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1 Inhoduction

Ba&ground

India is a growing economy wilh its population prolected to increase well beyond 205O (IN,
201 7). Improvemert of the standard of living of its people is a top agerrda of the
govemment. India's GDP and simultaneously its energy productiorl an esscntial conrponent
to the improvement in living standards has been on the rise- India will need an increasing
supply of energy in the foreseeable future, and dris will need to be provided to citizcns
using deaner ererglr sources in order for it to honour its dimat€ comnitm€nts (JNFCCC,
2015)- One such resourre vital to energlr production is water- 'lArater is ess€ntial not only for
hydropower as is visibly tlte case, but rrital for almost all other fornrs of energy fiorn coal to
natural gas to nudear to concrnlrated solar (Maclmick et d., 2012) (in the form of cooling
water) and even to certain largescale mnewables. (Frisvold, il13).

At the same time, India is a higNy water stressed country (WRI, 2015), and it is only getting
worse, with the per capita waler availability falling from 1816 cubic metres as per 2{x)1

census to 1545 orbic metEs as per 2011 census (Ministry of tffater Resourcs, Gort- of Indi+
ml?l.

Givm the citicality of water for power production, its unava abflity both limits power
productior; and also res ts in planfs shutting down entirely- This has beerr lhe case for a

number of Indian plants (WRL Z)1f due to strrortage of water eitrer due to natural reascms

or increasing corrpetititrr amdlg watm ctrrsrming s€ctos (industry, agriculture, domestic
userc, etc,)-

Looking at Figure I w'hidr pres€rrts regiur-wise ryater stress index in India, and Figure 2"

which slrows the Iocatiorn of lhe major hermaf nudear and hydro power plants in tfte
country, it is evident lhat many of the porr€r plants arE located in high to extr€flre water
srress belrs of rhe curr ry" In rlre cqrtext of inaeased dimate variability in rlre futue, {ris
not only raises a questiur on tre curtimratiur of tre power plantt' operatiorr but also or rlre
possible aggravation of water slress in already water stressed regions-

1
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Figure 1: Region-$,ise lvater stress index of India - 2012

Source: Maplecroft, 2012 (Maplecroft, 2012)

Note: Figure 1 does not reflect the political boundary of lndia
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Figure 2 Locatiur of Oe mair thermal nudear and hydro pow€r plants in India

Sorrce TERI cuyilatirn

It is in this cstort d|at sfu+int tle watrr rcquirrmcnts of India's energr sector bolh in its
pr€s€nt form and in curtut of tlre dranges ervisaged as part of India's energy transitior into
the future, giyen en€rry security as well as dimate drange aims, gairs utmost importance-

Aim & Scopc

This study aims to qumtitatively study flre water requircmenfs of tlre Indian €ner$/ sec{or

undtr diffeftrt en€r6r scrrraric up till fhe horizon year 2fl51- Tlre energr scerrarios aim to
capture differcnt ler.els of ambtim of GHG rritigatiur policies, as wdl as differtnt growtr
ratee fur lln curntry thrurgh ZEl- I{at€r is oftcn setrr as a cobelrefit of GHG mitigptior
(IRENA" Z)f 5). This study edeavours to examine this aspect as well and quantily tlre waler
co-benefits of GHG mitigatim policy for lndia- FurtlEr, it also aims lnr quantify Ole

implicaticrs of water effici<ncy pohcy an Are watu cursrmptiur of *re emgyr sector-

The study forms part of an orrgring intr-model comparisan study of An Susrainable
Growtr lilorking Group (SGWG) researth silEam on drc €tr€:rgy-wat€r nsus in India- A part
of tlre work by Oris cursortium was also published in 2I)17 (Srinivasan et aI-, 2()14. Tfrc

study focuses or *re electricig sector, whidr is tlre largest cursrmer o{ water in Arc orergll

t*
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requiremeart are pres€nted to give insight on what the impact of dranges in rlre Srowth rate

may be on parameters of inter€st.

3.1 Energy Scenario Analysis
Given 6re focus on the water linkage with errergy gerrention" this section provides a

description of tlre rulario results focrrsing on key elemens srrdr as tolal primary energy,

the energ;r mix and shares of various fuels and tedmologies corrtributing to the power sector

specifically.

350(}
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Figure 6: Reference Scerrario Primary Energy
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3.1.1 Reference Scenario

The toral primary errergy use in tlre Reference scenario is reflected in Figure 6- Given the

o@ive of cost minimization and expectatitr$ of continuation of orrmrrt policy trends, the

resultant primary mergy needs required by the MARI(AL model to meet the energy

demands across all the end-use sectors, viz rcsidential, indus'Eial transPortation

commercial and agricultural, indicate that rhe total Primary €n€rg;/ requiement would be

2971 mtoe by 2(81- ln the refercnce scerrarlo, this is mainty conPosed of conventional fuels,

i.e. coat and oiHased products, as wdl as natural gas-

Primary Energy: Refurence Scenario
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Given lhat the foors in this study in ftrnrs of water use in tJre energlr sector is direcbd at the
power seclor, Figures 7 and 8 prescrrt lhe installed capacity and power generated in rhe
Reference sctnario-
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Figure 7: Reference Sctnario Installed Capacity

Reference Scenarao : Elecricity Generation (TWh)
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Figrrre 8: Reftrerrce Scmario Eectricity Cgrcraticr

In the Relerence Sctnario, ilrc total installed capacity readres 44O Glda in 2l(Bf and 955 Glrll in
2{b1- nre corraspomding gauatirrr rnurbers are 238 TWh and 52-35 TWh- As is evident
Arere is substantial coal based capacity and generatior in tlrc Reference sterrario - 7m of tE

Reference Scenario : lnstalled Capacity (GW)
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3.1.2 Mitigation Scenario

The Mitigation scenario whiclr is designed to consider a higher level of energy efficiert
tedmology uptake across sectors as compared to the Refuiurce car, and include higher
levels of renewable energy indicates that total primary errerg;r use would be around 2516

mtoe by 2051, as indicated in Figure 9.

The scenario therefore reflects a decrease in totat primary mary use of arornd 15% by 2(E1

on account of energy efficienry, apart fiom reflecting changes in the power generation mix-

Mitigation Scenario Primary Energy
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The electricity sector mix in tlre Mitigation renario is presented in Figures 10 and Il-

16

capacity and 8(F/o gerreration in 2051 is from coal- There is some increase in penetration of
limited amounts of non-fossil fuel based technologies over time, predominantly hydropower
and wind. The scenario represents a BAU (Business-as-Usual) case whiclr is unlikely to be
the eventual evolution of the Indian power sector, girrsl the ernphasis being put on moving
away from dirty fuels and towards cleaner, rerrewable sources of energy. However, it serves

its purpose by providing a base case with which the Mitigation and Ambition sctnariot
desaibed below may be compared-

Figure 9: Mitigation Scenario Primary Energ;r

o



Mitigation Scenario- lnstalled Capacity (GW)
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Figure 11 : Mitigatior Scenario- ElecEicity C,erreratiur

Here, the tobl instaned capacity reaches 43O Ghi in 2[B1 and 906 GW in ZEl, The
corresponding gmeratiur mrmbers are 214TWh and 4TIO TWh, As @rparcd to the BAU
or Refertnce case scrrario, *re Mitigatisr scrrario, rvhidr is designed to align wirh India s
NDC commitm€nts, has a higher penetratiur of ncrfcsil fuel based energy, and
consequmtly has a lower share of coal and natural Bas in rlre rrix, Ihis scenario meets
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3.1.3 Ambition Scenario

The Ambition scenario represents a deep decarbonization secrrario- The total primary errerg5z

use as reflected by the Ambition scenario (Figure 12), is around 2(Xl8 mto€ by 2051- In this
scenario, otergy efficiency plays an even larger role, as a result of which primary energy
requirement comes down by 327" from the Refurence scenario in 2051- Further, the share of
non-fossil fuels, particr arly solar energ;r is nuch higher as compared to the Reference

scenario, due to higher levels of elecrrification of dernands, and de-carbonization of the
electricity sector by renewab,les-

Primary Energy: Ambition Scenario

a,o
E

Figure 12: Primary Energy Ambition Scmario

The electrici$ sector capacity and goeratisr mix in *re Ambiticr scsrario is pnsorted in
Figures 13 & 14.
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India's NDC of l()% non-fossil fuel based capacity in 2ffi1 - The penetration of solar PY and
wind stand at 6%, and 12% in the capacity mix of 2031, with $re numbers further increasing
up to 2051.
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Iniegratec &lode ling Str"Cy of Food-Energv-Water Nexirs tn ino a

r II
Figure 13: Ambition scenario InstalIed Capacity

Ambition scenario- Electricity Generation(TWh)
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As depicted, the total installed capacity readres 491 G'I 1 in 2031 and lO17 GW in 2051- These

numbers are higher than *re mitigation scrnario, for two reasons, one is the elecuification of
demand from rctors such as transport (movem€nt to electric vehides) and residential
(induction cook stoves), the second is the lower CUI of renewables, requiring a higher
capacity of renewables to meet the same ouq)ut electricity that fossil fuels such as coal

provided- The corresponding generation numbers are 2285 TWh and t1416 TWh in 2031 and

2051. Compared to both the Reference and the Mitigation renarios, the Ambition scenario

has a higher peretration of rerrewable energy- This scenario indudes about -5!)96 non-fossil
fuel capacity by 2031 and -84"/" non-fossil capacity by 2051- The contributisr of coal in the
mix peaks and dedines beyond 2G31- This scrnario therefore reflects a very arrrbitious level
of mitigation, phasing out dirty fuels and moving to norr-fossil sources with a heightened
pace- It is important to note that the scenario must therefore be seer only as an illustrative
one, designed to examine the implications of such mitigation on water requirernerrt. Its role
is not predictive but illustrative.

One important element in this scenado is the large sharc of solar therrral tedmolog5r
(Concurtrated Solar Power, CSP) in the [rbg standing at -3{P/. of the capacity mix in 2051.

With the need of achieving around 80% non-fossil fuel perrerration in 2051, the model has to
resort to sola.r thermal apart from the other existing rcrrewable altematives, in order to
overcome the issue of intermittent renewable supply, especially for meeting base load
demand- This scmario lherefore presr,rmes that solar lhermal tedmology along wifh therrnal
storage becomes commercially viable and can be used to meet base load demand.

Actordingly, it assumes a pivotal position in a treavily non-fossil, decarbonize<I poryer sector
mix. However, this tedmology is also arnong tlle highest water cu|sumers among rtrrewable
energy oPtions, and lhis renario lhus becomes interesting to study from Ore water
perspective as dirussed Iater on-

20

3.2 Results of Water Scenarios

This section presents the resrrlts of lhe water side analysis performed corresponding to &e
energy rrnarios descrr:bed above- The method used in formulating tlre water scenarios is
described in the methodologSr section- As the main focus of tlre study is rlre assessmrent of
water rcquirement of l}re energy sources, this sectiur is further divided to prowide better
insight into its various aspects- The first section desaibes the water consumption and
withdrawal broken dor,r,n by fuels for each sc€nario at 

'yearly 
intenrals betwe€n 2{)11 (Bas€

year) and 2051 (Horizon year) under a Reference Hlater Use Policy- The Refurence Water LIse

Policy assumes that the current shares of cooling tedrnologies employed in lhe country, as

well as the water withdrawal and consunption intensities (dexribed in the methods
section) remain the same for the entire duration of the model nrns" These numbers thus
showcase the impact of purely mitigation policy on water requiremen! in the absence of any
water efficiency poliry. A section delwing further into lhis, quantifying the water cotenefits
of GHG emission reductisr follows thereafter- An analysis of the water requircment
(withdrawal as well as consumption) rcnarios in the case of an active Water Effrcienry
Policy (detailed in the methodolog;r section), follows in the end-
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3-2.1 Reference Water Policy Results

As described above and in lhe methodologlr section, the Refererrce l4later Policy ce<e

assumes a continuation of the ercisting cooling strrares and cooling efficierrcies; all through tle
years Z)11-2051,

3.2.1.1 Refererrce Ssrario

In the Refererre serario (described along with lhe other energlr sorarios in tlrc previous
section), as seer in Figure lt flre trerrd of water withdrawal is sesr to be steadily increasing-
Water withdrawal readres a value of 137 bor in Z)51, up from 29 bcrn in 2016- By far tre
largest slrare of &ris water withdrawal coure frorrr fire power plants utilizing coal. This
fraction stands at -95% in 1II51 -
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Figure 16: Reference Scenario Water Consrrmption

As depicd in Figure 16, water corrzumption readres a value of 16 bcrn in 2051, up from 5-4

bcm in 2016- As can be seerr, the range of values of water consumption are far below that of
withdrawal- ln the case of water consurnption, coal consrrmes about 5396 in 2051, while
hydro at 39% sharc in the same year, is the second higlresl It is important to mention that
hydropower is by defrnitiorl orritted when considering water withdrawal; as anong olher
reasons, large reservoir water is used for multiple other purposes.

3.2.1.2 Mitigation Scenario

Mitigation Scenario Water Withdc|wal (bcm)
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Figure 17: Water Withdrawal Mitigation Scenario
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Figure 18: Water Consumption Mitigation Scenario

In the mitigation scenario, as is dear from figures 17 and 18, the overall water withdrawal
and consrrmption reaches values of 115 bcm and 14.3 bcm in 2051, Iower than corresponding
values of the Reference scenario by 16"/" and, -70"/" rcspectively. ln terms of water
withdrawal, coal is still the dominant fuel but in terms of water consumptiorL hydropower
at 42% also forms a large fraction as the role of hydropower is a cmcial component of the
energy mix for the mitigation of GHG emissions.

3.2.1.3 Ambition Scenario

From figure 19 below, it is evident that the Ambition scenario withdraws far less water (the
scales of the charts are different across scenarios). The value for withdrawal in 2051 is 22.4

bcm, a reduction of 84% with respect to the Reference scenario. Further, there is a fall in
water withdrawal in this scenario, 2036 onwards. Within the water withdrawals, the fraction
of solar thermal stands at 25% in 2051, a substantial amount. The heavy penetration of solar
thermal in this scenario to meet base load needg as explained earlier, and the comparatively
large footprint of this technology within the renewable technologies is the cause for this.
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Figure 19: Water lArithdrawal Ambition Sctnario
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From Figure 2Q it can be seen that the water consumption in this scenario is also far lower
that the Reference scenario, and it is lower by 20% in 2051, standing at a value of 12.8 bcm.
Solar thermal power and hydropower are the dominant consumers of w atel at 45"/" and 43Y"
of the total in 2051, respectively.

3.2.1.4 Comparative Analysis

Although the individual scenario-wise results of water withdrawal and consumption
provide a good idea of the numbers (a decreasing trend is evident when increasing the level
of mitigation); a comparative analysis helps make this more concrete. Figutes 2'!. artd.22
below offer a comparative picture of water requirement by the three energy scenarios
between 2011 and 2051.

Water Withdrawal (bcm/year)
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Figure 21: Water Withdrawal- Comparative Chart
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Water Consumption (bcm/year)

Figure 22: Water Consumption- Comparative Chart

It can be seen that heavier mitigation scenarios also more water efficient. Also, it is
interestin8 to note that the fall in annual water withdrawal is much higher, at 16% between

Mitigation and Reference Scenario and 84% between Ambition and Reference scenario in
2051; compared to water consumptioo which is at 10% between Mitigation and Reference

Scenario and 217" b€twe€:n Ambition and Reference scenario respectively. This is owing to

the fact that one, hydropower, accounted for in water consumPtion termg plays an

important role in the discussed mitigation pathways, and two, solar thermal power, seen to
emerge as a dominant fuel in the Ambition scenario, has a significant water consumPtion

intensity.

It is also interesting to note that in case of the Ambition scenario, the water withdrawal
flattens out between 2031 and 2O36, and falls thereafter, and the water withdrawal in 2051 is

lower than the value in 2016, a net reduction of 20% between these yearg even with a power
production increase of nearly 2.5 times between the same years. Evidently, water co'benefits

of mitigation action are significant, and the following section aims to delve a little deeper
into tlris.

3.2.1.5 Water Co-benefits of Mitigation Action

The previous section raised the important point that mitigation action has water co-benefits-
This section endeavors to quantify this, by calculating the cumulative water savings (done

separately for withdrawal as well as consumption) as a function of the cumulative reduction
in carbon dioxide emissions.
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Crrmulative water withdrawal refers to the summed-up water withdrawal between 2016 and
2051, all in-between years induded. These values are 7777 bctr,1575 bsn and 857 bcm for
the Reference, Mitigation and Ambition scenarios respectively- The respective numbers for
water consumption are 262 bcm, 235 bcm and 225 bcm-

The carbon dioxide emission numbers taken from the TERI-MARKAL model are shown in
Figure 23 and added up for all the interim years betwe€n 2016 and 2051 to get the
cumulative emission numbers- These numbers were 131 Gt, 118 Gt, 94 Gt respectively for the
Reference, Mitigation and Ambition scenarios.
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Figure 23: Total Energy Sector Emissions

The reduction in ormulative emissions are -10% and 28% for the Mitigation and Ambition
scenarim respectively, n'ith respect to the Refermce scenario.

Figure 24 below shows {re results of this cumulative water sawings vs- carbon dioxide
emissions analysis. On the abscissae are ploted the reduction in % of carbon dioxide
emissions vis-i-vis the Reference scenario; while the ordinates show the96 reduction in the
water rcqufuement (either wirhdrawal or consumption) visi-vis the Referenoe scenario-

27

lntegtaled Modefiing Study ot Foo+ Ercrgy-Wats f,lexus in lrdh



lntegrated Modelling Sludy of the Food-Energy-Water Nexus in lndia

-o3 0.25 -0.2 u.15 -o.1 ,0.05 0

-o- % Savings in WW

+% Savings in WC

Figure 24: Water Co-benefits of Mitigation Action

This gaph helps take a step towards quantifying the relationship between mitigation of
carbon dioxide ernissions from the energy sector and the co-benefits of this action on water
savings. On the withdrawal side, the values show that a 1096 reduction in carbon dioxide
emissions result in a -11 % fall in water withdrawa[ while a 28% fall in emissions in a -52%
cumulative saving of water withdrawal. ln the case of water consumption, the numbers for
the same levels of cumulative emission reduction (10% and 28%) correspond to a cumulative
reduction in water consumption of -10!" atd -74%, respectively. These numbers would of
course vary depending on the pathway taken for the mitigation action-in this case due to
largely heavier penetration of renewables and hydropower, and further if other life-cycle

components of the energy sector are also considered, but they prowide some insight into
quantifying the water co-benefits of mitigation. The fall in water withdrawal is higher
compared to water consumption, and its fall steeper with increased mitigatiorl as the water
consumption is substantial for some important low carbon fuels, like hydropower, nuclear,
solar CSP and biomass, while water withdrawal is much lower in low-carbon fuels (barring
nuclear), as compared to coal or natural gas.

3.2.2 Water Efficienry Poliry Results

In this section, results of water withdrawal and consumption are presented in the case when
there is strict application of The Water Efficiency Poliry on the cooling of thermal power
plants. The policy itself was described earlier on, in the Methodology section.
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3.2-2. I Refererrce Scenario

As is evident from Figure 25, under the $fater Effrcierrcy Policy, lhe water withdrawals
witness a significant fall betwesr 2016 and 2021 Oy -86%)- This nay not in reality be
achieved lfi)%; due to the slow nature of teclmologr drange but lhis scrrrario gives a 'what-
if idea as to what could be the result if the policy were enforced snicrly- Further, Z)21
onwards lhe water withdrawals see a gradual rise; as lhe renario does not take into account
any corrtinuous ryater efficiency measures, and stricdy adheres to the present MOEFCC
guidelines- Thus, arr increase in errergy demand is naturally met by an increase in power
production and consequerrtly water withdrawals- FurErer, the largest share of the water
wilhdrawals comes from coal fired power plants-

WEP Reference Scenario Withdrawal (bcm)
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Figure 25: Referwrce Scenario Water Efficiency Poliry Water l4lilhdrawal

In the case of water os'umptiur (Figur€ 26), there is a sleady incease in Are numbers, and
no significant fall is seeq because wlrcreas recirculating cooling the point of ernphasis of lhe
Watc Efficirrrqr Policy, witrdraws far Iess wate$ it c(x[ m€s more yyater Fr trrcrgy unit
as can be seen for any of *re energy tedmologies in Table 2- Still, rlre overall impact of the
policy is positivq as lhere is a significant reductiur in water wifirdrawal which is not offoet
by an equivatrent lncrease in cmsumptioru but only marginal- Tlre increase is less than 2%
w-r-t- Refertrrce No-I{rEP Scsnrio in ZE1- Coal and hydmpower remain trre largest
consrrmers of water in 2{81.
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WEP Reference Scenario Consumption (bcm)
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Figure 26: Reference Scenario Water Efficienry Policy Water Consumption

3.2.2.2 Mitigation scenario
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As may be seen from Figure 27 and 28, the impact of the Water Efficienry Policy is
qualitatively similar on the Mitigation Scenario as it was on the Reference Scenario described
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Figure 27: Mitigation Scenario Water Efficiency PoIiry Water Withdrawal
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above, but with rlre water usage values being significantly Iower (Ihis point is discussed
further in Sle comparative analysis section which follows)- From Figure 2& one san point
out one maior difference in case of ryater cursumption, whidr is Erat the share of
hydropower's water consumption in lhe total consumptiur is higher in the Mitigation
Scenario case, given its higher penetration in the energy mix-

Water Consumption-Water Efficiency Mitigation Scenario
(bcm)

IIII
2051

3.2.2.3 Ambition Scenario

Ttre water cf6cierrqr policy effetfuafes a significant fall in wat€!'withdrawals of Ble
Arrbition sctnario (Figure 29) as well as cursrrrption Gigwe 30)- Inded, the combinatiur
of heavy rerrewable perefratiur as well as shift to water saving tedrnologies is ormulative
and *re water witftdrawal in AEI is dily -28% ihat in 2()16. Also, from rlre gaaph it may be
seerr lhat llrc overall vahres are all lower rlran tlre mitigatior scsrario fur eadr
year- Looking at both fhe withdnwal and consumptior numbers, solar thermal forms the
higlrest fraction, fullowed by coal in llre fornrer case and hydropower in the latter- The
comparative analysis sectisr whidr follows discusses some of trre inter-scrnario differences
in more daail-
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Figure 29: Ambition Scenario IrYater Efficimry Policy Water Withdrawals
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Figure 30: Ambition Scenario Water Efficiency Policy Water Consumption

3.2.3 Comparative Analysis- Reference and WEP Scenarios

A comparative analysis is provided to give a clear picture on tlre reduction in water
requirements due to the application of the water effrcierrcy policy on the scenarios- Figures
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31 and 32 below showcase the comparative analysis. Figure 31 shows the irnpact of the
Water Efficiency Policy on water witrdrawalg and Figure 32, that orr water consumption

lmpact of water savin8 policies on water withdrawal (bcm)

0
2.!16 2o51

Figure 31: Impact of WEP on Water Wilhdrawals

It is intercsting to nole, from Fiture 31, drat although thrmgh mitigation actiuL the water
withdrawals come down significantly between the Re{ersrce Scnario and Are Ambitior
scenario (as described earlier), dre vahre being 84% in 2[El, tlre application of dre Water
Efficirrrcy Poliry(WEP) brings this down further, to dre lowest water wirhdrawal scenario,
which is the Ambitisr Scenario with tlre I/IIEP active- The difference between this and tlre
Re{erenre comes to be -94%- In a sense lhug mitigation and the low water policy work in
tandetn to brin8 doyrn the water witMrawals.

The reassr for this additional reductisr is that as a high fraction of wilhdrawal is due to
thermal opcrr cyde coolin& $vitching to closed cycle substantially reduces water
withdrawal. Thu.g the Refunnce sctnario without a low water ur policy demonslrates the
highesf water footprint while Ambitiorr Scnario with WEP has the lowest water footprint.
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lmpact of water saving policies on water consumption(bcm)
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3.3 High& Low Growth Sensitivity
As described earlier on. in addition to the 3 main sctrrarios, a higfr and a low GDP growth
sensitivity were also constructed, to study the irnpact of higher and Iower GDP growth on
the parameters of intercst-
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Figure 32: Impact of \SEP on rAlater Consrrmption

The rffEP is able to impact water consumption less as the main cmphasis of the WEP is the
shift from once through eooling to redrculating cooling ffle latter of whidr has a higher
water use intensity than once-through cooling (Table 2)- The sigrrificant reductions one sees

in Figure 32 are due to nritigation, rather than the Y\IEP-

Furlher, as pointed out in (Sriniyasan et al-, 2017) these rcs,ults are consistent with
assessments of water implications of power generation in the U9 China and the uK @yers
et aI-, 2014; Konadu et al", 2015; Ijao et aI-, 2016; Madqrick et aI-, 2012; Wan et al-, 2)16)-

Further, Madanick et al. (2012) goes on to higNight that retirement of once-through cooling
systems over time can significantly reduce water withdrawals, while consunptive uses are

seen to increase in several low-carbon scenarios, due to the efftct explained above.

The following sedion looks at the impact of High and Low growth sensitivities on these

resrrlts.



Tfrc high $owth scurario assumes a trowdl rate of arornd 7-8j6 betrveen Z)l I arrd 2051

whereas lhe Iow growlh scurario takes up a growth rate of 5,lr% be-hreen Z)1 1 and 2(b1 -

Tlre two are replication of the Refurence scerrario in tlre senr lhat no additional effort is
assumed regarding mitigation- However, the uptake of efficient tedrnologie between tlre
three will differ on acrount of the highy' low growth, In tlre high growth scerrario, efficient
technologies pnetrate faster owint to improved spanding ablities of the people sEnming
from higlrcr levels of ecuromic activity while in the Iow growth s.enario, tlre uptake is
restricted on accurnt of tre overall sluggish econorny- For insfance, the higlr growth scenario
facts higher energ;r demand owing to high GDP growtl; the tedmologies improve tlreir
efficirncy faster, whereas in the low growrh sourio the ene16r demand is low while
tedmologic less €ffi ciant

3.3.1 High Growth Sbnsitivity

Figures }? and 3l describe t}le capacity and tmeratim m the high growft scsurio. Tlre
overall capacity rea&€s 681 GIV in 2(Bl and 1422 GW in ZL5l, and the generation 3520 TWh
and 7836 TWh in lhe same years. These yalu€s are all hiSher ftun lhe rspective values in
lhe refercrrce scsrario, due to increased demand- The omparison with tr Refurence

sotrnrio is provided in tlle following sectirxr- Natural gas and coal urtinue ro d@rhate Ale

energy mix in this ranario, owing to no additiornl ernphasis fii mitigatic(as it is a

sensitivlty analyis O Arc Reference sceurio)
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Figure 33: High Growth Sctnario Capacity (GW)
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Figure 35: Low Growth Scerrario Capacity(GW)
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Figure 34: High Growth Scrnario Power Gerrration(IWh)

3.3.2 Low Growth Sensitivity

Low Growth Scenario Capacity(GW)
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High Growth Scenario Power Generation(Twh)
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Figures 35 and 36 descibe trc capacity ad gExratial in rlre low gmwfh scenario. Ilre
overall capacity rea&es 372 GV\I in ZBl and 7IE GW in ZEf, and the generatior l9zl TWh
and 3791 TWh in lhe sane years. Tlrese r"alues are a[ lower Atan the reryective vahres in llre
referenc scenario, due to redued dennnd- A comparisur wirh itre Refcrerrce sctrrario is
prowided in tlrc folowing section-
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3.3.3 Comparative Analysis- Growth Rate Sensitivity

Sensitivity Analysis- Electricity Generation (TWhl I
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Figure 37: Electricity Generation Growth Rate S€nsitivity

Figure 37 depic-ts ttre sensitivity of electricity goreration to growth rate. While rhe re{erence

soenario readres a value of 5245 TWh in ZE1, mder rlre high grow0r case, 7836 TWh of
elecbicity is gen€rated, while in tlre low growth case, 3790 TWh is gurerarnd- Tlrere is ihus a
differtrrce of 26{11 TWh and 1445 TWh above and below tlrc Re{ertrrce ssnrio in ZEl,
respectiYety-

Iffith this diffurencr in g€nffatidL it may be expecfed $at llre waH cursumPtim and
withdrawal requirements will also show a subs-tantial variation Ihis Figures 39 and tl{)

below guantify this, for trc referenoe water and llrc l\lEP case-

38

ntegratec Vode ling Study oi u-e Food-ENerc'r' lvaler \exus r ndia



Water Withdmwal Sensitivity
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Water Consumption Sensitivity
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Fmm Figure 38, which dcpicts rcsults in Ere Re{ertrrce waer policy case, it can be setrr Arat
both water wilhdnwal and cuurrrptiur are higher in fte high growtr scenario vis-a-vis the
Reference scenario; arrd lower in the low growth scernrio- Curcetely, tre high gro*lh
sctrrario has a water wi0drawal higher tlran the refersrce scanario by 41 % and water
coruunption higher by 24%. On Ole other hmd lhe low growrh scenario has a lower water
withdrawal of 31% and curomptiur by 18%-

On the other han4 Figure 39 slrcws Arc resulls in lhe WEP case- Here, the high growfir
renario has a water withdrawal highq than tlre refercrrce scerrario by 42%, and a higher
consuurptiur by 26%- On Are ofter han4 llrc low growth scnario has a lower water
withdrawal by 29% and cmsrmptiur by 18%.
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Figure 38: Water llliftdrawal and Consunption Growtr Rate Scrsitivity under Refererrce

Water Scnario



Water Withdrawal Sensitivity-
wEP (bcm)

Water Consumption Sensitivity-
WEP (bcm)
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Figure 3& Water Wihdrawal and Cursunption Grorvtrr Rate S€nsitivity under WEP
Sctnario

t0

Th€ s€nsitivity analysis thus slrows that rmder bdr high and low growrh paradigms, the
water wilhdrawals and cursurrptians follow fte patterns of the refurence scenario albeit at
higher and Iower values, and gives us a band-wid& in whidr lhe water wirhdnwal and
water consmptior of the elec{ricity sector wo d likely vary givm r}rese difftrent growth
rates. For tlre horizsr year 2O51, the band-widlhs are found to be abort lm b<rn and 7 b<rr
for withdrawal and consumption in tlre nolTEP case; and about l0 bcrr and 7 bor for
withdrawals and consumption in the WEP case-

A further obscrvatiur that may be made fron figures 38 and 39 is that Arc high growth
scsrario with WEP is more water efficierrt than tlre Re{ertrrce case; a point higNighting that
water efficiency has the potantial to offuet inseased resource requircryrents- In ZE1, the high
growrh rtnario wirh WEP sees withdrawals lower than tlre Refurcrrce case by 84% and
consumption lower by 2895.



This study on the srergy-water nexus, lyith its scenario based analysis o{ the implications of
alternative energy futures during 2011-2051 on the countf/s w.ater reources, indicates the
following key findings:

1 - Both mitigation action and water efficienry policies have substantial impact on
reduction in water withdrawal as well as consumption.

2. As compared to the Refererrce Scenario, the Mitigaton and Ambition scenarios
inficate a fall in water withdnwal of 16% and 84% and a fall in water consumption
of 10% and 20% in ZEI- This shows the significant water cobcrrefit of nritigation
action. Fur0rcr, it also shows that the variation in water cdlsumption is not so mucl5
but the variation in water withdrawal inceases sigrrificantly with higher Ievels of
mitigation acoss the rerrarios"

3- The results across tlre ssrarios indicated that a 10% cumulative (2011-2{151)

reduction in carbon dioxide emissions would result in a -lIYo cumulative reduction
in water withdrawal and a 1096 cumulative reductiur in watr consumption; while a
28%, cumulative reduction in emissions in -51 % cumulative saving of water
withdrawal and -14% cumulative reduction in wata cursumptiorj respectiwely-

4- -Additional implicatidrs o{ Water Efficiency Policy [{fED were sarnined via
scenarios reflecting sbong srforcment of govemmsrt rqIulatiurs Tlre WEP
scsrario indicated reduction in water withdrawal of tlre Reference scenario by 89% in
ZEl, allhough Ore water .ons'umption increased maryinatry (-2%), due tlre effecfs
explained eadi€r- Tlr Iargest water savinga pa*icrrlarly in wattr wilhdrawals, were
sesl in the cas€ wlrcrE rlre IffEP acted on a rrnario whidr had a higfr level of
mitigation- Accordingly, mitigatiur and IffEP seeured to work in tandem in bringing
down waler wilhdrawals- Tlre Aribition sccnario wiih an adive WEP indicad
rvater savings of aromd 94% in 2(El, with respect to ilre Refererrce Sctrrario, due to
rhe result of cumulatiYe efu-

5- An important point ftat cmerged particularly in Are deep decarbcrization scenario,
or,A.nrbition scenario, was that to meet the base load drmand, increasing PV or wind
would perhaps be srrpplemanted by inaeased solar llrermal as well- Solar rhermal
emeged as a tedmologSr which could meet the deep decarbonizatiot ambition while
also meeting base load requirements, due to the ef6ciency and viability of thermal
storage- However, solar lhernral is a renewable energy with a srrbstantial water
footprint particula y in tems of water consrrmpion- Increard penetration of sotar
trrermal trdrnologSr in the Ambition scenario was sesr to be dre reason behind water
conslmptidr not falling as Iow as may hal.e be€n fhe case if the mitigation had been
addeved by solar PV or wind errerry (neady 0 water consumers), despite the
srbstantial nrark-up of mitigatior and reduction in coal capacity. This dirEctional
finding is imporfant since it rais€s the point lftat cerlain tecl'nrologies that are
important for mitigation may have a mu{h higher water footprint fhan others, and
the droice of tedmologies must be made keping in mind ttrc local curtext of water-

6. The sensitivity analysis wiih higher and lower GDP growtr raf€s showed that the
water withdrawals and cwrsrrmptions broadly followed llre patterns of the r€fer€nc€
sc€nario itself, with onrly tlre levels of magpitude varyint- This indicates that growth
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Accordingly, going ahead, it is evident from this study that mitigation action has significant
water saving potential, and is most certainly a coienefit of dilnate change mititation action.

Further, strict adherence to MoEFCC guidelines on water saving in thernral plants has the
capacity to substantially reduce water withdrawals, as the water savings it brings, with
rcspect to the scenario without ils implenrentation are very significant, must be adhered to.

Therefore, for a country like India. where year on year, the stress on water resources is

becoming more and more apparent, the benefits that mitigation and WEP can provide are

cmcial, and both should be promoted by the policy environment At the same time, c€rtain

technologies important for mitigation may have a significant lArater footprint, and therefore
policies need to consider both perspectiwes carefuIly, promoting technologies that are berrign

both from an emissions and water use percpective, keeping in mind Ate local water context.

Such an approach is cmcial, given lhat India's absolute €nergy consumption would continue
to increar, which could exacerbate the prcssrres on water dernand (whidr muld also

increar acoss each of ihe sectors, ranging from households to industries to agricultffe).
This holds increased relevanoe in &rc context of dimate variability, which is likdy to only
exac€rbate water scarcity across several rcgiols in rhe future-
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rate per se may orrly result in a variation of levels within a certain band-width in
which the water withdrawal and water cons,umption u.ould likely vary- The

bandwidth was found to be about 100 bqr and 7 bcrn in withdrawal and
consumption terms without the YYEP in plaoe, and about 10 bcnr and 7 bor with the

WEP in place. Further, it was noted that the high gror*th scenario with the WEP in
place used less water than the reference rtnario-



Appendix - Work done under SGWG Published Paper
In the first component of the project, d.re teams part of tlre SGWG agreed to study the rvater
footprints of India's electricity scenarim using a Refertrrce and a l-ow Carbon Scenario, the
latter having about a 5O7. emission intensity reduction of the electricity sector- The results of
all teams were collated and published as a irrumal publication, Some of the figures from the
analysis are presenH here for completeness of the reporL Details can be seen at (Srinivasan
et al.,2O77).
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