques and setting up additional new coal washery capacity that may become 
redundant before the end of their economic lives.

The industrial sector offers significant opportunities for switching from coal to electricity and natural gas—for up 
to 40% of total industrial energy consumption over the next four decades. This will require creating a national 
gas grid that would allow for industry to access natural gas across the country. Current consumption is limited 
largely to India’s western and northern regions. Keeping in mind that natural gas can compete with coal only in the 
presence of effective implementation of policies to limit GHG emissions, the regulations that govern exploration 
and production of natural gas from domestic resources could be reviewed to realize the full potential of domestic 
reserves. 

Renewable energy in the power sector must be actively pursued in parallel with the other efforts. With increasing 
contribution to overall generation, grid stabilization assumes importance and needs to be addressed. Flexible sources 
of generation or electrical storage technologies are not in the portfolio of options available in India today. For this 
reason, the development of an ancillary services market (frequencies support, voltage control, peaking/operating 
reserve) must be a priority. A mature market for these services is a prerequisite for the successful integration of 
renewable-based generation. Notwithstanding the needs of climate change mitigation, a transition to renewable 
energy is contingent on its price competitiveness with coal and natural gas. The transition will invariably be a two-
step process—from coal to gas and then to renewables. An aggressive rollout of renewables will need a large suite of 
technologies for baseload generation (including gas and hydropower), to help balance intermittent generation and 
to support mitigation efforts in a meaningful way.

In addition to these “hard” infrastructure choices, there are also some critical elements of “soft” infrastructure, which 
would apply irrespective of the technologies and designs chosen. The design of legislation is of particular importance 
and cascades down the value chain. For instance, regulations affecting pipeline construction could have an impact on 
fuels chosen for new power plants. Further, the government’s role will expand but in the form of a facilitator through 
better regulation (including the autonomy and authority of regulators) and protecting the sanctity of contracts, so that 
long-term infrastructure investment plans can be made with minimal risk premiums imposed on the costs. Finally, 
private sector investments in infrastructure could be unleashed by exploring various options, such as instruments 
to de-risk investments in the energy sector, developing deeper bond markets for energy, and using private sector 
institutions to upgrade and augment the skills and capacity needed to deliver modern energy services. 
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Articulating a technology trajectory under uncertainty

Uncertainties in global energy prices and technology development provide the backdrop for India’s multiple energy 
transitions. A sensible energy technology trajectory would therefore need to define clear long-term goals both in 
end-user sectors and in the energy industry itself, while retaining enough flexibility to move across a band of fuel 
and technology choices that are competitive and economically attractive. Infrastructure development and policy 
signals at each juncture therefore need to be geared towards planning ahead in terms of R&D, infrastructure needs 
and simultaneously avoiding technology lock-in (Box 1). 

The scenarios examined clearly indicate some directional certainties that exist under all circumstances, and 
constitute robust technology choices for the country under most states of the world. The need for energy-
efficient end-use options across each of the demand sectors, a move towards greater electrification of end-use, 
accelerated and up-scaled integration of new renewables and cleaner power generation options are all near-
inevitable. Accordingly, a clear technology trajectory needs to be planned out with timelines of introduction of 
each technology. 

Power technologies
India needs to invest heavily in renewables-based technologies particularly wind and solar. India has the highest 
potential in these two sources among all the renewables, and tapping them would put India on a track to a more 
efficient and environmentally sustainable energy system. Since most power projects have a life of at least 20 to 
25 years, early investments in these clean technologies would enable avoidance of setting up and locking in of 
additional new fossil-based capacities. Under all scenarios that consider a significant scale-up of new renewables, 
around 150–200 GW renewable capacity is envisaged by 2030 and around 700–1000 GW by 2050. 

Even with an ambitious scaling up of new renewable capacities, India’s growth path necessitates significant 
additional generation capacity based on coal, gas, hydro and nuclear. Accordingly, fossil-fuel-based power plants 
need to be made more efficient. While all new coal-based capacities being set up are already required to be super-
critical, an accelerated move to phase out old and inefficient sub-critical plants and move to ultra-supercritical or 
advanced ultra-supercritical technologies is important. Simultaneously, efficient gas combined cycle power plants 
should also be seen as a superior alternative to coal in this transition and efforts to enhance the availability of gas 
for power generation should be part of the focus. Further, recognizing that coal would need to continue playing a 
role in India’s power generation story, R&D on coal gasification technologies and carbon capture and storage must 
be undertaken to tap this potential if possible.

With the large and growing capacity requirements, the power sector also cannot bank on a single fuel source or 
technology. Planning for an appropriate mix of fuels and technologies to match up the baseload and peaking 
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requirements in the short, medium and long term with the power demand patterns is one of the key challenges that 
needs to be addressed. While coal, gas and nuclear would be required to contribute to the baseload requirements, 
hydro power would also need to play a role in contributing to efficient and sustainable power generation. Nuclear 
energy has the potential to bring in affordable energy on a large scale, and through a move along the three-stage 
nuclear programme, India can scale up its nuclear-based capacity significantly. 

Industry technologies
In industry, some sub-sectors have seen continuous technological progress, but there is enormous scope to bring 
current processes to global best practice. In these applications renewables currently provide limited potential, with 
no renewable alternatives that can currently provide industrial heat above 700 oC, although this should be a priority 
area for research. Renewables-generated power is increasingly viable as an alternative for light manufacturing, 
particularly in locations such as industry and technology parks. Accordingly, while R&D for technology in this 
sector needs to focus on cleaner alternatives, natural gas again could play a larger role to replace coal-based heat and 
diesel-based captive generation in this sector in the short to medium term.  

Transport technology 
With rising incomes among large unserved populations, in all scenarios the transport sector (inter-city, rural and 
within city) is expected to undergo exponential growth. The various scenarios indicate that with aggressive measures 
the energy savings over the reference scenario could be around 29% by 2030 and 45% by 2050. Prospects for 
moving away from petroleum-based fuels in this sector are limited, even with the higher penetration of CNG and 
electric vehicles over time, particularly in urban applications. Biofuels could play an important role, meeting 15% 
of the sector’s energy requirement by 2030 and up to 75% by 2050, if commercial viability of third generation 
micro algal biofuel could be ensured by 2030. 

Per passenger trip or tonne kilometre rail-based transport is significantly more energy-efficient than road transport. 
The share of rail-based commutes has been falling over the years, and this reduction has to be arrested. Another 
possible measure is increasing the share of rail in freight (to 50% by 2030) and that in passenger movement 
(20%) along with enhancing the share of electricity in rail-based freight movement (80% by 2030) and passenger 
movement (70% in 2050). Introducing mass transport options like metros, improving vehicle efficiency and 
emission reductions in line with the latest European Union (EU) standards and replacing the old vehicular fleet over 
time could improve the energy and emission intensities in this sector. In order to bring about a major technology 
change in the vehicle fleet, the focus needs to be on R&D for third-generation biofuels, hydrogen fuel cell vehicles, 
bringing in continuous efficiency improvements across all transport modes and encouraging manufacturers to 
invest in hybrid vehicle assembly lines immediately, so that such vehicles can become the mainstay of the car fleet 
in the next two decades.
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Residential and commercial technologies
With a significant proportion of India’s future stock of buildings yet to be built, the main intervention in the 
residential and commercial sector is energy-efficient building design and the use of efficient appliances, deepening 
the successful initiatives that are already underway. Energy-efficient building design could be made mandatory, 
especially in new commercial buildings, while providing a thrust to the manufacture and deployment of efficient 
(star rated) appliances, and the accelerated replacement of current lighting systems with LEDs. R&D focus on 
efficient and affordable appliances is important keeping in mind the socio-economic as well as weather-related 
conditions specific to India. India’s Domestic Efficient Lighting Programme, by scaling up public procurement and 
distribution of LEDs in 100 cities, has slashed unit costs by at least 60%. In the case of household cooking, the 
transition away from traditional fuels will be gradual. Improved cook stove technology would therefore remain an 
important aspect. 

Innovating for technology development and deployment
In making informed choices on technology and infrastructure, India would do well to encourage an ecosystem 
for the development of technologies and associated business models in the energy sector. A range of “horizon” 
technologies could include, on the supply side, solar thermal with energy storage, 3rd generation biofuels, advanced 
nuclear, coal gasification, shale gas extraction, and geothermal and wave energy. On the demand side, R&D would 
be needed in hybrid vehicles, hydrogen fuel cell vehicles, affordable space cooling technologies and high-speed 
railways, among others. Rapid progress in research and innovation across these elements is required to achieve any 
significant scale-up or change at the sector level.   

Coordinated research that brings together universities, research laboratories and private sector entities and energy 
technology partnerships with other countries will also be critical. In the past, three obstacles have impeded 
partnerships: lack of appropriate financing, intellectual property (IP) restrictions and insufficient or under-utilized 
capacity. Entrepreneurs need upfront financing to cover capital costs of clean energy technologies, working capital 
to hold inventories and funds to pay IP licence fees. Business models, such as rural micro-grids, could be viable but, 
being small in scale, they often fail to attract the attention of large institutional investors. 

In order to develop new technologies, innovators need clear market signals. Public policy intervention—whether 
by setting a carbon price, direct R&D investment or guaranteeing a minimum price for emerging technologies—is 
needed to stimulate private investment. Another approach is to develop partnerships wherein contributing firms/
research institutions retain their original IP but share returns on new technologies. Thirdly, to be inclusive and 
effective, partnerships should contribute to building capacity. Member countries or institutions need not only 
contribute in hard currency. In-kind contributions of research staff, facilities or land for demonstration projects 
could be ways in which the contributions of all members are recognized and duly rewarded.
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Innovations would also have to be encouraged for deploying existing technologies adapted to the needs of the 
bottom 60% of India’s energy consumers. More than 400 firms already operate in India in the decentralized energy 
sector, experimenting with a range of business models. A focus on energy access, for consumption and productive 
uses, could increase access to working capital for far-flung small entrepreneurs, pay for licencing fees, underwrite 
experiments with business models and, by aggregating projects, establish links to larger investors. Initially capitalized 
by public finance, the revolving fund could attract institutional investment through sovereign guaranteed green 
bonds. By focusing on deployment, such initiatives could also support skills training in rural communities to build, 
service and maintain decentralized energy systems, in addition to supporting centres to test and certify products, 
and create model regulatory codes.

B o x  1 . 
Key messages for energy technology 

Don’t expect a silver bullet—India will have to explore all possible technology choices on both the demand and 
supply sides, investing in a basket of complementary technologies, simultaneously deployed. 

Avoid technology lock-in—India plans to increase domestic coal production to 1,000 MT a year by 2021 (in 
part through high-cost underground mining) and to enhance washery capacity to clean its high ash coal before 
transport. At the same time, there are plans to scale up solar power to more than 100 GW by 2021. Will we need 
both, given the energy demand in 2021? If not, what happens to the investments made? Will they leave stranded 
assets, and how will their costs be recovered? 

Take advantage of being a second mover—There is already significant knowhow, R&D and innovative models 
adopted across countries. India has adopted compact fluorescent lamp and light emitting diode lighting systems 
fairly easily, as costs came down sharply due to wide acceptance around the world. The same may be happening 
to renewable technologies, particularly solar. And clean coal technologies developed in South Korea may be yet 
another option which India can leapfrog to. Moreover, other developing countries with similar socio-economic 
contexts may have adopted innovative models and technologies that can be adapted to the Indian context easily. 

Come up with decentralized solutions for the hard-to-reach—While LPG penetration may increase, it is not 
expected to reach 100% of the population. For the unserved, improved cook stoves are an ideal solution. And 
solar lanterns and solar home lighting systems could provide lighting solutions in hard-to-reach remote areas 
without being associated with transmission losses. 
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An integrated energy pricing regime sensitive to the needs of India’s energy-poor 

Energy pricing is complex and politically controversial. This is true in both rich and poor countries.  Everywhere, 
the core challenge is to reconcile economic rationality (also called efficiency pricing) with political acceptability. 
The latter is driven by perceptions of affordability and fairness. The latter requires policy transparency, consistency, 
credible market and regulatory institutions, political leadership and effective communication. 

The challenges of energy pricing (and the related issues of energy taxation) have been widely discussed in the Indian 
academic and official literature, and are generally well accepted and understood, even if political action has been 
more cautious. 

Encouragingly, the opportunity of sharply lower oil prices has recently been used to introduce greater flexibility in 
the retail price of diesel, following earlier liberalization of petrol prices. This has improved the financial position 
of public sector oil marketing companies, given fiscal relief to the exchequer and reopened opportunities for retail 
competition from outside the state sector. Similarly, a first attempt has also been made to move towards more 
transparent price discovery for domestic coal following judicial action on the earlier allocation of coal blocks. These 
are small but important first steps in a much longer journey.  

Aligning energy pricing with policy objectives

Our focus here is on ways in which energy pricing must adapt to the important transitions facing India’s energy 
sector while still respecting the need to address energy poverty. This requires energy pricing increasingly to be 
considered in an integrated fashion, both across fuels and along the value chain from production to final user. Since 
larger public policy goals (fiscal federalism; industrial competitiveness) can sometimes provide conflicting guidance 
for pricing, it is important to be clear on the core objectives that the energy pricing system should serve, and where 
other instruments are the better choice to meet such equally important social goals. 

As discussed above, the key primary fuels for India for the foreseeable future will remain coal, oil and gas, with a 
growing role for renewables. The first three are all imported at the margin, with India also a significant exporter of oil 
products. Since imports of crude oil, natural gas and refined product currently take place relatively freely (subject to 
import duties), the main upstream pricing issues have to do with stimulating domestic exploration and production 
and ensuring the passing of price signals down the value chain to the end-user (either bulk or retail). 

In both this area, and more widely across the energy pricing arena, it is helpful to distinguish between the price 
level and the system of price formation. The price level is the amount a producer receives (or a customer pays) in 
absolute terms and needs to be set at least to cover costs and to provide a margin, so that the required investments 
are made to ensure the long-term sustainability of the energy system. The pricing mechanism is the way the price 
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is calculated: either market-based (supply and demand of the commodity), linked to a substitute fuel (such as 
oil indexation in gas contracts) or regulated on a “rate-of-return” basis. Market-based mechanisms are normally 
considered the most efficient in delivering the lowest energy cost-effectively to end-users, but they do require a 
range of well-capitalized players, appropriate infrastructure and effective regulation. 

There has been considerable debate on the appropriate pricing and fiscal regime to attract private capital into 
upstream activities (profit-sharing/production-sharing versus revenue-sharing) but the outcome has been 
disappointing even when global hydrocarbon prices were buoyant. Current global experience suggests that both 
fiscal principles can be made to work; that fiscal regimes need to be calibrated to the nature of the asset under 
consideration; and that transparency and stability are all-important for credibility.  In contrast to oil and gas, 
owing to prevailing legislation, no similar initiative has been taken on liberalizing the infusion of private capital 
into coal mining.  

Looking ahead, it seems clear that average real final (i.e., end-user) energy prices will need to remain relatively 
elevated by international standards, so as to reflect domestic imperatives and circumstances. India will likely remain a 
major importer of fossil fuels for some decades to come, and needs to encourage a pattern of infrastructure and urban 
development that is frugal and energy-efficient. This has been the course followed, for example, by both Japan and 
Western Europe over the last half-century, and is in contrast with the much more energy-intensive trajectory pursued 
by the more energy-endowed economies of Australia, Canada and the United States. 

With growing concern for energy security, prices need to be sufficient to ensure the necessary investment in 
domestic production and infrastructure. At the same time, competition from imports must remain a credible threat 
to exert competitive pressure on the domestic energy industry, which implies competitive access to distribution 
infrastructure. This will take time to establish but ought to be an explicit goal of policy. 

The dichotomy of “higher primary energy pricing to attract investment” and “lower pricing of secondary energy 
to ensure better access” has created major distortions in the energy market in India. It can certainly be argued that 
“high” end-user prices for energy will undercut both India’s anti-poverty and its industrialization ambitions. 

The view taken here is that end-user pricing needs to be focused primarily on the goal of energy conservation 
and secondarily on ensuring investment in the expansion of supply by both public and private investors. Other 
instruments, such as direct benefit transfers (for poverty goals), an effective goods and services tax (to limit the 
effects of tax cascading on manufacturing costs, including exemptions for exports) and a determined effort on the 
reliability of electric power supply (such that expensive captive power can be reduced, and ultimately eliminated), 
all form elements of a coherent and holistic strategy that allows these multiple goals to be attained. 



17

Energy subsidies can then sometimes help with managing affordability and accessibility, but they can also create 
perverse fiscal, macroeconomic, social and environmental consequences. Energy subsidies, especially if poorly 
targeted, are an inefficient way to provide support to low-income households if rich households capture most of 
the benefits. The current low energy price environment and the continuing fiscal pressure on the government have 
opened opportunities for further energy subsidy reform, such as by increasing excise taxes (as an implicit tax on 
carbon embedded in fossil fuels) or with innovations in direct transfer of cash subsidies for cooking fuel .

A relatively “high” average price for energy is compatible with differential taxation across primary fuels. Countries 
differ widely in their willingness to use taxation of various fuels in pursuit of social goals, partly reflecting historical 
tradition as well as geographic conditions. Thus, the more crowded nations of Western Europe have been more 
willing to impose high retail taxes on transportation fuels to reflect the greater probability of congestion in their 
societies when compared with, say, the United States. In addition to congestion costs there is increasing awareness 
of other pollutants associated with liquid fuels in transportation (smog, particulates), which do not apply to other 
forms of propulsion such as electricity. 

Greater volatility is a by-product of the greater linkage with global energy markets which is well-nigh inevitable. 
While there are obvious challenges of managing the transition, there is little doubt that the overall resilience of 
the economy is enhanced if price increases are treated as permanent and price reductions as temporary in any 
administered pricing regime. The ultimate goal should be to aim for as complete pass-through as possible. This of 
course requires that energy-using sectors have the freedom to adjust their prices which has not so far been the case 
in sectors such as retail power or fertilizer. The acceptability of a liberalized market for fuels will ultimately depend 
on faith in the competitiveness of these markets, through some combination of freer entry (what economists call 
contestability) and well-established independent regulators. These challenges are discussed more fully later in this 
chapter.

Relying on overseas assets or global energy markets to deal with volatility in global energy prices

Between now and 2030, Indian energy demand is projected to increase faster than that of any other country in 
the G-20. India’s share in daily oil trade then is expected to be 12.5%, up from 7.4% in 2014. It will account for 
16.6% of incremental global energy demand by 2035. It will not be the biggest energy consumer, but it will be 
a “swing voter” in global energy markets with a strong national interest in well-functioning global markets. The 
needed variety in sources of supply is not guaranteed by solely owning energy assets. 

So far, India’s response to energy price volatility has been to secure long-term contracts with a few key oil exporters, 
but that approach is becoming less tenable. For India energy security will not be the same as energy independence. 



18

Such security will require meeting four imperatives: assured supply, safe passage, secure storage and a seat at one or 
more international forums involved in international energy trade and governance. 

While ownership of assets might have a limited role in times of crisis, it has mostly been an ineffective strategy 
because of low shares of overseas production, a lack of financial resources to compete with other countries, the risks 
of operating in politically fragile areas and the opportunity cost of not selling energy produced in global markets. 
Instead, more effort will be needed in boosting India’s diplomatic capacity and aligning it with the commercial 
interests of India’s public and private energy companies.

India will need to ensure safe passage of overseas energy supplies. This will be, partly, a function of India’s ownership 
of—or access to—a shipping fleet. Compared with other major energy consumers, India’s share of oil and gas 
tankers is low. Safe passage will also require naval capabilities for India to become a net security provider in the 
Indian Ocean. India has been pursuing regional as well as bilateral cooperation on maritime security in the Indian 
Ocean, but such engagements need to be prioritized and intensified. It will also need naval assets that can work 
with other navies in protecting energy supply routes beyond the Indian Ocean, particularly in the South China Sea, 
from which new supplies of energy might flow in future.

There is no global energy regime. So in seeking institutions to learn the rules and codes of conduct that govern 
energy relations between other major economies, India will need to identify the key functions that a regional or 
plurilateral energy regime could perform and that would otherwise be hard to do unilaterally. These functions 
include assuring transparency in energy markets, cooperatively managing strategic reserves, jointly patrolling 
energy supply routes, arbitrating disputes and pooling resources to lower insurance premiums on transporting 
resources.

As a buffer for emergencies India will need secure storage as well as infrastructure and management capability to 
store and transport energy resources, within and outside its territory. Strategic petroleum reserves capacity of 5.33 
MMT (about 40 million barrels) has been developed at three locations, to be commissioned and filled by the end 
of 2015–2016. Additional capacity of 12.5 MMT (93 million barrels) is to be commissioned by 2020. Storage 
capacity is low, however, relative to that in OECD countries or in China (current and planned)—and capacity 
alone would not suffice in any case. 

India can learn here from the experience of members of the International Energy Agency (IEA) in two key areas: 
siting storage facilities and developing the institutional capacity to manage strategic reserves. Any new construction 
entails heavy financial commitments ($615 million for just building storage for 13 days’ worth of oil). An alternative 
route to building storage facilities is to site some emergency crude oil stocks in three or four other countries, as is 
the practice among IEA members.
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India has drawn on the OECD’s three-stage mechanism of establishing oil emergency response organizations, 
stockholding oil, and implementing oil-stock drawdowns and other emergency response measures. But it needs 
a regulatory body to oversee the entire strategic petroleum reserve (SPR) process. It needs to coordinate with the 
government, the oil marketing companies and the India Strategic Petroleum Reserves Limited to ensure concerted 
action—from building and filling up the SPR to releasing crude oil and petroleum products in events of emergency. 
And it needs to replenish and maintain the SPR levels once normalcy has been restored. Also important is having 
storage facilities for crude oil as well as petroleum products, for which an Oil Stockholding Act could be considered.

An integrated policy environment 

Given the complexity of the energy system and the federal structure of the government, it is imperative to 
coordinate policy across all sectors. This coordination must be extended beyond energy supply and demand sectors 
to the institutional structures. An integrated energy policy can work only if it has an enabling environment and 
institutional structure ensuring efficiency and fairness. 

Industry. Given the negative externalities that coal-based power produces and the imperative to move towards 
renewables, a dynamic policy should incorporate the requirements of industry for electricity. Moving forward, the 
government should provide a consistent policy to enable industry to move away from captive power generation. 
Developing a smart grid that enables a two-way interaction and increases reliability is essential for industry. 

Similar action is required in planning for oil and gas demand. The fertilizer sector has shown a strong move away 
from naphtha and towards natural gas. It is expected that the demand for fertilizers will increase threefold by 2050 
and, given the paucity of natural gas, it is important to consider how this demand would be met, especially in a 
politically sensitive and relatively inflexible sector like agriculture. 

The government has shown a strong commitment towards combating climate change by monitoring energy 
efficiency through the Perform Achieve Trade (PAT) scheme under the National Mission on Enhanced Energy 
Efficiency, an example of a well-planned and consistent policy. The policy rollout has been a success, and as the 
performance of the first phase (2012-2015) gets audited, the need now is to maintain the momentum and include 
more sectors within the ambit of the programme. 

Transport. The transport sector has seen an expansion in personal vehicles, with hydrocarbons as the main fuel 
choice. It needs policy support to enable both a modal shift to public transport and a smooth and gradual transition 
towards greater use of biofuels and electric vehicles. The National Electricity Mobility Mission is an important step in 
promoting the uptake of electric vehicles by providing fiscal support. But it is also important to incorporate the allied 
infrastructure, such as charging stations required for successful implementation of electric vehicles. 
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A forward-looking biofuel policy is also important. Detailed policy guidelines have been provided for the first 
generation biofuels—from non-edible oil crops and bioethanol from sugarcane molasses. But the scope of expansion 
is hampered by limited feedstock and large land requirements. More advanced biofuels (lignocellulosics) have been 
identified as potential fuel options and there has been mention of encouraging R&D and financial support. But 
the current policy is only aspirational, and a clear roadmap is needed. Promising future biofuel feed stocks relevant 
to India must be identified. Gaps in conversion technologies need to be spelled out. An intensive national biofuel 
R&D programme, which creates awareness, encourages extensive research and has clearly defined goals, should be 
taken up. 

Agriculture. The agriculture sector has been growing at 4% a year since 2000. To boost its growth, measures will 
be required to improve irrigation and facilitate mechanization, and this would increase the energy requirements 
for land preparation and irrigation. The National Mission on Agriculture Mechanization envisages increasing 
the penetration of tractors and tillers. And the inter-linkages with water and other resources have prompted the 
government to introduce policies for electricity pricing, micro-irrigation, crop diversification, and energy efficiency. 
The sheer number of overlapping policies necessitates that mixed signals to stakeholders are not sent in order to 
ensure that the sector’s growth and modernization are not compromised. 

Residential and commercial. It is expected that 70% of the buildings required in 2030 are yet to be built. A 
forward-looking policy can prevent locking in energy-inefficient setups. Moving towards a mandatory Energy 
Conservation and Building Code should be considered. And since much of the urban infrastructure is yet to be put 
in place, proper urban planning and development of smart cities should be taken up now. In the current framework 
for smart cities, the focus is on walking, cycling and public transport. Growing vertically in smart cities is essential, 
since horizontally developed cities require travelling longer distances.

Only 30% of the Indian population lives in cities, a number expected to rise to 38% in 2050. It will be important 
to simultaneously increase living standards in rural areas and prepare for smart villages there along the lines of smart 
cities, possibly through decentralized options to enable the transformation to a resilient energy system. 

The commercial sector in India is also growing at a fast pace, owing to lifestyle changes and higher incomes. Shopping 
malls, hospitals and large office buildings have very high energy consumption, and many have been constructed in 
water- and resource-stressed locations—another area for urban and holistic planning. Appropriate energy pricing 
and regulatory signals could encourage the commercial sector to adopt more energy-efficient buildings, appropriate 
resource mapping and planning, and incorporating decentralized energy systems to complement centralized 
infrastructure.
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Institutional linkages. The institutional structure in the energy sector in India is quite complex, with several 
institutions at the state and central level and overlapping areas of jurisdiction and authority. This complexity, while 
natural to a federal structure, often impedes effectiveness. For example, the public sector generation companies are 
under the central government, while the distribution companies (DISCOMs) are under different state governments. 
Therefore, the generation companies would pass on an increase in fuel prices to the DISCOMs, but the DISCOMs 
are often unable to pass the higher prices on to the final consumers due to political pressures from state governments. 
This leads to an inefficient structure where DISCOMs bear the losses, which are in turn passed onto the exchequer. 

In sum, India needs an integrated energy policy that is stable and consistent and has a long-term vision. Such a 
policy would address the linkages between demand and supply for energy and non-energy sectors. It would ensure 
consistent supply of resources and map the intermittence or pattern of availability of the resource and incorporate 
this in the planning process. It should also manage and enable institutional structures required for a smooth 
transition to more liberal markets. Only an integrated policy environment can assess the needs across sectors and 
institutional structures. It would juxtapose often opposing challenges and interests and offer clearer direction to the 
stakeholders. And it would build trust in the system and ensure that it is possible to implement tough decisions, 
thereby reconciling economic rationality with political feasibility.



CHAPTER 1

India’s Energy Future
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By 2050 India may become the world’s second-largest energy consumer, behind China. Its decisions today will 
determine the shape and success of its energy system and have a major bearing on the global energy and emissions. 

India is aspiring to expand its economy and achieve development goals that require reliable, basic and clean forms 
of energy for all its inhabitants and industries. It must provide this energy by building infrastructure and markets 
that give it energy resilience in an increasingly volatile world. Marrying these two objectives is challenging yet 
achievable. It requires acquiring and adopting the right technologies at appropriate times and scales. It also requires 
planning ahead for supporting infrastructure to seamlessly integrate alternative fuels and technologies into the 
system, and having in place appropriate policy and regulatory regimes that send clear signals to all stakeholders. 
And rather than shy away from becoming exposed to global energy markets, it should learn to play the game that 
other major energy importers and consumers have played so well in the past.

Irrespective of the model or the country, four elements must be optimized to create a well-balanced energy system: 
infrastructure, technology, pricing and integration into global energy markets, all bound together by policy and 
political rationales. 

India is home to around 1.25 billion people,1 a population expected to grow to about 1.75 billion by 2050.2 And in 
working towards its goal of eradicating poverty and providing basic infrastructure, services and clean energy access 
to all, the Indian Government aspires to rapid and inclusive GDP growth that could double per capita incomes 
every decade. Against this setting, energy projections from all studies indicate that energy demand would increase, 
doubling or even tripling by around mid-century.  

Four main transitions are under way: from traditional fuels to modern; from rural to urban; from energy island to 
full integration into global energy markets; and from conventional fossil fuel to low carbon  technologies to ensure 
environmental sustainability. India’s policymaking has so far been geared towards providing everyone with access to 
energy, attempting to reduce fuel import dependencies and limiting carbon emissions without stunting the nation’s 
growth. This book argues that these goals are too simple. It also argues that high import dependence should not be 
viewed with apprehension. 

Many other countries have prospered while being net importers of energy, all because they accepted and embraced 
their role in global energy markets. India until now has not had to worry unduly about global energy markets—as 
a relative price taker. But it could gain more by increasing its engagement in global markets—perhaps to the point 
of even becoming a price maker. Accordingly, policies should be reframed to focus on ensuring the availability and 
affordability of appropriate energy fuels and technologies to different sectors and sections of society, embracing 
global markets and undertaking a more integrated and holistic resource planning approach over the long term. 
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The first transition is from traditional to modern energy fuels. Incomes in India are rising, yet 21% of the population 
lives below the poverty line. Nearly two-thirds of Indian households continue to use firewood, dung-cake and 
charcoal for their cooking needs. Rising wealth will see the second transition from traditional to cleaner modern 
fuels such as electricity and liquefied petroleum gas (LPG). But there are issues of both the availability and the 
affordability of these options to those in the lowest income brackets. While people indicate a willingness to pay a 
premium for reliable and clean energy, fuel stacking is clearly observed in many low-income households that have 
access to clean energy. In the interim, multiple technological solutions such as improved cook stoves may for some 
time remain important solutions to India’s clean cooking transition—before gaseous fuels or electricity become 
pervasive options.

While the total population is expected to increase by nearly 50% by mid-century, the urban share is forecast to 
reach 38% (from 31% in 2011)—665 million people in a country of 1.75 billion. A growing proportion will 
be aspirational middle classes with rising energy demands. Cities, if planned and managed well, can reduce the 
footprint of energy, food, water and land that are used and required by the population. Managed badly, they only 
make these resource stresses worse. This is the second transition.

Third, India will move from an energy island to a fully integrated major global player. Even with fairly significant 
energy efficiency assumptions in energy demand estimates, India’s total primary energy demand is projected across 
various studies and scenarios to increase between 1.9 and 2.7 times the 2011 level, and between 2.2 and 5.3 times 
by 2050/2051, a minimum increase of 40–60 metric tons of oil equivalent (mtoe) a year. Moreover, with the 
current substitution possibilities across end-use sectors, and the limits to immediate scale-ups, all projections point 
to the continuing presence of fossil fuels in the primary energy mix. India should not be afraid of high import 
dependence, but it should intelligently evaluate the benefits and trade-offs from investing in domestic production 
versus imports over the next few decades in planning its fuel and technology transitions. Whatever the outcome 
of future talks on climate, more and more countries are decarbonizing their energy systems, due to various other 
co-benefits associated with clean and efficient alternatives. India’s National Action Plan on Climate Change has 
clearly delineated energy efficiency, enhanced electrification of the energy system, a significant thrust to renewables 
and sustainable habitats as some of the key elements of India’s decarbonization story. More recently, India’s 
Intended Nationally Determined Contributions again reiterated pursuing energy efficiency and renewable-based 
development as a key element of India’s way forward in the energy sector. There is an increasing realization among 
government and private actors that, with India’s future supply and demand projections, they will be operating in a 
much different energy environment. And with the world’s energy systems in transition, India has an opportunity 
to take advantage of new decarbonizing technologies along the route to a sustainable national system. This is the 
fourth transition.
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The analysis here, when broken down into its components, points to India being on the right track directionally in 
developing its energy system. India plans to move towards increasing electrification, enhancing non-fossil energy, 
increasing more efficient rail-based movement and gradually adopting cleaner fuels and technologies. The capacity 
to undertake larger transformations is, however, likely to be limited by the required supporting infrastructure, 
finance and skillsets. Changes on both the energy demand and supply sides are likely to be incremental and spread 
across multiple energy sources and technologies—both existing and emerging. Moving to a scale and pace of 
change that is desirable would require alternative fuels and technologies to be available for adoption and up-scaling 
much more rapidly. It is against this background that the pursuit of R&D and innovation assume relevance for 
technological solutions and financing models suited to India’s context.

A simultaneous focus is needed in four areas:

•	Creating a step change in reducing energy poverty among India’s citizens, boosting energy equity.
•	Attracting investment from diverse sources for its future infrastructure needs and avoiding the risk of stranded 

assets.
•	Determining how India becomes more deeply engaged with global energy markets.
•	Moving towards more modern institutional structures (including those of international engagement) to create 

an integrated energy system that works for all, ensuring sustainability in India’s energy situation today—and 
through mid-century.

Population growth and economic development are the two main drivers of energy demand. Between 2001 and 
2011 India’s population grew from around 1 billion to 1.2 billion, with economic growth averaging 8% a year. 
Total primary energy demand grew at 5% a year; in 2014, 70% of it was met through fossil fuels (Figure 1.1). Coal 
and petroleum were the main fuel supply sources at 39% and 23%, respectively, while natural gas contributed 8%.3 
Residential, industrial and transport were the main consumers in 2014. In total final energy consumed, India that 
year used 20 exajoules (EJ), or around 478 mtoe. 

So, how does India compare with other countries previously at its income on the energy ladder? As of 2012 it is on 
track, with energy intensity as predicted for its income (Figure 1.2 and Box 1.1). How its energy mix would play out 
over the next decades, however, is still uncertain. North American countries, particularly owing to their sprawling land 
use (and cheap energy), are very energy-intensive. It is not likely that India will end up at these levels—nor should it 
aspire to. Western European countries, in contrast, see lower intensity due to higher prices and greater energy efficiency 
(partly due to more imported forms of energy). So the energy implications of India’s future development trajectory 
would depend on the progress of technological development and diffusion globally, the availability of finance, the 
status of domestic policy reforms and regulatory structures, and the role in global energy markets. 
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F i g u r e  1 . 1 . 
Fossil fuels met 70% of India’s primary energy demand in 2014
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F i g u r e  1 . 2 . 
India is on the appropriate rung of the energy ladder, 1960–2012
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B o x  1 . 1 . 
Energy demand grows with income 

Economic growth and energy demand show an inexorable relationship—as a country gets richer, it consumes 
more energy. But the relationship is not linear—it tends to follow an S-curve. As the very poorest countries 
start to get richer, they tend not to use significantly more energy. When average incomes reach $4,000 a 
person (in purchasing power parity, or PPP), demand tends to accelerate, usually as a country enters its stage 
of industrialization. In other words, energy intensity rises. At around $15,000 a person, demand growth 
eases, as some uses approach saturation (for example, steel production) and the economy diversifies from 
industrial to service activity. But even at the highest incomes observed today, the total energy consumption 
per person still rises. 

While there is consistency in the overall pattern, there is some variation in the exact acceleration point. China 
started accelerating at the typical $4,000 a person, a point it passed a few years ago. Thailand and Malaysia 
began accelerating at closer to $3,000 a person, and Brazil not until around $6,000 a person. 

The point when energy demand growth slows varies significantly. Countries with higher primary energy demand 
(250–350 GJ a person a year) tend to be correlated with more dispersed land use (United States, Australia), be 
in colder regions (Canada, Finland) or have abundant energy resources (United States, Russia, Gulf countries). 
The EU and Japan, with higher population densities and lower indigenous energy resources, have primary 
energy demand of 150–200 GJ a person. 

After income, price is the second most important factor determining long-run energy demand in a country. 
Examining price effects tends to help understand some—though not all—of the differences between country 
paths up the energy ladder. Major resource holders have cheaper energy available and have often subsidized its 
use. Countries often began their acceleration during periods of relatively low energy prices (Thailand 1980s, 
Philippines 1990s). Assuming a typically European or American development pathway for developing countries 
makes an enormous difference to any outlook for the world’s energy demand in 2050. 

Developing countries are likely to be able to follow pathways towards the lower half of the range (Figure 1.2 
in the main text) for three reasons. First, there is a (weak) tendency for countries that have developed in more 
recent times to have lower energy ladder pathways than countries that developed decades ago. Second, running 
the econometric equations to extrapolate developing country demand based on the derived elasticities leads to 
pathways similar to those in the EU and Japan today. Third, extensive and wasteful use of energy is less likely 
than in the past.

Source: Shell’s World Energy Model. 
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With a need to balance rapidly increasing demand with reliable and clean energy supply as much as possible, some 
may argue for India to follow the pattern of Southern Europe, where countries show some of the lowest intensity 
among developed economies. In contrast, both South Korea and Taiwan are resource-poor economies which chose 
economic pathways that relied on the creation and growth of heavy industry. Now at GDP per capita levels on 
a par with the world’s richest countries, they are beginning their transition into economies with more services 
and personal consumption. And both took advantage of low global energy prices to begin industrializing. The 
deregulation of prices was also crucial in facilitating the modernization of those two economies, and India would 
be taking a risk if it chose to adopt this approach, not knowing how long today’s suppressed prices might last. 

However, each country is unique in terms of its resource endowments, its economic structure, population 
distribution, geographical spread and features, making it impractical to emulate any other country’s specific 
development pathway.

Large countries like India tend to spread out more, increasing the pressure on transportation services. Moreover, 
energy and emissions may differ simply in the way we account for consumptive versus territorial emissions, that 
whether extraction and conversion of energy and production of goods occurs within the country itself or happens 
outside the geographical boundaries.

Structurally, countries with  higher-value-adding industries are likely to have lower emissions intensities than those 
with a large share of energy-intensive manufacturing and a large labour force that needs employment. 

To explore how India’s energy system pathways could develop, we considered selected outlooks from The Energy 
& Resources Institute (TERI), the Council on Energy, Environment and Water (CEEW) and Shell’s Scenarios 
Group. Details of the models and the results are in Appendix 1, and the high-level assumptions in Table 1.1. The 
key takeaways from the modelling scenarios are discussed through this chapter.
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Ta b l e  1 . 1 . 
High-level assumption of seven scenarios

Institution Scenario Assumptions

CEEW Watch and wait 
(W&W)

Developments in the energy system progress as with current policies, albeit 
with an awareness of the impact of unbridled energy consumption. No 
constraints are imposed on economy-wide CO2 emissions. Interest is sustained 
in furthering the role of coal and the rollout of renewables to the extent that it 
is needed to bridge the gap that fossil fuel-based sources leave.

CEEW
Low-carbon 
inclusive growth 
(LCIG)

Industrial, residential and commercial sectors exhibit high levels of efficiency. 
A switch to efficient fuels is encouraged in industry. There is a significant shift 
in the power sector mix where aggressive rollout of renewable sources is a 
policy target.

Shell Mountains (MTNS)

Slower economic growth, and rigid institutions and structures slowing reform 
but more successful implementation of policy and top-down initiatives. 
Coal remains the backbone of the energy system yet natural gas grows in 
importance.

Shell Oceans (OCNS)

Significant reform driving faster economic growth and greater empowerment 
of the populace runs counter to many proposed policies. Distributed and 
localized schemes are the most effective way of driving infrastructure and 
consensus. Large breakthrough for solar PV, though reliance on oil remains.

TERI Business as usual 
(BAU)

Official economic and population growth rates, no major policy or other 
interventions assumed, current trajectories assumed to continue with little 
stresses on supply or demand.

TERI High renewables 
(RES)

Aims for reduced imports and increased dependence on domestic production 
on the supply side—and for efficiency improvements and technology leap 
frogging on the demand side. Includes the added angle of environmental 
conscientiousness, moving heavily towards renewables.

TERI Increased domestic 
production (UCG)

Also aims for reduced imports, though in this case by featuring higher 
domestic production of fossil fuels, including unconventional sources like 
coalbed methane and shale gas and less stringent environmental policies.  
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How might India’s total primary energy mix look in 2050? While there is some variance, the continuing role of 
fossil fuels is clear whichever scenario is studied, but across scenarios the magnitude of renewable penetration 
clearly is sensitive to the scenario (Figure 1.3). 

F i g u r e  1 . 3 . 
Renewables penetration is clearly sensitive to the scenarios
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On an energy-intensive industrialization pathway

India is yet to set up basic infrastructure for providing education, health services, road connectivity and housing 
to all its people as it develops, so the reliance on energy-intensive industry is expected to continue. Given the 
large amounts of energy to produce iron, steel, paper, cement and aluminium—and their relatively low value 
added—India’s energy intensity could rocket (until its economy shifts to light manufacturing and services, likely 
around 2040–2050). More than requiring vast amounts of energy, this initial stage will require vast amounts of 
high-quality heat, which for the foreseeable future will have to be delivered by fossil fuels (Figure 1.4) and their 
derivatives because electricity cannot deliver the “correct” form of energy (high-quality heat/steam) (Box 1.2). 
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B o x  1 . 2 . 
Why fossil fuels are needed for an industrializing economy
Fossil fuels are essential in most fundamental industrial processes, such as chemical manufacturing.
The ubiquitous mobile phone and the much talked about solar PV cell are just the tip of a vast energy-consuming 
industrial system, built on base chemicals such as chlorine, but also making products with steel, aluminium, 
nickel, chromium, glass and plastics (to name but a few). The production of these materials alone exceeds 2 
billion tonnes annually. All of this is of course made in facilities with concrete foundations, using some of the 
3.4 billion tonnes of cement produced annually. The global industry for plastics is rooted in the oil and gas 
industry as well, with the big six plastics all starting their lives in refineries that do things like convert naphtha 
from crude oil to ethylene. 

All these processes are also energy intensive, requiring utility scale generation, high temperature furnaces, large 
quantities of high pressure steam and so on. The raw materials for much of this come from remote mines, 
another facet of modern life that OECD nations no longer see.

Economic growth requires consumption of huge amounts of raw materials, all of which require energy-intensive 
processes to convert them into useful products and goods for society. These large-scale processes will inevitably 
draw on the energy-dense fossil fuels, since in many sectors electricity is no substitute.

Germany already has an existing and fully functioning fossil fuel and nuclear baseload generation system 
installed, which can easily take up the slack as intermittency brings renewable generation to a standstill. But the 
cost is almost never included in an assessment of the cost of renewable power generation. In Germany this is a 
legacy system so it is taken for granted. But for countries now building new capacity and extending the grid to 
regions that previously had nothing, this is a real cost that must be considered.

The German experience shows that you can shift to renewables more easily when you already have a fully 
depreciated fossil and nuclear stock and your demand is flat. Otherwise, this could be a potentially costly story 
that relies on storage technologies that are not yet in mainstream commercial use.

Source: Adapted from http://blogs.shell.com/climatechange/2014/03/heartland/
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F i g u r e  1 . 4 . 
Fossil fuels to supply majority of industry’s energy needs, even in 2050
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Climbing the energy ladder

All of the models and scenarios indicate that India’s total energy consumption would increase significantly by 
2050, but a significant level of efficiency improvement across sectors is already internalized into all the alternative 
scenarios (to reflect stringent assumptions on global improvements in energy efficiency as well as effective policy 
in India) already, ensuring that the country remains on a more efficient lower rung (Figure 1.5). Since India’s 
capital stock is (and will remain) relatively young, it has the second mover advantage in many cases and may have 
several choices to incorporate improvements in energy efficiency. However, technologies as they exist globally may 
need innovation and adaptation to India-specific socio-economic and climatic factors to be successfully integrated. 
Further, effective pricing and policy measures to contain the rebound effect would be important. 

F i g u r e  1 . 5 . 
Still on the lower rungs in 2030 and 2050
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Increased role for renewables

With industrialization causing a surge in demand and fossil fuels evidently irreplaceable in some areas, are there 
ways for renewables to feed India’s industrial growth aspirations? Most countries’ consumption is split into three 
main areas: industry, residential and commercial, and transport. For India in 2011, industry alone accounted for 
40%, at nearly 190 mtoe (Figure 1.6).
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F i g u r e  1 . 6 . 
Industry took 40% of final consumption in 2014
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Renewable-based generation, more expensive than coal, still faces intermittency and a grid that is not yet ready to 
manage variable loads and ensure smooth power evacuation. Before committing itself (and the associated capital) 
to a fossil-heavy future, should India instead consider shifting large sums of money to a more expensive, yet greener 
renewable-based system? And should a resilient energy system have one primary energy source supplying too great 
a share of the mix, which would affect system stability and security and distort the regulatory climate for public 
and private investors?

First, renewables largely generate electricity (the discussion here focuses on the two main sources, solar and wind). 
This may seem obvious, but its significance can be demonstrated with a basic understanding of the energy system. 
Primary energy sources cannot really be consumed in their raw form. Primary energy sources (oil, gas, coal) must be 
transformed into energy carriers (electricity, petrol, diesel) so that the end-user (residential, industry, transport) can 
actually use the energy (Figure 1.7). Some energy is lost as a primary source is transformed into an energy carrier 
(averaging 40–50% for electricity, and 10% for petrol/diesel). 
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F i g u r e  1 . 7 . 
From primary energy to carriers and to final use
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So, while electricity is an energy carrier used across all the end-use sectors, it makes up only a fifth of India’s total 
final consumption today. The balance comes from liquid/gaseous/solid hydrocarbon fuels, along with various forms 
of biomass. The transport sector in particular is largely dependent on petroleum fuels accounting for only 2% 
electricity, while the industry has 44% of the demand based on electricity, and residential sectors 22%. Any drive 
to increase the use of solar and wind sources would thus need to simultaneously enhance the rate of electrification 
across each of the end-use sectors. This brings several other challenges associated with the preferences of consumers, 
the amenability of electrification to end-uses and the costs of infrastructure associated with electrification. Consider 
the potential investment and rate of build required to bring in large amounts of renewables in the extremely 
aggressive case of Oceans—up 350% from business as usual (Figure 1.8). Even in Mountains the investment 
compared with Business as Usual is around 175% greater than 2010 levels. 
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F i g u r e  1 . 8 . 
Electricity fuel mix in generation 
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Even in Oceans, more than 60% of primary energy would still be fossil-based. The estimates from CEEW’s India 
National Energy Model (INEM) also indicate that, even with determined goals to cut CO2 emissions (LCIG 
scenario), more than 85% of the total primary energy is likely to come from fossil fuel-based sources. Some might 
argue for an even more aggressive roll-out, but India is performing at similar levels to China in its demand for 
renewable energy at varying levels of GDP (Figure 1.9).

F i g u r e  1 . 9 . 
On renewables deployment India matches China in Mountains and the OECD in Oceans
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India is already on the right path, by indicating, in its submission to the UN Framework Convention on Climate 
Change, an aspiration to deploy renewables aggressively so that non-fossil sources account for 40% of India’s 
electricity generation capacity by 2030.4 Plausible alternative future pathways from the scenarios here show that 
solar and wind can both grow to supply a useful share of total energy demand. But this must be tempered with 
realism. On cost, solar may out-compete fossil by the mid-2020s on the levelized cost of electricity, but system 
costs will also add to the bill. So, a very large share of renewables should be adopted only once these technologies 
are economically more viable and their applications technically sound. It may be prudent to focus initially on niche 
sectors and user groups that could benefit from renewable applications. In the interim the focus could be on R&D 
to bring costs down further, improve efficiencies and align supporting frameworks and infrastructure to ramp up 
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capacities. The prime candidates include remote rural areas that are not connected to the grid or urban commercial 
centres (hotels, hospitals, office buildings) where poor quality grid-based electricity is responsible for near complete 
dependence on captive generation using expensive and polluting diesel. 

For India, intermittency remains an unaddressed challenge. Using the latest data, Shell analysis shows that in 
Germany, the intermittency from large installations of wind and solar PV can be managed using existing fossil 
fuel and nuclear baseload generation.5 Renewable advocates may omit the cost of this back-up generation in their 
arguments for rapidly deploying technologies. For a country with a well-developed legacy energy system, these 
base-load providers are taken as a given. But when designing new capacity, planners and other analysts cannot 
neglect the generation capacity required as a baseload to counter renewable’s intermittency, and that demands a 
huge investment. CEEW research finds that the planned 100 GW of solar capacity would require an additional 
investment of $20–$33 billion in gas-based back-up capacity, over and above the $100–$113 billion of capital 
investment in the solar projects alone.6 

Renewables could be very important in providing access to electricity in remote areas that are not connected to 
the grid. But the rapid scale-up of renewables is likely only with better storage technology, the availability of a 
supporting grid and conducive policies to enable renewable uptake. Again, India needs to consider a judicious plan 
for the transition to renewables—carefully analyzing the tradeoffs related to locking in fossil-based options while 
fast-tracking renewable-based generation capacities and its support infrastructure. With energy shortages of 5% 
and peak shortages of 2% in 2013, the country cannot meet its energy demands today. And with envisaged GDP 
growth of more than 8% a year for the next couple of decades, India would have to continue to rely on fossil-based 
capacity generation as well. 

Importing fossil fuels: essential for an industrializing India

For many years, global emission regulation conferences have emphasized the need to modernize energy systems by 
shifting from carbon-heavy fuels to cleaner alternatives. But a continuing surge in upstream oil and gas investment, a 
huge rebound in North American oil and gas production, and concerns about the burden of investing in renewables 
at an early stage of a country’s development temper the urgency of that shift. 

In little more than a decade the proportion of India’s energy imports more than doubled, from 15% in 1990 to 
38% in 2012. By 2050 energy import dependency could range between 40% and 90% across the energy scenarios 
(Figure 1.10).
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F i g u r e  1 . 1 0 . 
Energy imports could range from 40% to 90% by mid-century
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Some may argue that such volumes do not take into account the inevitable efficiency gains, but the opposite is 
true. The Oceans, High Renewables and LCIG scenarios have very aggressive assumptions for efficiency, so even 
though policy- and price-driven initiatives will help keep volumes down, they cannot completely remove the need for 
continued imports. And those who argue that unleashing India’s shale gas potential will have a substantial impact on 
trade balances will see that, while slightly reducing gas import volumes, it does not materially alter the picture. 

That said, projected import costs may trigger the question of “energy security” in many people’s minds. But over 
the last few years, informed deliberations have steadily moved away from focusing on energy self-sufficiency alone 
to including elements of the adequacy, affordability, reliability and overall sustainability of resources in the long 
run (Chapter 5). Understanding what energy security is and how it should be defined is still not quite settled. But 
energy security is not the simple aim of minimizing the share of imported energy in the primary energy mix. It 
is more an issue of guaranteeing secure supplies to final users of energy and reducing the threat of geostrategic or 
price shocks emanating from abroad. Energy security is fundamentally about ensuring that energy disruptions do 
not interfere with economic activity. 

Consider India’s position today. Despite having one of the largest coal resources in the world, India’s domestic 
production has not been able to keep pace with its growing demand for coal. From importing a mere 23 MT in 
FY2002–2003, it imported more than 140 MT in 2012–2013. Across the modelling scenarios the results suggest 
that India may require coal imports of some 740 to 2,140 MT in 2050. For oil, imports could rise from 2 million 
barrels a day to 6 or 7 million by 2030. For gas, imports could be around 100–150 mtoe a year by then.

These numbers might seem high. But how do they compare with other large energy-importing nations such as 
Japan? For oil, despite India’s possibly becoming the world’s largest oil importer, its import share as a proportion 
of GDP would be no more than around 2%—Japan’s in 2010 was 3.6%. For gas, Japan’s imports were 0.9% of 
GDP in 2010—a share that India will be unlikely to surpass even by 2050, according to the Mountains and Oceans 
projections. Through a balance-of-payments lens, these future import volumes are manageable. So, if India wants 
to meet the needs and aspirations of its people, as of now it simply does not have the option of using alternatives 
to oil at a sufficient scale. 

Transportation for a growing population

Another important demand segment is for transportation, predicted to grow rapidly as the population and 
incomes rise. When comparing outlooks across the road transport sector, even with aggressive assumptions for the 
penetration of biofuels and energy efficiency, the sector will continue to rely on oil products for the majority of its 
needs (Figure 1.11). This points clearly to a lack of adequate fuel and technology alternatives. Energy efficiency also 
shows up as a key element to contain the spiralling demand for petroleum fuels in the shorter term. 
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F i g u r e  1 . 1 1 . 
Transport will continue to rely on oil products for most of its needs 
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India should pay particular attention to its imports of natural gas, since global LNG volumes are expected to 
increase as the LNG business continues doubling every decade. More important, LNG is readily available from 
global sources through a well-established delivery mechanism, with a resource base big enough to last for more than 
200 years at current rates of demand growth. 

It would be in India’s interests—as it becomes as significant to global markets as the United States was before its 
shale bonanza—to have a diversified supply, a balanced primary energy mix and, if possible, a level of redundancy. 
The way Japan dealt with the disruption from the Fukushima Dai-Chi disaster shows that this approach can 
work. For that reason, a fully functioning and liberalized global energy market is in India’s interest and worthy of 
attention for its energy diplomacy and foreign policy. 

India has often been frustrated when dealing with energy bodies, and there is no overriding global governance for 
international energy markets. So, India should work with other second-tier energy consumers, especially among 
Asia-Pacific countries, to shape institutions or create a regional energy regime. 

The more oil, coal and gas available through international trade, the more secure India’s energy system will be. India 
is not an outlier in its reliance on imports, and it should accept and then prepare for the path towards integrating 
with a global market. Its dealings with that market will mark no small change, as will the need for more modern 
institutional structures to govern all energy matters. Those dealings will also require large infrastructure investments 
(particularly in port capacity), and a much louder voice for efficient energy markets in its foreign policy. 

Energy for an urbanizing India

The world’s cities hold 3.6 billion of its people, roughly half the world’s population. By 2050 the number could 
increase to 6.3 billion—around three-quarters of the world’s population. Just three countries—India, China and 
Nigeria—together are expected to account for 37% of the projected growth of the world’s urban population 
between 2014 and 2050. 

As the number of cities and the size of these cities grow, so will their footprint and use of energy, water and food—
demand for all three could rise by 40–50% by 2030. Global demand for energy could rise by 80% by the middle 
of the century, with the demand coming from cities up from 66% today to 80% by 2040.

These projections have implications for the way cities are designed and managed. With so much future resource 
demand concentrated in urban hubs and with so much incremental demand to meet urbanization presents a huge 
opportunity to minimize our footprints and become more efficient in the use of energy, food, water and land. 
Denser well-planned cities could be much more efficient than those that are unplanned and sparsely spread out. 
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Urbanization, if planned and organized badly, risks stressing resources further. To quote Shell and the Singapore 
Centre for Livable Cities’ New Lens on Cities:

Well-designed and managed cities can act as powerful engines for economic development and 
prosperity—and help to nurture innovation and collaboration. But cities that develop poorly affect 
quality of life, have negative environmental impacts including higher greenhouse gas emissions, and 
can be the source of social and political strife.

The genuine underlying user demand is for the kilometres driven, and not for litres of petrol consumed. In 
Mountains, centralized government and effective policy feed through into better designed (and smarter) cities, and 
inhabitants can live closer to their place of work or use fully integrated public transport systems. This lowers the 
vehicle kilometres driven by around 2,000 kilometres per person a year from low-density development in many 
other parts of the world (Figure 1.12). 

F i g u r e  1 . 1 2 . 
Smarter city planning in India can reduce transport demand 
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There is no single correct method or approach, but with India’s being one of the main engines of global urban growth 
and with its well-documented resource stresses, it must make urban planning as one of its top priorities for building 
an efficient and resilient energy system. The recent Smart Cities initiative must focus on evaluating integrated and 
innovative solutions to urban planning, keeping in mind the India-specific needs and contexts.7 Appropriate and 
low-carbon development to improve livelihoods in rural areas and the creation of many more centres of dynamic 
urban development could reduce pressures for migrating to existing urban mega agglomerations.

Reducing energy poverty with cleaner fuels

Even with India’s rising incomes, 21% of the population lives below the poverty line. Nearly two-thirds of the 
households use fuels such as firewood, dung-cake and charcoal for cooking. Rising wealth will usher in a shift from 
traditional fuels to cleaner-burning, more modern fuels such as LPG and electricity. Making these fuels available 
for the lowest income rungs will reduce energy poverty. The focus must be on ensuring the supply of cleaner fuels 
for all levels of society and lifting as many as possible out of energy poverty. 

Much energy poverty is linked to energy access. India has deep divides in the quantity and quality of energy 
consumed across income groups and between rural and urban households. Despite six decades of independence 
and more than two decades of economic liberalization, energy access remains grim: nearly 20% of households 
consume no electricity, almost 94% of them in rural areas. For cooking fuels, nearly two-thirds of households 
consume no LPG, 85% of them in rural areas, with firewood as the predominant (possibly preferred) cooking fuel. 
The largest survey of multidimensional energy poverty in India, conducted by CEEW and Columbia University, 
found that only 5% of rural households exclusively used LPG for cooking.8 This has terrible consequences for the 
quality of indoor air and the health of women and children, often more exposed to the emissions.

As per capita incomes rise in rural areas, the fraction spent on energy declines (Figure 1.13). And as people move 
up the income ladder, they prefer more efficient fuels like LPG and electricity. 
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F i g u r e  1 . 1 3 . 
Spending on fuel in rural areas falls as incomes rise
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How might fuel use in domestic cooking and water heating evolve? The Mountains scenario is an environment 
of strong state intervention and large pan-country initiatives. Oceans rely more on a bottom-up, disaggregated, 
distributed response (Figure 1.14). Both scenarios see a reduction in traditional biomass as incomes rise, so this fuel 
use should decline. But in Mountains clean cooking technology means that biomass is cleaner and more efficient. 
In Oceans stronger economic growth and higher energy prices lead to greater proliferation of distributed solar 
photovoltaics, with their off-grid capabilities also attractive in a world of fewer large infrastructure projects and 
faltering grid improvements. 

Similarly, TERI’s analysis indicates the need for multiple solutions targeting different user groups. TERI and 
CEEW’s rural energy surveys reveal that even if households had LPG available, many resorted to fuel stacking 
for cooking solutions and continue to use biomass as well. This clearly indicates that LPG may not be the best 
solution for those who would like to continue using biomass for various reasons, and improved cookstoves may be 
as relevant a solution for a large section of people.10
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F i g u r e  1 . 1 4 . 
Traditional biomass for domestic cooking and water heating declines as incomes rise 
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In TERI’s alternative RES and UCG scenarios the final energy demand of the residential sector grows to 242 mtoe 
by 2050, about 26% lower than the demand in the BAU scenario. The difference is in electricity use, which by 
2030 is 23% lower than in the BAU scenario. This reduction occurs due to higher penetration (100% by 2050) 
and use of efficient household appliances, such as air conditioners, refrigerators and LED lighting. But traditional 
biomass remains the most popular fuel choice, especially in rural households, although the penetration of improved 
cookstoves is assumed in both scenarios to reach 50% by 2050. Improved cookstoves are up to five times more 
efficient than traditional variants, bringing health benefits as well as energy savings. This analysis clearly indicates 
the role of technology progress in reducing energy demand along with appropriate changes to policy and regulatory 
frameworks.

The final residential energy demand in the BAU scenario grows 19 times, from 16 mtoe in 2011 to 300 mtoe by 
2050. Petroleum products and electricity are the two most popular fuel choices. 
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In the RES and UCG scenarios the final energy demand rises to 74 mtoe and 249 mtoe by 2050, 17% less than in 
BAU. A fall in electricity use is also seen, with savings of 20%. The reduction occurs due the assumption of a 5% 
reduction in the Environmental Performance Index every five years from 2011 for air-conditioned buildings. An 
increase in green building penetration in new-built areas is also considered (from 1% in 2011 to 13% in 2021 and 
26% by 2030).

The analysis shows that, while there are different pathways to getting energy to the population affordably, they 
all demonstrate a shift from traditional fuels to modern fuels. How India facilitates this process will reflect policy 
preferences and the right pricing regime, but priorities should be reframed to cater to the different (consumption 
and production) energy demands of citizens of various economic strata and to direct energy subsidies more 
efficiently to the poor.11 

To meet its developmental growth targets, India needs to make rapid progress on technological changes, but it 
must do so in a clearly planned and phased manner—supported by a well-structured policy and institutional setup, 
greater integration with world markets and a more holistic and integrated energy and infrastructure planning 
system. 

Preparing for a decarbonizing world

India may also find itself in the midst of conditions not entirely of its own making. With the global population 
growing to 9 billion by 2050 and huge numbers rising out of poverty, developing countries, such as China and 
India, could more than double their final energy demand over 2000 levels and account for around two-thirds of 
global energy use by 2050. 

This growth in energy demand comes with huge challenges, among them is the rate of emitting carbon dioxide into 
the atmosphere. Meeting global—particularly developing-country—energy demand is a fundamental requirement 
to continue building a better quality of life for citizens. But carbon emission trajectories show, under both Mountains 
or Oceans assumptions, that global warming will not be kept to a rise of 2 °C (Figure 1.15).

India’s emission pathways are not for debate here. But policymakers must be aware that many countries will be 
reducing the emissions their energy systems produce. More than a few developed countries will be in a strong 
position to do so, with their economies now slanted more towards services and personal consumption than 
industry. India has an opportunity, though, to enter partnerships and agreements with these leading countries to 
benefit from their learning and technology for cleaner energy, without compromising its own economic growth 
plans. 
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F i g u r e  1 . 1 5 . 
Emission profiles across scenarios 
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Conclusions

India’s population and economic growth point to stresses on its energy system over the next 35 years, but the country 
should not be hoping for a silver bullet. There isn’t one. Instead, both supply-side and demand-side measures must 
be put in place for incremental change. 

Three final points. First, India’s future energy demand will be large, no matter the projection. India will continue to 
have a significant requirement for oil, gas and coal, and so needs to adjust to the step changes it will have to make 
in dealing with global energy markets and in building institutional structures. Second, it has a real opportunity to 
put in place forward-looking policies for urbanizing efficiently and for managing the associated stresses in energy, 
food, water and land. Third, the debate on energy access should be refocused on lifting people out of energy poverty 
and shifting from traditional to more efficient and cleaner burning fuels. Technologies can ease this transition. In 
addition, energy policy should focus on the following objectives: reducing energy poverty by providing energy to 
every Indian, securing stable energy supplies and limiting carbon emissions without stunting economic growth. 





Infrastructure for an 
Integrated Energy System

CHAPTER 2
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Even in a scenario with intensive efforts to shift the energy system to a low carbon trajectory, fossil fuels will play a big 
role. These fuels have been the backbone of the energy system, and planning for augmenting capacity has been firmly 
in the hands of the public sector. But the scale of infrastructure to provide for the rising energy demand and to enable 
a transition in the energy system will need more coordination between the public and private sectors. 

A simple illustration of the shifts in planning for long-term infrastructure is visible in the (power generation) 
developments proposed in the 10th and 11th Five Year Plans and how they panned out—and the outlook in 
the 12th Plan for 2012–2017 (Table 2.1). Although the illustration is for electricity, it typifies the continuous 
changes across different elements of the energy system—changes that may completely revamp the landscape in 
the next decade.

Ta b l e  2 . 1 . 
Thermal-based generation plans

  10th FYP (2002–2007) 11th FYP (2007–2012) 12th FYP (2012–2017)

  Planned (MW) Achieved (MW) Planned (MW) Achieved (MW) Planned (MW)

Centre 12,790 6,590 24,480 12,790 14,878

State 6,675 3,553 23,301 14,030 13,922

Private 5,951 1,970 11,552 21,270 43,540

The key feature is the growing scale of the demands made on each player. At lower levels of demand and with a 
very strict planning (and resource allocation regime), the role of the government was immense. As indicated by 
the achievements over the plan periods, while the private sector had difficulty meeting its capacity quota in the 
10th Plan period, it has outperformed the public sector in recent years and the expectations for it in the years 
ahead are also significant. Concomitantly, the role of the public sector (both central and state) is likely to decline 
with the increasing tilt towards renewables, although the public sector would remain the prime mover for  hydro 
and nuclear-based generation. These would continue to be needed in the short to medium term to support the 
transition in power generation.

Even in the upstream energy sectors—for the production of coal and gas—more coordination is needed to ensure 
that private sector demands and the terms of their contracts are met. In coal, the fuel supply agreements are not 
fully honoured, and in gas, because of preferential allocations, the power sector ends up suffering when there is a 
shortfall in supply. Downstream, the transmission infrastructure has not come at the pace required. Until the 11th 
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FYP, growth in the transmission network (measured in circuit kilometres) was higher than the growth in generation 
capacity (measured in MW). But in subsequent years, generation capacity has grown at more than twice the rate of 
the transmission network.12 Interestingly, renewable energy, to be a pillar in power sector growth in the years ahead, 
is almost entirely in private hands. And its success is likely to be severely hampered unless there is proper planning 
for the requisite transmission infrastructure.

Until the last decade the main drivers of energy policy were the two key objectives pursued by successive 
governments—energy access and energy security. Providing energy access to India’s entire population has been a 
top priority of policymakers for a long time, making it equally or even more important than energy security. With 
dedicated programmes to tackle energy access and a move away from autarkic definitions of energy security in the 
globalized world of energy production and consumption, the focus must firmly shift to strengthening the supply 
backbone to support India’s rapid and robust growth in energy consumption. 

Building and using infrastructure has traditionally been carbon-intensive—power generation, urban amenities 
and transport have particularly broad carbon footprints. India has taken a voluntary (though non-binding) 
decision to reduce its emission intensity. In addition, the government has over the last year been aggressively 
positioning for 175 GW of installed capacity by 2022. Achieving this target will require resources to be mobilized 
at a pace never before achieved. So developing infrastructure in a manner that will be sustainable while staying 
aligned with India’s growth, energy security and poverty alleviation objectives will be a major challenge over the 
next few decades.

The World Economic Forum, while ranking India 56th (of 142 in 2011) in the ease of doing business rankings, 
suggested that inadequate supply of infrastructure was the single biggest bottleneck for doing business in the country. 
The barriers range from financial constraints to cultural behaviours and to the lack of appropriate institutions for 
reigning in energy policies under one umbrella and, most important, to the need to transition to an energy system 
that looks very different from what India has in place today.

Energy consumption and the infrastructure required

As part of the effort to illustrate the scale of infrastructure required, two scenarios were evaluated using CEEW’s 
India Energy Model (INEM), which are used to discuss the broad energy sector infrastructure requirements in the 
following section. While the  purpose is not to be deterministic about the level of infrastructure, the intent is to 
provide useful directions to infrastructure planning in India’s transitions. 

In the reference scenario for the analysis (W&W), the total primary energy supply rises from 700 mtoe in 2011 
to approximately 2300 mtoe  in 2050. Coal constitutes about 66% of the total primary energy supply (1600 
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mtoe, or 3 billion tons of coal) in 2050. This demand for coal is nearly six times current levels. Natural gas 
consumption rises fivefold by 2050 (150 mtoe or 176 billion cubic metres).13 Power consumption increases 
six-fold, and the overall energy consumption by households and commercial centres only doubles by 2050, 
thanks to the drop in traditional biomass and the move to commercial biomass and modern fuels in households. 
Transportation energy demand nearly quadruples to nearly 270 mtoe by 2050, and agricultural demand more 
than doubles to 62 mtoe.

In the INEM, alternative sustainable scenarios, India’s energy demand comes down by a mere 5%, suggesting that 
many of the efficiency gains in Indian industry and other end use applications are likely to be internalized even in 
the reference scenario. Coal sees a significant reduction in use because of the constraint on overall emissions and 
constitutes only about 30% of the total primary energy supply . Since importing natural gas at the assumed prices 
is still expensive, there is little uptake of imported gas in the early periods of the analysis. But it slowly rises to reach 
nearly 770 bcm (around 640 mtoe) by 2050, 15 times that in the base year 2011. Even with more abundant and 
cheaper biomass (a competing fuel), natural gas consumption grows nearly 12 times. The preferred fuel source for 
the power sector, it accounts for 35% of the electricity generation by 2050. 

Non-fossil resources such as hydro-power, nuclear and renewables account for another third of the electricity 
generation. Renewables (as defined by India) account for a little less than a quarter of the overall electricity 
generation. There is a big shift away from fossil fuel-based generation. The transportation sector reduces energy 
use by more than 20% between the two scenarios, thanks to the greater efficiency associated with electricity-based 
traction—both in public and private vehicles. 

What does this mean for the infrastructure that will have to be created to extract, transport and consume India’s 
energy resources? The two scenarios allude to two significantly different energy systems where the contribution 
shifts from fossil fuels to renewable alternatives. 

Coal accounts for nearly 50% of the freight movement on the rail network, and the coal to be handled in the 
network is expected to be nearly twice that handled in 2011. Most is carried on the Howrah–Delhi and Howrah–
Mumbai routes. Both have been overused and not been running efficiently. Additional production from three 
major mines in Chhattisgarh, Odisha and Jharkhand will add substantially to the overall freight movements on 
the rail network. While the dedicated freight corridor is expected to alleviate some of the stress on these congested 
routes, progress has not been encouraging. More important, more than 70% of the proven coal reserves are in 
Jharkhand, Chattisgarh and Orissa, served by the Karanpura, Korba, Ib Valley and the Talcher fields. Increasing 
capacity to bring on board the coal mined from these fields also faces challenges from clearances for infrastructure 
projects in the forested tracts in these states. TERI’s analysis indicates that the cost of underground coal mining is 
much higher compared to that of imported coal. Moreover, given the need to wash Indian coal, the need to set up 
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additional washery capacities could also be avoided if the country were to rely on imported coal in supporting its 
requirements in the interim (transition) phase. While additional port capacities or transportation capacities could 
still be diverted to other uses, infrastructure and technology for underground mining and coal washing could 
prove to be unproductive investments in the future. The need to examine infrastructure lock-in prospects carefully 
is therefore required. While port capacity can be diverted to other bulk cargo, the investments need to factor in 
changes in requirements over time. 

In the alternative “sustainable view” of the energy system, electricity production relies on coal for 40% of the 
contribution, and the location and variability of the new generation sources pose different challenges for electricity 
transmission infrastructure with resources distributed unequally over the different regions of the country. The 
southern region of the country could shoulder nearly a third of the renewables capacity installed by 2030, but will 
have only a little more than 20% of the installed fossil fuel-based capacity. The southern region is also likely to see 
power deficits to the tune of 15 to 25 GW in 2030, so interregional transmission capacity has to be augmented 
significantly to provide for the demands of every part of the country. A fivefold increase in interregional capacity 
would keep the system balanced as per the INEM scenarios. 

The uptake of natural gas also increases in this alternative scenario and the pipelines will handle 40% more 
(in Toe km terms), while coal transport looks relatively unchanged between the two scenarios. India has a gas 
supply network of about 15,000 Km with a designed capacity of 151 billion cubic metres annually.14 This 
supply network enables natural gas to reach end consumers from several domestic production fields and import 
terminals. 

The coverage of the pipeline network determines where the gas would get consumed and accordingly limits the 
maximum availability to end-user capacity. The gas pipeline network currently is highly uneven and precludes 
access to most of the states due to a lack of connectivity with source. A massive 79% of total gas is consumed in 
the western and northern parts of country, due to the lack of connectivity in the other parts. This tempers the 
realization of the full demand for natural gas in the country, as many potential demand centres remain devoid of 
gas supply due to pipeline unavailability, therefore, planning for additional gas pipelines or deciding to go for LNG 
is another decision factor which requires due consideration.

Infrastructure and lock-in

Infrastructure investments today will determine whether India will be able to tread a low-carbon growth path 
tomorrow. The energy infrastructure capacity needed will roughly double every decade as per INEM. If so, the 
current installed capacity would constitute only a quarter of the capacity in 20 years (less with retirements and 
obsolescence). So the energy mix can change substantially over this timeframe, if incremental investments vary 
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significantly from the installed base. That makes it important to understand the different types of infrastructure 
lock-in that can arise and combat them with suitable actions.15

Policymakers should understand the three broad categories of lock-in that infrastructure is susceptible to. 

•	The first, technological lock-in, is related to the life of the equipment and the rate of new investment. Companies 
that benefit from existing technologies may actively try to prevent the emergence of new technologies in the 
market, either through market action or through influencing the policy process. The sustained use of coal and 
gas fired power units or the propagation of the urban form as envisioned in the 1960s in the United States are 
examples. For India a grid that is not prepared to handle variability in generation perpetuates the need to rely 
exclusively on baseload type steady generation sources.

•	Second is preference lock-in. Large infrastructure investments tend to shape individual and societal preferences, 
where people link certain levels of service with a specific way of life and are unable to consider alternatives that 
might deliver the same at a lower environmental footprint. India’s mega-cities could be a result of an innate 
preference for the existing centres and the agglomerations around them. 

•	A third kind of lock-in emanates from the political economy, which often facilitates technological lock-in 
and preference lock-in. Even where solutions are available, there may be impediments to adoption because of 
the differential ability of the affected parties to influence the policy process.16 Subsidies for the consumption 
of fossil fuels preclude even the wealthy from considering the impacts of their consumption decisions. And 
despite the large electricity deficit today, most natural gas-based generation stations are severely underused and 
do not find takers for the electricity they generate because of the cost. Take the $20 billion Dabhol natural gas 
power project, which is rated at 2,000 MW but has generated little power so far. 

The solutions to infrastructure lock-in are not obvious. They require breaking established preferences and choices. 
Only a healthy dialogue among the various stakeholders can identify the right investment strategy to avoid 
technology lock-in and consider how today’s policy choices will affect the ability to alter them later.

Regulating India’s future energy infrastructure

The command and control mode of governance that relied on state ownership of infrastructure services is gradually 
moving towards “government as regulator.” Public–private partnerships and private sector participation require 
that government achieves its priorities through independent regulation and through laws and contracts, a shift that 
remains inadequately understood.

In the energy sector, the Electricity Act (2003), Coal Mines Nationalisation Act (1973) and the Petroleum and 
Natural Gas Regulatory Board Act (2006) are pivotal in the regulation of the sectors they are responsible for. The 
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Electricity Act created central and state regulatory commissions that are unable to direct the developments in the 
sector without interference from the executive branch. For coal the coal controller does not have the independence 
of a regulator, and the ministry directly oversees the monopoly producer (also a public sector undertaking). For gas, 
more than 15 years of private sector involvement (through the New Exploration Licensing Policy) has resulted in a 
total investment of only $21 billion.

How can key issues that determine the effectiveness of regulatory institutions be resolved to make regulation 
meaningful and efficient? By paying heed to the federal principle (intrinsic to the functioning of any governance 
initiative in India), by separating powers (separate judicial power for an independent entity at the very least) and by 
ensuring democratic accountability (to the people and through the legislature, as opposed to the executive). 

Laws 

Future infrastructure demands a fine balance between economic development and environmental protection, along 
with maintaining social safeguards. In India “green clearances” are critical instruments to balance this trade-off. A 
delay in commissioning a single project usually has a serial impact on all the associated activities and investments. 
Consider the recently commissioned Kochi RLNG terminal, which is riddled with financial distress due to a lack 
of gas transmission infrastructure (specifically the proposed Kochi–Koottanad–Bangalore–Mangalore pipeline) that 
would actually deliver gas to large consumer markets down the supply chain. So it remains underused. Similarly, India’s 
ambition to ramp up oil production has also faced delayed clearances. Indeed, investments worth $12.4 billion in 
upstream hydrocarbon exploration were stalled for want of clearances from multiple ministries and state governments.

Across a range of infrastructure projects, most of the applications filed between 2003 and 2014, for new projects and 
capacity expansions, were granted environmental clearance. A CEEW analysis of more than 11,100 projects (for 
their environmental clearance status) reveals some interesting findings (Figure 2.1). Many projects across multiple 
sectors, especially in the industrial category (90%), are still awaiting forest clearances. Nearly 52% of the project 
applications filed in 2010 were still awaiting forest clearances in August 2014.17

Even if acquiring land has no social reservations, the process still takes up to 50 months (without accounting for 
extensions).18 Similarly, adhering to prescribed environment clearance process could take up to 940 days (including 
the time for environmental impact assessments and other scoping studies). The uncertainty of each individual 
clearance makes things even more daunting, since failing to obtain one clearance makes all other efforts wasteful. 

Regulatory delays, often a result of red-tape, disturb investment sentiment, evident in the withdrawal of major 
oil and gas exploration companies from India. India ranks poorly (142nd) in the World Bank’s Doing Business 
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reports. The current administration is trying to restore investor confidence through its ambitious “Make in India” 
campaign. The recent introduction of an online portal for project clearances is a step in the right direction. 

F i g u r e  2 . 1 . 
Approved projects awaiting forest clearances across various sectors, 2003–2014
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Regulating energy infrastructure through contracts

Concession agreements and contracts signed by public authorities and private entities govern several 
infrastructure projects and services. The agreements also set tariffs and performance standards that typically 
are subjects of independent regulation. A well-defined contract can lead to greater predictability and 
enforceability for provision of infrastructure services—a flawed contract, to the opposite. Prior consultations 
with the regulator and stakeholders can help create an appropriate contractual framework and eliminate 
unintended outcomes. A process for standardizing concessions and contracts should be part of the overarching 
approach to regulation.

Contracts are the basis for project viability and they control the allocation of risks. Companies responsible for 
carrying out projects have a series of contracts to unite various parties in a vertical chain from input supplier 
to output purchaser. Even though contracts play an enormous role in carrying out projects, their use and 
application for aligning projects with the goals of a sustainable and efficient energy system have been limited—
for a variety of reasons.
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There is almost no voluntary adoption of good environmental management practices among contractors. So the 
obligations under a contract become the main tool to ensure that good practices are implemented on the ground. 
Some initiatives, such as a specific environmental management plan, are taken only because of contract requirements.

Among the most important reasons for India’s rapid strides in private participation in infrastructure is drawing 
up model concession agreements, which define the risk–reward framework for stakeholders in precise terms. 
Standardized documents from international best practices lend transparency to, and expedite, the project award 
and implementation process. But in recent times the Central Electricity Regulatory Commission granted relief to 
two imported coal-based power projects by agreeing to reopen signed long-term power purchase agreements. Many 
road projects, including the recently awarded Kishangarh–Udaipur–Ahmedabad project (to a big infrastructure 
company), are also seeking relief after contract award through renegotiations. Renegotiations compromise the 
sanctity of contracts. Everything would be negotiable even after contract award, forsaking the benefits of a 
competitive auction. In evaluating these requests, regulators should distinguish between renegotiation demands 
based on incomplete contracts and those based on opportunistic behaviour—and consider only the former.

Putting together the pieces

In the INEM W&W scenario (reference), the three most important elements of the energy mix in India are coal, 
gas and renewables, contributing to more than 80% of the primary energy mix. Even in a scenario where India 
attempts to aggressively limit CO2 emissions (LCIG), the contribution by these sources remains high, especially 
with the growth in demand for transportation. 

Coal

Challenges for domestic coal production arise from many considerations ranging from availability of credible data 
on extractable reserves to monopoly in the production of coal to the difficulty in land acquisition and appropriate 
compensation and rehabilitation of affected populations. 

Even if the required coal is available (domestic and imported), infrastructure has to support its movement. Coal 
handling capacity at major and minor ports, along with availability of supporting infrastructure from Indian 
railways, becomes crucial. Mines in Ib Valley, Karanpura, Mand-Raigarh and elsewhere in India, if exploited well, 
can ease the domestic supply situation to the tune of 100 MT to 200 MT. Given that coal needs to be part of the 
solution, planning the infrastructure for extraction, processing, transportation and use is important.

There needs to be an independent coal regulator (currently a role performed by the Government of India). An 
independent, empowered and accountable regulator would help in addressing a fundamental conflict of interest 
in the sector, where the Government of India is both a majority shareholder in Coal India Limited (CIL) and the 
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de-facto regulator as a custodian of the national resource. Central Mine Planning & Design Institute Limited, the 
primary coal exploration agency, must be made autonomous from producing entities such as CIL. Over time, CIL’s 
monopolistic hold over coal production must give way to a market-based trading platform with multiple sellers and 
buyers, operating on optimized infrastructure networks to ensure availability of coal to consumers at the right price. 

Also important is building the human resource capacity at agencies such as Central Mine Planning & Design 
Institute Limited and improving the functioning of the coal sector, which does not attract good talent. Assessing the 
resource base better and evaluating the technological feasibility of underground mining would serve the industry 
well in the long run.

At least in the short term, India’s coal imports will increase significantly, and India may soon be one of the world’s 
largest coal importers. It must thus focus on ensuring that the requisite port capacity is available to accommodate 
the large increase in demand in the next decade. 

Natural gas

India’s natural gas transition, though initially dependent on domestic resources, is likely to thrive only in a scenario 
where imports significantly overshadow domestic production. With imports primarily from the Persian Gulf, the 
United States and Australia, the main concern for policymakers must be to encourage the creation of new regasified 
liquefied natural gas facilities to augment imports.

It is important not only to have enough natural gas reserves and production, but also to ensure a steady flow of gas 
from producing wells and regasified liquefied natural gas terminals to the end-users. India fails when it comes to 
cross-country gas pipelines, which at present cover only about 13,000 km. Regional imbalances are due largely to 
gas markets remaining in places where gas sources are found, deterring further expansion (Table 2.2).

The Kochi–Koottanad pipeline cited earlier is a case in point. The low capacity use of existing pipelines, currently 
averaging 38%, has discouraged investments in gas supply infrastructure and rendered it unprofitable. A Gas 
Authority of India Limited plan to invest $3 billion in new pipelines has been deferred. The reasons: the unviability 
of regasified liquefied natural gas and the declining production from domestic fields in recent years.19

This has resulted in financial losses not only to the regasified liquefied natural gas facility operator but also to 
investors in power plants and fertilizer units anticipating gas from the source locations. If the “true demand” for gas 
in the country is to be met in the years ahead, increasing LNG import capacity (regasification facilities) is essential. 
Transnational pipelines have remained a pipedream, and LNG will likely be the main source of imported natural 
gas for the short and medium term. If investors are required to invest in building more of these terminals, the 
vicious cycle associated with natural gas needs to be broken with the right interventions. 
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Ta b l e  2 . 2 . 
Regional distribution of the gas pipeline network in India

Region % of 
consumption

States with pipeline 
infrastructure 

States lacking connectivity with 
pipeline infrastructure

Western 53% Gujarat, Maharashtra, Goa  

Northern 26% Delhi, UP, Haryana, 
Rajasthan, Punjab

Jammu & Kashmir, Himachal Pradesh, 
Uttarakhand

Central 3% Madhya Pradesh Chhattisgarh

Southern 14% Andhra 
Pradesh, Karnataka Tamil Nadu, Kerala

Eastern Nil Bihar, West Bengal, Jharkhand, Odisha

North Eastern 4% Assam, Tripura Meghalaya, Sikkim,Arunachal Pradesh, 
Mizoram, Manipur, Nagaland

Note: The states of Northeast region mainly have regional gas networks, sourcing gas from domestic production fields. They are not 
connected to the national gas network.

Source: Adapted from PNGRB 2013.

Renewables

While coal and natural gas form the backbone for power and industrial use, India has ambitious targets for renewable 
energy growth. As part of its intended contribution towards mitigating climate change, India aims to install an 
additional 60 GW of wind power capacity and 100 GW of solar power capacity by 2022. This is more than six 
times the current installed capacities of about 22 GW and 4 GW, for wind and solar respectively.

In India there has been policy support over the last decade for renewables, but some specifics have not been 
stable. Accelerated depreciation for wind power was withdrawn and feed-in-tariffs have fallen short of investor 
expectations. The support needs to be more comprehensive rather than piecemeal.

Most acquisition of private land for wind and solar projects occurs through mediations directly with the land 
owners, a major barrier for renewable projects across India—indeed, all power projects. And the lead time to 
acquire land can range from 6 to 12 months to more than a year. There should thus be single-window clearance for 
all approvals. Land acquisition should become easier through faster forest approvals and use classifications.

To further support the growth of renewables, the expansion of transmission infrastructure is required. Grid 
enhancement and management are needed to integrate variable renewable power. Large-scale wind and solar 
integration, if not adequately planned, could cause congestion and imbalances in the transmission and distribution 
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networks. India needs to therefore develop a robust interstate transmission network to evacuate power. The Ministry 
of New and Renewable Energy and Power Grid Corporation of India Limited (PGCIL) have planned six dedicated 
green energy corridors to evacuate renewable energy and feed it to other regions. These corridors can also address 
intermittency, variability and the grid integration of large-scale renewable generation.

The integration of variable renewable power also requires better scheduling and forecasting of the various sources that 
contribute to it. India should set up state-of-the-art centralized forecasting centres, which will have to be integrated 
with supervisory control and data acquisition systems. There has been a draft proposal to set up an ancillary services 
market in India—but little progress. Without a robust market that delivers peaking power, frequency support and 
voltage support, it is unlikely that the ambitious plans to take on climate change will pay off. 

Domestic manufacturing and research and development (R&D)

For thermal generation, India has at last managed to establish a critical mass of manufacturing of super-critical 
boilers and related components to power the next wave of electricity generation facilities. Nearly 35,000 MW of 
annual production capacity of supercritical boilers have been established through licensing and joint-ventures with 
overseas entities. India is also independently conducting R&D on advance ultra-supercritical boilers so that it does 
not become overly reliant on overseas entities for licensing. 

For solar technology there is little investment in customizing solutions for the Indian environment. Government 
and industry need to develop substantial R&D capabilities to suit the needs of the wind and solar power sectors. 
This can also help keep costs under control, especially for the balance of systems (components other than the panel 
itself ), which constitute nearly 50% of the overall cost of a project. 

In addition to the lack of vertically integrated production lines (for core solar PV components), Indian firms have 
also faced competitive industries that supply balance of systems, like power inverters and transformers to solar 
power plants. Indian firms are highly reliant on turnkey manufacturing, signalling that the industry has lagged 
behind in innovation and process engineering.19 Despite being early movers, Indian manufacturers were unable to 
capitalize on their position. They failed to adapt to the global changes and challenges in the sector, partly due to 
the inherent deficiencies of the manufacturing ecosystem in India and the failure of institutions and policies meant 
to cater to the solar PV industry. Various firms cried foul in the face of cheap imports but did not coordinate well 
with research institutions and invest in R&D.

For wind India has significant domestic capacity to manufacture towers and blades, which constitute up to 40% 
of the cost of all the components in a wind energy project. But even in this process the steel and fibre composites 
required for towers and blades are in many cases imported. And the remaining 60% of the components need to be 
imported from European bases, pushing up costs for the wind industry.
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There is an urgent need to envision the future state of solar and wind technology (in the next few decades) as they 
come online in a big way in the generation mix. Both the private and public sectors must promote R&D that has 
India at the driver’s seat—controlling developments and not being a mere importer of components. 

Soft infrastructure

Building human capabilities

Oil and gas have benefitted from international practices and the presence of MNCs in India. But coal mining and 
processing and renewable energy (both large grid connected and off-grid) have not seen as much of an influx of 
global players and remain isolated as a result. Even in the power sector, which has established players in its ranks, 
capacity building has not been on track. Refresher training for upgrading knowledge and skills of those employed 
in the power sector is only 3% of what is required, and the training capacity for managerial staff only 4%.20 A joint 
study by CEEW and NRDC finds that nearly one million jobs have to be created in the solar space alone (by 2022) 
to cater to the renewable energy targets that have been set.

India needs to focus on the requirements specific to the various components of the chain that delivers the desired 
workforce for the energy industry. Capacity building for the energy sector could focus on four key areas that would 
result in appropriate skilling of the workforce.

•	 Information and staffing. A comprehensive database should be created for projects that require staffing, for 
trainers and recruiting agencies and for potential employees.

•	Creating certification and degree programmes. Apprentice schemes and vocational training courses, the 
strength of the traditionally industrialized states, need to be replicated to ensure that the energy sector can reap 
the same benefits as other industries.

•	Content creation. Perhaps the most important element of building human capabilities is the content that will 
be delivered through training programmes, hence the need for content developers, for a library of resources 
and for meeting the required standards.

•	Training infrastructure. In the power sector much of the trained staff has been associated with the public 
training schools. It will be important to create and bring to scale private infrastructure to meet the requisite 
number of trainers, labs and workshops. Certifying these resources and creating the right accreditation criteria 
are important elements to focus on.

Financing 

Almost half of the total infrastructure investment in the current Five Year Plan (2012–2017) is expected to be 
financed by private sources. The main sources of long-term financing are insurance and pension funds that seek 
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long-term investments with low credit risk. But their contribution has been limited given the regulatory restrictions 
on minimum credit ratings of their investments. 

So the main issue in financing infrastructure is channelling long-term savings into infrastructure investment 
through low credit risk securities. This requires financial intermediaries with adequate due diligence, monitoring 
and structuring skills for infrastructure projects. The government has taken steps through the market and banking 
regulators to provide regulatory frameworks for specialized infrastructure financing intermediaries. It has also set 
up the India Infrastructure Finance Company Limited to provide long-term financing and credit enhancement for 
bond issues by PPP projects. And to enhance the supply of long-term financing, the government enables public 
sector infrastructure development companies to issue budgeted amounts of long-term tax-free infrastructure bonds 
to institutional and retail investors.

However, the inherent risks, such as the insolvency of electricity utilities or the risk associated with the inability of 
Coal India to supply coal, make it difficult for these projects to qualify for these novel financial instruments. This 
risk is more pronounced for creating renewable energy assets since there is also a component of technology risk, as 
there have yet to demonstrate their long-term performance (over 20 to 25 years). These frameworks cater only to 
the needs of PPPs, whereas most projects in renewable energy are likely to be fully private. 

Banks can at best be expected to provide short-term financing during the construction period. It has also been shown 
that tax-exempt bonds issued by government end up being more expensive than other instruments available in the 
market, such as partial risk guarantees. To the extent that pension and insurance funds do not have their own due 
diligence capabilities for infrastructure projects, infrastructure finance companies and infrastructure debt funds can 
provide such services. The bulk of the funding then will have to come from the emerging bond markets. If the 
infrastructure projects do not meet the minimum ratings requirements, the Infrastructure Investment and Financing 
Company Limited can provide credit enhancement to the bonds issued by such projects.

Conclusions

India’s transition to a lower carbon economy over the next 30 to 35 years will happen at a slow pace. But it 
can make the transition by developing, commercializing and integrating known but currently underdeveloped 
solutions. In the decade ahead, India’s energy policy should focus on preparedness. It has to develop options and 
explore trade-offs, while also testing our technical, operating, business and regulatory models at a sufficient scale to 
give stakeholders the confidence they need to commit to full-scale implementation.



CHAPTER 3

Technology for a 
Productive Energy 
System



65

Transitioning to a different energy and technology mix is inevitable for India’s sustainable energy future. This 
inevitability arises not only from the implications that the large and growing energy requirements could have on 
the country’s land, water and air resources, but also in terms of the economic implications and  infrastructural 
requirements for handling, transporting and distributing energy across the country. Choosing appropriate 
technologies at various levels and across the entire energy value chain is thus a key element in India’s energy 
future. Since energy-related infrastructure is generally associated with large gestation periods as also fairly long 
economic lifetimes (often around 25–30 years at least) of energy infrastructure, machinery and equipment, the 
need to develop, adopt, adapt and up-scale appropriate technology choices—ranging from clean fuel production 
technologies to resource conversion technologies and to end-use technologies—in a timely and well-planned 
manner cannot be undermined.

As indicated by the range of energy estimates for 2030 and 2050, the growth in India’s final energy requirements 
implies that no single energy fuel or technology can be the solution. A variety of fuels and technologies will be 
needed across all sectors in the quest to provide adequate, reliable and affordable energy to all. Technology choices 
are needed across all links in the energy value chain—in resource assessment and production, in conversion, in 
transmission and distribution and on the demand side. Any technology to be deployed in these areas should be 
ranked on three important criteria: its availability, its cost-effectiveness and its environmental sustainability.  

While India faces significant challenges in deploying available, cost-effective and environmentally sustainable 
technology in each of the four links in the value chain. India’s technology roadmap must focus on these criteria and 
plan holistically for appropriate solutions in the short, medium and long term.

The production of fossil fuels in India has been stagnating over time. The annual growth in coal production 
dropped from 6% a year at the end of the 10th plan period (2002–2007) to about 1.5% a year in 2013–2014, while 
consumption increased at an average of 7% a year. Crude oil production has also stagnated at around 40 million 
tonnes a year while consumption increased around 5% a year. Given that all scenarios indicate a continued need 
for coal, oil and gas in India’s energy sector, resource assessment, exploration and production technologies must be 
scrutinized to examine the resource base and enable efficient extraction and distribution.

India’s extractable coal reserves are not only limited but also high in ash content (ranging from 35% to 45% ash), 
and underground mining is expected to raise the coal price to economically unattractive levels. So plans for the 
production, processing (washing) and supply of indigenous coal should be carefully examined—keeping in mind 
the technology and infrastructure requirements of increased indigenous (high ash) coal production. 

The oil and gas sector needs the same approach. The success rate of various New Exploration Licensing Policy 
rounds and high import dependence have time and again emphasized the inadequacy of technology deployment. 
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While renewables and other alternatives have to step in to meet India’s energy requirements in the long run, 
improvements in efficiencies of extraction, resource assessments and supply of fossil fuels are required to support 
India’s energy transition till 2050. 

Currently most of India’s coal power plants are subcritical technology while gas power plants are opencycle. The 
average efficiency of coal thermal plants in India is 34% and that of gas thermal plants is 46%, far lower than the 
OECD average of 38% for coal and 50% for gas. Planning for continued and rapid improvement in efficiencies of 
coal and gas-based power plants is equally important in the immediate short term given the continued reliance  on 
coal and gas-based plants indicated in all scenarios for the next couple of decades. While India has already moved 
to super critical technology for all new coal-based power plants, a quick transition to more advanced clean coal 
technologies and more efficient gas-based generation technologies is desirable for enabling a shift to lower emission 
intensities in India’s power generation sector. Retiring inefficient and obsolete sub-critical coal-based capacities 
could not only enhance overall efficiency of the sector, but also work well by making available space for setting up 
new capacities at these locations.

Moreover, India has yet to tap its renewable resources to any significant level. It has only 23.4 GW of wind power, 
mostly at a hub-height of 30–50 metres, far below the assessed potential of 500 GW at 80 metres and even more 
at 120 metres. Solar installations currently stand at only 5 GW and modern renewable resources have so far 
remained largely untapped. Given, the recent voluntary commitment of 40% non-fossil capacity by 2030 in India’s 
INDC, the need to focus attention on accelerating renewable technology development and uptake has increased 
manifold. RD&D efforts need to scale up rapidly to bring in developments especially with regard to batteries and 
storage capabilities, efficiencies of wind and solar applications need to improve further, and applications need 
to increasingly align to requirements of different user groups. At the same time, hydro which has historically 
contributed to a significant share of India’s power generation capacity in the past, needs to once again be reassessed 
and its uptake enhanced to enable a diversified and clean energy mix in the coming decades.
 
Nearly 80% of rural households depend on traditional biomass for cooking, which amounts to around a third 
of the total primary energy supply. Moreover nearly 300 million people in India lack access to electricity. While 
providing modern energy such as LPG to meet this latent demand as well as catering to the needs of a growing 
population whose unmet demands are yet to be fulfilled, we need to be mindful of the fact that a significant share 
of people would continue to rely on biomass-based cooking even in 2050. Therefore, technological development 
needs to simultaneously address the needs of this section of society as well, and look at developing improved 
cookstoves and other affordable technological solutions suited to the needs of all socio-economic sections of 
our society. Technological development must simultaneously proceed in the category of white-goods and other 
electrical appliances used primarily in the residential and commercial sectors in order to contain the rapid increase 
in final energy requirements with economic development and improving lifestyles. Here again, the focus should be 



67

on improving and adapting technologies to achieve best efficiencies in India specific conditions—be they climate 
specific or socio-economic conditions. For example, some technologies may not function as efficiently in India 
as in other countries of the developed world as they may be designed to function in colder climates. Similarly, 
while some advanced technologies may be easily absorbed in developed countries, there may be socio-economic 
or cultural factors at play that inhibit their uptake in India. Therefore, understanding the needs of the market and 
designing/adapting technologies to suit our conditions is extremely important for long-term sustainability. 

The transport sector in India is increasingly moving towards privatized transport with personalized vehicle 
population growing at an alarming rate. By 2050 the demand of the Indian transport sector alone may equal that 
of India’s total energy demand in 2011. Over time we observe a shift from rail to more energy intensive road-based 
transport in all the reference scenarios, however the alternative scenarios indicate considerable scope for energy 
efficiency as an important element in transport sector which will be important in bringing down energy demand. 
Hybrid and electric vehicles as well as advanced alternative fuels like third generation biofuels and integrated hydro-
pyrolysis and hydro conversion could make significant impacts. Improved energy efficiency across the end-use 
sectors can bring savings of 25–35%. 

Key technologies required for India’s energy system

Coal reserves and production

Considering the continued high reliance on coal in the energy system at least till the medium term, planning for 
optimal availability of coal resources, assessing the techno economics of domestic reserves vis-à-vis imports of 
coal, choosing between washing of domestic coal vis-à-vis using imported coal and evaluating cleaner options for 
coal-based generation assume high importance for ensuring sustainability. While upgrading indicated reserves into 
proven reserves is a continuous process, a critical assessment of the optimality of enhanced extraction and processing 
of domestic coal vis-à-vis imported coal based on  coal reserves and quality is required. Given the high ash of Indian 
coals and therefore the need to beneficiate this prior to supply and use, may lead to large additional washing 
capacities being set up, which over time become redundant as the country ramps up its clean fuel generation. Of 
306 billion tonnes of coal resources, only 42% is proven. An early up-grade and quality assessment of coal resources 
can help allocations across sectors. Proven reserve figures do not always sufficiently cover the techno-economic 
feasibility of extracting them, so deploying appropriate methodology to correctly assess the economically minable 
coal is critical.

Of domestic coal around 70% can go to electricity generation. But since only 10% is of prime or medium coking 
quality, sectors like iron and steel may not be able to use it. Only 21% of the proven resource is extractable using present 
mining technology. It is estimated that of the total extractable coal, about 15 billion tonnes are power grade, which 
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would last only 30 years at current consumption rates. And with many greenfield power plants under construction, 
coal supplies will become even more critical, so assessing reserves and quality is of prime importance. 

Coal exploration technologies have become more precise, and imaging techniques provide higher resolution. For 
example, coal seams under a high-density area can now be detected with higher resolution imaging. For quality 
assessments a new technology allows direct estimation of ash and sulphur content in coal during geophysical 
logging. So establishing a coal reserve assessment system, based on drilling and other exploration technologies, will 
directly contribute to coal resource development and production plans. 

90% of domestic coal production currently comes from opencast mining, and the remaining 10% from underground 
mining. Opencast mining has some distinctive advantage over underground mining such as a higher percentage 
of extraction, a higher rate of production, extraction of thick seams under shallow cover, shorter gestation periods, 
lower production costs and better economies of scale. But limits on opencast mining technologies relate to the 
depth of the mine, the stripping ratio and the large areas required. If India is to plan for higher levels of production, 
it needs to not only enhance output from its opencast technologies, but also ensure that unused reserves are 
explored at greater depths with better underground technologies. Therefore, increasing production would require 
advanced but cost-effective underground mining technologies.

Opencast mining deploys heavy earth moving machinery, such as dragline, surface miners and in-pit crushing and 
conveying machines. In future, there would be a growing requirement  for deeper opencast mining, super pits and 
mega mines, mining seams below existing opencast mines and high wall mining. Enhancing opencast production 
beyond current levels could push up mining costs because of the greater distances and poorer stripping ratios. 

Underground mining includes conventional board and pillar, semi-mechanized board and pillar with side discharge 
loaders/load hail dumpers/universal drilling machines, mechanized board and pillar with continuous miners and 
mechanized powered support long wall. Short wall mining is also practised, while mechanized long wall mining has 
meet with little success because of geological conditions (Figure 3.1). 

Since coal produced in India is high in ash content and has low heat value, it is essential to add washery capacity 
to improve the quality. Today’s washery capacity stands at close to 145 Mt for coking coal and 112 Mt for non-
coking coal. Capacity additions have been limited due to environment impacts and the difficulties in acquiring 
land. Indeed, during the 11th Five Year Plan (2007–2012), no washery capacity was added. And recent complaints 
about the quality of washed coal highlight the need to improve the technology. Even for coal sold after washing, 
power plants report losses because it is wet.
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TERI analysis indicates that while opencast coal production costs are more or less at par with that of imported coal, 
costs of underground mining are definitely much higher and unlikely to be able to compete with imported coals. 
Moreover, with washing of underground coal, the economics would inevitably become even more unattractive. 
Therefore, a re-look at the levels of coal exploitation and an in-depth assessment of plans for additional infrastructure 
of coal extraction and preparation is desirable.    

F i g u r e  3 . 1 . 
Technology interventions for coal extraction in three scenarios, 2011–2050
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Indian coal has an average gross calorific value of about 4,500 Kcal/kg, well below the 6,500 Kcal/kg in Australia 
and Indonesia. As a result, Indian power plants using domestic coal consume about 0.70 kg of coal to generate 
1 kWh, well above the 0.45 kg in the United States.

The high ash content of Indian coal reduces oxidation rates and thus peak furnace temperatures. It also 
reduces boiler loading capacities since ash takes up space and increases handling costs. This makes integrated 
gasification combined cycle technologies unsuitable. Therefore, India should instead look to super critical 
and ultra-super critical circulating fluidized bed combustion and pressurized fluidized bed combustion 
technologies, which can be adapted to use low grade coal with high ash. Further, research on underground 
coal gasification is another option that should continue to be evaluated given the country’s need for relying 
on fossil resources for some time. 
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Oil and gas reserves and production

For oil and gas India must get a better understanding of the true size of its potential. Of India’s sedimentary 
basins, 70% are poorly or not completely explored. For imaging and interpretation, India should exploit advanced 
technologies such as:

•	Seismic acquisition,
•	Seismic processing and interpretation,
•	Micro-seismic remote sensing,
•	Non-seismic remote sensing,
•	Time-lapse methods,
•	Wireline telemetry and tools,
•	Rock property and rock correlation tools,
•	Basin and play insight tools.

Similarly, for carbon capture and storage (CCS), more thorough assessments have to be carried out on the potential 
of suitable subsurface facilities. Due to the lack of data on CO2 storage potential, most estimates are theoretical and 
lack adequate geological information. Moreover, adoption of CCS in India and its ability to attract attention of the 
Indian government depend on the successful implementation and scale-up of CCS technology in developed countries, 
bringing down the costs significantly. Here again, at least on the R&D front, CCS technology should continue to 
be studied in the Indian context, given that the country would continue to be reliant on coal and gas in the coming 
decades to a significant extent, even as it increases the deployment of renewables and cleaner technologies.

The 4D (as opposed to 3D) seismic technology is one which should be adopted for optimizing production. 
Transmitting and receiving artificially induced seismic waves for recording and analysis has long been used to assess 
an area’s prospects by getting an impression of the rock formations below ground. For 3D seismic, a relatively recent 
development, results can be depicted in 3D, giving geologists far greater insight into the subsurface conditions and 
potential oil and gas reservoirs. For 4D the added dimension is time, with advanced processing depicting how the 
subsurface has been changing, thus providing a much better idea of how to optimize production.

Other technologies available to help India increase its reserves and production fall under the banner of improved 
oil recovery or enhanced oil recovery. They increase the volume of oil that can be produced from existing fields 
at an accelerated rate. Most use one of five main techniques—thermal recovery, gas injection, chemical injection, 
waterflood and hydraulic fracturing.

Thermal recovery uses cyclic steam stimulation or steam flooding. Injecting steam into the reservoir heats the oil 
while it is still in the ground to reduce its viscosity and enable it to flow more easily to a producing well. Cyclic 
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steam stimulation injects steam into the well for some weeks or months, leaving the formation to absorb the heat 
before the well is opened again to pump out the oil. Steam flooding, by contrast, uses two separate wells. One 
is drilled horizontally above another, with the uppermost a steam injection well. As the steam is injected, the oil 
becomes more viscous, and gravity-assisted drainage leads it to the lower well, which sends the oil to surface.
With gas injection, gases, usually CO2, nitrogen or lighter hydrocarbons under high pressure, are injected into the 
well. The gases mix with the oil, reducing its density, again making it less viscous and easier to pump.
Chemical injection reduces the capillary forces that trap residual oil in a reservoir. Because oil clings to the reservoir’s 
rock surfaces, chemicals are injected to reduce the friction and enable more oil to be “washed” from the rocks and 
produced in the well.

Waterflood injects water into the reservoir to increase pressure and drive the oil towards the producing 
wells. Waterflood is sometimes not considered an improved oil recovery technology but simply a secondary  
recovery method.

Hydraulic fracturing differs in that it does not affect the viscosity of the oil but instead increases the permeability of 
the rock by pumping in high pressure water to crack the rock, usually with a mix of sand and guar gum to keep the 
fractures open. Combining this technology with horizontal drilling enables the well to reach more hydrocarbon-
bearing rock. Shale gas extraction typically requires 2.8–4.8 million gallons of water per fractured well. In India the 
areas that could have shale gas reserves—such as Cambay, Gondwana, Krishna-Godavari and the Indo-Gangetic 
plains—are also vulnerable to water stress.

Conversion technologies

About 71% of India’s current power capacity mix is thermal (coal, oil and gas). In June 2008, under the National 
Mission on Enhanced Energy Efficiency, the government launched the Perform Achieve Trade (PAT) scheme. 
PAT is a market-based mechanism to enhance the cost-effectiveness of improvements in energy efficiency in large 
energy-intensive industries and facilities by certifying the energy savings that can be traded. For the thermal power 
plant sector in this scheme, 144 high energy-consuming units have been notified as designated consumers by the 
Bureau of Energy Efficiency. Their total reported energy consumption is about 104 mtoe. By the end of the first 
PAT cycle (2015), energy savings of 3.211 mtoe/year are expected, around 48% of total national energy saving 
targets under the PAT.

Subcritical coal power technology is currently the backbone of the thermal power sector, accounting for more than 
50% of the generation capacity. The power sector has attempted to diversify its coal technology, giving a push to 
shift to supercritical technology, which offers higher conversion efficiency. During the 12th Plan, 38% of the coal-
based capacity to be installed was to  be based on super critical technology, with all new power plants to be based 
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on supercritical technology. The government should also envisage advanced ultra-super critical and integrated 
gasification combined cycle technology in the immediate short term in a bid to prevent lock-ins to sub-optimal 
technologies. This implies that barriers to the adoption and upscale of these advanced coal-based generation options 
be removed quickly. 

The average gross efficiency of Indian coal‐ and lignite‐fired power plants in 2009 was 33% based on a higher 
heating value and 34% based on a lower heating value.21 According to a recent study by the Centre of Science and 
Environment under its Green Rating Project, Indian coal-based thermal power plants are some of the  least efficient 
in the world. The technical challenges of the electricity sector include low efficiencies of thermal power plants and 
the continuing reliance on coal plants.

About 9% of India’s generation capacity is based on gas. Current gas power technologies include both open cycle 
and combined cycle power plants, but most plants are combined cycle. The average net efficiency for gas‐fired power 
plants in India in 2009 was 42%, comparable to the world average in 2007. Peaking power is ideally provided by 
hydro reservoirs. But other suitable generation options, such as gas-based generation, could provide fast responses 
during peak hours. The 12th Plan envisaged developing 1,086 MW of gas-based capacity and at least 2,000 MW 
gas-based peaking power plants. According to TERI analysis, advanced gas (H-frame) turbines can be adopted by 
2016, and these would help in saving energy and managing peak demand. Such turbines have efficiencies of more 
than 60% in the combined cycle operation.

About 5,780 MW of generating capacity is based on nuclear energy. India has 19 pressurized heavy water reactors 
and two boiling water reactors in operation. A three‐stage strategy based on a closed nuclear fuel cycle has been 
developed. The first stage uses fuelled by natural uranium to produce plutonium. The plutonium is used in the 
second stage in fast breeder reactors to convert thorium and uranium into fissile material. In the third stage the 
fissile uranium and plutonium are combined with thorium in advanced heavy water reactors, which would get 
about two-thirds of their fuel input from thorium. India has mastered the first stage. By 2052 India will have 
around 275 GW of nuclear power, with fast breeder reactors contributing around 262.5 GW. 

India’s nuclear reactors have been operating at 45% to 55% of capacity, due to a shortage of uranium. India does, 
however, have large thorium reserves. But using these resources for nuclear power generation requires a more 
complex chain of nuclear technologies than required for the use of uranium as fuel. India could exploit its vast 
thorium resources and pursue a strategy based on a closed nuclear fuel cycle.

Renewable energy generation capacity has grown from 3.5 GW in 2002 to 31.5 GW in 2015, with wind and 
solar behind this growth. In the Union Budget for 2015–2016, the Government announced that it would strive 
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to achieve 175 GW of renewable energy by 2022 (100 GW for solar, 60 for wind, 5 for small hydro and 10 for 
biomass). 
Of the two solar technologies—solar photovoltaic (PV) and concentrated solar thermal (CSP)—PV is the primary 
technology to harness solar power in India. Most manufacturing capacity is based on crystalline silicon manufactured 
as wafers, and this expected to dominate the market. But thin film technology has an advantage—particularly in 
extreme temperature areas and where land is easily available—and is trickling in to the Indian market. Solar PV 
and rooftop solar can provide both centralized and decentralized energy solutions. CSP plants can be equipped 
with heat storage system to generate electricity, but there are no large scale CSP projects in India. Thermal storage 
can significantly increase CSP’s dispatchability and facilitate grid integration and competitiveness. It can thus be 
used as base load.

Concentrated solar thermal technologies could provide low level heating requirement in large industries. They 
generate electricity by using mirrors to concentrate a large area of sunlight onto a small area to generate heat, which 
is then used to drive a turbine, usually steam. So water is an important input, and depending on the technology 
water could be working fluid and a heat transfer fluid, or a cleaning fluid for the solar collectors. In India, where areas 
with high potential for solar power are also highly water stressed, access to water could constrain the technology’s 
deployment. Dry cooling would reduce water requirement but would require higher efficiency and low costs.

All of India’s wind energy capacity (23.4 GW) is based on on-shore technology.22 The average capacity of wind 
turbines in India is 20% today and is projected to increase to 30% by 2030. The capacity factor of an off-shore wind 
turbine is usually higher than that of an on-shore turbine, ranging from 40% to 50%. India has a vast coastline, so 
the use of off-shore wind turbines for electricity generation is a promising option. (The Indian government has not 
yet gauged the potential of off-shore wind.) 

The technologies used for biomass power are combustion and cogeneration. The cycle is the conventional Rankine 
cycle, with biomass burned in a high pressure boiler to generate steam and operate a turbine. The net power cycle 
efficiencies are about 23–25%. The exhaust of the steam turbine can either be fully condensed or used partly or 
fully as process heat in sugar mills, in cogeneration. The sugar industry has traditionally been practising incidental 
cogeneration by using bagasse as a fuel for meeting the steam and power requirements of sugar processing. With 
advances in boiler and turbine technologies for the generation and use of steam at high temperatures and pressures, 
the sugar industry could produce electricity and steam for its own requirements and surplus electricity for sale to 
the grid using the same bagasse through optimum cogeneration.

Integrated hydropyrolysis and hydroconversion uses catalysts, hydrogen and heat in proven refinery hardware to 
cost-effectively convert forest, agricultural and sorted municipal wastes into fungible hydrocarbon transportation 
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fuels such as petrol, kerosene and diesel together with char, fertilizer, water and CO2. Although waste-to-energy 
technologies have the double benefit of generating electricity while taking care of urban waste, they face a major 
institutional hurdle. Waste segregation is an absolute requirement for waste-to-energy plants, but local bodies seem 
unable to segregate waste at the source. Because of the very high cost of facilities for sorting and separating waste, 
it is uneconomical for developers to operate under such circumstances. Processing unsegregated waste can also 
release toxins upon combustion. And halogens, alkalis and heavy metals in unsegregated waste require expensive 
gas cleaning and residue management, pushing up the costs.

F i g u r e  3 . 2 . 
Technology intervention for energy in three scenarios, 2011–2050
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Transmission and distribution 

Large capacity transformers are provided at a point, and the connections to each load are extended through long 
low voltage lines. The long lines results in high technical losses and low voltage distribution to the consumers. 
By reconfiguring the existing network to high voltage distribution system (HVDS), long length mains may be 
converted into 11 kV mains, and the appropriate capacity distribution transformer can be installed as close as 
possible to the end-user. By converting the lines to HVDS, the current flowing through the lines may come 
down to almost a 30th, reducing the technical losses drastically. Energy-efficient transformers, advanced metering 
technologies and reactive power correction near load centres can bring down losses further. 
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Demand technologies

Demand-side interventions could result in  significant savings. 

With aggressive shifts to efficient appliances, lighting systems and efficient buildings, etc., energy demand could 
reduce by around 26% by 2050, compared with a reference scenarios where these technologies have limited or no 
deployment. The transport sector is a large consumer of energy, particularly oil, and is expected to demand much 
more energy in the future. To move from the heavily import-dependent crude oil technologies requires alternative 
fuels, with plug-in electric and hybrid vehicles two such options. Two wheelers, about 70% of India’s vehicle 
population, are mostly used to travel short distances. Electric two wheelers that have average range of up to 140 
km on a charge could be a suitable substitute. Hybrid cars, like the Nissan leaf and the Toyota Prius, combine an 
internal combustion engine and one or more electric motors, which push their fuel efficiency around 70% higher 
than that of petrol or diesel counterparts.23 Electric and hybrid vehicles could thus bring down the energy demand 
for crude oil substantially. 

Algal biofuels or third-generation biofuels can also help augment demand for oil. First and second generation 
biofuels use biomass that competes with food crops and thus are subjects of much debate. Microalgae, by contrast, 
can be grown on degraded and non-arable land and thus not compete directly with food crops. They can also be 
grown on land with saline water. The potential for biodiesel production from microalgae is 15 to 300 times more 
than that for traditional crops and has very short harvesting cycles, allowing multiple or continuous harvesting. 
Although the technology is currently in R&D phase, algae are projected to become commercially viable in some 
OECD countries around 2030 for some applications, such as biojet fuels. And economies of scale may foster their 
implementation in India after that. The transport sector indicates an energy saving potential of 30% over the 
reference scenario by 2050 and these technologies could lead the way.

Technologies which may use waste to reduce raw material and/or energy consumption also need to be integrated 
into the sustainable solutions space to the extent possible for enhancing sustainability. Apart from focusing on waste 
to energy technologies, material recycling can increase energy efficiency in industry, particularly in the iron & steel 
and cement sectors. TERI analysis estimates that by enhancing the share of scrap-based steel production using the 
electric arc furnace route, energy efficiency in the iron and steel sector could improve by around 20%.24 Similarly, 
energy demand in the cement sector could be reduced by nearly 30% from the reference trajectory by 2050, by 
enhancing the share of blended cements (portland slag cement and portland pozzolana cement). While PPC uses 
pozzolanic material such as fly ash from coal-based power plants, PSC uses blast furnace slag. Such technological 
shifts while bringing in environmental sustainability would also bring in monetary benefits to the industry units 
due to the energy savings and should therefore be easy to upscale if supported and backed by appropriate policies 
and regulatory mechanisms.  
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These technology interventions could reduce demand by 12% over the reference trajectory (Figure 3.3).

F i g u r e  3 . 3 . 
Demand technologies and energy trajectories under three scenarios, 2011–2050
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Conclusions

Given India’s future energy demand, it will have to exercise all possible technology choices both on the supply and 
demand sides. There is no silver bullet that could easily solve its energy problems, so it needs to invest in a basket 
of diverse technologies and deploy them simultaneously. 

The government has announced plans to increase domestic production of coal to 1,000 MT a year by 2021 and to 
install 100GW of solar power. Will India need both, given the energy demand in 2021? If not, what happens to 
the investments, and how will their costs be recovered? To avoid stranding assets, India needs to decide whether to 
develop through a clean or BAU trajectory. And since India is poised to make huge greenfield investments to meet 
its growing energy needs, it needs to make some of these decisions rather quickly.  The life span of technologies is 
20 to 30 years while that of infrastructure is even longer. Investment in the next few years will remain in place until 
at least 2050. 

Planning for appropriate skill sets to work on developing, exploiting and maintaining appropriate technologies 
across the energy sector is another important aspect with regard to technological planning. While the Make in 



77

India initiative is likely to spur technological development in various spheres, aligning education systems to prepare 
the coming generations with the requisite skill sets, and focusing on technological collaborations with advanced 
nations is an important ingredient for India’s sustainable energy development. 

There already is significant knowhow in the western countries on several transformational technologies. India has 
for example not only adopted the existing  CFL and LED-based lighting systems to a significant extent but has also 
been working at adapting and improving efficiencies of these technologies and working out financing models to 
reduce the costs to the consumers further to enable their scale-up. Similarly, it is important that India focuses on 
renewable technologies, particularly solar, by not only adopting solar technologies that are already available, but 
working on further innovations to reduce costs and enhance efficiencies so as to enable a rapid transition.  Clean 
coal technologies, like Integrated Gasification Combined Cycles developed in South Korea, are another example 
where India can leapfrog into adoption with significant investments in R&D. But some R&D will still be needed 
to adapt several of the technologies to Indian conditions.

Similarly, innovation on technologies suited to the needs of the rural poor—especially those relying on traditional 
fuels for cooking and those that are still not connected to the grid is critical. Innovative cooking and lighting solu-
tions could play an important role. Improved cook-stoves use a third of the biomass required in traditional cook-
stoves and cause negligible indoor air pollution. While LPG penetration may be expected to increase in the future 
it is not expected to be taken by 100% of the population, so improved cookstoves are an ideal solution. Off-grid 
solar technologies are another technology that could help bring modern energy to remote parts of the country. Solar 
lanterns and solar home lighting could reach remote places and have the added benefit of not suffering transmis-
sion losses. Appropriate market mechanisms would be desirable for the propagation of such technologies, which 
are already mature and financially viable but have low implementation levels due to low awareness, little knowledge 
about maintenance or inappropriate incentives.



Pricing for an Efficient 
Energy System

CHAPTER 4
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In all countries energy pricing is difficult, complex and controversial. India is no exception. The core challenge is to 
reconcile economic rationality (sometimes called “efficiency pricing” and the subject of this chapter) with political 
rationality, which is largely a matter of perceived fairness (covered in Chapter 6). Three important economic 
principles govern efficiency pricing and apply equally to the energy sector:

•	Where a good can be traded as an import or export in a liberalized and competitive market (a “tradable 
good” in economic jargon), its domestic producer price should reflect the international price, adjusted for 
transportation costs. Pricing a domestic resource at its global price allows economic actors (and by extension 
nations) to assess value in terms of other tradable goods. For an intermediate good such as energy, pricing at 
or close to global prices also ensures that production by final users remains competitive. 

•	Meeting distributional or equity objectives are normally more efficient and less distortionary through income 
transfers than through subsidies embedded in product prices.

•	Domestic indirect taxes and import duties are appropriate to raise revenue and to compensate for negative 
externalities, such as congestion or pollution. Pursuing such goals is affected by the price elasticity: a low price 
elasticity generates revenue without affecting behaviour, while a high price elasticity affects behaviour without 
necessarily generating much revenue. 

Applying these principles to energy is difficult, for several reasons: 

•	Global markets for energy are volatile and imperfectly competitive, making an undistorted global price hard 
to identify. 

•	As with all exhaustible resources, all but the marginal producer enjoy an element of economic rent. With 
domestic resources, political and economic judgments determine how much of this rent to tax safely while 
preserving incentives for investment. But the matter is complicated when, as in India and most jurisdictions 
outside the United States, subsoil mineral resources are seen as national patrimony rather than private property.

•	Taxing externalities, while desirable, may affect the competitiveness of end-user sectors, which may not always 
be compensated through either tax drawbacks or movements in the real exchange rate. (Countries differ widely 
in their willingness to use taxes to offset externalities associated with various forms of fuel: the United States 
and Europe provide contrasting examples, in levels and forms of taxation.) 

•	Political structures also matter, with federal systems (such as India and the United States) facing more 
complexities than unitary states.

Whatever the polity, it is important to think of energy pricing not only in an integrated fashion across the energy system 
as a whole but also for the impact on society and the environment. With energy security a growing concern in India, 
prices need to be high enough to ensure investment in domestic production and infrastructure. And competition from 
imports must remain a credible threat to force competitive pressure on domestic producers. 
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In energy pricing one should distinguish between the concepts of price level and price formation. The price level is 
the amount a customer pays in absolute terms: it needs to be set at a level that covers costs and provides a margin 
to induce investments and ensure the long-term sustainability of the energy system. Price formation is mediated 
through mechanisms to calculate the price. These mechanisms vary across the globe but are normally market-based 
(supply and demand of the commodity), or are linked to a substitute fuel (oil indexation in gas contracts) or are 
regulated to ensure a “fair” return. A market-based mechanism is usually considered the best way to get energy 
delivered most cost-effectively to end-users.

Why is efficient pricing important?

Energy prices need to encourage the right amount of energy to be produced domestically and/or imported (usually 
both) to satisfy demand. Otherwise, supply shortfalls can arise, leading to power cuts and fuel rationing, dragging 
down economic growth. So any pricing mechanism needs to ensure the allocation of energy to the best productive 
uses in the country, to ensure the maximum growth. 

Rather than intervening to set prices to limit excessive profits among energy suppliers, governments often use taxes, 
which are more efficient. This allows them to capture surplus profits, which can then be recycled into productive 
social infrastructure (health, education and so on), further supporting economic growth and the population’s living 
standards—creating a virtuous circle. 

A rational approach to energy pricing also improves the efficiency of energy use and mitigates the environmental 
impacts of energy consumption, often by sending the right signals to “nudge” consumers to select more sustainable 
forms of energy or purchase more energy efficient devices.

It is also important to price in other policy goals, such as minimizing environmental impacts—or increasing 
sustainability, ensuring adequate energy supply and maximizing industrial competitiveness. These benefits 
sometimes run in opposite directions, requiring holistic pricing as well as policymaking to avoid unintentional 
consequences (further discussed in Chapter 6).

India a market in transition—the need for efficient energy markets 

The energy sector in India is characterized by monopoly players, state-run corporations, controlled pricing and 
high barriers to market entry. The lack of transparent price signals, the presence of controls on supply (such as the 
Natural Gas Utilization Policy) and other market barriers have reduced incentives to invest, improve efficiency or 
rationalize supply and consumption. 
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High barriers to entry in the energy sector arise from legislative barriers, uncertain output, high capital and 
technological requirements and the need to achieve economies of scale. And because energy contributes to 
eradicating poverty (as recognized by the United Nations in the Sustainable Development Goals) and affects 
standards of living, governments are inclined to keep energy prices low, usually through controls or high 
subsidies for fossil fuels. They also attempt to avoid fluctuating and high prices for electoral reasons. Such 
constraints muddy the transparency of pricing in certain fuels and lead to high under recoveries by energy 
companies. 

The Indian government has allowed pricing structures to evolve to some degree, introducing private sector 
competition over the past few decades. But it still heavily controls several functions. And inefficient extraction 
techniques, irrational supply linkages, inefficient consumption and wasted energy are the results. 

Historically the government has controlled prices of key petroleum products to cushion the public from price 
fluctuations and ensure affordability, but this has increased its subsidy burden (Figure 4.1). While kerosene and 
liquefied petroleum gas (LPG) have remained subsidized (with the intent of improving access for the poor), petrol 
and diesel prices were decontrolled in 2010 and 2014 (Figure 4.2), after a period of reducing under recoveries 
through price increases from 2013. 

F i g u r e  4 . 1 . 
Petroleum subsidy costs in India
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F i g u r e  4 . 2 . 
Retail petrol and diesel prices in Delhi
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Energy subsidies can sometimes help manage affordability and accessibility especially in developing markets like 
India, but they can also create perverse environmental, fiscal, macroeconomic and social consequences. Subsidies 
are also highly inefficient in supporting low-income households, since richer households typically capture most of 
the benefits. Today, however, the current low-energy price environment and the continuing fiscal pressures on the 
Indian government offer opportunities for further reform beyond recent progress.

Efficiency pricing to integrate domestic and international energy supply 

India faces formidable challenges in meeting its energy needs. Although it will be possible to boost indigenous 
coal and hydrocarbon production, any increase will not be enough to satisfy its growing energy demand. India will 
therefore remain a net importer of oil, gas and coal for the foreseeable future. In fact, as needs grow, it will become 
a larger and more important player on the international energy market (covered in Chapter 5).

The turbulence of geopolitics continues to overshadow global energy prices, worldwide energy supply and demand, 
and domestic pricing policy. Multilateral trade agreements have not really ensured a worldwide free market in 
energy. Globally, prices and pricing are often driven by concerns of energy security, regional hegemonies and other 
externalities, like the impact of technology or climate change (Box 4.1).
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B o x  4 . 1 
Pricing externalities
In economics an externality is the cost or benefit that affects a party who did not choose to incur that cost or 
benefit. For example, if the negative effects of air pollution from coal-fired power plants begin to outweigh the 
positive effects of cheap and reliable electricity, citizens will start to resist further coal-fired plants or demand 
that existing plants be upgraded with pollution-control mechanisms.

The need for such corrective action was recognized a long time ago by the British economist, Arthur Pigou, who 
first noted that if one taxes the activity generating a negative externality, the party responsible would reduce 
that activity’s intensity. And by selecting the right tax level, the authorities could achieve the goal they want in 
reducing negative external effects.

Coal pricing in India

Even though Coal India Limited (CIL) was given nominal autonomy for setting prices in 2000, the government 
makes the strategic decisions. Coal-producing companies still cannot freely negotiate prices with their customers. 

India has two types of prices for coal. Government-approved “notified prices” apply to all consumers that have 
signed a fuel supply agreement with CIL and Singareni Collieries Company Ltd. (SCCL). The power and fertilizer 
sectors have priority in buying coal at these prices. The second type is set by an electronic auction (e-auction), 
where coal companies are allowed to fix a “reserve price” that is generally 20–25% higher than the notified price. 
Coal e-auctions conducted by CIL and SCCL show that consumers are willing to pay a premium over the reserve 
price. Coal companies tend to divert superior coal (such as that from Raniganj Coalfields) and coal from high-cost 
underground mines through e-auctions.

The notified prices for coal has the effect of distorting market signals and is one of the reasons that capital allocation 
to new mining projects has been insufficient, contributing to the growing shortfall in output

Coal prices will need to rise to ensure investment
Despite large coal reserves India struggles to meet its coal demand from domestic supplies and so is forced to 
import. Although many reasons explain the need for imports, including land disputes and permitting issues, price 
levels are also key. And as India will need to rely on ever deeper and more expensive underground coal deposits, 
production could benefit from more modern mining technologies. These will demand capital, in turn requiring a 
better investment climate, including prices that will reward for the outlays.
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Beyond augmenting domestic coal production, India will need to encourage further coal imports to meet its energy 
needs, making it a major force on the international coal market in view of the import volumes required. Indonesia 
has already become the principal thermal coal supplier to India because of its low-cost, high calorific value coal and 
its proximity to India.

In the past China was the largest thermal coal importer from Indonesia, with India a close second. But the 
Chinese government is contemplating restricting lignite imports on environmental grounds and switching to more 
environmentally friendly gas. This means that India is likely to become Indonesia’s biggest coal market, and so will 
set the price for Indonesia’s coal, moving it from a price taker to a price setter.

Longer term prices should be set by the market
Greater private participation in captive and commercial mining will over the long run yield benefits to the sector 
and the wider economy. Private and foreign mining firms could employ industrial best practices and technologies in 
India, improving productivity and operational efficiency. Coal price discovery in commercial mining, without any 
end-use restrictions, would incentivize foreign investment from global mining companies and from equipment and 
technology firms. This pricing approach would also help create an efficient coal market—triggering productivity 
gains in currently uneconomic mines or idling too costly operations—thereby increasing coal supplies at competitive 
prices in India.

Such liberalizing moves require independent regulation to improve the exploration and allocation of resources, 
to regulate e-auction and notified coal prices and to help promote a competitive coal market. The other energy 
markets (gas, oil and electricity) would also benefit from independent regulation, resulting in similar improvements 
as just highlighted for coal. Box 4.2 and Chapter 6 expand on the need for an independent regulator. 
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B o x  4 . 2 
The role of government in energy and the need for an independent regulator 
Wherever possible, energy markets—not just that for coal—should be competitive, where pricing and resource 
allocation are determined by market forces, with the minimum of government intervention. This is why the 
oil, gas and power sectors in India have been progressively liberalized. Yet successive Indian government have 
felt compelled to intervene in price-setting and resource allocation, often to protect such economic sectors as 
fertilizers and such populations as the poor. Investment in infrastructure and supply has consequently suffered, 
causing energy shortages. 

The persistence of energy market distortions and the resultant costs to major Indian energy companies (which 
carry part of the subsidy burden) put pressure on energy firms’ credit ratings and raise their cost of capital —
and ultimately the cost of energy supply in the long term. Direct government intervention can also unnerve 
global—and local—investors, as it typically increases market uncertainties and expected economic returns. This 
makes companies more reluctant to invest and even induces them to pull capital out of the country.

Conversely, competition alone has been shown around the world to have limitations, which can best be managed 
by independent regulation. A regulator helps ensure both that market players do not abuse any position of 
market dominance or natural monopoly, and that they adopt competitive market behaviour. This means that 
market players do not excessively overcharge end-users. As energy markets evolve, most move to an independent 
regulator model, one in which the government sets policy, but an independent regulator is responsible for day-
to-day market oversight. Such independence also makes regulation more predictable and less prone to arbitrary 
decision-making. 

A shift to such a model would be an important next step for the Indian energy market as it continues to evolve 
in size and sophistication. It would also no doubt increase investor confidence—especially if the regulator is 
demonstrably independent from government, has transparent decision-making process and demonstrably bases 
decisions on rational economic analysis.

Gas pricing

Before November 2014 the government in India set gas prices, which private companies investing in upstream 
exploration and production (E&P) regarded as too low, especially for complex offshore gas field developments. The 
consequences of such policies included shortages of domestic gas, losses of state revenues, wasteful use of natural 
gas by users and demand inflated by domestic industries that rely on unsustainably cheap gas. 
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In recent years domestic supplies have not just failed to keep up with demand, but have fallen, leading buyers 
to seek higher-priced LNG on the global market. India has a long-standing policy of capping the price of 
domestically produced gas, as well as that of end-user, weakening incentives for investment in domestic gas E&P. 
Further, the number of wells drilled in India’s offshore gas fields has declined since 2007, revealing a growing 
reliance on Indian state-owned firms as private and foreign entities looked elsewhere. This capital reversal has 
removed a potential source of growth from the economy. Limited revenue from gas sales has further impeded 
investment in new infrastructure, most notably gas pipelines. As a result, power generators have been forced with 
increasing frequency to leave gas fired generation assets idle. Particularly after 2010, gas supply constraints forced 
a sharp decline in gas-fired power plant utilization rates across the country. The price caps have also weakened 
incentives for end-users to find efficiency savings, leading to waste and stimulating additional consumption, 
exacerbating supply shortfalls.  

Another distortion that affects pricing and thus revenue generation is The Natural Gas Utilization Policy, covered 
in Chapter 6. 

Gas pricing reform and impact
In November 2014 the government adopted an unprecedented reform of domestic gas pricing. It linked the 
domestic gas price to a volume-weighted formula of several world gas price markers—US Henry Hub, UK 
National Balancing Point, Canadian Alberta Gas Reference price and the Russian domestic gas price. This move 
is to be welcomed because it introduced a formal transparent price mechanism. But the prices in the formula are 
underpinned by the fundamentals of the markets in countries or regions they represent, which are likely to change 
independently of India’s.

However, India’s new gas pricing formula has failed to incentivize upstream producers to step up investments. 
This means that operators like Reliance and Gujarat State Petroleum Corporation are deferring investment in key 
offshore projects since current prices make their projects unviable. This is also illustrated by a review of existing 
Indian gas reserves by the Oxford Institute for Energy Studies, which shows that at current or marginally higher 
price levels, the reform is unlikely to reverse the recent decline in domestic gas production before 2020.

Other studies on production costs and breakeven prices suggest that gas prices of at least US$8 per million British 
thermal units (mmbtu) are needed to develop roughly 30 trillion cubic feet of reserves, implying that the price 
would have to nearly double from the current US$4.66/mmbtu (1 April to 30 June 2015) to have any sort of 
impact on existing or new E&P activity. 

In March 2015 the Cabinet Committee on Economic Affairs approved price pooling for domestically produced 
and imported natural gas to provide domestic manufacturers with better price signals.
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Further reform still needed
Despite the reform India still lacks a full price-formation mechanism that reflects the national energy market. In 
China’s reform, gas prices have been determined by the fuels they replace in the domestic economy (Box 4.3). A 
next step for India could be to link domestic gas prices to a discounted average price of fuel oil, unsubsidized LPG, 
naphtha and distillates on the domestic market. This would increase gas prices and so incentivize gas production, 
but as with China would reduce overall energy costs, due to substitution by gas. But akin to the recent completion 
of product price reforms for petroleum in India, those for gas should be easier to carry out in the current low global 
energy price environment.

A higher gas price is not the only variable that affects upstream exploration and production. The situation can also 
be altered by a change in the upstream fiscal terms or a reduction in the perceived risk associated with an upstream 
investment in India 

B o x  4 . 3 
A global perspective—China’s gas price reform
China’s low regulated gas prices have stimulated demand, but over the past decade growth in domestic supply 
has struggled to keep pace with rising demand, particularly in the economically red-hot coastal provinces. To its 
credit the government has recognized that regulated prices inhibit overall gas development and has in response 
increased gas prices regularly through a series of price reforms.

As oil-indexed LNG imports have risen to meet rising gas demand, China has sought to develop domestic 
unconventional gas resources, for security of supply and to keep down costs. Industry also recognized the 
importance of reforming the domestic gas pricing system to increase domestic production.

From July 2013 city-gate gas prices were divided into two categories: existing demand (based on 2012 contracted 
onshore and imported pipeline volumes) and incremental demand (based on incremental supply). This allowed 
for differential pricing between the demand categories, helping manage the transition to higher gas supply prices 
and limiting the price impact on end-users.

Another change was a shift from a cost-plus system for onshore production to an oil-linked price structure 
on a netback basis to oil-indexed city gas prices. This enabled gas prices to rise, creating incentives to boost 
production. But because gas was displacing more expensive oil products (LPG and fuel oil), the overall energy 
costs were reduced.

This dynamic price formation mechanism has since been modified to reflect regional market fundamentals as 
the reforms have progressed and as China’s gas market expanded across provinces.



88

Electricity pricing

After the National Tariff Policy was introduced most utilities started adopting time-of-use tariffs for large consumers. 
The price differentials are, however, determined somewhat arbitrarily by the regulatory commission to provide 
overall revenue recovery for the utility. A large part of the revenue is used for cross-subsidizing smaller consumers, 
instead of reflecting the cost of procuring more expensive power to avoid load shedding. The elevated end-user 
industrial electricity tariffs, as well as unreliable supply, leads to many industrial consumers to produce their own 
electricity. This capacity is often coal-fired, relatively inefficient and under-used. 

All this has produced financial problems for the local distribution companies, often worsened by shortfalls in 
compensation due from state governments. This is further compounded by poor metering and inefficient billing 
and collection. Because of these financial problems, the local distribution companies cannot invest as much as they 
should to upgrade ageing and high-loss parts of the network. 

India’s distribution utilities are unwilling to purchase higher priced electricity from new electricity plants, which 
run on imported coal or LNG, and instead resort to load shedding. They also have difficulties meeting obligations 
to purchase power from renewable energy sources. The outcomes are power cuts in periods of high demand, 
underuse of power plants and market distortions. Peak power tariffs should always reflect the cost of purchasing 
and producing peak power. 

In addition, electricity prices that do not reflect the cost of production and investment, or that lead to underuse of 
power stations, will have a negative  impact on the returns on the investments made. This ultimately damages the 
investment climate, leading to deferred investment decisions, rising electricity supply shortages and the increased 
risk of blackouts.

The solution to India’s electricity problems is not only to raise average tariffs to cover the cost of production, but also 
to deal with the inefficiencies and bottlenecks. Power tariffs in theory are regulated by State Electricity Regulatory 
Commissions, but state governments often intervene to prevent increases. As seen, the central government keeps 
tariffs low by managing the cost of fuel (coal and gas), which has the effect of lowering investment in these sectors, 
leading to further supply shortages. 

Raising energy prices to ensure investment

The key primary fuels for India will remain coal, oil and gas, with a growing role for renewables. (India’s dependence 
on imported fossil fuels rose to 38% in 2012 according to the US Energy Information Administration, even though 
it has large domestic fossil fuel resources.) The first three are all imported at the margin, with India also a heavy 
exporter of oil products. Because imports are fairly lightly subject to import duties, the main pricing issues relate to 
domestic E&P of the equivalent domestic resource, and passing price signals down the value chain to the end-user, 



89

whether bulk or retail. The dichotomy of “higher primary energy pricing to attract investment” and “low pricing of 
secondary energy to ensure better access” has also created major distortions in the energy market in India, although 
for many industrial consumers, energy prices are very high in real terms, undercutting their global competitiveness.

Energy prices in India therefore need to be set at a level that encourages investment in supply and infrastructure, 
coupled with targeted help to the poor to ensure affordability and energy access in a move away from subsidies. 
Raising prices to international levels will also maximize domestic supply, reduce imports, incentivize more efficient 
use of energy and provide an additional source of revenue for the government through taxation. But these moves 
will also require meaningful pricing reforms, especially in energy distribution.

Managing the transition to higher prices

Prices need to be raised to a level that will ensure investments not only in the power sector but also in other energy 
supply sectors. This level will need to at least cover the cost of fuel and capital—and beyond that, provide a return 
to the investor. For domestic energy supply, efficient pricing needs to be transparent (while mitigating price shocks) 
to help manage price volatility and to deliver long-term use of sustainable resources at the lowest cost possible. The 
total cost (fuel, investment and so on) and a reasonable profit (to ensure investment) should be spread across all 
suppliers of energy to the end-users.

As a general rule, all primary energy sources should be priced at trade parity at the point of sale—that is, at the 
free-on-board price for products for which India is a net exporter, and the cost, insurance, freight price for which 
it is a net importer.

To cushion domestic energy prices against short-term volatility of prices on the international market, domestic prices 
can be set on the basis of median prices over the previous one, three or six months. This will smooth the impact of 
price shocks and help manage the transition to higher prices. Another way to manage volatility is through financial 
instruments, allowing the forward price of a commodity to be locked in, a process known as hedging. Normally these 
financial products are available in mature and deregulated markets like the United Kingdom and the United States, 
which means it could be an option for India in the longer term. Stocks and storage can also help manage short-term 
supply interruptions, though they require investment and thus come at a cost to the overall energy system.  

Reforming energy subsidies

Reform to energy subsidies is high on the global international policy agenda, reflecting the increasing recognition of 
their perverse fiscal, macroeconomic, social and environmental impacts. They impose large fiscal costs, which need to be 
financed by increasing public debt or taxes, and they can often crowd out the more productive public spending (education 
and infrastructure) that makes economies more competitive globally and improves their economic growth prospects.
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Energy subsides also discourage investment in energy efficiency, since they often make it uneconomic to invest in 
more expensive but more energy-efficient technologies and products, and increase energy demand to unsustainable 
levels, leading to supply shortages and wasteful energy use. 

Total energy subsidies in India amounted to some US$47 billion in 2013, equivalent to 2.5% of GDP. Most were 
for oil and associated oil products (Table 4.1). Energy subsidies are also highly inefficient at providing support to 
low-income households, as most of the benefits usually go to richer households. Targeted financial support to the 
poor is usually the more equitable option.

Ta b l e  4 . 1 
Energy price subsidies in India (bln USD 2013) 

In natural gas price reforms specifically, one 
of the primary concerns of policymakers is 
that higher gas prices will translate into higher 
fertilizer subsidies. These subsidies could, 
though, be completely offset by the increase in 
government revenues as gas production is valued 
at a higher price. Any increase in gas prices above 
current levels would reduce the absolute size of 
government subsidies through higher royalties 
and taxes.

Subsidies on gasoline and diesel have already seen progress. Gasoline prices were deregulated at retail level in June 
2010. In October 2014 India’s Union Cabinet Committee on Economic Affairs issued a directive to liberalize diesel 
prices for all consumers, which concluded two years of regulated price increases for retail diesel prices by a monthly 
maximum of Rs. 0.5 per litre. These price adjustments have gradually closed the gap between India’s subsidized 
diesel prices and international prices. 

Unlike diesel and gasoline, reform of LPG and kerosene has been much slower, with the government still 
controlling the price to residential, commercial and agricultural end-users as part of its wealth redistribution and 
poverty alleviation policy, reflecting the role of these fuels in providing lighting and cooking fuels to the poorest 
segments of society. But the distribution channels are highly ineffective, allowing leakages to other sectors. The 
government has begun to restrict the quota of subsidized fuels that each household can receive, and the government 
is committed to make them more efficient.  A nationwide implementation of the Direct Benefit Transfer Scheme 
for LPG (DBTL) to move the LPG sale to market prices (and directly transferring subsidy to beneficiary bank 

Fuel 2011 2012 2013

Oil 33.4 39.2 36.6

Gas 3.4 3.1 4.2

Coal 0 0 0

Electricity 3.6 4.4 6.2

Total 40.4 46.7 47.0

Source: International Energy Agency Fossil Fuel Subsidy Database.
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accounts) and reduce diversion was carried out in early 2015. A CEEW study, based on a primary survey of more 
than 1,200 households, 90 LPG distributors and interviews with implementation officers, bank managers and 
senior members of the oil marketing companies, puts forward the learning and experiences from this large-scale 
implementation. The analysis indicates that strong political will and leadership, juxtaposed with institutional 
coordination and intensive advertising and communication campaigns, were the key drivers behind the scheme’s 
successful implementation. The study found high levels of consumer satisfaction and a positive outlook of other 
key stakeholders towards the scheme. This is a stepping stone for future reform in targeting subsidies better.

The government also launched a “Give it up” campaign to encourage the wealthiest consumers to abandon their 
LPG subsidies. By February 2016 more than seven million households had voluntarily given up their LPG subsidy.

Moving to renewables

Although India may be keen to increase renewable generation for security of supply, the heavy share of such generation 
in Germany (Box 4.4) has itself led to security of supply issues in electricity. India could face this issue if its generation 
mix has too high a share of renewables. And renewables on a large scale could result in large subsidies, as in Germany, 
which would be a major drain on government finances and likely lead to higher electricity prices for end-users.

B o x  4 . 4 
A global perspective—the German electricity market and subsidies for renewables 
Spurred on by generous government incentives, Germany has seen unprecedented growth in renewable capacity 
in recent years and in non-thermal renewable sources (wind and solar photovoltaic), which account for almost 
40% of power generation capacity. Such growth has come at a heavy cost to consumers. 

The levy imposed on domestic consumers’ electricity bills to cover the cost of renewable subsidies has risen 
from €0.25 cent/kWh in 2000 to over €6.4 cent/kWh in 2014, and now makes up almost 20% of a typical 
household’s electricity bill. The cost of subsiding renewables through this levy in 2014 was €21.7 billion.

Unlike end-user prices, wholesale power prices have been under pressure, prompting some operators to 
mothball gas-fired and coal plants. The problem is that such plants are needed as back-up to intermittent 
renewable generation like solar and wind, threatening system integrity on the grid. In an effort to maintain 
the competitiveness of German industry, the government has all but exempted energy-intensive industrial 
consumers from paying the levy for renewables.

In a nutshell: policy has been very successful in delivering a large amount of renewable generation capacity.  
But it has been very expensive, largely exempts German industry and affects security of supply, which may well 
require getting the gas-fired generators on the grid again to provide backup capacity—at an additional cost.
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Energy conservation and innovative pricing

Good for the environment, energy conservation also helps to lower overall energy demand and so reduces the 
investments required. But it works only when end-users invest in higher efficiency appliances, which are normally 
more costly than standard equipment. And energy prices have to be set to incentivize these investments, because if 
energy prices are too low, they increase fuel consumption.

Most energy conservation measures require upfront investments, deterring many low-income families from buying 
more expensive appliances. Innovative pricing can help deliver energy at lower cost to end-users by reducing the 
overall system cost and by easing the initial outlays. It moves from higher cost to lower cost products over the longer 
run, also bringing environmental and health benefits.

The Lighting a Billion Lives programme, led by the India Energy and Resource Institute, replaces kerosene lamps 
with solar lanterns. Micro enterprises rent out high-quality and cost-effective solar lamps for a low fee in unelectrified 
or poorly electrified villages. Since the users rent the lamps rather than buy them upfront, solar lighting is affordable 
for poorer sections of society. Indeed, the rental fee is less than previous outlays for kerosene. 

This innovative pricing mechanism also demonstrates that thinking holistically and in an integrated way,  provides 
not only a more environmental beneficial outcome but leads to an reduction in total system energy costs.

Taxation

Taxation and pricing often go hand in hand, in terms of the total price of a commodity paid for by the end 
customers, the effect on the rate of return on energy investments and so on investment decisions, plus their use to 
achieving various policy objections, for instance minimizing environmental impacts. 

So Central and state taxes on energy supplies need to produce optimal fuel choices and investment decisions. If 
taxes and subsidies are not equivalent across fuels, then the relative prices of fuels can be distorted. The equivalence 
should be based on energy content, often referred to as “calorific value.”

Environmental taxes and subsidies can however be levied to affect fuel choices. These differential taxes can be 
justified if they reflect environmental externalities, the so called “polluter-pays” principle or “consumer-pays” 
principle. But these should always be consistently applied to attain the necessary environmental objectives at 
the least cost.
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Upstream hydrocarbon taxation.

Upstream taxation is one of three key components necessary for upstream investment. The other two are the price of 
the commodity sold and the perceived risk of an upstream investment. Any upstream fiscal regime should incentivize 
the maximum possible amount of upstream investment, while trying to capture as much rent as possible, without 
affecting investment levels. It should also ensure the correct balance of risk and reward for both the investor and 
the government. Where there is a history of constant government interference, or where the government constantly 
shifts the risk balance in its favour, the perceived risk of investing in upstream E&P activities will be higher.

The proper design of upstream fiscal models—including specific terms, allowances and tax levels—can ensure that 
the government has a consistent policy for a few decades, in order to minimize uncertainty and create a positive 
investment climate t. 

Many upstream fiscal regimes apply specific allowances or rates for more expensive projects, to ensure the necessary 
incentives are in place to maximize total investment and so production within a country. For instance - deepwater 
development tend to cost more than shallow water or onshore developments, and therefore deepwater developments 
normally attract additional allowances and incentives.

 Specific allowances can also be introduced to encourage exploration, important given India’s underexplored 
hydrocarbon resources. And specific incentives and measures can target the development of small or marginal 
upstream fields—or fields that are more technically difficult (increased risk) or more costly (lower returns). With 
this in mind, the Indian government approved the Marginal Field Policy in September 2015, shifting from profit 
sharing contracts to revenue sharing contracts (further explored in Chapter 6). 



India in Global Energy 
Markets

CHAPTER 5
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Seeking energy security, not energy independence

In 1991 a balance-of-payments crisis forced India to confront the inevitable—that a closed economy in pursuit of 
self-sufficiency could not reach its full potential on poverty reduction, economic growth and job creation—and its 
rightful place in a changing geopolitical world. Over the past 24 years India has integrated incrementally into the 
global economic order, sometimes at a pace that critics find painfully slow. Yet the direction has been clear: more 
trade, more investment, deeper integration and freer movements of goods, services, people and ideas. India is now 
the world’s fourth largest economy (in purchasing power parity terms), with a trade-to-GDP ratio of 50%.25 The 
Indian economy, certainly, is no longer autarkic. 

So how will India’s energy system go through a similar transition—in the terms, measures and institutions—from 
autarky to deeper integration into global energy trade and investment? By 2030 India’s share in daily oil trade is 
expected to be 12.5%,26 up from 7.4% in 2014.27 (For comparison, the share of the United States in global oil 
imports was 26.4% at its peak in 2005;28 the equivalent figure for the European countries [excluding Central 
Europe] was 38% in 1980.) In other words, the sheer momentum of India’s economic growth, the continuing shift 
of people to urban areas and the imperatives of energy access will ensure that energy demand will grow so much 
that energy autarky will not suffice. In the 21st century India is on track to assuming the role in global energy trade 
that Europe had in the 20th century. It will not be the biggest energy consumer. But it will no longer be possible 
to play only at the margins. Indeed, India will be a “swing voter” in global energy markets with strong national 
interest in well-functioning markets.29

The Indian government of course recognizes this inevitability, no doubt with growing trepidation. It is deeply 
concerned about the rising share of crude oil imports, from 65% of oil demand in 2000,30 to 78% in 201531 and 
to 90% in 2030.32 Coal imports have been rising year on year. And natural gas now accounts for 12%33 of installed 
electricity capacity, in addition to being a primary fuel in fertilizer and chemical industries. Imports of gas are 
likely to rise to 89 billion cubic metres (BCM) by 2030, more than five times the level in 2013–2014.34 With little 
investment in domestic upstream exploration, even fewer discoveries and flat production of primary energy fuels, 
there are concerns about how vulnerable India is becoming to energy shocks.

In response, two strategies are often recommended. The first is to aspire to energy independence. To be sure, this 
does not imply zero imports of primary energy, but it does aim for a reduction rather than an increase in the share 
of imported oil, gas and coal. For instance, the government wants oil imports to fall to 67% of demand by 2022 
and to 50% by 2030.35 The second strategy has been to buy acreages in oil and gas fields and in coal mines beyond 
India’s shores.36 The assumption is that such overseas assets will deliver energy resources to India’s shores in times of 
crisis. These strategies are inadequate, however, and difficult to achieve, even for large economies.
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The quest for energy independence has not been India’s alone. Faced with the first oil shock, President Nixon set 
a goal (in November 1973) to meet energy needs “without depending on any foreign energy source.” This effort 
was further challenged with the second oil shock, the result being that President Carter declared that the Persian 
Gulf was of “vital interest” to the United States and would be defended “by any means necessary, including military 
force.” More recently, the United States has had a surge in domestic production (tight oil accounted for 49% 
of its crude oil production in 2014), making it the largest producer of oil and gas combined. Even so, it cannot 
disengage from global markets, because global oil prices would still have an impact on domestic energy investment, 
production and consumption.

Oil is a fungible commodity (and a financial asset), so decisions in other large domestic markets have implications 
for global oil trade and prices. India is already more dependent on energy imports than China or the United States. 
With a much smaller domestic output of oil and gas and growing reliance on imported coal, it can ill afford to seek 
energy independence by relying only on domestic resources.

The second strategy—purchasing overseas acreages—is an extension of India’s building strong bilateral 
relationships with major energy suppliers, often featuring long-term contracts. Relying on a few suppliers of 
oil, gas and coal assumed that adequate quantities of fuel would be delivered and that price fluctuations would 
not matter. The limits of that strategy have been exposed as India struggles to persuade OPEC countries to 
renegotiate long-term contracts. It wants to benefit from the fall in oil prices over the past year and to stop 
paying the “Asian premium,” which it claims has been traditionally imposed on major Asian energy importers.37 
Saudi Arabia, in turn, has countered that there is no Asian premium.38 And empirical studies have found mixed 
results.39 

The reality is that for emerging large energy importers, the shift from long-term contracts to relying on diverse 
sources, taking advantage of lower spot market prices and hedging via forward contracts are all likely to be part of 
a new strategy for engaging more deeply with global energy markets. With a growing economy and more cash to 
spend, India’s public sector oil and gas companies have been investing in oil and gas fields. But the needed variety 
in sources of supply is not guaranteed solely by owning energy assets. 

For India, energy security will not be the same as energy independence. Such security will require meeting four 
imperatives: assured supply, safe passage, secure storage and a seat at one or more international forums in the 
international oil supply and trading game.

In this quest India would first have to seek an assured supply of energy resources. While ownership of assets might 
have a limited role in times of crisis, more effort will be needed in boosting India’s diplomatic capacity and aligning 
it with the commercial interests of India’s public and private energy companies.
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Second, India would need to ensure safe passage of overseas energy supplies. This will be partly a function of India’s 
ownership of—or access to—a shipping fleet. Compared with other major energy consumers, India’s share of oil 
and gas tankers is low. Safe passage will also require naval capabilities for India to become a net security provider 
in the Indian Ocean. India has been pursuing regional as well as bilateral cooperation on maritime security in the 
Indian Ocean, but such engagements need to be intensified even further. Its naval assets will also have to work with 
other navies in protecting energy supply routes beyond the Indian Ocean, particularly in the South China Sea, 
from which new supplies of energy might flow in the future.

Third, India would need secure storage as well as infrastructure and management capabilities to store and transport 
energy resources on its territory, as a buffer for emergencies. But its storage capacity for strategic reserves, including 
that nearing completion and planned, is low relative to that in OECD countries or China (current and planned). 
In any case, capacity alone would not suffice. India can learn from members of the International Energy Agency 
(IEA) on their decisions for siting storage facilities (including in other countries) and, more important, on their 
institutional capacity to manage strategic reserves. 

Fourth, perhaps the hardest question for Indian policymakers is determining which international forums could 
offer a platform for them to articulate their concerns about the global energy system and learn the rules and codes 
of conduct that govern energy relations between other major economies. Because there is no global energy regime, 
India would need to identify the key functions that a regional or plurilateral energy regime could perform and 
that would otherwise be hard to do unilaterally. These functions include assuring transparency in energy markets, 
cooperatively managing strategic reserves, jointly patrolling energy supply routes, arbitrating disputes and pooling 
resources to lower insurance premiums on transporting resources. 

This chapter begins with a discussion of how countries have come to define energy security in line with their 
national interests and what approach ought to be appropriate for India. It then discusses the four imperatives 
and concludes by identifying some unknowns that India would have to be aware of as it becomes more deeply 
integrated into global energy markets.

Understanding energy security

Vulnerabilities in energy security were exposed during the two world wars, on all sides. If British politicians 
were worried about oil supplies during the first conflagration, Japan’s entry into the second was in part due to 
the energy embargo on its economy. During the Cold War the quest to control energy supply routes continued. 
Even in relatively peaceful times, the two oil shocks triggered by OPEC in the 1970s made energy security a 
paramount purpose for the world’s leading economies. But what is energy security? And what does it mean for 
India?
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Evolving definitions of energy security—more than quantities and prices

The International Energy Agency (IEA) defines energy security as the uninterrupted availability of energy sources at 
an affordable price. But the pursuit for energy security varies with time. In the short run energy security focuses on 
the ability of the energy system to react promptly to sudden changes in the supply–demand balance. In the long run 
it mainly concerns making timely investments to ensure that energy supply is in line with economic developments 
or changing environmental needs.40

Several leading economies have understood energy security in different ways, depending on their circumstances. 
The US Energy Independence and Security Act of 2007 states its purpose as “to move the United States towards 
greater energy independence and security, to increase the production of clean renewable fuels, to protect 
consumers, to increase the efficiency of products, buildings and vehicles, to promote research on and deploy 
greenhouse gas capture and storage options, and to improve the energy performance of the Federal Government, 
and for other purposes.”41 This is a more expansive definition but other countries have evolved their thinking 
in similar ways. Germany’s New Energy Policy (2012) borrowed from the IEA definition but also added that 
greenhouse gas emissions would have to be reduced while increasing the share of renewable energy and improving 
energy efficiency.42

Japan, a major importer of oil and gas, developed a Fourth Strategic Energy Plan in 2014—three years after the 
Fukushima nuclear accident had imposed a drastic rethinking about energy sources and uses. Japan’s plan also 
expanded on a narrow definition of energy supply (or energy security) to include a focus on realizing low-cost 
energy through energy efficiency measures and on increasing efforts to ensure environmental sustainability.43 It has 
therefore planned, among other targets, to double the self-sufficiency ratio by 2030, to double zero-emission power 
generation and to be the best in the world on industrial energy efficiency. 

Other countries might not explicitly define energy security but have plans or programmes that indicate their core 
priorities. Under its Green Growth Strategy the Republic of Korea wishes to strengthen “energy independence,” 
create new growth engines, and improve the quality of people’s lives.44 China’s 11th Five Year Plan (2006–2010) set 
priorities for increasing domestic energy supplies and promoting energy conservation. Its 12th Plan went further: 
diversifying energy resources and import routes, enhancing existing sources and exploring and developing new 
domestic resource locations.45

The common thread across all these definitions is that countries are not satisfied with a definition of energy 
security limited only to quantities and prices. Developed and fast-emerging economies have seen value in 
diversification (on the supply side), efficiency and conservation (on the demand side) and sustainability (on the 
environmental front). 
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Energy security for India

For India the problem was different until recently. Its energy supply was limited relative to demand (and still is), 
but overseas energy security was not the primary concern. Domestically produced coal was the mainstay of the 
modern energy sector, for fuelling electricity or large industry. India was, of course, dependent on imports of oil 
(and to a much smaller extent, gas, which was first imported in 2004). Major episodes in West Asia have affected 
India’s economy (Table 5.1). Among them, the 1979 oil shock triggered a decade of macroeconomic pressure, 
with oil price fluctuations combining with rising debt service obligations. The 1990–1991 Gulf crisis imposed 
severe pressure on the balance of payments, eventually resulting in the rupee devaluation in July 1991 and the 
crisis-driven onset of economic reforms.46 The US cruise missile strike on Iraq in 1996 again led to crude supply 
disruptions in India, in turn tripling its current account deficit. India’s energy-related crises, in other words, had 
clear macroeconomic implications for a small and vulnerable economy dependent on oil imports. This was different 
from pure quantity-focused supply-related security concerns. 

Ta b l e  5 . 1 . 
Major supply disruptions facing India since 1979

Year Crisis Impact on global oil Impact on India

1978–1979 Iranian revolution
Oil disruption ~5.6 mbd; 
hike in spot prices; artificial 
demand for oil

Devaluation of the rupee

1980–1981 Early Iran–Iraq war Oil disruption ~ 4.1 mbd; 
steep price hike

India faced shortage of crude oil and 
oil products

1990–1991 Gulf War I
UN embargo on oil from 
Iraq (4.3 mbd) followed by 
steep price hike

India was forced to buy 4.75 million 
tons of expensive oil in the spot 
market; value of oil imports increased 
by 0.6% of GDP, contributing to half 
the increase in the BoP gap 

1996
Kurdish civil war and 
US cruise missile strike 
on Iraq

Iraqi oil didn’t enter market; 
prices shot up

India’s current account deficit  
almost tripled

2003 Gulf War II Price hike and supply 
disruptions of ~2.3 mbd

Domestic fuel prices had to be 
increased

2010 Iranian oil embargo Forced to reduce cheap imports from 
Iran by ~38% over 2010–2013

Source: Robert McNally (2012), “Managing Oil Market Disruption in a Confrontation with Iran,” Energy Brief, Council on Foreign 
Relations, http://www.cfr.org/iran/managing-oil-market-disruption-confrontation-iran/p27171; Gulshan Dietl (2004), “New Threats to Oil 
and Gas in West Asia: Issues in India’s Energy Security,” Strategic Analysis, IDSA. Available at http://www.idsa.in/strategicanalysis/
NewThreatstoOilandGasinWestAsiaIssuesinIndiasEnergySecurity_gdeitl_0704.html 
Arvind Virmani (2001) “India’s 1990–91 Crisis: Reforms, Myths and Paradoxes,” Planning Commission, available at www.
planningcommission.gov.in/reports/wrkpapers/wp_cris9091.pdf
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India’s response to such price volatility has lain in securing long-term contracts with a few key oil exporters, but that 
approach is becoming less tenable. Oil (and increasingly gas and coal) are no longer merely macroeconomic headaches 
for India. With a much larger economy now, India’s energy security is also intimately linked to actual barrels of oil 
equivalent being available to sustain industrial and overall economic growth. This lesson was brought home during the 
sanctions on Iran: India was forced to reduce cheap imports from that country by 38% (Box 5.1).

B o x  5 . 1 . 
Iranian sanctions and India’s energy security challenges
In the past decade Iran has been subjected to three rounds of sanctions: by the UN in 2006, the United States in 
2007 (tightened in 2010) and the European Union in 2012.47 US sanctions in particular made India’s trade with 
Iran difficult. (Iran was India’s second largest oil supplier, accounting for 11% of total crude imports in 2010.) 
As a result, India faced three obstacles: reducing imports from Iran, paying Iran and securing maritime (re)
insurance. The first challenge was handled by gradual reductions in annual imports from Iran, sufficient to 
exhibit considerable reductions to obtain US waivers for continued imports48:  such imports dropped by 38% 
from 17.2 MMT in 2010 to 10.7 MMT in 2013, while their share in total crude imports fell by half from 11% 
to 5.5%.49

India attempted to meet its energy needs in the medium term by increasing imports from Saudi Arabia and Iraq, 
and later from Latin America (box figure), which (Venezuela’s aside) were more expensive.50

B o x  f i g u r e  1 . 
India’s major crude suppliers
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Payment problems also emerged after sanctions were imposed on the financial sector, after which the Reserve 
Bank of India scrapped the Asian Clearing Union payment mechanism. Thereafter, around half the payments 
(about 55%) were made through Turkey’s Halkbank, and the rest were paid in Indian rupees through UCO 
bank, which could risk transactions with Iran due to its minimal exposure to international markets.51

Maritime (re)insurance was equally fraught. The ban on EU insurers and reinsurers from covering Iranian oil 
shipments, combined with Indian insurers denying or offering inadequate coverage, forced Indian refiners to 
significantly cut down crude imports from Iran.52 Only a few Indian companies engaged with Iranian insurers, 
doubtful of receiving payments against any claims due to sanctions on Iran’s financial sector.53, 54

The sanctions also halted Indian plans for an Iran–Pakistan–India natural gas pipeline as well as other initiatives 
of Indian companies (public and private) in exploration, production and infrastructure. 

If the latest (mid-2015) deal between Iran and the P5+1 group of economies holds, sanctions could be eased, 
and India could start trading normally again with Iran. But the episode drove home India’s deep supply 
vulnerabilities through its exposure to imported, particularly West Asian, crude oil. 

India’s energy demand is no longer marginal in global energy markets. It is the world’s fifth largest producer of 
electricity, the second largest importer of coal, the world’s fourth largest consumer of oil (3.73 million barrels a 
day)55 and the 11th largest natural gas consumer with potentially much greater demand in future (it currently 
imports one-third of its natural gas consumption). More significant, as the world’s fastest growing major economy, 
its primary energy demand will at least double by 2030 from 2011.56

China and India are leading the growth in new demand for oil and gas and other energy and nonfuel mineral 
resources. In 2009 China became the world’s largest energy consumer. In the first decade of the 2000s the share of 
these two countries in global fossil-fuel trade more than doubled in value terms (to 10.8%) and tripled in weight 
terms (to 14.3%). Between now and 2030, however, Indian demand is projected to increase faster than that of 
any other country in the G-20. With China it will account for 51.6% (16.6% alone) of incremental global energy 
demand by 2035.57 India, in other words, will get more deeply integrated into the global energy system.

Climate change complicates India’s energy security. In 2010 it was the second most vulnerable in the world on an 
index of vulnerability (Bangladesh was first).58 More recent studies find severe potential impacts of climate change 
on heat stress and human health (raising demand for air conditioning), food stress, water stress, river flooding, 
coastal flooding and infrastructure risks.59 The unimpressive ambitions of China, the European Union and the 
United States to limit their greenhouse gas emissions have constrained the available carbon space for countries like 
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India. It is compelled to make choices about its energy investments after recognizing the consequences of global 
average temperature rise crossing the threshold of 2 oC, the international consensus among negotiating countries 
in the global climate regime.60

Energy security for India, then, is broader than merely reliable access to resources at a reasonable cost. Instead, a 
more appropriate definition would be the availability of adequate quantities of critical resources, at prices that are 
affordable and predictable, with minimum risk of supply disruptions, to ensure sustainability for the environment 
and future generations. But again, energy security is not the same as energy independence. India will not be energy 
secure by pursuing an autarkic policy. Instead, it has to build the infrastructure, financial, diplomatic, military and 
technical capacity required as its domestic energy system interacts more closely—in both directions—with global 
energy markets.

Seeking assured supply

In the first of the four imperatives, one approach that India has followed with some vigour is in trying to acquire 
acreages of oil and gas or ownership of coal mines abroad, driven by commercial and strategic considerations. 
Commercially, Indian companies have an interest in acquiring assets to widen their portfolio of reserves, forming 
joint ventures with foreign partners and getting access to technology. Such acquisitions would be evaluated based 
on the returns on investment. Strategically, the expectation is that owning energy assets overseas would buffer 
Indian consumers from supply and price shocks. 

How have Indian companies fared in overseas asset acquisition? As the other major new energy demander, what 
has China’s approach been and would it be applicable to India? To what extent has the strategy of Indian firms 
been effective? And does India (public and private firms and government) have the requisite capacity to secure 
overseas assets? 

Public, private or both?

Oil and gas 
State-owned enterprises have for the most part taken the lead in the oil and gas sector. Until 2013–2014, ONGC 
Videsh Ltd. (OVL)—the overseas arm of India’s largest oil and gas company—made cumulative investments 
of more than $22 billion in 35 projects across 16 countries.61 With this investment portfolio, proven reserves 
in OVL projects were 207 mtoe (as of 1 April 2014). In 2014–2015 OVL invested a further $4.7 billion in 
producing assets in Brazil and Mozambique, in addition to investing in four exploratory blocks in Bangladesh 
and Myanmar. 
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Other public sector enterprises—primarily Bharat Petroleum Corporation Ltd. (BPCL), Oil India Ltd (OIL), 
Indian Oil Corp. Ltd. (IOCL) and Gas India Ltd. (GAIL)—have made significant investments in upstream assets 
abroad. BPCL, through its wholly owned subsidiary BPRL, holds a participating interest in 11 exploration blocks 
in Australia, Brazil, East Timor, Indonesia and Mozambique.62 It also plans to invest $2 billion in gas blocks in 
Mozambique and Brazil by 2018.63 Similarly, OIL’s overseas exploration and production (E&P) portfolio comprises 
16 blocks spread over 10 countries (covering Bangladesh, Gabon, Libya, Mozambique, Myanmar, Nigeria, Russia, 
the United States, Venezuela and Yemen).64 In one of the largest LNG projects, the Rovuma Area 1 field in 
Mozambique, state-run ONGC, OIL and BPCL have jointly invested more than $6 billion so far and plan to 
invest another $6 billion by 2019.65

Some Indian private companies, such as Reliance Industries and Essar Energy, have followed a similar trail. Reliance 
Industries (RIL), India’s largest private sector firm by market capitalization, has so far invested $8.1 billion in its US 
shale gas business through three joint ventures, including $2 billion for stakes that give it access to 12 trillion cubic 
feet of shale reserves.66, 67 Consolidating its overseas assets to boost its upstream asset portfolio, it has exploration 
rights for blocks in Myanmar, Peru and Yemen.68

Coal
Indian companies, mostly private, have purchased coal assets worth $12 billion over the past decade through nearly 
20 deals in Australia, Indonesia, Mozambique and the United States (Table 5.2).69 

In addition to investing in mergers and acquisitions, Indian firms such as Adani Enterprises, Lanco Infrastructure 
and publicly owned Coal India Ltd. had planned further investments (up to $32 billion) for mines and infrastructure 
development.70 But after staring at huge losses on their overseas investments (due to low prices or poor quality 
coal),71 many have been planning to sell off part of their stakes.72 Coal India Ltd. had plans to invest $6.5 billion 
during the 12th Five-Year Plan (2012–2017) to develop Mozambican blocks and acquire new assets. Instead, it has 
decided to lower its risk exposure and allocate funds strengthening the domestic infrastructure for coal excavation 
and increasing supply.73
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Ta b l e  5 . 2 . 
Major investments in overseas coal mines by Indian companies

Country and Indian enterprise Investment

Australia

Adani Group $2 billion for Gailee coal blocka

Lanco Infratech $0.75 billion in western Australia

GVK Power and Infrastructure $1.26 billion for Hancock coala

Mozambique

Coal India Ltd. $180 million in A1 and A2 blocks

International Coal Ventures Private Ltd. (ICVL) $50 million for 65% stake in Benga mines

Tata Power 35% stake in Benga mines

Jindal Steel Works (JSW) $180 million for 90% stake in Tete province

Indonesia

Tata Power $1.3 billion for 26–30% stake in three coal mines

Adani Group Bunyu mines

GMR Infrastructure $550 million for 30% stake in Golden Energy mines

Reliance Power $500 million in 3 coal mines 

Essar Group $118 million in Aries coal mines

United States

Essar Group $600 million in West Virginia

a. Cash and royalty deal for coal mines, port and railway infrastructure. 
Source: Authors’ analysis.

Lagging far behind China

India’s efforts at overseas acquisitions are far surpassed by China, whose oil companies have been strategically 
diversifying their overseas portfolio and now have producing assets across 42 countries.74 In 2010, Chinese overseas oil 
production was concentrated mostly in Angola, Kazakhstan, Sudan and Venezuela.75 Since then, China has increased 
its footprint in Iraq and the Americas, to mitigate the risks in Sudan and South Sudan (Figure 5.1).
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F i g u r e  5 . 1 
Chinese overseas oil production by region, 2013
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The scale of Chinese investments has been of a different order than that of Indian companies. Between 2009 and 
2013 Chinese companies invested about $120 billion in global upstream merger and acquisition deals, five times the 
cumulative investments by OVL, which holds the majority of Indian overseas upstream assets in oil and gas (Table 5.3).

Ta b l e  5 . 3 . 
Chinese overseas investments in upstream oil and gas assets

Year Investments in global upstream 
O&G assets (USD billion)

Overseas production by Chinese 
companies mboe/day (mtoe/year)

2009 18.2 1.1 (54)

2010 29.4 1.36 (67)

2011 20 NA

2012 15 1.8 (90)

2013 38 2.5 (123)

Source: (IEA 2011),76 (IEA 2014)77

http://www.globalsecurity.org/military/world/china/oil.htm
Andrei V. Belyi, Kim Talus (2015) “States and Markets in Hydrocarbon Sectors,” International Political Economy Series. Available at:  
https://books.google.co.in/books?isbn=1137434074
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Besides the M&A deals in upstream assets, China has also heavily invested in loan‐for‐oil and loan‐for‐gas deals to 
secure long‐term supplies. In 2009 and 2010, its oil companies signed 12 such deals in nine countries across Africa, 
Central Asia and Latin America for $77 billion worth of long-term loans (IEA 2011). It also invested $29 billion 
between 2011 and 2013 in loans for oil or gas deals with Russia and Turkmenistan (IEA 2014). China’s government 
was active in securing these deals, while its national banks (China Export Import Bank and China Development 
Bank) supported the investments through long-term concessional finance.

As a third route for securing energy supplies, China’s oil companies have signed multiple long-term liquefied 
natural gas (LNG) supply contracts with Australia, Iran, Malaysia and Qatar. Together, these contracts will ensure 
LNG supplies of about 43 BCM a year to China until 2032–2034 (IEA 2014).

State-owned enterprises dominate China’s oil and gas sector, along with its publicly listed arms.78 These companies 
account for almost all of China’s overseas production (Figure 5.2). Since 2008, even smaller private companies have 
been investing abroad, though for far smaller stakes. For instance, five private firms invested $1.5 billion in 2013 
to acquire upstream assets in Argentina, Canada, Kazakhstan and the United States (IEA 2014).

F i g u r e  5 . 2 . 
State-owned entities account for most of China’s overseas production
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Interest in overseas sources of coal has also rapidly grown in China. With coal consumption of 1,925 mtoe (in 
2013), China accounts for half of global coal demand. It quickly became the largest coal importer after 2011 (from 
being a net exporter until 2009), despite also being the largest producer. The reasons? Higher costs of domestic 
coal, blockages in domestic transport infrastructure and environmental policy. By 2013 imports accounted for 8% 
of China’s coal consumption; Australia and Indonesia were its chief suppliers.

Chinese companies have been more measured in overseas coal-mining investments than in oil and gas, though until 
2010 large Chinese companies invested in coal mining in Australia and Indonesia. Once earlier plays appeared costly, 
the investments declined. And once the price of coal fell in 2013, overseas assets again piqued the interest of Chinese 
mining companies. Since then, Chinese firms have invested more than $15 billion in large mining and infrastructure 
projects, in Australia, Indonesia and the United States. Senhua, China’s leading state-owned mining company, has 
signed major coal supply contracts with its neighbours, Mongolia (1 billion tonnes over the next 20 years) and Russia.

In summary, China’s aggressive investments in overseas oil, gas and coal assets have been driven by the large 
financial reserves of national oil companies, access to concessional finance and diplomatic support from the Chinese 
government. But mere access to financial and diplomatic resources cannot justify acquiring overseas assets, so China, 
cognizant of commercial interests and market realities, is also developing its domestic energy resources. 

An effective strategy?

Has the strategy to acquire overseas assets worked for Indian firms on the whole? Not really, when seen from various 
aspects. The first relates to overall production. As a share of overall oil and gas demand, India’s overseas production 
was less than 4% in 2014–2015. In 2014–2015 OVL (owning a majority of India’s overseas oil and gas assets) 
reported production of roughly 9 mtoe of oil and oil-equivalent gas.79 If OVL’s ambitious plans of raising the output 
to 60 mtoe by 2030 were to materialize,80 India’s overseas production as a share of overall oil and gas demand would 
likely triple to ~11.5% (excluding production from private owned assets).81 Against these targets China’s overseas 
production already stood at 123 mtoe in 2013 (Table 5.3) equivalent to ~18% of its net oil and gas demand.82 China 
significantly outpaces India in acquiring overseas assets and securing long-term supplies, despite the fact that it has a 
higher share of domestic production in its overall oil consumption than India. 

Second, Indian companies have had to compete with the much deeper pockets of Chinese state-owned oil 
companies, which often have access to concessional finance though Chinese banks. Over the past decade, India has 
lost multiple bids for overseas assets (~USD 17.5 billion) to China across Africa, Asia and Latin America.83 Over the 
past decade the two have competed for oil and gas assets in Sudan (2002), Iran (2004), Angola (2004), Kazakhstan 
(2005), Ecuador (2005), Myanmar (2005), Nigeria (2006) and Russia (2006, 2008).84 
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From time to time, the two countries have tried to cooperate as well.85 In 2004 they bought shares in Sudan’s 
“Greater Nile Project.” In April 2005 they issued a declaration that included cooperating on energy security, 
exploration and exploitation of resources in other countries. In December 2005 ONGC and the China National 
Petroleum Corporation (CNPC) joined hands for the first time to buy oil assets in Syria. In January 2006 the 
countries signed a Memorandum for Enhancing Cooperation in the Field of Oil and Natural Gas, which included 
upstream exploration and production, refining and marketing of petroleum products and petrochemicals, research 
and development, conservation and the promotion of environment-friendly fuels. The agreement also called for 
trading in oil and joint bidding in third countries.86 Again in June 2012 ONGC and CNPC agreed to jointly explore 
assets in other countries and strengthen partnerships in Myanmar, Sudan and Syria. India’s hope has been that it is 
“better to cooperate than compete.”87 But cooperation has for the most part been limited.

Third, India has to operate in politically fragile states and regions such as Iran, Iraq, Kazakhstan, Libya, Nigeria, 
South Sudan and Venezuela.88 This is a challenge for China as well, but the tensions are greater when interests 
overlap and conflict. Joint investments with Vietnam for oil exploration in the South China Sea have created tensions 
with China.89 So the government exercises tight control over overseas investments of Indian public sector oil and 
gas companies. To the contrary, OVL has requested that its board be given more financial autonomy to make 
decisions up to $1 billion (currently its powers are capped at $50 million).90 However, Indian firms will need such 
financial powers backed up by diplomatic and military resources to reduce their risk exposure in less stable areas. In 
Kazakhstan and Venezuela, China has used the loan-for-oil and loan-for-gas routes for securing long-term supplies. 
It is unclear whether similar arrangements would be the best use of India’s resources.

Fourth, little “equity oil” actually makes its way back to India but is instead sold on global markets. If prices in 
India are not in line with international prices, there are two consequences: selling in this way or at a commercial 
loss. Ownership of assets is thus unlikely to affect prices at the margin. 

In sum, equity oil and gas investments have limited value but cannot be entirely dismissed if assured supply is a 
primary concern. In an emergency, however, energy security would be better assured by the ability to produce and 
deliver the energy resources. 

Seeking safe passage

More than overseas acreages, a more crucial aspect of energy security for India will be to avoid disruptions in 
transporting energy resources. It matters little who owns the oil fields, gas wells and coal mines if resources are 
held up by poor transport infrastructure or geopolitical tensions. Transport blockages could occur on home soil as 
well, as the chapter on infrastructure highlights. Here we pay attention to two key vulnerabilities, which largely 
determine whether energy resources headed for Indian shores receive safe passage: control of or access to the 
shipping fleet, and security threats in the Indian Ocean and South China Sea.
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Ownership of tankers

Given India’s energy trade and its global share, the Indian shipping fleet is extremely small. In 2014 India had a 
fleet strength of 111 oil tankers (including crude oil and product carriers)91 with a mere 9 million dead weight 
tonnage (DWT) for overseas trade (Table 5.4).92 Contrast this with global oil tanker capacity of 491 million DWT 
(in January 2013). Even though India’s share in global crude imports rose to 11% in 2014, it accounted for less 
than 1.8% of worldwide oil tanker capacity. Indian tankers carried only 16% of the total crude imported in 2012. 
This share has plummeted further as India’s fleet strength and capacity of oil tankers has stagnated since 2012 while 
crude imports have been rising steadily. 

China, however, has built substantial shipping capacity. Against a 12.6% share in global crude imports in 
2012, China held 7.7% of the world’s oil tanker capacity (~38 million DWT), and around 50–60% of its oil 
imports arrive on domestic carriers.93 The shares are 80–90% for Japan and 70% for the United States (Table 
5.4). Moreover, Chinese oil firms have focused attention on owning very large crude carriers (VLCCs). Already 
owning 70 of the global fleet of about 640 VLCCs, they have placed orders for 27 new tankers, nearly a third 
of the total outstanding orders for crude carriers in the world. China is also keen on building supertankers at 
home.94

The rapid rise in China’s oil tanker fleet, particularly VLCCs, has been driven by two factors. One is to boost its 
shipbuilding industry, which China considers as a strategic sector.95 The second is to use large tankers as offshore 
strategic storage facilities, which could be used to procure and store crude when it is cheaply available, and which 
could be mobilized quickly.96

Ta b l e  5 . 4 . 
Major crude importers and reliance on the domestic shipping fleet

Importer Share in global 
imports97 (2014)

Share of imports on domestic 
fleet (year in brackets)

United States 21% 70% (2012)

China 17.5% 50–60% (2014)

India 11% <16% (2014)

Japan 9.6% 80–90% (2014)

Source: http://www.wantchinatimes.com/news-subclass-cnt.aspx?id=20121024000045&cid=1102
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Building a domestic fleet for energy supplies has its own limitations. The expectation that a tanker fleet carrying 
domestic flags could deter a future adversary from interdicting tankers would hold only if the concerned country 
had the naval capacity to escort its fleet in a crisis.98 The presence of a robust shipping industry (rather than energy 
security) or the strategic decision to boost the domestic shipping industry has historically governed the ownership 
of tanker fleets for overseas energy trade.

For natural gas India meets one-third of its demand through imports, all through the LNG route. India started 
to import LNG only in 2004. The Shipping Corporation of India is the only Indian company that owns LNG 
transportation capacity, though in a consortium with Japanese companies.99 Of late, Indian shipyards have started to 
tie up with LNG carrier construction companies in Japan and South Korea to develop domestic LNG shipbuilding 
capacity.100 But a domestic LNG fleet is not seen as a necessity for energy security. In general, companies importing 
natural gas prefer to charter sophisticated LNG carriers, which are fuel-efficient and economical. LNG shipping 
interests across the globe are mostly commercial and often tied to liquefaction projects. 

A major determinant and potential limiting factor in India’s imports of natural gas could be its LNG regasification 
capacity. Japan, the largest importer of LNG, also has the largest regasification capacity. China, the third largest and 
the fastest growing LNG importer, has been rapidly expanding its import capacity and currently has 20% of global 
LNG regasification capacity under construction.101 India expects to quintuple its natural gas imports by 2030, from 
13 MMT in 2013–2014 to 68 MMT.102 Against this, India’s annual regasification capacity is around 25 MMT (only 
17 MMT operational) and is expected to increase to 55 MMT by 2025.103 Floating storage and regasification units, 
which are cheaper and have lower gestation time than land-based plants, have been developed by a third of all LNG 
importing countries, globally.104 India must also consider this technology while expanding its LNG regasification 
capacity. In fact, five such units (in aggregate more than 21 MMT a year) are being planned in India.105 

Imports by pipeline are another route for natural gas. For instance, 50% of China’s natural gas imports are through 
pipeline networks. India has also been negotiating or planning for pipelines from Iran (IPI, via Pakistan), Kazakhstan, 
Myanmar, Russia and Turkmenistan (TAPI, via Afghanistan and Pakistan).106 A subsea gas pipeline from Iran and 
Oman to India has also been under consideration.107 But geopolitics, security, pricing and operational issues have 
hindered rollout of any of these projects.

The contrast in ownership of shipping assets between India and other major energy consuming countries should 
not be read in an alarmist fashion. After all, India is not as large an energy consumer as China or the United States. 
The lesson, instead, is that as India’s share in global energy trade increases, its demand for crude and LNG tankers 
will grow. If other countries are an indicator, Indian firms will over time need access to a fleet size sufficient to 
cover at least 50% of imported energy resources. This will require coordination between ministries and agencies 
responsible for oil, gas, coal, shipping, ports and commerce and industry. For India, shipbuilding capacity would 
also have to increase, as would access to finance to place large orders for the fleet. 
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Cooperating over security threats?

The intersection between maritime and energy security is a potentially serious source of friction. Of India’s trade by 
volume, 95% depends on maritime routes. India’s broader region encompasses three of the most important choke 
points for world oil flows: the Straits of Malacca, Hormuz and Bab el-Mandeb (between Yemen and Somalia). 
Seventy percent of India’s oil imports come from the sea route in the Indian Ocean. Its coal imports also traverse 
sea lanes in the region. A growing share of energy will come from the east, including through the Straits of Malacca, 
which are also crucial for China’s crude oil imports. Anyone controlling the Straits of Malacca and the Indian 
Ocean can disrupt energy transit for the growing centres of global energy demand.

India considers that it is a net security provider in the Indian Ocean, being the largest maritime power in the region. 
With a vast coastline as well as island territories in the Arabian Sea and the Bay of Bengal, India can monitor energy 
and trade routes better than almost anyone else. It has used this geographical advantage to expand its maritime 
partnerships with other countries in the region. 

From convening the first Indian Ocean naval symposium in 2008 to rolling out an India-led maritime surveillance 
project (with coastal surveillance radar in India, Maldives, Mauritius, Seychelles and Sri Lanka) in 2015, India has 
actively led regional cooperation on maritime security in the Indian Ocean.108 It has also been collaborating with 
other major naval powers for joint patrolling and military exercises on bilateral, trilateral and multilateral bases. 
For nearly two decades India and the United States have conducted regular Malabar naval exercises in the western 
Pacific, which included the Japanese navies for the first time in 2007, in recognition of the importance of securing 
energy supply routes.109 India has also conducted joint naval exercises with the Republic of Korea,110 France and 
Russia111 and has trained Vietnamese forces in underwater warfare.112 

The strategic relationship with other navies will be tested more in the South China Sea, which has large proven and 
probable reserves of oil and gas (Figure 5.3). It has also become a major source of geopolitical tension. The Spratly 
and Paracel Islands are the most disputed island groups in the sea, reflecting historical disputes and contested maps, 
with tensions more recently ratcheted up by the prospect of controlling large energy resources. Indian joint ventures 
with Vietnam for oil exploration would be at risk if such tensions boil over into conflict.

Another security concern for India would be uninterrupted access to the Straits of Malacca, through which 55% 
of Indian trade transits.113 Even China imports more than 80% of its fossil fuel imports through the straits. To 
hedge its reliance on the straits, China has become more assertive in the South China Sea has raised its naval 
presence in the Indian Ocean. In addition, China has been building its naval capacity and is expected to have 78 
submarines (12 nuclear), 80 medium and heavily amphibious lift ships and 94 guided missile boats.114 Securing 
safe passage through the straits for continuing access to the South China Sea has thus become a major concern 
for India.
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F i g u r e  5 . 3 . 
Hydrocarbon reserves in the South China Sea

Source: http://www.eia.gov/todayinenergy/images/2013.04.03/maplarge.png

Beyond reasserting its position in the Indian Ocean, is India ready to assume a bigger security role in the greater 
Indo-Pacific region? In principle yes, but in practical terms it has some way to go. 

India has been modernizing its navy. It has two conventional aircraft carriers, one amphibious transport dock, 50 
frigates, destroyers and corvettes, one nuclear-powered and 14 conventional submarines, and many other naval 
and patrol ships.115 To amplify its nautical capacity and reach, it expects delivery of seven stealth frigates, six diesel 
submarines and 30 other warships, as well as more than 150 fighters, maritime-patrol aircraft and helicopters 
over the next decade.116 Over the last two decades, India has established a base for the Eastern Fleet (south of 
Vishakhapatnam) and upgraded its naval and air force facilities in the Andaman and Nicobar Islands.117 It has also 
been strengthening its maritime and defence ties with its East and South Asian neighbours. It conducts regular naval 
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visits and bilateral and multilateral exercises with regional states, such as Australia, Indonesia, Japan, Singapore, 
Thailand and Vietnam. And it has been playing a leading role in dealing with instances of disaster relief, piracy, 
smuggling, refugees and terrorism, thus presenting itself as a responsible and useful partner to South East Asian 
countries.118 

But India or China cannot protect sea lanes unilaterally. First, both have traditionally been land-based powers, and 
it will take decades before their growing naval assets can underwrite the capability of maintaining a “blue water” 
navy.119 Second, oil transit volumes through the Straits of Malacca alone will rise to 45% of global trade in 2035. 
Both China and India will have a strategic interest in maintaining the security of sea lanes. Rather than let their 
respective naval buildups become a source solely of suspicion, it will be important for the two navies to engage and 
interact more frequently. So even though strategic tensions are likely to remain between the two fastest-growing 
emerging economies, there is certainly scope, at a tactical level, to explore how joint exercises could help China and 
India maintain peace and stability over a region of mutual vulnerability.

Seeking secure storage

If avoiding disruptions in transporting energy resources is one part of securing supply, storing those resources is the 
other part.120 Without adequate storage, sudden interruptions could have severe impacts on the domestic economy. 
The government knows this, but progress is painfully slow: strategic petroleum reserves were first mooted in India 
in 1998, but only in 2015 have the first storage facilities neared completion. 

Answers to three questions could guide India in developing storage capacity and management practices. Is India’s 
storage capacity adequate? Does it need to build more storage, or are there other options? And what institutional 
capacity does it need to manage the reserves?

Adequate storage?

The government set up Indian Strategic Petroleum Reserves Limited (ISPRL) in 2003 as a corporation to control 
and manage strategic crude oil inventories and coordinate the release of strategic crude oil stocks during supply 
disruptions, and their replenishment.121 Strategic petroleum reserves (SPRs) capacity of 5.33 MMT (about 40 
million barrels) has been developed at three locations: Visakhapatnam in Andhra Pradesh, and Mangaluru and 
Padur in Karnataka.122 Taking advantage of low crude prices, India made its first purchase for SPR purposes in 
March 2015.123 This capacity is expected to be commissioned and filled by the end of 2016. Additional SPR 
capacity of 12.5 MMT (93 million barrels), expected to be commissioned by 2020, is envisaged at four other sites 
in Gujarat, Karnataka, Odisha and Rajasthan. The storage at these sites would be in addition to the crude oil and 
petroleum products stored by the oil companies, which are not classified as strategic. 
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The current capacity of 5.33 MMT would provide at most 13 days of import protection at net imports of 148 MMT 
(2014–2015 levels).124 With additional capacity of 12.5 MMT, this number would go up to 33 days (assuming 
that net imports grow at 5% on a compounded annual basis). By contrast, the United States has an SPR capacity 
of 97.7 MMT (727 million barrels), for import protection of 144 days at net imports of 5.04 million barrels a day 
(2014 levels).125 China, by contrast, has strategic stocks of about 9 days worth of crude imports, with plans to raise 
its overall strategic capacity to 67.2 MMT (500 million barrels) by 2020. This would be equivalent to around 60 
days of net imports, which may climb to 8.4 million barrels a day by 2020.126

India has storage facility in tanks and pipelines for not more than 45–50 days (Table 5.5).127, 128 By comparison, IEA 
members have a minimum stockholding obligation (including strategic, commercial and operational stocks) of 90 
days (of daily net imports) of all oil.129 India, too, wants 90 days of stocks, but deployment over the past decade 
has been very slow. For the medium term at least, India’s current storage capacity is expected to fall well short of 
IEA standards. 

Ta b l e  5 . 5 . 
Storage capacity of top energy consumers

Country Closing oil stock (in days of net 
imports)(December 2014)

Rank as primary energy 
consumer (2014)

China 22.7 1

United States 251 2

India 45 4

Japan 157 5

Canada Net exporter 6

Germany 140 7

Korea, Rep. of 233 9

a. Including strategic and commercial reserves.
Source: IEA (2014) “Closing Oil Stock Levels in Days of Net Imports,” December, available at http://www.iea.org/netimports/?y=2014&m=12; 
BP (2015) “Statistical Review of World Energy,” June, available at: www.bp.com/content/dam/bp/pdf/Energy-economics/statistical-
review-2015/bp-statistical-review-of-world-energy-2015-full-report.pdf 
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Is additional storage the only way?

The inadequacy of storage capacity, whether SPRs or other reserves, does not mean that India has to build 
all its required storage. Any new construction entails heavy financial commitments: every additional 5 MMT 
capacity (~13 days of storage) could cost Rs. 4000 crore ($615 million) in infrastructure costs alone.130 Crude 
for filling these SPRs would cost another $2 billion for every 5 MMT (assuming a crude price of $50 a barrel). 
IEA member countries have most commonly used government budget support, bank debt and bonds to build 
SPR sites. For operation and maintenance most countries’ SPR facilities rely on budget support but also impose 
levies on industry (which also contributes to compulsory stocks as well as to commercial stocks) and taxes on 
consumers. The large sums mean that India would need to think carefully before investing in infrastructure on 
this scale.

An alternative route to building storage facilities is to site some emergency crude oil stocks in other countries. For 
OECD countries this is a normal practice. The United Kingdom holds 31% of stocks abroad, and Belgium, Estonia 
and Ireland each hold more than a third of their stocks abroad (Table 5.6). Such storage is usually split among three 
or four countries to reduce risks of non-recovery in times of crisis. Once the share and location of overseas storage 
are decided, bilateral agreements have to be signed to formalize terms of storage and release. India could explore 
similar arrangements with its major oil suppliers. Despite the political risks, this is one way to quickly build up a 
strategic reserve and reduce vulnerability to supply disruptions.

Another possibility is to rely more on market mechanisms by signing long-term commercial contracts as forward 
options between exporting countries and refiners in India.131 In signing such contracts it would be useful to seek 
flexibility in the form of fixed and optional volumes, which would help India to tap spot crude in the future 
whenever economical, the case today.132 India has already invited oil-producing West Asian nations such as Saudi 
Arabia and Oman to invest in its SPRs.133 Such a mutually beneficial strategy would augment India’s storage 
capacity.134 The arrangements would give major exporting countries a stake in India’s stockpiling programme. 
Additional agreements could enable oil-sharing during emergencies or swap arrangements with countries even 
farther away. 

What institutional best practices?

India could also learn from other countries’ best practices for managing SPRs and emergency crude oil and petroleum 
products reserves. The US Department of Energy’s Office of Petroleum Reserves, under the Office of Fossil Energy, 
manages three emergency stockpiles including the SPRs. With hundreds of staff and contractors, it offers services 
to support the SPR programme and involves private firms in operating and maintaining the reserves.135
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Ta b l e  5 . 6 . 
OECD countries with emergency oil stocks held abroad (December 2014)

IEA country Closing oil stock (days of net 
imports)

Stocks held abroad 
(industry and public) 

Share of stocks held 
abroad

Estonia 346 138 40%

Luxembourg 92 76 83%

Belgium 163 65 40%

United Kingdom 196 60 31%

Ireland 114 39 34%

The Netherlands 167 36 22%

Italy 123 20 16%

New Zealand 97 17 18%

Austria 110 13 12%

Sweden 134 12 9%

Czech Republic 139 11 8%

Switzerland 159 11 7%

Portugal 103 7 7%

Germany 140 6 4%

Finland 249 4 2%

France 111 3 3%

Spain 116 2 2%

Source: IEA (2014), Closing Oil Stock Levels in Days of Net Imports, June (Available at: http://www.iea.org/netimports/?y=2014&m=12)

In China the National Oil Reserve Centre is the core body responsible for SPR construction and oil procurement. 
The National Oil Reserve Office of the National Energy Administration (NEA), in turn, oversees the Centre. 
At the apex is the State Council, which can order releases from the SPRs, implemented through coordinated 
action between the NEA, the Ministry of Finance and the National Development and Reform Commission. Major 
national oil companies, such as CNPC, Sinopec and Sinochem, serve as contractors for operations of strategic oil 
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reserves. While building the SPRs the Chinese government is encouraging state-owned oil companies to increase 
their commercial reserves. It is also considering placing a minimum stockholding obligation on industry, thus 
creating its National Petroleum Reserve, which will include crude oil and petroleum products.136

India has drawn on the OECD’s practices of establishing oil emergency response organizations, stockholding oil 
and implementing oil-stock drawdowns and other emergency response measures. But the authorities, mandates 
and coordinating mechanisms to respond to energy-related emergency situations require more clarity.

The National Crisis Management Committee is the topmost executive committee for coordinating responses to 
all kinds of emergencies.137 For stockholding oil ISPRL is India’s nodal agency. The Petroleum and Natural Gas 
Regulatory Board (PNGRB), an autonomous body, has the mandate of ensuring uninterrupted and adequate 
supplies of petroleum, petroleum products and natural gas in all parts of the country. During an emergency, the 
government can invoke Section 43 (1) of the PNGRB Act 2006, which allows it to take over control of the entire 
downstream sector. But it is unclear how the institutions mandated with crisis management would coordinate with 
ISPRL in any event of oil supply disruption. There is a need to clearly outline an emergency response mechanism 
that India would follow. How would coordination between the government, the oil marketing companies and 
ISPRL be accomplished? And how would SPR levels be replenished once normalcy is restored?

In addition to the release of oil stocks, other emergency response measures include demand restraint and fuel 
switching.138 The government can invoke the Essential Commodities Act to maintain the equitable distribution 
of petroleum products. But there is no demand management plan that could be put into use during any supply 
disruption. To this end India needs a contingency plan to restrict demand during an emergency and encourage fuel 
switching. It could cover compulsory use of public transport or carpooling or curbs on using diesel-based generators.

Refined products should also be available in case of emergency. Public stocks held by government or a stockholding 
agency in IEA countries mostly consist of crude oil. But two-thirds of IEA countries impose minimum stockholding 
requirements on their industry,139 indirectly ensuring that some refined products are available for emergency purposes. 
The approach also establishes an operational link between a country’s reserves and its oil companies to help ensure 
rapid drawdowns of resources in an emergency.140 India has no such requirement on its industry. To this end, India 
would need a specific law, such as an Oil Stockholding Act, which could make it obligatory for upstream companies 
to keep emergency crude oil stocks and downstream companies to keep emergency stocks of petroleum products.

SPRs no longer merely ensure that oil reaches refineries. Since the United States has become a swing producer in 
global oil markets, there are calls that it uses its SPRs to ensure that oil reaches refineries before a global oil price 
shock damages the United States and the global economy—by freeing up more oil for global markets.141 India 
could also use its SPRs strategically to guard against severe price shocks.
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Seeking international cooperation

Equity investments in energy resources overseas, boosting merchant shipping fleets and naval capabilities and 
building and managing strategic reserves—all are part of the apparatus that India will need as it integrates 
more deeply with the global energy system. But these measures have their limitations, exposing the extent to 
which Indian firms and the government can make the best use of opportunities in energy markets or withstand 
shocks. India is not unique in having these vulnerabilities. Energy consumers and producers worldwide have 
to become more resilient to fluctuations in global energy markets, because the upside of securing resources 
at the most optimal prices remains highly attractive. The role of international institutions is to help their 
member states achieve goals that countries would find difficult to achieve on their own. But what energy-related 
institutions could India work through to increase its resilience and take advantage of the benefits that deeper 
global integration provides?

Little capacity to be involved in multiple forums

India faces a tough choice when shaping its strategy on engagements with international institutions. Despite 
its growing economic and political power, its position in institutions will depend on how such engagement can 
improve the human condition of its people. This is the guiding principle of its diplomacy.142 At the same time, 
India is not satisfied with the status quo at international institutions, which freezes its position as a lesser power 
and limits its room for manoeuvre. Yet when it makes demands for reform, it is often asked about the kinds 
of responsibilities it is willing to assume. This dichotomy means that India often lacks a clear strategy in its 
international engagements.

A related challenge is the limited capacity in the Indian system to deal with the growing complexity in energy and 
resource issues. Energy alone cuts across line ministries for oil and gas, coal, renewable energy and nuclear power. 
At home many of the energy choices would also depend on decisions by other ministries, such as finance and 
water, and by state governments. Along the land or sea border the role of the military as well as coastal and port 
authorities becomes crucial. Internationally, commercial and political diplomacy has to be carried out through 
bilateral channels and in multilateral forums. Global climate change and its regional and local impacts add further 
complexity. All these issues touch on other contentious international policy challenges such as trade, finance and 
technology transfer.

Despite these challenges, India has no option but to engage with energy-related institutions. As argued earlier it is 
no longer a marginal energy consumer that keeps it immune to global energy shocks. India’s vulnerabilities are not 
macroeconomic alone—they are systemic. Equally, it does not have the base of domestic resources and diplomatic 
and economic weight at international level so that it can alone try to shape the direction of political and market 
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outcomes. Given that its demands from the international energy system will only grow, India has a strategic interest 
in well-functioning energy markets across the world. 

The trouble is that there is no overarching global regime for energy. Energy governance is highly fragmented, 
with neither India nor China as members of the IEA.143 Yet there are multiple overlapping institutions relevant 
to global energy governance, including the IEA, the World Trade Organisation (WTO), the United Nations 
Framework Convention on Climate Change (UNFCCC), the Energy Charter Treaty and the Asia-Pacific 
Economic Cooperation (APEC) Energy Working Group, which comprises the region’s major energy consumers 
(but not India). A world with multiple poles of energy suppliers, energy demanders and emerging economies has 
direct implications for coherence among the international bodies.144 The countries belonging to the multilateral 
trade regime do not always overlap with those belonging to producer cartels. There are new calls for bringing 
together major suppliers and users under a global Energy Stability Board (similar to the Financial Stability 
Board) to coordinate emergency actions and give voice to emerging economies.145 But it is unclear which forums 
countries will choose to resolve disputes.

Choosing functional institutions

India’s participation in energy regimes is limited. It is not a member of most energy-specific regional organizations: 
it has only observer status at the IEA, since it is not a member of the OECD; and because it is not a member of 
APEC, it is not a member of that body’s Energy Working Group. India will need allies in these forums. For instance, 
as a member of the G-20, which has rotational presidencies, India could use (at a future date) its presidency to 
introduce energy security into the agenda and shape international cooperation. How should India choose which 
forums to engage?

India has an interest in working with other second-tier energy demanders, especially among Asia-Pacific countries, 
either to shape existing institutions or create a regional energy regime. The choice of institution should not be 
dogmatic. It should be driven by the need for certain core institutional functions to be delivered efficiently and 
effectively. 

The first task would be to increase transparency in energy markets with regular information on oil and gas 
purchases, long-term contracts and spot market prices. This function would help when Indian firms are trying 
to renegotiate contracts, make best judgments about oil futures and reduce the premiums they pay for crude 
shipped to Asia. The Joint Organization Data Initiative has since 2002 helped coordinate efforts among six 
international institutions to create awareness for greater transparency in oil markets—APEC, OPEC, the IEA, 
the Latin American Energy Organization, the Statistical Office of the European Communities (Eurostat) and 
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the United Nations Statistics Division. This could serve as a model for drawing in new energy demanders in the 
Asia-Pacific region as well.

Second, membership in an energy institution should facilitate discussions on how each member country’s strategic 
reserves could instil confidence in energy markets to mitigate short-term supply shocks. This is the premise for 
IEA countries to support each other during emergencies, and why many European countries have strategic reserves 
outside their territories. For India, mere membership in the IEA would not guarantee physical supplies of oil and 
gas during an emergency, given geographical limitations. But a regional platform could be more suited to that 
purpose, drawing on best practices adopted elsewhere.

Third, any energy-related institution that India joins ought to discuss the protection of key energy supply routes 
(by land and sea). Joint naval exercises are one way to provide security. But overall security will need much more 
cooperation among members, including intelligence sharing, real-time monitoring of oil and gas tankers and bulk 
carriers, and quick emergency-response measures. Such protocols could be established in the short term, and trust 
built along with standard operating procedures in the medium term.

Fourth, in a more institutionalized form, energy-related institutions should be able to arbitrate disputes and protect 
overseas investments. Existing institutions—such as the WTO and international arbitration courts—cover many of 
these aspects. But the rules are often conflicting, as with the way rules on climate change contradict how the WTO 
treats subsidies.146 India has interests on both sides. It is keen to attract foreign investment to its domestic energy 
sector, but it must protect its investments in other countries, particularly where regional and geopolitical tensions are 
on the rise. Moreover, lack of clarity on trade rules continues to stymie cross-border investments in emerging energy 
sectors. India will have to choose the forums for dispute resolution carefully. 

Fifth, India could explore how a group of countries could pool resources to acquire assets or to reduce the competitive 
premiums they might be paying individually to purchase overseas assets. These concerns might not seem large when 
the global energy markets are showing signs of oversupply. Yet collective bargaining would have merits when market 
conditions change, demand rises or new security threats emerge.

Sixth, India’s membership in an existing or new energy institution should provide it with a platform to share 
experiences with other emerging economies and demonstrate leadership in areas where its strengths lie. These areas 
include the growing emphasis on renewable energy, the technical and financial innovations in decentralized energy, 
the R&D efforts in energy storage and the unique pressures of rapid urbanization on an unprecedented scale. India 
has committed to increase its installed capacity of renewable energy from about 35 gigawatts (GW) today to 175 
GW by 2022.147 It also has more than 400 firms operating in the decentralized energy market, delivering energy 
services to poor communities.148 And it is keen on R&D in energy storage, as outlined in its recent submission of 
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commitments to the UNFCCC.149 Then there is its Smart Cities mission to upgrade the infrastructure in 100 cities 
across India, with significant emphasis on energy for buildings and transportation.150 

Finally, India could consider new institutions where its interests may be limited currently, but that deal with 
issues having a direct impact on its strategic interests. One is the Arctic Circle Forum, which has already attracted 
China’s attention. Oil and mineral exploration in the Arctic, a consequence of a warming climate, will also drive 
further greenhouse gas emissions. The opening of new shipping routes will create new trade opportunities as well 
as regional tensions. Access to these regions could become restricted to a limited set of countries, excluding others 
from both governance and the mineral resources. Of critical interest to India, such issues would demand regular 
engagement, at least as an observer.

Conclusions

India’s integration into global energy markets will be one of the key shifts in the global economy in the first half of 
the 21st century. The routes India chooses will determine how energy (in its various forms) will drive its economic 
growth and the overall human development of its people. As a major energy consumer and a growing energy 
importer, India faces tough choices. Autarky is not an option, given the scale of demand and the rising aspirations 
for higher standards of living. 

This chapter has explored four imperatives from the perspective of India’s quest for energy sources in a manner that 
is affordable, has minimal supply disruptions and is consistent with the need for environmental sustainability. All 
four have limitations, partly due to capacity constraints at home and to India’s still-limited power on the global 
stage. But in combination they would make Indian firms more adept at exploiting opportunities and its energy 
system more resilient to shocks.

Some unknowns remain but will continue to shape India’s integration into the global energy system. First, what 
will be the medium-term price of oil? This will be the defining question for any Indian policymaker. Yes, there 
is oversupply today, but demand will rise as emerging and other developing countries pick up their pace of 
economic growth. At what level will the price of oil stabilize, and when, are questions that require continuous 
assessment. 

Second, will there be a global price on carbon, and what will it be? The answer depends on many factors: global 
climate negotiations, regional carbon trading schemes, national policies and internal carbon prices, which many 
firms (including the largest energy companies) are already using. Without clarity on the price of carbon it will be 
difficult to make long-term investment choices or protect the value of existing assets. This uncertainty will affect 
not just energy reserves but also transport infrastructure, storage facilities and distribution channels.
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The biggest unknown is the relative roles of the public and private sectors in India’s growing energy system. 
Government policies and regulations will shape the investment climate at home. Public sector energy firms will 
compete, within their limited mandates, for overseas energy assets. Private firms with interests in fossil fuels might 
attempt the same, but would they compete or cooperate with state-owned enterprises? Will India’s diplomatic corps 
and other state agencies support India’s firms (public or private) in their dealings in overseas markets? 

Private firms in the growing renewable energy sector will have their own business interests at home and abroad, 
relating to investments in technology, manufacturing facilities and services. How will India’s policy apparatus 
manage conflicts between these different interest groups? Will an energy pricing regime in India give credible 
signals to investment needs, and to climate and local environmental sustainability? And will public and private 
firms (both Indian and foreign) operate in a regulatory environment where their investments are secure from 
arbitrary changes in policy? These questions and uncertainties go well beyond energy security. But their answers will 
determine the background for India to prepare itself for a leading role in global energy.





Politics and Policies for a 
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Inclusive and rapid economic development—a clear priority of the Indian government—brings with it the 
imminent need to raise sharply the share of clean and renewable energy for a sustainable energy future. India will 
have to balance pressure on energy needs from a fast-growing economy with a large underserved population, as it 
continues relying on fossil fuels for the next decades. But boosting the supply of energy in an equitable, affordable 
and sustainable manner is not the only goal.

The discussion in earlier chapters has shown that for a more energy-secure future, India needs to pursue several 
other goals simultaneously: 

•	Reducing the share of fossil fuels in the primary energy supply energy mix. 
•	 Increasing the share of renewables to decrease reliance on fossil fuels 
•	Reducing exposure to geopolitical risks by diversifying the fuel basket as well as import sources.. 
•	 Improving the energy intensity of economic output and increasing energy efficiency across all sectors. 
•	Providing reliable access to electricity and modern cooking fuels and technology; and using available resources 

optimally. 

India’s energy policy-making has multiple objectives: some are complementary, while some may introduce trade-
offs. Economic development, urbanization, growth of the manufacturing sector, etc., would require the setting up of 
massive infrastructure and call upon technologies both on the supply and demand sides to minimize the implications 
of energy and infrastructure development on land, water and air. Moreover, policymakers would need to grapple 
with the trade-offs of balancing costs that the optimal solutions may entail with the available budgets. 

So, in working towards a sustainable long-term energy vision, planners and decision makers have to resolve the 
trade-offs in an integrated policy and regulatory regime, providing the right physical and financial environment 
for investment in clean technology and manufacturing industry. Such a regime is crucial for providing a strong 
and consistent direction to producers and consumers of energy, facilitating investment in the desired choices and 
creating the right markets in a timely manner. It also requires comprehensive planning across economic sectors to 
ensure cohesion, considering all aspects of reliable and affordable energy access to all population groups, including 
the local and global environmental effects of energy use. Policies geared towards incentivizing particular options 
need to ensure that the overall policy environment for the option is consistently supportive. 

India’s current energy policy and planning landscape is very diverse, horizontally, across several ministries—and 
vertically, often divided at central and state levels. So although several elements require cross-cutting approaches 
across ministries and departments, decisions more often than not are made in silos. Similarly, policy linkages are 
multifaceted, and some decisions in the energy sector are strongly tied to trade and foreign policy, such as accessing 
overseas assets, securing supplies and tackling climate change—all requiring coordination.
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Besides adopting a holistic policy approach that addresses the complex linkages and trade-offs in different sectors, 
the government needs to closely align short-term plans with longer term planning. One example is the link between 
energy security and emissions mitigation. Here, India’s planning should go beyond a multidimensional focus to be 
resilient, anticipating energy and infrastructure demands and responding appropriately with a suite of policies that 
enable rapid and sustained economic growth. 

TERI’s 2014 analysis of energy scenarios reveals strong directional synergies between the actions to move along 
pathways focused on improving energy security and those geared to mitigate emissions. Mitigation options, such 
as efficiency measures on the energy demand or supply side, bring additional benefits of reducing overall energy 
requirements and thereby easing the pressure on fossil fuel imports. Similarly, decentralized renewables—apart 
from providing clean energy—provide energy access in remote areas, thus improving energy access and security. 

Against this backdrop, the policy space needs to be aligned along several tracks. First, make available adequate 
and reliable supply of fuels to meet the increasing demands of a country moving ahead. Second, ensure that the 
supply of energy is affordable to all sections of society. Third, provide incentives to options that are more efficient 
and clean, giving clear signals of these incentives to consumers and to producers. And fourth, ensure that a robust 
regulatory system is in place to effect the workings of these policies. Institutionally, government departments and 
ministries, at central and state levels, will therefore also need to coordinate closely.

This chapter makes the case for stable and time-consistent policies, reflecting the running debate over the licensing 
regime for exploring hydrocarbons and recent scandals over awards of coal-mining blocks. It next argues for an 
integrated policy environment for managing the demand and supply sectors, including infrastructure, and for 
resolving overlapping institutional authorities. It then presses the case for an independent regulator as the country 
gradually liberalizes its energy market. 

The need for stable and consistent policies 

The licensing regime for exploring hydrocarbons

Blocks for oil and gas exploration are contracted out under the New Exploration Licensing Policy (NELP). Nine 
NELP rounds have been conducted so far, with 254 blocks given out to companies for E&P. Under the NELP 
regime, production-sharing contracts (PSCs) are signed between the government and oil companies, which split 
production after the company recovers its costs (of exploration, development, production and royalties). The split 
share of post-recovery costs is biddable by the oil company, and the winning bid is determined by a host of 
parameters, including the share of profits the company offers to the government (Box 6.1). Apart from accruing 
revenues through profit sharing under the PSC, the government has a system of royalties and taxes. For coal bed 
methane, production-linked payment systems are followed. 
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Globally, PSC regimes have become more popular since Indonesia introduced them in 1966. But most large 
producers of hydrocarbons,151 including the OPEC countries, either do not employ PSCs or have revenue-sharing 
PSCs, which in India are referred to as revenue-sharing contracts (RSCs). In 2010 Brazil proposed a profit-based 
PSC and the first round of blocks went into bidding in 2013, although these profit-sharing contracts are yet to be 
tested there. Profit-sharing PSCs have emerged as the regime of choice in most developing countries, including 
Angola, Oman and Peru, apart from India. Around the world, more countries have adopted profit sharing rather 
than revenue sharing as the guiding PSC framework.

The PSC debate in India
In an attempt to increase government revenues, India’s finance minister in 2013 announced that the country would 
move from a profit-sharing to a revenue-sharing regime—that is, from a PSC to an RSC system. Such contracts 
would see production split right from the moment the oil companies start earning revenues, even before costs are 
recovered. RSCs had received the endorsement of the Comptroller and Auditor General of India in 2012. Another 
high-profile endorsement came in 2013 from a committee headed by Dr C. Rangarajan, then the chairman of the 
Economic Advisory Council to the Prime Minister.

B o x  6 . 1 
Private participation is on the rise in oil and gas
In the oil and gas industry, dominated by state-run exploration and production (E&P) and refining companies, 
the share of private firms has increased over the past decade due to a policy that sought greater private participation 
and thus the entry of new players (box figures 1 and 2). 

B o x  f i g u r e  1 . 
Domestic production of crude oil by company type
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B o x  f i g u r e  2 . 
Production of petroleum products by company type
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Due to differences in opinions between stakeholders on the recommendations of the Rangarajan committee, 
another committee was formed under the chairmanship of former Finance Secretary Vijay Kelkar. In 2014 the 
Kelkar committee, through a report “Roadmap for Reduction in Import Dependency in Hydrocarbon Sector 
by 2030,” recommended that India continue the PSC regime. No change has in fact been brought in, and the  
debate is far from settled, as a new “draft revenue-sharing contract” may replace the NELP’s PSC. The new 
contract purports to bring greater financial clarity for the government, as well as more revenue. An escrow 
account is sought to be created into which all oil and gas revenues would flow. RSCs draw support from the 
perspective that companies have no incentive to cut costs under the PSC. It is also felt that companies have an 
incentive to over-invoice on costs, denying the government some legitimate revenue. Under the revenue-sharing 
regime, by contrast, governments do not have to monitor activities, since the system encourages efficiency and 
cost-cutting. 

Weighing in on the debate
Governments worldwide use a variety of fiscal regimes to safeguard oil and gas revenues. Instruments include concession 
agreements and joint ventures with national oil companies, as well as PSCs. Tax and royalty systems—also varying—
often resemble PSCs. They are also driven by the state’s desire to maximize revenues, but may have other outcomes on 
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efficiency and may influence incentives in a different way. But these distortions are hard to quantify because nearly all 
countries have combinations of various taxes, royalties and production-sharing frameworks.

Three key claims are made in support of RSCs. First, companies do not produce optimally under the profit-sharing 
system (since they do not invest in cost-cutting mechanisms). Second, companies may cheat by overinvoicing 
under the PSC regime. And third, the government (with RSCs) would not have to monitor companies’ production 
and expenditure as they attempt to safeguard revenues. 

These points of contention in the debate emanate from the perceived incentives created by the two systems. But 
proponents of the PSC system claim that, owing to the very risky nature of petroleum E&P, RSCs do not provide 
incentives to invest. They also claim that fears of inefficiency and cheating are not grounded in reality, since the 
sector is very competitive and companies cannot risk inflating costs. 

A lack of information on production potential, and on E&P cost projections before activities begin, makes either side’s 
claims hard to pin down. It also magnifies the contractual risks. In India, the sedimentary basins are underexplored 
(Figure 6.1), and the domestic production of natural gas has been generally overestimated. Such overestimation can 
influence a government’s decision on what the winning bids would be in a round of E&P block auctions. Further, 
nine of ten exploration efforts typically result in a loss in some regions around the world, though not specifically India.

F i g u r e  6 . 1 . 
Oil and gas exploration performance in India’s sedimentary basins
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Experts also doubt the claim that the uncertainty of reserve estimation diminishes as the field reaches maturity and 
more data become available. But concern about companies underreporting reserve estimates is growing since it 
enhances their bargaining power at contract renegotiation.

In an RSC where the government’s take is 60% and the costs turn out to be 40% of the gross revenues, the 
government’s share would effectively be 100% of revenues after the E&P company recovers its costs. If the 
government’s take is proportionately higher, the company would effectively take a loss, discouraging it from 
developing the field to its full potential. 

Companies have incentives to cut costs under both systems, as cost overruns affect every operation, and no 
company would like to risk deliberate overspending or unexpected cost inflation. Further, overinvoicing is difficult 
to conceal, and could be extremely risky. Monitoring mechanisms—including third-party auditing, authorization 
for expenditures and other measures—can ensure that there is no cheating. 

But there is a genuine risk of opportunistic gold-plating of costs when the revenue structure follows a step-scale—
for instance, a 60% government share when the rate of return of company is 10%, an 80% government share when 
the rate is 20% and so on. Increasing costs or reducing production just before the step up to a higher government 
share can benefit companies at the expense of the government, though its impact can be mitigated with a smoother, 
formula-based approach to profit sharing. 

Recent events—and the way forward 
Governments have an incentive to secure and then boost revenues from the oil and gas sector. Most countries, 
including India, deploy a cocktail of measures to extract rents from the sector, including royalty payments, 
taxes and PSCs. There is an added dimension of import dependency in India. The Kelkar Committee Report 
points out that the average government take in exporting countries is much higher, at 71%, than in importing 
countries, at 52%.

Aiming to increase its revenues from the sector, the Indian government declared in September 2015 that it would 
be deploying RSCs for 69 marginal fields it intends to auction soon.152 Evidence from these 69 blocks could throw 
light on interest from the industry, the need for a mechanism of checks and balances and other aspects of the 
revenue-sharing mechanism. It would also provide a template for the government to help it decide whether RSCs 
can be extended to all future block auctions of hydrocarbons. Profit-sharing and revenue-sharing regimes have 
advantages and drawbacks. Either way, whatever the evidence may show, the government must have a consistent 
policy for the next few decades, given its wider energy-security objectives, developing a robust mechanism of checks 
and balances to ensure transparency in production. 
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Rationing domestic national gas

Introduced in 2008 the Natural Gas Utilization Policy ranks gas-consuming sectors to ration domestic gas. The 
government felt this was necessary in light of growing domestic supply from the Krishna-Godavari-D6 fields,153 
even though demand remained greater than domestic supply. Contractors of blocks under the New Exploration 
Licensing Policy (NELP) are obliged to follow this policy when supplying products.154 The order of priority is 
existing gas-based urea plants, existing gas-based LPG plants, gas-based power plants lying idle or underused, city 
gas distribution networks for piped natural gas to households and compressed natural gas to the transport sector, 
and finally gas-based power plants. 

The government chose this order because the 22 natural gas-based urea plants could not meet demand and had to 
use naphtha and fuel oil, both costlier alternatives. Further, imports met 25% of India’s LPG demand. And while 
the government recognized the importance of city gas distribution projects, petroleum and natural gas did not have 
high enough penetration in the country. The Natural Gas Utilization Policy was later modified to include non-
priority sectors, including steel plants, refineries and petrochemical plants. After a fall in output from the KG-D6 
block, the government reduced allocations of gas to noncore sectors.

The Natural Gas Utilization Policy—an outcome of the inadequate supply of domestic natural gas—has ended up 
creating distortions of its own. Priority sectors such as power and fertilizers have controlled consumer prices and 
depend on low-priced domestic natural gas. Sectors such as city gas distribution and industry, which can absorb 
higher prices, come lower down the priority list. The government is considering revising the policy in light of 
changing priorities, which include greater power supply and improved availability of petroleum and natural gas. 
It also, in May 2015, mandated pooling prices for LNG and domestic gas for use in the fertilizer sector, and it is 
trying to revive gas-based power generation by providing subsidies. While in the short run a subsidy is provided, 
the cost of power generation from underground domestic coal is likely to be higher than domestic natural gas and 
comparable to LNG. Accordingly, the government should consider pooled pricing for the power sector as well. 

Although the sector contributes to the government’s subsidy burden (Rs. 70,967 crores in 2014–2015), fertilizer 
companies have been importing natural gas to make urea. In April–December 2014, 26 million standard cubic metres 
per day (mscmd) of domestic natural gas and 16 mscmd of imported LNG were used. To lower the subsidy burden, 
which is higher for imported urea, the government took a step to increase domestic fertilizer production. In March 
2015 the Cabinet Committee on Economic Affairs approved price pooling for domestically produced and imported 
natural gas, to provide domestic manufacturers with better price signals. Such price pooling of gas could save Rs. 1,550 
crore in subsidies between 2015–2016 and 2018–2019.155 Given the potential importance of natural gas in the energy 
sector, policy should be directed towards pooling gas prices to enhance the relative attractiveness of gas as one of the 
strands of moving to a more sustainable energy sector over the long term. 
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Coal mining

Production
India’s energy sector is dominated by coal on the supply side. Like consumption, production has continuously 
increased, although the share of imports has also risen over the years (Figure 6.2). With coal demand expected to reach 
1.2 billion tonnes in 2019–2020, the government has announced that it expects Coal India Ltd. (CIL)—the sector 
monopoly—to increase production from around 462 MT in 2013–2014 (CCO 2014) to 1 billion tonnes by 2020.

F i g u r e  6 . 2 . 
Coal (coking and noncoking) production and consumption (million tonnes)
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To meet this target, CIL is planning to purchase 2,000 rail wagons for evacuation and upgrade technology in 
opencast mines. The latter includes high-capacity equipment, an operator-independent Truck Dispatch System, 
a vehicle tracking system using GPS/GPRS, coal-handling plants and SILOS for faster loading and monitoring 
using laser scanners.156 It aims to ramp up production from underground mines using newer technology such as 
continuous miner technology at large scale, long-wall technology in some places, man-riding systems in major 
mines and telemonitoring.

But it is expensive to upgrade underground technology, because India froze it in the 1970s, and upgrading would 
require imports. Hardly any new capacity in underground mining has been created in the last several decades: 
underground mines contributed a mere 8.8% of India’s total raw coal production of 516 MT in 2013–2014, 
opencast mines, 91%.



133

The main reason was an implicit regulatory push towards opencast mining in the 1970s and 1980s, such that 
the share of coal production from underground mining declined (Figure 6.3). Today, underground production 
is marked by low efficiency and high labour intensity, with output per man-shift from underground mines of 
CIL at 0.76 tonnes, against 12.3 tonnes from opencast mines. And the capital costs of underground mining are 
far higher. 

Delays in clearances are another factor hampering coal production.157 And CIL’s manpower adequacy is a potential 
barrier to rapid and massive capacity expansion. The company has not recruited management personnel for several 
years and is becoming a company with executives whose average age is 50, with an attrition rate among them at 
4% a year.

F i g u r e  6 . 3 . 
Production of India’s coal from opencast and underground mining (%)
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The shelf-life of a coal mine (underground or opencast) is about 30 years. If the government overcomes the 
foregoing hurdles, it will lead to a lock-in not only for capacity expansion but also in other ancillary services such as 
coal washing and transport. And if the government manages to install 175 GW of renewable capacity by 2022, too 
much investment in coal mining may waste resources. Instead, imports could make up the gap between demand 
and supply, which would also add to renewable capacity and help regulators bring parity to renewable and thermal-
based power generation. 
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Sector governance
Policy paralysis after 2012, stemming chiefly from controversy surrounding awards of coal blocks, had a profound 
impact on the coal sector. The Comptroller and Auditor General’s report of 2012 highlighted the problems. What 
were the issues exactly? What actions did the report prompt? And what was the cumulative effect on the sector?

The Coal Mines Nationalization Act of 1973 abolished private mining and brought the coal sector under the 
purview of the state and central governments. Subsequent amendments in 1993 and 1996 permitted captive coal 
mining in power, cement and iron and steel. These sectors were allotted coal blocks based on applications vetted 
by an inter-ministerial committee of the Ministry of Coal (MoC), CIL, Singareni Collieries Company Ltd. and 
members of ministries. But there was no transparency since the committee kept no records of the comparative 
evaluation and allocation process. 

The 2012 report stated that the government had delayed introducing a competitive bidding auction despite approval 
from the Department of Legal Affairs in July 2006. The report also said a flawed process had led to a possible loss 
of Rs. 1.85 trillion to the exchequer, as the committee made the awards without estimating the fair price of coal 
available in the blocks.

The Central Vigilance Commission asked the Central Bureau of Investigation to look into the matter, and “public 
interest litigations” were filed in the Supreme Court, which allowed it to monitor the case. Amid accusations of 
corruption, the government set up an interministerial group to examine the coal block auctions case by case and 
to recommend ones to be de-allocated, causing the industry to “cry foul” and disrupting captive coal production. 
A 2014 Supreme Court judgment upheld the views of the Comptroller and Auditor General on the allocation 
process, stating that the blocks had been allocated illegally and arbitrarily, thus cancelling 204 of the 218 blocks. 
The new government accepted this judgment as well as the recommendation to re-auction the blocks, using a 
transparent auction-based process. 

This led to the promulgation of the Coal Mines (Special Provisions) Ordinance 2014 (later, a bill), which described 
the mechanisms of a new auction process. Although such a method had been needed originally, the cancellation 
of the blocks violated the sanctity of contract of even the blocks that had been allotted fairly. It meant, too, that 
many companies, which already had sunk costs, would find it hard to take part because of pending bank guarantees. 
Finally, it meant that companies that had already built their end-use plant near the coal mines awarded to them 
would find it difficult to keep these plants running if they were not subsequently allotted the same mines. 

Under the new process, the Nominated Authority (appointed by the government) would look into the eligibility of 
the each of the bids (technical, financial and compliance with other laws), which would be followed by two rounds 
of bidding. The regulated sector (power) would follow a reverse-bidding process in which the bidder that quotes 
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the most discount to the notified price for a similar grade of coal wins the block. The nonregulated sectors (steel, 
cement and captive power plants) would follow the forward auction process in which the winner is the one who 
quotes the highest amount relative to the notified price for a similar grade (Ministry of Coal 2014). Moreover, for 
blocks reserved for the power sector, a fixed reserve price of Rs. 100 per tonne must be paid to the state government 
according to actual production above the royalty amount. 

These auctions brought transparency to the process and increased accountability of the allottees, but raised certain 
questions over their effect on the sector as a whole. For example, the auctions for most blocks in the power sector began 
as reverse-bidding but ended up as forward-bidding since the bid price quoted by the bidders was zero. This essentially 
meant that the fuel cost (cost of mining) in a power purchase agreement would be borne by the winning bidder. In 
electricity tariffs, which mix fixed and variable costs, the fuel cost forms a major part of the variable cost, so that while 
consumers would benefit from lower electricity costs, producers could incur losses on fuel costs. For the winning 
bidders on a levelized basis over 25 years, the under-recovery in fuel cost is estimated to range from Rs. 0.39/
kWh to Rs. 1.02/kWh, with aggregate under-recoveries estimated at Rs. 8 billion in 2015–2016 and Rs. 18 billion by 
2017–2018. So, if power producers do not manage to increase fixed costs in power purchase agreements, this model 
could eventually lead to retrospective hikes in tariffs, once again violating the sanctity of contracts.

Another point of concern is that the government has made public only the final bidding price and not the entire 
data set. The argument is that the bids are part of a company’s strategy and thus should remain confidential. But 
making the bids public would help in understanding the pattern and checking for discrepancies. Concerns over 
anticompetitive practices such as cartelization have arisen, with questions why the competitors could not keep 
lifting prices while still holding to the notified price limit. Following these allegations, the MoC rejected the bids 
from Jindal Power (Tara and Gare Palma blocks) and Balco (Gare Palma IV/I). Such moves once again create 
uncertainty: Are the auctions valid if the government can cancel the bids? 

Governance issues have thus led to the perception of uncertainty in the coal sector, undermining coal supply. They 
jeopardized investments of Rs. 4 trillion  in end-use plants, employment of almost 10 lakh people, and loans of Rs. 
2.5 trillion by banks and financial institutions.158 But the new auctions, which began by being more transparent 
than earlier procedures, have raised concerns over much-needed stability in the sector. 

The need for an integrated policy environment

Given the complexity of the energy system and the federal structure of the government, it is vital to coordinate 
policy across all sectors. The coordination must extend not only to the energy supply and demand sectors but 
also across institutional structures, since an integrated energy policy can work only if it has these structures in an 
enabling environment that ensures efficiency and fairness. 
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A key aspect for policy is to make available the most appropriate technologies in the energy demand and supply 
sectors. The policy vision needs therefore to focus on:

•	Setting a clear, transparent, long-term technology vision for the country, grounded in and supported by shorter 
term policies and plans.

•	Enabling research and development (R&D) so that the country is in a state of readiness with an appropriate 
range of technologies to be harvested and deployed continuously over the long term.

•	Putting forward programmes and measures that incentivize the use of efficient technologies by internalizing 
true costs and benefits (as much as possible). With affordability in mind, certain sections may still need 
targeted subsidies or “second-best” solutions until alternatives can be made available.

•	Ensuring that policies can influence relative prices of alternatives appropriately for consumers, to provide the 
right signals and enable them to make rational energy choices. 

Linking supply to demand

Industry
Industry’s demand for energy is expected to grow sixfold between 2011 and 2050,159 largely met by fossil fuels 
since industry relies so heavily on them. Much of the increase is expected to come from coal used for captive power 
generation by industries that have unreliable grid power and that can get cheaper power from captive plants. Given 
the negative externalities associated with coal-based power, and the imperative to move towards renewables, a 
dynamic policy should incorporate industry’s fast-expanding power needs. 

In the long term the government should provide a consistent policy that would enable the industry sector to move 
from captive power generation. Developing a smart grid that enables two-way interaction and increases reliability 
would be an important enabler for industry. Similar action is required in planning for oil and gas demand. (The 
fertilizer sector has shown a strong move from naphtha and towards natural gas; demand for fertilizers is expected 
to increase threefold by 2050. Given the paucity of natural gas it is important to consider how this demand would 
be serviced, especially in a politically sensitive and relatively inflexible sector like agriculture.) 

The government has shown a strong commitment to mitigating the impact of climate change by monitoring 
energy efficiency, introducing the Perform-Achieve-Trade (PAT) under the National Mission on Enhanced Energy 
Efficiency. The PAT is an example of a well-planned and consistent policy, as it mandates the reduction of energy 
consumption by 8 mtoe in the first cycle, ending in 2015. It has been a success and should maintain momentum 
and include more sectors within it. 
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The Bureau of Energy Efficiency, in the Ministry of Power, was set up in March 2002 under the provisions of 
the Energy Conservation Act 2001, with the objective of reducing the energy intensity of the Indian economy 
by moving towards a self-regulated and efficient market-based system. The Bureau has been involved in creating 
strategies to facilitate measurement of energy conservation. In its regulatory capacity, it has developed energy 
efficiency codes for buildings and industries, certified professionals to conduct energy audits and developed norms 
for energy consumption. While much needs to be done to ensure complete coverage of energy efficiency standards 
in appliances, buildings, logistics and transport, among other areas, the activities of the Bureau are already positive 
steps in this direction. 

Transport
In the reference scenario (BAU) of the TERI analysis, demand for petroleum is expected to increase 10-fold by 
2050, doubling the country’s import dependence. Transport in India has witnessed rapid expansion in use of 
personal vehicles fuelled by hydrocarbons. Apart from a focus on technology and infrastructure, the sector needs 
policy support to enable a modal shift to public transport and a fuel-switch for a smooth and gradual transition 
towards greater use of biofuels and electric vehicles. 

The National Electricity Mobility Mission is promoting the uptake of electric vehicles through fiscal support, but 
without such associated infrastructure as charging stations, it will achieve little. For that reason the national Smart 
Grid Policy aims to incorporate a phased inclusion of charging infrastructure reflecting the stages in the Mission. 
The implementation of both these policies can be achieved only through concerted effort. 

A forward-looking biofuel policy is important. Detailed policy guidelines have been provided for the first generation 
of biofuels, such as biodiesel from nonedible oil crops and bioethanol from sugarcane molasses. But the scope 
of expansion through these fuels is limited because of feedstock availability and large land requirements, which 
requires a shift towards more advanced biofuels. Lignocellulosic biofuels have been identified as potential options, 
and there has been mention of encouraging R&D and financial support. But the current policy mentions advanced 
biofuels as aspirational—a clear road map is needed, one to identify promising biofuel feed stocks relevant to India 
and the gaps in conversion technologies. 

An intensive national biofuel R&D programme that creates awareness, encourages extensive R&D and has clearly 
defined goals needs to be put in place for a longer term solution. The alternative scenarios in RES explore a very 
ambitious biofuel uptake of as much as 40% of total transport demand in 2050; UCG explores the impact of 
meeting 14% of total transport demand with biofuels in 2050.160 The key difference in the penetration of biofuels 
would be through greater policy direction and clarity. 
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Agriculture 
Agriculture grew at a sluggish 4% a year from 2000 to 2015. With a large population dependent on the sector 
for their livelihood and given food security concerns, policies are needed to increase the sector’s productivity and 
growth. Initiatives such as the National Mission on Agriculture Mechanization, which focuses on increasing the 
penetration of tractors, tillers and so on, are likely to increase energy requirements. It is hoped that investment in 
solar energy, irrigation and more profitable long-term plantations will be forthcoming with market reforms and the 
promise of a more stable and secure environment for small farmers. 

The linkage of agriculture with water and other resources has prompted the government to craft many policies for 
electricity pricing, micro-irrigation, crop diversification and energy efficiency. But policies promising cheap power 
to farmers have merely created perverse incentives to grow water-intensive crops in areas already water stressed, 
aggravating water difficulties. 

Just putting in place policies is not enough: ensuring that farmers can actually get the benefits of microfinance 
schemes and agricultural insurance schemes, by understanding their challenges, is vital to ensuring these 
initiatives’ success. The stream of documents required for farmers to get these benefits can act as a primary 
obstacle, however. 

Reform in agricultural pricing is another important element in farmers’ financial inclusion. Access to free and 
fair markets, as well as policies that provide a sense of security, could automatically open channels for increased 
borrowing and technological progress, spurring growth. Today, however, the sheer number of policies means that 
governments must strive to avoid sending mixed signals. 

Residential and commercial 
India’s urbanization is expected to increase swiftly. Many residential and commercial buildings are expected to be 
built—in fact, it is estimated that 70% of the buildings required in 2030 have yet to be built. A forward-looking 
policy can prevent lock-in into an energy-inefficient setup. A gradual move towards mandatory adoption of the 
Energy Conservation and Building Code should be considered. And because much of the urban infrastructure has 
yet to be put in place, proper urban planning and development of smart cities, if taken up now, would be striking 
the iron while it is hot. 

The current framework for smart cities focuses on public transport, walking and cycling. With this in mind, it is 
important to plan for built-up structures to grow vertically in smart cities, primarily because horizontally developed 
cities require longer travel distances. Policies are needed for land development and water use; air quality standards; 
prices of alternative modes of transport in city centres; energy and appliance prices for consumers to make rational 
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and efficient choices; incentives to green development; and integrated planning of water supply, waste management, 
the built-up environment and mobility planning in urban centres. 

India’s commercial sector is also growing fast owing to lifestyle changes and rising incomes. The number of 
shopping malls, hospitals and large office buildings is increasing rapidly, as is the share of air-conditioned 
commercial spaces. Given the high energy consumption tied to such development, and the stresses of new 
commercial and business districts on water availability and environmental quality, holistic urban planning is a 
prerequisite. 

Although urbanization may reach close to 40% by 2050, a large part of the population will still be in villages. 
That makes it important to raise living standards in rural areas and prepare for smart villages along the lines of 
smart cities—to contain in-migration to city centres and to address energy access solutions, possibly through 
decentralized and renewable options for power. 

Holistic planning and assessment of energy requirements are required from the demand and supply sides. And 
with the country’s GDP expected to grow at around 7.5% a year, there is some urgency to tie up needs and 
developments, and plan accordingly.

Ensuring energy access

Ensuring energy access to all households is an essential aspect of an equitable energy system. So, making basic 
energy (fuels and services) available to even the remotest regions and rural settlements becomes imperative. And 
that requires listing and mapping household energy consumption patterns. Several studies have tried to do this, 
including a recent primary survey-based study, summarized here.

The high sensitivity of rural households to changes in fuel costs and the greater availability of alternative cleaner 
and efficient energy options place a burden on policymakers to enable household transitions to cleaner fuels 
through inclusive policies. Since the electricity transmission and distribution network has yet to cover every 
household in the country, and since households have yet to shift completely to LPG for cooking, the study 
sought to understand household perceptions of, and aspirations for, improved energy services. It indicated 
that the affordability of a fuel is a key determinant in the type of fuel chosen, highlighting the “ability to pay” 
(household income) and the “willingness to pay” (based on tastes and preferences, availability of the fuel and 
the opportunity cost of the fuel). Drawing on the results from more than 6,000 surveyed households across six 
states, Table 6.1 summarizes household preferences for alternative lighting and cooking fuels, and the costs that 
households were ready to bear.161
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Ta b l e  6 . 1 . 
Willingness to pay for improved energy services

Maharashtra Himachal 
Pradesh Karnataka Goa Rajasthan Odisha

Lighting device preferences (%)

Compact fluorescent light bulb (%)

71 51 43 52 40 54

Solar lantern

20 36 50 9 40 16

Willingness to pay for lantern (Rs per month)

Rent: 45
Buy: 250-
300

Rent: 45
Buy: 450–800

Rent: 60
Buy: 250–600 Buy: 800–850 Rent: 90 

Buy: 200–500
Rent: 120 
Buy: 200–500

Cooking preferences and willingness to pay

Improved cook-stoves (% willing to switch; maximum price in Rs)

20; 800 14; 1,000 57; 600 55; 2,000 16; 800 30; 800 

LPG connection (% willing to pay up to Rs. 1,500)

66 63 73 54 51 80 

Source: TERI 2014.

The larger number of households preferring CFL bulbs to solar lanterns as an energy-saving alternative can be 
attributed to the high initial cost of a lantern (Rs. 1,500 plus maintenance). The low willingness to pay for the 
lantern indicates the need for a financing mechanism that helps spread its cost over time (instalments, credit and so 
on). And since a solar lantern uses essentially no electricity and is easily portable, the benefits of the technology need 
to be marketed well, at times targeting certain household categories and in seasons with more days of sunshine. In 
short, mechanisms that make solar-based lighting devices easier to buy and use must be developed and implemented. 

On the demand side, the costs associated with fuel use heavily influence individual energy choices. For cooking, 
LPG certainly stands as a cleaner and more efficient fuel, but low LPG coverage in rural areas points to the high 
costs of getting a connection. The survey reveals a willingness to pay of up to Rs. 1,500 for an LPG connection—
against a current LPG connection charge of up to Rs. 4,000. So, to raise the uptake of LPG in rural households, 
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subsidies could be designed to cover part of the connection cost above that willingness limit. A reallocation of 
unused resources from cylinder-based subsidies, and savings from PAHAL (the Direct Cash Transfer Scheme to 
subsidize new LPG connections), could be considered. 

LPG use in rural households is also held back by supply-side constraints of inefficient delivery and supply. The 
added transport cost—cylinder delivery outlets are often more than 8–10 km away—dissuades households from 
completely shifting to LPG for cooking.162 Widening the distribution network and designing benefit-sharing 
delivery mechanisms could further improve access to LPG cylinders. 

Households with intermittent or no electricity access rely on kerosene lamps for lighting. Many households also 
use modest quantities of kerosene for cooking, augmenting it with biomass fuels. But kerosene, a subsidized fuel, 
is susceptible to excessive leakage into the black market and to adulteration with transport fuels, limiting the 
availability to households. Efforts to plug such leakage and to reform the subsidy mechanism were initiated through 
the Direct Benefits Transfer Scheme, launched on a pilot scale for kerosene in Alwar, Rajasthan. A direct transfer of 
subsidies into the beneficiaries’ bank accounts meant that the fuel was available at market rates. With the benefit of 
the difference between the market and subsidized price no longer present for commercial entities, kerosene uptake 
declined sharply. Since kerosene is sold at village ration shops, expanding this scheme to states with high kerosene 
use would not only ensure the fuel’s optimal use in households but also ensure subsidy savings, which could then 
be directed to developing possible decentralized energy options.

Generating thermal power

The power sector is the key energy sector—as a producer and consumer of energy, as a strong link to economic 
growth and as a provider of energy to all sections of society. Its environmental and resource-use implications are 
also notable and so deserve full attention from the policy perspective. For India, power generation is going to be 
led mainly by the intent to provide enough power—affordably. The economic viability of power supply options 
over the entire energy chain (including extraction, conversion and distribution) will remain a basic decision-block 
in adopting technologies. 

Given the coal-dominant base that the sector is likely to retain over the next two decades, several issues need to 
be faced. Where should the coal be sourced, and how? How will power generation technology progress over the 
years? How much capacity should be developed for coal transport and washing? What levels of port capacity will be 
required for coal imports? The list goes on. Simultaneously, as renewable technologies mature further and relative 
costs of alternative technologies become more attractive, power should be ready to take up these options. One of 
the key roles of an integrated energy policy is to enable the adoption of technologies compatible with India’s energy 
portfolio, based on the relative costs to end-users. 



142

Power tariffs have fundamental political underpinnings, influencing key decisions in generation, transmission and 
distribution. Characterized by financially distressed utilities, low electrification rates and unreliable supplies, the 
sector has to re-evaluate pricing mechanisms and carefully consider the fuel choices. 

Policy directions on investing in power-generation technology need to be informed by relative costs: the landed 
cost of underground versus imported coal, and the cost of power from domestic or imported coal. The following 
quantitative analysis drills down into those costs.

Underground or imported coal
A push towards underground coal mining in India should be evaluated against the possible use of imported coal. So 
far, the higher costs of imported coal have been a major deterrent to promoting its use. Based on a TERI analysis 
of relative costs of imported coal and underground domestic coal for the 1,200 MW Dahej Power Plant, imported 
coal could be much cheaper than underground coal (Rs. 5,731 a ton vs 6,052).163 

Similarly, externalities linked to coal extraction and use, if internalized into policymaking correctly, could heavily 
influence the relative costs of alternative sources of generation. Policymakers must also consider the relative benefits 
of investing in new and additional washing capacity for coal, in light of the imminent increase in other clean or 
renewable-based capacities. 

While geopolitical stresses in international coal markets could lead to price volatility, importing coal could be a 
transition strategy in moving towards a sustainable and renewable energy future. 

T&D infrastructure and grid stability
Rising capacity for power generation has not been matched by a proportionate increase in that for power 
transmission, and greater electricity demand from consuming sectors has put more pressure on regional grids. But 
expanding transmission capacity is not a short-term matter: it is slowed by long gestation periods, by inordinate 
delays in acquiring land and official clearances and by right-of-way issues. These obstacles have also curtailed the 
evacuation of excess power to power-deficit regions. 

In  response  to high renewable energy targets and  the need for shifting towards electric vehicles, a comprehensive 
energy policy must consider technological shifts (such as moving from low-voltage lines to high-voltage distribution 
systems—Chapter  3), institutional  barriers (harmonizing policies among ministries) and governance mechanisms 
(minimizing power theft). To manage the fast-growing power system, investment is needed to build a smarter system, 
incorporating information-technology, communication and automation systems.
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The Smart Grid Roadmap for India has a comprehensive plan to enable such a national transition. But it does 
not provide state or utility plans, where most of the work is required. Another important part of the Smart Grid 
Policy that does find mention in the Roadmap but requires a deeper analysis is the use of low-cost domestically 
produced smart meters and a detailed plan for implementing them at state and utility level. Investments, skilled 
human resources and good customer outreach and communication will all be vital for rolling out the policy.

LNG terminals and natural gas pipelines
Natural gas is likely to be a key element in developing the energy sector. Owing to domestic shortages and 
uncertainties of cross-border pipelines, LNG imports are important in the short term. 

To ensure that the natural gas market in India is robust, one of the primary requirements would be an extensive 
pipeline network (Figure  6.4). The newest terminal at Kochi was commissioned in January 2014. The use of 
terminals varies. While the Dahej Terminal operated at 110% of its nameplate capacity, the Kochi terminal was 
greatly underused, primarily because of delays in building pipeline infrastructure. Underuse of some existing 
pipelines and delays in signing supply agreements and end-user gas purchase agreements have been some of the 
checks on rapid development. 

With the recent drop in spot LNG prices in Asia, the emergence of new suppliers (Australia, the United States 
and possibly Russia among others) could lead to a more dynamic and price-competitive LNG market for India. 
Beyond reforms to policies on supply and pricing for natural gas demand (primarily fertilizer and power), the 
infrastructure requirements for gas supply also need to be tackled—and urgently. At the August 2014 budget 
session the government stated its intention to develop 15,000 kilometres of additional pipelines. 

Strengthening institutional links 

Energy’s institutional structure is quite complex, with multiple institutions at state and central levels and with 
overlapping areas of jurisdiction (Figure  6.5). While natural to a federal structure, this complexity impedes 
efficiency. The public sector generation companies are under the central government, while the distribution 
companies (DISCOMs) are under the states. Therefore, the generation companies would pass on an increase in 
fuel prices to the DISCOMs, but because the DISCOMs are much closer to the state, they cannot pass the price 
increase on to the consumers. This leads to an inefficient structure where DISCOMs bear the losses, which are in 
turn passed on to the exchequer. In addition, the constitutional arrangement for resources leaves disproportionate 
burdens on the state and central governments. For instance, in setting up special export zones for manufacturing, 
the state often has to forgo duties and taxes and to provide R&D, while the central government usually provides 
the mandate for acquisitions of land. 
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F i g u r e  6 . 4 . 
Existing and planned LNG terminals and natural gas pipelines

Source: TERI 2015.
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F i g u r e  6 . 5 . 
Main public sector actors in the energy sector

Government of India 

Ministry of Coal 

Mining Companies 
(CIL, NCL) 

CCO 

Other organizations 

Ministry of 
Power 

CEA 

Generation 
Companies (NTPC, 

NHPC) 

T&D Company (PGCIL) 

Power finance (PTC, 
REC) 

Power trading (PTC, 
IEX) 

Energy Conservation 
(BEE) 

Research and training 
(CPRI, NPTI) 

Regulatory 
organizations (CERC, 

ATE) 

Ministry of 
Petroleum and 
Natural Gas 

Public Sector 
Companies (ONGC, 

OIL, OVL, IOCL, 
HPCL, BPCL, GAIL, 

IGL, MGL) 

Engineering Company 
(EIL) 

Advisory 
Organizations (CHT, 
DGH, OISD, PCRA, 

PPAC) 

Financial institutions 
(OIDB) 

Regulatory 
organization (PNGRB) 

Ministry of New 
and Renewable 

Energy 

Financial institution 
(IREDA) 

R&D, testing, certifying 
institutions (SEC, C-

WET, SSS-NIRE, 
AHEC) 

Supervisory 
organizations (Nine 

regional offices) 

Department of 
Atomic Energy 

AEC 

Research institutions 
(BARC, IGCAR, 

RRCAT, VECC, AMD) 

Generation companies 
(NPCIL, BHAVINI) 

Input providers (HWB, 
NFC, IREL, UCIL) 

Other organizations 
(BRIT, ECIL) 

Financial institution 
(BRNS) 

Regulatory 
organization (AERB)  



146

State Governments 

Coal and lignite 

Mining (SCCL) 

Captive mining blocks 
for state government 

companies 

Power 

Generation Companies 
(DVC, BBMB, NEEPCO, 
THDCIL, SJVN, NHDCL) 

T&D oraganizations: 
SEBs (now unbundled  

or corporatized)  

Regulatory institutions 
(SERCs, Ombudsman) 

Source: TERI 2015.

With existing capacity of a mere 3 GW as of March 2015, the central government revised capacity-addition targets 
for solar energy from 20 GW to 100 GW by 2022. It also raised overall renewable energy generation targets to 175 
GW for that year. The new targets are ambitious and will at a minimum call for policy harmonization, rapid project 
clearances and good access to finance. Today, however, the sector faces a raft of impediments, including multiple 
implementing agencies, hurdles in land acquisition, policy uncertainty over renewable purchase obligations (RPOs) 
and inadequate long-term finance. Harmonizing policies between central and state governments is essential for the 
success of this programme. 

Although the central government has proposed overarching national targets for renewable energy, implementation 
will largely be at state level. The issue becomes particularly acute with RPOs, introduced in 2010 under the National 
Tariff Policy. By 2020, 15% of the total power requirement is to come from renewable sources. However, these RPO 
targets—set by the central government—are not being adequately enforced at state level, possibly compromising 
medium-term national targets.



147

Differentiating the relative attractiveness of fuel and technological options at different locations needs to be 
included in policy prescriptions and decision-making criteria. In addition to the 175 GW target, the government 
has targeted 1.5 billion tonnes of coal production by 2022. This seems important for increasing energy access in 
the country. But given its relative competitiveness coal could divert investment from renewables, unless externalities 
are internalized into the cost of generation. Accordingly, to be in sync with other goals—like improving air quality 
and reducing dependence on fossil fuel imports—policies should move towards imposing appropriate costs on 
environmental degradation and the like. Finally, plans for the large-scale integration of renewables in the grid need 
to address intermittency associated with the variable supply of renewables. 

All these intricacies underline the need for an efficient energy-transformation system and for well-demarcated 
domains of jurisdiction among the institutions in the energy sector—and thus for a strong energy planning and 
enabling body. 

Moving to independent regulation 

India needs an independent regulator, one that can help set up and oversee liberal markets and protect laws from 
populist forces and political pressures. The regulators must not only be financially and statutorily independent—
they must be seen as such. Since the central government is a policymaker with interests in commercial activities 
through public entities, an independent regulator could help ensure that neither public nor private companies 
unduly benefit. 

In theory, some of the crucial requirements of such a regulator are a clear legal framework and legal powers—
statutory authority; clarity of roles; transparency; predictability and flexibility; financial independence; and 
enforcement and dispute-settlement authority. Indeed, independent regulation is necessary for liberalizing the 
market.

Several instances show the need for a strong independent regulator. In oil and gas, the technical arm of the Ministry 
of Petroleum and Natural Gas (MoPNG)—the Directorate General of Hydrocarbons (DGH)—was formed as a 
technical regulatory body for the upstream segment. The resolution passed to constitute this states that the DGH 
should “promote sound management of the Indian petroleum and natural gas resources having a balanced regard 
for the environment, safety, technological and economic aspects of the petroleum activity.”

While the DGH is in essence responsible for developing the sector, the resolution emphasizes its activity as an 
advisory body to the government, administratively coming under the MoPNG, while its lack of statutory and 
financial independence reduces its effectiveness. Consultations with stakeholders echo the recommendations of 
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various expert committees (such as the Chawla Committee and the Kelkar Committee) on the need for independent 
upstream regulation. But the MoPNG has contested this on the grounds that, since the government is the owner 
of natural resources, it has an important role in managing and developing them.164 Also according to the MoPNG, 
the NELP and the Coal Bed Methane policy already provide a level playing field. And since a PSC is between 
the government and the contractor, independent regulation “may not be tenable.” In short, there has been no 
resolution of the DGH’s role in developing the sector. Moreover, DHG officials are appointed on the basis of 
deputation from the oil companies, whose activities the DGH is supposed to govern—a revolving door that could 
produce conflicts of interests.165

The midstream and downstream segment’s regulator, the Petroleum and Natural Gas Regulatory Board (PNGRB), 
is mandated “to regulate the refining, processing, storage, transport, distribution, marketing and sale of petroleum, 
petroleum products and natural gas excluding production of crude oil and natural gas.” It purports “to protect the 
interests of consumers and entities engaged in specified activities relating to petroleum, petroleum products and 
natural gas.” The objective is to “ensure uninterrupted and adequate supply of petroleum, petroleum products and 
natural gas in all parts of the country and promote competitive markets and for matters connected therewith or 
incidental thereto.”166 Companies need to register with the Board for operating LNG terminals as well as establish 
storage facilities beyond capacity. The PNGRB, also a dispute-settlement institution, has the same powers as the 
civil courts, which make it a more effective regulator than the DGH.

Even then, some constraints prevent the PNGRB from regulating optimally. It has little control over deciding 
the location of refineries and does not have a mandate to grant operating licenses. Government involvement 
in appointing board members also raises questions of independence. Nor is there clarity on the purview of its 
authority. For example, Indraprastha Gas Ltd. challenged the PNGRB’s authority to regulate tariffs and compression 
charges—and the jurisdictions of the Competition Commission of India and the PNGRB.

The oil sector also has the Oil Industry Safety Directorate, to improve safety standards, and the Oil Industry 
Development Board, to promote and facilitate sector development. The latter collects a cess on blocks awarded 
on a nomination basis and extends loans to companies. Adding the Directorate General of Mines Safety and the 
Petroleum Explosives Safety Organisation to the list of regulators with some authority in the sector complicates the 
picture even further. 

For coal, regulations are managed by the Ministry of Coal (MoC), the Coal Controller’s Office (CCO) and CIL. 
Of the three the CCO has only supervisory powers for collecting data, so the MoC and CIL decide and influence 
changes in the market. Once again, with the government as both policymaker and producer (through its roughly 
90% share in CIL), the need for an independent regulator did not arise. But now the government is moving to 
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liberalize the sector. In 2015 the legislature passed the Coal Mines (Special Provision) Bill, which allows commercial 
mining.167 That introduces competition to a sector that until now was closed and controlled and thus creates a need 
for an independent regulator to ensure a level playing field for all coal producers. 

This need is especially evident in coal pricing, coal exploration and dispute resolution. Coal pricing, deregulated in 
2000, is decided by CIL based on gross calorific value grades, but the lack of a dynamic coal market (where CIL was 
the primary supplier) makes pricing highly uncertain and opaque. With private players now entering the market, 
the basis for pricing has to be set by an unbiased body. 

Coal exploration has so far been under the purview of government agencies such as the Central Mine Planning and 
Design Institute (a subsidiary of CIL), the Geological Survey of India and the Mineral Exploration Corporation 
Ltd. Thus CIL, through the Institute, has an inordinate amount of influence even in the exploration of blocks and 
the allocation of mining plans, which should be curtailed by an independent body. 

Finally, disputes between power generation companies and CIL over the quality of coal have arisen many times 
in the past, with the producers alleging that CIL is abusing its monopoly position to deliver a lower grade of coal 
than agreed to in the fuel supply agreement. Without a redressal mechanism, such issues are brought before the 
Competition Commission of India, which lacks the teeth for this work. 

The government had in fact by 2013 initiated plans to set up a regulator on the lines of the DGH. Under the Coal 
Regulatory Authority Bill 2013 the authority would have specified methods for declaring grades; monitored or 
enforced mine closure; ensured that the mine developer adhered to the approved mining plan; adjudicated disputes 
between parties; called for information or published data on the coal industry; and advised the government on 
policy formulation (including allotting or earmarking coal blocks for any purpose or mode). The final bill, however, 
removed the power to decide prices, and the regulator could only suggest methods to the coal companies. This bill 
lapsed with the dissolution of the 15th Lok Sabha. But there have been reports that the government is considering 
re-introducing a coal sector regulator bill, which will help to determine a mechanism to price coal and specify 
methods to ensure supply of high-quality coal.168

The nuclear sector stands somewhat apart, but has similar issues. The Atomic Energy Regulatory Board falls under 
the Department of Atomic Energy but also receives financial support from it. The Comptroller and Auditor 
General (2012) has even questioned the Board’s legal status. Another issue is the system of revolving doors. As 
military and civil use of nuclear power are separated,169 more players are likely to enter the sector (Rosatom and 
ongoing discussions with AREVA and Westinghouse are cases in point). The possibility of joint ventures between 
the Nuclear Power Corporation of India and domestic private and public companies is also being explored. 
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To avoid the possibility of developing bias, to address safety concerns and to bolster investor and public confidence 
requires a regulator with strong statutory powers. The Nuclear Safety Regulatory Authority Bill, presented to 
Parliament, aims to achieve this. 

Conclusion

India needs an integrated, stable and consistent energy policy to pursue its long-term vision. The policy has to 
address links between demand and supply among the energy sectors and among the economy’s non-energy sectors. 
It should also fully reflect the relative costs of alternative energy choices for consumers. And it should ensure reliable 
and consistent supplies of energy over the long term, encompassing elements of resource sustainability into the 
planning and policymaking architecture. 

Economywide, the policy should incorporate a robust framework of demand-side assessment and management for 
forecasting energy needs and allow for transparent and coordinated planning. It also has to manage the institutional 
structure for energy’s smooth transition to more liberal markets, ensuring a good investment climate and offering a 
clear long-term direction for stakeholders. Hence the call for an integrated policy that assesses needs across sectors 
and provides a coherent institutional structure and the requisite enabling frameworks. In formulating such a policy, 
transparency and stakeholder engagement are essential. The overall policy and regulatory system has to build trust 
so that it can take tough decisions to reconcile often-conflicting challenges. 
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Appendix 1 

India Energy Model

Brief Description of India Energy Model

The India Energy Model is a modified/ adapted version of GMOS/NetSim, a supply chain planning tool developed 
by Shell Global Solutions International. GMOS/NetSim is used for various supply chain challenges ranging from 
studies concerning strategic investments decisions to fact-based decision support over short and long planning 
cycles. The key strength of GMOS/NetSim is that, due to its generic building block set-up, it can be used to model 
a wide range of supply chain challenges. The underlying mathematical model—using AIMMS as the modelling 
language is solved as a linear programming problem. In the case of INEM, the tool is used to arrive at a least cost 
energy system for the future based on a perfect foresight on costs of technologies and cost of fuel resources and 
demand structure from the various sectors of the economy. The model is run over a 40 year time horizon (2011–
2050) in investment time steps of five years to capture the evolution of energy system.

The Scenarios

The two long-term energy scenarios evaluated using INEM are the Wait and Watch (W&W) scenario and the Low 
Carbon Inclusive Growth (LCIG) scenario. As the name alludes, W&W refers to a scenario where developments 
in the energy system progress as per current policies, albeit with an awareness of the impact of unbridled energy 
consumption. There is a sustained interest in furthering the role of coal and also the roll-out of RE to the extent 
that it is needed to bridge the gap that fossil fuel-based sources leave. Ending energy poverty and improving access 
to commercial fuels in rural areas is already a priority in this scenario. Autonomous energy efficiency gains are seen 
across the industrial sector, as envisaged in current schemes such as PAT and the extensions thereof. Building energy 
efficiency also improves in this scenario as there are regulations in place and wide-spread acknowledgement of the 
benefits are expected in due course. Sectors such as transport and agriculture do not see a concerted shift away from 
the dependence on fossil fuels. There are no constraints imposed on economy wide CO2 emissions in such a scenario. 

The LCIG scenario has some similarity to the W&W scenario in sectors where concerted action is already underway. 
Industries, residential and commercial sectors exhibit high levels of efficiency. In addition fuel switch to efficient 
fuels is incentivized in the industrial sector. There is a significant shift in the power sector mix where aggressive 
roll-out of RE sources is a policy target. No explicit targets are set but the ability to ramp up capacity over time is 
less constrained in this scenario (seen as an outcome of a specific policy to promote RE). Transport and agriculture 
sectors, again do not have specific policies for a move to cleaner technologies. The overall constraint on the CO2 
emissions from the energy system provide significant incentive for industrial fuel switches, power sector transition 
and for a move to cleaner technologies in transport and agricultural sectors.
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The growth rates assumed in the exercise are not as high as those suggested in government communications. 
Instead, a tapering growth rate that starts at 8% in the short term and reduces progressively to 6% by the middle of 
the century forms an important assumption in the scenario analysis. The overall economic growth that is witnessed 
in both scenarios is of a similar magnitude. This implies that economic growth is exogenous to the nature of the 
energy system and drives the overall end-use service and product demand. As a result, the overall primary energy 
supplied to the economy is lower only by a mere 9% in the LCIG scenario. A bulk of the difference is on account 
of the decarbonization of the power sector. This suggests that much of the efficiency gains are captured even in 
the W&W scenario. In this sense the W&W is a departure from the conventional BAU scenarios that reflect an 
inefficient energy system under current policies and outlook.

Some results from the two scenarios are detailed below: 

Overall Primary energy consumption in W&W (2035)—63.1 EJ, Fossil Share in TPES—91%
Overall Primary energy consumption in LCIG (2035)—61.4 EJ, Fossil Share in TPES—89%

Overall Primary energy consumption in W&W (2050)—98 EJ, Fossil Share in TPES—92%
Overall Primary energy consumption in LCIG (2050)—89.7 EJ, Fossil Share in TPES—83%

Power Sector (2035)

W&W: Fossil-based generation—89%, RE—4%, Hydro + Nuclear—7%
LCIG: Fossil-based generation—81%, RE—12%, Hydro + Nuclear—7%

Power Sector (2050)

W&W: Fossil-based generation—92%, RE—4%, Hydro + Nuclear—4%
LCIG: Fossil-based generation—68%, RE—21%, Hydro + Nuclear—11%

Industry (2035)

W&W: Electricity contribution to Industry end-use needs—19.6%
LCIG: Electricity contribution to Industry end-use needs—21.4%

Industry (2050)

W&W: Electricity contribution to Industry end-use needs—21%
LCIG: Electricity contribution to Industry end-use needs—31%
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New Lens Scenario Insight

Shell’s New Lens Scenarios paint two different pictures for India, however many of the issues that are raised by the 
two scenario worlds are common to both.  Import dependency, reliance on fossil fuels, rising prices and access to 
energy are all issues that are witnessed in both Oceans and Mountains.

 

CAGR
GDP/Capita

2000–
2005

2005–
2010

2010–
2015

2015–
2020

2020–
2025

2025–
2030

2030–
2035

Oceans 3.4% 5.1% 4.4% 7.3% 5.3% 2.8% 2.7%

Mountains 3.4% 5.1% 4.5% 6.3% 5.0% 2.0% 0.2%

Assuming Indian economic growth follows the path set out in the table above, current NLS projections estimate 
that Indian total primary energy demand could see an increase of around 140% to 200% by 2035, which is an 
average of between 1.7EJ and 2.4EJ increase per year in the outlook period.  Both scenarios see coal remaining 
the backbone of the energy system, though to varying degrees. By 2035, it could potentially still provide between 
30% and 55% of primary energy demand, meanwhile gas could struggle in the Oceans scenario, supplying just 
7% of demand compared to up to 20% in Mountains.  The continued draw on coal in Oceans may be driven 
by the need of an energy-hungry economy to draw on all sources of fuel with the nearest (and cheapest) to 
hand providing the easiest option.  The increased role for gas in Mountains is based on ruling powers being 
able to install policies that preserve their power, mostly using levers of the state to shape and steer social and 
economic policy. One particular beneficiary is unconventional gas, which despite still being unsuccessful in 
India, flourishes worldwide, leading to larger volumes (at moderate prices) of LNG being available.  This could 
lead to concerted efforts to put in place infrastructure to enable gas to break into additional markets, and the 
more moderate pace of economic growth could buy enough time to construct gas-fired power stations, stealing 
market share of power generation from coal.  

In a global context, Oceans could see India becoming the joint second largest energy consumer in the world (tied 
with the USA), making up around 11% of global demand.  This is still some way behind China, responsible for a 
24% share of demand. However, this 11% is significantly greater than the 5.4% share it held in 2010.  This larger 
share, as already mentioned, is driven in Oceans by coal, which in turn would make India the world’s second largest 
consumer of coal by the end of the outlook period.  It could account for up to 25% of global coal demand, second 
only to the 40% of China.  In this respect, India may well end up being a price setter for international coal markets, 
especially if its domestic production fails to reach potential.  
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In Mountains, India would likely emerge as the world’s 3rd largest energy market by 2035, behind that of China 
and the USA, not quite doubling its share, but nevertheless almost hitting 9%.  Despite relying heavily on gas in 
this scenario, India never reaches more than 6% of global gas demand, behind China, USA and Russia.  In this 
sense, India would be more of a price taker in gas markets.  In Oceans, greater demand for oil could place India 
alongside the USA in second place of world oil consumers, though of course the US are blessed with greater 
indigenous resources, acting as a hedge against fluctuations in oil price.  It is a similar story in Mountains, where 
despite oil consumption being lower, India could still become the world’s third largest market for the fuel by 2035.  
It is currently fourth with a share of around 4%.  This could reach up to 11% by 2035.

In an Oceans world, where global and Indian economic growth continues to be strong (based on an increasingly 
vocal population challenging vested interests and driving new waves of growth), diffusion of power downwards and 
the presence of more opposition to technologies such as unconventional gas and nuclear frustrate attempts at their 
development.  This subsequent tightness between supply and demand would subsequently keep prices, in particular 
oil, high. Despite Mountains being a scenario with looser global supply–demand balances and more moderate price 
outlooks, oil price continues to rise in this outlook too.

This means that, coupled with a 3 to 3.5 times increase in oil demand, import dependency would rise in both 
scenarios, with implications for percentage of GDP spent on energy imports.  Volumetrically, with oil import 
dependency possibly reaching almost 90%, would India consider putting import caps in place? Would sourcing of 
truly secure supply be the optimal solution, or are demand side measures the answer to relentless increases in oil 
demand?

The consumption of energy in the residential sector is another area that has been identified as being of interest for 
further research.  Both scenarios have different stories for this sector.  Slowing economic growth and its knock-
on effect of reduced income per capita could see traditional biomass keeping a large share of the market, though 
being used increasingly efficiently due to the effects of incrementally better technology such as cleaner-burning 
cookstoves being installed.  It may also transpire that stronger economic growth and higher energy prices lead 
to greater proliferation of distributed solar photovoltaics, with their off-grid capabilities also being attractive in a 
world of fewer large infrastructure projects and faltering grid improvements.

Both scenarios see passenger road transport consumption increase threefold.  As the number of cars on the roads 
increases, so too will demand for fuels to power them.  The scenarios illustrate different energy pathways that 
mobility could take.  Could it capitalize on moderate gas prices and increase the number of gas-fired vehicles (as 
seen in the adjacent Mountains chart)? Could overall demand for cars be reduced by building smart cities, an 
environment far more conducive to the electric car?  Or will it simply continue relying on liquid hydrocarbon 
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fuels, countering rising prices by installing more efficient internal combustion engines and increasing the use of 
biofuels? 

Should the rapid economic growth of recent times continue, this would place huge strains on energy sources, and 
despite aggressive renewables and efficiency policies, large volumes of fossil fuels would still be required to cover the 
majority of demand. This is the case in both scenarios, but the mix of fossil fuels is one that bears scrutiny. Would 
abundant natural gas (and therefore moderate LNG prices) ease security of supply fears, or alternatively might 
higher global gas prices encourage more investment into the domestic coal sector?

As for CO2 emissions, rapid, coal-fired growth in Oceans could see a continuous increase in emissions up until at 
least 2035, as seen in the adjacent chart. Meanwhile in Mountains this could show signs of being on a plateau by 
2035, thanks to CCS and gas-for-coal substitution. Might renewables spread faster in Oceans, replacing greater 
volumes of coal in power? Or could the cleaner-burning gas of Mountains be used in Oceans to compliment greater 
renewables and dramatically cut emissions? 

TERI MARKAL Model

MARKAL is a bottom up dynamic linear programming modelling framework. MARKAL depicts both the energy 
supply and demand sides of the energy system. It provides policymakers and planners in the public and private 
sectors with extensive details on energy producing and consuming technologies, and an understanding of the 
interplay between the various fuel and technology choices for given sectoral end-use demands.  As a result, this 
modelling framework has been widely used for the development of carbon mitigation strategies. The MARKAL 
family of models is unique, with applications in a wide variety of settings and global technical support from the 
international research community.

MARKAL interconnects the conversion and consumption of energy carriers. This user-defined network 
includes all energy carriers involved in primary supplies (e.g., mining, petroleum extraction, etc.), conversion 
and processing (e.g., power plants, refineries, etc.), and end-use demand for energy services (e.g., automobiles, 
residential space conditioning, etc.) that may be disaggregated by sector (i.e., residential, manufacturing, 
transportation and commercial) and by specific functions within a sector (e.g., residential air conditioning, 
lighting, water heating etc.). The optimization routine used in the model’s solution selects from each of the 
sources, energy carriers and transformation technologies to produce the least-cost solution, subject to a variety 
of constraints. The user defines technology costs, technical characteristics (e.g., conversion efficiencies) and 
energy service demands.
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As a result of this integrated approach, supply-side technologies are matched to energy service demands. Some uses 
of MARKAL include:

1. Identifying least-cost energy systems and investment strategies;
2.  Identifying cost-effective responses to restrictions on environmental emissions and wastes under the principles 

of sustained development;
3. Evaluating new technologies and priorities for research and development.
4. Performing prospective analysis of long-term energy balances under different scenarios.
5.  Examining reference and alternative scenarios in terms of the variations in overall costs, fuel use and associated 

emissions.

The MARKAL framework is detailed out in Figure 1.
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The MARKAL database for this exercise has been set up over a 50 year period extending from 2001–2050 at five-yearly 
intervals coinciding with the Government of India’s Five-Year plans. The year 2001–2002 is chosen as the base year as 
it coincides with the first year of Government of India’s Tenth Five Year Plan (2001/2002–2006/2007). In the model, 
the Indian energy sector is disaggregated into five major energy consuming sectors, namely, agriculture, commercial, 
industry, residential and transport sectors. Each of these sectors is further disaggregated to reflect the sectoral end-use 
demands. The model is driven by the demands on the end-use side. End-use service level demands at the country level 
are estimated econometrically across various energy consuming sectors of the Indian economy.

On the supply side, the model considers the various energy resources that are available both domestically and from 
abroad for meeting various end-use demands. These include both the conventional energy sources such as coal, 
oil, natural gas and nuclear as well as the renewable energy sources such as hydro, wind, solar, biomass, etc. The 
availability of each of these fuels is represented by constraints on the supply side.

The relative energy prices of various forms and source of fuels dictate the choice of fuels which play an integral 
role in capturing inter-fuel and inter-factor substitution within the model. Furthermore, various conversion and 
process technologies characterized by their respective investment costs, operating and maintenance costs, technical 
efficiency, life, etc., that meet the sectoral end-use demands are also incorporated in the model.  A discount rate of 
10% has been assumed through this period. Prices of conventional fuels have been taken from fuel price projection 
published by the International Energy Agency’s (IEA).170

India-specific capital costs and O&M costs for various technologies included in the database have been obtained 
from various sources. Wherever India-specific costs are not available, international figures are used. Cost reduction 
in future in the emerging technologies has also been assumed based on an understanding of the particular technology 
development. 

The model structure is described in Figure 2.
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F i g u r e  0 2 : 
Model logic
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Alternative scenarios such as renewable energy scenario (RES) and the increased domestic production (UCG) were 
set up against the business as usual (BAU) scenario to examine different outcomes in terms of fuel mix, technology 
deployment, commercial energy requirement and investment.  
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Appendix 2 

Cautionary Note

The New Lens Scenarios are part of an ongoing process used in shell for 40 years to challenge executives’ perspectives 
on the future business environment. We base them on plausible assumptions and quantification, and they are 
designed to stretch management to consider even events that may be only remotely possible. Scenarios, therefore, 
are not intended to be predictions of likely future events or outcomes and investors should not rely on them when 
making an investment decision with regard to Royal Dutch Shell plc securities.

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate entities. In 
this book “Shell”, “Shell group” and “Royal Dutch Shell” are sometimes used for convenience where references are 
made to Royal Dutch Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and “our” are also 
used to refer to subsidiaries in general or to those who work for them. These expressions are also used where no 
useful purpose is served by identifying the particular company or companies. ‘‘Subsidiaries’’, “Shell subsidiaries” 
and “Shell companies” as used in this book refer to companies over which Royal Dutch Shell plc  either directly 
or indirectly has control. Companies over which Shell has joint control are generally referred to as “joint ventures” 
and companies over which Shell has significant influence but neither control nor joint control are referred to as 
“associates”. In this book joint ventures and associates may also be referred to as “equity-accounted investments”. 
The term “Shell interest” is used for convenience to indicate the direct and/or indirect ownership interest held by 
Shell in a venture, partnership or company, after exclusion of all third-party interest. 

This book contains forward-looking statements concerning the financial condition, results of operations and 
businesses of Royal Dutch Shell. All statements other than statements of historical fact are, or may be deemed to 
be, forward-looking statements. Forward-looking statements are statements of future expectations that are based 
on management’s current expectations and assumptions and involve known and unknown risks and uncertainties 
that could cause actual results, performance or events to differ materially from those expressed or implied in these 
statements. Forward-looking statements include, among other things, statements concerning the potential exposure 
of Royal Dutch Shell to market risks and statements expressing management’s expectations, beliefs, estimates, 
forecasts, projections and assumptions. These forward-looking statements are identified by their use of terms 
and phrases such as ‘‘anticipate’’, ‘‘believe’’, ‘‘could’’, ‘‘estimate’’, ‘‘expect’’, ‘‘goals’’, ‘‘intend’’, ‘‘may’’, ‘‘objectives’’, 
‘‘outlook’’, ‘‘plan’’, ‘‘probably’’, ‘‘project’’, ‘‘risks’’, “schedule”, ‘‘seek’’, ‘‘should’’, ‘‘target’’, ‘‘will’’ and similar terms and 
phrases. There are a number of factors that could affect the future operations of Royal Dutch Shell and could cause 
those results to differ materially from those expressed in the forward-looking statements included in this book, 
including (without limitation): (a) price fluctuations in crude oil and natural gas; (b) changes in demand for Shell’s 
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products; (c) currency fluctuations; (d) drilling and production results; (e) reserves estimates; (f ) loss of market 
share and industry competition; (g) environmental and physical risks; (h) risks associated with the identification of 
suitable potential acquisition properties and targets, and successful negotiation and completion of such transactions; 
(i) the risk of doing business in developing countries and countries subject to international sanctions; (j) legislative, 
fiscal and regulatory developments including regulatory measures addressing climate change; (k) economic and 
financial market conditions in various countries and regions; (l) political risks, including the risks of expropriation 
and renegotiation of the terms of contracts with governmental entities, delays or advancements in the approval of 
projects and delays in the reimbursement for shared costs; and (m) changes in trading conditions. All forward-
looking statements contained in this book are expressly qualified in their entirety by the cautionary statements 
contained or referred to in this section. Readers should not place undue reliance on forward-looking statements. 
Additional risk factors that may affect future results are contained in Royal Dutch Shell’s 20-F for the year ended 
December 31, 2015 (available at www.shell.com/investor and www.sec.gov). These risk factors also expressly qualify 
all forward looking statements contained in this book and should be considered by the reader.   Each forward-
looking statement speaks only as of the date of this book (18 March, 2016). Neither Royal Dutch Shell plc nor any 
of its subsidiaries undertake any obligation to publicly update or revise any forward-looking statement as a result 
of new information, future events or other information. In light of these risks, results could differ materially from 
those stated, implied or inferred from the forward-looking statements contained in this book.

We may have used certain terms, such as resources, in this book that United States Securities and Exchange 
Commission (SEC) strictly prohibits us from including in our filings with the SEC.  US Investors are urged to 
consider closely the disclosure in our Form 20-F, File No 1-32575, available on the SEC website www.sec.gov.
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