_ ) (FaTa«) (1S021001:2018) (ISO/IEC27001:2022)

IR e ECI R INGERIR R FEED]

fRr&ror gieaest

(Learning Material)

UsTil aTdelel 313 3Mifse

Energy Conservation and Audit (316327)

e e e
(&-w)

HRT! - Uit (fgyTivep) ATeOH

CIR eI GERIBIGIGE R R ER ML)




fRraror giaenT

(Learning Material)

TSl heId= 3fS 3ifse
Energy Conservation and Audit (316327)
(ECA)

fagqd SHfifD! e
T

K-Scheme

TS - $3rtt (Ftve) e
(AT & FRTTTATeY Hara, Fet ot

G Q)
g. @’9
@
. d L

HERTSE T TIARIETVT HSs, HAS
(Tare) (1ISO 21001:2018) (ISO/IEC 27001:2022)




TSI HAeH 3 3ifec

Energy Conservation and Audit (316327) (ECA)
HTIGLTh

%W%atlﬁafﬁzrrﬁﬁ

\}' UhelU HHAIID 1

TSI HATFIG 99X

MY THaATT S
fegrEaTdar,f@ega rfaTT=dhr

s afdwra e
fegrEaTdar,f@ega rfaTT=dhT

ATAY 3rFA AN
fFsmeTaaE, fAega rfaaia<hr




Z j (ETAT) (I1SO: RR00%:R0%¢) (ISO/IEC: R9008-R0%3) :
IR Ao SHRE, T 7e7el, ¥R, WRaTe!, qiaT (qd), HE - ¥oo o4y,
WEAIh.: 03-BRUUYRR00 /343 / 390

email : director@msbte.com web site : www.msbte.ac.in

Tt

FHROTHHET STITOT TR ey AT SR e ST SehoT HvaTeh, faeetoor o Jeamme wvare ade ahH
STTHT SIGUATE ST TeUTeid fafehcqen foram faemeatmes sifues 3o gidier 3ran Tor favarg o, St faemedt
T ST HTeAHTeT qUiqUT gRTed ST HIFReRT ST, JeeT CATeaTaIa! siiciiet =reid ST 8ot | i,
eI o Y1 STae STehei TRYUT g1, TTHICHeR 87T e 0T e STTeafoaveTd &t e,
7 & Tt foaR e Healee Veiiureh Angiie fHifd SHhivard STeie 7. JRd 397 81 SeaareargT
TRl ST ST ST ATHIUT TRTI et feremeai=T ifyeh f¥Teror ST wTS= STeTR =1 AT it sTeiten 319
TS U I BIE AT SeehHIgT HeRTsg Wsd o RTeir HesH Ui wiekial it fremmesar

T VeifoTeh gRU-R00 YRR wdier FeomE Weaed °d, SWe famreata dites |
SATIHHIAIS T o fRreromer orez farear 9. & ST wefers srwiges qifyes Qe sy
AT T [ ST SIS HOATE vl TR, AT URUITY 3T EeT Hea™ JHTREGIEe!
IFeATOTER A R032-3R TR I-Scheme TR S8R o 2033-2% U K-Scheme A foguiityes Arezmren vty
TR o AT TR Vel ST et fetell 3TTE. AT T STHE HeaM FRIaH- S0 g wiites Seifres Srsfiar
et foremedt o STfueareTaichiRar SUeTed e Sel 3T,

TR WA G STy SOGR HIvATHIS! TeRTIIe 3T¥at 9 O ST Hags
HIIST HTHT & ST A qTeh IETEc FaT ST e FRIS! ST ST aoiees Srevaret JaeT sherell
A JATE. e TeX Ieforeh Tt 3fyes Ho=1 Sotet! 3T, foremelt wiear safdawearer guarat amfo
artrvoT ferehTer ATereiict. TR fovarRaiia Hrsee AT TR qoT SHivaTd HE RIS sy 3THER T el o 9arm
AT ST HI¥aad STaR SR, 3T 5ol [vary 31,

AR TafehT ST aTRsHHTdle fasaret TRer-gust (fgefivn) Srerfore Gl SHfguarast st
g RO AHTS TE T Seiaeiel THYVT F SE-EGT hIqeT TS 31T, 3T Falte =y g 1= Heal!

RN
(S

BRISED
. 1. 7 Roeor v, e




S HHIUTPT

31.5P. gfed e T 3b.

1 1-20
(Fundamentals of Energy Conservation and Management)
TSIl HHART 5 SOFEHS AR

2 i _ _ 21-50
(Energy Conservation in Electrical Machines)
TSI HSIAIN 57 SOTFCDH S SRETOIT RITH

3 o , . 51-91
(Energy conservation in Electrical Installation system)
TSI BeIa- [T B ST 38 SRP

4 e : : 92-131
(Energy Conservation via Cogeneration and Tariff)

5 Qﬂﬁﬁaﬁ%_d (Energy Audit) 132-183




Energy Conservation and Audit (316327) TSI PheaAdeld 315 33T (316327)

gfie 1: heMeed 3Tt THell HaRM 3fs Teide
(Unit 1: Fundamentals of Energy Conservation and Management)
P MScHI (Course Outcomes):
CO 1- YRS Q:ITrﬁ Wﬁc‘\fﬂ PINGISE] (Energy Conservation Policies) fazowur Hol
(Interpret).
frarft ofT 3mged® (TLO):
TLO 1.1 HRAIE rag-=Ial HTOT A19-FHeg ===l TTsil TIT (Conventional and Non-
Conventional energy sources) ¢ ARl dreR .
TLO 1.2 Qqﬁﬁﬂeﬁiﬁﬁ (Energy Management), Qqﬁﬁm (Energy Efficiency), Q:Wrﬁ
HHaH (Energy Conservation) 30T Teif siffse (Energy Audit) I TP
h.
TLO 1.3 Wﬁﬁmﬂ Tae 2001 (Energy Conservation Act 2001) Ell "qyq afdrea) Uy
h.
TLO 1.4 BEE, MEDA 30T MNRE &1 4ff{drdl qu H.
TLO 1.5 faciean Safdead SfduHe (Electrical Equipment) T %R AaieiTaT 312 T,
TLO 1.6 TSN hd=d! el ST ATd Wi WY 1.
TLO 1.7 ECBC 3101 ¥ fafedw (Green Buildings) =01 Wd afreedie quf &,

11 w:ﬁﬁmﬂ%eh (Energy Scenario)

o HIUTATE! <RI 3 fawmrIdt Tl | U fRfasite! te ame. famam=iia S
SIS, Toll &A1 qdd dTedl Teiedl TRe A&Td odl, & quf SHRoare! Jrean
TAqUT STaRIHT SR,

I [a¥g HUI I 3RcIa Pd TS SR U SR 3T,

. ‘gﬁ“@ﬂe[, ST UG Hiadr Jamod W’V@lﬁ% (fossil fuels) STfOT ﬁq@amﬁ@ﬁﬂ
(Renewable energy sources) 3Uclsd 3Ted, I/ YA ufd e Qqﬁﬁﬂmﬂ:{ (Per
capita energy consumption) FHH 3R

o JWATA (Sustainable) 30T rm IrATGIG-3Me fawramrdt oft oifRd seau
ARG 3HTg. SRl HIBATGR (Coal) HATUDH 3fddifaed, figd 0T argt e
THIOMER {TATd, T TR ST Soll, T8 Hiadl T Tei =TT, OiawT,
g 31 TR Uk yafaRofig gufkome afn faarR xar fasfia qxivmm
TSIATORTAT UTd@1aR Ule udTal d R0l [gTorgurd ATgl.

o HRAW ANRGAT SHaTHMId YR HROARATS! Ui Fekil TSI DHIFR (Per capita
energy consumption) 10! TaTS 3R

o TG YA SO fade! PP S, YIS TSHaTR dI6qe! 3 Gulrd SHa-a 1
&Rl Ud. SR 3Tl ﬂvﬁ-wﬁlﬂ TASH (Non-renewable energy) Piad IrEICbN-IIHNjﬁ o
S G dodl fGRIT daugrE TRS 38, 3T dGArTd! Ul f[abr dgdid gayd
gRad 3aRdd g U 3AERead MY (Unsustainable growth) 3merid sifdfe
ﬁmﬁﬁm (Environment-friendly) 30T T fahrameRr HR GO,
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o T TE SN UATaRuig JH=T id aifii (Global warming), 3fRI€ ¥ (acid rain)
30T 3 TR Sf@=M (Ozone layer depletion) W@Gﬁﬁaﬁﬁ 3{Ted. RTI'E@'W
SHaTHHITST 3TaRTgd TS (Energy need) HH! 9 T, 3MARIH TASISD] (Energy
want) SHT BRI § IS 10T ST 8T SMazaeh 3.

o fagmm Qﬁﬂi‘[@lﬁ FITrﬁ (Non-renewable), B Uﬂﬁ@% (fossil fuel-centric),
ITAES (Centralised) TASIRIRGH TR GR SIS Aal-HRUNTT TASIITLT SRTcedl
fadfad fafen &8 (Renewable energy dominant decentralised system) IS IBaG
ST TITH 3R, SHaT T T bt ToifITaRads 318, TTSIATIR (Energy use)
30T SHETHH (Quality of life) TS THRIHD TaY 318,

o QT-IG]%[ FATIh BRI (Classification of Energy):

TSI WIS SMYURTR fafde Ui Fefifthe e (Classified) P ST, Udhd:
o UTTHRY 31 Yahe<t Q:ITYW(Primary and Secondary Energy)

o HARMEA &Tﬁ[#ﬁ—@ﬁfﬂﬂ@\—rﬁ@ommercial and Non-Commercial Energy)

o I“Qrdecl 30T ﬂTﬂ—f\Qrdecl 1l:lTrff(Renewable and Non-Renewable Energy)

1.1.1 UTgHY 3o JAehs Fﬁﬁ (Primary and Secondary Energy)

o Mﬁﬁﬁ@ﬁ (Primary energy sources) B 3 g &n%a@rﬁqﬁahww (found
in nature) dld fohar faia Wreaaa (Stored in nature) 3{IdTd.

o Mﬁﬁﬁ@ﬁ (Primary energy sources) U Pl dl (Coal), CIBS 31T$c*| (Oil), EERIY
EIK] (natural gas) 3fOT ST (Biomass) S Bt <l S (wood).

o IR IUAS UGHA QT-ITrﬁ g (Primary energy sources) ad ?I%TR QT-lTrff (Nuclear
energy) Gﬁmﬁm e ag (Radioactive substances) HY ﬁ@ﬁ, yHd QHGW (Thermal
energy) STt Judi=al IR ATaciell 31, dud JEel ea®yUes FH0r gIomt
UIefRITd TASH (Potential energy) T THIGR B,

o THE UIOHRT SATOT A et Uoil WY (Figure 1.1) A GRIfAed TR

Source Extraction Processing Primary energy Secondary
Energy
Open —— Steam
Coal or Deep Coal
Mines — Thermal
Coke

Hydro

Narural gas

— Thermal

3 au) -
Petroleum Petrol Steam
\ DieselTuel vils

Petrochemical

Figure 1.1 T TIAHRT SATOT Ydha<t ToIl A
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o UGER Q:ITrﬁ TR (Primary energy sources) g Eﬂ'ﬂ@ﬂe{ 3@’@?1?1 m?ﬂﬁ (Industrial
utilities) HE TUIART B Yba! TS TR (Secondary energy sources) TR &al
STATd; 3TeRUMY BHISHT (Coal), TS 33d (oil) fhdT TeRd 719 (Gas) T TIH (Steam)
30T SAfaefict (Electricity) T&) FUIGR ol ST,

o UGER Q:l\_rﬁ(Primary energy) de IRl (Directly used) SIS Yahd.

. W’eﬁ Qﬂﬁﬁ@ﬁ Qqﬁf@ﬁfﬁaﬁ EGR STIRT (Non-energy uses) R [N SdTd; dc'(lswlltf
Pl (coal) fhar O T (Natural gas) ? Wd Idie Yheaiad (Fertilizer plants)
Blexcld (Feedstock) TEUM ATURT SITS, Rehdld.

1.1.2 HARME t{:ﬁﬁ (Commercial Energy) 3for AT-HulRiaa ET-I\_rﬁ (Non-

Commercial Energy)

a) Wﬁfﬂﬁlﬂﬁﬁ(Commercial Energy)

o Qqﬁﬁ@ﬁﬂ CISINGREIESRE LI (Definite price in the market) SUSTsY 3RAATd T
HARMGE TS (Commercial energy) TUIAT.

o Hald HeddlA] HHRTA Q:ITrﬁ (Commercial energy) TEUHE Eﬁw (Electricity),
Pl (Coal) 3o R FHadt ﬁIEjﬁﬂT[ IdTGH (Refined petroleum products) =T AT
Bidl.

o &HW NI 5’8‘@'&?{ (Industrial), FfideaRd (Agricultural), Q’F\"-@é (Transport) 3o
FHHARH (Commercial) fawTI=ET TR TTTHIRIE TASHAR TR 31T,

o ISRCTAETS Qe SRIMAY (Industrialized countries) HHRAA RIR (Commercialized
fuels) dhaes 3NH ITTETRITS g TR ATH b AT e ORI HIHENTO 6! U@
Id 3Ted.

o 3aIERU: ToifdeRIET (Electricity), [AFATSE (Lignite), HISHT (Coal), 3HiSd (Oil), FaRd 19
(Natural Gas) ERCA

b) ?ﬁ-ﬁ&hﬁﬁﬁﬁ(Non-Commercial Energy)
e W Qﬂﬁf%’ﬁﬁﬂ FORTd fhHdNT3T SUds THdTd (Not available in commercial market for a
price) T Ai-1-HARIT TASI(Non-commercial energy) FUITG.
o AF-HARTS TG TET A SYART URURS U (traditional fuels) JHTAY 3RTdTd S
aﬂm (Firewood), Fed o (Cattle dung) 3O S b eaRd al%q{-l (Agricultural wastes)
S TRURA TMed] el SITdTd 3101 BRG] el S ATgId; faRIvd: ATHI0 YR 9TuRe ST,
o T URUNSD S (Traditional fuels) 3a! T8ed STd. TSIl [@RSTHE (Energy accounting)
TEYT SIS Tol s Gara dbal ofldl.
o JGTE:
- YTH YETTATd BRIRGS (Firewood), STUldhedRal 9%y (Agro waste)
- AR Q:ITrﬁ (Solar energy) qroft drafaor (Water heating), éﬁw SR (Electricity
generation), YT=I1/HR/WHh& dIB{A0N (Drying)
~  fOTRIR (Animal power) dT8dd (Transport), dige PHIaUl (Threshing), Rig=ramdY aroft
Il (Lifting water), 5 h 0! (Crushing sugarcane)
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- fds Qﬂﬁﬁ (Wind energy), qroft Iacor (Lifting water), sﬁﬁaﬁm“r SR (Electricity

generation)

1.1.3 IR Agdad TSIl f$HIS ST YW (Energy Demand and Supply at National
Level)

TTolf fSHIS (Energy demand) BT Xsg HHaTe fafay foraigk SIOM=m TS S
(Consumption of energy by human activity) guiq HRUGTTST ATORET S,

TSl (SIS YUl TASIRIRGH & (Energy system) ITadd. <l THUT TG ATOR el S,
HIvrT fEHTU FHIVAT THR WA (Types of fuel) AR ST d, Td TSGR ifad
AFATAT (End-use technologies) ARTSeITER UHTG eTehd.

(i) TSIt fSHIS (Energy Demand)

Tl feHTS ofiF T aid faumTel i

1) gﬁfﬁﬁﬁﬁ (Electricity),

2 EA'IT\‘:@%QF[ (Transportation),

(3) BIc (Heat) ML ZalfacRic SFRRM fdar dede guq Afaiad ¥d fRR arRidn
THTART 3T,

STFOT SIgTHM AT SHTa=a® Toilal Ul J&T a1 31Tg. 3T f[aamy Mfor
SITTAM GURA 3edM Toll [SH1S (Energy demand) Gradies dlead XMaid. [ARISd:
eafdmRId qRHe, 1Y TASHQIRE (Energy poverty) 3IRIdIel Al eRedl §R8R [dggd
At T SMYAD S SO JHTd B,

SGISIIYR, 21 T R[AH I HATIAd (Mid-twenty-first century) STFTAd Sfcawt Tl
&1 dled a1d, SR eIl a7 GO HES YUci-aRadl dlaraei=al ga-d HHl 3.
2030 Ydf ST srfaaw $ifdd Side dled, TR THS-T18- SaNT (Energy-intensive
industries) S Pl W d dGs, 3R YUl (Non-ferrous metals), SHRd qifgd (Building
materials), 30T e SifEiRe! S (Chemical engineering industries) gt dle
Herad,

3% AEarAT IATG-d I 2030 T STRIUN HegR=M Tlse (Saturation point) TS,
3101 Tell fEAiedr TRRRT a1 &R 1.6% IMGId. 2030 HaR Teil T8 I "Sunset
industries” A& URAfdd gIiId, HRUT Sgd TGRMTAS SSRETAIIRM (Industrialization)
3O RIELHRUT (Urbanization) T aFT HH glad. TR3de, JaR HTeNfies, argde SMfor
AT &aa rfTawidid arel dled, ST aRuTHT TS AR U60r Hel fiag asa.
HRATA TsifedTs (Energy shortages) 2013-14 A 4.206 G 202425 A a5 0.1%
T IRl 31TE. IS THSI3dTGH, TRTHd JIAeT (Infrastructure), SHTOT faaR0r FaRyd
St YUROM T G Id.

YRS Ul el Saifde RIS TR (Per capita electricity consumption) 2013-14 Tefid
957 kWh 9+ 2023-24 & 1,395 kWh SITcTl, U 45.8% dTe, Sif Salfag RIS Sudsdl
3T ATORTC HiedT Wi Side 317G

(i) @vﬁm (Energy Supply)
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o quﬁw (Energy supply) BN WY (Fuels) WT"QITHU?\I'?%C qﬂ?ﬂ% (Transformed fuels)
ST 3BTl (Point of consumption) CIREICLA
gy Uﬂﬁ‘:ﬁ[ 3 (Extraction), "ngHﬁIQFT (Transmission), SRRE (Generation),
fSESg=M (Distribution) 30T WIRS (Storage) T THTART I,
ToigRasATe Bt weft TISUATE (Energy flow) 3gT T SiTd.

o TS UTHRY Qﬂﬁﬁw (Global Primary Energy Consumption)

o 2003 T 3RAINY, T UTIHRI Qqﬁﬁﬂmﬂ:{ (Global primary energy consumption) 9741
million tonnes of oil equivalent (Mtoe) Sdl gl

o el [AHRIT (Developed) 30T fawE==IE (Developing) SRIHSE UraHel TSl drgr=M
(Primary energy consumption) ddcl 1.1 (Table 1.1) Ted gRifaar ofe.
e 3™ W Id DI URATE UpUl U] TSl Hei=H (Absolute primary energy
consumption) &I SHITAT (World) dTURTAT 1/29 AT HNTIgddI, USA =T dIURT=dl 1/7 A1
YRTISAPT,STUT (Japan) T ATIRTAT 1/1.6 T HATISAD] 3MT8. UG Sl (Canada), T
(France) 3TfOT U.K. (United Kingdom) IieaT @-id HRAMT YR TSIATOR 3fIhH 1.1
Ue, 1.3 Ug, 3107 1.5 Ue 3Ts.

Table 1.1 Primary Energy Consumption by Fuel, (In Million tonnes oil equivalent)

Country Oil Natural Coal Nuclear | - Hyd r_o Total
Gas Energy | electric
USA 914.3 566.8 573.9 181.9 60.9 2297.8
Canada 96.4 78.7 31.0 16.8 68.6 291.4
France 94.2 39.4 12.4 99.8 14.8 260.6
Russian Federation 124.7 365.2 111.3 34.0 35.6 670.8
United Kingdom 76.8 85.7 39.1 20.1 1.3 223.2
China 275.2 29.5 799.7 9.8 64.0 1178.3
India 113.3 27.1 185.3 4.1 15.6 345.3
Japan 248.7 68.9 112.2 52.2 22.8 504.8
Malaysia 23.9 25.6 3.2 - 1.7 54.4
Pakistan 17.0 19.0 2.7 0.4 5.6 44.8
Singapore 34.1 4.8 - - - 38.9
Total World 3636.6 2331.9 2578.4 598.8 595.4 9741.1

o fomRia onftr foma=ia SRIdid THeiTaaRul SR SATdId AR 80 <o AlHEeAl
A= Swrid I8 (T 25 Tufd WihEe IWUC aIgal 37), dRle! i TToll SHhg=M
(Energy consumption) WWW&%MH b1 T 40 TP 3G

o fapRid =iidiad = SifaH{M (Standard of living) § =0l SR energy consumption
Udaiges e A 3Te. a9, fapa-=iid qiidid aaM dihae diaiges Ufd o]
TS SR 8 3dd HHI AR 3R, & 3dd 3Nefiies fawiia SuIten Qua Bt 8.

o ST Ul kit TRTIERT Wil SR B 2.2 tonnes of coal (PIBRITAT 2.2 1) Sdd 3G,
3ENME SRHED AP § ST RN IR o URIYC SR TSI aToRadTd, SAToT
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fargTefid Sxr=ar RIS 7S Ue SR, UhT 3RS adial HHRTT TSR g1
TPHT YRCATAT 32 Ue 376

1.14 g%ﬂ?@ﬁﬁﬁﬁéﬁ (Indian Energy Scenario)

YR TTSHHYUTHE Hicsdl T Mg ST THUT UERt Tol WeaR Udh! gaR
550 T BTSSRI ). TUAY oRd 14 o7 aTeT 1994 AEfId 10% a1 1999 HH 13%
Tdd TG 3MTe. I HIaadid dara dTel 20% T 17% Tdd gce 3iTe.

QT-ITrﬁW (Energy Supply)

Il g (Coal Supply)

YRAThS TS THTUNT ISl WIS U 3Tgd. 2003 =T 3R YRdThs AR 84,396
million tonnes $d3b e Repgead i\Q\vIoE;r\ﬂ (Proven recoverable reserves) gId. § SIdia
THU HIsHl ATSaTe] AR 8.6% 8. THTAT Rotes/MSa=M - (Reserves/Production
(R/P) ratio) TR § W16 FHR 230 T8 P IHhdId. Jar-d, AT R/P IRNTIR ST
DI TS GAR 192 I8 fewmdia.

RoTes /MiSaR IR (Reserves/Production (R/P) ratio) — TdT<T YT Riael ITas S
TS T NI IATGA NS B, I 1S FATAT MG UTdeIaR favell a8 f[edbdld
gl 3igTsl A,

YR BT ST BISHT (Coal) ST fUTSE (Lignite) T ST Faid AIGT SUTGH ST 3R,
YRATAIA DIl SdTG UMRA Weitd IS dhigd 3Tg:

311y =T, IR UG, fS8R, Heg Uew, HERTY, TS, FRES 3o Uiz s,

3{Tgd AW (Oil Supply)

YRATAT THUT TASHATRIEE 33 AR 36% SAPI dleT 316, HRd 81 SHIdid 3iigd
HIFM (Oil consumption) ALY faG=aT HHIBIER 3HTg. SHIE HaTd SIRd 1SS dTIRUIR
MY 5 T TGUST USA, China, India, Japan 30T Russia. WW% 3figd (Crude oil)
IdTe AR 28.7 million metric tons (MMT) 3178, TR FedT= S= ARTl AR 233.3 MMT
38,

FeareT IR, HRAT! 3figd fSHIS (0il demand) 5.4 million barrels per day (bpd) I
2050 THd 9.1 million bpd T ITEUATT 3HETST 3118, TP SNl ST Had 34 MT
3.

YR 3AYeT H8 A (Crude oil) TRSITUDHT JHR 87% 3MTATd Hal, fAAwd: T =g
(Gulf nations) e HRATdId AN 5.4 billion barrels SAhT dRIT3T TAd: Bombay High,
Upper Assam, Cambay, Krishna—Godavari dI YR 3%, @TET—EHEGT ﬁejﬁmn IS
hHX (Sector-wise petroleum product consumption) £ i33) EA'IT\ElTﬁ'cP e (Transport sector)
42% d1eT ddl, dR SARTH (Domestic) 3ATOT TSI (Industry) TADT 24% 3MTgd. 2024 A
SRAI HIRA 33 SMATITAR 314,802.32 billion SAHT T del.
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3. ERE 1Y Wy (Natural Gas Supply)

o HRATA TASIATORTA SaRd 719 (Natural gas) dT dTeT AR 6 d 7% 8. AT FaRd 719
feuis (Natural gas demand) ﬁﬂﬁ 187-190 million standard cubic meters per day (MMSCMD)
3MT], TR IUTIAT 180-190 MMSCMD 3118, 2024 Tdd AFTUR YHR 200 MMSCMD Tdd
TR 3T 3Tl 3. TaRd T19d 918 AR 660 billion cubic meters Sad 3HTgd.

4, Eﬁﬁﬁ @Fﬁw (Electrical Energy Supply)

e YRAMIA SCIce PUNRICT (Installed capacity) 31 T{ﬁ 2025 Tdd 4,90,061 MW Zdeht 3R
T GHIAY 31Te:

o BISI (Hydro) — 49,628 MW

o YU (Thermal) — 2,16,448 MW

o W (Nuclear) — 8,780 MW

o IR (Solar) — 1,19,017 MW

o fdg (Wind) - 52,140 MW

o TY 2024-25 L THU UTaR SRR (Power generation) 1829.698 billion units (kWh) Sab! gTd.

5. ?I%ITR' UiaR I (Nuclear Power Supply)

e URANIW THU faggd I gfdaR UiaR (Nuclear power) dT dTeT AR 1.8% 3Tg.
YRAd U gfaaar OiaR €=M (Nuclear power stations) HHid g8l gfdaer Riaed
(Nuclear reactors) BT 3. STURG! Blg! RUdCH SIUHTHN HoRl ¢uard Tl 38,

6. €T€I§=ﬁ UTaR I (Hydro Power Supply)

o URAIHS BTIS! IR SRR (Hydro power generation) T3] fa=ITe 3101 sodeTd & 3%,
TR ATUD BB 15% &FT ATIR TOIAR TaT 3178, 31 ot 2025 THd <RI TRl [agyd
JATGAHH §ASMIaR (Hydropower) dT ATeT 10% 3Tg.

Table 1.2 Installed Generation Capacity (Fuel wise) as on 31.07.2025

o h 3
Category Installed Generation Capacity (MW) % ’Sfo::le n
Coal 2,16,448 44.2%
Lignite 6,620 1.4%
Fossil Fuel Gas 20,132 4.1%
Diesel 589 0.1%
Total Fossil Fuel 2,43,790 49.7%
RES (Incl. Hydro) 2,37,491 48.5%
Hydro 49,628 10.1%
Wind, Solar & Other RE 1,87,863 38.3%
Non-Fossil Wind 52,140 10.6%
Fuel Solar 1,19,017 24.3%
BM Power/Cogen 10,743 2.2%
Waste to Energy 854 0.2%
Small Hydro Power 5,109 1.0%
Nuclear 8,780 1.8%
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Total Non-Fossil Fuel 2,46,271 50.3%
Total Installed Capacity 4,90,061 100%
Table 1.3 Total Generation and growth over previous year in the country
during 2009-10 to 2025-26
Year Total Generation (Including % Growth
Renewable Sources) (BU)

2009-10 808.498 7.56
2010-11 850.387 5.59
2011-12 928.113 9.14
2012-13 969.506 4.46
2013-14 1,020.200 5.23
2013-14 1,110.392 8.84
2015-16 1,173.603 5.69
2016-17 1,241.689 5.80
2017-18 1,308.146 5.35
2018-19 1,376.095 5.19
2019-20 1,389.102 0.95
2020-21 1,381.855 -0.52
2021-22 1,491.859 7.96
2022-23 1,624.465 8.89
2023-24 1,739.091 7.06
2024-25 1,829.698 5.21
2025-26* 639.965 -0.95

1.2 Eﬂﬁﬁlﬁ\_ﬂﬁ? (Energy Management)

TASH H-oie 91 JaYd Se1 WU fhHM W 1T fhar qafaroiy uRom 3q7 awq.
fAafor o 3nfor [T e HIul. Gﬁﬁﬁﬁﬁlﬂ? (Energy Management) dI RERCECIL)
3% 3 grara.

Qqﬁﬁﬁeﬁlﬁ?%ﬂ (Energy Management) Wdr oURSAHT 37T 31Tg:

"I ATGAUaTTS! ([hdT T HH! HRUTTTS!) ST T d GURUATITS! Toi T fadas!
31O JHTeT aToR.”

(Cape Hart, Turner and Kennedy, Guide to Energy Management, Fairmont Press Inc., 1997)

S{TURG Teh AaHTARIG ARSAT 32 31Tg:

"IATGATA S JIHCHTo! ANTUIRT TSl b H! HRUTMNTS!, IO THUT SdTe- T4 [RR
SaugTTS fdrar S} HRUATITSY, TSN ARt (Energy Systems) SMTFOT UfshaT (Procedures)
TSl HAoHed (Energy Management) 3P 18U SR TAGIRGRC! T aToR g
HaraH S A1eg H01 ST T UTe 601, A

3G 9 0T 7 fusdr Tieigd / TSiaral SITor HHT HR01

ygiaRuita ufkome & HRol

TSlf TfBR=T (Energy Efficiency):

UM T BRGNS ST TASIATIRUI. TUed 33Ty UM 3 39GC TSI DHH! BRI,
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JTERUNY, d3e UHTET SRISY (LED) § URUR® Shadc §eod (Incandescent Bulbs)
T&lT 94 % FHHI TSHaToRaTd, T UehTRT (Light Output) AT T fiesdl.

1.2.1 Qqﬁﬁmﬁ (Energy Conservation) 3for Eﬂﬁﬁéﬁ%? (Energy Audit)

o TSIl HIARI (Energy Conservation)- ol $3IdR 1gUS! ToidT aToR HH! HRUTTH
UGd. I1d THH a1 S TarITa! SHT TenariRul, HH! T [aITOMRT SUHR0l aToRul, fdrar
TASHOdId! TRl HH! HR0] el FHIaRT gdl. § fafqy A+ wrer srar Id, S & Ton-
TRl TSR (Energy-Efficient Devices) dTaRol  S{TfOT ﬁ‘-ﬁ@ﬂ Tl IR
(Renewable Energy Sources) ST B0,

o THSH ST (Energy Audit)- TS 3Hifee UM HRG, I&N, Ufshar fhar S

fafen adta QT-lTrff q@ﬂ (Energy Flows) 3o Q:ITrff ﬂmﬂ%{ (Energy Consumption)
Uik FAeur, Tdamn Sfor fazayur.
TS ORATIRIEOTET G 36 US| TGl hgfdR-aal et 3fics@ul, Toll TithRI=a
(Energy Efficiency) aTeaul 3T 3fi3cye, 3R fdhar JR&M = fausad THsiarR &l
PO fhhrIaRiik IUrd Yaqu.

o Qqﬁﬁmﬁﬂ? 3ffor Qqﬁﬁsﬁﬁiﬁ TR (Need for Energy Conservation & Audit)

1. IHo g PHIeH ugcmc (Carbon Footprint) HH! B0
IS HH! BId AT THUT HIa Petic HH gId.
2. Qﬂ\ﬂT{dad ddd (Reduced Energy Costs)
HH! TSl TR edTHes ! 30T AT Saifae Ric! fod T B,
Tl HifSeHes 3-SR (Inefficiencies) MY MR fHFHRIGRIR SUR (Cost-
Effective Measures) Wﬁﬁﬂ?ﬂﬁ
3. TY-URI TRET (Preservation of Resources)
Rguad 9ea TeiRdid qaffad 3ied. ol HaMye Jidl aiR S ded
3M1OT geter feaanat Juersy e,
Ton IS SFTaRID TAGIATuRTA &Afd! i@ gid d TR IUTTATSHT Sl
.
4. QT-ITrfﬁTCITGlT@f 3B (Identifying Energy Waste)
Tolf 3fifSered TS Iura I Sfebrdierdan fhaT SHTa=ge Ul aToRel oiTd 3118 3
SRR 3HIesaed SiTd.
5. Qqﬁfﬁﬂ?ﬁﬂ Teft (Energy Saving Opportunities — ESOs) MYy
TSIl 3iffSeHed Hraf-aa=ia Ura=aT (Actionable Steps) 30T ESOs TIFUO! Feraet ST,
6. SITRRAT Td HH! B0 (Reducing Operational Costs)
Ton i Seqy Herden dad- IUgaieT ar] ded TN T aHrITd Toh-
Tefrd g dc HH g, S AT ST DT dled.

1.2.2 TSl AR (Energy Conservation) 3MfOT TSIl 3if&e (Energy Audit) Tidta
ISP
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afrsey TSl AR TSl SHifse
TSATR HH! HRUgRITS! 3her | Rikew did TolUdie  (Energy
SpfreE | UsdH THeifaTaRuaTe g, Flows) fa=aifa & derawm
et AMYuT Uega=iR ufehan,
I gadt  SifieRed  fdsar | TSTaTURT HeOHIUA (Evaluation),
o Tthar=! sfeudc (Efficient Ag (Losses) 3NBWUl  ATfUT
sesifdes Equipment) A0 TAGIATOR H! | JYROM Yaqul,
P,
Hd IIIUMRY 3101 Tl (Proactive) | HIATGRIE (Periodic) el SITUTRY
TR | Ul T fa=vumedA®  (Analytical)
Yiha.
CREIIGE [y (Behavioural Sal  gdhad (Data Collection),
g Changes),mm—s’m&m AISHY (Measurements) 3o
sfhefl  dERE (Efficient | O TASORE fawqwor
Technologies) 3fadUl. (Analysis).
TToiRgd AT B0 30T TUTeRUNY | TASNg bRt (Efficiency)
gfRumH g, qIeqUIITal duRiicidr Rt
(Recommendations) 3
3{gdld.
qiA® SR ARSI UG, | ARy difded = sfor ufifea
REJUEE HHARY (Trained Personnel)
TG,
T ITRAe IUBHRU §¢ B, LED | IUBRUTAT TSR HISTHTY
(Inefficiencies) Y.

1.3 TTSiT Sed =9 Uae 2001 (Energy Conservation Act 2001)
o URUI RITESI (Policy Framework) — Q‘Iﬁﬁﬁﬂﬁz‘lﬁ Uac (Energy Conservation Act) — 2001

TSl AR HIST &, T ATHT BIOTR TTH, HRTON 310 QRAST (Demand-Supply)
gicid 3R HH! B0, TAonaadiges gafaRufig &S (Environmental Emissions) HHT
HR0Y, 30T 7 Faldie SYS FHTEO TR HRUGRITST HR T IRBRA TSl e e
- 2001 (Energy Conservation Act —2001) Fﬂ"lm &ﬂ%
7 fefagR Tl Sfheriardl smaad Srqaar HrICRiR dide (Legal Framework)
3TOT RITHP TAUM (Institutional Arrangement) ST H& faal TG
o 7 ffAfgHT d%gc.‘?lj%lli Ggi\l WW%‘W‘W (Bureau of Energy Efficiency BEE)
I RIGAT 1 A 2002 URH HROATT 3 SREH, Jdid TASIHaRITGT &% (Energy
Management Centre) — TSI HATAIRATAS — ATHY faci< HRuaTd 31Ta.
SR 31 TS HIIT (BEE) § YRUTE® HRIGH! SIHASSTaun (Policy Programme

Mabharashtra state board of technical education
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N

Implementation) SRUT 3101 TS HeaHRN Tafdd ¥d IUhA FHGT (Coordination)
D0 Y3 STETEGR e,

Qqﬁﬁmﬁ ﬁae Gl (Energy Conservation Act) w afree

. IESSY 3TIOT AT (Standards and Labeling)

éssivu 3TfoT SrafeiT (Standards and Labeling) (S & L) & T SRt (Energy Efficiency)
JURUITS! Tk AUl SUhH U 3Niesdd! ST, 81 HRichH YU AN SR,
ATEH T Hacs TAoN-3hIRIAe (energy-efficient) IUHRUT SOT T IUA Blailal.

T SGY STOT AT (Standards and Labeling) &t EC Act Aefid TG RS

difewgs gfeudec ot Sremoaaarst fAfAHH TS HSFRME (Minimum  energy
consumption) 3TOT RBIH %élssi%l (Performance standards) TIR HI0L.

gl AR TG Aqaed] SUBRUIY HGWaeR (Manufacture), I (Sale) fdrar gme
(Import) CEHETUN

fIGfId IUBRV/AYANTST dUTHRS SieiT WhH (Labeling scheme) ARL &R0,
SUIch e AT+ I Wl HRAMI I Hifgdlt fFose.

. %’@Tﬁ%@' E‘éﬂ'ﬂﬁ (Designated Consumers)

EC Act Hdia fEferics degaivised avqdn:

Tol-g¢f0d S8 Il (Energy-intensive industries) 3101 SAR WiAS™ a1 fSfeRics gy
(Designated Consumers) U1 &Ffﬁﬁf%l?r Hd.

ity &Iﬁﬁ\?ﬂﬂ?ﬁ Yol (Railways), ure ¢ (Port Trust), <;Ir%|l-|\|cr ey (Transport
Sector), TIaR XY (Power Stations), TIATHR 308 F$RESIRM UM (Transmission &
Distribution Companies), HARYA fafed™ (Commercial Buildings), gdAG! Toil-gefua
XIS (Energy-intensive industries) TT THTART 3G

fSfeRice SogmY (Designated Consumers) = 3ihiecs Tol 3ATTSER (Accredited energy
auditor) g Qqﬁﬁ 3fifse (Energy Audit) = 9.

T UdTYR® TsT HAoR (Energy Manager) T et #R01 STIRAH 3G
TASIAToRT fReiiRd A1 ST e ad (Norms and standards) UTAH HRUI §UHRS 311G

3. TSIt W gfdfre=r nfor vl siifee su=aia Sffee= (Certification of

Energy Managers & Accreditation of Energy Auditing Firms)

T IUBHIA, Uiferdt IR (Policy Analysis), UTslae H-sTHe (Project Management),

IR (Financing), ST0T TS TR Wiotae SMRAHCRM (Energy Efficiency Project
Implementation) A dog I QT-lTrff HIoR (Energy Manager) 3rfor Q:ITrff 3f&eR
(energy auditor) IT T U e TUR Hal e d.

BEE Ufreor HTS?ZLQ'I TR B TOT TS @10601 Q@Tﬁﬁ'ﬂ‘[(Naﬂonal Level Examination)
U YHIUIS 5.

4. TToll SR fAfeET BT (Energy Conservation Building Codes) (ECBC)

EC Act A¢ld ECBC et ddar:
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o BEE Tl $3l@ Y [GicE ®Igy WId! HFaRi® dwd daR Hd.

o e I A URFRUAHER A1 fedn Sfegferd Hdia.

o T TfgA3fdTia JUm=aT ATTHIRS SHRAIH Hacs AlS (Connected load) fFAT 500 kw
fdar didde f&ATE (Contract demand)600 kWA U&HT SR 31T,

o IRy caauIiie sARTR TSl 3Hifse (Energy Audit) 3ifard &al Ss .

5. Hed TSIl $eIa== WS (Central Energy Conservation Fund)

o T HETET IeT HIGIT YHTUMER TSN 3MhI=il Afedd (energy efficiency services) UaH
R0, ST RO TH- ch'tEIrOTéJI (Performance Contracting), 31ifor Q:IGW ‘vT%H CIE
(Energy Service Companies) (ESCOs) dI UicTe <0l GHIAY 3Te.

e Th& R&D, SHIRCTH Uislacyd (Demonstration Projects), 0T §fthyic SfdUdc (Efficient

Equipment) =T TARTAT et G,

. Hea nfor we Te-dcH ot yfidr

o WTIFAHCH:

o iAo fafay argeiTarR Fag enfor fafag sifergfera #ro.

BEE 3TfOT EC Fund T3} 31T W1grA qul.
TIGCIWRTQﬁ C#?ILMIE;I \3‘|HQ'1®|\7||01U|| &ﬂﬁTa_E'; Hi\ ddl&d HHdY C*Nul

o WS Uﬁ'@l’cﬂﬂﬂﬁ Gﬁﬁa@%ﬂ? fafeg™ ﬁ@ﬂ (Energy Conservation Building Codes)
T YR HR0.

ISR Tol-ta gl e Sifafaare sigdesiault ool
State Energy Conservation Fund (T4 P,

o TAUINTST TIRTH GaeT AT HRr ST TSR SRl

. AP -FYARFGR AUATSATGUIT (Enforcement through Self-Regulation)

e E.C.Act 3did %ad G ST Y&l qURIUT AT 3.

Accredited Energy Auditors R IdTe Ulshaamal Q:IW JHIUGS ¢Ul § fHawaraH
T HRUTR 1Y 311G

JATGHIH! \YIISGN CN] TSl IRBIH OE\;Q*{\UI (Energy Performance Values)

DIUIATG! ST fdhal UTedh BEE P edi<dl ATAUNIIS dehR B Qdhdl.

8. &8 3for ~rafulg uferar (Penalties and Adjudication)

e D TGRS 210,000 SADT &8 30T ARl Udd feaurel 21,000 € WdHY AR
394

o URM® 5 a¥ SidseTauiaTe! Uraryd Jfaur FHfor Hruarn erdaEd sRid; a1 e
< SIHD HRATS bl SR T8,

o TS UBRUMT A1hf HRUTMTS! fUBR State Electricity Regulatory Commission &S 3,
?f STY T T o ¥-Tcdl Adjudicating Officer U] |"|{10K'| d”(dlﬂ

1.4 W &g Qﬂﬁﬁmm?ﬂ?ﬁ (Bureau of Energy Efficiency — BEE)

o TR {1 Toll THRITHT (BEE) 8§ YR TRERA TSl HAIMH Yae (Energy Conservation
Act — 2001) 3ffd RITTT Had T AT TRIT (Statutory Body) 31Te. 8T Sfffad 1 A

o))

\l
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2002 ISl ARL e, BEE § AR 3% diaR (Ministry of Power) 3{difd &1 & STOT
o gd enfdfes & Qqﬁﬁsﬁv_ﬂ@ (Energy Efficiency) d Qqﬁﬁﬁa"ﬂ? (Energy
Conservation) JTeaul gl Tt e ECISHRERCIRS GCHH% TSl 3ef_yet (Energy Intensity)
31T TafaRuita afkomd &t giara.

e BEE T &07 TgUMS GRITd TSN iR Hicg o™ (Energy Efficiency Services) IITeH B0,
gyTaT fefaest Ange (Delivery Mechanisms) faefrd H0 ATOT I AFAH TSN
ST (Energy Efficiency) ATadUaRITa! Add UaH HRU1. A/ T I8 TS YR
ST Qqﬁﬁ@'@lﬂ (Energy Intensity) HH! B,

e BEE T SRR IR &G (General Superintendence), IERIIEER (Directions) 3o
ARITYT (Management) 8 T SifTa (Governing Council) &s 3 d. T DI
THUT 26 Yo 3drd. AT MR 3% giar (Union Minister of Power) 8 Hifqerd
e AT, Diqared fafay Haraaren Siuaiar SHeR $[¥dl, HAeaRardd ditd
IR CEO, SUHRU 9 IUHRUN IdIGH, I, Hfdbedey, Aed Ut a&a U
fauria giaR A9 (Power Regions) Aeld Isgid Ufafel T S dTd. SIRGER O Rd
(Director General) g DI W—&F\ﬁ?@[&ﬁ THeR-Tdhes! (Ex-officio Member-Secretary)
AHYdId.

o TR BEE @ %% WREHRE G Foies] UcH (Budgetary Grants) g 311fe Tegra faa ssa.
T3q, 5-7 guTAed € TR WU glad. 3MUcH ddcd IR UTSUIRITS! BEE T TR Bl (Fee)
THRUTTET SHUBR . T BEE Yd ol Ha= 1 (Central Energy Conservation
Fund) 30T SR Widided Hesraed FHedfiar aR Tl gfthel  Wieiacd (Energy
Efficiency Projects) TT3! FdM YhReAT fadqRasATd HRd, ST Tl SMhRIT adue
died.

1.4.1 g3 TP TSI QB IRITHIT (BEE) 3fED
BEE ot Ui 3P Wicfiearyam siea:

o YRAH faRda Gﬁﬁ@ﬁlﬁ (Energy Intensity) FHH! B,

o TSI SIHpRT (Energy Efficiency) 3ATTOT Tl AR (Energy Conservation) BRI KA
g YUHTT TR BRI,

o fafdy emimed wlf TfthfRrie Tatarsio (Energy-efficient Technologies) d Tgd! Ureniea
&0,

o W33y 38 AT UUTRT (Standards and Labeling Programs) SfHTd S{TOTON,

o Gﬁfa@é‘m (Energy Conservation) dgcd \11-1u1|*1dnl qrequl.

o UoiaUTRG TS HURTET fafeET (Capacity Building) SATFOT TTRT&0T g+ Hx0I.

o QT-lTrﬁHT%%T (Energy Auditing) d R aE| (Certification) UicTfed B,

o TSI SHRTET UHTHT ATUR T HSdRMETS! 4IR0T 10T HRIGH TIR BRI,

o %%Tﬁ%@' Wﬁlﬁ (Designated Consumers), %‘%I’ﬁ%‘s’ SRS (Designated Agencies) 3o
SR GRITEd TH-ag TTe TN SIbRI=! (Energy Efficiency) SUHH &L,

1.4.2 SR 3ITH TTol QB RITH (BEE) YffraT
o RN 3IIOT FHTHIGA TR B0l (Formulating Policies and Regulations)
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e BEE H@HWWE’W (Energy Efficiency) GTgauaTTa! &iR0! 30T STdhH TR
. I, IRagH, [l 30T TGRS SR TR fafae SAird! Tasadd ™o
TGS IUTT AT TS SY (Standards) FATUITHE AT Hewara! YHBT 3.

o WSS 3T AafelT UumH (Standard & Labeling Program)

e BEE =01 AFIGRHRATdd Ew_e'»éﬂ 318 qafelT uRmH (Standards and Labeling Program) qgR
QWW‘I@ IThoRed, By g SUBUN Wﬁﬁﬁw (Energy Efficiency)

PIRE] e (Rating) & SId. BEE ¥R ded (Star Label) UIRER] Q:lGﬁ Uhic s@qfl'c’
(Energy Efficient Equipment) FaeUaR Aad d, \sqllj,oo UpT] kd\rlldlblﬁ FHH! BIdl.

o Qqﬁﬁﬁ%ﬂq fafg W (Energy Conservation Building Code — ECBC)

e BEE H ECBC (Energy Conservation Building Code) famRIa Pl 318, ST 74 e
PHUId B0 T &m@ﬂﬁ%@ IEEIERS (Optimized Designs) 31 STArSiol (Technologies)
TR0 317G

. fenigags o (Demand Side Management — DSM)

e BEE DSM (Demand Side Management) HIEHHA Eﬁ—&ﬂéﬂ ?{?f SITGR Ef:ﬁff ETW
Sfdudie, e UGl ST HH duien aTR dleqd Wi Ale ST THUT TSiaTaR HH!
Dl ST,

o Gﬁﬁgﬁv_ﬂfﬁf BT (Energy Efficiency Financing)

o BEE foxita diiiad ffeg Teil SRl Wislacd (Energy Efficiency Projects) STol
GBI o Alecd ddR &3d. d9d ESCOS (Energy Service Companies) =l fasmraren
YT FRA 3T TSI IRBIHT DIciaedT (Energy Performance Contracting) I0THT
TleaTe &dl.

o &dl famy 3for \)1-1\)1|41c|n| (Capacity Building and Awareness)

« BEE fafay ?;ﬁ"'[ TR (Training Programs), HRIRMEST STfOT AT SMAIRTd HRd STER
JENT, TRT 3101 AR It &HdT dTead! Sild. a4 Agh e Tshaadrd! wad fafo
FRUGMTS] Ufeidh 3A3RAY = (Public Awareness Campaigns) EINEGE

o T KRR ﬁgdd TRYT HG (Support to State Designated Agencies — SDAS)

o BEE Udd ISTA SDAS (State Designated Agencies) TiHT UG I WRTAR Toll a8
HRIHH AGIUINITS! difAes 30T 3 TeT e Hd.

o Y&H, Y S{TTOT Tead SN HIIHH (SME Program)

e BEE SMEs (Small and Medium Enterprises) @a?rs% S . 3FH SMEs Hs
TASHEad NI A=A M fdhal e A9dTd. BEE I Al YgTd, SHIRC M Hiolaey
(Demonstration Projects) 30T SIS SIAGHIGR Had .

o dledd AT TSH ST (Energy Efficiency in Transport)

 BEE URdgA & TS ShRT Ugdidl YR HRd. drg- i $for o defd
TRad B arg-ie e bR (Fuel Efficiency) JURUIRITS! SATIOT ATdei+a
JTEqd ATURT W <.

1.4.3 HERTY TSl S@eUdc T4t (MEDA)
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. WWWW@WW g (Societies Registration Act, 1860)
3idifd 1985 T MO S UfsdTas e¥e 3fae (Bombay Public Trust Act, 1950) 3fdifd 1987
Ae Hiquiidd ATl 3iTe.

o BITR QTIQ:[&HTg (MNRE — Ministry of New and Renewable Energy), HRd dX$hR (GOI
— Government of India) AT SRITARATH BRI B,

o IS T ohg IRBRAT A4 0T Fﬁtlfcq Q:IW?[ (New and Renewable Sources of Energy)
g IS 99 (Technologies) [APRIT T Uidfed HRUGMNTS!, T8 TSl BT
(Energy Conservation) HRIGHH AFIVIRITS] 8T &

e MEDA Bl Q:ITJIIFCH TS eATdE e Aed ot (State Nodal Agency) U1 30T TSIt
airsﬁm AT X %%I’ﬁ%‘é Tt (State Designated Agency) ¥ Ul PHRRA 3G

. fde E:l\—rff(Wind), T BITRIA (Bagasse Cogeneration), Hid W@%@W (Hydro),
TN (Biomass), ISEINE] 1Q:ITrff(GeothermaI), 31for 98 Gﬁﬁ(Wave Energy) TR
TS ST TAfaR TR TSI Ida /Y T 7101 i [deh T SRUarTat MEDA Hicag
31Tg.

1.4.4 MEDA Tt YfH®T (Role of MEDA)

o MEDA fafay W¥oaiced (Stakeholders) HIBof\_rFlTrlF]'cﬁ (Awareness), gfRrefor (Training) 317for
& SiYoft (Capacity Building) HRUTTH Sfd HEw@rd SEeR] UR UISd. 3R UiRiem
BIIshH JAGTAUIHNTE THE Sy WU HERIP 6l ke (ECBC Compliant)
SR SaaSault ey Ho.

o A HISUTE dad HUI A0 il SHATSIaui (Enforcement) HRUITAT Ui Ui s,
&I STYOT TRI&0T IUhH YUl oATd TSN eI [QfeeT ®IS (Energy Conservation
Building Code — ECBC) fawdt Syt fAmior sxvard weart YT seiadl.

1.4.5 MEDA AT SIdIdgIdT (Responsibilities of MEDA)
o IUWERN (ECBC) &l wiyufi wlkienr FRSEST DU UGRY WHged
(Stakeholders) 3TILIH 3Med & BT,
o TR SRS U 3w sfiaaul,
o SRM BRGANIS ANURT T 31w Aad MEDA Hg- TRiddl! Ssa.
3T HRIGHNTS MEDA T THY (Speakers) SETd SUAS B fadl SIS YT,
146ﬁrﬁ'&jwqa|3ﬂ=g®aq=ﬁﬁ

(MNRE - Ministry of New and Renewable Energy)

o THUASMRS (MNRE) § HRd IRBRT dA 3101 Rguaa Tongir J&fed 94 ot
IS HATeTd 3Tg.

o I AR HAUH 3P U SR ToiRell Jul exuamre! g 3fe Rguad Teif
AR fa™ T TR &R0,
SR TSI QRETEd dledl idges 7dH 1o Rguad Toiid Tg@ Siidb S HIdld
3 aTed 38, 1970 T SRIHIA Il G Aol daydai—aR ToiRaiquidl
YRATITS a0 JAUTE TS ah e T3 URab e B,
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(Balance of Payments) TeiedT Ufddpd URUIMHTHES HIHRM BR TS TN 3i1h Toif
(CASE — Commission for Additional Sources of Energy) T RO A9 1981 A furcHic
3T =g 3fg TTarsil (Department of Science & Technology) 3fdid HRUTTT 3T,

o I HUIAR YRU TR U, ARt fAASGOGull 31 a9 d G TASiararem
faprarTdt 3naxae HTdeHH Agauar die YXMeA g fas™ (R&D) AEIUIT SeEeR]
BICCHIKIGIE

o TUN 1982 A EPFQT-%'W (DNES - Department of Non-Conventional Energy Sources) BIGIES
1 fIURT RITIA HIUTTA 3Ted, SATHH CASE AT JHTART HRUGTd Tl 1992 T DNES
TR ﬁrﬁ@ 3B AH-H-a=Ed QT-WF\T IRy (Ministry of Non-conventional Energy
Sources) o QT@I

o SffGCIaR 2006 HY T HATTAT 19 dad R 3ffp 7 38 Rguad Tsi (MNRE —
Ministry of New and Renewable Energy) 3 SaULTd 3T,

147ﬁrﬁ?aantﬁq&|3ﬂ=gqaamvf&ﬁqﬁl$rmole of MNRE)

T, Ted, shenfiies 3nfdr reafies &Fidia SauIcRM (Transportation), GIead 31foT
TR SIS Fat S1for gAuTe TeiiifRed /Qudunid SR, f$gmgH, faem,
JTEH ST et e .

o TGS HIUT (Technology Mapping) 3for ST (Benchmarking) B,

o TUNYA, fS3me, AP S0 IATGARITS! 3aRad U TRATST (Thrust Areas) 3@l
3101 T T8 <o,

o TP UdSRN T TSeH (Standards), WRIBHRT (Specifications) ATIUT
QR TH-Y URTHIEY (Performance Parameters) daR B0 § IERTHT i UTeH HR0ATd Hed
HR.

o TdM 9 GAUTE TASISAIG SHI0T Yarear fbadiT SIRRTPTA TRIGR ST B0 SAT0T
IR o 1 HRUATT Had HRUL,

o T &HHW@H IR Bifere SRR RIEDCTNE | (Quality Assurance Accreditation)
JUSSY B GUT STOT I o TS {Guarg Hed Hul.

o JUGHHA A 3T T TSiSdie 30 Yaiear HRAUGRH WRiHeHasd Jdd
U™ S0, SUlde feUiadid SR &R MSTIRIST Fddyul URT 813
RGN

o JENTHT SHTRRPIT TRTGR WYIHS A0 3O BIRA Tl 3R (Foreign Exchange
Earner)mmﬁ.

o T 30T gAY TSwren @ Yaie SRTear TSR 31O Gelagquiar earsh
IRATA AT HRUTNY TIRT e & e,

o frart H% (Resource Survey), 3aHe (Assessment), T (Mapping) 3for feafm=E
(Dissemination) B,

o Wt fawmiia Sftr Icfad T g YU TAS3dTg- ST Jafeam drdire! 4iRor
TR HI0I,
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1.5 R AGIAT: ATaLgHdT, Hg<d 30T BRI

(Star Labelling: Need, Significance and Benefits)

R WS (Star Labelling) & HHH @ 3 TS 3Rt (BEE — Bureau of Energy
Efficiency) T, TTSiHaTeAT=T 3faifd, TEhi=T Tl Uftheie gfude (Energy Efficient
Equipment)ﬁmqﬁﬁmww 3G
T TS IYHRUNHT Gt TTSRGUAT=T YR 1 ¥R d 5 TR 32f e fah o,

- 5%R = Y4l Toif TbRIe (Energy Efficient)

- 1 ¥R = gaid HH! T THRIT (Energy Efficient)
AN AT TS HRUMRT IUHRU 3i@ol Y g,

1.5.1 WR A TR (Need for Star Labeling)

THUT TASITATIR HH! R0l - TR, ST 01 STRTHS faggd USRI aTtR dle e
SafaeRIST (Electricity) df HNTON HAIGAT THIUM dladl 8. Toil ThRIC 3fBUHe (Energy
Efficient Equipment) ITIRUITY TIcTE- GUATITST R AafciT Agward! YfHdT Foldd.
Ueh SINREHdl — 3 UTgH T ATedl JUSHRUIT TSl B3R (Energy Consumption)
golTur 0 O35 TrehdTd.

SalfaeRICHIAT F9d - SIRd ¥R 3Rl SUBRU HH! TSHaTiRadld, e ARGl
HHI galfaeRicHae HRId ANTd.

TafaR0T TREUT — TSN UhRIC SfBUHE (Energy Efficient Equipment) & IR TIUR
(Fossil Fuels) ot 51 HH Bl \sqllio?b IBRRRSRIE (Greenhouse Gas) IS HH g
30T FATGHE TS (Climate Change) R Haur ffesd.

IS TASIGRIETAT — THTA! SUhRUMHod THGHHNTUN SHH! Bld, STHoS UlaR Wi (Power
Plants) 9 TGRS SSUUT SH! B4,

SUCH T WTE — WD AGTINIS! IATGdh HfUH TS YhRe FfBUHE (Energy

Efficient Equipment)fdes RTd SHRUTM Uad Bara.

1.5.2 TR AT WTAS (Benefits of Star Labeling)

1.

ToIead — WR-YCE IR0 HH! TASHATIRAld, SarHes BRI 30T ATGHAS &1
SfeTe s9d g,

TO-THE - SR SRd R 3ol SUBRUE! fhHd SRd Srell, a&t da
Sl e &t SimTe BRICRIR BRdTd.

JaH Al - ¥R deaqe fafdy sesa IR@ SUHRUNE ol bRt (Energy
Efficiency) goIUUl g+ Sl Id.

und{UILj\ch fae —Gﬁﬁmg@@? (Energy Efficient Equipment) Jio?b BT gbcﬁic
(Carbon Footprint) SHT Bld.

WHR! FAYTTdT - TR ST 8T WPRT AIAI HADBH A S AeH I
JdTGATSEd fayr aredl.
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6.

ORI YHRIHAD JGd - YD Tol SIhU de adedHes JUBUia fSsqs
JYROT ATFOT T = fawRid 8.

1.6 @Fﬁmﬁ% WI'CI% (Benefits of Energy Conservation)

1.

STt MFF Fad- YR YUK 75% Hd S AT HRdl, AR 3Tl 21,50,000
Jufeas nfie aud- Tol Sfhe IR Safaeficiiaa ot ad sfir LpG ffeiex
(LPG Cylinder) STRd ®Tes fedhdl.

gAY TSI AT A9-RgUad (Non-Renewable) 3{Tgd- 30T $8 TR A AR
80% Tl AM-RYUad il 31, o $d JaId Hla! GRGIddd [Cdh bl
Qqﬁﬁmﬁ (Energy Consumption) > Qﬂﬁﬁﬁmﬁ (Energy Production)- 3HTUUT TSI
forea grHRuTT=T ATTUe SR T TR, ST (Coal), WIS 3T (Oil) YT Fafife
d1g (Natural Gas) TIR BIUITTS! §OIRI I ANTAT.

SPI=T IR Ag-d HH! 8id- 341, U7 AP S SHIA AR AT JH T
FHRUTET 95 ST 91 GIg1 HHT Il

@%‘ﬂ Fﬁﬁ (Saving Energy) = Iﬁ@ﬁm Qﬂﬁf (Producing Energy)- Eﬁﬁtﬂﬂaﬁiﬁ 1 ?E[ﬁ?
TAoliead @0 WU SdIGd d deddid Jeurige YT 2 gHe THo-Af
BRI dhd Hewdld 3.

WS g1 9 AR qafarur- THSifaTaRIges 83% el SId WHTS4 719 (Greenhouse Gas)
o BId. TASTadde gyl HH! Bid.

TS SR waifed 3mdd- Sirfae Telf IRig O] HRdee Bad 1% 38T 38, Uul
BT 16% 315, AT Toll SR AATARAD TR,

1.7 TSl ord 2 fafedT ®1s (Energy Conservation Building Codes) (ECBC)

A SIS SARGTHE Toll SIhR-Td JUTRUN HRUTTS! Tol BholdRM [SieaT B8
(ECBC) TR BRUITd 3Tel.

Ministry of Power (MoP), Government of India 5 § 2007 AL BT DS ﬂl*Jﬁbﬂl, S ATaT®
AR Toiaadie faRH ufgdl urahd 31Te.

ECBC @l 100 kW connected load fdaT 120 kKVA contract demand 3T A $H|anl'd<
AN Bl

1 HIed! HATOGU Hed Ui fEgmed ool (Passive design strategies) 30T
dTge SfCURM (Daylight integration) TIe SHRATITA feaTRriAT 31 3RTH fiesal.

BT IS CHIaIhd ggd (Technologically neutral) 38 30T Rguad TASIUTTRd Rl
g A% IAGd B (Life cycle cost) HH HIUATIR HR <.

ECBC 2017 I 3ETGd HleHe] Rguad THoiqHTa], 9t fHaware ufshar, Passive
design TT 3Af¥ ITIR 30T FSFmaaTa ! dafaear diefauard S 3%,

EcBC fafay gammfed IS (Climatic regions) TETA U3 SHRATT UeHIATS! TSI
IATEHAR TR gid e,
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e ECBC 2017 Wiaui-e 301 TRl &1 fdm Aeuiten SRd Tl 3fh=iles
JBUGTTS! TR d dRal.

o YRANIA HATGHIRISG ARG &5 GRa8 GHR 9% & dled Mg 30T 2030 Tdd 50%
ARG T Y SR 3HTed, A ECBC 3dd Hgwle g,

e ECBC 2007 H&l W1 (Voluntary) SUTI WU T HRUTIT 3Tl BIdl, S TG
TS SHRAT TS aTaRTaR =0 $9uaTyg Hed Bid.

1.8 94 fofedw (Green Buildings)

o I ffET WU 3=l SHRG Sff UATaRUIGRE (Environment-friendly) SHT0T SRTe-drdem
(Resource-efficient) TGdi- TY0T SlIa-TaehId [SEITH, ST ST FaTe Hd.

o U fafcmmdia vge uce:

TSl SfBRI=AT (Energy Efficiency)

JlcdoIdRH (Water Conservation)

UTuR-gerd IUHRUI, d¥caic’ ITIHBICHT (Wastewater recycling) ATOT ¥9dTeR gTafeT

(Rainwater harvesting).

. Tifesd 3foT e (Materials and Resources)

5

6. TATRUTRE 31101 JAATURANY ATgcTal aTR, STUHTHTIIS HaRl HHT HRUI.
7. 3T gaiaRom=n g (Indoor Environmental Quality)
8
9.
1

A wn =

. a3 g4I, e YHTRT IO SRIHET aTdraRur GHfad HRu.
]| ﬁw (Site Sustainability)

0. UNTRTER HH GRUMH Blsd 3R UGdH ARG Fae-—RRaes Suul, gragrar
QIUTe SIaRITOH 9 I JH .

Sample Questions
Q.1 Define the terms: -
Q) Energy conservation.
(i)  Energy audit
Q.2 List any two functions of BEE.
Q.3 List any two functions of MEDA.
Q.4 List any two designated consumers as per Energy Conservation Act.
Q.5 Explain the National Scenario related to Energy demand and supply.
Q.6 Differentiate between primary and secondary energy sources.
Q.7 State any four advantages of energy audit.
Q.8 List any four salient features of energy conservation Act, 2001.
Q.9 State the need and benefit of star labelling.
Q.10 Why star labelling of equipment is required? Also state its benefits.
Q.11 State the role of MEDA in present energy scenario.
Q.12 Differentiate the star labelled electrical equipments from non-labelled electrical
equipments on any four factors.
Q.13 State the difference between energy conservation and energy audit.
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gfie 2: Tell $-3dRMH 34 safaeed A=
(Unit 11: Energy Conservation in Electrical Machines)
P MScHI (Course Outcomes):
CO2- @@W BRI (Electrical machines) T TN B Claiad (Energy conservation
techniques) W:LW.

frerd s smreed ™ (TLO):
TLO 2.1 SSRH e (Induction Motor) 3rfor 'g“IT\‘TCl'T\IJﬁT (Transformer) e Qﬂﬁﬁ
SR TR ST Hgwd g B

TLO 2.2 feaean oft-ths §8a-M HIeX (Three-phase induction motor) TTT TASH
HHGIH T (Energy conservation techniques) &%ﬂa@' P,

TLO 2.3 faden @R‘lﬁﬁ? (Transformer) qrat Wﬁﬁaﬂ%ﬂ? [EaCal (Energy
conservation techniques) guie oo,

TLO 2.4 fGded Tolf 31 fdutic (Energy conservation equipment) Ell uqyq
Py (Features) 3(Tfor afha (Working) Juie B0,

TLO 2.5 TSH-3fthRic HIeR (Energy-efficient motor) ST WS HICR (Standard

motor) gl Jd-r PRI,

TLO 2.6 TIoll-ShRIC TAWHIHR (Energy-efficient transformer) 30T €86 CAHIHR

(Standard transformer) il UKL G
TLO 2.7 HUWR (Compressors), G0 (Pumps), U] (Fans) 3TfOT sarary (Blowers) At
TSl H R %{c\:vlnlwl (Energy conservation strategies) i,

@Wﬁ (Introduction):

o ZSRcga oNftr HURMT Jdcy A gafacmd TS (Electrical energy) dT HIaT fgwm
Eﬁm ey (Electric motors) SR aTaRT ST,

o FIITaﬁ, M-Tol A Hol SSaRE Hied (Three-phase squirrel cage induction motors) 4l
i Aolgd Hca=M (Rugged construction) 0T HIAT fSMETHS AUHUU ITURe
ST, ST SYfFe ST YR AT ST,

o T AT AIGdT YHTUNG TR 8id 3 ed, 38a=M Ay (Induction motors) AT TSIt
SR (Energy efficiency) URUAT T 31U dled 3Te.

o ] gﬁszr At WBH (Motor performance) JURUI=UT fafay Q:ITrff WFE&ZF[
<fo e (Energy conservation techniques) fawdt wfecht faett orms.

o UG, URUIRSG HICHAT Ja-d TAoN-3MhRIc ACY (Energy-efficient motors) dTIRUIT
BRIG SURRIT Bl 3HTed, e TR (Efficiency) TETd dled.

. EA'FHW (Transformers) i 3dHa] sach;cbm gier fifeen (Electrical power system) E|
RS Tged Sild, HRUN d UTHRT (Primary) 311101 9831 (Secondary) dTaferaHdd HUfc®d
PHUICHT (Magnetic coupling) §R TASEXIdRd HRdTd.

. %@aﬁﬁ @quﬁllﬁ{:f (Distribution transformers) IRE! IUBRY fGaquR Hld CINEIRS
e safaeRid QRadrd.
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S 7 e UlaR 9TIRd 9, dRial HR AT (Core losses) IR Fe-d AlGY TASTR=TIGRUT
gfchder T Jad fAAfur giard.

o A (Motors) TRTHT SUHUITAT Jad P ST A STd 8l

HEA dledl Q:lTrﬁ W%QFI (Energy conservation) <Al TR@F&% m '&’fﬁv_-‘lﬂ:ﬂ
(Transformer efficiency) ﬁﬂm o&f fael SIS ARTa 31T,

o-arg fEmE=T (Low-loss designs) @ AT Hed (Amorphous metal) HRITAT YITd PR
RO AR SrFaBhHaHe A&y Telaad Xad e T8,

gl gHeas CRIBIHNASl Iugdd 3Rciedl fafdy ol dH-aie ool (Energy

conservation strategies) o U Tl fade & 318,

2.1 78GRI HIeX (Induction Motor) A TS S TRl S1fO1 Hewa

SRTHRTA Teiigd Jdd d1ed 3fTg HIRUT HRTUR T dled 3.

1990 AT TR SR FAYUIHR, IJART Weld fCp Aguarinet IdeTed HHl
FRUGTHS A e AT 3,

fafae SUAISHIUD!, TToll B[ 81 ATIRIAA Td HH! BRI Faid WHTET AR
3 3TE.

seRega 9 HARMA Jacd-l § 3idwd 3¢ ®I Jafaed HIeH (Electric Motors) §
%WWW%W%.WM@W@WWW
ST UTAed1eR, Jalfaed HIeH (Electric Motors) TTOT i ST18ag RIS (Drive Systems)
UHUT TSI TR gAR 43-46% IAPT Il Udld, did S8Redd &aNid gaiacdd
TSI YHAR 70% TR HicHgRd g,

gAfthie HIey (Inefficient Motors) Safagdha TSR OTAddTd SO TIRTET Weig!

dleddId.

grafafted, a1 Hied T safacdhd ol T@ HRUATS! aIoRel SR SIRiTd SiRd
Eﬁw Bl ﬂ‘ﬁﬁ?{@?«r AR (Non-renewable Sources) HYT ddR BIURT Y™
ISR SRS (Greenhouse Gas) IS aTed.

U Tife doa gafarofig e¥e Mg THell $3le e § Saiacd HieR RICIH (Electric
Motor System) T3 ATIRIAD 3G,

e TonarRd fafqy e=iaeia QR arey @Iy 31g:

Table 2.1.2 shares of electrical energy use by motors in various sectors

dIcT (%)
& (Sector) Share (in JTIRT (Applications)
%)
ESIUK - UfehdT g AU gSIeT SUHBRUI (Processes and
(Industrial) Material Handling Equipments)
HUREA .
(Commercial) 38 H¥d: HVAC RiRed (Mainly HVAC)

Mabharashtra state board of technical education 22



Energy Conservation and Audit (316327) TSI PheaAdeld 315 33T (316327)

b eeRd
(Agricultural)

WRreREd
(Residential)

(TAr ansport) 60 I (Railways)

25 Tt 9T 3101 B (Agriculture Pumps and Fans)

22 IpeRed / HVAC (Refrigerators / HVAC)

fafae TSifaTuR wRom=aT &=H e Hiewar AT THTUMER (Widespread) AT0R 81 ST,

R foden TEATIR Al UUMAHSE  (Motor  systems) TSl $heI@RHd  (Energy
conservation) 3fcd Al YHTH &5 IUds 3718,

2.1.1 TFHWIHR (Transformer) U TAS SRl TR AT HETT (Need and

Significance)

Q’R‘Nﬁ'ﬁﬁiﬂ (Transformers) Gﬁﬁw (Energy efficiency) JUR<UTH FFE{UT 3@1‘%&7—@
Rer geid (Electrical system) JieR arad (Power losses) $H! HRUGId HIdT Had gld.
T SRR Headd AL (Distribution networks) CFIBIHY JHIR 40% TSN ey A3
(Energy losses) SldTd IR 3dId.

eI faal SR Ude gie gafaeRict (Electricity) T T sifties crumiaame
SITd. 3d dd], u1-1\<52|-|l4|{-¢|;1 E'Rqﬁmq 3{TfoT fqaRomaeda (Generation — Transmission —
Distribution) sﬁ@ﬁﬂ 3P Bleesl H-go QE\;IHJ-I%EI (Voltage conversion stages) Ul
814, ITaiid fbH G Wol %@@Qﬁ m (Distribution transformers) 3ddId.
T A IHR oA HIg! THTUNT UlaR @i (Power loss) BIdl. SR § Tiad BT odl, TR
e 719 E&Iﬂ?‘l’q?ﬁ (Greenhouse gas emissions) 3t g IHad.

MYFed fSResge™ Truwrdedl TR (Efficiency) 98-99% GXRIM S d, U
RreRrq, Huikiad, ssiead sfor arior IgeiT SaifaeRict gRasT HRom=r diedl
YHIUTTAT SFAWBIAR AcdbHes STl BICT AIG! (Loss) IS T8 SNTidd Uldodlar
Ao Tsifarawes aroRme uRafdd gl

TEU[d, TFIBIHR SMhRIIdId AT BT GUR (Improvement) GlTd W01 Safaeiict
g (Grid) AN TN IATG &Hdd! (Generation capacity) HI3! sad 3101 UlaR
IS aRMRN Hafeid SIS (Emissions) A&UNT € g8q b,

STAGIHYALA HITR AT (Copper loss) SO A+ AN (Iron loss) IR fafay
AMTTH (Losses) TASHa T AT et Iuasy 3118,

2.2 $SERI HIeX (Induction Motor) A TSI eI ¢faHaT (Energy Conservation

Techniques)

. SSaRM HiexHY Toll hHRIAATS! WTeld o aToRe SiTdTd:
. TASIRIOTaRIT (Power quality) JUTR

. Iﬁ??ﬂ%(Motor survey)

. Hiex 3107 Ared Iy Y[ dUT (Matching motor with loading)

. AreXd ReM (1dle) fdhaT 3M@RI® (Redundant) I HHT HOT

[EY

g B~ 0PN
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6. TR HISHL (Star mode) ATTRE B!

7. Are RafET (Rewinding), fhaT TSi sfthRie HIexA (Energy efficient motor) SGa0!
8. fufvsiifs® Hea—T (Periodic maintenance)
9

. YRS Hicd=n (Sensor-based motors) dIUX

2.2.1 9TaR WIS (Power Quality) U TToll ST

o TR HICIT (Induction motor) PR § dar o= uiaR Sifadiar (Power quality)
TaAT YT SHIce 3.,

o TiR HIfcIcaR URUMH HUN Hewar gcdh UM Gleed 3 ad (Voltage imbalance),
] %ﬁ'@F\q (Frequency variations) 3rfor BTHTW i (Harmonic distortion).

o YRAME HicTT BIS (Bureau of Indian Standards) ﬁﬂﬁlﬂﬂﬂ HTH PO FYTPRD 3.

BIS A Ular Siferd=h gafda fafae derdiedd=m (Parameters) 3{JHd mafar (Acceptable
limits) BXfdedT 3MTRd.
e (parameters) . 1 W .
Permissible Variation (in %)
Sleel (Voltage) + 510 + 10
et (Frequency) +3
UHAd (Combined) +6

o Hicd! THRRIT (Motor efficiency) JURUITS! $9GC Tl &lec (Input supply voltage)
3o flhe=at (Frequency) BIS HQWWW@W@@G +6% STIOT flhep=!
+3% T a0 TITD TR,

e T ®lecol WA (Voltage imbalance) HH! e, RRR Elecst AT Theb=t IRgH, T84
BT fS%w 2 (Harmonic distortion) HH! He JTed HRdT Ud.

221 (a) Eﬂ@ﬁ OECE] (voltage unbalance):

o dH-T5S HicH Ja-0 TR ATV fSEs Sl Sdrd. ol &lecsTHed HIudTal
¥dh AT QH@@IH BT (Excessive Heating), gfhg CHRERE (Increased Vibration)
30T DHIR AGH HIUR AN (I2R losses) ATGdTd. 8T TG g HRUGMTS RiTTd-thel
oIS e BorHe) FH JHIUd [AUTTOl § THTd! SUrd 3T,

o Ticeol AT (Voltage unbalance) HH HRUAE IUT:

o RITTA-Bs @ gl holak JHMUY! f[AHTTY], SUide UhId BholdR SiRd YR IR
e,

o A fdhdl T6-IaR FHU FRUR Al 3w il fayad HRO1. =1 dredre!
o firex fohal SrawiiR aTiReaT J Rifked did da=1 g0l |y S,

2.2.1 (b) TS f&TTRIA (Harmonic distortion):

o U@ IAFRI-H SUGRUIA AT AR SAaehd RIS Flecsl (SR aled
3Te. W HelHd 50 Hz W@Eﬁ 3ffafad - fSher—<itol (Harmonic frequencies)
TR Bidd.
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g1 I el geohiges SffRad 3o M1 SR AMIY Bidld, ST HAled aradH
3Hfeeh aTed.

Sth 30T 7th 3{Te} BT (5th & 7th harmonic orders) § ®leesl SASA-Iaad fHa
eI TS ATIH dreadTd T Hies! ds® d UhR=! S HRdld.

BTHIM® fEWIL (Harmonic distortion) Hied! ThRT ST0T WY SHTIRIA HH! HRdl.
gHM® fheed (Harmonic filters) SOfIeaTy 3 feteiaia &t g1, fher=t fRR Jga snfor
Texd B faya-ia giel.

2.2.2 HeX Ta& (Motor survey) §R TToll HeIQ R

Tex U (Motor survey) B0 g T SRS fdd Hewar g, A BRI
30T A WA BT (Specifications) 3T IGQUIRANT Alex HasuaTd! g Jaid
JUTH UGd 3Ts.

T Uiehdd [agHM HicHd! HHTIC STel (Nameplate data) MBT H&- AT URIET0T bl STl
Yld Rated power, Speed, Efficiency, Voltage, Current, 3T Full-load capacity IR
AT WRHTeIar THTART 3R,

Hied! AAwIE (Nameplate) § TSI 31107 SrTaRadh g fofg 3iTg. 1A Rated speed SIfOT
full-load current TRE! ATfgd! fesd, S HTARISH AR ARG BRI AR sl Ty
BId.

HIex AT Full-load capacity STaed ATed SRIAHT Hai19d SMhRIC 3l AT dRdded
TSl 31 HISTUT BHRUI 3TIRTD 3R,

qHTId: AR 80% Y& SIRA Full-load torque IR HTH Sd SRIIHT daid 3ithRy! fied;
S HH ear SR (Efficiency) FoTea™ ged.

2.2.3 Hiexdl AIS=M &g (Matching motor with loading)

Hiex Hde R (Motor Characteristics) s (Load) =T Erécr (Type) 30T i+ IRWpH
(Perform) HRITAT I BRI (Duty Conditions) R 3facigd Hiadl HHIUMA
Jeadid.dice Wig (Constant Speed),ﬁ?‘?‘c’ 2 (Constant Torque), CLERESIS) (Variable
Speed) SEM® fdhdl I&  Starting torque, Tad fhar iRl SHRHUSR
(Continuous/intermittent duty), 30T gRAR Start-stop operations JTHRAT &ITJ’Q@I"'I'I%[
fI=AYr = A Hie= e R,

ISt JBURT Ak sy 3afaefict araR &l gl ofor ffkew =t tgpur sfthr=it
(Efficiency) dTed.

T AT 40% Uell HH AISaR ATQu=aT Hiewd! Bt HHT 3d, ST Tsiaran
SITd. 3R Hieq-T ag & Hicy daaul fdhdl I diedR HTH SRl Hicai
faf g S0 BRIGRIR 3.

Hiex fardl! OiaR U5 § GRIa: Alear aas 31d, HIeIl Xes I3l o) ATgl.
IaTeRUMY, 10 kW T 10 kW HIE ATeaur STGRT 38, TR <iid 01 20 kw HIex- el

Alex Gﬁm Hag (Oversizing) die (Disadvantages):
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— HH! Tfther=A

—» WRIF UlaR Hhae (Power Factor)
—> T’ 9 AT T SUBRUTET SR URIND I

o TR el Jood FHUT HRU:
— USR] AT ST T Aol Saard
> SR eIfeT eleh (Starting Torque) TTT A YHRET HIex T (Sl SIRd &=l AleX
CISEL
— YD 3YRT dTUR (Under-utilization)
— Pl Flecoldia! HIH HRId U A3 &dl fHagu
— an"ra THRIAT Al a8 (Rounding up)

2.2.4 A MTSH (Idle) STOT ¥EEC (Redundant) IFRT HHY B TSl HeTa 2

o TIcR HIUAG! ITTad HTH - Bl I Aed degl faall IS SRR (Idle operation)
RUId.

o IS AR IGTER:

— IS A H-aWR decd (Conveyor belts) Tdd e S0
— XU ISR (Shop Floor) ATORTA I TINRE W= (Exhaust fans) T $aUl.
o 3FF NP FAUTTHD =M USRAT ST AT 3. ST HIaEd AR s
HITT T 95T 100% TASead Bidl.
o HMH cpi?i*l CIaR (Cooling tower fans), Q&RW (Air compressors) R S{\mﬁﬁ
(Auxiliaries) SUBHRU IATG 8¢ TN AM® d¢ Bl I ATeld.
o YE3C MM (Redundant operation) UM 3 SUHBRUT ATe SAUN S IMTGATAT PIicIct
(Quality) fdhar ifeet (Quantity) A HIvATE! ATl ITdd Tg].
° w GFTW%T WZ
- Ufydc SIS (Ambient conditions) 3% d AT ¢@Td HIAT cldr B (Cooling
Tower Fans) %ﬂﬁ?ﬁ_dﬁf.

- {3 TR (Desired Temperature) fii@Ta! TR g gHeH (Air-conditioning
units) %nq?saﬁ[.

- AC I1q 34 fdSiel IuSl 3o,

o 3R IS fdhal YEST SRR (Redundant operation) H-g3{d dbeled (manual controls)
fdar sifciHic® Eb_gpl?ﬂ (Automatic controls — timers, PLC, sensors) Ji=dl HediH cIaedy
TSI SO W gl sad ald.

o JaIERUNY, AT FIT (Rolling mills) AL T SRE IS SRIAHTG! HIeHT T HieH
(Cooling fan motors) GRS 2-3 AN AT GdId. AT STSHCIH (Downtime) A &g
H T AT Toiedd Bld.

2.2.5 HIeX ®R HIS (Star Mode) A ATAG TToil PG

e SR HICX Light-load (<30% full load) &R TTAd 3f¥d, R Seel Hacs HIex (Delta-connected
motor) ¥R HIBTRIA (Star configuration) H@WWW gld.
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3EIAZS Hed (Oversized motors) SAT Tdd 30% Ul HH Aear dradrd il
permanently star A SiSdr ad.

STl HARM (Delta connection) AL T [dfET o o AR &leesl M3,

T TR HAGA (Star connection) T T AT a1 a3 @lees + V3 e,

UM UlaR HFR (Power consumption) HHT Bld.

TR HieAd HieR gafaesmal SIh-Taess (Electrically downsized) BId 3ATOT 8T i
HGICRIESH

TIféach des Seel (Partially Loaded Delta) Bl Ppd dle ¥R ArS (Full Load Star Mode)
T SR (Efficiency) d UiaR taex (power factor) AT fHesdl.

Sl d TR g¢d Hier <fHqd diay (Motor terminal box) aftd SR (Connections) dccld
el S,

BT W 2leb (High starting torque) ARTOM=AT HiedHe

TR - STl / STl - ¥R 3eiHied RARIT (Automatic switching) ITORATG:

wIfén efd gl 3R 3@RHH (Inertia Overcome) FTUTER TR ALY 3ffAfesd e
(Automatic Shift) FRC-8TS (Current-Based) Heid, CTH-8%S (Time-Based) Bl GIN.

Feht Feft load 50% Tdd ared 3d, TR Automatic star—delta changeover dIURdl Id.

WRq, There AT (Frequent Switching) §& ®I<ded (Contactors) A J3R 3 TR
(Wear and Tear) gid, wlﬁo\o EREE (Maintenance) 31T ReraHe die (Replacement Costs)
dledld.

®UH, WR-Seel dol3fier (Star—Delta Changeover) T Hedarat sﬂﬁlﬂﬁw (Economical)
181, AT JIYRUMIUT 30% IS (Load) U&fT SR AIgdR dTadid 0T Shiide T TaRRameh
e HH Bl

2.2.6 Aiexd RamgfET (Rewinding) Wqﬂiﬁﬂﬂﬂ%?ﬁ

ﬁaﬁing%ﬂ (Motor rewinding) 8 a9 Alex fasd guamien wH @Rkie Iur srd). avg
UG Hedr Sih RO STaeur gdad gic.

U e 1T UGl AR fET ety AR 2-5% SR @i (Efficiency loss) Bid.
3y Rarefen efd 1 (Rewinding techniques) ITIREI BT A HH! HRdT Adl.

o7 CIRR (Windings) Pledll ofl¥d dIUHIA (Excessive heating) dUXcUTd NIEERE]
37\3,@'217-[ (Lamination insulation) ¥R GRS TSl PC areg (Eddy current losses)
dledld.

LR 3R Y (Rotor—stator air gap) n dad EUGRIES! <l (Torque), JiaR haex (Power
Factor) 3107 SRR aR FeHRIcA® TR gid.

Tl aed] arsfetl fE=ITS (Winding design) Saed SIhRIAI areddT Ad, A UlaR haex
T YIST TReb Ug b,

3D P YR iR (Cross-sectional area) AT Hadey (Conductors) dIUXcUT™
TR HIUR AT (Stator copper losses) HH! gIaTd 30T SR dTed.

2.2.7 TSl 3R HieR (Energy Efficient Motor) §R & = Uil G

Tl SihRIE AeR (EEM) &1 Hiek T88 HIeR (Standard motor) FHIURI M 3T3cYe
GidR (Shaft output power) &d, T ATIT3! HHI Saifacdh e 31Yc UlaR (Electrical input power)
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T,
TGS I HiTY HH! FaTaeiIe! Wd HRdId, HH! 81 (Heat) AT dxard sifor &fn afedy
AR (Service life) ST SR S,

o TSl SMBRMAE HIeR (Energy Efficient Motor) IT faRY - Sdcedl 3RIdTd, SUTD
oA arag (Internal losses) FHH BIdTa 0T S 3id WHTH (Overall performance)
YR,

o T HicHALT g7 e SY@HcH (Design improvements):

5 PR (Core) ag al-anrg e Td (Low-loss silicon steel) GIIRY|
— SR Sffdea Tefaa (Active Material) I} AT HR A (Longer core length)

> IIEfET T (Winding resistance) HHI HIUIRAST B HSIed  (Thicker
conductors)

— TSl Hc AN (Eddy current losses) HHI HRUGMNTS! AR SR (Thinner

laminations)

> Wa- WQ&RW (Stator—Rotor Air Gap) FHH B0

— &IFQI&@RW (Aluminium) Qaeﬂwﬁaaﬂﬁ (Copper rotor bars)

— g-SIfac! 93 (High-quality bearings) 30T HHT STHRTAT qyc'l*l 0] (Cooling fan)
e TharH (Friction) d fdgw arag (Windage Losses) HHT HI0L.

— YRAd IUA TAGI-3fhRie Ay (Energy-Efficient Motors) JTYRUIG: 3-4% SIRd
SHRE-T Sdd, T a1 diey e aTRmre! e wrieRiR onfir fewrs,
oxdId.

2.2.8 YifkGife® AT (Periodic Maintenance) B TSIl SR

o T SRR (Efficiency), RATASRIET (Reliability) 30T Gfgd A5 (Service life)

AGAUITITAT R HeA=T (Maintenance) 3 A<M 38, WEd SURHT TG @rad

(Energy losses) 8T BldTd ATOT Aexat SihRra= fegp- Xgd:

1. 7= Tt (Machine Cleaning)

— Al TR HicarE (Proper ventilation) 3o W (Cooling) IdH RIS
it RIS SaRa® 3G,

— Y5 STIOT HoRT IR TSR Wl (Air flow) Sl 30T 3NERGITT (Overheating)
gld.

2. {2 Y3y T HFIET-I'Q?.’ (Machine Setup and Alignment)

—> dec SI3RY (Belt drives) 3101 TR (Couplings) AR SHATZS (Aligned) STOT

TYES (Tensioned) 30T ST ern%
— gbId! AR (Alignment) AhAdd AMGH (Mechanical losses) 0T AR TH
(Bearing stress) gTead.

3. 93T GfAHR (Bearing Lubrication)
- i (Bearings) grgien ?{[@lﬁ'@@' (Lubricated) 31 UiaRelt s (Properly
sealed) 37,
— EITE@' fIraRM @ (Friction Losses) CLIIRIGIGREIUECEIR] W&F\’ (Bearing
Failure) B,
4. HISTH AfqTHe (Condition Assessment)
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— Al FESRE (Motor vibration), CIER| (Noise), 3O SR O (Temperature rise)
qUTEd M1,
— T IR S\WTFﬁﬁ'IE‘T AT G (Abnormality Mechanical) foar Eﬁ@ﬁ
Blee (Electrical Fault) A,
5. RBIHY THe (Performance Assessment)
— T Flecs! (Supply voltage) dUrdd 8.
— W@l TeTdURI (Voltage fluctuation) 3T ST (Imbalance) H% e} arg
(Motor Losses) dTadrd 301 SR w4t gl
6. sﬁ@w HAIRA Heg (Electrical Connection Maintenance)
5 WIR (Starter) 3{TfOT Hiex efifaa e (Motor terminal box) Tefie 9d HaeRrg clgc
(Connections Tight) 3o ﬁl?Rz[GR (Secure) 3Tdd.
— ol FHaR (Loose connections) H@f sl (Overheating), Q:Iﬁffﬂvm (Energy
Loss), 3o @'ﬁﬁg@ﬂ (Safety Hazards) fafor glard.

2.2.9 9=OX %8 Hied (Sensor Based Motors) GTUe TSIl HSIQ R
I (Sensors) SR e (Induction motors) Hﬂﬁ'{iﬁ?@]ﬁ (Energy efficiency)
qIGIUIT3! Hewd! YfHehT Sofddrd.

WH@FWW (Motor controller) o Rord-erey W TH-g PSR (Real-time
performance optimization) Xdl Id 3for &W&IFT KIS (Actual load) IR JgefeT
HfeTg (Operating conditions) daaidl BRIGH

dall{-j,ob HATdRY D Eﬂﬁd)%ll-t-alﬂ (Energy consumption) FHHT Bld.

o IR AeY (Induction motors) FaTIw ShfRMEE TN IS S (Rated load) STaes HTH
Ml .

o I R-oE Riferm 33@\?[ (Sensor-based Systems Industries) e YA 3RTeedt uiiRfad
QTS (Partial loading) IRIRUda! 3= S REI H@avdrd Aed HRdT.

e Sensor-based energy conservation T3t galfdres aTuRet SRt g d #6U|\?| O%Q(\Ilgdm fTrer-t
@é@ (Variable Frequency Drive) (VFD)

e TIUBS! RN oex s (Motor speed) drs fears (Load demand) JHIR 3G (Adjust)
hdld (Glﬁ U (Pumps) 31for g (Fans) ﬂ?ﬁ).

TS I c-TIe IR (Constant-speed operation) Y&l 50% fdbdTl Tg 34fde UiaR
JfET (Power saving) i Tred.

o Fﬂ'é_c' NS (Light load) aR SR ey (Induction motors) T Hofes arag (magnetic
losses) ST 3R AR HH BId. I=a4 Jeb HEIeR (Controller) T AS-fSHTS
(Load-demand) JdIR Hifew wag (Magnetic flux) HHI-SIRd BT T, wlﬂo?b LB
A (Internal Losses) CL GG

o H@WW&T@H (Optimal Flux Control) @Wﬁﬁﬂ?ﬁgm (Load Conditions)
xR fo gaffie 3fhfRrie uide (Efficient Point) aR ATdd.

2.3 @T\H'W‘m?ﬂ%ﬁﬁ Qﬂiﬁ Wﬁ'&ﬂ fra (Energy Conservation Techniques in

Transformer)

TTABINR (Transformer) AT TSl ®-ala<H HRUANTG! WA <loTa aTRdT IdTd:
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. BIS RASRIT (Load Sharing)
WSS 3 (Parallel Operation)
. 3G Sfd T (Isolating Techniques)

. Qﬂﬁﬁgﬁﬁﬁlﬂf glr{-luo\lll-lriﬁ da® (Replacement by Energy Efficient Transformers)
. UiRkaifs® A= (Periodic Maintenance)

g s~ w N e

2.3.1 @IS QAT (Load Sharing)

EA'IT\EFEFIVﬁ (Transformers) T IERAlST (Overloading), Rl UeTa=JURI (Voltage

Fluctuations) 30T 3{Ie@BITCTT (Overheating) TR THET AHAUU! TG dTd. AT THET

STAGIHRE! SR HH HATd 3N IUHRUM ThAMe! H& Ydhdld. TTAhIH]

g3l fohal He T doTs, ST @i 3.

igRars R TRIBIART WREUT HRUTMNTS! Al SR (Load Sharing) 8 T TG

IU 3Tg. SRd Aleges Hahex! drsfetl (Secondary Winding) TRH Bid HTOT S~

(Insulation) WRTS BogrE fdhar aEfET §HeMEHe (Burnout) BIUTMT Uil 3l 3HH

STBIHY URAd (Parallel) 7 ATAGT @IS dTg UdedTy UehT CFABIHRAR YUMRT 10T HHT

BT A0 TS T TRET e,

ST I IHY U IR THUT TSR B HRdTd, dagl Sfdeeg UiaR (Active Power) 30T

Rifece gl (Reactive Power) ERELRUY UpUl BIERESIR] (Power Loss) 31for Rfdes uiaR

JIIRTER URUMH $d. Ihi-10® (ST (Economic Dispatch) TR dled MY faavum

HH THU THAM HHT BT Id T TFABIERAT SR (Efficiency) FURAT Ad,

STHeS Toll Bafa= JTe Bld.

TGl 36d e AT (Equal Load Sharing) AT dxuamrdt @eia 3t gof

PN IS 3Tg:

— CIFWBIHYAT €= =T (Turns Ratio) TRET 3RTAT, STUIG= U<l @lecdl (Secondary
Voltage) THT ITB1d.

— il RIS SIS (Percentage Impedance) (%Z) TH 3TAT, WS Al TUIRHA
qredl SR

—> TR 3R/TE =T (R/X Ratio) dwoides T 3141, WHS Al fSfagsH
A 8.

URAd TIRRM (Parallel Operation) ®Te! BTG

— THU AS 3D FABIHYGR dleedl S e Tl SahIARaId HETON

gId

— B A 9oy IS S SFIBIHY (Unloaded Transformers) §iG T AdTd, UMD
I-1 A (No-load Losses) dH! gldrd 10T Rew=t Sh=I=dT (Efficiency) dTad.

2.3.2 UNETd TR (Parallel Operation)

ST g fdhar 3ifYe TamIARd UaHR! aiRfe™ (Primary Windings) T &lecs] T@Id
(Voltage Supply) ST ciel 3dTd 3101 i Ydhes! dTafet™ (Secondary Windings) ThTd dlgal
(Load) STTScIel! 3RIATd, degl T - HEHT URTelel SHTIRR (Parallel Operation) T HRIR
ged Od.
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-

T,

Common

C
Supply Vi V, E’_,_ ommon

Load

T,
Figure 2.1 Parallel Operation of Transformer

WAd TR AR HHAaRH SR (Connection Diagram) (Figure 2.1) g2 433)

CRIERIEI

WA SHRRAAS] SAHIAR FaSarT I da&it ST (KVA Rating) § Hew@d &y

3Te.

SR BHUTICT ST (Capacity Rating) TROTUET SIRA e URIN® W aTed! T

SRS - A (No-Load / Core Losses) fafor glard.

OfdR CFIBIHR (Power Transformer) JMTIC: ATl Hd-als (Full Load) S[d@ darad

SR (Efficiency) <dTd.

3F fdhar sfie THIR WaaHe Idac ReHal a8 arg UHR 3R (Load

Sharing) Hl Ial.

TT5C-Ars (Light Load) TR e TaRad C-IhIHY dTd $adl IdTd. dal AT cs

WIS (Rated Load) STde ST /A T @ 6.

Ren s dTleca™ SHfaRkad TImIFAR HHM S9-Tf@d (In-Service) ST T,

I Tgcii- U I IER T Faid STh I Sides dreld, SaTges T-el Al (Energy

Losses) H! BIdTd STT0T “GFE[UT Rert ==t (Efficiency) ﬁ?ﬂ'\’ﬁ.

TS HIGdT &HdAT CRIBIAR dTORUATUET 3% WHIAR-Y¢8 (Smaller Rated) SFIBIHY

RATH dTOR! 31 BRICRIR 33, HRUT:

— g[S Namafaferdt (Improved Reliability) — ThT SFIBIIRAY foers @ @t SaR
ey dre YRIAId, A Salfae RICYRaa] Wied gid Argl.

> BRR RAMSfIel (High Availability) — TehT TFIHBIARD S@UTAHT fdhar gt guf
ey & 9 a1 HRar Ad.

> ScX Tol 3BT (Better Energy Efficiency) — ®H! Aie<l Hiesld Hhad STASI®
STIBIEN AIadd STard ST d Hd-are Sde HRRd e HI-are AN B!
HGIGH

— TRIAA ARSIt (Operational Flexibility) — W@ SGAMIR  CRIHIHY
3{1H/3{% BT AdTd, YD dle ToHe o1 Hidwrdte fawdrR |iar gi.

2.3.2 (A) WA TR 3T TABIHEA HSIRT (Conditions for Parallel Operation of

Transformers)

Mabharashtra state board of technical education 31



Energy Conservation and Audit (316327) TSI PheaAdeld 315 33T (316327)

AR (Parallel Operation) JIG! 30T Hrfe SIUaRIS! Wole o q:Uf ATl
grfgeid:

1. |H kVA & (Same kVA Rating) — TFIBIHYT kVA T THH fdhar Sldsurg IHHE
394, \stlllj,o\o qUIRAS Brs 3T (Proportional Load Sharing) ‘{[ﬁ%ﬁ'@ﬁ

2. QPO R 311ﬂ37\"-[ 3for X/R =M (Equal % Impedance and X/R Ratio) — dHIT
ETEﬂETH (Impedance) 3TfoT ﬁﬁm—@i‘fﬁw EEYS (Reactance-to-Resistance Ratio)
G RS HEH (Circulating Currents) AT 81 ARG ST e avg
YA faHRTST STl

3. qH @E%Tr[ =0 enfor et ¥=i (Same Voltage Ratio & Turns Ratio) — URT g
T Sd GGl WA (Voltage Ratio) 30T T X201 (Turns Ratio) TH ST, 30T
1-B18 @S2 (No-Load Condition) AL TSI By AT 813, ZdbdId.

4. HH UTGRET (Same Polarity) — gdTd Gio kel (Polarity) SIGTN 20¢ AP 8IS 2,
TS TN UIGRET SIATa3gd TR,

5. 9 el e (Same Phase Sequence — for 3-Phase Transformers) — -t
SO IHIHYE Trolrdt 3iTex (Phase Sequence) THIT 31UT 3TaxTh; ST THR Mic-
gfdhe g1 2Ahd.

6. 9¥ bl TS fRI%E (Same Phase Angle Shift) — TR} T st ooy dte ol
fSTFTHE (Phase Displacement) TH IR 31d], a9 Arg Rish gz Bid.

7. 99 fper-ul (Same Frequency) — argl mﬁﬁ:ﬂ Uhld et (Frequency) d} Eap]
PO TR 3Tg, ST ®IGcsl Tl ol SHBTeTHC TR (g,

2.3.3 TSI ey (Isolating Techniques)

STIRAIARM (Isolation) TEUS! TaTel e Safdcdd T (Electrical Supply) f&xdb-ide
HE IUBUINGR BH DU Akiid! YR&T GHAET HRO—SIUbe AHRI: Alsg
3 ‘J-H'JT@QT-QZIGTS?J (De-energize) EESIGIGE

gafachd COhIHY A @lecs WU-30 fdhal WU-813 (Step-Up/Step-Down)
HRUTTS! TOR STTATd, TR d & AihcaHed gafacdhd UL (Electrical Isolation)
&I IR

ORI Saifdgdd Alsol (Electrical Noise) fhaT SIRIcH (Transients) JUMIUr Yigd 9d aXl
i dfierar Higam YA S gld.

Hiched sHite~ (Impedance) dac]- gl-{-lhhTJ—lri-T Tie-Afdhe HIcH (Short-Circuit Currents)
Taffed HRaTd A Gafd ey HH BRI,

gdD B IHIAY (JHTCICFIHIER TN THERT ST Ydhe! argletqe HIvdig!
Dre $c\1lro\h;0bc1 GIEEE (Electrical Connection) L. 391 $hdes HATSH HUfeHT (Magnetic
Coupling) GR TR BI.

AT ISP Y SR 30T IRe&f .

UTIFRY ST0T Y et arefSramelia Sga= (Insulation) Ga<! TREUT Gd. TS AR 30T
TRURS $Hefdeeg UNTHI THIE do! TR T Safdcd Rld (Electric Shock) B0aTET
eiepT ST gIdl,
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STIICIRM SFIBIEN (Isolation Transformers) TaGRI SUBRUTHT HeH TATIURL AT

.
e Rew Rerafaferet (system Reliability) aTad 30T BHIUIATE TehT 3=GALH BiecHe
WUl Red §¢ Usd A,

23.4 UAGl-3fpRRe WY Rwigde  (Replacement by Energy Efficient

Transformers)

Qqﬁﬁé’ﬁ?&m @R‘lﬂﬁﬁ (Energy-Efficient Transformers) ?za@ﬁl’cp[ TR g fdaRumdie

T&D WYY (Transmission & Distribution Losses) HI HRUYT HgdTd] ﬂ-ﬁlw ERICGKIGH

TR TR Sfor bR STt QRO ST TR A HisT

YHIUTT hHT Bl AdTd.

ﬁ?ﬂﬁ_d faferepia i (Silicon Steel) 3T FaF Hifed AeRad (Magnetic Materials)

JIEA I BRI TIHIHY qaR Bl AT

Udh Hed l JleUl LUK 3AAGY Hed @R‘Tﬁﬁ? (Amorphous Metal Transformer)—@[

IPY TASH BT (Energy Efficiency) SaTd ATOT TTYRUT 25 auTU&T SR Il ST

319,

Remafaferd (Reliability) GURATT.

ToN-3 bR TrawiHET O-d6 UiRas (Payback Period) YR 1 & 6 Iufedl gved

3. S AT, ATORTAT AR 31O 3afae Rt GRiaR Sfaciar Sy,

SO IHRA! SR (Efficiency) JURUANTS! Jeid SUR SUga T8 d:

— JF-Tuad Rfsdi- WIS (Silicon Steel) fdhal HIOR ARfEN (Copper Windings) aTaROl

— DR AT IEfET fTSNACT (Core & Winding Geometry) HPHRS e HUfcd for
WRifes 314 S HRol

SR QURIM TRAMT HeRTd T aTeUl 0T TSl H2@ cfadad (Energy

Conservation) TT 3Ti& ATH T Y Aga SMAAD 3.

ERICERE IRl (Efficiency) fequamTd! Ai-ars arey (No-Load Losses) 3T s @

(Load Losses) TTd TREIR &t IC SHATd—UDH HH! dhed ga¥ dlg .

Toll- SR SrawhIHY aTReaT ST (Efficiency) 95% d 97% Tdd dTad;

T AHY HR gl-{-lhbTJ—T{-T (Amorphous Core Transformers) 98.5% Efficiencyqﬁ?@@aﬁﬁ

TIVHTO TOia IS HRE (Epoxy Resin Cast) fhal Togucs SM-ClRY SAbhIHN

(Encapsulated Dry-Type Transformers) 93% d97% St (Efficiency) adrd.

2.3.4 (A) Qqﬁﬁm @R‘I‘W‘ﬁ% tFITI% (Advantages of Energy-Efficient Transformers)

1.

ﬁ%ﬂ%’ SRS A (Reduced Operating Losses) — ﬁﬂTﬁ‘d PR (Core) 3for arEfST
TeRIA (Winding Materials) geb Saifagdral AR HHT Bldd.

TABR Bl SHRME (Lower Heat Generation) — AT HH ™ Iwrar Ao (Heat
Generation) HH! 8, SaTY RSt (Reliability) @ TRWBTH-T YR,

AR ﬂ% olIg™ (Longer Service Life) — yd @}[ G| %ﬂ?ﬂﬁ 37\‘1@?217{ <lIgW (Insulation
Life) ATed ST SFIBIHRT TS dled.
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4.

SR Pe-3hide@-¥ (Higher Cost-Effectiveness) — TRHET W SR 3@ a1 HHT
TR Ay et e wraar fed!.

{8[os DR IEEIES (Improved Core Design) — BT Acd @'GH (Amorphous Metal Strips)
RS UIded DR aff-=r-asit deferd gown w4t gidrd.

ﬂ‘f‘@% e an (Reduced Hysteresis Loss) — MY HRTEHS dl-hies
ﬁﬁ?ﬂ@'ﬂ? (Low Field Magnetization) &Iﬂ?iﬂﬂé' e S'Eh_cliﬂ (Hysteresis Effects)
CRINGIGH

AR TSl Hic N (Lower Eddy Current Loss) — PRl 8 sc\ﬂ?t;wcl IRfeefed (High
Electrical Resistivity) 3@@11135 Q@[ m (Eddy Currents) FHH JHIUMT dOR ﬁﬁﬁ

W3R -l B (Lower No-Load Current) — HH! HUCTIISIT Hc (Magnetizing Current)
3ATFOT HHY T AT s AI-ale HIe=M (No-Load Condition) AE SIRd Sith==ul
(Efficiency) fired.

2.3.5 fufvsiife® dea9 (Periodic Maintenance)

fafksiifesd Hea=T (Periodic Maintenance) E'F\qﬂv"\ﬁ:iﬁ AN Dl HRUGMTST ST
femafaferct (Reliability) ITEITUATETST 3fd HEwT 38,

fafd dcTa SRR (Deterioration) AR HAT Ud, IYARM BHegsrd
(Insulation Failures) 3{T&@dT IdTd 0T ITHRU § ReHASTA TUTH Biecadn 3aTs I,
Qe HeTqges A HHl glard 301 sSher3 (Breakdown) BIUTMET bl TSI
YHIO g,

CIIhIHY g1 Wied Safacdhd HRMA (Static Electrical Machines) 3RTeTHes redTd fegT
U1 FaTd, TUH o "9RieGRaT fAYRTe Sradrd M avg Hea-g STedrd 40 auider
IR hTed BRIGHA T bl

WIeHd aRAR 3fiaieT] (Overloading), ars UeldURI- (Load Fluctuations), gfdhe
ST (Circuit Alterations), ﬂ?ﬁﬁ Uicface fexgg IBRENE] (Protective Device
Selection) 30T Fleest %ﬁ'@ﬁ”{ (Voltage Variations) m'E@' it b=t (Efficiency)
30T ST B B, X,

Wmﬁﬁ&mﬁm U (Periodic Maintenance Program) ﬂl*!ﬁbcﬁl{-l JUDRU
RIS GOl AT BT B, Wi qddHR Sfd@dl Jdl M1 SFIHBIERD! TSh
SRR (Energy Efficiency) JUR.

235 (A) ISS 1186-1967 WHTUI fEIegRM SOGIHRY HeA—d VSTdA (Maintenance

Schedule of Distribution Transformer as per ISS 1186-1967)

EA'ITHTI'W PI0de! Head (Maintenance) WTQ?W JAd AT X (Safety Steps)
HTCHRUT UIes Ul SHTaRIH 3Te:

1. 3g9Ide § @Rﬂ'ﬂﬁﬁ? (Isolate the Transformer)

— TRIBIER SRIIE (Isolate) PHRUINITS! Ydhax! WIRSARId IS PIg Tl

— SIU-313¢ WoIY (Drop-Out Fuses) 3T &,

— 3101 U3R-5& WG9 (Air-Break Switch) 3T &

2. TR T (Proper Earthing) STARIIRHTR 16 41T TW Als 4 YRI&TT0T 31 (Earth)
PRI SO Hedq g SR GR&T A gisa.
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3. Gﬁ'ﬂﬂéﬁ TS St (Authorized Personnel Only)

— T Whad I YT SracedT 31T 3Hfehd (Authorized) Sdii= BRI,
— I3 HTH Y& HRUIYA! Ae--GasR Afcfhare (Line-Clear Certificate) B0T Taadh

3Te

4. It fUsIe= (Safety Precautions)

— HeT GXEM TFIBIHET SIdes ST (Smoking) fdFaTl 3T iR (Open Flames)
R HSdH ATS TR,

5. &ﬂ’saa"g%nfaa”rm (Oil Handling Precaution)

- Wm%ﬁﬂﬁﬁ (Conservator Tank) 3,
R - <H 3T HRUAA! HacmeHeid 3Hgd S (Oil Drain) HRU HAID

Table 2.1.2 shares of electrical energy use by motors in various sectors

et
Sr. CIEGHEG) reor Faw rteror At ATIgD Fedt
No. (Frequency of (Inspected) (Inspection notes) (Action required)
inspection)
RT3 (Amperes) s e o
AR ’ HAG D AT -y
1. (Hourly) c_fﬁﬂ (Volts) 37for (Rated figures) ot (Fans) G R
y SRR (Temperature) SISIRSIN
3R U (A
qassa ) Ffﬁ'; fifRrepT SIT (Silica gel)
Passad el ST, S
: Slergfidn siiar 3{Tg T d Ug. ;
2. 2 (Daily) ; : qifecd dlede
(Dehydrating breather) 3ifdeeg Toie
) (Treatment) = Y&l
(Active agent) dl
. dTuR= Rehdl.
AT YT
SN deed BT 3™
3. | R Monthly) “I“HWHE;'” |'I$Q1 CTIhIAR 313 | ST 1S (Dry oil) HRT
' ( Y) | T (il levelin AGAqURL. | I AP (Leak) IS BT
transformer)
SICIES I
Hag (Cracks)
e . 3T 8¢ w5 R d ARG
4. g (Bushings) .
(Quarterly) fSuifred (irt S Gl
deposits) dUTI.
Hogxdrel HigyR | dfca=H (Ventilation)
B T FgeR (N N
5, (Half (No (Moisture) 32 | UR &1 7 3ffea
yearly) conservator) YR
&1 d g, LIS
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ot
Sr. | arRartedr Ateror e frfteqor A STARAD Pl (Action
NO. | (Frequency (Inspected) (Inspection notes) required)
of inspection)
SRR SRl
(Dielectric strength), N IENEICINE
STAWTER 3ifgel (Oilin | JIeX BIT (Water | (Quality) GURUITITA!
transformer) content), 3fafsct TG ol graal
(Acidity) A0 TesT 3.
(Sludge) dUrdL.
312 YRR oIl
6. (ﬁ ) d mg arth . ST AV U
3l
e (Relays), KIrgjensd WV?V?EG (Contacts), :
. v HARYDh AU
(Alarms), =T Afched S{TORTH, W : .
(Circuits) (Fuses), el STzt L ST (Setting)
HARYDh AU
(Accuracy) durdr.
dadl.
PI3R (Core) IAT N
| amite | e | umagew | RS
' Yearly) conservator) SFIBIHY | IR (Internal 5
inspection) '
Ul IR
. SIGISACT SRARMT | ey ST 3{1Sd (Clean
8 5 quft 5 ] (Overall mspecElon), dry oil) 3 FRITETgT
Yearly) PIIR AT Pigcd Y _
(Coils) ST (Washing-down) &X.
GRS

2.4 TSIl -G FfPUHT (Energy Conservation Equipment)

o Zaifded HAlcHd! ShRIT (Efficiency) 30T TRWTHT (Performance) ATGUATITS! @ TSI
SN (Energy losses) HH! HRUGNTAST 3 3N IUBHRU 0T dheld RIRTRT (Control
systems) IO ST,

. 3@% Treasft gefda uqyq TSl e sfpudc (Energy Conservation Equipment)
GAAYHTO 3MTed:

> w N e

it IR (Soft Starters)
UlaR thaex dhelaR (Power Factor Controller)

. 3ficHCH TR-Seel cbros& (Automatic Star-Delta Convertor)

. Xad The-at Sﬁa (Variable Frequency Drives — VFD)
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2.4.1 QI TR (Soft Starters)

T $8aRM HIeR (AC Induction Motor) = BT, T WIS Tldb (Starting torque) Id
SR S, S et TTSaAT ARTON=AT €l U e SRl 1 3faTeh i Siean cla
deT, 94, ISR i1 Hufeh FRe AdbHdbd URTIaR SR dToT ST iet Fofor =,
rafdiNed, AR G Il QU 18T R HRE (Inrush Current) Td, SIS &lecsl (S
(Voltage dips) 813 HdId T IaR JUDRUNGR URUMH 8IS Wb,

TTUe WIER (Soft Starters) & T ST UG 3Tg, S Hiexdl WY, FaHd tgdH g&
PHROGTATS! TR ST, el FHATI R U1 glecs] ¢Uamidell, AUe WIeX Glees]
g5 dledd!. ATHes SR HIC HH! gidl O HIeR 9 fgad gfpudcaiid Ao dbd }9
S BI.

It wIeR Hier WIfiETra! fayrme ST fewraRik SUr Suas & od. § Hiedl
Y, LU AR (Acceleration) 30T &- SRR (Deceleration) ad, GCITﬂ@?
MYFF d1-TreT FIde WIER (Three-Phase Soft Starters) AL Tite WIS Ate wTq
(eI, 3eoledd XH-30/3-31% e3H (Ramp-Up / Ramp-Down Time) 30T ®ic
fatffre (current Limit) IR afRrsed 3rgdrd.

diieesed], ite W UTRREY (Thyristors) TRBAT Tiors-Te fSEEIT (Solid-State
Devices) T ATUR H& HIeIdl (ISR Gleedl (HAAd dal, SaTdes LI elds T dHee
JUTAT UG Faffed ol ST,

IR v wrdw™ 11 aﬁ'nﬂm (Main Components of a Basic Soft Starter)
a) UTaR f¥&=9 (Power Switches)

UiqR fEd g Hievdll [Rad SR @lecsl AR SRR T8 9 3Ted. At TeHd
g1 g9 H8a-M A (Conduction Angle) AEl FGT B TICYCT @lecord TRIRT
O Fafd ddl S,

HSIRM T AT HIedl FHBUIR IR Blees drad T Al s Tt
drad.

- HIEX  (Three-Phase Motor) A Td® Bhomd g Raferdiq F;PI('_B' feemry
(Silicon Controlled Rectifiers — SCRs) §&-¢-8 Slled S, Sf AC @B ol 8Th
b erd A0 HRard.

fEgfivT fS@™aAT (Switching Devices) — SCRs T XfcTT A2 ®leeoiuel fbHM i géiA
SR 31U SHTAAH 3G, SUHE I LT HIe U Glees IeH YRISAUU graresdl
BRI

b) Sl |ITeT® (Control Logic)

dheld ol T UIT SCRs degl S0 H fOTR ol STl § 33ddl. AC GR—Ib e FHaT
HIvr &fuft SCR Frede BTN YAl ®Rd 8 dl BRI 31T (Firing Angle) Fafd e
3.
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HRECEURIEIRE] Wcﬁﬂﬁ (PID Controllers), Wﬁﬂﬁ (Microcontrollers) fdhar SR
fd=01 Afchey AT ddl S1Td, S SCRs T 11E @lee (Gate Voltage) AT FUfHd wara.
BT T 3@yl FAfd e dieval @R Gl 808 dled, Sage die?
WU = gl AT Safdedhd d Adbiehd ¢ cresdl SiTdl.

2.4.1(A) HieX AT ¥ WS (Advantages of Using Motor Soft Starters)

1.

Ir\isg%s Q:ITrﬁcbsiH-‘&H (Reduced Energy Consumption)

TUE WK (Soft Starter) HIER & HRAMT T Sleesl (Supply Voltage) TBER dTead],
3a® ol @leest a1 &Rd A8l a1 Fafd @leest $H-3T (Voltage Ramp-up) & HIeR
& BIaFT ANUIRT Teiiepdl gid ofor Iqul R{few  3ifid Toil-ufhRET (Energy
Efficient) S,

3R R 3 diar ol (Lower Risk of Power Surge)

RIRATA AleR F& HIAMT HIST AR HRC (Inrush Current) Bl SITdl, SATHS Hidbed
ERAIS 8IS hdld AU Fleed! S (Voltage Dips) At gard. Iite €k &lees
gBER AN ®H& UldR Hord! el HHT HRdl AT YYU RREHGRIT Sallacdhd K HHT
Hl.

I SoReTd SIFTRIH CIgH (Adjustable Acceleration Time)

3A® Fite WIEHY Hiedl faaveH CIgH (Acceleration Time) YT Hal Idl. mﬁ%
TR RYTIER WCIE s aa- MaREd &xdl dd, S=1 fdhdT Hag=id SUHBRUIIe! ST
T13Y 3101 Tord ARAHTST Sl Trey. e e AT 9 WY ORI Hed.
sfhs W UR 3{dX (Increased Number of Starts per Hour)

TqIge &I&ﬂo\b Hiea’d Ao Hdhd WW@(Mechanical & Thermal Stress) ?:b_lﬂﬁ?ﬁ
TS UhTd qrTd HeR ¥ 93T & dHrdl Ad. ford Hier aRAR dTe-sig HRrdl drTd
31RT IYNTATST B fIRwa: Iugad Sife.

ﬁ%‘g"% % 3w st (Reduced Risk of Overheating)

Fleesl TR AN B HIeHL 3D SRd DHRe Sld el AT drefeil cR=R
(Winding Temperature) fifa xed shftr W@W elehT HHT I, ZI'I'EJ__% e
TREUT GBI 3T foeTe eaar.

H®esS SATORTET SRt (Improved Operating Efficiency)

Tl S, GBI 3N AhHod P TRY e, HH! Hedie it Tex JAlex
30T TR Tt ReArafaferdl (Reliability) 31101 SfhRIRAT (Efficiency) dTedd). AT
SO WY - 0T S13-1ered HH! Bl

TRSS S gfpUdc ARBIA (Extended Equipment Lifespan)

It W Safdedhd AU AhHdbd K HH HRdl. e Ay, [9aiaT, decy Sffor
HAfHS! Tid AT dTed. SUBISd Hedd Td HHT gidl 3T Ried sifie fagwmia
CRE|

2.4.1(B) AT T AfRIBRI=T (Applications of Soft Starter)

KId EERﬁTﬂ (Steel Industries — Rolling Mills & Processing Lines)
e %19 (Cement Industries)
YR WIeH (Sugar Plants)
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RIS TSI (Textile Industries)

ERIG cd STH R (Machine Tool Applications)

JiaR Ydex (Power Sector)

U7 3@ =g (Pump Applications)

fafae TR deia SIRIBRIT (Process Control Applications)

2.4.2 9ia¥ aex ﬁﬁ?ﬂ' (Power Factor Controller)

sﬁm UiaR Ry ed, Iy giaR thaex (Power Factor) RECLUN Qﬂﬁﬁﬁel\_r@? (Energy
Management) 3701 &< HH! FRUGMTST 3/dd A AFA Td 3113,

Ui} Whaer GURUM AYRUMU HURIER d& (Capacitor Bank) aTUe dall SIId, ST
Rredtu=n Raffaes ulaR (VAR) Sa=gedl TR S8y Sied fdhdl died Siid.

g UHR - [ARIVa: SiciHfcdh deld Hdbi-giH (Automatic Control Mechanism) g — ST
30T FEfRa e, HURTeR WIfAe uradiaR Raffdee die Radr.

THUT Safaeic! @d ged.

JfcHiesd Uik hae? W@a (APFC — Automatic Power Factor Control) 7 a9,
I IIRIRR fdhaT Arahlae ey aroRe- SHATd SATUT SiTS, R

3ffeed RCTAATS! THId: aToRedT SO FE=0T g TurT:

— Fleco-a¥8 held (Voltage-Based Control)

— KVAR-S% &eld (KVAR-Based Control)

S KVAR-IRIRRE Ugd 3ifiie TuIdl 3ryd, ST &leed daed HoRuu (Aa=d
TS d PHeld URTHIER U ARl Ad TG,

APFC g (APFC Unit) dd RIETAT UlaR haex HAifHeR dRd 3T HuRer o
IR (A T ol Sfwsd JedTeldes (YR 0.95 U&T STRd) $ad.

e RIETT dHRe HH gidl, Blecol ST HHT glal 0T SFAHRA AT YISy Sl
HGIGH

OfaR thaex HYaRMYS Te Teil (kWh) HH 8Id ATel, HRUT RS UfaR (Real Power)
HTIH FHM &

TR fEHIS Ao HH B 31U €8 T Safaciie! faa aeofia H gid.

TEUH § difAdh T5cdl Toll dhaice ATd SUSHRUT 3Icl ailg! HId WG9 gad o 318 HAT0r 3a”
TSl [pTHed daraad aroRd SiTd.

AERId, HURIeR fdhdl APFC UAd (APFC Panel) UfaR Seabred YRUTHSG AT S9ad
SITdTd, SUhE S8aca e aedl RICIHd &faycdidH ol Hrdl dd.

e FRCIA-Te] faeh HYaRM (Bulk Correction) SIS UAddRd ddl Sild, @)
e shefie fewmrflt sMe Mied sRyad WeUH Jcdsss HI-IRH (Centralized
Compensation) UTYUTT feet ST,

32 R, HURCY S& (Capacitor Banks) UTARI-URRIM (Steps) T SABIET
S ISIRM SISk I¥ad SN,

APFC &2leiR (APFC Controller) Tdd dRc 0T UlaR thdeR HifAex B, HTIAHATIR
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DHURIER W 3HH/311h Hrdl, s R 3fwsd UlaR haex TRIGR SR arad

8. _
Transformer
~ o
| T U
% e—— ¢ —1T ¢
.
{/ Contactors
1 1
T T

Capacitor Bank

Figure 2.2 Power Factor Controller

2.4.3 3T IHIeH WR-SeeT WZ‘? (Automatic Star-Delta Converter)

TR-Se] ' (Star-Delta Starter) g Udh géaejﬁa”ﬁﬁw IEEAERS] (Electromechanical
Device) 318 S 31-Thsl SR Al Joard 0T et =01 HRUGITST aroRe S,

8 WR-8T (Y-A) WIfET HYS (Star-Delta Starting Method) TR BT HRd, S o el
el aEfS R (Star) HAGRHFHE SISa Sld 31101 Hiex T fafRIy iR dighaeirar
S (Delta) HaRHAR ga et o,

2f-Trol SR HIex Y= BIdHI, <if Hd-dle BRe (Full Load Current) TT 6 UC SR e
.

8 B SR HC (High Inrush Current) HATGd HRUGMNTST JoATal difed R A4
SIS Sifd, e YA dTefSTaRal glecsrd Jed (1/43) U &4l gld.

q URHET Hc gUd HH gl 301 Hlekd’id AdbHdbd A Safdedhd Kd
(Mechanical & Electrical Stress) FHHT BIal.

Aley TIYRUUUY 80% I8 TS (Rated Speed) dX Ulglacdidy SR (Timer) fdbar
HTashidelar-ak8 [fhe (Microcontroller-Based Circuit) AEISTA Seel BIpTRI-HE
9 P, ST Hiex QUi & daR BT e X,

M WR-Seel WIexdl Held "ide (Control Circuit) HE Hicded (Contactors), STIHY
(Timers) 3T SR et (Overload Relays) AHdId, S TR AT Seel HaRAAd
SR SIS R dHrdra.

ffcHe® TR-Seel WX (Automatic Star-Delta Starter) HIIhIhCIcR-9%8 Hheld o
qTRe RRITTA WIS e IX-gHed Tolf 3BT (Efficiency) dT@ddl.

B R Aiex drs AifFe S AT TSiaad RIe! R fdhar Seel ArsHed 3maisy fead
P,

e TATRC ATS (30% U&fT HHY) R BRI B 3 R ot TR A (Star Mode) HED T,
ST Glecs] dH! gid SHTTOT TAsiedd Bid.

s Afya mafden [@TURUE: 50%) ST edTaR R SMaisiY Seel IS (Delta Mode)
e g .
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B U d faRiva: 3 RIS I=THed 25-30% ol bera e &d, ford Hier oiRd des urféad
WIS (Partial Load) IR T &,

2.4.3 (A) 3TcHfe®d WR-SeeT WIS U"TI'CI% (Advantages of Automatic Star-Delta Starter)

ﬁw e oie (Reduced Starting Current):

STARGE-3{1H-qTS (DOL Starting Current) T ga-d R HISHE IR dC 1/3 Tdd B!
Bidl.

Qqﬁﬁ@%ﬂ (Energy Saving):

TTRC-arS TIRRFHL 25-30% Td THoiaad.

e S JiaR Thaey (Improved Power Factor):

AEC AIedR WR HARMAYD TlaR haex JYURd.

AR AbHwd 1%3:[ (Lower Mechanical Stress):

TG SRR MU, dec 101 Hufciadr eiis w4l g,

YEI¥e d8dex Wl (Reduced Conductor Size):

PHC HH M A bacd dTURdT AdTd.

TS Sfudc A% (Enhanced Equipment Life):

U 30T Ao IH HUI BId S Alex d SfdUHcd Y™ dTad.

A

2.4.3 (B) SIfRIHRT (Applications)

TR-Seel WY (Star-Delta Starters) WTeid 3feifie 3ol e gsavM Aedardt
HIGAT JHTUTER dTURe SITdTd:

. 3{igd ATfOT 719 Wiicy (Oil & Gas Plants)

. AT SRR (Mining Operations)

Jiex dfth fafewy (Water Pumping Systems)

. HOIR S HRRR §|s§os\%| (Conveyor & Compressor Drives)

5. ﬁqﬁﬂaﬁn 3oT O 33@\_:[ (Manufacturing & Process Industries)

5w N R

244 %ﬁlﬁﬁ foper—=it SIT® (Variable Frequency Drive — VFD)

%ﬂ@?{ o=t Slg® (Variable Frequency Drive — VFD) %’ Uh sadgTﬁch SUDRT S-I'I%‘

S AC Hiexd RRfdedr Som= dior! et i gleest Sad Hie! TTdl AT ela

fifd HRugETSt AR S

VFD &7 aTIRMH Hied WG TIe-3YT AT Ie-TT3H, SMgrais A&, HH TASHaR

31T FHrder fFaaor fiesd.

VFD d qod T U (Main Sections of VFD)

1. AFBRR (Rectifier) — STYCHET AC YRIST DC T FUIARA HRdl.

2. DC fdf® / fheer (DC Link / Filter) — HURIeR fdhal Se8dex=al TgrAM DC Riud g
P,

3. @R (Inverter) - DC RUT TT RATTd =it AC AL FUART HRal, TS
e a7 afRa &ar a4,
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Rectifier DC link Inverter

AC - DC
O . T 4O,
| I

Control Circuits

A

Figure 2.3 Variable Frequency Drives (VFD)

e VFD I &X (Operation of VFD) g Alexar HT[%IFCIT o=t et (Frequency — f) 3rfor
Qe (Voltage — V) AT Hrugmer Seika sRId. [RasT fheb=dl onfor dev=an
JIIARIG IMHE T Yy Tyl fader 3img:

120f
S =—

P
Where:

Ns = Rpima s (Synchronous speed) (rpm)
f = 9&iy il (Supply frequency) (Hz)
P = Alcd Ule™ (Number of poles of the motor)

o TWI Wieh-ut (Supply frequency) 7 930 HedN Hled RipHg Wi (Synchronous
speed) ¢ FHTUNA dgaldl, Ao Al ol ST fHIRd dar I,

o Tl A Cldh (Torque) BT HACH T (Magnetic Flux — ¢) 3fTT0T HC (Current — I) TiaR
A SR,

T «x ¢l
e HIRCC V/f XTI (Constant V/f Ratio) HTIH a0 Iies HUCH TAdT (Magnetic Flux) fRR

g, 3101 Hiex a7 IEadll ail BT e eld (Consistent Torque) AT 3= Trad.
F

K =
Fratea

o Uil Bleew (Voltage) 3foT foper-at (Frequency) Eﬁ%pliﬂ PEINE] (Proportional) dqcl &l
STell, degl Hiexadial Hafced Wiee WY (Magnetic Field Strength) ®TIH Tgd. TS Hlex
iR fohar TegR=™ = g1 UthfRRie ¢ic dheld (Efficient Torque Control) fHesd.

ﬁ:\'Q'qv_éﬂ% YDHIR (Types of VFDs)

VFDs T H-geR cluiarsl TR W ayATD aifidd dl SITdrd:

o os\lc?:\ﬂ g srcs& (Voltage Source Inverter — VSI)

o THIC IR 3R (Current Source Inverter — CSI)

. TS omg?:és 5'06& (Load Commutated Inverter — LCI)

2.4.4(A) FIUWS AT HaRT=T SATIOT STRIBRT (Functions and Applications of VFD)

e VFD T SgUART &HdT T SRIGHIIS SeRedd 301 HARKT Jaed (Industrial
and Commercial Sectors) HI3UT THTUMER AR SITcll. ATt uqd B
1. ArS=T ARTONER Hiexdn av fafd & Toll deie M.
2. eyl Ul 3Rt (Efficiency) dT@dUl d UldR W4T dHH! HRUI.
3. BHfSS fobal RerRices ReHred UlaR dHgoi.
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TG UfhATAR Hiexdl 97 dae U SHifpHrgRH.

i3 d101 S BRI, S UGN IS dTed.

SHTIRIAT ATdTaRUNd SMTATST g U HH B,

Ui feuie ol He dgH AT Hiex d SUHRU! aroRuT= Jfae.

I VFD SRIGe:

%y, U, HERR, HoW, HIR, 7, Ty, Thder - BN g R dsd
e siraRerges fftey <t 3=t (Efficiency) FURC.

© N o o &

2.4.4(B) VFD o WIS (Benefits of VFDs)

Tl hefea T

UfhaaR 3ifde IivTel g

9 gad

SUTGHEHA d1e

RIS ICIRILER| Gl

WA dhelaRiRIar drgdH, grd fdbdl ag (Flow) EfRd wxdr da
HeTg Td B4t

3N 9 Al S SR

HIeTTa! TdT Soft Starter T TR A9d

ARG Fasded FdiGd cle HaiiGd bl SIS, Jdhdl

2.5 Qﬂﬁf%ﬁ)‘ﬂ? e (Energy Efficient Motor)

o TSI 3IhRIC HieR A1 I HAEHaTS! faRIY f&gims shaiedn Srarq. i 3fey fagga a
i JHA HH HE Jord! gad HRUl g Hiexd 3BT (Efficiency) ATedUl 311G,
TR bR (Efficiency) ATGUITTST HH! Rl AU JH A THR:
1. %R IR AT (Stator Copper Losses)
5 g Heac BRI T8 HE- Wex digfeial UfdeR HHT sl Sirdl.
— TieITAT STS araRdl AR hedi 2R T HHT gidTa.
2. e BIUR ANY (Rotor Copper Losses)
— AT e IR AT US-Re araRea™ e UfddR HHT Bl
— JGHFTHUGSH dismaT aToR iy kbR (Efficiency) ATad.
— Alex Righ A9 Tiie= (Synchronous Speed) Saed ATAdedd I2R AT HH! BidTd.
3. PR AEd (Core or Iron Losses)
— A-arg R A WKiadr aTiR S fexe <R arg & bl S,
— UId® AHHRT 9TReA Eddy Current T AT BIdTd.
4. fopam 9 fasw @9 (Friction and Windage Losses)
s grYg fSs a1 B aTRed g4 flhaR™ &H! gidl.,
— - 43R RN FifAd Thar w4t gl
— WSS AR feggTges f[des arey Sl giard.
5. e?ﬁ's' IR (Stray Load Losses)
— T T3R-TTY, TTe AT d Tdre (Teeth) T[T SHTPHTSS dHedTy § @O HH! gidTd.
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s SR TeifeTded Hied= fhaa SRd 3, a3t Srderaq THlfedd 3for Hea—g
T 1 Sfideseal BERR 3drd.

2.5.1 Toll UfthRie Hiews! WA afRreed (Key Features of Energy Efficient Motor)

1.

1T TRt S84 (High Efficiency Design)

gafdedpd SO BhAhd AR S Hed T $TGC UldRdR SIRA 3M13CYe GUIHTa!
HicIH! T HRUGTd Ad.

SHIGS HIUR dIsiS™ (Improved Copper Windings)

oAl HIY-YaRH S HIIR Heaeuyes JeRe~g HH gral ST Tex g e IR
Y gedrd.

-G HAfeH BR (Low-Loss Magnetic Core)

ea-Us RIfeei- ¥ 9 Ulde A= R B RRM 7 Tt oie day St
BIdd.

Tg%S BiciT RRCH (Enhanced Cooling System)

SHIPATEES B 31101 TeRUH fegms-es TharH, f[dee ary &4t gidrd Sfir diexd
aToE fRRR T

gdﬂﬁma&rfw 3T AP d orflll-u\lﬂ'q{-l (Superior Bearings and Mechanical Components)
I GolTd 3R 31fOT FiRfioH-sa=e e Ao Had Thav d GRISRM HH! gidld.
Hﬁ@ﬂﬁ%@ seldg\lq‘:ii?:d> I%irll‘s:ﬂ (Optimized Electromagnetic Design)

TR TSR-TTY i, Wiie ST I AEfET BIPTRIIS K Are Ay HH! gidld.
i\es%s -ITsr\ﬂ s CHRERE (Reduced Noise and Vibration)

I S AT SISHTRS FYIRHes AR i WY 0T Jiqyol =rerd,

AR ﬂ% Eﬂé‘cﬁ (Longer Service Life)

HH ATIHM SO HH LS Hied 3™ dled.

AR RIS B (Lower Operating Cost)

IR fhad SIRd Srel a<t HH! TSR Wd adas IRd fHesd!.

10. Wﬂ‘fﬁ?ﬁ éﬁﬁm:r (Environmental Benefits)

HH! tiaR fSATSHS CO. IToi ged 30T Tl Ha=Hdl Aad gid.

2.5.2 Qqﬁﬁqﬁ?ﬂ? e tb‘l'ﬂ% (Merits of Energy Efficient Motor)

1.

RSITS TN H2®M (Reduced Energy Consumption)

S HRISHTIS SrUdTesld A&l Tieieaad gid.

AR RIS B (Lower Operating Cost)

Sl GlaR ArgTHes SafaeRict fod st ad 31O fdaue dad WRd fHed.
AR m ?ﬂ'&f‘cﬁ (Longer Service Life)

I gultd e ST Bt gie SRR e S dTad.

ER'CE framafaferd (Improved Reliability)

3 Golrd U d HH! IS HieR 31w RR 7 fayaia gia.

T Bl SV (Less Heat Generation)

H&H fSATSTIS AU dTe HHT BId HATIOT JRIEdT ared.
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6.

TRR-Hed §Hhed (Environmental Benefits)
TASITHNTON 4T ST SRAE T IToi HH! gid.

2.5.3 QT-I\_rﬁQﬁ?-'{IE' e dic (Demerits of Energy Efficient Motor)

1.

BRR AR HIRE (Higher Initial Cost)

I golid HeRgd T FRfio Tt aToRedTdes aid! fdhid |rH=a Hiciue Sd
3.

doR fhforea lzﬂgTr[ 3for de (Larger Physical Size and Weight)

SITE PHIUR dTSfS 0T ¢id DR TS A MHRA HTfOT gl dTg Udhd.

Yeg¥e wIfét ¢id (Reduced Starting Torque)

HIel Toil TfthRie Hier fSgme—~aed URURS® Hied=a qa-d wIfeT eld fhiad BT 3Ry
.

U-dh tjﬁ\ﬂd{ &ddq;-l (Payback Depends on Usage)

TTSlaediEl ORd ®Eel gdd araunl dgedy fesdl; &t 9o fdhar gexfice
JIRTTS! Braer qaifad Sl

BRR NUR fdhar RNede sie (Higher Repair or Replacement Cost)

e AT aToRaIen AT HENT SR gowil, Rarsfet fdhar sqaur @i ad.

2.5.4 %8S HIeX ATOT Uil Tfp==it Hiex gt g

(Comparison of Energy Efficient Motor with Standard Motor)

Sr. WSS AR oI TRt AieR

No. (Standard motor) (Energy efficient motor)

Particulars

They are manufactured with

lower quality materials and They are manufactured with higher quality

material and techniques.

techniques.
. Small length of core. More length of core.
Material Lower quality and thick
used quality Higher quality and thinner steel

silicon steel laminations in
stator.

Air gap is not optimized Optimized and even air gap between rotor
between the rotor and stator. | and stator.

laminations in the stator.

They usually have higher service factors
Losses High and bearing lives, less waste heat output,
all of which increase reliability.

Starting Sufficient Very high.
torque
Speed may not be so smooth, .
Speed jerks, vibrations may be Smooth speed over a required range and

s less vibrations.
involved.

Negligible maintenance.
Longer warranties.
Low failure rates.

More, less warranty.

Maintenance | . .
High failure rates.
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i At high temperature som . . .
Operating \gn fe pea_u e_so © Can withstand high temperature without
problems may arise in the

temperature . any problem.
P operation. yp

2.6 Eﬂﬁﬁqﬁ?‘\’ﬁ‘ﬁ g‘l?"-l'qv‘lﬁ'\‘f (Energy Efficient Transformers)

Qqﬁﬁm@ E'F\qtﬁlﬁ (Energy Efficient Transformers) g PR Ay (Core Losses) 3q1for
PR ARG (Copper Losses) HH! HRUANTS! fSH™A bl Mald, SUYS d URURS
Q'thﬁl\lﬁef&ﬂ (Conventional Transformers) 3{f&/d HIA&H AN, § glr%ILhTJ-IrHC ol e,
HH AR T 107 FRTeT Wopii-aaed A3t Yffept fuTaara.

TSl UMh R SFaBIHY o TR

1. 3MEhg @W\ﬁ? (Amorphous Transformer)

2. SlU ag‘q @’F\‘W’T\ﬁ“\’ (Dry Type Transformer)

2.6.1 TG m (Amorphous Transformers)

AT HR CIrHLblHQ (Amorphous Core Transformer) fhar mithy Aed CIr{-Il-bIJ-IQ
(Amorphous Metal Transformer — AMT) &I 3l E'F\‘Tcﬂﬁ? 3ATE Gﬁ“g’r:ﬂﬁlfﬂ (Transmission)
31O {SRETRH A (Distribution Losses) T&UTIRIT B! UM {SATS dvedl STell.
mifed Achad (Magnetic Materials) adfia EITr?ﬂH% H®esS ffere Wi (Improved
Silicon Steel) AMUFA TR dHoiedl TFABIHTT QMG YR 50% = HH A 3ATed. A
3ATGT Aed 3@ HR (Amorphous Metal Alloy Core) ATURTITT TTUETE! SR S fth2r=t
(Efficiency) fired.

3AMGY Aed HR (Amorphous Metal Core) metallic glass alloy UIR[T ddiR el STl AT
Ai--fohicaisd TR (Non-Crystalline  Structure)3IedT e ®R  Tgol  HUcsd
(Magnetize)&l'lﬁr SRy (Demagnetize) ghs . (*-{IJ:J,O\O I Roiel €W HR
EA'FHEI#J:TT (CRGO Steel Core Transformer) Wﬂﬂﬁﬂaﬂ?aﬁﬂ 70%-80% HH! gIdTd. mﬂ%
Qqﬁﬁa@ﬁ (Energy Wastage), gic SFIRRH (Heat Generation)HTﬁ[ BN AY (vibration
losses) HH! giard 30T co, TR (CO2 Emissions) <TId gedd.

SATHY HR CFABIHY UIfcad S (Partial Load) SRYGT & ShR-T (Efficiency) fedwad
ST, FTYTRUT 35% WIS aR 98.5% efficiency . SR i SR s (Initial Cost)
SR ST AR} GreapTat Ut Qe (Energy Saving) SATOT HH! e Hed Tdau[d dads
R fAed.

(A) MY T (Amorphous Alloy)

dgacb Heodl iaw:dléd ¥ d=IX (Crystalline Structure) 3(d, TeUS fery (Atoms) o
g arYd Yo Hel WA SdTd. YUl Aiee- Hed (Molten Metal) T 3 ATOHTHTGEH
Sdg 48 dal o} 3 A fhean WA TR dREdl d& Hesd A6, A Ai-
m?ﬂg:[ (Hﬁm 3 (non-crystalline (amorphous) alloy) ddiR gIdl, SaTd 3fcr 3sY
RN TTaia ST,

g SAGT QAT (Amorphous Alloys) £ 433) {-[fﬂﬁq? BEAE G| 3\%?{ (Superior Mechanical
Strength), Wﬁﬁﬁwm’uﬁh{ (Excellent Magnetic Properties) 31 Hre=Hd i})%caléﬂ
e (Conventional Crystalline Metals) UeT e Eﬁm HIFeRRead (Electrical
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Characteristics) H{dId. tRﬁ e @W (Manufacturing) AUs ST U (Rapid
Quenching Process) 31{-Ic'tlllj_,0\0 Jege Wigh ofor MR <fda (Advanced
Fabrication and Processing Techniques) 3TdR4d HdTd.

o IMEY HR ;Ir%ILhTJ-Ir{-IC (Amorphous Core Transformers) g Hifed dR (Magnetic Core)
Wufe®d 3y Hed (Ferromagnetic Amorphous Metal) U & dcll SIGIARCIRES
IS SIUIR HeRTd UM HeTeg (Metglas), & 3T (Iron - Fe), SRI9 (Boron - B),
faferI (Silicon - Si) 30T BIHGRY (Phosphorus - P) T 3@ (Alloy) 3. § @A
HIYRT 25 pm SIS {49 =T (Thin Sheets) 2T WEUTA TR &l Sl

Crystalline Amorphous
Figure 2.3 Arrangement of Atoms

MG raTgd IS (Advantages of Amorphous Alloys)

. B Hifew uftfarfaferdt (High Magnetic Permeability) — GCH'E@' e T Hried
TR Bld.

o ol BIAFRARE ( Low Coercivity) - STeRId Hitfee Wicsdl HH! UHTA BIdl.

. mgﬁ%wﬁ%%é’r (High Electrical Resistivity) — Eddy Current Losses HH! BT
Had R,

o T fomiw Wﬂﬂﬁi@' JMABY A Q:I\_rff bR @Rq'tﬁﬁ (Energy Efficient
Transformers)®I3RAY HiGAT YHTUNER ATORA SITdTd, ST Core Losses HIGAT FHTUT
HH BT 30T S IHR! THUT SMBRA (Efficiency) dTed.

2.6.2 Q'm I™vE BT mﬁﬁ'\' )Epoxy Resin Cast Transformer — Dry Type

Transformer)

o PIE oM Q'F\‘I'W‘ﬁ? (Cast Resin Transformer) Bl Udh SIY) GED) gIerTJ-TQ-Dry-Type
Transformer) 3T Saed fdféwa sfor wieR quiuo wuteRit I (Epoxy Resin) A
ThRCIC hadl SRATANeS Y ., TSI, TgN® TR 3 golrd §-gaieH Hesd aud .
IS TR IS BICFABIER WA 3107 GafaR IR - TR,

o Q'ﬁﬂ'\‘ﬁ PIE o S E'Ii'q @R‘I‘Qﬁﬁ?- (Epoxy Cast Resin Dry-Type Transformer)
TGRS, 3MENfile 3T TTSISR SXCTARIITS! HIGAT YHIUMEGR dTuRdT Sid! . ST
Ufehdd fAf ST Aiceued) 3qd wrgHI IS SRS &l §ld, TS BIgs-1 (Void-
free) 3G 3101 Holgd AbiAdhd LY fHead.

o B YHA HURIST (High Thermal Capacity) W@]’ﬂ% Bl gunﬁﬁ? e < Gﬁm@;ﬂ—
a4 g1 . Hgl gldies [l HeA-athl- e AT IS SR 31¥d 10T fasgg=itaan
dred.
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o mem%@( Electromagnetic Induction) 9T dtdldX &[H .
e T EledS (AC Voltage) TRIHRT fAf$Tar <uara Sediar SIsRAL SfecfcT difed
(Faraday’s Law of Electromagnetic Induction) JHIR EMF fafor Ha.
Jadrest lecsl BT QUIUr €= RN (Turns Ratio) AR I SR,
tb‘l'q% (Advantages)
« IRFErd, 3RS 3101 oY Hie-He (Containment) RIGTT TSR SXCTARMATS! TRY.
o 3 TN Uh R S1fOT RTe. Afchedn Aotgd HidaRereR-
- B35t 7 <Y Sigs-
. 3Ed TS TTGRUIGRS HTIOT TSIl 3fhie.
die (Disadvantages)
. TRURS 3Hied.hee TramiARueT Ry W oiRd-
« leeol 30T &ydT Joft Faffed TeRorgul( 35 kv U7 25,000 KVA Td)
« S UV ARICE SIS ISR SRS SifcRed TarH TREMUT IR

2.7 PIRR, UoH, g ATOT Br3rfuef® Tasif dgrd= a-1d (Methods and Techniques
of Energy Conservation in Compressors, Pumps, Fans and Blowers)

1. U3R HIURAN S Qqﬁﬁﬁa:ﬂ? (Energy Conservation in Air Compressors)

. IRWEFH%GI PHITRR (Multi-Stage Compressor) RGN Tthar=d! CIEG RS 3@7@'@&'}[
IR ! g,

o IRHR (Intercooler) VT SMMFRFGR (Aftercooler) ATUTH HIEFAS AU FOR
JUTT THI DHHI B,

o fSfoE TR YRR (Delivery Air Pressure) TTPHH 3aT — SR UIRHS SoTacRIc! iR
3ATG2TH dTedl.

o TIUTO WIS JEE (Variable Speed Drive — VSD) BTAGATT TGS S T STe5dl Udl HTIOT
g1 AFTUIER 33eyge HafRa ovdr ad.

o <P USR AR (Intake Air Filter) 30T 3fis® fthdex (Oil Filter) Fafiid s &,

o TR (Manometer) = flhGerRd’l® IR S dUNT — AGST iU WU [haex didh
O] 3TE.

o SGC TR YS (Cool Air) 3dT — G dIUHM 5°C 1 dle® R Solaciac! aiiR 1-1.5%
ared.

. E@?QGR ierar-faxfed dar (Moisture-Free Air).

o DHIBRRT FAD ¢ (Free Air Delivery Test) fraferd .

o TSR SR (Air Dryer) AU gddIo ST Blal.

e SO Hafta fesfr o

o o, 3iie, o, 93T, Tehey o dovd daaul B

o fOfdTa, S 3101 § ®ies (Drain Valve) TH T3R Bl CTea].

2. TS TSI SHeId= (Energy Conservation in Pumps)

e JIY YHRAT UY RSaRM (Pump Selection) TRT —

o AT du (Reciprocating Pump) = SR STH&H JUT HERT 31101 SR HeA=g
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o e UY (Rotary Pump) = SR U1 SAT0T HH gedTal g

o T 30T SIEcEHT & (Drive Capacity) RIeH=T TROIUR fAasl.

o URW, @\1%'576' 31T fohfev givg Irg o (Proper Sizing) WWWW gid.

o 39, TIoE A fiEaie UZR ST (Pressure Drop) UM — SR 314 UM TSI
3.

o ic® BIGE (Throttle Valve) dT ATOR HH .

o TUHIUET WG UU UhId 9cd! IATeaul 1edT (Avoid Parallel Operation).

e V-d0C Udull TAHC 90C (Flat Belt) ITRT — AR G149 ST,

e JiR IS K (Water Balance Test) ot .

e TU BEP (Best Efficiency Point) STdes ITodl.

o Yo, 8 01 Ui eie Step qur.

o TUTG WIS SRE (VSD) ITIRI SR B8 18H! 9a0d 3G R d5dR g Hea B,

3. B 3ATOT swIeriushie Qqﬁﬂa"ﬂ? (Energy Conservation in Fans and Blowers)

o 3ATD TSR T, YRR 30T WITIR B TR (Fan Type) TG g,

o T 37107 ST568 & (Drive Capacity) TR @S8R 34l

o SR (Damper) UaSll 3¢ M a9 (Inlet Guide Vanes — 1GV) ATART — STRd HIU&H.

o TT3U 30T Sa IS I1g odl (Proper Duct Sizing).

. aw fOsfdw arfor osTczosdinlcb PEIN <§TL4 (Pressure Drop) dUrdl.

o T TTOC-ICTCARIG HSYSS (Obstructions) HTg- Tehl.

o WY 3O MSTHR Q‘gp[ (Smooth Rounded Entry) dTUXI.

o T feWIRM Sacy TR,

e V-g%C Ugel GoC d6C (Flat Belt) ATORT.

o o1 ITHT AfRTHY T Uise (Maximum Efficiency Point) STdes aTadl.

o HWIH ARAL (Combustion Chamber) SIT¥d T3 AT C[A1.

o TUFRINC A (Exhaust Fan) 39 fa ol a9ar.

o TNUTG WIS TRE (VSD) AT — ST TSR TB! daod Sd.

Sample Questions
Q.1 Interpret the losses in Induction motor.
Q.2 Specify any two types of energy efficient transformer.
Q.3 List the energy conservation techniques in induction motor.
Q.4 Write any four energy conservation techniques in transformer.
Q.5 List out various energy conservation equipments.
Q.6 State need of energy conservation in electrical motors.
Q.7 State the need of energy conservation in transformer.
Q.8 Explain the following energy conservation technique suitable for induction motor:
(i) Operating in star mode
(i1) Rewinding of motor.
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Q.9 List any four advantages of the use of energy efficient motors related to energy conservation.
Q.10 State the various energy conservation techniques in transformer. Explain isolating techniques
of transformer.
Q.11 Describe the following energy conservation techniques used to improve performance of
transformer: (i) Parallel operation

(ii) Isolating technique.
Q.12 State the benefits of Variable Frequency Drive (VFD).
Q.13 Hllustrate any four techniques to improve energy conservation in fan.
Q.14 Why periodical maintenance is necessary in transformer? How does it result
in energy conservation?

Q.15 List any six advantages of energy efficient transformer.
Q.16 Compare conventional induction motor with energy efficient motor on following points:
Q) Power Factor (PF)
(i) Energy Conservation
(ili)  Losses
(iv)  (iv) Heat Dissipation
(V) (v) Cost
(vi)  (vi) Vibration.
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gfe - 3 Tell H-3aRA 59 sAfaedd seldxH R

(Unit - 3 Energy conservation in Electrical Installation system)
P ASTH (Course Outcomes):
CO 3 - sﬁ@w SR (Electrical Installations) T TSl B cfaTad (Energy

Conservation Techniques) ¢T[¥] X

frarft offr smgesd I (TLO):

TLO 3.1 fdoiear ufaR fafen (Power System) nefia e (Losses) gl EETFBI%-‘ZFT
(Interpretation) XI.

TLO 3.2 fadie Safdedd SRETARM (Electrical Installation) AeTel WSS <fddha
(Specified Technical Loss) ®H! R0 Ugd THSITGH JAT.

TLO 3.3 fqoiedT Safdcdd SCIARM (Electrical Installation) AT WRIHGES HHREA
IR (Specified Commercial Loss) U BRI Ugd RENICG 31K

TLO 3.4 faaien fafeey (System) 13T Fad TASH Hele I SfPUHC (Energy
Conservation Equipment) fasT 3ftr O SRefthd =M (Justification) <.

TLO 3.5 ?ﬁﬁltﬁls@: AT ET\‘E'\I%-‘ZFT (Lighting Installation) TTot Q:ITTﬁW%-‘?FT Ao
(Energy Conservation Measures) JHSITG I,

TLO 3.6 (Fan) 3o Wﬂ (Regulator) iy Q:ITTﬁ Obf‘.%log < %g il (Energy
Conservation Strategies) T

TLO 3.7 3! (EVs) 30T dexi (Batteries) TEfd TSl e claTa (Energy
Conservation Techniques) < qUi B

@Wﬁ (Introduction):

19 T AHTAT JHA T DB, Faaedd QT-I\_rff(Electrlcal Energy) T dTR GUd
FHH! JHIONT gIdT. AR (Demand) G2} &chllioo, drs e (Load Centers) Sidedd
A8 UlaR TR (Power Stations) SHRT SITd STOT <t eAd: AT (Lighting) ATfOT
BifeT (Heating) dAredTa! U <. Mlﬂo\o giaR EA'IT\E@FQFT (Power Transmission) thad
HHI RIRA Fifed gl

o 20 HTIADId, Fafacdd TSI (Electrical Energy) a1 HIGIT JHIUNER dT0R & ATedTHS
qTedl UraR f&HATS (Power Demand) JUT SRUGTHTST HIGAT SRS WY (Generating
Stations) RITI- HIUTTA 3Tl

. slqg\lsalrat;Oh Lc1ic{-|\ (Hydroelectric Plants) HXUX dicX WCROl (Water Storage) NI
fEmToft SfYvarg 3dl, TR YHe UiaR Wies (Thermal Power Plants) BRI WTaT (Coal
Reserves) STFOT TivTeT glrﬂu\léﬁmﬁfﬂransport Facilities) U] 3T YT
JHRA T,

. WWW(POWM Plants) 8 &ﬁwm@?ﬁ(mad Centers) U1 g3 &chlﬂo?b
ar-fee QF\‘T&ITQFT Fﬂé?‘:r (Long-Distance Transmission Lines) EIRIEEAGEIY EIN]
Ui WIAHY SHe Fiaid! gafagic! (Electricity) ®eaed (Conductors) AT
SN (Consumers) Tdd Tigrada Sld, ST C-araRE SNftT fewdtegem Rifked

(Transmission & Distribution System) TR Bl
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t{.?ﬂ. Uia} 9w fifeew (A.C. Power Supply System) 9t R ?né-—r STIUMH (Single Line

Diagram)

o ORfET WRM (Generating Stations) T TR BIURI sﬁ&aw LIRS (Electrical Power)
SR AR~ (Transmission Lines) R 1§ 3fARTER SFAMIE (Transmit) Bl STd 30T
TR %@Togsﬂ:[ Jeddh (Distribution Network) T%hd b JHY (Consumers) gdd %@@ﬁ’c’
(Distribute) CNIRSIGE

o TUNTHE (Process) Eleeol gIrHLhTJZIrQId (Voltage Transformation) 31ifor ﬁAFI (Control) Ell
3HH Lo (Stages) ﬁ?ﬂﬁ, GCHHQF gieR feferet (Power Delivery) gfthgic (Efficient) 3o
RATaed (Reliable) BId.

e WSS 'QFF\EIWFT @@@H (Standard Transmission Voltages): 132 kV, 220 kV, 400 kV

o TN giax RaRed=n (A.C. Power System) R Fﬂé‘*f SIIUTH (Single Line Diagram) figure
3.1 ALY GrRaqaa 3T

o (Stages) 3for wes Eﬁ@ﬁ ﬁ%ﬁ‘r (Standard Voltage Levels)
1. SRS W=H (Generating Station)
o Safacdhd UlaR (Electrical Power) 11 kV T SR ohell STd (b4t el 3.3 kv, 6.6
kv, fhdr 33 kv ®W). TR 3-Tho WU-30 Q’F\qﬂﬂvﬁ (3-Phase Step-Up Transformers)
qIEA @leed 110 kV, 132 kV, 220 kV a1 400 kv Td dTeaa SiTd SRS

(Transmission).

o TO-Plecdl SFAMHRM (High-Voltage Transmission) dedlH HReE (Current), Hadex
wjﬁr (Conductor Size) 3rfor EA'IT\EIﬁFQF[ e (Transmission Losses) HHT gidIa.
YR aid SR SRR @leedl 400 KV ar:.

2. UTaHt Mﬁ?ﬁ (Primary Transmission)

o Salfacdhd UIaR (Electrical Power) 132 kV, 220 kV fdhdT 400 kv aR 3-Thdl, 3-aRR @8 S
TS (3-Phase, 3-Wire Overhead Lines) GR CFITHC delt SiTdl.

o Tl WO SR X¥HANA (Generating Station) dcdh OiaR (Bulk Power) ST I
(Substations) gdd gigrdad.

3. QP mﬁnzm (Secondary Transmission)

o RIRUET TIRCITHH (Receiving Substations) =i 132 KV @& 66 KV frar 33 KV wia T U-
S bl ST

o SR B UlaR eI fhar SeRegd uhamedia fafdy TeRex=uqed 3-t, 3-arR Rifed
(3-Phase, 3-Wire System) R UTadat offd.

4. UTIHR %WH (Primary Distribution)

o %’I@ﬁtﬁ 11kV, 6.6 kV fhd1 3.3 kv 7dd WY-33H glr{-llbm{-f (Step-Down Transformers)
TR BT el ST,

o T 11 kV TR IR AT Sefcaa TRamed Wia a1 Hisic Ui (Steel/Concrete
Poles) dX faafkd &a Srard.
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5. G el F$RESIRI (Secondary Distribution)
o Tihd (SR TaREHA (Local Distribution Substations) &@lecs 11 KV a6+ 415 V

7dd HH Ha T1d WU-ST3 glr%lbb\lll-lr@ (Step-Down Transformer).

e 30y, 4-9R R (R, Y, B, N) aTWRel Sd SO 3-Be 101 RivTed-thel gl
I fHresdl.

o 3o AIGY (SN Hicy, ARMRY) Id diF %o aTuRdNd.
1o ool dIgy (S TR S1sfen) Uep ool 10T e el Sis el Sdd.

G-S-\Ni: .

T332 kY sy

Primary
transmission

132/33 KV aaaan

RS Receiving
] [ station

Sacondary
transmission

WA
3311 KV yaanannannny

S5 TT Sub-station

Primary
distribution

WA
11KVAA15Y sy =

Secondary
distribution

R

Consumers

Figure 3.1 Single-Line Diagram of A.C. Power System

SR 3for f&fResg== @i (Transmission & Distribution Loss)
e TiR Wic (Power Plant) T S BIUIRT I1-TsT leesl (Three-Phase Voltage) TU-3(9

STABIHR  (Step-Up Transformer) a0 8RR degdlaRk dlgddl SIIdl, SATHS  3ERe S
$H8acx (Overhead Conductor) AT CFITHRM SfthRIC (Efficient){Icdl g1 dhdl.

Mabharashtra state board of technical education 53



Energy Conservation and Audit (316327) TSI PheaAdeld 315 33T (316327)

o B el Wl 8 ®ees (HV - High Voltage) fhal TReT 81 ®lees (EHV - Extra High
Voltage) TFIMHRM TUH 3ie@dl Sdl, SOHe A fSeqar digdar gdwma AC
gaifdgahd TIaR (AC Electrical Power) ST ohdll SITd, JIYRUMTUN 220 KV 31101 400 kV

IRBT Blecsl dagday.

o TR A9 SR TFAHRAAS], YR 100 km T&T SR, B8 @lecs] SMANGE e
(HVDC - High Voltage Direct Current) faRer IR 9o & 9Id, FROT "QIT\‘:@QFT

AN GU S HRdrd 31or RiRked Wiaferdt (System Stability) dTeadrd.

. 'ng\‘:@T\’Ff 3for %@6@‘217[ Jcadb (Transmission & Distribution Network) el @R‘lﬁlﬂq
s (Transmission Lines), ST (Substations) 3fTfOr %@Eg-?ﬂ EA'IT\’:ITIO"\Iﬁﬁ
(Distribution Transformers) 3RIdId. 8™ @lecsl CFUMRM IR R dhede]
(Smaller Conductor) ATaRdT IdTd, S IHIHITHBT SATed 30T HIC HH AT ATal HHT
B,

o TEXI (Substations) U HewTel YfHHT Foadld, HRUI o SSedd, HHRTA AT
INESRET ol ®leed I dQAR WU-8137 HRAM.  CHIHRM Al
(Transmission Lines) AT JHTOI g@@'ﬁﬁﬂ AN SR 81 ®leeoiar Bl BRI,
R FSRTSIRA AT (Distribution Lines) BT fARTaR HH! glecoiar UldR AT BT,

o TR AR I hadl dXe (Current) faaiedT TiaR TRIHRYUTS! Bleedl A A S<@udl
PIINEE (Inversely Proportional) 3. MIJ;@ 8RR Rlecolar JTUNC DHed HC HHI
gIdl 3Ol UiaR Y HHl gidid. 39, SR glecs cRaiaRH Sfor fefesgzH
e FHRe Rd 3 eaHes HicdT Aol dheaek (Larger Conductor) AT

o T, UfaR TRFGR SIHRC STeiell THUT TSI (Energy) ST d-agHi-T fad daralt ol
IqTd TR 3l 8T BReb SRR 3101 fSReegRM @ (T&D Loss - Transmission &

Distribution Loss) TeU[ 3fieaad STl 0T af fafeimaed 7 HisTedn Som=ar Tsirar HRT
39l

T&D Loss = Energy Generated - Energy Billed
Also,

Energy Input (kWh) — Billed Energy to Consumer (kWh)
T&D Losses = x100
Energy Input (kWh)

e WM T&D WY (T&D Losses) WU Uiak fARTH (Power System) Teid 3rfac
(Unbilled) fhar sHsPREcS (Unaccounted) Q‘IGW (Energy) <l UIdId. g A (Losses)
YR JlaR daex (Power Sector) grat A6 daidl (Challenge) 3MTed 30T T SATIHYU]
<fmd (Technical) 3for AfA-efaama (Non-Technical) arag (Losses) e ?ﬂm &
EIGH
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ffhe ¢fea s FulRRiaa arag (Aggregate Technical and Commercial Losses — ATC)

UiaR Jaeqed (Power Sector) sﬁf&iﬁl‘cﬂiﬂ (Electricity) Tl SRR (Generation) U
STIfRM (Transmission) 0T Je fSRESIRM (Distribution) Td ST Tdi® ¥olaR HTa]
AT ol ardg (Energy Loss) gIdl.

T3q fSResg=™ @Y (Distribution Losses) Tald SIRd ST, T 7 HRUT TUM,

- '5{:[3\1@130(‘_ LI RC IR QT (Inadequate Infrastructure Planning)

- E@TE@@?(Aging Equipment)

5 TR 9T (Power Theft)

- 3:13@75213 Hrefiar sifor fafei fafeewy (Inefficient Metering and Billing Systems)

1 94 e TUR e S3fhRIINT (Inefficiencies) T 3R Sfddd 3is HAREA
arag (Aggregate Technical & Commercial — AT&C Losses) 3 ged .

AT&C Losses = {1- (Billing Efficiency x Collection Efficiency)} x 100

Where,
Total Energy Billed to Consumers (kWh)

Total Energy Input (kWh)

Billing Efficiency =

Revenue Collected (In Rupees)

Collection Effici =
ollection Efficiency Billed Amount (In Rupees)

B AT&C TN (AT&C Losses) JfefcIsT (Utilities) i BRIATTRIAA grAfafere (Financial
Viability) ®H ®RdTd STOT HIHAY (Consumers) T faean SITOM=AT UfaR A& (Power
Supply) = Rarafaferd (Reliability) 30T SIferct (Quality) dR GRUMH HRdTd.

AT&C Qe (AT&C Losses) gier faReH (Power System) adta fFwa sfor Hafkiaa
Eﬁﬂ(Technical and Commercial Losses) BIE] ﬁ'mﬁ'c’(Aggregate) ERfqdrd.

g g E@I@@I‘ﬁ %@E@FT Jead (Electricity Distribution Network) EIREICEEIN]
et (Overall Efficiency) AU Udh PIBrgieg ToR (Comprehensive Measure)
Yl Hdld.

1. SfFTd @G (Technical Losses):

g arag Heaey (Conductors), E'F\qﬁﬁ (Transformers), 3for ReafeR (Switchgear)
IR sal?t;cvﬂ cb\llu\l'iq‘i-l (Electrical Components) A @UFCIT E:I%Tc' Q‘lﬁﬁsﬁlﬁl’ﬁ
(Inherent Energy Dissipation) Hé' glard. JHe flgrdiisT (Overloading), Y3 Jead
%gr{q (Poor Network Design), 3for ﬁ'ﬁ% JiaR  HI-ILH (Reactive Power
Compensation) TT 31HTd el GHTGY Bidl.

2. PURT AAT (Commercial Losses):
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e T ANY AF-cfHPd Wacy (Non-Technical Factors) H% EGIGAEE Eﬁ@ﬁlﬂ AU
(Electricity Theft), Wil fhar s Hied (Faulty or Tampered Meters), ETT&IH@_C' ez
AfS™ (Inaccurate Meter Readings), 30T 3T3fpRRde fafeim snfir woaeeE Uidedd

(Inefficient Billing and Collection Practices).

e AT&C it (AT&C Losses) HHI HRUI GiaR Gfeferdlsl (Power Utilities) T WIAATRII
geeAfaferd! (Financial Sustainability) LIRS Us ﬂ\_rlﬁ (End Users) qrat Rargaa Sfor
3Phiead gafae RIcT (Reliable and Affordable Electricity) GHfad SRUIRITS Sidd Taxadh

8. Ihiaceg WISl (Effective Strategies) H& +edd HISAEHIRM  (Network
Modernization), W1E e (Smart Metering), HIex AfRRE (Feeder Segregation), Q:ITrﬁ

&UIIEEEI (Energy Audits), 3T 9% g fafei $§1§_€I\|§élﬁl (Theft and Billing Irregularities)
[ Reae TG E (Strict Enforcement) IiaT THIART Bil.

3.2 i AT (Technical Losses): ?F‘@W 3rfor m\_ﬂ (Causes and Remedies)

o CfHPd Ay (Technical Losses) ? SRR (Generation), E'Rqﬁrﬂ:[ (Transmission), dd-
TTATHRM (Sub-Transmission) S0 fSRESIRM (Distribution) TT GTaR RIRTH (Power System)
1 99 TS qTORedT WU $eded (Conductors), HETH (Cables) 30T Saifaemd
sfeudc (Electrical Equipment) e GO ol fRuee (Energy Dissipation) Héf gIar,
S fhTR 3.1 (Figure 3.1) 7 GrAfdd 31Tg.

o T AN (Losses) ? 3e3C (Inherent) 3T 3F3Essad (Unavoidable) SHHdTd, ®RUI d
ey sIHcH (System Components) &1 fthfSied 3T Sdfdedha ddeRiedd
(Physical and Electrical Characteristics) E@’ At gYdrd, o deaer e (Conductor

Resistance), gerLle-Irﬁ PR A (Transformer Core Losses), 31foT TSt m (Eddy
Currents).

o A ANY (Technical Losses) g TR QF\EF&IQFT 3for %@EE{QF{ IR (Power
Transmission and Distribution Process) 7 Gfifes 1T A W, WW%@E&[ (System
Design) 30T 3fthie sfdutc RIda—™ (Efficient Equipment Selection) &¥e & @I
THfETSST (Minimize) ST 3T,

o TN CFUMRM @ecold (Higher Transmission Voltages) dToRUl, HISdT Alsed Hadeyd
(Larger Conductor Sizes) JIORT, SATTOT Qqﬁﬁ'{ﬁ?ﬂ? EA'F\EIW CR:EUG] (Energy-Efficient
Transformers and Machines) S¥Id U TRV Aol (Measures) o5 § A SiDHA
dEd (Optimum Level) Tdd &H &dl Idrd Sfor ‘qu;Uf sal?gohﬂ Segddl SithRrg!
(Efficiency) ﬁ?ﬂ?ﬁ.

3.2(A) efFTHa QTG BIS (Causes of Technical Losses)

UiaR R4 (Power System) T SIRd ¢ d TIUY (Technical Losses) BIUATRITST WTeiiel T
HRU TEGR 3R

(a) TR 31T fEReegRM Aead (Transmission and Distribution Network) A&l gt
3@@? (Investment):

TifGd BIIFNRAW §@¥eHc (Financial Investment) Jes eSS deded (Undersized
Conductors) WW—@E@CE’%@?(SUbstandard Equipment) IRl ST, QIJ;J,O\O IR
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(Resistance) dTedl, @lecsl WM (Voltage Regulation) T/RT BId 10T Rikewqsd 12R
e (Copper Losses) dledId.

(b) Aeadd TS fdhar ¥eH URUTRI (Unplanned or Random Expansion):
Te-gr-afiRE 3o fefesgmm Riterd sHfReAes UMY (Unsystematic Growth) SITedrd
AT~ STIOT TRImIHTY SiE@RaleT (Overloading) Bld. TS HIC TGl (Current Flow)
ared, clléﬂ AN (Line Losses) dledld 3o 3‘%@? et (Equipment Efficiency)
HHI Bl

(© g RRken 3111‘3[81:[ (System Upgrades) = hXdl ST YA A 30T 3ralA
Eﬁﬁm (Rural and Urban Electrification):

Jeqs @Hﬁﬂ (Network Strengthening) - hdl Eﬁﬁmﬂ:{ Ppiees (Electrification
Programs) X[ddcdq Qaﬁﬁa PC dlfeT (Excessive Current Loading) gld 3Nfor efdaa
ey (Technical Losses) dledld.

(d) SITd YHIUMd gIrHLbTJ:I"-‘M Loy (Transformation Stages):

TS Glees T;’F\EN'T‘IJ'EF‘\TH Lo JIe= (Substations), T;’F\‘Tcﬁﬁ (Transformers) 3rfor
\’r@ﬁl@g'{@lﬁ? (Associated Equipment) 3HdId. %‘v’l’qﬁ 3T 30T HTIR AGT (Iron and
Copper Losses) FHTIT HRATd. TS TR SFAHIHRA ol = ST <o d .

(e) WX TS HASHC (Load Management):

35 A8 FEXEISIRM (Uneven Load Distribution), TI8Yd Sie@RaT&T (Overloading of

Feeders) 3TOT &1 gfaR Whaex @IS\H (Low Power Factor Loads) quio?b e Tall argdl AT
fGfeT 3FEA=S (Unbalanced) 8d, SO ¢farerd A dTedrd.

()] G-FEJ,ﬁ fYaifaea giar SR (Reactive Power Compensation):

FHURICR d (Capacitor Banks), g Ho-d (Synchronous Condensers) fhar R
Ay (Synchronous Motors) IRA! fYaffaea iR femaay TN ﬂlsﬂHH‘tﬂF{ fyaffaca
PHRC (Reactive Current) dledl. TS 2R AGY dledrd 301 &lecsl LIl (Voltage
Stability) HHI BId.

(g) TRIS HIICI SfBTHS (Poor-Quality Equipment) amr:
N-SHIT TFIBIHN (Low-Efficiency Transformers), %8aed (Conductors) 30T AR
$@1|(07§0hc1 d)TN\Hq{-I (Electrical Components) T d A AT THION dTgddid.

(h) HRIAT AT (Corona Losses):

URC]-8 @lecold (Extra High Voltages) G Sadcaa ST TSR ML=
(lonization of Air) BId 30T BRI RREIS] (Corona Discharge) fafor gidl. Eﬂ'ﬂ% Sifafed
UiaR A (Power Loss) 3101 IS 31l §ethR4 (Radio Interference) Bld.
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3.2(B) fFIH @ AT HUT HIUAT=AT AYSH (Methods to Reduce Technical Losses)

o %@E}‘Zﬁ Jead (Distribution Network) 7efid gald HHoR A=y (Weak Sections)
3IBGH T g (Strengthen) HRUI, SO TRWBIHT (Performance) JURE STIOT A4

(Losses)av_ﬁﬁ"ﬁﬁ?ﬂﬁ.

o %@K@Eﬂ:{ E'F\qﬁﬁﬁ (Distribution Transformers) die ded (Load Centers) Sided R
(Shift) RO, ATHS WI-C-RF (LT — Low Tension) TTS~Td! disll HHT Bld 31107 12R TG (12R
Losses) Ycdld.

. fSRCeRM TawiHed SigRA ST (Overloading) TIBUL. TS SffAfRad TIhIHY
SId (Install) HOT fohaT SHRIATIT SIBIHI &HdT 3UUS (Upgrade) 0T,

. ao—rxtr%ﬁ—s’ ﬁgﬂ (Concentrated Loads) Al YA, Uedhi fUHaaag (Consumer
Premises) aR TSHISUHTY T8 &Hdd CRIHIAY JRAUI. I [SRESIRM Ag-ad! afel
FHHT BId 30T THRIT (Efficiency) dTeéd.

J Eﬂ\—rﬁm @R‘:Ftﬁﬁ (Energy-Efficient Transformers) Y P BT PR E'F\‘Iltﬁﬁﬁ
(Amorphous Core Transformers) IR, GCITEJ@' PR SO HIIR AT (Core and Copper
Losses) FHHI BT

o YRS (Substations) 3TUT HEIHR USH (Consumer Ends) dR e PHURICH (Shunt
Capacitors) S=cid ®HRUI, SaTHes R3ffaed Uiar Tl (Reactive Power Flow) dHT Bidl, Tiak
e (Power Factor) JURd! 0T Rifkeqaefiel Tpur oie ea.

o TR CFATHRM ST fefReeg=reh Tfth==it YURUIRIS ¢faHdhd AN (Technical Losses)
HH HIU SATARID 3HTg. Wi UG aroRed] SITdTd:

1. PHIOR AR c'bg\lm ) (Controlling Copper Losses)

2. %@@RW 4 [l &FVF@THEQ{ 0! (Optimizing Distribution Voltage)
3. TSl HYcH §a-d Ul (Balancing Phase Currents)

4. TR3ffded UiRk Tl HIEU=Ie H0) (Compensating Reactive Power Flow)

3.21 ﬂ.ﬁ%‘m PR ATEH (Controlling Copper Losses)

o PRIFATHIR AT (IR EZ Copper Losses) EA'IT\‘:IﬁIQF[ WWW@W
TUTA! Tgli=l HH l AdId.

o TSR Flecoy (Higher Voltages) d} safc\r;cr)m giaR (Electrical Power) gH—ImC HedTd,
T GlaR TRIHRATST ARTUIRT e (Current) HHT Blal STIOT AT 12R AIGY (I2R Losses)
Teofioicar HH BIdd. Hede WSl (Conductor Size) dlGfdedal AGd BId, HRUI
YRR (Resistance) h19-TaRIAe TRAT (Cross-Sectional Area) dTeedT= HH! Bld (R o« 1/A),
SATHes UlaR @I (Power Loss) Tl

o A.C.THIMRM RAReHHE (AC Transmission System) AT 38~ (Line Inductance) 3ATfOT
HURTCH (Capacitance) H@' fifdee dix Al (Reactive Power Flow) aredl, \sqllio\O
3ffafkead B (Current) AT BYaY 3101 UTaR thaeR (Power Factor) HHT glal, TRUMH e
qlGdld. § CISUaNITa! BhURTeR S (Capacitor Banks), Bol-RITGETT SAWHIHY (Phase-
Shifting Transformers), Tfed VAR HHI-eYH (SVCs — Static VAR Compensators) 3o

FACTS (Flexible AC Transmission Systems) WWW gieR cioc;\lm HRUTTA]
30T RlecsT I aaTsol (Voltage Stabilize) HRUITHIAT ATUR SITATd.
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o AN HH RGNS AR HA-AGAFTH A Hsded (AAAC — All
Aluminium Alloy Conductors) dI dIUX ORUR® ACSR (Aluminium Conductor Steel
Reinforced) deaeyad ST &l SiTdl. Rifdee Uik HH-IRAHS UldR e (Power
Factor) YR, HIC Uell HHT lal 10T ITHS 12R AN (I12R Losses) STURIT HHT gidTd.

o Tleeo Eb_@?lﬁ (Voltage Controllers) fhar <u-dfohr "QIT\‘:lTﬁﬁﬁ (Tap-Changing
Transformers) 2T TG4 Hdd @lecsl RGN, Glees SIUges IIGUIRT DHRc closdl Adl
30T ATges IRTRCE AR (Resistive Losses) Tifd a1 AdId. aXd fefgsgRm
SIBIHY (Distribution Transformers) TTE AT FHRRANISIde S9de™ LT el disl
ST g HTfOr @Tﬂ% UpUl PR g (Copper Losses) II%EQ;UT THTUTT SHHT gIdra.

3.2.2 \?rﬁ:m'qW%FT %WT{ Eﬁﬁ\_ﬂ (Optimizing Distribution Voltage)

o %@@Bﬁ fafeen (Distribution System) =T ﬁs’%ﬂ'ﬁg:[ (Design) 7 Gleeo ETU (Voltage
Drop) &1 Uch Hecd[dl Ych 3Tg. Tiex (Feeder) dl “vTIéE{ (Size) IT=AT HgdcX (Conductor)
T HRC-HRIT HURICT (Current-Carrying Capacity) R 3, 30T Fleeol 817 HH! dhed
faReH=i gt (Efficiency) aTad.

o E’F\EIﬁIT\TH fafen (Transmlssmn System) T PTal BT 40% gdd @@GW (Voltage
Regulation) W1 A SId. TR SR AeHd RIReHd HAIHdd IR (Economical
Operation) @Tes o 2 STel.

o TTOERM ®leey dlgdeie RiRked fEge—ar AraT aRumd gidl. Si&] &@iecs n Ue dledd
SITd, degT e dexdl Aree (Conductor Size) ST T UlaRdl S-AHE HRdl, Al 1/n2 ST dH!
BIdl (SR TRIARM ShI fRR eRal ). IS Hedex ASRAA (Conductor Material)
A §9d gid Hﬁaﬁ?aﬁﬂ (Line Losses) HH! gIdIa.

o Uy, BETQF{T&IQFT Os\lc%\rlﬂo\b s&ga-‘el-l (Insulation), fgafiieR (Switchgear) sforefiaa
gfdUHc (Terminal Equipment) © ST aTedTd ANTATd, WM RIReHdT W dTgdl. TS
Td% UldR RIReHwradt Te SHifoHH SafiR ®leed (Optimum Transmission Voltage)
3, 72 uepur e o st snfdr ateR fafere<t sfthfRide rea.

o T SADHA Fleed SRATITS! Wiehd WHed faaRTd gdd STard (et Uiar, SRR
glec 30T AR T ATRId SRe):

SRfET 3for T Tsaiial S IHY (Transformers) 3T &g

fegafiier (Switchgear) 3TfOT ergef RN (Lightning Arresters) dIl GE

37\‘?1@2# (Insulators) dT CE]

4. ﬂ]ﬁ?‘v’@\ﬁ(une Supports)ﬂTKﬁf
5. $8dey (Conductors) IT T

o T Td AGeId HEA A1 RIRCHATS! Tald SHi-Hbd T SfaTdhall 3th=< (Economical
& Technically Efficient) %@@IQFT glecsl 3Rdd Sild,

o TER] RI0P Flees d@aaR CrabhiHy, RIafieR, SIdey, Juicy 31Ul dhedey a1
T4 Uchidal @d BIgd gl skl Hed AT Gleco 3] cled CRITHRH $ie (Total
Transmission Cost) fead! .

o BT UfhAT AR AT Fleedl degadldlal dhall Sld. AR cled Hike d. TIHRH

Flecsl (Total Cost vs Transmission Voltage) ST UTth e dhell ST,

w NP
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Capital cost
(in thousands of ¥} ey

—_———
Voltage of transmission, kV

Figure 3.2 Typical Curve

e T UHRHT B (Curve) Figure. 3.2 ALY SRATATYHIO U Tise axifaar 1Y et s
(Total Cost) fafFHH 3r/d.

o TIUC &T@W@T\WW@@G{ (Optimum Transmission Voltage) gy, o feaiedr araR
3T fETeITaT Hald b iHIHed dlsd 3R,

o TR G ®lceol ARl P SIdeoded ARWE! 3d, TR I 8RR &leesl (Higher
Voltage) fAasu a7 33d, HRUT:
—> BRR Blecoid g1 HICUET G BRI Al SR,
- yfgwrdia ffen fsais aecar Aie -fSgmea 7 SRl &t Wgogul graresdr 3d.

o R *Ilsrsm{d ®UH, H%ITWW@@W (Working Transmission Voltage) 3ferst 0.6
kv U fopeil s @felt ekl Ad, ST Taefd Rifed ShieR-agaR § 9e9 0.4 kv d 0.9 kV
gfd fodt e Sae Tdhd.

TARted Brad BR SeHINed AU &@leed (Empirical Formulas for

Economical Transmission Voltage)
o e ARS Ufded (Modern American Practice) THR, 3D IHIHGA ATg-g-AT5 Glecdl
(Economical Line-to-Line Voltage) kV A @drd TfRRed RS (Empirical Relations)

U 3ieTS Hdl SIS, hd!:
V =55 |0.62L + 3P
N 100
where;

L=7Y (L = Length) &FTQ?EA'F\EIW Fﬂé‘*f (Transmission Line) (km)
P = HfeTH UlaR (Maximum Power) TR B9l (Per Phase) € & SFIHCE (To Be Transmitted)
o fobetide

o TR UG, TURAT Ueh TRIRGS BIRIaT (Empirical Formula) 39T T8

V=55 062L+kVA
N 150
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KVA = 2led 3Ue TIaR (total apparent power) to be transmitted (in kVA)

L= m fewe=g (Transmission Distance) (in km)
§ IR (Formulas) a0+, fecee fSme ofr SeMItG IR ®RuaTga,
3fthRic (Efficient) 0T Re-gWidcag (Cost-Effective) TFIHRM &lecsl MISUIMTS! Udh
Ul d Siuld el

3.2.3 ol m (Phase Currents) EE GG (Balancing)

'{%TIT (India) 7 %ﬁ—ﬁv_\s{, w-w%@wﬁr@n (Three-Phase, Four-Wire Distribution
System) HIHId: fi-ther 3T Ria-thot Fﬁ?:ﬁ (Three-Phase and Single-Phase Loads)
QRAUITTA! ATuRel! ST,

SeRega 3ol HARMET HHY (Industrial and Commercial Consumers) TR SAS
F-he @S (Balanced Three-Phase Load) diuxdid, YUl SHfe® WJ}R:T (Domestic
Consumers) EEFITQﬁ RIT-th s UlaR (Single-Phase Power) ddrd, GCH'E@' %@@Iﬂq fafey
(Distribution System) dX IS Al (Unbalanced Loading) ARIEIRESEICIESE

<L << L ‘éié
238 K ® == 10
I‘P A T1\ A I{n 4\
R . -
Y
B
N
YYy wv“
< L L <€ <L
oY==, oc O
[ap a0 S N~ N

Figure 3.3 Unbalanced Three-Phase Feeder
Figure 3.3 g Fea~s - Biee (Unbalanced Three-Phase Feeder) [ARCEISSIREI RS
S RITA-Thel A€ (Single-Phase Loads) AT diTavTeH UlscHar Siaad 3iTed.
f-TheT Bisx (Three-Phase Feeder) =4I {;Lbdldnld-ll ng;“cqq RIECNRS (Balanced) 31
Y dl—3al., T® WofaR 50 A. JUT Bieva A RiTd-thel ®-2gHy (Single-Phase
Consumers) SISl SITd SRTITHSS dIHe] Bolaid i SRIAAI (Unequal) BTdl.
IeTeRUNY, HIEIT TSI Ulscar:
— 3R-Bol (R-Phase) aR 230 A
— TII-Bf (Y-Phase) TR 130 A
— §I-Bof (B-Phase) dR 165 A
TS Bormeid 81 HM Hic a8 PHis¥ (Unbalanced Condition) TIR &R,
GQ'IH%:
- HSICIHL TR BeH (Circulating Currents)
> PR AGT (Copper Losses — I2R Losses) qreul

— BHYIR TSR Blecsl FIFIURRT (Voltage Fluctuations)
— RfeHdt ufth==dT (Efficiency) 30T Ramafaferet (Reliability) ST 8101
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& URUTH S8 HRuarTe! RITa-Ts Hagiid H-1a-M di-e! o) SHYATUN (Evenly)
qIey R0 HAGD 3HTg, ST T BrofaR SaSURI YRWI Hc (34, 175 A) dTgdl.,
e %@Wﬁﬁmfﬁmﬁ%ﬁ&lﬂ ST (Manual Balancing) 3107 3{¥; B[
AR <l (Optimization Techniques) fdhar sifciAcs Bol-da=iT ARG
(Automated Phase-Balancing Algorithms) IR ST,

IET B B! HIST Y@M Ulscard A ok TYUf HISR AleHR 8T Se-g IR SiTal, e
RfReTar R iH=y gurRa! sifir feree dreyg S giar.

ol AT WI'CI% (Advantages of Phase Balancing)

1.

WIS HURIA (Feeder Capacity) 9t dex g‘ﬁﬂﬂ?ﬁ!{lﬁ (Better Utilization):

3FETES (Unbalanced) HISTAEY BTl Bl HURICT (Full Capacity) Shideeel Il
BId ATal. ol SA-iTT (Phase Balancing) dedTaR RIReH SId TIhRIe (Efficient) TTed SATTOT
E@%TW (Existing Infrastructure) ST LITSIroTcos §d.

Sgafaferdt (Availability) Wik TR @18 U (Future Load Growth):

AT IR (Balancing Process) A Eidles bhold (Overloaded Phases) A Qﬂ@ﬂ
HYC (Excess Current) HSIAISS ol (Underloaded Phases) s TIREhpR &l STl TS
HYe Tl (Current Flow) S{TPHTSS BIdl ST dheaex (Conductor) TS - Tl TR IS
UARYTRIA (Future Load Expansion) T3 T ST 9 Bidl.

Eﬁﬂﬁ' B AT HURIL (Increased Backup Capacity):

JaS WIsY (Balanced Feeders) 3/ fdhaT USRI e HISY=T (Emergency Load
Conditions) TN UHR §Sd B3 Nbdld HRUN g3l fafen HURIE Overall
System Capacity) Shiacadl fefsge gld.

oS @ﬁﬁ?ﬂ'ﬂa’?ﬂ (Improved Voltage Regulation):

AIS SA-T e el holqHe SIde Uy IRE @leed ST (Voltage Drop) Jgd. AMe
SHSIHIAT TR 31101 GBI e (Stable and Uniform Voltage) s,

LBINS Rafew ey (Enhanced System Performance):

Bol &dfr\%i'ilﬁo\b 18T HURTC (Feeder Capacity) 30T Fleest SIfarc (Voltage Quality)
ﬁiﬂ?ﬁ, GRE] Q:Wrﬁ g (Energy Losses) HH Bard ST gfaR %@@Rﬂ (Power
Distribution) SITXd Reraad (Reliable) 30T SHIAIHBA (Economical) §d.

3.2.4 FHATET fYaffaea ufar vt (Compensating Reactive Power Flow)

AC Tfheasl Raffdes UfaR (Reactive Power) B 31RIT GTaR T FUIATd Si HIUTde! R3Id 9dh
d ATel, TUl i 3for Raffides Qﬁﬁﬂ 3@32@ (Inductors) 3for Hufred (Capacitors)
AT R Ye—A1 HTRIAT (Oscillate) 3.

Bl UiaRk Sl el SHRSFRT UiaR (Imaginary Power) TUH 3HI@@d! STd, BRI df Jolpd
TSl SRR el ANTGH ad g,

< Reffdce Afthend, Td® 1% IadHaHe] UldR Udhal INid e aledbs 3T FaR
Ale®H g IRd Aiidhs Ualed gid. TS 3MR1 Aichedl TRIERT UldR Hee=H I (Zero)
3l
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fY3ffdesg diaR 81 cled 3{Ue Tiaan (Apparent Power) T 3TaRAd °cdh 3MTg SO ot
Jiee-3ifasr faffdees (Volt-Ampere Reactive — VAR) Te8 HisTelt oiTd. fa Risia Q 8. gt
UiaR TUMS Sgleeol 31101 e § UHHBIRN 33T 3T Tl (Out of Phase) SRTAMT fAATm
BIUIR TONTR.
EEAREI RG] SR 13 (Overhead Transmission Line) B @IS (Full Load) 9% dITdd,
GEAGE 3_5’@?6’ (Inductive) ﬁﬁTﬂ% ot RReffdes UiaR (Reactive Power) &‘l’@lﬁ (Absorb)
Fd. a1 SfeTd g R3ffaeeg UlaR (Reactive Power) TTATAUHTO addd deit SIld:
=1?X

where, ’
| = @R e (Line Current) (A)
X= Eﬂ'sc:[ R R Bl (Line Reactance per Phase) (Q2)
AR gAFT IS (Light Load) fhal T-@S (No-Load) HISTHEN 3MGdHI, ds-l Y
HURTCN (Shunt Capacitance) U 4. 32 uRIRAAT g Rctaen Rifaea o
(Reactive Power) d&IlY HRd, SITdl o c_eﬁﬁ&ﬂﬁ (Charging VARS) Tged ofld.

AT HURICH SR BIUIRY g1 Rifaed giaR araayHTor fiesd:

Q =V2wC

where,

V= Fﬂg_rf Flecs! (Line Voltage) (V)

o = RiRkeH &T@ER’ il (System Angular Frequency) (rad/s)

C= ?ﬂé_rf-'g{-&[?-f HURTCT TR ol (Line-to-Earth Capacitance per Phase) (F)

P (Cables) ) Hadeade 30T Heaex d TNY (sheath) T STGIC HURIC
(inherent capacnance) H% fYaifaea oar (reactive power) SIRE Bl

orariRH fafer=r RR¥fET TS (receiving end) @R fdar léélagﬁl:l ffer=ar ais ¢S
(load end) TR R¥3ffded TR (reactive power) T&TT HIUMTAT foaa-T Raffdea TR
(reactive power compensators) ¥ UIdId.

3.2.4(A) ﬁ'ﬁ'ﬁ%’ UiaR IRt TR (Need for Reactive Power Compensation)

T (AC) Ridtmmed, Rifded tiaR (Reactive Power) Tdd I 10T ol Tia™@ed Je-AT

AR 8. Sarexuny:

— T Gre e ThT U BHURIeR (Capacitor) TSH ISR 6],

—> GaId YT, ot Toll g1 Twrda Reiiet dHal.

ARSGRE Qﬂﬁﬁ TRES Hlel PO AT 30, g RA wfaferet (system

Stablllty) 30T Elees g (Voltage Levels) cblw-l IRIT AT,

FSRHA ey (Induction Motors), SSIRI SEEIny (Induction Furnaces), 3AH Haq (Arc

Furnaces) E'F\qtﬁlﬁ(Transformers) tlﬁ@»ﬁﬁ@'d o8 (Fluorescent Lamps), 3T : WY (Fans)
3% Salfaedhd dled HH! UlaR hdex (Low Power Factor) d% PTH BRI, ‘e‘T

Q=AY Tiew TN Rifded tawat ARTUR FdTd, Sre A TR Qe g1

(Voltage Drop) Eﬁ?ﬁ

R Rfded glaza ANTUR GRaRian hIr-de ddl gl oy

— RieHen uiaR haex (Power Factor) W@T‘ﬁ

- WWWWW(TM%WSSIW Lines), E'F\Elﬂv"lﬁﬁ(Transformers)

30T 3feereR (Alternators) Tl ®ec RPIRHC dT@dl.
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— ’Jﬂ'ﬂ% PR AT (Copper Losses) diedld 3for Riedte it (System Efficiency)
HHI Bld.

3.2.4(B) Wm TaR ST UGt (Methods of Reactive Power Compensation)
Ac fafen (AC System) 7 Al gidR haex (Low Power Factor) AU fifdee afaR
(Reactive Power) Il 3TaRGhdl dled, UMY ®lecsl SIW (Voltage Drops) gldrd ATf0T
fafRer Tfth==dT (Efficiency) HHI Bld.

o rdl fARIY HRUGRATST UlaR ke (Power Factor) JURUATTS! Rifdes UlaRd siad=u=H
(Compensation) B0 TS 3Tg. Rfdees giaR lNCF@IB‘T qeq gt (Methods) 3Ted:
1. PHURYeR Jb IR0 (Using Capacitor Banks)

2. TP g S ARyl (Using Synchronous Condensers)
3. IeH VAR HUcY aravur (Using Static VAR Compensators - SVCs)

1. HURIER 999 (Capacitor Banks)

o T UGdd, SR HURTeI=AT oGl (Capacitor Bank) TITYAT et ST, HURIEY aifeT
fYfdcas UlaR (Leading Reactive Power) B3 S8fdceg algd (Inductive Loads) ST &1 Hied
(Motors) 3o EA'IT\‘TCF\IJﬁ (Transformers) g gdadr AR ﬁt}m giaR (Lagging
Reactive Power) ZaT3S (Neutralize) Id. TMHS WIdIhg dada Tgu Rifdes iR
FHHT gId 31107 RReH= UieRk thaex (Power Factor) ﬁ‘dT\’_cﬁ.

o DHURIC HITUIH (Capacitor Compensation) S UHRHT 3R
> je HURTEY (Shunt Capacitors): RIRCHIITd Wad (Parallel) AEl ShSaa. § T &leesl

e e (Voltage Levels) AL TiaR RifReHH e AIGdT THTUMGR dTURd SITdId.

o IR HuRed (Series Capacitors): EA'IT\E@QF[ Fﬂﬁ_'r (Transmission Line) T AR (Series)
7 Sisdd, o As- NUde (Line Reactance) ®H! HdTd AT lecst W raerel (Voltage
Stability) JYRdId.

e HUrTeHd TFI'CI% (Advantages of Shunt Capacitors):

. EA'IT\E@TH:[ AT BT Tl HH DR (Reduces Current Flow in the Transmission Lines).

o TS USaR ®leeol li[%ﬂ?_cﬁ (Improves Voltage at the Load End).

o TORerued uiaR ar g & HRal (Decreases System Power Losses).

o IId Hcdl UlaR haeX dlead) (Enhances the Source Current Power Factor).

o 3feTAc] TSI HH! B! (Reduces Alternator Loading).

o UAP WMHC (MW) TASTTS! HiSdd! Tdauds ®H! dRdl (Lowers the Capital Investment per
Megawatt of Load Supplied).

2. Rispg He—a=d (Synchronous Condensers)

o RIPHY He=R (Synchronous Condenser) Hcld: U R AR (Synchronous Motor)
3(Tg, Sif AbHdHd @le (Mechanical Load) - ©dl drdd ATOT Sfeoledd TR
(Adjustable Excitation) dg B B,

o &I?RQER?E%_S’ (Under-Excited) AT, Bl T OfdR thae (Lagging Power Factor) dX
e AT IRUESCHIC (Reactive Power) T B (Absorbs).

o 31\|06<—Qd{-||$c\:s (Over-Excited) 3IdIT, Bl ST Ulark hdex (Leading Power Factor) ==
TTd 3o Rifdeeg uiar FRH?[ (Supplies), SN BT HUNICR (Capacitor).
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o HUNCY I (Capacitor Banks) T @'CI_Q"IEG[ ﬁA?T (Stepwise Control) Yddld, dl3cic
i o~ (Synchronous Condensers) Wqﬁ? (Reactive Power) 30T iR haex
(Power Factor) © dd (Continuous) 30T S-IHH® (Dynamic) deldl GRadTd.

tb‘l'q% (Advantages):

o Tad 31 fSoRead (Adjustable) fRfdeg diaR WRUTS (Reactive Power Compensation)
e .

o Rrcudl gleed Tt (Voltage Stability) YR 30T HISAT IS @S (Large
Transient Loads) <1l U <.

o dic (Disadvantages):

o HURCH= gcﬁd SIESRNIRSES (Higher Losses) HGIGH

e TS (Expensive) 3RIA 3% =T (Maintenance) TIRIH 3.

o FITA THIE (Single Location) R MG Hald, HUNRICY FHHIRT Tgol faald
(Distributed) TdT Id -Tal.

o WP STZIY (Static Devices) Y& gy d& (Response Time) g3 3.

3. Wfe®d VAR HU-HCT (Static VAR Compensator - SVC)

o TU-Fleeol TiaR RRew (High-Voltage Power Systems) T, ¥ledh VAR STy (Static
VAR Compensators - SVCs) SIS @@Gﬁqﬁ?ﬂ (Dynamic Voltage Regulation) 3rfor
Rfdeeg UlaR dheld (Reactive Power Control) IT3T HIGAT FHIUTGR dTURe ST,

e SVC U X Rlaed (Shunt Reactors) 30T ¥e HURIEY (Shunt Capacitors) 3fIdTd, o
YTIRRER (Thyristors) §R AT &d SIAId, SO @lees! WIHRIE HAdled (Within
Acceptable Limits) g,

o Wa@c—é ﬁ'ﬁﬂ%ﬁ (Thyristor-Controlled Reactors - TCRs): dIgc drg fdhar Ar-ars
(Light Load or No-Load) giRfRda sifaivad Rifdees ier RMvard (Absorb Excess Reactive
Power) SO 3ER-E el (Over-Voltage) cloadl T,

o YIRER-Ras Fufed (Thyristor-Switched Capacitors - TSCs): SIS (Heavy Load)
hIA[d ﬁ'\@m TiaR Yddld (Supply Reactive Power) 3T Eleesl T (Voltage Sag)

claadId.
. fefUwa svc s PR (Typical SVC Configurations):

- s %lﬁ’l'?—ld—lm—m e (Fixed Capacitor—Thyristor-Controlled Reactor
— FC-TCR) — 4Id e HURTCY (Fixed Capacitor) U @ﬁ'@lﬁ RUaer (Controllable
Reactor) Tiad WA SlIsadr 3Rl

— YIRIR-Rae HURR-YraRER-ddlce RUFR  (Thyristor-Switched  Capacitor—
Thyristor-Controlled Reactor — TSC-TCR) — dId FURIR db (Capacitor Bank) amfor
filaer §& (Reactor Bank) Gl YTARRgR R Hedn STad, SO e e 31T
TifoRIaal 3T (Fast and Flexible Operation) fiead.
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Vet
————— - f—
Controller
———————————————————————————— f—
Auxiliary

input
o —l— c T
Capacitor Banks Reactor Banks
Figure 3.4 Static VAR Compensator
3.2.4(C) ﬁm UTaR SRR tI"TI'CI% (Advantages of Reactive Power Compensation):

fYUfdea UlaRdT (Reactive Power) HR TWITT Arg8a%- HH! gidl.

fyaffaca wie (Reactive Current) U W RIRcradia s aeg (Copper Losses)
HHI gldra.

3feex-ey SO S IHYaRId KVA TS HH! gid.

TA® kW TS TG HRUGRITS! ARTOMRT Tadu[es W HH! gl

F@@GW (Voltage Regulation) 31for Rifeew wfaferet (System Stability) ﬁﬂﬂﬁ.

3.3 HHRIGT ANY: Hiord SoT YRS (Commercial Losses: Causes and Remedies):

HAREA (Commercial) fhar AM-cldma A (Non-Technical Losses) B 3R
E@I@W Qzlﬁff(Electrical Energy) dIl g (Loss) SR P SN EA'IT\’:@W (Transmission), Hd-
STAfHRM (Sub-Transmission) fdhaT fSRESIRM (Distribution) TS~ @ STHRUTH §Id TG,
tR'ﬂ A4l g, IRy fdar ﬂﬁ'ﬁ?ﬁ Metering (Metering) = Billing Practices (Billing Practices)
UGS B,

g A ge gfeferdt (Utility) =T Y&@=g, (Revenue) d BRI WRWGIH (Financial
Performance) dX gRom &Hdra; RUH I BRI A (Commercial Losses) 3
UIdld

3.3.1 UoR Pioid 3P HARM arad (Major Causes of Commercial Losses):

1.

IS TRT (Theft of Electricity): ATaa8 5~ (Live Lines) X 3FTRIGd U (Tapping) HRI,
g (Hooks) IR0, Hex Iaury (Meter Bypass) 0! fohar HiefT Q@Qﬂ? (Metering
Equipment) T $88TS ®&+ Yo 1 U Faliacdhd Tl (electrical energy) aTaRUY.
WWWWW(MUIW or Tampered Meters): %ﬁa@arﬂeﬁw Hiexa
SIS H A HU], TUcH fdhar RAe fSgead arue HicR SRR Yigaul, UM
TR TSI X ITSTT B ATEY.

gHdr Hiex AfE™  (Wrong Meter Readings): Hiex dSddg SIUEGSA  fdbal
FShTesGlqUTges gabla ST Aigaul, Sarges 3fex-fafeiT gid.

Haurrs forfireten SRd drs aroRo! (Overloading Beyond Sanctioned Limit): HRIIEES (H.P))
IRTR JRFS TS AT AU SR ST ARMRT Iaqul, WS GRS
sﬁ@WQqﬁ(electrical energy) CIERGIRSIGA

Mabharashtra state board of technical education 66



Energy Conservation and Audit (316327) TSI PheaAdeld 315 33T (316327)

5. GFFEIW NS Qa@_r-‘zﬁ (Unauthorized Load Extensions): {'{f%ﬁl‘(ﬂ (Utility) d g qﬁmﬂ?ﬁ

= a1 T IUDHRU SeUl fdhdl i HaR d1gqul.

6. HIcX IOUN HRUI (Bypassing of Meters): I8 dc g™ Fﬂ%TIFIT SIS0r 3IfoT Qﬂﬁﬁlﬂa?ﬂ
SIREISSEEES d?*%“-ull"lﬂnl "I\I.Q cTeBUl.

7. AR e deaut (Interchanging Wiring Sequence): P Tl (Current Flow) CENLIRIG]
fdrar tex AfET (Meter Reading) MYSIuIrTS! IR fdhar ol e (Sequence)ﬂ?ﬁ
EESEaU

8. T Sl fdba REIE HR0| (Intentional Burning or Damage of Meters): & <l FR[d[ YId]
IY UGS fhar fet 1RO} ereavarara! Hiex Sest! fdhar Ay SR,

3.3.2 UMY AT9H FH HIYTHTS! W (Steps to Minimize Commercial Losses Losses):

o TSI AT (Theft of Energy) TUIUANTS! SIOT UfdeY HrRUGMTST WIS fRioia~ Wi

(Special Vigilance Squad) YT HRIG.

ST T HieX (Meter) TUR HRdTd fdhal ATl T (Seals) disdrd, T fRI&T (Punished)

3101 &€ (Penalized) HRUTTA Tl

A & AT SRS TSN TSy (Energy Audits) & BRI, SATHS TRIHT & R

Ydiiet 30T Ui TSt T Urael Sard Adid.

uiar e (Area Officers), faRiva: wfagragfea ISR (Executive Engineer) Tl

Tafd aarta QT-lTrff ﬁﬁ@‘s’ (Energy Received) 3o Q'_-lTrﬁ q (Energy Sales) BIE]]

ECICHNREICH

Q:ITrﬁIﬂEﬁ (Energy Meters) &ng-%m Hiex Sy (Tamper-Proof Meter Boxes) T §qarad

30T T g UhTR T (Seal) BRI,

gaaei-e Hied (Electronic Meters) ATURIAd, HRUT T FgSTU0 CUR (Tamper) &Rl Id

g,

el (Meters) d3Tdest quUIITAd 30T TUIIUlt HRUMAT fABTAAT Hiferdt Hiex e

BRI (Quality Meter Testing Facilities) U X floUld.

Bice! Hied (Faulty Meters) T UTR Hied (Proper Meters) 3for e (Seals) ofldd

SGAUaTd grdd.

3.4 t{-‘ﬁﬁﬁ%&ﬁ 3‘@?!?[3 (Energy Conservation Equipment)

. Q'Rqﬁlfﬂ SIS %@W (Transmission & Distribution — T&D) RIRTHEY o Tl
(Efficient) SR Cfohd AT HUI HIUIRIST 301 deR &leesl WA= (Voltage
Regulation) To! SATagD 3G,

o Tied fereay ffierd Aife i (Monitoring), @FT (Control) 3Tfor ufth=r=t (Efficiency)
JYRUIMETS! aTuRe STl

%?I %E’I%@ﬂ Q:IGWW&QF[ 3‘@5@2’ (Energy Conservation Equipment) ¥ UIdId:

3.4.1 HieqwH feHUs W (Maximum Demand Controller)

o BTI-CRM (High-Tension — HT) HEHIT Thad THUT Toil BRI (Energy Consumed —
units) 9T T8l dX HIGTHA fSHIS (Maximum Demand) dRe@d fod &al ord. fafc

Afg=aTdia WURT 30 fifei=n Sexmganed Udaen Faieie Giak ST (Power drawn) T8O
HiRqHH fS$HTS 8(Maximum Demand).
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81 HieqHd f&ATS (Maximum Demand) TSI (Charge) 3 9T THUN Saifdeic fad
(Electricity Bill) T HI3T YN §1al 3101 weft el Ulsard dosT=A1 SRd UiaR Gl ( Power
Usage) H%mﬁﬂlm

3T feuis Ty (Demand Charges) TTSUITITAT ATOr Qqﬁﬁm (Energy Cost) !
HIUGMS!, TSI (Industries) T @S Ue (Load Pattern) HiaqHd fSHiS &R
(Maximum Demand Controller — MDC) T Had HARd s Uahdra.

Hieqay ferie deler (MDC) Tquf Wi eled iR SR (Total Power Consumption)
Jdd Hifex (Monitor) ®dl. e W-Je I (Preset Limit) Slda Uigiadl &I, dhaleR
IS 3M (Audio) fdraT fegsgara (Visual) SIATH & SATORERAT Tdle Bl

SR 1 dodl HYg3d drfaceg o ddal gl dR dhelar A--THRII (Non-Essential) fdbar
A-fopfe®d ( Less Critical) A€ Yd-faiforg a1 siicHiemal fSwmde &l
SIOlh & Blcdes [SHIS (Contracted Demand) JHIdEd! SITUIR ATal.

81 ArS-fET =T (Load Shedding Sequence) Wiic=dl STORIAW TRARES TIR URIA
QT SITdl, ST goR ST ZfBUHE (Equipment) TR T T8I T el ST,

fSHTS (Demand) ATHT FTeaTeR, fEwm-ae dad Algy 3flciHfcd (Automatic) fdrar H=gafelt
(Manually) G-&T +dc ohdl SIS, Jbdld.

f&uis dreid RReH (Dmand Control System) § @¢ld dieded (Control Contractors) fdrar
QST (Relays) aT9%e @S fQRIT (Load Switching) T ®IT .

TSl i fgwgsra SfeHR=T (Audio and Visual Indications) STOReHT R3fd-cgA
feuis Weq AR (Real- time Demand status Monitor) XUdTd Had dhdld.

HeleR (Controller) Il HIcdoll udl & TAFRIIA SRR (Essential Operations)
JSYHIRIAT & gdld AT THU Uiak IS (Power Usage) WA feHie
(Demand) fofiered T8,

tI"TI'QZI% (Advantages):
1) dicae badl dfeqad feaig (Maximum Demand) SNATSUAMURA Ufdee Hdl, AMHS

U] oy (Penalty Charges) T[S ST,

2) 31H RISKESLE (Load Management)H@'@Wsﬁwm(ﬂectricity Cost) HH Bl
3) IHdIT dre f&RCSRM (Load Distribution) YRGS Saifacedd 3IRCIRR (Electrical

Infrastructure) E| gﬁﬂ'ﬂ@'&ﬂ (Utilization) ﬁ%ﬂ@t

4) 31H TR cbc;\lm (Operational Control) foresdl Mfor Tl Tfther=t (Energy Efficiency)

qred.

3.4.2 KVAR Bk (kVAR Controller)

—~

kVAr (killo Volt-Ampere Reactive) W gﬁ'c' (kVAr Controller Unit) %’ 5@1|d§cbc1 giaR
fferme 3iffPHw Ufar thaex (Power Factor) IRFUATHTAT 31O Aeadusia RNifdee UraR
(Reactive Power) d JHT0T IR HRugmSt auRd Sid. & SR Uiak g (Efficient
Power Usage) gf&d ®vd, RIReT TG (System Losses) et ww anftr RIS UlaR hdeR

(Power Factor) ged SINTU=IT Uec] TS UIRY Had .
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. Ricads (System Load) dccfcdl 31 Rifdee dier feuis (Reactive Power Demand) GG |
§aad. kVAr HelaR (kVAR Controller) 3OS $HURIEX §a9 (Capacitor Banks) &dc
(Connect) fhar fswpae (Disconnect) ¥ %@TCITS’ TR Thaex (Desired Power Factor)
DA 3ddl.

Transformer (1) :
CT(2)
Supply — ‘ ‘ ) Bus bar (6)
\ —_—
Ej—’ To consumer
0000/
PT (3) Power factor A
oo controlier (4)
_T_ | Switched

} :‘E I capacitors (5)

Figure 3.5 kVAR Controller

o kvAr-dfifc® Eb?jﬁ‘:[ (KVAr-sensitive controls) e (system) adta QUT%EH (points) d}
CINPGRSIGIGRAS R RGeS (voltage) m @R (relatively constant) e ST &
dheld QRTTA (control variable) U HTH H& Tahd gl

o 3T U ?b_@?ﬁ (controller) Fm@?@ giaR (reactive power (kVAr)) fdhar OfaR thaex
(power factor) AifAex (monitors) Hal 3T HuRey (capacitors) ATFHR Skl (switches)
DR,

o O TS (load) dieal 30T UfaR thaex (power factor) o (lags) P!, dogl Obg:\lm
(controller) HURTCR X (capacitor steps) ON = cifeT Rufdes OiaR (leading reactive
power) ERH??[

o i@l TS (load) A Eﬁ?ﬁ dagT @Fﬂ (controller) FHufed (capacitors) OFF 3=
BB IR (overcompensation) TSl

J EITE@’ e (system) A& JiaR hdex (target power factor) QTG\W 30T & UTaR thaex
(low power factor) BINEIRIEIG] gﬁﬁl’ﬁ Uarrsy (utility providers) ® g Sifafted T
(extra charges) cTd .

3.4.3 3fTeIATe® UTaR Wwaex Held” (Automatic Power Factor Controller) (APFC)

e 3HICHICH Ul ek helar (Automatic Power Factor Controller - APFC) 81 o f&g2d
(Device) 3Tg Sit sﬁ@wﬁr@ﬂ (Electrical System) T gfsd UlaR thaex (Desired Power
Factor) 3fTUI3MTd (Automatically) IRFUIATITST ATORC Sffd. § UlaR haex (Power Factor)
Al (Monitoring) P 3for 3rawge Riface diaR BT (Reactive Power
Compensation) YXdUIT-HI HURICR db (Capacitor Bank) <l Eb_@Fr (Controlling) ¥ &
EIGH

o Rem (System) W@W (Microcontroller) 30T Picaex (Contactor) 3RGHEH AR
HE Ared kVAR fSHTS (kVAR Demand) TR HURICH (Capacitors) ON fdsar oFF feag
(Switch) Tl
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Uik hdex (Power Factor) Sidodvsidod gﬁ‘c"r (Near Unity) gdd ﬁﬂﬂ?ﬂﬁ, Wb g
(Supply) sieer SR R (Current) HHT Bld, SIS TN (Losses) 10T e fasl
IEGER] (Consumer’s Electricity Bill) gy feuis Ity (Maximum Demand Charges)
CINGIGH
APFC 3R @Taiid RA=M (Relation) aR STUTRA 3¥d:

Real Power (kW) = Apparent Power (kVA)xPower Factor (p.f.)

ST UIaR haex (Power Factor) S‘%‘d Uracdiue @ret Sird (Lagging), dagt @W
(Controller) % &< (Current) 3T %PI@G[ I (Voltage Sensors) gR A9 (Senses) &l
30T HURYeR dh (Capacitor Bank) Tefid SraRas HURTeH (Capacitors) gfhg (Activate)
$H RUfdceg UiaR (Reactive Power) Q?T:IF?[

qTes UldR WhaceR (Power Factor) GURA! 3101 T (Unity) e Sdes ST,

SieT e (Load) U @?ﬁ daeT fen (System) ffafked Hufed (Excess Capacitors)
o (Disconnect) FRAl S SNRRH U (Overcompensation - Leading Power
Factor) mﬁs‘a

AC
—1 Power
Source
r————— —"—""'“_"‘_—__"“_l
| Capacitor
Capaci I
gy — aé’::l':or <t switched l
| —
f Capacitor |
I ; I
! Voitage * l
! Senser »| Power |
| _ | measurement
| Current Ic I
| Senser |
e I l

4
— LOAD /
7/
Figure 3.6 Automatic Power Factor Controller (APFC)

Figure 3.6 T APFC Hfdhe (APFC Circuit) el 3T Ych (Main Components) argac 38,
Y AC TTaR Iy (AC Power Source), NS (Load), Fleco YR (Voltage Sensor) & ®C

IR (Current Sensor), JiaR AoRHC IC (Power Measurement IC), HURIER d6 (Capacitor
Bank) 3T Hufer Rafdm afdbe (Capacitor Switching Circuit) PlcaeTg (With
Contactors) FHTAY 3.

AC @ (AC Supply) APFC U9 (APFC Panel) i -ide daidi! 3.

B CIrHLhTJ-TQ (Current Transformer - CT) 3Tfor MR E'Fx‘l'ﬁﬁ? (Potential Transformer
- PT) IS die (Load Current) 3O et (Voltage) =T Hdrd, 3T fRaRkeq=an giaR
el (System’s Power Factor) THTOrd Rre (Proportional Signals) YddId.
IITQWFR-@E e (Microcontroller-Based Relay) APFC JiaHY drdfded TiaR thaex
(Actual Power Factor) 3for e %\'F\’{L(Set Value) Eil NNEL HXd. 3IIH kVAR IR, g
HURICR T (Capacitor Steps) ON fdhar OFF ftga Hd Bl ™ (Contactors) AT
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e CT 3101 PT ¥dd (Continuously) e &g+ WISdd (Feedback) Hifex Hdld, SaTHS
c\;%q JiaR Thaex (Desired Power Factor) 3Mar3 (Automatically) I T ST,

BHaS (Advantages):

1) Sldodvldod gﬁ'cpf JieR Thaex (Near-Unity Power Factor) TS (Automatically) G,

2) kVA fenis (kVA Demand) 3rfor mﬁﬁaﬁa (Energy Charges) FHHT B

3) Mg HC (Line Current) 30T IR Arag (Copper Losses) FHH B,

4) Rl WTiderel (Voltage Stability) 31Tfor RifeeH TR (System Efficiency) gTead.

5) H-g3{d HURiex T (Manual Capacitor Switching) g ®Rd STIOT fayT=ITdT (Reliability)
JUR.

3.4.4 §eferoie UTaR thaex Helay (Intelligent Power Factor Controller) (IPFC)

5’2’%{@? OidR thdex deler (Intelligent Power Factor Controller — IPFC) 8T Udh SRS
scldgllﬂoh feey (advanced electronic device) 3T ST UiaR haex (power factor) 33
ﬁiﬂTUCHFHZﬁ JIORAT STal. GidR haex (power factor) |US E’é@ﬁ Ef:ﬁff (electrical
energy) fopdt HRIGHA IRl STd I HaRi® 311g TUlerd dredl feaed] ﬂ&?ftlvﬁ?(real
power — kW) 30T Tidhg+ QRIAedT SIUMAT 3{URE UiaR (apparent power — KVA) Tl
U,

o TR bR (power factor) WWW (power utilization) 3{fIP Hrd&™ B,
Qﬂﬁﬁﬂﬁﬂ (energy losses) HH! gIard, salragcbcl hIXC IR (electrical infrastructure) CRI]
f&ate o gid 3Mfr SaifaeRict e (electricity cost) HH! BId.

e IPFC® Rara-ersq (real time) A UiaR haex (power factor) Hdd A Hd 3T
HTHATIR Alech1es JUYRTHD Pl DR, 3 HRIhIbeIaR-0%s T (microcontroller-
based system) I Td gAfaee fSRe-AfdT Hufaferdt (built-in decision-making
capability) 3 off Rifded gfar SIU-u=H (reactive power compensation) SHTPATSS H.
7 Ren QT:FQH ﬁ'\@@_q’ TiaR (excess reactive power) FHH P, Hogad dA's a4 (load
balance across phases) CRGREIL R salragwd obTJ-u\l-irc\H (electrical components) CRI]
T HHt Eb_{?f, GCI'I'E],@' H{Ufﬁmﬁr RHTH (performance) 3o Remafaferdt (reliability)
JURA.

Voltage & 3 Mlcrocor}troller R DlSP}aY
Current Sensor Unit Unit
Signal Control Communication
_— : —_
Conditioner Algorithm Interface
Capacitor or Switching Power
Inductor Bank Device Supply

Figure 3.7 Block Diagram of Intelligent Power Factor Controller (IPFC)
I (Sensors) N3d-T3H BIeed (Voltage), B (Current) MMOT i ol 3iTd
(Phase Angle) Iﬁﬁﬁﬂﬁ, GCﬂH% R ET\‘E%W Jid¥ thaex (Power Factor) &xXddl Tal.
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o IITQWFR (Microcontroller) BT @?ﬁ[ R {I&I_C' (Central Processing Unit) U1 Eap]
Bl SO YRR ST SRS B 3Havgdh Rifded UiaR (Reactive Power) Tledcd
JIedad Bt HUI S § 33dd], S §al 3aiall UlaR haeR (Power Factor) H1IH
Saar ddl.

o YRR (Thyristor), TRATH (Triac) fhal N (Relay) IRW Iffbeaer a9
(Semiconductor Switches) ARSI CIAR] HHSIUR HURICH (Capacitors) fhdl Sedeyd
(Inductors) Gfhered SISUORITS! fdhaT fsTem-de HRUTMTS! ATk ST,

o T PIUHCY TRoTIR RUfded UfaR (Reactive Power) TRAdTd fdhal TMYH U, HURCH
(Capacitors) TR UieRk he} (Power Factor) URdId, dX Wﬁ (Inductors) faféT giaR
e (Power Factor) gHURdId..

3.4.5 3ifaeq BTFI-'TW fpeedt (Active Harmonic Filters) (AHF)

o Jifded GIJ-ITi-\-Ido ftheex (Active Harmonic Filter — AHF) & Udh ASHS TIaR Hifcie
f&RT2H (Power Quality Device) 318 S Salfacdhd "CaaHENd gHI® (ST’ (Harmonic
Distortion) g CIHUIRITA! aTURa ST,

o BT (Harmonics) T8UN 3ATSITS @leedl fdhdl He HUMCH (Voltage / Current
Components) & ThaHcd Thep~dI<dT (Fundamental Frequency — 50 Hz / 60 Hz) Afccuciaed
frmfor gid.

o T EHIMA TBAd: AM-TAH3R AGH (Non-Linear Loads) & TR BldTd o &Xad WS
sﬁa}[ (Variable Speed Drives — VSDs),W(ReotifierS), W‘éﬁ(lnverters), ﬁ'ﬁfﬂ?ﬁ

(Computers), 31T Raes-His giaR LISl (Switched-Mode Power Supplies — SMPS).

o TP fSWCIRH (Harmonic Distortion) 5 3 THET AT gIdTd S:

- '{@lﬁ? eIt (Overheating of Equipment)

— Ticfdea fER/IETd (Protective Devices) I@hid HTORRH
— T TRt (System Efficiency) HHI gI0I

> RIees dEHIH SR (Voltage Waveform Distortion)
— 3IfSTMd UlaR A4y (Additional Power Losses)

o 3ffgcd g fiheex (Active Harmonic Filter — AHF) @S ¢ (Load Current) ad HIHeR
Fed Rdtaadta E’Fﬁﬁﬁ El'TCﬁW (Harmonic Components) 3.

o TR dl RE eZHAS FHhd YT SHTUIfSTe IS ®Hed (Equal but Opposite Harmonic
Currents) TIR $H- i LAY B!, STHS W HIC (Supply Current) STdBSIdcs
qrgIasd gdl.

o HTWUTHTW(POWM Quality) 3rfor WWW@(Syﬁem Performance)
et gurd.

3ifaeq ETH"fﬁH? fpeesa afdw ffue (Working Principle of Active Harmonic Filter)
o HC AU Bleew I (Current and Voltage Sensors) e deied Aiara snfor s

HRCHEA g HITFCH (Harmonic Components) TTEdT.
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o fefSea Eh_@FR (Digital Controller) HTHI-Ud: AAH IR (Microprocessor) EﬂﬁﬁE Hec
ARG (Algorithms) S R WGR Q'F\‘:Iﬁﬁ (Fast Fourier Transform) (FFT) dlUx=
fa=eIooT FHral SMfUT 3Ta=Ts HUTET He (Compensating Current) T .

e TR (Converter) U IGBT I¥8 @lees IR 3-@cR (IGBT-based Voltage Source
Inverter) E»’Iﬁfﬁaﬂ (Harmonics) =1 ﬁiﬁaﬁ{ (Magnitude) gdTd JUT ToldT 3dc (Opposite
in Phase) 34T HUET Bie (Compensating Current) ddiR GG

) % HUfT m FHyfeiT 'gIT\EIUv‘\IJﬁFT (Coupling Transformers) fdar ﬁqaaf (Reactors)

AT d UleR AR-THE Soide el SITdTd, SaRIes STHIaRT THTET! e gidTd.
e dd AT (Continuous Monitoring) & T e IR-aHS I dadi R S HEH
i (Dynamic Response) 3T 3ficHfcd 3feoeHe (Automatic Adjustment) ‘{[ﬁf@ﬁ

Harmonic Active MV
generators filter Result
Harmonics T
Harmonic ~ > |
generators
T Ve
7 ~ Active
U — o filter

Figure 3.8 Active Harmonic Filter

3ffdea gMIf-® fthees™ (AHF)T WIS (Advantages of AHF):

1) <led gHi-d ST (THD — Total Harmonic Distortion) T &l
2) JiaR Thae 3101 RedtH b=t (Power Factor 3rfor System Efficiency) ﬁﬂl?él.

3) ®leedl SRS HdG=Md SUHRUI

T (Sensitive Equipment) TR&0T &,

4) BN ﬂ\IS\HHIO‘\I STHTH® BT (Dynamic Compensation for Variable Loads) Uald

Al

5) Safdcdd sfeutcd Rarfaferct (Reliability) ST TTSHRAA (Lifespan) dTedd.

3.5 ArgfeT Rewy v @Eﬁm (Energy Conservation in Lighting Systems)

Fﬂgﬁﬂ'ﬂfﬁ Q‘Wrﬁ ﬂﬁ?ﬁ (Energy Conservation in Lighting) BUS HH OidR a1ae a1,
3{TaRGH 30T YHTAT TBTRT (Illumination) THSTUl. & TUTaRITl 3fthRic gfdute (Efficient
Equipment) fasu, amg ﬁﬁ fafery (Control Systems) qIRu 3for fafid Hea

(Maintenance) HRU HARIDH 3.

agfen fafewy (Lighting Systems) L2 433) Qqﬁﬁ ﬁ%ﬂ‘[ Ty (Energy Conservation

Techniques) TTATAYHTON TR d:

1. FNf¥i o IR (Replacing Lamp Sources)

2. Q‘lﬁfgﬁb‘ﬂ? cq\lrl\-ldwf\l\sldl dlUR (Using Energy Efficient Luminaries)
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3. Eﬂ%‘c’ﬂv_@c_e' T3RTET IR (Using Light Controlled Gears)

4. RS YWE THIAR / Tl CIOA™eRd Sl (Installation of Separate
Transformer / Servo Stabilizer for Lighting)

5. T AT (Use of Sensors)

6. fufkaife® I (Periodic Survey)

7. 3ffSehe HeT— g (Adequate Maintenance Programs)

3.5.1 AR o 9w (Replacing Lamp Sources)

o JMHIY E]EF%T G{W‘Eﬁ, fhame oy (Filament Lamps) 3Tfor qﬁ\’:ﬁﬂ@? g
(Fluorescent Lamps/Tube Lights) g gafd wrA- 3Ted. A=, fhame oy (Filament Lamps)
8§ ®leesl GRURT (Voltage Variation) TT31 WU AfAfCE (Sensitive) ST, 3RTET HH!
el (Voltage) HH B @Ilsc:R-I (Brightness) U U gidl, 30T YIS Flees!
(Voltage) dicdcdld m gred! guT ot W 9 (Lamp Life Span) HH! BId.

o Dﬁ\%ﬁﬁ@? SLe] (Fluorescent Lamps) rat @leest %ﬂ'@? (Voltage Variation) dIl S'Eb_o}i'
Jorm ST 3 dl. flhame T/ (Filament Lamps) @1 ST8cY (Luminous Output) dosI8R
FHH BId Sl HRUN fhatcd QUREHRA (Vaporization) 8id 30T TH=T 3T &I
@Tﬁ%ﬁﬂ JIR gidmd. qﬁ@hﬂ@? NEe] (Fluorescent Lamps) H‘Eﬁ, g Gleest (Supply
Voltage) A +1% TG QT R A1sC MICYCHE Had +1% Tad gidl.

e URA ®lecodes 3aacigy (Electrodes) dR SR BIfCT (Heating) Bld, SATHeS Iadgi—-
HGIRE Teiad (Electron-Emissive Material) FHH Bld, R HH 06\|Q'e\1‘|ﬂ0}> dHC (Current)
HH glal 3NfUT Saiaeis TR ared!, el URTRUTAE el @sW (Lamp Life) I id.

o 40-dcdl 5%%{1% LY (Incandescent Lamp) HTYUIRUT 10 ?Iﬁfﬂ TR dic (Lumens per Watt)
3{13cYc a_cﬁ, R 40-ded qﬁ&ﬁ?ﬁ? NEE] (Fluorescent Lamps) EFF& 40-50 Lumens per Watt
. otlllj,o\b 5-8F>{;Hq: QL) (Incandescent Lamp) dac]d ?\’IITQHTrﬁ Ty deoid Fluorescent
Lamps CISREH

o HHWdC qﬁéﬁﬂ@? SLies] (CFL — Compact Fluorescent Lamps) g PHH! JiaRk arge G
5(«g|'?-|3|ea|-1 3d|d &Wﬁrwm Incandescent Lamps aer 1015 Yc Sl 31, Q:IG]TQ@G[
UG S HRUGNTST Faiaei-ie daed (Electronic Ballasts) dTURTAd, HRUT JRUNG
gaacIHATc® Saved (Electromagnetic Ballasts) T&T o SIRd TR (Efficient) ST

o i RGfeHAed afiTell T TBRRAT (Energy Efficiency) fHoauamrdl, urRuR®
ST ST ATeH SfeerAieegy aTuRul TaRad 3MTg. Theu—< G (Incandescent Lamp)
Uaell hrde FIRINE AT (CFL Lamps) TG JHM SEARM (lllumination) HHT
TieR (Power) 7 e,

o URUR® FISHRINC AT (Fluorescent Lamps) Tash ToN-3MhRIC WRINIC T (Energy-
Efficient Fluorescent Lamps) fdbdTl LED I AR S ?{&I‘Iﬂ 3{T3cYC (Luminous
Output) THe5d!. 3TICIISR AT TSRETT ARIH (Industrial Lighting) T ATOR SITUMR
TR TR A (Mercury Vapour Lamps) 3T ifeaH duR o (Sodium Vapour Lamps)
g1 ST Hed 8188 i (Metal Halide Lamps) STOR AT STSC-Y HTI0T TIth==! dTed.
B URR W] dR (HPMV) NEe] (High Pressure Mercury Vapour Lamps) =l St g
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SR HifsgH duR (HPSV) GLeS| (High Pressure Sodium Vapour Lamps) WWW
ST I Ase 3M3eye fHesal.

o TARYUDNR, Gb_@?f RIS (Control Panels) fdvar sfepex ﬂﬁﬁﬂ (Indicator circuit) e qIoRa
SR fhae dey (Filament Lamps) SLED ﬁmﬁﬁ‘@ﬂmﬁﬁﬁ% (Energy Save)
"@ﬁ?f 3T Heyg @i (Maintenance Cost) Bl HHl Eﬁﬁ SR ﬁ'@ﬂﬂ?ﬂ'ﬂ% HIB Qﬂﬁﬁﬁ%’
BId A8l @R IGFMRE SIfee! (Ilumination Quality) JeRd ST @SN gfdudics
SHRTS T8 (Operational Life) B dTad.

A) HHIFE FISMRIGE T (CFL)

o P Uﬂaﬁﬁﬁ‘c’ GL (Compact Fluorescent Lamp — CFL) BT t@x’)ﬁﬁ@? G (Fluorescent
Lamp) T/ U UHR 38, T I S HIliae WEUd had 3Rd Suidbe dl
5’%@? T BT (Incandescent Lamp Holder) A gl H{LW.

o ETT\IJH%Ttlﬁf(Gas Discharge) dl ddldR G Hdl, W@WW(EIectric Current)
ST T ST Il SRS (lonize) HRAT SATIOT TS YebT=T AT gial.

CFLT DRI 3for afda (Construction and Working of CFL)

o HIUF Uﬁ&ﬁﬂ@? L (Compact Fluorescent Lamp — CFL) &I U T19-fireg (Gas-Filled)
DIl S 3] AT Q1 Il G 3aideIgd (Electrodes) il deiel SR, SEHA
3T T (Argon Gas) SATOT TR AR (mercury vapor) Iid A1-URR HdeR (Low-Pressure
Mixture) HReldl 3RId, 30T QAT 3MTcdld g¥UNTAR TRBIGR HeRId (Triphosphor
Material) T SIfTT (Coating) deiell 3Id. SIgT @lee @SS (Voltage Applied) e ST,
dcg] 50\10@6\H (Electrodes) aX&I- U salragw &W(Electric Arc) TUR BId). T1 3Mh (arc)
H% sﬁHEjTH (Electrons) 8 B Tery (Mercury Atoms) <l EbﬁFﬂE_s’ (Collide) XdId. dI
DI (Collisions) b Secl@lde (UV) TSTRMA (Ultraviolet (UV) Radiation) TR
gId, 3T § (UV) IFSTRA (UV radiation) cq\slqé‘lm hIHR PICTT (Phosphor Coating) d¥
JSeTaR fefSIad @se (Visible Light) TR gl4.

o T EUIEd HINST (Series) HH TH dclke Afbe (Ballast Circuit) STSeia SRal Sl &
(lamp) T ATl TFTUIRT 81 WIS @lees (High Starting Voltage) GRaa SATfOT iy
(lamp) T TETAR HC (Current) AT FAHE (Limit) HRdl..

Electrode
A\

Triphosphor UV Rays
coating \
C \ Ballast

\
Mercury & Argon

Figure 3.9 Compact Fluorescent Lamp

CFL ¥ 3fS@iculy (Advantages of CFL)
e U®H CFL O T4-flheg (gas-filled) N &E 3¥d, WMAT Gl cIdbiHAl Sdacigd
(electrodes) Hd daial ST,
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o Eﬂ@ﬂ?ﬁ 3ﬂ1TT:[ T (argon gas) 30T AR BUR (mercury vapor) I -URR fHaeR (low-
pressure mixture) IR 3 d 0T S3rclia PEESINICH gltl—hb\f%hh{ Tefad (triphosphor
material) o PICT (coating) PHad 3.

o SIEI Fleed HWIISS (voltage applied) &l T, dogl sa@w 3T (electric arc) 3@5@?’3?
(electrodes) X dR gral.

o ] 31|<§>{-Lo\o sadg\fr%l (electrons) RSB 3w (mercury atoms) Wﬁﬂ]’sﬁ%’ (collide) giard. a1
CAINERS) (collisions) H@’ 31?@65’@@? Uviﬁ%’@ﬁ (ultraviolet (UV) radiation) ddR gld.

o T UV ISTIA BIHR HifeT (phosphor coating) dX UscldR FISEN cllgC (visible light)
fmfor g,

o YA TR (series) HH FARE Wlhe (ballast circuit) STSed 3Rd, O 81 WIET Gleest
(high starting voltage) GRad 3101 HdR e (current) a1 fAIfle (limit) .

B) ﬁm%mﬁm (Metal Halide Lamps)

o TCd TARS T (Metal Halide Lamp) SITAT ARBR! 8AI88 1H (Mercury Halide Lamp)
3g! WU, §1 Udh 'G’FCIEAC’@F@[ ISREIS (HID — High-Intensity Discharge) JHRIAIT O
31Te.

o T THHE 3@% 3Th (Electric Arc) Udhl TREY R (Gaseous Mixture) 7 TR
Eﬂ?ﬁ, e éﬁlﬂ%@' TR (Vaporized Mercury) 3foT Hed E:"FFES'H (Metal Halides) BIE]
[EELECG

o T O U™ SR (Industrial), HIARET (Commercial) 30T 3TICSISR AT
(Outdoor Lighting) SFISRANTIATS HIaAT FHTUMER ATURET SITdl.

ﬁﬁﬁﬁ[ﬁgﬁwam (Construction of Metal Halide Lamp)

o T BARE I (Metal Halide Lamp) H—caR WTell faeledT Figure 3.10 A GRAT 3Tg.

Main
Glass electrodes

envelope

B S
=l

. Quartz discharge
Getter ring tube Lead wire

supports

Figure 3.10 Metal Halide Lamp

o TTABASS M (Metal Halide Lamp) Hed T CIobTal (Hdhd-Ties o4 (Nickel-Plated Cap)
31 SHTTOT YU Siavid HIT SR UMRT T TG ald (Glass Envelope) S,

o AN TEAY (Glass Envelope) =T 3Td ehldisi RREIS] &Jd (Quartz Discharge Tube) 3,
SHE &H'ITTT-[ LK (Argon Gas), W JR (Mercury Vapor) 3T Aed gmlis{{-l (Metal
Halides) § BT9-UTR (High Pressure) TTell HRAIS ST,

o S cggan gl SIdhHT BT SAdCIgY (Main Electrodes) SEaeial SRdTd ST1OT T
o1 I (Lead Wires) T 3MTYR faarem 3.

Nickel plated cap
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SEHET AT Y MY YUGMTST Teb 1eR R’ (Getter Ring) SHddel 31, SAMHes

dadtd WRIH (Vacuum) HTIH IR ST

Hed EVFIEE' e afr (Working of Metal Halide Lamp)

ST Bleedl (voltage) SHFRISY (electrodes) aR S et SITd, degT S FI=T SHTell ST
EIK] (argon gas) GiTiﬁ:ﬂ'szﬂ (ionize) Bidl ngﬁm 3T (electric arc) g gIan a1 W
BIC (heat) fafor g1a, GCITH@' HEPEI'\P[ (mercury) HTfOT Hed %’JW (metal halides) G DIET|
(vaporize) gIaTd. TR (temperature) 3T U= (pressure) diegcdld} g %W’sf%’ Qﬁ*l'ala:[
STec d1ge (bright light) T (emit) Hard. TS dgeal HeR (color) 3T HIferct
(quality) & Bcd gargewl HUIfYIRIMAR (composition) A 3.

Plel TAY AN THATA (glass envelope) 3Tate ElISKS BB DI (phosphor
coating) 3R, SATS HER YSNAT (color rendering) JURT S0 AR fSWIS (diffuse) Bial.
HIYRUUU Hed gass ARl Bd sse-9 (full brightness) fesuarardt 3 d 5 fife
ANTATd. HRC (current) W (regulate) HIUGTTS! ATOT STITH Xad (stable operation)
SJUIRITAT IR (ballast) STARIH 3R,

Hed %%ﬂ%‘b’ q Cﬁ%ﬁﬁﬁﬁ (Advantages of Metal Halide Lamps)

3o F\H&F—H Ther=t (High Luminous Efficiency) HTYIRUT 60 d 115 @ﬂ:\“{ W de (Lumens
per Watt) E’Hﬁﬁ@ﬁ

JIYROT 10,000 & 20,000 3G (Hours) AT ANT TR 8% (Long Operational Life)
3.

TIGAT U WIS ST5C BTsC AlsC (Bright White Light) T HdTd.
ﬂaﬁﬂaﬂiﬁmﬂ (Mercury Vapour Lamps) =l gcﬁd s HER ST (Good Color Rendering)
adrd

C) el URR IfeTH AR dd (High Pressure Sodium Vapour Lamp) (HPSV Lamp)

8 URR YifsgH dm (High Pressure Sodium Vapour — HPSV) Y 8l U YhRd[ 719-
ISEEIS (gas-discharge) T 3T Sl 819 URR (high pressure) [d! e Aifsdd /AR
(sodium vapor) dI THRC (excite) hx YhIRT IBEIERG]

7 W B ?I&FH b= (high luminous efficiency), AT TR Erréq? (long
operating life) 30T RATATSTIET (reliability) JU TRTeH SIS I S8Redd AR
(industrial lighting), @Eﬂﬁfﬁﬂ (street lighting) 3rfor &nez@m@agﬁ-@r 4RI (outdoor
security areas) S Pt Ui ?ﬁ?ﬂ (parking lots) o1 grgdw (highways) RIS AYSAT

JHTOMER JTOREl ST,

B URR TIf$UH auR TR H=¢a=M (Construction of HPSV Lamp)

B URR AifsTH amR o (High Pressure Sodium Vapour Lamp) E| h X N A
IRIId 3Tg. ArHed R 31T &4 (ceramic arc tube) 3RTd Si UTfelfshecag T SregfoHT
(polycrystalline alumina - PCA) Waﬂﬁ?ﬁ 3. %W@Wm (temperature)
3ATFOT TRR (pressure) T&7 B3 b, AT 3T ST T S-1- 119 (xenon gas), TIfSTH-
AR S (sodium-mercury amalgam) 30T Glg1 ClebiaR SR JAGCIg (tungsten
electrodes) AHdId.
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Bl 31T g THT 3MSHex TN §ed (outer glass bulb) L TGN 3d, S glc-WRReC
(heat-resistant) 3o %H%?ﬂc_s' (vacuum-sealed) 3R, SUIh & IR TR BT
fedia. ame e R (getter ring), ooz (frame), *H (stem) 3T o (base) HREAT
m JHTAY 3Rl S A HopHad e (mechanical support) H@[%@l@w
Frlaciaget (electrical connectivity) adrd.

Dome mount
| Arc tube seal

Tungsten electrode .
Getter r T {

Frame T

Ceramic arc tube

Outer bulb

Tungsten electrode

Arc tube seal

I-r o

Stem \

Base

Eyelet

Figure 3.11 High Pressure Sodium Vapour Lamp

BT URR JfSTH U= sfrr= afbar (Working of HPSV Lamp)

SicgT o e 3119 T ST, AT SeRe (ballast) STTOT SUTTER AldE (igniter circuit) g
gi-dlecs U (high-voltage pulse) S uH AL al SITdl. 81 U Q19 19 (xenon
gas) ol &FPZﬁTﬂgTrf (lonize) G| Wﬁ[%‘ﬁﬁﬂﬁsﬁm 3T (initial electric arc) TIR .
dIOH dlgedIar, HR&NI (mercury) 30T TFSTH AT (sodium amalgam) dTSRET
(vaporize) BIdTd 3107 TepTRT fAf0r sHedra.

A TR (mercury vapor) Gcij\sfll-osléc mléc (bluish-white light) Jfoid FRAl, W
HFETH BW (sodium vapor) IS ATRE (yellowish light) SeToid Sl

g1 Eﬁ%ﬁ i‘%‘@m ﬁ[&FU]Tﬂé' 1'?!('_57[-0_61%?.’ 3?1&1%521:[ (golden-white illumination) ddR
BId, SITET SR SHIRTR (color temperature) 3GTST 2000 K 3! 0T deR XS Soad —
CRI (Color Rendering Index — CRI) HIYIRU[ 25 3.

HPSV WA Jfsagiced (Advantages of HPSV Lamps)

ETH?{[&IWE@?‘QF\EFT (High Luminous Efficiency) 140 Fﬂ'ﬁT\quavﬁ(Lumens per Watt) Tdd.
QAT SATORRA s W (Long Operational Life) 12,000 o 24,000 AT

STexIdl SO SSRET (Industrial) ARITETTST Sd AN,

Tl ogH e (Lumen Maintenance) GaapTes fedhd.

AU T &lee (Fluctuating Voltage) RTdTTa! fRURAH H Hd.
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D) @Tsc T SMats @™ (LED Lamp)

o TEc UART SEIS (Light Emitting Diode — LED) 8 U&% SHPigddei~e (S@=y
(optoelectronic device) 3T S RIGG sﬁ@?ﬁ T (electric current) UTH TeTaR UDIRT
Ifoid HRdl. LED d &1 sadg\lcgﬁ-lq{ir{-l (electroluminescence) T RIGIATaR SUTRd
3, M Safaed Bics (electric field) STOT AT AfHdHSdex AT (semiconductor
material) T7e0T TRER fhdge bl dOR Bidl.

o RIS-IS Iﬂ—Q:[ SaRHE (forward-biased p—n junction), sﬁHﬁT\q (electrons) 3TfOT
HSS) (holes) TTAT BT (recombination) GIRIT Iford IR Q:ITrﬁ (Energy)dTl
BTa! URT BIC (heat) 7 ST fegfSTad @1ge (visible light) T8 FUiaRd gidl. T LEDsAT
3Adhal AAdeSaer iy (semiconductor lamps) 3g! WUrdTd.

LED ﬁw%mm (Construction of LED Lamp)

e A Light Emitting Diode (LED) & Udh &ﬁgﬁsﬁag% (Optoelectronic) fegrsy (Device) 3T
ST Salfded HRC (Electric Current) TTHYT ST dagT UHIRT (Light) ScfSId (Emits) HRdl.
LED ¥ afdn ffkua (Working Principle) sc}ld;\\lcgﬁ-lq{-lrﬂ (Electroluminescence) dxX
YT 3], S ThTR IS (Emission of Light) GRiad of Safaed HIes (Electric Field)
30T A b dex AR (Semiconductor Material) AiedTcllel SEXaRI (Interaction) Jed
gld.

o BRIS-TULS (Forward-Biased) p—n SIaRIF (Junction) A, TSl PRI (Charge Carriers —
gﬁazjfﬂ (Electrons) 3foT gk (Holes)) =41 RCAIESERE] (Recombination) qX&T It
TSN (Energy) @1 ®Tal HIT IWIAUTST (Instead of Heat) TXTHTT UehTRITd (Visible Light)
ARG (Converted) Bidl. T8UM, LEDs o T Wffdedex WA (Semiconductor Lamps)
3Ug TUIdd.

e LEDT WW (Basic Structure) a4l 31|q>c|°|d (Figure) raaqdt 3Me. ard H¥Ad: p-
type 3o n-type JfHEder TR (Semiconductor Layer) 3ddId.

e p-type TR TS (Anode) o P (Connected) 3dl, R n-type AR HUS (Cathode) |
NeTferes Bieace (Metallic Contact) §R dae ST,

e p-type LSk (Region) dX} Herfas e (Metallic Film) %‘CIT%TC' (Deposited) = s
FHARM TIR Bl 91T, TR n-type AR IR TMes hed (Gold Film) TR el Sffd of HUTS
aﬁW(Cathode Connection) 30T I TepTeT (Emitted Light) A1 faRH Rtae
(Reflect) HRUTMTS! BT B, SIS TR (Efficiency) R,

e LED f%lt[(Chip) Wiﬁ%ﬁ(mﬂective Cavity) H?ﬁﬂﬁ?(Mounted) a3 AT
E;IR‘?W ORI o= (Transparent Epoxy Lens) Bl Qq%ﬁﬁ@l? (Encapsulated) &l o of
TR&IUT (Protection) 30T U Hiad (Light Focusing) XU Hcd .

e LEDs A% JHFIUY dTqRedT SO Aifdhgdex HeRIR (Semiconductor Materials) Helt
JHIAY 38 d:

o TIraH BIEAISS (Gallium Phosphide) (GaP): fgdl (Green) fdbal el (Red) UbTRI
Jafoid .

o TIeraH YIS S WIWHTSS (Gallium Arsenide Phosphide) (GaAsP): fadesT (Yellow) fdar
A (Red) THTRT IfSId B,
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TIferaH AMTIS S (Gallium Nitride) (GaN): Tie=T (White) T fe8T (Blue) UahT=T Seafoid
P,

EPOXY LENS / CASE SEMICONDUCTOR / LED CHIP

BOND WIRE REFLECTIVE CAVITY

ANODE CATHODE

(POSITIVE - LONGER LEG) (NEGATIVE - SHORTER LEG)

Figure 3.12 LED Lamp

LED s afdr ff_yus (Working Principle of LED Lamp)

ST LED @R DC @leed (DC Voltage) BIRaS S (Forward Bias) Ryl AR &t oI,
?IFGTEF"EE'FH (Electrons) n- E'Ié'q@'CR (n-type Region) &g p- clsu TR (p-type Region) G
WD, TR B (Holes) IdC G- A, p-n SaRM (p-n Junction) &R, Scidid
(Electrons) 31T gl (Holes) Y1:UchA gIard.

o T YF:UHATHRUN UithUaIIH, TSl (Energy) WIi~T (Photons/Light) T0T Xa&UTd Scdtord
B, Ifold UHIRIET degad (Wavelength) 30T T (Color) aTRced YHIHSdCR
HeRaa=n (Semiconductor Material) TSl 98 71 (Energy Band Gap) dR 3idaig 3.

o SR IHiHmETR (Semiconductor) Q'Rqﬁ'?? (Transparent) A, W Jfold UhT]
TRIATY UR S+ LED STeR USdl, Wies feefSiad Segfim= (Visible Illumination)
TR B,

LED 9 BT (Advantages of LED Lamps)

e BN QT-lTrff U=t (High Energy Efficiency) Higd HH GieR HIFR (Low Power
Consumption).

o 3T A mlstm-ffd (Extremely Long Lifespan), 100,000 3y (Up to 100,000 Hours) gdd
IEUIRE

o HIHIGT ATV ATscde fSTST (Compact and Lightweight Design).

o 3T WIC-3MT (Instant Start-Up) 30T STEe¥d AT deld (Easy Control of Brightness).

o I SHTURTA (Remote Operation) 30T FSTRRT URTae (Dimming Possible).

o 3P¥ HAR ST (Excellent Color Rendering) 31for fafay Fwe Iuasarn (Availability in
Various Colors).

o Wﬁw (Environment-Friendly), ®RUT dTd ua@fr (Mercury) a1 iRt Aeiac

(Toxic Materials) ATgd.

o Tobfdheel AT (Mechanically Robust) STfOT RITET (Shocks) T aRISRIT (Vibrations) T8
ICEUIRE

o Tl TR TR (Low Operating Temperature) 3Tfor e gie SFeRH (Minimal Heat

Generation).
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3.5.2 Eﬂﬁ%ﬁ)"ﬂf RI&FF@\_:EIT dTUR (Using Energy Efficient Luminaries)

o F{&Hﬁﬁ (Luminaries) gl Udh HQ[UT Fﬂﬁ?ﬂ qﬁ‘c' (Complete Lighting Unit) 3T SATd
(Lamp), BTSRRI (Housing), RURIaeR (Reflector), RIpaER (Refractor), 30T @Tge feResg=™
(Light Distribution) d SRR (Operation) It Tagdh @ﬁﬁ?ﬂ (Control Gear) gH1fay
3. Qﬂﬁﬁm F\‘I&Hﬂﬁf (Energy-Efficient Luminaries) BEERIES FEUT Fﬂéﬁ"’[ iy
(Lighting System) HUIdHH! Q:lTrﬁ HSFRE (Energy Consumption) 7 SR SRd
3?1&@121:[ (Maximum Possible Illumination) W f&2me Fell o, 3 F{&I:Rﬁ?r[
(Luminaries) Eﬁf?ﬁ HRATd Bl c1|§c I (Light Source) 3o Sfiftema | (Optical
System) WG (Performance), Tfth =t (Efficiency), 3rfor %Gq\’ﬂﬁ HIHC (Visual
Comfort) FI31 SITPHISSS (Optimized) SR,

o TU-TURIT RI&FR?G[ (High-Efficiency Luminaries) TSl = (Energy Consumption)
U HRAMT HTARTD SYEARMA dgd (Required Level of lllumination) IRGUATA Hgard!
i—ﬁrﬁ CRIEGIGAN R{&Hﬂﬁ (Luminaries) PUED gﬁ'c’ (Unit) E’é@ﬁ UlaR (Electrical
Power) dlUXcld} 3 Iuantt cflléc 3I3cYc (Useful Light Output — Lumens)
fiezquarardl fegmg s e,

o TUGH-UMhRIC SR (Energy-Efficient Lamps) ST &1 Tasa! (LEDs) fdhar TUHTH (CFLs)
qTRe, SfeeTRs 3ifPed fEHE=T (Advanced Optical Designs) 30T Sadcie Serd
iR (Electronic Control Gear) qred, B-TUher= ?\’I&Hﬂﬁr (High-Efficiency Luminaries)
Blc (Heat) 30T SIS dse foweH (Unwanted Light Dispersion) TS TSl e
(Energy Losses) Ut HRard. R, I lec:R-l ded (Brightness Level) IYUGRATST
HH galfacdhd UlaR (Electrical Power) ARTd, SAT AE<ATd TSl Yiea™ (Energy Savings)
foreadd.

o fam, ®Hl §lc SFRM (Reduced Heat Generation) USR-iaur- =T (Air-
Conditioning Systems) dX @%‘I”T s (Cooling Load) FHH P, GCH'E@' 3TORG Q:ITrff
Eh%ﬁ&ﬂ (Energy Conservation) BId. Sihay (Offices), Taexiol (Factories), 3o E°I'C’
Fﬂéﬁﬂ Rt (Street Lighting Systems) HIR¥AT e WI@'QFH (Large Installations) g2 433)
E-TUh Rl ?I&Flﬂ\_ﬂ (High-Efficiency Luminaries) dTU Tl H{Uf ufumg (Cumulative
Effect) HTIUf QiR he (Overall Power Consumption) 3T STORRAA m
(Operational Costs) T qeufa wurd (Substantial Reductions) GG

Qqﬁﬁgﬁﬂﬁ ?Iﬁlﬁﬁ% tb‘l'ﬂ% (Advantages of Energy Efficient Lumlnarles)
. Ufthic gARa (Efficient Luminaries) 3 fEEA Had 3Ad &I dlsc (Light) 9!

S sraza® oMg fdY Uiglad, SUMes sk (Glare) HH! Bldl 30T 3Haice TR
(Unwanted Areas) dX Fﬂé‘c’é@ﬁ (Wastage of Light) FHH Bl

o TU-TIfac Rudifdes (High-Quality Reflective) 3for fbfdee Ao (Refractive
Materials) GTORG STTATd SATS ATae AT3CYE (Light Output) SHTOT FHABIHET (Uniformity)
dred, mem (Overall lllumination Quality) ﬁ?ﬂ?ﬁ.

o ﬂﬁ?j&lﬁm (Modern Luminaries) g mqﬁm@sﬁaﬁﬁaﬁm (High-Efficiency
Electronic Ballasts), Qﬂsrsﬁl §Iq06{-7 (LED Drivers), 3T e m (Smart Controls)
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3dd, o UiaR g (Power Usage) &foiiasicar wHt ordrd onfor Rdta Remafaferct
(System Reliability) JYURdTd.

Toil-ufthRic TS840 (Energy-Efficient Designs) 3H&al ®HI gic (Less Heat) fAafor
HATd, TS B (Components) aR faTR (Wear) &8 Bld 0T =g fher-it
(Maintenance Frequency) d wﬁw (Costs) HH! IdTd.

& gﬁﬁﬁ%‘r (Luminaries) {-igi?m QI$C-§<—I (Balanced Brightness) 3rfor gﬁfﬁﬁ s?lﬁleﬂ’ﬁ
(Uniform Illumination) YddId, Ws@@}lﬁ (Industrial), HIaREd (Commercial), 3rfor
IRSRET (Residential) STRIHITATS! RTHAGIS e TRRRTHCH (Comfortable
Lighting Environments) TOR gIdTd.

3.5.3 WS¢ Heles ISRIET 9TUR (Using Light Controlled Gears)

?IT'sLC' mﬁﬂﬁmght Controlled Gears) %@W%@@H (Intelligent Devices) 3Med
EEAICRINE? sc'ij\l-lﬂ-alﬂ dew (Hlumination Levels) far HHQIW (Occupancy) TIR
3fferAfedell (Automatically) TTSIETT (Lighting) FEfEd #Ramd. 3% 3MEHeSI3R ARl
Rt (Outdoor Lighting Systems) A, Fﬂé?ﬂ (Lights) frRg e (Fixed Times) d} il
3T 31 3fs BraTd, W= TROUEHT SIRd TSN B (Energy Consumption) 814, &
Wﬂ]ﬁ?@?‘lﬁmght Sensors) fdrd Lb\lc\lsalragdo d'pg\lc%i (Photoelectric Controls) ATy
fIeTST SIS, Wdhd, of fieHfedhal Agey 3 HRAId ol 3eg(e-=H (lllumination) JE
ded (Set Level) TefT HH Bl AT 3T HATd ST A9qfiie dlse (Natural Light) Eﬁ?ﬁ
39

R, AAHIIRER-eTRd (Microprocessor-Based) far sihl\ﬁs-o'bg\lc‘s (Infrared-
Controlled) ST RIE™T (Dimming Systems) dse el (Light Intensity) TR@ENW
fESE (Adjust) B dHdrd. HIXHE f&CFR (Motion Detectors) 3T Sffagu=dT T4
(Occupancy Sensors) THRIGT (Efficiency) ATeadTd BRUT Algcd had dogl Saeeg (Active)
gIdTd Sl HegHe (Movement) f8Cae (Detect) BId. S-TTs e (Daylight) 3fTTOT Scifde® ATgfed
(Electric Lighting) gi%ﬁm (Integration) FT SPHA QT-I\_IW ?If%T'ITCI@TIF[ (Optimum
Energy Utilization) gﬁ@a gld.

PR (Conventional) W (Ballasts) =l Qa\—:ﬂ Bld- | schlldorv @lch»{-l
(High-Frequency Electronic Ballasts) ERGI] (Install) Hag Qqﬁﬁ (Energy) A 35% TCTH
odd (Save) PXdl Id 30T UTaR haex (Power Factor) ﬁER_cﬁ. gaftd Fﬂ'sfﬁﬂ @R‘lﬁlﬁ?
(Dedicated Lighting Transformer) dT0R<IT lecsl UIaURT (Voltage Fluctuations) B!
s\ldld, \sqllio?b T TR TH- (Lamp Performance) G-ITWTW (Longevity) ﬁ‘&lﬂﬁ.

3.5.4 FI'I%ﬁTIWIBrT Juve @R‘I’Qﬁﬁ? / Wﬁ'ﬁm ET\‘ET%!ZFI (Installation of Separate

Transformer / Servo Stabilizer for Lighting)

SIERIRRELSS] (Lighting Systems) T IRBIHY (Performance) 37O Ufth R (Efficiency)
T gleedl (Supply Voltage) TR JU qaqd 3d. YA o (Lamp) AT ¢S
Flecsl (Rated Voltage) dX 3qee (Operate) CRUIRIES %311%‘4 (Design) Bl 3T, SR
Al ST SR {89 313¢Ye (Luminous Output) Gl SHTTOT 3P TRt (Optimal
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Efficiency) T8 ®TH ®dl. I Y¢S w®leedl (Rated Voltage) URIA gl e cEd AT
RGTH-IAR (Performance) &1 TR S ahdl.

e SR UM (Lamp) 9T AR baiell wlecs (Voltage) Y¢S ®eg (Rated Value) Y& HHT Tell, TR
G $3YC (Luminous Output) TEUTTRIAT HH! Bldl, TS WRIE FG[B-LH
(INlumination) 3101 B! fegfSIfaferdt (visibility) Bid. Id¢, SiegT @leedl (Voltage) Y¢S dagd
(Rated Level) U&T SR 81, T (Lamp) SR T3¢ (Light) Iafold HRal, JUT SR e
(Current) EITCRT-ﬁ, e gic (Heat) fafor grar sffor ARHIA (Lifespan) HHI B, U,
Jad RR @leew (Constant Voltage) &Il (Supply) 39Ul Hea 3Tg, wllj,o\o @ﬁ(Steady)
31for ufth R (Efficient) argfé W (Lighting Performance) .

o SN SR sal?gdom R (Electrical Systems) A, arefd Fﬁ%ﬂ (Lighting Loads)
M TAWHIAR (Transformer) §R T@ (Supply) Bl SITATd, ST 3aR iR Sf@UHeH (Power
Equipment) S @I Aicy (Motors), HUT (Compressors), 3707 TeR-hfefm gﬁw (Air-
Conditioning Units) <l T Bie (Feed) Fdl. § gal Fﬂ@ﬂ (Heavy Loads) ddd oo
TRIGIURI (Voltage Fluctuations) fHT0T SRdTd. Higdm Alcd (Motors) & STeT6R ST
I (Drops) 30T 3T FHedTaR Sleesl Tord (Voltage Surges). 3T @RULT (Variations)
e ST (Lamps) T ST§e-9 (Brightness) ATOT A8 W (Life) G TRUTH HdTd.

o I HRR HId BRGNS, A8 Hex (Load Center) Taed @RI AideH (Lighting Circuits)
BIGRSKE! CIrHLbIJ-IQ (Separate Transformer) ddddl Idl. § 3RSMHC (Arrangement) T
%i%@gmaﬁfm(mng Distribution Lines) HW@@G{@U (Voltage Drop) o ORI S
CRGREILI EGR Fﬁ@ﬂ (Other Loads) E@' FUIE fSwedg (Disturbances) U NIE]
“v'lﬁ??ﬂ (Lighting Circuits) <l T ). aRom, @l e (Lighting Terminals)
I Fleeo! (Voltage) fRR ', \sqllio?b ctjjl\-HH bRt (Luminous Efficiency) 3rfor
arefen Rdi (Lighting Systems) =t Remafaferdt (Reliability) ded.

o AN, gad RR Flee i?gﬁm‘—r (Constant Voltage Regulation) ﬁﬁ@ﬁ HIUGS,
SIS é%CTalerH (Lighting Installations) o “v'lc_e;f “\E\ﬁﬁm—sﬂﬁ (Servo Stabilizers) Sred
SITdTd. 3! WISARER (Servo Stabilizer) 3T3TYE @leed (Output Voltage) Tdd HIFER
(Monitor) Hdl 3o sad{fﬁob dbcflc*l ﬁ?\f?ﬁgﬂq (Electronic Control Mechanism) 3qifor
CHRUEL] &ﬁamﬁﬁi (Variable Auto-Transformer) R AT FSoRe (Adjust) Hl.
§ ®leeol Ueld<URI (Voltage Fluctuations) AN B AT AfRIe R sigeurg fRIR
Slees (Nearly Constant Voltage) RECKIR

o U, SIEGRIARIESLSS] (Lighting Systems) IR EERE cl=d IR (Separate Transformer) foar
{-IOE;T e&'f&mq'{,{{ (Servo Stabilizer) CRGIY Qqﬁff@s{ar-‘al-l (Energy Conservation) ﬂ‘r‘f{%ﬁ'{fﬁ
YAPT aoffad SO Iy (Lamps) o1 SHPEH SGAAY WWGIH™ (Optimal Luminous
Performance) Gi3d ®Rd, 8T i STURRAA ISW (Operational Life) AT aTGdd.

tFITI% (Advantages):

o WIS (Steady) 30T JFBIH (Uniform) IeGERM (Illumination) Tg0f RIS (Facility)
e,

o T (Lamps) 3O SR WEfET BT (Lighting Components) dT dleddl IS
(Increased Life).
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TSl UhRIE= (Energy Efficiency) YR, HRUT A8 (Lamps) AT SATPAT Gleed!
(Optimal Voltage) dX 3qee (Operate) hdId.

o QTSfeT f{@lﬁf (Lighting Equipment) ERCIGENE] (Protection) @ el (Overvoltage)
30T 38R Iee (Undervoltage) Uﬂ'@l?ﬁw

o LI AMIH (Stable Operation) H@F T (Maintenance) 3for Rrgde (Replacement)
T o,

3.5.5 Q=T 9qTUR (Use of Sensors)
arsfdT R (Lighting Systems) T IO (Sensors) dI dIUR (Use) E@H%W Q:ITrﬁ
(Electrical Energy) CIECIZIEIG]] IIBETIUf H&Iﬁ Eﬁﬂﬁ?ﬁ, HRUTA T (Lamps) =41 SRR
(Operation) <l ggfaruiy (Environmental) 37for IRyt (Occupancy) Uﬁ'@ﬁﬂﬂﬂ TS
(Automatically) W (Control) b XdId. T (Sensors) HATARYID daRfémaR (Unnecessary
Usage of Lighting) cledid, \squ:j,oo Q:ITrﬁ bR (Energy Efficiency) ﬁﬂﬂﬁ 31ifor
JHTRRAA W (Operational Costs) HH! grara. fafdy UeRa dod (Various Types of
Sensors) IR SId1d, § SI@IheH (Application) 30T 3a=ge 3T dad (Desired
Level of Automation) AR AT 3.

o fafay yer= IOy (Different Types of Sensors) U =, arsfd R (Lighting
Systems) 31T SefeTSic (Intelligent) ATOT TBTRRIE (Efficient) TeiH 3TI¥E (Operate) 813
Yhdrd. IurRYct (Occupancy), A (Motion), fdar Q%?Tc' ollgc (Ambient Light) dX
MURd  3fficAcE @hcld  (Automated Control) ZAfdCRICT  (Electricity) SR
(Consumption) AU HH! B, T (Lamps) Ell S (Lamp Life) gread Gﬂﬁfﬂﬁﬂ
HEBE (User Comfort) JURd, of st RIEIRT (Lighting Systems) T UHTA Toif
rﬂéﬂm (Effective Energy Conservation) T INTGH cdrd.

A. W@W(Motion Sensors)

o TRH Iy (Motion Sensors) g %EE@F (Devices) 3Med o U (Occupancy) fdar
Bl (Movement) &ﬁREHFTTGH (Lamps) 3TA3MY (Automatically) 3{1+1/3{T P

e T ITY (Sensors) HATARYD argfT (Unnecessary Lighting) dIUX cleadld 30T TSIt
U RIG= (Energy Efficiency) argddrd.

o HIRM T (Motion Sensors) faRIvd: giaid, HINSIR, WIS TR, AT Frasi-e SIFTHE
(Public Areas) ATARa SITATd o1 ST Thad IURTT AT TaTH 3.

o TTH (Sensors) T IS (Range) ATMOT T8 f&T (Time Delay) UT B ITDHTIIR TR
IBRIEG (Lighting Control) CNIRSIGI

o EITW(Sensors) dluill:],o\o $€1|rc|\<;cbc1 Q:ITrff(Electrical Energy) SId gld 3o oy (Lamps)
Eil S (Lamp Life) dred.

B. Gﬁ'ﬂﬂ'qfx‘ﬁ IS (Occupancy Sensors)

o G-ﬂJT:RIqu pepanal (Occupancy Sensors) TATT Qrend fdbar falRy S| (Specific Area) e
IURY 3MTed Bl ATel & SMeswdrd 10T IURYT fATe™T d1SeH (Lights) 3TAISHTT ON
HATd SO SURI A BR[TdPh ISR OFF BRI
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7 I (Sensors) H¥Hd: P T (Conference Rooms), il (Classrooms),
31T TRATS (Office Areas), 3101 8IAd (Hallways) 7 aTUR SITdTd, Fold TehT (Lighting)
o Seg] TR S g1 SHTaRID S,

o TECY (Lights) SMALIHUU dTe AGUIMNURA I[edMes, TS HIAAIE (Energy
Conservation) gId 3O STaReH PCE] (Operational Costs) FHHT Il

C. uifeafad) I (Proximity Sensors)

o Ui Jog (Proximity Sensors) Tdhl fafRry sfavTaR (Specific Distance) U7 ol
fobar gl SURYT sf@drd SO AT AR AR (Lights) TSI ON fdhdl OFF &hdld.

o %W(Sensors)ﬂ@ﬁ 1:ﬁ@R:[(Garages) W(Entrances) ﬁ'IHEQﬁQT(Llft Areas) 3o
23T (Industrial) HTIRISTHE AU SITATd, 5T YT (Lighting) Had SiegT aq fdran
ol SURRIA ST dogTd SHTIID .

o TRCH (Lights) 3MEARIHTY TG AGUAUNT IGedTHes, TSl $HHa=H (Energy
Conservation) gId STfoT E’é@@rﬁ rﬁw (Electricity Costs) = grr.

D. HeR G99 (Color Sensors)

o HAR YUY (Color Sensors) HER 31H AZ< (Color of Light) fhaT UHT=I=AT ITM=AT SCai
(Change in Light Color) Hifgdt fBresddra sffor arsfdn Req (Lighting System) e Ay
JYUIRUIT (Appropriate Adjustment) X dld.

o %@W(Sensors) helRk géﬁraﬁ (Color Intensity) 3T e 3% dse (Tone of Light) fdfad
H& Ing Sffadc TRRAHE (Ambient Environment) TR HRTd.

o FW ITY (Color Sensors) EIWIW]H@' Q:IGﬁ ﬁa%{l:[ (Energy Conservation) g, argfe
Th==T (Lighting Efficiency) aTed, 30T fgsgsra HIHC (Visual Comfort) T,

E. Uﬁﬁ—\ﬂ'ﬁlﬁ%’ T (Photo-Sensitive Sensors)/ﬁ'li?-%ﬁ%? T (Light-

Dependent Sensors)

o U’ﬂﬂ-@ﬁiﬂ%@?‘lﬁ(Photo-Sensitive Sensors) ST GIQC-%Q'SFC @T\‘:Iﬁ(Light-Dependent
Sensors — LDRs) 31Ig! U, § SMSETo[ dls¢ daed (Ambient Light Level) aR 3LTRA
PTH HdId.

o B UTY o Se HFSVT (Low Light Conditions) A& S P TeOTHIB! (Dusk) TTse
3{TYI3TT ON FHRaATd ST IRET S ATse (Daylight) TSR @8 e OFF RdTd.

e ® T faQva: SM3TsIsR Fﬂ'sfﬁ"'[ (Outdoor Lighting), Ej'c' Fﬂgﬂﬁ (Street Lights) 3o
ST TR (Garden Illumination) JT3T IUYEd 3. IS S Alacdl ARG dTR
(Optimal Use of Daylight) Eﬁ?ﬁ 3for Qqﬁﬁa@ﬁ (Energy Wastage) HH! éﬁ

3.5.6 fufvaifes O (Periodic Survey)

o wEfd fafes (Lighting Systems) El \Qigm sv%qch‘lld (Regular Inspection) 3T Ao
(Maintenance) 81 30U FGHARM d@ed (Optimum  lllumination Levels) &1aH
SaUgTTS!, TSl bRt (Energy Efficiency) dT@duariTa! 10T i aid GRS
(Luminaires) T4 AR X ATGaUaNTS! 3d RIS 3R,

o PIATIAR K1 &\@Eﬂﬁ'ﬂ:{ (Dirt Accumulation), A TSI (Lamp Aging) 3T HI<
feefRaiem (Component Deterioration) E@' AT WeHg (Lighting Performance) !
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Eﬁﬁ ST W fuRaes® H%G[ (Periodic Surveys) HIT 3T Uil dIHR 3es@d]
Tard 3for Rifew=dt Tfth=ic 3iTAY=M (Efficient Operation) HTIH I8

Uh Jd-wie fufanss H% (Well-Planned Periodic Survey) MOT HeT URIH
(Maintenance Program) ZITE@' arafdn RiRkes (Lighting Systems) i aseaa) Ther=!
(Maximum Efficiency) = HTH HRard.

AT (Cleaning), F@?ﬁﬁ'@ﬂﬁ? (Timely Replacement) GF@[E@W (Inspection) Eﬂ'ﬁ%
A AT PIfere! (Lighting Quality) gYRd BIREGH Qqﬁﬁ Wﬁ'&ﬁ (Energy
Conservation) 3T Sfiegafia Riftew Ramafaferd (Overall System Reliability) o |
HETE! HR USd.

Wfafes®s H%'tﬁ TIRST (Need for Periodic Survey)

T ATEE STITYE (Light Output) ATIR ATG TR 888 HH! aldl HRUT Sed fdhal egad!
AT (Blackening) Bld, flharc HeRael SEURRM (Evaporation) Bld fdhdl TRk
AT BB HIfCT A (Loss of Phosphor Coating) gld.

ST TR, W(Reﬂectors) W%‘Wﬁﬁ(mmsers) IR I S 31101 5
(Dust and Dirt) H%FITECE 313 cYc 30-50% = 41 g,

W (Ballasts), Ty (Starters) 31rfor smchHOb SMOR-I (Electronic Drivers) i
TRt (Efficiency) BTAART HHI Bid fdhdl fhIB T (Flickering) TR Bid, SATHeS 3o
Toll arar offd. TR eiife® & (Periodic Survey) hedTHes 31=1 FSUSRIT dedid TN AT
WW@WWWW (Proper Illumination) G-ITWTE:IGW@I%’T (Energy
Saving) G U

3.5.7 3ifShe Hea=T W (Adequate Maintenance Programs)
LEZEINE] a9 UmH (Maintenance Program) QT T (Steps) JHTAY Hl:

fqaf (Cleaning):

WT fqaf (Regular Cleaning) &= L xﬁw (Lamp Shades), Nociaed (Reflectors),
%‘E@Tﬂﬁ (Diffusers) 3o F“{&Flﬂ\_r[ (Luminaries) =l WhHIg (Surfaces) It B (Dust)
3101 S (Dirt) BTG cThal! oIl

ET\EaTFZF[ (Inspection):

EE] (Lamps), R]'&H(Starters), &Wﬁlﬁﬁm (Ballasts) ad @oas‘i EASENEE (Visible
Damage), AP (Blackening), fdhd \1624\%6 §||$c:|{-| (Reduced Brightness) 31136’$[ d d®
(Check) &l STTdl.

RNwrgHe (Replacement):

ST ! gAY T RIT (Luminous Efficiency) T SITel 31T o JOTT0! e (Fail) ZTal
W@[Hﬁiﬁﬁ'@mmeplace) Hed HIRRCC Q'1|$rd 3HI3cYC (Consistent Light Output) e,
salrc?;cbm d% (Electrical Check):

TR SR (Wiring Connections), ®lee W@ (Voltage Levels), 30T dheld Afhed
(Control Circuits) TG UhIX HTH Hd Ted Dl ITd YR bl ST,

o oRET TY afvr ETFIW (Testing Sensors and Ballasts):Gﬁm SIE W@?ﬂ
(Automatic Lighting Controls), J (Sensors), 3o ETEW (Ballasts) YRl TR
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(Properly Function) ®Xd 3flgd &1 d dUNIA Sl Si0ide- Tohdl HIPHET Jfearaei=e

(Optimum Utilization) Eﬁ'sf?f

ﬂ%%ﬁ firer—at (Frequency of Survey):

— Tt (Frequency) ATATARUMAR SdeiqH 3

— &IH Qﬂ%’[ﬂ’r’lﬁ?ﬂ (Clean Environments) — Aithag (Offices), IR (Classrooms):
&R 6 d 12 AL

— SXI fdhar T8fcud Ti™-HCH (Dusty or Industrial Environments): &% 3 d 6 A==l

— 3T3celsR fhar ufsia SIS fafery (Outdoor or Public Lighting Systems): sz 2 @ 4
Afg=ai— fuRkenfS® s=UaRM (Periodic Inspection) HRUART RIBRY.

ifaifss Aea=1< wrae (Advantages of Periodic Maintenance)

HIRRC< scgil\-l-qul-l GEERS (Consistent Illumination Levels) T 3dd.

TR sl (Power Wastage) 3TOT HToRfET m (Operating Costs) HH B
AT Sfeuden (Lighting Equipment) ARHA (Lifespan) JTedd.

's?qiﬁﬁ%g TRASHE (Hluminated Areas) TUeT (Safety) 30T HRBE (Comfort) ATEdd.
RIS TH I3 (Unplanned Breakdowns) ﬁﬂTﬁv_cﬁ&ﬁ(Fallures) g0l <154l

3.6 B~ (Fans) 30T Hifers ¥ e fE@TIUTTT (Solid State Devices) ATUR B FAGCI-D
Wﬁ (Electronic Regulators) adia Qq\_rﬁ W%QH fag (Energy Conservation

Techniques)

T (Fans) 8 IR, JHIHAY (Offices) ST SIS (Industries) T e gTaRa SIuMR
$c1|orcor>c1 AT (Electrical appliances) G{I%FT HNEECEINT &leﬂoo U Ul Q:ITrff
HSIRM (Energy consumption) H I WST dlel 3/l TAH-3MbRIC B (Energy-
efficient fans) 3o sﬁmw (Electronic regulators) IR HiddT JHTuITd Q:ITrff
fETT (Energy saving) T I,

o (Fans) g2 433) Q:IGW W%QFT (Energy conservation) g Q:ITrﬁ'{fﬁv_Sﬂ'c' %311‘:{? (Energy-
efficient design) ﬁa?ﬁ g Hea (Maintenance) ¥ 3for Yorfes E'Iéq (Resistive
type)i"ﬂﬁ?ﬁﬂaﬁﬁ Tifers-¥e sadg\lllr-\-ldo \Qigac%lr (Solid-state electronic regulators) dl4=-
THTGTTUr A1eT Bl d. T X (Steps) E@' sﬁw HSPR (Electricity consumption)
HH id, 3fPUHc aRw (Equipment life) dred T ISR 7 HARd siiwrhera
(Residential & commercial applications) 7 geAed Q‘ITrﬁ Yol (Sustainable energy use)

BI0GIY Had gId.

. Qqﬁﬁgﬁﬂﬁ T JaaR (Selection of Energy Efficient Fans)

et Tei-gfthRic =T (Energy-efficient fans) FHaeT o di38 (SRT 3iith TSN gith2=T)
BEE (Bureau of Energy Efficiency) E’RW SRGIGR

A SOHRM (Room dimensions) A0 dHde A Fﬂ%@[ (Correct fan size) fAaer.
JaeRuNY, 48 cm WA BT 10 ft x 10 ft SHATS! TG ST, ATIET HST Bl e Toif
I ST SATIOT HHBC dled ATl

1Rﬁgrﬁlzf\ﬁlwﬁxﬁ'@@‘e’»ﬂ(Aerodynamicallyshaped blades) 3RS By TR, HRUT A HHT
Ufa¥ (Power) TUe TRTaH U3R-TSfragst (Air delivery) aTd.TsH-3fheie A (Energy-
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efficient motors) cfldc] A B Ho=Hd Alew (conventional models) U&iT 30-40% HH! UiaR
HSgH HIdd.

B. ﬁﬂ%ﬁ‘i’lﬁ'ﬂq 3IfoT He (Proper Installation and Maintenance)

o WH @@;ﬂ?i IR AT (Proper balancing of fan blades) X, GCIT&@F %W@QF[ (vibration)
3O AT (noise) HHT Bl s*alciv%s &I (Imbalanced blades) Je& Adbidhd AN
(mechanical losses) dledTd 3TfOr AeR U=t (motor efficiency) HHI Bld.

o 3RS (bearings) IGTR TUTIURN T HTOT AT GfSihe (lubricate) T, ST ThaR
e (friction losses) 3OT 3NERaie (overheating) TTe5dT dTd.

o Tr-Tdl ICICIRM BI3T (installation height) UTR &dl. BR JdiaR Sded™ WR ﬂazj?mrri
(air circulation) HH! gId SO JoIRell SR TS (Speed) TR W ATddTd] ANTGT, ST UlaR
SR (power consumption) Jred.

o ORaiTE® AT (periodic cleaning) HRT, HRU KGHAR SHT ATCCl S WRHIH
(performance) 311foT UeR feferagdt (air delivery) FHH PR,

C. Eﬁﬂﬁﬁﬁ?ww (Use of Electronic Regulators) (Solid-State Regulators)

o WWW(conventional resistive regulators) o e Pl (resistance
coils)mihﬁi;i(chokes) druRdId, @Tﬁaﬁﬁ sadgmw HT%S—%ECW(eIectronic solid-
state regulators) CIERER]

o WW(conventional regulators) gl (heat) ¥d=UId sc-'\llragwm Q:ITrff(electrical
energy) AT TAGATd, TR SAIACI-d STy (electronic regulators) A dedex fSERRHRY
(semiconductor devices) S &I cldd (Triac) fdhdT MOSFETs araRdrd, o @lee (voltage)
3{fA=r SBRIA (efficiently) WA HRATd 30T GIaR A (power loss) TABUN 0
3.

. %Wﬁ?—iﬁg@ﬂ (smooth speed control) adrd, gol} CAE:AR TR (user convenience)
greadrd 31 Rdre fdrar wré dbcfl&'%i (remote or smart controls) 1\-'hTlei“v'i%Tri'é“ﬁ‘j?:'(integrate)
g% T,

o $ad§Tﬁ¢ \Q*gac{-lr (electronic regulators) qIOR ™ Ej@s-‘u-—m CIW (traditional types)
ﬂﬂﬁ?i 20-30% Tdd UraR IfT (power saving) ﬁlﬁg e

D. Qqﬁﬁm TR feead (Operating Practices for Energy Saving)

o T (Fans) T A degl @l fdhdl ATSYe WIS (Low or Moderate Speed) AR 3TIRT &;
g Wie (High Speed) &ﬁmﬂﬁ% SHIIIH Y QT-W:ff DHHR[T (Energy Consumption)
qred.

o TH 3HMEUIES (Unoccupied) 3R @1 T OFF &I, WS TTSd Tuil a¥e (Idle
Energy Waste) cleddl Td.

o Tl STAYGRM (Direction) 3fSORE T SUIH TRTAT (Airflow) ST39dS (Downward)
STed, TS HHEBC dledl 30T TR IR (Air Circulation) hfdeeg gId.

o TS da} HIST (Mild Weather Conditions) A& fdSIel 3t e TaRd RfcaRH

(Natural Ventilation) dTUXl, qu'ﬂ% | Q@Gi (Fan Usage) HH! Eﬁ?ﬁ
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ﬁF\q?ﬁW ET\EaT:IQF{ (Regular Inspection), AT (Cleaning) 3for HeT=g (Maintenance)

h, GCH'E@' UhRiC TR (Efficient Operation) 3T AR H%H ?I'I'é'cﬁ (Longer Service
Life) ffesd.

3.7 SAfae® RSB (Electric Vehicles — EVs) 3TOT Fe3Iol (Batteries) AT TSI
W%QF[ ofeaw (Energy conservation techniques)

gdfacsd ®IBeT (Electric Vehicles — EVs) STl HISH THOUICYE  (Modern
Transportation) Fr&Ta=r U HEwrEl WA S 3Ted HRUI AfE S-THRHAT (High
Efficiency) o T kaE;M-ﬂ-Idﬂ sl-bldc (Low Environmental Impact) 3G tRﬂ EV H@Q:Iﬁff

W%‘\’FT (Energy Conservation) SR SR HRUATRTST sﬁw Q:ITﬂ.?lT (Electrical
Energy) 2fthie (Efficient) dTUy, sbhlcrcos ERRR:ESE (Effective Battery Management)

3T Sefersie W@Tm (Intelligent Driving Techniques) 3TdRUd 3R,

sellrag;d? ogsrdpci-l (Electric Vehicles) 3for SefRoHe (Batteries) Q'_-lTrﬁ T:h_:ﬂ%-‘lﬁ (Energy
Conservation) 3fthRic AIex fSE (Efficient Motor Design), 3S®IRS Held cfaTad
(Advanced Control Techniques), s3] HAoHe e (Battery Management Systems — BMS)
31T gefersie Srafet foefdsR (Intelligent Driving Behaviour) A<l TAISH A1ed HRal
qd.

gl @;%Trﬂﬁ (Strategies) CIRRIEI] RGBT (Performance) 3{Tfor E{FCF%’TW (Driving Range)
qTeadid aud UGUT Ueil [SHIS (Energy Demand) HH! $HRdd, SIS CFIUICIH 3ifedH
qEAad (Sustainable) 3o w-ﬁTs’Eﬂ (Eco-friendly) .

ETEIEﬁﬂZF\“’f Eﬁ% Hiewdar aTuR (Use of High-Efficiency Electric Motors)

TG SR ACY (Brushless DC — BLDC Motors) fhar WRAHe Wie RAswuy Ay
(Permanent Magnet Synchronous Motors — PMSM) dTURTATd. 4T A= =) YR
85% & 95% 31, Sff TRUTR ST HieHue SR T8,

RoRfeeg sifdbT RIReH (Regenerative Braking System) =T GTUR SRTdT. sidb SATac=T {-HI0T
@WWW(Kinetic Energy) Y5l Salrd\gdm QT-I\_rff(Electrical Energy) A& dacfd
Jei e Fraddl S, S 39 dled.

Hied SHifpHA Tie 31fiT ¢ids (Optimal Speed & Torque) IRIUATTS! ftheg-3iRECS dHerd
(Field-Oriented Control — FOC) fddl ogdﬂ o'b;\lm (Vector Control) HIRH] RILeH B Hiex
eld dATET dToR 1Al JHes TAST aee 1udTe 0l BT gid.

o rfea afdr Rdia (Regenerative Braking System)

IR ATeHE S Aaediar Br-icd TS (kinetic energy) ST TgUH a7 STdl.
$@1|(07§0b c%écm'i-l (EVs) T fomrfed sfd (regenerative braking) EICRIERIERE |
BIURI HAAfCH Tol Saifaedd TSI (electrical energy) HE TUTANRG B

8 RP®S (recovered) TS a1 Sexid ATEAd (stored in the battery) SITd, SaTHeS ST
R (driving range) 10-20% =t arga 3o U Ul OOl Tftper=t (energy efficiency) ﬁ%rra?r.

C. deit Haue Rdw Gﬁ@ﬂﬂé‘\’ﬂ (Battery Management System Optimization)

et HaoHe RIET (BMS) Tad We 36 3Ts! (SOC), ATaHM, 31101 e I (Cell) AT
el (Voltage) AFFER Hd.
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o © R 99 A& gHBIE (Uniform) TN (Charging)/fea@nfoliT (Discharging) e
P, GCH'E@' @I@Wﬁrﬁf (Overcharging), @Bl (Overheating) fFar Su fewart
(Deep Discharge) T[S T ST ded Fﬂ'ifcﬁ (Battery Life) Jred.

o YA TAHe (Thermal Management) Jeidr ang dgdE goitd (‘v'lT‘EﬂTUTCﬁf 20°C d 40°C)
3ad, SIS Tl 3TSTYC (Energy Output) ST fHesl.

o fAf®S-BIAT (Liquide Cooling) fhaT T3R-BIT (Air Cooling) R T ¢ BMS
&Fﬁﬂ?@[m Qqﬁﬁﬁ\m (Energy Loss) FHHI gl 301 de FFI?CF (Battery Life)
g WBIH (Performance) qredl.

D. E'IEEaE' %éw %‘511%? (Lightweight Vehicle Design)

o RIHAT goi HH HU YU Hew@Td TR, AT SGH-TH @St (Aluminum Alloys),
Bl BIESR (Carbon Fiber), 3o Wﬂ@ﬁ' Tefiaw (Composite Materials) HIRCHT g IRl
qeRged aaR &l Sirdl.

o AP Bohd AT YRITTRRM (Acceleration) 3T HH! TiaR (Power) AT, TS Se01
(EV) 91 SR IS (Driving Range) Tl

o TRISTHHG SIS (Aerodynamic Design) HTDHTSS B o &l WY st ﬁ@
(Smooth Body Contours) 31rfor W@Tﬁ@fﬁ?ﬂ? (Drag Coefficient) %ﬁﬁﬁ@ﬁm
STTOMRY TST T gid AT UpTT TSl = (Energy Consumption) ged.

E. Eﬁ)"\"lf aIfoiT f T (Efficient Charging Techniques)

o IR 3TOT $efersic ol RIRERT (Fast and Intelligent Charging Systems) aTART, ST S
Sl (Battery Conditions) g8 e (Voltage) 30T e (Current) 3SoRE AT,
\stlllj,o\o Q:IGWGT@I{-I (Energy Losses) TS ST,

o UUATS TN IHE (Programmable Charging Cycles) A W Aoy (Smart
Chargers) Sedl 8 (Battery Health) He- HRUATd Hed Hdld 30T SNl ary
(Overcharging Losses) HH! BT

o TR TN WA (Solar Charging Stations) far i\edg\Qdm-ques T A3y
(Renewable-powered Charging Setups) WWW@? (Energy Conservation) 3o
FeeATaferdt (Sustainability) STURAT aT@d.

F. Toil-gfbRic STAfe Widew™ (Energy-Efficient Driving Practices)

o WY SRIRTA 3MTf0T BY-Sffaa=H (Smooth Acceleration and Deceleration) S HIG
PEINIG] Qﬂﬁﬁﬁ?@’ (Energy Save) gld.

e dRAR 97 dTequl fdhdl 9 A1q0l eTed Higve 31U dide TS (Moderate and Constant
Speed) Hed (Maintain) bxIdI.

. '&fﬁsﬁﬁlﬂ?ﬁ (EVs) feaa ECARIL (Economy) fdrd ~£q9\|_§|q'|'%l| J-I\IS\{-I (Eco-Driving Modes)
qMUReIT UTaR RISt (Power Usage) S{TTPHTSST BIal ST0T slext ¥of (Battery Range) dT@d.

o ETERW(Tire Pressure)\ﬁobﬁés SCHSCRGEICH \sqllj,o\o WW(Rolling Resistance)
3107 iR &1 (Power Loss) SH!T Bldl.

o Fﬁﬁﬁﬁﬁ 3T WS fo‘l'ﬁﬂ (Energy Recovery and Storage Enhancements)
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o Wﬁﬁlﬁﬁ (supercapacitors) Jead E’ﬁa'c’ SN (integration) ﬁGFﬁﬁFs'
EICRIGEIE| (regenerative braking) W%ﬁ?ﬁﬁﬁﬁdlﬁidﬁl qréadt Id &F@[WEJ,%T
CIERGIRIGH

e THSS QT-ITrﬁ TR e (Hybrid Energy Storage Systems — HESS) 3= giaR 3Rt
(power density) 3for Q:lﬁﬁ@fﬁ-l‘cp[ (energy density) Eﬁr_@ JYURdId, GCHH% Ul Q:ITrffaTlN
SRS BIl.

G. Wﬁ@ﬁﬁ'ﬁﬁlﬁ? fafewg (Smart Energy Management Systems)

o JSHS Q:lﬁﬁﬁel\_rlﬁ? ARem (Advanced Energy Management Algorithms) ETCI%T[
HleTg (Driving Conditions), s Wﬁ (Load Requirements), 3foT A (Terrain)
i HiMeNTT B Hiex (Motor), 3faaer] RIRCTT (Auxiliary System)3fTioT fReRfea
MY (Regenerative Units)Hed TiaR SfthRicd! (Efficiently) fSRCSIE (Distribute) HRdTd.

e |oT WAI-@EWW(IOT and Al-based Energy Analytics) fRard-erzq (Real
Time) A TGl fSHIS (Energy Demand) UfSde &e- HaRM Ued (Consumption
Patterns) &f@mgﬁ[ DHdld.

Sample Questions
Q.1 State any four causes of commercial losses in transmission and distribution system.
Q.2 List out the different technical losses that take place in transmission & distribution

system.
Q.3 List out various energy conservation equipments.

Q.4 Explain the following energy conservation techniques:
(1) Controlling 12R losses
(i1) Balancing phase current

Q.5 Describe the technical losses that takes place in Transmission and Distribution system.

Q.6 Compare on the basis of any four points the commercial and technical losses in the
distribution system.

Q.7 Ilustrate with neat sketch the working of Automatic power factor controller.

Q.8 Explain energy conservation technique adopted for lighting system using energy efficient
luminaries.

Q.9 Explain energy conservation method in lighting system by using installation of servo
stabilizer.

Q.10 Mlustrate any four techniques to improve energy conservation in fan.

Q.11 Explain energy conservation techniques in electric vehicles.

Q.12 List different commercial losses in transmission and distribution system. State its causes
and remedies.

Q.13 State the working principle & operation of APFC used in transmission & distribution
system.

Q.14 Outline the step wise activities to be carried out to assess the performance of existing
lighting system of electrical installation.
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gfe -4 TISH S T DI SR 3101 SRB

(Unit -4 Energy Conservation via Cogeneration and Tariff)

B 3G cpH

- CO4 — Bl SHRM- (Co-generation) 3for Rferge dRw (relevant tariff) dl dIUX e
11’3ﬁl‘[%‘l?ﬁ\_Y[(facﬂltles) A Ay (losses) HHI BN,

st @i s e w (Theory Learning Outcomes - TLOs):

TLO 4.1 BISIA (Co-generation) Rt st (governing)\’rif‘aw
HRUR geadh i arat o,

TLO 4.2 feciean BRIRRIERITET TG U< ®I SRR (Co- generation) RIE I G0 &,

TLO 4.3 feoied BRIRIAHE combined heat and power (CHP) RIETH &1 quf9 .

TLO 4.4 faciean SR (Tariff) TRe-o TUBIHROT .

TLO 4.5 feciedn wRiferdt=an gaifaeRict fad wHl HrRugmre! g SRW (Tariff) R
quiq &,

TLO 4.6 GIF AT TR (Tariff) TR a1 BT ST0T feeiedn wRIferAed Sia- detel!
Salfae®® TSI (clectrical energy) GRI.

g@w (Introduction):
4.1 aﬁ-rﬂimr (Co-generation):

HI-SFRZM (Cogeneration) TRIfGC! OIS 3121 BRIfec! oraTd T deot i fdhar 31
eI K| Q:ITYW (useful energy) J UHR dIR HS SITdTd, S P 3@'@3’7 TiaR (electric power)
30T T (steam), SSTacd UIAR (electric power) 30T MR HBHHS) UlAR (shaft
(mechanical) power) ST,

PI-ST R (Cogeneration) GRifed i Iuas Qzlﬁﬁ (available energy) dT Udhlg- 3P
JHRId dIR HRUATAT &HdHe, WAl dOR HRUGMUET gad HH S84 (fuel) aTa=A
Wﬁlﬁ (electricity), i (steam), RUATHS g (shaft power) fdar AR Yh Rl Q?Trff(energy)
AR dHRdId.

U, ST LRI (higher efficiency) 1Y, PI-SEH (Cogeneration) BRI Q‘Wrﬁ
Wﬁi‘ﬂ (energy conservation) A &g gRTe™ (significant contribution) S (D,

4.1.1 BI-SIA (Co-generation): ao—«ﬁz (Concept)

PI-SFIRIM (Cogeneration), fdT combined heat and power (CHP), 1 UfohaT 3iTe SO TdhTd
Bstes] ol (primary energy) @?ITW TP Al E@F@ﬁl’cﬁ (electricity) 3o IUAh gie
(useful heat) fafor Ft S,
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8 Ugd TSIl TRt (energy efficiency) B&UMRRIAT dlgad, HRUI URUIRSG TraR
SREEL JYRUGO THISS] "aC” BIC (waste heat) ATORS! STd.Hgerd RIEH (combined
system) Tcd TIaR (power) 3T BIC (heat) SMTGATAT go-d 40% Tdd siftie UfthlRde
(efficient) 31 XTdhdl.

4.1.2 BI-SRIH (Co-generation) Rrdtu=ar MasTdt ged (Factors governing the

selection of co-generation system)

PI-STNEA (Cogeneration) Wﬂmﬁm (electrical) 3o Y (thermal) Eﬁ@ﬂ?ﬁﬁﬁm
(matching), SUOI Y9 LI | (available fuel source), Rredt| Wﬁf&ﬁﬂ (system economics —
IR 31 SifaRfeT @<t / initial and operating costs), I Fam® (regulatory) 3o
TITaRONY (environmental) STSTET THIGRT 31T,

W—W (site-specific) IS U (load patterns), _BQI—C'—Q—UTGT (heat-to-power) =0
HId]GhdT, 3TIOT SUSS ST (available space) %ﬁruﬁmww (optimal system type)
30T 3P (size) SYAVITITS! HEATE 3HTe.

B8 A= 3for Ye=f (Load Matching and Patterns)

3@5‘@@_@' 3for yHe sis dfem (Electrical and thermal load matching):
ﬁ@ﬂﬂ%@f@w (electrical) 3for yH® (thermal) 3I3CYC (output) W%ﬂ'@
(demands) 5?[\_3’551?[ TaRAS 3MTg. AT o Fﬁgﬂ (base loads — f&aT™ AT / minimum
demand) me (peak loads) i [IaR HoT Ardl.

i) BIS 3MMSTBIS (Load outlines):

R = TeR (system type) 30T 3THR (size) aguard E'-ii?'v-l (daily), W
(weekly), S3TTOT §IT (seasonal) Bic (heat) 30T UTaR (power) feHis=a Ued (patterns) Il
HIST UHTT .

i) ﬁfgtﬁ'a’\fw (Heat-to-power ratio):

aﬁ:sh (ratio) Udh HeddIdl SUEED (technical) WHR (parameter) G{I%’ T inherent
ﬁ?—@—ﬁﬁ?i‘iﬁ (heat-to-power ratio) BRafod=a ThlRrde iR (efficient operation)
TTT JHTaRIDH AN SBUT TaZTD 311G

iii) Eﬂ?ﬁfﬁﬁ? 3T Hive Baed (Economic and cost factors):

ety fRagar uRfYS < (initial cost), TR W (operating cost), 3o UpTT e
EGH_GTCT?H (overall economic feasibility) g faaR &1 S,

. sﬁﬁﬂﬁf 3T STRFET PIRE (Initial and operating costs):

URIYS HIST® AU (initial capital investment), TG IR W (ongoing operational
expenses), TfoT W= T (maintenance costs) %’ J-Isrdla faaR 31I%d.

« I’]JUG PIRC (Fuel costs):

g IIart SUGSIT (availability) 3TfoT <t (cost) (\_r@ CAERITED dry (natural gas) fdpar
AR (coal)) %’ UpTl SIRED EEITJFE!Td‘?ﬂ (overall economic viability) dXqUdld Hscdla Jch
3118 d.

iv) UG 3ffor WTCITﬁW haeY (Fuel and environmental factors)

. TJU® °l UGS (Availability of fuel):

RA% ISR UGS LRI UBR (type of fuel available locally) (3gT. Fufifed arg
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(natural gas), BIBHT (coal), TN (biomass), TR (solar), fal aRT (wind)) R fAadiar
3T YT TThll.

. Wﬁﬁi‘g@'ﬂi‘l (Environmental Regulations):
UgYUI (pollution) ) Feifera fiar sfor =i 399 (local regulations)ﬁ'-‘?l'ﬁl?f SRR 31{-I(\'>c’>ql
Wﬂﬁnea@fma Wﬁ%@ﬁﬁe—q’ (Polytechnic Hub):ﬁﬂaﬁaﬁ ®I-SHYRM (Cogeneration)
URUIR® UG go-d 3 (emissions) HHI ®e Zdhd, TRq R A AR @1
(specific system design) BRCIERIRE (compliant) B! AP TG,
V) e 3nfor STRIAoWaey (Technical and operational factors)

Eﬂ?:’ -G- -UTaR =M (Heat-to-power ratio):
BRG] HaTD TGB! WQ:IGW thermal energy) W@WW electrical
energy) BIGIRE] (ratio) ﬁa—s'mmeﬁméﬁr@ﬁﬂ (characteristics) W NICEREY \’rﬂ%
. RiIdta wuRrdt (System capacity):
?iTE[UfEI\TJaT (power) &F@TBQIE (heat) Wﬁmﬁﬂ@a (reserves) WT@E’W
S{dYh &HdT (necessary capacity) 3.
- WY Rerazde (Space requirements):
RTran Hifd® ST (physical footprint) a8 Uithdieia faaRTd ©0) 3azge 31Te.
- Brs-#ts fHhar WssoH (Grid-connected or standalone):
RSl qifes [T (technical design) TTeR TS 3RId Bi af Ifeferdt fre (utility grid)
2t pacS &r[%' P E’?ﬂgﬁl—d (standalone unit) ¥&U[d LRG| &ﬂ%
4.1.3 BI-SRIE (Co-generation) R m (advantages)
PI-SRIH (Cogeneration) ¥d= (clean) KNAE B REIR (cost effective) \’:‘I'I%»r 3)[ S (fuel)
fdar gl = (heat) Qﬁb—%l'q_cr diUR b Q:ITrﬁ JreAfafod! (energy sustainability) am?f, S
SYT I \méw.ﬁ-w-&aw (Cogeneration) PHTE IO (carbon emissions) &Wﬁ[@?ﬁ“@?‘f
(energy costs) THURRIAT HHl H= ADhd. A IAHS (simple cycle) bl

] (efficiency) 40-50% GIT{\W T‘R comblned heat and power (CHP) R T 90%

WW (efficient) 3HdId, \FQIJ;LOO $C‘>I0I'C°h giaR e (electrlc power grld) mﬁﬁﬂ
Rt (dlstrlct heatlng systems), Wﬂ\_ﬂ (factories) S(tllc'dtl ISOI’JI@H'-IILI%RI'-I (decarbonize)
PRUY[d Had GI(:I.
rfRifafedt ofs fRomfafed (Flexibility and reliability)
CARCE R (Cogeneration) qia m (power plants) @%ﬁ%ﬁ@ (aeroderivative) I
Fafddbdl (flexibility) HTMOT fAZIIAIAT (reliability) T ATSdId, 3O HTRADBATIR
m (electricity) 3Tfor ﬁ?‘f (heat) gl ﬁﬁrg T3 cYcH (specific outputs) IR hXdId.
B ifade TR (ambient temperatures) A HHl Uiar f&eefr (low power derating) H%
STIEM 37 TiaR (power) 3T _Lﬂ—cr (heat) YRdOI %_Cﬂ S{LC“I (heavy duty) EIEs| an&”
TSI TR TRIE .
3:@_6 CZEIRIGU (mlet condltlomng) duRegry, % Fq:Uf Jifsie THR=R 39 (ambient
temperature range) R CRIE Cdls'-l (gas turbine) <A1 GHQW'IBD[ (life) TR_cpf (guaranteed) Gy
SIS X,
T 3 3R a’ﬁ, <ty (system) $c<|'?-|<£c i?{fij\l{dc’g{-l (intermittent renewables) fdar m@
BIEN (emergency power) SUIGATAGT el 3PS (adapt) 8IS .
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Romafafed o 3a3fafed (Reliability and availability)
%a:f @'EJ,EPT (heavy duty) g ETSI'T%T\‘:[ (gas turbines) afta offq- ng_@ (on-site) "
(maintenance) LI azgahdl Wﬁ RI’IH%W (plant) W G{I_o'aé Yiedl.
gl 3ac, Qﬁ@ﬁ%ﬁ%’ aeroderlvatwe) W Ccllsr{-l%ilél HY9 HeT (major maintenance)
HIAMTST T SFRER (gas generator) SGGU AN, WiT Had <3 fGaq € -fe® (stand-still)
TI%T‘?[ \_vEI'IH% CHP Wicdl ITSSId] (CHP plant availability) +98.7% et (guaranteed) Gl
EIREIC)
CHp Rt (CHP system) J BHES (benefits) HioTor (quantify) Y 3MTg. oA Qﬁéﬁ%ﬁ@
(aeroderivative) gﬁa'r TS GI Wic (plant) ¥dd STORTET (continuous operating) MG HRAE
95% Wfd SUGSIAT (cumulative availability) T B b,
a8l HAioar R 31%17\‘:[ (reciprocating engines) &WT WicHY (Uhd JUAKI (single
availability) 93%) 3US&IAl <50% ﬁl@ . EQ:T g _C'af'i:':\q (aero gas turbines) Bl
U], & it RRINGIET R azged SR, WM Wicdl AR (plant
size) 3101 TRM® HTSIG W (CAPEX) 20% A BIR®
HRe AfdT (Cost savings)
CHP W'I—C:H (CHP plants) Af® Qﬁ%ﬁ%ﬁ% (aeroderivative) g _C’af'{:\‘:[ (gas turbines)
RN e 3'%7\‘:[ (reciprocating engines) UeT g sd (cost savings) a?ﬂﬁ, W'I'ﬂé' m
(electrlclty W@ﬁwm
$IB T 3TSS (lube oil) aﬁrﬁwﬁﬂ $1M USD U&fT ST §9d (savings) 819 2Ahd. Wicd
d¥ (plant operating hours) UI& 3HT-CTEH T (actual on-time hours) 31T, GCITH,%
HeTg (malntenance) STIOT ARG T (operational expenses) EbTﬁ Eﬂ?ﬂﬁ
T A gl HRuar 3o ATde SR HRUA Jed ad
IR T SRS SToHe A IR T CaZ-UET 10 UT SR 8BRS Scdoi
13, . UG HEa!], ST SUIGTIId Ul uarITa] gl i+ ST 2bdrd. R,
IRMNHIET ReTaYH S IRARAT FifAd BT BRGNS Hiddl fhdia @-Rlud
3D S, WI-gId THZ ST CHP Rl e Waal: ! HIUTe! Sl
U ATRId.
BN (Cogeneration) ﬂﬁ?ﬂﬁ HEG (standards) Tjﬁ?ﬂ 3T 3Nerisul (exceed)
A B,
Reciprocating mﬁ‘iﬁ (engines) &&- (combustion) aero turbines (Q?Bf CGIT%*H) ol gc’):Id
T URRUGHES 10 Ue D Gli'\'IObNdD ITo (harmful emissions) A B zTwar.
JYURUI (remediation) %qu-idisnl, RRvE S{TRUT (emission compliance) IYTITS 3P
fofre AN 8% ZAhdld. JTRIEMH, reciprocating pistons R fe—y) b g G|
JRARATT (low frequency) BIIEED 'knocking' 3TATS], HEITSHI G (sound proofing) MY
PO HARAD 3% ZADhd. Aero-derived turbines (WRI-SXZ68 TEIZN) ISHAT CHP
(Combined Heat and Power) WWW“—[ 3%'01@[: T Id JHET (issues) HTHAT h[dT AT
e,
HH 5“(‘\1@” Io (exhaust emissions) STIOT 3HTATST oI (noise emissions)
Aeroderivative (fo (@TIW—combustlon systems (e faferg (NOx, CO 30T UHC
(emissions) HIH® (standards) Q'@W EIEs| (exhaust gas treatments) ?ﬂ?ﬁw Rramg g1
PR, S YT YT AT Jenvironmental standards) JeidTl HRUTTd AGd HdTd .

d ﬂ@?[ residential areas (il%@@lqﬂ Qﬂ'ﬁﬂﬂﬁﬁ IKRIEIEIS] (n0|se) Udh f%la?ﬂ ﬁﬂ'q 31136'
cogeneration (aﬁTrFl?{QFD &IHC@TIFH (applications) dIH chld dlgl sr%CIm-ler{-IIOI

(3D IED TAFASTH (A coustic Enclosures) 80 dBA Td TT bl SITdTd.
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f&sms-IgIR 999 (Savings by Design)

Aeroderivative (TRT) SFRER JeqHe Faie IR SRICT (SI1868-power density) 3RTd, SIS
HHIT )land), STHTT &F (maintenance area) STFOT = gﬁ?ﬂ (storage facility) BIRILERSLE]
CE] (plant cost) HH il

Cogeneration Advantages (D ISTRIA BTIQ)
Cogeneration (ISRZM) U RIRCH 31Tg St SBTaeRIc! IdATGH HRAMT AT GIUIRT gIe

(heat) TR B, SIt SIYT ITAT ST 3.

URURS RiRerqmed, g1 gic g1 BIGT caHIdisi (cooling technologies) §R THIGGT SITd
fdhaT TIYRUMIUl AIATERUNA (environment) TERd. TRUTHT, SYFRET ATaR SHfYHTH THTATO
(maximum effect) Eﬁ?‘[ :iTéﬂ

CHP (Combined Heat and Power) e s dHau (transitioning to a CHP system) PO
3 BTG 3HTRd.
-@Gﬁm qread (Improved Energy Efficiency):
TfthfRrde Tell Aafor g,
. g&rsﬁ FH HId (Reduced Emissions):
UG BIc IRA AU, BaT ST T agaR HH! Gald USdl, SIS MHERHY 19 I
(greenhouse gas emissions) HH )
« SYATT 3fYPHaH TR (Maximized Fuel Use):
SOlaCIC IUTGANITS! ARG G! BIC G dho! S HTGATIS, ST HAHTH SUINT
(maximum utilization of fuel) HST STl
« PHT g@ﬂ%ﬁr& 3{TfoT Tsﬁ?: 91 T (Reduced Power and Heat Costs):
TSl T&AUT SO TA-AHIBRUTS SoiaeRICT IO Bl dT Ul Td HHT B,
?CI'I'EI__%, CHP R 926 Utllljo\b delal Eﬁ'c’ EWEHT (energy efficiency), ST IR, 37T
qaiaRuiig e .

BRI nfde WITI%:( Cogeneration Financial Benefits)

1. gle atd A aea (Significant Reduction in Energy Costs):

HIeaile gl o1 W (site heating costs) HIGaT THTUNG HH! 81 2AdhdTd, [a2iva: o Reaqas
S PR HGO! BIC (captured heat) AU AR fdhdT UlchaTdHe® SUHRUIT! (process equipment)
IR SIaRITUT HRdTd. U CHP RIeH aTuRd SgdiI, TI3earla Tsil W@ (on-site energy costs)
ST HH 8IS Db,

2. PPA (Power Purchase Agreement):

DI RIRCH ITRUIRT T AT (facility) AT TROITUET SR SoTag RIc! (AT de e,
Gﬁﬂqﬁ'@ﬁ-ﬂﬁ I T=AT &Fﬁlﬁﬂﬁm (excess electricity) Wmﬂﬁwﬁw
famuaT=l (sell to the local grid) ZTeRIdT F[RIdT 3R, Power Purchase Agreement (PPA) 7T Thad CHP fafeed
TG d URMYS Td HH! HRU! (reduce up-front costs) Had ®& Adhdl, oR df Sldeded T
RCEIG| (cover almost all expenses) PER D= ZThdl.

3. DY OTH (Tax Benefits):

&1 gfaer faRIvd: JRIRERM (jurisdiction) TR TS 38, TR DIV YRR WibRUT=AT
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fﬂﬁ%ﬁ:ﬂ qeld Hisdae! Hl (enhanced capital allowances) et ZaTdr srd. 3Mfor SRT a1
YA STH WA ATaHIR—ID (commercial) STTOT AR (residential) SHRGTE fed 3@, at
8 U B Jaodd (tax break) AT 31T ST S0 &1 SIS, Zhal. ATIERISR, ai- Tl Tiedrg—
(renewable heat incentives) fHqUaET WG deh 3RY 2[hd, ST ST AdIIHRUNI T
dIUR (renewable technology use) UITe <01 31mg. 3T e, SIovaH ety Tell T &
BT, B Yol [Hesaul, foT sifafikad gofacRict famuare teh uaig <uf arges HisdT JHIuMER
BRCIIR 3% FAHAN.
(AU BRI 1Wﬂ%:( Environmental CHP Advantages)

1. UEH (Consumers) HTOT ST (businesses) MBS TATGRUT THIG (environmental
impact) IO ToH feepTagun (energy sustainability) dTd} Ujﬁ&ﬂ i T& od 3MTad.
Cogeneration (PISFRZH) ST STGTd T THTAT (effective) AN 318 SATGR UGN YHTT
FHH HBT SIS 2.

2.CHP (Combined Heat and Power) RIEIH CO2 (T SHSMGES) MU SO2 (FAHR
S FIZS) IO (emissions) HIGAT THTUNT HH! B Zdhd. U, SigT TG biomass
@A) 30T biogas (STANN) URTBAT 389 UBREE (fuel types) THA B SIld, ]
grefafeet (sustainability) 3feHdIH Eﬁ?‘h

CHP (Combined Heat and Power) IR 1 gfauiged sfor fsroft aroredn 93, qrdhdrd i)
I $YH USRI AR bl SiTdl. CHP RIfRe™ 8 3 TR iR siricT ey diea
e THA )integrable) 1S bhdld, T d HIUAG] SYATGR ATUTRT SRADISMR .
(coaly DU UldR Wiiceys, CHP fRifew SR SyHian arR HRom=n glauiandigt Iugad
3TRd. § Hdes aIRGA Il sy-man fafgdieur wmxugran st gafaRomy sred geq
THRITS o= HRUGTE] Uaid od ATg], aR raT 3 Tol YR&d 16 glaroiag] U . HIoRRH
(cogeneration) ﬁﬁwqﬁ?mm DH[H D= QIdDa, aOGI ?rw WWW
TIR A STt &gl THIEGTHS Bom=aT Uik fEed~qugd HH Jae-=id 3id re Afde .
TGHTATHR, DISFRRMA (cogeneration)cfaid  fUHad Wi ThRrdedr Trdt HPHRS ded
STATd SIYT IR S0 Ele 91 aTR $ed, Ay fafdy yeRen s ffedue 83
Qehd AR A JUAsdl TR WIHR aruen Siftid Ty ®Rd, T Hidwrdia
TR fABTRITSt Srog! Ul SRdeRa Wi R ., BISHLRH (cogeneration) BTG STIOT
dIe UTgdHI, 3 ThRIAD dle 3Ted.

4.2 BISHRY UHR ( Cogeneration types)

Types of
Cogeneration
Power Plants

Bottoming
Topping Cycle
e r Pl T Cycle Power

|
v v v v

Internal
Combustion Gas Turbine
Engine

Combined Cycle Steam Turbine
CTHP Plant CTHP Plant

Figure 4.1: Cogeneration (ﬁ-ﬁﬁm qiaR 13'5'I'(.':\“I%[ UPR

https://www.elprocus.com/cogeneration-chp-definition-types-of-cogeneration-power-plants/
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4.2.1 Cogeneration (PISNRIT UHTR) TSl ATURTEAT SIHHTAR SATUTIT
Cogeneration (ﬂﬁﬁﬁm U Id ﬂ? B YPRR GI'I%T'I:

1. Topping cycles @Wm, @rtrf%%s%‘iﬁaﬁﬁﬁn‘rmw 3for IR ge =1
TR RS TlhaaTat HRard.

2. Bottoming cycles (SICiiTT UG @W), S URRS Bl AN ddd SfdT FaR arn foadr
gle a1 aTR Zofaeiict FHTu HRUgMTe! HRdrd.

315! UHRIH Yete AufidHRU "prime mover" (WS HaR) dAIHIGR STUTRA 3/, S &t 719
TdiE—, W caig-g, fhal 3o Haz o

TSl SUTARUT SIIHHTAR TR Cogeneration (@1-SIHRAM) © THR:

ETUfﬁWW(Topping cycle):
B 9ald I UHR 3. ST aTIR YYH FofaeRic! FH0 HRUGNIST HoT Sirdl, Sfor
gic Td IuSdIe WU A0 g4, Sit AR g sazasddr (YHe -1gy) Aé! aRe! 9.

BI-SFRZM (Cogeneration) RifeH TS aToRT=AT SIHHIGR TUTRT ST AHS fdhdl
STcfHT Iaee B didpd B! Siis 2.

Topping cycle I ARG ®) A, AT SUT UYH SSTaCRIC! HHIU HRUGMTST TR S ST,
3T R ge TR Ho! oid, St AGEdl SUSUTG (by-product) 3T, AT ot Ufgha ge
fhal SR YHG SMazgHdl JUI HRUANIS! dlURS! old. Topping cycle (CITUT &)
cogeneration (PI-SIHRZ) AE Aaleidh ATUR®GT SITUMRT 3107 BIb U TGd 31T,

Topping Cycle (E'ﬁfPT gD d): T qIH o cogeneration (ﬁ-@ﬁm que ] IR
UHRI Gfare arfgdl Figure 4.2 T St ofTe.

W YR Rifed guF (a1 HIvrde! UHRM) ST 81 gl W IH daR HRd, Sit AR
KA TalgqYT STl 30T SofacRic! Fafor s, fir drear Icsim HHT gt s
T UG Ho! SId. 8 Th steam-turbine topping system EH-cafsa et ffen )
3Te.

foreRT UepR Rifen Efomran IasiArga Snifoy/fdar Siave HfoT Ry e gauie s
T heat recovery boiler (8¢ s dgox) AL Urdadl, ford <t ufdsar ¥y / TRy uroft g

FUIARA HoT ST 10T YeIo ITURHTS] TUR hot Sild.

YT UBR gas-turbine topping system (19-cdlz Ui IR ) 3118, T Afdd 71g cafsa
SFRER ATGAd]. ST a1 heat recovery boiler (B¢ A<l SIAox) AL A, o Wiehar
W 310 ufdhar glc daR &
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Exhaust
Heat 150 C

1 Steam
Air Fuel 00 C ;
- — Water
| | Exhaust Heat T\'
+ /J— Boiler

\\\

Gas Turbine

:’> Electricity

Generator

Figure 4.2 T[T ATI®d (Topping Cycle)
SicfiT e fen :( Bottoming Cycle System)

STcfHT IHS (Bottoming cycle)HeH, UG SU B dMUHMRIT YH@ TSI (AU Hd
3TFOT fghar ﬁ'@h—m_"l'l?ﬁ el gie recovery boiler Rl IaB) ST TalsT SFIREIgGR
SofaeRyd! T FRUARITST aTRS! SITd. Bottoming cycles (ST THAHEE) 32T IdTGT
Ui airdl Suged fTed ST Hg! 31U fhaaaiaedl g1 duHMeR gie ot azddhdl 3d
30T ST Ufehad gle 81 dIHHTeR .

T SvanT aFme Rie, Wie, R, 19 3101 Ugis e Il HHIaQI gIdl.

Bottoming cycle (SI1CHT IS S) WIH topping cycle (CIUT D S) WicTAT Jo-d G
HH! AET 3HTed

Emergency stack cap
lPrﬂject battery limits

Quench tower and Future S0,
dust chambaer scrubber
After burner _
chamber Boiler bypass Economiser
Turbine | Allemator Condensate
| / heater

i
| / Electrostatic

v inl
rb_@‘{ / pracipitator J |
w4u |
Boiler |™ ]l
=) B

Dust settling
chamber

110 m stack

Existing D:saraqrua Dust collection
dust recycle YOU puxitiary burner
conveyor

Figure 4.3: ST Ara®d R ( Bottoming Cycle System)
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Figure 4.3 T SIcftiT IA®G q2doel 3, oY 49 HEld W@d oid Wi Ridfed
FCIES TR Bldl. HSIgd MUUR &HeRT 9 boiler (S1AGR) HE dIRS SAld of ¥ TR
HRATd, Sl TaST6] ATGGT ISTaeRIC! MU0 HRd.

4.2.2 DHISHTHA- (Cogeneration)- a9 GERIGLEES ATUTRd YR

Cogeneration @ﬁ@ﬁi‘-ﬂq) fafew =1 arg ﬁa@ﬂﬂﬁ, @rol ﬁm m@‘r HoHd afen
IR U FaS Ho! oId, ST Uige fhal dR 3o Tac R Tol fdhdl gic ol SdTg
CRURIC R

1. %éhzafs‘-r-arrmh?r PI-Se=E Riken ( Steam turbine-based cogeneration system)

2. ﬁvmﬁ&rarrum &i-svzE Rifew ( Gas turbine-based cogeneration system)

3. (ﬂ'ﬂﬂﬁ'&ﬂﬁ/"\m aafs&r-arrwﬁ?r aﬁ-ﬁﬁi':mﬁrm) (Combined steam/gas turbine-
based cogeneration system)

4. IRAAIBTET SFoM-3meniRd HI-svzH Rikew (Reciprocating engine-based cogeneration
system)

5. IS gfshar Nefie W‘ia Jaiide ITRS! S0t cogeneration CARSELER)
IR T oM AR STeUTRd R T-T q@-d HH 3RId. AT IR SERTHT
I g <o Idis ST azad IUHRUNT! Yo ARG UGS S HisdT
JHIUMER WIhRS TG,

6. Cogeneration @ 1-siezm) Rifkew St Tl oM (Stirling engine) ﬂmﬁ?ﬂ TR 3Tg,
dl o fawrT=T Twrd Mg Sl WUH of JElo duRield auid doo! Al 9d
cogeneration (aﬁ@ﬁmﬁlﬁ%ﬁ T YIS 3R U%FIT 3T [l YA ST HaRT=T
DI 3MTg. (P! o[- RifRed =1 W fafqy IRem=ar Jaud deea-id quiH & Tiad
3T, SHL T WIS Toil dd, Uh WIgH ToR Iradadl Sciiaed d1ax SRex ST T
qaRAY fFeTeiedT I Tcied €ie =01 Tl aioRINITe ! aw] JHTay 3T a1 [ifeq ab
Tfdreg quie &d T \’rﬂ% ST IreamrEEd Rifked =1 Y@= )schematic diagrams) %@"Iﬁ
FHIAR HRUATA 3Tt SHTe.

KA caie STYUTRd &I SRR RIReH :( Steam turbine-based cogeneration system)

T Eﬁﬁq (Steam Turbine) %’ Udh Wfdes IusdRor \’rﬂ% S g Q:IGW) thermal energy) ol
gifAdh Tol) mechanical energy) A FUIART HRUIRITS! ATUR SITd [AfRIP STaRgdhdT .
TR, o fafay THR= Tel A8 TR HROANITS! IR Ad bl o, Javd, ST § S8
TR A 3 S 3fasd ol IATGH daR HRUANITS! aluRd Siid Y f&3ms .
1884 A YR AT Ur=d (Sir Charles Parsons) i e,

SIgT STel Bic S1gGRaR T HISTHTAT SH e UaTe fagUal 1 dTuHTaR 1Y $HRd (34T, TTon),
T SIIER BIC M He gToft Swesd ST T TR HRd, SHes 1 YR AT i,
g1 WA Ya18 WA UISRIGR caia-Tdl soguar 4¢ UHT Trdhal. WA U RR 3/,
IS AT 61D TAH Cale soSael o] Ae-T [Hesd, SITHes ifAd el = 0T
Bid.
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I g ToarR, @ HH TIRER SoGd IIEHGR USWHE GHeo! SId, Sares Tl
Tf&red BYd (condense), ST HeR AT L HST G681 SITGHAL TR e Sifd, fo1d ot g1 Whags
FUIIRT 8Id. § TP d¢ UHe ddR B (closed cycle).

1 Ufehdd W Tdlz-@T gic &1 arl Ho6dl IR YA & 3ifd TfhRrde Telf
AT &mrar firesd, SftT arges g TRt ot sofacRict it oot I

1. U@ YHo IR BieHde aTRGo! Uik GU W 3 2, Hlal W caugT o gHR

2000 T cqTYd.

Boiler

72 |

Figure 4.4 : Steam turbine-based cogeneration system cycle < ﬁf’sf*l Srerfd-
SNEH-HIRRen AR

https://martech.com.vn/en/news/boiler-technical-advice/steam-turbine-cogeneration-
system.html

YUd UIaR Wie W IAHd (Steam Cycle) R B dRAUIUHS o7 Adie Sl |,
Ffiie 1, ST ST AT THIART 3118, Rankine cycle (a1 Araed o Hfshar GETavmTor (
37TRd

1 - 2: Isentropic expansion process (&mmﬁwm THRTHS S7 = S239a,
e fIRURT 9@ (work) TR B, S MRS ATSHIGT SIHReRe] aroddl.

2 - 3: Isobaric process (&I'R:I@TSITW Elﬁv_q'l) PISIRAL P2 = P3, o1y {-iqtd dith {-iqtd
SdTd TP ad Bid. AT U HRUINTS! TSI diex BT claxgR aTRS] S,

* 3 - 4: Isentropic compression process (&mm W PIE)) ISR Ble Juaed
S3 = 54, U4 UIEdT YHIUNG i Toll aT0e+ UTo S1IeRAe] QRIS 3Hazdd YRR
T,

* 4 - 1: Isobaric heating process (SIS BT Ufehan Sigovasd p4 = P1.§?F[§R?J|_E)>'
STd 31O ST e Sifd, ST Uihaned die uroft 48 gxiaid dol old, S d JUReIcs
WAL FUARd gid.
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fresauamaTes! RiIfHe TSl JHTeHRT aToR HRd Ted. aredT UM, co-generation
@1-S-2M) fhal Combined Heat and Power (CHP) ATS® ¥IH cdigd UIdR Wica<l
famrara IY A 3118,

Ud cogeneration plant (@I-SZH Wic) W ﬁ%‘?ﬂ, e &=, fdhar e w—ME
30T ATURY BRI gl YR X1,

7 ffRed =91 Aede, IR S Rl &3 alval Yooriss sofacric! M Rifken o
%ﬁ@ﬁﬁgglwqeﬁawb RIHATd, ST TSl Ad B! 81 Al AT GATGRUMER

"Cogeneration” (PI-SI-X2) BT 2sG U1 UIUH® S8 AIdae aiF g&d Tl YHRId],

SOOI gie ol STIOT 3o fae RIcT Toll, IdTe- HRUaR Hafid Hal

gic TSl g URR 301 e drgamreal $H=A T UTd fddrd 3R9d, St Idre Ufbaims
S B Wﬁf (drying) 37T gic | (heating) IS AT GIT?[, WYTAT Process Steam
@iferar W) WUH W S,

SOfae®H® ol [dIdY HAMIS] ATURG! Sfd, ST &1 B1Rfe (lighting), U AT (rotating
motors), PG| (fans), HUTH (compressors), fdsar ot IiszM (grid) SISa! OIS .

I UGdIgR UPhTd SYATAT Adiae aiF YHR&AT Lol HHT0T gIdd, Sarges el SdTg
31 TfthiRrde SMfr frmraaziR g,

Cogeneration steam turbine power plant T WAd YHR JHIGY 38

Steam Turbine Cogeneration Power Plant @T[ CGIT'::fﬂ ﬁ:(\;lzl\{-‘zl-l Ui} Wiie-

Combined-Cycle Gas Turbine Power Plant ({-igdrl a6 d 119 C@IICC\E-I qide e (

Average
Generation

Fuel Power

80 MW 24 MW
Eff. = 30% : Power
Fuel Cog(;r;eratlon 24 MW
110 MW ant
; Eff. = 67.5% Heat
Fuel Conventional 50 MW
- Heat
Boiler
Eff. = 85%
Combined Fuel Efficiency = 53.3% (74/139) Combined Fuel Efficiency = 67.5% (74/110)

- More than 20% Fuel Savings

Figure 4.5 : DI SR Ular W-W

(Cogeneration Power Plants Efficiency)
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https://martech.com.vn/en/news/boiler-technical-advice/steam-turbine-cogeneration-
system.html

aﬁ@ﬁﬁmw@aﬁqw@ﬁa—s&mnﬁﬁr&n@ THRTST DHI-SHIA UfaR
A6 Gd gad TS Sild. ge 31 gofaeRidt = &ﬂafqﬁl‘ﬁm back-pressure turbine
W UZR ?.'a%:l') fdar extraction- -condensing turbine (QWF[ _C'a%'_—l) fFase

Sl RAhdld.

s e AT faaRd Suarardl w1t Hewrd ges:

UIdR D SIR[:( Power consumption)

g FaRE fhar Wesr@a UiaR SFRRM- (Grid connection or stand-alone power
generation)

ferie W emdn (Demand steam capacity)

LT IR 310 TURER 31Id2qq7dij{-ll~{:( Pressure and temperature of steam as per
requirements)

W qiex ?;ﬁ?f:( Cooling water source)

TUW ‘c’afé:{ @ﬁw-&ﬂ ?ﬂﬁa ﬁ—w :(Gas Turbine-based Cogeneration System )

GAS TURBINE COMBINED CYCLE T SO RREN cho
Power Plant System Schematic
il
NATURAL
CLEAN g { 200,000 KLOWATTS -
WATLR
=r [ = ,
\£
( O(IA- E
CVARCAATNE §
COouUnNG »
£
g
RAW
WATER
mearsoe | | SR wos
COOUNG WATEA 1OFTIONALY
LA Seau e
(D, (P
RAW WATER ==
NAXL UP
\ PROCESS STEANMN

Figure 4.6 199 T3 SMYUTRT HIoTR=A Rt

(Cogeneration System based on Gas turbine )
https://www.ccsdualsnap.com/pressure-switches-in-combined-cycle-power-plant-switches/

HHEETS B (Combined Cycle) TIaR WTCHAT ST SIRd UGRE-A ATf0T IRférd
SHTIRRA AT HIUITST YRR (Pressure) HTOT TURTR) (Temperature) RIS IR {190
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3{Tg BaT 30T ST 1T WYl TS AT SiTd! o SXAVIIREA d T HH caigTaeid favdl I=R .
aTg 0 § 3auATTdd, URR IO TR Raay Reuwelid s cuamar {3 fewn aa
Sarde fegmaaT faky & siftr &fer ¥ .quf Ied tier Wicaqdid SuanT SiuH
HUYMTA! T,

HIEETS YAHS (Combined Cycle) UIR WA, T edizd (@R SAIHs GARITSS) Afdd
Y ST AR Hee FofaeRie I ovd. IR, W Tigd @y areaee) 19
CHIS IR fHeIoadr aXe gledl AT & s@ﬁ%ﬁﬁ’rﬁﬁww B Wb SR UbhRAT
wmgﬁaw%uﬁawwmwwmmﬁm
glc WA a1 TR HRUANITS! J8T TR Sild, o 3-aUT FNHEd (Smokestack) A TP

GE
FHEAS IUFd T HAMUTRT B2 RieH-1 cafgq

T THIgd HIER-TS e
Figure 4.6 T 1% 3ETRE T4 Tal-PrES Wbl WId! TharTipd YTl axiact
3ARIY cafsTAY Th HUW ., UPH BT e HEeR  (Combustor), VT Th TaUS
(Expander) &mﬁ%ﬂww@wm@ 15 IR fdbar 34fIe% TrETaR S
ST fdhar WA did/ArIgoM 0T . Humidification) H¥e-] fSdIaTgss RiTTades 80T
TIR o S, S NOx IS =0T HRUITITS! haRexa RRER Sardl CuveRal &l
HRUAIITS] ATOR Sffd 8T YRR 3101 81 TR Al dhawedl I&qod g caig-Tl
I SIcHRbR® IR & e fawdiRd bl Sdl 719 sdRH A gom & .
HUWR AAUIRITS! SUSafaeRIcT AT HRUGNTST aRA Sid .540 °C =T U
RIS €l IoTor TURA gic HRSG T AU dalt ofd, SATgIR id TR et ST
)Matta et al, 2000). HRSG H& U HIfcih] fge TR Digadg SHdrd, SaId JuRaiey,
fYeler, fafay Win IR WRINTE! TRUReR, Ml Bigdicx gicy i THIGRT 3r&dl daT .
el T, G GiF T dF URR WRIGR, AecidbiRi K IH caisae faxdid &l
ST Aquf e d T @ THudell SdTad Fure! 119 s ST Wi calgadmgA
fmior geiean gafaeRidt =1 s id .

Sy—ngas Stack gas
Diluent {N, and/or
steam via syngas
humidification) » Heat recovery
steam generator
Alr extraction Y
to ASU <~~~ Combustor Exhzu:st ‘[ Water
Steam
w:’// Generator
rﬂ«ﬂ Q Steam turbine —@
' Gas turbine
Air 3
[ Condenser I

Figure 4.7 : PHIR-S AIAGA WA SMUTRT HIoRH Rieer-114 eafgq

(Combined Steam/Gas Turbine-based Cogeneration System)
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https://www.sciencedirect.com/topics/engineering/gas-turbine-combined-cycle

« YR 31\;!17[ P SFIRRME- (Reciprocating Engine Co-generation)

1 fafew 98, W fdT 3RM UM TTod I1d S0ids SR} ardaadl dsd ST
qTh IR Bl ST, SIS WHRB (Waste Heat Recovery Boiler) ATARAT SITAl 3o Sidhe .
3{I3d HoR § IR I g YUK Hid 3Med-BierT dicx gic TadoRr 10T w49, S
IR TRH g7l fdhdT TR §aT TIR HRUGRATS! hal SITAR IR Sior HHT ., 7 fdhar
B T USRIAE SUAs 3MTed, Sl ThIRE-IT 35% - 42% =7 90fld 3.

A W

Waste {
heat i Process
Air input recovery X Consumer
boiler

l

‘
Boil

T T h (Bypass Stack) H¥H TH (Main Stack)

Figure 4.8: YRS M S vwA Ried Ay sSFwasS - smutfyd #1-WHRB

(Unfired Waste Heat Recovery Boiler)
https://martech.com.vn/en/news/boiler-technical-advice/steam-turbine-cogeneration-
system.html

IR HHT T IRUIBIET oM 81 YR Iudsy 3¥did HH 301 8™
Tl ST TR HISFRRA SYANTIS! SR Bdl STdl-, HRUT did It Ueg 719
TR SATOT THTUT ST 319 SicgT TSeid o Tdhe UidR SRS ardad SidTd, dagl
ST TSl YT Sfoi U TR A8 Bid SFRYH-P IS Ao, $f5H Side
FichT afex AT Y& s HeRANA Td-gle Tsl T oo TaHid Hgwamar HI
YT ol SiTdl, SATEl aiiR a1 fdhal TRY ATofl GR HRUGMIST ddl Sl arges THUT |
Ren TfthRrdedr gUR 65-75% W Uerad a1 Rifed ¥ HRFRIA Figure 4.8 AL
RIA 3T,
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J&d SIRd 3rdrd. g1 Rifkenfazisd: &1 sruanTndt 9w 3irg ford gaifdeRidt Iare sfor
qT% SATGTT SUTd SR 3ETal ST,

g 31, S AT THIUMER Solacic] azdd 3 ST aThrl dTaR HHT 3fTg, 3T
ST YRS ERE-eRa PY-oFRa RRew 3ifie BreaiR o I, ame
SR 3ARRIE IR B&f Hiad B Tel YthRdedr 3T T B} ddr Ad).

RGBT o B SIS IBIE-SATUIRT SYANIG B IS Jbdld, oY DI gH-WIS
&30, or3e 530 3iizw, WTS3® WG 3Higay, Afds 19 SIS, BTl ST 3 UHR
A Ria Fo S1ard @1 f9Y Afae 719 de TeeT oss Tl

RIS UHTO!, TpUT S TRt et Sreoares, a1 gune i nfifer efegT © et
fhar 719 caRA-3MURG PI-SHRH RRew=r goqd Udt aimer Ak, faziva: o)
Saifae RISt 101 AT Hdd 3HTazIS ST,

graafaied, fegie Siorg SRa q@yTe 3for ATRTof sfiazae S/ &drd, WU i JrH=id:
3{cRTe5Td fdhdT STUhTO A SafdeRIcT Tlid WU dTWR Sl Srdl. & fegie SfoH-smamd &I-
SR RiReRT=a1 STIe aTURTd Y STl (AT HRUMN Uedh 3.

HPE UTdR Wicharss gic IS UlaR (CHP) RrReH (Captive Power Plant: Combined
Heat and Power (CHP) System)

CTIES] Eﬁ? 3 UiaR )CHP) YU Combined Heat and Power (CHP) System: - S @1 el
Y &l 3], CHP RIReHIIv0 SRd SRIIHT faaR FRUGMNIS! G UHRAT CHP IRTT
\’rﬂ%?f, Udh Topping cycle 3{Tfor YRl Bottoming Cycle. Topping Cycle %’ Izl AldIYIA
31 ST HRUT G SRS ITG HRUMRT RIReHTSI Taldre g, fdval g1, ARl
3 TUTHdE SR TS ARG T YHRUMd—aIe dRGA T FRIcid—ale =d &
ITeaTd ANTAUS ATH . a7 YhRedT YUITETd, U Safaciee] HAf exum) Rikero™ &t
Gas Turbine, Reciprocating Engine IR ST Si ﬁw Ao wa snftr FeR &
JueiigR At eiedn gie ar TaHel TUHE hdd SiTd df . 81e H&R dhal Sifd SATOT Steam,
Ufehar gic, fhal Space Heating 30T Hot Water W31 ATWRell SITd T YHRAT HTHNI .
OISl T SIS HR0I T 31T SATgR g1 Golrd! BIC [dhdl Steam WK §13» X, SIgT BT
30T UfaR araefie Tger JHfSId Pl Sild.
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Heat recovery

Water unit Steam or hot water Cooling/heating
Hot exhaust
gas
Engine Electricity - _
Fuel or Generator $ Building or facility
turbine
— Gnid

Figure 4.9: HITS glc 3T SSTFERIET (Combined Heat and Power - CHP) WUITST

https://inoplex.com.au/information/what-is-the-difference-between-topping-and-bottoming-
cycle-chp

Teh PP Combined Heat and Power (CHP) HUISY, Sil cogeneration ¥V TS NBHD
SId, THME $49 AdURA Sofacic! Sl IUARft i TSl (heat) AT &Rd, Sit
RGBT Jfadeaes fhal AR fHede! . URURS Tl SdIGATd, SU-T
TS G TTaT WYRUYU G- aiRT U Ha=aTl SleHRET 8107 SiTdl. CHP JuMa,
T BIedT HTR B AT AU, FIURUI: 65% o 80% T THUT Toil UhRdedr U
B3 2D, of TRARSD YUTS AT 50% fdhal AT St Th R go-d QU i 31T,
HPE IR By, Th CHP RifReTaHIS{od Saam Hiedl aaqiiie, e 3for
JRITHS ARG I WA SoTaeRIc! MiHd Toll g HH! BRI STI0T UiaR
fazag-Iadr arefavarg wed gid.

cHP Rifeew o3t 1f Hvd

CHP RiReH T 9= FdmEl R & Uh W9 TTdl H@duRt I90T (prime mover)

TS Ad, ST SFRCRST TG SGIACRIC TR HRd. ATl g1 Uh R T HRUT dd
THIAY Hoo! gic FAuT RIReHaTTE.

S 301 T el TS AUIRY AT (Prime Mover): i 19, SN fdhal SRR JrRA
$Y, U U TTcil (S IUIRT IAUN ATGIuaTEId! diuRe STd, S St RIRFUies e $i6H, Sarer

E‘@ﬁ%:[ (combustion turbine), fdhar a1 Cded (steam turbine).

1. gofaerad! AT uqE 7 fieaumRt gaom SveveT fthad, S Jfade
JHTaGDHAT3! FSfa RIS TUR Hal §lld

2. @Emﬁﬁ WWW@W@? S Bt 5'|rG1-|a IS (engine exhaust)
fopar Sfbe Troft (jacket water) W@ﬁm?ﬁ T BIc Q:I'lel?ﬁ AN (heat recovery
unit) gRT HepTerd BT T,
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3. JUYE gl TEl: YHiod ool sic I9gad aic TSl TUIdRT ol S,
HMHTIJ: dIh (steam), JdGR Troft (hot water), fdrar 3rTel Ye Troft (chilled water) ¥U[A
(CTISTHRR JUMG 1),

4, 3fet: ZIOfaERICT YAdsT 2t RAVIMNTS! aTRG! S, @R Bic ol ST
w, 3NN fghar, TR IR Ul fdhar TeR dfszifmamsdt arre orss

4.4 R (Tariff):
4.4.1 TS HaeHT %’@?ﬁ:ﬂ?ﬂ HBHAUAT (Concept from the Point of View of Energy
Conservation):

TS GaefreT ERSIHEH, O Yhaua G dTaTTes uT Iefdd i smga:

ToT HeHd IR 18d § Rigifae® Hraer st Tell arR S axuare] hoo! AaelNeD
Udd.

TAoird IREUT BT (scientific principle).

g Wifdemerdr e oyd Rigid 3g S Qi &1 Toll (H01 Hol S, 21dhd ATal fdhal
Y B! WS 2hd Alel; dl Bad UDHI BUIGH gl BT TUIdR Bl SIS, Xdhd.

4.4.2 ¢R® E_CER% YPRR (Types of tariff structure)

SRW (Tariff): E%m?ﬂ Eﬂ“ﬁ (electr|C|ty) A, NP WIS d Ugd fhare(rate)
ST dIUR YrdalaiR (suppllers) PIREQE mﬂ Toll aTuRTETS! R[AFD (charge)
BTIUYTATS] HRdTd. % J-E;UI\YI m %FIFT (price) \?vﬂ% Si B_(CI'IET-[ (producing),
E'ITH&ITF[ (transmitting), 3Tfor ﬁFR'UT dlstrlbutmg) “@st 37T qf%f%ﬁr Cﬁ"ﬁ AW
(profit) THIAY Hd. <R% fafdy gediaR MU dq@ ZUddd S @I aTaRE JHI
(consumption levels), feaqwRIdi® 9% (time of day), el UbR (consumer type), 3Oy
EGR difF® duziie (technical details), w%re'%gaﬁmm?ﬂ%ﬁ (fair pricing) ﬁﬁ'&d’cﬁw
iy Qﬁ'ﬁ%l’q'd dIuR (efficient usage) 1;hT\":l'I_EFT <0 &I'I%

W EHER% UPR (Types of tariff structures)

SR TR (tariff structures) E{qﬁﬁa 3 b dld, TR JTHI YHR (common types) e
THe 3¢ B (flat rate), ¢ tI'I_c;(’cwo—part), i HieT (block meter), o s die (peak
load) SR ATV 3MTed, T&Id: ISTaeRICRE (electricity pricing) T ATURS SITdTd.

2. T3¢ ¥¢ oW W (Flat Rate Tariff)

HTGIT (Definition): T C 3¢ ¢ ¢ CRLb YD1 ARSSAT [agg (electricity) JFReud
s FfRad fhHd (fixed price) STHRI, ATORTAT JETUTER afg 7 s

dIUR (Usage): HMHTUJ: farawH® areHaTdt (residential consumers) dIURaT \_rﬂ?ﬁ Bl
g@’tﬂ STFOT JHSITIST JIUT 3T, TUT o) Tol dhofaz (energy conservation) PISIRRIEG!

R- & UId eRw (Two-Part Tariff)

TET (Definition): 1 CRBHAY GH Uch (components) AT T FRREd YD (fixed
charge) 3Tf0T U SGBUIR IO (variable charge) S ATIRTAR ST 3R,

dIuR (Usage): 23|'I'E@' Wﬁf (utilities) IEIECRRCE] (fixed costs) Y=gl mobq\ F[hdrd, ST
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MESH I AT SSHIT ARG ITIRTAR YR YBH SMHRS ST, SIS § Sl
G&IiaTa! 3ifeieh <A (fair) 3.

3. BT HIeT ¥ €W (Block Meter Rate Tariff)

ATST (Definition): HT Wﬁﬂiﬁ Q:IGWGTER (energy consumption) W‘Pﬁ (bIocks)

fAUTTST A, 30T TP SBIP ST ANABRC (rate) 3. URST sBIp AT Jdld

TR 3!, ST T I TFgHERCHH B,

IR (Usage): 81 R UTEHHT el ATRIGT HHI-W sBIGRTHE (lower-cost blocks)
Eﬁ?\‘?ﬂ%ﬂﬁ?ﬁ, WWW (energy conservation) CIREIREER]

¥. Ti& @IS P (Peak Load Tariff)

ATST (Definition): 7 ERNBAY e AR (peak demand) dh13Id Ulltd\QC(higher rates)
30T 3HTh-Uieh (off-peak) JaTd W(Iower rates) 3HRS ST

dIuR (Usage): § ANTOND (demand) STaRITA HRUGRTST 0T AEHIAT 31h-Ulds araimaed
(off-peak hours) SHAERIET (electricity) TTURUAN UITiRd HRUANR! (SR Fo 38,
Wm(grld)ﬁgﬂﬁm(balance CEGIEGI

y. RIST9® Y2 R (Seasonal Rate Tariff)

TEAT (Definition): A1 THRAT CRBHERC (rates) RISHAR (season) MUTRT SG@drd, 30T
Ui (peak) 30T 3HTH-Uleh (off-peak) TTHHE diTcs Y€ BT des ST,

dIUx (Usage): g1 ¢ faziva: W REIGI (agricultural sectors) TIRST ST, %rﬁg@r@ﬁﬂ
(electricity) ARTOf AR dadd.

€. UTaR hacR ¢IXW (Power Factor Tariff)

TS (Definition): T CRBHL HH UlaR hdex (low power factor) 31{-Ic\’>c'gul U IREARIES]

(penalizes) Wﬁl’l?ﬁ Grl'lﬁf T cqitHI OidR hae (power factor) paii) JYURUI (improve)
WITed o Sld, SIS T (costs) HHI 8IS .

dIuR (Usage): %H'ITI'FCI?T mm (industrial consumers) RS \>1Ic| @[ssmq

BI8Y (inductive loads) ATURdTd.

e (Conclusion)

<R WA (tariff structures) fafdy YR TS 901 AGHINTS!T (consumers) SITOT
WTEIN'IBD[ (businesses) EEI'I?CIT Q:lTrﬁ Kﬁlﬁ[ )energy costs) UHTG! SOa=ITa (manage)
FHITGTA! 3IP g TP cRB TSR . 3Ud BIAG &rriﬁr?ﬁ% 3T, S Uil
g (consumer behaviour) 30T Q:lTrﬁGTQTIEIT (energy consumption patterns) BERIGN
UHIG TThdladiy ¢RWb Hdg- ., Uledh 3| E23) s—mﬁjﬁzﬁ) electricity) dIURTHT (usage) gataq
JTWR (optimize) & YHdld AU AT fad HHT Yreduce bills) HIUATH Had B Kb,

4.4.3 sofaeRidt W UPHR (LT 31T HT)

SRWPd UHR )Types of Tariffs):

(a) R YeeRw )Simple rate tariff)

(b) AP )Block rate tariff)

(¢) T UICER® )Two part tariff)

(d) HIFTHH [SATSER® )Maximum demand tariff)

Mabharashtra state board of technical education 109



Energy Conservation and Audit (316327) TSI PHeaAdQTd 315 MBS (316327)

(e) TidR thdeX cRb YPower factor tariff)

(F) T UTEER® )Three-part tariff)

() TRH) 31 fead RW-Time-off day tariff)

(h) tﬂﬁ 3P fGaq TNE-Peak-off day tariff)

(i) AT hael eRB JLoad factor tariff)

(j) SUdRIdT SMYTRT TREB )Availability Base Tariff - ABT)

T SRTET 3T )Study of these tariffs):

UTehIdR YJeh PRI )charging a consumer) 3D UHR 3MTed, W@Fﬂ?{m%ﬂw
tI@T'ﬁ)general methods) dMH-d: dUR AT SIIdId:

(a) Rd wie e eRw eR% (Simple flat rate tariff)

(b) STTHRCCRW (Block rate tariff)

(c) ¢ YNt (Two-part tariff)

(d) HigHH f$ATSERN® (Maximum demand tariff)

(e) UlaR hae °RbB (Power factor tariff)
(f) oft urd eRw (Three-part tariff)

(@) Wi 3¢ ¢RW% R (Flat rate tariff):

- § UEHTA Yob HTHRUGTT (charging a consumer) T FTHT (simple) AT 31T AT UGdId .
AEHTARTSN (o (energy bill) THRA ST, o Q:ITrﬁQlc_m'_ (energy charges) ufd ﬂﬁ’c’ (per
unit) 30T TTEHT aTaR e U Ul gﬁ?ﬂ (total number of units) ITET OMBR (multiplying)
3.

. m?ﬁwwwyﬁ c1|$rc 3TFOT TRa] (light and fan) ‘JHBWBD[ URER]] (power) qraTSt
JTATTeaT S1aR (different rates) BET SIS Kahdl.

- 1 CRBHAT YHRTET & dicl (disadvantage) TEUIST, SR UTedh UhT [ARIY HIA@Hd (certain
period) HIUTTEl TS ATORd T4d, TR ATATGR Yoo SMHRA SUIR AT, SR GIAH Are!
DTe! VI &Y (installed capacity) IRGT dadt d.

(b) SATDBICC B (Block rate tariff):

- I1 YHRAT CRBAY ATEHIAT Al (blocks) HH e MBHR SIAAHRIG: ., Ufgdl dlal
ATH (units) STRARC (high rate) T JTHRA SIATd, ok AT sdlbddd Dlel gHcH
EWﬂi?(low rate) 7 1107 o= sfp At SIRd gﬁﬂr (remaining units) HHRCT (reduced
rate) A 3THRA ST,

- HERIYT, SAFRIST SIS (electricity board) IT YR CRWBAT ATUR B!, UUT JEAC Ui
(reverse manner), WF’I’I@? \’rl'l'fﬁ[ti'@l'i?m)light and fan) Q'I\Is\{-ltll qTuR HHT e?r-:fm ?fq%ﬁ
T HH! 0 )low rate) B TN FAAT sAIGIHERCATGAd )rate increases).

« JCTERUNHS ;, Udh UTgh Qoo JfACH dTuRd! Tal Ufge R0 HeH .23) Ufd AT -/per unit)
M 3MTHRE SIS, YebdTd, avd 30 Y 2R Uil e G 3M1f0T IdRd e -/38 -/ue.
fd g G 3HTHR ST

- T UHRAT RGBT BTG Jadvantage) TEUIS, SR G T Tol aToRal, IR ATall HHRS

Mabharashtra state board of technical education 110



Energy Conservation and Audit (316327) TSI PHeaAdQTd 315 MBS (316327)

(low rate) 3R ST, e RRCHHT A€ HhdeR (load factor) dTadl 0T GRUMH Idrg
T (cost of generation) HH Eﬁ?ﬁ

- J1 YHRAT SR dlel (disadvantage) UM, dl AgHT=AT SMfdHdH ARTUN (Maximum
Demand - M.D)) EIRCEIR (does not take into account) ’aﬁ:ﬂ_ﬁ

% urd ¢Rw (Two-part tariff):

- T UTCCRBHAY, UTghTall ATal Jaiaeiic! fod (electricity bill) 4RO ARTd, S G HITHE
fAUTTAd 3Id Th UNT UKol Q:lTrﬁW (energy charges) S UTe T HfUehdH AU
(maximum demand - M.D.) G TUTRT 3, 01 GHAT UG 3Gl T ATgh dReldd
qIoRT Qzﬁﬁ (actual energy consumed) dX 3T YT Gﬁﬁw (energy charges).

. TIﬁk"ﬂﬂ)Mathematically) W:Fﬂ?f, U Ul Yeh )Total charges) = A x kW + B x kWh.

« kW M.D. 30T kWh W@Tmﬁﬁ@onsumed energy) %Wﬁf%m (flat rate) fdar
SATDHRC (block rate) THRTY Y Thd AT LTSI (system) ATEHTAT fSHIUT M.D. FHE=H
(M.D. indicator) RIfUd ®RUI 3P 3HTg, WUH I YHRAT <% HISAT 01 geq0
SHRTAT SLRTITST (large and medium scale industries) SUYdd 3.

« ST M.D. RITUT Hae (installed) TTal, dgT ATGHTAT SISl TS (connected load) T
BIal MR (arbitrary) UG AEHTET M.D. SAQT Sl ST fafeiT &= gH0r M.D. T9R
TR ST,

(d)ﬁm feuisw (Maximum demand tariff):

. 8 T UICCRBIRET 318, WM Toll Y[ (energy charges) ATEHTAT SferdhaH ARTOR
(M.D.) iy ‘/llscbl:l aRdfde araRadl Qqﬁﬁ(actual energy consumed) YTd} SMYTRT 0TS ST,
- 1 YHRAT CRBHS, AEHTAT [Tt Tk M.D. =& (M.D. indicator) RITUT el ST
3ATFOT M.D. TTOTOATRITST SHIUTig! SN (arbitrary) Ugd ATOREH SITd T8l

- BT SR AT STNTNTAT (big industries) ATURAT ST df A8TH UGBTI (small consumers)
31rfor ‘ER'{Fﬁ FI'Ig_C' 3{Tfor U (domestic light and fan connections) HRFIIS! A 18], BRI
31T AEHIATST M.D. FAE=I® (M.D. indicator) T fhHd TSI AT (energy bill) o 4

SR 3, ST AT d TRASUR ATel.

(e) UTAR hacy W (Power factor tariff):

- TEHTAT HH! TIaR WaeR (low p.f) 31 TAHM (high current) STIXTH HRl, GUATIT &
(capacity of plant) dreadl, AT Mo Susunt ThRriear (efficiency of machines and
equipment) HHI B, TATSY. TEUM, B HTGRTD 3118 DI UTGHISGT 81 UlaR Bk (high power
factor) ATORUAT WHTTgd 5 STd, ST ATST SR @D (charged more) HTHRS LS.

. % Udal pepd)) (supply agency) O UiaR haex (p.f) SMYTRT TR® (p.f. based tariff) dUR
UGN YT UTSd.

iaR hdex SR UBR (Types of p.f. tariff):

(i) KVA Hiagrmy f$AiEeR® (KVA maximum demand tariff)

(ii) W%"T TH® TP (Sliding scale tariff)

(iii) kWh 310 KVAR R (kWh and KVAR tariff)
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(i) KVA HiagrH f&His €% (KVA maximum demand tariff):

81 <R ¢ UICCRWAT (two-part tariff) T JUTRG (modification) PR 318, T TH U
TEUTS! AEHIAT KVA Hidgd fSATS(KVA maximum demand) TOR THRGS TSI J[OD
(energy charge). KVA Higgmy fSHISHH HRUINIA!, Uedh 8 UlaR HhaeX (high p.f)
ATURUM=AT IATT (machines) S3TTOT SUSHRUTT (equipment) WWWWWQW
IR (pf improving system) ATUR®. GERT YT U AEHT ARATAP ARG G! TSI (actual
energy consumed) TR HHROS Q:Wrﬁw (energy charges). I SRBHE, SBide(block

rate) QUG BN HST SIS, Zdhdl,

(ii) O Who NP (Sliding scale tariff):

Il UHRAT CREGA, TRIST TR (supply agency) Teb HRed UlaR HhaeR (datum value of p.f)
FUTRd HRd ST AEHTGT AT TIaR WaeRaR (pf) Tol aTRGATAR U MRRIARE (certain rate)
BRG] Sl o, SR TEHTET TIGR haeR (p.f) 1 FAfRGT AU FHT (less) 61@?? W
ST G (penalized) HTHRT SITdl. T 9], SR UIgdH & MRRId Uldy haeue g/
(higher) TTaR Thaex ATUR®T, TR AT TSIl [§@Td (energy bill) HTa! IC (discount) fGST S,

(iii) kWh 3MTf0T KVAR €% (KWh and KVAR tariff):

BT KVA HIgHH fSHISCR® (KVA maximum demand tariff) THTON 3{Tg. TT UHRI, ATGHIO]
KVAR 30T aRdfdd Tsf amoR (actual energy consumption) AT TYRTAR I[A® (charged)
THRS ST, SR G1aR WaeR (p.f) HH! (low) U, IR KVAR SR (high) BIS®, ATHS AEHTS]
e R[AP (pay more) 1RTd B,

(iv) M urde e (Three-part tariff):
Bl R < HIéC\iII{:{LP'CII (two-part tariff) b ﬁﬂTﬁT‘f (modification) UhIX \’rﬂ% T Ylghld
f9o sneRuaEdl 39 gc& (components) HHdId: T fAfzad R[Ad (fixed charge), 31¢f-
BIEEK R[AP (semi-fixed charge), 3{Tfor dIQ YA P (running charge).

(Mathematically):
ggﬁﬁm (Energy bill) = % (A + B x kW + C x kWh)
A = AfREa [ (Fixed charge), STHE Q:Wsﬁﬁ?R'UT (distribution of energy) =l TR
(cost) oI (interest) &Wﬁ[m (depreciation) 3TOT fS® TMosT HRuaTTd ISR HHAA
(official staff) BTHBISH W (labour cost) THTAT .
B = M.D. &1 Ul kW I8! 3[d (Charge per kW of M.D))
C= W Q:Iﬁﬁ(energy consumed) T YAd kWh WBDIW (Charge per kWh)

Bl UhRdl TR HIGT mwrma"r (very big consumers) ?'TIT‘LW STl
4.4.4 (i) E'I?[q-\?rﬁ"q?-% oRw (Time-off-day tariff):

. TRA 3B 8 SRB- (Time-off-day tariff) TEH 1% JAT (TOU) HeRFmr aaR &),
e feaw, Afer o aufd fausH SR® Wicawed dd .

- TFR RARCAR] ! SITdTd Siegl TH [Udb IS )peak load) PHIATALN ATURT SITdl SATIOT
HHRCAR] ol ST SiegT Toil 31 Wi TS (off-peak load) HTeTaed aTaRE S

- gTes UM fUdb TEHS (peak hours) AT AIS feHTE HH HRUTTE YT Hll, TS
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WWWW%, a@a@wqaﬁafﬁgwa?ﬁ, @fm?n—é)peak load) WW,
WM CAMHRA (transmission), TSR (distribution) 30T 3= UreR T Rdta=a
SPRCHIR (infrastructure) HI IS ged gl

- g13! Slafke s %ﬁ'@?ﬁ? iR (domestic variable rate meters) AU dI T3 b dld, S C':I"I
TRET %Ula U R® (peak tariff) 30T 3T Ui TRB (off-peak tariff) 317:[14??[ STd 3R .
W\Iﬁ'ﬂfﬂﬂ?ﬁ, g sadg\l Hob 1 d L Rag Jelectro-mechanical time switch) IR 1S,
hd.

4.4.5 (i) W 3P S SRW (Peak-off-day tariff):

Il YhRAT CRGAL, IUHGAHT fGaar=ar Uidh-3ih (peak-off) HIoTadid 3ofaeRict fad!
1A, SO HH! Bledr HIH HRURI SR WicH (generating plants) 81 1SR HIH
e ABAG, SATHSS SRl Td HHI BIe0.

. A3 IUHIT HTH-UIdh SIS (off-peak loads) G TSN ATRATd, T HH! XM
2[GD HHRS SIS, RAdhl.

o 33T tlﬁ'@ﬁﬂ?f, Udh CISHR = (timer switch) 3Tfor Q:ﬁﬁlﬂ—c’? (energy meter) Yal-d FS OIS

R[ehd, WWW@{ (peak hours) me RIST d¢ HOT IS

4.4.6 TTSH 3{T% S (ToD) ERW (Time of Day Tariff):

GEL] AB S (ToD) TR® (Time of Day TarifY) faazor ?ﬂ%ﬂ?&ﬁ (distribution licensees) = T
JUHaIHT Hefdd IUgdd HIURM (Appropriate Commission) FRT HOR haiedl GRITER AN
CaNIRSIGI

Taife IUHE ToD TRB  AEIRIS (Commercial) 3T 3ﬁ'a‘rﬁ$ (Industrial)
JUHIGATITS! AL 3R, BIET AT . ToD TR SR FATSY, IaTexuned, TR ) domestic)
iy W )agricultural) JUHTITS! eatd FIFIS{I%

TR HAGAM 2023 Y Afaeicl ) (@ogHud gadb)Amendment) Rules, 2023 STRT dal
31Ted, S T8 3% T (ToD) TR TSt Waifda Fom Tl 77ig Fa A mRa T .
frowi geT IR gduHTr 3Rd

i fdad f$HAE (Maximum Demand) 10 kW T&l SRd 3MTg, 3R AGTI®
(Commercial) 30T 3N (Industrial) STHFITST ToD SR 1 TS 2024 Tdd BN HT
SIS, 30T SR 9d SUHIGANTS!, FH (Agricultural) STHFIHT T, ToD TRE 1 TS
2025 TId BN HoT J50.

ToD R ITHGINTST WTE HIeR (smart meters) dt RITIHT STeATIR GRd AR Hal S5,
feaar=n die SIaadd (peak period) TG (Commercial) 3101 SNNB (Industrial)
SUHIGINTA! 700 TRE AT RG] (normal tariff) 1.20 UC (times) UefT AT Y b d
81, 30T SR IUHFITST HY IUHIFIHTS dTesdl( 7oL TRW MHRI RGBT 1.10 U
Uefl S 31 Ahd el

feaar=ar JIex d™IT3T (solar hours) I 3R (State Commission) gRT AfGY a1 eRB

e SUHTGI AT AT SRWBT (normal tariff) fTAT 919 T (20%) HHT 31TET.
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ToD TR® HHRI fﬁm@ﬁﬁﬂ@w YZPhIdX (energy charge component) Wl@?{??

ToD TR RAfeHaTRuaTe UGS BRIe WIATayHTO 3Ted:

ToDEVﬁ'EF, SHed Ut argi (peak hours), TreR argf (solar hours) 37O T it (normal
hours) T3t ATTaTes SRWY e STATd, IUFIHT AT AlSd TaRITIT SRBTIR HIVAH
YT d Sl FeR dHE FrEr= SRWb=AT dad [ HH .20% HHRCN] Hal SiTd, ST
JUHIFATE HH! Salfde RIS I IR arided Salfaciic! aroRuar gaig fiesdr Sfor
i T Snfes a8, Xl

ToD CRW YU SIFReddl IO GHTd UGN, JuHlad il Fafaefic! arRTaR
BIUIRT &g HH B .

éjf Wﬁﬁ?‘ﬁ &HdT (Generation Capacity) 3R Q’W &ﬁ@wr‘s’s? Wﬁ, W
Gﬁﬁﬁﬂw ST drg AT Qqﬁﬁﬁ"ﬁ?ﬂ%{ FIEJ,FFT (load—generation balance) IRAUTd
Head Eﬁﬁa@a . e drs (Peak Load) E[Uf PO HeNTSIT CIGIE] )costly power) AdRIT
HRUGIRAT 3T GaTd HH! gidll, SATHes Rige! ifd IUHIGHHT BrIaar gid.

8 TAIpRUT TSl (Renewable Energy) SATGATNG SAR-deldd aRITIT JoURd STOT
TAHRUTT Tl SATGATAT HIGAUd SIRd SolaeRIcl aluR HRUFNS!T UG URka
CGH ITIH@O” IUHEIHT [aZaTH (reliable) 0T Wws W@E& cleaner power) e
IR TR UGS §Id, of I BRIGRIR 3.

Iqes, IR Tl TR dTedaT oiidl, U1 Sofae RIc RAST 3ifdh fRR T TiaRuTR®
B!, SUHTIHT WD SoiacRIc! Hwgd Suardm g1 T YHTa! AT 31g, SHes Taiavuiyg

feaaran die Sraasid, AEERS (Commercial) T 3TN (Industrial) STHGITETST
ToD ERW AT SRWGT (normal tariff) 1.20 UE ( times) U&T HHT 3R b Tal, 30T TR
JUHIFINTST (G SUHFIHT T Top TR TR SREGAT 1.10 US )times) U&T HHT
31 X1 TaY.

4.4.7 TR e cN® )Power Factor Tariff) Udh UDhRdl sﬁw TR 3MTg S dls=n
Uik ThaeraR STUTRA 3rdl, 31 IuHiadi=T fem Uik thae )Power Factor) JURUI

W Hral, e Jdid SATaeRIc! Wd HH! ghs Kl
TlaR aﬁ?\’ HHYA voy (Understanding Power Factor)

raR aﬁi? (Power Factor): %’ U HIY 31136’ of E’ifﬁﬁ &I mm UHTGIgo!
ITARTt HTHT FUIdRT Bot oIld 3Te.

UTaR ae? 1 (100%) UM Td RAST Fo@! TS THTIT0 aTRS! SITd 3], ITel
a{?f WWWWW%W%Q@WW
. Wwwwmmw&m(mefﬂaenaes) 31Uy,
ST J&T HRUT U4l Nufdesg uiar (reactive power) 3RTd!. Rufdee® UiaR WUGITSifoll
SR SR hTH HRUGTTST ATUReT SiTd ATet, T ol Sofaefict uumeaed fhd g,
30T <t ATRSBATST HRYGATAT TEH SIHGID 3 Tg1.
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UfaR Thae SR BT BTH Hd) (How Power Factor Tariff Works)

S AT (Tariff Structure):

Uik Thaex R IAMIG: Glal — aIdfd® TSI (real power) (kWh) 30T €29 eIt
(apparent power) (kVA) 3R (TR S/dTd. T 31, g7 UraR Hhaer HHT 3] (@1 TiaR
Thaex), Il ORd GH HRTd BHTATT BRUT o TIIDHTUET STRA HLE (current) ITIRAT,

S FSTIRICT HUMG AL dIGo S THH 813 2dhd.

UIaR Hhaer TREB UHR (Types of Power Factor Tariffs):
1. KVA HfgeHH f3His SR® (kVA Maximum Demand Tariff):

YA YGD kVA (foldiec-Umge ) ad sl feay feaigar snemd 3.

U UlaR Thaex (low power factor) \Hﬂm DIREARIRSIES! AP HRTd ?'TFT?[, CARURIGI
3{fIFH PR ATIRVAN U USd, SaTHes 31eidh €27 Tl (apparent power) BT,

YD k1A ATORTd ST,

2. kWh 31T kVarh €W (kWh and kVarh Tariff):

1 ReaE, 606 kwh (Balde-arsniol kvarn (Foldiee-Uige Rufdce drg) arAl
T Ad IHHTIR HISTo S,

kVarh 9c® (component) Uik ezl Ioc YHTUA (inversely proportional) 3.
TEUISI, SiegT UiaR thaeR R, AT kVarh &4t Blal.

I YeHT, UlaR thaex JURGIH Rufdeeg UiaR & g5 i1 URUITARGRY kVark 9Ch
HHI 150, SIS [S® HH 81 2.

TSI Wb d fohar 3fid iR Thaex ORW (Sliding Scale or Average Power Factor Tariff):

wﬁﬂwwmmnﬁwmﬁww (reference power factor) T HoT
STl SUHIFATET GiaR haex T YEHTT WTo! 3®, TR Il 3faed 36 (additional
charges) 3THRSG SAId. B¢, SR Al UlaR thaeR Y UlaR thaex=dl &R e, dR I
3 (discounts) ﬁ@: Qb dld.

UiaR haex R Hgwd (Importance of Power Factor Tariff)

1. UufthfARiedlr TS (Encourages Efficiency):

iR Hhaer R® 1] Hode, sofacad! faavur du=ar Iuiadn, fava: sieifis
JIORGT (industrial users), TTET UfaR Thaex URUATT WeIfgd Hrard.
TS H I HH glard AT SofacRie! Homerdl ThRidedr for fazawmiaan
(reliability) URA. B UiaR haex 3o Aedh e ThRE=N Fofaciid! arRdr,
G*Tﬂié' ﬁmmﬁs—ékﬁﬁlﬁna—cﬁ (losses) HHI BId.

2. W%‘Wﬁ (Cost Implications):
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HHI UlaR e GM%TWT SUHITHAT (Low Power Factor Consumers) gld E@F@ﬁl’cﬁ
YT YR STd R 2dhd, HRUT d TTSwH! ThRIEIH dTRd 3Ted 3T 3fiw e
Qud 3R, o 3R SRdegar Rty ved stfafved Joam Hralams, diFr ufaR
Tz ﬁwm:lmw"r OfaR haex HYaR SUBRUTHED (power factor correction equipment)
3. s (Summary):

Ui Thdex CROITASTAMR TR REIT HRugr Wieie- adid 3NfYT 33faefict yonaidie
TSl HH BRI Hgd HRdld.

IUHIGIIGR el UleR haex SR @D HTHIEH, g1 YUTS Tol aad AT HH Tdard
BTG 43 2D, SIS SIBIG M, TLATS (sustainable)TTSTATIRTE Ugd aleaa! oild.
4.4.8 HiggrHH f3HiS SR® (Maximum Demand Tariff)

Hagmy feuie <Rw 81 U 3[@d 3iig Sl faarur Uit SuHiddi-T <i=ar gofaeRid
TARTUIAT (electricity demand) BTITH WRTAGR STUTRT HRST ST, it [ARY Hromadd
icae Il § TR® RIRcASTHITIT Ii=are-oi[aTiRTe TR sIa®ITu" HRUgRIS]
WTed HRd.

4, Maximum Demand Tariff (M.D.T.) ®T C‘H'I%’

Maximum Demand Tariff (M.D.T.) ﬁwmﬂﬂﬁ:ﬂ &H%Gﬂmmmmm
AR s%f%ﬁiﬂ dIWR (peak electricity usage) Acace] HIemas (specified time frame)
R YGH HTHRUINITS! ATIRATd. JMEI:, FT TR IS fhoigiae-Jmisnd (kvA)
AY $o OId. § CR% [9RI9d: ATGHIRAB (commercial) 30T 3NENIB (industrial) &ATT
A 3MTg, Ford 3faefict IR faquRTd WU 98¢ 2.

T Y FTd Fd (How It Works)

HISHIY (Measurement): Maximum demand JHTd: ot I e <xwaH 30 fafe
Freadld AIG Od. &1 Hoadd dicaoe! Faidd AR (highest demand) § SR®
U] AR S,

R[A¥P (Charges): OIREARIRS TS GIPRIY| Q:Iﬁﬁ(in kWh) -_-|'I€f TR G=—AT maximum demand
(in kVA) T31g! OGP SMHRSG Olld. IeRUNY, HRAKIG HAlCHT AL, HAlCHI TR
E'H'&I'Q"Ff GALITEL] T%Fifl%_s’ (KPTCL) Ud% kVA T maximum demand dTat Uh
faRr¥ceeRd, S Toll [ISIRIa™ avTesT 3R,

U8 (Incentives): T CRWM WA UEHH AT SOGCICT AR ATRITI
HUGTTST UROM ﬁ@ﬁ, foziva: Rrer araiaen (peak hours). T maximum demand @H!

Maximum Demand Tariff dT Gi'ﬂ (Purpose of Maximum Demand Tariff) OIS ITRITIA
(Load Management): § SUAIRTAT S U-aT i1 RICHR &8 AT HR0ATd Had P,
ST o AT U SR (infrastructure) NERGTS BIUIR 7 Hal AFTON JUT &= 2T,

@Y YA (Cost Recovery): & ¢RBGH IUIRIAT HUTHT il GRITHA IRl
IRGUGTTST IO FRReR ARTOf (peak demand) U SR UGS GUIRUN HRUTATST ST A
gAY HRuaTe el i
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31 i 9TRTA WATEA- (Encouraging Off-Peak Usage): RRax ArToft Sraradid (peak
demand periods) 81 Y[edh T, YT HU=AT UTEH =T FiHT ATIRTAT 31 Uidh d3iHed-

(off-peak times) Eﬂﬂé? Tl ST FRITe HRoar URd dxdrd .(energy generation) 3{Tfor
fIeRUT (distribution) 3fftie TTRIEE B3, Tepd.

4.4.9 B1S e TRB (Load Factor Tariff):
IS Thaex (Load factor) = W BIs (Average load) / Maximum demand
HHG AR ST (Maximum consumption possible) = WV?:TE feris (Contract demand)
kVA x dRdidd p.f. (Actual power factor) x Tfg=ardie URUT dI¥ (Total number of hours in
a month)

oﬂ?‘:l,_rﬁ PIREEI IS Thaex (Load factor of domestic consumer) = 0.5

« TS (commercial) 3for sienfies (industrial) UTgh IS Thae? (Load factor of

commercial and industrial consumers) = 0.5 + 0.8

8 UEHIHT UTaR R (power factor) JURTITITS! WIATRd PR o.

4.4.10 JGToTafSl MUTR W (Availability Based Tariff):
® 1 YRT= fhia TRe-en U oK 3178, Tl

1. s Tl (Fixed charge)
2. %ﬁ'@l@ TSt (Varlable charge)

3. 31-1@6{4,@5 IR sc{d\:l ((SHIERRS Hfeg / L\H (Unscheduled Power Interchange
Incentive/Penalty)

g1 WD, AeHHT FUiRd TN (fixed charge) 30T ATIRTAGR SMUTRT Z[G® (variable
charge) GUATd Id, TUT RASIGS UIdR ScxdS o gIun=n SifaRad a® fdhdar gifea
(incentive) fed Srdma.

| caracity cHarGE |}

Availability Based Tariff

[ EnErRGY CHARGE |} ABT

| uicHArRGE }

Figure 4.10 SUGIdAR SMHUTRT I[GP (Availability Based Tariff)

%) Fixed Cost (TFRE FIw) § Hod: BIHTAIGR (beneficiaries) TTATGR SFRICT WM
(Generating Station) WDTET_@'UTFCIT PR W@)T‘VEIT UlaR (entitled power) I UHIUITd
BIS ofTd. el 3 fheRe Hive Uc AT Wi &HdT (plant capacity) 2T Safed 3Rl Sif
FIYTATAL qTed] SITd. B HRUMS Fixed Charge (TS dT) BT 3H@al Capacity Charge
(HURIE TTel) SriE} 1T ST,
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ot grer 3 S Al B WA wIH (Generating Station) ATl WW
(availability) TS 7 AEAT DIVIIE! YahH has BHie WU AN Fdhd. SR TR
Rdbe! WU (reimbursed) ﬁwmﬁmaﬁ (Fixed Charges) Sicl IUGKIAY
(plant availability) SIS .

R Wicdt ISl UhT auiATS! 311A%h YHIUMIET (set norm) ST 3@, TR SIHRfET
RG] S Uy fRresdrd. 3nfor SR Wil Iuasar 3R0fdd FHTTieT HH 3RS, R SR
RIS HH U FAesdrd. &1 HRUMHS 81 SRW (tariff) Availability Based Tariff (S@@o afo el
S <RW) WU 3{ics@eT ST,

ydfear <ReHe fiheRs A (Fixed Charge) WiC ®18 Waex (Plant Load Factor) G 3fA&e
STHIYH], YUT Availability Based Tariff e ql Plant Availability (@1 Jgoafec) 2N Shedal
39l

R) Variable charge (O%I“QQGI@ qu) 4-6UI\;I SR WM (Generating Station) &I TR
THss Y (MW) ST FHRUGNTS! GIUIRT T, BRETS ASIS] Energy Charge SIS
3G T SId. AHL Fuel charge (TS dTol) THIGY 3R, S &1 YHE UlaR WicHd]
DB (coal), W UidR WicHma! W TS 980 (Nuclear Fuel Bundle), 9 glaR
ry I RIRS] (Gas) W'IEQI GRERICRRIRGE] (Operating expenses) 37\’3”33[

3) Unscheduled Interchange Charge (Ul Charge) (A9 %S éc{a\ﬂ dl\rlr): Unscheduled
Interchange (3IHHAS gaXdol) WU Wicw MY IdEATd (scheduled generation)
fdhar eTuTaf=n ﬁu‘fﬂﬁwsi’aw@ (scheduled drawl of power) Wﬁ-ﬂﬂ (deviation).
IaTERUNTY, THGIT T SRS WM (Generating Station) 600 MW GUITHTST (TR 318, Ut
TI&fTd o1 feazit 700 MW GRA3T #Rd 318, ARTal T WIFST Energy Charges (TSI ATor)
Y IaETNRl WS 600 MW 8T G Sdie. sifaked 100 Mw IT3t, TSIt
ﬂ]ﬁiﬂ?&?(rate) RIITaEDTEHQ &Iﬂm Grid frequency (@I’ém R &W .

TAT a1 ARG RASUERIG (surplus supply) TS dTol, U 100 MW (3THT

JGIGRUINTAT), TG Unscheduled Interchange Charge (Ul Charge) (3FI08 Scxddl

o) 3R 7o ild. Ul IS 81 Grid frequency (U8 el 2t Taiferd sl

SR fre frdd SIRd 3, WU 50.2 Hz &l $fid 3Ri®, IR Ul AeaRe e, Il
3 3T B, SR U8 el 50.2 Hz Uel SRd 3R, R SFRICT WIHEST 100 MW T
SifAfad IS FTEE! T foo SR Aela. aMe, WHe! s Thet IRguararat

(maintain Grid frequency) T TG HHI HIU U USd.

4.4.11 kVAh tariff (ﬁ'&'@ iﬁ'q?) Bl Uh fafeTT Ugd 31136' S| OIREARI apparent energy
(30 TSI (kVAh) T YR I[P BRI, Bad active energy (faed Toi) (kWh) =T

Uaoll. a1 TGdHe active (Ufded) ST reactive (RUfGed) energy (TSIl consumptions

[a}

(TR Gl faaR ST ST, o THUT SSiagiRic! faaTar YHId T 2rdhdrd.
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Implementation (SH@Fmaufh: kvAh billing (Peeiued fafdm &1 ugd ¢ TE 030 URYA
Td HT (T AEHITS! T LT (THS)) B3 Wi B R0 kW (fFdide) &l SR
31TR, BT HUATd T,

Tariff Structure (€XW TXTATN): TRE RIAL Ufd kW/kVA (dhorde / deid) AN 0w
3T Ufd kWh/kVAh ([F@Tde-am / $@IutE) T [oH JHIAY 3Rd, S Uehie
JIURTAT USHTIR FeQ ZIehdd.

Impact (YHTA): ot Sl g d Teif aTuRTa e Th RII=NoT TS SUARITST 3107 reactive
power (RUfded UiaR) =1 aToRTa fauR S g¥eol (@Xes) HH! HRUTMET 3e3l ddd. 3fed
4.4.12 TIGISd Toll SRU( Flexible Energy Tariffs) EV SearaToNT o Hfd®

"I electric vehicle (EoTacd Re®®) dTol HRUINS! W SR 7 HAT DlaIA! U™
MY 3T P1? JH=AT wallbox @G T8 JHTMAY flexible electricity pricing CIESER]
SOIFCRICT UTARiT) § ddidd A1 FHIY 3 2hd.

g WA T HOAFR, TRIST HY flexible electricity pricing (FOTRITS ISTaciRIc]
UTIRIT) STH Rl STOT d THATEV (Sc1) AMONTST B W S0 GATaRUTGRS (eco-friendly)

g9d1d, § JH9®."

"EV tariff" TgUNS! 17

EV S energy tariff (TTS] CRW) TEUS] SOTacd ReH® dTol HRUANITS] aTRGT SO
faoian T fa3IY &R, SREAHIG: UHT electricity provider (IBTaeRIC MERIER) §RT faa1
STt 301 BV (Sc8)) HATGHIHT Il arg-iqT arol HRugrard! dral fafRy sidfav (Sergvony,
a1y do5a) FHRCCTIIS! fSSTsH BT S,

fafay weif ER® YR Hr 3ga?

ETOT JHATIS! Sfagiic! aridl Jul ATHdiue daR SR 318, I&T a), SoTaeIe!
NEey (NErey) gRT GGl SIum=aT aid HFg 3T uTgaT,

RR Re-wic)TasiRe (Energy Tariff)
Fixed (flat-rate) energy tariff (ﬁ'ﬂ'\%’ Qqﬁﬁ@?—ﬁam HQW@NWW 3l (
) AII-31101 aTReiedn fobaidekwWh) THTOr SifaiRead Yo SMTHRA Sdory aroR diadl-oi |,

qIT TR0 TY g1 JAd aled SIAIdgaT Jeaid ., Tic ¥¢ SR A& Th H13d ATidb-
[edh 3R, 30T Fid THTomden SiRd Tl aroRedrs Sfaiad Yo STHR ST,

T8¢ ¢XW (Night Tariff)
RSAT ATSC <R WU IHTAT (3HTh-Uidh) I AR STUM=AT faSiat ar gI0MRT T
1 IS SR g1, FIURUMYUI T 10.00 d FhTRT 6.00 AT dieaddid 81 SR dF] dbell Sral
(@11 faeRU HUAER 9 dG Uhd).
Hﬁ?iﬂ'ﬁm

1) e IS IR die faerd s<d gld.

2) W Sraduelid AIE HHI 8IS droTyuITeasic droT HH! glal.
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3) ST I FH UGHT AH Il HRUT TG/l RIST TR &I1d Hal .
4) e Hhdex YURA! d dIoTRaaT 3fde fRR gidl.
5) A-IHRUNT SHordT ([ARITd: TG Solh) THTET IR U Bl

ATge SR die (WAt :
1) OVIS3T CISH-3M1-S (ToD) HicR AT M.
2) X BTH HRUI Hd ATEHITS! e T
RIS /ST TSIl ¢[¥W (Flexible/Dynamic Energy Tariff)

TSRS gofaeiRicl SR (Flexible Electricity Tariffs) SofacICReHeN®RI Tafdd
IS SOACRICINETId IGod I, I AIGaIaRT (Smart Wallbox) IT &RidT HFTGET 89
[l ST SHTFERICT Fatd W ST IO Y& B 2!,

JIT ZSfaeRict RN 96 Qidh-3Hih diHe) JaEINd H&d, Tl Tded [boldice-
JNTST MfEReT WRadl, &, id fhmrd CRRMET J1Y U3, 2ehdl. IS gl
Sofaeic WaiaR Al 3q A&l ST WTC dIGa RS IUHRUTET dTUR He gral
3fferep WGl fiesq 2.

WTE qiediad (S ®I go-e Charger) ARGAM JRIGT A1 YHRAN Gl BIAGl fHesad]
Iqdl. T Sofaeiic CRFHY, MR Kh-Uidh dNiad U W soiaee Hed, o
TH TA o] AIGAT TN HH! B 2ahd. JRIReiboraic-ard (kWh) fadt exmodd Y™
BRI A TS e B Fehdl. SR A1 Hafeudd 3 fFeRicReigiaer, ar =mfof ufshar uisa.

Tdd T WS T dic 3ffgd) UuT foide! SIRd dateresdT flexibility) qeTa fHesd,
faded JHATITA! Safded HR (Electric car) TTST BRI UL aTdd0l AU g15d SR qHdT 3! .
TR (EV charger) gH=HI Qqﬁﬁw (energy provider) gIRI e Had QCc:i:Ob (track) ¥
ehd 3, IR o JHA SalfaeRic! fadmeR electricity bill) 3fdd GhRIHD YU TP b .
DHY? 3! THTAT o YHTUIR 3MTgia.

msﬁﬁﬁlﬁi‘d (Flexible Electricity Pricing) HY BT HRA?

@Waﬁ:{ (electric vehicle) WWWW (green) Aoty &ﬂ% S-S A S TAB
$€1IrCTt;\0b dIE;"IiOD% (electric vehicles) dodd GTI%T‘T, a9 dior (electricity) ANl et ared.

U YA UREW (scenario) 3 3T &1 HR ATAD TeAThIS! ORI Adrd, Il dicsioy
(wallbox) &I (plug) PXdId, 3TOr g argd (vehicle) GIN| (charge) H0] = HpdId.

3TAT BT BRI B JHAT GRIHRTAIA GOIR] A SdBSaed Ul dosl gd dd 3Med Ao .
IR s (power grid) dX HIaT aror (strain) T,

FAfRIad TSiTd IW (Flexible Energy Tariff) a1 IR &Y daq AHdId?
graR 8 )power grid) 3I@RATS )overloading) BIUATURIA CISUIRITS! ddfeidc)flexible

Mabharashtra state board of technical education 120



Energy Conservation and Audit (316327) TSI PHeaAdQTd 315 MBS (316327)

tariffs)ﬂa'% Q:ITr\ﬁ_c’ (flexible energy tariffs) QTET dlg (vehicle) TSt HRuTTT Teft aFﬂH,
SiegT T rel eI (region) fdar FI'{Uf RIS (country) TRUT Eﬁ'@ﬁlﬂ dIWR (electricity
consumption) U S g Udh SISl W(charging station) e Q?wb‘ﬁ?[ Fﬁﬁ
YdalalR (electricity suppliers) T e yapp) 3HdId, o Tad ﬁ’x}lﬂ) CIgH-real-time)
Eﬁ@ﬁréﬁ?(prices for energy) E:? (tracking) dd 3 30T STegT o Faid HHT AT I
TIONT & FRd HRUN IAfGCRICIRCHAd FGad SRIdId, T TRE "SAHHE" (dynamic)
U 3fiadl ST,

gra uRumg &1 gldl? sRIeR, Sl gl qad Sofagd dlgd (electric vehicle) 3iTh-Utd
agHe (off-peak hours) ot (charge) XTI, ?IET@@

- UTIR U8 (power grid) 9T dTUT (strain) HH! dHRard
. Q:I\_Iﬁw (energy consumption) anqulo“l KRG (financially) BRI (beneficial)

Brdl
FOTRITe SofFeRIdT NI WIS (Benefits of Flexible Electricity Tariffs)

1) divl Tald g9d — 3iip-fie dovd B! TR SRIGATS DT dfSTd Soid Hal Ud.
2) OIS YAl YURA - Uldh IS SITG] AISTaTiR HHT BhSH- dISTIUTG AR Tl HHT i,
3) Wﬁa@ﬂ%rw Wﬂﬂtﬂwmﬁa@wﬁgmﬁaﬁ

4) 3ol HRUGHAA a1 — TP A1l TR FATSes HATd, A 3ol 99d Bid.
o Y o Y -
5) TANBRUNT SHoieT WdTe — UR/Ud Srordl TR STRd SHGSGAT dad W aX BF]

Hdl i
6) dTqRAGATd! fazamTRdT aled — HNTU-URAGATd THAI® IRAST SIT.
7) IS BIASIR — TS Ufthar 3Hih-Tie dod Rte B T HH! HdTl Adl.

8) HIe IToHId ue — Nt BI8 HH! SGIH URURS Sholl WdIaRId Haea- HH! gid.

4.5 TWIHIM ATH ¢RNw Ry < i@ il fae (Application of Tariff System to
Reduce Energy Bill)

TSTHTG, SOaCICT TR (electricity tariffs) ol e HIbcHS fdd Hewyqul YfHe
Soad 3fTgd, HRUT § US-GIIHAT (end-users) UG UichaTdt T ged 3xdTd. A1Ram,
R TSI STOIRTd Wl aTeauararat 3azde drd. Il BIg TTs STaRITIATER (load
energy management) 3T uRumg gidldad, CRAT Whad Tt ] (expense
calculations) fAfRad Ugdl WU Udo o1d A, R d IR 3H® dchigR gyIfad
(influenced) Eﬂ?ﬂﬁ S DY WW (generation), @R‘I’&I?Ff (transmission), faazor
(distribution) ’\?ﬁf, 30T IWBRT B (governmental taxation). ECITE@' Eﬁ'@ﬁ?ﬁ IR
(pricing) SRR fdvar ¢zmaam fafdy YITHER Hiedl JHIOMER aiTaiTed 31 XMdhd.dlo]
WWWWW (improper tariff calculation methodologies) 4;10?5 g1 Uik @19
(high power losses), 3{ATdYDH {iddUJ\cb (unnecessary investments), qEo0 AII[S T
(increased operational expenses), 3T ITGS TXLATS (sustainable) TS FaTAET 9
diiR ahc'quljo\b Wﬁ@ﬂﬁw (environmental pollution) BId 3G,
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Sofacic! TR (electricity tariffs) B1 T Ufshad! 3 T8 SATGR UTEHIT FoTaeRICT
JRUITS! F[@H SMBHRS SITd. HTOIDHIG, IOIACRICT SRUT TSl Xe@ HIheHS fdd
Teayul YfHeT SSIad 3ed, HRUT o ARSI FUeR THIEG SIHUIRT G- 9 A0
ST, A1R1aM, o ol aToiRId Wl areauarre! $idid azged 3MTed. SoiaeRIe! Ui
(pricing) SRR fdvaT <=1 fafqy YTHed avaTTes 3y 2Mehd.

I &R (electricity tariffs) TIR HROGTS], dtel GRIAR THTG TTHUIR fafde Tedh fdarid =imd
FNTATE. aHed e A &g (power plant) Y 3%@% Q:lTrﬁ (electrical energy) ddiR
HRUGTE T, E'F\“lﬁlfl:[ (transmission) &rrﬁr%fi%wﬂeaaﬁ distribution networks) A&l
BIUMAT HIUCSH FicHe (capital investment) EIRCERCIREE] &I_s’ﬁ%TFH (operation and
maintenance) HE SOTAEHE Toll [AdRld HRUAMET T, 30T I HUCH TpcHeR
WWW reasonable profit) WW@@[

"Reasonable" B RUsq mﬂ HTdhe difez Hfue (electricity market competition
principle) @&Td IS WY HAl Adl; g AP sc\blragdw') giaR (electrical power) ddiR d
RAvATAT fhadd ST Srar 1 disl GRAST HRUMRAT HU-ihgd Jaqed Jrad ol
fazaataar IS arht @E HRal. 81 7% Athd 3rTaT ST GRSl gHR 8% Tdd Haffed
S NICIR E’mﬁ[( percentages). Wﬂ, T G?’W?f gy (sustainable energy
resources) S B ﬁg(wind), W(solar), 31for 5’7@5’?777\/3?(Hydropower) gl digdl dTuR
NI G ﬁ?@?ﬂ(residential), W??ﬁ???’(commercial), 37T S'\s'/f\-‘\g'élcv \’?dc'\‘v’rﬂndustrial
sectors) T¢fic7 J1o7 gUTGv TR & ANTel \’rﬂ%

4.5 TRE REHH=ET araR TSl fod $H HIUURITST )Numerical)

qﬂﬁw 1 (Numerical: - 1)
- U1 HRWET FSfae RIS 9TUR 1200 kWh 3HTg 3101 = dfderad feuig40 kw 3iig. SR
3150/kW + ¥5/kWh 38,

PERIAR:
1. f&wis ATt (Demand charge):

40 kW xX150/kW=%600040
= ¥600040kWx3150/kW=36000

(40 kW x %150/kW = %6000)
2. QT-ITrﬁT'-Hﬁ' (Energy charge):

1200 kWhx%5/kWh=%60001200

= ¥60001200kWhxZ5/kWh=%6000

Mabharashtra state board of technical education 122



Energy Conservation and Audit (316327) TSI PHeaAdQTd 315 MBS (316327)

(1200 kWh x ¥5/kWh = 36000)
3. TS f9& (Total Bill):

¥6000+36000=%12,000%36000 + ¥6000 = ¥12,00036000+36000=% 12,000

(k6000 + ¥6000 = %12,000)
3R (ANSWER):
12,000

?IﬂﬁW:-Z

U 45-H8eag (kW) HIexA Goadr dedt 30 Hesag (kW) TiaR Ud 3HTg.Hiexdl Jul B8R
SIET Plel, SR Hicd! ThRRiedl 90% ™.

@?{{ﬂ:{ (Solution):

-\

Y¢S HICR $YC UIaR = 45/0.9 = 50 h S (kW)
JRAfd® ddoo! UlaR = 30 hesag (kW)
HIERARNS % BIFST = 30/50 = 60%

3dY (Answer):

Alea’d AifeTT =60%

?Iﬁﬂﬁz -3

TH 250 W HITSTH W (sodium vapor) B Th IXATGR BAGE] 3. ARG (G
Ydal OG\IQE\SI (supply voltage) 230 V 3{Tg 3101l GRS ‘v:l}zlﬁ 12 A/ 9red). 2 ¥ (amps)
HRC (current) AT TiaR Waex (power factor) 0.85 AR UdaaN, fGawmeT Tl aoR
(energy consumption) dlcl.

@T‘?{Eﬂ? (Solution):

QHGWGTQ?:VX | x Cos ¢ x aTgd! A&7
=230 x2x0.85x%x 12

= 4692-dlc A (Watt hours)

fdar 4.692 kwh

3<I¥ (Answer):
TSH AR = 4.692 kWh

?IﬂﬁW:: -4

WB@"THT 1000 kVA IT HIR ARTON (contract demand) 3{'% fooa fafcser Aol (minimum
billing demand) PR ARTUIRAT 75% &I'I% Bicdl SIS0l BIS (connected load) 2000 kVA
G{I%. AR 2003 If%?lﬁﬁ Ticdo! AT (recorded demand) IO UTaR thaex (power factor)
&W 1200 kVA 31f0r 0.8 31T, HIRYS IR (monthly consumption) 2.0 &4 gﬁ?ﬂ 3Te.
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JANRT WM BIS (average load) 3T HHTS IS (maximum load) SW 700 kW 3TfOr
900 kW 3Tg.

HIGYR (Solution):

1. o fafSw arroft (Minimum billing demand):
foum fafdT wrof = 1000 x 0.75 = 750 kVA

2. IS e (Load Factor):

IS e = W] BIS / HHG 318

=700 /900 = 0.78

3. ARTON haeR (Demand Factor):

AU haex = HigeHH feHis/ Sieoo! als

= 1200 / 2000 = 0.60

33X (Answer):

1. foram fafse Aol = 750 kvaA

2. B8 e = 0.78

3. AT heex = 0.60

gAfk®e:- 5
Wical IR AN (contract demand) 1000 kVA 3Tg. fbar fafST ARTOR (minimum billing
demand) HRR HNTUNAT 75% 318, HEHIRCIRTT (basic tariff structure) WIS IGYHT 3HTg:

.mﬁw (Demand charges): Rs. 180 gfd kVA / Gfg-T
« gHT OGP (Unit charges):

Rs. 3.75 Ufg e Ueb &G giicd / AfgH
Rs. 3.50 U GG gy Uef SId / AfgT

« Y AT (Fuel surcharge): Rs. 0.20 Ufd gfHie / Al
« JaT &R (Service Tax): Rs. 0.25 Ufd gfe / Afg
HER HIS (Meter rent): Rs. 500 / Illg:ﬂ

Tl amR (energy consumption) 3,15,000 gﬁw g 30T Higdoo! HiagHH
fSHTS(maximum demand recorded) 600 kVA 31Tg.

A=A TBiaeRIct AR T HIa.

'\‘ﬁ?{{ﬂq (Solution):

1. HFTUﬁW (Demand charges):
fepar fafdsT AR = 1000 x 0.75 = 750 kvA
HATOR R[S = 750 x 180 = Rs. 1,35,000
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2. gﬁzw (Unit charges):

Ufger 1 @1 gfEH: 100000 x 3.75 = Rs. 3,75,000

2,15,000 T (Th SR FFAed HdR): 215000 x 3.50 = Rs. 7,52,500
3. YT TSt (Fuel surcharge):

Z¢F TS = 315000 x 0.20 = Rs. 63,000

4. AT HR (Service Tax):

JIT HR = 315000 x 0.25 = Rs. 78,750

5. Hex ’l-I'I@.' (Meter rent):

TR YIS = Rs. 500

THpUT o (Total Cost):
= 1,35,000 + 3,75,000 + 7,52,500 + 63,000 + 78,750 + 500
= Rs. 14,04,750

3<I¥ (Answer):

Afg=aTaT SSfaeRict AR T = Rs. 14,04,750

TAN®S: - 6
dIRW (tariff) = 125 3. Ufd kvA Hiegmd f&Hi€(maximum demand) 3ff0T 3.00 %. Ufd giae
(unit consumed) ATIRTETAT fEST 3MT8; BT WaeR (load factor) 50% 3Tg. TpUl g ufd {Iﬁ?

(overall cost per unit) dIcl:

(i) gﬁ?ﬁ iR thaex (unity power factor)

(i) 0.8 iR thdex (power factor)

faoo (Given):

« AIR® = Rs. 125 Ufd kvA Hfdad feaig+ Rs. 3.00 Ufd gfe arR
« IS TR = 50%

« Hfdgmy feuig(M.D.) = 10 kvA

=T THUl [ / fdd (Monthly total charges/bill):
1. M.D. Wqﬁfq%:ﬂ (MD charges per month):
M.D. 3[@® = (M.D. kVA x M.D. J[@ Ufd kVA)

=10x 125

= Rs. 1250.00

2. Qqﬁw Qﬁﬂﬁ? (Energy charges per unit):

TSl 3[0® = Rs. 3 Ufd kWh
E:ITrﬁaTCR (Energy consumed) U] Id@d)ql CAICE S

m gfehy TlaR (average active power)) x (awn%ﬁ AT (hours))
TSl AR AP ufa gfg=n (Energy consumption charges per month):

R o (average demand) (kW) x (m%?qﬁam) X (qﬁr kWh @)
= IRIERT ANTOH (kW) = (18 WaeR) x (BHTS AT x TlaR haeR (pf)

n H»~ 1 w
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II'%?TI%[?IW YJNumber of hours in a month):
24 x 30 = 720 d 9
i)gﬁé)[ JlaR haear (At Unity Power Factor):

1. TRTERT AFTOR (Average demand):

IR ANTUY = (SIS WaeR) x (FHTS HARTUN) x pf

=05x10x 1

= 5kwW

2. Qﬂsﬁwqﬁrw%m (Energy consumption per month):

= TR ANTOl (kw) x AT drd

=5x720

= 3600 kWh

3. Gﬁfww (Energy consumption charges) gfd HgHT:
= (AT ARG TSI (kWh)) x (I kWh Z[G)

= 3600 x 3

= Rs. 10,800

4, TR 9T (Total billing) U AfgT:

= M.D. 3[@® + Tl oD

= 1250 + 10,800

= Rs. 12,050

5. SRI[:7 QQCdI T (Overall cost per unit):

= (IRl fo®) / @ig=did ATIRGST kWh)

= 12050 / 3600

= Rs. 3.35 / kWh

i) 0.8 TfaR thacXax )At 0.8 Power Factor):

1. TRTERT AFTOR (Average demand) (kW):

RIS AR = (@18 WhaeR) x (@HIG AN x pf

=05x10x0.8

=4 kW

2. Tl AR (Energy consumption) Wi AfgT:

= TR ANl (kW) x Afg=ar

=4x720

= 2880 kWh

3. Wﬁa’mw (Energy consumption charges) gfc HgHT:
= (AT ARG TSIl (kWh)) x (I kWh Z[3)

=2880x 3

= Rs. 8,640

4, Ul fafdT (Total billing) Ufd AfgT:

= M.D. J@F + TSl @D

= 1250 + 8,640

= Rs. 9,890
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5. L gﬁﬁn @ (Overall cost per unit):

= (TR [§9%) / AR aTRSST kWh)
= 9890 / 2880
= Rs. 3.43 / kWh

CLIES Reh (Yearly Total Charges/Bill):

1. M.D. [OP PIGKCL] (MD charges per year):

= (M.D. kVA x M.D. X[&e Ul kVA x 12)

=10x125x 12

= Rs. 15,000

2. ET-ITrﬁaTCR (Energy consumption) UIGECL] (per year):

i) gﬁ?ﬁ UlaR haeIdr (At Unity Power Factor):

IRTERT AFTOR (Average demand) = 0.5x 10 x 1 =5 kW

TSl aTaR (Energy consumption) gfd ay = 5 x 8760 = 43,800 kWh
Q:IGWWW (Energy consumption charges) gfd a9 = 43,800 x 3 = Rs. 1,31,400
THUT fafST (Total billing) Wid @S = 15,000 + 1,31,400 = Rs. 1,46,400

'L gﬁﬁTE?f (Overall cost per unit) = 1,46,400 / 43,800 = Rs. 3.35 / kWh

ii) 0.8 UTaR Paexav (At 0.8 Power Factor):

IRTERT AFTOR (Average demand) = 0.5 x 10 x 0.8 = 4 kW

TSl aT0R (Energy consumption) gfd ay = 4 x 8760 = 35,040 kWh
Q:IGWHTCRW (Energy consumption charges) gfd a9 = 35,040 x 3 = Rs. 1,05,120
THUT fafST (Total billing) Wid @S = 15,000 + 1,05,120 = Rs. 1,20,120

TP gfedr @ (Overall cost per unit) = 1,20,120 / 35,040 = Rs. 3.43 / kWh

3dX (Answer):

AP gﬁE'EIT od (Overall cost per unit):
et UlaR haeRaR (At Unity Power Factor) = Rs. 3.35 / kWh
0.8 TR Thaela (At 0.8 Power Factor) = Rs. 3.43 / kWh

40%
(7]
Q
=T
B 20%
c
Q
(& ]
a 0%
o Recovery of Recovery of Recovery of Reasonable
generation of cost on the cost of profit
electrical capital operation and
energy cost investmentin  maintenance of
transmission supply of
and distribution electrical
systems. energy
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Figure 4.11 SAfaeRICINEIUMIGR UHTd TIHUIR UCH (Factors affecting electrical tariff

calculations).

I, Fafde IR S HRAM SR gchidl faaR Har Ui,

SR (Tariff) PERIGIA (Calculation) TR TRUITH HIUMK GSH

1. 318 Wic TRU (Load Plant Type) — S¥ (Base), Uldh (Peak), Scidbdes RIEH
(Interconnected System)

2. D18 TI8Y (Load Type) - SHRC®E (Domestic), HHRIAG (Commercial), $8R<T® (Industrial)
3. AiRey feuig (Maximum Demand) - 3XCIGE HURICT (Installed Capacity)

4. IS UlaR hae (Load Power Factor)

5. O7 do5 Y HIGHHH B8 BRI ot 9 (Time at which the maximum load is required)

6. ATIRUITT TGO Q:ITrﬁ (Energy Used) EIEIE]

) TS Wie-base-load plant) BT 3T UHRTT W 318 Sl WU dUHR Fdd SafaeRie! Tt
I Bl %R TSR WiT Qo0 BT HRIRA AN, cGHTA DHIaradid avred, Sl §
YFIIR (nuclear) 0T BT UTRA-coal-fired) WICHYHTO ATedaarAfdRed ., Yidb dle-
Wic (peak-load plant) T géﬁﬁlﬁ arTofie U seeae ds QTOI?ﬁ%‘ ey 9 .
) EG%T\qgas turbines), E'Rﬁj W (hydro plants), R (solar) 3for gaq (wind) Qqﬁﬁ
ICHIRBAT Sfeqdblfeies A=Al FRRERIGR Hed HRATASRINY ., IRER Shscael! 318 yormelt
(interconnected grid system) &1 TaTeaT TToll TG DRUMIT RG] SIS VRG] Udh Hedd
[Nl \’rﬂ%, W Ui ars W%I\_rf (peak load exchange) HTYUdI Iadr sfor snffemese
Q'W? STORRA (economical operation) ﬁﬁf\%lﬁ fﬁ?ﬁ

T, SOfFeRIERefEIZ HRAMT Fle! Wfie 3fdd TR faaR ol uifies, & Jetousm
fad amge:

B3R (Fairness): AIGAT TEHIAR HH! a1d (fRAd AP MBHRG Uligel, Bicdl AGHIAR
TEL, 3T IS TRV ISTaeAS! TS IdG TAld U glso. ARG, Seodl BIS

. T GEMYTRG A-dRTee ol RUAAeE U 9eo 7 HROMAT UTeHUeT SR G1aR
S{THRS TGS,

EEAOEY (Simplicity): SHTAERICNE T T 3ifdH ATRGANITS! TS THSTUIRD 3T

e Tfed SRR MU<H B B dTd, HRUT I TBTIYH HUATTEd JH-Id: THRIHS
TP I AN, ST UHIT MYV W[ HU-gifaudidl f[azandTd <@l Jee.

sefreeea (Attractiveness): UG SGICRICT ITURUIN UG HUI a=Teh 31Tg, 0T
TS, UG- URU! Y HRUATISRCATIRUITAT Wil Hazddhdl 311G
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ﬁmm TSl Sga=ITA (Electricity Tariffs and Energy Management)

TSl HASHE (Energy management) 1 3121 UfohdT 38 SHe) SARGHY TN aTuRTd
fdteror anfor SIfPHTESRA (optimization) FS A, TASH TaRIMUAMT 3P WU fafay
giefociomete sl @RE! I AR SHIPHS (optimal) TTABIER G, THT IATGAEHAT
(productivity) FH 7 HIAT TSI [hH HH! BT, TIRTER, THTETO! AR HH B G HHY
B0 3TMOT SeRTA® Weldddd (market competencies) dle B0 % dte A Bﬁg 311%‘

g1 fqUTTId SofaeRIdRe (electricity tariffs) 30T ARTON-ASS Toll SIGRITAA (demand-side
energy management) AHt® Tdeum Tl Hot 3R, TofaeRic! fhHdiar HieT aikomA grar 3for
o AFTOT-AEEaR TSl QAMGHISHIGR (redistribution of energy) THTd ST

NG D! IUHL TEATHT GISd (loads) FARTET FRUAMATST 30T TSIl AT &RT (EMS
strategies) URUATS! fafae Tgdiiar AR o7 10T 318, Iarexuny, faegmE i sazadhdr
3T IdTe IS (production plan) H@ATh- Hed AT Ha=Ihdid (current

requirements) 30T AT IATGA G (production techniques) THSH U SOld, B a@l®
Tl Ho old 3R,

4.6 fafay Hﬁﬁﬁﬂﬁ'ﬂﬁ AP SIOYeHIIAT (Recent tariff structure of different utilities)
W—ﬁ%’l’q g@@ﬁl—éﬁ? Q04 (State-wise Power Tariffs 2025)

4.6 fafay gfeferdi=a srcisld CRW )Tariff) AR )Structure)

e (Latest) sﬁfﬁjﬁrﬂ (Electricity) TRB (Tariff) papany| (Summary) (Latest Electricity Tariff
Summary) — HERTY (Maharashtra), MERC — f&§HeR 2025

1. STARC® (Domestic) / IRTSTRAT (Residential) SRW —LT HETRT (LT Category)

Qﬂﬁﬁw (Energy Charges):

« 0-100 MY (Units): ¥5.74/3f¢ (unit)

- 101-300 gHTH: ¥12.57/gf<

- 301-500 gMFCH: 216.85/gfC

« 500 gFACHUET SRd: 319.15/gf<
2. AR TRB (Commercial Tariff) — LT Il

Qqﬁﬁzﬂﬁ (Energy Charges):

« LT lI(A): 10.75/3(IC (unit)

« LT 1I(B): 12.50/3fC

« LT 11(C): *14.40/g4C

flres Tl (Fixed Charges):
« LT II(A): ¥240/kW

« LT 1I(B): ¥300/kW

« LT 11(C): 400/Kw
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3. $SRTTA ERW (Industrial Tariff) — LT 1l / HT
LT $SRCYT )LT Industrial):

. Q:Iﬁﬁilﬁ (Energy Charge): %9.45@%’6 (unit)

. foaE TS (Fixed Charge): ¥230/kW

HT SSRCTT )HT Industrial):

. Q:ITrﬁiﬂTrf (Energy Charge): %7.90/@&17:’

- f$H7S a7 (Demand Charge): ¥450/kVA

4. UfeTeh g & (Public Services)

LT ufsTep m (LT Public Services):

. Q:ITrﬁﬂ'ITrf (Energy Charge): ?8.25[{?[[%1?:’ (unit)
- {8 TSl (Fixed Charge): ¥140/kW

HT UfstTeh Ffegad (HT Public Services):

- TN ATl (Energy Charge): ?7.10/§ﬁ?

. fsuis (Demand Charge): ¥380/kVA

5. g@m ®3Hd (Electric Vehicle — EV) T

- Ufsap EV TSI %2 (Public EV Charging Stations): ¥6.25/g(4¢ (unit)
. fRIY ftheRs /fe T T (Fixed/Demand Charges) reid

6. TR ) Iﬁw\@lm /Solar / Renewable — Net Metering)

. ﬁﬂ?ﬂﬁﬂ)Monthly Banking) QR
- §fd5T @15t )Banking Charge): 31.50/4(4¢

. IYTHT Qdct CAUC )Year-end Settlement) — APPC &3 )at APPC)
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Sample Question bank

[a—

. List benefits of cogeneration.
Ilustrate the benefits of time off day and peak off day tariff relevant to energy cost

along with its impact on energy bill.
What are the basic components of a cogeneration unit?
Explain the difference between cogeneration and combined heat and power (CHP).
Explain the topping and bottoming cycles in cogeneration.
Explain the penalty clause of poor power factor while preparing energy bill.
Identify the benefits and applications of availability-based tariff and power factor tariff.?
State the objectives of tariff systems
List the different types of tariff.
10. Choose any four-tariff schedule to reduce electricity bill of commercial consumer
11. Add 5 numerical for practice (only statement) as a Question Bank
12. A consumer has a maximum demand of 200 kW at 40% load factor. If the tariff is

Rs. 100 per kW of maximum demand plus 10 paise per kWh, find the overall cost per kWh.

13. The maximum demand of a consumer is 20 A at 220 V and his total energy consumption is 8760
kWh.
14. If the energy is charged at the rate of 20 paise per unit for 500 hours use of the maximum demand
per annum plus 10 paise per unit for additional units, calculate: (i)annual bill (ii) equivalent flat rate.
15. The electricity tariff is Rs.3.00 per unit. Calculate the cost of running an 80W fan for 10h a da for
the month of June.
16. A consumer is offered electricity at the tariff of * 150.00 per kVA of his Maximum Demand (MD)
plus 25 paise per unit consumed. The consumer has a total load of 400 kW at a power factor 0.8
lagging. Calculate the annual bill for the consumer at a load factor 1. (100%)

D

ARSI I
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gﬁz 5 : TToll TSe
(Unit 5: Energy Audit)

DI AMIcHh (Course Outcomes):

sﬁm (Electrical) fafen (System) 1t Q:l\_rﬁx’:ﬁ%_c’ (Energy Audit) .

frerd s enged W (TLO):

TLO 5.1 TSIl 3{1TSC (Energy Audit) fSHTE (Define) HT TMOT IffheH (Benefits) fore
(List) .

TLO 5.2 WRifthe Qqﬁﬁﬂmﬂ:{ (Specific Energy Consumption) o fafifre—w (Significance)
SIRCWHTT (Justify) BRI

TLO 5.3 To 3ifse (Energy Audit) EEELS] (Types) TR (Explain) XI.

TLO 5.4 @ﬁlﬁﬂé@' Gﬁﬁ&ﬁ%? (Specified Energy Audit) qrét Rfcrege s-%gﬁl'q{-l (Relevant

Instruments) TSIRE (Suggest) BT STOT STRTB BRI (Justification) .

TLO 5.5 feeiear wiferdt (Facility) =T QT-lTrﬁ 3ifse (Energy Audit) TSt HYR (Questionnaire)
$&dY (Develop) B,

TLO 5.6 feciear BRuferdl/fuRey (Facility/Apparatus) T Qqﬁﬁtﬁﬁ ST (Energy Flow
Diagram) S&Ad (Develop) Xl.

TLO 5.7 %@‘6’ BRifere (Created Facility) rot Rivd U-d& fufas (Simple Pay Back Period)
3TFOT 3. 3R 3R, (IRR) Dhaaic (Calculate) BRI

TLO 5.8 BldlS Q:I\_rffsﬁ%_c' (Energy Audit) PIRICE (Procedure) %Wga (Describe) X,

TLO 5.9 feciear BRuferdl/fuRey (Facility/Apparatus) qrét Q:ITrﬁéﬁ%_c' faard (Energy Audit
Report) e (Prepare) hX.

TLO 5.10 TSl HASR (Energy Manager) 3{T0T 3{TfSex (Auditor) Ti=aT AT (Roles) 30T
FaOifRIfSfctsT (Responsibilities) fSXpTRE (Describe) &R,

5.1 TSI TS (Energy Audit): STBTARI (Definition) ST afAIftheT (Benefits)
Qtlﬁﬁﬁﬁ%_c' (Energy Audit) g Ricdie® (Systematic), nyfsmd (Methodical) 3o fafeda
(Analytical) s are] (Process) 3Me e Giﬁﬁl'q'@‘-ﬂ:[ (Organization), fafedT (Building) fobar
gefcad BRI (Industrial Facility) A& TSI (Energy) ®RIT aMURel Sd & UaaiieH
(Examining) &l ol

g1 3fifSe (Audit)y ¥ TH (Aim) TSl Gl (Energy Flows) SICWBRI (Quantify) XU,
S RIS (Inefficiencies) far dco™ (Wastages) TSfCH (Identify) HROI JTOT PIRe-
3‘@‘% (Cost-Effective) d JqeeAad (Sustainable) Wﬁ?ﬂ (Improvements) IHHS
(Recommend) 0! &ﬂ%

g PIUTATE! TS HoHe YU (Energy Management Program) TT3T @I-R%I (Cornerstone)
RU[ P[H Hd WWW%@@W (Energy Efficiency Investments) CRACISEE
AT (Decision-Making) TTST thag3id dRN (Factual Basis) U&M &Rd. TSl 3HifST (Energy
Audit) HAD Q:ITrﬁEIT-‘(‘ﬁ b YH (Consume) gId I HoRHcC (Measurement) Xd BIRGN Fﬂéﬁ‘ﬂ
(Lighting), Ay (Motors), Sraad (Boilers),
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Qﬂiﬁﬂ.?ﬁ. e (HVAC Systems), BT (Compressors) 3o O AR (Process
Machinery) IR e (Systems) d '{%Clﬁ'c’ (Equipment) I RBIHT (Performance) adtd
3o (Assess) B,

paj| SEVF@Q’SH:[ (Evaluation) R &T"ﬁTﬂ@W (Organization) Q:ITrﬁtITCI’T\IJﬁT\“[ (Energy Performance)
a3 aw (Baseline) 3@@ (Develop) d= W, ST (Operations) S Ufdedq (Best
Practices) f0¥& STHIG (Benchmark) &% dhd ST TZH (Time) TIR IR[GHCH
(Improvements) E:$ (Track) = ehd,

TN 3ITST (Energy Audit) T 3fieol{ae @y (Objectives)

. TIoR TSil-B~[HHT (Energy-Consuming) TRATS (Areas) 3TISCHRI (Identify) HOT SO it

SRt Y (Efficiency Levels) fge=fim (Determine) .

. 8cl- %ET-[ TR (Data-Driven Analysis) R OIeRue Q'_-lTrﬁ (Potential Energy) 30T Hixe

IR (Cost Savings) BB (Quantify) FRO,

: WW(EXISUHQ Systems), Eﬁ@@ﬂ(Processes) 3q1for W(Equment) T RGBT
(Performance) W (Evaluate) B,

. Toll SMBRIT (Energy Efficiency) dTeauarIe! Hitaihd =T (Modifications) fdrar Yeifthed
(Retrofits) IHHS (Recommend) :

: ooy (Conservation Measures) 37for W ﬁam (Renewable Integration) qrat
mﬁ%ﬂ:{ A (Implementation Plan) @%’Zﬂ[ (Develop) B,

: EI'TI%TQ\GH AHeRT (Continuous Monitoring) d SAIRAY (Awareness) R 3G Q:ITrff

HloHe (Overall Energy Management) S¥{c (Improve) H|

lzqﬁffar‘f%a;r (Energy Audits) 9 Hegod (Importance)
Q:IG\TG{T%EG (Energy Audits) g L0 SBBUHC (Sustainable Development) 1 HIUGETET
3TFOT H2M® Toll =19z Y (National Energy Conservation Goals) Q01 SRUTMNTS ! THRA®
<Y (Essential Tools) H@HW@TWW (Rising Fuel Costs) KB EED Q*csquﬁl'co
WTH (Tightening Environmental Regulations) H@' 3@@\_:[ (Industries) AT FARES
SR (Commercial Establishments) dTGR TSl Seiuct (Energy Intensity) ST
HIUGTTS! 30T fFETR CaldToiS (Cleaner Technologies) 33Ty (Adopt) HIUGTS! TR
(Pressure) dled 3R
Qqﬁﬁﬂm (Energy Audits) RESERY 5*~HI'£QH (Actionable Insights) e & g1 11y (Gap)
fSST (Bridge) ®RUTTd Had PR,
. Q‘ITrﬁ TRGTH (Energy Performance) és\%ghl %E"ssi{-l (Industry Standards) faeg ST
(Benchmarking).
. TREA® WrHed (Operational Parameters) El HT@TFR?I@TH (Optimization) ¥ oI pane
Romafafed (Process Reliability) S (Improve) PRI,

- TR (Solar) fhar a% gle R (Waste Heat Recovery) TREAT R-gUa® TR (Renewable
Sources) El 5’%‘3@? (Integration).« - THErHY T (GHG) HGESS (Emissions) 31ifor QETCFY"QEE
STCI?E' (Environmental Impact) FHH B,
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g (Scope) 3 Teif 3iifse (Energy Audit)
TSl 3HifSe (Energy Audit) JTERUMU! WIS TS MBI HegR (Covers) HRQ:

. giefedt faew (Utility Bills) SMTTOT SRR (Tariffs) o SIIRHE (Assessment) @+ B Ue—y (Cost
Patterns) JH[A gul,

. Eﬁ?@?ﬂ (Voltage), ®C (Current), JiaR haex (Power Factor), WU @E (Fuel Usage) 3o
CTRTR (Temperature) HIRBHT Bt WRHed (Key Parameters) o AoRHc (Measurement).

. U (Pumps), o (Fans), BT (Compressors), 3nfor faed (Chillers) dR¥AT ADH Do
fafer (Mechanical Systems) gl S%\JWQ?EF[ (Evaluation).

. HARC (Comfort) 3ifor Q:lTrﬁ SRt (Energy Efficiency) qrat ?ﬂé@ﬂ (Lighting) 31ifor
9. @1 T RReRT (HVAC Systems) T %! (Study).

. RIS Uidedd (Operational Practices) 3o ﬁ%ﬂ?‘:{ﬁ?ﬂ?ﬂ (Maintenance Schedules) %ﬁaﬂ
(Review).

. zHifsue (Immediate), Fe-eH (Short-Term), 3T SiT-eH (Long-Term) Q:Iﬁff@%"[ (Energy-
Saving) &Nﬁjﬁ‘a\_ﬂ (Opportunities) ST,

TSl 3HIfST (Energy Audit) HSfacT WTaS (Benefits)
1. fodod (Leakages),GiTqWTﬁ"T (Idle Running),&ﬂﬁ[_@?ﬁl@ﬂ (Heat Losses) qrRe fged
Q:rﬁﬁal%ﬂ (Hidden Energy Wastage) 9 3.

2. &T@ﬂ]ﬁ%@ 3= (Optimized Operation) 37for 2fthRRrge RCEINSI] (Efficient Technologies)
R Qqﬁﬁm (Energy Costs) FHH BN,

3. URfew deaw (Preventive Maintenance) 30T SIS TSR (Load Balancing) R S‘@EI'EI?
omfafee! (Equipment Reliability) aTGaul.

4, OO SRt (Process Efficiency) QE[%WJIH% BISR Uislaciec! (Higher Productivity) 3T
gigae Bioc! (Product Quality) e,

5. BI3R P Pefie (Lower Carbon Footprint) TMOT ISO 50001 ARE TRATHCS € ESY
(Environmental Standards) Sy (Compliance).

6. Q‘Iﬁtﬁ@ﬂ (Energy Projects) T HUCS SRTHT (Capital Investment) 13T e fSRem-
AT (Better Decision-Making).

7. TSl daazH (Energy Conservation) g&lﬁl@@%ﬂ (Initiatives) A 3R (Awareness) 3rfor
Wﬁ@ﬁlﬁ? (Employee Engagement) qTequl.

8. TAGI-3fhRArT MHRIRRT (Energy-Efficient Organizations) T8 HTAIRE SHS (Corporate Image)
3T Siufefeg-a (Competitiveness) ﬁﬂl%c\b oI, SHIROT T TR0l STEIEGR (Environmentally
Responsible) TUMH 3ls@adT SITdId.

9. lIOE;'-ICJ?I'C $'QI'E<$\H (Government Incentives) far Qqﬁﬁgﬁ:&rw‘} i U (Energy
Efficiency Certification Programs) Tt quid (Support).

10. H2FS Q:ITrﬁ ﬁagﬁ‘cpr (National Energy Security) A gNIGE <Ul, 3ATd %%QQI U
(Imported Fuels) GR 3/do o HH! BRI,
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Eﬂeﬁa 3aleXUl (Illustrative Example)

SUTRITTH! 400,000 kWh TR HY (Approximately 400,000 kWh per Month) 6SgH
(Consumes) UMTT ffsan-asss ﬁqﬁv_ﬁﬁ'ﬁ e (Medium-Sized Manufacturing Plant) El
HITS (Consider) BT,

%%FE Q:lTrﬁ 3ifge (Detailed Energy Audit) R %‘ fomrar (Discovered) 311@7 P

CIC® TSIl (Total Energy) dT 15 % ®BTse (Lighting) 7 $sgH (Consumed) HdT, JHTC FORINC
LS (Outdated Fluorescent Lamps) 4g.

HicH (Motors) 31 TiaR Waed (Power Factors) (0.75-0.8) AR 3TURE (Operated) BId BIcl, ST
LIRSk (Losses) dled g,

DHIIRS waR e (Compressed Air Systems) g2 i3] WW (Leakage Rates) 25 % LIRS IR
gicT.

BIEfCTT (Lighting) BT U@ ! RIRCHT (LED Systems) = RW5H (Replacing) &%+, 3ifeiHied TraR-
T W (Automatic Power-Factor Controllers) ET\‘E'\I'T'F (Installing) = 37O forery (Leaks)
RUsR (Repairing) <=, We (Plant) ARt 20 % TSl Afg™ (Energy Savings) HI¥J
(Achieved) m, W JI& Hie (Annual Cost) ¥12 &I (X12 Lakhs) % IR

8T ICIERUT (Example) BI®TZC (Highlights) PRl &1 ST (Audits) RIS TRBIHY
(Operational Performance) 30T wifthefafesdt (Profitability) CE| Q'F\qﬂ'ffﬁ (Transform) =
R[hdId.

5.2 WRfh® Fﬁﬂ: HHARIT (Specific Energy Consumption) Yed o Rififre—w

(Significance)

S (Definition)

TR TS Iz (Specific Energy Consumption - SEC) W@fwgﬁ? (Unit)
3T3CYC (Output) TR HRUIRITS! HEIH (Consumed) Ho@&AT TSH (Energy) It XadbH, Tt
U184 (Product), HCRT® (Material), fdar Tfed (Service) 3/ 1. § 1 IRBIH P (Key
Performance Indicator-KPI) 3Me o fRiRkeH (System) fhar g (Process) ™I Qﬁm

(Energy Efficiency) o S8 QU (Evaluate) HRUITHTS! ATURS ST,

HyHAfCHo! (Mathematically), T SR UHR Qa@? (Expressed) P olld:
"SEC"="Total Energy Consumed (kWhorMJ)" / "Total Output (UnitsofProduction)"

TETHI0T (Explaination)

[ Qqﬁﬁa@% (Total Energy Consumed) g2 433) dluesbc?ql Id BRI 1FITr\Df(Energy) 1y
(Includes) 3ATd—SSIaCHS (Electrical), YHS (Thermal - Fuel- Based), 30T Rgua®
(Renewable)—@[ I gﬁl’d (Common Unit) o W‘é (Converted) HS SITd (Iraocﬁ\ldTC-aldQ
(KWh) fdsar T S 9 (M),

cIce® 3{T3cYc (Total Output) g ﬁrg%q-qé Te¥ (Manufactured Goods), IR WQT Tfegaa
(Services Rendered), fdar Hurare! ﬁl'{ﬂ\{@lcﬁ JiSaR URTHICR (Measurable Production Parameter)
o gfafAfera (Represent) <= P (3al., fqHe (Cement) o oI (Tonnes), ¢¥ (Milk) o foed
(Liters), fdha1 UT€de (Product) & HTH (Units)).
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. SI®ISEC (SEC) FHHI 3, dT I (Process) WWE’W‘C’ (Energy-Efficient) 3.
81 SEC (High SEC) &4 SR (Poor Efficiency) 0T TRA JHTIRIET By (Higher
Operating Costs) =Zfadr.

SEC d Hg@ (Importance) in Qq\_rﬁﬁeiﬁﬁ'd (Energy Management)

Qqﬁﬁw (Specific Energy Consumption — SEC) g 33@:5[ (industries) 31rfor
HARMTS BafGeS (commercial facilities) o Qqﬁﬁaﬂﬂlﬁv_ﬂ (energy benchmarking) 3rfor
RO TH- s%osﬁ'c (performance improvement) g3t Th PICEEE (foundation) ¥U[T TH
HRd. T g W0 oYHT0 YHERISSS (summarized) B SIS, 2Idhd:

1. IR IH-Y SH1fh T (Performance Benchmarking): SEC H@FW@TWW (facility’s) TSt
Yol (energy use) Ell Jdo-l T3S (standard) foban a%C-ET-[-ON’)R—I (best-in-class) T IH-gRI
(performance) AT YdeXHEL (sector) BT Ud.

o

2. sﬂgiéltbdpﬂ-l Wﬁgﬁ?&m@ﬁ (Identification of Inefficiencies): g1 SEC OE\;'QL;_M (values)

H%E“@Cl'ﬁ? gﬂgﬁﬁﬁm:\“ﬂﬁ (equipment inefficiencies), I3} T (poor maintenance), Efa:aﬁl—d
SMTSIHT (excessive idling), fhar 3MScacs iGN (outdated technologies) Tids ERId
gI/@e JYS WI.

3. B SPHTISIRA (Cost Optimization): HTRUT TSI (energy) &1 TISaR BHIedT (production
cost) AT HIT 3R (Qzlﬁﬁs%ﬁl'd e dqed (energy-intensive sectors) 3T 25-30% Eﬁ?f)
ECITH,@E SEC 3ol (analysis) Pie-AfgT &F\Iﬁqﬂiﬁﬂ\?{ (cost-saving opportunities) 3G
Had DR

4. O Eb?jT'F 3for AR (Process Control and Monitoring): W qife i (regular
monitoring) 3% SEC & U WKfafGdl (process stability) fewg 3quam, sHMHS IS

(anomalies) Bd@R [SCHRM (early detection), 30T fUigfed HeA~ SIS (preventive
maintenance scheduling) XU Had gld.

5. Wﬁ@ﬁﬁ&m (Guidance for Energy Audits): B 3ifged (auditors) Gﬁﬁ[%ﬁlﬁxﬂﬁtﬂ
(engineers) 10T AR (sections) fohdl SfBTHE (equipment) SICHS STTSTET (detailed auditing)
HTT TTTAT S ST §d, T3] Had B,

6. e SATOT AfEhoha HINGIAT (Regulatory and Certification Compliance): 3H® X ead
(standards) S @I 1SO 50001 (Energy Management System) 3101 BEE’s Perform, Achieve, and
Trade (PAT) scheme U SEC &1 U& SaHT® SfedeR (benchmark indicator) T8UMH aTURS I,

7. qUICH fSRISH-AfT (Supports Decision-Making): SEC Sifeefed SeT (quantitative data) JRad
GCITH@' Hie-aHfhe (cost-benefit) fhar Ude SAToR™Y (payback analyses) R Q:ITrff

SR Sgtcdc fSRsH =] (energy efficiency investment decisions) H&ATh Bl qd.
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Table 5.1 Industry-Wise SEC and Benchmark Comparison

E'rétr (Type) STBfA=TT (Definition) 3qlovUl (Example)

Fel L) Q:Wrﬁ HSIRME  (total  energy clee wic [

consumption) BT (electrlglty + fuel) UX cH

‘ & ¢ o~ S | 3% UiSaT (per tonne of
(total production output) [SEISS P SId. product).

U SEC
(Gross SEC)

fbed TSl go (il

e SEC ﬁ:fEnW(main process)aTWQqGﬁ cnergy use) X < 3Tth

(Net SEC) (energy) — K EA GRS (auxiliaries) died. clinker) g ' ﬁl%%nemcg

(cement plant).

o THCH® %ﬂ'@@@ (external variables) Er] ClEC e q
SIEI CIE TS | GisRH ol (production load), FOTIHICH BR 20% TS é:(;rieite 3
CAKEIRY (climatic conditions), fdhar ulede ° (loa

(Normalized . 2 factor) g CRICISSG W®
SEC) Qs'lssés' E((‘I:’md““ quality) ATIJER SRS |\ tile mill).

JalerUl (Example Calculation)

THEIG] $3R1 WIT (dairy plant) XIS 100,000 ferex fl@® (liters of milk per day) Tegd HRdl
30T 25,000 kWh SOTaeRIET (electricity) TF 1,200 f&eR B9 3ils® (furnace oil) HgH

HA (U fdex = 10.5 kwh).

dlco Fﬁﬂrm@ (Total Energy Consumed)
= 25,000 + (1,200 x 10.5)
= 37,600 kWh/day

U SEC = 37,600 / 100,000
= 0.376 kKWh per liter of milk

$xfUSTM (Interpretation):

SR S3RT SSHISNTAT (dairy industries) SHTDG SEC 0.30 kWh/liter 3@, TR Wicdl SEC
0.376 BT STfhaIC 3HTRZM (inefficient operation) G2Iad!. IS XTHORIM (refrigeration)
31 AYeR SlIgod (motor drives) RS Qqﬁﬁ HT@TFR?I@TH (energy optimization) qrataAn
UIeRe thanss (potential areas) G& CERASIGH
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Table 5.2 Comparison of Typical and Benchmark SEC for Key Industrial Sectors

. N .| demrs / enle sec
$SWI TRY (Industry | fefU®® sec |gfie ofw Aorde /
. . (Benchmark / Target

Type) (Typical SEC) | (Unit of Measurement) SEC)
Re (Cement) 90-110 kWh/tonne 85-95 kWh/tonne
THICTISD (spinning) | 1.2-1.8 kWh/kg yarn 1.0-1.3 kWh/kg
TR 38 Yo (P

24 (Paper 1,000-1,400 | kWh/tonne paper 900-1,100 kWh/tonne
and Pulp)

e
S3rdt !,“ HIT (Dairy 0.30-0.45 KWh/liter 0.25-0.30 kWh/liter
Processing)
RIS (electric  arc 450-550 KWh/tonne steel 400-450 kWh/tonne
furnace)
fafeg HVAC
fife™  (Building | 0.8-1.5 kWh/m?%month 0.6-1.0 kWh/m?*/month
HVAC Systems)

Paey thiac Wiifthd Qqﬁﬁw (Factors Affecting Specific Energy Consumption)

1. sfude PR/ (Equipment Efficiency): SfduHed! &&= (condition), TS (age),
errrfﬁr%‘@é:r (design) g E:ITrﬁﬂ\_rlaT (energy use) d¢ UHTG eIHhdd.

2. TS Ufdead (Operational Practices): IS T (idle running), WTeE-30 B
(start-up losses), 3T T 3HTOHS Bls Taed (suboptimal load factors) ?TI'E@' SEC aredl.

3. HeA=g wIfodt (Maintenance Quality):IﬁEﬁ (motors), U (pumps), 3T U
(compressors) Y3{X AT (poor maintenance) Qqﬁﬁ%ﬁ@ (energy demand) JTedd.

4. T URIfre s (Process Parameters):&ﬁ@w STORTET EIO‘%'QITHW (optimal operating
conditions) @mﬁ%ﬁw (deviations) — SN CHRER (temperature), UZR (pressure), PR

(flow rate).

5. |RIUS WIfGel (Fuel Quality):B1-U8 RIUGH (low-grade fuels) & SRR SIBIRIAI
(combustion efficiency) FHH BId,

6. 8YHA hacd (Human Factors):31\|’l4\<c< NIERIE Ry (operator awareness) 311for Eﬁ"‘r
(training) fery meBiHgaR (system performance) Ry .

7. 3TTE HIFIT (Ambient Conditions):SHIRER (temperature) 30T gGATSE! (humidity)
o5 HVAC 3101 BT BI8H (cooling loads) I dTd.

SEC HifvefT tb‘l'ﬂ% (Advantages of Monitoring SEC)

. CbTIrf\C-gGN QR TH-Y '5#&3\064% (continuous performance improvement) E‘s’ JTfoRTgR
(trend analysis) JoH gId.

- f31@ 3T (real data) TR TSH-JET UISTaEH (energy-saving projects) BT UTHTRT <l
qd

. 3MpRRIC CHIGSIoHE (efficient technologies) SO s«%%cﬁl'c (capital investments)
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SR HRUATH Hed Bid.

« TSIT FASRIAT (energy managers) f&UICHeY fdhal Wicaad! Rea=M erfed (reduction
targets) e HdT AN

- TG HGHE (top management) 3o ReAfafed fraifémardt (sustainability reporting) CY
Wﬁﬁq €& (communication tool) ¥U[T hTH Hd.

5.3 TSl 3HifSe o UPR (Types of Energy Audit)

Qqﬁﬁ 3ifse (Energy Audit) BN [eCIC &ﬁ?hm@m fhar wRIfedHE (organization or
facility) TSN DN ATOR®! SITd aTd RICHICH 3TE (systematic approach) @i HR0)
&Tﬁ[ﬂﬁ'ﬂ‘[ (conservation) BIGIE] &ﬁqﬁiﬁﬂﬁ[ 3@,

IHIT (scope), DR ATH SICH (level of detail), ST 3ileuifdeagst (objectives) AR TSI
ST AHMIT: VOIS - T BTRISHA (categories) FBTRIBIY B ST
GVW-?J\(PreIiminary) ST - Walk-Through (Preliminary) Audit

Eﬁ?f('é_s (Comprehensive) 3{T&< - Detailed (Comprehensive) Audit

3@@?—‘3’6’ 3ifse (IGA) — Investment-Grade Audit (IGA)

TS UHRAT ST BT IR AR (size), ATIRRTAT HILSIRICT (complexity),
30T STUf&A STSTHRT (intended outcomes) TTTHR AT I MHTST SUTNT B!,

1. GVW-?«CLQ:IGWHIIEE (Walk-Through Energy Audit / Preliminary Audit)

dich-3) 3fifec (Walk-Through Audit) BT TTeTd Rigs Sffor fsdie (simplest and quickest)
UHRAl 3fifec \’rl'l'-ér 30T FTYROYor Q:I\_rff HaoHe= (energy management) gﬁn‘%rw
oA (initial phase) BT SITdl,

gL Bigfoctord! (facilities) fgg31® g=UaRM (visual inspection), gfefod! faaad (utility
bills) ﬁ%ﬁ, 3T STRfET ggHe=h (operating personnel) $cXg Sl S ST,

P Bt (Key Features):

. 3T _s'gi'fl:[ (short duration) — 1-3 days.

- [ofiIes SaT HoRM (limited data collection) 31rfor fl\_rR'fIEF (measurements).

. m qqrvffar”ré;r (obvious energy losses) 3T N-BIE/BI-BIE (no-cost / low-cost)
AT AT (saving opportunities) 3EEUITER B,

. Qqﬁﬁwm (energy performance) EIS] GﬁW(broad overview) &Y B,

ST PoaeS (Data Collected):

- HUDT S TFeRIcT 3101 TS dHI=RM ST (monthly electricity and fuel consumption data).
. '&“@WW (equipment list) —Iﬁfﬁ, BT, HVAC, EVTCIW%. (motors, lighting, HVAC,
boilers, etc.).

. &Wﬁm RIS H\Ilblscz{-l (operating schedules and load profiles).

« T 3101 3TIEHS Uldead (maintenance and operational practices).
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ST3CH R (Outcomes):

- ToR Q:ITrﬁ-&'sgil\-i*l ] (major energy-consuming sections) 3.

- OrefRge Afcgwan (potential savings) fofef gﬁﬂ'ﬂ:{ (preliminary estimation).

- Riue, I1-pie SuIeHcIST (simple, low-cost improvements) RBASIT — 34T, (e.g.)
TSS SfpUHc 3% HRUI (switching off idle equipment), S1aT Tthad BT (fixing leaks),
Wﬁﬁ'ﬂ 0! (cleaning filters).

JcleXUl (Example):
T WIS by fafSESTHE (small office building), did-Y SHTfScHS WSTS M GBS GAT:

- BT sy (lighting fixtures) S-0Tac fagALG! (daylight hours) 3iTaRe gd BId.
. Q&R-ﬁ%ﬂﬂﬁ (air-conditioners) JARCfeH ol @W (thermostatically controlled) I8
- HUS TR B3~HeL (compressed air lines) BId Bl

al Y] GRS ahczuH'cN (correcting these issues) E’@F@@rﬁ ﬁﬁﬂ:lﬂ?ff 10-15% R

(reduction) o, dal ARG Nae BieHe (negligible cost).

2. Eﬂ%ﬁ t{Tﬁﬁ 3fse (Detailed Energy Audit / Comprehensive Audit)

Slcwe TSl ST (Detailed Energy Audit) T8O TS gotd (energy use) Th H-S
IIHE (in-depth assessment) 3, I7d RIeHe® SelhoaRH (systematic data collection),
Sic® s HoRHE (detailed measurement) STTOT STATTGRIT (analysis) THTAY 3.

g1 U Ra 3lifse WRifthe Gﬁﬁaﬂaﬂ? Ao (specific Energy Conservation Measures —
ECMs) @@l 301 &t <fldde d BRFA=_Ee fhisfafedd (technical and financial

feasibility) H&ATH B
3iTssifaaegsl (Objectives):

- BRIfo STt Qqﬁﬁm (energy balance) ¥JTU4 P,
- TIoR ToT-aheg i RIRCRIT (major energy-consuming systems) SRR Ffzad &I,
. TP UUIS RT3 (proposed measure) R Qqﬁﬁ 3T P Vg (potential

energy and cost savings) Bifcfhdha B,

T ET-IE'W (Steps Involved):

1. ST HORM (Data Collection):

fewiR®e QﬂGﬁ KLl (historical energy data), '&”@C@Z’ Wffhhza (equipment
specifications), SR e (operating hours), PIEECIGRCTH (production data).
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2. HIde HoRUCH (Field Measurements):
gieR Gi'ﬂlcblqsi{-lr (power analyzers), TS Hed (flow meters), yAfted (thermometers), A
ey (lux meters), 3TO1 HhazzH SVHW (combustion analyzers) JTIRe+ HISHTY,

3. 3l (Analysis):
Q:Iﬁﬁq?ﬁ STIYUTH (energy flow diagrams) ddIxX H0Y 30T SEC (specific energy consumption)

HORIGC DU,

4. ECMs 33 fefthdzM (Identification of ECMs):
o Qﬁﬁﬁ@%"{ AoRf= (feasible energy-saving measures) fore TaR Hul,

5. WW%’%’JW? (Economic Evaluation):
U Ude FURTS (Simple Payback Period), 7i¢ Ui B &Y (NPV), HTMOI =G YT 3th Red

(IRR) PORISC HUI,
SI3cYcH (Outputs):

. HifcHIES JfgTovg s“lécgs Sffofg fkard (detailed analysis report).
- TG SHTTPHTISIR (process optimization) 30T RSB T (retrofits) W3} RebH o=

[ N -

- BIAIRE® SRefhdAYE (financial justification) SRGHCZM JSHT (implementation
roadmap).

B‘iﬁ'ﬂ:{ (Duration):

3-6 weeks — W@icd! ATgol 30T HIAGTRICIAR (plant size and complexity) HTGE.

JalerUl (Example):

Be URIRIT Wicaed (food processing plant) Hoadl eicos ifecHd WHIG B!
Hled O IT:

N

- FIgOR TR SRt (boiler operating efficiency) 72% gt (@W 82%).
- HUS U3k wf\lwﬂ& (compressed air leaks) 18% Qzlﬁff?‘fl'ﬂ
- @RS Ay (oversized motors) Bl ISR 3HTURE Bd BIT.

g Prfdea Sfa—T (corrective actions) SRGHC HGIAMMR WieoT 324 FRAT YD Al
AT, 3nfor de faftas 1.8 a8 gia.

3. TTRICHE-US 3TSE (Investment-Grade Audit — IGA)

S@Rﬁ'@-‘j@ QT-IGW 3ifse (Investment-Grade Energy Audit — IGA) &Il 3fifgean gafa
SRS 31U BB ST 3G,
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qraey é‘%iw, GRS A e Aol (technical, financial, and risk analysis)
JHIAY 3d, o Io-Th B Qqﬁﬁgﬁﬁw Eﬁ@ﬂ (large-scale energy efficiency projects)
T3t 3rg¥etc fedieor quc Hrard.

3 31i|3€§| meﬁfﬂﬁﬁﬂ (Energy Performance Contracting—EPC) ASodEo!

TSl Aiegd Su-aid g (Energy Service Companies — ESCOs) 9 SIIdTd, Sa1HT BEE (Bureau
of Energy Efficiency) g hTSeTH 3.

ds (Purpose):

. JHIS Qqﬁﬁgﬁ?w Eﬁ@ﬂ (bankable energy efficiency projects) ICCanGETU
Bl &‘I%lﬂ?@ref TIIRIS et &rﬁﬁ[mﬁfﬁﬂw (financial returns and payback periods)

BRBY DHR,
- BIATRITATS! 9 @S iiae RUIcH (Detailed Project Reports — DPRs) TR &I,

I TP 9 (Scope of Work):

1. aw Q:I\_rff RTHE (Baseline Energy Assessment):ﬁ?ﬁ'ﬂ 3T ga-HiefTT Sergr
(metering and sub-metering data) Wmﬁﬂﬁﬁiﬂ

2. SnIEc'gs cfpe SRy (Detailed Technical Analysis):ﬁw oy diue=d ffen
WRGIH-T AT (modeling), S RETScreen, eQuest, fdar MATLAB.

3. BIEAIRES AlSo (Financial Modeling)ﬁW TS BRBIRCT (cash flow forecasting),
IER RS IBEAY P ISR (life-cycle cost analysis), IRR m

4. AoRAC 38 %W—M&V(Measurement and Verification — M&V):

IPMVP (International Performance Measurement and Verification Protocol) TR Jie-
%WW (Deliverables):

- TRCHe IRy fhfaifafedt RUid (feasibility report).

- Sfdifeedt sftr i iAo (sensitivity and risk analysis).

- AR @MY SMeHCM 2@ (implementation schedule).

JalgrUl (Example):

Rifc TghaaT WicH® (cement manufacturing plant) Ho AT IGA T a¥c gic Rl
fafRen (Waste Heat Recovery System — WHRS) E’ﬁﬁfﬁ? HIUGIT ATOT, SANB! 26 HIcId
TRwHE .

WWWWW% (kiln exhaust gases) 1.2 MW 'sél?gdocb Oiay f\idvosi O
31T e fSTua =it 18% = 4! do! a1 UIeidedl IRR 23%, AT Udd [URTS 3.5 O gidl
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TSl PesTded 37s

3®E (316327)

Table 5.3 Comparisons of Energy Audit Types (Walk-Through, Detailed, and Investment-Grade)

Sieus Tsl diifse

TReEHe-IS 3ifse -

WIfreR afe-y afise
(Walk-Through (Detailed Energy | IGA (Investment-
(Parameter) Audit) Audit) Grade Audit — IGA)
R o A Tl o1y (energy
W%%;T losses) Wil SGIEQS 5'0%%61:[6.-‘3!_6'
3fisolfdees (visible energy- PEAECMs . :
o ) (Energy (investment-grade
(Objective) Saving Conservation proposals) ICEIRK!
op%es) Measures) Wﬁl‘s’ W
' DR,
E@TI_"T (Duration) 1-3 fgag 3-6 3T3dS 23 Afeq
DITHIGTes - R3re-
3ot 5 TRCTRIE — HoRACH, e1gH Hiefy,
(Data A (minimal) OIR (extensive: ez
Requirement) measurements, (comprehensive:
logs) real-time metering,
simulations)
JiaR STOTISR, U] ¥4 Slcas 3ifse
TS fol Hier, ooy Hier TR, YHS HERT ggHeH +
O(Instruments (clamp meter, (power analyzer, TS
Used) lux meter) flow meter, T dsR
thermal camera) (advanced software)
fd® RUIE (quick DPR (Detailed Project
3TITYE (Output) report), Al- | I RUIE fau Repor) SFHHD
DIE/ON-BIE Udich STTSRE ST BTG
BEEIR [EANICIRENE
m (Accuracy) +20-25% +10-15% +5% fdbdT Y& AT
DT 3B IS
(Cost of a1 (low) Hreve (moderate) B'I_sc (high)
Audit)
HIO OI?J-IIf{I.q@ E-l\_rf . F{_&

S HY (Use Case) TS, = &"ﬁ[ oSt PSRN, ESCO
2R I Siees
ey :

143
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()

I
Define Objective
(Awareness / Optimization /

Investment)

Is it for quick
identffication of saving
pctential?

Yes

[ Walk-Through Audit J

Is detailed
measurement
and system study
required

Yes

[ Investment-Grade Audit]

Is investment planning and
financing involved

~
(e )

Figure 5.1 Investment-Grade Audit

5.4 Qqﬁﬂ:\?ﬁ%? Wﬁ'{\q s %\'ﬂ? Yol (Energy Audit Instruments and Their Use)

TH TSl ST (Energy Audit) § TTec Ta eI STl HoRACHAT IRRAAR

(accuracy of measurements) TG YHIUMER &Idc’»qﬁ 3.
ﬁdﬁf{c ST HORM (accurate data collection) Wﬁﬁr@ﬂmﬁfﬂ (system performance)

SR GYUC BN, STIMBI (inefficiencies) fScae HRUI TIOT TSI deraz AT TSl
(energy conservation opportunities) 3esaul Ay Eﬂﬁ

UTOR AT (proper instruments) IR BT $se HAfS™ AAfefhnadl =fos
(scientifically valid), ﬂgﬁw (reproducible) 3101 S RATTS (actionable) XTgdId.

Tl 3fifse sRgHewdr R BRITSEAT TeRIIR Iofaedh® (electrical), UHS (thermal),
FEMAT (lighting), TS (flow) 30T HHIZ YA (combustion parameters) AISTUTTRITSY
DT STl

FATI BRI 3T Q:IGWGHIEE Wﬂ?ﬂ (Classification of Energy Audit Instruments)

Tl 3ifse IRCHTH (energy audit instruments) TGS HTRIGHL (categories) AT
SISOl FBIRTB (broadly classified) B SIS, XTI
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Table 5.4 Classifications of Energy Audit Instruments

Category Purpose Examples
Electrical To measure electrical parameters like | Multimeter, Clamp Meter,
Instruments voltage, current,  power  factor, | Power Analyzer

harmonics, etc.

Thermal Instruments | To measure temperature, pressure, and | Thermometer, Infrared
heat losses. Thermal Imager, Pressure
Gauge

Combustion Analysis | To assess boiler and furnace efficiency. | Combustion Gas Analyzer,
Instruments Fuel Efficiency Monitor

Flow Measurement | To measure flow rates of air, steam, and | Flow Meter, Anemometer

Devices liquids.
Lighting To measure light intensity and | Lux Meter, Smart Lighting
Measurement distribution. Sensors
Devices
Rotational Speed | To check the operating speed of Tachometer
Measurement machines.
Integrated For real-time and long-term monitoring. | Smart Energy Meters, Data
Monitoring Devices Loggers

1. Ealﬁ,\$a fl\_rlﬁ‘l ER‘EAJEI'E\FI (Electrical Measuring Instruments)

(a) HeCIHICR (Multimeter)

Teeiier (multimeter) B Ydh R sviie® ¢« (basic diagnostic tool) 3Tg, SN E@I@W ﬂmﬂ?ﬁ[
(electrical circuits) Slees (voltage — V), < (current — A) SoTSRe—~ (resistance — Q) TSRS
TORET STcll.

CIRU (Type):
o fefSted fasar ST (Digital or Analog)
. W (Range):

« AC/DC ®I%ed (voltage) — 600 V Tdd

« T (current) — 10 A TId

. QG[EWHT%? (Use in Energy Audit):

o HWO[Y Os\lc'zc\i\si NG (supply voltage imbalance) qUrgo!

. E-VlSS legbq{-l (over-loaded circuits) 3ol

o BIod! haey, WoiY fdhdr gfutc (faulty cables, fuses, or equipment) f&dae H0T

(b) Fou Hiex (Clamp Meter)

Fou Hiex (clamp meter) BT U] dosolcu-l?f[ SITOTTAT el (current flow in a conductor)
fipfor® diede (physical contact) 9 HRdl, SOFEHATCD SSARM (electromagnetic
induction) =T ATOR ¥ e HISTUIRT SEHE 3T

. TG (Advantages):
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-8RI (non-intrusive)
S (safe)
IGE[Y (portable)

q»‘ﬁﬁ@"[ﬂ%’ (Formula Used):

P =V X1 X cos(¢)

where P = Power (W), V = Voltage, | = Current, and cosp = Power factor.

gol g ol Sfifse (Use in Energy Audit):

HIOY (cables), Y (motors), 3T TSI TAGIHE (distribution panels) FXC
AU AToR T ST,

2. GiaR 37-1|c’>|¢4$|< (Power Analyzer)

UiaR GFIWFI'EIET\’ (Power Analyzer) gl U NI LR sr%cl-lc (advanced instrument) 3Tg, Sl
@E%Trl(voltage) C (current), EmTﬁW(harmonlcs) Wm(power factor) 3rfor
Fﬁﬁ (energy) & Wﬁ?ﬁm Gﬁa? (over time) IHIS B,

gl $ghc MpHo ¢ BIRAT (graphical data logging) 37T UTaR PIfedl SIS
(power quality analysis) ERT:l?ﬁ

Table 5.5 Power Analyzer

Parameter Measured Description / Significance
Voltage, Current, Frequency Identifies abnormal fluctuations
Power Factor (PF) Indicates reactive power losses
Harmonics (THD) Detects waveform distortions from non-linear loads
Load Profiling Monitors demand variation during shifts
JRTH R (Applications)

* J3{X PF (poor Power Factor — PF) TGS %@Qﬂ? 3esol 3for HAfRYeR Jag (capacitor
banks) YHHS U,

. %ﬂw et Sl (VFDs — Variable Frequency Drives) &IEWEIT W?ﬁ m?ﬁ@
ez (harmonic distortion) TS,

- Ui BIS HAAoHC %c\;lc\:\ﬂﬁlxﬂ (peak load management strategies) sogc?qgc I,

3alerUl (Example):
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U Wik h URgul Wieqs (plastic extrusion plant), UICRICEIGIDEN (power analyzer) 4 graqa
P! VFDs (Variable Frequency Drives) Hé' 18% THD (Total Harmonic Distortion) fAmfor @T‘f @%f
E’Pﬁm ey (harmonic filters) S HedTaR A 6% = HH ETI?[ 3T aTffes 40,000 kWh

TSl Yeg e,

3. T HIeX (Lux Meter)
AR HIeR (Lux Meter) § $¢HE SegfA2M AW (illumination levels) AISTUATEIST dT0Rel ST, Sart
gﬁz T (lux — lumens/m?) 3R

gl (Use):

Srgfer RRewy! (lighting systems) sfsma (adequacy) 3o Sfh Rrg=it (efficiency) 3
DHRUGTAI,

Reprss FE’JS'SLH (Recommended Standards — as per 1S 3646):

3Hifth g ghay (Office workspace): 300-500 lux
JHRH (Workshops): 500-1000 lux
J3REHAT (Warehouses): 150-200 lux

Application 3algXUl (Example):

TP SIS ® HeHL (textile mill), 400 W HeS §G158 BW (metal halide lamps) §E& 150
W LED fthaad (LED fixtures) SIGGAT.
TS 600 lux IS 11, STOT ATfties TSH iR 55% = HH! 0.

4. TATE TASH Hier (Smart Energy Meter)

WTE TSif HieR (Smart Energy Meter) 81 T fSfore® fS@18d (digital device) 318, St R37@-
cIgH AoRHe (real-time measurement) o1 KAl Se1 SR (remote data logging) R Q:ITrff
DHITRT (energy consumption) ¢ e Z[dhall.

Aoe WIfied (Parameters Measured):

FIGed (Voltage), T (Current), UTaR Whaex (Power Factor), TSIl (Energy — kwh), f&HIS
(Demand — kVA), 3101 @1 UIHISS (Load Profile)

R (Functions):

E'Igﬂ-&ﬁcﬁ-é (ToD — Time-of-Day) g@lxﬂ Yo ¥p18 B
ST ARG (wirelessly) TIITHE de ISR (analytics) T3 UGS B!
sfefsgsre afRMUdt Ta-HiefA (sub-metering) T&H H0!

NIIGE R (Application):
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TSIl HoN (energy managers) O fSUCHCHHE (departments) TSl $HeiRM ¢gd
(consumption trends) E:$ 3rfor @ﬁf@ﬂﬁﬁ HROTY Hed hd.

U] FARIG HISTTH (commercial complex), e Hiefa (smart metering) a9 83
TSCCIeH T 8a BIgH (high nighttime standby loads) 3NEe, SATHSS Tlc® Tol ol 12%
EEEI

5. RIUS SR HifAex (Fuel Efficiency Monitor)

U '{ﬁ;ﬁmﬂ‘ﬂ e (Fuel Efficiency Monitor) &l si‘gﬂ?f '&’%F\‘:[ (engines), saey
(boilers) fal B (furnaces) S SO RIUGST TSB! XC (flow rate) HISTdT 30T 313eye
(output) 2N HIRGCT HEA BRI (efficiency) PARIGT D,

STerd SfhRE=R (Boiler Efficiency) = —o ™ 100

Heat Input

Ao WIfied (Measured Parameters):

RIUG HSFRM (Fuel consumption), T3Y 719 CHIRTR (Flue gas temperature), 3101 ez
T3RR SIRER (Combustion air temperature)

gl (Use):

ZIHWIC HIRRM (incomplete combustion) fEEaE HRU, FR ST (burner tuning) 30T gle

YT (heat recovery) TN AT i@,
3aleXUl (Example):

S1geR BRI (Boiler efficiency) 72% T& 82% T YRG!, StegT RUS AR (fuel
monitor) SIVRIE B IIPEN (gas analyzer) dTUR= USR-WYUT R (air-fuel ratio) &I G RIGE

6. HIRM 7Y TR (Combustion Gas Analyzer)

HaRRM T HATGTISR (Combustion Gas Analyzer) 81 TG T (flue gases) d HUIfSIRMA
(composition) 3XGdl, S @I 0, CO,, CO, SO, AT NO,.

BT SRgHe Haz SIHRA (combustion efficiency) SEGYUC HRUAN Hed PRl 0T
TR USR (excess air) fhdl SAHWIC Haz2M (incomplete combustion) 3T&Ed!.

Table 5.6 Combustion Gas Analyzer

Parameter Typical Range Significance

02 2—6% Indicates excess air level

CO: 8-14% Reflects combustion efficiency
CO <100 ppm Indicates incomplete combustion
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| Flue Gas Temp | 150-250 °C | High temperature implies heat loss

3T (Application):

saey (boilers) 3T HHa (furnaces) 7y 999 (burners) Q[T HIOYMTS] dTIRS \—:n?r,
SO 314@1*5%@3@? (unburnt fuel losses) FHH TAT AT,

7. yAfHeR (Thermometer) 30T TR W@W (Infrared Thermal Imager)

s e et (Thermometers) 30T IR Y (IR cameras) WHY (surface) 3rfor UQ<S (fluid)
SHIRAY (temperatures) FISTATd, STOIH¥H BIc BIAY (heat losses) 3T TGS B3R
(insulation failures) 3fiesadT IdTd.

- TS (Types):

Picde (Contact) — FRB/FSITCE (mercury/digital)
A[q-Ph[<dc (Non-contact) —

$IPIRS (infrared)
gl (Use):

WY B3 (steam lines), B9 (furnaces), 3ATOT HIEH (motors) I TXHY SHIRER JUTHU!
SOfach® UAaTHD (electrical panels) BI¢ TicH (hot spots) fecde ®rul
SO (insulation) Thidee-4 (effectiveness) 34T H0!

JaleXUl (Example):

Uhl hs m@ﬁﬂgﬁm@r (food processing unit) abc\bc‘gul ZINS T (infrared survey) 7
31-1541&?:5 it OGTQOH (uninsulated steam valves) dg 45 °C gic ok (heat leakage)
GBS,

gIO3M SIhcH (insulation jackets) ATRE § BXAC o, WM GRS 120 kg KIH
(steam/day) .

8. Tl HIex (Flow Meter)

T Hed (Flow Meters) Uy RRemm e (process systems) U@ <g¥ (fluids) ELNES (flow
rate) AISTOATATA] ATURS ST, ST &1 TSR (air), dleX (water), %19 (steam) fdhaT 719 (gas).

Table 5.6 comparisons of Flow Meter

Type of Flow Meter | Working Principle Typical Application

Orifice Plate Pressure drop measurement Steam flow in pipelines
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Turbine Flow Meter | Rotational velocity proportional to | Fuel or water flow
flow
Ultrasonic Flow | Time difference of sound waves Non-contact flow
Meter measurement
Magnetic Flow Meter | Faraday’s law of induction Conductive liquid
measurement
tb—\llﬂi?ﬂ Yss (Formula Used):

U] HieIAT3! IR SIUIR BIRIST (formula) TBT XC (Flow Rate) = RIGgH / TsH (Volume
I Time) fdarQ=Ax Vv

where
Q = Flow rate (m3/s), A = Cross-sectional area (m?), V = Flow velocity (m/s).

9. CHIHICY (Tachometer)
THIHEY (tachometer) % AT S Bt Aed (motors), U (pumps), 3O e (fans) i AT WIS
(rotational speed — rpm) AU TR ST

ST (Types):

PHicae (contact)
A[q-hI<dC (non-contact — laser/optical)

gol g T Siifse (Use in Energy Audit):
0 Y¢S TUg &\IJT:I@GR'F ey s (rated vs actual motor speed) SNBI HIUIEST.

0 W%ﬁﬁr (belt slippage) a1 B sdo (fan imbalance) B GUITRTA!,

0 Hicx BIFST SHPHES e UBREI (efficiency) JURUAITA!.

JalexUl (Example):

A SI3R AR (blower motor) STl Ics Wig (rated speed) 1,450 rpm Eﬂ?ﬂ, ot aH-3m3e a@
(worn-out belts) & T 1,220 rpm IR I BId Bldl — DRARMA bedHaR Rifey Tth R
(system efficiency) 7 7% ?ﬂ%ﬂ? gﬂ?ﬁ

Table: 07 Energy Audit Instruments:

Instrument Measured Parameter Purpose / Use

Multimeter / Clamp Meter | Voltage, Current, Power | Electrical load measurement

Power Analyzer Power factor, Harmonics | Power guality assessment

Lux Meter Light Intensity Lighting system evaluation

Smart Energy Meter Energy Consumption Real-time load monitoring

Fuel Efficiency Monitor Fuel Flow Combustion efficiency check
Combustion Gas Analyzer | Flue Gas Composition Boiler tuning and emission monitoring
Thermometer / IR Camera | Temperature Heat loss detection

Flow Meter Fluid Flow Rate Steam/air/water balance

Tachometer Rotational Speed Mechanical system analysis
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ﬁ'ﬁt\q ol pIdMl Ufdecdd HIASYI-T (Practical Considerations for Using

Instruments)

. BfGSRM (Calibration):
@%ﬁm ISO/IEC 17025 ¥ 884 (standards) TR fURATEHS! divsic do TIiga!.
: (Safety)
4 3ofacdho ST CAT-1I fdhaT CAT-1V TUE T (safety ratings) ST o5 UIfgord.
. @ETE‘I‘&FT (Data Logglng)
ST BITY (data loggers) ARG i3 Al TS SRR URA.
: WITI#I?IEE i (Environmental Conditions):
SR 3101 ggffedt AfEaar uRum o= e did—BUH Wdo His-aaed HIsHY HRd.

. T® SfH (Personnel Training):
o\ A\ - — e oC C AN i . Y
ARIfeE SRR Had ¢ Hoo TScy fhal Fichias UhFGT- 58 HRIAd.

JalerUl (Example): a'fllm'lg%' 3ifSe fferneH (Combined Audit Application)
el UfSTH-Ibd sfficHdsd HuHe WicHe (medium-scale automobile component plant)

JTdid S_¢HIH (instruments) ATOR Tat:

Table 5.8 Instrument-Wise Audit Observations and Improvement Measures

Instrument Application Finding Improvement

Power Analyzer | Main distribution | Power factor = | Installed 60 kVARcapacitor
panel 0.78 bank

Lux Meter Shop floor lighting | Average 220 lux | Upgraded to LED lighting at 500
lux

Combustion Heat treatment | O = 8%, CO = | Adjusted air-fuel ratio

Analyzer furnace 200 ppm

Flow Meter Compressed  air | Leakage rate = |Sealed leaks and installed
system 25% pressure sensors

Result: Overall energy savings of 15%, annual reduction of %8.5 lakhs in energy costs.

55 Eﬁéﬁ%am PP ICK] (Questionnaire for Energy Audit Projects)
Q‘ITrﬁ &FT%E?CIT (energy audit) Ot Tome (preliminary stage) PYTAR (questionnaire) g

gafd gMice gct-luoral (important tools) U
g @ic gt (plant personnel), %crréﬁw (departments) 3T 3‘@5@? ey (eqmpment
operators) Hg-1 RRCHICH STl HeldRI (systematic data collection) HRUART HGd hHd.

U d0-[SET HYTTR (well-designed questionnaire) feces J—I\rRJ-ICH (detailed measurements)

Wﬂlﬁfﬂé ﬁfﬁ*@? E_fqv"lﬁﬂzf (relevant information) 3 3T gﬁ?w (accurately and
efficiently) TG dhail SITdl ATa! WHT <.

& WRIfId=T (facility) SiTORRMAE Haef&eRT (operational characteristics), TSI Ul (energy
flows) 3T HAoHe Ufde (management practices) JHG[T YU IR TR Hd

FEICGIR ] (Purpose of the Questionnaire)
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Q:ITrﬁ ST HYTAR (energy audit questionnaire) %311%7{ PV Gﬁm (objectives)
PENEEIUREIESE

: Wﬁlﬁl’&ﬁm (facility layout), ‘gﬁﬁﬁﬂﬁ(utllltles) Gﬁﬁ[ﬁmm(majorprocesses)w
(background information) TMesT I,

: FITCIﬁ'lT(Ilghtlng) 'Fﬁ?\‘f(motors) m(boners) HVAC, mt{aﬁ (compressed aw)%‘&l’l@[

TR Qﬂﬁﬁa@lﬁﬂ (major energy-consuming systems)

. TR 3rad (operational hours), Yo (load patterns) 31Tfﬁ[ He g ﬁm

(maintenance schedules) IPIS

. ETHHY Q‘I\‘rﬁqﬁ\_ﬂ'ﬁf (energy management) Teufdia srasraw (awareness) 30T Ufdead

(practices) 3T B,

. TISTHTT SHRUATYG! Toll URWBTHT (energy performance) I SHATS (baseline) RITIT HRUI.

. fo®-faa wa=il-af &ﬁ'ﬁﬁﬁ?ﬂﬁ (quick-win energy-saving opportunities)

Q:[GWGAUIIEE HYTAaRAL R (Structure of an Energy Audit Questionnaire)

HYTTIR (questionnaire) HIHI: S JRHS (sections) %%TECS' FHaar am?ﬁ, G!J'IH% T4
Fﬁﬁﬁgg?i G‘@m (energy-related aspects) o DIBIg I Bl (comprehensive coverage)
giAT3d i,

Table 5.9 Instrument-Wise Audit Observations and Improvement Measures

Section Purpose Information Collected
General Information | Basic data about the facility Type of industry, total area,
production capacity, operating hours

Energy Conservation and Audit (316327)

Electrical Systems

Details of power supply and
distribution

Contract demand, tariffs, power
factor, metering, DG sets

Thermal Systems

Information about boilers,
furnaces, steam systems

Fuel type, consumption rate,
efficiency, waste heat utilization

Utilities

Data about HVAC, lighting,
compressed air, water pumping

Equipment ratings, hours of
operation, load factors

Process Equipment

Key process parameters

Material flow, machine capacities,
process temperatures

Energy
Management
Practices

Existing energy conservation
initiatives

Energy policy, team formation,
training, monitoring practices

Financial Aspects

Cost and tariff structure

Electricity/fuel costs, payback
expectations, capital budget

Maintenance
Practices

Preventive and corrective
schedules

Maintenance frequency, breakdown
history, spare parts availability

Jd Qqﬁﬁaﬁ%? uyTact (Sample Energy Audit Questionnaire)

Qe Al d gyTac (model questionnaire) faciar 31mg, Gﬁ%@?ﬂ\_ﬂ (industries), HHRIS DI

(commercial complexes), fdar SRR (institutions) A IR 3Mifecd (preliminary
audits) SR HIHCN aTIRAl SITd!
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Table 5. 10 Energy Audit Questionnaire.

Sl Question
No.

Type of Data Required / Expected
Answer

(electricity and fuel)?

1 What is the total annual energy consumption

Electricity (kWh/month), fuel (liters
or kg/month)

departments?

2 What are the main energy-consuming processes or

E.g., production, lighting, HVAC,
compressors

week?

3 What are the working hours per day and shifts per

Operational schedule

equipment or sections?

4 Are separate energy meters installed for major

Yes/No — specify details

5 What is the average electricity tariff and fuel cost?

I/kWh, /liter, J/kg

periodically?

6 Are energy bills monitored and analyzed

Frequency of review

followed for energy systems?

7 What are the major maintenance practices

Preventive / Breakdown / Predictive

8 What is the power factor at the main incomer?

Measured or recorded value

operation?

9 Are there voltage or load fluctuations during

Frequency and cause

implemented?

10 Are any energy-efficient technologies already

LED lights, VFDs, efficient motors,
etc.

pressure ratings?

11 What are the sources of compressed air and their

Compressor type, capacity, and
operating hours

12 What are the fuel storage and handling practices?

Safety and monitoring measures

requirements of the process?

13 What are the temperature and humidity

HVAC system parameters

14 Are waste heat recovery systems in place?

Yes/No — specify details

followed?

15 Are any government or BEE programs being

PAT, ISO 50001, EC Act

compliance

A sample questionnaire to be used for energy audit data collection:
What is the total energy consumption (electricity, fuel) of the facility?
What are the main processes consuming energy?

Are there any energy management practices currently followed?

What is the operating schedule of major equipment?

Are energy meters installed and calibrated?

What are the energy costs and tariffs?

Are there any known inefficiencies or equipment running during idle times?

IV SITRIBRM (Example Application): $8feedd TSIl 3ATfSe (Industrial Energy Audit)

&9 el (Case Study):
TRIEGAN (Nashik) T FHSTH-THd 3iferHasd HUe WieHe (medium-scale automobile
component plant) TS 3iTTSTET (energy auditing) TTa! Riciae HRUATT 3MTa.
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fihes ﬁTﬂTﬁEﬂ (fleld measurements) WTQI:W Uh ﬁ@%ﬁlﬁs’ TTac (comprehensive
questlonnalre) o (engineering) 30T TrsaR™ %crréﬂm (production
departments) UTadUTd 3HTcTl.

uyTad Rraaadid & rfs: (Key Findings from Questionnaire Responses)

. Blcae fSHIS (contract demand): 500 KVA, 3/l PF = 0.82
« 19 100 HP T3k Catainan] (air compressors), 20 3T/ (hours/day) TR
« F1GX (boiler) T 315 & (furnace oil) ATIREA 72% THRIRITAR (efficiency) 3O
- BT (lighting) fhar HVAC T13! HIuare! Tgfce Ao (preventive maintenance
plan) ATTeT
5’%@@3&5 %Cﬂ'cfﬂm ga-Hief Rikew (sub-metering system) SUG I gl

SIT3CHH (Outcome):

PEICKII (questionnaire) HY 3 NEE T1o Pl SRS TR RieH (compressed air system)
30T g (boiler) g AR Wﬁlﬁ (major consumers) 3{Ted.

3fifee A (audit team) 4T URITSH] IEéQS TSRHcHTR! (detailed measurement) S| BIIRGIESS
o, SIS U1 HieH (flow meters), T TGN (gas analyzers) 30T TR TGN
(power analyzers) IR,

Jadigre  sHfofaHe (subsequent analysis) 18% Q=|\_rff fgrre (energy savings)
BlIRIEIREE] @ﬂj 3T, Hed: HUMR TRIH (compressor operation) &ﬁ@ﬂm H ST
ST TR (boiler efficiency) YRS,

| %ﬁ%‘ﬂqﬂﬁ W\Iﬁ?ﬂ (Formula for Data Validation)

During audits, questionnaire data is often verified using simple calculations.
For example:
Annual Electrical Energy (kWh)

= Contract Demand (kVA) X Load Factor X 8760 X Power Factor
Average Load

Load Factor =
oad Factor Maximum Demand

HAERESSS Ogc"lj\vl (derived values) gf%l%rc"r foeg (utility bills) Jied SR (compare) e,
fifeey (auditors) gyaen R (questionnaire responses) &w (accuracy) CINED
(validate) = R[hdld.

W@f uyTact (structured questionnaire) gﬁrmﬁm‘mﬁ (advantages):

1. Biferd (facilities) T HHcle A Hie srlb\l'ﬁlr-‘elﬂ HAaRH (complete and consistent
information collection) ﬁﬁ@ﬂ HRd.
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? gﬁﬁw (field visits) GXFI fohfehd TRATT (critical areas) dR BIdY H& CISH (time)

%@'FI ﬁﬁﬁ?ﬁl@ﬂﬁ (hldden inefficiencies) AT STREAA U (operational patterns)
pUY|d Hed .

PR &Fﬁ%?ﬂ (future audits) N UEER [ER Gl (benchmarking) a{-lmlsfl REaK) (baseline record)

U HTH .

fifsed (auditors) 3101 Wiie €% (plant staff) [t Wﬁ%&ﬁ (communication) ﬁ‘éﬂ?ﬁ 3o

AR (awareness) qredd.

E'ITJIQ'Q%‘\’F[ (documentation) 37foT gree Gilc’iﬂd-alr%i (site observations) &R Sl BIg-gRhhRH

(cross-verification) @W CRGH

Best Practices in Questionnaire Design
Table 5.11 Best Practices in Questionnaire Design

Aspect Recommendation

Clarity Questions should be clear and concise.

Relevance Focus only on energy-related and measurable parameters.
Standardization | Use uniform units (kWh, kCal, m3, etc.).

Simplicity Avoid overly technical terms; use simple language for operators.
Completeness | Include both quantitative and qualitative aspects.

Follow-up Discuss responses with operators to clarify inconsistencies.

5.6 Eﬂﬁﬂ?ﬁmﬂ (Energy Flow Diagram) (Sankey Diagram)

Qﬂvﬁu%ﬁmm (Energy Flow Diagram), STl BT Yeb! STaUTH (Sankey Diagram) 3Rg!
Tgcal ofd, 81 ReH (system), s ene (process) fdrar widferdt (facility) Tl Tl ot (energy
flows) o T d USRI (graphical representation) 3iTg.

81 TSl 31Ycd (energy inputs), ST3CYEH (outputs) 30T AR (losses) TrREAd!, S RISt
(arrows) IR STaTd, Sfor i ﬁ‘s:ﬂ (widths) Q:ITrﬁ T Hvi‘\(idg\s (magnitude of energy
flow) THTOY 3.

BT ST P 7 g%t fOhf-o 31 bt (Captain Matthew Henry Phineas Riall Sankey) I
ATdT ATaTeleiaT 31T, ST 1898 e W $fOT (steam engines) = THRIGT (efficiency)
QIQQCIULII{-IIO“I UYH drUcdl.

IS g1 STHUH Q:ITrﬁ &FT%EG (energy audits), s Rane &FT@TITG'-@‘-IH (process optimization) 311for
E‘E@ﬂﬁ Q:Iﬁﬁﬁel\_rlﬁ? (industrial energy management) ad qrgedl gof SIS ISl

gt 3for smﬁ (Purpose and Importance)

Febl STIUTH (Sankey Diagram) IR RER L (primary purpose) Bur e d (system) £ 433) Q:ITrﬁ
(energy) CRURRSINIR (supplied), @R‘:ltffﬁf[ (transformed), 31rfor Wﬁ[ (consumed) g §
&3S (visualize) HRUI.
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% é’ﬁlﬁﬂﬁ (engineers) 3for Sfffged (auditors) T Gﬁﬁﬂﬁﬂ (energy losses) @ 3Tfor =1

2\ N\

UhTR BIdld & esaudrd Hed Hd.

D1 Sifeaifaeagel (Key Objectives):

I (source) UI[d Us Yol (end use) gdd t’Fﬁﬁtﬁﬁ YTy (energy flow paths) o) (map) B,
TI® Kol (stage) d} arag (losses) &Wﬁlsﬁﬁ;ﬁﬂﬂiﬂﬁ (inefficiencies) DilcHH (quantify) P,

GTQGIFT (actual) g Imafsad (ideal) RGTHY (performance) JeT-T PRUYTd Had HI,
HaoHe (management) 3for 3ffaved (operators) qrat %G{{GW Wﬁ%&ﬁ cel (visual
communication tool) Ul P,

Q:Iﬁffav_ﬂa-'&]:[ (energy conservation) qré! i CIIdIl?EIé\_rl (prioritizing areas) XUJId Hgl
H,

Yol STTUH WWFI% e fiftaeg (Basic Principles of Sankey Diagram Construction)
BRI R R (arrow) Qqﬁf&ﬁ (energy) Uh Pifedt (quantity) ﬁﬁ‘-@e (represent) Bl

Input Arrows (TYc a‘ﬁa) - Rifemme (system) Jur=T 99 Q'_-lTrff TR (energy sources)
SRAqdId, ST B SAfGERICT (electricity), TIET (fuels), T (steam) ITG].

Output Arrows (3fT3cYc Gm\_r[) _IeRH (production) Fo fediiaR gIumd Wﬁﬁﬁ(useful
energy) aldddId.

Loss Arrows (Fﬁ'ﬁ 3RIeT) - o fdva ARNTES QT-I\_rFf(wasted or unrecovered energy) dddId,
S Pl 'eﬁE' (heat), fra=me (friction), gmﬁraﬁaﬁv (transmission losses).

SRS fagY (width) T 3R ROZIe dreied TSIl SMHTSE (amount of energy) THTOT 3.

Width of Arrow « Energy Quantity (kWh or MJ)

Eﬂﬁﬁﬁﬂmﬁ (Energy Balance Equation):
Total Input Energy = Useful Output Energy + Losses

Yol STAU™H SEAY PIVIR W (Steps for Developing a Sankey Diagram)

Table: 5.12 Steps for Developing a Sankey Diagram

Step | Activity Description / Methodology
No.
1 Define System | Decide the process, equipment, or facility to be analyzed (e.g.,
Boundaries boiler, HVAC, or full plant).
2 Collect Input Data Obtain total electrical and fuel consumption for the selected
system.
3 Quantify Energy | Measure useful energy delivered (e.g., heat output,
Outputs mechanical work).
4 Identify Losses Quantify losses such as heat radiation, exhaust gas,
mechanical friction, etc.

Mabharashtra state board of technical education 156



Energy Conservation and Audit (316327) TSI PHeaddQd 375 MBS (316327)

5 Prepare Energy | Ensure total input = total output + losses.
Balance Table
6 Draw Proportional | Represent each flow with arrow width proportional to energy
Arrows magnitude.
7 Label and Annotate Mention quantities, units, and percentage values on each
arrow.

JcleXUl  (Example): ﬁqﬁﬁlﬂﬁ'ﬂ BARINEERI] Q:ITrﬁtl?ﬁ (Energy Flow in a Manufacturing
Facility)

ol fifsgn-wna shafal wicas (medium-scale engineering plant) faaR &1, & =
SHTIRRIATST (operations) SATICIACT (electricity) SHTOT Sigid WU (diesel fuel) Gl-a! ATUR.

Table 5.12 Example: Energy Flow in a Manufacturing Facility

Energy Source / | Energy Input (KWh | % of Total | Remarks
Use Equivalent) Input
Electrical Supply | 80,000 80% For motors, lighting,
HVAC
Diesel Fuel 20,000 20% For boilers and DG sets
Total Input Energy | 100,000 100%
Distribution of Energy Flow:
Table: 5.13 Distribution of Energy Flow:
Energy Use Area Useful Output | Losses % Efficiency
(KWh) (KWh)

Process Equipment (Motors, | 45,000 15,000 75%
Machines)
Boiler and Steam System 16,000 4,000 80%
Lighting and Utilities 6,000 2,000 75%

HVAC System 10,000 3,000 77%
Total 77,000 24,000 76.2%

(Overall)

GI'T@T&-‘«TFI (Observation):

Tl TN (total losses) Cled TSN 3YCHT (total energy input) 24% 3! 3ATed, TEA: BIC
ey (heat losses) 3o salleﬁiﬁlq'a Hiex TIRRE (inefficient motor operation) 'E]@'

Manufacturing Facility Energy Flow
Breckdwann

Electricity
(80,000 kwh)

Manufacturing Facility

Motors & Machines 45,000 kKwh
Boiler & Steam 16,000 kKWh

10,000 kwh

v AC 4,800 kwWh
Heat Loss Mechanical Lighting
(1LO0%) (69%) (29%)

Figure.5.2- Manufacturing Facility Flow
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W\I'T{I?IT JqleXUl (Formula Example): ET-ITrﬁE‘I'FF\‘[ %‘I%I@'Q‘I?(Energy Balance Validation)
Tolf UG (Energy Efficiency) (%) = —ura tuerey Quput o 4 o9

Total Input Energy

Uit QTR (Energy Efficiency) = 2ot X 100 = 77%

Bl m (calculation) CINED (validates) Fd P Tled <T4Yc Q:ITYﬁ (total input energy) dI
77% UHTAIU (effectively) ATARA ST, TR 23% FATBIRAIG (inefficiencies) b TINE (lost)
gid.

P! STAUTH SETEI%"\’FI (Interpretation of Sankey Diagram)

Table: 51.4 Interpretation of Sankey Diagram
JICSCEE] (Observation) Rz / 3faRH (Interpretation / Action)
Large width of “Loss AoR d¥csl (major wastage) ﬁ&lﬁ CRGH %é?'z_&:’ TR
Arrows” detailed analysis) 3TaXT®H 3Tg.

Balanced arrows with smaller .
wew TfhRRrie Rikew (efficient system) azfad.

osses
Scl m (data inconsistency) — ﬁm (measurements)
J&1 dUTHT (recheck).

Steady flow proportions over : .
: y HOW pTop Y e U (stable process); IATS! Ao (good maintenance).

1me

High losses in boiler section e Blc bl (waste heat recovery) It Wi (scope) ﬁ?ﬂﬁ
Fﬁﬂ: Gﬁﬁ'ﬁﬂﬁ‘iﬁ Yol STUUT SiTRIh = (Applications of Sankey Diagrams in Energy

Audits)

1. 33@713 Gﬁﬁﬁ"’[ (Industrial Energy Mapping): Q-_-lTrff(energy) %‘Cﬂ'é'ﬁw (departments) g
HIM FSIYE (distributed) B & TSI ST (visualize) HRUI.

2. A TSty (Loss Identification): WW’C’ (efficiency improvement) qrat
WRifther TRATS (specific areas) fUAUTge (pinpoint) HRUI, S &1 SIAAR W (boiler stack),

(L o~

SR feroroig (compressor leakages).

3. Oloide 5%{*{1'{%4 (Project Evaluation): sﬂﬁﬂ'ﬁéﬁﬂ (implementation) qgﬁ 3for FaR Q:ITrff
Wa‘?ﬂ:f o (energy conservation measures) o 3THe (assess) P,

4. H'T\IJTﬁIJTﬁFG’ IR (Comparative Analysis): &3c Q‘Wrﬁq@[ (current energy flow) 3o
CREIESREH] (baseline data) Ell dcd-l h=- RO T sl-L-cLosﬁl'c (performance improvement) E:$
(track) PN,

5. RATET @ (Reporting Tool): S WS (technical findings) & UHR 1T HriviHe
(top management) <A1 fSReH-AfhTaSt (decision-making) IR B,

6. alﬁll 3T 3R (Training and Awareness): 1w (staff) dl W%@W (energy
distribution) 30T V& (savings) fawiT Tgahe (educate) HRUTMTST Shideeg fgsgsid U8
(effective visual aid) U TR,

Unbalanced diagram
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HU TSl (Case Study): MWWWU@W(&HW Flow Diagram in a Textile
Mill)

UHT cqueId ST JEHY (textile dyeing unit) G HG-ATAT 50,000 kWh/HY (kWh/month)
ﬁw (electricity) 3{1fOr 8,000 fere’/Hy (liters/month) C‘ﬁ'@ﬁ WU (diesel fuel) = 84,000
kWh Sféegdic

Table 5.15 Energy Distribution in a Textile Mill

TSIt

System(Rree™) /| ¥T8 T
o omea | (Energy | (Useful Output)| @IWI(Losses)(kWh) | (Loss
quip Input) (kWh) )
(kWh)
P Heati
rocess Heating (‘an 40,000 30,000 10,000 25%
Motors and  Drives 60.000 46.000 14.000 23%
(e 3T grEen) ’ ’ ’ 0
Lighting & Utilities $.000 6.000 2.000 25%
ol & gRfede) | ’ ’ 0
Total (CIC®) 108,000 | 82,000 26,000 24%
ST3CPhH (Outcome):

o cicor RIReH TR (Total system efficiency): 82,000 / 108,000 x 100 = 75.9%

o ﬁ=r arag (Main Losses): IR tI?{LT\I"\E[ (boiler flue gas) 3T Alex sﬁﬁv‘mﬁ (motor
inefficiencies) T oS,

o fecmaet MM VFD $TaiRE AR (After heat-recovery and VFD installation): TithRa=
(efficiency) 84% gdq ﬁ?al'RFﬁ, @Tﬂ% ClILNEZ Q:I\_SWW (annual energy cost) 9.6 ARG B
e,

Table 5.16 Software Tools for Creating Sankey Diagrams

A dsR Sl N
(Software Name) (Features) e@%ﬁﬁrft (Availability)
Setan) (elSankey) 1;I-TWFI?'Y.energy flow diagram tool fay STIIS (Licensed)
. auto-scaling arrows
JbiHleDH Tl web-based tool BR TS flow | 3fHGRA (Elfﬁ)—(OnIine)
(SankeyMATIC) visualization (Free) —

. %ﬁ[@ﬁ hIcH flow diagram creation fay Licensed (STIHE)
(Microsoft Visio) proportional connectors
Heod (MATLAB) | Energy flow modeling S0l data b alite .
W Simulink) visualization TT3T ATRS SITd (Academic)
Canva Lucidchart | SRI® proportional flow diagrams BR .
W/?@%@Eﬂé reports Free / Paid - 361 / U8

RIT TS Tl STAUTH SEAUY HRUARIS! a¥¢ Widews (Best Practices for Developing

Accurate Energy Flow Diagrams)

o SifcaEee Toll gHCH (consistent energy units) ATIRT (kWh, MJ, keal).
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o 30H (arrows) 3ifge srgﬂw (audit instruments) g AeTded! sel (measured data) dX ERil
(base) PX.
o Tl TRITST (energy flows) d 89 B3I (double counting) cla3l.

o I HAY (arrow colors) CUC-ICRE

] (Blue) —>3‘-I'32’1Fﬁff(lnput energy)
Uik (Green) 2 qAPpd ET-ITrﬁ (Useful energy)

. IS (Red) — SIRE: (Losses)

o TR 3R (arrow) ol Hifect (quantity) 3T gRfe (percentage) g GEREZ

o Teloll S0 (energy balance) RNET (verify) @R Input = Output + Losses (2% AT 3Td).

nN [N

o SIUTFH (diagrams) fRTAR (clear) 3MTOT 3FdICRS (uncluttered) 3dT, SIUIG Thide

Wﬁﬁ‘[ (effective communication) Eﬁéﬂ

5.7 Rive tde fdtasaenfor EE?_—IHQE' GﬁWﬁEﬁ(Simple Payback Period and Internal Rate
of Return (IRR)

@Oc'tllsnl Q:l\_rﬁd’)iﬂog-‘ilﬂ Ooide (energy conservation project) a%a'fllqm SfTferayg (economic analysis)
ﬂw&ﬁ%fm (energy audit process) HYcT Udh U Hewdl<l HIT &ﬂ%

fFTret RWBTH-T Hewara el ¥, FSRISH-HPRY (decision-makers) Sl Sedi=dl SUTGAISTHI]
ATt TG BRAUANITS! BIATRIAd SfSdhey (financial indicators) G SR A
ST,

! S Yafd SR IR VIR §f$ded 3 3Mmea:

1. Riua od s fufas (Simple Payback Period) (SPP)

2. 39 Y€ TP R (Internal Rate of Return) (IRR)

AR AR R IR c®Y (financial tools) Qﬂﬁﬁgﬁﬁw PISES (energy efficiency project)
T HoGUT 3-eCHT (investment) d FATSTSCT (viability), Uifthefafedci(profitability) STfOT
T H-3RE (time-efficiency) TUTIUINTST IUART USdra.

1. i U¥® fidias (Simple Payback Period) (SPP)
SR (Definition)

Riva 9d® fUdgs (Simple Payback Period) (SPP) WU TSl $3@H WSlae (energy
conservation project) Ag Haedr SHEIRB 3@@? (initial investment) <l AIqd o=
Wﬁ%’ Q?Gﬁ@f%m (cumulative energy savings) <l qifaed o_é"ﬂ(monetary value) 1 Rd

T foTdeeT 9o ANTdl df prarae.

U1 Teaid, BT 3Sher GRIdd! Bl TETa! Seehe (investment) foream Afe™ (savings) ALH
fopell TadHR ISl 9 (“pays back”) Bld fdhaT STuar T WRd fHesad.
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Uve fillgs (Payback Period) (Years) = Initial Tnvestment (%)

Annual Savings (I/Year)
$eXUeTM (Interpretation)
- Ude fARTE (Payback period) fSTdeT &Hl, fadedT Weide (project) SR 3cfdeeg (attractive)
EIE SIS

o o st (3 years) UeT HH Ude fuRkgs (payback period) 3 Eﬁm (projects)
A HIIATRIE 9138 (financially sound) THSTA SITdTd.

« | Riud Ude TyYs (simple payback method) o E'l_é":f %F"IGI'\I{Uﬁ T+t (time value of money)
faaRTd Taelt SiTd ATeY; TUreid WIaR &= Tl (future cash flows) fSPT3CE (discounted) bl
BISEINGH

JaleXUl (Example) 1:

Wﬁ'ﬁ%ﬁ (factory) n@uﬁ,ﬂﬂ?ﬁm (fluorescent lamps) T SR Qmésnl Lies (LED lamps) a3
CENNISIGEEIILI WWE’%@E (investment) 50,000 3R

e Saifae RIS AT (electricity savings) 15,000 fHe5dTd.

9o fiklgs (Payback Period) = 50090 — 333 years

15,000
$eUCIA (Interpretation):
SRHC (Investment) 3.33 IUTHE IR fHesd. a1 FURTS (period) FaR 3Fg3d A& (annual
savings) ¢ UMthe (profit) AL TRTGH g,
2. §e¥Td ¥¢ 3T f¥e (Internal Rate of Return) (IRR)
STBTA=I (Definition)
'&"ET-IH% 3T feed (Internal Rate of Return) (IRR) &I 3 f§ e ¥ (discount rate) 3T ol
PINC (project) ﬂiﬁﬁmﬂémture cash flows (WX B UrQ1\I\51) dl Net Present Value (NPV)
%ﬁ (zero) Hdl.
RSt (Mathematically),

NPV—Zn: Ce Co =0
_t_l (1+IRR)t °°

TR (Where),

C. = B TS (Cash flow) '\‘l‘v%'lﬁ (savings) in year t
Co = SR s=@TEHE (Initial investment)

n = Aeige W (Project life) (years)

IRR BT 36 ¥CHC (investment) =T AT HersH (lifetime) ALY TS UMRT Uegydt GTTQHFIQ? 3T et

(average annual rate of return)

$aIUSTM (Interpretation)If IRR > HIRE 3T Hidcd (Cost of Capital), TR Uioide WBIAATRIT!
S (financially viable) 3Tg.

Mabharashtra state board of technical education 161



Energy Conservation and Audit (316327) TSI PHeaAdQTd 315 MBS (316327)

Higher IRR T8UTS Uioide 3T Uifthedd (profitable) 3.
IRR CIgH %J?{L&FTCE -t (time value of money) consider I, ?\’JTH@' Rud Udd AYS (simple
payback method) Uef ﬁfﬂﬁiﬂ (superior) g,

3. 9 Ugic F&Y (Net Present Value) (NPV)
IRR PeaJcIc HRUTTYAT I UZC T (Net Present Value) (NPV) THST Ul HE@T 318, HRUI
NPV WWW (future cash flows) Waé?%ﬂpresent value HISIal.

n

NPV = z : C
- = 1+nr)t 0

Where,

r = Discount rate (interest rate or cost of capital).

If NPV > 0, the project adds value; if NPV < 0, the project should be rejected.
IRR is the value of rat which NPV = 0.

Q3R (Where),
. r=f&wPde e (Discount rate) — TS| ATSIER [dhdl Hixe 1P dided (cost of capital).

SR TG (NPV) > 0 3d, TR UISiae (project) T, (value) AT@dd; A0TSR TAUIE! (NPV) <
0 318d, R UISIde (project) Rarare (reject) T Ulfgal.

MRS (IRR) BT I 3T (rate) 3MTg SATIR TAGIGT (NPV) = 0 BIdl.

qﬁ'\ﬁm (Numerical) on Riva v fidtas (simple payback period)
JcleXUl (Example) 1:
TS 10 T T (hp) AR (motor) & MTEASATAT 20 TAY (hrs) TT0ATE GUT (pumping) HROTTITST

TR STTd. T dITal 5 & &g U (kwWh) ToH) (energy) SAd ®RUTNTST Fd1M HIER (motor)
RN (replace) BT AR, T Hie? (motor) Eﬁm(cost) 45,000 3Ty, sﬁaﬁ%ﬂﬂf@
(electricity cost) * 4.20 (UX & S U (per kWh) U U d fulas (payback period) W_C'
(calculate) XI.

ﬁﬁ?ﬁm%?ﬁ (Given):

« TSRS AYe (Existing motor): 10 T T (hp)
« JTRFET 3maxd (Operating hours): 20 3T Ufd At (hoursiweek)

- TSI Tos (Energy saved) with 72113-”8? (new motor): 5 @8@1@ (kWh) U 3HTdR (per hour)
- PR IHTH qﬁlaz (Cost of new motor): X 45,000
- (3AAIRUST IR (Electricity tariff): T 4.20 TR & Sseg U (per kWh)

1. diPpat Qﬁﬁﬂ:m (Weekly Energy Savings)

5 kWh/hr x 20 hr/week = 100 kWh/week

2. AP dl Bie |fd Weekly Cost Savings
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100 kWh/week x ¥4.20 = 3420/week

3. ai’qalﬁ PIeC AfdT (Annual Cost Savings)

%420 x 52 =%21,840/year

4. id® fUdtas (Payback Period)

345,000 + 321,840 = 2.06 years (= 25 months)
JcleXUl (Example) 2:

Udh 5’3@'&@ WIC (industrial plant () g2 433) 3%?? KIS (incandescent load) 31'[%, S 100
nos. x 60 dic (Watt) 3T 140 nos. x 100 dfc (Watt) Y 3Ted. UdH 5'&3%{1«‘. dre
(incandescent load) <l 1 x 40 dic (Watt) TIRRNIC SIER KIS (fluorescent lighting load) |
RUSES| (replace) ST Qqﬁﬁ@ﬁﬂ (energy saving) 311 Riva dea fufkas (simple payback
period) HATITIC (calculate) TR, AT (Lighting) 4000(3TTHU/SIR (hrs/year) ATTIAD TG
AT FAHIMRIST BRE (electricity cost) 6.000R & &g T (kWh). RegHe i
(Replacement cost) 150 ufa gﬁ? (/unit) 3TE. JaE HITR (Ballast consumption) 15 dic
(W) ERTT 3Tg.

oot arfedt (Given data):

(i) 100 dic (Watt) Seeheadec L (incandescent lamp) = 2200 ?{[ﬁﬂ (lumens)

(ii) 60 dic (Watt) Seecheadec L (incandescent lamp) = 1320 Fq;fm (lumens)
(iiii) 40 dTC (Watt) TIRIE T1HT (fluorescent lamp = 2400 ®IHW (lumens).

AIegRM (Solution):

(E@I‘@T[ cled Phdes Als — ':‘g'd?'S{-I'C) (Existing total connected load (incandescent)):
100x60W(?:|Tc')+140 X 1OOW(6HE) 6,000 W + 14,000 W = 20,000 W = 200%3@1(kW)

. (Iq\c\lcm Hdc S AlS — TARNC + 5('1NC) (New total connected load (fluorescent + ballast):
-'-WR Wﬁ'@ﬂ'ﬁw (Number of replacements) = 100 + 140 = 240 nos.

JioRk TR TARRIC — TH + SRS (Power per fluorescent (lamp + ballast)) = 40 W + 15 W = 55 Watt
< T (New total) = 240 x 55 W = 13,200 W = 13.2 & &g (KW)

o fSEaT 37 UIaR — I CHTY (Saving in power (instantaneous)):
20,000 W — 13,200 W = 6,800 W = 6.8 & S& (kW)
(i.e. 6.8 b &g T (kWh) Ufd dRT STYRRTaT Afcg)) saved per hour of operation
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o GTT{{GWT Tl AT (Annual energy saving):
6.8 KW x 4000 SMTARI/ZTR (hr/year) = 27,200 & S&g TA/ZTR (KWhlyear)

o &\Ilﬂ&l?frﬂelﬁﬁ fegT (Annual monetary saving):
27,200 kWh x % 6.00 /kWh =3 163,200 UX 2UX (/year)

e Total replacement cost):
240 units (FCH) x T 150/unit = X 36,000

« Riud U e fURTs — 3T (Simple payback period (years)):
Ud® (Payback) =% 36,000 /X 163,200 = 0.2206 years

« Afg-/fCaqiHed ¥ aidR (Convert to months/days):
0.2206 x 12 = = 2.65 H&T (months) = =~ 81 S (days)

JcleXUl (Example) 3:

3@@? (Investment) 2,00,000 3 fegT (saving) 50,000 TR HY (per month) T Udd
fufas (payback period) W_C' (calculate) X.

IR (Solution):

feeren Arfe (Given data) :
. 3@@3 (Investment) = X 2,00,000

- TET (Saving) = 2 50,000 TR HY (per month)

Udd fURTE (Payback Period) S efadIei=M (Calculation):
g1 YISide (project) AT ARTUMRT THUT S-@ICHE (investment) T 2,00,000 31Tg, 30T SAHCS
R (implemented measure) E@'Wﬂﬂ?ﬁ@%ﬂ (monthly saving) % 50,000 g,

Riuet U RIS (Simple payback period) TTTITHTO baARIeIE(Calculate): el SITd:
Uao RIS (Payback Period) = S-g¥cHe (Investment) / HYTT AT (Monthly Saving)
= 2,00,000 / 50,000 = 4 HZF (months)

g, Riud Ude fARae (Simple payback period 4 T (months) 3Tg.

3alerUl (Example) 4:

TR GHARA Wb (illumination scheme) & UHT Faifdchd S=CIARA (electrical
installation) AL 40 T (lamps) 3MTad 30T Ydd T 40 d¢ (watt) TT 3T, SR TR tariff 1
Tic 3T (flat rate) TG R muﬁrgﬁz (Rs 2/unit) 3T 3M1for fbers =TSt (fixed charge) %0
quf Elﬁf afgr (Rs 140 per month) 3, R YA ool fod (monthly energy bill) Plel. BIX
ST ST T mﬁﬁm ded (illumination level) QUIR Q:lTYﬁ ?1'555[ energy efficient
lamps) 25 de (watt) &R ?ﬂaﬁ, 30T TS il ReHe dive (replacement cost per lamp)
4o BT (Rs 250) 34d, R U-d fURTES (payback period) HTaT.
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HIEGRH (Solution):
1) ufaeeT Heh Tol fod (Existing Monthly Energy Bill)
. Q%I’@T[ FaeS Al (Existing connected load)

=40 x 40 W
= 1,600 W
=1.6 kW

- HYST TSl H-TFZ (Monthly energy consumption)
=1.6 KW x 240 hr
= 3¢¥ KWh/ETGT (384 KWh / month)

. Q:I\_rﬁ?ﬂﬁf (Energy charge)
=384 kWh x X 2.00/kWh
=3 768

- faRE AT (Fixed charge) = Z 140 / month

clc® TR YT fad (Total existing monthly bill)
= 32768 + % 140
=3 908 / month

2) Re5gHe HaR (After Replacement) — 25 W Lamps

. qaﬁa%s' oS (New connected load)
=40%x25W

=1,000 W

=1.0 kW

* Monthly energy consumption (I[?-I?"?[ GGWWTEEFD
= 1.0 KW x 240 hr
= 240 kWh / month

. Q‘ITYWEHTYT (Energy charge)
=240 kWh x % 2.00/kWh
=3 480

- Thas 9! (Fixed charge) = % 140 / month
cled Y HYS! fd@ (Total new monthly bill)
=3480+3% 140
=3 620/ month

3) W™ 3101 U-§& (Savings and Payback)
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- HYS TToif AfgT (Monthly energy saving)
=384 —240

= 144 KWh / month

- HY@T ATt AfET (Monthly monetary saving)

=3908 -2 620
=3 288 / month

- R5gHe B (Replacement cost)
=40 %3250
=3%10,000

U-doh fURae HoRISZM (Payback Period Calculation)

Payback (months) = 10,000 / 288
= 34.72 months

Payback ~ 34.7 months
~ 2.89 years
~ 2 years, 10 months and 22 days

3[431@ AfE™ (Annual Savings)

« 3(G3{ TSHl AT (Annual energy saving)
=144 kWh x 12
= 1,728 kWh/year

» 3YG3HS et YT (Annual monetary saving)
=3 288 x 12
=3 3,456 / year

4. Comparative Example: Energy Conservation Measures
Table 5.17 Comparative Example: Energy Conservation Measures

Measure Investment Annual Payback Period | IRR Remarks
(€3] Savings ) (YYears) (%)
LED Lighting 50,000 15,000 3.33 22  |Recommended
Upgrade
Motor Efficiency 1,00,000 25,000 4.00 18 Acceptable
Improvement
Boiler Efficiency 2,00,000 60,000 3.33 24 |Highly Viable
Enhancement
Air Compressor 3,50,000 1,00,000 3.50 20 |Recommended
Optimization
Interpretation (ScIMc2)
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. Iﬁm (Projects) ST 9% (payback) HHT STOT 3T, 3R 3R, (IRR — Internal Rate
of Return) ST 319, d Taid BRIGR 33drd.

- BTZIET (Lighting) 30T STa®R SHIE@HEH (boiler improvements) § HH! Wt (low-cost)
3101 STRA TRATAT SUMN (high-return) 39T 37T,

« HUFR Compressor) JTOT HIEX TAGH (motor upgrades) & AL §-@EEHE (investment)
Tel BT (long-term) SATOT FRR (stable) VFETT (savings) SUR I TR

5. 33, 3R 3R, ! TR HARIIRM (Example Calculation for IRR)

qHGT THTT Q:r\_rﬁ@%ﬂ PISES (energy-saving project) FHBDI %1,00,000 {dhI sros%cl-ld
(investment) ARG 3Tg ST dl 5 quiTat gRast 230,000 el GF{ZIGIFT @%‘H (annual savings)
TR Bl

3T5.3R.3AR. (IRR) B T 3R (r) T value 3TE ST Wi THIBRUT JUT B

30,000 N
1+ 1)t

30,000 N
(1+71)?

30,000 N
(1+1r)3

30,000 N
(1+1r)*

30,000
(1+7)°

0 =-1,00,000 +

19 Iifed T E'E'Tﬁ'a?ﬁ (By solving iteratively) far Q’H’\ﬁ?ﬁqT IRR PRI (Excel’s IRR
function) dIUX d =,

IRR = 23.5%
SCRMUCRM (Interpretation):
HRUT 3T5.3R.3AR. (IRR)
= 23.5% ©l organization’s cost of capital (Glﬁﬁﬂéw P 3ATH %&E’H) = 12% U&T SIRd

3Tg, WET investment (3 @¥CHT) 3nfietedt A (economically justified) Bal.

6. Advantages and Limitations
Table 5.18 Advantages and Limitations
Method Advantages

Limitations

Simple Payback
Period

Easy to calculate and understand;
ideal for quick screening of projects.

Ignores time value of money; ignores
savings after payback period.

Internal Rate of
Return (IRR)

Considers time value of money;
measures profitability over entire
project life.

Requires detailed data and complex
calculation; assumes reinvestment at
IRR.

7. STl Ufdedhd eSS (Practical Guidelines for Auditors

1. qrgl AYSH (methods) THF aTRT — TIYLHL.(SPP.) fBF (quick) SEOIEIA
(evaluation) TTaT, 0T 3T, 3MR.3MR. (IRR) HITANRI® QS-S (validation) TTaT.
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2. tﬁﬁﬁmﬁ (lifespan) S&Td W—Wﬁ'ﬂﬁ (measures) ERE ] (payback) HH!
3 AT, TUT AT SIS (life) Faffed ryal.

3. UpUl G\IITQGIE' '@'[%W (annual savings) T Heqd @%W (maintenance savings) 3qTfor
SR SSRINEE 9B ed (indirect benefits) THTAY HI.

4. For multi-year savings, always discount future values to present worth.
multi-year savings mwm (multi-year savings) 1ot HgH W%@ (future
values) &1 Ugie g (present worth) IR f&¥BTEE (discount) F.

5. 3IT8.3(R.3AR. (IRR) I &1 ANTRISIEAT §8 € (organization’s hurdle rate) Xt
&1, Sl minimum fafaae G\I@'@WQE' 3T feed (acceptable rate of return) g2iadl.

8. P TS TFRITIH (Case Study Example)
28X (Industry): coICT3d YRR Wiie, AR (Textile Processing Plant, Nashik)
Eﬁtﬁ%’ﬂm (Proposed Measure): a% gic Rl Ried (Waste Heat Recovery System (WHRS))

Eﬂs'R‘E'Ta‘-IH (Installation)

Uf¢ag@d(Particulars) SIcaY(Details)
gl c B (Investment Cost) %8,00,000
3[3® UG AW (Annual Fuel Savings) 32,50,000
Uolae E‘ﬂg'ﬁﬁ(Project Life) 6 Years

I I DIUCH(Cost of Capital) 10%

(a) fRiver 9e® fUf¥as (Simple Payback Period):

T (SPP) = i'gg'ggg = 3.2 years

(b) 3MTS.3R.3MR. HAFIAH (IRR Calculation):
Q7'|'T-ﬂ Eﬁ mﬁﬁﬁa (NPV equation) {-II?%CC?;LC H& AT m (iteratively) Jicd
SR,

3TE.3MR.3MR. (IRR) = 25.6%
SeRUCRM (Interpretation):
Bl (m (project) dIl GI'I'E:G-I'I?G-I'I? (IRR) = 25.6% &l 10% HIRC 3P Bfucd (cost of capital)
efc":IT U ol&d &ﬂ% ®U =l Tolae BTIAATRIIel G\I%% (financially attractive) 313 RIE]]
?{fﬁl’ﬂ%ﬂ:{ (implementation) 0 IRg \’rﬂ%

9. UTfhpd ﬁ'a@%!!ﬁ (Graphical Representation)
U-d% WRTS (Payback Period) 30T 3MTS.3MR.MR. (IRR) TAMHd Ufhra HURSH
graphical comparison) mmﬁ
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Investment vs. Time with IRR

High IRR

Investmett ()
u
|

High IRR

(6] =3 T
T T IK T
Payhack
1 2 3 3
Point 2 2
Time (Years)

Figure 5.3 Graph-1 Investments. Time with [IR

1. BIOATRAY $f&dhed aruve fSRSH-AS1(Decision-Making Using Financial Indicators)

Table 5.19 Decision-Making Using Financial Indicators

m(Condition) %&I\_ﬂ:{(Decision)

Payback Period < 3 years | gRI®! &\ff% (Highly Attractive)

3-5 years Higvco! sfcidea(Moderately Attractive)
> 5 years &Y SIS (Less Attractive)

IRR > 20% TdIeC s-mecH (Excellent Investment)
12% < IRR < 20% SRPES (Acceptable)

IRR < 12% qfc YU 33 (Not Recommended)

5.8 wﬁailéa o (Energy Audit Procedure)

« TSI 3iifSe URISR (Energy Audit Procedure) T8US! TaTEN WRIfIEHED TS 9T fabelt
WW@@[ I R Afe® 3Mfor grafe e (systematic and scientific) TG l—j\widw,
faReoT 31fOr STTPARIRIRE HRuaTe UiohdT 31Tg.

RIS (procedure) di® (technical), ISR | (operational) SO oA (financial)
3T 99 & Serm HAaRHA (collection), BRIBHIA (verification) SO e

(interpretation) ¥, Qqﬁﬁ@%ﬂ &r”rqajﬁeﬁa (energy-saving opportunities) 3BEUIETS!
3TfOT R =1 (system efficiency) JURUITS! Had .

o B URfSR WIYRUUY &= (planning) TRE I 813, IBHSS AN (recommended
measures) =T SMRAHCMA (implementation) T AT UHR fSHIRA dhaiedl WX (well-

defined steps) BIdl B

D
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. MW Q:ITrﬁ 3ffge (properly executed energy audit) 13?5 AISTogTSIT Fﬁﬁm
(quantified energy savings), ITeH 3fHUHE URBTHT (equipment performance), 30T TXATH
SRR Wﬁ?ﬂ (sustainable operational improvements) fHeard.

Tl Sifee WIS sifssifdea@s (Objectives of the Energy Audit Procedure)

: Q:ITrﬁWTEEFT Ted (Energy Consumption Pattern) JHG[ YOY 31O Bifodae Qﬂﬁﬁ@ CEE|
30T fohelt SO ATOR O SiTd & SIS,

. Toil BI9Y (Energy Losses) STTOT HH! HRIGH IUSBRUN fhal TR e redTd gURoM
PO A1 3720 HATE (TS R0,

: Gﬁﬁ@%ﬂ &Wq?!jﬁ'aﬁ (Energy-Saving Opportunities) 2Ny 3T fhmraazik Iu™ gaaﬁr
SUTHS ol aTR HHl §lse

. CfdTH e, 3RS S0 BRAIRNS S (Technical, Operational & Financial Data) TMes] B
RIE| Wﬁwm

. SHIfHTT (Benchmarking) TT3T STaZT® Sl dUR BRI, SN [ATHM WRBIH-TH Jo-1 S8 ]
K ES Ul BT IZD.

. TAoll TRl (Energy Efficiency) JURUIAMNIS! RIPRY doodl UM SHGISGUT
HROGTATS! HFGRI BRI,

: WWWW (Specific Energy Consumption — SEC) HH! B0 ATIOT U Ul
RReH RwIH-g drequl.

. %ﬁaﬁﬁw 3{IRZM (Sustainable Operation) YFRad HRUANTS! GrEdToOM JURUT ol TAR

3ifse Mo UeR (Types of Audit Procedures)
Table 5.20 Types of Energy Audit and their scope.

Audit Level Purpose Scope of Work

did-3 3HifSC (Walk-through | ldentify obvious wastage | Visual ~inspection,  bill

Audit) — fofefost sfifee | and __no-cost/low-cost analysis, operator interviews.

(Preliminary Audit) opportunities.

%%WQHGW 3fee (Detailed | Conduct  in-depth  data | Comprehensive system

Energy Audit) measurement and analysis. | evaluation, instrument-based

testing.

TRIHC DI 3{ifec | Prepare investment-ready, | Technical and  financial

(Investment Grade Audit — IGA) | financially analyzed | modeling, project proposal
projects. development.

WY-IMG-WY TSI 3fTSe WRASR (Step-by-Step Energy Audit Procedure)
Toll SHTST TR SISO AT BT I RHed et oird,

®Y 1: FIR=E 3fs WIS (Preparation and Planning)

Seslfaeagel (Objective):

3iTScdl ThIT (Scope), 3fTesifaeesl (Objectives) T TRUTE S TS cHRT (Expected Outcomes)
BIERERY|
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Sffaef@dIs (Activities):

%ﬁgﬁflﬂ 3iesgu, feH SISS (System Boundaries) F3d 01 31foT 3iifse siisaifdes
- Z23d W 30T TRe-d TRy & g7of Hfilee 274 (Energy Audit Team) TR &I,
WWW (Single-Line Diagrams), Eﬁ@ﬂtﬁﬁ?ﬂfﬂ (Process Flowcharts) &F@['{@C@E

foree (Equipment List) WWWWW
- Arfie T foe, gfeferdt Rurca sftr Hea= airy Regg v,
S &FT%E’W 301 Aepfere AT SRl

%ﬁl@iﬂ?ﬂ (Deliverables):

- 3fIfSC @ (Audit Plan)

W@Hﬂ'ﬁ? (Scope Document)
- 3P UHC g (Equipment Inventory)
- T 3TIOT ATgC SR @I (Safety & Site Access Plan)

WY 2: ST AT (Data Collection)

STeotfaaegel (Objective):

@ET IR (Data Sources):

&rrlﬁ%ﬂsw dre thaed 31for Rue ved
- MISaRM 3MT3CYC AT HeA= Ay

Ef@ﬁﬁ YuS (Instruments Used):

(Clamp Meters)
QIITC.F Qzlﬁfflﬂfﬁ (Smart Energy Meters)
« WU Tl Hied (Fuel Flow Meters)
(Thermometers)
- T Hiex (Lux Meter)

%ﬁlm:
. feurdHe-args Tael S-gr=H as
« TSl IR TH-T 3fgdhed (kWhiunit, keal/kg, 3.)

WY 3: JTgc ST (Site Inspection)

JfFef@d:
HIfereT fogogard e B YHTST ol icedT URATS i,
JfFef@da:
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« 3{T9-T1SC HTARGR BT Holedl Scrd! 3@ dl TSdIa U,

mﬁq:
« TR WRUTAIS 3fhTd&HT (Visible Inefficiencies) TTdT
- JIITR AISHIETST TTeT=y faciett &3

WY 4. ﬁgﬂ'ﬁf S AifefT (Measurement & Monitoring)

3T
Hifcciem MRS 3gd AR Sl Xhls DR,

nﬁmmmsﬁwﬁv (Measurements Include)
- Zafdchd URIHeY - @lees], Hic, Uik bhaey, Ther=al
« it TRIfTe — 3R, IR, W{LWWW
- AT TR — TSR, ¥, i) Tl Xed

TS T Teg e 30T SiTerqu=t ¥y

TRA TS
« Oid” N EIRIEER (Power Analyzer)
- Tl Hiex (Flow Meter)
- HIFRE 1Y &THTFIT'%%R (Combustion Gas Analyzer)
« YATHER (Thermometer)
- CHIHICR (Tachometer)
- e Q:ITrﬁIﬂET (Smart Energy Meter)

Q?Gﬁqmrﬂ PR3] 3 ST
N IES oscij\\ﬂ (Baseline Values) gci-l HRUYTS]

XY 5: AR 308 33?'&%%3 (Step 5: Analysis and Interpretation)

JTeaAfdeeg (Objective): STHT oA Scd TR e, ARG (Inefficiencies) STOT

i dIefR® (Saving Potential) 31U,
fefUemd ST ey (Typical Analysis Tasks):

1. Q:IGWETFFH fomzE (Energy Balance Preparation):

“gIYe TSIt (Input Energy) = JoIp® TSIt 3T&HeYe (Useful Energy Output) + BTa

(Losses)”

2. ShRr=t W’QFH (Efficiency Calculations):

Example — Boiler Efficiency:
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. Heat Output
Efficiency (%) = W X 100

3. M (Benchmarking):

wWiafre Gﬁmﬁ (Specific Energy Consumption — SEC) EEE:)[ @3@3?[ qdo-l
DRI,

4. BT EEVF\HQ'QFT (Financial Evaluation):
U AoRyTe! U-d& fulkas (Payback Period) 30T IRR (Internal Rate of Return) 33U,
ISINCECS (Deliverables):

. Qzlx_rffuihbTJ-IrrH TJICiH (Energy Performance Charts) 30T b ST (Sankey Diagrams)

. Ef@ﬁ?[%c% Eﬁﬁ%‘ﬂ? Aot (Energy Conservation Measures — ECMs) ot a7l
WY 6: faifém (Step 6: Reporting)

fssifdeag (Objective): 3iifSe Bl ROR™ Ry nftr Yedszg TR
HRYcHE SlagHc B,

Q:Wrﬁ&vlléa BIGE]| m (Contents of Energy Audit Report):

- UfRTRgfC g TERT (Executive Summary) — 3fifSedr @REY
« Z2I8ARM (Introduction) — IS WIETS® ST 3iifSe Siiectfaegst
- 3T TGN (Data Analysis) — Tl 90—, H-TART ¢g%, B U §fehed
- BRI 3708 3ffeaTe 24 (Findings and Observations) — fie® gAfhz=Ie, Ui Rue
Afgw™
« YHHSZ (Recommendations) — WS ECMs fay diee—dfaftre sHfoRN
« BRI 366U (Financial Evaluation) — U8®, IRR, NPV TSR
o hdqui 3Us $I(E£’>QI'EQH o (Conclusion & Implementation Plan)

ISNERESS) (Deliverables):

- 3% RUIC (Draft Report) — ORI ReggaTa!
- HIIAS HIBIRRIE 3ifse Rare (Final Comprehensive Audit Report)

XY 7: SRAHTH 3T Bidl-311 (Step 7: Implementation and Follow-up)

STeaifaeeg (Objective): YPHSS To-HicgT Hodl SMRGHCI Bl T I RFGeH
AT B,
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JfaefRds (Activities):

- TSI SHTOT Jolc g Wmﬁﬁ? (Phased Implementation Plan) TIR H01
- SfHH e Tt ST Ao SHeT RTINS 3Tg- B0
- 3R HTA AR AfFTadt @RBBRIT (Measurement & Verification — M&V) HO!

- HfCY3 SHEHCTTS! TS HAoHe RIeH (Energy Management System — EnMS)
RO B0

ISNERESS) (Deliverables):

. slrl-\tcbﬁl‘EQl-l ISHY (Implementation Roadmap)

s M&V ﬁ"iﬁ'éﬁ (Measurement & Verification Reports)
- ReHTafodd Wﬁ? reL | (Sustainability Improvement Plan)

Energy Audit Process Flow

v

Preparation & Planning J

v

Data Collection

4

Site Inspection

v

Data Analysis & Interetattion

v

Implementation & Follow-up
J

Figure 5.4 Energy Audit Process Flow

5.9 fefiwa @Gﬁ 3ifse R Bl (Typical Energy Audit Report Format)
o TSl 3iifge RUIE (Energy Audit Report) BT 3iifSe UG Qe 10T TiedTd He<aral
fSfreead (Deliverable) 3.
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g1 Ruid 3iifse g™ MaT dacr Serar SMuid 9d ffegdr (Observations), 3R
(Analysis), PARIARIYT (Calculations) 1T XHHSIT (Recommendations) Tl TR &l

TP T UHR Taae RUIC Had BIRieS SIFgHC HRd ATal aR Ao edl THET0! Tol-
T Tor @i 311for SfRetic HRURITE! U Tl e S (Strategic Guide) U HTH Bl

O HIMBRRIE (Comprehensive), 3fEIRT (Accurate) TOT Sfowa d¥d AH-cfatmd
JraGATS! 531 € ST (Easy to Interpret) ST 3T,

3| e %3] ch"l'sfg ﬁﬁlﬂ (Quantified Results), Pie_sHlhe R (Cost—Benefit Analysis)
&Tﬁ['{fﬁ?@%ﬂqiﬁ%ﬁﬂﬁf (Implementation Strategies) Tl FHIGRT 37T, uﬂlﬂo\o J:Ii:&dﬂ Q:ITrﬁ
JfETST (Measurable Energy Savings) T8 &l IdTd..

QTﬁ'ﬁ e Ruidh Gﬁﬁm)—ﬂ (Objectives of the Energy Audit Report)

. TS Siifge Ruica g Iex1 WU SHif$e GRM M Haedl Srar 3TYTRd THoll gal
(Energy Usage), gftmrﬁrm (Efficiency Levels) 3o Afeg e R (Saving Potential) BIE]
Y Yedid oI,

. RO Fgaedean Q:I\_rﬁ HFR Jed (Energy Consumption Patterns) dHG[A HUITITST STfOT
GURUM HRUGTS! A 01 S0ard Hed .

. Rodas foaa Q:I\_rﬁﬂa'ﬂ? Tory (Energy Conservation Measures — ECMs) UTUT=eh HIJHIR
. Aoy, fagayor fir s s fthe SfATferfs (Cost—Benefit Analysis) dX 3T, o g=yan
Sffidmeted BrRCRIR 3T difwesed Iugead IurgdoHT HasUar Had Hdl.

: Q:IGW\HT%E' e yfowrdta Qqﬁﬁﬁﬁ\_ﬂ'ﬁ? e (Energy Management Systems — EnMS) ddiR
HRUTNTS! Th YR SIagHC U B Hdl, SMes Tdd JURUT (Continuous Improvement)

Y Bld.
fefioa t{"'ﬁﬁ 3ifse feard Bife (Typical Energy Audit Report Format)

Table 5. 21 Typical Energy Audit Report Structure

Section Content Description
1. UlGgaicd THRI (Executive p SISc T WSS, YU Toll-Hiag™, 30T
Summary) RepUSS SR gidl Bicd] W aTde R
- BRfedn sfiersiie 'E’Wtﬁ: WRBIHH (Energy
Performance) 3rfor HoT ﬁ-mﬁz{'ﬂ (Key Insights)
NIGIG

p. $CI€dRM (Introduction) » RIS MBTS®, BT, ST HoR UGG qui.

- TN 3fffSed Whiu, Siisafdeagd, T AUSIBTol.

- 3ifSe dHd quzie.

3. SCT HORM U1 RN b gfefedt f[asw (Utility Bills), 3ITURTET ST (Operating
(Data Collection & Analysis) Data), 3Tf0T oIS ";ﬁm (Load Profiles) It ATfgdl.

. TS $HPEEM Ucd, SEC (Specific Energy
Consumption), 37101 UIAY-dISS SR,

. Q:ﬁﬁa’w (Energy Balance) TTC SHTIOT R H Biawd!
(Findings & Observations) ShR-Oeferd gHi] gl
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TS 3Te3Tdz.
- itReHe g Udeo! gTYC Hifed!.

5. RpAsS TS HerdzH Aoy WECMH@
(ECMs) « TURfTPaR qui.
. e pfufafed,

- TN QfgT UIefRE® (kWh, Fuel Units).
- BIOARES F-GRI — Payback Period, IRR

(Internal Rate of Return), NPV (Net Present Value).

-t

.  WIOAIREG 3NNy p e ECM ITo! ®ie-dHithe fAToRn,
(Financial Analysis) - JTurE Aot Tl Afegt faog satcde do .
. HiUcE AT AH-HUcd Uolacad aiifh T,
7. STHCET W (Implementation ¢ J&I® ECM T CIZHGIEA, Svic, 30T REUi-ues
Plan) ey
- g@'ﬁ%‘:ﬁ (Phased Implementation) E:%\_Yﬂ
- R anrfor fafenzq .
B. ToRHc ST Rz b SEHTFHMR MBTSHAT Tl Yieard! TSdIeaUT.
(M&V Report) « IPMVP WCIHIS (IPMVP Protocol) fdhdl TR M&V
ﬁzrgﬂmarrq?
- SUOTE vs TG RBIH oI,
b, Hagor MU d BRAS p A Tl Wi TGO TRAT
(Conclusion & Way Forward) AL CARIE] Q:I\_rﬁrlﬁ\_rlﬁ_c’ 'en| (EnMS).
« TS RIS W eToldh NBhHS I,

10. 3UTSTT (Appendix)

» RiTe ms’# STAT (SLDs).
- AT HIGSRM

. 32T ey, Fpfowe, ST f foRie
. B ® TfRey.
3’3‘%11?[ Eﬁéﬁ%aw m{srﬁma EEE'VEE' (Sample Extract from an Industrial Energy
Audit Report)
Parameter Existing Proposed Annual Investment  [Payback
System Modification Savings ) [3) Years)
Lighting 400W Metal |Replace with 150W  |1,80,000 3,60,000 2.0
System Halide LED Fixtures
Lamps
Boiler 2% Optimize air—fuel |3,25,000 4,00,000 1.23
=fficiency ratio and flue gas
recovery
Air 20% Leak arrest and (2,10,000 3,50,000 1.67
Compressor eakage VFED installation
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UpUl YT §d (Total Potential Savings): ¥7,15,000 ufd oo

Ul 3@@3 (Total Investment): ¥11,10,000
W Uaa s (Average Payback Period): 1.55 g

Detailed Energy Audit Process Flow

" ™
Energy Data Collection
- -
r ™
System Analysis and
Measurements
. —

.

Identification of Losses
and Inetficiencies

.

Energy Balance and
Financial Evaluation

G

Preparation of Report
Presentation and Implementation

Figure 5.5 Detailed Energy Audit Process Flow

510 TS HAwR 31 uasi 3iifgery @ Aed onfor RuiRafaferds (Roles and

Responsibilities of Energy Manager and Energy Auditor)

<it\!plrcl\w:'cl Q:IGWJ:QW:I'C@I (Effective Energy Management) Qﬂ\_rffﬁelw (Energy Manager) 3ifor
TS 3HifSex (Energy Auditor) TFATAIG HI-3iifSes THE (coordinated effort) STazTH
3.

. TS AIFSER (Energy Auditor) @ T M UM ddiedl RIERHE Toll-Afg
TS (energy-saving opportunities) @], i SeT SIIGRIT HROI SATOT ST
Ei'@l%ﬂ? Ao (Energy Conservation Measures — ECMs) {-ﬁlﬁﬁf

Qzlﬁﬁfleﬁﬂ (Energy Manager)%cbll-l U {J,ddc\’)czm U 5%43[2%1 (implementation)
HROY, il AT H0 3T Iyul RIS Hifegsm SH@He (continuous
improvement) “{Jﬁf%l?[ P,

- § QeI By TSN e 3fac, 2001 (Energy Conservation Act, 2001) i 3ffga
AT AT ST 3101 &R 3T Tol Th==4T (Bureau of Energy Efficiency — BEE), flfA=e]
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3T TTaR (Ministry of Power), TTeg-iHe 3IT% 3fSAT (Government of India) Tt fAEzomaTe!
ST DS ST,

Eﬂ“ﬁﬁﬁﬂﬁﬂ?ﬂ 3nfor Reaif=afaferdts (Role and Responsibilities of the Energy Manager)

Table 5.22 Energy Manager Functional Areas and Duties

TR TRAT  (Function | RIS SIS (Responsibilities)

Area)
giiodl SEoUHe (Policy 31I‘I"|Iq£rRI"|Q’> ‘II@H (organizational goals) W@Fﬁm
Development) (energy policy) TIR XU 301 WWHIH-T eRlcH

(performance targets)

Tl T (Energy Q:Iﬁﬁaﬁlﬁf BIpIEe] (energy management programs) 3{Tfor
Planning) T (budgets) TIR HRUl § HASTA .

e oft  &el® | - TSl RWBTH-T SfS®HeH (EnPls) Th HRUI,
(Monitoring and Control) - Faf¥3iTiE® NG (periodic reviews) B,

Uiolae SM@HCRM (Project | YPHSS QT-I\_rﬁ Az AW (ECMs) T SHSSSIaul
Implementation) NEREIES H0T.

Eﬁiﬂ M IASRAY | THBIoRIA! Q:ﬁﬁ ufthzr=it (energy efficiency) 3{Tfor
(Training and Awareness) HHARM (conservation) TGHIT ASRAY TRMY Ao

B,
i‘g%a'\ﬂ DHEABY] | « BEE (Bureau of Energy Efficiency) Fe URaMMEH QT'ﬁﬁ
ERU

(Regulatory Compliance) m (energy reports)

R’géq (legal standards) ELIGE] ﬁﬁ%ﬁ P,
fraifém c ToHe IlﬁTrlfIW WWITTT\‘T m (energy performance

[aY

(Reporting t0 | reports) 30T Mtee GN'@;E'}[ (project updates) X B

Management)

Gﬁﬁ% (Objective):
Qqﬁﬁm (Energy Resources) dI Uthic {{@T’I'IZ@QFT (Efficient Utilization) ﬁﬁ'@ﬂ CRUREIIY
TSl IRBIHT (Energy Performance) T Hl® T (Continuous Improvement) El| ﬂﬂv_fﬂ

ICEARRE RN

A ol Sfifgee Iy anfor fRegi=ufaferds (Role and Responsibilities of the Energy
Auditor)

Table 5.23 Role and Responsibilities of the Energy Auditor
R URAT (Function Area) | RET-AfafSEIS] (Responsibilities)

TTST W (Audit Planning) | MTScdl WPIT (scope), JTSSITFEEH (objectives) STOT

AYSTO ol (methodology) fAfzad &,
Sl HOARM ST HORHC (Data | fPOS TSI (field studies) HROT 0T av‘l%ﬁéts'
Collection and Measurement) W’ﬁﬁ (calibrated instruments) dUe- K IPEEE Y
SCIdle BRI,
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R IRAYERM  (System | IOfACHh®, YHG MU Fiefod! RITEHT (systems) o

Evaluation) TG TSR HR0I,

ECMs 1 SefefhhzM | ¢fFiho Wiethharyg o Tawl-Afe Aud
(Identification of ECMs) (energy savmg measures)

BIIATREAS SSRIY | Uiolacdd G&didh SPP, IRR, ST NPY TYSH U,

(Financial Analysis)

RO (Reporting) Brefem, FATORN 3o Rpu=zrg gadRe HRUIN

%%T'E 3fse ﬁ'@l’c{q (audit reports) IR B,
URe-3iifeec UK (Post-Audit | IMSACIT XM FORICE] TgRI HI0 31T

Support) ﬁw i AIFEfT (monitoring) HI0I.
Gﬁ'ﬁ% (Objective):
Q:I\_Iﬁ—ﬁ%ﬂ Gifq??iﬁﬂﬁ[ (Energy-saving opportunities) 3B (identify), C’;IJ"IIQ'IIEE\YI HR0]

(analyze), 3rfor ?ﬁag,ﬁ’c' &I (document) — <fmd (technical) 30T BRI (financial)
SR Ifhoh (justification) Hg.

Table 5.24 Functional Differences Between Energy Manager and Energy Auditor

Rftes (Parameter) Eﬂﬁﬁ HASR (Energy Qqﬁﬁ 3fEex (Energy
Manager) Auditor)
wEnd Ad  (Primary | TSRl oy | T SoMC
Role) (energy efficiency programs) | (energy-saving  opportunities)
[
'q'é?%ﬁ'ﬁ?(Work Domain) | Sc3Ad (internal) — | THed (external) -
AR A | S-ee-ay/3iitee Ad
3T3eYe (Output) Tl Haome ROy | Tel 8iifge RUEH (energy
(energy o management | audit reports)\’rrﬁﬁr IHHSI
reports), 3R WY (action | (recommendations)
plans)
PIAMPSIF — BEE | IHIES TR | 9fiéwge Teil  siffecx
f¥eraR¥e (Qualification — | (Certified Energy Manager) | (Certified Energy Auditor)
BEE Requirement)
RrfEn AU | efg Fewe / WIS (Top | Famde SRR fobel
(Reporting Authority) Management / Board) BEE (Client Organization or
BEE)

JalerUl— 33@1:[‘?3?{ CANEIREE] m%'ﬂ:f (Collaborative Implementation in an Industry)
WW U] WI'HT'\"Q'@W Wi¢ (pharmaceutical plant) g2 433) Qﬂﬁﬁ 3fSex (Energy

Auditor) 7 GG T HBGST:
. Gﬁ%'\fﬂ'lgﬁ JHY (over-sized pumps), B UlaY Baex (low power factor 0.80), 3o
gHfthaic HVAC fRIREH (inefficient HVAC system).
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IR TSI HASR (Energy Manager) = WTOI® $al HadT:
. VFDs TR $XWIG B, HUMTEX 99 (capacitor banks) BIdd PF &R (PF
correction) o, 30T ﬁﬁﬂm (chiller controls) “\ﬂﬂli?ﬁ.

fe1eeH (Results):
- ZoTaeRId Hiered 14% REFRM (reduction).
- I 212 FRE AfFT (annual savings), 2.3 qufr 0 (payback).

g JaIE0N GRIAd B Givel JdH — TSI Ao ST THel 3Hifder — Fefsuse
(interdependent) 37 mﬁﬁﬁﬁﬁﬁﬁm (successful energy management) algrdt
YT 3id Hgdral 3.

Energy Management
Organizational Structure

[ Top Management ]

Energy Manager ]

Maintenance Operations
Energy Auditor Department
- 7 Heads
Technical Staff

Figure 5.6 Energy Management Organizational Structure
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e e Al

[N T NS T NG T NG T NG T N T N S S T e T )
AN NP W= OOVOIANNWNM P WND—=O

27.

28

29.

30.
31.

32.

33.

Question
Define Energy Audit.
List any two benefits of conducting an energy audit.
What is Specific Energy Consumption (SEC)?
Mention two types of Energy Audit.
State the purpose of a Lux Meter in an energy audit.
Write any two objectives of the Energy Audit procedure.
What does Simple Payback Period indicate?
Name two instruments used for measuring electrical parameters.
State the function of a Power Analyzer.

. What is the role of an Energy Manager?

. Define Sankey Diagram.

. Write the full form of IRR and its significance.

. List any two sections of an Energy Audit report.

. Mention two types of flow meters used in audits.

. Write any two key responsibilities of an Energy Auditor.

. Explain the significance of Specific Energy Consumption in energy management.
. Describe the different types of Energy Audits.

. Discuss the role and use of any four Energy Audit instruments.

. Explain the steps involved in preparing an Energy Audit Questionnaire.

. Describe the purpose and importance of an Energy Flow (Sankey) Diagram.

. Explain the step-by-step Energy Audit Procedure.

. Discuss the Simple Payback Period method with an example.

. Differentiate between Energy Manager and Energy Auditor.

. Explain the scope of an Energy Audit in industries.

. Write short notes on: (a) Power Analyzer (b) Lux Meter.

. Describe in detail the types of Energy Audits with their objectives, duration, and

instruments used.
Explain the complete Energy Audit Procedure from preparation to implementation.

. Ilustrate and explain the construction and interpretation of a Sankey Diagram with an

example.

Discuss the financial analysis of energy projects using Simple Payback Period and IRR with
examples.

Prepare a model format of a Typical Energy Audit Report and explain each section.

Explain the roles and responsibilities of Energy Managers and Energy Auditors with a case
study example.

Explain the classification, purpose, and working principle of various Energy Audit
Instruments.

Describe the methodology and importance of developing a structured Energy Audit
Questionnaire.
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