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Potential Pathways for carbon footprint reduction and sustainability

Indian Grid Emission Factor in 2022-23 : 0.71 Tony/MWh (including RES)
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(1) NH3 fuel supply system

{2) Burner, AA (additional air)

* Appropriate selection of
piping and valves

* NH: leak prevention

and unburned NH3

ammonia burners

* Measures against NOx increase

* Measures against nitriding of

(3) Bailer heat transfer surface |
* Decrease in boiler
heat absorption
+ Change in bank heat
absorption

(4) NOx removal equipment
= Effect of unburned NH3

+ Effect of NOx increase and
gas volume increase

measures
= Effect of increase in unbumed « Effect of increase in gas ‘
combustible in ash | wvolume
= Presence of NH2 content in ash
s
Boiler 4 ‘
I_' D | \
; . : 1 IDF — f l
Ammonia ==} 2 [Dust| — | |
r De-NOx T e GGH - ) pOta,l'w:aw' GGH
! 2 collector
oading arm / = | 3 ™1
Additional air |- o 5 Stack
=
<~ % Ammonia feesn L Ammonia
/T K -w " Ammonia Ll Coal /“\)
an 4 ) FDF ¥ o
I r-"—/« GCoal o N/ (8) Environmental equipment
P
Pump Heater i (=—)paF | - Effect of unburned NHs
. ‘ =5 - Effect of exhaust gas volume
Ammoma Mill ® andmoisture contentincrease
carrier f !
7 » Limited fan capacity
+ Additional installation of detoxification + Coal/ammonia fuel control method : E(?ril;‘)::l?agtj:;:vfglr?oem;g:ldstion
23:{2‘;8”( and fuel piping purge + Startup method and handling of « Effect on performance of air
unit tnp S
* NHs leak detection, measures to - gger:.f;:: and low-tempersture
prevent damage spread, etc.

FDF: Ferced Draft Fan
PAF: Primary Air Fan

IDF: Induced Draft Fan
GGH: Gas/Gas Heater

Figure 1 Technological issues in modifying coal-fired boiler to ammonia co-fired boiler
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250 TIaTe B SHfibdd AT a9l g3 ¢! fonl
37 vedt g8 I AT F S YR 7 Ud
2030 d®F SO ol SMaRISHdT BT 50 %
& Il ¥ R B YN BT AL [T g,
fored gardt Sl Wipga +t ool @ Sae
arell § | 3@ b BRI IR I 31U+ s

Tadl SR S{aRET & HRUT TAdiHRuiy
I & JAHM TR DI aRNNA Hx- T &

TeT &1 TR I 2030 3R 2070 & 3U 500
iaic & Agarbial dgd Hl @R A &
oy fire wifsfaferdt & ik Il &) sgd

STel $ReYd TS arelt Bl

T aF # @d g AP faggd
TSN, T 3 W-2023 4 9@ 2029-30 dH
208.25 TR dedflay HERUI &HdT i
3fTaIHdl BT STAM fear g1 R R dedt
WRS @ 91 B, O 7Adas g & s
IId Iul b 8 I THRTHT 6 TNIaie gNm

Tt §cdt RS aFt gt YR # Il
YSRU & TAHM 3R HIdT S9R BT 3Mhed

Nt FfRur 3 o uiferht # fooan 2, s
YR R e Iof verw wenfafeal o
3MYfd Y@e R Fd AN BT AGToN Il
ST Thal gl YRA uRew & fow o9
Il HeRU Menfiet T8 Iuged §, s |
HY 3D NAIHAT §, 37 Weffeal &
Wy e & R g @we @ e ar
T, 1 IR Faldl BT SAd gol SIe<d
g
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39 faggd TIoMT & SIgHHIER, §1d
202637 d%  82.37 INIamE-3fiaR Il
USRI &Hdl P Al (YTyd! I 47.65
TmaTe-3iiar, dedl WRS /ARty J 34.72
hmare-sifaR) usml 98 2047 9% T8
3TaRIH T dghx 2380 TTETC-3HiaR (Hugdt
¥ 540 THTETE-3faR 3R TETITT I 1840
mare-sifaR) g9 & Wi g1 2070 &
i e Y IoH dgdl & AeAoR ol
oET O 3fe 3ol o ° 3ol HUSRUI H
HIB! FGldel RNt | Joll HERU &, A
e, & fou faggd @ 4
Adpifere ot W st @t 8, anfe
g gRfyd fear o1 9 for dwish & U™
T HSRUT &HdT SUA 81 39 coldes! &
IR 2023-24 H 1% 30Ol I dgde
2029-30 d&H 4% 3GSl g e, fored
0.5% Ufday 3 rftl 9 I & s9&
Siaild G &1 aft Q@ A SS9 $d
Tufed ol B HH I HH 85% & Joll
Al I S|

oef Iuf HUSRU MRl & PO
fdped Ugd § & ITHT B 3@ ©, del ardpal
R MY IR 1 30V $D dbed fAgad &
1. TS Wi WogediTadt : doadt s
TR Pt I HERU & F$S dgaH fadbedi
T 3t gl 3 Tiemare- imaesieRk TR W
HSRU &al gl 39T g g8 Bel I8
g fF o8 s TR W 6 42 1 IYY T

faoTelt ¢ Obdl 31 3TP 3fTEl, TR 39
el ¥ ted ¥ uRfed €, ol fis
Tared ¥ gwAa | edl 8 | ufd feaare
T 3R Fexy WR W HSRU @Fld




Tagga e

F=H1g fagga aiferaeor

ST, 2024

(Tefte) oft Sgd e TE § (3. 35,000/
fordiare SR . 3.91/ fodiaresiiar)| diead
&1 STyl g ot gore: wWew g

3 YR H 4.7 1imare &t dogdt awdr g

3% ofamar faft wsal § bs uRdieAg
fgprg & faftm ROl & )

2. BIggIoA I6ll HSRUL: gleglor H 3a™
Ioif HId (AR § TH) & qY e I
IdGd Pl SiDbEHARY P B SfdRad
& §1 gIaih, Ml TE 9o &1 diffa
&l & DHRUN 3TB TN AR aRidb o Fal
B Ul § | U Sodcidiger &1 YoiNid g
78,375/- ¥UY Ufd fohaiare g forad giggio
P! AN 330-453 ¥UU Ul feen g1 &9
T W AW A W T g geax
14,025 398 Ufd fbdlare 9% o &l o,
R BRIOH  IdET ANl d 825
SW/fHAUH d% g gt gl

3. YyHd FHul HSRUL  yHd el HSRU
/ST & A 36 IR Foil Gaz dregd
a9 8, SFDT $A &Har T 500 TIETE
g1 150 TIaTe & AMAd & 3R 18 ©e
d% & CIRUY a1 U Pard clar &R &1
HIAT HUd 15 ¥ 37 e ¥ud Ufd
Atare & &9 Usdl § |

Fig 1: Energy Storage Target Projection

by 2030

B RE Integration M Discom Side ESS Ancillary Service

4. 98 HUSRU: I8 TR R, SRwawy o
RTAT $& G WG & TR db B T8 gl
3§ dP, g1 B! T TSt gt Iodl USRI
TRl QUEE. B A AT TSl TR
BRI gRT Yoo TIEE/1,&00 WMETC3HTER
F U B T T8 ¢l de-gutad fre-
Wd TR & fou oRfFEeE oM |
ATHAA BT 3Mbe RSt g | dedi-
WRS @ Y e & Tay o g9 T
g ¥ I, g R faga ¥ I &R
% & ¥ dOR fafmy-eme St smard
R 81 W OF H WA §U WPHR 3Ot
faft aiaet iR ugdl, S PLI OIS
2021 & GRT 9% W FH0 R SR ¢ @1
g1 9Tl & SradT, SEuuuy & g U,
HORER 3R IR, =AM, AT &R
SO § 3d B g1 39 delal & fAafor
AR udewr & fou omavged UM SR
IR0t A9 F emad B |1 eirefm-

3T gt ®F AR THT 13,600-20,000
I/ fhraiaresiiar | Sl 91 2030 & gear
5,500 ¥WY/ fdhdldc-3ak de Ugad &l
IuE Bl

India Battery Energy Storage System Market Size,

2023 To 2032 (USD Biltion)

CAGR: 11.41%

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

&n's‘aﬂée‘? mmﬁ@wﬁwmmaﬂwmﬁ@wﬁmw%

St HSRUI | YU BTSS! HERUI | dcdl Soll HeR | YHd SHoll YRl | gIsgre St
wenfiet YSRUT

TNt aarer | 9 9 5-9 7- 9

R
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fagga aie FH1g fagga miféraeor TGV, 2024
&HdT (MWh) 50 MW- 1000+ | 400MW/ 1600 [ 200 to 1010 | 60,000- 100,000
MW, MWh MWh (1010
(900 MW - MWh HRd H)
gofaIs, URd )
et amg gol - fedides | 4-8 ©¢ 16 ©¢ 9 to 10 ©¢
ASWeTsH 18,000 - 27,000 | 2,000- 20 to 25 I 5-7 9d
qEfhd (50 AT@l | 4,000+ AEfHA
7)
BIESRE 0.1-0.2 Wi 40-60 Wikg 1 MW/m® 1.4-5 W/cm?
ol g9 0.2-2 Whil 160- 0.05 to 0.55 0.4370 Wikg
350 Whikg MWh/m?®
A8s feu & | 8o% 85-95% (@ | 70-90 %
(%) W),
60-75% (Rrew
TR)
FUIN (3) 35,000 -55,000 / | 13,600 - 20,000 | 240,000 /kW 56,000~ 112,000/kW
kW / kWh
Ta W 3 T | 3.91 10.16 8.65
(Z/kWh)
St s&g @ (kg | 120 162 185
CO2 eq/MWh)
WRd @ fafemior | A9 a7 @7 ent a6 smarfad; | TARISN 09 R | 5 MMT/lyear (99
&war I 70% Tezh fafmmor &) | (HRA) 2030 d% qierd)
§gral ¢ & fo | 250 Gwh
EISEISIE S T &
S ()
Pw W P | Ridd B P Y | S g dieiien 3R ge gar
IUART RIGIY
SOl WSRUI | JUSTH $AI & | =M, g, | QU H FE R0 3pTepT, SE,
W BTG | Faw 30% TP | Ry, R, fesRals anfe
@l Tff8d | i
fafaret T smama W’
a1 o1 Tt g
PRI R A9 H
fmtor

IS YUSRUT & HAigel Tau= & éw@aﬁsﬁa@m@g@ﬁwﬁ
fI=ReIvoT § I8 3/ o THhdT § b U ®Re, Ided WA P WA & fou fafame
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F=H1g fagga aiferaeor

TV, 2024

Ty df Ag g1 W 3 oW T w0 ¥
2 URAfeHdl & Ided iR 39 9 §U
3 Tegslt W B 91d IRa 8, N sem
Sol & HSRU el Ry uguEi @
3T B

F Y LRI THSIHRE GRT SHolt WSROI
Wid & uRaive Hgg it @y 9 3
R T8t 81 U gfefardt & fow visrur
¥ fou i@ rRe g SR ol Yo
Wy g4 9Tl S P18 TP SReR foorall
DI I offdes THeH & w9 H §oR d
I Il 7, I a9l R R0 Huar ol
ot amafafad & forg, A wdem & forw ar
3 IR}l @I fooial S99 & forw dsru
@ FI SEfa §f S et B

¥ K 3k %k K K k K K k ¥k K

Tdisvuita umaRr : fagga vomelt § snféfhlRre Sefomia (wans) ot yfirer
- a7 ¥H FUARYE, WS Full AN Foif GRIdT FHIT

fSrat aifde fooie & 3Mawadar gial
2, EAN, FA9Y 3R MY veeH &) I
g 3ifts AT Bt 31 3R gt 98 § S 9y
nféfrRra gfeela ( whm gfgmr) Juma
TR GHA g YD St yomett & fow wang
& ® AT 8, o W e § daw
yseE yunel 3R fawaar &) Higsamh a@
Wit 1 IeeRu & faw,  fooelt e
farraarsit 3R WAR! BT HRUT 974 I U Gl
1 UdT 1 Jobd g |
Sl & | S gigw (TTE) & A -
3R gAfaar Farg?
ol &7 fafis UBR & ITA-AHE & forg
T3 (Al) BT MY 36T JHdT g | HH BT arat

ol BT U=Ia §¢ 77 | | JaT YTl 3 SiiareH
S SR TRATY SHof & Tgad ITANT H ST
3T STl &HA R R o1 39 Ufehar &
forg vierur faaia &=am 3R sier Soit & g
% & Aead YUTell USH dRAT TGS ¢
Al gRT Teferd U id T IUHNT SUHT

WY IuHigarai & SHeil ITTNT 3R §9d P Rib
Pl gead g

43

fadrdipd R s & fAmior & W, ugd
THEd 3T B ITANT TRb ol 37E 3R
3{T3TYC Bl Tferd BT IHd g1 fcaawi &
fagqgdiarur, sfem (Fdieuid) faggd qfs,
oot 1, AR T @) geret & Fgd
TR SR 3 Saarg gRac & Faferd gersi
& AT § Aivel I8 W ga1d Ug 381 § Hifd
fagga @ O SR oM@ @& ofAfda SR
URadTRI UHfd B W FRA & AU STt
Hame |1

T & fou W, Tx, fayad, T ok
Riera faorelt & wrau™ & fawRa # & o
fagga Bre sfaiRar &1 Snyfdiaxy 3R
SIHTETZORA 3R ASigd 1 Uee Hg@yqut
g1 U8 TR SHolf & & TaSion &g "t &
forT s iR fPwrd ot @t fozn ¥ Ad
einii

3 oY B, IoH! Bl HH B 3R ot
1T 3R fayita faoiclt Uem & & qed &l
T - & foT g 3awas § & “sifAfdd ok
URadlg  TdieRuig e’ (variable
Renewable Energy) @I 3{fIieie THMEINST




F=H1g fagga aiferaeor

Saga, 2024

PR U Forh fore Al &t TryfiesdT ardt SUaRT
& A D1 U IS Uee & IR IS &
R, e weme ok faygtaar qur
fre Tgar T H ST I !

FE Ok U8 & ofamEr, UsMs W IR
VAN & HRU 3T Hid-biew fawal S|
3R A9 SrAuwr of TP & H D
St rfeaawr (Clean Energy Economy)
& foTT ST BT Yo R BT | !

T amarel § giferan Wi 3 whlpd SHet
I § SR Y& & T T3S & SUANT &
A Bt fOdR & B Sgrar faar g1 ot
Ire & YW, Mer ok IT@ & Hieal faakd

Feadh & A1 ¥ SUAS Scl & 9=md gd &l
JUTNT YAt 3R ol ST GRT Jeud™
fAspy fRerem & fore fosar s gwar g

TIb I@mEl, IAd Al Hisd B "SIg afT
Tisd thHde R A Rid forar o gar g, o
3T AR W BISSYH AISd & =0 | ST STl
21 S Aisdl B ue ST W Ui fhar
ST & 3R 3T IR TR HeHl/Hrl ot T fawqd
sl & AR fora STl €| 39 TRE & BISSRH
isd P gL @ Alsd (ML) (Al &1 Th
3Iue forqd A=Al & Wy =9 ¥ uumW &
fa T Se1 ¥ 91 e Srar §) & Heg 9
o Ria foran o Iohdl g1 39 "URd Al e
& degd forT ST gl g, R URd Al 9%
T (IAIC) ®I WeRlt 98 AecHisd Algd
(LMM) 3R SIA7-fafRy Afsd R faviy sk 24

& Y IFAH G & U U9 SR faaia
aﬁuﬁﬂm?ﬂum BR3eTHd Hied &
a3k a1 &1 g or><-1ﬁu|eqvc«u-1|aﬁ

Tg g1 SRV & T - TPIpa s @
S-falky wEswA wfser B ¥ s
TareHt & fafay g o Sort IR I & 8-
eI vag & vefid e & fog ufds &
e & 3aRgedl B T HA T JgMar o
g g

i ¥, 93 Hefipd faeTell SRR SR 3feT-
T TR R Ui ool IdEH! B IR
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Bieldifeeay (didl), Ua= Tanferd esfsT 3nfe
Y Ble, faaRkd sk uRed-ig S Rex gRI
gfoifUd fear STem gyaq Idie &Hdl
forgror R 5T ROE & AR a8 2029-30 &
ferg (Optimal Generation Mix report for
2029-30), UR 3R Uad &I Foa  &mar #
YrfiaRt ANEr 29.4%  (Us 2024 d&F ) ¥
IGHR 50.5% BH B IWE 7, o Tu firs
gardl e & SgHad 3R BRe-¢fhT $iR
SRR FoTl BT dgaR G 3R TeieH HA
& U Ul fasRa oA &1 smaxadar
grftl fag af 2023-24 ¥ 3w H Wt fagga
IdTe H fUBa 98 &1 qa-1 | S[aF® 17% Bt
HH S, I Sy URAdT P BRU Hol
IdTe H AT Bl g=iar g

% Jardl, faavur Jead o, fooreh wes frs
S o 9fohd UifieR §9 38 8, o @l
Pre-Fpaaes feasy ¥, WX & Uiy siem™
JUFRI, 341 T IUTNT HR R 71 T fSagy
faorell Tl B o WY & fIwelt Iy
3IFed A | Ted 1 Ghd § 3R 3ifiw
S{TRER 37T aTel 318 SHoll Bl Agfrd HR 3R
a9E SR Jdag ¥ Wefid Sedl & Ul
g%ﬂﬁmaa%r%ma%&waaawm
|

TS dRdfdd IHT H AR Wkl &1 Tl
AR 3R DT TATE SohR 3R ISR gHal o

Tg@yul §HATE o BI & P I8 ABR
WM D!t 961 THhdT ¢ | T UPR, Sel-ganferd

AT GG FRA IR TIHTS-3MRT TaER
3R STHYH B IR A & e qrdeifie
&7 ¥ SR Pt Ugd, UG 3R ITAfrar
Fo & Iy-g1y Fvfg @1 @ IeM & i

foorelt & H Wars o1 ATH S/ o Tahdl ¢

R <X H THTE THIRRSH & Tad [db &
e fayaiig o & IuAY BT S g
31ft waE YR o 9gd RN TRUTH g WR 4T
ST bl g & SeT e glewic IHR B I

T H s T R T3S & 31 3R areH




FH1Y fagyge anferaseor

IV, 2024

UIeH §gd 8¢ d MR s fayaa et 30 MY § Gfhd §, U adb o Bl AU

JUARIAT IR 3R T3S & fo1 avuaa Reguaey
P! A HR fAyTg FRR W= Foll ur

9 a1 ¢ b Talts &) Ao ugel urufiresdn o
B 3T PIS I A1 I8 T

* K 3k K K %k K kK K k ¥k

aTiyg fagyga Sa= &1 adiar Jare

[ 318/ St TP § S raftiaar o7 e Teaqul §H1YH |
- o9 PER [T, [evie, 8 & .8 gy

uR=a:

aa Tiafafedl & ®Ru argHed § WHgeY
1 &t AT § AR g 81 R8T 8, T SR
e Fufieruass aftfmygd g & e
TS gAT §9 T 81 W8Sy YU & HRUT
Ay Siea amaH # gig | fafte oivfRufae
yonferdt & forg ik aikom 81 & GureT 1
PIE-SRARIZS(CO,) WS WHeT3T 19
g, S aed aiftdn & o g st g
Sfiaren S (1adr, dd 3R 1) af¥ye Siaaryg
URad- § 3§ db &1 a8 98T TNeHG §,
S 3 WeT3H T IS & 75% ¥ 3ifih
3R Tt HT-STSIHF™S IS & ATHT
90% & fore fSieR &1 Tatad anfif &) g
R HIY UH & [T, YRd IRPHR = 2050 dh
PIE-SRIHIZS IToH P 50 Ufawrd HH
HRA 3R 2070 dF Y& LI db Uga B
PIRCFCG) RE IR

faqga &7 $a FE-SEAHRES IS o
WY Th-fagls &1 INeH a1 §, 39
SiaRA g9 oMU fagga el & forw
TR Foil R e AT HRT RBR &
PIA-STZIH RIS TR Bl HH B &b IURIad
! ! UT B H Hgaqul YAt FuT Favar
21 39 3 & oI, YR PR 3 2030 dF
500 TTNTTATE 318 Sl &FdT &1 d&d @l gl
At Had 318/ ol gUR X & fAHN 3R
Jedl AT Pt gl T BT G ol B Faball
21 39N R, oot SR I H faggd
3mgfd gRfd &= & forw fagga e o siem
oll Tl (SR IR SHolt, Tad Sl STa-faggd
3o, ST BTt 3R YO S, 3Mife) aa
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Siiared geq SuTRd URWR® SHoit didl gt
BT HIY-T1Y TS T SHAID & | &R Sl
Il B URMRE ol Hidl & JrY-TrY Hieler
faqgd firs o 2nfire w=a &t ufshar »3rerg SHetl
THIHIOP HEan gl

YR faggd e @i (sme.35i ) = siem
Soll Tl & "3MaRgH FaraT” (Must Run)
D1 &oll UG fbaT 81 3T Aads ¢ b fopdt off
IS HRON F e ol Tral § fororent ot
FHeldl Tel Bt off Tebd!, e HRUT IRWRS
faqgd #iT & IR 3U+ I H IR-IR
FEAd I & foIU AR BT el ¢ | Sy
3 ol TP H $S BT el
B TS QT 2| 3H& Bl B THIbRU § gadl
IS R “3Me Holt @I SAFRRET 3R
Sffafiraar(Variability and Intermittency)

gl

3T SOl & THIHIU § AT &
PR

1. Hrgw @ fRUf: IR IR Ua7 Sl o3&
ol Wid URUR® St Al & fAudid A R
ik g9 §1 IeeRur & fow, IR Solf @
IdTE GO gRT Iffd ST R IR HRaA1 |
3 UBR, Ta- Sl BT TG gal Bl 1 3R
f=n & Ty geaar |dr 8, o Iare &
T IAR-IGId a1 /T B |

2. Argat # giads: Al § uRada &
ol Bt AR 3R SAYfef Seadt et |, o
fagga Iadre @ Fafiydar wyifad g 3|




Tagga e

FH1Y fagyge anferaseor

ST, 2024

3. U & Iy AT H uRad=: Sl &) 7T 9y
& I Faad gl §, oI Gag IR XMH & T
AT IRA R BT |, &P R SHoll i fo

T AU & I TRHE W BT 21 39 UBR
faggd JameA & sifafiad gt 71

3T ol & TPIHIor § Sffufiaar &
UHId:

1. fre sifRdnsiem ol Adr ¥ ura ol
Iare Bt tfafirdar ¥ frs & fow fagga #m
3R 3myfd & ot Ige 9T e aur s
3R 9 diees & RR §E 3@ H B
OaT gt 5

2. 31&/ ol Wi faggd &t Oi &1 gH
F TR, URURS ol didl ¥ ifaled o
IdG & HRU 3H&T SHoll Aldl BT IdTeT
A & gobar B, S e Foif Adl b
“JHTaGH JATAT BT UHIAd B bl g |

3. fagga omyfd faywmiaan: siemr ot Sial @
U SHoll SdTed $I Al ¥ fayw-ia

faega omufd gRfd o & Hf3AE dar @
Fahclt ¢ 4T 1Y 1 I8 fagga Toradn qawnsi
B HRUT ot §9 Tl g

AT SOl & THIHIU | Sffafiaar &
JHTad JHTYT:

1. ol HSRU: §3 TN W a3, o9
fofrg-sm defval, Fof & 3= Ided &
G Soll BT HESRUI TR, HH IAGT &
T HTTLIHAT TS TR 3ATYff I Jebeit B
2. TU-YSRUI BTSS! : 39 dPh-d gRI
Ut 1 3Ha18 IR UY b Soll ol JUgUT foa
ST @ 3R IRl U WR 39 Iufed U
D! BISHR foolell IUT & Siet g

3. frs enyfaiswon: 1 s mafiet
& I I Il & vaTe &1 IR SR v
JER &1V a1 o Tt 7, o srer St
P IAR-TTT B! JHITT AT B ST 5

4. fewis Rwui=w wmw: 59 UoH &
Ted SUHITTSN Bl SHoll Bt TS [T & JH
HH IUANT I & faw Weried fvar S g,
Oy | 3R 3MYff FT JgeR dTaHd ST o |

46

5.  CTEH-3h-g ow: IJHT-3NURG
R® AR B A U3 B Sl BT ST
R-Uw g § $H & e dienfea fear s
Thdl 2|

6.  3Ad HIGH YaigAM: 9gaR ANH &R
IATE YaTgH IUHRUT 3T SHoll IdTeT Pt
e Hfawamft s A Heg ard 8, S frs
Tl ] 1 GaTa Uee= # Tgradt ferdt g1
7.  gisfos serm ufvdieAng:  9OR, Ua,
3R dedt HeRU & R o+ uRaeHR
31fee RR UTaR FwTg UG HRcll 6, Sff fororall
DT AT 3R Y[ & IAR-TGTd DI Tferd HA
T gag BT ]

8. U9 gssioM: WA TRINH (&
ol ¥ IAMed gIESeH) dd IHT dd SHoll
HSRU & ¥ U H B & Iohdl gl 39 9 |
fooreht Iadreq, S IuanT a1 uRkagd &
fore 49 & U o IUTRT foran S Il B |

9.  drdig fagga a=a=t &1 e Jara:
e Sl & THIHRUl H Sffafidar & A
ﬁngﬁ?ﬁmmﬁmmwmﬂw

T Heeaqul Yf¥eT U1 Idar 81 ardia
fagga 9t & adial TareH &1 o § fos 3 e

fafts Tg-siRra & srefd Holt Bt s
TUT SUHNTCATSN GRT faggd &1 7T H 9gard &
TR U {aqgd I &l DI JHRATST
HR IHd g |

i fagga WaAt & i Jarad & g
U<k

1. d91q 3R §¢ & fagga T &
eIt ¥ 91 3R &g B B &

2. 3 YR I WA Pt gl emar @
P R IAIA B P &

3. gAaH Sdied TR: fdggd IO gRI
qaY $H fdggd Sded WR, o R 97 dg
BT fo T &1 &R T g

4. IAFR: YUA gRI faggd IdEH oY
Sl § g™ 1 g $i &l

5. e gy ufafesar: fre smafi &t R
§U @ & oY faggd Idre &1 Ao
B DI &I




FH1Y fagyge anferaseor
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adg fagga W9t & ddiq d@dae o
AT 3R JHTYTH:

DI YR adi faggd T4, sidid & 5a-
fagga a1 19 snerika Sare I difds T quic &
1Y 99 ol W a1a & o e o i e
T Y| 3 G4 TgrIdh 3R IU- Yoot 3md
IR R faggd Id1eH # 9ead (IdR-TeE) &
gfa fAferg 1t 81 FHafd smur o faoredt
IdIGd & 8 daddl Dl UM & fog ardg
fagqga 97 &1 ToreH SigeR, cafsd SR
DI gafeiT Red & Iq-T1Y 96 fafva
e IUHRUN R Ca1d 81 Ihdl gl ITH
3{TaT DI YR dId fdggd SdTad! Bl
fdggd IdeT ¥ IR-GR IdR-IGId & HRUI
$S a0Iou® gl &1 it JEAT ST uSdl 6|

T faggd T & e e § g
B R B & o1 po gAY FafRad ¢

1. 3Myfie Fg=ur yunferdl @ el H=imer
MeNfifeal & A1y Hieler J431 &1 3ad ST

2. T AT B! WicdTied B dTal STeIR oA
DI AR, AT

3. I Hare UM 3R UiRI&r SRt
D! faRId B

Fug fagga witrerui@ e snarfa amg
foqga Safd sewmal w1 wflen
Tara-yfafaaa, 2023:

3{ef FHoll & THIHRUl H Sifafirdar & A
DI R P & forw ardig fagga Ta= & adid
o Bt AgaqUl YHHT b HEOR, Ha
faggd w9 SFas1,2023 o @I
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https://www.nature.com/articles/d41586-017-07506-z
https://www.nature.com/articles/d41586-017-07506-z
https://www.eia.gov/energyexplained/nuclear/us-nuclear-industry.php#:~:text=U.S.%20nuclear%20electricity%20generation%20capacity,capacity%20of%20about%2095%2C492%20MW.
https://www.energy.gov/articles/top-11-things-you-didn-t-know-about-fuel-cells?__hstc=249664665.c4c19cb07371ff969047d1e32930bf29.1725184732817.1725184732817.1725184732817.1&__hssc=249664665.1.1725184732817&__hsfp=4047840898
https://www.smithsonianmag.com/sponsored/brief-history-solar-panels-180972006/
https://www.smithsonianmag.com/sponsored/brief-history-solar-panels-180972006/
https://www.energy.gov/eere/wind/history-us-wind-energy?__hstc=249664665.c4c19cb07371ff969047d1e32930bf29.1725184732817.1725184732817.1725184732817.1&__hssc=249664665.1.1725184732817&__hsfp=4047840898
https://www.energy.gov/eere/wind/history-us-wind-energy?__hstc=249664665.c4c19cb07371ff969047d1e32930bf29.1725184732817.1725184732817.1725184732817.1&__hssc=249664665.1.1725184732817&__hsfp=4047840898
https://www.eia.gov/energyexplained/hydropower/#:~:text=The%20first%20industrial%20use%20of,%2C%20on%20September%2030%2C%201882.
https://www.eia.gov/energyexplained/hydropower/#:~:text=The%20first%20industrial%20use%20of,%2C%20on%20September%2030%2C%201882.
https://www.energy.gov/eere/geothermal/history-geothermal-energy-america?__hstc=249664665.c4c19cb07371ff969047d1e32930bf29.1725184732817.1725184732817.1725184732817.1&__hssc=249664665.1.1725184732817&__hsfp=4047840898
https://www.eia.gov/energyexplained/hydropower/#:~:text=The%20first%20industrial%20use%20of,%2C%20on%20September%2030%2C%201882.
https://www.eia.gov/energyexplained/hydropower/#:~:text=The%20first%20industrial%20use%20of,%2C%20on%20September%2030%2C%201882.
https://www.energy.gov/eere/wind/history-us-wind-energy?__hstc=249664665.c4c19cb07371ff969047d1e32930bf29.1725184732817.1725184732817.1725184732817.1&__hssc=249664665.1.1725184732817&__hsfp=4047840898
https://www.energy.gov/eere/wind/history-us-wind-energy?__hstc=249664665.c4c19cb07371ff969047d1e32930bf29.1725184732817.1725184732817.1725184732817.1&__hssc=249664665.1.1725184732817&__hsfp=4047840898
https://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf?__hstc=249664665.c4c19cb07371ff969047d1e32930bf29.1725184732817.1725184732817.1725184732817.1&__hssc=249664665.1.1725184732817&__hsfp=4047840898
https://www.eia.gov/energyexplained/us-energy-facts/
https://www.eia.gov/energyexplained/us-energy-facts/
https://www.eia.gov/energyexplained/us-energy-facts/
https://www.eia.gov/energyexplained/us-energy-facts/
https://www.eia.gov/energyexplained/renewable-sources/
https://www.ipcc.ch/sr15/chapter/spm/
https://www.ipcc.ch/sr15/chapter/spm/
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-by-2050
https://www.whitehouse.gov/wp-content/uploads/2021/10/US-Long-Term-Strategy.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/10/US-Long-Term-Strategy.pdf
https://www.c2es.org/content/renewable-energy/#:~:text=At%2Da%2Dglance,percent%20from%202000%20to%202020).
https://www.c2es.org/content/renewable-energy/#:~:text=At%2Da%2Dglance,percent%20from%202000%20to%202020).
https://www.nrel.gov/grid/wwsis.html
https://www.energy.gov/articles/doe-report-finds-energy-jobs-grew-faster-overall-us-employment-2021?__hstc=249664665.c4c19cb07371ff969047d1e32930bf29.1725184732817.1725184732817.1725184732817.1&__hssc=249664665.1.1725184732817&__hsfp=4047840898
https://www.energy.gov/articles/doe-report-finds-energy-jobs-grew-faster-overall-us-employment-2021?__hstc=249664665.c4c19cb07371ff969047d1e32930bf29.1725184732817.1725184732817.1725184732817.1&__hssc=249664665.1.1725184732817&__hsfp=4047840898
https://www.whitehouse.gov/wp-content/uploads/2021/10/US-Long-Term-Strategy.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/10/US-Long-Term-Strategy.pdf
https://www.wri.org/research/green-jobs-advantage-how-climate-friendly-investments-are-better-job-creators
https://www.wri.org/research/green-jobs-advantage-how-climate-friendly-investments-are-better-job-creators
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https://www.thelancet.com/article/S0140-6736(20)32290-X/fulltext
https://netzeroamerica.princeton.edu/img/Princeton_NZA_Interim_Report_15_Dec_2020_FINAL.pdf
https://netzeroamerica.princeton.edu/img/Princeton_NZA_Interim_Report_15_Dec_2020_FINAL.pdf
https://www.pnnl.gov/news-media/are-microgrids-key-grid-resiliency
https://www.pnnl.gov/news-media/advances-renewable-energy-are-being-made-pnnl-scientists
https://www.nrel.gov/analysis/re-futures.html
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https://www.pnnl.gov/grid-storage-launchpad-pnnl
https://www.pnnl.gov/grid-storage-launchpad-pnnl
https://www.pnnl.gov/environmental-performance-hydropower
https://www.pnnl.gov/energy-equity-health
https://www.pnnl.gov/projects/renewable-energy-landscapes
https://www.pnnl.gov/grid-energy-storage
https://www.pnnl.gov/flexible-loads-and-generation
https://www.pnnl.gov/advanced-building-controls
https://www.pnnl.gov/advanced-building-controls
https://www.nrel.gov/news/program/2021/north-american-renewable-integration-study-highlights-opportunities-for-a-coordinated-continental-low-carbon-grid.html
https://www.nrel.gov/news/program/2021/north-american-renewable-integration-study-highlights-opportunities-for-a-coordinated-continental-low-carbon-grid.html
https://www.pnnl.gov/energy-system-modeling
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