Professor Ramprasad Sengupta
Distinguished Fellow, India Development Foundation, Gurgaon
&
Professor Emeritus, Jawaharlal Nehru University(JNU), New Delhi
Presentation for 6th Annual Conference on G‐20 countries organised
by ICRIER, New Delhi on 22 August 2014

Climate Change and Role of Renewables
•

The role of renewables has come into the focus of discussion on the
sustainable energy development for mitigating the further
accumulation of greenhouse gases and controlling its adverse
consequence on the climate system.

•

As the combustion of fossil fuels ‐ has been the dominant source of
the emission of the major anthropogenic green house gas CO2 , the
policy discussion for the mitigation of GHG emission centered
around
d that
th t off CO2
CO emission
i i and
d the
th use off fossil
f il fuel.
f l

•

Hence the search for new carbon free renewable energy resources to
bring
g about a new third industrial revolution.
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Third Industrial Revolution
y The new Revolution would revolve around the development of

renewables, hydrogen and fuel cell technology and that of energy
internet for energy sharing.
y It is based on five pillars:
1.

Every house, building, factory to become a power plant.

2.

Power to be produced mainly out of renewable resources – biotic and
abiotic
bi ti – other
th than
th storage
t
h d resources.
hydro
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Contd..
3
3.

Energy resource development to converge with the development of
the communication technology of internet leading to the emergence
of smart grid of power.

¾ This would enable two way flow of information and energy for energy

sharing and improving overall energy system efficiency.
4. Automobiles are to be driven by electricity replacing internal
combustion engine.
5. Hydrogen to be developed as energy resource and fuel cell as a device
of storage and supply of electricity as per requirement.
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What have we achieved in this direction
y Growth of deployment of clean technologies shows growth rate in the

range of 27% to 56% in the first decade of the present century.
y However, we are still grappling with the problems of the Second

industrial revolution.
y There is still a huge dependency on fossil fuels.
¾ fossil fuel has supplied
pp
50%
5
of the new energy
gy demand
¾ oil has supplied 94% of the total fuel requirement of the transport

sector
¾ non‐hydro
y
p
power from renewables supplied
pp
onlyy 3% of the final
energy produced in 2009
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y This has led to steady rise in the CO2 emission by G‐20
G 20 countries,
countries the

world emission level in 2010 reached a record high of 30.6 giga tonnes.

y The G‐20 countries today
y account for 80% of the energy
gy related CO2

emissions.

y Per capita CO2 emission widely varies across countries in the range

from 1.4
1 4 to 17.7
17 7 tonnes as was found in 2009.
2009
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y To ensure the control of GHG emission, the G‐20 countries need to co‐

operate and give special thrust to the following issues:
¾ Energy conservation by raising efficiency of end use of energy
¾ Raising the
h efficiency
ff
off energy resource conversion into electricity
l

and its distribution
¾ Raising the share of carbon free or carbon neutral resources in
electricity generation
¾ Carbon capture and storage as and when the technology stabilizes
and attains maturity
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Rising Scarcity and cost of fossil fuel in the post‐
reform era
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Table 1: Composition of Primary Commercial Energy
Source: GOI 2012, Energy Statistics 2012

Coal

55.2

Oil

31.1

Natural Gas

10.1

Total Fossil Fuel

96.4

Hydro

1.9

Nuclear

1.3

New Renewables

0.38

Total Carbon free fuel

3.58

Total

100
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Installed capacity of India’s electric power industry
(GW)
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Source wise Composition of installed capacity as on
March 2012
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Percentage Share of Individual Resource‐wise New Renewables
Capacity in Total Grid Interactive Installed Capacity as on
31.08.2013
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Energy Technology cum Facility‐wise Percentage share of Off‐grid
renewable Energy Installations (as on 31.08.2013)
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Apparent Consumption of Fossil Fuels in India
(Million Tonnes of Oil Equivalent or MTOE)
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Apparent Consumption of Fossil Fuels in India
(MTOE)
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T d off Prices
Pi
R per Tonne
T
E i l
f
Trend
Rs
Oil Equivalent
for
Fossil fuels combined in India
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P
h
I
I di ’ GDP
Percentage
share
off EEnergy Import
Bill iin India’s
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Percentage share of Energy Import Bill in India’s Total Exports
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y The growing imbalance between demand and supply of fossil fuel resources
from domestic sources results in a growing share of imports in apparent
consumption as well in export earnings if the supply from domestic sources
grows at a much slower rate than demand because of inadequate accretion
of reserves caused by slow discovery of deposits and inadequate technical
progress in the recoverability of reserves and high cost of new sources of
non‐renewable resources.
resources
y This imbalance can result in the growing share of nominal energy import bill
in the nominal total export earnings as we have noted above.
y How far such imbalance or deficit would create pressure on exchange rate
and macroeconomic financial condition would depend on how far the growth
of service exports, net remittances received from abroad and the inflow of
foreign capital in the form of foreign direct investment or portfolio
investment in equity or other financial stocks or instruments can offset the
effects of growing current account balance of trade deficit .
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Why not Carbon free abiotic conventional
energy resources: Hydro and Nuclear?
y Nuclear and hydro resources in large storage are two options which can

contribute to green development of energy. The prospect of nuclear route of
energy development
d l
d
depends
d on our success at the
h stage off breeder
b d reactor and
d
that in developing thorium – uranium cycle so that we can use our huge stock
of thorium reserves.

y The
h availability
l b l off suitable
bl site for
f nuclear
l
reactors is a important constraining

factor.

y The twelfth p
plan has however boldlyy set the target
g of raising
g the share of

nuclear
l
in Gross electricity
l
generated
d from
f
3.17% in 2011‐12 to 5% in 2016–17 and
d
12% in 2031‐32. While it is too early to assess the situation of successful
prospect of nuclear development, we need of course to engage in trade in
uranium and light water reactor market so that we are in a position to
successfully experiment with uranium – thorium reactor.
reactor
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y So far as hydro energy is concerned, India has a potential of generation 150 GW

from large storage of hydro resources and another 15 GW of small hydro
generation potential as per the assessment of Central Electricity Authority
(CEA) and
d MNRE respectively.
ti l Besides,
B id we can harvest
h
t energy from
f
geothermal
th
l
and ocean energy (tidal waves) with the potentials of generation of 10 GW as
assessed by IIT Bombay and 6 GW as assessed by WISE respectively.

y The
Th WISE 2014 finally
fi ll shows
h
the
h totall potential
i l off green power in
i India
I di to be
b

3941 GW as assessed in 2014 including a share of 150 GW of large hydro power.
If we net that out we find that India has a large potential of generation capacity
2441 GWe from the new renewables only.

y The share of all kinds of thermal power (i.e., steam, gas, diesel, etc) together in

the total gross generation of power in the utility system increased from 51% in
1950 to 70.6% in 1990‐1991 and 82% in 2011‐2012, while that of hydro‐electricity
declined from 49% in 1950 to 27.1%
27 1% in 1990
1990‐1991
1991 and 12.4%
12 4% in 2011
2011‐2012
2012. As the
non‐utility power generation has been mostly thermal based, there has thus
been an imbalance of hydro‐thermal mix from the point of view of efficiency
for meeting the varying load of power demand, hydropower being known to be
g fluctuating
g peak load.
more convenient and efficient in meeting
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Solar Energy Potential
Assumptions & Estimates:
y Land requirement for solar PV plants has been estimated to be 2.013 ha

per MW off installed
i
ll d capacity
i and
d that
h for
f Concentrated
C
d CSP Solar
S l
Power (CSP) has been taken to be 2.43 ha/MW of capacity.
y Given
Gi
th t solar
that
l radiation
di ti
i terms
in
t
measures off Global
Gl b l Horizontal
H i
t l

Irradiance (GHI) with productivity of 5.2 kwh/m. sq/day and Direct
Normal irradiance (DNI) with productivity of 4.73 kwh/m.sq/day on
g in India.
the average
y Such estimates of solar irradiance or availability of light energy in short

pp
to be, economicallyy viable with p
potential of 851 GW
waves are supposed
of SPV power or that of 710 GW of CSP.
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Wind Energy Potential
Assumptions & Estimates:
y For wind energy,
gy the estimates of such p
potential would depend
p
on the

hub height and spatial distribution of strength of the wind flow and that
of its power generation potential per unit of land area across the
different regions of India, although generation of wind power in a land
area does not cause any major land use diversion.
diversion
y While the Eleventh Plan document shows the wind power potential to

be 45195 MW as assessed for 31st March 2007,
2007 this has been reassessed by
the Centre for Wind Energy Technology (C‐WET) to be 49130 MW in 2010
at 50 m hub height, with 9 MW/km2 land requirement and 2% of land
availability for such purpose for all states other than the Himalayan ones
and
d 0.5%
% land
l d availability
il bili for
f others.
h
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y The Lawrence Berkeley Laboratory under a study “Reassessing Wind

Potential Estimates for India‐ Economic and Policy Implications” put
the estimates to be 2006 GW at 80 meter hub height and 3121 GW at
120 meter hub height and higher land availability in the range of 7% to
11% in various states of India. For higher capacity utilization factor with
greater than 25 MW unit, the potential would however be in the range
of 543 GW to 1033 GW.
GW

y The offshore wind potential can further provide an additional 15 GW at

less than 60 meter hub height in India. We present in Tables 4 and 6
the
h medium
di
term potential
i l off such
h power capacity
i creation
i over 2023
horizon and its cumulative achievement till 2007 in India along with
the capital and the generation costs of the different renewable
technologies as on March 2012.

y India has long coastal line of 7600 km where wind flows make

abundant wind energy resource available. The relatively low labour cost
along coasts make also offshore power generation a favourable option,
option
high cost of offshore construction on the other hand pushes up the cost
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y While TERI estimated Gujarat’s onshore potential to be 1162 GW at 80

meter hub height taking the availability of both crop and non‐crop
non crop
land together for setting up wind power installations, the WISE on the
other hand estimated Tamil Nadu’s wind power potential using GSI
based approach to be 196 GW at 80 meter hub height. These two states
would thus generate around 1300 GW at the full utilization of their
onshore potential which is many times higher than what Table 6 shows
jjust as 45 GW.
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Cost of Power for various Renewable Resources
(as on March 2012)
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Solar PV system price trends
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Forecasts of solar PV module costs
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Grid parity projections – Utility scale solar power
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Grid parity projections ‐ Retail level
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Estimated Medium Term (2023) Potential and
Cumulative Achievement
(Planning Commission Reports)
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Total new and renewable energy potential for India
(WISE 2014 Estimate)
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bl Power
Potentiall off Green New Renewable
Potential GW
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d the
h
Naturall Resource Requirements and
pressure on eco‐systems
y Land use: It is mainly in the case of solar power which would cause

some diversion of land use. However, diversion of land use is much
more significant and damage irreversible in the case of coal thermal.
y Impacts on Water, Forests and Pollution: These are much smaller in the

case of new renewables as compared to coal thermal.
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Saving of Financial costs as relative advantage of RE
technologies vis‐ a‐ vis Coal Thermal
y Saving of cost of mining and transportation of coal in renewables

based power technologies.
y Saving
g of cost of secondaryy fuel oil.
y Saving of hidden cost of subsidies.
y Saving of the costs of environmental externalities .
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Methodological Principle of Obtaining the True
Cost of Coal Thermal Generation
y A base tariff of power comprising the fuel cost, other

conventional fixed and variable cost on normative basis.
basis
(see the following table for the details of normative
assumptions).
y Hidden cost of subsidy at the alternative discount rates.
y Cost of externalities.
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The basic assumptions for tariff calculation
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True Cost of Coal Thermal Power
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Employment Generation Potential over 2020 Horizon

39

Projected Gross Generation of Electricity (in
Bkwh)) for 8% GDP ggrowth
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Share of Fuels in Electricity Generation
‐ Base line Share of New Renewables in Gross
Generation
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Share of Fuels in Electricity Generation
‐ Accelerated Share of New Renewables in Gross Generation
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Future projections of levels and growth rate (%)
of CO2 emissions (mt)
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Policy Implications of Projections
y The major challenge for faster RE penetration in the power industry

would mainly relate to the following:‐
(i)

Reconfiguring, restructuring and upgrading the Indian power grid.

(ii) For grid balancing for meeting the high demand for the power

intensive industries like steel, aluminium, cement, paper, railway
traction etc, with major energy resource of new renewables would
require firm backup of supply from large point sources of
hydropower and natural gas.
(iii) Grid‐scale energy storage.
storage
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Challenges for realisation of potential of Solar and
Wind Power
y Equipment manufacturing ability.
y R&D on new materials
t i l for
f innovating
i
ti
more efficient
ffi i t cell
ll technology
t h l

for solar power development .
y Development of skill and knowledge : Human Resource Development.
Development
y Knowledge intensive industry and Role state in price regulation and

technology development and transfer.
transfer IPR regime.
regime
y Weakness of transmission system and power grid. Criticality of

development of smart power grid.
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(iv)

Upgrading the Indian grid as a smart one for automated coordination for
smooth two way flow of electricity and information regarding power
demand and capacity
p
y of supply
pp y from nodal p
points. It is also required
q
for the
relevant coordination and integration of the different activities of the power
sector across regions and state boundaries in the context of transmission of
power and coordination of flow of power dispatches from the various
junctions.

(v)

Strengthening of the information system for energy for every 15 minutes or
minute by minute power demand and availability of power capacity and
basic RE resources. While the existing power system is quite geared to
making
ki load
l d forecasting
f
ti and
d managing
i supply
l accordingly,
di l the
th forecasting
f
ti off
supply from fluctuating and uncertain sources of wind and solar energy,
would pose challenges on demand supply management.

( i) The
(vi)
Th efficiency
ffi i
off operation
ti
off such
h a system
t
i
involving
l i
renewables
bl would
ld

depend on the choice of models for forecasting on the supply side. There are
not only the problems of uncertainty but also of accuracy in the prediction of
new supply side variables. The larger the area of such forecasts and shorter
the time horizon of forecast (gate closure time), the higher is generally the
accuracy of the forecast.
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y The government of India has however, recently given a new thrust on the

development of renewables for power generation particularly for solar power
development. The Twelfth Five Year gives a target of capacity addition of 30.000
MW of renenewables based electrical energy
gy over the time horizon up
p to 2031‐
3
32.

y As part of the National Action Plan on climate change it has mandated certain

gy supply
pp y in the total annual electrical energy
gy
share of new renewable energy
supply to the meet requirements over the time horizon 2009‐10 to 2016‐17
starting with 5% in 2009‐10 and ending up with 12% share in the terminal year
of 2016‐17.

y However, the actual capacity addition of new renewables is falling short of the

requirement to implement such mandates as their exist great uncertainties
regarding their implementability in view of the unwillingness of distributors to
buy such high cost power in a regulated regime of fixed tariffs.

y The Twelfth Five year Plan however, proposes the introduction of certification

of renewable energy which would be viewed as a product along with power for
power generated by renewables. These certificates would be tradable and make
th mandating
the
d ti
a share
h
off renewables
bl off power sold
ld by
b the
th Distribution
Di t ib ti
companies operationally viable.
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y The process of transition to third revolution through the development

gy source,, hydrogen
y g
along
g with fuel cell
of renewables as energy
technology, IT based energy internet for energy sharing, digitization of
manufacture and infrastructural operations among others likely to
require large mobilization of capital whose financing is a big challenge
process. Both the state p
policyy initiative and international
for the p
cooperation are imperative for meeting the challenge. The cooperation
between the developed and the developing countries in R&D and
knowledge sharing can significantly reduce some of the financial costs
g run.
in the long

y It has to be noted here that the economic reforms of the kind

introduced in India to induce greater competition in the energy
industry and ensure flow of financial resources to meet the need of the
infrastructural sector has not as yet met with adequate success. The
mechanistic approach to marketization for spinning competition and
the emergence of regulatory regime as witnessed in the power sector in
India has unfortunately not been able to deliver the objectives.
objectives
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y The political economic interference in tariff fixation by regulators, poor

quality of governance, lack of appropriate legal order and finally lack
of political will has in fact been responsible for poor rate of
transforming
f
i our energy economy. A transition
i i to the
h third
hi d industrial
i d
i l
revolution through renewable, and India’s becoming a partner in
guiding and participating in the transition process would demand long
range vision and political will of the leaders and policy makers and
institutional capability development.
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Thank you
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