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AN T FUBRATAEEDH] THA FEHINATHT ST U4 Y gcA® HIUFHHBE
e T |

e FHA(H! AEAAHSHT AN IAYh JUTell T TSR] @b T qer Ieanad

e Sl fo#hl e T AWepT FRiEaar ger I |

Q
Sl
Q
Sl




AEAF GAEEHT AT FHoll T (HefereT

AREEE R HU IREAT TU FHAl GREAT TE
R.Q Sl e
FIAT T ATE FAUM Gl WA T GHEAT Foll SEdRl AN FART GIdR]
SHAfedd G T § Gl UREAT BT AW A THEETAS Foll STANT A T34, T
St @IT g & ATET WS T ITAEAHT G SAETH UEACHAT AHNHEF 8 LTS

A® F GIA/FAN BT T ATGLEE Y= T Hed Tag | Ahi TeadT 9] Ial
FT URET EATET FHol aaae!] AGUEE JedH M J2d 1. |

Q
FHoll TR TIST TEQT HEcaqUl A a1 folfer Bl STl FHoll T&TATh] GPATTad IJAAGE Tl
ST T ATl AMdS TR Hedidhd T4 FgdNT ag o [dWd dgsedr T
o (o (o (o) o o
g | Holl AREATRT $Holl cTACATITH] AANREEH] HIAAIT qlegehl THTEHIAT qH

JHIOT T 9Fe s |

ol AREAT HA SAAEAIT JUTAIb! AW ARG 97 THE B Bl T TqAS HaEdIH
Uil U3el W&l Wil TIAT ol TEg | TqAls Foll eI TUAEdT AT
TR AT TFd~ TIAT I JINT T Aiobrg | Holl AEATelTs [Ae Sedrete e arebTer
TR T B |

e 1SO50002:2014 T ATAL: I1SO o FHol T&AN FFART MNUHT aE(gehl dR= o
TS, AT Qe T IR §T T Foll BHAGEHA ATGE0H] AT AT (el
AN FA FART T FHsl GHADT GF-gHT T TG &0 T Briers Fol g
T IR T § (1SO 2014) |

o T FI THAA TAIG,R00Y Bl ATAR FHoll @UITET FFa-ad ITIHA e, T
AT SUFECH! AN FAh! T6 I T ANPIT T 3 il 33 e | i aeq a
AT IET TSB! [P R Gl oAl S&Tdhl FaTqT AT 1 giobegg | [Aa=
fafe, ufafer a1 SUFTTETHT IWNT UG awq A FAT AT T AT FyolihT
HAT USTST | Foll SEAAH AT Y & | Soil TEAAHT Heal T AT+ AT FAr
TEATHT AT AFEAT B, I AT el Y€ G FeaIae T Aaed T oaal

FSlbl @I W TS |
Sl IS 9 THIETd SIS T X THN HH AUSHT Heeh] UL i
Al IREAT FEAT MG AEATF 573 |
R I IREIHT TS
fafiier sreaamEe F@IT ATAR FUM ATagIEE & TR AR e, 6 T AHEe
HET AT 1| Sl Hed (Tt Fe€il aNq =gaurhl it Sl G aeat
ST GATAT WTDT &1 TI § GADT | T GRETT FHl ANTeb! Sfear, FHofi Ardfeie




AEAF GAEEHT AT FHoll T (HefereT

IUASHAT T aa=adr, T Foll [HSUhT [T, ol a=d WAiaeeeh! A=, Sl sed
STFEEH] TAAAIH AT AHET T Tag | AEIRICAT [ GHaRy At
ETHT [AHRa qUEFEeEl ANE T A YN GUE ATURUTEeTS aredesh A
BAARIT T+ FHofl IR 2|

faere: Sarer Sear ferraefier sriqeH e T ardraReid Qe W T Sl 6 T
FATH IR T AEETH G| Foll @ad T O (facility) T€  FHo-geqdr GaRHT
TETETE YN qad T G| FHll e WiHePT AT caaiedd g e Fer fHaw
T Rgraee®! AR ] AEEIE gl W AMETeeR] Uee THH! AN FeA AREAT
T U WA AEaEHd Bl | Holl SR ITANTRT AT Gl AU ¥ g sarEaEE
THEEE AMdd q°1 Wialde BT ol URETT HhaTeh! WIREET (capable) TH WETH S,
CTFHRIT FHAl FETAT Flg T AN Foll JTAN IR TATAHRT ARBTERHT TFI-LH
@ SAETTS qEddl TH U3 HEld AEvd® g |

AT FAT TEAT WA, 06 B @IS 4.3 A TUT AT T AT AIGUSERHT
SATHTCHAT Fool TEATT AN AT HIGTSHT AFTEHT A Foft 47T AITHT AR ST
T WYTEEH! [AHEH AAT Jool@ TRUH G| Jq Dl AT FHAl F&7dl WA,
R0Y AT INHIT TRY ATAR Gl TRET Forerehl e TIar AT TIa 9+ HH
T gFEg | W G REeA A9 e aeaeae saradid SEdT AN S e
fEfererT R T B uw [ Bl saeaiie faeears deer Maretee e
Sl Tl fEfEEe AIUT Fell AN <A T FEANT T |

3.3 Sl IREAVH THREE

TR [, ATHR, TANT AR Wfale, HA TREATHT AEeIH AR Meds AT ATIR
Foft AREAT F T GG | A G AN BT WA Gl qdRT ATE
RS q1 GRAHT G FE g | AT HOSUSERRT ATURAT Get qReAverE 78
TopTeeHT forTor I Wiohrg: TR aieeT (walk-through wierr) < faeqa (diagnostic)
IR |

%) TR IRET

7 HREET qREaEr Ful IR T @UT T IUHEE D] W‘Tﬁ?(performance) Ea)
UGl AT [GHO0 T | T899 WAL qu AEaITHT JUAsd qeaiheedl WA
Titeg T U HATHT e Weher T WO RaA | A7 AR SRR g a9 9 FH
a7 forrg | aud o R ot aReuere ame Afaeree T ararer afg=e TR
Sl TEAAHT ATAEE TH Grgl| T8 THRH! TREGAHT YRl e arrea oo
TV 9T TRUHT Sl S=aei T Gl T Mg | 79 TR UREAvrs arh g e
(walk through audit) 9w+ |
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@) foreqa feeeT

T TEEaRAT R FHolt GREAT B | e qREES A [ $e @ad T ISR
(utilities) (T¥9, U@, T=edET AIEY, HFUAY, HVAC, TR JURT 3Mfe) 1 faeqa qeais
GHA T Dl Fo GUd AOee AEAH gog | [aeqd FHdwl HUHRT AT qRE T
YRITE IREHT el ¢! 90T aNesg | IghRU WH Adwee [EE qusd a9
RETTT FHo ITANT, SUHEGHT HIAAFAEAHR] edids e T ol S&Tdl ATIEEHT
g9 e RREee w=ar sy 9ed g | J9aIE T FHol Jodeh! Aqaeth! Tr=edr
Pl TEATH TEIT ATHTAEEET Gelhel Mg T GG FAl TqHT [GaHT AR
T ieg | TET WY S e ATEETHT TR T e T 9l 8 IUH
Afdebaieea r uf el g | FEE AN S dRT AaEEed AN e ra
(cost benefit analysis) 1 faeda e faamor TwEe grg| o9 WhRE! IREATS
grEAIRa® afeT (diagnostic audit) 9 afF g |

TY A FEqd Holl IREATHT IREAT THAGHT TROEE U FHE grg | TE qEn
Fol e AR MRUST Fe owd BiUgesl wEagTd gganT Ry T
FAGEERl FRET Wy O IR O gt eiiE aRusr w1 A
FIIaITH STAIEEHT LA T T F4 HUAT €S I Hed e | 79 ek Sl
AREATT AT T A AREGRT Ih FEATD] Fol o= WHHT GrHraaar 9 1&g |

.Y ot IRET et

Sl ARE TEfeT F qEH FHoil SUANT T AUTCHETsh] HeaTg T+ gl Sqa@rash! i
OEqd ol aed HIATaaT THgAT Al U Tag | A9 YD GEhie ol sed T
ARTAHT GelwaT Tl ATA TETd T4 | TG T IRATAETHT A HaTcHF AT
oM e g Fu STERT T HeT SURCEeH! RAe Tesg ¥ a9 e fBeqa st
ST &= UL T ARATSTT ART FHIET §oeg | AT TEfd il START T JOedleh! FfeebawT,
e Fere Fulasl STd T S JTARTDT AT AT §egg | T, 99T a9
TEAEIR FHeieb! ATATHT TS FHoti ITHN YedbeTl ol g |

R.¥.9 IRPE Fetl qRETr Tgit
g wEfq Fmid AT q 9T (walkthrough audit) TTR=a:

- GEITAT FHoAT @I WUH! qEATF T I,

- SEAD] AT ATAA T,

. e faear TRt WenteaT R T A e e T,

- dcHTD AN (T TqHT TI/HH ANI) GIR/=q8% qiesn T,
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Q -
= P Ub ‘“Tgead T&fg” (reference point) dZ ‘Iﬁ;
o N ha o
9 [FEJT AHTT/AITRT dAeT Ule T

- I T e ar 9o qree qedidet YART 9 |

R.¥.R freqe St RwT IR

Ig UEd Araiid FHoll I 1 SROEEHT e g: |, 1T 1 T0E% T FHoll afee
AT (flow chart) T T TUEE T GUHT G

S |: GE-TIEAT (pre audit) =T

TE-IREAT FROHT ol IREH GCAACHE T STARId alel IE garaden] il
YREHF AV SE TAE | TREUIERT TN TR T A Geeal Hecaqul g g
FTCITH] TREAF AT 8 TR TG | o TS Gearep! faeqd e o g
T AELTF BT ARdd TIAT Yol T AT ST WS T grlel [aedd qier
T AT U RS BRI YA T AETE Feg | A A ol IREABAS Ih
AT, TGHT GHIT AUPIEE T FEE AT IRET g7 g oy |

FHTHEA JHIDH] FHHAT Sl IREH F Hhge T 6

o AN HITATITIN FHoll UREAHT I2T T Toirel FAR T
N O\ O o

o IEAMATAT/IUET FRTHT AfIFTOeEae Wawaw! JadT, aq f&aau, HEee e
faraeer, forgd faaeer sfest werar wi" T

o THEFYT HHAUECET &I Fl GUd JLAHEE @& T |

S ANEH FAEIA AT T GHIAT 7 TEIEEH Hiogd g T8 g:

o TTH GEADT FoAl IREAT Al T T,

o TRETD GHIHT THET T &/ FREAH/TETETH] =T FHeil STAN (SEC) Tl
I,

o HAEAYTF F AN AR, Afafes w9 e T,

o GRET T FT WO AR/ IUHTEE FEH T I AT FHeFdter T

o TREAT TR AR AATTF AREE AR T,

o BREMH] FAIH! HAEE T Tei Foll GId g1 SHAZeH Jea aedid deberd 1,

o WTHTECE AT WA SIHECH =al ST |
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=R 11 freqa e afeer

TG ST 4G ST ATTHATAT AT e foreqa o aev) e ey | a9
O [iEa arTee a1 qehar STH (process equipment) T ot /AR el T
T IEA THEBT AN Gl GHET T A g | gHle TRuHT it ol @ 1+
SUFTETH] M FBeqd qRav/ Tiiee Mg | Hieehel $ U AWee Tged T
AT GHIGFA A, FEET T fOTHT BTH g AHAHT SATERI0% 37 YA g U
TR ST Mg | T =R AN ATAH G HIAEIA /T THIA T AT

iR e |
Toreqd aiReuTeT HHAT Faherd TR A
o FHl YFHR, 9N, UEFAT AR (process equipment)a‘ﬁ e qlégvﬁsb, Afedq FANT

ATAR Il @I

o FHS AN T HEYE TehTh;

o WEHAT T HAGH YAE B

o FETIAHT JAEE (SEd: HFIES BT, I A1MT) FT Feara qar faawo;

o FHoll AU (Rrgane ferguat g o1 F9-3cues) &1 Ades;

o ToYT WAEATATH] AR FEATEAT, TFHAT TRATS T HE-FAT& JUTelishl FANT (Fh
LIEECRINE S GRSt | CE K

o Tl AT AR T GEANT FHo G qfer FEHEET |

e SMaRTETT SRA THE A q g | AR A iaeeee e @
g, e NI T Wi Fee gerd A ATER IeAETR! IcAEHed T Tl JLAF
ghad T 95 |

TG Crefiel e ATURIA qediish Yeberd T Tee:

o HHAT YA,

o [afeTd grARier qfEmT T UBKR;

o UM% GUT;

o U WU,

o fErEdE FH @

e FT GU;

o FHUUTS AT, BT Ul Al el AT ANTAET;
o I HIBREGH! TRHATT T THT;

o FEAHAD! AU /ITAHAT;

o GHdIEY |
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G/ FRATAE GHTT Gal TLATS /SHAHTH] ATIRAT FHoil ITANTHT FRwr Mg T
Fl FEdHT ATUET (ECO) &l Uead T [ Mg | S0 aNd Jaai@®dl Al
A & MU TR |

A G ROEE TAT Gl TqGET TR g | TG Gl AAsTH GHE BT a1 Hew
GPFaTa T (processing function) FEAT Fall AN T IcHTGA URHATITHT AU (description)
FHEAY g | FHoll THAEe YU T AETEeH ol oerg | FAl Aa8/ IREEH!
AT T3 AT Yol ST Sufara bt weieee fEam ey | o wfan
e [wiEee a GHIEe grge, ST AN I=9 oI AEedd 99 G H@Eee
(conservative measures) 1 HA-aT =AM Sgdieq faedqa sy @egas du@n
regar fHEmor TR AeareT® g |

TOT 111 Hol IREAT THAD! HrTadT =0 (post audit)

Foll UREATATS oA WaT el TRl AT SR AE90E P | TT T FHoll TRETee
AR TRUBT H1 a=q [Aeead! HIATEAITH el T4 T HRGFEAH ATHT T,
TEATATS ARG TRUHT HTAAATEE HIAadT T cTFUTe o] e 1 T Hel I
WIHT IHATs 8IS HEd Tag | ol TR ATHA T ATAUE GREAGRT FEAars FHal
FA WS GHISAA a1 J&H 15 |

¥ FiEa et gua e

@A Foll T IaTed AR a1 el GRATST ATAaers [iEd ot @ad | =e | a0 st
FAGFIEAHT Gahet Hed Uk ol T TGl Aa9Us® STHeEd] Hll S&dl Hedb g |
YT a1 a1 IeAEART AN FA ITANRT ATIT BTl SEC Bl AT e

SEC=Energy used/Product or Service amount

q0
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foreqa et aiRErer =
(@) Phase S (Steps)

Plan and Organize
&
Walkthrough Survey

(g ) '

Pre-Audit

Meetings and Awareness

1

Data Collection, Process
Flow & Energy Utility
Diagram Preparation

1

Energy Survey and
Monitoring

1

Detailed experiments for
selected SEU area

(fereqer qfegn) ;

Diagnostic Audit Analyze of Energy Use

1

Recommendations of Energy
Conservation Opportunities
(ECO)

1

Cost Benefit Analysis

1

Reporting

1

(FTat=aa= =) Implementation and Follow
} °
Post Audit

11
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IREgR 3: SHEURE SAEH! Al MerRieT

7 iR oie R adt o @ud 1 SaEdds et GHIEeT ARusT gh | A
Ut AEERE SAET F AWiHT AMST TF, WA WAeE (AT Weew), eI /ANS
B, Y gled ¥ Aewa R g

3.q T 35 % il

T 1250 I TYHA UTee] AM0ST ST EAAT FSi9h GeHIRIar e T | I,
faeft W W Sgee WG Re AT d3Ee W@ gAl '

3¢ faem@ S3e% T Y REAN HEOAET TECEET g | e ot R S3ee
F | (T NRB, R09%)

3.3 ol IR T AU F AH AgeCH g AT Selid! @aq
3.9 Sl JERT

% FHT SFeed Head: [Fgdd Suis JuanT Ty | Fgdsr ger | 1T G @
T IS AT AT TG SETh! FAN Mg | fagara sl Heaqan s, AC, T T
fargda JuFTESd @ud T |

3.3.R T W a§'6(’+ll ffsa etert 9T (Specific Energy Consumption, SEC in A- Class
Bank)

SEC T VT 1 &1 a1 §aT Y&t &l @Iq g ol Aaraar Mg
SEC = @9 et /& a1 el

79 AT TR T HHAT TR AT ATAR TAAHT ‘F a0 BT A3eCH g1 WA
el @UdH! URAT qd [IUH! g | AlFSEE AREST T AVH] ATECHT TRTHT FHaAl
TRETTRT ATEIRHAT TAR ITRUHT & |

Table 3.1: Specific Energy Consumption in Commercial Bank

Specific Energy Consumption

Electrical (KWh/M?/Year)

WECS R0qR/R0 1306.53

3.R.3 'F HH JFEA I o GG T AT T SUHTRE
% AUBT AFEOAT (F 8 T JUBHEE Jooled TIAT Foll Gud TE G

o AC YU
° WQT;

R
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° %%'HW,
o hFIIL;

o

o I YT IUH

3..¥ el AEATH! AR T Gberd T AT

Afisy Fgeedr fagda g Sut aRauer @it fe ada orifieeesr a
AATF §:

TET ARIS: T =RUTH! ST TR FEd Hed g e Y el STel anty T,
TE T FTEEY, kKW TKVA AT B AR, I==dqH AT, Aeds, HEe, BHAINTE s@sg |

W AGT: G gread HICE@eh[ AT HYT handheld power analyzer F HEAel ;T8
KW, KVA, U9 T IR FITeeY S@ra g |

WeHTIThT W AG: Handheld power analyzer 1 HEdl H&T TaHTLT WA WK HAT 1 |

BT G4l {9aQur: Wattages, ool @aid T S TNUHT QI ol herAgeH]
FHeAT T |

oo SeT: gumr uid fetex gegman fohetiane wvar Seares urEr I |

QIR FHUeHR: JFAT AR AR AT I |
3.3.% AT STECHT TG FHot ST ATAET
AT gl M ol aadd] ATEEe Ul s b

Table 3.2: Energy Focus Area in Commercial Banks

%4, FSl TAqHT ATIGET EEICAMEITE)
9 | AN SHEEAT (W )
R |y Hdees! Hatia awTs
YT S
3 | AC Thecta! Fafaa awig
Y | WA G AC, Y@l T Al o8 W EH(Ab! A T

APFC THTEGT FFATIIRICE Sl WM T UIeR FTaet Ju
ﬁ

& | TN SRS LED 310 Widedma= 9

NEA T T TSHar SeNeaa! < |6 T ¥ aedas
TR R T

13
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.9, Sl SO AAIEE U IRICIREARE

¢ | 99 JErae S99 e YWy Uidedrd T =

R | BTATHT FREEEH U HEAFHAT FTal R FANT I

AC AT o= IUH0r SiEM T, At AC SeM &l &)

1e Y&E AC I gHtEdar I At =T
Q9 | ST IS AT ARE PV BT SETT T

3.R.§ Fel AR Foll bl ATIEE:
o IR A=A SR YT W WAt T
o T YT T3] AR Areeive &FAT = Feaabdl AN I;
o T H0SIT YIART UH] THIAT TACRIHET a8 TH;
. e wHqEeIR wrifEt Tarder T=;
o Faa Toar arale S aRET S T

o  ATA AYTEHT TTAT FoIl SFFEATIT YUl 1SO 500001 FHTAT=aI=T I |
3.3 e Weee (Alue W)

U AAEEH! 339 Uleed g1 1230 &l TNHB! TEATH 9T Tod FTHRBH W, T
ATHT [T WM-HA THIeeodh! TIAT FAEeH 9g HH a1 (250 Bl TAHAT AA
VAT | T Welg® WeaT BIGHISIRT Aol 8¢ A g |

EAF a0 WA (AT HFeoad) USe Waina ad] HRwH e T Jaee
YEE N @NE ol T T B Afe (SarEaid ) FEaadl aAiee @ne T
T I AR SLIOF WHMEE U TOTAT Ve @ WEERT GHAEH! aed T
Tfbvg T Y RS I 9 aee afheg |

2.3.9 S ST T 30l AT (A Hvecrarq) W gy RiEa St @uq

3.3.9.9 S SWW@

AEARE T Faee (A ) o fgda T e 3o R St @
g Fagae wer Aa A BE 2 a9 Ae ARSHT Aaedrd Boe Seeia! FanT
Mg | g S Heaaan sxil, TR Hi-edy, TF, [l T Tedhce@ed @ad TagH |
Eed @Id T e IUHTEE ol T YA Bi-gq L g |

9%
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3.3.9.R AR e WO (AU FFeaq) W g [iEa st @9 (Specific Energy

Consumption, SEC in Commercial High Rise Building (Shopping Complex))

fFfEra S @aasht AT H S AT AT Y TG GIq g ol AT A
SEC =@Uq Goll/ & a1 ¥

T9 MR TR T HHAT TRGHT AeTIT o8l ATAR AAAHT SAadad el Wad
(AU FFeaq) FEH g1 WS Hol GUas! TRAT ad (3R g1 AHSEe e
ARECT AT WA (AfUT FHFcidd) SHISECHAT TRUST ol IREUTh! ATIHT TR NRUHT

HE

Table 3.3: Specific Energy Consumption in High Rise Building (Shopping Mall)

L Specific Energy Consumption
Description
kWh/M?/Year
WECS X09q%/}0 &9.80
Regional (India) ! 94z
International Benchmark 2 4T

3.3.R WfIT AR IexiEd FHoll @Ud g A T JIHTET

T & T IUHHT Joded FHoll @ad g

e HVAC JUTTet;
o &I,

. @%@-W;
o feua SHREy;
o TrEFTT HE;
o T

3.3.3 F AREAIH! AR THAT Gbard T AT

IS AAEeH! [@Edd T0eliel SHull IREATH @i FE iy wieEe s wo
AEATE T

TeT iy T SRO! ST TRH! HEA Hed [@gdid Taadr Ry °er el anry I,
T AL FATHET, KW TKVA TN el A, I=9aH AT, Ao, Fi-e, B @ed |

1 BEE-ECO Il Benchmarking Study, 2009
2 BEE-ECO 111 Benchmarking Study, 2009

AL
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R AO: G gredqd WEEoH! W AIGT handheld power analyzer &1 HEAe T4, T&el
KW, KVA, TR T IR FITeeY. S@rad |

WaHTIIET X WUA: Handheld power analyzer T HEael HEd T WA HIX | 1 |

W GF4 f9aQT: Wattages, oo Fad T WM TRUHT €qFET ol [HRHAzeH]
Gpad T |

oSt SMeT ufa e geg=an frarare gvar Icares UET T |
IS AAGEHT AT Foll TR RN [ AR eH! T T] AETH §re:

HVAC: = W9 T ofiie¥ b qa6H &/ T &8™ &<, COP &l <Rl {orgdiar Wik e
T B R HeAT$T T |

PIIE TET: inlet T outlet ATHH A0 |

3.3.Y 9lUT ATEEHT IRIEd Sl Sl AG9ET

U AAGTHT WFT FHoll oo AIIEE Il W3 dibg:
Table 3.4: Energy Focus Area in High Rise Building (Shopping Mall)
+ 9. Fell TAAHT ATAEE KUIEICAREA

AT I (A qeqad)

THTHT HAECH] AN TS
YT HATECH TE UREdd FANT T
TN TE&T AC, U@l T oxiie® ofvg T

APFC THEEGE FIMIRET JSh! WESHERT Power Factor
R T

& | TR Scilgees LED T Wieledro
NEA TT T Tl Seeahl ST AT T T =i = ST
HRTEAT IR T

S | 9F9HI AW VFD IS I

R | FEE YETdls 3= UERH! TEERI TidedraT T
90 | AC Fu=@ee®l we™ T

9q | YHTITHT AR AEAET G PV WS

T S

| W| V| 0

Afere T

q%
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3.3.% FE AEART FoM q9T HANEE
o THEH EXFH GUSHI FHul M@ FeH T ¥ Faffa T T,
o HADT FHAIHEEEN fAGAF AATHT AN G TAAIZOAT BId FedlF g 16,
o T FE=ATRT R YhTeT qodss FART T,
o T AR TAEEES LED T WeTeaTos T;
o IJYAMIAT (utility) @ISHT FAT HH AR T GHIAT T Tae;

o T FFATIHT TUAT FHo STAEATIT T 1SO 500001 FHTAT-ITT T SMEe R
‘li%"al
3.¥ A/l B
AT W T AEIATCTe® QTR0 HeHaT S SqAT TIT ATIaqhier [T gy el

AT Rl YUET SAaTATHT dchlicld TaTeed GHEAR! JUAR Teg | ATl 9]
T 955% SRI I AXTATAH] AT T FAATIRITHI AN TATeed T Y& T
AT TH Bl | B Tee qI el oAl T Gl AqaR A ST
LT AEAATECHT AT T G | A 9, J06Y A AT INIGGRT THHd 9
T JATGR G WIETE, 3099 &1 ATER dfedl 2@, q9r T @8 2ofier searese
AL AT ANCART , ARATAHT WG T Heaid Tl S|

2.¥.9 S ST T FEAAAGEH g [IE Folipr @Iq
2.¥.9.9 S SWE

U FEAATRed WA T A Seeedl  @ad TegA | e ger S T fie
B AT S URSH AAEAH BN SHed! WANT Mg | e Sei Aeqaan ye,
TR FH-g@R, I WM g, HVAC, HEHd ITHI, HUS galls T fodeel @ad
REEEL

3.¥.9.R FAHACEEHT ?ff FfS@ i@t @Id  (Specific Energy Consumption, SEC in
Hospitals)

SEC T TUMT & a1 ¥ Ja &1 @9 g SHuiw] ATIaH g
SEC =@uq ot/ (SIgehl J&ar o & a1 &)

g R TR T HHAT TRYHT AT ATAR AAADT AEAAABCHT I H&T FHolt
QUaH! UNATT ad REURT G| AlhSEe AIEH] AREST ATIAAECAT TRUDBT Gl
REATTHT ATIRHAT TARX TIRUSHT 2 |

q0
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Table 3.5: Specific Energy Consumption in Hospitals/Nursing Homes

o Specific Energy Consumption
Description
kWh/M?/Year kWh/Bed/Year
WECS R09qR/R0 c3.¥ L4435
3Regional (India) RCq -
*International Benchmarking Indices 30T 93,5R0

YR AACEEAT Jooled TN FHoll GId g1 &7 1 SUHTRE

AAAREH [ 88T T IUHLEC Jocled AIATHT FHoll @Id Tag:

HVAC JoTTedT;
RIS

T q9MeT Feg;
qTq JUTTedT;
Firg TEY
IEEERSELGAS
FHUL gels;

o
Hghd ITh BT |

3.¥.3 Jull IREAH! THAT Hbar T AT
e TRl el IREATTH AN FF e aiHeged! AT Teg:

T ANy AT =R0H! ST D! AL A&d g e Ry el el any I,
T T FATFEL, kW TKVA TN T AR, Fodad A1, Aledl, HEC, SN Qe |

HIT HYA: ﬂéf grgdaq AICETH! WX A99 handheld power analyzer Ea) CENS T, TG

KW, KVA, ampere T ITa FT@e q@SS |

YR W A9: Handheld power analyzer el S ENS HET FHTA TTITHT AT AT T |
YT GFE FAaT: Wattages, Sfe Fald T WM TRUHT €AEN SAHT [HRHEEH

b= T |

3 Source: BEE-ECO-I11 Benchmarking Study, ¥00¢

4 Source: BEE-ECO-I11 Benchmarking Study, ¥00¢
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TFIHT WX AI: HIAAHA Fediaah! Al FHeil @ud T ¢ fSerst Ao 1 |

oS SeT gfa fofeX Tey=ar foharare "ver Ieares UET I |

AT JUTeAieh] ol A& iy Fe e e sl | g

HVAC: W& W1 T afeT b aiashH &1 T =819 3T ,COP &l «Rl {argdi Wik et T

FTd AT HedTsT I |

Cooling Tower: FI=ATIT a¥q T AT inlet T outlet TATHH 70 |

3.¥%.Y ATIAETHT TR Holl Sedel AqaEs

TEIATASEH FF FH1 o9 ATIEET Il W3 qiobras:

Table 3.6: Energy Focus Area in Hospitals/Nursing Homes

.9, Fil SEAPT ATIET EIEICARCALS
q | HET eI (AR Gl )
R | MaeeHr fRaEr @ TmeH
_ T AT

3 | 3=UdH YHIH! AT Fafda siige 9% T
Y | AT FEAT AC, Ul T SRilE® a8 T
y APFC SHTSECUI FATIIRICT ST SIEERT Power Factor

R T
& | TRETT SRNEEAs LED g1 Widedmas I

NEA T TREHT GSar GeNeaT <l Wt T ¥ areaiasd
? HRTERT R O

EENANIUE

& | T99&l AT VFD SeE I
R | HEE YIS I AUEADT YRR FAe AT T
Q0 | TXAT IFIATS Hel T TFUGRT W(TEATIT T
99 | Autoclave T Z=gET I

AC T WIS T, o9 UEdEHT AC W& gHiad
R

Tﬁ

EIBECIFI)

13 | S TUEAGHT Aheiieie® @ia T
Y | AEAETH A Py WM T

R
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3.¥.% FE IR FA 50d ATIEE:

o THEH BLH @IGHI FHIAl MeTH! SIS T T FAWHT AT T,

NS

o g oF o FH qUET THT T QTG FEE L TSABT (off-peak time)  FITT
el ot GieeT aRerrare Ao difelsbTe® ars iy | Heheugodr SugRuTe|

TN O AT, ThaTT] e (sterilization) T AT STETEFIWHT FAN, FHIST galls T
T G A BT qFES
o TAAIRAT T=ATH! TRT YT Terdebehl TART TT;

o TIAANTT Sl FI=AVH] AR TS &=HT AT qdbdhl TANT I,

o TTUAH UHWTH AR ORAEe AMG TR TR W AR FARGE AT
EINERIREIRIEK

o TIT Hi~gg" WANT HUH FHIHT SATAGIHT a8 T
o U AHqEFIR HTTETe TIYT T,

o FUHT TUAT ATFARF FHol IR ToaT T, AT A¥ATIHT TIHT FHoll cATEAT
W?'ﬁ 1ISO 500001W’i'_°|'5|_"|' Tﬁfl

3.Y QiR Bled

T 9R¥9q AT AUH Bece® God AT | JaaH! dfedl aed Rueds 37 a9 .40
T gedT | gy W Q.1 W EIee URE HISHESIH! FASHT T T 4] %R A eled
AT SAAIAHT el J&TH T ATl | A F-aied Taea! qfeell gled U gee”
T QU3 W EAOAT TRUHT T | 9 9 &Y W Bled S AW Ui Bledd! TIHT
ARdcaHT AT | T 1893 AT “Bidd AT UUE I 1 ATHET Ah( UFd Blaed €=
WAT| |9 R0R0 WEHFHH] qeidh AR U 3,804 HISEE Aed & el qtadix
Zed ¥ &0l FRIfET TaRHT Bleelee g (NTB, 2020) | Tes Uwad fogar afg g7 2
FqeAere J qAa & G & ubier WiEeawr 9 qeaT Sl Gt elaeee god
AT W G |

3.4, St ITART T AaR BICTeH g HS Foie! @aa

2.4.9.9 S ST

At Bledsed Fgd T adi g Selieedl TN TEgH | Agdd ged | v fig
B 9 Al USSR FEIT S9a Sike ! TN g | et St Aley, e, FEIER
(T ¥ XRoE o), W ¥ ofEed @ud TegAl fagd qerdw Bemm aiEr,

30




AEAF GAEEHT AT FHoll T (HefereT

I T T Fears URRIESe Wud TRgH | ardd el Algel dererddh! A
AEALIH §reg T I G T AT YBABTH] AR a0d ITE Mag | A darer bl
T FANT B9 qed g7u ot 21| el Wioaik et d7a Hidet Fed: geshl Sl
AT T B AT I TN T |

3.4.9.3. e BC@eAr g [iEd Sl @ad (Specific Energy Consumption, SEC in

Five Star Hotels)
SEC T VAT % & a1 TaT Y&t W&l @9 g i

SEC =@Ud H9ll/ BIST a7 & Yarhl JRHT

g [HR®T TUR T HHAT MRS ALITT ATAR AUAH] WA Begodr g [z
FAT GUdH! IR o QZUST G| AlhSEe U] ARACT BICASHAT TRTHT Gl
YRR ATITAT TR TRTHT & |

Table 3.7: Specific Energy Consumption in Hotels

(el
[

B ATITAT g

o Specific Energy Consumption

Description
kKWh/M?/Y ear kWh/Room/Y ear MJ/M?/Year | MJ/Room/Year

WECS R0qR/R0 EESACE QL &¥8.¥Y EL3.RE L¥IR0.9¥
EEC-FNCCI o o
2094 (Nepal)® - 18,3% % . ¥4,3&
Regional (India) ® Y .
International -
Benchmarking R0 R¥, 190
Indices ’

343 WA BITEERAT Sealed TN Holl GIq g1 & T STHTRE
1 &eT T IUFH RS Ieoled AEMT ol GId TR

e HVAC JUTTet;

o HIT,

o UMl WAMET v,
o TTT YU,

. @%@W;

> EEC-FNCCI, 2017
® BEE-ECO-III Benchmarking Study, 2009

7 BEE-ECO-III Benchmarking Study, 2009
9
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° Eb_;a'{;l'{}

o o SHEY;
J W?f’ﬂé?
o AR

o T TFER;

o VIR JUHUIBT |

3.U.3 ol AREATTHT AR THAT G T A
fargdia qumettt FHul aRES Al [ i ariAeEe s T i

o

TET AR T =ROT! ST TR AEd H&d @i Waadr Ry |Uel el anry I,
JE e FATFE, KW TKVA HT Fel WY, I=AH AT, Wedd, HEe, BHiHad qasg |

R AYT: G Sreagd WEEtd! W A9 handheld power analyzer &1 HEAe T4, T&el
KW, KVA, TR T IR FITeeY S@Ta g |

YT W AG: Handheld power analyzer 1 HEdl H&T WaHTLT WA WX HIAT 1 |

YHET GFE fAaQT: Wattages, Sfo Faid T WM TRUHT €AFET oAl [HRHAzeH]
YHeT T |

TFIHT VR AGT: F1 S0 e A FHoil @ad T 2 feeamst AT I |

FTal G FAD ST el T, IaRor WOt H S@raedl qie=r ¥ |

oot SIMvex: Wit i geaaT fopcate wveT Jeares 0T 9 |

AT YRl ol IReTal it e wifiee s W ieeg:

G

gate! 8. Afaas, Fe SCAFAEE, HET ARAFAE, stack T AXAHT ATHH AAT
T

[AgH! AT IRTEE AYT: Agar Aier T ReH qeaeedetd! Gags! dqaHd HaT I |

T AT RN pH, TDS, 1A= T AY=6H AT T |
S IS UTehl [T pH & TDS AU T |
THMMESR T &Tar e M i T afex Fesee 9t T grarehl arash| | 71 |

HVAC: fra ST T afe e ara=pw, =@ 3¢, &1 T COP &l &l fagdid Wi A T
FTH AHA TeaTgT T |

AT UL ME T iR arases AT |

R
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Ficre TET FEAST a&q T T inlet T outlet ATTZHH AT |
3.%.Y Gl SICaHr GREd Heil sedbl AaaEe

A BICAgeHT FF o o= A998 Ul ST 9iha:

Table 3.8: Energy Focus Area in Hotels

%9, S TEAPT ATAEEC SEIEICARCALS

1 | AT SFIEET (W qeqad)
R | Phase ¥d=qeT
3 | S=UdH UHIHT AN FAEd skiige 9T T
y Stack AT ATFISTT T FHToT STSAFITZES AT T SATSAHT ATANTH RERSIRE

HEIRSEECLIE]
L ES RS R E T
& | AEIH TEET AC, Tl T FXIBE o T
o APFC THTSECY FATIIRIE Jgd! SEHERT Irax RIaex

R T
& | YOFRIAT Tgeds LED gRT Widedd= I

NEA T TREHT Tar GeesahT il |07 T T areards
8 HAEET o) T

I AN
q0 | ¥ T AIELHT ARl VFD SiE™ T
99 | IO O T HIEIAE Holl 6 TR T AISERT WTET T
R | e faeomr Fim arguee ¥ hideeeers gegerdd T
93 | RewHare arl qaatW T
Y | AEEEHT T PV T QRIS 218 UvIel S I
— Aqfered AN

QY | FAEAHT THMEMEST T 2Er Ufger Sem ™

3.%.% e GERY FHol a9 ATHEE

o THEH BXH WISH FHoll MeIH! e T T A a1,

o TIANCIA MIAATHT AR YbTIT T TANT T,
o TART TAUH! AT YA F748% o8 TH ;

3
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o TG LT SAAT TEEICA Al (FATAHT AN Foiqah TANT I ;
o TIX HUSHT WA WUHT GHIHT SATAGIHIEE a8 W,

o [Tuffa TqHT A FT IR TR T, AT TATHRT TIHT FHAT qaEdI
YU 1SO 500001 AT T |

3.6 AP W
THEHTE T T4 TS JaT T&T T A1 AR T Tareed a1 T AhTeh]
AT T A AARATD] T HAEIA Hecaqll §og | 0 WHNH edreeq

GEAEGHT AN &I TIHT Tqreey gEeYl TEIET | G, qUSROT T fadeer T W €areey
AT ot SRt W 923 AT ATY SHFEdT WA ST HUHT T |

HiSHe TWREE df gEuEe g &l YO @b, ANEHS T GREAT THAET WISRY
R | TGAT HISRY TRUHT AR SRR Rl F=rear T Whaad T &gda
ST AEAAHA TS | G THRHT €A a1 Hrgee (ol T Tt 7)o oI
QY T F-F GrAIEE L& T4 T A T YRt 9 9 Aaeadl T U3 Highd T
ATTF T |

RTATT USeT He Tt A e TR T W ST TR (Siedl T e
TWRee [U| Toa qE qAEEm YERarAr Tudle A1 9o U e, 9id Waieid T
Bl Neaeddd AePhd TWREEH TUFaT TRUSHT Tl Foid Taldhl Agdhd )
FICHSIAT FARIT | G WERE CCREE AW TTAT AARIT G q¢ G 7 R
FI ARFHA R G- Siedlad! TIAET Fafad g |

3.6.9 H ST T ASHT WCEOH g FEa Fetie! @I
3.6.9.9 S SERT

Hfera TR geaaa e Seeed! @ud iy | Fgae ger Aa ang B & w1
S UESH! ATEAAT ol SFeey FANT g | Heaqan o)il, TR Hirea, Fed
VISR HIaT T ol faedia sl @ud e |

3.6.9.} ARFHA AT @ RS Seier @aa (Specific Energy Consumption, SEC in

Medical Store)
SEC T U & &7 A1 Jal W&t &1 @I g FHollh! ATaaHr Meg;:
SEC =@Uq 9t/ &7 o qar

¥
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Tg R TR T AT TRUH] AIAT ATAR TOAHT ASHA TCRECHT g Hi=d
F1 @UAH! AT T [RZUHT B | ATHSE® TUTART qacT Aiehd TCREGHT TTH]
FoN TRETITRT ATIHT TR ITRTHT 2l |

Table 3.9: Specific Energy Consumption in Medical Stores

Specific Energy Consumption

Electrical (kwh/M?)

WECS R09qR/R0 TR.G&

3.6.3 AP TREEH! Iocl&d TIHT Fo1 TUT § &7 4l ITHTET
5 &3 T TR Secled AEHT FHoll 9ad TR

e HVAC JUTTe;

o HIT,

° %@lﬁ@@l}(ﬂ'{,

e TIT o T |

3.6.3 T IREH! AN THAT Feberd T AU
T JOTeliel S AREATTT AN T T e el A e

BT ANy AT =R0H! ST D! AL A&d g e Ry el el any T,
T T FATFEY, kW TKVA TN e AR, Fooad A1, Aledsl, HEc, SN @6 |

HIT AU o greddd HICIgedh[ AL HIAT handheld power analyzer Ea) S ENS I T, TG
KW, KVA, ampere T 9TaX FT&e S@SH |
YR W /9S: Handheld power analyzer el S ENS HET FHTA TTTeTHT AT AT T |

WHTYT FFdt RO Wattages, =el @l T SIS TRUHT FEA oA [HRwee dahe
T |

TFIHT WX AO: HIAAHA ediddah! Al Seil @ud T o8 [Sedrst Ao ¥ |
RS SeT: uid /e geu=r foparare gver Ieared TUET I |

HVAC: M= W19 T ofe b aashH &1 T 58T 3¢ ,COP I ©il {&rgdia Wik e T
FHTHAHA TS T |

RE
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3.6.Y ASHd TCAREEHT AT ol Todeh! ATUEE

o

hnN hnN o o
Hispel CClieCHl [+ Eai god Sslqd et Ydl <3 i eg:

Table 3.10: Energy Focus Area in Medical Stores

%9, Sl TAqHRT ATIEE KEIEICAREALS
q AT e9Hr doheEd, €19 el T axiiged] TRaheH]
RS T
— T AN
R | AAHA ARHT B FAN T 2
AT FHITFH FANTHT TREhT hoie e o= I
Y | FAIRET FF WM T e AT g
NEA T TRHT Tar GeeeahT ol |07 T T areards
X ‘ RSN
AN O W
& | TR Sigedg LED 31T Fiaeama T+
© | QU AHORETATS FER X Uhoedgi Jaeerd = Ales® AT

3.§.% HEl ERT Holl ToAqH] ATAEE
o XTRIRY BTG BTET ALUR g sqaedl [Wera;
o T ASNETH! MART AHTGEIR HIAETE Toar T;
o afa To saReE Fe aRE F=eE T
o Full STAEATTT JUEA 1SO 500001 HTATEIT T |

&
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IREgRE ¥ SAEdIte SAHT SNl SadE! AaHEe
¥.q faga wR X wRT sgaed s

N O

D] SATEAAAS SAEE AN ATASUS] [FEd ATHAT T3 AT Frg.
o NI AATAVIAT AT TRITHT ATTHTH AWT (KVA) BT AT T
o Aok FATINTAT UG TRUHT FoAl (KWh) BT IR |

JIARBIHR! AR AR [T ARG &AHAT ATAR ADHaH AN osb HHE T |
ITHHTHEAT ST tri-vector FeZer 77 GfAeTe® Sed: THHa AUHTH AT (kva ), TEHT
e (kw), Taeeamefier oifits (KVAR), T8l 9Tk (VA) T power factor (PF) BG&! (&e

T |

BT NEA o 99 kV [9gd #19fd T sama@i¥ie e arrgaan e efsmer foe Fafor

TEG | HREH oS TUTCH HUHT SHTERIIH SAeeH! i Heyld ATl TH o T
Yl YT HFIIES JHIUT TR Tee | Weqel AERuTaar [Hisa qaaratd qamd qieaa

=g |

Table 4.1: Electricity tariff (NEA) applicable to commercial sectors reference year 2075/76

et TR TUAHT T A/ KWh
Peak time (5PM to 11 PM)-T1

Off peak time (11 PM to 5 AM)-T3 .

Other time (5 AM to 5 PM)-T2

Demand charges per KVA: NPR. 340,00

Io9 AETHT AT ARt TR HeeT SUHERT AT aMe e | faga W)
AT B | I JUE I=o AN AAGHT W=al WA o1 HH ART AASH AU HH
B gl [ Fliebl AN HeTST HEd g |

YHATITAT AU S &A% Jar AT TS YUl == AN HSET TR [Heiid
IYIEEATS HANT FIEATIT A+ |
T I W T JANT TR IR [&fees:
o TEW® HATTH! 1Y ATAMITAl T,
o T AR T (AAIHATEAR);
o ﬁgﬁﬁ Fleh| SFleus® AR ITAN T, e 3cdla-/captive generating
ZHSEG IUAeY T3,

39



AEAF GAEEHT AT FHoll T (HefereT

o T HIGRUT Tl TATTHT T, T URTHEEH! TSR ATAIHAT ATAR
FHH AT TG ATHAT T,
o TER FATFETHT IR AT |
EIeTd AT Fa=Asheed! N TR FH MAHBdTHT AREees w8 T4 Afhad A

o
TSI Hiehreg |

¥.R qET TSI YT

e’ WATEE (PF) WA Wik (kW) T YeT& kel A9d @1 | Inductive Load AT &g
Weds WvaT UgNe g7 T Capacitive Load T T Hedsl =&l WS &7 | Inductive
Load HT 99T FITHCY lagging <) ¥ Capacitive Load 99X AT leading < |

Power Factor = [Working Power (kW) /Apparent Power (kVA)] = Cos ¢

PF = [kW/kVA] = Cos ¢

. [anN o o
T qEaR FAFE UH (Unity) I i HIAH T, Wel @9d 1 91kh ¥edg T d=ad:
JEAH AN ¥ST Teeg | PF o WIKel @Od 9 reactive current IEISe  SEHRIT &g
<[RTAE (loss) TS U HSTIF | T¥AE Tl &R @13 AEd TN |

3T GHATHT capacitors BEHT TS T AHAGFAR Tl fagd ITHIHT T&T (user end) HT
power factor AT AT AT THI A inductive load T reactive power HETITH WED e | IH
S Hlec sl TATHT FHT g Sl |

o FUMHET ISHERT PF YIRFHT HIAIBE:
. ﬁ'g?ﬁﬁ JUITRAe! reactive component ¥1C & P BT (total current) N I S
o HTCHT B FATT YO IPR Foli FRTACHT g FbT,;
o Load side AT HIec Sl EALHT Jie;
o I IR FATFE fAEdid YOelis! 90l &THdiehl ITANT 4 HED o |
¥.3 fagd Wiete SriewaHr gar
g Aet®! GoreT AR FF @R GO <areT ik
¥.3.9 W TRl FHTEFR

ﬁ@?ﬁﬁ AEEET TS JTFLEEH] W@@W T correct alignment T “flﬁf%?l?ﬂ
drive couplings T R a1 Jec Yuclie® et MFeah! FHHALTATHT TRA T qRadTasel 9i+
FANIEH @IT T FHoll FB1AC, BT T AAWAAD AGHAA (TFATIT FaF WYl Il
FHUAT [0 e @ Fca=q Hecaql g |

HIaET W AT, Wl {Jﬁf%ﬁﬁ@ T ventilation grills and fans %! @RS AR
BUHT Tlf:f q‘cf@{l T HIcH! dRET (conductors)ﬁ du=hH dgad, PIGRE] (resistance) g

Rz
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e AT @9 FETET (heat loss) @S BRI T& (efficiency) T FH ATSY T AEIH
g A g |

¥.3.9.9 ATHH FAEEHT WSS rated specification TR HIHANE TS

TETTET ool < Y% H=aT HHAT YATe a1 AT AeHh! T T R IR Y Tferd
TCY T GG AIHH R0 ¥ S e Srcieqdl AAT &l g ASY | HeIars
RSET Alecs W=al AT Gorad W&l 9 ureak Rl T SEdl S ASg | e
AG=leld Weds ATIHTAT HET FATIA TR AP HRAGFIETHT BTH ASH |

¥.3.9.] Rewinding losses Ea_¥

Rewindinngif =T IS stator core A Windingzﬁ strippingTIEf TN TRA AT L{I?g
HITTHT J=9 9B H Jq=l g WiEgd Ioued TS | TF I YT HAFTATT stator
core Feai®! Frgdia FFOTAEEAT F¥X &g T iron loss A Jfg &g T AIGIHT TEAH
B <9 | AUHRI rewinding © WIETHT FETaT T Frasadn (reliabilility) T2<5e | FA
9 HIETHT @RE &7 4 rewinding T HIeX @it@rel T&EF Uieg Tl el AN no load
electrical parametersﬁ e T qd Teele Kewg |

¥.3.9.3 T IS (belt) T FRET®!T TN WRIRUT T&T ATHE (optimization) I

qRE JETROT UL (power transmission equipment)@f ﬁ'@jﬁﬁ e T HoAl GITAT
HECaq qWHPT Wog | TATHS, ofec, = T R TRIEaH] Hed! Hl TR0 ITHTET
I T LM T AATGFAR TR T8 | V-belt T SIEATHT FeaTE Sedahl TART TR
TEHT FIR AT |

¥.2.9.¥ Motor loading ST%T (optimization)

HIETH! WX FHH THE TEAWAT HH ALY, Ta FAFE UeSE, HISH Jedl antd T
IGHT T FI=A IUHRT AN T TS T TST3s | 0T WwaT B/ A (under
loading) W WX TATAT Tl TFH! starting torque THA FTGT Wwg T HELH! Ao AT
g | TEWIEE T Tl AIIge AT AT WAl I=9 A gyl admR
IRV [SAET AHAHT €0 - 0% a1 AT &l &STHATH AT WSLEhT AICETH|
yioedTaaRT it RmhiE e |

FRATATAT T TRUBT AT ¥ O-YYU % HH &HAH T g HIEEedH! AN Seel/EER
[[EEEEY ud TEQN T GAEH (@ T g | TIGT Seel operation mode AT TR
operation mode HT IREAT B! AN O ARTIHT ATITTHAT qz‘?,ﬂ [laTaTs star mode AT
G &l W3 Hiees V3 Ufd el 33l Wiedd 9¢d Tag | Delta mode AT HIETH!
output Ush ISR qiaey d¥ performance characteristic T WX qieaa jﬁ?«'—'fl RESEIRU)
star mode AT Full Load |1 HI@X WATA= W& delta mode AT HifTF MR e TRaHT  Aw=aT

E§
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Afer &I T UTaX T UTH g gl pEIE) torque to speed requirementﬁw ‘EIEL%T 31';[9@“
(application) AT AT star mode AT AT F=TE AHT B3 |

¥.3.9.% TeFET Aie! T FHa==mr

Z=EaT e UIT asynchronous AT BT SIEAT frequency TRETH TR (T fafarear warss
iheeg | AT HILAHEE STEQ: Input HIed s TRad TN, TST FiHeah! resistance TRATT TR,
multi speed windingsEhlr JIRT, Wi Llldgoﬁ&:b wed: R T forftee T, eddy current 4T
fluid couplingsﬁ TANT AT rotatory 4l static Aroal < frequency convertor TN T 9
AT fferadr <arsT afhg | AEva® WA Fa=Au WA A9EsT WeET IRIE. HEw!
AR Hed, R =96, Wid. Fa=A0Teh] 1A, AHA-GR, foraeaan (reliability) T f&ere oot
SR AT FAET R &= MG 7o |

WX (load ) T faeIdre® farema: Hecaqe gyl WX TATT torque output Wcl'oﬁ e
Tl ﬁlrﬁ\%sg T IqaTs constant torque, variable torque T constant power HT AR T H@b*a |
Constant torque loads ar g1 SIRTHT output power requirements'ﬂﬁ (speed)ﬁ qiEad gl
g d¥ conveyor, rotatory kiln T constant displacement pump TEHT &l torque qiEad @?I
Variable torque loads ar g1 SHHT centrifugal 979 T @] ST torque requirementsm
JIREE] qiad g¢f | Constant power loads T g SI{THT torque requirementsﬁ'@lﬂ?{: e Sgal
Uy < TI%HE\ET EEERER R SAISEE constant power loads T TTHTT IJ<Te LT g |

Variable torque m(application)ﬁ variable speed drives T WIART X %& Iralgcl =ld
T Hfebegg |
¥.¥ =i (lighting) T HAGTHAHT FaK
Lighting system HT =+ ATeaHEegIg Sl a9d od T Wi
e Lighting Control 6T TANT TF{—{;
o GBI ISATADBI IoATH TN T

e Exclusive transformer 4l lighting voltage controller TSI ‘i??;

e Conventional ballasts T TIATTAT high frequency electronic ballasts SST ‘i?{;

o T-8/T-5FTLS 31T T-12 FTLS <Ig e T

o TFRNIA ST TAAT FHol 361 LED Fxileodhl Sie X |
¥4 HWES BTEr 9Ot (compressed air system) HT g I AAIGET

IAE AR BT TRUBT BTl FHoliehl A d AEIHT U BT | FrA=aaqar anrd
(input) B Fsabr 90 IRT R0 WA HIA FANT §H €M (end use) ¥ I | AT
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TWH Fll qAEIF AIH TRATT WO AT FETae HUR O WG | AERT AT B
TRUT rar FAnT TReE aEers feeae waar ffen i @ o Seereed T qor
T 94 |

FREM GAATHT AN FHRREE AEYTH g AT A [HEedr $ FHRmAHT @e
AR a1 ETATh! Fgal AN AT B AGEHA TGalqFH [Aelrs TSl aared
‘Tﬁ*_sgl CompressorT:hlr AT AHTIRILHT BT compression efficieny AT &l¥ F?JTS?,{
Blal Feldd 9l pressure variablity EISS, oA ATIHH (operating temperature) ECEY
Al =0 wikh USy T AAlY® UG g Vg | Ird AHA-FRIR T AT
Jocligd qHEARE BT TS ol o=d grg | (oaeqd @ & &9l (compressor
performance) T TOAT f@XT (calculation) Annex 8 AT RZTHI B | Foldwl a=ad He

ARFHEGAE ITH T qlha;
¥.%.9 =9 grar f=sT (cool air intake)

Intake air temperature ¥°C Sgal HIT feufd (identical condition) &1 T&eT 3Kk T (same
volume) T BTATETS HFIE TH 9% &I FA(H! @Id §T Wvg | T8l M A3 Bran
(intake air) S(d =T 941 I HFET TEAA TH §rgg Aol G |

¥. 4.} gl B1ar M=arse (Dust free air intake)

FHFIGTHAT intake air filter SIS T T2g A1 HFIAH] AHTERHR BT T AR =g
T ol TAETE AR BTET FART TR 968 | AR hTs T AIdedrd (replacemnt) &1
SR BT {hee (air filter) 8% =9 gl Glel &¥dT, %A =9 (Pressure) fRr@e T aferar
el g 92g | Thumb rule TAR choked filters TGl BT Fesh 4.0 mm WC
ad AR RREE €37 HFE qAE ARATET B TET T Y Wi S
I TG |

¥.4.3 gE@r g WS (dry air intake)

Ml @ S gewr grg HHET sad At T 9d g | WBE g o s
WWWWF% ToeE T fu¥ed Rgeed! HITEd (performance) T HEITH!
EREIRE:CIEIFNCHIEERI CEN

¥.X.¥ TaQr = (delivery pressure) ©@<ST

FHEIALT GId T FHAh! Faread =g (operating pressure ) T d Tﬁ'\(“qﬁ &THAT (rated capacity)
T R aFery gy | GA URAIERT 2T HEE I GEe o S adt wa ey ad
F ATEITR g | TES FATIHA WRTE% (moving parts) AT AT AeAH AT (mechanical
load) TFTt fafHe® srcantaes fugeg T adt Fol O WFg | HEaar 9 bar of {od<or =g
(delivery pressure) SICHT FHol GITHT € T 0% o HH ATLEH |
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¥. Q.Y GHET B4 (compressed air) Pl FEIANTHT HiH ST

AFHET BTATETE IR TR T, T @eaedisd (agitation), {5 AT I, &@T T4, ITHEE
Q

AT T T AT THRH FAREE (Hecaiied TR U6 | qF0T WOEH, blower SE

FHH ATD] B4 (65 BT eTdh! [Adheddh! TIH TART AT I5g, IIEH! AN Toaart

(combustion) &7 STRT secondary air T W3 |
¥.%.& BT JRTAC (air leakage) o7& T

AT BT TR WAl ST Foll WY W B BT | G e Yoy G T
TrI=aT TS| Jeldc ﬁ NIR IR Hlﬁr%gl el ATASTHT air receivers, relief valve, pipes hose
joints, shut off valves, quick release couplings STEdT 6?|°1|<6t> T IUR LG HI @ *ld"sg | JrIeT:
U TRUHT THT TR T ﬂﬁﬂ'l?r AgTeedh] ATITITH SIETT IRTacHhT HP g |

¥. 2.0 T YA (Heat Recovery)

Air compressor 1 STHNT T4 &I 50-2 3 FiAeTd g FHsil qrar 9iord g+ | B
I TA fSog MRUH! qT I THE IUAd AT FAlh! L0-%0 WAaaF
A T Giobreg T qATS BTal a1 UMl Jarg el AN ARt T Hidbeeg |

33-101?%? HUDT draehl AT YINTe©HT space heating, industrial process heating,tﬂ"% qars,
make up air heating, < boiler make up water preheating ‘ch?f[l T HIEE BT JUIeAeE
QA U] 19 GIATATAT S JcaTE A RS wanT THET AR =RuET i ard) g?;d |

¥.& SgelC T 59 (Boiler and Steam ) TUIHT AEEEE

FH Foda-eierar (poor combustion), dMI TJTATJLITHT FHHAR (heat transfer fouling) AT
THRAT TRGHT THT GFARFT BRI AGTRHT HIEGHA Te: T T ATHHT AT
(evaporation ratio) THTHHE EIE\%r ST | tf”T(-‘dT&ﬁ‘*f TeYT T UM YIRS Ui g eian!
FHIILTHATHT BT A< | TEIdT UREAT THiel Meiia g20ar (rated efficiency /AT i ATETT
ASATHT FHAATAET HH ATH! § W9 IAT ST T2 Teg | TIABRI  AqATHH
Tﬁ%@ JqrT T (abnormal deviations) g AT T FEIWNET &5 Ul WS
AEAEH GAHAS B T ibrg | q9d AZebl BRAGHA Hedi®bh! ARl [&=d e
THAAT (efficiency ) T TIX TRAT TS AAAH § A AFANAH &AAT FHoll @I BRAD!
IRT gefere 2|

AT TEAT HOAHT 52 [T g 97 9 QU g

%) qE f&afE (Direct Method):  STRHAT working fluid (9 T ST59) 6T FHll AT (energy
gain)T'ﬂJ'i;r ASATHT Fea-h! Follh! AT (energycontent)W@W lliifal
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) Wﬁﬁ(lndirect Method): STHHT TETAC (losses) T Sl AN (energy input) ElEEa
TF | TEAT TG |

Boiler Efficiency Evaluation

y v

Direct Method Indirect Method

Figure 4.1: Boiler Efficiency Calculation Methods

e AL TEAT TUETHT AT GeaeT T aucasl fafeeesl HeRer Annex 6 (a) T (b) AT
[R3UH T

o ASALHI BREAHI HeAiHADH! AR qLUH YHa =1 Annex 6 (d) AT [XZTH T |
o AT T AZAL WATH! ASHIIG L@ Annex 6 (f) AT [RZTHT T
o GAH! T FETAC TUHTHT RN (&€ AT A0 Annex 7 AT fEgUaT |

¥.9 SEATHT FD T ID YETHT FUCRT
%) FD (Forced Draft) 9@r

o FD YW@ Wl (furnace) AT ATAYTH THATIHT dTdl BTET IIAsY TS S-a-hl I8
T U Ieaed (smooth and uniform combustion) TS TRT Y T Toaer !
ART secondary air I CRNES) *I(Iésg |

o FD YW@l YUl AT ﬂ@ﬁ?r HRIUcHS® =T (positive pressure) Fcd=1 TI'Q%}{I

o IDUEN ¥ed [ WOUEY AA FD Y@ =es] 9 |

@) ID (Induced Draft) 9@r

o IDUEMT gal Ald Tl Bar sH=eda Teg |

e ID Y@l HHUATE dust collector aT electrostatic precipitator T WEgHATe drar QHT
g T S Al gatars  =FT a1 Stack AT TS |

o ID UW@Tl JUITel AT ‘ﬂ@'ﬂT REJLUR:EARCIE] (negative pressure: ATAENT =M q=aT
HH TT) IJI= T WEETE gaf BaSes |

¥.& HRET T AT Jomet

T, F& a1 YU qUHHATS TSI AT HH T DI AIHH W=aT HH HIEH T
UEEAT § RORET BT A9 WHAHI AT HH AIHE WUH TAFAE TEl AIHE AUHT
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T FAIheg | AT ETAT ho@d Wl Widiae (Hea [iHd) Frearss utean

Bl

AAAFTAE ROT WEd WA Wiehrey WEAT Fa) TATHI dIHH, ATGal T eTarl
IR =MEU®H! a7 Segd AaedTH B9 TST Aihrg | I9aH! IRl Juleiieeel ard T
ARAGT BB B a1 AT TAHRART U] AEAH goeg T BIAH g HGUhEeh!
qATCTE RS 2R a1 THd CadFH aaal S Sae A 16 |

T AACATECHT AT TR H1d TERAT €A A% HEAWHaTE geg a¥ i,
TFereh 1, g, <o) T oq7g WEGHAE T aTd Tl T g | Ahoiaahl TN
TG IRy, SAmEaiE e, FENHET T adhaTa J [T T a8
ATIANEE FA|  Heat pump ol HSXAT THRATEIE SMBRT A9 JART T 9aEg <
Y ATETHT WHSIedT T AP FHISE0H] B T FHAT FAH §rgg | O heat pump
TS revesible system W THT 9gH 9 qldhrg | HVAC HTd &HAT TVHTRT =@ Annex
9 A T FHIS CEH! B AT AT @0 Annex 12 AT @3UHI g1 Wheidd T
AT TS HISTHICT BIAT T3 [HEHAT ARHT T icbreg:

¥.5.9 IR HH9T (vapour compression) ITL

e AAEGTAT AT A1 TEGATS =l TE€TA T0aeg | T AHidT TUArH T€ehl fEad
B9 AL 9 FEEE Ol € g W qEg | TF JUTCAHT Wohsiire. FART e F&el dardels
qIEg T HH A9A Ity AW AowH 9o g |

RSIET YUTelishl 18 UEd 9ol 2@TEUH! § T M+ TRUEEHT [@=ge 1 9l |

1 - 2 SVIRCTHT Whl HH TR A Ahoii-acl IS, TSl gTar, 91 a7 =T Pl
TEFIRT TReeedle a9 OREg | I9 YRR SR AT a8 AaedTEe T qRad
RS ZIANCATE AERar I FHEr AT superheated STATATHT g5 |

2 - 3 Superheated vapour FHEIGTHAT Q%TQTTI?EE et agar =™ dgT S | IEEGIEEXE]

AT g5 |

3-43H Io9 AUHT superheated vapour FHEITLAE Hreg~addll =g | Fearsy uBearst
edld (3-3a) HT 3TH TIATS ‘dLAHT (saturated liquid) HT tlﬁ_dﬁ:f(% - 3b) Tlf:f AT saturated
vapour Al URACT §7g | T¥ UHATH! RT RIS AT BTl a1 GHIHI TN g |
WA T T T AT HIAT (3b - 4) T Hel ATHA =IT g W7g TEHRI $H A
heiee expansion device AT AT &1 I9 = g |

4-13TH I=9 AP 99 FEAGUST LA expansion device HUT =g Ol TFHT AT TSI
T FAUNRCTAT T e (flow) A=A T g %10 TE |
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Heat rejectad to
atmosphere

Liguid

b
Y Coolant in | Condenser ’

%D Expansion device

Evaporator

or—|

Wit vapaur
{satrated condition}

Pressure (bar)

ressar

Heat removed
from process

Heat content (kl'kg)
Useful capacity

- - R Motor input
Heal rejected in mndeqse N powar

Figure 4.2: Schematic Diagram of a Basic Vapour Compression Refrigeration System
Source: Energy Efficiency in Electrical Utilities, BEE.

THANET T HFIEIH! combined input heat FEATHIX T T ETHATH] Hrgral gl T |
Oa
expansion device HT A9 FgTa< T Gilre}; ga |

Oy

Ta P

rom——

Saturated

P Condenser liquid
),
)=

Expansion

1 valve

Saturated vapor

Figure 4.3: T-s and P-h diagram of refrigeration cycle
Source: Energy Efficiency in Electrical Utilities, BEE.
¥.%.R Vapour absorption I

Vapour absorptionaﬁ?@ﬁl:(ﬂ?m Rrearss & arw, ardr 9, T, J Afedl a6t
AN WTH TR | =4 OB AT bl aiel (hoitee) =TSqAT IRord geeg T arsq 9iord
B3 ATF aLH! a9 [d= T T B IaET g5 | 8 THies Whvid-edl T T
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T FrgERT W (solution) TS 9N (absorbent) I TIAT YANT W& | Vapour
absorption YHILET JUTTEART TIRT (@ AT FHATEE W TTHT A Rd=T T f&ored Sivax
e ATSeE IuAsd TIT Alehe | Absorption FUTHHT TFY FHTET T HIA (@ ATALAD
TRg | ATEYIH AAHH T Foll ANA ATER, absorption TUTA =TT THaHT AN aT°q AT
AT I T T fademdt gTEEg (APO 2010) | AT AT (vapour absorption)
IRSETT Schematic TeiehT =T [IgUHT

| CONDENSOR GENERATOR |
S \F/!elsulating Waste Heat/ )\ FIRONG
o P\ ) e : . SOLUTION
(S) THROTTLING rnct Fioedl
<~/ VALVE
WEAK
SOLUTION
a1
ABSORBER !PUMPJ
— EVAPORATOR "
T COOLING HOT WATER OUT
Heat load In WATERIN

Figure 4.4: Schematic of a Basic VVapour absorption Refrigeration System
Source: Training Manual on Energy Efficiency for Small and Medium Enterprises, APO.

Fut == BEe:
%) WA BT TR T UREEeAE IR ATHRH! T8

IFSIET T AATHAT TOTCAAT AR AMHT DI AN W qd Uaesmaia! ard
T @W?ﬁﬁwﬁ@wmﬁ ATEALTH AIHHAB! ATHT T AP 57 |
AR § oI JRera qIOHH G T 306 R ol @UdHT a9d g9 a9 |

T) R [TEREgedl THIaRR

fewme Rafi o @ud | qEdt A 99 UFeeeRk 9agse AT U 9C Teeaqul
TG | AR FreraT T WIAT HHAATS Hre-agHl AN e qTIHAAT dig g g
TEHR SEGT ARA WH T HEERT TE B T grg | T R gimbiiex
AN & U FHol @A g g |

) sigae (multilevel) T oo

ATHHE! SO T AAIAE HOREH] a8 hoad YUTell gHie A U Heeaqul
fuifas FRO grg | AETH qIHT TEA A BT TIHT ATTAECH Tgag WU
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RS JUTCATRl JAT =6l fdqeadt eyl uaEdie fAeed WX TATST g el
(central location) AT FHFHET TFEE TEX FANT T |

) g TEr 9 (chilled water) T HUSTRIT

AHHAT A fafaaar T g ATEEen TegeeT WURT Feagua O W
e ueey g7 Maesll grg | Ith ISR T W TWAT FHRATHT ATEAHAT (process
requirement) YT T fthre SIEHRUT FIEATSH T7Age (HTmae Geer TNEE] e | 4
e W STUHT THAAT chillers =Ter &1 peak demad charge BI&T = T JUITCHT a7 Il
Bl WUSRUT gEeThl TR F8l gy JuaRTehdic il THABI AR T TH!
I gd HER! BEEl 4N FEee o7 Haaeg | Tl GHIAT I ambient  ATIsHHT
HreraiH! qUHHA U I U3T 99 HHET Bl T JHAC TEAH I8 579 |

%) TgET

FEl ¥qgae aIHl Fed (heat flow) FH TH THE@T FAN =g | Cold lines, &<
UFE-OETH] AT TIAT (HATAT Togeid ATl TN T WIH g Al NI Hed
AT 9 B (cost effective measure ) B Wel WIFIAT Tl FHsll =T U A Al |
PN Hiicg T/ FEAsT Jomell e 1 T o weg Rfce o@ &1F 7@ 9+

ST WX HH T 9ibeg |

=) Variable Speed Drive T FART

Constant-speed reciprocating s FIH{ R eTd e T ATAE TRE ARG Wl mﬁdl@:al

Tafd I BEAeT g7l aHar HatHa T <87 AT Big9 | [SgUHT ST variable speed
drive < Seol€d AT FHall a9d TS |

3) REeT W) (cooling loads) TS T AqL AT (optimize) ™

RORET Te TAGT AN =] ARTGHT HeaTs s HRH! Fhahl Hecd 98 g5 | A
fEraTsT WR v e A UAT A A R A | aeaa: a9 S @ud aeree g
T AT @EAT 99 9ig T6 g |

W) A IUIET
e FRP SR T film fill, PVC drift eliminator &Te & FEATS™ 2raat WM T+,
e Indirect heat exchanger &Il TSIl HEISIE] pre-cool BT AT air to air heat exchanger

SEAT FHoll TE AT qAAH ITHEE AUATS; FRIEars qHRAT uieg duct @ TR
Tlflﬁ el indirect heat exchanger T Hruterd ATgdr iﬁarawﬁ;
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e Variable air volume WUTCIE® ATATSH, T GETAHT AN sun film ATHART AT,
AAATAT EAHT THEH AR ATHAT I, AAAHAT GAA 9k Gk sl Tadd
T T FEl IAEEE G

o YTl RreaTsT Sidee e Atmosphericgﬁ%gmmﬁqugﬁﬁ
g A I FeEe T qavad geg | A At seedee swd: Todee [
TFTHT TG T AT AT e I AeFaeg SThel Tellhl BT g1d <aTs
g | oweiifr ool <Tefl, UETRE T AeF eAERHr dfd qate ey |

o FAUN FrEErST T i T e A e FHEREe B dheiee 9
THT (second, minutes or hours) & ™ REES) T PUHT EET g g | oIl
I AT (level) A TH Aeead0l g7 | TRTACHI A grar T AT TedT
T YT e gerdeg | e SRTEACH] HRUEE HH Aho-e @I §og
THBTT HH AT FBHIT TH g T HFAELs el HH M40 579 |

e o AAFE TE TEHEE (components) T FRRTTTHATE®HT FHafwT @R fFafa
AHT-FRIREDT GRS T,

o TH U FEAEUST aFl X RS 9Miel sEEdr gt 1, Few
SUHWEEH! T F78 T JUANIET (bypass) dE A A,

o TETAT YR T HRAMH AHAHT FHEA <d13T A6 AR Fares I 7T, qa
WEET W W N variable speed drives AAATS;

o FEM@ I GIT AMHWT T T AAAT ATHAH TOA dlg Tl ARl FReaX

Freral T THANCIH] ARIMET ATHAT T |

¥.2 @r T grEr Fita AR (blower ) T SE€REE

QT 84T T AT TIHEE FATST AMead IFUHT 87 | I9qT impeller BT AT FHeil AT
T BTET/TAGH! TETdHh] a9 TeIes 9o [ eedrs gﬁr JUITCAIaT STetl, damper T 370
TTHEE (components) Pl AAUHHT o6 g TATATT TATSE | T@THT HTAATATR] VAT foraeor

Annex 11 W%?Qﬁi{l
¥.R.9 U@, 3ET FiE AWK T HEEET 99 B

HEIRZIES] fafer ¥ foreg =9 qomred (against the system pressure)ﬁ ATYTCHT YT, grar EoicT)
3ﬁ3ﬂ'{ T FF A gATE~g | Americian Society of Mechanical Engineers (ASME)
AR T8I AU (specific ratio) T ATAICAT U@, BTET Tt ST T HEFEL = frefar
gAE S | 1?'Tﬁ'ﬁ(discharge)5”"?{ T ?ﬂﬁ(suction) AqHT ﬂﬂtﬂ?ﬁﬂé EEIL ENEIC] ﬂﬁ'_&{l
TG ATEE GE 1136 mmWg TEEET =10 g T, BTaT Fate ARl 1136 SR 2066
mmWg TF T FHEIREE GI9RaT ST A9 g Teg | [ees e aqa v= st
firerar qeret diferserar fegueat o
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Table 4.1: Difference between Fans and Blowers

Skcau e g =T g (MmWo)
Fans Upto1.11 1136
Blowers 1.11to0 1.20 1136-2066
Compressors More than 1.20 More than 2066
EXECREIRE PR

e Working Pressure I T

o APl Feldc HUCI3T T eldlhl ATIdT AJPpI "'ﬁ;

o HicIS @Y/ Humidification TAFCEGAT FRP U@l FANT T,

o UG/ WitE ARET IHa ATHRET TH;
o FETE TETST Variable Frequency Drives (VFDs) T JANT T;

o T TEATHT UAEE (cogged belts) FAWT 7T+;
o JUTRH! FfAId IF T |
¥.90 T YUAHAT HGIET

Y FHS URETHR] FHHAT TRYHT AT AT A D GAGCH TN B TFIg0hl

N0 URTT TEAT YOy HeaT HH AT | FMET W=aT FeAl ATHIRE! T¥T T throttle HewahT

TART Tadl RREeHT 35 AT FREHT BIAT U=l TRUHT G| IS0 a1 HF=a0

TUTRAT ORAdT TR 998 YOTAEEHT 30 IRI U O% TFH FHoll d9d WH 4 Aihg |

TEYET HTHETHATDT VAT @07 Annex 10 T fESUST | ALEADT Hel HRUES T GETHT

Table 4.2: Potential causes of inefficiency and measures for improvement in Pumping System
ATEAHT HREE U SIUEE

Unnecessary demand on pumping system Reduce demand on system

Select pump that operates near to BEP
Change impeller

Oversized pumps Trim impeller

Fit multiple-speed pump

Use multiple-pump arrangements

Fit lower speed pump/motor

Pump wear Pump maintenance

EN
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Less efficient impeller Change impeller

o ] As for oversized pumps
Inefficient pump throttling controls o ) ]
Fit adjustable or variable-speed drive

Inefficient pump Change pump

Inefficient piping configuration Change piping inefficiencies
Oversized motor Change motor

Inefficient motor Change to high-efficiency motor

¥.99 9FERAT T A9 Tl ATEET

F) Blow down ™7 W

A blow down FTST FUTTiehT THThT I U HIaH T@H! <M Ageaqui gogg | =
A BEEEAE YIS AN AT A TRGHT blow down AT Jecled d1d <[@rac
gidgay | Blow down Tt TIHTIAAT ~TAXALRT §7E = space heating T feed water
preheating T WANT T+ Afhvg | Hwil I=qaHT WA blow down STST JHelwel ST
JUTTEAIsh! qISUE (steam system piping) AT &7 B FEATETS T B3 994 |

@) NI T THIS TR W IS (pre-heat)

TRIT MTHT flue gas BT TAHT THAAGOR  ATHANT TRE AMGAHT TSI THIrg afger o
qATSET GAWwal &1 Tog od 1 Wby (bl Tl ASaCHl TSTI IHers e
ST Eﬂfﬁ (saturated) ATIHHIFH qATIT FFE | FHMMAGIL UIAT pressure vessel =l
gataie WX W q9 YA TR 7G9S W USET g9 Hiicdl FEl [@%ed non
pressurized feed water heater & S&IcT qar3q T qierg ufger ¥ qooec v WA qASE |
ASAHT TSI THAHT BXF &°C ATTHA qrgel THT % T7a a9d WSS |

) Yeae T grar (combustion air ) T q@er J T (pre-heat)

JSae BTAThT preheating ASALHT TSI AT AT Uel fahed 81| IHT qarsgehl «mml

AT e GATSAT THUHT HTEATHT ¥ stack TATHECHT A tap T+ Gl TS waste heat
T A ARET AT legbr%gl Shell, tube, rotary regenerative type air pre-heaters T
regenerative burner 8& @ W< 1T Elleﬁ‘%T TR AN AGAIT Wbt el [Abedge gl

AT qAAH] AN flue gas T Fedd R GW Aleqaq@ qIHH TS AT 4% Foll o=
T e |

¥0
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IReEgE X H9l IRET Ylddge! aarr

giiaes T Suil IREATH] UH  AcA-d Hecdqu =RO | Yded WA I fae

by < N [N o o o [N .
dlptdicllealls edlTHl d TR GfdeRe qar T < | A-TH AAATHT TITH,

qegiH AT, MEREEe, Sl o=d, aNTd o=d, Hra-aa" arTd T R TRUHT FHll
AW &g T GOl GURETH! AT AHHI A (simple payback period) #HIEL §

RECH

TRET YidaaT <Teal eArTAT TPA el HecaqUi [[uase AqIHR G,

TRET e T @l ] ey b aEel qHiEad TEdee (o THE HEER Addbd
N YA AEIID, AT AT HAHA-GFAR FIATZSR T qaqaa] Q1%
FRATZSR B gaag) dls SUIH S Y= TR |

TREATT WidaaTHT GieTH, Wied, [ar T ASerds gz 9rieel TN WU g
|

qeais, e T FAfT T T AMferbTh TEem U WHET TANT T T4 |

e @ve [iEE, e T 9 FEERad g 1wy |

AT SAISUHT gRUTEEArs UE TUAT SqTedl TR 9ag | Hecaqui gRUMETH
URAGT WUAT FAomHl 99 W A UM SUTed] TR Uae | gl ARl
Foaeiierdr e (sensitivity analysis) T3eT Wecaqui AR 2

AREATTE T Faa AT (58T T AASEeH Tedl q41 AT SR gTae e
T T 9dg | AdeE 9 W gar 9 aRenst Rragamr afy o gk |

idagTe! e T TGAT AN WUHT qEREAEed UHeadl g 9a 3 |

TUET (calculation) TRUT TaMT HEEGHT =T AT W AT STEAT ThT
RNIREEL

TY ALIAEAC WH AgAT T e widiSa dedqmed TR Wt @ EA Hidease
TRETHT ST FeT TRUHT ISR EA YfAaETRl AHiFET SfEr Anenx 2 T |
AERE &7 A GEAUeeHl ENE TRUST faFweust HEAFaaT THaHl A qrae T
ITHWH] AT 6T TST T g | T899 Wl T IJuhviest faswdt/ safcapdial g

SITEY TS @REAT WEd e |
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Y.q NI e fersmer

il dEh! SHAATATIT (top management) TS THIHIR! FUTT T F&q SATSHHT AR
qigee TRUHT Adeustad! Ad@ & (financial analysis) T4 AecaqWl g | I &0
FFT PUETHT AR 5T T2 8

° ﬁf qHITATIHT T:F’ﬁ qHd;
o WTH ol o= §aT WU ATAH o= e FATeT, AAECT FET AT GINEE T
THT-TFIR. AT,

o HTEAYYDH NI |
¥ WUHFA FFaEE (opportunities) TXT 9 UL AT Eolad TRUH! AT AA(THTHT
N ERIER] *Iﬁg TRg | NG o &R (cost benefit analysis) T A EIRELY Q_"[\_’Rjﬂi
qrHT=g grblv?l sarer (simple pay back period) , Net Present Value (NPV), & JaTg ﬁff?f(cash
flow method), Return On Investment (ROI) T Internal Rate of Return (IRR)%@%’EI SIR IR ‘3\-|3rb|-'l\|

fafer Tervear e oty 21 S S WA i | A e afirer o i

AR FHA F@D = P AT A sl

fafirer @eeesr gy, ReiEes T arra o frame aifersr a0 iguer g
Table 5.1: Energy Efficiency Options and Payback

Energy Annual Savings
. Fuel Value of | Investment | Pay Back Period
SN | Efficiency | Demand | Energy . .
. : . Savings Savings (NRs) (Months)
Option in KVA in kWh in Litres (NRs)
q
?
Total
Table 5.2: Types and priority of energy saving measures
Types and priority of energy saving measures
- . Annual Annual
SN Energy Efficiency Option Electricity/Fuel Savings in | Priority
Saving (KWh/MT) NRs.
No Investment (Immediate)
q | Optional Improvement
House Keeping
Low Investment
3 Controls
Equipment modification
Process change
High Investment
3 Energy efficient Devices
Product modification
Technology change
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e

T AN Al F A AEeAE A, T UR SAEdTO ¥ Uhar gt e |
A ARG e €. W ArEEEHeT A T UE AR ST SAar |

S ARG fafer: Yam@ weaT adidl AR T AT A el el AT SHa |
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Annexes:
Annex 1. U~ Factor g%
Units Kcal (000) GJ TCE TOE
Kilo
Calorie 9.0000 0.00¥9C &G 0.0009¥R% 0.0000%9R
GJ R3IT.TYULR 9.0000000 0,03¥9qR0CZ% 0.0R3IY&EXR
TCE 000 00 3%.30Vg000 9.0000000 0.0&TGV&ERIR
TOE Q0% 0.00 ¥R.£9V000 q.¥1¥RTGCO0 9.0000000
) Kcal
Fuel type Unit (000) GJ TCE TOE | Other
Traditional Fuel
tonne ¥000 Q8.4 | oxls | 0.3% 9.¥3 m3
Fuel wood
m3 RTO0O0 99.6% 0% o.RL 0.8 tonne
tonne 8qoo R.L3 | 9.09 0.§% | R.G%& m3
Charcoal
m3 RYTY Q0. | 0.3 | ORY | 0.3% | tonne
kCal
Commercial Fuel Unit (ooa;) GJ TCE TOE | Others
Coal tonne 000 QL. QR | 0..& (O] ¥~
LPG KL 30.,0¢ 0.%99 | Tonne
Tonne | 990&0 | ¥R.RY¥ | 1.8% | 9.9¥ | 1.830 | KL
HSD KL RO0KO 3.3 | 9.R% octo 053 | Tonne
Tonne | q0R%&0 | ¥X.GR | Q.40 | 9.08 | 9.R9 KL
. KL R340 3.9 | 1.3¥% 0.R9 0.c¥ | Tonne
Tonne | Q0% &0 | ¥L.5 | Q.40 q.00L q.9% KL
0 KL RT &0 ¥9.Rc | 9.¥9 0.R& 0,23 | Tonne
Tonne | qO04&0 | ¥¥.R9| 1.49 | 1.03 | 9.08 | KL
GHh
Electricity MWh T&O 3.% 0.9% 0.0t | 4.y | from
oil

Source: Energy Synopsis Report WECS, 2010
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Annex 2: SATEEIRIE SAEEH! AT FHoll TREAT Fidaa gi=r
%) Aideee M @oewr gg u:
o fdagET o,
o UREAH FHQ: AT JORll T FHI ITARTHT feqa FHl e
o EA/TUNETT NUHI THIGHT ATH;
o TRET T THEH AH;
o URET Al

e JINH T JURLAIRGC |

g) AT

T GUSHT YR Al Fdiel Hdaiedel gedie’k N AeHd®s a7 Yiasid dhele
TRETT HIHAT T & FUBRATAREH ANEH] HaL T a8 |

) AT AT

TY GUSHT HAIHT T T ATALAD FAhAD! AN ALATT SleAi] IEIeTh! AlRIEIHGAD!
T @ g |

H) HIAAGTHT JANT VT QAT TTHT, MferdT G, Sibel qol, YafiH I, AHISH:

Tl GUSHT AAAE T AR TG =TH—T TART HUHT FHUT dlietaT, Tl G, Afber
T, BT T AHHEE Goihd g TFag |

) WART NUHT SUHTEEH! T
T GUSHT FHA IETHAT TANT WUHT IUHEEH! ol Joold N 95 |

=) QL (Summary):
g GUSHT Yiddael AT YTH IROTHEGD] & T T qaae FTHH HIaar (e
FUEE A g FFEHT:
o URET TRUHT FHTIRT ATIRAT FFEw;
o frgdm demn ot wRusr 99 S9t qEdar daeReT, FEerHn o i
A FHoll TAAHT GPATAAIRE, ATMNDH CIHT B ANUD TodH] GHATEAEE, !

AATHAT T AT GO FATGETRT FT TF AAHHE Fofi Teqar fobeash
T,

LES
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o TTUMEHATH W o qEl: Y A (T o Weal HHB! AT (THI et );

WEIH A (Uherg 3 aNgFHD] G WhI ade); <8 @y (3 a9 wwar

TG ATHT HHHT ard) |

IfEgR 9 =g
Q.9 FETITHT TEAH
9.R oI URETEHT FAHATCE

Fl AREAERT HHAAEE FH G

KWW Fd Wied R T SHa@ad] Hed Fgda 9R/Ewa T, digecl ava]
(R0xx-yy) HIi¥E ATIRAT I, &THAT ITANT, fagd @ad (NEA), Diesel Gneretor
(DG) AT HATIRA Icaed (Al T AR] WUHT), FEIcdIa (cogeneration) T Renewable
Energy (RE) HT 9TdIRd gearae, =iid @l T Wik @iva frgaer amme <
fafargarar fevaft afed Twy [isa forga g, Jmiis qeaged! sl Joad T,

FF S AR oW died el SHd IR AT98Ee:

Power Factor Y,

W eI (I=oad AT ATl );

DG CH! HRIGHAH FAT;

-qﬁ- HUHT gg3cHiad SNERINED SEIEEI
A ATAT RE AIANT (T V) T GET,
Ife HUAT AL T Faw ulredian! aie;

QT W AT TAATH;
HVAC;
YT SIS AN |

9.3 SUEAIAS SFRT T

(TereruTT T, TA19AT a9, Ya1e%, Bddl gt &AdT, srtar /T T et ame e,
e T Ay S @ T AffE ara e T afEeg 1)

%%,
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UREYT 3; SAAEIRT ol WEe
2.9 FEEdE S ITANE EEvdET:

SAEAE  SAEeH FgAd FHel T AR AEAOA  AEee, N8, Reaee 3oE,
A ICAIE AN, power factor, TIRT THA ATAR®! HEW[ (time of use tariff), ATIHAH HNT
v, i fgde o @, S9f @9a T geT SUECEe (SR SEW, R,
TRERT, IR breakup T TIAATS A8 [ATST FREECUT THFaT FMAEE T T |

R.R AT He ITANTHT HEvaes:

EA® GAZEHT U FHoll ITINT, [iEa g FHol @ud, T, Aol g
IEELEG (operational feature) 8% T faferEar (specification) & AT¥JA T |

IREET 3: WA Holl qqeqdT BREHH

EARE SAECH THIGH Foll HaeddT HRHART Al=cadd] ATUR, Foll S&dr
STAEATITHT AAagdTehl Al argd Tafegd Aifd, MIS YUl argHid [Fvaes T

AHATTER TG Garers Eqleid |

UREYE ¥ Holl ET AR
Jiqaaeer TG GUSHT Bk AAECHT (T TEEE UEqT S UE Aendr gl woreieeHn
A THAAHT AAEECAS THE:

o FHul TLATHT ATTLEEH! NUH (EE opportunity),

o FAUT HATT;

° %’q'?lﬁ—ﬁ;

o TN W,

A eIgedl HIATAATH ATELAH ATAAT T,

o WA A (cost benefit) o ARAT a1 AYETHT ATHTT ‘ﬁ?lﬂ‘*ﬁ sty (simple payback
period) T@SH |

¥'\9
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Fol IREAT FidaETH [ FRANAEe TR T IEST 96,

wEaaE Al
*9. | EEfftee |  ForwaR saRke g R | fevaviiee

REYR ¥ Exhibits: WRIRE WTAT R ST
Fol TEr Aty (measure)%“c_cﬁ ?ﬁf BTy ﬁ'{-_dff T @W(sector) GRI ﬂﬂm(application) fafere
g7g T Aie™idl oA e fafdee swEe g9 sdeg

o TTHAH AN ATHEH T, T ATIR HEYEH! HIT ISFTHI AN A TGer
(load shifting);

o TTEY FATFC G, TAMCId qraY P Ha=A01 (APFC);

o Ful TE HEA HI=AT (energy efficient capacity control)ﬁ AT variable speed drive
B ATIANT;

o SRS TEd: T, GET, HEEE, THoET T aAEedr ol Edr IHar T;
o A, AgRiEHTT T UPRAT TRHATSA /AU,

o AFAR T AT YUITCA;

e DG ¥T, fagd wel, fBex, WA T Uleds =g #AieH Tear UK,

o TEIURT ATATI;

o dYhH iﬁqrﬂul, occupancy sensors, AT FIT AT JUTAT STedT Taare fafer
AIATI,;
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THT WA ITARAHT AN AT G

HIIES BTN, TH, U@l T AhoikgTele Jerae T wastage W TH BT SHAELTITAT
qU;

Heat Exchanger &1 FHTI&THAT URHI AN Froral [S-Ehrs;

¥ WUTFA RE ATHANT |

UREgT & gEaraw (Exhibits)

ol T WA TH ATEAHAT AT TEAT, THT TS AR THH TehTb] GHSTH]

THAEE T HF SHERIEe THET g qaag

T@EAEE (line diagrams);
EIEIREa ﬁ'@ﬁ [EELUI (technical specifications);
TAE qeATE (design data):

AT F=qe (heat balance) STEAT foedd TR,

o AT WIT FHET, SR GET, steam trap THETT, SogTET AHETT HATTaehl
[EERUR

IS ¥4l AICgeHT [Shdray STTHN:

AT Yeocdle (general tips), T SATEITT fafeEs (housekeeping measures), [HI-TEIT
aferenT e |

A TEAESEEA FHoll A FEAFREH] AARINHAT ST LB, HeATdd, 0 (o

TR, Al EaEE a1 HUHT AR FEAEe (S YEd T ST g) A 3udsd

T WcaEs ASeeH TFaT a0 T qFas |

¥<
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Annex 3: FH91 IREITHT TR ATETH ST

Sl ARG FHAHT FAH! identification T quantification BT RN AT ATeAH Frag | A
AOTEEH! AR ITEEEH] TAN AEH grg | A ITHRE aqa, Tars, gene
T TR T qeTcH® TTAT TRl Y e g | Eeada Sof aREvRT SRITE AT
A e FF g7 aag:

AC TUITRIAT SATIRIA @A IRIMEEe: Hiedd (V), [&FEd @@ (1), & ¥ e (PF),
qRT ARG (KW), ¥ 9RL (AT (KVA), TdEhaTcHeE 9Tih (reactive power, KVAR), 9l
Gd (kwh), ATERT (frequency, Hz), BTHIMEE 3T |

DC YUl ATIRAT [ gdid rRIAeg®: Wieest (V), @gd 9am@ (1), wih (power, kw),
Fell @A (kWh) 3T |

frgda ate® 977 At IRfiete® WEd: A T 919 JerE, AR, g T T
FgTd, X (liquid /! =8ra, Yid FHea®! g/E (RPM), BTETHT aRT, ATaTSl T B9, gl
AT, H Hield 39 (total dissolved solid), pH, AIIATRT AIAT, AT ATG T, flue gas T
T FEE SEAdEs, AGEed, HET AMFEs, Johs, Aecoh AFaEses,
Yo Tl Al |

SATAHAE SATEHT FHoll TG T T [ HA ATHA/AAT IUHEE AT

Table 0-1: Equipment needed to conduct energy audit in Commercial Sectors

.9, | SIHT AT RA
Used to measure electrical
Electrical parameters such as kVA, kW,
Power PF, Hertz, kVAr, Amps and
1. Analvzer Volts, etc. In addition some of
(Threye Phase) these instruments also measure
harmonics. It is used for
recording the data.
Electrical Used to measure electrical
2. Power Clam parameters such as kVA, kW,
Meter PF and Ampere.

Yo
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F. | STHT SUHTH! = AT A
This device is used to analyze
] the composition of flue gas
Combustion from boilers and hot water
3. Analyzer/ Gas generators. It measures gases
iri]talyzer/Fyrlte such as Oz, CO, COx in the flue
gas and calculates the
combustion efficiency.
Used to measure flue gas, hot
air, hot water temperatures by
insertion of probe into the
4 Contact stream.
thermometer
For surface temperature, a leaf
type probe is used with the
same instrument.
Infrared thermometer when
directed at a heat source directly
5 Infrared gives the temperature read out.
' Thermometer This instrument is useful for
measuring hot spots in furnaces,
surface temperatures etc.
pe—— Used to measure air velocity to
calculate air flow from a given
6. Anemometer area. Total flow is measured by
multiplying air velocity and
area cross-section.
Used to measure the flow of
liquid. It uses ultrasonic
I . transducers that measure the
7. Ultrasonic average velocity along the path
flow meter i
of an emitted beam of
ultrasound based on which
calculates volumetric flow.
8. ([;;?th:rla To capture images.

49
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*.9.

ECIUCIREE]

HYT A

Thermal
Image Camera

Measures the temperature at the
surface of the objects. This
devices can detect overloaded
section of the thermal system. It
also locates the fault, leakages,
damages part of thermal
system.

10.

Lux Meter

IHlumination levels are
measured with a lux meter. It
consist of a photo cell which
senses the light output, coverts
to electrical impulses which are
calibrated as lux.

11.

Humidity
Meter

To measure the humidity, WET
bulb and DRY bulb
thermometer is used.

12.

Leak Detector

Ultrasonic  instruments are
available which can be used to
detect leaks of compressed air
and other gases which are
normally not possible to detect
with human abilities.

4R
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Annex 4: eft IRV SRHT SIS T GLEAT

Sl qEAT & GARE TR (utilities) T ANAAEE A6 WX W 49T gog | aaqd
T Tl SUIEE P U Feil URET Sreidl A Ugel Hecauu @ § e |
IRE Tciiells gRa FHAEEet, sakhTd gea SUH (Personal Protective Equipment,
PPE) T ST UIeqaT S g wde ¥ arefier aietn G el wfeed ai smthars
SR AT TG o | IREHEed AINT Teliee a1 oo qIhH g SUHTET
e Arger, fBeX dfew WO el doaeq WA g Ueg | dEavas 9o fagde o
TETEETHT TroEe TS Uag | IREATHAee Ha Garerd Sua<T, f8a: open drive
shafts, TT (belt) T FERE® WUHT a1 Fa TF1 FERmHT Afedees afem maf o
T WA g T4g | TREATRATT STHLT W TG T ADART HE ATETAIE GAEE
fel O Wb = YD Fe(Teh o1 GURAGTHAS BN (6] e | IRADHAred el
a1 guRAEHeTE FiE T g Fieed FAu TR Aok A T Ffeer T ]
£a | GefTd A-AeTe] ATHTCR ATel [ gTel URE Sleile] Geall FISTE® TS §a |
e daTe® WUHT USeT GRAT ST qfCrhT T T A SRl ATEET oo T

farga T Amee geEme At

o VT HUHF YT YATE HSEH! el HH T,
o FAUN JTFHTA FW T qfeet GUET T BEgd yare ¥ Rawee avw T;
e Log Out Tag Out (LOTO) HIT+aa= T;
o TIIUT FAAIE U FAET GARd Afbenr WuT Tat d9 USer B Wiedwn
FHIRTET T,
o TogdT YUMRTHT T TT&T Vinyl nitrile =S, g qRam S[r a@ms,
o forgdta gomeltar @ TET e gee, AFEE geEn Jur s,
o FAUN JUFMH! AW AT AT HFDT AAFH infra red gunshl JARTST ST T |
FTATEATT JOAHT GLEAH! AT:
o HEWF AT U AR CFT I H (particle) Frel THRH! €A™ e AEH
I,
o FHH U SMHRF TAREGH] A% HIH QT HEHHT AHT HET B (cartridge)
B WART T, Fafa T r Hidd aiadT T,
o TIUTH aTATEROT HH TET ﬂ'la:lﬁ%?f(self contained) ‘AMHIEATH IJUH LI (breathing
aparatus)ﬁ FIART T |
ST YUt (Hearing System)ﬁ'g’(waﬁ;

o T AES AT &ACCH HW &N HF Il AT B SaT I7AD FANT T |
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Annex 5: HTHTCIA AL Yebarwl Gl

Parameters Information

Name of Commercial Sector

Year of Establishment (A.D.):

Scale: (Large/Medium/Small)

Reference baseline year A.D.:

Total Area (M?)

Location:

Contact Person:

Designation:

Telephone Number:

E-mail:

Website:

No of Employees:

Presence of Energy Manager:

Compliance with any National/International Standard (NS/ISO):

Energy Aspects:

A) Electrical Energy

Aq) From NEA Grid in kWh:

Total Cost of Grid Electricity in NPR:

Electricity Consumption kWh/M?

AR) From Generators:

Types of Fuel used:

Fuel Consumed in Liters:

Total DG Capacity in KVA:

Diesel Energy Generated in kWh:

DG Electricity Consumption KWh/M?

% of Electrical Energy Generated from DG Set:

Total Cost of DG Electricity in NPR:

Total Electrical Energy Consumed (Grid+Captive) in kWh/year:

Cost of Total Electrical Energy Consumed (Grid+Captive) in NPR:

WY
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Parameters

Information

B) Thermal Energy

B9) Types of Fuel used:

Quantity of fuel consumed in Liter:

Total cost of Fuel in NPR:

BR) Types of Fuel used:

Quantity of fuel consumed in Liter:

Total cost of Fuel in NPR:

Total Thermal Energy Consumption in MJ:

Total Cost of Thermal Energy Consumed in NPR:

Key Parameters:

Annual Turnover in Million NPR;

Capacity Utilization in %:

Weighted Average Unit Cost of Electrical Energy in NPR:

Specific Thermal Energy Consumption in MJ/ Area:

Specific Electrical Energy Consumption in KWh/ Area:

Total Annual Cost of Electrical + Thermal Energy in NPR:

A AiEdiX Biee T Ae9arel SEe i i Feit v FF aieel @S

1. For Hotels: kwh/Room (Electrical) and MJ/Room (Thermal)
2. For Hospitals: kWh/Bed (Electrical) and MJ/ Bed (Thermal if available)

44
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Annex 6: TIET T Icaer e Sigwe g&tar o
F) yead fate

7 fafem aritene AT (fRueT TaedH ) aREdT g feed water T UETT (gain) X!
FA AT T FART AUSHT F7OHT Whl Hol qP] ATAAAS Gl e | TEAAT HedTg
b R ITARN JearE (sseful output- steam) T AT AWTT (heat input- fuel) =BT AT
ATAITE T g_'ﬂﬁ AT ‘input-output method’ gfF ﬂﬁ@‘l

Fuel Input 100 % + Air

L

=
-
.
=

Figure I: Boiler Efficiency Calculations by Direct Method

This efficiency is calculated by given formula:

x 100

Heat Output

Boiler Efficiency = Heat Input

. . Heat addition to St
Boiler Efficiency = ————-2 228 x 100

Gross Heat in Fuel

Boiler Efficiency

_ Steam Flow Rate x (Steam enthalpy)—Feed Water Flow Rate (Feed water enthalpy) x 100

Fuel Firing rate x Gross calorific value

Boiler Efficiency = Qs+hs—QhD » 100

qx GCV
Where,
Qs = Quantity of steam generated in kg/hr.
Qh = Quantity of feed water in kg/hr
q = Quantity of fuel used in kg/hr.
hs = Enthalpy of saturated steam in kcal/kg of steam.
hf = Enthalpy of feed water in kcal/kg of water.
GCV = Gross calorific value of the fuel in kcal/kg of fuel

1%
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e ; FHAT =T (Working Pressure) kg/cm? T, superheat 958 ¥ feed water AT °C AT

ENAEER

For Calculating Evaporation Ratio, following formula is used;

_ Quantity of steam generation

Evaporation Ratio =

Quantity of fuel consumption

yd faftsT wrEEs:

o WA TEAT TS GeaTs e T Wb T ATE TSR] ATE9THdr Ta;
o FEl WHCEEH! UF AEITHAT T
o ATTHTH] AN HEl A-ATEH! AA ATALAHAT I35 |

g) Agcae &g

Q00 JTe AT FeTacE® (heat loss fractions) TE TS TEAT 0T TR gt a1 faferems
qa =grae @y 9 wieg | @ fafgwr gear MafRor 9 blow down SETEE GHTEL
TR | srgcae Bftgwr dger gaar o i fBEg wEfE 9w muer g1 e
Il ATTH T I b A% SAgeHl BTl Holl sqqedisdbeee gia T Hraiaie

ARG TG |

Steam Output Py

Fuel Input. 100%

> 8. Bottom ash loss

Blow down

Efficiency = 100 — (1+2+3+4+5+6+7+8) (by Indirect Method)

Figure 11: Boiler Efficiency by Calculation Indirect Method

7 Sracee X, T T 3 TRUEIE e SEAddl §E

L1- Loss due to dry flue gas (sensible heat)

Y9
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L2- Loss due to hydrogen in fuel (H2)

L3- Loss due to moisture in fuel (H20)

L4- Loss due to moisture in air (H20)

L5- Loss due to carbon monoxide (CO)

L6- Loss due to surface radiation, convection and other unaccounted *

*Losses which are insignificant and are difficult to measure.

The following losses are applicable to solid fuel fired boiler in addition to above;
L7- Loss due to unburnt in fly ash (carbon)

L8- Loss due to unburnt in bottom ash (carbon)

Boiler Efficiency by Indirect Method = 100 — (L1+L2+L3+L4+L5+L6+L7+L38)

Facae Al SeaR T AEHT AR AT HREE T
agcas FfegRT aEaR TEAT A T AEeRA g 9 qeTacee WOT IR qdg |

“RTEACET @I HUD! Foa-eb! WA FEo BIH gai-ad g |

A) Theoretical Air required for Combustion =

[(11.6 * C) + {34.8 * (H2 — 02/8)} + (4.35 * S)]

100
Where,
C = Percentage of Carbon present in the fuel.
H2 = Percentage of Hydrogen present in the fuel.
02 = Percentage of Oxygen present in the fuel.
S = Percentage of Sulphur present in the fuel.
B) % Excess Air (EA) Supplied =
0z * 100
21 —-02

C) Actual mass of air (AAS) supplied/ kg of fuel =
EA
1 + —— x Theoretical Air
100

1) Heat loss due to dry flue gas (L1) =
m * Cp * (Tf — Ta)
*
GCV of fuel

Where,

Mass of dry flue gas in kg/kg of fuel (CO2+SO2+ Nitrogen in fuel + Nitrogen in actual

m ~ mass of air supplied + Ox in flue gas) or m = AAS + 9 kg of fuel

15
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Cp = Specific heat of flue gas in kCal/kg
Tf = Flue gas temperature in °C
Ta = Ambient air temperature in °C

2) Heat loss due to hydrogen in fuel (L2) =

9 x H2{584 + Cp (Tf— Ta)}
*

GCV of fuel 100
Where,
H> = Kg of hydrogen present in fuel on 1 kg basis
Cp = Specific heat of superheated steam in kCal/kg °C
Tf = Flue gas temperature in °C
Ta = Ambient air temperature in °C
584 = Latent heat corresponding to partial pressure of water vapour

3) Heat loss due to moisture present in fuel (L3) =

M x {584 + Cp(Tf — Ta)}
%

GCV of fuel 100
Where,
M = Kg of moisture in fuel in 1 kg basis
Cp = Specific heat of superheated steam in kCal/kg °C
Tf = Flue gas temperature in °C
Ta = Ambient air temperature in °C
584 = Latent heat corresponding to partial pressure of water vapour

4) Heat loss due to moisture present in air (L4) =

{AAS * Humidity factor * Cp (Tf — Ta)}
*

GCV of fuel 100
Where,
AAS = Actual mass of air supplied per kg of fuel
Humidity Factor = Kg of water/ kg of dry air
Cf =  Specific heat of superheated steam in kCal/kg °C
Tf =  Flue gas temperature in °C
Ta =  Ambient air temperature in °C (dry bulb)

5) Heat loss due to incomplete combustion (L5) =

4%
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%CO = C 5744

%CO + CO, * GCV of fuel * 100
Where,
CoO = Volume of CO in flue gas leaving economizer (%)
CO. = Actual volume of COx in flue gas (%)
C = Carbon content kg/kg of fuel
5744 = Heat loss due to partial combustion of carbon

6) Heat loss due to radiation and convection (L6) =
0.548 * [(Ts / 55.55)* - (Ta / 55.55)*] + 1.957 * (Ts — Ta) 1.25 * sq. rt. of [(196.85 Vm + 68.9) / 68.9]

Where,

Vm = Wind velocity in m/s

Ts =  Surface temperature (K)
Ta = Ambient temperature (K)

7) Heat loss due to unburnt in fly ash % (L7) =

Total ash collected GCV of fly ash

kg of fuel burnt " "GCV of fuel 100

8) Heat loss due to unburnt in bottom ash % (L8) =

Total ash collected GCV of bottom ash
*
kg of fuel burnt GCV of fuel

9) Boiler Efficiency = 100 — Total Losses
=100 - (L1+L2+L3+L4+L5+L6+L7+L8)

* 100

B) For Humidity Factor: The mass of vapour that air contains can be obtained from psychometric
charts and typical values are included below:

Dry Bulb Wet Bulb | Relative Humidity | Kilogram water per Kilogram dry
Temp °C Temp°C | % air (Humidity Factor)

Q0 Q0 qo00 0.09%

Q0 QY Y0 0.00g

30 R 10 0.09¥

¥ 0 30 10 0.0RY%

%0
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C) Data collection format for Boiler Performance Assessment

S.N. | Sheet 1- Technical specification of boiler

q Boiler ID code and Make

Year of Manufacture

Boiler capacity rating

Type of fuel used in boiler

Maximum fuel flow rate

)
E!
% Type of Boiler
Y
&
©

Fuel GCV

c Steam Generation Pressure

e Superheat Temperature

qo | Heat transfer area in sq.mt.

qq | Waste Heat Recovery System

q3 | Type of draft

q3 | Chimney Height (M)

qy | Fuel Consumption per hour

qy | Water Consumption per hour

Sheet 2 — Fuel Analysis Details

Fuel Fired

GCV of fuel

Specific gravity of fuel (Liquid)
Bulk density of fuel (Solid)

S.N. | Proximate Analysis Date of Test Unit
q Fixed carbon %
Q Volatile matter %
3 Ash %
% Moisture %

«1
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S.N. | Ultimate Analysis Date of Test Unit

q Carbon %

Q Hydrogen %

3 Sulphur %

¥ Nitrogen %

Y Ash %

£ Moisture %

© Oxygen %

S.N. | Water Analysis Date of Test Unit

q Feed water TDS PPM

R Blow down TDS PPM

3 pH of Feed Water

% pH of blow down

S.N. | Flue Gas Analysis Date of Test Unit

q CO2 %

Q (O] %

3 CO %

% Flue Gas Temperature °C

Typical Instruments used for Boiler Performance Assessment

Instrument Type Measurements

0,

Flue gas analyzer Portable of Fixed ﬁigoz 0z, CO, Temperature (Flue and

Temperature Thermocouple, Liquid Fuel temperaLurﬁ, flue ?as, combustion air

indicator in glass temperature, boiler surface temperature,
steam temperature

Draft Gauge I\/.Ianome_ter, Amount of draft used or available

differential pressure

TDS meter Conductivity Boiler water, TDS, feed water TDS, make-
up water TDS

Flow meter As applicable fslf)ev?/m flow, Water flow, Fuel flow, air

&R
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Sheet 3: Format sheet for boiler efficiency testing

Date: c.ooviiniiiiiiiiiiiiiiiiiiiiiiiinnien. Boiler Name: .....cccoccvviiiiiniinnnnnnes
. . Feed :
Ambient Air|  Fuel Steam Flue Gas Analysis
Water
5 Wet Surface
; ry e
Temp. | Temp.| T8 | o | rate | | rate [ S0 o) .. |Boler.”C
o | o |kgthr| °C lm¥hr| °C |me/hr| 9 Cl%| % | %) °C
Boiler Operator Boiler In charge Boiler Auditor
D) MEER TEATAE AL T HRF ACE:
o TTUADI IMET FSAATHI FHIHAN T ATHA A T,

AN BT TRHT ATHAT;
AgeR WIS qeH U-Riee;
yeda gl U-Bles;

TS T Y TeracH! MBI,
fafehzor (radiation) T ¥a8 (convection) I[ETAT;
T blow down Fa==0TaR] 3“5@(‘”;

%3
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o ATUHI AT AAHAT;

o U, BTET WAE ANIK T TFIRTHT AT variable speed control;

= N
o dPY gl g,

e Trap IREATTHT TN I trapiﬁ Eq_*ﬁ'c';

hnN (o

o TTVETE THIDI AN,

o S FETAT HIH T/ |

E) Schematic diagram of Boiler System.

Sy A . QT
'?(,),.AM t EXHAUST GAS %VENT
PROCESS) >
STACK —'(
5 DEAERATOR
~
8~ | ——
g PUMPS
o
L[
[_
VENT
BOILER
BURNE
| ] Water Source
BLOW
DOWN FUEL
SEPARATOR /-L\ I

CHEMICAL k 7 BRINE
FEED

SOFTENER

Figure 111: Schematic diagram of boiler system
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F) Theoretical Combustion Data for Common Boilers fuels

THEORETICAL COMBUSTION DATA — COMMON BOILER FUELS

clel rl;% 7If< gi orf kg of flue o of fluelkg CTge()()/()r?;i%a:y CO,% i_n flue
Solid Fuels

Bagasse ER 3.¥3 R.&9 R0.&Y% 90-9%
&J?:Jlminous) 10.5 19.0 R.¥O 1z.0 90-93
Lignite .Y R.q0 &R0 9.¥0 2-93
Paddy Husk Y. & .83 ¥.4G Rz 1¥-9%
Wood 1.c &.¥ ¥.9% R0.3 99.9%
Liquid Fuels

Furnace oil q3.R0 9¥%.30 99.40 q94.0 R-9¥
LSHS 1¥.0¥% 1¥.&3 10.% 4.1 2-9Y

%
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Annex 7: qqge! AT Heldc o

Particulars Formula/Value Units
Boiler Efficiency = %
Area (A)= m?
Operating hours per day= hrs/day
Operating days per year = days/year
Annual Operating Hours = hrs
GCV of Fuel = Kcal/kg
Cost of Fuel per kg = NPR/kg
Surface Heat Loss(Qs)= [10+(Ts-Ta)/20]*(Ts-Ta) Kcal/hr m?
Total Heat Loss (Q)= Qs*A Kcal
Energy Saving per year= (Q before - Q after) * Annual operating hrs Kcal
Equivalent fuel saving per year = Ene;%i ﬁ*i‘\éirm%f::egf?(?iré(n%;v of kg/year
Annual savings in NPR = fuel savings per year*cost per kg NPR/year

%%
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Annex 8: FFIFLT VT

Compressor Specification Data Format

Make Unit Value/Remarks
Type
No. of stages
Discharge capacity Nm?3/min
Discharge pressure kg/lcm? g
Speed RPM
Receiver capacity m?
Motor rating
Power kw
Full-load current A
Voltage \/
Power factor PF
Speed RPM
Frequency Hz
Specific power consumption kW/m®/min

Leakage Test in Compressed Air System

Item Unit Value/Remarks
Compressed air users No. Area/section
Load time (t1) min

Unload time (t2) min

Capacity of compressor m3/min

Leakage = [t1/(t1+t2)] X 100 %

tg;l;zjlrgisgr % Leakage * Capacity of m3/min

¢
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Capacity Testing of Compressor

Compressor Reference Unit Remarks/Value

Receiver volume plus volume of .

pipeline between receiver and the air

compressor (V)

Suction air temperature (t1) °C

Discharge air temperature (t2) °C

Initial receiver pressure (P1) kg/cm? a

Final receiver pressure (P2) kg/cm? a

Time taken to fill receiver from Py to min

P2(T)

Atmospheric pressure (Po) kg/cm? a

Air compressor capacity (free air ]
Nm®/min

delivery) Q =
{(P2-P1)/Po*(VIT) }*(273+t1)/(273+t2)

%c
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Annex 9: HVAC U

Refrigeration and AC system rated specifications

Description Unit Value
Make
Type
Capacity of cooling TR
Chiller
e No. of tubes
e Tube diameter m
e Total heat transfer area m?
e Chilled water flow m3/hr
e Chilled water temp difference °C
Condenser

e No. of tubes

e Diameter of tubes m
e Total heat transfer area m?
e Condenser water flow m3/hr
e Condenser water temp difference °C

Chilled water pump

e Numbers

e Capacity m3/hr
e Head developed mWC
e Rated power kw
e Rated efficiency %

Condenser water pump

e Numbers

e Capacity m3/hr
e Head developed mwWC
e Rated power kw
e Rated efficiency %

%Q
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Refrigeration and AC system Operating parameters

S.N. Parameter Unit Values

1. Chilled water flow (using a flow meter or m3/hr
assessed by level difference)

2. Chilled water pump motor input power kw

3. Chilled water pump suction pressure kg/cm?g

4. Chilled water pump discharge pressure kg/cm?g

5. Chiller water inlet temperature to chiller °C

6. Chiller water outlet temperature from °C
chiller

7. Condenser water inlet temperature °C

8. Condenser pump suction pressure kg/cm?

9. Condenser pump discharge pressure kg/cm?

10. Condenser water outlet temperature °C

11. Chiller (evaporator) outlet refrigerant °C
temperature

12. Refrigerant pressure kg/cm? (or psig)

13. Condenser inlet refrigerant temperature oC

14. Refrigerant pressure kg/cm? (or psig)

15. Actual cooling capacity [(1)*(6-5)/3024] TR

16. COP [11/(10-11)] -

17. Compressor motor input power kw

18. Specific energy consumption KW/TR

19. Input power to CT fan kw

20. Input power to chilled water pumps in kw
operation

21. Input power to condenser water pumps kw
in operation

22. Overall system specific power KW/TR

consumption [(2+17+19+20)/15]

90
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Annex 10: Y¥q U0

S.N. Item reference Units Value/Remarks
1 Design Condition
X | Pump Reference
3 | Pump Rated Power KW
¥ | Rated Flow rate m3/hr
4 | Rated Head m
& Rated Efficiency %
Actual Condition
© | Actual Power (electrical) KW
& | Actual Flow Rate (Q) m®/hr
% | Actual Head (hais-hsuc) m
10 | Fluid density, p Kg/m?
19 | Acceleration due to gravity (g) m/sec®
Hydraulic power =
1R | Q*(hdis-hsue)* p * g/1000 KW
Shaft Power (Ps) =
13 Hydraulic power/pump efficiency, n kw
Electrical Input Power =
1% | Shaft Power/ motor efficiency, 1 kw

A9
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Annex 11: 4@T TUFET

Rated Fan specifications

Parameter Unit Values
Make

Type (axial/centrifugal)

(Backward curve/forward curve)

Discharge flow m3/hr
Total head developed mwWC
Name of fluid medium handled

Temperature of fluid medium handled °C
Density of fluid handled Kg/NM3
Dust concentration mg/Nm?
Flow control type

Flow control range %
Fan input power kw
Fan speed RPM
Fan efficiency %
Specific power consumption kwW/(m®/hr)
Fan motor

Rated power kw
Full-load current amps
Voltage volts
Power factor pf
Speed RPM
Frequency Hz
Efficiency %

93
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Fan Operating parameters and performance

SN | Parameter Unit Values

q Fluid (medium) flow (Q) (measured using pitot tube at fan m3/sec
discharge)

Q For suction pressure (measured at fan inlet using U-tube mmwWC
manometer)

3 For discharge pressure (measured at fan discharge using mmwWC
U-tube manometer)

y | Total head developed (TDH) [3-4/1000] mwWC

y | Temperature of fluid medium (measured at fan inlet using a °C
thermometer)

g Density of fluid medium handled (r) (taken from standard data and kg/m?
corrected to operating temperature/pressure conditions)

© Motor input power (P) measured at motor terminals or switchgear kw
using panel or portable energy meter/power analyzer

¢ | Frequency Hz

< Combined efficiency ( fan + motor) %
{(Q xr) (9.81) (TDH/r) x 100}/ P x 1000

qo | Fan efficiency = (Combined efficiency x 100) / Motor efficiency %

q9 | % Motor loading w.r.t rated power %

q3 | % Motor loading w.r.t rated capacity %

q3 | % Motor loading w.r.t rated head %

qy | Specific power consumption KW/(m?/hr)

3
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Annex 12: FRIE T HIEGHAT

The important parameters, from the point of determining the performance of cooling towers, are:

I.  “Range” is the difference between the cooling tower water inlet and outlet temperature.

il.  “Approach” is the difference between the cooling tower outlet cold water temperature and
ambient wet bulb temperature. Although, both range and approach should be monitored, the
"Approach’ is a better indicator of cooling tower performance. Cooling tower effectiveness
(in percentage) is the ratio of range, to the ideal range, i.e., difference between cooling water
inlet temperature and ambient wet bulb temperature, or in other words it is = Range / (Range
+ Approach).

iii.  Cooling capacity is the heat rejected in kCal/hr or TR, given as product of mass flow rate of
water, specific heat and temperature difference.

iv.  Evaporation loss is the water quantity evaporated for cooling duty and, theoretically, for every

3
1000000 kCal heat rejected, evaporation quantity works out to 1.8 m . An empirical relation
used often is:

3 3
Evaporation Loss (m /hr) = 0.00085 x 1.8 x circulation rate (m /hr) x (Tl-TZ)
Tl-T2 = Temperature difference between inlet and outlet water.

Source: Perry’s Chemical Engineers Handbook

v.  Cycles of concentration (C.0.C) is the ratio of dissolved solids in circulating water to the
dissolved solids in make-up water.

vi.  Blow down losses depend upon cycles of concentration and the evaporation losses and is
given by relation:

c. Blow Down = Evaporation Loss / (C.0.C. —1)

vii.  Liquid/Gas (L/G) ratio, of a cooling tower is the ratio between the water and the air mass flow
rates. Against design values, seasonal variations require adjustment and tuning of water and
air flow rates to get the best cooling tower effectiveness through measures like water box
loading changes, blade angle adjustments.

Thermodynamics also dictate that the heat removed from the water must be equal to the heat absorbed
by the surrounding air:

L (T1-T2) = G (h2-h1); L/G = (h2-hl)/ (T1-T2)
Where:
L/G = liquid to gas mass flow ratio (kg/kg).
Tl = hot water temperature (°C).

T2 = cold water temperature (°C).
h2 = enthalpy of air-water vapour mixture at exhaust wet-bulb temperature.

h1 = enthalpy of air-water vapour mixture at inlet wet-bulb temperature.

Y
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