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Executive Summary

In October 2015, India submitted its Nationally Determined Contributions (NDG) to the

United Nations Framework Convention on Climate Change (UNFCCAmong the goals was
the pledge to reducdhe emissionsintensity of Gross Domestic Product (GDR)y 33-35% over

2005 levels, by 2030 In addition, the NDCs also targeted0% fossil-free power generation

capacity by 2030 andcreation of additional carbon sink of 2.5 to 3 billion tonnes of CO
equivalent (CQe).

CSTEPevaluated the Green House Gas (GHG&missions intensity pledge by its two
components (a) GHGemission intensity of enegy (kgCQe/ KWh primary energy pe) @nd (b) energy
intensity of GDP kWh pe/ INR). Addition of renewable energycapacity and policies to curb
fossil fuel consumptionh e | p t o r eGHGerissiohsTiteirasic o energy required to
produce one unit of GDP showcases the energy efficiencyttid economy.We analysedhistoric
trends of economywide emissionsand modelled future emission trajectories accounting for
energy demand sectors.

The analysis indicatedthat our emissions intensity of energyis likely to grow by 29% over
2005 levels This is mainly due totwo reasons: (1)the shift in cooking demand from traditional
biomassto modern cooking fuel and (2)marginally owing to electrification of private vehicles
and railways in thetransport sector. Hence, to meet the emissiasintensity of GDPtarget and
compensate for this growthin emissions intensity of energy India will have to reduce its
energy intensity of GDPby 38-46% over 2005 levels.

We projected and evaluatedscenarioswith a combination of technologyand policy optionsto
evaluatethe impact of energy efficiency in reducing aggregated energy demand till 203the
analysis indicated that underigorous implementation of current policy, India can achieve the
required energy intensity reduction by 2030. Inthis Businessas-Usual scenario, total energy
demand is calculated to be 211 TWh. CSTEP modelledbest available technologiesin policy
scenarios (EE1 & EE2jand found that around 1,000-1,700 TWh (11%-19%) of energy
demandcan be avoided in 203y adopting these technologies

The transport sector has thehighest energy savings potentialof around 40% in 2030, which

is largely driven by ambitious adoption of electric vehicles and shiffrom private to public

transport. Buildings (including cooking) contributesto around 30% of the estimated savings.
This is largely driven by nearly 300 million people transitioning from traditional biomas to

efficient stoves operating on LPG and PNG and adoption of swgdficient appliances.
Industries presented modest savings potential ofaround 25%. This is becausemajor

industries like cement and aluminium production already use the global best practies and
technologies,mainly due toindustry competitiveness.

Government vision and support plays a pivotal role in seamless integration of energyficient
practices, which wil |l further bithéNDCeledgd. Imdi a’ s
order to assess state preparednesswe considered a combination of macroeconomic
indicators (Net State Value Add, Gross State Domestic Product and Population Growth) and

key performance metrics €rop intensity, energy consumption per sq.mand industrial value

add) in each sectorWeidentified eight states(Andhra Pradesh, Maharashtra, Karnataka, Uttar

Pradesh, Bmil Nadu, Gujarat, West Bengal anBajasthar) where policies across all four



sectors were mapped based on these metricEo exarine policy adequacy among theseates,
we createda policy maturity index to showcase current capacity for energy efficiency related
policies, or lacuna thereof. The findings of this analysis indicate that several states lack energy
efficiency focussed pbcies, and the interest towards addressing energy efficiency is primarily
driven by the Government of India. Karnataka, Andhra PradeshMaharashtraand Gujarat have
relatively better energy efficiencysectoral policies as compared to other states.

Key interventions that can be implementedacross sectors tdurther improve energy efficiency
are listed below:

(a) Higher adoption of electric vehicles, fuel efficiency improvements and increased fuel
blending to reduce dependency on oil importsa focus on publictransportation
systems such as metros instead of elevated flyovers at congested urban situations.

(b) Mandatory implementation of Energy Conservation Building CodgECBC), with
efficient services such as lighting andHeating, Ventilation and AirConditioning
(HVAQ through star rated appliances

(c) Improvements in specific energy onsumption in industries through technology
switch, improved auxiliary equipment, process switch and concerted efforts to
increase the use of alternative raw materials and fuels.

(d) Strong support for research and development in potentially disruptive areas such as
battery materials and technology for the mobility sector and next generation HVAC
systems for Indian conditions.

(e) Replacement of existing irrigation pump sets with energy efficiet star rated pump
sets.
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1. Introduction

India announced its Nationally Determined Contributions (ND€) at the Conference of Parties
(CoP) meeting inParis, 2015. In its NDG, India seeks to (a) reduce the Greenhouse Gas (GHG)
emissions intensity of its Gross Domestic Product (GDP) by -33% of 2005 levels, by 2030;
(b) build 40% of fossilfree power generation capacity by 2030, and (c) create an additional
carbon sink of 2.5 to3 billion tonnes of carbon dioxide equivalent (Cee) by 2030. The NDCs
embody efforts by countries to reduce national emissions and adapt to the impacts of climate
change. The Paris Agreement (Article &Laragraph 2) requires each country to prepare,
communicate and maintain successive NDCs that it intends to achieve. IntB s ens e,
current NDCs argust the beginning of a long series of ktountry efforts to pursue domestic
mitigation measures.

Emissions intensity is the level of GHG emissions pemit of economic activity, usually
measured at the national level as emissions intensity of GDP. The metric is a composite of two
other indicators—energy intensity! and fuel mix (which reflects the fossil intensity of energy
consumed)(Kevin A, Timothy, & Jonathan, 2005}-urther, it also accounts for norenergy GHG
emissions.Hence, progress against thBIDC pledge to reduce emissions intensigf GDP needs

to account for economic activity, fossiintensity of energy supply and energy efficiencin end-

use sectors

Using governmentreported data, we estimated that GHGemissionsintensity of GDP declined
at around 4% Compounded Annual Growth Rate (CAGRetween 2005 and 201@. In this
period, India® s GDP gr e w and overall kroissibns grédy at 4.7%. Interestinglythe
two component metrics, emission intensity of energy and energy intensity of GDP, declined at
around 2.38% and 2.43%,respectively (Table 1). In the 1990s, India had higher levels of fossil
fuel intensity and efficiency levels were poor across several production sectgraith
persistent technological improvements, a steeper decline in emission intensity of GDP till 2000
(at 9% CAGR) was reportedKevin A et al., 2005)

Tablel: Recent trends inl n d keg ¢limate metrics

0,
Metrics 2005 | 2010 | CAGR % .
Reduction
Emission Intensity of GDP (Energy Sector) (kg 0024 | 0.019 | -4.7% 21%
CQJ/INR @2011-12 prices)
Energy Intensity of GDP (TWh/INRy2011-12 prices) 0.12 | 0.10 | -2.4% 14%
Emissions Intensity of Energy (kg C&kWh) 0.21 | 0.18 | -2.4% 11%

Source(CEA, 2016; Gol, 2015c; MoEFCC, 2035)

1 Energy intensity is a metric used to reflect the level of Energy Efficiency (EE) and overall economic structure of a
country and the value of goods traded across borders.

2The gover nmeupdaterepor (BER)tmthed UNFCCC reported a decline of 2.5% in the overall emission
intensity in the same period with GDP at 200405 prices. In this report the emission intensity reduction appears
higher with GDP at 201112 prices.

3 Since emission valuesn official inventories are available for calendar years, the real GDP obtained for financial
years for the period 200405 to 2010-11 was approximated to calendar year estimatesasing a 25:75 ratio.

© CSTEP www.cstep.in 1
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In the future too, technological changes and supporting policies will play a crucial role in
reducing fossitfuel intensity of energy supplied and eneuse efficiency With regards to fossil-
fuel i nt ensi t yNDC mmgeal af40% tossil-fred etedricity gemeration by 203Q
aspires for ambitious technological change This has found mention in several policy
documents—most notably, in theNational Electricity Plan (CEA, 2018) The plan foresees no
new coal capacity during 20222 0 2 7 . Il ndi a’' s gsedatd begraglaménantlyp | ant s
subcritical4, with a generation efficiency of 32% However, new coa plants have higher
efficiency boilers (supercritical or ultra-supercritical). The Government of India (Gol) has
initiated numerous efforts to accelerate development and deployment of renewable energy in
the country; Moreoveri t pl ans t o rénewableecaesyg capacitylfiom 368Win
2016-17 to 175 GW by 202122 (CEA, 2016) In pursuit of supporting renewable energy
development, India has also spearheaded the International Solar Alliance (ISA). However, the
extent to which the renewable energy targets are achieved and deploymemians are
implemented, remains to be seen.

In terms of end-use efficiency the key sectors can be broadly categorised into power
generation, industry, transport, buildings, cooking and agriculture.Certain sectors like
cooking and transport still exhibit highly inefficient behaviour and planning practices. Th&ol
has developed and framed several policies to support efficiency improvements in alignment
with the NDCtarget. Some states have taken on progressive action while others are still in the
process d developing a supportive policy environment. A systematic analysis of the policy
efforts, compared alongside modelled efficiency targetsan help identify and prioritise policy
interventions for achieving the NDC target.

It is in this context that CSTEP undertook this studyo decode theNDCsand estimate the
contributions from end-use efficiency and fuerequirements (in end-use sectors) on overall
emissionintensity . The main objectives of this study were the following:

(1) Decode the NDCsCSTEPdeveloped a mathematical model to examine the role of
energy and norenergy emissions, and estimated the role of energy efficiency towards
realising NDC commitments.Trends in historical emissions by sectorand analysis
from energy systems modelling were used to quantify implications for energy
efficiency improvements.

(2) Assess the role of technologies and policie€ontributions from each sector under
different technological and policy scenarios were analysed using detailed spreadsliee
based analyss.

(3) Evaluate statelevel preparedness:Finally, policy gaps and state preparedness were
analysed to evaluate state requirementi order to achieve theNDGs.

The subsequentchapters will present the key insights from the analysis.

4 The difference betweensubcritical, supercritical and ultra-supercritical versions of pulverised coal combustion
technologyrelates tothe steam pressure within the boiler.

2 www.cstep.in © CSTEP
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2. Background and Historical GHG Emissions

India is thefourth largest GHGemitter, after Ching the United Statesand the European Union
As perthe Gol, the economywide emissions in 2010were 1,884 MtCQe. The Land Use, Land
Use Change and Forest (LULUCF) sectmgated252 MtCQe of emissiongd MoEFCC, 2015)It
is important to note that this is the most recent emissiorinventory published by the Ministry
of Environment, Forest and Climate Chang®pEFCQ, Golin 2015.

In order to establish a credible baselindor the NDC targets CSTERIeveloped an emission
inventory after a thorough review of available sourcesdepicted in Figure 1. The activity data
was sourced mainly from government sources and publically available literaturd GHGPI,
2017).

2, 086
1,937

2,1 82
2,000 1, 844
1,701
1,547 1,589
1,500 = p—
1,000
500

2005 2006 2007 2008 2009 2010 2011 2012 2013

Emissions (MtCQe)

EEnergy mAFOLU = IPPU mWaste

Figure 1: Historical emissions (2005-2013)

In 2013, emissions from energylndustrial Processes and Product Us¢lPPU), waste and
Agriculture, Forestry and Other Land Us¢ AFOLU sectorswere 2,417 MtCQe, as compared
to 1,547 MtCQe in 2005 (GHG Platformindia, 2017). The energy sector has been théargest
contributor of GHG emissions (83% in 2013), with a steady increase since 2005 (76%). In
absolute terms, IPPU sector emissions have nearly doubled in this peridtbm 98 MtCQe to
156 MtCQe; howevert hi s <enwiliution tb everall emissionsis relatively low (roughly
6%). It is important to note that emissions fromAFOLU sector declined at 2%, while the waste
sector contribution has grown at around 4%.

Owing to economic growth, the overall demand for energy across all the sectors is incraws
at a rapid rate.Emissions from the energy sector have also seen a steady increagspite the

influx of renewable energy This is primarily due to the dominant role of fossil fuel (coal, oil
and natural gas) in the energy mix. The increase in emissisifirom IPPU can be attributed to
the growing demandfor core industrial commodities such as cement and steel, wherelarge

guantities of CQ arereleased due to decarbonation processes.

© CSTEP www.cstep.in 3
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Energy based emissions primarily include two kewctivities—fuel production and fuel
combustion. Fugitive emission®ccurwhen fuel (coal, oil and natural gas) is produced
at the mining facility and transported to endusers. Emissions from fuel combustion
include adivities such aselectricity generation and fuel use in demand sectors like
agriculture, buildings, industries and transport. In 2013, emissions fronthe energy
sector were 2,005 MtCQe (Ananthakumar Murali R, Rachel R, Lakshmi A, & Malik Y,
2017). Between 2005 and 2013, emissions frorthe energy sector grew at a&CAGRof
6.8%. Emissions from electricity generation contribute to 55% of energy sector
emissions, followed by industries (24%) and transport (12%)(GHG Platformindia,
2017).

Emissions from IPPUaccount for processbased emissionsin industries such as
cement (decarbonation of limestone), steel (reduction of iron ore) and ammonia
production. These emissions registered an annual growth rate of 6% between 2005
and 2013. The absolute emissionsvere noted to be 156 MtC@e in 2013 (Gupta,
Biswas, & Ganesan, 2017)The ement sector contributed to over 50% of IPPU
emissions in 2013(Indian Bureau of Mines, 2015)

Solid waste disposals and waste water (domestic and industries) aitwo key sources
of emissions fromthe waste sector. These emissions grew from 66 MtG®in 2005 to
89 MtCQe in 2013 (Chaturvedula, Kolsepatil, & Jha, 201Aregistering an annual
growth rate of 3.9%(GHG Platformindia, 2017).

(d) AFOLUbased emissions reduced marginally due to increased removal of £16y land

(sinks). Emissions from livestock and rice cultiation are two primary sources of
AFOLUbased emissions. Livestock emissions accountddr almost 65% of AFOLU
emissionsduring this period (2005 — 2013), while emissions from rice cultivation and
other aggregate sources (biomass burning, agriculture soils and manure management)
accounted for 35%0f emissions(Dhingra & Mehta, 2017).
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3. Approach

In order to identify policy interventions required to achieve NDCsa deeperunderstanding of
major GHGemitting sectors was needed.This study quantified targets mentioned in various
policies pertaining to NDG and other keysectoral mitigation strategies of the Gal Further, a
historical emissionsinventory was compiled andrecent trends were analysed To assess the
shortfall or progress of current mitigation plans, a systemic assessment ofcurrent
technologiesand future apgicability was necessary Using a mathematical formulation, the
target on emissions intensity of GDPwas decomposed into its sulBcomponents energy
intensity of GDRind emissiorsintensity of energyConsidering the NDC targets (higher installed
fossil-free generation capacity and creation of additional carbon sinks), the required reduction
in energy intensity of GDP was determined. e study, thus, established a quantitative basis
for energy-efficiency improvementsrequired across the economy and within sectors.

Further, keeping in mind current technologies, the energy savings potentiakaociaed with

leapfrogging to global best availabléechnologiesin end-use sectors was also assessethe

possible reduction inenergy intensity across keyenergy demand sectors was determined by

examining the impact of current and proposed technologies and policies in these sectoss.
spreadsheetbased accounting framework was soft linked tdCSTEP’' s |-Redional Mul t i
TIMES (IMRI5) model for scenario analysis The analysiswas conducted to determine the

potential energy savings in eactkey demand sector and thereby, the overall energy intensity

of GDP.

Finally, as successful policy formulation and implementationis key to enablhg energy
efficiency, this study also evaluatel gaps innational and state-level policy frameworks and
provides recommendations Based on the potential for energy intensity reduction across the
demand sectors, statdevel policy preparednesswas assessedEight states were identifiedon
the basis of their energy savings potentiainformed by sector-specific metrics A qualitative
policy maturity index was prepared and states were ranked in order to identify policy
recommendations

5 The India Multi Regional TIMES model (IMRT) i partial equilibrium cost-optimisation model, where thepower
sector is formulated as an optimsation model while the enduse sectors ftlow an accounting framework. TIMES
(The Integrated MARKAL EFOM System) is a dynamic partial equilibrium optimisation model, which is widely used
for energy and environmentsystems analysis to explore least cost and low emission pathways (Loulou, Remne,
Kanudia, & Goldstein, 2005).

© CSTEP www.cstep.in 5
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4. Decoding the NDGs

According to IPCC economywide CQ emissionscan be dividedinto two categories, namely
energy and nonrenergy. Energy emissions account for a major share of overall emissioasd
constitute emissions from all energyrelated activities such as electricity generation,
transport, etc. Non-energy emissionscontribute a minor shareand includethe net value ofthe
IPPU agriculture, waste and LULUCF sectof®s in Equation 2).

Equation 1
0 0 0 0 0 0
Equation 2
00 00 00 00 00
Equation 3
00 00 00
"'$0 "$0 "$0

Emissionsintensity is the amount of emissions generated per unit of activity. It can be used as
a metric to assess theleanlinessof an energy system or economy depending on the undf
activity considered. This can be decomposed as follows:

Equation 4

6 0 6 0 %l AOcCU
"'$0 %l AOCU ' $0

In Equation 4, the first term on the right is the CQ emissions per unit energy generated. It
reflects the extent to which energy supply depends on fossil fueland other renewable
sources Further, it takes into accountthe conversion efficiency of energy technologies. For
instance, supetcritical power plants are more efficient than subcritical power plants.
Therefore, supekcritical plants generate lower CQper unit electricity than sub-critical plants.

The second termrepresents the amount of energy required togenerate one unit of GDPIt
depends on the structure of the economy and the relative share ehd-use sectors namely
industry, services (transport, buildings and cooking)and agriculture sectors, in addition to the
energy efficiency of thee sectors. For instancepenetration of Light Emitting Diode (LED)
lamps results in reducing the energy footprint ofthe buildings sector, without compromising
on the lighting service offered This results in efficient consumption of energy for every unit of
GDP generated in the buildings sector.

Equation 5

60 00 0¢ Qi "Qwo U
"00 0 0¢ Qi "Q "000 "$0

This equation can be rewritten as:
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Equation 6
n owi
Where,
n — Inthe base year (2005),
w —— Inthe base year (2005),
w —— Inthe base year (2005)

i ] in the base year (2005)

The changdn values of these parameters between 2005 and 2030 can be written as:
Equation 7

m o Vo Yo Wi
Some further simplification leads to the following equation:

Equation 8

20 20 20 20 20

3 ¥ U ¥ U @U
b

O
P U
Here, the values of p, X, y, r and s refer to the base year of 2005. The change in values are
between 2030 and 2005For instance,

Equation 9

v oh o n

n n
Therefore, the NDC commitment implies changing theand y termsto achieve a value of 0.33
or 0.35 for —. We contend that while this is a simplistic mathematical representation of a

complex economywide target, estimating the terms in this equation provides us some
analytical basis forevaluating sectoral targets.

4.1 Methodology

This section examines the camibution of various factors in Equation 8. The approach isas
follows:
1 We examinethe role of non-energy sectors (IPPUwaste,agriculture and LULUCF) and
project emission trajectoriesof these sectordill 2030 based on historical trends
1 Similarly, we analyse the potential ofthe energy sectorthat is, estimate the likely value

of 2 between 2005 and 2030. Tisis basedort he resul ts f remergy CSTEP’

© CSTEP www.cstep.in 7



®

model. It projects the energy generation mix in 2030 and comparaswith the mix in
2005.
1 Subsequently, emissiorreduction strategies such as high renewable penetration and

the carbon sink targets from the ND@Gre accounted for,to determine the value ofy—

or change in energy intensityrequired to achieve the NDC commitments.
4.2 The Role of NorEnergy fctors in the NDG

The overall share of emissions fromthe non-energy sector was accounted to be 33%
(including LULUCF) in 2010Historical emissions corresponding to each sector are obtained
from 2000 to 2014 from reports published by MoEFCGnd the GHGRI

IPPU: This sector covers the GHG emissions from various industrial activities during the
production process Theindustrial process emissions increased from 108 to 172 MtG®from
2005 to 2007 (MoEFCC, 2015)Increase in production and thekind of process technologies
deployedin industries mainly drive IPPU emissions. More than 62% of the IPPU emissions are
from the cement industry, about15% from the ammonia industry and the remaining from
various other mineral, chemical and metal industries. IPPEmissions inthe cement industry
are likely to grow in the future due to increased urbansation and concretiation of cities
(GBPN, 2014)

IPPU emissions have beewitnessing a steady growthowing to growth in key industries. The
emissions from this sector haveseen ayearly growth rate of 7% from 2005 to 2013. This can
be attributed to mainly the increase incement production. However, he government has
promoted the use of alternative cements likePortland Pozzolana Cement (PP@nd Portland
Blast Furnace Slag CemenPE&(, which have lower process emissionsFurther, the emissions
from ammonia production has grown on account of demand from the fertiliser industrywhere
ammonia is used asan intermediary product. The National Urea Policy ((MoEFCC, 2015)
seeksto reduce urea import This, coupled with the recent decline in natural gas prices and
gas pooling policy could increaseemissions from ammonia productionin the coming years If
the historic trend continues, IPPU emigsns could increase from 1720 597 MtCQe during

20102030 at a CAGR of 6%Refer Figure 16 in Appendix II).

Agriculture : The overall annual emissions from the agriculture sector increased between
2005 and 2010(Dhingra & Mehta, 2017)from 374 MtCQe to 390 MtCQe. The subsectors of
agriculture contributing to emissions include enteric fermentation in livestock, manure
management, rice cultivation, agricultural soils and field burning of crop residuélhe latter
sub-categories (especially agricultural soils) have been influential in determining overall
agricultural emission trends. Livestock emissionsin contrast with the overall agricultural
emissions have stabilsed and declined after 2007 due to a declining livestock populatiof@ha,
Singh, Sharma, Singh, & Gupta, 2011)

Policies and measures at the national level that impact this sector include: tNational Mission
for Sustainable Agriculture (under the National Action Plan for Climate Change, 2008); Rain
fed Area Development Programme; SuMission on Agricultural Mechansation (12th
Financial Year Plajy National Innovations on Climate Resilient Agriculture (NICRA), 2011;
National Food Security Mission; National Agroforestry Policy; System of Rice Intensification;
National Horticulture Mission; Pradhan Mantri KrishH Sinchayee Yojana; crop diversification

6 The activity data for calculating the emissions in IPPU sectors were sourced from Annual Survey of Industries
(ASI) datasets published by the Miistry of Statistics and Programme Implementation (MOSPI).
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from transplanted paddy to other food crops and Agriculture Demand Side Management
(AgDSM]Gol, 2015a) In this analysis,it is assumed that thesector emissionswill progress
as per historic trends Agricultural emissions are estimated to grow at 0.2% CAGR about
400 Mt by 2030 (Refer Figure 17 in Appendix II).

Waste: GHG emissiondgrom the waste sector, mainly Ckiand N.O, increased by 36% from
2005 to 2013. They cost i t ut ed 3% oGHG émisdionan’ 2010. (ThetIRCC
categorises wasteemissions fromthree sources: solid waste disposal, domestic wastewater
and industrial wastewater handling. In 2010, domestic wastewater handling accounted for
45% of total waste emissions followed by industrial wastewater (33%) and solid waste
(22%). Emissions from solid waste disposal are driven by factors such as population (urban
and rural) and composition as well asdisposal mechanisms of municipal waste. As a result of
population growth and poor landfill management, emissions from this suisector have
increased by about 60%during the same period(Chaturvedula, Kolsepatil, &ha, 2017) If the
historic trend continues, waste emissions couldgrow to 135 Mt by 2030 (Refer Figure 18 in
Appendix II).

LULUCE CQ from the atmosphere accumulated as carbon in soil andegetationis referred to

as‘carbon sink The LULUCF sector in recent times has affected net Gid@ntories. Thisis

because ofan increase in GHGs due to human settlemerdad adecrease in emissions due to

sinks created in forest and c lLULpCHaavedogusedbmdi a’ s
increasing the sinks via forest management stragges.ustainable management, planting and
rehabilitation of forests can increase forest carbon stocks anthereby, increasethe sinks. The

following analysis arrives at a plausible LULUCF sink value for 2030. For this, historic values

of forest coverand carbon stockwere comparedto determine the impact onthe NDCtarget.

LULUCEF sink values grew from 236 MtG® in 2000 to252 MtCQe in 2010 (at a CAGR of less

than 1%). Unlike othernonre ner gy sector s, Il ndia's NDC sets t
that is, creation of an additional carbon sink of 2.5 to 3 billion tonnes of G®via forest and

tree cover by 2030(Gol, 2015a)

In this analysis,to arrive at a LULUCF sink valughe additional carbon sinktarget from CQe
was convertedto the additional carbon stock value using molar weightsThe additional forest
carbon stock to be created (as per NDC targétsan be represented as 68B17 MtC. The
government also publishes histori@al carbon stock values.Using this we estimate that the
additional carbon stockto include the NDC target would be around 1612% of the 2013
reported stock of 6,941 MtC The official inventorya s p er | Biehnisd UpdatefRepors t
(BURIi ndi cat ed LULW@Ftsink valug ias areund 2581t in 2010. Similar to the 10-
12% growth of the carbon stock value the sink valuewas assumed togrow commensurately
to about 345-352 MtCQe by 2030 This impliesthat the CQe sink value would grow at a
marginal CAGR of around 0.5% p.fReferto Table 19 for comparison with alternative targets
and land implications).

Overall, by 2030, the projected emission values from the nomnergy sectorwas estimated at
513 MtCQe (i.e.the LULUCF sink is deducted fronthe total of IPPU Agriculture andWaste,
which is about 863 MtCQe). (This valuewas used to decode the NDC implicatiom further
sections)

7 Additional tC stock=additional t CQ@e stock/(44/12)

© CSTEP www.cstep.in 9
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4.3 Emissions Intensity of Primary Energy
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According to the anaysis conducted at CSTEP usintpe IMRTmo d e | I ndia’s NDC t
installing 40% fossil-free power generation capacity by 2030 is realisable taking into

consideration our current technical resource potental and costs(Byravan et al., 2017)In fact,

the Sustainable Development (SD)scenario modelled by CSTEP projected an outlook of 44%

share of fossitfree installed capacity. This higher share impliel that about 15% ofthe power

generation will be from renewable energy sources and 32% will be from fossitee sources.

With a cleaner power mix, the value of KGE&KWh primary energy eE) fOr €lectricity generation in
2030 will reduce from the basecase (n the more fossil-intensive Businessas-Usual, or BAU,
scenario) by about 4%(as shown inFigure 2). However, across the economythis indicator
will exhibit an increasing trend (comparedwith the present-day valueor even 2005 levelsof
0.21 kgCQe/kWh). This is because of two main reasonBirst, a large number of people who
rely on traditional biomass for cooking will shift to modern cooking fuelswhich are based on
petroleum and electricity. Biomass is theoretically carbon neutral, while the modern cooking
fuels will lead to net emissions.Second the transport sector will see a 2-3 fold increase in
energy demand and despite efforts to introduce alternative fuels, the technology lockins to
liquid fuels are likely to continue—further, emissions per unit energy in transport will increase
marginally due to electrification of private vehicles and raivays. Trends in industrial demand
growth, especially in energyintensive industries like cemer and steel manufacturing already
account for efficient technologies with fuel lockins. Even with a shift tothe best available
technologies,emissions intensity of primary energy in industry will continue to grow due to
the use offossil fuels in key processes

This overallincreasingtrend is also exhibited inseveralscenarios created by the India Energy
Security ScenariogIESS}2047 tool (IESS, 2015a)Similarly thelntegrated Research for Action
and Development (RADe) model also projects a 2% growth in this value during 2003-04 and
2030-31(Ghosh, 2009)
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Figure 2: Trends in CQe/ kWhpe
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Hence, theemission intensity of primary energy is projected to increase b§5-32% over 2005
levelst by 2030. For the purpose othis analysisi.e. to decode implications on the y termthe

value of 2 is consideredto be 0.29 (or a 29% increasefrom 2005 to 0.27 kgCQe/kWh in

2030). This was estimated based on historical government data on primary energy (CEA 2018)
and emissions (from the first BUR and the SD scenario modelled value for 2030

Roadmap&l O ! AEEAOEI ¢ )1 AEAGO . $# 01 AACA

4.4 NDCEmissions Intensity Reduction Target and Implications for Energy
Intensity

As mentioned earlier, the second component of the emissiemmtensity of GDP isthe energy
intensity of GDP.The change in energy intensity needed for a 385% reduction in 7 can be

estimated as follows:

Equation 10
vi) i Yoo Vi
Vo # 0 P Do @ 0
B Y Yoo Y
. "0
o o

The value ofeach term in Equation 10 is presentedin Table 2. These values are based on
macroeconomic and baseline emissions mentioned ifiable 18 and Table 19 (in Appendix II).

Table 2: Input values for decoding analysis

Parameters Range
r (Non-energy emissionsoos) 0.007
Xy (MtCQee) 0.039
Ar (difference in non-energy emissionszo3o-2005) -0.004
y—‘w 0.29 0.15%
W
m
- 0.33-0.35
n
Yo
% -(0.44-0.46) -(0.38-0.40)

81n India, during 2005-10, data (IEA & EIA) suggests that emission intensity of primary energy supplied declined
marginally and then increased This can be attributed to an increased share of géssed fuel consumption in the
economy which then reverted to coaheavy consumption.

9 This value is based on the CSTEP SD scenario outputs. It accounts for high fsl share of power generation
capacity (44% in 2030) aligned to the NDC target and recent announcements to improve generation efficiency and
reduce transmission and distribution lossegByravan et al., 2017)

10 For making the xy value not account for GDP units in the equation, the 2005 value of GDP was assumed to be a
unitless dimension with a value of 1. xy hece denotes the energy emissions value in 2005.

11 This study has considered the base year primary energy was 6020 TWh based on estimates in the National
Electricity Plan CEA 2016. With a low value of 2005 primary energy (the BP statistical review accoufds around

4266 TWh), the base year emission intensity would be higher. This would suggest that emission intensity of energy
is projected to increase by 1509%, under CSTEP’'s SD scenari
pledge is sensitiveto this assumption. In this analysis, we have opted for government reported data.

© CSTEP www.cstep.in 11
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Based on these values, the estimated value for or rate of change in energy intensity of GDP

is calculated to be around-0.40. This implies that the energy intensity of GDP will havéo
reduce by about 40% to compensate for the increase missions intensity of energy.This
value is sensitive to the change in emissiaintensity of energy assumed0.15-0.29) during
the same period and can rangbetween-38% and -46%.

Assumingfixed growth of economic output, the rate of reduction in energyntensity of GDP
will have to be around 2%(CAGR)uring 2005-2030 to meet the NDC target. As mentioned in
the Introduction, energy intensity of GDP has shown a declining trend at arou2#1% CAGR
from 2005 to 2010. Thus,in order to achieve the target by 2030, the decline rate wdd have
to be at least around 2 going forward from 2012. In the following section we evaluate the
role of sectoral growth, enduse efficiency and ongoing policy ambition in achieving this
reduction in the y term (energy intensity of GDP in 2005)
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5. Scenario Analysis for Energy Efficiency

The previous sections illustrated thatthe energy intensity of GDP will have taeduce by 38—
46% by 2030 from 2005 levels b achieve the NDC commitmentslhis compensates for the
likely increase in emissions intensity of energy. This section furtheranalysesthe ‘energy
intensity of GDP term and explores the roles ofkey demand sectors in achieving this
reduction.

5.1 Methodology

In order to estimate the potentialof EE, a bottoraup model (refer Figure 3) is constructed to
examine the technologies and policies relevant to each demand secteagriculture, buildings,
industries and transport. The srvice demandin each sector has been projected using key
performance indicators such as GDP, per capita consumption of an industrial product, floor
space area, population, etc. The choice of indicator is contingent upon the nature of\ies
offered by each sector. For example, GDP growth rate is used to project cement production till
2030. The final estimate is then validated using secondary literature published by reputed
organisations and industry associations.

PRIMARY ENERGY ACTIVITY DEMAND

Electricity
(Grid, Solar)

Diesel

Biomass

.....................

Residential | | |

Kerosene

g T—~» Commercial | !
Charcoal ] H !

el e

LPG,PNG = Fuel Emission Factor

Final Energy Electricrt'y‘
Demand X (COLTWh)
(TWh)

Fuel Specific
(COL/TWh)

Coal

Fuel Oil
Industry

Naptha

Natural Gas

Gasoline

TR

Transport

Figure 3: Methodology for estimation of energy in demand sectors

Reduction in energy demand can be achieved by implementing energfficient processes and
alternative measures across demand sectors. CSTEP conducted a sesigse assessmenhto

qguantify overall potential for EE Three scenariosnamely Businessas-Usual (BAU), Energy
Efficiency Scenario 1 (EE1) and Energy Efficiency Scenario 2 (ER#)re designed to envisage

© CSTEP www.cstep.in 13
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overall energy reductions in four key demand sectors. The BAU scenario showcasd
projections driven by focusedimplementation of existing energy-efficiency norms until 2030.
The policy scenariosvere modelled to examine the role of energy efficiency toward#he NDC
pledge EElscenariodepicts a pathway using proposd government policies and designated
roadmaps, in addition to policies that have already been implemented oare under
implementation. EE2 scenario illustrates a trajectory whergalong with proposed policies
being completely implemented, there is an addiional push to achieve current global best
practices. Assumptions and policy interventions pertaining to each of these scenarios are
presented inTable 17 in Appendix .

5.2 Industries

Theindustry sector accounts for one third othe total energy used worldwideand emits nearly
40% of total CQ emissions (Trudeau, Tam, Graczyk, & Taylor, 2011)in India, this sector
consumed 1257 TWh in 2005 accouning for 36% ofthe total energy consumption(de la Rue
du Can, McNeil, & Sathaye, 2009} produced 290 MtCQ@e emissions—contributing to 25% of
the total energy emissiongde la Rue du Can et al., 2009 rom 2005 to 2012, the industrial
value-add to the economy grew at 8% CAG[&ol, 2015c) while the energy consumption grew
at 3.3% (IESS, 2015a)Thisslower rate of growth in energy compared to value added from the
industry reflects a decoupling of energy and industrial output. Growth in both energy and
output of this sector has been on account of large expansion in the eggintensive sub
sectors such as steel, cement, aluminiurpulp and paperand fertilisers. However, per capita
consumption of key industrial outputs such as steel, cement, aluminium, etc. still remain well
below the world average consumption levelsas shavn in Table3 (Vishwanathan et al., 2017)

I n d ihugeéirdrastructure needs for increased housing, improved network of highways and
urban transport infrastructure, etc., over the next few decades is expected to drive the demand
for energy-intensive materials. This indicates a significant potential for growthn | n d i
industrial output.

Table 3: Per capita consumptiorof key industrial outputs (in kg/cap)

21 AAT Ap A1 O ' AEEAOET C

Sub-Sector India (kg/cap) | World (kg/cap)
Cement 195.0 520.0

Iron and Steel 59.4 216.6
Aluminium 1.4 8.0

Chlor - Alkali 5.2 30.0
Fertili sers 22.8 26.2

Pulp and Raper 9.0 58.0
Textile 55 11.0

Source:(Vishwanathan et al., 2017)

This sector can be broadly classified into energintensive industries (comprising key sectors
such as iron and steel, cement, aluminiurpulp and paper, chlor-alkali, fertili sers, textiles) and
other industries comprising Medium, Small and Micrdenterprises (MSMES$, including food
processing, metal processing, etc. The largeenergy-intensive industries account for
approximately 55%-60% of the total energy consumption while the smaller industries
account for the rest(ESMAP, 2011)(IESS, 2015b)

The industry sector is dominated bythe use of coal(refer Figure 4), both as feedstock in
industrial processes andcaptive power generation.In industries, 43% of final energy is
accounted for coalfollowed by electricity (22%), oil (21%) and gas(12%) in 2012 (Byravan
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et al., 2017; IESS, 2015a)Vith increasing demand from various subsectors, share of coal is
further expected toincreasein the future (46% by 2030in BAU scenarig (Byravan et al., 2017;
ESMAP2011). Hence concerted efforts areneededto diversify the fuel mix in industries

through technology and process switch
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Figure 4: Finalenergy demandin industries sector

Modelling Approach

A bottom-up estimate of energy consumption by energyintensive industries was made with
technology and procesdevel disaggregation (represented in the equation belowv h e rE&d
represents the subsectors). The growth in key industrial outputs such as cement, iron and
steel, etc.wasprojected based ornistorical trends and Gol projectionsn each subsectofIESS,
2015a). A set of energyefficiency indicators were identified across the subsectors to indicate
the energy use per tonne obutput (PJ/t) and the level of process switch and technological

advancementneededto improve energy efficiency.

Equation 11

0¢ QIOM GE Q

Iron and Steel

India is the third largest steel producer in the world after China and JapafwWSA, 2018) The
iron and steelsectoris the largestenergy user inthe industry sector. In 2013, this sector alone
consumed about 21% (528 Wh) of the total energyin the industry sector (OECD, 2015)With
the expansion of manufaturing and infrastructure sectors in the future, their energy
consumption is expected to grow further.

Energy costs constitute around 40% othe total steel production in India, comparedwith 25%
in other developed nations such as JapaWSA, 2018) This implies that there is significant
potential to improve the energy consumption per unit of steel ppduced in India.Historically,
Specific Energy 6Gnsumption (SEC) of steel production in India has shown a downward trend
thanks to voluntary efforts from manufacturers to reduce the energy input costs(ESMAP,
2011). The industry is also gradually shifting tdhe Direct Rediction based prodiction route
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from the more energyintensive Blast Furrace-Basic Oxygen FurnacéBFBOF) production
route. Policies such as the Perform Achieve and Trade (PAT) scheme have further helped in
reducing the SEC dhe iron andsteelsector (Krishnan, Vunnam, Sunder P, J V, & Murali, 2013)

Il ndia's steel out put i s prfrom &dMiliendionhesof gude w at a
Seel (Mtcs) in 2012 (Indian Bureau of Mines, 2015)0 249 Mtcs in 203Q Taking into account

the historic trends in efficiency improvementsand shift to less energyintensive processes in

the BAU scenario, final energy consumption in the iron and steel secfoepresented inFigure

5) is expected to grow at a CAGR of 6.3% from 2012 to 2030. With the National Steel Policy

2017 (Ministry of Steel, 2017)and wrresponding energy-efficiency targets(refer Table 17 in

Appendix 1) in place,growth in energy consumption is expected to slightly reduce in the EE1

scenario (CAGR of 5.5%).
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Figure 5: Final energy demand irthe iron and steel subsector

Assuming thatmost of the iron and steel industry units achievelobal bestpractice levels for
SEChy 2030 inthe EE2 scenariogrowth in energy consumption is expected to further reduce
to 5% from 2012. Thisreduction is alsoattributed to the process shift tolnduction Furnace
(IF) based production and increased use of scragteel. Increased replacement of codbased
Direct Reduced Iron (DRI) with gashased DRI also heled attain reductions in final energy
consumption. Ths shift in processes in the iron and steel subsector hashad a significant
impact on the energy efficiencyand, thereby, energy intensity of steel production. The SEC can
be further reduced through efforts such as deepening of PAT scheme in the second anddth
cycletz, Dffusion of more efficient technologies such as installation of Variable Frequency
Drives (VFDs) for coke oven gas compressors, efficient ventilation fans along with increased
Waste Heat Recovery (WHR) measures, etdso help in reducing the SEC

12 pAT Schemett is a marketbased trading scheme announced by the Gahder its NMEEE. It aims to improve
energy efficiency in key industrial sectors (energy intensive) by mandating energy efficiency targets for select units
(known as Designated Consumers). Four cycles have been notified until nevPAT-1 (2012-15), PATII (2016-19),
PAT-1II (2017 -20) and PAT IV (201921).
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Cement

Indian cement industry is the second largest producer of cement in the worjdfter China. The
total production grew at a CAGR of 7.3% from 2005 to 201%Imost doubling from the 2005
levels (Indian Bureau of Mines, 2017) The demand for cement is further expected to grow in
the near future, led by growth in real estate and construction sectors. Though per capita
consumption of cement has grown over the years and reached around 18§/capita in 2015,

it still remains well below the global average per capita consumption of 520 kg/capita
(Vishwanathan et al., 2017)

Indian cement industry comprises more than 165 large cement plants adding to a production
share of 96% (CIl, 2013). The industry produces a variety of cements such as Ordinary
Portland Cement (OPC)blended cement$? (PPC andPS(, white cement and specialised
cement. The share of OPC, PPC and PSC in the total production is represent@dbie 4.

Table 4: Cement production by type in 2011

OPC | PPC | PSC

32% | 62% 6%
Source(EMIS, 2014)

The share of blended cements such as PPC and PSC cements in the overall cement production
has increasedfrom 43% in 2005 to 68% in 2011 (CllI, 2013; de la Rue du Can et al., 2009)
These blended cementselp in thereduction in overall energy and emissios from the cement
industry, apart from other energy-efficiency measureg(installation of vertical grinding mills,
high recuperation efficiency hydraulic cooler, increasing the number of stages of preheaters,
etc.).In2012, |1 ndi a’ s ¢ e me n 58 TWreofenargy gravingnas aulGAERIB.30
from 2005. Dueto the stiff competition in the Indian cement market, this sector has been at
the forefront of implementing energy-efficiency measures toreduce costs. Though thebest
and latest practices of thisindustry match global standards, there is still scope for
improvement in the average performance of the Indian cement industryhe savings in energy
due to adoption of efficiency measureare represented inFigure 6.

B3 production of clinker uses the highest amount of energy in the entire cement manufacturing process. Substituting
clinker with other materials (waste/by -products like fly ash from coal thermal power plantsand slag from steel
production) reduces the overall energy requirement for cement manufacture.
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Figure 6: Final energy demand irthe cement sector
Aluminium

India has the fifth largest bauxitgraw material used inaluminium production) reserves in the
world (Indian Bureau of Mines, 2015)Owing to economic growth, demand for &uminium in
automotive, railways, energydefence and other sectorss expected to increasen the future.
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I ndia’s aluminium pr odvhichigrewata GAGR d @dfrdom 200&e 1. 7 Mt

la Rue du Can et al., 200&dian Bureau of Mines, 2015) The total demand for aluminium is
projected to increase to 6.4 Mt by 2030.
was 1.4 kg andt is expected to reach 4.3 kg i2030, indicating a good growth potential(IESS,
2015b), (Banerjee, 2017) Production of aluminium is a highly energyintensive process where
electricity accounts for 70% of energy requiremen{Banerjee, 2017) It is typically carried out
in two routes—primary production and recycling processes. Primary prodution involves
production of alumina from bauxite and then production of aluminium through various routes,
whereas secondary production involves recycling of aluminium scrap. The secondary pess
requires only 6% to 7% of the energy required for primary poduction (Trudeau et al., 2011)
Hence,the production of aluminium from scrap has incregsed more rapidlyacross the world
than primary production (ESMAP, 2011)

When comparedwith the most efficient primary producers in the world, India stands ina

favourable range in terms of aluminium industry energy efficiency Cl ose to 70%

primary aluminium production is through the modern point feed prebaked anode technology
(Trudeau et al., 2011) However, since most energy consumed is in the form of electricity,
which in turn is produced from inefficient coalfired power plants, its production is one of the
most emissionintensive.

In 2012, the duminium sector consumed about 50 TWh of energflESS, 2015b) The sect or

energy consumption is projected to grow at a CAGof 7.2% by 2030 in the BAU scenario. In
the EE scenarios, due to shift in the primary production process of aluminium frorthe
Soderberg processto a more efficient prebaked anode technology, the growth in energy
consumption reduced to 6.7%. In additiorto the shift within primary production processes,
aluminium produced from recycling scrap furtherreduced the energy footprint in the EE
scenarios
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Other energyintensive industries

Energy consumption ofother energy-intensive sectors (chloralkali, pulp and paper, fertilisers
and textiles) showed a reduction in the range of 4% ta27% across the three scenariosThis
reduction was mainly driven by improvements in SEClevels. This is due to concerted
efficiency-improvement measures such as increased use Bécycled Cellulose Fore (RCF) in
paper production, the application of WHR installation of efficient motors in the textile
industry (spinning mills) and use of VFBfor auxiliary equipment.

Savings

Table 5 provides the absoluteand percentage savings from BAWEEL and EE2n 2030 in all
the energyintensive subsectors.The iron and steel industryoffered the highest amount of
absolute savingst both EE1 and EE2 scenarigfollowed by the pulp and paperindustry .

Table5: Savingsin final energy demandacross scenarios

Sub-sector finaIB(':\nUergy EE1 EE2

TWh TWh | % savings | TWh | % savings
Aluminium 133 11.0 8% 13.1 10%
Cement 379 26.1 7% 66.2 17%
Chlor-Akali 25 1.2 5% 1.7 7%
Fertilisers 177 21.1 12% 33.1 19%
Iron and Steel 1437 156.3 11% 2415 17%
Pulp and Raper 307 55.6 18% 84.0 27%
Textiles 18 0.7 4% 2.3 13%
Total Savings 271.9 441.9

With the adoption of emerging technologies in the manufacturing sectoproductivity as well

as savings in energy and emissi@tan be improved further.However, the acceptance of such
technologies is often slow and entails market demonstration and associateidks (refer Table

6 to Table 8). It should also be noted hat energy efficiency improvement is not solely
dependent on technologyit is rather a combination of measures such as good maintenance
and overall housekeeping, employing adequate control systemand integrating energy
management into daily operations.

A significant portion of industrial processes across sectors employ motors. These moter
driven systems find applications in pumping, compressed air, fans, andarious forms of
mechanical handling and processingdJse of novelmagnetic materials developed aCarnegie
Mellon University (CMU) couldlower losses and increase efficiency. Use of retine data
monitoring and process optimisation systems (industrial learning systems) enabke
manufacturersto improve energy efficiency(CMU, 2016)

The iron and steel sector is increasingly shifting itsdcus towards less energyintensive
manufacturing proces®ssuch as smelt reduction compared to the conventional blast furnace
process.Some of the emerging technology options for energy efficiency improvement are
described inTable 6:
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Table 6: Emerging technology options inthe iron and steel sector

Technology option

Description

Single chamber system
coking reactors

These are large coke ovenswithout multi -chamber batteries. They
improve thermal efficiency from 38 to 70 percent in the coking process

Carbon Composite
Agglomerates

These agglomeratesf{ne mixtures of iron ore, coke, coal, ettwhen added
to the blast furnace improve its energy efficiency.

Inter-electrode

insulation in
electrolytic pickling
line

The electrical efficiency of industrial steel pickling process can b
improved by more than 20% by reducing the inter electrode shortcircuit
current through insulation.

Flamelessburners

This technology uses diluted oxygen as the combustion agent with intern
flue gas recirculation. Flameless oxjuel gives higter thermal efficiency
comparedwith conventional oxy-fuel.

Airtight
Furnace

Electric Arc

An airtight EAF couldprovide an efficiency improvement ofup to 78%
comparedwith conventional EAE

Production of steel
using electrolysis

The most feasible routes for production areaqueous alkaline electrolysis
and iron ore pyroelectrolysis. This process offers significant reductionn
CQ emissions

Hlsarna

Based on bathsmelting, it combines coal preheating and partial pyrolysis
in a reactor,a melting cyclone for ore melting and a smelter vessel for fing
ore reduction and iron production. It uses significantly less coal ang
thereby haslower emissions

Source (EPA, 2012; Fawkes, S., 2016)

| AEEAOET ¢

In the cement sector, increased production of alternate cements can have a significant
impact on energy and emissiondn addition, replacing carbonintensive fuels with alternative

fuels also help in reducing theemissions from this sector.

Table 7: Emerging technology options inthe cement sector

Technology option

Description

Conversion of raw meal blending
silo to gravity type homogensing

A gravity type homogensing silo helps inenergy consumption
reduction of up to 1.4-3.5 (kWh/t) of cement.

Improvements in kiln combustion
system

With the incorporation of combustion optimisation methods,
fuel savings of up t@2%—-10% could be achieved

Oxygen enriched combustion

With the introduction of oxygen enriched combustion the
energy requirements in the kiln could reduce between 84nd
167 MJ/tcement-

Air mixing technology

By improving the combustion efficiency inside the kiln
significant reductions in emissions could be achieved

Oxy-combustion

In the process of burning fuel irthe presence of pure or nearly
pure air, the requirement for fuel is significantly reduced.

Source(EPA, 2012; Fawkes, S., 2016)
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Table 8: Emerging technology options inthe aluminium sector

Technology Description
option
Inert Anodes Use of inert anodes in the production of aluminghrough Hall-Héroult process

could yield upto 3 to 4% energy savings

Wetted cathodes | Comparedwith conventional carbon cathodes, wettedathodes could lead to an
energy savings of ugo 20% in the primary production of aluminium.

Carbothermic Non-electrolytic reaction based carbothermic reduction process for aluminium
reduction production could result in 20% to 30% reduction in energy onsumption
comparedwith conventional Hall-Héroult process

SourcefCecilia & Ali, 2016; Fawkes, S., 2016)

5.3 Transport

Commensurate toitsgyeogr aphi cal expanse, I ndia’'"s transpo
the world. It is the third largest energy consumeyafter industries and buildings sector. In
2015, it accounted for more than 15% of the total energy deman@ishwanathan et al., 2017)
Road and rail continue to be the preferred mode of transport for both passenger and freight in
India. Between 1990 and 201Qpassenger transport demand grewat a CAGR of 7.4%. The
share of passenger transport by road has seen an increase from 83% to 888%m 2000 to
2010, due to the growth in intercity and intra-city transport (Vishwanathan et al., 2017) An
increase in the share of private transport vehicles has also augmented this growth. However,
vehicle ownership per capita is much lower in Indiahan other developed economies in the
world. In 2015, there were 1& vehicles (all types) per 1000 people and just 19 passenger cars
per 1000 people in Indig4. On the other hand the Organization for Economic Caperation
and Development (OECDgountries observed 506-700 vehicles and 306400 cars per 1000
peoplefor the same year. Not onlyhasthere beena significant and rapid growth in the number
of private carsin the last decade but the demand for both private vehicles andast mile
connectivity is alsolikely to increase in the future. This can be attributed toapid urbanisation
and increase in disposable income.

The role of transport sector in emissios reduction and in addressing the challenges of global
climate change isvery important as it consumes about half of the oil produced globally, and
results in almosta quarter of the total CQ emissions in the world(OECD, 2015)In India, the
transport sector contributes close to 10% of the total nationalGHG emissionswith road
transport contributing about 87% (MoEFCC, 2015)This has a direct impact on the local air
quality and thereby public health.

Modelling Approach

In a top-down accounting framework, the transport module was set up to yield results on
variables such as activity demand, final energy demand and primary energy requirement.
Activity demand for passenger and freight was modelled based on calculated histoIiGDP

14 These metrics offer averages across rural and urban areas and do not capture the regional or spatial variation.
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elasticity of service demand.To determine the baseline energy demangusing the equation
beloww h e mérepresents the modes of transpor}, the following datawas used(Gol, 2015)

1 Activity share (passenger kilometres, tonne kilometresfor freight)
1 Share of different modes (including road and rail)
1 Technology load factors
1 Fuel efficiency by technology type (including engine and fualariants)
1 Fuel emission factors (Cg@ (MoEF, Gol, 2010)
Equation 12
08 QICmA GEQ Vi G i RREGE Q ;D¢ oimi @ 206 @00Rs R B 2

The baseyear energy consumption was calibrated against fuekise totals reflected in the
government estimation of retail fuel consumption for the transport sector.Key energy
efficiency strategies such as electrification, improved fuel efficiency and fuel shiftwere
modelled by varying the exogenous inputs dercentage shares and improvements) to the
model.

The transport sector in India is dominated by the use of fossil fuels. In 2012, 94% of the
primary energy demand from the transport sector was petroleurrbased, with electricity
comprising a marginal 1% share. This sector consumed 70% of the total dieselda®9.6% of
the petrol consumed in the country(PPAC, 2013) In 2015, out of the total of 185 Mt of
petroleum products consumed, road transport consumed about 19 Mt of petrol and 47 Mt of
diesel (Paladugula et al., 2018)

In the BAU scenario, the energgemandin this sectorwas projected to grow at a CAGR of 6%
between 2012 and 2030 This increase in demand wa driven by the overall growth in
transport service demand and incease in private mode of transport, comparedvith public
transport. The share of public transport in road passenger transport, in the BAU scenario,
decreasedfrom 73% in 2012 to 65% in 2030(IESS, 2015a)Also, the share of rail transport in
overall passenger transport decrease to 13% from 15%. Roadways are the preferred mode
for freight transport as well. The share of road transport in total freight movement increasg
from 58% to 61% during this period, with the rest of the share catered tdy rail (IESS, 2015a)

Passenger Transport

Increasing incomes across all strata of societgre driving a shift from public to private
transport; vehicle sales are increasingvery year. Consequently, the share of public transport
(which is the mog efficient mode of transport in terms of passenger kn) in the total passenger
road transport is expected to decrease by 2030. Government initiatives such @ National
Urban Transport Policy(MoUD, 2014)andthe New Metro Rail Policy(Ministry of Housing and
Urban Affairs, 2017)have strengthened the public transport services for intercity and intra-
city commute. Other interventions likecompliance with stringentfuel normsand fuel economy
standards are also underway to curkair pollution and fuel demand.

With the National Electricity Mobility Mission Plan 2020(Ministry of Heavy Industries and
Public Enterprises, 2012)and Faster Adoption and Maufacturing of Hybrid Electric \ehicles
(FAME) programme (Ministry of Heavy Industry and Public Enterprises, 2015)the share of
Electric Vehicles (EV) irthe total vehicle fleetwill grow.
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Domestic crude d productionis currenty onl 'y abl e t o meet 17. 9%

requirement. A majority of petroleum products used in transportare imported. To reduce
dependency of fuel imports,alternative fuels to substitute petroleum-based fuelsare being
explored. The National Biofuel Policy aimsat promoting domestic feedstock utilisation for the
production of biofuels. The policy has set a target &@0% blending of ethanol in petrol and 5%
blending of biodiesel in diesel, by 2030. In 2017, only 2%f the petrol sold was blended with
ethanol, and only 0.1% diesel sold was blended with biodiesel.

Hence, these strategies(i) increased public transport share, (ii) improvement in fuel
economy standards, (iii)increaseduse ofEVsfor both public and private transport and (iv)
use of blended fues—were modelled. Theassumptions on the levels specified for EE1 and EE2
are providedin (Table 17 in Appendix I). Results indicate a cumulative energy savings @86
TWh and483 TWh in EE1 and EE2 scenargdn 2030 (refer Figure 7). A shift towards public
transport in cities and to rail for inter -city transport can havethe highest impact in terms of
reduction in energy consumption followed by improvements in fuel efficiency, electrification
of vehicle fleetsand fuel blending. Improvements in fuel efficiency and blending can be
induced by automobile manufacturing regulation and policy incentives to improve energy
efficiency. Thesemeasurestake effect in short to medium termHowever, other infrastructure
and costintensive measures such as increasing the share of public transpand EVsshow
significant effects in the longer term.
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Figure 7: Finalenergy demand in passenger transport
Freight Transport

With a push for dedicated freight corridors, the share of rail in total freight transporin EE
scenariosis assumed to increase from 39%BAU) to 50% in 2030. This shift in demand is
expected to ease the load on road freight, which is dependent on diegewered trucks. It is
assumed that, in addition to the eastern and western freight corrigks already in construction,
additional rail linkage to industrial clusters will be provided. The shift in freight traffic from
road to rail is coupled with increased electrification of rail. The share oélectrified freight
movement is assumed to increasérom 39% in 2012 to 50% in 2030 (refer Table 17 in
Appendix I). This shift, along with improvements in fuel efficiency and fuel blending, can result
in cumulative erergy savings of 123 TWh and 248 TWh in EE1 and EE2, respectivaigfé¢r
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Figure 8). However, this reduction in energy savings cannot be translated to emissisavings
unless the electricity sector is decarbonisedThis shift from road towards rail, apart from
providing significant energy savings, also helps in shifting away from o#nd strengthens
energysecurity.
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Figure 8: Finalenergy demand infreight transport
Savings

Inallthree scenariosl ndi a’ s t r ans poto e heavélyodépendentooo ail in 208Qu e
(refer Figure 9). However,the share of electricity in the energy mix in 2030 increase from

2% in the BAU scenario t®% in EE2 on account of increased share of rail in passenger and
freight and increased adoption of EVs. Across the transport sector, a cumulative energy
savings 0f409 TWh and730 TWh can be achieved in 2030 in EE1 and EEZ2, respectively.
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Figure 9: Energy fuel mix in transport sector

Emerging technologies have a significant role in energy and emissions reduction in the
transport sector. The application of such technologies is complaentary to improvements in
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existing transport infrastructure . Some of the emerging technologies in the transport sector
are represented inTable9.

Table 9: Emerging techrologies in the transport sector

Technology option Description

Autonomous vehicles These vehicles show great promise for enhancing safety, decreasi
congestion andreducing energy consumption

EV battery and fuel cell| Batteries with higher energy density and extended operating
technologies temperature range offer significant fuel savings

Hybrid EV Hybrid electric vehicles combine an electric drive with an internal
combustion engine. Significant savings in energy consumption c3
be achieved on accountof elimination of idling and engine
downsizing.

Source(Guerreralbafiez, FloresCortés, DamiarReyes& Pulido, 2012; Jin, Fagnant, Hall, & Walton, 2015)
5.4 Agriculture
Agriculture plays a v Adowt b5% iofdhle population is endaigeml ins

econ

agriculture and allied activities (Census 2011)and they contribute to 18.2% oft he countr y’
Gross Value Added (GVA)in 201415 (Office of Economic Adviser, 2018 ndi a’' s f ood g

demand is expected to grow at about 2% CAGR till 203The total geographical area of the
country is 328.7 million hectares Of this,139.9 million hectares is the reported net sown area
and 194.4 million hectares is the gross cropped arg&ol, 2015b) with a cropping intensity of
138.9%. The net irrigated area is 66.1 million hectares. Since cultivable land is limited while
population is growing (and therefore the demand or food is also increasing, it is necessary to
find ways of increasing the yield from the same cultivated area. The government intends to
accomplish this by increasing the croping intensity and farm mechanisation.

Rural India is mainly agrarian with traditional farming techniques. Traditionally, agriculture
was mostly dependent on animate and noommercial energy sourcesbut is now more
dependent on commercial energy sources like diesel, electricityetc. Additionally, the
consumption of energy in agreulture is increasing due to increasing demanébr food grains,
fruits and vegetables Energy use in the agricultural sector has registered a high growth rate
of 10.4% from 1990 to 2015(Alam & Chandra, 2015) Electricity has becme the preferred
source of energy for irrigation as electric motors are more efficierdnd economicakthan diesel
engines.The agriculture sectoraccounted for 18.3% (MOSPI, 2018)f Ind i dotalselectricity
consumption in 2016-17; electricity consumption grew at 6.5% CAGRom 2006-07 to 2016~
17 (MOSPI, 2018) As agriculture continues to be mechanised, the demand fenergy from the
sector is only likely to increase.

Modelling Approach

Farm mechanisation and irrigation are the main drivers of energy consumption in agriculture.
The need for increased productivity and decline in farm labour availability has necessita¢d
farm mechanisation.Thus, he demand for tractors and pump sets has increased over the past
few decades. Yet, Indian agriculturéagsbehind developed countries in terms of farm power
availability (kW/ha) and tractors per thousand hectares. These metrics have a direct impact

15 At current prices
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on crop productivity. For this study, the projection of energy demand from agriculture is based
on diesel (for tractors and pumps) andelectricity (for pumps) consumption.

Energy demand for tractors is based othe increased useof tractors and the corresponding
fuel consumption. Successful mechanisation depends on carrying out farming operations with
well-matched, eergy-efficient farm implements/machine systems requiring less power, time
and fuel(Alam & Chandra, 2015)In 2011-12, diesel consumptiorby tractors was 7.7% of the
total diesel consumption of India. The tractor density of India per thosand hectares of net
sown areais 33 (Mehta, Chandel, & Senthumar, 2014), which is much lower than
agriculturally developed countries like Japan (461) or Italy (211). Noragricultural usage of
tractors for transport and haulage in construction will also boost tractor demand. Subsidies
through government programmes like the Rashtriya Krishi Vikas Yojana, which also suppert
community renting of tractors for small landholdings, is another step towards increasing farm
mechanisation.

The main intervention for energy efficiency in tractors is improvement in the fueéfficiency.
This would involve savings in specific fuel consumption through imposition oBureau of
Indian Standards(BIS) norms and a tightening of emissions standards. At present, the tractor
industry follows the Bharat Tractor Emission mrms—Trem3A emission norms with Trem4
will come into force in 2020 (ETAuto, 2018) For enhancing energy efficiency in India,
improvements in farm tillage implements and proper matching oequipment to the power
source can result in efficiency improvements of about 7%Vishwanathan et al., 2017)

Irrigation pumps may use diesel, electric owsolar energy. In 2012, about 66% of the pumps
were electric, 33% were diesel and1% were solar (Alam & Chandra, 2015) Agricultural
pumps consumed 3.3%o0f | n d totl'dissel consumptionin 2011-12. The average efficiency
of existing irrigation pump sets is low, ranging from under 20% to 35%. Energgfficient pump
sets havean overall efficiency of 45% tdb5% (BEE, 2015; Saini, 2011Moreover, there is no
incentive for farmers to use electricity or water efficiently because most states provide
agricultural power either for free or at heavily subsidised prices.This provides a huge
opportunity for efficiency improvements if pump replacement programmes are implemented
across the country.

The Central Electricity Authority (CEA)provides historical values forelectricity consumption

in the agriculture sector from 2006-:07 to 2015-16. The projections up to 2030 are based on
the 19 Electric Power Survey of India (EPS) report, with an appropriate reduction by 5%
because the 18 EPS overestimated electrical energy consumption. The Natidrfaolar Mission
(NSM) pushes for existing diesel pump sets to be replaced with solar pump sets. The National
Mission for Enhanced Energy Efficiency (NMEEE) promotes the replacement of existing
inefficient pump sets with energyefficient electric pump sets.Increasing the area under
micro-irrigation would lead to an improvement in water-use efficiency, thus lading to an
overall reduction in the pumping demand.

In the 2030 scenario, electricity consumption by pumps would increase due to the depleting
watert abl e and the need to pump ground water
goal of moving towards cleaner forms of energy, there would also be a shift from diesel pump
sets to energyefficient electric pumps as well as solar pumpgsigure 10 shows final energy
demand by sector
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Figure 10: Final energy eémandin agriculture

Total energy demand in BAU 2030 isstimated to be620 TWh, in which the share of irrigation
pumps is 70% and tractos is 30%. This share remaingonstant from 2012 through 2030,
mainly because both the pumping demand and tractor demanare growing at similar rates.
The energy demand grewat 6.4% CAGR from 2005 to 2012, and is projected to grow at 4%
from 2012 to 2030.

In the EE1 scenario, energy demand is 5% less than the BAU scenario due to improvements in
tractor fuel efficiency and the shift to cleaner energy like electric and solar farrigation
pumping. The more aggressive EE2 scenario indicates that abal8% of the BAU energy
demand couldbe avoided.The main fuel shiftobservedin agricultural energy demandis due

to a switchfrom diesel to electric pump sets. The projection indiates that the share of diesel

in energy demand reduces from 50% to 35% in the BAU scenario, from 2012 to 2030.thms
period, the share ofgrid electricity and solar increases from 49% to 63%MoP, 2017)and
0.1% to about 2%, respectivelyThe remaining 51.9% and 35% will be fuelledy diesel.

5.5 Buildings

Energy services are very <cruci al for a countr
World Bank, Indid goverty rate reduced to 12.4% in 2011-12. It identified rural
electrification to be the driving factor for this reduction (IndiaSpend Team, 2015) As per the

2011 Census, therewasa 12% increase in the number of rural houseblds using electricityin

2011 compared to 2001 (Census of India, 2011) About 67% of households in India use

electricity, while 31% of households use kerosene for lighting.

The electricity consumed in residential ad commercial sector accounted ford5% of the
electricity consumedin India in 2016 (MoP, 2017) The type of appliances used and the design
of the building influence this. In this study, the energy demanddm major appliances like
lighting, Heating Ventilation and Air Conditioning (HVAC), television and refrigerators are
studied in detail.
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The main drivers for increase in residential and commercial demand are population growth,

urbanisation and increasingGDP. With about 768 0 % of | ndi a’'-stock3@i®ie bui | di n
built and with increase in purchasing power to buy domestic appliances, the energy demand

from these sectors are likely tosignificantly rise in the future.

Modelling Approach

The energy demad from the building sector was calculated for residential and commercial
sectors separately. Thiddemand wasfurther segregatedinto lighting and other appliances
based on the type of building envelope.

The lighting sector saw a sharp drop in the wsof incandescent lamps from 2005 to 2012; these
were replaced by CompacFEluorescentLamps (CFL) with the help of the Bachat Lamp Yojana
(BLY)scheme(Gol, 2011) The u of incandescent lamps in residential sectoreduced to 56%

in 2012 from 94% in 2005(CEA, 2018)The BLY scheme was later replaced by the Unnat Jyoti
by Affordable LEDs for All (UJALA) scheme in 2015. Under this scheme, the state electricity
board distributes LED lampsto residential consumers a a subsidised rate (MoP, 2016) With

the advent of LEDlamps in the Indian market, it was seen that the CFL industry started
declining and consumers started using LED lamps instead of CFL.

In the appliances sector, the&ooling demandis likely to continue and further grow asa major
share of the total energy demand The demand from Air Conditioners (ACs) and fans is
expected to increase in future due taise in meantemperatures (Gol, 2017) as well as
increasing purchasing power of people. The weighted average of Indian Seasonal Energy
Efficiency Ratio (ISEER) in Indian AGsas assumedto be 2.71 in 2012, which is equivalent to

a 2-star labelled AC in the residential sector Inthe BAU scenario, the ISEERas considered

to be increasing by 1.5% every yearreaching ISEER of 3.82 by 2030n the EE1 and EE2
scenarios, ISEERas considered to be increasing at 3% and 4% per annumespectively. With

the penetration of energyefficient appliances in the market, the weighted average ISERRS
estimatedat 5.45 and 6.81 in 2030 for EE1 and EE2, respa@ly.

The other appliances that were considered in the analysis were fans, refrigerators, televisions
etc., agletailed in Table 24 to Table27 in AppendixII.

Figure 11 shows the energy demand fromthe residential sector. It is evident that cooling
demand contributesto about 40% of the demand fromthe residential sector and is projected
to increase four times by 203Q(from 2012). The current poligy of Standards and Labellindor
appliancesmandates energy-efficiency labeling of major appliances like ACs, refrigerators,
televisions and lighting lamps(like LED and tubular fluorescent lamp} in the residential
sector. Similarly, energy efficiency programmes irthe lighting sector, like the UJALA scheme
will help in reducing the energy demand in this sector.

Smart buildings (such as ECBCompliant buildings) also contributeto the reduction in energy
demand. The use of construction materials with a higher U-factor for the roof, walls and
windows will result in reducedheat loss from the building with temperature changeThe use
of energy-efficient appliances in combination with smart buildings canlead to significant
energy savings from this sector. The {actors for different types of buildings are provided in
Table 28 in Appendix Il.
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Figure 11: Finalenergy demand from residential sector

In the commercial sector, the demand is mainly divided intdighting, HVAC and other
demands. The HVAC demand 2012 was around 32% which increased t040% by 2030 in
the BAU scenario. Figure 12 shows the energy demand forthe commercial sector. The
additional energy savings of EE1 and EE2 scenariogrom BAU are just 3% and 8%,
respectively. With mandatory introduction of Energy Congrvation Building Code (ECBC) for
commercial sector, the energy savings from this sector increases.
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Figure 12: Final energy demand fronthe commercial sctor
5.6 Cooking

The residential cooking sector contributes10% of the total GHG emissions from the energy
sector. LiquefiedPetroleum Gas (LPG), firewood and chip$iiped Natural Gas(PNG), kerosene,
coal, biogas and electricity are the fuels used in the sector. As of 2011, nearly 83% of
households in rural areasand 26% in urban areas used firewood and chips for cooking.
However, 66% of households in urban areas and2% in rural areas used LPG as cooking fuel
(Chandramouli, 2011) Since firewood and chips are considered to be carbon neutrtieir CQ
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emission factor is zero, making the accourtl emissions fromthe cooking sector low in the
inventory.

However, while combustion of firewood and bips contribute towards lower GHG emissios,
they are major contributors to household air pollution. Several studietiave highlightedthe
harmful consequences of biomass used in cooking, especially on human health. Modern
cooking fuel and efficient cooking stoves help in reducing the fuel demand, cooking time and
indoor air pollution. The change in fuel type and efficient cooking technologies will however
lead to higher GHGs due to the uptake of carbaontensive fuels.

Modelling Approach

The average annual cooking energy requirement for each Indian household is consideted
bearound 2,727 MJ. Based on the climatic conditions, type of vessel and the foadpared, the
cooking energy requirement changes with each household. The amount of fuel combusted to
produce the required energy is mostly dependent on the energy content of the fuel and
efficiency of the stove. With better technologiegush from current policies like the Pradhan
Mantri Ujjwala Yojana (PMUYscheme and improved cook stove programmes, theuld be

a considerableincreasein users switching to modern fuel. The urban sector has slowly started
switching to efficient technologies and fueldike electric stoves and PNGThe details of the
cooking technologies and its future penetration are provided inrable 21 and Table 22 (in
Appendix II), respectively.

With population growth and increased urbanisation, the energy demand for cookings
expected toincrease in future.However, with the use of efficient cook stoves anghift in fuel
type, the cooking energy demand irthe residential sector could reduce by 40% in 2030 The
increased access to improved cook stoves and higher peration of PNG and electricitybased
cooking will lead toadrastic reduction in the use of fiewood (low calorific value fuel). In the
BAU scenario, thenergydemand fromthe cooking sector is expected to reduce by 2.4% every
year. With more aggressive policies in place, the demarglexpected tdfurther reduce by 3.7%
and 4.2% every year in EEAnd EE2 scenarios, respectively.
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Figure 13: Final energy demand for coking
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6. Results and Discussion

The total primary energy demand¢ in 2012 was 6704 TWh, of which industries contributed
the maximum (43%)), followed by buildings (17%) and the cooking sector (16%). In the BAU
scenario, this demands expected to double by 208. The share of industriesand buildings is

expected toincrease to 46% and 20%, respectively, while cooking will reduce to 5% The
decrease in cookingenergy demand isdue to a switch to modern cooking fuels (biomass to
LPG and electricity) and penetration of efficient cooking technologieddowever, energy

demand frombuildings is expected to increaseo two and a half times of the 2012 demandby

2030, on account of increased demand for space cooling.
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Figure 14: Primary energy demand for allsectors

Under the EE1 and EE&cenarios the total primary energy demand reducel by 10% and17%
respectively below BAU, in 2030.

In the EE1 scenariothe energy demand inthe building sector (residential and commercial)
reduced by 19%. Similarly, in the cooking and transport sectors this reductionwas 13% and
12%, respectively. However, energy demand in the industries sector redudeonly by 6%, as
the sector is already on a path for improved energy efficiency in the BAddenario.

With more aggressive penetration of energyefficiency measures across sectors, the energy
demand avoided in the EE2 scenariwas 17%. Inthe EE2 scenarioamong the demand sectors,
residential and commercial buildingsshowed the highest savingspotential (32%), followed
by transport (19%) and agriculture (19%). The industry sector showed a reduction 0f9% in
EE2.

6.1 Energylintensity

Il ndi a’ s e n effGipkhasi simotvreandshinirig yrend over the last two decadesand is
expected toreduce further. This reduction indicates the decouwling of GDP growth with
growth in energy consumption. Thdndian economy grew at a CAGR of 8% between 2005 and

16 Conversion factor of inal energy to primary energy is provided in the‘supply sector discussion in
Appendix Il
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2012, while energy consumption grew at a CAGR of 3¢@ol, 2015c; OECD,05).The energy
intensity of GDP declinedat a rate 0of5% annually (2005-2012). As perour analysis, energy
intensity of GDPis expected to reduceat the rate of 3% per annum between 2012 and 2030
(refer Figure 15), under the BAU scenarioThis drop in energy intensity can be attributed to
increased penetration of energyefficient technologies and processes across all demand
sectorsand a growth in theshare of the service sectarThe changein energy intensity is quite
evident in the cooking sectorwith a shift from biomass-based cooking to cleaner and efficient
fuels such as LP@nd PNG Similary, in the industry sector, a shift towards cleaner prodction
processescontributed to this reduction.
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Figure 15: Energy Intensity of GDP

By decoding the NDCs, it was determined that in order to achieve the objective of reducing the
emissions intensity of GDP by 386—-35% by 2030 from 2005 levek, theenergy efficiency (EE)
contribution should be around 40%.

Based on sectoralanalyses it is observed that in conparison to 2005 levels the energy
intensity of GDP declind by 60% under the BAU scenario. Irthe EE1 scenario, this can be
further reduced to 64% and 67% inthe EE2 scenario.

Therefore, based on the current analysisindia could achieve its NDC obligationswith a
rigorous implementation of the current policy framework. However, thisstudy shows that
there is a significant potential for further improvement in EE across sectorsTo realise this
potential, additional policy goals need to be defined in the demand sectg@ong with strong
support at the statelevel implementation. These additional policy instruments would
presumably be associated with higher cost. This study hamt explored the cost implications
of EE1 and EE2 scenariod hese additional policy measures and statevel ownership of goals
would help in creatinga ramework towards achievingthese goalsby 2030.
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6.2 Limitations of the Study

Though the study attempted to estimate I ndia
key activities in various demand sectors, it hathe following limitations:

S

1 Service demandin each sectorwas projected using key performance indicators such
as GDP, per capita consumption of an industrial product, floor space area, population,
etc. The sectors were modelled independently and the choice of indicator was
contingent upon the nature of service offered by each sector.

9 The cost implications of EE1 and EE2 scenarios\Wenot been explored in this analysis.

1 Energy demand from the buildings sectodid not accountfor energy demandfor hot
water.

1 Cooking enery demand from commercial establishmentsvas notconsidered

1 Inthe industries sector, though energy demand from MSMEs was accounted for in the
final energy demand estimates, the impact of energgfficiency measures vas
examined only for the energyintensive sectors

1 To estimate the energy demand in the transport sectors, only laAdased
transportation was taken into account
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7. Policy Gap Analysis

The central government has provideaverall policy frameworksfor the NDC targets. However,
there existsa gapin understanding the implications of the NDCs for state governments. The
level of percolation of sector-wide efficiency targets will manifest differently across sectors
and states. This section examines the sufficiency of setoral policies of eight statesto
contribute to achievingthe NDC targetof emissions intensity reduction by 3335% by 2030.

7.1 Methodology

In order to conduct policy gap analysis, sector specific metrics were identified and quantified.
This, in turn, was used to identify stateswith high energy savings potential Wwhich was
evaluated in Chapterss and 0). State policy documents and technical reports were reviewed
to populate and assess policy maturityin a consistent framework Policy maturity was
qualitatively defined in an indexbased onthe following criteria: policy targets are specified,
the policies have been notified, and/or the extent to which policy has been implemented.

SectoralMetricsfor Identifying States

The identification of states in the industries subsector was based on the contribution of
industries to the Gross State Domestic Product (G®) in 2005 and 2012 We estimated the
contribution of each staté ®dustrial GSDP to the national GVAThe topten contributing
states accountingo almost 80% of GVA from industries were chosen.

In the transport sector, Net State Value Add (NSVA) fronoad and rail transport for the year
2012 was used to identify the key states. In addition to the NSVA, rate of urbanisation and
share of total registered vehicles (car, two wheelers and buses) by state, in 2005 and 2014,
were the key metrics to identify the states.

Table 10: Identification of states

Sector Metrics States
Agriculture Net sown areasectoral value add to GDR;rop intensity (yield
per hectare) Andhra Pradesh
Maharashtra,
Buildingsand | po1ation growth, Energy consumption by aregPJ/im’), Karnataka,
cooking energy consumption per HH Uttar Pradesh
Industries GSDP by industries, GVA by states to GDP amergy- Tamil Naduy,
efficiency rating Gujaray,
Transport GVA by transport to GDP/GSDIregistered vehicular growth We_St Bengal
Rajasthan

Analytical framework

The framework for analysing states for energyefficiency policy maturity index consised of
both qualitative and quantitative evidence indicators. The qualitative evidence indicators
asses&d whether a specific policy, mandatend financial incentive exists under each demand
sector and broad energyefficiency intervention proposed for that sector. They also
considered the policy intentions of the state towards energyefficiency improvement tha can
potentially translate to a policy. The guantitative evidence indicator capturesvhether the
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specific policy has a mandated target and the level of achievement against the targgtis
framework limits the evidence indicators to the data available ol in the public domain. Also,
this data has not been verified with state agencies.

Table 11 provides a list of broad energyefficiency interventions bysector and qualitative and
guantitative evidence indicators used for the development ahe state policy maturity index.

Table 11: List of sectoral evidence indicators for energyefficiency policy maturity

Sector Energy-Eﬁlplency Qualitative Quantitative
Intervention

Industries 9 Technology svitch Notification of a sector | Quantified enemgy-efficiency

1 Processswitch specific policy or action | targets and utilisation of

1 Use ofAlternative plan hazardousraw material

Fuel and Raw material
use AFR
Buildings 1 Improved lighting 1 Mandate for use of 1 Targets for distribution of
efficiency energy-efficient LEDs
1 Improved appliance appliances 1 Targets for implementation of
efficiency 1 Notification of ECBC codes
1 Improved building building design code
design
Cooking 1 Penetration of Mandate for us of 1 Number of households with
energy-efficient cook | modern fuels LPG connections
stoves

9 Fuel Switch

Transport 1 Increased 1 Notification of i Targets for increased use of
electrification electric vehicle policy EVs in new vehicle sales
1 Modal shift to public | T Adoption of 1 Targets for blending of
transport and rail legislation for biofuels
1 Improved fuel increased production
efficiency of biofuels
1 Increasedfuel 9 Adoption of urban
blending transport policy
Agriculture | 1 Penetration of 9 Mandate for use of 1 Implementation of pilot
energy-efficient IP energy-efficient IP projects
sets sets
1 Penetration ofsolar 1 Subsidies on
IP sets adoption of solar
1 Improved tractor fuel pump sets
efficiency

© CSTEP www.cstep.in 35



STEP 21T AAT AD A1 O ' AEEAOET C )1 AE/

Basedonthedatavai | abl e for each evidence indicator, e
high, medium and low depending on the level of maturityas represented h Table 12. The

policy maturity level in each state has been decided based on the mandated targets and level

of achievement. While assigning the maturity against each policypossible realistic

achievement of the policy was determined.

Table 12: State Policy Maturity Index

States Agriculture Buildings Cooking Industries Transport
Karnataka Medium Medium Medium Medium Medium
Maharashtra Medium Low Medium Low Medium
Uttar Pradesh Medium Medium Medium Low Low
Tamil Nadu Medium Low Medium Low Low
Guijarat Medium Medium Medium Low Low
Andhra Pradesh| Medium Medium Medium Low Low
West Bengal Low Low Medium Low Low
Rajasthan Medium Medium Medium Low Low

Table 13 shows the national and statdevel policies for the eight states identified inthe
previous section. Inthe case of industries, there are nbmany state-level industry-specific

policies.

Table 13: Statelevel policiesof the industries sector

National/ Policies Targets and Achievements Gaps
States
Specifies targets for specific No mention of
Perform Achieve and | energy consumption reduction specific targets on
National Trade (PAT) of key industrial sectors adoption of
National Steel Policy, energy-efficiency
New Urea Policy measures
Mandatesenergy auditing and Sub-sector wise
adopting energy-efficiency targets for energy
Karnataka State measures for all industrial units efficiency
Industrial Policy 2014 | consuming 600 kVA and above improvements
Karnataka Energy absent policy not
Efficiency and Energy yet notified
Karnataka Conservation Policy Mandates targets for policy No targets for use
(Draft) 2015 period (1%) as well as annual of renewables for
Capacity additiontargets for heat requirement
Karnataka Renewable | biomass cogeneration and (E.g. Low
Energy Policy (Draft) | waste-to-energy measures have temperature solar
2014 been proposed process heat)
Financial assistance of up to policy not yet
Maharashtra | Save Energy 50% of the cost for conducting notified
Programme energy audit
36 www.cstep.in © CSTEP



http://itbt.karnataka.gov.in/Documents/karnataka-industrial-policy-2014%20(1).pdf
http://itbt.karnataka.gov.in/Documents/karnataka-industrial-policy-2014%20(1).pdf
http://kredlinfo.in/scrollfiles/Energy%20Conservation%20Policy%202014-19.pdf
http://kredlinfo.in/scrollfiles/Energy%20Conservation%20Policy%202014-19.pdf
http://kredlinfo.in/scrollfiles/Energy%20Conservation%20Policy%202014-19.pdf
http://kredlinfo.in/scrollfiles/Energy%20Conservation%20Policy%202014-19.pdf
http://kredlinfo.in/Policy/RE%20Policy%202014-20.pdf
http://kredlinfo.in/Policy/RE%20Policy%202014-20.pdf
http://kredlinfo.in/Policy/RE%20Policy%202014-20.pdf
https://www.mahaurja.com/meda/data/energy_conservation/SaveEnerProg.PDF
https://www.mahaurja.com/meda/data/energy_conservation/SaveEnerProg.PDF
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Comprehensive Policy
for Grid connected
Power Projects based
on New and
Renewable
(Nonconventional)

Energy Sources
2015

Target to set up 200 MW
industrial waste based power
projects

Guijarat

Scheme of financial
assistance for Energy
& Water
Conservation.

75% cost (MaxINR 50,000) of
energy/water audit conducted
in a unit

25% of cost of equipment
subject to maximumINR 20
lakhs per project.

Uttar Pradesh

Uttar Pradesh State

Energy Conservation
Award

To promote energy efficiency
and conservation

Andhra 74% DC has met PAT | SEC
Pradesh target
- 50% DC has met PAT | SEC
No specific state
West Bengal policies targeted target
0,
. towards industries 71% DC has met PAT | SEC
Rajasthan target
58% DC has met PAT | SEC
Tamil Nadu target
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https://www.mahaurja.com/meda/data/grid_waste_to_energy/state%20policy/RE%20Policy-2015_English%20Version.pdf
https://www.mahaurja.com/meda/data/grid_waste_to_energy/state%20policy/RE%20Policy-2015_English%20Version.pdf
https://www.mahaurja.com/meda/data/grid_waste_to_energy/state%20policy/RE%20Policy-2015_English%20Version.pdf
https://www.mahaurja.com/meda/data/grid_waste_to_energy/state%20policy/RE%20Policy-2015_English%20Version.pdf
https://www.mahaurja.com/meda/data/grid_waste_to_energy/state%20policy/RE%20Policy-2015_English%20Version.pdf
https://www.mahaurja.com/meda/data/grid_waste_to_energy/state%20policy/RE%20Policy-2015_English%20Version.pdf
https://www.mahaurja.com/meda/data/grid_waste_to_energy/state%20policy/RE%20Policy-2015_English%20Version.pdf
https://www.mahaurja.com/meda/data/grid_waste_to_energy/state%20policy/RE%20Policy-2015_English%20Version.pdf
https://ic.gujarat.gov.in/assistance-for-saving-in-consumption-of-energy.aspx
https://ic.gujarat.gov.in/assistance-for-saving-in-consumption-of-energy.aspx
https://ic.gujarat.gov.in/assistance-for-saving-in-consumption-of-energy.aspx
https://ic.gujarat.gov.in/assistance-for-saving-in-consumption-of-energy.aspx
http://upneda.org.in/sites/all/themes/upneda/pdf/SECF_GO.pdf
http://upneda.org.in/sites/all/themes/upneda/pdf/SECF_GO.pdf
http://upneda.org.in/sites/all/themes/upneda/pdf/SECF_GO.pdf
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Table 14: Statelevel transport policies

Nagg::l/ Policies Targets and Achievements Gaps
National Urban Encourages the growth of urban
. transport on a path of low carbon
Transport Policy . )
growth; Promotes nonmotorised
2014
transport
. . Provides anindicative target for
National Biofuel : : .
. fuel blending of 10- 20% using bio
Policy 2018 -

National : _ ethanol and biodiesel Effici
National Electricity iclent
Mobility Mission Plan | Targets the sale of EVs to reach 15 operation in
2013 16 million terms of

. . Mandates Bharat Stage VI fuel punctuality and
National Auto Policy - last mile
efficiency standards and L
(Draft) 2018 and : : - connectivity is
CAFE |mpr.ovement in fuel consumption mot given
efficiency otgive
Specifies targets for bio fuel ﬁ;‘g‘é?uhs i
i 0,
Karnataka State b!endmg foor petrol (20%) and public
Biofuel Policy 2009 | 9i€se! (10%); | transport
However, only 45% blending has P
been achieved
Sets atarget to introduce 1000 EV Integr_ated
buses planning of
: : transport
Electrify 100% of 3W, taxis and )
Karnataka school busfleet in Bangalore ?éztt?(;?] 'tr(‘)
Investment promotion subsidy of .
(S:tha&tfqi\; a;)r;cllfca\i/ttze(r)\17 up to INR 50 lakh for promotion of urtzjan housing
EV manufacturing an
Exemption from road tax for !nfrastructure
private EV: is absent
0.081% penetration of hybrid and )
electric passenger vehicles Incentives for
Increase thenumber registered production _and
EVs to 5 lakh supp_ly chan
25% capital subsidy on first 250 for blof_uels are
, commercial charging sations for non-existent
Maharashtra's
Electric Vehicle Policy 2W, 3W, cars and buss,
15% capital subsidy on 2W, 3W,
-2018 : ; .
4W private vehicles and exception
from road tax;
0.107 % penetration of hybrid and
Maharashtra electric passengewehicles
Encourage public transport by
increasing the number of buses to
Maharashtra State 50 andMass Rapid Transq system
P to 3 km per 1 lakh populatior
Urban Transport .
Policy- 2017 Encourage sustalnf'ible modes_ _of
FOICY- L0 transport by spending 1% of cities'
transport budget for awareness
campaigns
_ 0.156% penetration of hybrid and
Gujarat electric passenger vehicles

Uttar Pradesh

UP Biofuel Policy

Policy to address the issue of
burning of crop residue
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http://biofuelpark.com/biofuel-policy/karnataka-state-policy/
http://biofuelpark.com/biofuel-policy/karnataka-state-policy/
https://www.vtpckarnataka.gov.in/pdf/policies/Karnataka-State-Electric-Vehicle-Energy-Storage-Policy-2017-ilovepdf-compressed.pdf
https://www.vtpckarnataka.gov.in/pdf/policies/Karnataka-State-Electric-Vehicle-Energy-Storage-Policy-2017-ilovepdf-compressed.pdf
https://www.maharashtra.gov.in/Site/Upload/Government%20Resolutions/English/201802141807189810.pdf
https://www.maharashtra.gov.in/Site/Upload/Government%20Resolutions/English/201802141807189810.pdf
https://www.maharashtra.gov.in/Site/Upload/Government%20Resolutions/English/201802141807189810.pdf
https://www.maharashtra.gov.in/Site/Upload/Acts%20Rules/Marathi/Notification%20for%20Transport%20Policy.pdf
https://www.maharashtra.gov.in/Site/Upload/Acts%20Rules/Marathi/Notification%20for%20Transport%20Policy.pdf
https://www.maharashtra.gov.in/Site/Upload/Acts%20Rules/Marathi/Notification%20for%20Transport%20Policy.pdf
https://timesofindia.indiatimes.com/topic/UP-Biofuel-Policy
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All state road transportbusesand
government vehicles to be made
. . electric in top four cities by 2024
';‘E”EleggllcsMOb'“w 1 lakh EV charging stations to be
COley £220 built by 2024
Andhra Exemption from road tax on
Pradesh purchase of all EV
i 0.148% penetration of hybrid and
West Bengal electric passenger vehicles
i 0.101% penetration of hybrid and
Rajasthan electric passenger vehicles
Plans to evamp pulic transport
system to increaseshare from 20%
o 3
Tamil Nadu Transport to 50% by 2036’ .
Policy-2017 Encourages shift from road to rail
Loliey-cLe transport system through metro
0.053% penetration of hybrid and
Tamil Nadu electric passenger vehicles
Table 15: Statelevel policies inbuildings and cooking sector
State Policy Targets and Achievements Gaps
UJALA Scheme Target: Replace 77 crore
incandescent  bulbs  with
LEDs (9W) by 2019
Achievement: 30.31 crore
LEDs sold by July 2018
Energy No targets
Conservation
Building Code
Energy Efficient Target: More than 10,000 T ECBC code to be
Buildi | torivat enforced at local
SUlidings arge governmentprivate government level in all
Programme buildings to be retrofitted
: . states
with 1 crore LED lights, 15 PNG infrastructure to be
National lakh energy efficient ceiling . 1 all citi
fans and 1.5 Il&h energy improved in all cities
efficient ACs by 2020 Installation of biogas
y plants and improved
Achievement:  Completed cook stoves to be
retrofitting in 8,983 buildings increased
and project ongoing in 2,566
buildings
PradhanMantri Target: 8 crore LPG
UJJWALA Yojana | connections to be given to
BPL households by 2020
Achievement: 4.71 crore LPQ
connections released (as on
July 2018)
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https://economictimes.indiatimes.com/news/economy/policy/andhra-pradesh-promotes-electric-vehicles-with-fiscal-sops/articleshow/64214721.cms
https://economictimes.indiatimes.com/news/economy/policy/andhra-pradesh-promotes-electric-vehicles-with-fiscal-sops/articleshow/64214721.cms
https://www.thehindu.com/todays-paper/tp-national/tp-tamilnadu/transport-policy-unveiled/article19800095.ece
https://www.thehindu.com/todays-paper/tp-national/tp-tamilnadu/transport-policy-unveiled/article19800095.ece
https://www.eeslindia.org/EN/Ujala/About/
https://beeindia.gov.in/sites/default/files/ECBC_RULES_GAZETTE_1.PDF
https://beeindia.gov.in/sites/default/files/ECBC_RULES_GAZETTE_1.PDF
https://beeindia.gov.in/sites/default/files/ECBC_RULES_GAZETTE_1.PDF
http://ficci.in/PressRelease/2771/ficci-press-release-may20-energy.pdf
http://ficci.in/PressRelease/2771/ficci-press-release-may20-energy.pdf
http://ficci.in/PressRelease/2771/ficci-press-release-may20-energy.pdf
http://www.pmujjwalayojana.com/
http://www.pmujjwalayojana.com/
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Unnat Chulha
Abhiyan

Target: 2.75 million
improved cook stoves to be
installed by 2016-17

Achievement: 37789
improved cook stove
distributed as on March 2018

National Biogas
and Manure
Management
Programme

Target: Set up 65,180 biogag
plantsin the year 201718

A total of 49.6 lakh family
type biomass plants installed
as on March 2018

Saubhagya Scheme

Target: 100% household
electrification by 2019 (i.e,
3.55 crore households to be
electrified)

Achievement: 86 lakh
households electrified (as on
July 2018)

Andhra Energy Building codeincorporated in
Pradesh Conservation of municipal building bye-law;
Building Code Financial incentives provided
for ECBC compéant
construction
UJALA scheme Achievements: 2.18 crore
LED bulbs distributed
Maharashtra | UJALA scheme Achievements: 2.18 crore
LED bulbs and 5 lakh LEL
tubelights sold
Save Energy Provide fundsfor conducting
energy audits
ECBC code to be
Energy Efficient Target: Retrofit around 7,000 implemented atthe
Buildings energy efficient ACs, 110 local level
Programme million LED lights, 60 million Disincentivise non-
energy efficient ceiling fans, energy efficient
and 14,000 streetlights in appliances
about 1500 buildings
Achievement: Completed
retrofitting in 1,302 buildings
and project ongoing in 332
buildings
Karnataka Target: Replace 6 crore
incandescent bulbs  with
LEDs (9W) and 12 lakh street
lights
Achievements: 2 crore LED
Hosa Belaku bulbs and 2 lakh LED tube
(UJALA scheme) lights sold
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http://www.ujala.gov.in/
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https://www.eeslindia.org/EN/Beep/ongoing_projects/
https://www.eeslindia.org/EN/Beep/ongoing_projects/
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Karnataka Energy | ECBC code notified and
Conservation incorporated in municipal
Building Code building bye-law
(ECBC) 2014
Target: About 1crore families
in the state (whether eligible
for Ujjwala Yojana or no)
would get free LPG
Anila Bhagya connection
Uttar Energy ECBC code notified
Pradesh Conservation of
Building Code
UJALA scheme Achievements: 2.47 crore
LED bulbs and 4.5 lakh_LED
tube lights sold
Tamil Nadu | Energy ECBC code not yet notified
Conservation of
Building Code
UJALA scheme Targets: 3 crore LED bulb, 35
lakh LEDtube lights and 10
lakh energy efficient fans
Achievements: 31 lakh LED
bulbs and 538 lakh LEDtube
lights and 1.1 lakh fanssold
Guijarat Energy ECBC code notifiedbut not
Conservation of yet incorporated in municipal
Building Code building bye-laws
UJALA scheme Achievements: 3.95 crore
LED bulbs and 11.8 lakiLED
tube lights sold
West Bengal | Energy ECBC code not yet notified
Conservation of
Building Code
UJALA scheme Achievements: 89 lakh LED
bulbs and 6.67lakh LEDtube
lights sold
Rajasthan Energy ECBC building code
Conservation of incorporated at municipal
Building Code bye-law
Mandatory use of No information available
Enerqgy Efficient
Lamps in all new
buildings
constructed in
Government
sector/Government
aided sector, Board
and Corporaion
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http://upneda.org.in/MediaGallery/Notification-of-UPECBC-2018.pdf
http://upneda.org.in/MediaGallery/Notification-of-UPECBC-2018.pdf
http://upneda.org.in/MediaGallery/Notification-of-UPECBC-2018.pdf
http://www.aeee.in/state-ee-index/
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http://energy.rajasthan.gov.in/content/dam/raj/energy/common/Notification%20dated%2014th%20July%2010.pdf
http://energy.rajasthan.gov.in/content/dam/raj/energy/common/Notification%20dated%2014th%20July%2010.pdf
http://energy.rajasthan.gov.in/content/dam/raj/energy/common/Notification%20dated%2014th%20July%2010.pdf
http://energy.rajasthan.gov.in/content/dam/raj/energy/common/Notification%20dated%2014th%20July%2010.pdf
http://energy.rajasthan.gov.in/content/dam/raj/energy/common/Notification%20dated%2014th%20July%2010.pdf
http://energy.rajasthan.gov.in/content/dam/raj/energy/common/Notification%20dated%2014th%20July%2010.pdf
http://energy.rajasthan.gov.in/content/dam/raj/energy/common/Notification%20dated%2014th%20July%2010.pdf
http://energy.rajasthan.gov.in/content/dam/raj/energy/common/Notification%20dated%2014th%20July%2010.pdf
http://energy.rajasthan.gov.in/content/dam/raj/energy/common/Notification%20dated%2014th%20July%2010.pdf

STEP

21 AAT Ap A1 O ' AEEAOET C
[Autonomous
bodies
Mandatory use of
Solar Water
Heating Systems
Promotion of
Energy Efficient Air
Conditioners
UJALA scheme Achievements: 1.54 crore
LED bulbs and 3.12 lakhLED
tube lights sold
Table 16: Statelevel policies in agriculture sector
Nag;‘rtlzll Policy Targets and Achievements Gaps
Rashtriya Krishi Central assistance plan for states tq
Vikas Yojana achieve 4%growth in agriculture
(RKVY
National Energy 2,00,000 BEE star rated smart
Efficient pumps to be distributed to farmers
Agricultural free of cost
Pumps
Programme
Replace existing
Sub-Mission on Promotion of farm mechanisation | inefficient IP sets with
Agricultural and ensuring adequate farm power| at least 4 star rated
. Mechanization pump sets
National (SMAM
Reduce or stop
Pr i me Mi n| Promotion of efficient water manufacturing of
Krishi Sinchai conveyance and ensuring precision| inefficient pump sets
Yojana PMKSY water application devices like
drips, sprinklers, pivots, rain-guns
in the farm
Kisan Urja Distribution of 17.5 lakh solar
Suraksha evam pump sets;
Utthaan
Mahabhiyan Eventually, everyagricultural
(KUSUN) pump set should be solar
Replacement  of| Mandatory usage of energy efficient
inefficient IP sets | IP sets for new consumers
Pilot project in Solapur for 590
pumps Replace existing
Maharashtra | Nanaji Deshmukh | Promote climate flexible agriculture mteflﬂme:\t JP ?erts rWtItTi
Krishi Sanjivani and help small andnedium farmers at leas ¢ star rate
Yojana for Climate pump S€ts
Based Aariculture | Make areas droughtfree, promote
sustainable development, improve
soil quality, adopt different
cropping patterns
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http://pib.nic.in/newsite/PrintRelease.aspx?relid=167092
http://pmksy.gov.in/AboutPMKSY.aspx
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National Micro | Procurement of drip irrigation
Irrigation Mission | system, up to 5 hectaressubsidised

at 50-60% of the cost;
Lift irrigation system at INR 10,000
per farm or family
Agriculture Subsidy assistance is provided tq
Mechanisation farmers for procuring agricultural
Programme machinery and implemens such as
tractors and power tillers;
25% of the cost of
machinery/implements  or the
ceiling limit  prescribed by
Government of Inda for each piece
of machinery/implement,
whichever is lower
Replacement of old| Replacement of old, inefficient

Tamil Nadu

pump sets with
new pump sets

electrical pump sets with new BIS
pump sets andrenewal of electrical
accessories

For pump sets below HP—subsidy
of INR 2,500 or 25% of the cost
whichever is lower

Pump sets of 5 HP andabove—
subsidy of INR 5,000 or 25% of the
cost, whichever is bwer

Subsidy for solar
powered pump

The State government will give
1,000 solarpowered irrigation
pump sets of 5, 7.5 and 10 HRnder
a model programme to farmers
across thestate. To availthemselves
of this benefit, farmers will have to
apply for irrigation pump sets
under the seniority scheme

40% state government subsidy;
20% central government subsidy;
30% Tamil Nadu Generation and
Distribution  Corporation; 10%
farmers' share

Micro-Irri gation

Installation of Drip and Sprinkler
Irrigation systems

50% subsidy to farmers subject to
the ceiling fixed by Government of]
India

Replace existing
inefficient IP sets with
at least 4 star rated
pump sets

Guijarat

Solar Pumps

2,300 3HP and 5HP solar pumps tq
be distributed

Drip irrigation

Gujrat Green Revolution Company
(GGRC) aimsto promote Micro
Irrigation System (MIS) among

farmers in Gujarat, GGRGcts asan

Replace existing
inefficient IP sets with
at least 4 star rated
pump sets
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http://www.kisansuvidha.com/irrigation/
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http://agritech.tnau.ac.in/agricultural_engineering/agriengg_govt_schemes.html#scheme2
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http://agritech.tnau.ac.in/agricultural_engineering/agriengg_govt_schemes.html#scheme11
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https://www.thehindubusinessline.com/news/national/tn-farmers-to-get-90-subsidy-for-solarpowered-pump-sets/article9730655.ece
http://agritech.tnau.ac.in/agricultural_engineering/agriengg_govt_schemes.html#scheme12
http://www.ugvcl.com/Solar%20Scheme.pdf
http://www.gujaratindia.com/initiatives/initiatives.htm?InitiativeId=tlMmUGKPabM4ZapmU62SEw==
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implementing agency on behalf of
the Government of Gujarat

Many villages in Gujarat have
adopted 100% drip and sprinkler
irrigation systems. In June 2009,
more than 93,000 farmers in
Gujarat adopted drip irrigation for
1.51 lakh hectares

Farm
mechanization and

technology
dissemination

Distribution of equipment,
including training and
demonstration

Rate of Assistance:
40 HP Tractor INR 4.5 lakh

Replace existing
inefficient IP sets with

West Bengal Power Tiller: INR0.45 lakh at least 4 star rated
Power ReaperINR 0.3 lakh pump sets
Rotavator: INR 0.30 lakh
Drip Irrigation Promote drip irrigation system as
an effective measure for water
conservation in dry areas
Replacement  of| New connections have to install 5
inefficient IP sets | star energy efficient pump set
Pilot projects have been
implemented in  Dodballapur,
Mandya, Nippani, Byadgi (35%| Replace existing
energy savings achievedpy EESL | inefficient IP sets with
Karnataka
: : at least 4 star rated
Surya Raitha| 90% subsidy on solar pumps and pump sets
Scheme government will buy excess power
from farmers
310 pump setsunder the scheme as
on Jan 2018
Replacement  of| Replacement of 1 lakh inefficient IP
inefficient IP sets | sets
EESL has replaced 25,000 owf 1
lakh pumps so far
Replace existing
Andhra Pilot project in Rajanagaram (2,500| inefficient IP sets with
Pradesh pump sets) at least 4 star rated
pump sets
Solar PV __Water| Installation of 6,725 solar pumps in
pumping AP
programme by
NREDCAP through
MNRE
Replacement  of| Financial incentive for adoption of
inefficient IP sets | efficient pump sets Replace existing
Rajasthan The farmers will only be given 20 inefficient IP sets with
HP connection if they set up five at least 4 star rated
star rated pump setcertified by the pump sets
Bureau of Energy Efficiency
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Installation of | 10,000 pumps targeedin 2018-19;
solar pumps

28,493 pumps installed in total

Kisan Uday Yojana| Replacement of 10 lakh pump sety Replace existing

by 2022 inefficient IP sets with
at least 4 star rated
Solar Pump Yojana| Up to 90% subsidy on solar pumps pump sets

Uttar Pradesh
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7.2 Discussion onPolicy Gaps
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The states are responsible for the cordination, regulation and enforcement of the Energy
Conservation Act, 2001They are required to take all measures necessary to regulate energy
consumption standards in various demand sectors and create awareness for the efficient use
of energy.Energy efficiency on the demand side is mainly governed by the states, unlike the
supply side, which is governed by bth the centre and the statesTable 13 to Table 16 examine
the energy efficiency politesfor the demandsectorsin each of the chosen states.

In the industries sector, Karnataka has the highest policy maturity with mandated energy
efficiency t ar giestpmvide finneialircentivesdor adopton of low carbon
technologies (generation from waste and renewables)apart from encouraging savings
Among the other stateswhile some (such asMaharashtra) have mentioned energy savings
and clean energy generation targets, others a not set any targets while providing financial
assistance for energy audit®r adoption of energy conservation technologies. Though creating
awareness by constituting the energy efficiency awards is a welcome measurdsinadequate
considering the poential for energy efficiency in ndustries. The lack of subsectorial targets
is a hindrance for effective implementation of targets mentioned ithe policies.

The energy-efficiency improvement landscape in each states different, and it is thus
important for states toformulate specific policiesand targets to this effect.

9 Policies should mandate detailed energy audits for all industrial units to identify
energy-efficiency improvement opportunities along with the corresponding
investment requirements.

9 Industrial units should be mandated to publish the amount of energy savings achieved
and the corresponding measures adoptetbr the same,in the public domain. This will
allow knowledge transfer and display tangible benefits to other players in the market.

In the case of buildings and cooking sector, most of the EE measures are implemented at the
central governmentlevel. Very few states have implemented the ECBC codes at the local level
or in the state bye-laws. Currently, ECBC codes are mandatory only fané commercial sector.
Since urbanisation is expected to increase in future, it is important for the codes to be enforced
at residential sector dso. Similarly, in the cooking sector, all the policies are implemented at
the central level and are on track towvards meeting their goals.

Asin other key sectors, energyefficiency measures in the transport sector are driven by the
central government, and implementation of certain policy aspects is a stateesponsibility .
Given the energy savings potential irthe transport sector, ome states (Karnataka and
Maharashtra) havenotified policeswith targets (EV policy and Urban Transport policy)These
expedite the realisation of policy goals femulated at the national level.However, hardly any
states have mandated del economy improvement standards through state transport
corporations in public transportation systems. The laclof policy goal alignment at the national
and state leves is a hindrance to improvng energy-efficiency in the transport sector.Hence
at the state-level, itis necessary to

1 Mandate state road transport corporations to include vehicle fuekfficiency norms as
part of the procurement policy.

1 Include eco-driving in driving licence examinations to instil the message of efficiency
among drivers.
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In the agriculture sector, most of theEE measures are initiatedby the central government.
Even though the Centre has announced many schemes, implementatiGwhich is the
responsibility of the stateg needs improvement. Maharashtra, Gujaraand Andhra Pradesh

are at mediumlevels of policy maturity, with their AQDSM pump replacement programmes
and solar pump subsidiesFor example,Maharashtra announced in 2017 that all sugarcane
would be cultivated through drip irrigation . This would improve wateruse efficiency and
reduce pumping energy demand. Other states lag in terms of concrete EE efforts. States need
to set specific targets and ensure implementation in order to improve the agricultural energy
efficiency of India.
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8. Conclusion and Policy Recommendation s

By analysing historical emission trends and using an intuitive analytical framework taecode
the NDCswe determined that to achieve a reduction of 33%35% in emission intensity by
2030 over 2005 levels about 38-46% reduction in the energy intensity of GDPwill be
required. This would primarily be driven by efficiency improvements in demand sectors
(industries, buildings, cooking, transport and agriculture).In our scenario analysis,we
assessedhat about 60%—67% reduction in energy intensity was possiblewith accelerated
adoption of technologies andmplementation of existing policies.

In order to achievethe NDC pledge, ongoing efforts in E@long with efforts in alternate fuels
and renewables) needto be complemented with rigorous policy implementationat the state
level. Further, given the likely growthin energy demands (and theeby savings opportunity)
in select sectorsamore concertedfocusis needed ornsectorswhere maximum efficiency gains
are possible. This study indicates that these sectors ammoking, transportation and space
cooling (HVAC) The buildings and transport sectos offer the highest potential for reduction
in | n d iersergysfootprint. In the buildings sector, around 526 TWh was saved ithe EE1
scenario and 900 TWh in EE2. In cooking, energy savings of 101 TWh and 166 TwWére
demonstrated in EE1 and EEZespectively. Enduse appliances (&r rated) and adoption of
E@BC are two key interventionghat can bring aboutenergy reductions in the buildings sector.
The cooking sector is expected to transitiomowards more efficient cooking processes driven
by fuel and technologyswitch (from biomass to LPG), especially ithe rural economy. In the
transport sector, a gradual reduction in energy demanccan leadto a saving of 299 Twh and
477 TWh in EE1 and EEZ2, respectively. These savingere mainly due to modal shift in
passengerto public transport and in freight to rail based movement Further, adoption of
stringent fuel-efficiency standards in the vehicle fleetalong with planned deployment of
electric vehicles can also reduce demand fopetroleum-based fuels. The overall share of
petroleum basedfuels in 2030 in the transprtation fuel-mix reducedto 88% and 76% in EE1
and EE2, respectively, from 95% in BAU.

8.1 Policy Recommendations

Policy lacunaeexist in these high savinggotential sectorswhen evaluated at the state level
Here, EE standardsneed tobe stringently implemented with periodic upgrades keeping pace
with technological changeand appropriate penalty and incentive mechanismsshould be

enforced. The study suggests thathe strong national policy initiative on cleaningl ndi a’ s

energy supply ard increasingthe efficiency of demandsectorsneeds to be complemented with
an increased capacity, policy support, rigorous adoption and implementaticet the state level.

To realisethe energy savingsestimated inthe variousdemandsectors, the following measures
are suggested

Transport sector

1 Similar to star rated appliances, it is necessary to adopt mandatory performance
labelling for vehicles andcrucial spare parts.

1 Measures to reduce the negative impacts of vehicle componengsich as tyres and air
conditioning systems need to be introduced
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It is necessary to nandate nstitutional mechanisms (tax levies) to encourage the
purchase of fuelefficient vehicles

Continuous shift to public transportation systems(such as metros wih feeder bus
serviceg needs to be integrated in urban planning and development.

Industries sector

T

Targeted financial incentives carbe introduced to encourage investment in energy
efficient industrial equipment and processes

Through a resource purchas obligation,demand side managemenimeasures can be
stipulated.

Time-stipulated and achievable energy savings targstshould be adopted.

It is necessary toincrease the scope and depth anergy-efficiency mechanisms such
as PAT and increase focus amtiority at state levels

Buildings and cooking sector

)l

=a =4 -4 -9

It is necessary toadopt and periodically update mandatory labelling programmes
across the full spectrum of appliances and technologies

Focus on efficiency norms for HVAC systenis crucial.

National Lighting Codeshould be mandatedor residential and commercial sectos.
ECBGhould be mandatedor the residential sector.

Resourcesshould be allocatedfor monitoring ECBCcompliance and verifying the
accuracy of claimed performance.

It is important to ensure fasterimplementation of infrastructure for PNG

Agriculture sector

1

The government should consider epladng existing inefficient pump sets with at least
BEE 4 star rated EE pumps, including5 year warranty.

Manufacturing of non-star rated pumpsshould becurtailed.

Solar pump initiatives should be combinedwith micro -irrigation schemes to optimise
both energy efficiency and wateruse efficiency in agriculture

Farmers should be educatedon the nuances of using energegfficient IP sets, water
useoptimisation and suitable cropgng patterns specific to their farming conditions.
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Appendix |: Key Interventions

Table 17: Sectoral interventions

Interventions

BAU

EE1 Scenario

EE2 Scenario

Industries

Energy-efficiency improvements in
subsectors

4% to 13% improvement in SECs

8% to 18% improvement in SECs

10% to 23% improvement in SECs

Shift in production processes

Steel Increase in Gas DRI (5% to 9%) an

COREX process (39%%)

Aluminium: Shift to pre-baked method
(70%-75%)

Fertilisers: Shift to natural gas feedstock

(80%)

Steel Increase in Gas DRI (5% to 11%
and COREX process (3%%)

Aluminium: Shift to secondary process
(20%-40%)
Fertilisers:  Shift to natural
feedstock(100%)

gas

Steel Increase in Gas DRI (5% to 12%
and COREX process (39%2%)

Aluminium: Shift to secondary proces
(20%-40%)
Fertilisers: Shift to natural
feedstock(100%)

gas

Use of waste and recycling

Thermal substitution rate in cement (4%)
32% scrap use in steel
20% scrap use in aluminium

43% recycled fibre use in paper

Thermal substitution rate in cement
(19%)

35% scrap use in steel
20% scrap use in aluminium

43% recycled fibre use in paper

Thermal substitution rate in cement
(40%)

37% scrap use in steel
20% scrap use in aluminium

43% recycled fibre use in paper

Transport

Electrification of road and rail
transport

2% of Cars, 9% of 2W

10% of cars and 3W, 30% of 2W and 39
in buses

20% of cars and 3W, 50% of 2W ang
10% in buses
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5% - 70% rail electrification (Passenger
and Freight)

70%-80% of rall
(Passenger and Freight)

electrification

70%-80% of rail
(Passenger and Freight)

electrification

Increased share of public road
transport in passenger kilometres
(PKM) travelled

Share of public transport 65%

Share of public transport 80%

Share of public transport 90%

improvement in buses and trucks

Increased share of rail in PKM Share of rail in overall passengetransport | Share of rail in overall passengen Share of rail in overall passengel
14% transport 15% transport 20%

Increased share of blended fuels 2%-5% blending ofbiofuels 5%-10% blending ofbiofuels 5%-20% blending of biofuels

Improvement in fuel efficiency 9% improvement in cars, 1%]| 15% improvement in cars, 25%| 25% improvement in cars, 30%

improvement in buses and trucks

improvement in buses and trucks

Buildings

Improvement in lighting efficiency

Residential: 40% LED penetration in point
and linear lighting

Commercial: 30% penetration of LEDs;
50% penetration of high-efficiency CFLs

Residential: 50% LED penetration in
point and linear lighting

Commercial: 50% penetration of LEDs
40% penetration of highefficiency
CFLs

Residential: 80% LED penetration in
point and linear lighting

Commercial: 80% penetration of LEDs
20% penetration of high efficiency
CFLs

Improvement in appliance efficiency

Residential: 10% penetration of highly
efficient appliances

Residential: 30% penetration of highly
efficient appliances

Residential: 50% penetration of highly
efficient appliances

Commercial: 30% penetration of highly
efficient appliances

Commercial:50% penetration of highly
efficient appliances

Commercial: 80% penetration of highly
efficient appliances

Improvement in building design

Residential: 30% of the high rise buildings
in the urban sector are smart (ECBC cod
compliant)

Residential: 30% of the high rise
buildings in the urban sector are smart

(ECBC code compliant)

Residential: 30% of the high rise
buildings in the urban sector are smart
(ECBC code compliant)
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Commercial: 23% offloor space area
(FSA are part of ECBC btilings

Commercial: 27% of FSA are part of
ECBC buildings

Commercial: 32% of FSA are part of
super-efficient ECBC buildings

Cooking

Transition to ICS

36% of rural and 8% of urban households
use ICS

33% of rural and 4% urbanhouseholds
use ICS

32% of rural and no urban households|
use ICS

Improved access of PNG

24% of urban households use PNG

27% of urban households use PNG

36% of urban households use PNG

Biogas plant implementation

4% of rural households us biogas

6% of rural households us biogas

10% of rural householdsuse biogas

Increased use of electric cooking
access

9% of urban and 12% of rural households
use electricity for cooking

14% of urban and 17% of rural
households use electricity for cooking

14% of urban and 17% of rural
households use electricity for cooking

Improved access of LPG to rurd
areas

57% of wurban and 36% of rural
households use LPG as a primary cookin
fuel

54% of urban and 40% of rural
households use LPG as a primar
cooking fuel

50% of urban and 40% of rural
households use LPG as a primar
cooking fuel

Agriculture

Improvement in fuel efficiency of
tractors

Diesel consumption at 4.5 litres per hour

Diesel consumption at 4 litres per hour

Diesel consumption at 3 litres per hour

Improvement in efficiency of pump
sets

Diesel—6% improvement by 2030
Electric —5% improvement by 2030

Diesel—-8% improvement by 2030
Electric —10% improvement by 2030

Diesel—10% improvement by 2030
Electric —20% improvement by 2030

Increase inshare of solar pump sets

2.6% by 2030

5% by 2030

10% by 2030
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Appendix Il: Data and Assumptions

Table 18: Macroeconomic asumptions

Variable

Real GDP growth till 2030

GDP (INR Million)

Population (Billion)

Urbanisation

Urban Household size

Rural Household size

2012 | 2030
6.8%
91.1 | 297.7
1.216 | 1.552
32% | 41%
460 |4.13
490 | 4.83

Table 19: Baseline enissions for 2005

Sector Emissions in 2005 (MtCO ze)
Agriculture 374

Energy 1,269

IPPU 108

Waste 51

Total 1,802

Source:(MoEFCC, 2015})Data extracted using Data Digitiser)

Historical Tre nds in Non-Energy (Emissions) Sectors

200
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y = 8.9084x + 96.228
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Figure 16: Historical IPPU emissions
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Figure 17: Historical agricultural sector emissions
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Figure 18: Historical waste sector emissions
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Table 20: Comparison ofdifferent C& (LULUCEF) sink target and land implication

P T £ )1 AE
BUR 2010 Future Value area under
forests *
NDC UIt|mate Goal (33% of 434 33%
geographical area forested)
NDC target of 2.5 Gt G@apacity in
Estimate of | . o | 2030 -345 24%
LULUCF NDC target of 3 Gt CQapacity in 352 239
Emissions 2030
Projected Value using historic
trends (Gov. GHG Inventories INCC -764 52%
(2007), BUR (2010))in 2030

* A CQsink to Forest Land Area Ratio of 4.5 tGfha was calculatedusing data from the Directorate of Statistics and Economics,
Ministry of Agriculture for 2010. This value was assumed to continue in the future to estimate land area for projected sinklwe.

Sector-wise Data and Assumptions

Cooking
Table 21: Fuel use for cooking

Fuel % Household by Type of Primary Fuel Used for Cooking
URBAN 2012 BAU (2030) EE1 (2030) EE2(2030)
LPG 63% 57% 54% 50%
Electricity 0% 9% 14% 14%
PNG 2% 24% 27% 36%
Biomass 23% 10% 5% -
Coal 3% - - -
Kerosene 8% - - -
Biogas 0% - - -
RURAL
LPG 11% 36% 40% 40%
Electricity | 0% 12% 17% 17%
PNG 0% - - -
Biomass | 86% 48% 37% 33%
Coal 1% - - -
Kerosene | 1% - - -
Biogas 0% 4% 6% 10%

Table 22: Cooking technologiefficiency

Efficiency

Technology | 2012 | BAU (2030) | EE1 (2030) | EE2(2030)
LPG 50% 56% 59% 63%
Electricity 75% 79% 80% 82%
PNG 50% 56% 59% 63%
Biomass 30% 40% 45% 48%
Coal 20% 22% 24% 25%
Kerosene | 35% 39% 41% 44%
Biogas 50% 56% 59% 63%
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Building appliances and envelope

Table 23: Penetration of efficient lighting technologies

Type of appliance | 2012 | BAU (2030) | EE1 (2030) | EE2 (2030)
Bulb 56% 25% 10% 5%
Tube light 15% 20% 25% 10%
CFL 30% 15% 10% 5%
LED - 40% 50% 80%
Table 24: Wattage ofACtechnologies
ACs | Efficiency level | 2012 | BAU (2030) | EE1 (2030) | EE2 (2030)
Low 1926 1473 1131 951
Medium 1733 1326 1018 856
High 1576 1205 926 778

Table 25: Typesof refrigerators

Types of refrigerator | Efficiency level | Power consumption (kWh)
Low 400
Direct Cool Medium 260
High 130
Low 519
Frost Free Medium 415
High 332

Table 26: Penetration of efficientrefrigeration technologies

Refrigerators Efﬁlgleerllcy 2012 (2%/::3) (2%5(1)) (2%5(2))
Low 16% 10% 0% 0%
Direct Cool | Medium 82% 10% 0% 0%
High 2% 80% 0% 0%
Low 16% 10% 10% 0%
Frost Free | Medium 82% 50% 30% 20%
High 2% 40% 60% 80%
Table 27: Penetration of energy-efficient appliances
Efficiency level 2012 | BAU (2030) | EE1 (2030) | EE2 (2030)
Low 98% 60% 20% 10%
Medium 1% 30% 50% 40%
High 1% 10% 30% 50%
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Table 28: U factors for buildings (W/m2/° C)

- All  building except hotels, Business
Type of buildin i Hotel School
s g business and schools oels (<10,000 m 2) ¢€hoo
Wall 0.4 0.63 0.63 0.85
ECBC Building Roof 0.33 0.2 0.2 0.47
Window 3 3 3 3
Wall 0.34 0.44 - 0.63
ECBC+ Building Roof - 0.2 0.26 0.26
Window 2.2 2.2 2.2 2.2
Wall 0.22 0.22 0.22 0.22
SuperEfficient ECBC o 0 ¢ 0.2 0.2 0.2 0.2
Building
Window 2.2 2.2 2.2 2.2
Agriculture sector
Table 29: Penetration of pump sets
Type of Pump Base year (2012) BAU (2030) EE1 (2030) EE2 (2030)
Diesel 32% 7% 5% 2%
Electric 68% 90% 90% 88%
Solar 0.1% 3% 5% 10%
Table 30: Key assumptions for efficiency improvements
Parameters Base year (2012) BAU (2030) EE1 (2030) EE2 (2030)
Number of 56,29,347 Saturates at| Saturates at~16 | Saturates at ~16
tractors ~16 million million million
Annual hours of 500 500 500 500
usage
- 4.5 litres per hour | 11% 16% 22%
Fuel efficiency . . .
improvement improvement improvement
Efficiency of - 5% 10% 20%
electric pump sets improvement improvement improvement
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Industry

Table 31: Key hdustrial output projections

Sector 2012 2030 CAGR
Cement 235 605 5.4%
Steel 77 249 6.7%
Aluminium 2 6 7.6%
Paper and Pulp 11 36 7.0%
Cholr-Alkali 5 8 2.7%
Textiles 3 5 3.0%
Fertili sers 26 31 1.0%

Table 32: Technology process share in steel sector

Technology Production SEC (GJht)
(% of total)

BF~BOF 42% 26.75

EAF DRiGas 5% 26.46

EAF DRiCoal 20% 24.56

IF 30% 26.00

COREXBOF 3% 12.85

Table 33: Technology process share imluminium sector

Technology | Production (% of total) SEC (GJh)
Pre-baked 70% 82.02
Soderberg 10% 91.91
Blended 20% 67.99

Table 34: Technology process share ipaper and pulpsector

Technology Production (% of total) SEC (GJi)
Integrated kraft (wood/bamboo/agro waste) 57% 41.17
RCF based (includes market pulp) 43% 19.76

Table 35: Technology process share ikementsector for base year

Type of cement

Production (% of total)

Ordinary Portland Cement 32%
Portland Pozzolana Cement 61%
Portland Slag Cement 7%

Thermal (kcal/kg clinker)

732

Electrical (kWh/t cement)

84

Table 36: Specific energy consumption in cement sector for base year
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Table 37: Technology process share ifertilizer sector
Type | Technology Production (% of total) SEC (GJht)
. Natural Gas based 80% 19.25
% Naphtha based 10% 22 84
Fuel Oil based 10% 28.83
© Natural Gas based 80% 25.79
é Naphtha based 10% 35.00
g Fuel Oil based 10% 4411
Table 38: Process share in textiles sector
Process Production (% of total) SEC (GJIt)
Integrated Textile Mills 100% 12.60
Table 39: Process share irchemicalssector
Process Production (% of total) SEC (GJh)
- Solvay 40% 16.95
f‘: Modified Solvay 20% 15.41
-08) Akzo dry lime 40% 11.50
';')g Mercury cell 5% 11.88
i;’) Membrane cell 95% 10.25
L‘):é Oxygen Depolarised Cathode 0% 8.51
Transport
Passenger Transport
Table40: Passenger srvice demand projections
Service Demand (BPKM) 2012 2030-BAU | CAGR
Passenger transport demand| 7,286 18,444 | 5%

Table41: Share of variougpassengerntransport modes andtechnologies

Mode share 2012 | 2030-BAU | 2030-EE1 | 2030-EE2
Road 85% 84% - -
Rail 14% 15% - -
Air 1% 1% - -
Sub-mode share
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BUS 63% 55% 62% 67%
ONMIBUS 3% 1% 1% 1%
CAR 10% 16% 8% 3%
2W 18% 19% 12% 7%
3W 4% 5% 13% 18%
TAXI 4% 4% 4% 4%

Public transport share

Public 73% 65% 80% 90%

Private 27% 35% 20% 10%

Percentage Blending

Petrol - 5% 10% 13%

Diesel - 2% 5% 5%

Electric Vehicles Share

CAR - - 15% 20%

W - - 40% 50%

BUS - - 5% 10%

3w - - 15% 20%

Rail 51% 55% 70% 90%
Freight Transport

Table42: Freight service demand projections

Service Demand (BTKM) | 2012 | 2030-BAU

Total freight demand 1,415 5,987

Table43: Freight modal shares

Modal share | 2012 | 2030-BAU | 2030-EE1 | 2030-EE1

Road 58% | 61% 55% 50%
Rail 42% | 39% 45% 50%

66 www.cstep.in © CSTEP



Roadmap&El O

| AEEAOGET ¢

)T AEAGO . $#

0i AACA

Supply Sector

Trends in Power Generation in India

The power generation sector grew at a CAGR of 6.2% since 1990. As of 2017, over 77% (194
GW out of 358 GW) of the electricity generatedsed coal as the primary resourcéMoP, 2017)
This has led to a substantial increase in GHG emissions from the supply side. Around 74% of
GHG emissions in the country are frorthe power sector(Ananthakumar Murali R et al., 2017)

To meet the NDC target, India has committed to increasitige share of fossitfree fuel mix in
the power sedor by 2030. Based on this, MNREBas planned to add 175 GW of Renewable
Energy (RE) by 2022NITI Aayog, 2015)

Estimation of Future Electricity Generation Trajectories

CSTEP’

2017).

S

MRT model was wused
period of 2016—2030 (Loulou, Remne, Kanudia, & Goldstein, 2005 he key inputs to the
TIMES model are power plant database for coal and other power projecitscluding their plant
characteristics such as historic plant effi@ncy, plant load factor and resource linkages (coal,
natural gas, water, etc.). The other inputs to the model are future electricity demand
projections (till 2030), national installed capacity addition plans and regiorwise renewable
energy potential. Ths data was collected from various ministries and government sources
(CEA, 2015, 2018; CoalSwarm, 2016; IEA, 2014; MNRE, 2014; MoC, 2018yIM2015; MoP,

t o

est ifonthe tene t h e

For new coal plants, efficiency of 36%, 38% and 41% were considered for salitical, super-
critical and ultra-super-critical plants, respectively.

The IMRT modelling was then carried out to generate a power generation profile till 2030. The
total installed capacity in 2030is expected to react650 GW. Out of this, around 334 GW (51%)
is from fossil-free power plants, with 36% from renewables alone. fie total electricity
generation in 2030 is expected to be 2,855 TWh with 62% from coal TPRad around 30%
(845 TWh) being fossitfree. This implies that fossitbased TPPs, specifically coal TPP&e
likely to dominate the power sector for at leasthe next 15 years (as shown irFigure 19).
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Figure 19: Electricity generation profile in 20152030
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Based onthe results of the IMRT model, the pmary energy factor is estimated, which
indicates the efficiency of the power supply sector. It represents the quantity of primary
energy used in the generation of one unit of electricity. With the advent of superitical and
ultra-super critical power generation technologies in India, this factor is expected to reduce
from 3.24 in 2015 to 2.78 in 2030. Since the demand for electricity is accounted for at the
substation level, Transmission and Distribution (T&D) losses are also added to the primary
energyfactor. These losses are expected to reduce from 21% in 2015 to 15% in 2030

21 AAT Ap A1 O ! AEEAOET ¢ )1 AE/

17 Deen Dayal Upadhyaya Gram Jyoti Yojafacuses on feeder separation (rural households and agricultural) and
strengthening of subtransmission and distribution infrastructure to reduce T&D losses
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