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14 Article on “Brazil A-4 auction signs 211 MW of solar for record-low price of 
$0.0175 kWh”, PV-Magazine, dated July 1, 2019 

a stable predictable market for renewables. Market 
stability, coupled with low interest rates, makes all the 
difference in capex heavy and opex light renewable 
projects.

Market innovation is also helping reduce risks and 
prices of renewables. Recent solar bids in Portugal, 
Brazil and Saudi Arabia have returned auction prices 
of as low as USD17.5/MWh14. Companies which bid 
for solar in these nations were allowed a flexible, 
gestation period up to 36 months and contract 
tenures (15 years for Portugal and 20 years for Brazil) 
which allowed Independent Power Producers (IPPs) to 
benefit from open market sale.

The bottom in terms of prices of renewables is yet to 
be seen. Dimming prospects of hitherto mainstream 
conventional resources are pulling in further capital 
into renewables and enhancing the faith of the market 
in these technologies. Further advancements in 
material sciences and manufacturing methods are 
imminent. The available scale is spawning further 
innovation in products, production, supply chain and in 
business models.

6.94
7.17

6.16

8.04

5.62
4.63

5.46

4.79
3.3

2.44 2.48 2.82

2.44

3.06
2.48

2.75

2.54

Solar tariff trend in India

Source: Published media articles, KPMG in India Analysis



12   The Electric Future - and its implications for India

Storage and new energy technologies 
will start evolving in tandem with renewables 

The biggest challenge for, and from renewables, is 
in grid balancing because the main RE technologies 
are inherently intermittent. However, the world is 
coming to terms with the intermittency of renewables 
and is now finding more ways of managing the 
intermittency through flexing conventional generators, 
balancing through the power markets and finally 
through storage. This is already happening. Denmark 

already generates more than half of its electricity 
from variable renewable energy sources. In 2017, 
Costa Rica’s electricity was generated entirely from 
renewable energy for 300 days. For several days 
in the past year, the power systems of Germany, 
Portugal and Denmark were able to run entirely on 
renewables15.

As per a special issue on the future of storage in India 
published in the 11th International Renewable Energy 
Storage Conference, IRES 2017, Düsseldorf, Germany, 

“The Demand For Storage Technologies In Energy 
Transition Pathways Towards 100 per cent Renewable 
Energy For India”16, the authors have established 
through an hourly resolved simulation model that 100 
per cent RE penetration is possible in India subject to 
low cost support of batteries. 

A modelling exercise by KPMG in India for several 
leading RE states indicates that RE penetration of 30-
40 per cent (in energy terms) is eminently possible by 

2025. India’s large synchronously operated electricity 
grid inherently allows for great resilience and flexibility. 
As RE penetration increases, there will be need for 
storage requirements (battery, pumped hydro, other 
alternative forms), the extent of which will be known 
in the years to come and will be greatly linked to the 
cost of storage. It is variously foreseen that costs of 
battery storage systems, in particular, will continue 
to decline as shown in the adjacent graphic17. It also 
indicates that there is a strong case to promote 
battery storage with a firm policy and the right set of 
incentives. There is a window for India to seize the 
opportunity for batteries early and integrate back into 

15 Renewables 2019 Global Status Report, REN21
16 “The demand for storage technologies in energy transition pathways towards 100% renewable energy for India”, ScienceDirect, Energy Procedia 135 (2017), 
37-50 by Ashish Gulagi, Dmitrii Bogdanov and Christian Breyer

17 Article on “A Behind the Scenes Take on Lithium-ion Battery Prices”, BloombergNEF by Logan Goldie-Scot, Head of Energy Storage, dated 5th March 2019

Lithium-ion battery price outlook
Lithium-ion battery pack price (real 2018 $/kWh)
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18 Ministry of Power, Government of India
19 Article on “Hydrogen’s Plunging Price Boosts Role as Climate Solution”, Bloomberg, by Will Mathis and James Thornhill, dated 22nd August 2019
20 Article on “Commonwealth Fusion Systems Closes $115M Series A, Makes Our Inner Sci-Fi Nerds Happy”, Crunchbase news, by Alex Wilhelm and Mary 
Ann Azevedo, dated 28th June 2019

the research and manufacturing ecosystems. Pumped 
hydro also had a significant role to play in the current 
as well as evolving energy systems. Depending upon 
the characteristics of storage required by the system 
(say, for example, the Energy to Peak ratio, which 
determines the specific role suited for the resource 

in electricity grid management), several states have 
shown interest in pumped hydro storage technologies 
as the least cost storage option. India is looking to add 
hydro capacities of about 12 GW18 in various forms 
encompassing storage, pumped storage hydro and run 
of the river projects with limited pondage.

An important storage technology that deserves 
consideration is hydrogen, which has the potential to 
play a transformational role, especially when produced 
from renewables and operating in tandem with natural 
gas in the interim before it becomes mainstream for 
various applications. Bloomberg NEF predicts that the 
cost of producing hydrogen gas with renewables is 
likely to plummet 80 per cent by 2030, making one of 
the most radical technologies for reducing greenhouse 
gases economical19. 

There are other advancements in new energy 
technologies like carbon neutral nuclear fusion power 
reactors which may prove to be a resilient and an 

efficient alternative in the future. A group of start-up 
companies intends to capitalize on the nuclear fusion 
technology and wants to commercialize fusion by 
2030s to meet growing demand of energy while 
tackling climate change in the most effective manner. 
A new private company named Commonwealth Fusion 
Systems (CFS) in collaboration with MIT has already 
attracted an investment of USD 115 million20 for 
development of this technology with the objective to 
produce a working pilot plant within 15 years. One of 
the investors of CFS is Breakthrough Energy Ventures 
(BEV), an investment consortium worth USD1 billion 
led by Bill Gates and supported by global high net 
worth individuals including Mukesh Ambani, Jeff 
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21 Article on “Bill Gates-led $1 billion fund expands its portfolio of startups fighting climate 
change”, Quartz, by Akshay Rathi, dated 26th August 2019

Bezos, Richard Branson, Jack Ma and Masayoshi Son with the 
objective of bringing climate friendly technologies to scale that 
can potentially reduce annual global greenhouse emissions by 
at least 500 million metric tons21. BEV has also invested in new 
innovative technologies in the fields of clean energy, energy 
storage, carbon capture, nuclear energy, waste to wealth 
across the globe and is also focused on sectors with high 
carbon footprints, including agriculture, transport, buildings and 
industries. In order to balance growth with sustainability, impact 
investing in high potential technologies by global investors like 
BEV is of utmost importance, which can successfully scale up 
the technologies from the lab to the masses.
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No rapid change comes without some adversities 
and consequences. Clear directional trends towards 
low carbon electric future, ushered in by a range of 
technologies operating in tandem are apparent. It will 
inevitably cause upheavals. Coping strategies would 
be needed on these aspects, thoughts around which 
are included in the document to engender a vibrant 
discussion. Like most radical changes the shift can lead 

to adversities but could well be converted to large scale 
opportunity. It is critical that the key imperatives are 
understood and appropriate strategies are adopted by 
stakeholders. 

In the ensuing sections, we have chosen seven critical 
imperatives, which we believe need to be discussed 
and debated upon:

As India is set to become the most populous nation in 
the world, there are challenges related to employment, 
value addition, standards of living, technological 
leadership, environmental responsiveness, etc. 
However, the challenges can be converted to 

opportunities and propel the country to global energy 
leadership. In this paper, we argue that India will have 
to think and do differently to ensure that we do not 
miss the proverbial electric bus.

The implications of the transition 
for India have many dimensions
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2.
The electric future: 

The implications
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Implication 1: Coal-fired plants - the elephant 
has to dance

Increased penetration of RE in the electricity system 
will lead to duck curve effects22, requiring flexibilisation 
of conventional power plants. As per KPMG in India 
analysis, even a scenario with 130 GW of renewables 
instead of the planned 175 GW by 2022 could result in 
plant load factor (PLF) dropping to 35-40 per cent for 
many coal plants. Some may have to be seasonally shut 
down or mothballed. 

Flexibilisation of conventional coal-fired plants was for a 
while resisted by existing operators on the premise that 
cycling and stop-start operations impair asset life and 
reliability. That is undoubtedly the case. If the option 
is between mothballing the plants versus operating 

the plants with technical, operational and commercial 
modifications, the latter option is surely preferable. 
Flexibilised coal-fired generation’s new role will be akin 
to storage, having energy content available on tap for 
balancing grid variability when the need arises rather 
than its erstwhile role of being the bulwark of supply.

Flexibilisation of coal plants involves retrofitting of 
components and modifying operational processes for 
increasing cycling flexibility of thermal power plants 
so as to achieve lower technical minimum, reduce the 
start-up time, increase ramp rates and enable multiple 
cycles of start-up and shut down in a day.

It is possible to typically reduce the minimum technical 
limits to 40 per cent in Indian conditions. However, 
this would require some amount of retrofitting of 
plant equipment and instrumentation along with 
extensive changes to operating practices and human 
competencies to safely manage cycling operations that 
feature frequent start-stop and ramping up and down 

of plants. Going substantially below 40 percent (as is 
done in Germany where plants go down to 20-25 per 
cent) would require coal quality to be improved and 
controlled and would also require significantly more 
capex. In many cases, the overall costs of retrofit may 
not be justified, especially for assets in the later parts 
of their life cycle.

22 The Duck Curve refers to the phenomenon in the electricity grid where due to high solar generation system demand net of solar falls during the day but 
peaks sharply in the evening hours.

Objectives of Flexibilisation
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Implication 2: Efficiency in consumption - 
greater possibilities need to be tapped into

Improving energy efficiency in many large energy 
consuming countries has led to a decoupling of 
energy consumption with growth in output. Global 
primary energy demand is forecast to grow at 1 per 
cent23 a year in the period to 2040, representing 
less than a third of the growth in GDP. However, 
with robust growth in population, coupled with 
rapid urbanisation and growth in middle class, this 

GDP/energy growth equation is not representative 
for developing countries. India will face a massive 
demand for energy, making the country, the highest 
contributor to the growth in primary demand in the 
world. BP Energy Outlook estimates a 156 per cent 
growth in primary energy demand in India between 
2017 and 2040. 

23 BP Energy Outlook, 2019

Source: BP Energy Outlook, 2019

Source: BP Statistical Review of World Energy, 2019
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24 Speech by PM Narendra Modi while addressing the United Nations Climate Action Summit in New York
25 Ministry of Power, Government of India
26 BP Energy Outlook, 2019
27 Roadmap of Sustainable and Holistic Approach to National Energy Efficiency (ROSHANEE) 

India needs to make an informed set of decisions to 
propel its development through a long-term balanced 
approach. Enhancing resource efficiency through 
energy efficiency measures, promoting circular use of 
resources to derive higher value with usage of lesser 
resources are some of the key imperatives for ensuring 
that the trade-offs between environmental goals and 
growth can be minimised. India has already made the 
commitment. PM Narendra Modi has said, 

“The respect for nature, the judicious use of resources, 
reducing our needs and living within our means have 
all been important aspects of both our traditions and 
present-day efforts. Need, not greed, has been our 
guiding principle”.24

Turning intent to practice involves a series of actions. In 
the energy efficiency theatre, India has made several 
strides through programmes that have helped it achieve 
10 GW25 of avoided generation capacity till about FY 
17, such as implementation of LED bulbs under the 
Unnat Jeevan by Affordable LEDs and Appliances 
for All (UJALA) scheme, Perform, Achieve and Trade 
(PAT) schemes for industries, standards and labelling 
for equipment and appliances, Energy Conservation 
Building Codes (ECBC) for buildings, demand side 
management in agriculture/municipalities, etc. Areas 
such as transportation offer huge opportunities 
for energy eficiency through electrification and 
improvements in Intenral Combustion Engines (ICE) 

vehicle efficiency. Transportation contributes to 14 per 
cent to India’s primary energy demand and the sector is 
witnessing rapid growth26 as India modernises. In such 
a scenario, electrification of transport offers significant 
means to manage the growth in energy demand for 
India.

Similarly, there are higher efficiencies to be achieved in 
residential and commercial sectors through embracing 
digital technologies which deploy sensors, IOT and 
ICT platforms to facilitate analysis and consumption 
optimisation for energy management. It is estimated 
that smart energy management coupled with 
innovative financing can result in rapid savings in 
high consumption sectors. These form the basis of 
further interventions under the ROSHANEE27 and other 
programmes of Bureau of Energy Efficiency to build on 
the considerable past successes that the country has 
had in this area.

Agriculture requires a large amount of energy. 
Unfortunately, due to its politically sensitive nature, 
it has proved difficult to bring about energy and 
water use efficiency in agriculture. Recent steps on 
solarisation coupled with devices like Brushless Direct 
Current (BLDC) pumpsets are positive moves. The 
potential to improve energy consumption, water usage 
and prevention of environmental degradation while 
improving agricultural productivity remains large.
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Implication 3: Circular economy - 
need to evolve in tandem

The transition from take-make-waste model of virgin, 
non -renewable sources across all strata, needs to be 
redesigned from a circularity hierarchy perspective 
to bring in resource efficiency. The entire theme of 
a circular economy is gaining currency as resources 

become scarcer and environmental consciousness 
takes roots. Therefore, the circular resources 
economy needs to evolve simultaneously rather than 
as an afterthought.

The basic philosophy of circular economy is 6R – 
Reuse, Recycle, Reduce, Redesign, Recover and 
Remanufacture. The cycle seeks to preserve, restore 
and regenerate, thereby enhancing the productivity 
of resources, promoting long-term sustainability and 
security and reducing risks to the system.

Till date, continued investments in linear business 
models and infrastructure have hindered the transition 
into circular economy. With an aim to become a 
USD5 trillion economy by 2024, India is focused on 
increasing its domestic manufacturing capability and 
resource consumption, and this is the right time to 
integrate circularity in planning approaches. A step 
in this direction has been taken with the issue of 
the draft National Resources Efficiency Policy by the 

Ministry of Environment, Forest and Climate Change 
which seeks to create a facilitative and regulatory 
environment to mainstream resource efficiency 
across all sectors28.

A key sector that the policy focuses on is solar. A 100 
GW of solar capacity entails an estimated demand of 
~7 Mn tonnes of materials including glass, aluminum, 
silicon, silver, etc. which can be retrieved and 
recycled, reducing the stress on resources29. Also, 
solar panel disposal at the end of the useful life of 20-
25 years needs close attention. Under the proposed 
policy, an 85 per cent recovery rate of discarded PVs 
is proposed through interventions such as setting 
up recycling infrastructure that can manage large 
volumes of PV modules disposed in future, access 

28 Draft National Resource Efficiency policy, 2019 by Ministry of Environment, Forest & Climate Change
29 KPMG in India Analysis based on data provided in Draft National Resources Policy

We need to adopt a new model of energy 
conservation based on a circular economy 
and way of life – not merely reducing waste, 

but also decreasing the need for raw materials
Claudio Descalzi,

Eni CEO
Source: The future is round by Mike Scott, Eniday


