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Power Plant Engineering (315374) OiaR wiie s (315374)

Unit 1. UTaR Wicadl Gayd a<d

(Fundamental of Power plant)

A= (Course Outcomes) (CO):
co1 -G aRfRYda uiaR wicardt amg U IBCERH (Choose the appropriate fuel for the

power plant in given situation)
(Theory Learning Outcomes):

TLO 1.1 YRdrdid {01 Sireite fafae giar Wﬁﬂ?ﬁ qa-n A, (Compare different power plants in
India and world.)

TLO 1.2 HRdIdd fafdy UTer SIoRerg= aret 2. (List various power corporations in India)

TLO 1.3 gIgc ReRmard! smawgs fafdy ey JHa GICH (List the different criteria for site
selection)

TLO 1.4 ¥H TR Wieardd eatsR a1 i, (State the IBR Norms for steam power plant)

TLO 1.5UIaR wicq e Ugyur ARt Tad Ao WY #R01. (State the regulation for pollution
control in power plants)

TLO 1.6 OIaR WIW%[ Hg . (State the importance of power plant)

TLO 1.7 fdoe FediaR snerid dfaR m%[ CUiCTUETE] (Classify the power plants on the basis
of given criteria)

TLO 1.8 f33edn UfR wicHed aruRedT SuMa WUe s aHleul 6. (Classify the fuel used in given
power plant.)

1.1 AT YRAHI® d SNfde IRUN® SHell yeeuid arol 9 RasT RS [uosy
TATYATEAT JgHid): TRURS SHol Uheuid! iew: TRIRS 3ol Thed &Id Iiiid JHuNd
UG U BIFIS RIU (BIRTSG SY) S B Pl (Coal), H9RIH A (Natural Gas) SHTFOT
d@ (Oil) TR TG ST, T GFGIR Lol (Nuclear Energy) d AT TGS SIAS! Hoided
(Hydro Projects) 3o griel GHIRNY 3M13d. € Wiid iedl RRdrgans, S= el uriage 3y
AFTUiigHETel ST (Dispatchable Nature) $HRUATAT &HAHS 3fIGRITURTG il ScTe-TeAT
HEIT G 3R, I, Ffa TafaRoaR IUMRT URUIE (H8TeH a1y SToi-, UgHUT) T BIRe
trqqaq%r Taifed sifa g quf SFIRT & 3iaT $gUse TS (Renewable Energy) &9 dbd

\‘rlﬂﬁ‘cﬁ Selt ARTUlY (2023) - 2023 T AMTAS WIS Hofl AR gnrﬁ 620 EJ (Exajoules) BIdl.
f4ggd AR 3fTot 29,900 TWh (Terawatt-hours) 81T, IR STRT THUT faggd T & gHIR 8.89
TW (8,890 GW) Sd! BIdiT. AT URURD Soll Tdldid aTaRTd FHT0N Ja Iy 315

i. a9 (Oil) - 32% ii. DI (Coal) - 26%

iii. 9 dig (Natural Gas) —23% iv. ?I%GR (Nuclear) - 4%

v. Q1T JETuTTca Sefdegd (Hydro — Large Scale) — 6%

vi. g} ECIERUIRETIR (Other Renewables — @Fﬂ ﬁl‘s’ ElTEhTI'H ﬁf@f?‘lﬁ?ﬂ - 8%
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Figure 1.1 Percentage of consumption of energy resources at Global

SFTfae RAMUd THUr 9 I &Tdr AR 8,900 GW 3 AW URURG Hidid INTeH
QEIIUHTOT 3118 —
1) YHd (Thermal - P13, a1, fermge SnfdT f$gi@): 4500 GW

&) DIl (Coal): 2500 GW

) da, a1, fermmse YT f&$9iet: 2000 GW
2) WGR (Nuclear): 374 GW
3) BIS! (Hydro): 1400 GW
4) EEICZIE (Renewables - Fﬁ? GIRIE] 2Y93): 2600 GW
SNIfae i SudsHdr (Global Resource Availability): CAERIE RG] (Coal Reserves) {FIﬁ
107 fefemm &9 o@ @ ugem @R, Wmr A ofr yRa@  smea.
M Y (Natural Gas) AR 200 feferm gmiex, qregd: IR, ZRI0T, HdR SAOr Safkest a1 S=imed
SUAsY 3. ddl (Oil) AR 1.7 fefera ok, ard qwa 91 firsd %, guan S 6-1sT 3 Sfed.
@&l’qﬁ (Uranium) %[@:I'I;\" 6.1 TRIAE e BT Tad 1S (Identified Resources) U GH%T‘T
YRATTe Soif ARTUT G [REST (Indian Energy Demand & Supply) (2023-24) : 2023 & YR
UTYTHe Solf AR YHR 37 EJ (Exajoules) SAHT BT, 2024 A YRAT! Y UiaR f$HIS (Peak Power
Demand) AR 250 GW Idd! Aigad e, THU aiifies diet FAfHd gHR 1,949 TWh Sdd! g,
YRATT T AT e e &R JAR 7% 3%
YRl Aftd IRuRe Sl Widram arR (Conventional Sources Consumption in India):

1) HIBHT (Coal): 56%

2) dd (Oil): 27%

3) W(Natural Gas): 6%

4) Q{%\}R (Nuclear): 1%

5) RIS (Hydro — HIGAT JHTUMIA): 4%

6) X Tdef Set |d (Other Renewables — Fﬁ? anR], EITCﬁTIW, ﬁfGﬁ'&Iﬁﬁ): 6%
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Figure 1.2 Percentage of consumption of energy resources in India

YR THUT RITTUA diet (e &mar AR 468 GW 38, ST T8 URURS Sl idid ANTaH Jeid
THTO! 3718 — 1) YHd (@lesd, 19, forrseafesia) : 239.7 GW

D) BIosdl : 212 GW

9) 19, fommgeafesid : 27 GW
2) fFISR (Nuclear) : 8.08 GW
3) IS (Hydro) : 47.7 GW
4) W@Wﬂ (Renewables — @N dads.) : 172.3 GW
YR S8 FId SUARAT : BT (Coal) :  HRA SINTfAH DTN ST 53T HHDT aR 3]
(319 3f&l TH). HRAT AR 70% drel (T Bles=mar nenid offg. 3= qolrl HIBTS! 20%
3{TATd BRG] ARTG. A9 aig (Natural Gas): TS — 1.3 fefera w1 ey, ® 918 U™ wqgrarat
(Offshore) &FTd 3MRd. A (Oil): HRAT 85% I AT 3(Acid Mg — YR SgT PHeedl qeara!
TRCTMER AU 318, R (Uranium): TG 1S SIS, HRATAT F(adeR Hell (i Ta!
AT 3T A1 AN, Safdgdd (Hydropower): HRATHE 145 GW &HdaT HRUR JUTT HI3T
IUAs 3Tg, [a=Ivd: fRHTI 9 S¥dard Y.
YR ATOT S URuR® Tataidt go-n
(Comparison of Conventional Resources of India & Global)

Table 1.1 Comparison of Conventional resources of India & Global

gfyror EINIGEY YR
URURS Tdldrar arel AR 70% AR 65%
DB TG aeEH (AR 35%) SR (48-55%)
Ffifer TeET AR W%&TW HA d 7EH
3T 3fadied JGTITAT SR, 713! Heqd 4o 9 T3 Sifaed
RgUa® ol de dul UTCI dTe (QRI, ) god d1ed 318
U (fFd3rR) faswr Td (1=, 3T, IR Tied
ANTUNT § RAGATNS dblad | HeEH (@RISH GURd 3175) 3AdaT S

Maharashtra State Board of Technical Education 3
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YR 9 siTfae fafay die geeuist go-n

(Comparison of Different Power Plants in India and Global)

Table 1.2 Comparison of Power Plants in India and Global

faqg Tid A | preferera G & IoE | fazaeEd
UG UHR | 3Tl KA (X/KWh)
i . GIREUAGE R T, 30-45% | ¥4-%6 S SR
(SUIBICHE) TSGR (CO2, IT)
3
. faeid
G[FI3R PEIEITH RS
PeApod 33% R&M, HHT | SHfaerd
ENED) B ﬁa‘m Zacn"r e
gl ot Sio ] wag | A
A RO F BRI ERUT | 85-90% s | st SR
GUNECICER daodl
IR St HSOT Sffazm
Solar IR %ﬂirw deemd | 15722% | -3 - ﬁCfWI'iﬂ?R
o o . ~ aodl
(Wind) o uﬁe-?ﬁ IH anﬁa—rn;cz 35750% | 33-%4 ot
, (I
Wed-d% | Uod
CIRGIR| T TSI SEEN | 20-30% | %4-%6 S AeqH
ey Uhed

it &Hdr

YR THUT R dtel i & @ 2025 Tid)

Table 1.3 Total Installed Power Generating Capacity of India

1.zmﬁmmm_mamuammammmm

G &l (GW)
SIATRASY (Fossil Fuels - ®loadl, P
. 47.7
(Hydro - Large Scale)
Q{%\?’N (Nuclear) 8.08
TdFa3URUNEGSH I (Renewables) 172.3
TR0l AR 468 GW

HTeTeh! 89T TR GFBRUT:
Table 1.4 Ownership wise Installed Capacity in India

IS R &HdT (GW) qreT (%)
D% DR 106 22.4%
AT WBR 111 23.3%
Wt & 257 54.3%

Maharashtra State Board of Technical Education
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YRaHte Tge disr A o=
A. TRBRI HU:
(i) P TRSHRAT GAUT:
1. NTPC Ltd. (National Thermal Power Corporation): YRAM! Faid {13 diel SdTad HUL. ﬁﬂf\’ 80
GW &g HTIRd SR, TMAeY Hieddl, 14, Tafagyd MoT AfaT Seif Uebedtar THaw 8.
2. NHPC Ltd. (National Hydroelectric Power Corporation): H’@T@ Tﬁﬂﬁi{gﬂ heqiaR YTRT HUl.
&7 — 8.03 GW (0 Udhed SH-H1RUR g ferrad uewr Aed sfga).
3.NLC India Ltd.: RIS eaR Sed ardig eved Irerdd. &Hdl - 5.07 GW (YHd G Al Sl Udhedid
fersron).
4. NPCIL (Nuclear Power Corporation of India Ltd.): HRamdia Id &FU;L?ﬂ\_r[ AR NPCIL AT
el ST, & - 8.08 GW.
5. PGCIL (Power Grid Corporation of India Ltd.): g g1 9 fAmfor v g, R QT@H Utg 3for
SRR STaRITIH .
(i) Y TXHRZAT HUT:
U ATl Wa:dl State Electricity Generation Corporation (T ﬁ?ﬂﬁ A TeHe®) M.
Jal: MAHAGENCO (H8RTF), TANGEDCO (df#e1g), UPRVUNL (3R UaRT), GSECL (eRTd).
1 HYT HIswl, T, Tofaggd I IR FHoiar ARG Udhed Aroddid. ThHd R &Har gHR 115
GW Tdd 3g.
B. W QAT diel STadh HUAT:
1. Adani Power Ltd.: &HdT — 15.25 GW Ie5dT SR I Yehed — ToRTd, HERIY, ISR T
HRRA.
2. Tata Power: &Hdl — 15.7 GW HI5dI, 9, TR, IRT MO Waste Heat Recovery YR Tebeuian
BEICKE
3. JSW Energy: &Wdl - 10.9 GW Il STd 0T A IS Udhed (Renewables) Iial THIGT.
4. Reliance Power: ﬁ'ﬁlﬁ 6 GW &Hdd il d TN TR Udbed.
5. Renewable IPPs (Independent Power Producers): ReNew Power, Greenko, Azure Power d
ACME Solar IT &U=gid! ThAd &HdT 25 GW Ul 31fee 3Tg.
1.3 aTb=T fagyga Harardt o FaSi! A y: arthar IrauiR faggd &% (Steam Power Plant) —
g H% Biad U (S &1 HISHI, dd) IS 3ol ST SHord WUIdRd ®d, o e JifAd Soid
1) SIITR (Boiler): S STTa+ 0T IUM=AT SSRITAT WG UT0ATd dTthd TR .
2) R §IeX (Super Heater): SIATRAYT e Hgic s TIHGT HTURG! TRH el JURG T aTh §-dd],
STHes HIRIEHAT TG,

3) TEISA (Turbine): ATHATA SSHT SHolf ATAD BT SHord TR B,
4) HS=IR (Condenser): ATIRTA! A% g1 4 H& UTUTTd FTUIART HRal.
5) g dicr UY (Feed Water Pump): dho-aR Heiie Uroft T digeRee G0 ol

)

)

6) IHITHIISR (Economizer): W{Wiﬂﬁ I STINT H& Bis diex Uifge B,
7) U3R WX (Air Preheater): T T19d! SWIAT AU B-aH L SITOMAT gad UTglfeT Hdl.

Maharashtra State Board of Technical Education 5
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3
=
§ ]
- PulverizerI
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Precipitator L—(O- > /
Fetle;l:ljmater Condenser :
P Water Cooling Tower
Storage

Figure 1.3 Steam Power Plant
(Image Courtesy http://www.elecrticaleasy.com/2015/08/thermal-power-plant.html )

PTAUG! (Working Principle): OT0ff SIgeRA Tl Sld f1Y & SaIET aithd & aidiRd gid. 8t
1% JURGICR YT SIS CaiaTH YR HRd 9 Tl [had. T S-Rexdl siedd 3d, A
i fAATT . AR € 9% HeIRAE UT Hd UIvgd FUIdRd 8id d Hiedic} UUgR J=l
SIgeRYY TR SITd.

T aR ITAUITAT A YhearTat v Fadard! smaxgs fAey

1. SYATE IUSSAT (Fuel Availability): SUTIT IIAMSAE HYSS R BRIGIIR 3d (Il DIl
2. JTUgTd SUSSIAT: Fdd SO UG FHIUIT YTugT=] QRAS] gdl. g aTufl IIoR Big, ek i d
I BIATBUINTAT AR ST, A, HIodl, ToTd fhdl STeRANdSd R IUgdd 3.

3. SIfBFiTR TRST: 500 o 2000 THR FUTE d Holgd YT S §aT. T TFUM, DT AU, G gTaresuft,
;I"{-IIT-IQH JERS e—rrfﬁrsﬁ?rt@ (Green Buffer Zone) TTal 81 SHIM 3TaxTdH 3.

4. AP GAYT: ¥ed G T ANTIGR DB dIgdes, TAAHUT IO A e gofauar I S/,
S SIS SExSaBI® RIM IUFAd 3.

5. IG TIHUGTE! T (Ash Disposal): HISZITAR ATGUMAT Tebedid HIGAT THTUMGR I TOR Bld. AR
6. BIS TcxoIa®d IUGSKIAT: TN 30T F[GLoIdes diol Udhed Ul BRIGIR 33d. IS TITHRH
1Y (dIel arggalciio der) HHT gidl S wdfd §<d gld.

7. Y3l 30T AT OTeH: JUTe IO Aolgd AT SGo! S SHTazdd 3R, SRS, GHao !
fdhdT QRUQUT &3 TraTdla.

8. gdMHIH iRyt (Meteorological Conditions): H&H gdTHIA 3Ta, 3 Ur$hd, ?Eﬁ grecs 3o
¢oh 312 3Afd garH R CTesTaTd. AT UGNl URUMH HH! HRUGT! ar=aTe [ [daRTd Sirdl.
9. THARUIqSI® §T6: MoEFCC (GafaRUl HAT6) =1 fAaHid UTe ®R01 Hazddh 3iTe. UaiaRod
TUTd Jeid (EIA) IR0 §YTHRS 3G,

10. SiUPpM AR d HIEaR! IUssd: e, We, de aRT died 3 HG-AHIS

Maharashtra State Board of Technical Education 6


http://www.elecrticaleasy.com/2015/08/thermal-power-plant.html

Power Plant Engineering (315374) OiaR wiie s (315374)

HHIR JUGK 0! bl TAiaR JHRIAD TRUTH Hal.
11. BIACRIR HRT (Legal Clearances): STHIM XdIaRUI, a1/ a3t &R erddl, Tafarol a
SRR ey (Ideal Site Parameters)

Table 1.5 Ideal Site Parameters for Steam Power Plant

oy T fRyeht
. Plesdl WUl Sges fbal IH AEqHd Faem
R YA RIM
groft || WROR 9 fay&=itg (<], STerer)
Jedd Yed 9 T AN gay
G FTeRT 311 Uty fohar s garR
dIe Yeloaa dIS AR &I 300-500 fabHt SfeRTd
A TegH gaH, *Rd STuiuRT Jad &
BRIERY I 9 Tgyul g0 fAgwi gut ured

SiUpH g, PRA/IPYA HIHES d

ST S PHIIGRIR IRAFT Tgof TSR

1.4 YR SR (99 (IBR) W UlaR WicHdt

HRAIT S1aeR 98, 1950 § YR Siger ffad, 1923 3fdiid dUR HRUATd 31 3R, HRATdd
SIITR SHATOT AT HSfd Ui fEems, Studm™, Hrivume 3T qurof arie! T HreRR dide
U&H . & aH faRiva: ST ofiftr T tier Wicy Aed sigerd JR&f SfoT e ol gHfdd
HdId.

TATURY URAT: Yod S19ay s (Central Boilers Board - CBB) g URiT aTORT @ SENT HATT, HRA
WPHR T HRERA AR,

IBR frwi=m SER: IBR 1 T8 331 WU SiAoR S0 W IH URUes-Td R (S, Siydm,
G0 T C/HTE JARad HRoun. a1 Haaar STANT 3UdTd e UaTa!, oradl JAHd [ehgd
SAUITTS!, 4 SR qUTIUT SIO1 THIOIT HROaRITST BT il

IBR o &

IBR f0% 1950 WG YeHiaR ST GIAId: 22.75 fdexg 3ifeid eifdd TH duR SO ¥4 s[go 9,
3.5 kg/cm? UefT SIRd GTEM IS UM W U UGS,

IBR T WIelldl STelid THGR Bid:

1. 919eR 9 I U (RAd, $H, oY, dlecg, fhidw)

2. BRI GI&/dTIHMIER AUl Wi TS a Sfaasiet

3. S1aeR A3fEN T fihfdr S & dlecg, YR B1ex, SHIFTHTISR IO YRET SUHI0!

I UleR WicHrd! IBR faH

1. IR SR T HeRI® T SgH: S1goRd (SIS IBR ARG HISUIAR fdhal ASME IR
SARITIY AFBITIR b Tes Ulfgl. aTRUIT JUT=AT §d HERISHIST JHIONGS SHIa=TSH 3 o IBR
AF®HIIER 3RS Uiigol. T ARl Sazadhdl a1 YW chiale! 3¥d, S1goR 0, 884, 3H,
2. SIgeR YRR 30T qUIHIUR: thad IBR-UHIUG SdIGHd SigoRd YRR UIcH qUR & dbdld.
Ul ITE Ufehan IBR-3HHd FRigdmidg fafay cuid que! S

i. AeRTe sasiefthdz g arauit

ii. ITHT g afeeT

iii. NDT (Radiography, Ultrasonic, Dye Penetrant)

Maharashtra State Board of Technical Education 7
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iv. fSTE URREAT 1.5 UC G gRASRICd Aol
v. 3ifaq qurgoh 9 gaE
3. IR R d BT dIGdl SURTM (erection) IBR TR UihaTaRY o] Urfgel. B ufdsar
IBR-UHTIOIT U ST g GORUATS! $ho! SiTd. BRI, Sigedt 1.25 d 1.5 U HRIGHEER
SSRCICd AUt Bl SiTd.
4. Aot T THTA: TAE SOeE RIAE Siaer WiUeGRUNes Aigult TR0 Aaxge 318, TXRA!
JUHUHR, Figult %D a qurgell JHUS f&d Sid. IBR YHIVHIRGR SR dI6aul S
IDHIGRIR 3T
5. TIH TSI f995: IBR Section IX TR, 3.5 kg/cm? Y&l STRd GIETAR ATG UM 94 €A g BIS dlex
TSt IBR o R gidTa.
&rﬁam‘ama"r:
i, X TRy g ey
ii. ACRg® ¢ Aieftharcd (MTC)
iii. AfET UfehaT 9 des’ urdl
iv. fbfche dgaandl XS smntthe arult
v. UZR Iraof
6. 3TRZA T AT F9H: Wad THIG e doM fhal ddhe oM SiaeR SlcachegTd Siaes
G0 TP 3. Fafld qurguar e uHTor SreANd:
i. afes oot — Y aTeeg araofl, NDT, afe STel quryoft
ii. ZTC SIS ULl — ST BT favid d STel Jurgut
7. JRET aIH AT dIgoH YH dlecg, YRR 719, dIcR 0RO SShaR, HISISH dleg ol SUDHRUI
IBR HHGHITIR 30 SRS 3T
SffTard gR&m aRar:
i. HTUGHTO I §¢ UUMST (Emergency Shutdown)
ii. YU oI
iii. =01 IUHRU (URR, IUHH, T 3.)
iv. ToH AHITS RREH (6419 SIaoda)
1.5 CPCB (H¢d UTegRM Seld d1s) ST MPCB (WERTY UTegeH S ld als) o UlaR WicHra!
ram
UiaR Wi, faRivad: SiesRiar SemRd UHd Wicy, g g, aruft Sfor Ardiea YguUmd §&d 9id e,
i YaiaR o YHTaTd fA8=01 $auaremdl, CPCB 31fYT T Wi H8a S @t MPCB, Environment
Protection Act, 1986 T Air/Water Acts 3iaiid rad siRaard 31for siHed Sordra.
CPCB 30T MPCB Tidt YfHeh1

Table 1.6 Role of CPCB and MPCB

IfereRor | YffreeT

CPCB | CRMUMAIAR GHIaRulig Ao 9 YRUI 33ad
MPCE %WCPCB 1 T SHGETaU A g R TROER HERd FRIA
CPCB dUTaRIcHTONaH
1. I IS HTH (2015 T FaTRA):
MOoEFCC (Ministry of Environment, Forest, and Climate Change) = 2015 AL YU GiaR Lmiq{-li-llonl
I IS Hatel GUIRd Fe. a1 Fafel Wicd! &Fdl g BT aufdaR ade 3.

Maharashtra State Board of Technical Education 8
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Table 1.7 Air Emission Norms

. SO: NOx PM Hg
G (MW) TPRIET | ) | (mg/N) | (mg/Now) | (ug/Nem)
<500 MW
(2003 T e 3 T 600 600 100 RJIUGIE]
> 500 MW
(2003 T 2016 W HIHEH 200 300 50 0.03
FSS Ubel)
Td Uhed
02017 R B BIY) 100 100 30 0.03
2. 9[d 9= 4 914 fHa9:
i. WA dicx dherH ferfe:
< 3.5 m¥MWh (3fKTQTd ST Wicard)
<2.5 m¥MWh (4 Wicaran)

il. ?‘%ﬂ'{ STa¥aT AR 3ffard (Closed Cycle Cooling).
iii. Zero Liquid Discharge (ZLD): UTUgTEl edel cedl I 94 91 Uishdl He gl
CIENURCIGRIC
iv. FciT dlex |1a: Hare fagar dud™ d16 5°C Uaf 3% T4l
3. 9 BT oh g faegare:
i. 100% TR STRMET IR (Wi Y& MR 3-5 auid)
ii. 37T TR - Rywe [, de/sate a9a0), it oSt
iii. 3T GISTaT 3fRMd: AR Peial YUl g TS HATHd TURIUT B0 AT
4. &3t UguT Ffar:
i. Wicedl YHeR AT 75 dB
ii. TR, SPIReH Hegd d gikd UgT Hfard
5. qafaRuftg FRigrom sravger:
i. CEMS (Continuous Emission Monitoring System) — SOz, NOx, PM, CO
ii. CPCB/MPCB Fegll 3{efs Sirguft
iii. CEMS for water discharge (H'IEI'I%[ ﬁﬁ&‘l’fﬂ)
iv. gafaRofi sfifse Rarca fafta areiaxor
MPCB d UlaR Wicarat fAaa
1. RITUAT 9 YATE GRAT (Consent to Establish & Operate) Water Act (1974) 30T Air Act (1981)
3idd MPCB % g JaIo IRAHXI 3a=ad Sl
i. Consent to Establish (CTE) — Wil Wﬂaﬂﬁﬁ‘aﬂ?‘ﬁ EIG
ii. Consent to Operate (CTO) — WIc W&I’Tﬁ‘aﬂ?ﬁ EIG
2. ISR S{JUIS (State-Level Compliance): MPCB 8 CPCB (Central Pollution Control Board)
=1 T UTeH $Rd. A s, GO, AR JRReT Taiar oy gl Y-z HRTHE MPCB 3Hfid
HAR a0 BN HF Zdhd. AT A9 T[OTa FIAUT, STS[ETS[eAT gaMHHTd HL1ef0T, UTaTedT o
W&R (Rainwater Harvesting), 9 S&d gl fIp T TTaR HR feT ST,
3. gad &0 (Continuous Monitoring): CEMS (Continuous Emission Monitoring System — Al
SIS AT CEQMS (Continuous Effluent Quality Monitoring System — HTd IUTAxT) Iy
YU AR SHTg. Td ST MPCB T Yo R3GCIgH UIGaul a3 3Te.
4. YIPTGIID HaR] HTRITT (Hazardous Waste Management): 3121 9 T gidT YHIGAT Hazardous
Waste Rules, 2016 3{c¥id gIdl. TS TG WaqUT, UishaT d faegare gfaer SRaot 3Tazaed 318,
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5. SFAEUT § TOiaRoid UWd i (EIA): 94 M Udhed fddl &fdl deigal EIA
(Environmental Impact Assessment) 3{gdl® ddR HRO! A 3. D \_rl:lﬂ_FI'ITJI'Uﬂ MPCB
AThd U0 §eFHRS 3.

6. PIIGAR MUPR T <8 (Legal Powers and Penalties): MPCB I WIS PGIIR SMUDHR 3Ted,
PHRUI GREdl A a'@f, gﬁ?ﬁr &g W, Environment Protection Act, 1986 3fTfd 35 MMHROY.
1.6 UTaR WicH: ™id Ag<d SATfor aaffevor

OTeR Wic TgUS U ST Uabed SRdl off Wi el Siaiarg faggd Ioii (Ao HRugrie!
JIRST AL ATeR WBicy el o 9 e fasrd siaid Aear YHdT goliddrd, HRUT d
R, SN, I d T AT THT 36 9 fazae=il dieTqRaaT YAfRad sxard.
TSI Ad T G URd ST, URURS (Non-Renewable) TSl AId @ 3ORURS (Renewable)
TSl |,

Table 1.8 Classification of Power Plants based on sources of energy

Power Plant

Conventional Non Conventional
Steam/Thermal Power Plant Solar System
Diesel Power Plant Wind Energy Power System
Gas Turbine Power Plant Ocethermal Energy
Hydo-Electric Power Plant Wave & Tidal Energy
Nuclear Power Plant Thermoelectric Generator
Biogas, Biomass Energy Power
System

fIqgd Uhedid Hetd

# fagga FfH: MY STaT! HUI - FHTRI, IWICT, SUTOT 30T STRTRATS! AT,

ne SN IHTT: IdTeH T WIS ST 3RS AoTYRAs! AR 3.

® 3N I ufkasH, RAch ST TaT &A1 UM ¢ S uHed dT g8 dd.

A STTGTHT GUROT: TiTe 07, SIRa=ar Snifdr snyfAes gfaen we gidrd.

= 3ol RIgAdT: [aYNITe di MiHdIges smardiasid s/ade SHl gid 30T Wed! fRRRar ared.

£ 9 T 318/ Sl (BT YD Uhed WD Sl LAHS TG Gdld d Seor HH! BRI
fagyga yweua arffevor

faqgd umed fafay Fersiar snetlkd afferd od SIdrd:

Table 1.9 Classification of Power Plant

3. Solt AT YR aiffhRor
SEAN quieg JaTexl
DI, 40, Y ARTRBAT SUATURE Tt ) =5
YHS R @i IeAT AT e I TR BT §d ’
31T Caig ITPae SIdrd. [
gag! Uk Wic oo gl fRUfds SHoll | UIhHTS, Text ekl
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JIEH CHIgd AIedo SIdrd.
.. SIS UfhdgR IWIAT A0 Bt
TR AR e TR S R 2t ford e, | T S TE
. IR, UaH, AN, SORY, Y-3if0e | gt dior, quise

RqRee e wic 33 3{&T HidiaR TR fds wrd
9. SHUREUTARUYTh AR STUTR AT THROT

PEIN Sull U=l
Yo Wiey FHFE >YHS TP THG IO A DHS
TS Wicy UIeRe »UbHH oI a Do
o 3R Wicy Y[FGIR >YHE TP DG -TO A DS
HIoR PV Wicy Tior (fgde) »solacdo
F. MSUPRIGIMUTRAT ST (FTRITGITAR)

PEAN Cau]
I OIS Wie qdd HRRG 3[d, T- A0 HRTA.
Ui OIS Wic hdes I AU 431 ATGaes Sild.
K Sad Wic AUHTO M fdhal JRAST Wied AT aTURS Sild.
$. RIMTERATYTRAGIHT BT
Retre o wiew ?ﬁ'o:)T &, ARfe Adie Siae S (G B g,
3. TRAYG AT TYR G [HR0T

TR IsH Hee’
W caied Wic G RCIEEEIRECASIG
1 caig Wi TRY IR AT Tals arede! ord
gg! Talgd Wic UT0gH Tals &8 [hao SIdrd
ERAG P WIC &g fhar 719 £fS5H aTRe od

1.7 URUR® ol UHedided qIuRe SR ST YHR ST cie qored
IRURS Sl Yahed IWIAT 01 HRUTTST STG-EH SR TG SR, 81 ST R fagga
Soid SUART Ho! OITd. Sroll UhedTd B ST SRIGRU UM ariRedl SITuM=aT ST
IR ST HTH $4Hd UhR fad 3igd:

Table 1.10 Types of fuels & its use in conventional power plants

SYATET TR qIRS STd $S

CaCRll e UiaR Wieaqs

GEICERVARER) fegie / 19 cafgd wicqns

Fafife arg T caigd d PSS JAHGHSE

(UGl S8 Ao IR TR Bicaqed
Y TquTenRt:
1. HOIRBDE Y, (Calorific Value): SUTAT Uheh TGH (U/%4) febal Tebep Tthes (A1) YUick:
SR FHTT BIUMRT ST TUS] HoIRhe o, U9 d 5d SU-TNTS! A1 IS k/kg TEd 31for
IRGHTAT kJ/m?® A o S,

2. GGRMAISE (Flash Point): SYATAT AThBISda™T YHIUNT SR USdld & T Usdo Jlaredl Juadhid
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ST &UMYTd Ue UdTd, &1 dTYHFTST TRMUise Fgurdid.

3. TPTARYIEE (Fire Point): ST YT AT USa@HI Aok fBHM 5 Jahe dad Siesdrd, o fH arae s
TS IR Ulse.

4. Ufd kWh ITUfe® T (Relative Cost per kWh): [ARR1¥ geM fhar Sodid arued 1 fhoide-aN
(kwh) dtsT fafor sRuarmsiare @,

ATTATTT S U TT YR SR go-Ted fAzouur:

Table 1.11 Comparison of Fuels based on Different Fuel Properties

. P e ERIRIED
¢ UBR - IRES faseR
2 (fourge) | (it 9) | (3RIMEC) | (Furnace) ag
) 2,400 5,700 7,150 9,000
7 4'1 800_ é 400_ 7 900_ 10,000 ) 10,500 1’o ooc; =
(kcal/kg L ' " " ' 1k L ' Vi kcal/kg | kcal/kg L '1 o (8x108
Er m?) cal’kg cal/kg cal/kg ca keal/g)
T3 Ulse 66 —
O ORI | ST | SRR | | 60°C | -188°C | SR
\J .
O BE[AE | ORLAE | SELAW | 120°C | 80°C | -188°C | ®W[ATE!
T 325 310 -
325-335 | ¥6-39 | ¥Z5-37 34-36 | T1-3%2
(R/kWh) %4 212
qemy | o FHHT 3T
qgfaRuig (NOX, L
Qg SR (CO2, SO, M) SIRd co (dd=¥ | (radioacti
(SOz) CO) YUA) ve waste)

TLO 1.1 Compare different power plants in India and the world
1. List any four major types of conventional power plants operating in India and the world.
2. Explain Indian energy demand & supply of conventional power plant& fuel resources
available.
3. Draw a pie chart showcasing Global energy consumption of conventional sources.
4. Draw a pie chart showcasing Indian energy consumption of conventional sources.
5. Compare conventional Resources of India with global on following parameters:
a. Percentage Share of Conventional Source b. Coal Usage
c. Natural Gas Usage d. Import Dependency
TLO 1.2 List various power corporations in India
1. List any four government and private power generating corporations with power generating
capacity in India.
2. Describe major power generating corporations in India on following points
a. Installed Power Plants b. Ownership wise Classification
c. Power generating Capacity  d. Conventional Energy Source
TLO 1.3 List the different criteria for site selection
1. List any four advantages of a well selected site for steam power plant.
2. List any four criteria for site selection for steam power plant.
3. Explain Factors affecting site selection for a steam power plant.
4. Explain Ideal site parameters for a steam power plant on following criteria
a. Fuel Availability b. Water Source
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c. Ash Disposal d. Load Center Accessibility
TLO 1.4 State the IBR Norms for steam power plant
1. Explain the purpose of IBR regulations for steam boiler.
2. Explain IBR norms for steam power plant.
3. Apply IBR norms for steam power plant during inspection and certification of components
of power plant

a. Boiler Design & Material Standards b. Boiler Manufacturing & Inspection
c. Steam Piping Regulations d. Operation & Maintenance Norms
e. Safety Requirements f. Registration & Certification

TLO 1.5 State the regulation for pollution control in power plants
1. Define role of CPCB (Central Pollution Control Board) & MPCB (Maharashtra Pollution
Control Board) for power plants.
2. Explain CPCB (Central Pollution Control Board) Norms for Power Plants.
3. Explain MPCB (Maharashtra Pollution Control Board) Norms for Power Plants.
TLO 1.6 State the importance of power plant
1. List the importance of power plants in national development.
TLO 1.7 Classify the power plants on the basis of given criteria.
1. Classify power plants on the basis of Convectional & Non-Conventional Sources.
2. Classify power plants on following basis
a. Source of energy b. Energy Conversion
c. Load Type d. Prime Mover
TLO 1.8 Classify the fuel used in given power plant
1. List the common fuels used in conventional Power Plants.
List the types of fuels & its use in conventional power plants.
Define Flash Point & Fire Point of fuel.
Define Calorific value & Relative Cost per kWh of fuel.
Compare fuels used in power plants (Coal, Furnace Oil, Natural Gas & Nuclear fuel) on
following fuel properties
a. Calorific Value b. Flash Point
c. Fire Point d. Relative Cost /kWh

Al
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Unit 2. ATSH W UTaR Wiie
(Modern Steam Power Plant)

fawg ﬁm?ﬁ(COUI'se Outcomes)-

CO2: 3MYFAH T Ui wicd! Hrigmda- i1 RIEAU0 GEHTS BRI aifdd 9 ST SRt

TR, (Apply relevant knowledge & skills to maintain a modern steam power plant efficiently and

safely.)

ych ﬁ'ﬂcﬁﬁ(Theory Learning Outcomes)

TLO 2.1 &TW W TiaRwiced defded I@led &, (Sketch the layout of modern steam
powerplant.)

TLO 2.2 W UlaR Wiceal JaTedl e BMH WY . (Explain working of different
components of steam power plant.)

TLO 2.3 T UTaR Wiie=a FaTe el Bl G, (State the functions of different components
of steam power plant.)

TLO 2.4 ¥ Ul Wil 37aTeaT Ui st qugiiel ¥&@Te . (Sketch the constructional
details of different components of steam power plant.)

TLO 2.5 SY-gTdTes Ul SUHR0 WY . ([Mustrate the fuel-handling equipment.)

TLO 2.6 IRG-gsfelT RcH AT Uchia SiUd™ 3T &’ WY &, (Explain the
construction and working of different components of ash-handling system.)

TLO 2.7 %I 32 fafay G-IHCIThT[ 1%1‘6’3[ (Write the various applications of fly ash.)

TLO 2.8 BI8 dlc} @Eﬁﬁiﬁ LAY . (State the objectives of feed water treatment.)

TLO 2.9 fciedr ThHaRf SiaeR< oy HHGg quiH . (Describe with sketches working
of the given FBC boilers.)

TLO 2.10 f3fay arommm sieem ot o Wy &= (Explain the construction and working of

various temperatures & feedwater control system.)
2.1 Modern Steam Power Plant-

Coal
Storage To Chimney
+ Flue Gases
Coal Air
g —a— i
Handling Preheater| Al
Plant 4
o Feed Water
miser - Main
Ash Ash Hand- | Super- vexs
. Ak Hand pers > Generator

Super-heater

+ Steam

High Pressure Exhaust Steam

Heater' o, ndensate
Extraction Pump

. Cond
Low Pressure naenser
Heater

Circulating
Water Pump ¥ Cooling Water

—_—— -
- A—
River or Canal

Boiler
Feed Pump

Figure 2.1 Layout of Modern Steam Power Plant
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(Image courtesy — Website- https://www.theengineerspost.com/thermal-power-
plant/#google vignette)

SIATICHY TR AT YUITS a1 HHTGRT 3HTe:

1. DI5T U7 TG BTATB U JUMlt (Coal and ash handling system)

2. g 3fifor WTTG P (Air and flue gas system)

3. I8 Tugrt 31for are fAfHdt vomedt (Feed water and steam generation system)

4. 4 YIUgr Yorrelt (Cooling water system)

2.1.1 Coal and Ash Handling System

Coal TT3dUl IraAY Tigrad ST 3azgd STdIBUNHaR fuel feeding device GR furnace AL SId.
TSR ash § boiler &1 AFNG o[ STHT BId 3701 R ash storage yard T o oIl

2.1.2 Air and Flue Gas System

Air 8 dIdTaRUNg forced draught fan fdar induced draught fan =1 ™A UdS SITd 307 4 air
preheater HYT furnace T UI3do SId. I air & flue gases EJ,% TR &S SId. B flue gases 11%
preheater YA chimney %8 ST,

2.1.3 Feed Water and Steam Generation System

Condenser HYT qTeR AUIR condensate UUH closed feed water heater 8 TRY &e> STd, WY turbine
=1 Faid HHt pressure extraction point HYT Jdo® steam dTURS SIId. Boiler A&, HHT dTqa HTf0T
SR dTIHMHTAT water 4T TG HRBIIS water df dGBIHR SIGAIG 8Id. Boiler AT AUMR wet
steam § AR superheater T TRH o oIl

2.1.4 Cooling Water Circuit

Condenser T& I pressure YRIUATHIST cooling water YIJ3T AP 3. § water I

FAHYA UdS T3, 2.
2.2.1 Superheater

Construction: § T coil-type heat exchanger 3, SHe U-shaped fobar serpentine steel tubes
3T, o headers BT HSGG SR, § tubes TRH flue gases TN JUHIT JdTd SUIH IWIAT ZNTS!

SIS 2D,
Flue gases Outlet
J \ l superheated

@l /1 ))O : steam
(- 7 -

1 D
- ' )

S )]

(- \
saturated[_: O . ] ) \
steam O 1 /

r Superheater Coil

Figure 2.2 Superheater
(Image courtesy — Website- https://makepipingeasy.com/what-is-a-boiler-economizer-why-he-is-
very-important-in-thermal-power-plant/)
Working: Boiler HYT JUIR saturated steam & superheater tubes HY Srd, f51Y d flue gases HY
3¢k JWTeT Tﬁuﬂ dd 30T AT ATYHH saturation point U&T SR BId.
Function: Saturated steam o ¥UIAR superheated steam T B turbine BRI dTgdd STOT
turbine Y condensation @UZITCW,_H gfday .

Flue gases inlet
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2.2.2 Air Preheater
Construction: § T& heat exchanger A o flue gases Teflo IWIAT combustion air A& G
HR. 8 rotary regenerative type fobdT tubular type ﬂi‘lﬁﬁ

Exhaust Gases

P rs
T

AIR REHEATER
Hot Air to
Combustion Cold Air In
Chamber

A Blower

Exhaust Gases

Figure 2.3 Air Preheater

Working: Flue gases ® air preheater HY SITdId, 1 Tcite Iwrdr incoming air &I et SIra sfor
AT AT AU dTed Ui o furnace HEH STUATSME TRH B50.

Function: Combustion air 3{T¢d TRH W combustion efficiency ﬁ%ﬂ?ﬁ, fuel utilization ﬁﬁﬂ?ﬁ
30T fuel consumption FHHI B,

2.2.3 Economizer

Construction: 8 U® heat exchanger 3 o flue gas path T HIo0 3RId, T84T air preheater =T
3IER, TUIHE SO IWIAl J5T aTuRdl I50.

j Flue gases Qutlet I—

‘ Preheated
(- ! Y @ Feed water

Vi )

- 7 =
| )

- % =)
: S S)

\

1 r Economizer Tubes

Flue gases inlet

Cold Feed:>©

water

Figure 2.4 Economizer
(Image courtesy — Website- https://makepipingeasy.com/what-is-a-boiler-economizer-
why-he-is-very-important-in-thermal-power-plant/)
Working: ¥S feedwater @ economizer tubes YT ST SATOT flue gases HY 3WIdl ?ﬁ'ﬁﬁ AT draq=
qTedd, S0 boiler AEl STUAT3NE d TRH IS .
Function: Feedwater uj-nm W boiler efficiency ﬁiﬂ?ﬁ, fuel consumption HHT g SIOT
2.2.4 Feed Pump
Construction: § JiFA®H IUBRUT 3R, S B! reciprocating fobar rotary pumps, S boiler A 3=
GIEM feedwater UIGIITUATITIST TR e 3R,
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tOutIet

—

\&— Inlet

Figure 2.5 Feed pump

Im!

Working: Pump © feedwater @1 &Td &d 31101 d boiler T Ulgiddd, steam losses U+ Blad HTfOT
3ffazgeh water level I,

Function: Boiler 31 Idd feedwater dt Uj?ﬂ P, steam generation 1l 3Ta=gdh water level
fewpad.

2.2.5 Electrostatic Precipitator (ESP)

Construction: g THT AfGhd Saoed] electrically charged plates fodaT tubes LIS TIOG 3R, o
flue gas ALNS HUHT faggd YR drd.

waste gases
without
smoke particles

smoke particles @

are attrac?ed to the positively charged
collecting plates . collecting plate
. . - *
. .
. . collecting plates are
XN LA T K knocked to remove
smoke P?(ﬂides —— == the smoke particles
pickup a .
negative charge ° ° « * \\ -
. ., ., negatively charged
. ® * % metal grid
. .

waste gases
containing
smoke particles
Figure 2.6 Electrostatic Precipitator
(Image courtesy — Website- https://enviraj.com/envipedia/electrostatic-
precipitator.html)

Working: Flue gas TG BT B jonize BlATd 30T v ﬁ?ﬁﬁ UR RIS collection electrodes
S BN BIdTd, o1 o ST BT,

Function: Flue gases HYd &rﬁlﬁ&ﬂ HUl PlgH T, d-lllj,o\b air pollution HH g AT Tafervitg
oA AT gl i,

2.2.6 TEH €7 (Steam Trap)

Steam trap ? U Wadafed valve 38 o steam system HY condensate 30T non-condensable gases

§TeX T, U live steam STeR STUATURE . Steam trap H1C HIARG MG energy efficiency
feahd, water hammer STedT Il ST steam equipment Ell ST drad.
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Functions of Steam Traps
1. Condensate Removal: Steam system T condensate THTITTU! HIgH Tl SUIh UTUIT
13T BIUR T8,
2. Air Venting: Air 30T non-condensable gases qTex T, GCI'IH% PIUIRIEH pressure 3for
BT A TR,
3. Energy Conservation: Live steam CIR SITOTURYA CIEERIA GCITH% Soll §ad gId SMIr W
HH! BId.
4. Protection of Equipment: Water hammer 30T corrosion TTeSd, G\‘ZITH% steam equipment o
3T e
AT 31T B
Construction: Steam trap T JHFG: valve mechanism, body housing, 30T actuator fdbar sensing
clement 3/l Actuator 8 ATIAM, &1 fhal TS SgaiaR Ufdfhar &dl 30T valve I =0T .
Working Principle: Steam traps ® steam 30T condensate ATE TRBIER TR BT HRA. O]
condensate TT3d! dog] trap JYSAl 3O T SR Clehdl. Steam SMTEITAR trap §G g1l 30T steam SR
SITOT Yferdl.
Types of Steam Traps
i) Mechanical Steam Traps: 8 steam 30T condensate T °aT 0T buoyancy IJR¥EAT Hifas
ToTeHTaR ST SR,
a) Inverted Bucket Trap: I IGC P WU A o condensate dR A, Condensate
TSR bucket IR I3l 30T valve STSAL. Steam TR bucket TTS! ST AT valve G Bidl.
b) Float & Thermostatic (F&T) Trap: I float mechanism 3Tl ST condensate STeR Tl
3O U thermostatic element 3! ST air 31107 non-condensable gases blg T,
i1) Thermostatic Steam Traps: 3 temperature changes dX 3TUTRT BT Hard, o) ged expand
fdbdT contract gldTd.

Valve

Bucket ——T

@&

Figure 2.7 Inverted Bucket Trap
(Image courtesy — Website- https://www.littlepeng.com/single-post/2017/05/15/steam-traps)
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Thermostatic Air
Vent (Closed)

—

Valve (Open)
Figure 2.8 Float & Thermostatic (F&T) Trap
(Image courtesy — Website-https://processphase.com/steam-traps/)
a) Bimetallic Trap: I bimetallic strip 3 Sff arHH JqATJHR T 3101 valve Iued fdbdl
§¢ P Superheated steam 1t A

Open Closed

Figure 2.9 Bimetallic Trap
(Image courtesy — Website-http://www.goolevalve.com/news/news-detail-18.html)

b) Liquid Expansion Trap: I Uh liquid-filled element 3l Sl TRH TR expand BIdl 3Ifor
valve JgSdl.

Condensate Out

Oil-filled

element )
Seat {_Eﬂirload Spring
N PN e
Condensate In hannnnnnnnn A AR ARKAAARA
R
N 1|
\ — J
r\l
Valve head Adjustment Nut

Figure 2.10 Liquid Expansion Trap
(Image courtesy — Website-https://www.wermac.org/steam/steam_part5.html)
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c) Balanced Pressure Trap: I bellows fdhar diaphragm 3l SN AMYEH Seoiar ulafear gar
30T condensate discharge R 3/ AU Sadl.

Open Closed

Valve open . .
Vaporised fill

Figure 2.11 Balanced Pressure Trap
(Image courtesy — Website-https://www.pipingengineer.org/balanced-pressure-steam-
trap/balanced-pressure-steam-trap-working/)
iii) Thermodynamic Steam Traps: 8 steam 30T condensate =T dynamic effects dX 3YTRT
3dTd, S B1 Bernoulli's principle.

a) Disc Trap: IH T disc 3l SN pressure fluctuations H% IR-W1S! gidl HTMUT condensate
FAdR dIeR CIhdl. § compact 3T 0T water hammer T corrosion g+ H& ZAehdld.

— < Disc

Control Chamber >

Condensate Out

Figure 2.12 Disc Trap
(Image courtesy — Website-https://mepacademy.com/how-steam-traps-work/)
b) Impulse Trap: el flash steam AT kinetic energy dl dUR H& valve EIRERASIGA high
efficiency H[dID 3G fEanToft IR Srard ford differential pressure YO ] 3.

Hole Piston Disc

Tapered Piston
Seat

=

Condensate Out

Hollow Piston
Main Valve —

-»

Condensate In

Figure 2.13 Impulse Trap
(Image courtesy — Website-https://ntgdvalve.com/thermodynamic-steam-trap/)
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2.3.1 Coal Handling Layout

Coal Delivery

|

Coal Unloading

!

Preparation

7

Transfer

I

Outdoor Storage

1

)
)
)
)
)
Covered storage )
)
)
]
)

T

In plant Handling
Weighing
¥
Dewatering

T

[ Furnace Firing

—\ N\ — —— N Y

Figure 2.14 Coal Handling Layout

1. Coal Delivery: Power plant SR dHx fdhar 9t oz S, R Bl ships fdT boats q
TUTST STl GRAR ST power stations FT! PISHT rail hdl trucks = UIETST e,
Railway gfduT SUSs TN trucks AU SITdT.

2. Coal Unloading: CACRI| power station T HIT Il AR unloading equipment IS
3d. Trucks = P TN d AT outdoor storage o dump Hdl qdl. Railway wagons,
ships fdal boats = 3T rotary car dumpers, cranes fobar grab buckets IR SITdTa. Rotary
car dumpers HgI'T 3G AR d closed wagons 13t 31fere wHrder SRydTd.

3. Preparation: SR Dl Hiadl lumps O 3G AT AT JHIHRIE S, TR crushers,
breakers, size driers 30T magnetic separators A= sizing &S S,

4. Transfer: Transfer U unloading point Y final storage point Tfd DHIBIT R,
e{?ﬁ Dl firing equipment &S Urodal S,
Coal transfer HI31 WIS YDVl ATURST AT

a. Belt conveyors

Screw conveyors
Bucket elevator and conveyor
Pivoted bucket conveyor
Grab bucket conveyor
Flight conveyors (or scrapers)
Skip hoists
. Mass flow conveyor
5. Outdoor Storage: Outdoor storage @I dead storage 36! WU, HE Hial Al
SEIG] SR fopar concrete surface R qredel S,
Dl bl AEATE § VOIS MPIaR TG S
a. Storage space UG
b. Transportation facilities

@™o oo o

Maharashtra State Board of Technical Education 21



Power Plant Engineering (315374) OiaR wiie s (315374)

A CRIEIEIRIS]

d. Coal mines UREAE! 3R fT collieries GR 3MTad fad T Afg=uran HiadT Waddrd,
3ATOT S e 15 fGa™idl. SIRd ®I@ AI3dul BIAGRIR A¥d HRU capital block
BId 3fUT coal quality FHHI Bld.

6. Covered Storage: BT ATH Ol SN USIST AT ATST Covered Storage fhaT Live
Storage TUIATA. Live coal storage HYA HISHT Uh] SMEASITAT 3T ATIRST SITdll. AT HIBRNST
mobile equipment fRramg 4¢ combustion equipment T W STd. PIsd vertical cylinder
bunkers T HI3AST S, a?ff boiler grate dX GIRNRECRISIGHE

7. In-plant Handling: § dead fhaT live storage HY- boiler furnace He HIoHl UTSIUIRT
Heffd 311% 3?)_69[ belt conveyors, screw conveyors, bucket elevators RS SATaTd.

8. Weighing: ®1o51 HIGUITITS! @GS UG ITORATd
1) Mechanical — Lever system 30T knife edges d) JTYTRT
i1) Pneumatic — Pneumatic transmitter weight head aTiq=-
ii1) Electronic — Load cells S voltage signals dIR HXdld

9. Dewatering: HIBANG ST surface moisture TTH! heating value S B! ST
handling problems T . Dewatering S JOTS BGeAd
a) Heating value ﬁ‘iﬂ?_cﬁ
b) Crushing 30T pulverizing JoH gl
¢) Handling 3Tf0T transportation 910 gld
d) Boiler performance ﬁ‘éﬂ??ﬁ
¢) Ash handling &1 8Id

10. Furnace Firing: Rldct, HIBHT furnace T fire BT ST,

2.3.2 Ball Mill Pulverizer

Ball Mill Pulverizer %’ U® horizontal rotating drum 3T W steel fhdT ceramic balls 7 3FA: HRSS
3. DBl UhT TIBIGH AT drum T YT Bl Drum BB [hRedaR, balls HISR GSdTd d
RIKIKCIRED powder T crush 30T grind PdId.

Raw coal In Raw coal In @ Raw coal
f Air/ Pulverised coal out 1‘ O Cast or frrged balls
1 7 T [
Air In Airin
Air / Coal Flow Operation Of Ball Mill

Figure 2.15 Ball Mill Pulverizer
(Image courtesy — Website-https://coalhandlingplants.com/pulveriser-bowl-mill-ball-mil/)
Process of Pulverization
DI ball mill I central inlet pipe HYT CTh ST Sl Gravity =1 HIETA BHISHT mill T TSN
Urgraar, ford grinding table 3O1 DrEt heavy rollers TAT CINEY particles o pulverize ddId.
CACRIER] particles, air inlet HY TS hot air SRISR ARSI IO classifier H S S

Classifier § coal particles el STHRIJAR separate $d 9 HISAT BRI particles Y&l mill o
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grinding 13} rédd. Coal particles fRIarT S GO clean air B air outlet HY- STeX CIH o ST,
Ball Mill Hl® Pulverization o tFI'CI%
1. More efficient combustion: BT TRIH powder e pulverize W Td particles
JHFERAT burn BIATd, GCITE[% boiler efficiency ﬁ%ﬂ?ﬁ, emissions HH! BIaTd 30T fuel cost
e it g,
2. Enhanced drying and heating: Coal pulverization H% surface area TG, WIH% CICRl]
BAH d YU dry ST heat BId.
3. Increased availability and reliability: PG TRID powder W GIKIGELN CIEGGE
H0I Y g, ‘CITﬂ% combustion issues fdbdT explosions T} 21T HHT ld d coal system
YD reliable T,
2.4.2 Types of Ash Generated in Thermal Power Plant
Fly Ash — ﬂ'ﬂlﬁ 80% ash 81 fly ash WR=UTd 3(¥d. Bl very fine particles & 3¥d 30T economiser
hopper, air-preheater hopper 30T electrostatic precipitator (ESP) =T HISTHITA s Ho! S,
Bottom Ash — &1 ash, furnace 2T de8TRIT FH0T §Idl. BT total ash & ﬁ'ﬁlﬁ 20% 3f9d. Bottom ash
& coarse 3R, U IGE] crushing P! SHATD 3.
2.4.3 Fly Ash Handling System

h Filter Vent Fan or
Economizer As ‘
Separator Vent Filter
Air-Preheater Ash — |ﬂ‘\
ﬂ ESP Ash Transfer b
LL Bin
ValA%Y. [ e
A Bin
Air— r/}
| H:. Nuva /
Al Feeder é‘;
ir _IC_
Dry
Unloader

Figure 2.16 Fly Ash Handling System
Fly ash I flue gases HYJ economiser, air-preheater, 30T ESP =1 HadH $&R d Hleo! Sld. 8l fly
ash R pneumatic transport §RT storage silo e ot S, ﬁf?ff E?bef at W CIERIERICERI!
ST,
2.4.4 Bottom Ash Handling System

il ol il il

Transition

™~ Cooling Air »Ix‘ Pre-Crush
Primary-C

Conveyor |

Secondary-Crusher
ﬂ Clinker Cooling
Conveyor
Bottom Ash
Silo
To Ash Pond Via

Ash Slurry
Disposal System

Figure 2.17 Bottom Ash Handling System
(Image courtesy — Website-https://coalhandlingplants.com/ash-handling-system-in-thermal-
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power-plant/)
Bottom ash, furnace boiler =T WG ST bottom hopper T S| Bid. faT coarse WU
TS, ot UUH clinker grinders 7 crush $o! SId. AR df bottom ash silo fdaT ash pond TH
slurry TaReUTd UISdo! il
2.4.5 Components used in the Ash Handling System
1. Hoppers — Furnace bottom fdaT flue gas stream HY ash TiesT PRaTd.

Conveyors — Ash &1 hoppers HY storage silos far disposal sites g AdTd.

Pumps — Ash slurry @T sump HY disposal areas P gHAdN.

Silos — 3ifad disposal fhdT reuse B13UTd ash ATGadd.

Disposal sites — Ash ponds, landfills fddT recycling zones.

Crushers — Bottom ash T TR HH! HdTd.

Filters — Pneumatic system HelI® dust Plg- TP dId.

Valves — Ash 3T air flow afAd &drd.

Ash Conditioners — Ash A&l UTuf} ﬁlﬂ@ dust emission HH! HRATG.
.DCS & PLCs — ﬂ'q,;ﬂf ash handling system o fRioT 31fOT G ST,

Fly Ash d JUSWIGH Wa=UTdId SUANT

Fly ash dT dlUX Concrete & Cement Industry T D

Fly ash 91 dT0R §ddb ATOT ASIgd bricks 30T blocks TR HRUAMTST dvall ST,

Fly ash 91 aT0R ¥ SiUHTH S0 HRIGRITS! ATl RRIGRS d UR1d T dhell ST,

Fly ash 91 aTR R @roft 46+ FHleuarrdt Sfor Yt RSN T SiTdl.

Fly ash 91 aT0R T O IO YUl dl dTeauarTa! shal Sirdl.

6. Fly ash dT dTUR Tiles IR DA D=l HIT KU e ST,

2.5.1 Feed Water Treatment
Feedwater treatment d 3fg¥ boiler A&} \_rlTUCITCIjﬁ qTugrd WUT I § 3TE, GCITE],% scaling,
corrosion 30T BTAEHAT HHI FI0N AIRGHAT GHEIT CTosdl AdIdl.
2.5.2 Objectives of Feedwater Treatment

1. Scaling T3

2. Corrosion HHI H0l

3. JUPBRUIE HRIEHAT aTGaul

4. Boiler water quality fewau

2.5.3 Parameters of Feed Water

1. Total Hardness — I H¥ HRUT calcium d magnesium 3T 3{9d. Boiler feedwater A&l
hardness gU &4t 3 (2.0 ppm O o).

2. pH - Slightly alkaline pH (~8.5) 3AeM corrosion TT&dl Ud @ chemical treatment Yl GoH
gld.

3. TDS (Total Dissolved Solids) — TTUgTle dissolved salts, minerals, 30T §aR ger I g,
TDS SIRd 3TN scaling 3O corrosion BIUATE! XA dTgd. RO systems 1381 TDS 100-
2000 ppm GRE 310 IHY.

WX NN A WD

N
&
— O\ =
° S

wh WD
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2.6 Fluidized Bed Combustion Boiler
Fluidized Bed — 3121 bed @7 fluidized bed FUIATd SITHE 31F HUI § GaT<T IRTAId.

Flue Gases
+ 44
o <+ Wall
Steam 4—= pi ST sl 2k
TONEE A M
W& el
Fuel and s =
Dolomite |."- '\.‘? v & o4 Tubes

Distributor
Plate

Figure 2.18 Fluidized Bed Combustion Boiler
(Image courtesy — Website-https://www.brainkart.com/article/Fluidised-Bed-Combustion-
(FBC)_5629/)
2.6.1 Need for a Fluidized Combustion Chamber
1. HRAHE HISAT YTHIUMER coal UGS 3Te, TUT AT quality poor 3 (ORd ash @ sulphur
content).

2. FBCB A9 ®IUdg! fuel STe5ddl Ad — AT 70% ash G G] DI, oil, gas, d Municipal
Waste gl
3. Desulphurization ﬁ?ﬂ?ﬁ.
4. Exhaust emissions HH! gIdId.
5. Boiler dl size &M gld.
2.6.2 Types of Fluidized Bed Combustion Boilers
1. Circulating Fluidized Bed Combustion Boiler (CFBCB)
2. Pressurized Fluidized Bed Combustion Boiler (PFBCB)
1. Circulating Fluidized Bed Combustion Boiler (CFBCB)

/]

CIRCULATING . //)D
FLUIDIZED . . SUPERHEATER

BED 5
BOILER H .
— 'ﬁ‘

ECONOMISER

AIR HEATER

! ) FLUE GAS

Figure 2.19 Circulating Fluidized bed combustion boiler (CFBCB)

COMBUSTION AIR

FLUIDIZING AIR
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(Image courtesy — Website-https://www.brighthubengineering.com/power-plants/26547-how-
does-a-circulating-fluidized-bed-boiler-work/)
Boiler furnace Z0T BTN inert material T Udh bed 3. TR coal fdbar SR fuel spread HST AT,
Primary air WIS Eﬂﬁﬁ URA & Sl GCI'IH% bed material d coal particles fluidized gIdra.
Combustion Bl suspension T gl Secondary air HHaay fafgy wRieR feoT ol Cyclone
separator T M3 partially burned coal, ash 30T bed material U furnace AL UIEAG ST —

BUAd 7 Circulating ¥eUIdId.
Advantages:

1. 3™ combustion g sulfur capture

2. 9T coal feed system

3. %HI NOx emissions

4. IISH IGATd bl
Disadvantages:

1. 3™ capital cost

2. NI complexity

3. VIR startup time

4. Automation 3TdgPh

2. Pressurized Fluidized Bed Combustion Boiler (PFBCB)

CFBCB UHIU 3.
Advantages:
1. 9fd m? SR coal loading
2. $HUI NOx emissions
3. 3= thermal efficiency
4. Iqul g PR 9 g HHT
5. 9o desulphurization

Reactor

Haat
exchanger

Filter

Sludge —ts» Bed

[™1 FTHY BT PN Py T

S

R

surplus alr
[r——

Comprassor

.

L~

-~

Air

. To flue gas
treatment

Gas turhine

.

Figure 2.20 Pressurized Fluidized Bed Combustion Boiler
(Image courtesy-
Website,https://www.sciencedirect.com/science/article/abs/pii/B9780857095411500157)
Pressurized FBCB &1 advanced UM 315, ATHEN gnﬁ 10 bar TIEM air fa@T S, S air compressor
g 4701 81T, Fuel T limestone a1 mixture GETARATS! fluidized bed A fa@T ST, IdRd Ufshar gt
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Disadvantages:
1. ST capital cost
2. 3P complex operation and maintenance
3. Heat-exchange surfaces d erosion

2.7.1 Steam Temperature Control System

Steam temperature control 81 U 3/dd Hewdr! 10T Sfee Ufshar ofg, Sft power plant o
HRIEH [CHITIRIS STTD 3T
Superheat temperature Ell S EC =0T YU 30T HTa=T® 38 HRUT:
a. Load AtY §G@ HIUTE AIGH S,
b. Steam temperature Sl Ty, plant efficiency ged.
c. SR dIUHIA design temperature Uefl ST 7o, TR superheater tubes, reheater tubes 3for
turbine blades T THYM B3> b,

Methods (Cl?x_cﬁ):

1. Spray Attemperation (Desuperheating)

2. Gas Flow Control
1) Spray Attemperation (Desuperheating): Bl Ugd superheated steam o ATOH HH HROTNS]
qIURS! Sid. IT Uaild fine water droplets (&m&ﬂ Wﬁ'{{) steam line A BARS ST

Superheated steam
-
Temperature
Sensor
Spray Nozzle
j | --------- Controller
Superheated steam ;' E ‘.‘ >
y
Spray Control

Cooling water *+— Valve

Figure 2.21 Spray Attemperator
Working m@?ﬁ):
Superheater HYT YUIRT steam, desuperheater pipe T Ya1 Hdl.
Udh temperature sensor JRfd® steam temperature TSI,
SR ATIHT 9T Ulsce &l SRd 318®, R controller § spray control valve &1 Rue <.
. ® valve steam line % UTSY 4E UIUN HaRd.
) % TTOT steam AN heat @'Tf Bl 30T AT @T‘l}f d-llﬁ,ao steam T ATTHT HH Eﬁﬁ
6. BT UHAT closed loop A& WA ATG M.
Advantages (IFITI%):
1. S 3Mfor gHTdt H=or
2. A7 S 9 @I gou
3. Jeodl Byl Iugad

—_—

DR W
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2) Gas Flow Control: I Ugdld superheater tubes a3+ SITUIT hot flue gases 2T WaTgTaR fAIA01

3T steam temperature FHRT o ST,

Damper |_ _| | . Superheated

ﬂ — == Steam

I
N L———| Controller
Furnace | Flue Gas\>—

Superheater Temperature

Sensor

Figure 2.22 Gas Flow Control

Working (H?F&Q?x_cﬁ)

1.

DA S

6.

Furnace HY- U= hot flue gases, superheater tubes d¥= SITdId.

R:I'IH% steam o ATOH dTed.

Damper fdar gas diverter I dTUX 6+ flue gas dT Udlg BRIECEIASIGIA

SR steam d ATIHM SR 3@, TR damper 3{Ia: §¢ hoT Sl @TIH@)” flue gas FHH! B,
SR A0 St 34, R damper 3Yg 3D flue gas YATfRd BT S,

32T UHR HIRAH superheat steam temperature PIIH CERASIG

Advantages (EFITI%):

1. ol 3for € Tt A Jud gid ARl

2. HI&T boilers T3t A

3. OIS IGAIEIM UM fRR 3ad!
2.7.2 Boiler Feedwater Control System: Boiler Feedwater Control System dI 353 WU boiler
drum TS water level HTTH %HT?L faRIvd: ST IeHe 96-3dR 8Id 3dl.al WU Three Element
Control System & U[1 YS! STd HRUT T JISIS A geabiaR YR 3
qiF g (Three Elements):

l.

Drum Level — Boiler drum A® dRdide UTodT=! UTdadt

2. Steam Flow — Boiler A TR USUMAT LT YATE &%

3.

Feedwater Flow — Boiler drum T a3 HRUM=AT GT0IT=] YdTg B3
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Steam

Cont'roller

Drum Level
Sensor

Normal Water
level

Trimming
Signal

Feed Water Control Valve
Flow Sensor

Steam Flow Feed Water
Sensor

Figure 2.22 Boiler Feed Water Control
Working (EFITfCI?x_cﬂ):
1. ST steam demand dTed, A& steam flow dT@dl SHIf0T EITEJ@' drum water level &T®! Idl.
a. Controller 8 §G@ feUd! MU feedwater control valve SUSdl.
b. EITE@’ SR feedwater drum & Id 310 Urqed! fRR gl
2. SR steam demand HH! smﬁ, ™ steam flow HH! Eﬁ?ﬁ 3707 UTUTT=lt Ut ared.
a. ?I@T controller, feedwater flow HHI BHIA! S0IH™ drum Gﬁm ETUHT gl
B UUSIdIg! YchiURH Jad hledddd Tl Uruar uided! fRR 3ad, o & 3l 99 3[aMd
TG o1 e
Advantages (W'I'qa'):
1. SlSHY FS GBI e UG
2. Drum level = IRTT fRURT
3. Thermal stress 30T carryover Tl
4. GRIE 30T RR SHIox=H
5. HY3HS TIAT HH!
6. TG BUEHId d16
Questions
TLO 2.1 Sketch the layout of modern steam power plant.
1) Name any four components in a modern steam power plant layout
2) State the function of the steam turbine in a steam power plant.
3) explain with a neat sketchthe steam flow through different components in a power plant
layout.
4) Draw the schematic layout of Steam power plant
LO 2.2 Explain working of different components of steam power plant.
1) List two devices used for heat recovery in a steam power plant.
2) State the purpose of Feed pump
3) State the purpose of steam traps in power plants.
TLO 2.3 State the functions of different components of steam power plant.
1) State the main purpose of a condenser in a steam power plant.
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2) state the function of an air preheater.
3) State function of the superheater.
4) State the function of the Electrostatic Precipitator.
TLO 2.4 Sketch the constructional details of different components of a of steam power plant.
1) Explain the constructional features of thermostatic steam trap with a neat sketch
2) Illustrate Mechanical steam trap
3) Explain Bimetallic stream trap with neat sketch
4) Explain necessity of Steam trap in power plant
TLO 2.5 Illustrate the fuel-handling equipment.
1) Draw a flowchart representing the fuel transfer path from coal delivery to the furnace fire.
2) Explain with a neat sketch the Process of pulverization.
3) List any two Benefits of Coal Pulverization in the Ball Mill.
TLO 2.6 Explain the construction and working of different components of ashhandling system.
1) List the types of ash produced in a thermal power plant.
2) State the Function of the following component used in ash handling system
a) Hoppers
b) Crusher
¢) Ash conditioner
d) Pump
3) Explain with a neat sketch the bottom ash handling system
4) Illustrate the fly ash handling system
TLO 2.7 Write the various applications of fly ash.
1) List any four commercial uses of fly ash.
TLO 2.8 State the objectives of feed water treatment.
1) State any four objectives of feed water treatment
TLO 2.9 Describe with sketches working of the given FBC boilers.
1) Explain with sketches the working of the circulating Fluidized bed combustion boiler.
2) Explain with sketches the working of the Pressurized Fluidized bed combustion boiler
3) List any two advantages and Disadvantages of circulating Fluidized bed combustion boiler.
4) List any two advantages and Disadvantages of the Pressurized Fluidized Bed Combustion
Boiler
TLO 2.10 Explain the construction and working of the various temperatures & feedwater control
systems.
1) Explain the construction and working of the Spray Attemperation System.
2) Explain with a neat sketch the Gas flow Control.
3) Illustrate the Boiler feedwater control system
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Unit 3. 79 ST Yoo ST a1 SAT0MRT SWTdr YuTwdt
(Gas Power Plant and Waste Heat Recovery)

fawg fRreosh: e aRfRudia arg fagga drs st Iwrar v gomeli=it Sefta 9 9 Siretar

g YehI aTdH. (Use knowledge and skills related to Gas Power Plant and Waste Heat Recovery

properly in given situation.)

e At

TLO 3.1: 719 UieR Wicd! d33e H1e. (Draw layout of gas power plant.)

TLO 3.2: 719 UlaR FrIdhera aral aaR HR (List components of gas power cycle.

TLO 3.3: 719 Tafed iR Wicd! SRIGHAT YURUIMIS! diTaTed Ugdial gaHl R, (Compare
different methods for improving efficiency of gas turbine power plant.)

TLO 3.4: TR SWIdl EHCIfl«_'ﬁ PUINICIREICEICIR S G T (Explain the need of waste heat
recovery system.)

TLO 3.5: Y8 B dNIg dui- HR. (Describe with sketches working principle of
cogeneration.)

TLO 3.6: faaiedn 31 e mﬁa qUI B, (Describe Trigeneration in the given power
plants.)

3.1 UEEHT - CHigd Sl $% § TP SNH SHoll $g 3] o "9fie argal aliR & diof

fTor AR, 719 Caig ol g U S (U GVl SHordl aTNR CaigH [hRauaIIS] HRd, ST

g diel FHTor g a1 UfhaHed g1 UpTad HRu, ol SYATEIad fHHesul, fHs/ume Saa S 31for IRy

fSHTRYT ITgan TR S Rexe Siedd cafs fhRauarTal Sl afdr JHE gidl. 81 Sl b wdg

XAd, SYAT Aafadl 30T 3o UiaR-g-de RN JRW RIS GdTd, sarges df fafae Syt

17 BRI, 119 Tae fafay it SrIuarTHed, Sard diel (M, fammrare snfor IRt guiie

311 IS S Uhed, Sl Wgd d0ed 3Rig! WUAdal Th Jayd SRS

IS (YIS THS AT d) 31Tg STt 1149 cag-~Ted HIAYUITE T Uil §-ad. aTHed §aT Y iad B,

fRR &R IWMAT dTeal, TR aRLd YIRUN HR01 10T HaR fRR gEraR o 4€ HR0l JHifay e a1

TG HUWM, Sae H& (Combustion Chamber) U1 cafgd aiam THEY SfEd). scH

A dTe fafay ufshar @reiievmm sfed-

P 4

Figure 3.1. Brayton Cycle P-V and T-S diagram
(Image courtesy —Website - https://www.researchgate.net/figure/Schematic-diagram-of-
Brayton-Cycle figl 350847529)
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WIHAT 1-2: HURAL IS DHIBIRA Bid, SIS 1§ P1 T2 p2 T 3101 qTIHH T1
I T2 Td dTed..
ufehar 2-3: FRR SETER IWIT dTeda Sid, ST dTHM T2 3% T3 Tdd ared.
ufshdr 3-4: I SIS AT ATUHMIGRE (P3 STIOT T3) HH! Q16 ST ATOHMEIAT (P4 30T T4)
T S0 THRUT Bid S0 AT Fifes 1 fiyesd.
TfohaT 4-1: FRR TETER IT 916R D Sdl Ses G Rl G-8T Ut Bid.
3.2 RREEdqaIIsaIgedis:

Fuel ——

Combustion
chamber

& ©

net

Turbine 0

Compressor

Fresh Exhaust
@ ‘]’air gases @

Figure 3.2 Open Cycle Gas Turbine
(Image courtesy —Website - http://ascenttrust.com/BraytonCycle/BraytonCycle.html)

TEAT-30 A6 d 11 Taig SHoll UdhedTd T gcdh A TayHET STed:
() PUMR (ii) HHIRME TR (iii) A

<>

PTAYUITEH-H AT Tl BHIUXR ATATUITITS T UehT WCTeR Hied! Saadhdl Sd. 8T HU™R arararundid
BT 3T Tl AT il Feplord Il AR & Yprad gal HIERH deRTAS UTSad Sl Hra<H
JRAY $YH T IS STd A0 Ypfad gadiat RIS Hed d gedferd bl Siid. a1 saa
Ufehdges I ATTHT 31101 I=d SIaTd TRY I d9R Bldld. § TRH dR R Agcidhs UIdad Sidid,
o1 i fRUS Srord TfasT SHord e TUIR Bid. AR, i T SIUR § TRA a1 caigTa
AT foRdRaTd. a1y cas - UIiiaee ST, il il Sord AiAd Soraed Burerd Hrfd
EUIMR gId. TarggR AU STcen I1 e HTEMET HIot U SRRl ATadUaTiTe! aruRdT ST,
TS THT (cycle) Tdd BT G BId. AiHAD ST SART AT [AGTd Soll (AT HRUITS]
JIORE ST, AATSY, SRR Caig-d s 3, S Fie SHord SUged [agdd Soded TUiaR
Hl.

3.2.1 RRR g9 ¢ Aued 719 ¢aigA:

T

§¢ IS 119 TaIg 3ol Yo JaYd Ucdh JAYHIY SR (i)
HUIR (i) TR BIeX i) a3 (iv)F-PeR (v) Bl TaoR
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“in

Heat
exchanger

€

“'}nel

Compressor Turbine

@ | —

exchanger

qOL‘II

Figure 3.3 Closed Cycle Gas Turbine
(Image courtesy —Website - http://ascenttrust.com/BraytonCycle/BraytonCycle.html)

HTAYUITe-

IO e d 1Y caisTAe, Saa-Rid arg 719 caigaaed faRdRdTd ST cais-T= i el
AN Xl &G TS 11 Tag- 3ol Jh el aTIR S a1 Sl g Bt oild, BRI IY F44
T fad o A¢ YuHid Id el HURANd YHiad gal gic TadoRAYT Sl HaR TR
BeHYd SId. Ypfad 84T gic TadorAe Hifge bl Srd 3AflT HaR TR gexHsd TRY bt
ST TSR BIeRAYT deX TSR, Bl 3 aId Srael TR gal cdig el UTdiaR 3G,
1Y & Tad fovdRd V4. 3=0 UHR, TRA §AdId &1d SHord ol o TR gid, SaTde
Tqig e fhval onfn Fifies & w81 8 e e Fifies & 19 Tafgd e3eye 3,
S AT 33CYe WMHEaR YA SR Sda- SR davAe TgUo/d caigTal SR 8id
NS, TN TEIgTa STel Saa goi 3 IUrdId.

THRAIYT dTexX USAd! TRA 84T Bic TadoRAYT SIId, SUide df dlg! FHTONG SWrdl TSR
B YT DHRUMAT HHTad gadll 43 Wchel. TS, Bic TRAHoRHYA g TSUIRT 1101 TSR
el 7% FRURT gar Hifge 81 gl TRRITRAYT NeuHdRe! HUuRA) T HRUMT ganed
36! Plal IWIAl 3Rd, AMHes df TR A8l TR §al W-HoaRAH 4 dhall S 3O A’
HUIR Scicdl IRd UIeddl Siid.g gadl YGpiad HRUIMNTS! AN SHoll aR™E e HUTd
FHRUGNS! dUd TP AGAA Hal gad TTURIERU SHRUGNIST ol SId drd gal Gal gl
URITIRG ot Sffd SedTdeSs, A1 1N g $Holl hedTdl 8¢ Tidhd 114 cais Sl Uhed
3 TGUII. SR TSI 3alaed SReR Siheddl 3¥d, TR caisTa 3H3cycay HHfur grae
it B AT faggd SoiHe FUIRG ol ST, Jdhd. HYUl I d fRR SETaR IR USd,
TUAd A1 fRR TT9 §g A6 d 114 cais 3% TUIdld. USR slexd e, TRUHYH drgun=1 Sdid
TAAT TR HRUGMS! e @ 30T Sed SIS, dhd. AP ied gal Sl 4 Judhid dd
16131 UHRUNd, U3R Blexdl BT daR 3Rg] Ied ST, Yhd. hURdl goaldidl araduard]
TP I Hied HTTRIHdT 3. calg- ekt [AdmRId HRUAR g3aTd Hard 30T Tl Hig)

T HUR ATAAUITS! RAUIN JFaTd Hrawd, WIie IR ¢ el ol
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3.3 1Y eqigd Sl YU gesw:

4 X
e.\}naust

air iniet compresser biades

fuelin —:

stator blades turbine blades

Figure 3.4 Gas Turbine Power Plant
(Image courtesy —Website - https://cdn.britannica.com/76/24076-004-AFCC772A/gas-
turbine-engine.jpg)

1. PHIER: HURR § T 3 IUS 318 o agel G1§ od. 81 114 Caig- Ydbedral U Hgardl
Yo 37, HRUN Al caigTedT SHordl HIAT HFT aTuRd! MO YehedTelt THUT Hriedr Sxauard
SITCTd. ST g TATaRUI I gaTl 3T td 0T fae 3o graTar Wdferd $Rd. e gad daradH
30T Gl dTed, SaTes ol Saa-IITST 1Y Iy gld.

2. HHEYF J8R: 8 YHd Jdid Hewdred Yehiud! Th 3], HRU HRERAYT 3Mad! 3
IS gaT 3 dIHMIIId TRY §I0aRITa! ITd o=l &,

P 1 TRAY 3d AP ord gaT SUNIIEd (et Sl 30T Uodierd delt ofld. a7 Saa-es
3 YA 3107 3 STeTd aig dOR gldld.

3. THEals: ¢ UHedrd g 31Te. IWI, I 1§ 3101 I druHHTd 841 a7 SiTd, SaTes
1 CaigTedT UTiaiiel arde TRl gid ST 81 UTd Sfesd Tifies &1 sxuame! fthrdrd.

P HIEHE JRAYT 3MeIa SWT, 3 6 a1 Ta ST T TIRUT UTadTd, Sares <t
T AR, IR Srord e (TiAH) SHoiHE § WU 81 ITUfHe Sroll-3dTe- Urasl 318,

4. SFREX: 9 SRR 1F VMR calsdiad Sieadl $¥dl. 719 edis, o 3= diudH, 3=
GIETd arg, 0T SRSt S8 SIesd, d caige Ud fhRdd, SaTde SRexdl RMMUT
fOhal PTd: SFRER Tl gR TR AT JiHH SHord [9gdd Soded TUTR B!,

5. T Hiex: YhedTd godTd HRUATIE HIRR YRe HRUATIIG! AT aTuR T offdl. 119 cagH
Sl hedTd, Sod BT Y= HRUGRIS! T HleR AgwdqUl 38, B™:  WCIenm e
HIRRAT fhRad, ST Taig 30T Sfeex-exal ASadT SR, SAA-NTe! 0T ATl SHoll

6. WA SoIaR RITH: 719 caizd Sl UdhedTd, T’d SolarkM RIS divl HiHfdae A
AT ToTad. FHRGR 3T Y YHRId gal HRH JeRHAD SY-Ied e . 8
2¢ T SolaeRgl} SolaRH Pl offd. BTl A IoiaRH Rl aTR qEaR Ao
THTU Sd S8 3HTA= TRIe HUITT UG HTHRIT BT WU SolaRIA DHRUITS! dell
ST, ST ST IR STTHaH BIg 10T ST HaH Sicied] S4-Td gadiad aiTe fHyor

B0 Ted Bidl.
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7. FFIRER: AIATAaRUNT WISUATgdl TaRIRG 11Oy IoFReAYT ST, ®Td: JoReR TaRiee
TR IIT ORd @ ad! 0T ot HHITS a1 HHIRA daRT L AT0ATYa] fodll TRE HRUANIS!
IR, ST HTIEHAT YR,

8. YaRie RIeI|: 19 Tafgd Sl ydhaurdia aeie R 81 U Hg@El 9cd 3T Sl
THigTA TRY THRIRS T YRG! ITaTavuld o) cTabal.

B TSI UL TR 30T Al SHoll BIeHaR TRE Taiiee TR caigTqYd
e SR Fa.
3.4 71 eaig SHoll yeeur! 3fifores eriemdar gurvar ant

T TEIg Sl UdhedTe S BRIl dTeauarTa! 3 UG aTiRedl SIS, YdhdTd. JTHrId:

AR ST Ugrel | GO TId I TR dl:

(1) JHTR-RMde HaRTg (Intercooling arrangement) T EE'TE:T Uhel

(i1) Q:Iﬂquﬂ CIERIRIE (Reheating arrangement) T Eﬁﬁs:[ Uy

(iii) lflﬁ'm;cﬂ CIERIRIE (Regeneration arrangement) Eies| E@&-’F{ Uy

3.4.1 SieR-RMNdeq sgaRAae (Intercooling arrangement) T EET?FI Udheq LS|
cqigdr s Sriemar siaR-fidae gg-cWl eagum (multistage compression) ﬁ‘éﬂ??ﬁ

ST HUR TN THISTgR daR eiedT Jakitem AIST YT ATURG!. H&TUT=aT G CuhieiaH 3fidR-

Yiae e ga1 Y id HRUTRITS! AU 61 Bt gid, S 1 gt i Hrigmar

ARTOR B THIET0 B BId AT THUT HRiGHdd JUROT B4, SicR-Xfde aa®iwg gF-

T H&TUTT FHIGRT SRciedT 114 Caig-Td B 3Mddt 3.4.1 ALl GRfAd 3R,

Intercooler
Hot water out —‘—‘—\u.;yu.v—«— Cold water in
Q Fuel in
Input shaft AN WA
of compressor , g Co'mb'ust!on Output shaft
Coupling S LLALRY g g e of turbine
; : 3 4 Coupling
Starting motor Common shaft p Common shaft
' { e { 7 =
Generator
producing
electricity
Exahaust
Atmospheric gases out
airin

Figure 3.5 Gas Turbine Power Plant with Inter-cooler

34.2 QT-I?IquI'F-T AT (Reheating arrangement) ™ Eiﬁ?ﬁ oIt YHed GIF T CIREll
fIRAR &, F catgTa A REex 347, 79 cdis—d SdTe- A&uiaRidl JURY SIS b9
DI 30T Sl IATG ATGaul 8T 3188 G (reheating) I ATTAM ST G1d dTead,
W JeId TaiAed caigaqYyd 3w S Hledl Id.3@ ald g HUTRAT IIaT Gd AT

19 19 Tafs Iugad Soll ST UG .
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Fuel

)

Y v v
Combustion

_1 ',Reheaterif_f:i;

chamber

Common shaft

Atmospheric
airin

Output shaft
of turbine

Shaft
coupling

Generator
producing
electricity
Exhaust

gases out

Figure 3.6 Gas Turbine Power Plant with Reheater

343 CICED (Regeneration arrangement) T EETT?F-I Uheq
Qﬂﬁﬁ?ﬁ g g

(Regeneration) SIREAT 3fRIT il ST PI, HUTR araciall gal Saa HefTd Suargd! fodm gaHatard
(preheating) SUTAT GUI.CAZTHY ST6R USUMIT aRgHE HIGAT YHIUNE SOTdT 3Rd; I IS SGANT

HUIRAYT 6% USUIIT g TRH HRUTAMNTS! Hal Ol bl g (regenerator) SRIQTedT 1

a8 Sl YdhedTd SWIdT [AFHIHET (heat exchanger) ATUR Bl SITAl.gT ST [AFHI® I dTeX

IR ?ﬂqmﬁa IO SaA@- HETd ST Glacied] gaqed (compressed air) giaRd mmﬂé—
o1l UdheuTd! UG Ul BIIEHT dTad. a1 Uihda GAfH 3% TUTdid, SaTd gl qa e SWrd faet

Exhaust gases
out to atmosphere
t § F 5
- SITIYTTTY
Input shaft of compressor Regenerator Fuel Output shaft
Coupling ZQ ; \' { '/ of turbine
Starting > Combustion  f—— Shaft
motor 2 3 chamber coupling
Compressor f
M ICI
Common shaft
1 Generator
producing
Atmospheric electricity
airin
Figure 3.7 Gas Turbine Power Plant with Regenerator
3.4.5 FA% Solt Y SUTT ga-Id 719 eqIg SHoll Uhedrd WIae 1T die
T4 Taig Self UHeuid BTae-
1) YiSae AT TTauaTT e HHT SR,
2) & B0 Y 3101 Sl 3.
3) 1Y catgTd fgur 3ifde Y 38,
4) H! ST AT,
5) HHI Ucitd 38 dTURT SIS, dhd.
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6) I TJATHes U4 HH! gidrd.
7) Usdeid 3{Tfor é@q(lubrication)mﬁqw SdId.
8) 719 Talg P! WM Bl .
19 Taig— Sl P edid die-
1) SAITOIH BRI GU HHT 3.
2) T JTGH HRUI Ho 01 0T HENT 3, HRUT e ohITey fHy T aroRar Sirdl.
3) d Wd:gT G Bid A1,
4) 3P YRR NVIE Hriermar HH 3R,
5) Tate Ui faRy Hfidem o g 3.

3.5 3MfTE oIl THeuTHS IraT gAuTw
SWTAT GAUTEH o ReAT 31Rft defl SIS, Xhd 1, SUATAT sad-1des Uishadd 10T oMY S,
St R qafarumd Feuaintt uH wrgH ol ST, Sk o el Sugad Snfir snfieesedt BragRiR
HTHATS! TBT ATURE 9S> hd. ST JAUTEI T HAHd ad FeuTs! S UanT SWIad arRuaraig
Sl YHRId TR HRULIML MG ST (A TS aR Hed TR Feuaitt yargrdd
(hot waste stream) PIIRNT FaH MWVH ol FXATIRT B0 FJHMAY 3q, off 4R fdy
HTHTS! ITURE OS> V. 3NOE Sl Udbed e (S B Hiesdl, T9fiies arg fdhar s
ST gToft TRY HRATd ST I=d-grardl I TR HRaAld, Sit AR SRexdl Seded carg-al
fopaa, Samges diet fAmTor g1a. QT ar i aieeaT HicaT U Srd] Uaiarund 8 gid, Jd:
TRY R IRIGR ST U 0T ATHANGH. OIS FHoll Yhediaed I0rdr Guw Burst gt
ST GTAT SITUTRT ST UH S0t ST fora SUART HR 01, ST THUT ol BT YR, ST
TR FHH! BT, YU G B! gial AT qafarumeR SIuMRT Uik ged!, IWidr g 8
Uh St Q,:I'Qfl«_'ﬁ Iurar fafaas (energy recovery heat exchanger) \’rﬂ%, S 3 AOHMETER e
UfohdT STICYCHYT SWIT Uichd=ar gl HITId W ARy SRS, TMUROM: Hra&wH
qGaUaTa], BXIIRd Hd. IUMl U gHe § Te-HHdHe aRd WUk Th Jqre
3Te. et Iwrdr fed SFREHYT dTor USUIR TRA YR a1, Madx0l FA=HYT (cooling
towers) JUTRY AT fhdl WA U HRUIRIRSHT UfhaiT US HRuard Ulshadid HiguTul IR
Wi e BIed! SIS .

3.5.1 T GAUTGA Sazaddl-
JUTT GV SHTaRg el Q@eiid Wragiges o gid:
1. 3ffe wrag Sfor @ awe:
fdra diet TRe Ul FHRUaRITST Bt oA Sl HHTU BRI AT A 4T Hi-ad ¥d HH! gral
STFOT TRITe aTE BIdl.
el Holl HRIGHT: I TG YUIel! SrRifad Sced Uishdd! TR0l Soll BragHd
AEUTRIT aTeadTd. WIH® Soll had Uard aToRuamdol, JUTE dbeidl SW0ral J-gT aroRe!
ST, SATes JHaTdiTedT 3ol Jaau[d el ST SfRd SUdRT gial.
aftfa Swif W= (Enhanced Energy Independence): EERERIPKIRS] @ﬂw (\_ﬂﬁ AR
3TFOT ARy HH ol ATURAT, degT o 311ee Holgd SdTd. Soll [hHd IS T6-3aR (bl ST
wegd A &man: el ysRuiae, sfafed gauia I Ao Jiayn fawd o,
I fdhar dist i arvarTet TRt ST, Ydhd, ST I TdiE did FHfor gidrd.
SUBRUIET HHI ATHR AT SFUTA Td: ST GAUTEHes ST iR HH! gidl, S
RTAT A1Y_ FTATS U SUBRUTHT (URd, Wb, SHH SATGT) MBR HH 813> bl SH0T Fear
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2. TfaR Uity fRURaT 3for SwTei ue:
Tl WS Iy IToH: TS Hol Fidrd ART0N HH hed™, Sl T de H1e-
SRS TN SR UGS AT ISHIT °C B
T&mw:mgwmwaﬁwmwsﬁéwﬁﬁ,w@m?w
JURA.
Aafife TaryR Sae: I gAuTw SRIT IR SR ol aTaRe ST Hrie aTR
FROI W8 &d, S Sl SdTeTal THUrd THIG HHT gil.
oy e a6 HoR YaTaRuiig i1 e Hod MURor IO I aauriiNTe! HRIGRIR
3. PHATfad GURUT:
gerfea ufsrar fAizror T fRRET: Swrdr gaufdt snfdr grafR fafay shenfies uftsaime sifde
fRR ®T AUHM I\ Aed e Uhd, SIS IATGAT! [uradl YURd 30T IdTe 3ifiid
T B,
aitfa IATePHar: SHoral AR HIHA B A SHull YRAST [hdT IUSHROMT TN Hefda
ST3ICIZH HH! e, IV AT THUT STl JURTAY TN 3 Jahdl.
Sy SruanT: Feuanft Iwrar fafdy aroumiaR gAufE Feft oires Wda ST 3Md ThR=
SIUARTITA! ATURE 113, /b, ST § THIAY 3MTg:
i) 1R, YEAT HTIOT 3ieg=13T S gdl TRH BRI,
i) Uferar TRA HxuarTe! fdhar die ATt arw JarR &R,
iii) STITR WIS Yol Y51 TRH S0,
iv) SHRAIAL ST TRH HRUI.
V)Wm.
vi) TETA® YUITe T 3ol GRaur.
TR, IWTAT TAUTG ST U aTerauay, TiiaR ol TRET0T HRUGT 0T 3Hf¥e TiTedT TR
BT HRUITT G . AT 37 ST B} Sff STdT AT AT ST, o aiiedn S SuanT
H0I,

3.5.2 |eft
fafay ofeNfiier ufshar avaTTea TETONTA ot SMIfOT FeTanT JWIdT aTiRdTd. S Feuantt
ST &Fdd HIG YUaNa], il SHell auRum=al ITRMHE aTRedT Som=ar e
AT A @] ohal ST, ehdTd, § Y0 3H1aRge 38, fAeuantt Iwrar fafay sienfie ufssar
TR d: IR FY I1Y; SIIRTYH o dIHMIER (150-250°C) STex TSUI=AT T agH e 3fSTa!
TR IWIAT 3. IT-ATIHTT TFATE aTg; HET, SiaeR, 3-rRed i1 1Y cafgaayd aTex
qred!. SIS WaTe: SR sAIsI3 3N Hi diar sAsi3THe e IO 3.
RIS JUPHIV: UU, HIARR, 0 dd YOIl 101 TSR HIBRR Fuarft Iwordr arex
THAT.BIRS S0 M1 FTefiHa: JRTfiaR Ufhar HROANTS! (material treatment) 3forw
Sodl STIIHAT SR UihUHE. TRH I YaTg ST Ufehar Iudhvor: 54 i Refoer
Sy, fefeaem oiaw 3ftr fafay Iadre 9 e ufear.

Table 3.1 Comparison Table

feuantt Iwrder Jd gl Ogd JURT
SIgeR g a1, THHITIIR STIRET S AT HHT HRUANIST
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IS UIUf TRY Hd.
e ST HIAEHAT JURUITS! ST
R BT TRH &,
IR S g, I UTugTeEt aTth e i
FHE I ST GV .
v—. v IUEl UGl ap SRex|dgad Wdd fbdr ufebar A
™ e (HRSG) FHROGTITS! AT AT v,
.o |NiegT TRE oI, ufhdl TRE[TRA g fhdr ¥g exudm
< R HR0), fhar Sfeuim- e | 3fa=gendr guf &,
SaeR SATSI3 TSI STl GAUTI YOSl [Heh-31q aToft TRH &,
aTerTE A P, R Swran e g dIURTT! TRH UToft YRad.

3.5.3 R UGl (Present Practices)
SUTAT GG a1 fafder STRTHE 3ot HRIGHAT GURUITNITG!, BT Td BT HRUITIS! SHATOT
THTERUMGR BIVIRT GRUMH S8 SxUTMITST Ueh Hgw@yul YU SE.aTd S0 el off =l
TafeRUITd Wrecl e d, <l gag foal THaTtR $HR0) STy 3. ITdT vl el Ugard
fagTacia (overview) I fad 31me:

IWTAT AU RIS S :

i) Swrar fafrae: § 9gde Iwrar gl gomeiard! qayd simed, S a9 soaimyd de Tud = HRal
ST FEATIRT PRGN Had Hdld. IHR TSRS g THIAY 3T8:

3) i SATIOT egd Iwrar fafwae: 4w A oftr I ufshdd Hisdr THIuER IR STl

¥) We Iwrar fafmae: sinlae onftr srfem, shder Haffed SHd IR o,

®) Ragiied: tagic agadia Reuantt Swider aTR & Jur= ga1 bl a1y TRE SRugETE)
faRivd: fS$3me Had 3R, ST ST B JURT.

8) So e (@l Fa/Riedt o red): - TRY TaRie IRHYH SWOTdT YT Huarre! SHfor Jour=n

?) ﬁEngT\q ST 59 3 dideg &Jd, S STHEA 30T gt (condensation) TR
HIAEHA IUTdT SR BT

ii) FFUahft SwET SIaER (WHBs) /39T JAUTG! aT% SFve” (HRSGs): a1 JUME S@-
AMIAMT THRIRG aidAY (3al. YedT, 119 carg fdvar Taeiiufiies ufdfshan Iwrar usme arh
AT HRATd. I1 A TR AR Ufehar TRA dRuame!, d Ffdre! Tals araauamme]

iii) ST~ I Trasa gumme: § HH d TEH-J0ide Feoant IWIdar ("HFd: 370°C TeT
HUT) IRTIRY faoAed Tl HIUIRITS! [aRIvd: THTA 3Ted. 3R X Araehd JuTett

GICEGIGH

iv) YHTsAfRE® TRex: § Tlfis-T e U 31Rd, o lad THTETGR (Seebeck effect) FAETaRT
IUAAl de faggd Ioed TUIaRd Hald. Feganit SUURE AT disl HiHdE! SwT SRicied
Ry srprivTiaTet § A sl

v) B¢ URT: SHI-aaqHETT it Iwrdr gt HRoamre! Sor faan S, $ifie araRuarrg
AUEFRId I9d PXUINIG] aRe O Xdbdld. § Sl QWi fdsar Sgiféare
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SFIANTITS! faRa: Tefid e,

vi) ST fRre: Ys® UgH HRUAITe! g IWIHT TR HRATd, Saes TRH HRUGTAT STl
& HRUTIAT Glg! TR Scied] ILNTYIS d T 3y Jaig §+dTd.

3.6 BISTRTM -
DRI HASS Bic 31S UlaR (CHP) 3! WU, ATayHI0N, HIoREM Thrd Ufis
ST TR ITUR B3 g1 ATl UHRAT Sl (AU HRUTTH] Heheu-aR BTd Hd.aT G

\ ‘;‘]

SCaEa R Electricity J 4
y gl
\_/v/ CHP system i :

Efficiencies
up to 98%

Figure 3.8 Cogeneration
(Image courtesy —Website - https://www.2g-energy.com/what-is-chp)

Sl Udheara famia, & d fFmfor exara it Smaa: Hisdr JHToTG IWrAr 9 WU
qTATaRUNd Hredrd, DHISHLRA YUl g1 ardT SIUMRT SWTdT Udbadrd Sfor faer fafay Suamriardt
JTR AT, BRI T Bl TU! THIE Soll AR dief Sf0T IWrar gl Hafor
e ST SR oI ATUR HRUAT! foel! &AM THUl HIAEHdT dIGd. ST aTiR B
HEA ST TS aGT IS HH! B, DIFRIA SHoll Yag-, Td §ad 1T JgiaRor
TREUI GIAHR ATad. BT 3701 RMMd Boll U SIFTidd Aol aTed e, Y SHoll
YU ISR YfHenT 3P Heward] g1d 3iTs.

3.6.2 BTRIYUIER- YT AT S AIIEMTE SWIdT e USd, Sit W edigd fhar T sfoH
forar 19 Tafe fhar fega 3 sl vediv a9 Fmior HRuamrd! arRe Srd.ar 9
fAfHdieRmm, Iwrer JiT YR TaRiRe aRiEIad T S, 8 9T Teia SWTdl gAuTe dt ot
3{TOT foram ST UToft SHhes ATt daR HRUAMTS! fhdT STl SWIdT GUaTTS! fobar fafae sRat
3TOT SIS SFVANTITST SMaRge SRciedT UfshdT SUATST e Sl 31=1 YR, et Sfor
TfehaT JWTAT 3R G SHoll YbR fufor giard.

3.6.3 STARY Dl -

HISTRRA 3ol Yhed TRUIRG Boll Yhedrad qa-d SU-Tal e HaeHd ariR Hal.qH
TN Y1 ST, ddedTd SMIGANITST Scoi BHT gId. Uil SY-TT 81 B! el IR
Hregdiar (CHP) T UaiaRuid BRIGT 36,3 UHR, SdRA YA’ §9d  dRudNiead,
DHIARAES UHeTHY ad (RIWd: CO2 IS - CO2 emission) ITo G@Id HHI BId.
RS B ISTUET W 3d, TR ISR 8T U FiTa Yaig 3y dbar.drel HiHd SHawa
B M, e Acadhadld UR &H gidl 0T SFAHRM dgd 6 <ed ol
ISR TRl @A HBraeige At gia:

1. PISRIA Sl Ydbed) TS ST ST SR SUANT B,

2. PISHRRM dieT IO Hfehar IWIc! TRl UhTd dob! guf Hd.
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3. Uichar Iurdn ST s RIS T g wad= ey aruRuaiash, Terd HIsRRI Udhed aTuvol
YD fH B 3MTe.

4. Sl Yhed URUINS Ugdaed, UfshdT JWIdT 3M1foT disl MHdre! aiF Wada gfewmr g
UIYTBreh SYITT STa=Tehdl 3, R, Thd BISHRIM Yebed UlchdT IWIdT 10T diel Gl UebTd
de8t T HRUATTST Thd Urufies $e aruRa.

5. PITRIFHS FATGRUNIA Ioi- B Bld, fIRIvd: ST SHsiass, S §= FHeTey arg
3R,

6. Pl SHHRITZSHANGT DHIGRRA HUGEd T, TICY JHiass, Tehr SRS,
ORI SATGTd oo HH! HRd, SIS TgHUl HH! Bl

7. ISR Sl YehedTa BRI 80% 3175, TR TRUTRD 3ol Y edTa BIAEHT 35% 3T

8. ol FUTGRUT HTUT JTURTHT ATGeicll BIIGHAT PISHRRM Ydbedrdl dre FfHdrar wafd gurd
3170 PTiEH UBHR F7dd.

9. PIFRTM Sl 3USTT HH! B, TS Foll B dTad.

10. TFATERM ATSd THAM HISAT TATUNT HH! Bl

3.6.4 YR-HroReMA, fhar HarEs gie sfs uiar, faRivd: YRar IeRuqard] srfara®id i agm-
HiadT ITNTAT Hgare YHhHe Hew@yu! el Suas e od.SHell Saredr HrIeHd ariR
B, DRI SATGH T 0T fEHT3HUuT YYRUAT HewdTa! UHST §oiq Wehd. o Jfiged g
AT 31Te.

1. faddipa diw A Fiomem wite d Rifdw gem wrd, e RifAe Teeier Oty
o1l TReM YUl GIUaRT AEd §1d.81 ER® M I SR UaH HRdl, TRYUT JTOT faaRur JHam
HUI FHRl 3T IS RasaTet dafadbdl 9 YR dead! A9l argay SR Do
gurel fadbaigpd Aesu™ral faRIvd: v 3ied.

2. gftfa qife o wraffaa srierTar: T WicH T Soll-HrieH GaamiA SUUS BT HTOT
T HATad UGl WIBRO A HIoFRR JUTeHd! difAd HHRRT AuiRidr dTg Jdbd.SHoll
g U HATad W9 HH HUAR 10T SdTehdl GURIIRT SIS TG GdTd.

3. Hut fAffdtaed fafguar sfor wet: Somwem Ml fyome fafdear smova Ted axa,
S 3 WYTed® ST dafid Soll aToRUS AT 8.8 e JesTa-T U 31T dhdiphd
gRefedSadiasiadiiad HH e SHoll SRS ISRIHRUMT T 3.

4. TR FAf: DIoRRA Yeediar fasm Sl siaeasaut § JAeHRY Jgw@yul ardd B
i@ Td SR, ST ST RITMHURA o IaTer Tl U TId d, S IoHRR fafay axme
3{eh JSRTRT=AT Heft 0T FHvdl.

5. 3P STATHL TUANT: FHIoFRT! fAfae &=med THIIT0 SHaesTault et S, Webd, SITd &
Wﬁ?\”ﬂg:

RTee/ATRUTIT: feReae gifeT sfn wife ol TRef=1 T <o,

N TRER: IaTed Uishadia SHoll RIS dedul.

TGS/ fHIp i &5: fAYrTE SNftT =ik St SHOT SWTdT T HRul,

TN WR: HATAd Td HH BT RATHEH Sl TRel Goi BT,

6. Solt Taei STIOT MY fAPT: HISTRIA STAH T ST YIS o, ST THUT Sl
Taemmed aiTe firesd 3ifor emyd fasrar s Iy gwda fiesd. a1
SR & Hsd B, DRI Soll YR&T JYRUAN, e Wuldwmar argauard Sfr
iRy e o IHU ¢Uar Hgw@yul INGH &3 Q.

3.6.5 ARER SN HIST-RRA SN
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Cogeneration

| erip |

|Cogeneration
Ehass g Power
ca?le " Low pressure steam Plant
Factory B (HP steam/
CE turbo
P alternator)
Bagasse s
L

Figure 3.9 Application of cogeneration in sugar industry
(Image courtesy —Website - https://www.zionenggworks.com/Company3.html)

IRIR IYIA HIG-RRAT HIGAT FHIUMER JT0R el Sifdl, for) YRaR SR@H HISdT YHIUMd s79
TIR AT, T § 3 3Tl SR dgHd SU-3dTG 3], O 3Tl U Hicad STaHN S8
U HTH HRd. TRaveT Uichaara! et Ifor S Sl (aTth) T Glgral STaRadhdl SR,
DHITRIAIS TRER HRGTAHT TAFAT Sl TR BRI GUi BT AdTd, o AR a9 ara
STIOT SATET SR diteT (AT e e QhdTd. &1 Uishdl 78 Ble R el AUe & gid,
St STaRTS SRR Yhdd! SIS Ahd. ghddd S AR IE-graredl SIgeRAe Jesd Wi,
e 3 e 3101 ATTHHTER TaR Bld.81 S-alaTd] aith SHexdl Sieaedl eaig-H araad,
TS 3fad aToRTTST ATfor it s Turen fasiare! diwt fmfor gia. cafsmeT aer st
THRIE q% AHdR GRR TGN fafdy Toiaed, SaTd 39 TRH S0, ST THGH, ThichIHRul
HRIEH 3T fehTs; IUM 3.

3.6.6 TG-TTeId STFeR - TY-Ifrd S1GeR 81 T THRAT TN SR 318 ol sFiqer ard e
SY TEUMH dTtRAl.g SR ITHRIG: YRR SRIEFIHD IR SI1drd, Ford s YRaR IdTGATdH
BRI T& TIH13, Uard U Ueol SUasy 3[dl. S 9-aferd aigaRd! JHEFg SR Sa)
TN SIOTRYHTUN 3MT8: U TURY: S 39 MSTATAT U Mosl bl SiTdl.dl JrEd:
TR (FHR 45-55% SATSdT) ST ST ST HRAEHAT GURUINS! df Hadl SIS, Jdhl.

Sqaq: T ﬂ-@ﬂ?ﬁ T ol o1 @ ST Sirar. fAmfor gﬂ@?ﬁ JWIdl (heat generated)
SiaeRe TAdid AR aithd UiaR ®HRd.a1% At TR e athdr SUdnT Jrat
AGIACICARIEG] (Eafs‘—lmﬁ)w PRGN UlehdT TRH BRI (process heating) Pl
frafd (@oRRF yeed 7e) vy 91, Ufehdr: Saa da1g. aIdIaRund Sesuargd! UG fAgso
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Figure 3.10 Bagasse fired boiler
(Image courtesy —Website - https://www.researchgate.net/figure/Generation-system-of-the-types-
of-ash-gases-treatment-and-cogeneration-a-Bagasse figl 334898170)

Y- AR UPR- TS WP 1A § a1 IRR SREATHE Fatd JH 318,
1Y S ST TRRAAT SId). HTe] 1Y gadd Siaddl, Ok 3dRd Yok Sadl. gy arger
STOT WU d Ae-2 ST Wicred i WA 3Rd, B §719 TRy U Ribaest gidar
(hearth) 3TUITY TSdlAT e qFeR: § AfdsT gosl-gH diex &I SIgeR ST, SaTd 3Hdbal
SITST T U< 3d. WTIe:

1 0t gt (@719) 9T g, Sarges fdegardidl 9aw &4l gld.

2. BT Ueh [AIhRUTEH 3107 Q%Y S8 I 35,

3. HTEA-YCH 3! (S TG Sidel CO. MY Udl, dde6rd SSedTaR dTex USdl.

4. 3NYfr femgTae I wrfemdr Trear 3.

3.7 - CTOSTRRM, AT 'HHTSS HichT, ST 3I8 Ular' (CCHP) 31! TUdTd, B U WId
o1l JOTTEt T8 St ThTd ded! Sord! i U TR R, ATSHI0E, TSR Thrd Udfie
ST AR H&- ThTd A1 Sord! A [Hd U TR HRUITAT Yhed-aR B Hd. Tl SRS
BT, YFORTA 318 UTaR (CHRP) 38! e i, CRSHRRH! SReT 31=f ddl 5 &1, had
THT S8 Hiargd MaemRur, Iwrdr i diet FfHd=h tera a2t gromt uforar. eraerier gt o=t
TR 318, ST ISR YdhedTdH HHTr gIom=T Hle! SVl STANT iar G a-TTa! fahar
ITHORIAAIST US UTofl TR HROGRITST Bl ST,
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Waste heat
& Heating

Thermally driven

refrigeration
system

Cooling/Refrigeration

:> Power System

Fuel | Electrical Power

Figure 3.11 Trigeneration
(Image courtesy —Website - https://www.newfoodmagazine.com/article/4448/emerging-
technologies-for-food-refrigeration-applications/)

3.7.1 TR - TRSHRYM, 1A ‘HIEES FHIT, Bl 38 UlaR (CCHP) 38! TUMId, Soll Braemd
STTOT /MY ATGIVIITS! SHTaRT 3. HRUN o ThTd S HIATIRIA dtel, STGerd ST ST 48
groft UTE 9% TR Rd.URURS die HHdEeE Sordl A6 YT IUMAl [WEard arl
ST SRASRRH a7 FHRIOR SUR WU $H1H HRd. & 9l SR SWIdl URd fHesq o Swrar
31T SRAHUMT FTUIR HeH, SRR YUl 90% Tid UHUT e e o YhdTd.
SRATIRET fag! TR SHordt qHHR ARTON SRyced Jauira! § favy wraeRik ovd, saqes
3R FHolt wWrd=T 10T Aafererr fed.

Line Losses

Figure 3.12 Trigeneration Need
(Image courtesy —Website - https://www.ecomena.org/trigeneration-systems/)

3.7.2 G —craeReF a1 rgs e, e ofs Ui fafay aaimed S SriemdT areqmand],
ST T HH HROANS! AT BT Iqor HH HIUIMTS] Agdqul et U Hee
3d. UTd o AR SgT ARid arg fdhaT ST s, Sugad IWIdT ST Rftdaor e
3! fAaTo B, TRISFRRM YU URAR® divt fAfHdHE arm S0t STl IRd fHesadrd. g1
THIAD VDI diel, IIT 0T Jfideum o e agoiasiar SR UG erigman
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1 HE AHhdl, BRIABT ot 75-80% TId UIgIId. HRAT, T ATGUIRT SrisawyT, drgd ol
Aol Sf HEaTdiel SIHETRRA S, TR UK &l 3Tg. die, JWIdT 0T
3{Ted. HRAiTd et 719 fSReSIRM Aeddh e [aRdRIIS T19- SR RSN IRl TR
P BRETAIRE, TSR 3TUa SHoll YoMl 3ifid Aoigd M1 Wad a+ad. AT+
SRCXAT qad d FH8TSd IR Scfor AeuieRica HHl Hd.

3.7.3 TR U - TraoReA 8 fafay eaimed Ue sicid SHriem sfoT =myd Sel Surd WU
i S 318, AT UGd el Afife arg, S fohar ara S} SWTdT JiRReH T
e AIATET aTR S UhId ded! 4o, I9gad ST AT fidanur Fufur ol gmifay 3R, 81
THIHD VDM THU S HRA&HIT A0 JURUT S, St TRARS dtel HiHd=ar ga-d 80-
90% TId Ulgad, dR URUR® Ugd! FIURUTUl 30-50% HRIGHI B BRI YA fafay
3R 3M1fOT T T, faemds, giee, 2t #iey, sheifiie gfawr snfor St e g o,
12 fa8t U= Sotdl! Ardeiyut 10T UehTd aedt AUl SR, Sk gl Iaau[d T Td ok
31T RTeT Sl o aTe, HRaTd, P S1)-Tol STIchH STTUT ST T=AT (CFA) AT faedl
SO TR WRBRT YR UIded™ Hasi-db-@rori SUBHHGR § a9 Je Id
3TR.

TLO 3.1 Draw layout of gas power plant.

1. Describe the basic working steps of the Brayton cycle.

2. List the main steps involved in a gas turbine's operation to generate electricity.
3. List any four components of a gas turbine power plant
4. Name two advantages of gas turbine power plants.
TLO 3.2 List components of gas power cycle.
State the function of a starting motor in the open cycle gas turbine
Explain the working of a constant pressure open cycle gas turbine in simple steps
List any four components of a closed cycle gas turbine.
Differentiate between open cycle and closed cycle gas turbine.

© % oL

Describe working of constant pressure closed cycle gas turbine works.
TLO 3.3 Different methods for improving efficiency of gas turbine power plant.
10. Describe the role of a reheater between two turbine stages.
11. Explain the concept of "regeneration" in a gas turbine power plant
12. Explain the working of intercooler to reduce the work of compression losses.
13. List the methods used to improve the thermal efficiency of a gas turbine power plant
14. List any four advantages and disadvantages of gas turbine power plants.
TLO 3.4 Explain the need of waste heat recovery system.
15. Name state the four common sources of waste heat in a thermal power plant.
16. Explain the basic working principle of waste heat recovery.
17. Describe how WHR systems contribute to "increased energy efficiency."
18. Explain need of waste heat recovery.
19. Explain the opportunities of waste heat recovery
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20. Describe waste heat recovery in thermal power plant
TLO 3.5 Describe with sketches working principle of cogeneration.
21. State the need of a cogeneration power plant
22. Describe the opportunity of cogeneration
23. Define cogeneration

24. Describe how sugar mills can become self-sufficient in energy through cogeneration.

25. State any four environmental benefits of using a bagasse-fired boiler.
TLO 3.6 Describe Trigeneration in the given power plants.

26. Explain the need of Trigeneration

27. Describe the opportunity of Trigeneration

28. Define Trigeneration
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Unit 4. YfRISR UTaR Wi
(Nuclear Power Plant)

fawg fAreo=h (Course Outcomes) (CO):
CO4 - ?I%GR TiaR Tﬂaﬂ (Nuclear Power Plants) W&[ﬂqﬁ ITATUITHIST T IO (strategies)
gT=A. Use suitable strategies to run nuclear power plants safely.
e =it (Theory Learning Outcomes):
TLO 4.1 3] 31l T edTd Q3MT3C X@Te 3. (Sketch the layout of nuclear power plant.)
TLO 4.2 3{U] IS7 UehedTd aruRed] SITum=AT fafde S{uped THIHRN <. (Explain various nuclear

reactor used in nuclear power plant.)
TLO 4.3 <RI ﬁ%?ﬂ‘c’ AITUITHT Ugal fAde, (Choose the waste disposal methods.)
TLO 4.4 YRdTdId 3‘IL{JJ\’:7\J1Ir U edTd] Tl TR TPIHRT ¢ (Explain the present scenario

of nuclear power plant in India.)
TLO 4.5 3{7] 391l T edTd aH . (State the regulation for nuclear power plant.)
4.1 7{%\3{? UTaR Wi it 3N (Introduction to Nuclear Power Plant):
IfFA3R UiaR &) At Fufor exvarh W= 3nfor Srierd Ugd 3R, a1 Ugdid UTudral TRY He- It
(steam) TIR Dl S, B AT CEIZ (turbines) fhRad, SaMHes 4ol TOR Bid. "fadeR Uiar WicHe
RIATH (uranium) ATdTe T $49 IR Sild. FfoasR RUeexAed T U T8 HRT fthod
(fission) AT Ufdhdd fAUTRoId BIard. a1 faUTSIHIEeS TauT YHTUNT ST (heat) TUR BId1, ST GT0AT
IHB dIh FIGUINS! dToRAT STal. AT, YR SHoll Tafaxunar Ugitd = &l diel 4o

HI0YTd Hed PHd.

lighter element

neutron
+ energy
neutron
Uranium 235 neutron
lighter element
Figure. 4.1. (a)
139
s6Ba
235 o’

\o,‘
= @ggKr

Figure. 4.1. (b): Figure 4.1. a & b Fission Process Splits the Uranium Atom
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(Fig. 4.1. a Image courtesy — https://www.eia.gov/energyexplained/nuclear/)
(Fig. 4.1. b Image courtesy —https://www.geeksforgeeks.org/physics/nuclear-reactions-definition-
types-examples/)

Q{@TGR S (Nuclear fission) dogT 8Id ST ?ﬁﬁ'q'q (uranium) JRGT HI3T Wla:f 8T {U[H &
fquiora fﬂ?ﬁ g1 ﬁlﬁGFITH% ?KT:H (neutrons), 3HT Foif (heat energy), 3TFOT I7HT ¥ (gamma rays)
Tqrsd S1drd. Iad el Wlﬁv_\rl:[ RICIE] (fission products) FUIdId. ?’{fa}*TGR ﬁ'ﬁ?ﬁ? (nuclear
reactor) 81 U I 318 of fdasr fthor Ufshaar Fafd & Soll R . Rigeaed i~ ofs
3HUIER TS, TS 3 I Siard o sifiies <ei~uae Soff Tiedrd. 8 ger I3 Sa) ST
fauTiorg HdId, me (chain reaction) g??gﬁ SR ngﬁr«ﬂmnﬁ&r{
U\I%Rm (nuclear power plants) T 9IS TR HRUGTST 30T WWHW@@TW@
IR ST, W UleR WicH, SR & HISHT (coal) AT@H AT Sl (AT Heit Sid. §T 3T
TSl (turbines) ATTAVATHIS! ATIRAT ST, W AP Holl TR BT ST AR dord FaiaRd
B, fFTR RigeAed g1 ufhar TR IRE 3, U07 A HEIE Sevd A1el. Foif Jad fRTSR
o U’f%lﬁv_aﬂﬂ nuclear fission reactions) BRASE &FUI\EP\M I fquIford giard, degt d Tifast
&l (kinetic energy) HiSdrd, St IoHd (heat) gaad. Ufafepdar oo Squarndl, Raeas) g
ATSYCR (neutron moderator) ATURAT ST SN gL [-1 HH FHRA!. TIR HTeiddl SSAT Heie (coolant) &S
Wﬁﬁ‘@?ﬁ, ST e graRaT Siral fdar ar (steam) IR FHRUGIATS! ATORET ST Eof dT%h HaR Cdl‘i"‘(‘l
411 ?{%IGR Y ) Nuclear Fuel): Q{%Gﬂ E’?FR‘ﬂ:T SARTd ITA 3d - g7 (solid), &9 (liquid),
30T A1 (gas). NUGCHE GEA: $U I TR fdval UruaTd faRues et 59 W=UTd dTRd Sild.
AR SY UDR:

1. QRFEFT (Uranium (U23%)

2. @&l’qﬂ (Uranium U?33)

3. Tj\aﬁm:[ (Plutonium Pu?3%)

4, Tj\aﬁm:[ (Plutonium Pu?41)

5. YIRYH (Thorium Th?3?)
4.1.2 w{ﬁrvraw UiaY Wicardt Arge fAasia fdW (Site selection criteria for nuclear power
plant):
1. YIMfere fRURdn (Geological Stability) — %ﬁﬂ?ﬂ ACHT (seismic faults), HRIT (landslides),
STIOT ST QU Hekd S,
2. H&'@W‘ﬁ (Topography) — STUBTHIETS! HUTC fdvar T IAR A S WU fAaer.
3. Hodd uram Ryt (Strong Foundation Conditions) — SIS ri-cl\l?ﬂ@rl? PRGN HIUR FUIR|
g At fdhaT TS e 3.
4. ¥ HRUMT UT0TE U (Availability of Cooling Water) — Fcl, 9g, qeld JART]
HiGAT SATOT fagitg arugr=ar Hldreides 3.
5. TR 3Ifor ERIREY SMUITYRGA RI&AAT (Flood and Natural Hazard Safety) — QXA W,
TehIdIged (cyclones), 0T lfleﬁ W 4 3L,
6. Fﬁﬂ@cﬂﬁ:{ {Rf\&l?f 3R (Safe Distance from Populated Areas) — el ditep fdhar smerd

T T HH! HIVATHTA!.

7. TufaRumeR HH ufumy (Minimal Environmental Impact) — RINIEEH Gﬁaﬁﬁ (wildlife) 3T
R (ecosystems) gHET A | Eﬁﬁ[

8. TNl A8 TARIT (Good Transportation Access) — I, Yed fdal §ERIGR OIS SUBU]
TOTOGTATSY ATl SHS U U,

Maharashtra State Board of Technical Education 48


https://www.eia.gov/energyexplained/nuclear/

Power Plant Engineering (315374) OiaR wiie s (315374)

9. faggd e S1aa (Electrical Grid) - 3G diel AIg+ fdhal HERC M SIded 30T Sl dtol
TR HIE0 Y Bisa,
10. YA HeRT gTRITA ﬁ%‘iﬂ (Radioactive Waste Disposal Facility) — Wicoldoes et
HIITAT BT HSAUB IS T STfebTell GBS GRRA SIRT IUdsy ST,
4.1.3 RTHEST (Layout): ?I%GR gmﬁﬂqmmﬁ@mmmahermal energy) ddRR
HI0! G-IT% B S°AT ol ST Fd (reactor core) U W (coolant) o U 1Y PHIed! S Bl
W Je die Aftfdea &1t Tsra (power conversion cycle) dTH HRUMAT %9 (working fluid) ¥eU[H
IR SIS Wbl fhdl SYTET0 T SdTel TRY HRUGMNST TRl SIS, [dbvdl, Sl ARk B1H
DRUMT &4 WU dTuRe SiTell.
Working Fluid

A

Generator

Reactor

f Cold reactor coolant

Figure 4. 2 Schematic of nuclear power plant — Direct cycle, reactor coolant used as working fluid
(Image courtesy — R.K. Rajput Laxmi Publications, New Delhi 2016,ISBN-13 978-8131802557)

Hot reactor coolant Hot working fluid

Heat
excha-
nger

Generator

Reactor

Cold reactor —
.
coolant

Figure. 4.3 Schematic of nuclear power plant — Indirect cycle, reactor coolant transfers heat to
separate as working fluid

(Image courtesy — R.K. Rajput Laxmi Publications, New Delhi 2016,ISBN-13 978-8131802557)
FHdipdt, gfaasr Nigewar gac 31 S HROMAT G (working fluid) T HEEH IS SXATARUI
(intermediate heat-transfer) ¢[U cldcll STl SO syt ﬁﬁaa W (radioactive reactor
coolant) 3707 AT FAATT HROUMT IUSRUTHL 3HfH IFTSYUN IR Tl FR BRI HRUMAT Sar
GIISES Eﬁﬁ%q (turbine) AU bl \_rﬂ?ﬁ, \TCIH@’ IS IR Eﬁ?f e (direct) STFOT 3rTgel (indirect)
UGdi- aroRedT STt Q{%Gﬁ UiqR ReRTd 3RW (schematic representations) Figure. 4.2 3for
Figure. 4.3 el gRIad HTgd. ?I%GR UiaR wiicd! T 9ch (main components) WﬂT@f 3ATed:

1. Q{%TGR ﬁ"uQHET (Nuclear reactor)

. _Gﬁ_cr QER‘:I%I\_:N (steam generator)
die ET!ﬁ%_-[ (steam turbine)
. HeR (condenser)
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5. 5@1fOTQd9 SFRCR (electric generator)
JFAsR UieR WicHed Riaexdr w1 a1 UiaR Wicel HE RETd 3Rdl (\GUrS 3T JaR HR0),
ST gfaasR fthomges Ridexmed o ac 31 HeiegR (coolant) Ridex disRTed fhracit
ST, WW&&WWWW 3T Wﬁalﬁﬂﬁl\?ﬁ (steam generator) A T (tubes)
AYA YdTed gid, fo1d 4 SR BT Sarell (cold working fluid) ST SXATCRUT Bidt. TR STcieh aTh
I Cais L fawaTid Bid, S BT (work) TIR Bid 0T e il hs~RAL Sa=U gId. dTh cais
SAUITTST Figure. 4.2 30T Figure. 4.3 YHTO U& (pumps) fead 3rara.
4.2 gfFasR KT )Nuclear Reactor): [aa3R RUFER 81 Uh T 3118 of faasR fBoH (nuclear
fission) ATdT=AT ufhigR Sl TUR B, T7 Ufehdd Iraes! ufafshar (chain reaction) ﬁTF&‘IH 3T
ffa Tgd gsd. Rider YERIRWG ™ FHRd, TUT I HISWT (coal) fhal dd (oil) SIS
QATY-235 (U-235), IAIH-233 (U-233), fdhdl Welad-239 (Pu-239) IRM T S8+ dURd STd.
Sl B SYAM 3MU] Wicdld, degl Aldd ST (heat), IS (neutrons), 30T SIS
(radioisotopes) Trsd STdrd.
31 fAfifdi=h d=om (Mechanism of heat production): \?106I G'I'Uﬁ HEh (nucleus) fauTiora Eﬁﬁ
d&gT d & YT PedTd, ST o gabs (fission fragments) TUIATG. 8 qde QU ol gadTd
3TIOT AT FaTTI® SHolf . RTTHAREAT GUTqHE (dense metal) SIS § dHS
TaH IR T SMeesdId 0T §e5 BIdTd. SiegT o 8 BIdId, AT e Sl &I (heat) IGad. §
3% Motor @1 §i& ATdedTaR FHTUT IOMAT SSIRN AR 3MTg. 3= UhR JATH 4T TR Bl
4.2.1 ?I%TGR ﬁ‘éaaiﬁw )Components of a Nuclear Reactor): ?Iﬁ?‘[&l? ﬂ'ﬁfﬁﬁ SHaRYgDh
Ych Yo dudIul Slgd:
1. ﬂ'ﬁ?ﬁT PR (Reactor core)
2. Rigex (Reflector)
3. fagzor daon (Control mechanism)
4. AISIR (Moderator)
5
6

. @AY (Coolants)

. RffeET (Shielding)
1. f¥TaeX B3R )Reactor core): NUFER PSR BT AR UlaR Wicar GBI HFT 375 o) oo
Trace! ufdfdear (fission chain reaction) Eﬂﬁ ﬁﬁamwsﬁra‘rmﬁsﬂwﬁww
IR Y9 UCh (fuel elements), IGLEL TIVW (control rods), W (coolant), 3T Hisvex
(moderator) 3T, B3R TG I, TR RIS STHRTAT S ST o1 0.5 d 15 HIY GIRH
3. PISRAT ¥ SAUIRT YRR BT (pressure vessel) T HISRAT HRT AT STl S84 b
TEUTS! RN YT Y fhdT Wied SRydTd. 3 gy fdhdl wew HikigH, Jearufidr rauarndt sfor
JTYR SUARITAS! T Wi, f3R®IfATE, fohar Segfifaa= rde U Sidhdid SRIdTd. S fdhal

ICHH A A SN 3[d B Feic Aldos YUl aTg Tahdl.
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Control rods

A Control shielding
“a

“{ Coolant

Reflector — ;" T3l
&) (to heat
Moderator —=* -] Exchanger)
Pressure |-
vessel |’
Fuel rods ¢’ &l Coolant
:I',\ TR o | . et
q
Reactor ~

Figure. 4. 4 Nuclear Reactor
(Image courtesy — R.K. Rajput Laxmi Publications, New Delhi 2016,ISBN-13 978-8131802557)

2. FAFSTRT (Reflector): RTRideR TgdT RUTR DHISREA (core) Had ATGAT A, SATHS DHISRAT
JEUTTTAREH SToR TSUIR el e i-0 URd HISRHAE RGN (reflect) BdTd. Rdiaey THTIG: ATSeR
(moderator) TREAT UGN ST I, <S4 foldd X fidd Sfd- &0 3aad 3,
Sl fhRIA (fissile) TaTdTET AR BT gisd M1 Rigexdr MeR a8 eid. o ufdhad
Tread e I-g 38, Aig e, FHaie fdhal Ruaeed IRaHIH® UaIAIgR TN Sl YhdTd. Blat g
ARG HISRALA dTeX UG HIIH gIadId. idl dleT HHl BRI Ridean Midedl YYHFTaR
3R UETYTA Fhad 3R St e -0 TR HI3RHE TRIafdd Hal. a1 uardfar Ruciaex Tgurdrd. airedr
foRIge=aT Turet:

1. HH! YT & (Low absorption)

2. CI-INT! SR TRTAc &l (High reflection)

3. AffeISMARIS (High resistance to oxidation)

4. ot (irradiation) 3o Bﬁmﬁ pIp (high radiation stability)
§Td 98] Hiever U aTRad Uarf Ruiaer UM ¢uld aroRdl Sidl ®RUT Afs<ieT uardfaed
TRTEH TRTaAH &HdT 3R, H,O (4o, D,O (4T afeR) U1 rel- aTe! Rkt U aruRd ST,
3. fori=ror OO (Control mechanism): f{ﬁaewqameam HIT A U@WW S‘H%:

1. RideR U AR = B dl ATe] B0,

2. Graas! vfdishar fRR 3au.

3. G bl 3fuwhTei URRRYd T RUdeR s ol
IRges! ufaforar A0 AT 4 MSH Pl fdhdl eI MR R0 3aasd 3r&d. Fgum
RIS SYATHT T TTqeT SITdTd SaTdes e -l S FAfd gid. A0 Agra! arRd S
et U HefaH (Cadmium), SR (Boron), fdaT gfoaH (Hafhium) & 3 ?qg‘#r TNYOT AT
3T ST,
4. AT8¥eR (Moderator): JfaasR Riaexqe) Aigvexd & o Uithiqd STeR USUl Siag
ST a7 HH! HRUI 315, ST ATl Soll B oid. YgI-d Jdid YU gRIgieH, UhIse,
SATTH YRTT AT e e HEHIRN THRIT B+ BB BIdTd. AIS eI T 3 T[UreH:

1. 3 97 HH! HRUTMT &HdT (High slowing down power)
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4 PRI (Non-corrosive)
FRAfTard) o (Machinable), R 31 38d TR
I g ferunanifa fRRar (Chemical and radiation stability)
3= WAl Ydg &HdT (High thermal conductivity)
. Y& WRUId SUTRIT
HTH HI8eR TS defidd (Cd), gruft (H,0), gal dlex (D,0), BIfcrad (He - 714), SRiferad (Be),
3T YBTE (C).
5. $&EH (Coolants): Riaexu I FHicd Tog S Urel RigerA AT GIUMRT ST aTg- Ao,
WWWW@?W@ (steam generator) amwﬁaﬁmﬁ%wwaﬁ CIUR
Hicd HTaRID TUIYH:
SUSRIEGET
I IS AT ST R 3rma
T HRIfSIE (Non-corrosive) 3MGTd
Sd AN I IH U] fdg, TN e ! fadesvarar fag
KIIENSIBIEUENIC]
ICRIRIGEIC] (Non-toxic)
HH Ardl (Low viscosity)
3 fafRry IeaT (High specific heat)
3™ Y-dl (High density)
grofl, gt dleR, TR (He, CO,), T YT (Na), 30T Hfd 5a Tian feic WUH dTR gidl. Heic Had
I T Ad 8!, TR ST SrATed- GRI&d AUHHIER ddd! SUlbA d fddes =¥ gIUR ATgid.
6. NfRET (Shielding): ETH TR 3118 HRUT:
i, RUger e AT SURMURE TWRefur Tuarat.
i, P HROMAT HHATT A SURFURA YR SIS,
Ui Ut YHd S (thermal shield) ST WAl STBTETGR [T STl GERT g UTS! &l fdhar
Sifg® e (external/biological shield) N SIS dhebleq &thﬁtql il ST SiTar, ﬁ'\w@[
frrmtor Srom= fdaer ASTRHE S, 9Tt HUI, J1d (§) =SI-, SIeG =g i-4 SAT0T 77T fhwor
ST AT 31 eI Uigadr I, TR dHd gi-aare! oire =fiee anTd. Jfiesan gura e
fHRUMTER T TRIAMIER (mass) SMAALT 3!, WS (lead) TRET oS Uer aor-r T8 3iferew
YT 3, TR BRI Uchig, faRIva: grISIoH, Sae g -adral 3Hidie GHTd! SRId!. dhebic Bt
3=t AR ofTg ST Glvg! TR NS (1A ST Siaie =ggi-4) ATeR Wferd giaet gd, &l
T ST TgsT Suas 3d. TMcs fSEH HRAMT [daRTd gdedT SO 1T
i, R R giom=an ASTRA THor a7,
i, eficeHyr wRi onfdr fd ST TR ug W Il yafar.
iii.  Xiice AT WREOITES Tured.
4.2.2 ﬂvms%'a"mﬁﬁaaiﬁm 3for SHrivTTeRt (Construction and Working of Pressurized
Water Reactor - PWR): URRIESS dick RUdeR g1 1T WoReuTd Udh ollsc dick dhes STl Alecs
T RUGER 3118, STET HISR fSIS AT SRId! ST ITd ~4fifes g S THTOTd enriched $4
TR SiTd. RUFexd G- HIT WA TavHTo SR :
1. ﬁ-‘&'ﬁ%ﬂﬁ (Pressure vessel)
2. ﬁ’ﬁ?ET yHd M (Reactor thermal shield)
3. Y9 YUCH (Fuel elements)

No vk w

© o N o Uk~ WDNh =
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4. $HSIdUsH (Control rods)
5. RUdex dHe-He (Reactor containment)

6. f\"\QJaET m (Reactor pressurizer)

Pressurizer
l? Steam
| >
Generator

Water
(Primary e
circuit)

¥ Heat exchanger Condenser

Reactor

boiler
Cooling
Water water
Water + (Secondary circuit)
4—L_¢) : o)y
Circulating Pump Feed Pump

Figure. 4.5 Pressurized Water Reactor (PWR)

(Image courtesy — R.K. Rajput Laxmi Publications, New Delhi 2016,ISBN-13 978-8131802557)
UIRISSS die} RUgexued g1 UIvaTe Ifche 3-dTd. U Wi dfhe (primary circuit) ST ST
DHISRAYLT ST AT SaAre e, 87 Unufies Ffthe AR fadia® Afhedsd (secondary circuit)
g |t Hﬂ?ﬁ, d sic Q?RQ%GR (heat exchanger) fdoar faeR (boiler) 3T E_@If'sf:f (turbine) 31,
AT, TS SUIRT AT &A= 31for <t xfice ot siaxae A6l wrufie dfdbendid ae
(pressure) STRA SETIAT §dl, S YTUT SR GIIRITA! 33 dvdl. TIRTISR ! (pressurizing
tank) T IO YAR 100 d 130 SR SIERATS 3¢ SlTd, WS d Ihosd Aol URISRAL 3Rcial
galfdedh BIfCT IS (electric heating coils) BT! U0l ISP dTh TR HRAId, Sl SIHHH (dome)
ST Bid. STRd a1 JOR HedHes SHALT aId dred! 30T Jquf afthedn IRRIER &Rl GF HH
UGS T%‘PT Dlgcd (cooling coils) 90! fdar arthar Troft fRivgor (spraying) & Srd. groft g
W (coolant) 30T AigYex (moderator) ?a%uf U PIH HId. TT HHES %Tlﬁ qicX (heavy water)
fdar NIEE arex (light water) IR SIS, hd. ﬁwsvs' qiex ﬁ'ﬁw HID ﬁ?@%@? dl%h (saturated
steam) dIR H& Yhdl. AT Bg (furnace) =T HIYIHIJ, ﬁﬁw?ﬁ daR gﬂa?ﬁ Gl ﬁCREQI'c’
(superheated) Bl SRS, .

4.2.3 SIgfT afex RUgex ot To=r 3nfor Hrfvumett: (Construction and Working of Boiling
Water Reactor - BWR): Eﬂgﬁ‘l"{ arex ﬁ'QEETq?ﬁ FIH@ (enriched) $4Y4 IR ST, m qiex
ﬁw (Pressurized Water Reactor) chd dlslcﬂl drex f{qaa el AT AUt 3R Bl Wic
W&m PrRAA Gfife Tdgd (natural convection) fhdl SeRe&i=aT URETRomA (forced
circulation) AT SIS, Fehall, SATHHTUI Figure. 4.6 A8 grada 3Tg. RUaexaa R HUR=H4a],
WWWW (pressure) ﬁo_cﬁﬁ &I@f, Fﬁ@ﬂ%ﬂ?ﬂtﬂ%@f CQT€4WI HAT TS SATIRLTHE
gruft Ihesd dTthd FUIARG b Sid. T, Bic TradoRa! TR AHd HRUT UTof A YRS d1thd
(saturated steam) Fqidd Eﬁﬁ fafifa o Eﬂ%ﬂ'ﬁ[‘éﬁ foxariya Eﬂ@ faeh Sd GQTE],% Tife st
(mechanical work) Eﬂﬁ SR (generator) Bl gifA® Foif ﬁ_c{g—d 3Ioid (electrical energy) FqidNd
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AL PSR (condenser) ATHAT UTUATT FUTANT HRUATITST ATURAT STl § UTOft WIS UU=Al (feed
pump) T RUaerAed gH: TR (circulated) oa ST,

> &

Generator

Turbine

Forced Steam
p
= : . by pass
= Circulating Condenser
E Pump

Cooling
T water
- -
Feed Pump
Figure. 4.6 Boiling Water Reactor (BWR)

(Image courtesy — R.K. Rajput Laxmi Publications, New Delhi 2016,ISBN-13 978-8131802557)
4.3 qi%raw AR SATOT AT FIUCRT (Nuclear Waste and Its Disposal): ?{%Cﬂ? hR, STl
CRUIRUIICZER] (radioactive waste) 31@?[ QUIdId, 8l Q{%GR ﬁﬁaa g ufeean ao_s{ Nuclear
R, ST ot @ SN &Ardia S gerif=n arRmEn IusdTg SRl 81 Havl (udbis
fE3fiedl 3fr AT SRS d¥d UGTaRUMTST WU ST Sdl. JaasR Ha=ard aiiieol
AT YT (half-life time) SMTTOT fafa0T WA= (radiation intensity) STURTGR HH, HEH 0T
FERARIT ANyl Faame o oird. Ride= Hrige e Idre- Il Welfaadg sa=am]
AT gid. 9gd® fthod ST 30 auiden HH Uiy sRyara, gor afar fauRt Sremaedt (toxic
lifetime) 500 @ 1000 U 3rdl. URHT HH JHIUNG Sad Welad ST SR SffaeTzgd
(actinides) 1000 THIHR TG THTUNT Bldld. Tes 3id fSanedl wo=ara e favg Hiawmd
IREETAT GRYT H0 g HIS g 3.

4.3.1 7{%\’&' FIUT UPR (Types of Nuclear Waste):

1. ?ﬁ-m T (Low-Level Waste LLW): I7 UHRA[ Q{%\?’R FeRT RHeae &ﬁ?ﬁ (cast)
KA A Sl Sidl. § S SieFd (Plal Hiex Tia) fdvar T desr=il dad Srdra.
I Ygdlie QRIGAAr TRl TSI doalRN Ha=ardl AiehddT (activity) TaAT THTONG faRes ol
(dilution). S 3MerHT Toca, TSI 81 HTRT <THUI SId RI&d THoIa SiTd HRUT ATd SHATIRIH
BTTes Tt 30T WG erad! SId. A HTs, AL (tools), fheew T S Siiedf eged A
U i, ATt FSSATUfHar HHt e/d T gyt (half-life)d! T8 3. AMEFI: 1 Al
ST Sfaad Aehd (landfill) FHREAT SR CTdha i,

2. 3cXHifSUC-®® AT (Intermediate-Level Waste ILW): § Ha0He URRAM g
3ffFed=A Uieac JARHICIW (neutron activation product isotopes) HdTd. d Rie Ridexae
gTdd STard $RUT A Sead ATg! 01 a1el fafahR UM TRE (shielding) GRaa. Rfear
ST 3MTciedT UToa (groundwater) YdH CIHUATHT (leaching) 1T dHH! SN, T Ha=ATd
Low-Level Waste U&T 3if¥& Is3nufifar srqa. ama iﬁF\‘{ IS feenun (chemical
sludge), 30T RUFED YN ST, GTATBdT AREUME HARAHAl d 10T ATE=a:
Hlhlc STl ﬁw%ﬁ (concrete-lined vaults) Tréad S,

3. TU-O®S A% (High-Level Waste HLW): ITANT g8 rafds IRsae fRusIi |
I FIAUT (solution) TUN BH-dlegdl de. A GRIATH (U-235) 3101 WEIATH (Pu-239)
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BTG ST, IRaId F1aUT WIgedR ARy K iaedl eragifed 3] dipic diccaHed 3dd oild. §

g SIUITTST UTuft aTuRel STl 10T ek HITU1 YA Adl S, § Sgd dod] daTuRee G(aasR

geq fhal aWRaen SPART Ul ded FEin ged deue WU 9T

3Tg, TS FHTRITIATT § did SIS 35,
4.3.2 ?I%GR' HIIMET AUCRT HIvgTr=AT Ugdl (Methods of Nuclear Waste Disposal):
1. HIédul (?I'I?g??ﬁ) (Storage - Temporary):

i ATRAd SYH gardiar Riaeaa (3ol Sieh Jeaae dad Srd, Sarges STl Tfor
A afteftfar s gid.

i, R AT S RSP [hdl he-RA 33 Yeld YIdaul dbail S,

2. SIfu=rar sige fAgerRT (Near-Surface Disposal):

i. H®Ad: Low-Level Waste 3O BTG Intermediate-Level Waste JRATS! ATURAT STl

i, I 3YS TgATd fohaT AR YA SRiciedT {10 g dhal STTd @ TTaR ¢
CERIKIGS

3. 9o ‘lfT‘l-ffq faweare (Deep Geological Disposal):
i.  High-Level Waste TMOT Intermediate-Level Waste WTd! drddblaa SUM™ U
e Se.

i. DI RR WSHIH (stable rock formations) JBS! HIeX A GH Hd WId, o
IS YR TR BHeted fSeproft 3.

iii.  ATes WU ST YATaRUTIRE Sa=aTal gidaTei= dTesuul (isolation) IIRGE ST,

4. gftadq (ﬂ?ﬁ%F-IET-CIT) (Transmutation - Research Stage):

iv. B VNS UfhaT 3R STgR drargyt ASaeiendl srgaei T SHt ogs sreied
fhar RR sMedicwmed dead ofd, IMmé giaasR RigeR fhar wifidewa
S{fRICIRCT TR Bl

433 g?f&ra?n 3for fFraa= (Safety and Regulation):

i GIRISR ST ﬁmmﬂ@u&ﬂfﬁr&m@ﬂwﬁmﬁuﬂm 3Mmed
(3a1. YRATdId Atomic Energy Regulatory Board - AERB, Sl¥ Tfdih WRIER International
Atomic Energy Agency - [AEA).

i, gfaur 3= UBR S8 HRreurd ot fafexumar UHR, YsTiarar UgHoT STfOr SH{ddhd gl
<ol U5,

ii.  gad [Areor oy WUR?{W (transparency) 3dIdH &ﬂ% CLCTST]
QRIGAdaR fayra faior g,

44 HRATdE g Gm'fﬂﬁ'@ﬁﬁ (Present nuclear power scenario in India): 9T HIRdTd
25 foﬂ:l@o[ (nuclear reactors - TCI;%GIT filges) HRRA S T 3o AT fEBIUN (sites -
TqTEcd) TR 3Ted. @ THU AR 8.7 fmded (Gw - fMacy) Sae! wiftd Idred
& (installed capacity - IeIcE durdel) AN gd. YR TEur dt A (electricity
generation - Eﬁ@mm WWW 21 3 T 3Ta. Wiﬁﬂmqﬂ'@’ m
Uddh el (nuclear power plants - WGR I g R3)) QT AYHTO) 3{Tgd.

Table 4.1 Comparison Table

o &Hdr
: f&®mToT YU YHR (React
Wie T4 (Plant Name) , (Reactor (Total
(Location) Type) .
Capacity-
MW)

Maharashtra State Board of Technical Education 55



Power Plant Engineering (315374)

UiqR Wic AT (315374)

Boiling Water Reactor
Tarapur Atomic Power Tarapur, (BWR) & Pressurized 1,400
Station (TAPS) Maharashtra Heavy Water Reactor MW
(PHWR)
Rajasthan Atomic Power | Rawatbhata, Pressurized Heavy Water 1,780
Station (RAPS) Rajasthan Reactor (PHWR) MW
Kaiga Generating Kaiga, Pressurized Heavy Water 280 MW

Station (KGS) Karnataka Reactor (PHWR)

Kudankulam Nuclear Kudankulam, Pressurized Water Reactor 2,000
Power Plant (KKNPP) Tamil Nadu (PWR) MW
Madras Atomic Power Kalpakkam, Pressurized Heavy Water 440 MW

Station (MAPS) Tamil Nadu Reactor (PHWR)
Narora Atomic Power Narora, Uttar Pressurized Heavy Water 440 MW
Station (NAPS) Pradesh Reactor (PHWR)
Kakrapar Atomic Power Kakrapar, Pressurized Heavy Water 1,840
Station (KAPS) Gujarat Reactor (PHWR) MW

4.5 R TRIT T T (HAHiE! 3 (Introductions to regulating agencies and its
regulations):

. 31l TSh Wgdes! §I8 (AERB - TS3{RE)

2. ST SHCAD TSl TSIl (IAEA - TITRY)
4.5.1 3eiff® Qﬂﬁﬁw 1S (AERB - Qﬁaﬂ?ﬁ), HRd (Atomic Energy Regulatory Board
(AERB) India): 3fcIffid TSN Ygaiey] 9IS (AERB - US3HREN) & HRAId Tare (A ST 318
STt SAFTSRT IFSURH (ionizing radiation - TAFITSRT IFSTRM) 3ffor 3] 9t (nuclear energy -
TR TN =T RIS ATORINT6! SIATEGR 318, B TRIT HRA IRGRA 3iciiie® Toil ide, 1962
3faid 1983 HTefl RITYH e,
e E:I'\_rﬁw 9IS (AERB - E"&FGIT@, YRar frau (Regulations of Atomic Energy
Regulatory Board (AERB) India):
i, YRA 3§ fHRONIN (radiation - YSURM) fauie Foda H0.
ii. ﬁﬁ?ﬂ?&ﬂ %?;IE:{ EICEaE Wﬁﬂ 3R (operation - \?'FFCIB{QH) 3TfOT 8-
ST (decommissioning - Eﬁ—mﬁﬂ) TT3! TRAM <Ol
iii.  HIR, R 9NN d YgTaRumaTS! farunerifa Trefor (radiation protection -
ST viear) M o,
iv. 3] ﬁ%ﬂmﬁﬁ ot Eﬁ%ﬂ (safety codes - ot m ARiGRI® aw (guides - Mg g Y)
3TFOT AF (standards - ¥ SG¥) TR HU.
v. Yl ﬁa:q\(safety reviews - 9T ﬁ%ﬁ[) dUrgudT (inspections - SRUR) 30T
AU SUTIASHT (enforcement actions - TTHIIHC SaRI-H) B0
viio T4 31U] IR AU HeeR (safety culture - Ut HeaR) ATA0l g BIAARM A0
TS (safety audits - YUCT SHifScH) HRUI.

vii. 3] ol U el (nuclear power plants - Q{%Gﬁ giaR icy), Jga feuienif amR
(medical radiation use - AfSHd SSTIA gol) 9 SN IUTRTTST (industrial
applications - 3@'@31?[ 3NTRTh =) URATT Ufeh.

4.5.2 Rﬁlﬂw mﬁﬁw (IAEA - ammém - SNIfa® (International Atomic Energy
Agency (IAEA) - Global): SCXRIMA SIcI e TSl TSI=HT (IAEA - 3TIUSY) Bl U W SRS
TR 378, St YGerd APHUTAT (United Nations - AICS L) BARITE! 1957 Hel R reil. g
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AT fog T, MTRear Y ofig. g1 TRAT 310] SHoral Adard (peaceful - GRIHd) STINT UieTied
Hd g T TH HRUMITST FTURAT SIS Y T W B,

SO SIS Toll Tl (IAEA - 3TAURT) ¥ fAaW(Regulations of International
Atomic Energy Agency (IAEA)):

3‘ITFR_{T23|TT Ut E@I@ (international safety standards - E'E’FF‘Z[:IFT Ut “\?:’géﬂ) daR
HIUI G Yo =M1 difAd T8 (technical support - fFoa Ui Wﬁf

3] GRe&fT, YR (nuclear safety, security - g[da3R Juel, RIRgReh 7 Trayf
(safeguards - m YT} GHDHE mﬁ (peer reviews - TU3R Reggel) 9
AR T4l (advisory services - &\IJ?:%TEIW ﬂ%@ﬂ) 0L,

SUIR PR (Non-Proliferation Treaty - AT-MferB Y= DPRR) AT SHATHATAUIIR G
(compliance monitoring - I ﬂﬁ?ﬁ"’l) W ey (inspections - BT\EQEF\’F\‘:D
DRI,

JUH T TR (emergency preparedness - T ftlﬁﬁl?ﬁﬂ) g gfare ArfeRie aa
(response guidelines - g Mgedlg) Uald B,

37 Soll BAHH (nuclear power programs - II;%GR OraR U 3f1for ferunerifa
W&m BIRIES ﬁfﬁ?ﬂ (radiation safety infrastructure - fETRE AUt SPRCENR)

faep Ry HRUTTE AR Had PR,

Sample Review Questions:
TLO 4.1 Sketch the layout of nuclear power plant.

List any four main components of a nuclear power plant.

2. Define nuclear fission reaction.
3. List any four nuclear fuels used in nuclear power plant.
4. List any four site selection criteria for nuclear power plant.
5. Sketch a labelled layout of a nuclear power plant using the indirect cycle approach.
TLO 4.2 Explain various nuclear reactor used in nuclear power plant.
1. List any four essential components of a nuclear reactor.
2. Explain construction and working principle of a Pressurized Water Reactor (PWR) with help
of labelled diagram.
3. Explain construction and working principle of a Boiling Water Reactor (BWR) with help of
labelled diagram.
4. List material used for moderator in nuclear power plant.
5. Explain control rod mechanism in regulating nuclear reactions.
6. State the function of a moderator in a nuclear reactor.
7. State desirable properties of a moderator in reactor.
8. State desirable properties of a good coolant in reactor.
TLO 4.3 Choose the waste disposal methods.
1. Explain the High-Level Waste (HLW).
2. Explain methods of nuclear waste disposal.
3. Illustrate three different types of nuclear waste.
4. State Safety and Regulation in nuclear waste and its disposal.
5. Suggest appropriate disposal method for High-Level nuclear waste generated from a nuclear

reactor.

TLO 4.4 Explain the present scenario of nuclear power plant in India.
1.
2. State the installed capacity of nuclear power plant in India and its contribution in Indian total

List any four number of nuclear reactors used in India.

electricity generation.
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TLO 4.5 State the regulation for nuclear power plant.
1. Define the role of the Atomic Energy Regulatory Board (AERB).
2. List any four regulations under the Atomic Energy Regulatory Board.
3. List any four regulations of the International Atomic Energy Agency (IAEA).
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Unit 5. =™ W4TE SATOT UiaR WicHd! 3fde fazawor

(Recent Trends and Economic Analysis of Power Plants)

faug A=t (Course Outcomes) (CO):

COs - fafgy IS yeediean 3ffer ATUC ST TUMT HRA. (Calculate economic parameters of various

power plants.)

e Aot (Theory Learning Outcomes):

TLO 5.1 $iPe UiaR Wiic W &RH. (Explain a captive power plant.)

TLO 5.2 IR WieHed Te fIRH R aftfd ot srferar (@uass) s i, (State the National
Mission for Enhanced Energy Efficiency (NMEEE) in a power plant.)

TLO 5.3 e YATHD FHEITT TR B et R fasiean fdwcdan sfars ¢ (Estimate
the cost of electricity in the given situation using simple numerical problems.)

TLO 5.4 e SSATHS JHRIE IR B feeied UlaR WieHTd! SRIYERM ¢S TUHT $.
(Calculate performance parameters for the given power plant using simple numerical
problems.)

5.1 ﬁ%’ TR Wica uRad (Introduction to Captive Power Plant)

$iPE iR Wic (Captive Power Plant) TBUS @R SHfie (industrial) fdhar @RS

(commercial) TR W= SHoredl TRl (energy needs) HRTAUITS! SHRAS WA 31 fAmfor g

(power generation facility) g1

ATHTd: Power Plants (WW@) QT@T{ Grid () Fﬂ"qp'GTERET‘TH, Ul Captive Power Plants (PR

OTaR TeH) Had Gaed SU-Te a giol FHT01 dHRdTd. R0 UHR 8l ST Wd:aR SHor STaad (self-

reliant) (AT Mg 3T faar FRaR i 43T (uninterrupted power supply) fores . ?*‘ZI'IH@' Sl

FataR = (control over energy costs) daar ad for Operational Reliability @I'CIW fayremgan

) AT&d. Captive Plants TS0l SR Hewredl 3xdrd ford fI€ it (grid electricity) 3191 fdbar TgTT

3. § Cement, Steel, Textiles, Chemicals, Paper, IT Services YIRS &FATHE qTORS ST, 37=1

fepoft aﬁawm T SN SdTGAT IP M (production loss) fobar equipment damage

T THUM) B3 A

RG9S HRQT 2003 (Electricity Act, 2003) JIR, SR SRIAT AT Wd:-are! drel i

PROGMTST GRAMT (license) YU} 3IRTP el 2IITEI,% Captive Power Generation T A3 are el

3T 3N Solf Tarade (industrial energy independence) CIERBASIUGH

Captive Power Plants A Coal (Ebﬁm'l), Natural Gas (ﬁﬂ% dr), Diesel (‘%@F‘D, Biomass

(STTEM), Solar Energy (R 3oih) 30T Wind Energy (AT 3ol T aT0R e T &l Sl

d @8M Diesel Generators (Snl\ﬂﬂ \FHQCQ) U HI&AT Thermal Power Stations (?ﬂ:f?‘[ u”m@mm gdd

Y G, HHIHH SR 1 WicHe TIR dHald aiel ST dTiR (Internal Use) & SR 318, R ot

IAa diel fAamHe SSTaR WRd A€ (Grid) o fadhdr a.

Captive Power Plants (P& UlaR WicH) dhdes Utility Grid (gfeferct fre) adia siadia Sl dHrdrd

3 AT, TR HUFHT 31T WS (cleaner) SATOTHRIEH (efficient) Energy Technologies (STl dR)

JIRUGTT et <ard. g1 uh Strategic Investment CRUICED EIGELGD) 3{T8 Sl GrgaTai Cost Savings

(@?f odd), et Energy Security Wf W&‘IHHT) 301 Environmental Sustainability (tl'quJITUﬂ“J

QTYIdT) HTed HRUTTd HEd Bl
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Picture: (Captive Power Plant | NALCO (National Aluminium Company Limited) | A Govt. of India Enterprise)
Definition - Captive power plant

RAT - HP IR Wiie (Definition — Captive Power Plant)

Captive Power Plant (HIDE UIR Wiic) Ul 37=1 T ﬁﬁ?ﬂ (facility) EIRCI CIREIR] (industry) fopar
G@W’{E’ (group of industries) <l A% g “vTIﬂ?CITIUf aﬁﬁw (electricity supply) HRUGRIST W
TIR Pl STd. Faei-db Utilities (fefAcion S &1 divl He@ 3 AT diel gRadId, Tur CPP
(Captive Power Plant) GTH=Id: TR HU- fhal ITYNHHEM Wd: 13T SURAA 3RId, SOldhe
fayrare aﬂTrFERT:lBT (reliable power supply) Hdd U Meid. 8 faRiva: 1 YTt Hewid 3MTg,
57 ol RS (critical energy demand) SITd 315, S &1, Cement (@Iﬁ?}, Steel @?D, Textiles

(@®TTS), Chemicals (XTTI)
Functioning of Captive Energy in Industry

Captive Energy: ST a-Jore feRH &
Captive Power Plant (50"@?6' JiaR Wiic - CPP) g fafRry I (industry) fopar G@W (group of
industries) T AT ATIOT AUl GISTGRAST (electricity supply) ST SHRTE! @ gt A<t
ﬁﬁ‘c‘ﬂ (power generation facility) g1
qraei-e Utilities (FfefrEieT) S G AEHIHT divl YR, A3Ac CPPs TERT Hu-ihgTd
JHURE! A S0dHE FARAR (uninterrupted) I fAYMITE (reliable) doTqRasT fHesrar. g favva:
Cement (Ri@), Steel (K1), Textile (HTUS), Chemical (FHTA) TN Sugar (ARAR) SUNTATST 3fdd
RO 3T HRUN T A 3 Holl TR (high energy demand) 3.
7 Captive Plants SEIRG d’)q'-lnlwg-ltl FTedc SITdTd SATfOT e URUR® Energy Sources (G:’Trﬁ@?l)
S Coal (?ﬁWT), Gas @Wa@ qTURT ST, YehdTd, d¥d Renewable Sources me@ﬁ)
S Solar @T&_\rﬁ) 30T Biomass (a'réﬂnm) el 9TIR Bl i,
Captive Power Plant d Bq (Advantages of CPP), are Grid Supply e aﬁaggaa) IR 3fgciad HHt
8Id, Power Quality (fﬂTrf Wﬂ) JYRUT BId, Cost Optimization ({ﬁf ﬁ“CEFUT) I Bl

o PHiVE TR Wicd die (Drawbacks), Wﬁﬂiﬂ Capital Investment (341_6’3??[ ’@ﬁf) SR 319dll, Fuel
Prices (34 &Ridid d6-3dR) E@’ SRR, Regulatory Compliance GRIEEE ) q;Uf HIUYT!
STARGhdl.
CPP d UHR (Types of CPPs by Energy Source), Coal-Based CPP m \’rﬂiﬂﬁ_d), Gas-Based CPP
(ﬁﬂ% arg 3T ¢TIRd), Renewable-Based CPP (@IT, CIRIEIs GI'[%I'Iﬁ_cl)
3TNy, UehT Textile Industry (HTIS JENT) 7 10 MW Natural Gas-Based CPP (i arg anenfxa
HPE Wic) ST I droRad FAR 30% A HHT (reduction in power costs) BT 5. T HRUMS
Steel, Cement, Chemical, Textile 30T Sugar TR IENT AT fafRy St TRel (specific energy
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requirements) Eﬂfmm Captive Power Solutions fAagar.

Pve WA Ular wie (Captive Steam Power Plant)

Captive Steam Power Plant (%P T Ul W) & U 3R YHR! diel ! YOIl 318 oft
IS RIS 30T WYl SoTRAST Hd. 3121 WieHsd A Hla! I ged JH-adMH
HTd HAId. GAYYH Boiler (S1GeR) § AT 389 S Coal (H159T), Natural Gas (R arg) fdrar
Biomass (Gﬂtn'ﬁlm) ulfed High-Pressure Steam (3= GIdl<l dith) dUR !, TIR QAT b Steam
Turbine @TI 361"&"?) [ grdaa Sidl, T Il Thermal Energy (T‘ITfﬂq B;‘Trﬂc) UHT fhRUm=AT Shaft
(RMUC) AT HIYHIJT Mechanical Energy (Uiﬁib_ _oa‘T:ﬂc) A FUiAaiRd Bl Sld. IR Generator
(\_SI:QET) faT Alternator 81 TifAd STl Electrical Energy (@Eﬂﬁ \’n\ﬂlr) e gead!, Sit SN [afay
fsha SO SUHRUTHE TR SiTd.

CHZAIYT SR 3MAe AT el &1d THIG SO Tal 61 9T0aTd S uiaRd Hxuard! HTaRadmdl
3d. g1 UfhdT Condenser (he-8x) HY il WId, TSI 1% Y81 UIUATd daed Boiler A G5
JTIRUY GOR el Sl WWW&WW 30T gTuTt Serd Bidl. Cooling Tower (W
ClaR) Ho~RAY ATR Teied] UE UTuTdie SV dhlgH ClhUdTd HIH HRdl Siuldb=- o UTult gal
CIERGI ﬁé?«r ?\’ZIWEITIT@L Deaerator (%&ﬁ%T) 8 JUDHT Feedwater (aﬂ”nweﬁ fodl SUIR 13I'I'Uﬂ) HYq
Oxygen (SHTfdTS) 301 SR Dissolved Gases (foRgesad dry) dig T, O Corrosion (719
@WW&WW Feed Pump WW%WWWWBOH&H@WWW
YT YAV g IIaudrd STH Sl

Ul GUAR fAGF0T Centralized Control Room (F4igd AT Fef) AYT ol O, § Fuel Supply
EYATET GRAA), Load Sharing (HRTd aRITYH), HTfOT System Protection (WUITCITD TREUT) TR A&
CERESIGH WW LAl Wiy Automated Systems (Eaferd gometh = OS] 3dTd S Hrdedm
3101 IRI&TAT e adTd. IT YR UfaR Wiie el Energy Demand (3T TReT) TR 5 MW d 150
MW 3T &HaH8 3 drd. Small Scale Industries (mgdeﬁl ) Aed ST &fad I aT0Rd ST, TR Heavy
Industries (S8 IENT) S B! Cement (RIAC), Steel (F1e), Chemical (XTTI) 30T Paper (HT1G) T
el &Y YUl TR 3. HPE UlaR Wicy dcd Uninterrupted Power Supply (FRAR
aﬁawa) od Aeid, dR Cost Savings (@va §dd), Energy Efficiency (Go'TSHc W&‘IW) 3for
Transmission Losses (aEI'UT E!Fﬁ) T ge H I Nfie Agw URRAd Har. W SHRIT

Electric Power

Flue Gas
Outlet (to factory/lab)
l Steam
Steam ‘ 0000
Fuel Turbine 5
Supply Control
Panel
Boiler
Exhaust Steam Condenser /‘ ’\
< Cooling
Tower
Feedwater
Tank

Figure 5.1: Captive Steam Power Plant
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1. fdIRT BTIET WU Enhanced Energy Security (&Wfﬁ?ﬁddad dle). 8 449 Power Cuts (_qﬁﬁf
$UId), Voltage Fluctuations (E"Wl_cﬂﬂ de-3dNR), 30T Load Shedding (HIR hUId) IRBAT
SSIUNIRIA TREFUT HRATd, TS IMTG Uihdd 3SYS Ud ATRId.

2. TIIT TSI TUNST Customized Energy Mix EEIER 3¢ [98). ITN AT TREJIR
ECEIEI gty Ir'\'|0|§ I dTd SR BT Coal @WT), Natural Gas (ﬁﬂ'% a1y fddT Renewable
Energy (:lTﬂ_f[ d E’ﬂ?{m’f) FCTIH% Cost-Effectiveness (@?f W&‘IWR) foar Sustainability
Goals (MY IEFAR) A 4+ fAdSdr Aq.

I ECIR IR ARHU Quick Response Time (ﬂﬂ_d uﬁm‘q’a&) HIVE Wi 3fATH daaun=ar
3N Sl TROAR Ao d1e SATEATd 9ad B .

4. Qdcdl Hgwdral WIAGEI TUN Grid Independence (@ITETCI'% gdAdn). a1 W National
Power Grid (TP dIel B1g) a1 Sfacia ! Bidll, fIRTT: Remote Arcas (GHH HIT) fobl
Underdeveloped Regions (Wﬁﬁ HI) qUE § Yud 3UYad 3.

5.2 wgm Sl rdgmaaTel aftfa A (N\MEEE) -

WWWWWWWWMWW%
I IS 9T0R, S T 31101 GATaRU1 TGHUr aHed dle el 316, § 3@ g Uaa]
HYRd IIBRA National Action Plan on Climate Change (NAPCC) g ool g Aew@r

3{fYIT T8US! National Mission for Enhanced Energy Efficiency (NMEEE). ? A ol aTR
IR 3R eied & fARINd: Power Plants HEA HTI&Hd d1g HRUTR HR .

NMEEE d J&7 3fe¥:
35l §9d dIedul

e Designated Consumers (DCs) dI Specific Energy Consumption ST H0
o ol SACITA Energy Saving Certificates I STOTRSIGRIT TR HU]
o 3ol HRIGHIS! TS Jdaudmian arerT gur
o FaHeUHl 9 SHoll BRIGH T HIGAT JHIUMER TR
NMEEE d & 4 9
1. Perform, Achieve and Trade (PAT):
Market-Based Mechanism SATAT 3£ TgUS ST fAfR1S SHoil HA&HdT <RIC guf
B! HTIOT AR T Aicihared (ESCerts) fashiaral o 3aul,
2. Market Transformation for Energy Efficiency (MTEE):
Energy Efficient Appliances dIURUYIY H\I(‘{-IIEH <01, 34l. LED ﬁ%, Efficient Motors,
TRICE IUDHRUI 3T,
3. Energy Efficiency Financing Platform (EEFP):
fdhah gieTdic Hare d GghTd arequl.
4. Framework  for  Energy  Efficient = Economic Development (FEEED):
URUITHAD IUTT ST 31T H1e ITIREA Sl HIIGHAH AT Ul
IS g ediaric UiRomy (Impact on Power Plants):
1. Sl AR I
2. WYfdEHdd 18
3. WHR! Aag reH gay
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frepy :
NMEEE % 3?@% &%HT‘L fa=IYa: Power Plants A& FHoil W&‘Iﬂﬁﬂ’[ TR HIN Uh II_E:ﬁ'I%[
S 318, 2010 ﬂ'l?ﬂ, Ministry of Power 3fa¥id Bureau of Energy Efficiency (BEE) gl e
ToliigR g S Y& HRUTTd 3Te. AT SIRIGN UGl (market mechanisms) A0
Sl ST ATeT fell SfTd. TS UATaRuaR 8I0MRT GO HH! gidr SM1foT senfiie Twdid
HTRIHT A S JYRT.

NMEEE (National Mission for Enhanced Energy Efficiency) d Ued

NMEEE U HRd &R National Action Plan on Climate Change (NAPCC) i IS
PRIGHATTS TUh ﬂ%ﬁﬁ S \’rﬂ%r g IR HT%IIU;UJI: 3T market-based programs 311%?[ :
Perform, Achieve and Trade (PAT)
PAT oI 8 NMEEE 3idiid qafd Agwamrd! diomT 3115, 2012 A & Fcied a1 Jrot-d1 G- S
IEUS Soll WU SR Syl ST (3al. Thermal Power Plants) 3Ifddh Bﬁ'@'lﬂﬂ'l? energy
efficiency ﬁ%m
PAT Scheme A% UUH Designated Consumer (DC) <l Sl TR HH B Gﬂ%@ faer STd. SR
gdlal IR & B'I%Q UR W_Ch, X UIfl Energy Saving Certificates (ESCerts) i@ ard. 8 ESCerts EGRS
I faspdT Iard o 3mua 3’@? qﬁ'Uf FE THaA :ﬂ@ﬁ B_Cﬂ_Ea'TUﬂ‘zf, UdTIql Thermal Power Plant CCIG|
high-efficiency Boilers 9! fdaT Turbines 3MTUS Hl. dquio\o SR T Heat Rate & YR EIKl
3101 31f¥h Sil Srerdl FATehl, TR T Wiiedl ESCerts fHesdTa.
TS

1. Bl HRIGHI Jaa YR

2. TG B gl

3. il AT SR ol

4. TTTGRUTRS 30T sfferesear hracRiR
Market Transformation for Energy Efficiency (MTEE)
MTEE % YT NMEEE 3fafid 2010 Hel = h0Y[d 3. e Energy Efficient Appliances 3o
IATG aTURUATY UicdTe fael T,
Hg<ar arorT:

« UJALA (LED feauid faauom

o SEEP (Super-Efficient Equipment Program)

o Star Labelling Program
Power Plants Fi?{ﬂ-ﬁﬁ, MTEE gR 9Teid sreidR R fear S

. \_{lﬁ motors, fans, pumps, transformers . §a¢f1 high-efficiency equipment IR

e LED lighting systems SICL

e Variable Frequency Drives (VFDs) CRGI|

e Automated Energy Management Systems RO
ZITEI‘,% Auxiliary Operations A FRTCH SHoll §9d BId.
Energy Efficiency Financing Platform (EEFP)
EEFP 81 NMEEE ${aid Tdh Hgwaral YT 3Tg Sl 3ol Bi&H Uhedia! e Aad Sudsy de
<l gEe ETW, financial institutions, 3T Yol fahge T el IH-ag ITYa STl
EEFP R:
o Performance-Based Contracts UiciTed dbal SITdTd (%Té] RAKS Bl II& Fadiar TeTRd SNﬁ)
o 3al. Power Plant H® Advanced Control Systems 99Ul fdhdl Heat Recovery Mechanisms IR}
& Uehed STRichesea suagTd gidTd 10 IS hrierran o fivesdl.

Framework for Energy Efficient Economic Development (FEEED)
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FEEED IS 2015 G & HRUATd TaH. R 322 WU Sradbla YRUNEd dide qaR 0T Sit
STl B Yahedrd! SHAaSqull gay .
FEEED 3{did SudieHT:
o PRGEFEE (Partial Risk Guarantee Fund for Energy Efficiency)
e VCFEE (Venture Capital Fund for Energy Efficiency)
FEEED WTaiid TMPTeR 4R -
1. Model Regulations d Performance Standards ddR H0!
2. Energy Audit Reports 3for Project Templates CREL
3. Public-Private Partnerships (PPPs) grequr
Power Plants A&, 7419 U ed § oA IR S BRIEH 30T HH ol SRIUR SHA1dd ATdhs A&l
IESESIG)
THUTIIROT:
NMEEE H& Power Plants &l WTeld WA Q-
1. Sl 301§ ITIRI U

2. I U¢
3. ST URITYd YT GRS Tielt
4. ¥fd9 Sustainable Technology =T 3fadid
5. ESCerts Trading §R 3T WTaar
6. PIULHA § Uh FaUR YRV STk
Table 5.1 Summary Table
Component Launch Year Purpose
NMEEE 2010 National strategy for enhancing energy efficiency
PAT Scheme 2012 Energy efficiency targets and trading for industries
MTEE 2010 Push energy-efficient appliances into the market
FEEED 2015 Mobilize financing for energy efficiency

National Mission for Enhanced Energy Efficiency (NMEEE) Bl AT HRAT A ol esraed fa=Iva:
Power Generation &3Td U131 §ad gsdd 3TUTA. B TISHT IENTHT 3HfAD efficient, WWTW
(environmentally friendly), 3for enfiferesea =myd (economically sustainable) Eﬁ'UtI'IFIB'Of Eh?\“l'l'[%ﬂ
@<d. PAT, MTEE, EEFP, 30 FEEED ¥R AIGHIGR Power Plants 7T $de@ TAIARUNAR GIOTRT
GiRoMmg ! dHRdl Adl, TR il performance T profitability geal dieddl qd.
5.3 At fAiftffear @t sigrer (Estimation of the production cost of electrical energy. ) (Simple
Numerical)
Electrical Energy dOR FRuagEl Td fafqy difie onftr onfie dewiR om@ced Syl
Power Plant Operators HTETEETWQ'@[ TAIH 3R S Wiie economically EIGERIRES
3for electricity selling price dXddl DE]
HHTIG: Production Cost HH Fixed 30T Variable Costs I JHIART 3!, O feretedT sremmaeiiiel
ST GIT:{I\_rIﬁ Hgd (Significance of Cost Estimation)

a) Tariff Determination 13T IUgH

b) ATATTAT Power Plant Options = {1 HRUIMTS]

c) Budgeting 30T Financial Planning 18t GerAdh

d) Cost Optimization Techniques T <TeIT
WiaR Uf¥uTH SRR Uedh (Factors Affecting Cost)
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. ITIRAd Fuel YHR d AT T
. Plant Efficiency

1
2
3. Load Factor d Utilization Rate
4. Maintenance Practices
5. Regulatory 30T Tax Structure
Energy Cost qUeH (Components of Energy Cost)
Electrical Energy Generation d U Ul G WTATTHTON S
Fixed Costs — g @& diel firdlt a9R Helt Tax aagH THdrd. Id JHERT gial:
« Capital Cost (CC): Power Plant SHRUNAI W4 — §IPREHR, Equipment 3TMT Installation
BIGEIRIGER C2
e Fuel Cost (FC): Fuel Consumption dX TR s - 3ql. Coal, Gas, Diesel s?cn?ﬂ
e Operation and Maintenance (O&M): it SifReM T SauHTe W
o Interest and Depreciation (I&D): Capital Investment dX 3TYTR Financial Charges
Variable Costs — § @9 dtel fAfHdi=an yHomgar seadame:
Fuel Cost
Operation and Maintenance (O&M)
Water and Lubricants
Labor (SR Load WHTU! dGdd 3M8d @)
Total Annual Cost (TAC)
TAC = Annual Fixed Cost + Annual Variable Cost

4. Cost per Unit of Electricity (kWh):
X ) Total Annual Cost (X)

kKWh/ ~ Annual Energy Generated (kWh)

Cost per unit (

Solved Numerical 01

Problem Statement: A gas-based power plant has the following data: Capital investment: X12 crore;
Annual fixed cost: X1.5 crore; Annual fuel and O&M cost: X2.5 crore; Annual generation: 3 crore
kWh. Calculate: Total annual cost & Cost per unit.

Solution:
Total annual cost =3X1.5 crore + 2.5 crore
=34.0 crore
Cost per unit =34.0 crore / 3 crore kWh

=31.33 per kWh
Solved Numerical 02
Problem Statement: A diesel generator generates 1,00,000 kWh annually. The total fuel cost is
%1,80,000 and O&M is X70,000. The fixed cost is ¥1,00,000. Calculate: Total annual cost & Cost
per unit.
Solution:
Total cost =%1,80,000 + 70,000 + Z1,00,000
=33,50,000
Cost per unit = 33,50,000 / 1,00,000
= 33.50 per kWh
Solved Numerical 03
A thermal power plant has the following parameters: Capital Cost: X100 crores, Fixed Charges:
10%, Fuel Cost: 22.50/kWh, O&M Cost: 20.50/kWh, Annual Generation: 500 million kWh.
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Calculate: Total Fixed Cost, Fixed Cost per Unit & Total Cost per Unit.

Solution:

Total Fixed Cost =10% of X100 crores
=310 crores

Fixed Cost per Unit =310 crores / 500 million
=30.20/kWh

Total Cost per Unit =32.50 (Fuel) +20.50 (O&M) + %0.20 (Fixed)
=33.20/kWh

(This kind of calculation helps in comparing different energy sources and determining tariff
structures.)

5.4: fafay srdermd=ar gewian sig= (Estimation of various performance parameters) (Simple
numerical)

Power Plant A¥d Performance Parameters 3T 3{cTol dTa0] Y Hed el 3Yd, HRUT e—IIJ:J;;CJ Operational
Efficiency GURUIMNTS! HqRad T HITHT 3fiad Ued.

3 eIl ddedrged Power Generation, Maintenance, I Investment iRl T&fdd Economic d
Strategic Decisions 3{f¥eh I UgalA ol ddTd.

AR, 81 e Benchmarking Efforts d Energy Audit 1t &I 3UYdd 33dl, HRO dl
Performance d HISTHIY ®HRUITRY Johd (Indicators) e Hal, ot Industry Standards fobar CANIGSIE
T HRUTGMTST ATURT 3> Qehdld.,

1. Thermal Efficiency ()
It is the ratio of output energy to input energy.
Higher value = better energy conversion.

Thermal Efficiency (1) = —— "~ PB4
ermat thciency (n) = Heat Input from Fuel *

Solved Numerical 04

A thermal power plant consumes fuel equivalent to 400 MJ of energy and produces 120 MJ of
electricity. Calculate its thermal efficiency.

Solution:

120
Thermal Efficiency () = 200~ 100 = 30%

2. Heat Rate (HR)
It represents the amount of heat required to produce one kWh of electricity.
Lower heat rate = better efficiency.

Fuel Energy Input (k] /hr)

Power OQutput (kW)

Heat Rate (HR) =

Solved Numerical 05
A power plant produces 200 MW of power. The fuel consumption is 5200 MJ per second. Find the
heat rate in kJ/kWh.
Solution: Fuel energy per hour = 5200 MJ/s x 3600 s
= 18,720,000 MJ
= 18720000000 kJ
Power Output =200 MW x 1000  =200000 kW

18720000000

Heat Rate (HR) = 200000

= 93600 kJ/kWh
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3. Plant Load Factor (PLF)
Indicates actual output compared to the maximum possible output.

Indicates utilization of the plant.

Actual energy generated
Plant Load Factor (PLF) =

Maximum possible energy generation

Maximum possible energy generation = Installed Capacity X Time period

Time Period = The total number of hours

In a non-leap year:

365 days/year x 24 hours/day = 8760 hours/year

If it is a leap year, the total hours would be,

366 days/year x 24 hours/day = 8784 hours/year

This value is commonly used in calculations like load factor, capacity factor, and availability factor,
because it represents the maximum possible operating time for a power plant in one year.

Solved Numerical 06

A 50 MW plant operates at full capacity for 1500 hours a year and generates 60,000 MWh. Calculate
the load factor.

Solution: Maximum generation = 50 MW x 8760 hr

= 438,000 MWh
Plant Load Factor (PLF) = 60000 =0.137 = 13.7%
an oa actor = 438000_ . = /70

Solved Numerical 07
A power plant with an installed capacity of 100 MW generates 720 million units annually. Calculate
PLF.

Solution:
Installed capacity =100 MW
Annual generation = 720 million units = 720 million kWh
Total hours in a year = 8760 hours
Maximum possible generation =100 MWx8760 hours
= 876,000 MWh
= 876 million kWh

720
Plant Load Factor (PLF) = 76 0.8219 = 82.19%

4. Capacity Utilization Factor (CUF)
Like PLF, but includes off-peak hours and maintenance periods.
Reflects overall efficiency in long-term use.

) Average Load
Capacity Factor (CF) =

Installed Capacity

Solved Numerical 08

A plant with a 100 MW installed capacity operates with an average load of 75 MW. Find the capacity
factor.

Solution:

75
Capacity Factor (CF) = 100 = 0.75 =%

1. Availability Factor
The Availability Factor is the ratio of the time a power plant can produce electricity.
High AF = good maintenance and reliability.
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Time plant is available

x 100

Availability Factor =

Total Time

Solved Numerical 9
Problem: A plant is operational for 8000 hours in a year. Find the availability factor.

Solution:
R 8000
Availability Factor = 8760 x 100 =91.3%
Sample Case Study for Laboratory Load Calculation:
Connected Load

The connected load is the total wattage of all electrical appliances and devices that could be used at
the same time in a particular space (e.g., a laboratory). It gives an idea of the maximum power
requirement of the lab.
Power (Watts)=Voltage (V) x Current (A)
For estimating load,
Connected Load = Wattage of Appliance x Quantity of Appliance

1 kW =1000 W
Selection of Power Plant
Once the total load is known, the suitable type of power plant can be suggested based on the load
type:

Table 5.2 Load & Powerplant suggested

Load Nature | Suggested Power Plant Reason

High-capacity, continuous

Base L Thermal lear / H
ase Load ermal / Nuclear / Hydro and reliable supply

Intermittent Solar / Wind / Diesel | Suitable for variable or small
Load (captive) load environments

Sample Load Calculation for Lab

Step 1: Select a Laboratory

Choose any one laboratory, such as Mechanical Lab, Computer Lab, etc.

Step 2: Identifying and Recording Devices for Load Calculation

Table 5.3 Load calculation for data on all Mechanical appliances in the lab

Sr. No Appliance Name Quantity | Power Rating (W) | Total Power (W)
1 Ceiling Fan 4 70 280
2 Tube Light 6 40 240
3 Computer System 10 150 1500
4 Printer 1 200 200
2220 W
Total Load — 999 kW

Step 3: Suggest the Type of Power Plant
Based on the total connected load:
1. Ifload is below 5 kW and used intermittently - Solar or Diesel Generator (captive).
2. Ifthe load is between 5-25 kW and consistent, a small wind turbine or rooftop solar hybrid.
3. Ifload exceeds 25 kW regularly, consider grid connection with backup captive generation.
Justification:
“For a connected load of 2.22 kW in the Mechanical lab, which is used 5 days a week for 8 hours,
a rooftop solar PV system of ~3 kW with battery backup is suggested. This ensures renewable,
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low-emission power for sustainable operation and aligns with energy efficiency goals.”

Sample Review Questions:

TLO 5.1: Explain a captive power plant.

1. Define a captive power plant and state how it differs from a public utility power plant.

2. List any four industries where captive power plants are commonly used.

3. Explain the benefits of setting up a captive power plant for an energy-intensive industry.

4. State the use of a natural gas-based captive power plant in reducing power costs for a textile
company.

TLO 5.2: State the National Mission for Enhanced Energy Efficiency (NMEEE) in power plants.

1. State the four key components of NMEEE.

2. State the nodal agency responsible for implementing NMEEE and its launch year.

3. Describe the objective and functioning of the Perform, Achieve and Trade (PAT) scheme.

4. Explain the Market Transformation for Energy Efficiency (MTEE) contributing to energy
savings in power plants.

5. Explain the thermal power plant benefits from FEEED through modernization and improved
efficiency.

TLO 5.3 Estimate the cost of electricity in the given situation using simple numerical problems.

1. Define fixed and variable costs in the context of electrical energy production.

2. List any four factors that affect the cost of electricity generation in power plants.

3. Explain how capital cost differs from O&M cost, supported by examples from power plant

operations.

4. State load factor and the electricity cost per unit.

5. A biomass power plant has the following data: Capital Cost = X200 lakh, Annual O&M cost =

%20 lakh, Fuel Cost = X80 lakh, Annual Generation = 80 lakh kWh. Calculate: (a) Total Annual

Cost, (b) Cost per Unit of Electricity (I/kWh).

TLO 5.4 Calculate performance parameters for the given power plant using simple numerical

problems.

1. Define thermal efficiency in the context of a power plant.

2. 3. Explain why heat rate is considered a measure of the efficiency of a power plant.

4. Define Plant Load Factor (PLF) and Capacity Utilization Factor (CUF) with suitable examples.

5. A power plant consumes fuel energy of 600 MJ and produces 180 MJ of electric power. Calculate:

Thermal Efficiency.

6. A 250 MW thermal plant generates 1,200,000 MWh in a year. Calculate: Plant Load Factor.

7. A gas turbine has a fuel input of 4000 MJ/sec and generates 150 MW. Calculate: Heat Rate in

kJ/kWh.

8. A solar power plant of 10 MW operates with an average load of 6 MW. Calculate: Capacity

Factor.

9. A hydro plant was available for 8450 hours in a year. Calculate: Availability Factor.

Review Numerical Questions

Unsolved Numerical

Section A: Estimation of Cost of Electricity

Numerical 1: A diesel power plant has the following costs: Capital cost = ¥300 lakh, Annual fuel

cost = X120 lakh, Annual O&M cost = 325 lakh, Annual generation = 75 lakh kWh. Calculate the

cost per unit of electricity.

Numerical 2: Q2. A coal-fired thermal power plant costs X800 lakh to build. Annual fixed charges

are X100 lakh, fuel cost is X180 lakh, and the plant generates 150 lakh kWh per year. Find the cost

per kWh.
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Numerical 3: An industrial plant installs a captive power plant with a capital cost of 500 lakh. If
the annual energy generation is 100 lakh kWh and the yearly O&M cost is ¥40 lakh, compute the
cost per unit assuming fuel cost is X120 lakh.

Section B: Performance Parameters

Numerical 4: A power plant has a maximum demand of 60 MW and an average load of 45 MW.
Calculate: Load Factor

Numerical 5: A hydroelectric station has an installed capacity of 150 MW and operates for 3000
hours annually at full capacity. Calculate: Plant Use Factor & Annual energy generated
Numerical 6: A power plant with 200 MW capacity generates 14,00,000 MWh annually. The
maximum possible generation is 17,52,000 MWh. Calculate: Plant Capacity Factor

Numerical 7: A power plant with a load factor of 0.75 and a maximum demand of 80 MW operates
for 8760 hours in a year. Calculate: Average load & Total energy generated

Numerical 8: Compare two plants: Plant A: Capital cost 3600 lakh, annual generation 100 lakh
kWh & Plant B: Capital cost ¥500 lakh, annual generation 80 lakh kWh. Determine: Cost per kWh
for each plant if the total operating cost per year is X100 lakh for both.

Numerical 9: Determine the thermal efficiency of a coal-fired plant with a heat input of 9000 kCal
and energy output of 1.5 kWh.

Numerical 10: A thermal plant has the following data: Capital cost =500 lakh, Annual O&M cost
=330 lakh, Fuel cost =100 lakh, Annual generation = 100 lakh kWh. Calculate: Total Fixed Cost,
Fixed Cost per Unit & Total Cost per Unit.

Numerical 11: Connected Load Calculation for a Computer Lab - A Computer Lab contains the
following appliances: Ceiling Fans: 5 units, 70 W each, LED Tube Lights: 8 units, 18 W each,
Computer Systems: 15 units, 150 W each, Printers: 2 units, 250 W each. Calculate the total
connected load in watts and kilowatts. Suggest a suitable type of power plant and justify your
suggestion based on load characteristics.

Numerical 12: Intermittent Load in a Physics Lab - In a Physics Lab used only during experiments
(2-3 times a week), the following equipment is present, Oscilloscopes: 3 units, 100 W each, Tube
Lights: 6 units, 40 W each, PCs: 4 units, 150 W each. Calculate the total connected load, determine
if the load is base or intermittent and recommend a suitable power source with justification.
Numerical 13: Evaluating Load for a Mechanical Workshop -The Mechanical Workshop has,
Drilling Machines: 2 units, 750 W each, Grinding Machines: 2 units, 500 W each, Tube Lights: 10
units, 40 W each, and Exhaust Fans: 3 units, 80 W each. Find the total connected load, classify the
load (base/intermittent), and recommend an appropriate power plant.

Numerical 14: Lab with High Load and Grid Dependency - An Electrical Lab has, Transformers
(small scale): 1 unit, 3,000 W, Computers: 8 units, 150 W each, Tube Lights: 10 units, 40 W each.
Compute the total load in kW. The lab runs 8 hours/day, 6 days/week. Suggest the best energy
supply strategy (e.g., grid + backup, solar + diesel hybrid). and provide technical justification.
Numerical 15: Design a Renewable System for a Sustainable Lab - A sustainability Research
Lab uses the following: ACs: 2 units, 1,000 W each, LED Lights: 12 units, 20 W each, Research
Equipment: 1 unit, 2,000 W, Laptops: 10 units, 65 W each. Calculate the total connected load. If the
lab emphasizes clean energy, suggest a renewable energy system with a backup and estimate the
minimum size of a solar PV system needed, assuming 6 hours of average daily sun.
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