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FATHT
% Percent
A Ampere
AC Alternating Current/Air Conditioner
AEPC Alternate Energy Promotion Center
APFC Automatic Power Factor Control
APH Air Pre Heater
APO Asian Production Organization
AQC Air Quenching Chamber
ASHRAE érr]];ei:rrllec:rn Society of Heating, Refrigerating, and Air-Conditioning
ASME American Society for Mechanical Engineer
BEE Bureau of Energy Efficiency
BEP Break Even Point
BPT Boiling Point Temperature
BTK Bull’s Trench Kiln
Ca(OH)2 Calcium Hydroxide
CBS Central Bureau of Statistics
CEO Chief Executive Officer
CFL Compact Fluorescent Lamp
CHP Combined Heat & Power
CIPEC Canadian Industry Program for Energy Conservation
CM Centimeter
CMm? Square Centimeter
CO Carbon Monoxide
CO2 Carbon dioxide
CcoC Cycle of Concentration
COP Coefficient of Performance
DANIDA Danish International Development Agency
DC Direct Current
DDC Dairy Development Community
DEVC Double Effect Vapour Cell
DG Diesel Generator
EA Energy Audit
ECO Energy Conservation Opportunity
EEC Energy Efficiency Center
ENCON Energy Conservation

Xi
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EnMS Energy Management System

EPA Energy Performance Assessment

EPI Energy Performance Indicator

ESCO Energy Service Company

ESPS Environment Sector Program Support
FAD Free Air Delivery

FBTK Fixed Chimney Bull’s Trench

FD Forced Draft

FO Furnace Qil

FRP Fiberglass Reinforced Plastic

FTL Fluorescent Tube Lamps

GCV Goss Calorific Value

GDP Gross Domestic Product

GHG Green House Gas

Glz German International Corporation

GJ Gigajoule

GoN Government of Nepal

HF High Frequency

HID High Intensity Discharge

HP High Pressure/Horse Power

HPMV High Pressure Mercury Vapour Lamp
HPSV High Pressure Sodium Vapor

Hr Hour

HVAC Heating Ventilation and Air Conditioner
ID Induced Draft

IEE Initial Environmental Examination
IEMP Industrial Energy Management Project
IGEA Investment Grade Energy Audit

IRR Internal Rate of Return

ISO International Organization for Standardization
k Cal Kilo Calorie

Kg Kilogram

kJ Kilo Joules

KL Kiloliter

KLPD Kilo Liters Per Day

kv Kilo Volt

KVA Killo Volt Ampere

xii
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KWh Kilowatt hour

LED Light Emitting Diode

LOTO Log Out Tag Out

M&E Maintenance and Energy

M? Square Meter

M3 Cubic Meter

MD Metering Data

MG Machine Glazed

MJ Mega Joule

ML Milliliter

mmwWC Water Column (Millimeter Gauge)
MoEWRI Ministry of Energy, Water Resources and Irrigation
MOICS Ministry of Industry, Commerce and Supplies
MPC Milk Producer Cooperatives

MS Mild Steel

MSG Monosodium Glutamate

NEA Nepal Electricity Authority

NEEAP National Energy Efficiency Action Plan
NEEP Nepal Energy Efficiency Program
NPR/NRs Nepalese Rupees

NPV Net Present Value

NS Nepal Standard

02 Oxygen

°C Degree Celcuis

OEES Office of Energy Efficiency Service
°F Degree Fahrenheit

OPC Ordinary Portland Cement

PF Power Factor

pH Potential of Hydrogen

PHE Plate Heat Exchanger

PPC Pozzolana Portland Cement

PPE Personal Protective Equipment
PPM Parts Per Millions

PSC Pozzolana Slag Cement

PV Photovoltaic

PVC Polyvinyl Chloride

RE Renewable Energy

xiii




AENF HAACTHT AT Holl qREAT e

RO Reverse Osmosis

Rol Return of Interest

S. N./ S. No. Serial number

SEC Specific Energy Consumption

SEU Specific Energy Use

SO2 Sulphur Dioxide

SP Suspension Preheater

SPM Suspended Particulate Matter

TCD Ton Crushing Per Day

TDS Total Dissolved Solid

TMT Thermo Mechanical Treatment

TPD Tons Per Day

TR Ton Refrigeration

TSS Total Suspended Solid

UNESCAP United Nations Economic and Social Commission for Asia and the Pacific
UNIDO United Nations Industrial Development Organization
usS United State

VFD Variable Frequency Drive

VRM Vertical Roll Mill

VSBK Vertical Shaft Brick Kiln

VSK Vertical Shaft Kiln

W/P Writing & Printing

WECS Water and Energy Commission Secretariat
WHR Waste Heat Recovery
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Phase Steps

= Plan and Organize

&

Pre-Audit - Walkthrough Survey

l

J | Meetings and Awareness |

{

Data Collection, Process
Flow & Energy Utility
Diagram Preparation

{
Energy Survey and
Monitoring
{

Detailed experiments for

selected SEU area

Audit - {

| Analyze of Energy Use |

l
Recommendations of Energy
Conservation Opportunities

(ECO)

l

| Cost Benefit Analysis |
l

] Reporting |

= {

Post Audit } Implementation and Follow

up

= | T4-9RET (pre audit) IR
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IRRH AT & 4G | ARETTHT A UBFATeT T AT oWl Heeaqu g gl



AN SFECH! AT HAT TRET HERHT

FIACATHT IRRAH AT T T T | Fol IReEAHers Fearh! fBFEqa far uw
B T ATEGH BIUET AR TUAT FEAd T AT SIS HE T BACA freqe
ARET T A e UIET RIS HREI AT T ATETF §g | A T ol AREARATS
ITh T, TEHT FEAA AbTEe T HEEA e aREd g wed Ty |

FIIEA THIH HHAT Foll TREH FH HUee T 6 g:

o ARE TYATIIFET FHAl YRETHT I T Tovel gAhd T,

o SESHANET/ICAE [AHRTERT ATSHIIECaTE HaTh! T, I [Fael, HFES el
T, faga foaRor anfaet aram WTe 7T,

o HEA FHANECE HEd FHoil @I TeAHEe [@aT0 T |

S ANEH FAEIA T T THIAT H AEAEEHAT bi5d g Ta

o ITh GEAHI FH INAT A T TN,

o UREATH THAR AT AT S/ FREH/TEREH HIET Fel ST (SEC)
oA AS;

o AATF T AEEE AR, s WO e

o URE TF F AU AL/ ITHLEE T TG AG A T

o IREAT GeTeTH AR AEIF AT AR T

o BRAMHT Folih! HqEe T eI Foll Gud g1 SAg6Hl de8 qedih dbad I,

o VTHCEEEN TEATHT WEAHH SABEHT T SIS |

=] 11: foreqa =t e

Y T GG F0MH] AT ARG @ [aEqd Foll TReE F=ra 1 |
T O AT SANET a1 URRAr IUH (process equipment) T ENIVAIEIE RASSA
TS T AT THBT AN Gl LT T AT Mgy | GHlE TR Al FHoll
@I T JUHTEEH! AN Freqa aievr/ wanee ey | FRawEl B aH qnee
TGS WA AT GRIEER T, GETewd T A BT g GHAAT AN S AT g
JUH GRATAAD] A= Mg | TG D] AN ATALAD THA BRI /GEATHT T
T SAfeaarr T e

foreqa IREATTHT HHAT G A BN

. Wﬁﬁ PEJES %‘WFT, eIl 3ﬁ\_f|'|_{(process equipment)ﬁ He QIéi\ﬂTE’ab, afra
TIART ATEAR FHeil @ud;

o FHoll AT T HEY ALAH;

o WFHAT T WEEN YR




AN SFECH! AT HAT TRET HERHT

FTICIAHT JAEE (SE: HFIES BTaT, T AMT) HI IHET a7 &Aaww;

et A9 (Rreare e faga a1 @-3cae) &1 #des;

Zege Gl Hl AN qEIEE], YRl qRETS ¥ 98-Scdied Judisl  TInT
(FH AT qAT ool Icars);

o S eHFEAO HERAY T e FHel A e BRIEHEET |

P ATIRErRT A WHEN HEeAt g | cAdel HEEe uiheed el @
T, ITIEA ANTT T Wi Feal 9aref FHaem A7aR IcaaAsh! Icaedhed T Siedl aearg
Fherd IR 9 |

TREAT ATl [ AT aedid Ghad T Te:
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(conservative measures) &1 HTAFaAT AT SEATST [GEqd IFoMANg HALAAT Tl
AT foramT TR AA=a® g |

TT [11: FHoN YRET YT HA-ad =T (post audit)

FT IREATTATS fETAT WET Tl ARl AT T ATI9TF | TF IO FHoll JRETTES
RRIE TRUHT FAT = [Adeed! HRaaTH el T T HEGFIRaH] AHA
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T, IANTAS A TRUST FEASHREE HEa0T T AFIHEeH! I@=mT T4 T el
UG WUHAT AEATS BT HEA g | FHoll N AT T AT s FHEZRT

SETETE F A W GREEa 9 yE T

ﬁw FHe TRETFA =AM
(@ve) Phase IV (Steps)
Plan and Organize
&
(g_qﬁ ) Walkthrough Survey
Pre-Audit 1

Meetings and Awareness
{

Data Collection, Process
Flow & Energy Utility
Diagram Preparation

1

Energy Survey and
Monitoring

1

Detailed experiments for
selected SEU area

(fereqa iRceTon) 0

Diagnostic Audit

Analyze of Energy Use
{

Recommendations of
Energy Conservation
Opportunities (ECO)

{

Cost Benefit Analysis
{
Reporting
{

(FTEa=aa <) Implementation and Follow
up
Post Audit }
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% = o=t gua e

@I FH1 T IS FHET a1 HaTeh! GRATTD AqAdels MEd FHal @qd wieg | a0
FH9 HAGFIEAHT qAHee Aed U ol T TGl IUANBEHT FHol ST Heblsg | ATHHT
AT AT IJCAEAD! AN Foll JTANDT ATAT FHHR SEC BT AT TR

SEC=Energy used/Product or Service amount
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TRegT 3¢ AR S i St e PR

7q g A AE FaveaT AL Fl e (energy intensive) ANNE 78T AL
T W ATe AR Gee 3eT wgl, Riee, 38, 919 IcuEH, Aehleadeh JauaET,
Teq T B, fEed RARE T B 3anee g1l

3.9 Tar W
3.9.9 AU 52T WETRS

T T AU TORETT Reuse Hed UF B AU OY ANTEGHT & Ty
FHICHS ITAHT T AUSHT &0 WA 2T USeT Wefas AT Gl 81l gerahn
TGaT HEERT G 93X 0 I 3l YEAT WEfe Hghl WAl 9o ILFINT FedTeq
WETETdTs (TAT HINHET “ITST WEr) TS [Hewd Wl Bull’s Trench Kilns (JTHTT 9T
BTKs a1 “RiFil wer) gR1 gl A fEedifud i S 9iEfe 99 9340 H e
HARAIE «dIgUh] W| AYlel H{h (] FT‘[ R00R dId Gl')l(')HlS*l. SUAARTHT MBTK HT

Yidaa TMUUe BT a1 SIS U BF BTKs (FBTK) &1 =419% TANT Weigh o |

TeT M USer Sl T MW TEA YRRl 27| e WS WElee e wiEr gal
TS THSET @TWWWW% (&l Hoffman kiln units Sy
FBTK W1 aTee) | A1 WEd SEM & T a1 WUSRUH! ol Gl WTHT gl A=A
WEBTH! T Aed AT &-O AR FAH a9 AW H AT G 57 |

ATAZUH] Ward ATERS! MG FA GIad Ffagar g7 ger FH sentes S @ud
T URAT BT | ST SN (6 Folae S&AdT, 999 379 @Ud ¥ SoF UG W 3U_l
Wbl G AT FHEN T AEH G| Foll NG Fed IJeqEd ANTAhl 30-¥0
FIALTEEH g ARG |

3.9.3 Tl ITERT T AYAT F2T STEEEHA g PR Sl @aq
3.9.R.9 S ST
el gaT WEERS YEUAAl HISATS HoAhl Sde BUET WM TEGH I HIRAH!

ATHATS AT Mg | Bleal dgdh Al IHATHT HEH gall/I[T i AT HEeeH
TEIFD! TYHT YA T |

3T JANH &d Foll @Id T4 @IS Wl Bl S8l Bfel 3l Wodd! Rl HIgararg
IR TIHI TN Mg | g Heaaqdn Tl il WIRT g | Al-ad BIH 3T

TG A FUNTETS Wl TR T T =0 gal U &gl Wi e |
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el T BT FATGAHT AN BIgelel Al ATHRAT T TEG | HIga e

A E UCHeed! WS Bl SHel o] HAhATERT a1 e e | Hhigcdlhl Hel

2 o 2 <
HIHEE ST @I P AT FeUE e aX Joaer T2 9 EegH |

GUAAE I8 GO T TgAT W @0 T4 g5 [BRA a1 aieeg | 38
G T3 YT B S SPM Bl TUHT FrEdeTe aiiefes | 9gT @ Aol Bre
9 e TRiEg | I T9iel BEAR! RO FEEe e MReT TaEaT O

FHIEAl IRI-g | FHol F&Iale] ST HEMT Tolelehl HIAT dleL 9 Udeg < I8 Ui
gl U= Terde s |

3.9.R.] & &I Eﬁ S et @Y (SEC) (Specific Energy Consumption (SEC) in
Brick Sector)

I HRILHT TUR T HHAT ANUHT ALLIT ATAR I FST WA B [MiEd ol
QUaHT AT 99 ["EURT F| ATHSEE TRECT TAT WEEGHT TNUHT FHll AfeToTeh!

ATITCAT TR ATRUHT 2 |
Table 3.1: Specific Energy Consumption in Brick Kiln

Specific Energy Consumption
Electrical, KWh/MT Thermal, GJ/MT
WECS, 2019/20 Q.Y 0¥
EEC, 2015 Nepal * - 1.2-3.3
India 2 - 0% -19.5%
3.9.3 WURY UERAHT BB
Input Process Waste/Emissions
Clay =» ®» Dust
Manpower = Digging and Excavation =  Stone/crop/grass
Energy (Diesel) = ®» Smoke/Gases
A 4
Manpower =
Water = Clay Preparation » Efficiency of Pug Mill
Electrical Energy =
A 4
Sand = . .
Manpower = Brick Moulding ®» Dust (sand)

1 EEC/FNCCI, 2005
2BEE, India

9%



AN SFECH! AT HAT TRET HERHT

Input Process Waste/Emissions
A 4
Solar Energy = Sun Drying =» Heat and Moisture
A 4
Manpower = Stacking on Ground ®»  Moisture
A 4
Manpower = Stacking at l_:|re Place »  Dust
(Loading)
A 4
®» Flue gas (Smoke) Dust
CoaI’NIVzI%OdO?AL;;: : Firing ®» Heat Radiation
P ®» Un-burnt Coal
A 4
Unloading (Removing
Manpower = from Fire Place and : E)ég?sure to dust
Stacking on Ground)
A 4
Fired Bricks
Figure 3.1: General process flow chart of brick kiln

3.9.Y¥ wiEpar faEror

ZaT AT =X Hed 9iharee JHEe geg| WISl @ YhAT we qetd Hieiers
ge@e" g T HICHT TARUET G T el aeqee Biid BelU U qul B9Er
e g | Wl Sc@ @l eds 0.}% IRg 3 #. T T ¥aeg | AEIH HUA
HTE AUHT RTEE TEd: HIgelhl gell, T MY el AT a7 9= afuT gerees aH
T O WM HaeTg | A qa Hedddl Wed! [EeH MR TEg | duR
RUHT HIETS U3eT MiEd AR gierg | a9 YHRaere gaT O Wieg | $aT g

AT TFEEST HEMH TR TR A% TOH TR T4 675 | HEl Serae MHas
CUHT el BTETHT Goblgg) | Wbl TTAT GHISaT Al B Sarbl a drd it

AEAl S WG | I bl Bl srars (BEl Jaeamr 3 /g Qoy T aHiew!
HIAT 9UHT) WESTAT IThT 2T IA1ST 500 IRT 4900° C I¥FY ddig~g |
3.9.% T AT Jool€d TUAT Foll GUA G & & B0

T2T BT fagaia Folie! oAl Hedaar qdid $Hid! TN g5 | e &= qan

N N [ (o
SU P Ul gecled il JHd lagg:

o &N
o TrSFUT UWT;
o BITAT THAET SUHI;
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° 1T‘T&l?f;
o IIT IUEH &7,
o 2o e

3.9.c FH ARETS AR THA Gha ar /9T

T2T WERGH! AT [ Folettehl il WReTrehl Al [+ fargd wiieiges®! /"
AET* g

BT AfE: T ST e TR Agael Hed [ e ¥ Hvel el anlg
T, TS A FATFEL, kW T kVA AT Tl AR, I=aaH AT, Hied o, He, SHIMT @S |

HIL A ﬂéf Zrgday UIEEEH! WX AT handheld power analyzerﬁ SN T, TG
kW, KVA, ampere T 9Ta¢ 1@ a@Ts | |

YT MR AUS: Handheld power analyzerﬁ R E T HET YRTRT TATTTHT AT HIIT T |
ferer SMeT: Uit foreX geawan fhetiane svar 3eares o I |
T2T WETETHT A ol IREATHT Rl (9 qi RIHeETd! A AEe0% §og:

gate! AT AfFEs, FEE TGRS, FET AMHAFAEs, stack ¥ AXIRHT AAHH
AT T 9ETHT U F0MHT a9 @ T I8 0T I |

FAGH! AT RS AT HETHI TEE T Ysaele &A% Gagdh! aiahd AT T |

WETh! WA BTaT RTae URET: g4t T T anaemometer 1 TARTCl WET T BTaTH! =1
(air velocity) T 1+ |

BN FA@! AT T BIFAD! ABI: TANAHT I FSHT AT TRETT T,
TETT BT PISATH! ATHT AT |

3.9.% TTT VM ol TodHT AqIGEE

2T VT FF SN SEdae!l AaUNET ST Alheg:
Table 3.2: Energy conservation opportunities in brick kilns

.9 Sl TAAHT FAEGEET UIRIEIREALE
WETHT T1 T HRTERee g F[Erae e

| VI 9N UF T ATHERE! Al T

SgT Blel JAEE Ud GSHAT AGIHT 00 UTH Higal
Blo

Z AETHT U sAhol A1 S+ gl W9 T

Y | TATFIR YOIl i STl A aimrsH

9T AT

1%
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FrEarsT &= U HFGAr wo fhe o1 =t T
TEIERT R Y % HUST FAALTHT FANT T
Ravish &I HleTs ~IAqH & 79 TW

TeE@9" Y@Ml VFD &I JaT

90 | T7UF BTewl WAt @la (qraT) Swgerad T

99 | Shunt S7geIE T = AT
IR | WEHIY BTaT Yo wEid s

93 | ATAN® ToEHI TIAT YO % HIgaAThl WANT T

¥ | BT T AT U9 TW T Hel Idg qUHT T3
QY | WETT duct T AIRT AT SIS ATTH AT
9& |BTKAIE Foll T4 el a1 HKK WM™l e afaEd T

AN |6 |m

3.R W SaEs

3.3.9 e R 39

Jurerar Rfre SRS WA G WEATAT GeTe TNGHT g T YAl el &b
ARrF T AL AR FaArTd G| oAl qHgA At IUNET GRERERT eI
TRGHT AT | WRBERGRT HICAET B! SARAT 360 TPD &TadIH! BHA Rifee
FEA! fefiiee, BT ARGEAT WY 0 TPD &I BalsT [fiee 3am fities, Ieaqes!
AMEECHT S¥ 0 TPD &HATH! ISATX A~ I fii¥ice TadaT TRUHT R | a1 feArer
R o ffieg svg Sl WU i geier Rire SAM T JeaqE Riee S
A2 AT B

U W e IUNTEeS W FE T YRRAES AUSEg | aY AMHETE! 3edE
AT AT P G | M SANTEGT HEITAT OPC (Ordinary Portland Cement) & PPC
(Portland Pozzolana Cement) T JeuTe 4l<feg'1\| Fel ARG PSC (Portland Slag Cement)
Bl IR Tegd | RAve IcaEaa! @Rt A Ug g, et o ot IRran e
Fed] qETHEE L W Bl TAGH e R IORTEeH! e 76 of |

SART oM AaR e QoY Rire SanTee Tal KU G| 9 Hed 91 309%
T YUY QT AN e AR F=IFg (NS Mark) WTH TRHT G| Foal qardahl
JUASHATH] R Bal [HHC & TAAH! YISl AA~d HecdqU &h] €adl =g | aqr
gl FAN deaid qdg | Al 8000 o fhelffer Sl hiuH! TAgEH gol
@Al @HI TIAAT FeTH Braide o AW T Rifcrsdr & ol SEar qeg &=
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TRTIEGH! TH FARAT Wh! G| I Rire Icqed Guh! ATER Tedl RA=ah!
FA ae @ud & AT 2T g

FHodl UG ¥ AIRBT JTASHATHT GeaWal ATl [Rire Iearad Saers gal a0yl uRge
JeHESHH | ATH FeAET A1 GHT YT JuTelel [Rve HREHMET Hed Seeb!
TIA AN §F BT AAH R g W g qwd Feiel T ST A
TATEHRI FHel STACITI SITHT (&0 A7 HAeadt R Scaaa! grr=aars Aaeas
AETHET T

3.3} F ITRT T AT AT IOWEeH g1 RfEd Seier @ud

3.3.%.9 T ST

F ICAEH AN FHHH] AT Feoed g gilel IEd Foil caaearas HEa o
THAT T FHoi AEATHT ST e SANETHT AR Hea=d Heca T grg | T e
FSiTehT WNT Aol T4 euTgshed ¥ {UIEAX &€ [Hedl obel T (Segeh! GIeT
A ] AcamEed® gy | RHee SUETHl Wdidd Adeed! 9 el JRATH @adq
g g |

FHS @I T ERAVE T (GHG) Scasia! TR BRI Tl FHoll F&al T Araraa
Afdeesr aibegar Rire Ianers =9 Aecd [ig=g | Tt R sr@Ee a-rde]
JCAEFET BT b TRUHT uRftee FeM Mg ST AHROaI gaeaT Sl
75 U grgl | q9d Tt Wi qercRd ©UE 9 Sl 74 grgrl| Sdl 3e Trfee
IR IeAEHETS I FoAl AT Whd AN ™ FaTH TEg ael 74t HREMES
JqT T AT FREMEEH] T TS HHF Il TEaHl 9fg g1 Tog | o fafe
it Hfafaet Tet Sucted G qAT Uid THISHT ATIRAT s=d 0.3 I 3.4 Frwmster
Wid 2 i@ g ey | U9 AN A Al (long) Y@l WER® T A5 Iedra
yRFATET GiEdH WY | ReEAr dfE e WEfEedl AR aeR T i
qithel AEH GEaEe a8 T4 {E T6g |

Hieal faFsad T Rire WERear W IR WafH® Teue 8 aX YSiTs Hiw,
MHided U™ T dd 9 WEMAT aed TANT T4 Qe | 6] TFORRT Sramed geaa!
FEATHT WIS Riee TEeGH WY UHT a7 Sed: TRT UBHATHT O 0T 9STew,
gIqeT g XA 9aTY, TlaclMe IANHT Qled~ege T TIIREE UM Seu-dhl BIdl JaN
R | e Rifre TEeedr @9 T8 BiEar ¥ TeuAdl T WA RS e
frgare wiE T TSl Jede qgcr  Jeure R g =il SEmT Susoin]
AT FHSAH! TTHT AN g | 74t FRE@MEE U AT W HIgardr e
Sl WE TS Yo BT |
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3.3.R.% R g @ RS ST @ua (SEC) (Specific Energy Consumption (SEC)

in Cement Sector)

T FREfRTE®T TR T HHAT TCHT ALTTT ATAR AT [GH=C &30 g [iEd FHsi
QUd dd [K3UHT | ATHSET AIaH] TSl [FHE IURTAT UHT FT GETHT
ATITCAT T T &7 |

Table 3.3: Specific Energy Consumption in Cement Industry

Specific Energy Consumption

Electrical, KWh/MT Thermal, GJ/MT

Limestone Based: 8¥%.&C
WECS, 2019/20 R.8Y%
Clinker Based: 3G.%

Limestone Based: 50-4 410
EEC, 2015 Nepal ® IR&-Y.¥T
Clinker Based: 3G

Limestone Based: 104
India * 3.1
Clinker Based: 3%

European Union,

2010 5 R0t 110 3.35%
3.R.3 WHERT UERA®HT HRIdATHT
Input Process Output
Lime Stone Bou]o_ler Lime Stone Crushing Du.st Emission
Electricity . Spillage
Primary & Secondary .
Manpower Noise
\ 4
- Dust Emission
Electricity . ) > .
Manpower 2 Lime Stone Blending LS_SplIIage
Noise
¥

Clay From Ore Dust Emission

Electricity o - :
Hot Air from Kiln ~  Raw Meal Grinding Spillage
Noise
Manpower
+
Electricity Dust Emission
- Homogenization = Dust Spillage
Manpower

Noise

3 EEC/FNCCI, 2015
4 BEE, India
5EU, 2010
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Input

Hot air from Kiln
Electricity
Manpower

Coal
Hot Air
Electricity
Manpower

Coal
Grinding

Coal
Dust

Electricity
Manpower

Electricity
Manpower

Gypsum
Electricity
Manpower

Packing bags
Electricity
Manpower

Process
L 2

Preheating &
Calcinations

+

Sintering

4
Cooling

¥
Storing & Stabilizing
\ 4

Cement Grinding
A 4
Packing

+

Cement ready for
Dispatch

-

Output

Dust Emission
Dust Spillage
Noise

Heat Radiation

Dust Emission
Hot air to raw mill
Heat Radiation

Hot air to coal mill &
raw mill
Dust emission

Dust emission
Rejected Clinker

Dust Emission
Cement Spillage
Noise

Dust Emission
Cement Spillage
Damaged bags

Figure 3.2: General process flow chart of Limestone based cement plant

Clinker based Cement Plant

Input

Clinker
Fly ash
Gypsum

v+ 4

Crushed Gypsum
Electricity
Manpower

+

Electricity
Manpower

Electricity
Manpower

v+ +3

Process

Storing

clinker ¥ fly ash

Storing (Master
Hopper)

A 4
Storing (Raw Material
Hopper)

30

+ ¥4+

+ ¥+

+ 4

Output

Clinker Dust
Fly ash Dust
Gypsum Dust

Dust
Spillages

Dust emission
Spillages
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Input Process Output
A 4
Electricity = . . <  Dust emission
Manpower =» Storing (Mill Hopper) <  Spillages
A 4
Electricity > Cer_nent dust emission
. - - Noise
Water (for cooling) Milling >
Compressed air > > Water (warm)
P > Dust in collector
A 4
Electricity = Storing (Silo) <  Dust emission
A 4
Poly bag = > Spillage (Reused)
Electricity/Compressed air #  Weighing and Packing iR Damaged bags
Manpower =» Dust emission

L 4
Cement in Bag

Figure 3.3: General process flow chart of clinker-based cement plant

3.R.Y UBear faaw

RIEFeH! e Hed TIwl ey Scared ¥ Ridre fuar 18 38 =_ome! utean & |
o~ N o~ - ~ e < ~ -

qigetl RO {Fieh? Icqe-eh! ANl Hodl YSTdeeals Vel @ g g | Taeldh AT Hom

RIS HUHT FA-qaH, Riferdt, AT T A5 AFASSeeae WH HUHT FTeada ]
Rifetdpe, AHAE T HASE FHIEN Brg | Sl =RUTHT Segd &TAd TEd: e BT AR

THT (setting time) T strength development WEﬁ e ym T Fdeas FaeqTH
Aethee (N a1 Uersgree) e kg |

ol UaTdeR! AR (acquisition)

FCHTH HIEHE FHFIAAT FAGN BREMAT FART § ATI Feel G21d B |

TAGATS GAEIE I T ITAeY Fadreh! ATIRAT L, A, [T0Ee T SFREeH|
hnN [a o o\ o N anN o hnN [anN

TN TR HREFMT GaHT Mg | @HEe Fae Jieie 79 ARmdeed gaosd grg |

@lele waTgUD] [AGITS I@qle] primary Jaw Crusher T secondary hammer crusher g1

g | fUfRUHT SEETArE HREMT TIAHT GaAH e | HISel, TFAEe (ATHHTHH]

AR ), FAH @i, WTH T q7F Fodl IGT6EE [Ad AThdeedle @iKg g |
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oAl 9qTY RIS (raw milling)

Raw milling BT FMeUHI TS 6T WH T4 IUAsY Hodl eidee Hamy Uity
STaTe ST HU-ATHER E T R WEAT GHEd $eET T4 T Aad S Scarg T T
wiith gRMEa grg | gHeT =0 (homogenous blend) WTH T4 &= daTdEees gell
TS, U T FasT ®1 T UE| WER g | AT U URRAT raw mill AT SRR
T T VRMAT ball mill a7 I3 g7 9o | A1 UHATAT e el T &g STanT
g |

eIy ITAEAH! AN TET JUTAAT JaeT I AT T AHEST G Uieg oan qardars
T8 9T T 287 TUR WiEHe YARRAr TSRl Al dargeg T Eeel UeTdAT Wbl
FMeqIT AFARSAls FAMeqIT FHIETMEAE AT T FlledTad Mg | T FRarh!
FTHT FecTed THTTAT FTee STEeararee Hewrad geg | a1 gavt utear fifeex e
%Ww(cyclones)%mﬂl

Pyro-processing

Pyro-processing AT [Fa¥ IcUTETaRT <RI Hodl (WS ddigeg) | Hedl UaTdes =]
TAME AAEHAEE SARUH! 0.33-1.40 THL. (9/5-1") SU™HI Hel @I TIHT
MATH T dlsy:@sbéf fFei®T g1 Pyro - processing TUTTCIMAT iF =UTET FHIENT Erai:
GHI T qAS, FACHZ T @AST AT FTHACT FAMqIH AFAZESH] AT F7) T
AT (sintering) | ar pyro-processing A AT TSB! TATIT @UESHHT JEI= g g |

HIEAHT HEd AU Fo1h! Gad Tq GUSH 75 | BIgell (Helel Digell el qH f&agd
GUd &g | Wi YA BUHT AARIEEH! Whl [icdl, AQHA T HeAHaET
AFAECECHT FAMCTTH AFAGSATE (it HEHT AR GHEFITAT §¥00-9%00°C
B AHHAT sinter Mg | FAHT Frears TR FHT ICAET URHAT G &9 |
EGED TUTHE% raw meal silo E% ‘WQTIT AMUDT b=l tl?Tﬁ?ﬂ% (‘l(‘ll@oé iai%E( 2TET HThd
WEATE AMeleagH |

facaT Bl

iy BicTg TMHpaTel 30y% T WEI TUITellsb! 19 qAA™ e, q0 Icaiae UrEdia]
T oy T Feagus FeaEedns &g 9o T 989 J9rsg |
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faRiaT stoerer

FARATE AISRY & T finish mill TFH FAHHT AN T ITIH TR FI-AHT
TART T | AHAAAT gravity drops T TR [E7ge€ gl ShddheeHl b s |
&= RRT (finish)

AU Aceare {U=C (OPC) &I IcARHHT AT ArsAl Afrad HUSKAT RUHT ST
Seqfed Feaars Soad (@R 4% ) O Oy | SariiaT 3% R SRameed
AR WART R AT ST ot (ot (ball mill) 87| ST@RT Sed HRE@FEEH
W FHll @UT IHABH] AR VRM FSH MRS §7gg | AT FHRET BT e
PPC (Portland Pozzolana Cement) T PSC (Portland Slag Cement)tlﬁ A FAHs fly-ash
Tblast furnace slagﬁ fUgme Icae s |

s T Aies

R¥rE ITHEAHT HTH U WA ST WHRIGEHT HISRUHT AT Ho0aR T iFashl TRt
MR TIAFAR g | HIUETS/ ATEeIHAl ATAR RiH-edls W g | caquie AR
ATIR TR o] FAT= SO T4 Usieeaedls A= 90T g |

3.3.% R SRR Secred Sl @ad g S T ST
e JeRTE® (SFGUET wrenia) o fgda T arder g3 Feie Wi e e am

T IIHMCT Joaled FHell Gad Teg:

o TrEFET A

o WZI;

o HYY

. TERET;

o T,

o e fie;

o HHEY

o o MR

o I T T WEET AN
o fifgx X

o W WM AW YA YR |
3.3.§ Hell YRGS THAT GHa T AGA

Rire SanEedr fFgda S dR@ms arr Fe ETgda arifieEes adaE
AATIHAT o
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BT AME: A =T el TRF! AL A&l [ T=edr Y Hvel el anig 1,
T AT FAFE, kW TKVA TT F AR, Io9qH AT, Hed s, HEe, SHIMF Sass |

A "G aﬁr grgdad HICEEH! WX AT handheld power analyzer Ea) Hgddd T, TGA
KW, KVA, ampere T I8 FITFEY S@TSE |

YSHTYTeh! W AU: Handheld power analyzer ﬁmﬁgwwwmwwwﬁl
WTW%'IT%WT:WattageS, o el WIWW%‘WWW
FHT T |

FTAT HHEC: FAD Wi T I, faawer Joeiar JEEes! deer I |

RSt ST uid RTex e [ohaiate Bvel Jeaa 0T I |

U@ T g wAE A GET T el At ASeT W A T |

e SRR adT Set aRETET A T i RiHe e s W ATaad
gf_i,q-:

ffgex T w2t

o TAEHN AT g AU WEHI qAeH! ATHH Ao,
o T [WiEeT: =eT [MEd T ™A AT qa=hd e,
o WL S AT YA (SgerX): Fegep! q19 FgTac Ao T IT Feia

(condensate recovery) 1 |

3.3.0 i JEREE qRfad Sl ToaET ATERE
RiC SURREHT HF F9l saqsh! AaREE 3T Aheg;:

Table 3.4: Energy conservation opportunities in cement industries

9. Fe TATHT AAAGEE TR THR
Q| e AT e
APFC THTSE FAMMYET Aol TEHERT YA FATFETH]
R T
3 | TN SRiEedrs LED FRT Waedmas T
¥ | Down coming duct AT Fel EIEREERCAREDEC LI E] e
Y | WS YER TS T AR GEHEeds Flerse T
& |99 greaE HictEedr Fafid gl T T
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3.3.R TS START T AT U AW g RIS St gua
2.3..9 I SWEEA

T ATl geare wiERATn frgde € arde 3o SeiE @ud Ty | Rred gete gen
A ART UL 81 97 Al AT WUHT FTCAHT G9! TR g | Heaaqdn
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3.3.3.% S0 vEwE Eﬁ s il @ua (SEC) (Specific Energy Consumption (SEC)

in Dairy Sector)

1 HRTRTT TR T AT MRS ALIT ATAR TqTdDT SO JUANEEHAT g i FHit
QIAHT YRHATT T [GZURI | ATPSEe ARACT S0 IANEGHT MRUHT Fol AfLeToTeht
ATIAT AR IRYH! & |

Table 3.5: Specific Energy Consumption in Dairy

Specific Energy Consumption
Description Electrical, kWh/KL Thermal, GJ/KL
WECS 2019/20 q03.0Y% q.6%
EEC, 2015 Nepal® ¥0-9R%¢ 034 -3.c4
ESPS/DANIDA, Nepal’ QRR.Y 0.%%
India® 9&.%¥Y 0.99&0
3.3.3 AR YRAH B

e grgsa IeuEAHl Icaed YHAEE Jedlied qE] AR BE Tl HEd

ICAEAETH! ATURIT HIANAHT ad RSTHT F |

6 EEC/FNCCI, 2005
7 ESPS/DANIDA, 2001 to 2005
8 BEE, India
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Figure 3.4: General Milk Processing Flowchart
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Table 3.6: Energy conservation opportunities in dairy industries
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3.¥.].R TGS IAET A ?ﬁ i ot |ud (SEC) (Specific Energy Consumption
(SEC) in Noodles Making Sector)

1 MR TR AT HHAT MRS AT AT AAART AFS JdEA &=AT g
s FoT @uas! 9T a9 [REuar g1 Albses IRad A8 ScIe" SANTEGHT
TRTHT Foll TLETTRT ATIRAT TR TRUHT 27 |

Table 3.7: Specific Energy Consumption in Noodles Making Sector

Specific Energy Consumption
Electrical, KkWh/MT Thermal, GJ/MT
WECS 2019/20 13%.% 9R.39
ESPS/DANIDA, Nepal® R09.% 93.8Y
3.Y.3 AR YERAHT Hrdiern
ASATS ICAEA U1 T Ul 3
Input Process Waste
.}
Wheat Flour | =& = | Flour
Electricity | = Screening/Shifting = | Extraneous matter
Manpower = | Sacs
+
Ele(St;rIiuctii; > Dough > Spillages Flour Dust
Manpower > Mixing/Kneading Gluten
+
Electricity | = Feeding = | Dough pieces
+
Electricity | = Dough Rolling = | Dough Scraps
+
Electricity | = .
Manpower | + Dough Sheet Making | = | Dough Scraps
+
Electricity | = - = | Dough Scarps
Manpower | =& Slitting
+
Steam | =& Steaming = | Water vapor
Electricity | & = | Heat
+
Electricity | & Cooling = | Pieces of steamed Noodles

9 ESPS/DANIDA, 2001 to 2005, Nepal
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.}
+
Electricity | = Cutting/Folding = | Steamed Noodles Pieces
+
Seasoning Liquid | =& = | Left seasoning liquid
Electricity | = Seasoning = | Pieces of noodle
Manpower
+
Electricity | & = | Steamed Noodle
Drying = | Seasoning Liquid
Manpower | = Moulding > Noodlepie_ces_
Seasoned liquid
+
Electricity | = = | Burnt noodle
Manpower | =& Ervin = | Palm oil
Hot palm Qil | & ying
+
Electricity | & Cooling = | Broken Noodles
+
I\EIEr?:)rc:\(/:\;te): 1 Sorting /Conveying > | Broken noodles
+
Coded wrappers | = = | Wrappers
Manpower | =& Wrapping = | Seasonings
Electricity | & = | Broken noodles
+
Carton Box | = = | Damaged Box
Tape | & Packaging = | Tapes
Manpower | &
+
Final Products

Figure 3.5: General process flow chart of Noodles Making
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o FAEH T JRMEC WU AgeR HIST T AT edasTeed! Gagdh! arasHH
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Table 3.8: Energy conservation opportunities in noodles making industries
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MR FeHEOHE I gE g RT SST @Ta@ (SEC) (Specific Energy

Consumption (SEC) in Non-Alcoholic Beverage Sector)

1 R TR T HHAT TRUHT AITT ATAR ANAHT HAebgAHh YATaT &=H
B [iE o @yas! aie q« fGguset g Aleeee 3gacl Aedlgadt dadETd
TUNEEHAT TRUHT FHetl IEATH] ATIRHAT TIR RIS 2 |

Table 3.9: Specific Energy Consumption in Non-Alcoholic Beverage

Specific Energy Consumption
Description Electrical, KkWh/KL Thermal, GJ/KL
WECS 2019/20 TLRR R.RR
ESPS/DANIDA, Nepal®® ’RR.% 3.99
3.U.3 ERT AR ST
= Ao lgerdth TAUETEHT IcaET Yhaee Iedied v ATaR Fld grgl| el
JCATEAT AT HdleTd ad [KeuH 5 |
Input Process Waste
Water Bottle
Caustic Soda = . < Wastewater
Washing
Energy
¥
Sugar Svru Carbon Blend Broken
Syrup > Ble¥1dirr)1 = | dioxide | & Svru > Filling < Bottles
Preparation g Mixing yrup Wastewater
¥
| Date Coding |
¥
Crate < | Crate Filling | » Wastewater
¥
Bottled
Beverage

Figure 3.6: General Flowchart Cola Product Production
3.0y 9Rar faae

ol Ut W AR Alaeee WETHHT AT T T Oaals hlaselradh] Aol
HIEHET AN T Hadll Aaeet Bl [age | g Aaeeeds beae HbeR

AHT AHATHT A G F-HACHT <fileg | Tel Saeleedrs Ada qh1 T AR g

10 ESPS/DANIDA, 2001 te 2005, Nepal
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Table 3.10: Energy conservation opportunites in non-alcoholic beverages
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3.6.3.% U0 T HES HAT @ S o1 @9d (SEC) (Specific Energy Consumption
(SEC) in Pulp and Paper Sector)
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Table 3.11: Specific Energy Consumption in Pulp and Paper

Specific Energy Consumption
Description Electrical, kWh/MT Thermal, GJ/MT
WECS 2019/20 cLR.3 8.%¥%
EEC, 2015 Nepal'! 3 QY. ¥3Y
ESPS/DANIDA?? &G 9.¥3
India®3 - RRLto 3.0

3.6.3 TR YRR HRIIeTT

IAEART [HRA AT Ted T BROHT Ioaed 961 &g geg | deq T B

JCAEAh TR HRdIIHT ad [G3UHl T |

11 EEC/FNCCI, 2005
12 ESPS/DANIDA, 2001 to 2005, Nepal
13 BEE, India
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Input
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Blowing and Store

+
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A

Chemical Mixing

+

Centric Cleaning

+

Bleaching

+

Turbo-beating and Thickening

+

Paper Making

V¥

Re-winding and Packing

Paper

Figure 3.7: General process flow chart of Pulp and Paper
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Table 3.12: Energy conservation opportunity in pulp and paper industries
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Table 3.13: Specific Energy Consumption in Steel Re-Rolling Mills
Specific Energy Consumption

Description Electrical, kWh/MT Thermal, GJ/MT
WECS 2019/20 190.0 ERE
EEC, 2015, Nepal* q00 - 9% 9.5-%.09
ESPS/DANIDAY 1¥R.90 9.2-R.¥19
Indiat® R R.3

3.0.3 |ERY WHHAHT HRIAIHT

TMT IcITES Y=6aTehT FTERUT Hrddiels! o [guHT &

14 EEC/FNCCI, 2005, Nepal
15 ESPS/DANIDA, 2001 to 2005, Nepal
16 BEE, India
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Resources Process Wastes & Hazards
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5
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Quality Inspection
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TMT Bar

Figure 3.8: General Process flowchart of steel re-rolling mill
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Table 3.14: Energy conservation opportunities in steel re-rolling mills
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3.5.%.9 F ST

ey SarTeR Al Seare RRaEr e T arfie g SetEr @ud T | 9T T
9iihaT INT YU (CHP) (VTS co-generation IH fH+s5) < Yen AT HREETHT
A Fotiahl qed SAqhT A H1H TG | TAfT IG el HIGHAT a7l &g FiferspLor
(NEA) < HREEMT AT T [aEd FHolih! Hed = &1 | 39 HIe, [He, W as,
milling tandem, 9#9, ¥a1bH JUTTeA!, FATAR, centrifuges,m ID T FD U@, T HEIEE
AT YU Wi Hieve® [99d @ad 9 Hed e g1l ardid Fei qedqadr Co-
generation Plant HT ﬁ'ﬂﬁ JAEAHT AN T YEHAT BiegHl i 2l |

3.5.3.R & &= @ s et @I (SEC) (Specific Energy Consumption (SEC) in

Sugar Sector)

1 HRTLeT TAR T HHAT TNHT AT ATHR TATADT (= FeFe T g HiErd FHsi
GUAH! YRATT 9 [KUHT | AlhSEe AREaT Bl STANEEHT TNUHI FAT YETTRT
HATIRWT TR IRUH! & |

Table 3.15: Specific Energy Consumption in Sugar Sector

Specific Energy Consumption
Descriotion Electrical, kWh/MT Thermal, GJ/MT
P (Cane Crushed) (Cane Crushed)
WECS 2019/20 EER ¥.03
ESPS/DANIDA Y7 ¥4 40 ¥. 99
India*® R 3.¥g
3.5.3 WURT YRR SRR
Ot Icuree TR YR AR s dd [GgUHhl o:

17 ESPS/DANIDA, 2001 to 2005, Nepal

18 BEE, India
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Fiberizing |- |Fiber spillage E
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Input Process Output
d€--cccccrccccncccccnrcncnn- '
Steam from boiler Condensate E
Electricity? | Centrifuging |+ | Mascuite spillace !
Manpower Molasses :
¥+ A Sugar 4.---5. ........... ‘
—i—>| Molasses i
) ]
Steam from boiler Condensate H H
Electricity» Drying = | Sugar dust emission E i
Manpower Sugar spillage BSugar i
o ¥ Molassesl}
Electricity Cooling 2 | Sugar spillage {
Manpower {
L v ) CSugar eeeee- ’:
Electm:lty_’ . + | Sugar spillage
Manpower Screening Off size sugar
Sugar dust emission
+
Packing shacks Damaged packing shacks
Electricity» Packing = | Sugar spillage
Manpower
+
Manpower Storing - | Mice eating

¥ Ready for dispatch

Figure 3.9: Sugar Production Process Flowchart

3.5.¥ e foEwr
Bl FREFH 3 TR T FEET GBI §rg T A9y I avi TRUE JRRaee
g TR ™

TATNHT AITETAE “ARUH] IYRedls [dHael ATASIHI HEael MBI IG FATITH
o~ o = c c o o o o - c
ARg=g | g FAA IqTs 3@ AT [ASE | FIRAH Sied 39 i 3@ars
o ~_ o s = N N D <
Tgie gbed TAUH! FREH] (HUAT e | THA HF TFHHl HEA dgh IASH
IGH 9 T8 WY | 9 FIET AR (S AT HgHT TEHET WUHT U qET S &)
o ATIT JYEEATS WA THECA! HEg | TR RISHAZOHAT A IGH! Fel T8Tah!
FIHT e | BIEags (SIEAT swing hammers WUHT T+ SH THES §75) o IGATS

QM ST A e g | TR I@H! T A 50-G4 % HIAH TGS |

Rack carrier ™ TR IRUHT SGATE RIEHAEIRARE oc HHIEF Garl ag | dec
FoAIHT TFATHT JULEL e HUHT HATHST THEE U HEd TTag | ded Hoaald
M FAEUSH! T GHT RIS I Uiedl HTH 9815 |
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Milling:

Wete® aterdar g g1 JIFIT AFaT URES g gl ?ﬂtop roller, feed roller T discharge
roller 11 UTET IGD! WS e T T8 GSHI TFAT g7 | el aE U3
ferare aT e 9 |

ferar 3G Yor FEfusn s g YF 9 8 dgerdr gar g | & gariad
(Rake Transporter) AT HUHI ol Talalel SHTEATs Fdh SASREEH Bled dgodl Ja
ey | Sl T METHH TR g | Hih sy F I MEHEREe SRS
AEYTH IHT THIHT Hed FAAH Gaml 63 |

W TS

FeTe Iued FMiEa Taa! 9ICATIT |9 I Tl (HeXaTe a9 THRaredhl AR Bl SHte
(process house) AT TFT =g | Tenrear afeer ffae W gé SO (ST evaporator
T AT TIRT T L O IRF §0°C AT Ueal TRUTAT T qg9e A9 It ar back pressure
turbine exhaust header T AT FIANT T si?sgci B0 TMRI WROC Bl ATTHATHH) B0
SRT B OC AT TAEY | TATSUHT HIHA JF ARG @ sulphiter AT ST=g &l milk of
lime Ca(OH)2 T SO, TITH (BTATHT & eh! T&ell Goeh gl qaR TRUHN) 99 Mg | Ca(OH):
I T PH ©-8.3 AT HAW T@ SO, AU | I9 WhHharr M= sEers deed
qAE=g T clarifier A WGERT @AHT AR Bl S T€g AT BT T M4 |

Sulfiter S ITH WehIga EelUaH] TETS §F SUMT q09-90K°C I ATIHHAT A2
qaTe=s | fecl XUTHT &IET evaporator I AR WART X & BTl qdlg~g < Aa=H
TO-TY °C 9+ dalg~ | TGT =TT S fga¥et back pressure turbine header T HepTHT
TART TR AEH! AATH] TTHRAT [A3=g (109-90R °C) | AU FhIZedch Jdels
YTANTEHT AN FANBREAT TF) R7g SGH! N .Y =T afg (T 4Bpar o3t
=eEg) |

HIFHT T supernatant TS KT FANERRARE qiHwg (ARFA BERER) T Faag
39 fREE evaporator AT T8TE+g I (Wi S&dl A9 Y% ) PHE 8% § S8 J9ag
semi kestres WX a7 BPT gSXAC [Mabtd g aTUH! YANT 90T =g 990 °C ¥
TAE=g | a0 @A feal TEdl JEeE (FANEER &1 TEcadbun gerd gE Vg
e Grasd! AN 9315+ w8l Jadls (heed &F I filtrate AT gecae g | heet
Fepeg (RBell) Sec F0IEHT Hgael Sfah-FHFae A Framm Joeeg | 99 et
FMYHI condensate e TEH TIFIEGERT WA condensate (AT AT AREE) TATehIAT
gty |
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THUIE

1R-93% forFd o ca WP TALUHT IE TO@Ts 99 Tcah] AN multieffect SHAETHT
TRevg | HR@EMT double effect vapor cell (DEVC) T quintuple effect TATREEE [AERN
THANEIATE MEha! Bcadth qadls [T WiHwg SEAT Y4 -§0% s o g7 |
arers T R srEragr Mg

I. 1% effect of DEVC (SK): for C pan boiling, clear juice is heater

II. 2" effect of DEVC (VC): for A and B pan boiling, raw juice 2nd heating compartment.
1. 3" effect of quintuple evaporator: Sulphited juice first heating.
IV. 4" effect of quintuple evaporator: Raw juice 1% heating

DEVC (SK) X quintuple‘ﬁ@w qfgetr w9 (15t effectJZRT condensate T (&t Tlﬁ@ﬁ
TS BRA 490-993°C Bl AIHAAT The ATCTHT TIHT SNSATHT G885 | Quadruple
THANCTHT SiiehT SR TATFEE ( 4 effects) ST (HEb UK Hrg=dedls gerge TTAT TUT
FHre U (O/H TTAT IT) AT IFT TR ST e T i) mill imbibition ii) {eet %%
FHRT T i) FAT TR T iv) centrifuges BIFT F®T 9 ATAT TART TG | At el
IR FHrerdedls Hiig cTaxdl (W [HRM®T) 3W°C Tvq Bl g T amn e
qrieh! I (bearing cooling water, JARTLTAT 31Ti%0 PRIEN Tﬁ:{r_?,{l

Quintuple effect SHANATH! M ATAIAH 1% H single entry multi jet condenser g1 ST
MG | Quintuple effect SAANEIHT Af-ad THIEHT T Umm HG HI ¥IHH G
TR | T AeaT ARt A THTEE e W e Hed Wieg (BegraTAl U3al TEel
AT T A AHH GO T A g | RRders dfeel R sulfiter AT 98Tgeg Wt
THATE SOz T SMMUT Y.4-4.] FT PH AT sulpited Mg | Ief FaFEsl W 57 Y
viscosity g<g |

S Crystallization:

AAaeT YAHH WMeE =1 crystallization T RN TANT Mg | STE@HT &R0 THIHR
-

) 3 nos. for A massecute boiling
i) 2 nos. for B masecute boiling
iii) 2 nos. for C massecute boiling.

gk AT GEgE Hreraicl YUIHH YO TEPH | GUh $SGRI TUAE U ATdr
g 99 ¥ FeT WA UhUeH TOTETg | WEET © (W) A2l Hrevay TUEE g
AT TIET quintuple THANEISHT TIRT, ¥ FET TIHEHT AN 1 T R AT T ATEIT
gl

Hethlgd %T%l@ o9, BT C B wer T9F|T§Qﬁ sugar melt T sugar grades?ﬂﬁf{ IREEA
dry seed (mother crystals) sId “A” massecute TATL ﬂﬁf_ﬁ,{ | S %H%Qﬁ ATHHT HET WH

Y9
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] TS A’ crystallizer HT E’Hﬁ%’lr_sg'l Crystallizer?f 31’5\4\ crystallization g1 Hgd T@
A massecute TSR T+ AiETHT THA HH TEF |

qHad fdgesr %T:ﬁ Wlﬁ centrifugal HITHRT FETAATT massecute TS cure JIlr\(resg et IERIEa
FEaare mother liquor (’g_ﬁ) SIE goddiedg | F?TFN%’ IERISIEIRSEIES grass- hoppers HT
THEg | Tefae FBre Wgaics BFT e 1ee-g Wl auas afisr g |
7‘»“%@ =T Gl ATHRHT A godlgg T AT JHTeAH! AR mother crystals
(@) T TIUT TANT TR | ARTB0T TRUHT =T o H-HID! HEdl WNehe JFa=ar
g et T Ko FRE T Ay g |

A-massecute <ITs cure TXIHTd WTH ‘@Iﬁ?ﬂ‘a} A-molasses g K&l B-massecute SHTEHT
AR TART TFF{'_?,{I B-massecuteﬂ'@( PEAL| centrifuge Tlﬁr_s{ TR TB gal 9™ JIRFQQ |
B@?ﬂ% %Y C-massecute WTH I C-pan HT crystallize Tlﬁr_s,fl

C-massecute s centrifuge TRT C-FrAT T =t gal are Mg | 2R cure Tﬁi‘@@ﬁ:
centrifuge TFF{@) c-FErerg =t wmen witgrn B-ﬁﬁﬁ IR A-massecute AT T
A-pan T aTEwg | Sl Ul TN £0-%0% TH@d o¥ca WUHl Gal @l e
FREMMT FHeal YaTIb! TIHT TART T4 Gal HISRY T SHHAT qa15+ |

3.5 O SORTEeHr Sered Set WU g A q I

T & T IUFHTT Jeoted Sl @ud e g

o TZER T Y fEa;
o Yeg-IUlad;

o TrEFET A

o fufrs;

o THI;

o TFT YUITE;

) WW;

o HHEY

° %@l?’f@ﬁ}@'{y

o T TFEHR T
o U JINUT 3 |

.56 Ol UREUD! AR TG GobelT ql AT
ot SarETs! Oyl Set aRensr ai e T eRiieege s |/

SIERRENES S

1z
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BT AME: A =T el TRF! AL A&l [ T=edr Y Hvel el anig 1,
T qTaX FAFE, kW TKVA TT F AR, Io9qH AT, Hed s, HEe, SHIMF SEss |

A "G zﬁr grgdad HICEEH! WX AT handheld power analyzer Ea) Hgddd T, TGA
KW, KVA, ampere T I8 FITFEY S@TSE |

YSHTYTeh! W AU: Handheld power analyzer ﬁﬂﬁ@fﬂ@mﬂw AR AT T |
BT GFIEr fAEROT: Wattages, doq @a T S TRUH! FEN SAHT [BRHATEH
bl T |

THIRT HR WAT: HREHEAAA FedThh! AR Hol GIq T 28 [Searst | I |

BTAT HHEC: FAD Wi T T, faawer Jumetar JEEes! e I |

oS« WA Wi fefex e fobaliane |ver Jearae o 1+ |

Al SRTEeH! T JOIedid] FHoli TREATST AN ¥ ARHEEH AT ATaTH

g
ANFC:
o FAIH AW AGESE, FEA SEAFAESS, HET AAHAFAES, stack T
IR A {9T T |
o FAEH AT FETES WO Age HiST T AT qeIAETeTH] qagsh! aasha
/A 17 |
o I e AW pH, TDS, FEUF T ATIHH HUT T |
o SO BTG UM AR pH & TDS AT ¥ |
o THMMESR T B fOReT i i T a1fgT e ot T erarehT qmd
/A 17 |
AT GereerestC: R T aiefe qraha e |

g?i%'l@‘ A s qEqg T IIT inlet T outlet ATFHH AT |
3.5.0 O ST g el SeaedT AaaREe
=t STNTEeHr P Foll Fedsd HEaREe e a6 g

Table 3.16: Energy conservation opportunities in sugar industries

9. oAl TEABT ATIEET TR THTR
Q| @ wwr sgEeaE T AT
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.4 ol TADT ATGEE TAAADT JHIT
R | ArgerEr Afafes e fFae
3 | Aol IFEA NSRRI WAl FEd
y AEAHT JART g ST AT L0y o 30% 1
LIRS
X | WeW T flanges SIS ST F[ETac Ha==0T T4
FHHEHT FatHd FAD
o APFC SHTEEOEN FRITIIIEY S ! WSHERT TR WITFeT
U T
& | TN Scieedrs LED gRI Wideda
R | IFY T HIETH! AWM VFD JSH I
Q0 | U TFY T HIEXdTs Hal 367 T T AIEQGRT Jaedrds T RN
99 | AR AT qEUeT T [hicgeeds grgerad T
IR | NERHT SHAMESR T FTET Wieed FeM T
13 | A9 UFER! FaWa g T
1Y | FEFT qAA JOed SIET I
Y | Forga TR T T Tdied S M afds arg
& | g B Sem ™
3.5.5 B U YESCIETET hIEAee

U3E Sl Aaqere BEgd T a9 eure WA UHAeE gegedra diHeg | AT wsareed
TOSET TEA YOTRAET N WA g el AR UeeaEe Mehdl @x o
FEETAIC ST JeUEH Tag I A8l IANH! ARG UhATHT Al &g T ue6ar
AT JeAEA T TART Mg | R eteedr 3@ Uferdsds 91 dfehl el samders s

JCUTETAT YT g, G T AT e Lals FARITHT FHor Jard T4 =Ar Icare
GERATH IR AT ITHEA Tag | Iedad [&gd (Herwr e He=al &l HUAT  |raeaaa
e werg=g | A wAfdieh e user #ecaql wEl B it aaes Swnwsdiarg
[EEaRIEi:ica= A
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T IGH! SEHI TRR AGT B FF =l HAeeH Yot T 5@ Fabled HW 9 9|
g | Wesh o TEAIE L0 ol SN [Hebled Gidbregy | IEHT S IGH i
T UHTEHT G YA T & T IgHT wRArEr B et geam w3 gdg | g o
JGHT 9.3 U YITH FERD] AT FHott 5o | Bl [Hetg® awmg S AT
Sl AFLAHAT T T AREBTEE TAZUHT Fregl: Gedl TUAT SWEers Fafay w=al &g
JAETHT HRIId AIETHS! ©TH TqTs 12U g |

T[T Hedr T WENHT g I SEdr aEEeeTe Ay orEd Soaed W e
amafd ] o feteeer it wEEnEE aue g1 wr B e B ST T
! fogd ANt < ATaeaed Weal 9d] a0 Jeured grg T caders S ot
! AN HIEATCET [ASel ICAETHT AN T Aiobveg | N e ScdIad UhaTh! The
WW%@@{{

Steam Turbo Steam & N\ Sugar
Boiler Generator [~  Power b Process

Steam Mill
Drives Surplus
electricity to grid

Figure 3.10: Overview of Bagasse Cogeneration

I FewEr B freree Fet At AraerEr areatniR g T war fieeee e
wfafces fga frear ot TRt g1 3 femer ae 30w St aravasdr e
Sl HIATHT SR SeaTa g7 < 9eh i qHT SRIGHAT e Searas 1 wogre
T A= | AT process steam usage THAE AT IcAIAAS GecaTST Al aod THH]
A FFE g7 | Boiler AT BTed SeaAT FHIEE HEh®! HIE FHEL &l Icare T
afee et afammar 3w Tde |

e S5 TAgT T T TATS ! BIAEHdr 0T Annex 15 AT [GgUHT |
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TREHT Y AR AT Fil ToTHT ATEEE
¥.9 ﬁg?r W T AT =qaeq19 (Electrical load and demand management )

ST AR ST AR AR g FeeE g 9N gege el STAReIT g8
He® (component) T AIRT ATHTT TEGT:

o [ wrafenar afierg TduswT Afdan ART (KVA) &1 o T
o oot wrafenar @uq TRUST FAT (kWh) HT AT |

SIHIHTH] ATAIHA AT FUR ARG &R ATER AGHaq AN e (Maximum
Demand Charge) iz gl g gl JIARBTRTAT TS tri-vector el =g gri%rm“c‘ GR%:
TR Far (kw), FaBEameie $91 (KVAR), T8 91 (KVA) T UTaX el (PF) e
ot srafemr gat wusr Afdsad ANt WEe T8y |

NEA & T3aT 99 kv forga smafd o % Samman qramaaan e gt e fafor
TEG | Tk Weds YUTel WUHT TN/ THEEEH! N FELel Ao G §a T Jar
YEH HEAEE JHIOG MY Feeg | e Fanoadn RS qaamEaiy aard aied"
Mg |

Table 4.1: Electricity tariff (NEA) applicable to industrial sectors from Baishak to Mangsir

2074/75
4, Aty Tl AT qe/iEar
q. Peak time (5 PM to 11 PM), T1 q0.%0
R. Normal time (X AM to X PM), T2 oZ YR
3. Off peak time (11 PM to 5 AM), T3 oY .¥o
Demand charges NPR.R ¥ O/kVA

Table 4.2: Electricity tariff (NEA) applicable to industrial sectors from Poush to Chaitra

2074175
4. A Tl AT qe/wEaT
q. Peak time (5 PM to 11 PM), T1 q0.40
Q. Normal time (5 AM to 5 PM), T2 oT YR
3. Off peak time (11 PM to 5 AM), T3 og YR
Demand charges NPR.XR XL O/kVA

R
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g IR saaeae: =9 AR SEgHT Fgasl TR Hered SUHRTR! il Srs
UERATATE g MR SUaeds g | A SUEl S99 AN AATSHT Weal 9T a1 w5
HAT FAATAT HEYA HH B gl [@AGAT FHoibl ANG HEIT HET 4 |

HART SYEEA: AT R ITAETH AR AqATE TUTAshl 3= AN TS
g [Meiia Jureears ART sgaedm A |

AT LT WE T4 TART IR IR [fdee =6 g
o TEEF HRAMEEH] HE ATAMTAl T,
o TS AR T (AATTHATTAR);
. ﬁ'g'cﬁﬁ FTeh] AFleu® HddH! ITAN T, He3cqla 1/ captive generating EEIEE

SENEEILUSHH

o ITU TATHT UHT W&l IcdIee®dhl ISR I, A= RTges! Tae_ T, a3
YeTdeedh! d9=hH ol /9 T AT,

o UIER FATFCTAT IR A3 |
TR T M= e e WIRT TR HH WAHHdIHT YREETs o+ T8 ATIHaq qHes

o
T3 Hlehreg |

¥.R UTER AT SqaedmaT

AR FATFER (PF) FHTRT Foll T T Folih! ATAT 8T | 5 HLe Aoas el qgie
() {gefdew AT (Inductive Load) AT}, DECIEY lagging 91T TR AHvg T e Alec
I IS ] {FaaReY R (Capacitive Load) 9T}, J9e leading T&EX FATFET
=g |

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

PF = [kW/kVA] = Cos ¢

T qET FaEe U (One) I Al W g, HRel @Ud T 9l Ucag < d-ad:
SSIAH AN ¥ [ag | I8l Wl @9d 9 "ch! Ud-paniia Tare (Reactive Current)
Bl BRUERE F1 @LAT FEEEAR UM HSNE | AWAT ORAH] A qGI3T HET
NEEEN

S eHaTET capacitor e hl SIS T THAGEIY Tl inductive load %1 reactive power
HEA e IJTANTHAAE Tal FIFEAT IR ST HEd TTag | I9 QU Ao STHl

FURAE g BHERE 9 WH T gibg |
FIMYE AEFERT PF YIRHT HIASRE:
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e UUITCI®I reactive component AT ¥ AT3d T HROT Ul Sadth EN HLTHT
o AT T

o HECHT B FAT YUTAHAT PR FHoll FRTECHT ~IHHT §7a,

o WRAH WecHd! TAT I 57 ;

o T=F WA WFE [HEAT Uil qU AWl START 1 Wed 6 |
¥.3 fagda At wrigwar gac
A Al T AR 7 dFEede IR <arsd |ibg:
¥.3.9 HIET WA ARG
BgiT ACEes T JUHREEH] RS, qHHaT T correct alignment T
AT, drive couplings T FEX a1 S UUeliee W&l M¥EH! HHATAHT A AT
IRAGTBE U AANH GId T Fll J@TEe, HHIT T AAHLE ATHAN s qa
Wl Il FHOHAT [ e 4] weu=a Hecaqul &9 |

HIaE® oY AT, A=A gﬁfﬁﬁﬁm N ventilation grills and fans €T TXEETS AW
TUHT Tl_gf Tag | S HiEH! AREE (conductors) T aTTHH EEER IR (resistance) dgeT
T ﬁ"'{cﬁﬁ diq F&TdC (heat loss) Sge] STHRTUT & (efficiency)HT FHY AT T AICTH!
AT T 7 |

¥.3.] AT WE@HT Heawals rated specification ATAR HIAHMANS TH

RSE Aieco®hl 4% H=a] HHAT T &l Fgdd HETH! TEA T R 3 Y
I Ueeg T AN AHH R OOF TR g S SrgIedl ATHT gl g ASg |
HITTg e Wieas W=al ST Golel &1 4 qra Farde T SEardl i e |
AT AT Ao ATIMAT WIS FATSHAI THS TGHT HEATAETH 8 A |

¥.3.3 Rewinding losses EeTST

Rewindinng_:f =T NS stator core I Windingﬁ strippingTIErf JIART A el Ty
HETH FoF qIHA Ia g SGH IoTd TG | T8 qOHHT SCT=T Faem stator
core fEea®! ﬁ'g?ﬁ?l TEOdTEeHT F@X TEe T iron loss AT Eﬁi MEG TAT HETH! TEATH
g TANSE | HEERU rewinding & HICThT Tl T Fraeddr (reliabilility) SETSE | B
9 HieTH! @R & 9l rewinding AT HIEY @@ TREH ey AT a1 AR no
load electrical parametersﬁ S E F@}f NENIE Eé*%g |
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¥.3.¥ T A& (belt) T MAETH TARERT TR TEA AIHA (optimization) T

oifts greTReT (IR LT (power transmission equipment)?f ﬁ'g'cﬁﬁ [reel T FHAl @UTHT
HEAQU AHHT Yo g | TATHE, e, W T R TRIEaeH] HIeth! 9l TR ITHTEE
I T LM T AATGFAR TG T8 | V-belt T TTATHT Fedle dedahl AN TR
THAH GER A5 |

¥.3.% Motor loading AR (optimization)

HIETH! A HH AR LA B AT, TR FAFEL UG, ACHT TOH! ARG T
HH] FFAIT A0 IUHMHT dARIG T TS @9 dei9g | AT Wwal HH HT
(under loading ) HT [T AT AT TGHT starting torque L ECRESIEC IS el e
qGT Vg | TAWIAD BIAT gl HICEE WAl HIEEE Weal J=d HAdl g |
THTIT ATEROTAAT [SET SAHART €0 - 90 AT AT T AT AT TSI
AIEEEH! TTeaITaT AT R e |

AT T TTRUHT H=aT ¥ O-Y¥ Y% HH ETHAHI Gl g AICLeedh! Ml Seal/€CR
Rasee g FEar T yWESN &ty Ieant gl @i gl operation mode SE TR
operation mode HT IREAH D! AT I ANTAHT ATAITHAT 9o | AT star mode AT
T &7 g Weco V3 Ud Bl a4l Hieds g9 ITagg | Delta mode HT [l
output Ush faegwr o+ qiaeg d¥ performance characteristic T HIX i E?FTI ZSEIR)
star mode AT Full Load §T HIEX F=TA9 &1 delta mode |1 &AifeTeh AR TATAS TTLhT Wwal
AfT® T T AL FATESL WIH L pEIE torque to speed requirementﬁ‘m’{ ‘El_dﬁ
AITART (application) T A star mode AT HIET FeTel W &7 |

¥.3.§& Treag A T Faear

Zrgaad HeX U3al asynchronousﬁﬂ'{ R frequency e T i At
<ATSA Afhvg | A% WIETHE® T Inputﬁ@ﬁ IREdH TR, e Alhedl resistance
R T, multi speed Windingsﬁ AT, AL Wﬂﬁ‘f%‘ﬁ Tﬂjcfi fier ¥ fertes v,
eddy current dT fluid couplingsﬁ PRI DL rotatory 4T static ool T frequency convertor
TIART TR 9 Mqar fafeegar wargs afbeg | amaeas id Faea0 WHifd oA Wt
IS AICTH! AR Hed, 9K o5, T FI-Avah! I, AHA-90aTE, [addn (reliability)
T fae AT i s e a SR g 169y |

R (load) T Aeoaee f@ema: Aecaqut gl AR WA torque output T TRTIET!
T 9= ﬂlr:%\#?z T J9«Ts constant torque, variable torque T constant power HT EREURKIE]
ml Constant torque loads ar g SITHT output power requirements‘T% (speed)?ﬁf
qied g1 W dX conveyor, rotatory kiln T constant displacement pump 8% HT e torque

%y



AN SFECH! AT HAT TRET HERHT

qiaa :Ej%?l Variable torque loads r gL SIqHT centrifugal T¥ T T TR TTR% torque
requirements <! Tﬁﬁ'{ﬁf REd g | Constant power loads ar g S{HT torque
requirements fareToe: e dgal Ucey Tﬁﬂ?ﬂT EEEN EIREN 31%!1’(%“(7 constant power
loads T |THTT IaTe0T g |

Variable torque W(application)ﬁ variable speed drives T TIRT TR as( %l'@ff EEK]
T | |
¥.¥ SR (Lighting) T STIEHAAT A
Lighting system HT ¥ ATeTERE S s=d WH I ﬂﬁ'ﬁfz
e Lighting Control FEH! TANT T,
o TGT®I ISATADI IJoAdH TANT T,

e Exclusive transformer 4T lighting voltage controller STSTH T

e Conventional ballasts ZoT TJTHT high frequency electronic ballasts STSTH N

e T-8/T-5FTLS 3 T-12FTLS W% WeddT T,

o TFEIT A TAFHT FHil T4 LED FRileahl w8 X |
¥.% HETE gar Jmed (Compressed Air System) &7 gl qF JTGGET

HRAMMET HEY TRUDT BET Gl e S Weh! Ush 2T | FEIaar AW (input)
e Fo®r 90 TG R0 FAT AA FART G T (end use) T TWEg | alfehl el
el AAEAYAH ATTHT IRATT HUX AT FETae WO WX 9g | THHROT AT HFIG ITHT
AT JANT TR F9elré FReax &oar fier aiegst o o= frepensed T e iy
REEN

FREH DT MM HEIEREE AEYIH g4 W¢ A [afHeear 4 FRmesr awe
TATIIEFH =T BTATHT FAGRT AN [ATST HFIEL AGHS TLAAHH [qelrs JIFSEl srarear
Tﬁb{f_s,ql Compressorﬁ ATATH AHTIFARET BT compression efficieny AT g1d W]‘S@q’
=ldl Feldc 9l pressure variablity %IQG?&}, AT 926 H (operating temperature) m
Al HEAT wfth HeSy T AAn® gUd g ey | I AHA-ERIR T A/
Jocligd GHEAEE HST T Foll a9d g9 | faeqd HFay HESAT (compressor
performance) T TUT @07 (calculation) Annex 9 T fRZURT B Foidl s=d FH

aFTEGaE g T b s

%%



AN SFECH! AT HAT TRET HERHT

¥.%.q B9 ger fs (cool air intake)

Intake air temperature ¥°C d@al HHIT feufd (identical condition) W1 el Ifcids AT
(same volume) T BTATeTs HFIT TH 9% a6 FHalteh! @ud RESEEL T = e
BT (intake air) ST BT 9T (A HFET TL0A TH §rgg Wl SASH |

¥.%.] gNHE BTar =S (Dust free air intake)

FHHEIGTHT intake air filter ST Tlf:r Tag AT HEIGLH] AHATFIR THfIWT LGEARRSIIT
ey ¥ Rl e Auar ger wan IR ey | aREERE! 9hTe T e
(replacemnt) A& SN BTaT TWheax (air filter) 8% =9 gl Grel &TAT, %HH =19 (Pressure)
RrEe T Al g 87 948 | Thumb rule SITET choked filters AT RN Y
Y0 mm WC FFET ARTAT =Y AREE €8T H#Iatel qH QAT 1 &1 o/ 3
Tl $Hal @Id 98 |

Y43 FEdr g MRS (dry air intake)

Wi g Sifd gear gy HEET 9 T adr g | MR g wowl Argdre
FECHT TEYAee TEd: Wewg® T fiee [geesh! FrHaedr (performance) T FHHIGEHT
Fol HH TAAATS [ TR |

¥.4.¥ T = (delivery pressure) SeTST

HIIGLT GId T FHtieh! == a9 (operating pressure ) T T TTRUT & (rated capacity)
G R aEad grg | A URAITRT e B I GAr A S ol 9 3 sl
FT ATATE e | cd%?l TATTHTE WRTEE (moving parts) AT T Ti-AE HT (mechanical
load) THTeT f[afee srcanterss g T okl Fol W Weg | HFIEEAT 9 bar o faawer =g
(delivery pressure) SICHT FHol @UTHT & S 0% o HH ALH |

¥. 4. GFHET BaT (compressed air) T EIANTHT HH <AST

YFET gEEe RT WHT T, A Gededrsd  (agitation), qE FEHT I, Fe@r T,
JUHTTEE HEATITH T4 TEd AT WebhT TANTE® Hocaled T U8e) | qeid SUae,
blower IE HH YT ETET (45 P SEH! [Ahedd] TITHT TANT T T8, IETEL0TH]
R gsae™ (combustion) 26T <TRT secondary air T T |

¥.X.& TIET TEMEC (air leakage) 97 ™

GHT EMETH] SRS FIWwal A FHoil YL W+ HROT €| W eramhl Yoy q&q

T A=Al TEIH REEF é% AT Hlﬁrigl JeTdd QIASTT air receivers, relief valve, pipes
- . : 3

hose joints, shut off valves, quick release couplings STEAT ATAEL T IUD TG L HI Eﬁ *I<f%$;l
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TIIYT: THERT TGS AHA TR T AT AS8eH] ATIUAEH SIS TeacH HRF
gl
¥.R.0 ?ITC[WT‘T(Heat Recovery)

Air compressor < JUHRT T ST ©0-%3 Hided fgda FHsii aaH o g |
T S qater fesgs RuHT 99 qHe ghEe Iuesd adia Guihl ¥0-20
FRLTAE A T 9aeg < aaale el a1 9 aargaehl @l YAt 9 994 |

Sﬁﬂh Wlﬁ AU T FANTEGAT space heating, industrial process heating, T qarsH,
make up air heating, T boiler make up water preheating ch?f*[l T HEITS BET JUTAtene
AT TRUST AT AT S FeqrETaT R WA Tl e wfeusr S arr
£ |

¥.& M T AT (Boiler and Steam ) TV FTEREE

FH Fedaeierdr (poor combustion), A9 TITAT-ALITHT FHHAR (heat transfer fouling) AT
THRAT FRGHT FHT TEARHT BRI AEACHT FRIEHAT S TEAT T AeHBE0T S
(evaporation ratio) Wwﬁ‘a?ﬁml WFWTW JANTT U g AR
FHIITHATHAT B <ASes | T&7al URET Ml Hata g&1ar (rated efficiency) T ahid
AT AZeRHT BT HH AWHT g T T ST HEd Teg | AIHR
qaATHT Tﬁqﬁ JAAHTT %ﬁlﬂ?(abnormal deviations) SIS ERERCIE T QeI &7
AN TS AT S GARICHS B T Hicbreg | aHY AT BT oAbl AN
T T (efficiency) 1 TR ORI SRIGH ATE9UH & I ARG S0 FHoll @d
FHTAHT AT T 2 |

AT T AOAHT 5 [@A98e G o7 ad «gUHT g

%) FaE fater (Direct Method):  STRHET working fluid (9T T 3TST) 26T FHelt T (energy
gain)?ﬂ_':} AT FrdFeh! Folleh! U (energy content) ET qeTT lliifal

) W&Tﬁﬁl‘(lndirect Method): STHHT F&TdC (losses) T Fol AT (energy input) EIEEal
FH  TEAA TG |

Boiler Efficiency Evaluation

v v

Direct Method Indirect Method

Figure 4.1: Boiler Efficiency Calculation Methods

%z



AN SFECH! AT HAT TRET HERHT

A AMFAX LT TUETHT AN FAE T AYHE [A08THhT a0 Annex 6 (a) T (b) AT
[R3UH T

o ATAD! BEFAA eA(HH] AN qedid THeTT G= Annex 6 (d) AT [XSUHT F |
o AR T AZAT WATH! ASTAEG @A Annex 6 (f) AT (ST F |
o TATH! AT FETEC MUADN AN [SFJT AT G0 Annex 8 AT [€3UHT |

¥, @A T A Jonar

T, € AT JUMATD] AMIHHAATE TR AT HH T aIHT %A H6T HH HEH T
IR F hRSRET BT A YHAE AT HH AHH AUBT TIFEE A AIHE qUH
TITTAT Wb~ | ABT WEEHT Ahoi@d Wi AN (AHa FRia) Frears ak=wan
i

AT TS hoiaT Wed ATel Wiebee SIEAT W) TIFH] A4, ATaal T eramh
AR ARUHT a1 TRga daedr RO TS afh=g | T9H! ARl Jueiieed ad T
AR Tamel (A a1 afed TRy ] AE9a® §7g < A g1 AgTHeed!
HATETS 8 gauT a1 TiwE TEE gl S Faen T |

T ATTAEGHT AT T 1 TFRRTT T9H A=AF HEAWAE g5 ¢ ardi,

DA, @FEAE, O T AT AEIHAE U A TR T Aiheg | hoiaaib]
TART ST XRSieR, SAEd® hor, HEnHad T adeadar 9 [Ha T

70 W ATHINEE | Heat pump B8 X(hHoRER URRATEIE SRR @9 JART
TIFTG X T ATETH Thoiad ¥ AAIHAT SHSEEH] B T THA GAE 5| T
heat pump?fﬂ'% revesible system HT Tuq fesrga ™ leabfa | HVAC HTI&THAT ITUTATehT faaeor
Annex 9 HT T golr@ls ST HIAETHAT TUHTRT a0 Annex 12 Wﬁ?@@l IherET
T AAAFATATS AISTHICT TIAT 5 (B RAAT ANH T qiba:

¥.9.9 NI 9T (vapour compression) 1T

WHdH ATEAH T Al FEIeE =El aeqAT siag | a8 Ahoiedd JUTeldT T8aHh!
i grg el a9 BEEe Ol aEGH 99g | T ORI e WART g
T AAATS GIEg T HH AIH JFarg A avTH TR §oeg |

AT YUTeAleR! HIAYEd de q@sUal § T [ TRueedr Hege T afFg |

1- 2 ZUARETHT TWh! HH AR Al Wheiredl aeadle, THw™l grdl, I a1 J=g hal
*
GEFIRT diAeE e i Aees | I WEhATh! QT A1 a3 AFedmane Tegar aiddH

BERS TN FMRIET AT el AT superheated STFEITHT 7 |

LN
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2 - 3 Superheated vapour FHEICT Fla’QTTl?f_aqGiﬁ TG AT ECRESIEER TIEl AIHHHT
U el HEAMT Fig g (e HFa Yhamr @ HUHT Holldbl HAT Aoheireal
T §7 |

3-43H IF AYDT superheated vapour S+ hrs~HTHT S+ | Frearss uBrarer
eI (3-3a) HI 3TH TATS, AL (saturated liquid) HT qieade (3a-3Db) Trﬁ ATer saturated
vapourﬁTtrF{arErﬁgf_?g'l TG YERATHT AT TS HTHAT BT&T a7 Uil FINT e |
AR T T T LT BTAT (3b - 4) A HE AIHH 7T g Svg STHRI I XA
oI expansion device AT FILT & I ferar L

4 - 136 I=F AUHT 99 FHEAZUST dTA expansion device HUT W7g WG T AT
TG T SAUNSTHT I7aT T (flow) W01 T g9 % TEg |

Heat rejectad ta
atmesphere

Liquid .
',

%%D Expansion device

Evaporator

1 1 ‘
o+—
Heat removed

fir I
Wet vapour om process
{saturated condiicn}

ressar

Pressure (bar)

Heat sontent (kJkag)
Useful capacity

- ) —*] +—— Motor input
Heal rejecled in condenser ) power

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

THUNEY T FHFIEHI combined input heat FFAHR I o GHATH] Hrawa< gd T |
O
expansion device HT MY FgTdc T ﬂ&: e |

8o



AENAH HAACTHT AT Hll qREAT SR

P

Th P

Saturated
|u|llii|

D
— Condenser

4 Expansion

11 valve
H

| Compressor

Evaporator

s 1O ' |
lr" Saturated vapor I
L > n
I J h

Figure 4.3: T-s and P-h diagram of refrigeration cycle

Source: Energy Efficiency in Electrical Utilities, BEE.
¥.9.R Vapour absorption Y1

Vapour absorption @T WRSE=aT FEargs ®1H Ay, qrar ai, T, Jel Afden! arael
TART WH TMgg | 7F AO26HA1 Wbl el (Ahoieee) arvadlT qRord geeg T arodH|
TIUTT a1 AT ATl a1 = e T Al Icure g7 | g THlens dheiiaahl
Tur T e SAEE Sl U (solution)ﬂ'l_af' RlEED (absorbent)_Ohlf TYAT FANT Tlﬁ@‘l
Vapour absorption XSRS JUTIeh! Nl AMed AT JEHATEE WX TUHT ad =k T
fT9e SMex ¥T Alae Iqasd TS |Aidh=g | Absorption TOTAT IFT TTelT I
HA [gq AEa® Eg | AELIE AIHA T Fol AN ATER, absorption FOTAT =rer
TR R ST A7 A Feaw T A Hqasad g TG (APO 2010) | ATST G (vapour
absorption) XeICaTHT Schematic TtaT =T feguaT o

] PormnNEen GENERATOR  [*
Regulating Waste Heat/ STRONG
| Valve 1 soLuTion
THROTTLING Direct Fired
VALVE
WEAK
SOLUTION
ABSORBER PUMP
— 1 EVAPORATOR
T COOLING HOT WATER OUT
Heat load In WATER IN

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

Ft o9a faEe:
F) NG 2T TFE—R T SNIREEEAS I ATHED! TS

RS T ATAFAT TMAH AR =IMEHT THHT AN R e Taeseead!
MO 8T SEq AR ATt O Aravas OHH A T eI
g7 | SWAETAT q oI qeif@ag qohH ogal Tl 3% T ol @UdHr s=d g
BECH

g) f{e temgesr AHqEm™R

feome R S @ud HEw TEe! |l fe Taero) qaeee G g 98 Fgeaqul
TG | AT B~ FUA HIAT HFIGLATS Hre-gSH] ARl =lie QaHHAT dig g Te,
TEHR S &adl TH T FHE ad B THa gog | a8 i gidiet
WM W&l 9 Hel U g g |

1) sgae (multilevel) BT fohsET

ATHHPT T T ATEATF rORETHT T RoRad JUell grile THAT b Heeaqol
MU HRT o5 | ATEeTH AT AT T FBAT ATHT ATHINEEH qgqE WUH!
UHET YAl JAW a6 Hasadl 75| sameaii® aFetd W T8 g
(central location) HT HIYAT é@?’\q TET FAWT Tlé?fil

¥) FreaETer 9 (chilled water) T HUSTRIT

AHHAT A FAfregar st T ATHANEGHT TgdT WUHT FEagua! art HUgreT
laer Iuatsd g Wasadl g7eg | St ISRl T W TWHT YHATHT ATILAHAT (process
requirement) WTH T Wlhvg SR FBEATgT Fvge FHRaR G=re TRIeq 9a- | 59
%@T‘f HIT ‘W@ﬁ TUITAT chillers T=TAT &[T peak demad charge‘t'«l_c'{_jéf TG YUITelihl a9
FIET Bl | VISR YALTH! TANT HEl @ JTHNEel Al GHIHT AR F&dra
Rl I [ogd #egesd! war 9N Jgae o 99 | Tasl GRIAT g ambient
AIHA Hre~aih] AIHH TS I U3l 99 HEET 8l T JgaE THAdH 418 579 |

¥) TrgaaT

=T Wdede A9l TEd (heat flow) FH T FegeET YANT g | Cold lines, &<
UFEREGHT ATH T [Hassll 37gerd AEEH! AN T WH g qHa! antd
qed 3 NTa-yaTEr 3R (cost effective measure) BT Wel WRIET TE FHei S A T
Hiobrg | G HIeg T /B Yol e T T fer weq fifvg @ a1 T
A XRSIET IR A I Al |
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) Variable Speed Drive T YaRT

Constant-speed reciprocatingao_@'ﬂ'@f R <ig T A9dle TIRY WA &Hdr iﬁ(‘*ilﬁ& |
TalT a1 FEareT T+ AHT awar Faffa T g8 9T B9 | [RSUST ST variable speed
drive © Jecl€d AAMT FHull a9d TS |

g) EIIERIE (18 (cooling loads) TS T ATH AT (optimize) ™

RSE e FeleT A A ARIaHT FEIS AR dEadl Heed 3K g |
A FEaST WR AITE W A AR A A e | s a6 S @i
FET3g T YA ol T4 g T |

W) T SIS

e FRP TFIR T film fill, PVC drift eliminator AT &Y AT Crah! WANT T,

e Indirect heat exchanger gl ISl w pre-cool T AR air to air heat exchanger
ST Sl 76 1T A STHEE AT, FIears Uhar 9t duct e TR
T@ﬁ sl indirect heat exchanger g1 ﬂﬁ% a'lé_ClT ﬁl’qf_ﬂTTﬁ,

e Variable air volume YUTE® HAIATS, AT TATAH! AN sun film ATTANT AT,
AAAFAT EAH FHH A ATHAT T, AAIHAT A7 Geh 92 aral
AT T FE Bl IAEEE B

e Gl FRATSH 8T WE: Atmospheric FieTg TTEACAT WANT T Hrg=aish! U=
Tafia g AT O T T eaE geg | R ane deeaiee WEd: Teee
et e S TG STl el e U ek el oAbl BTETAdrar g
“rEfirg | ameifid arfier T, TEUET T 9 SWRERH @ At @ |

o FUN FEAET T B we Rerre e el FEEEE B e
PIE ) (second, minutes or hours) @9 ™ qaeg Tl PUHT i L
RSIedT 3T /AT (level) HIH TH HEcdqwl g g | FeracHI RIEREIS
AR FETAT T YOICATRT e verde | 3ol JEeEeh! HRUAE HY
HSE @I 7Y TEHRI HH A @O WH gTg T HEEEs g6l B
T E7 |

. T AAAFAT TAE UTHEE (components) BT FAIHAGEH FalIHT ATAR
Tt AHT-T R GHfEar 1,

o TAE UREVHET RSl 9 T s gl SRl gitadar T, [iewa
SUHEGH! T 78 T ITANIEE (bypass) AE T AlG;

o TEAHl YR Y HRAMHI SHAHT FGHEAT <arg9 AlfeTd AR orad g+ I,
SItELE Teigd WX EERIER AR variable speed drives A3,
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o FiEA IS @IT AMFHT T T FAA AYHIH CIAT Ag THHT AN [T
FrgraY T THANCEIH! WRIHE ATHAT T |

¥.5 YT T &Ter Wl SR (Blower ) AT FEEREE

YGT @l T AT TIEEE qarsd AMeA% IUHT &1 T8 impeller T Tqe=a Sl
YIRT TR BT/ 7] TETah! =7 TG a9l AHeeadrs F+ Juefssr 7efl, damper
T AY YUdkhgl (components)a'ﬁ PSRRI - Db leéa | UEThT HTIETHATST
TUET =0T Annex 12 TIT%WE{I

U, T W SR T SR S e

HEIRICE] fater ¥ g =™ el (against the system pressure)ﬁ ATIHT Ud@l, erer
oiCT 3ﬁTvH'{ T HYY A e YAz~ | Americian Society of Mechanical Engineers
(ASME) 791X farere AU (specific ratio) T SATHTTHT YT, BT wafe AR T HEIET
A= Maar geaTeTg | FAla (discharge) ST T ATl (suction) =TI%h! ATAAATS (91T SATATT
AT | Y AR TG 1136 mmWg GEEET ST Sig T, e wate Areniel 1136
3T 2066 mmWg TEH T FHEIGL GET e A9 afg iy | [afees Rt s T
=T gl ferar qas dfcsm s o

Table 4.3: Difference between Fans and Blowers

SIHTT faE squa 9 g (mmwa)
Fans Uptol.11 1136
Blowers 1.11t01.20 1136-2066
Compressors More than 1.20 More than 2066
et ST e

e Working Pressure =g T

e TlAlhl Feldc U3 T ldlhl ATAdT APl -"ﬁ;

o FIS T@/ Humidification TET-CE&H FRP T@IHI YA T

o UE/EE WIFT ANRET ST ATHRET TW;

o FEE [HATIT Variable Frequency Drives (VFDs)ﬁ FANT T;

o IoF TEHAHI UEIe® (cogged belts) TANT IT;
o JUNRAT WIg IT I |

24
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¥.R ¥ YURAHT AG9EE

T Gl IREAVET FHAT RGBT AATA TEC AR AENH  SFEEH TR g
TEEH! AT URYS THAT YO WAl B ARIAT| SR WET el ATHRBT T T
throttle TeHHT YANT T RRIACHT T2 HET FRFHHT TIAT Tear TRUHT G| ITHL
A1 AT YU qRETT TR I YUTRIEEHT 30 IRg Y0y TFA FHel s=d WH I
leheg | TFIHT HTAAHAD! VAT 5= Annex 11 AT [GZUHT § | ATHATHT Hel HEE
T GIRET JUIEE T [GZUHT G

Table 4.4: Potential causes of inefficiency and measures for improvement in Pumping System

ATHATHT HEE REICIRSEIRES

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

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
¥.q0 YR T AT TANAT JEEET

F) Blow down S0 EHT'I?‘T

A blow down &Y YOTATRT THIeh! IFEIT O HIFH T@HT AR HEcadol g7 |
Tafd F=F REISAS FIANHT AN STl A TRUAT blow down AT Seeted d1q
JREE g1 9a | Blow down ST HHI-IGAT ~qAEa §e A9 space heating T feed

water preheating ®RT WINT 71 fsbreg | Holl S=rciebl QAT blow down ST el
T YUTeAIshl T39S (steam system piping) AT &7 @ RIS 9 SIS 99 |
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@) SEeAT W TS 9iRer S qare (pre-heat)

THE TUAT flue gas BT AT FHAMGSR ATIART T AGAHT TS THIarg dieel
T JATSET GOAWTET FET TRUT ST T A A Tl AgAdHl ISIST TS SUe
Elecal ?I?jﬁ (saturated) ATI=HHIFH TATIT I | sob\Id\lHIsd( U3ZT pressure vessel %\TI
gatae @ W A qAAM T 769 o9d T4 U3l g9 YhRH! Tl [@@ed non
pressurized feed water heater ﬁ L) qdr3d I tﬂ'rﬁ?ﬂ‘% ﬁ%ﬁ ér qo0°C g+HHHATA ?-IFH‘ST,{I
TEHT TSI THIFT BXh §°C ATIFH Figel T % 707 o9d TRISF |

7) Ysaa &1ar (combustion air) TS feer éf LGSR (pre-heat)

YSaAT BTaThl preheating AZALAT TSI U AT UIST [Aed 21| T ddra-eh!

AR = ot AT THUHT AT T stack TAECHT A tap T+ Al G waste
heat TEHT AT ANGDT AYATIA leabf%g | Shell, tube, rotary regenerative type air pre-heaters T
regenerative burner & WX ST A9 g:lFﬁ‘iT B! AR ATAST Al hel [Ahedet gLl

AT GAAH AR flue gas BT Fedd 2R W Aleqaq qa=HH =aT T Q% Fel a=d
T " |

¥.99 AT FD T ID UG BHEEE
%) FD (Forced Draft) 9@T

o FDUETT WE (furnace) AT ATAYTH TRATIIERT dTal eTdT IUGsY TS Fra-h! e
*
< QdD"IIHOt;I gsad (smooth and uniform combustion) T3 TRT mé{ Bkl PEEGRED
TR secondaryairqﬁ ERNES) *I(IQ'EM

o FD UG YU AATT ST THRICHE =TT (positive pressure) Icd= T |
e IDUET Fod [T HUARG AA Fp GE@IAAS] URS |

@) ID (Induced Draft) 9@Tr

o IDYET gaf AT ATl BT SYAEAIT o |

e ID ‘ﬁdl@i Lh:i{-lcild dust collector 9l electrostatic precipitator Ea) HeHAID dldl ?FlT
forrg T S amr gaters B a1 stack AT ST |

e ID UG YU rATq W@TIT qAHTUcHS AT (negative pressure:aTﬂTaT“ﬂ'q 9 qeal
FHH =) Ioq= T WEEE gat 2ersy |
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¥.9R FERE ATFHaT T SUH G e (3T w2
%) Blgel HUSRT

FISAH I ATSRUCl HUSKAT ATk AN Wlod GRIETEears ~a=E 165 |
AT HISRU JEH! UEAHT RRIae ASg | TIHR,

o AT T Keri ¢ Hfeed o e fafdm =,

o UM HE WU Al qqE WUHT Ied FHAAT Dlgell A,
e HITAHT JUHT AT .4 H. =T T g ga

o FITAEE IFT AL HUHT HA GET G AR T T |

uuuuuuuuuuuuuuuuuu
QQQQQQQQQQQQQQQQ
QQQQQQQQQQQQQQ

AR TR \- ~_Coal

(e o Concrete floor
Figure 45: Existing Practices Figure 46: Recommended Practice
W) FIeAD ATHR

o " TRUHT BlEAE! AHR: 3y A GARID g ULH | GeATIUH!
FIEaT BTen i qerd oo gl ST ATSHT Hifdeell GEd O9 [ag Fa

o hnN

ST UEAHT UHTIAl <18 WEd ag el HISadh] THee gal HIAT
TR ASH! T Y & g |

o T TAl ATHRHT HISATHT THEE BIIIAT HEH! T TLHT SCEE ST THATa]
g |

o UMl AHRDI gl TEA-37UT HHTHT IR A5 Tsaaqdhl X eSS |

hnN (o haN [anN
FHAH] TARC AT ATHRFT HIaAdls UE/GFR I ATHRB! Hlgal TS
b |
o BTl [UF BIgAl HEHT TANT T 94 |
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. o Fi 18: Recommended
Figure 41: Large Size Coal S:gglrlir SizeeCoaI

) ST AR (Spoon Size)
1.4-3.0 ol GHAD] Gl FFAHI FAN o€ WX A T ICB TG d g |

I EEALUN
o YWO-5Y0 UM &HAIH] TFETel GHM FHATACHT Il Blo:

o TS ditheedr AU F@TST Hieidhlel A &l ATHRS! FFll YN T4

Hicbwgg |

. | . . Figure 4ll: Recommended small size
Figure 49: Convectional large size spoon spoon

) U gled THA
WETT BTAT] TR 98Td G §1l [M@I-ad: 77 8led H 4 e T4 @] 96 g |
Il Z ATHTLAT single man firing BT 9 & g |
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Figure 4ll: Fuel feeding pattern

¥ O e

Bull Trench Kin & W 94T & gl T 3T IeaaH! A draught ATIIEH - |
I draught el o1 & AMAF ITHWT Y T Gag | BTK AT U@ draught

e & AR farer I A
i e draught

i, =feTd draught
IR draught RFT 3915 T QMUY IARTASTEAT W Yeg 99 draught WET TTeliehl <ATRT
IIAsY F draught 21| Rl Io18 T AT9HH IaRESE dedh RUX draught FEeiient

SIAT 91 9 T6g | .
)

o
LR e

Figure 4I2: Conventional Fixed Chimney ~ Figure 48: Improved Fixed Chimney

¥ g WHET
BTK HT BTATH H{HepT MFTIER saredl T afdheg:
o YSAAT YEHATHT G T,
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AENAH HAACTHT AT Hll qREAT SR

o FEURGT HAAE SRS AR T SIS &Ade darsd YAkl & ard

T T HIETHHT I BT T;

: 3
o HIE TAT HIST ol IcTA STy AIA (ol HEd T4 |

PREHEATING FIRING

TIRPAL
CLOSED ZCINE ZORE SOAKING
|
u
L |
o

WICKET ZONE

A
UNLOADING AREA

OPEN WICKET DIRECTION OF FIRE TRAVEL
Figure 4lf: Air flow diagram in brick kiln

WETHT JATH HIATHT BTaT A4 TRIET M Svareee duarsd 9ee:

o ICEE IMET TaA M WS (GHell TH);

o 321 FrERET & q¥0-9&0 fhe Ml TW;

gat et T Frereer Fiver T awadr 1 (o) Bt g6an);
eIl fafie WRTEeeTe <EEe Ad;

o TR Rl AT AT =AeRA a1 gat Tl (chimney ) FT TATHT ATIHHA
)
W FHA T &3, T A aRerer ww T wfEeg;

- gat FAeeH plate dampers (Chavi) T FARTCT draught Fa==m
RILe

- vegrll TS 2aTOR; U YANTAT T Ul At el avw

x ¢ =
SMEANIERCINES
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Brick stacked
in columns

Figure 4l6: Zigzag Brick Settin
Figure 4I5: Straight Line Brick Setting ((IZ%\ljimber s;/gtzer%) ! g

—> A—> 4> 1>
—_— > —>——>——> —>
. o o= Y= —> —> —>
—> —> — =
—_— > —> ——> —>
—> vy—> y—> y—>
Straight line air flow (FCBTK) Zigzag air flow (Zigzag kiln)

Figure AlT: Straight Air flow & Zig Zag Air flow

g ASAAT AAHEE

TSAAT/TATIT &AH] AP TFlg WEMT AW T AR 2T (rate of travel FAT 9T

T | Yo Sl g Sd AH WA I FrAART FoaedT A 5 |

Dampers /ATl TAWT

Dampers /T €6 BTK AT HETATs Hidh SATEREGHT [GTol 1T ST YT e
| TART A A RS dampersee 79 91

- e P,
. TREH Sheet |

Figure 4.18: Jute Tripal
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Figure 4.19: Plastic sheet

b HT A=A TG I GHAHT damper BE&aTs Bale7g I 31 1S NSl AEATS
TSt T TRIUHT §regl| Damper B&dh! IFEA WANHT AW HF Awiase

g:
o dampers/FPUTAE AT AT (WTS) WSS TG [HABT ARAAT Tﬁ:@_j e |

Dampers ¥ AT & (preheating &)1 =1 AR 50-2.0 fhedl T4 &7
< |

e Damper SIEREL ﬂlr;sﬁ T a2 Tlff Tff?,{ JA=gqAqT E\lﬁﬁlﬂﬁf el draught ¥ T
T @9q T YSdaqdrT g AT |

o TG AR HUHT BT BT T T WILHT dampers 18 il TAAT TG
TS | AAAT AATT damper FoId STFHT g8 SO ISR AL TAST qFg
(Dhasan) |

¥.93 TTET @I ~REHIT

Tal i TRl AR @A gRae @Y geWeal gell | BT | JEET Hel JeaEe AN
ez RITt 9T (fixed chimney kiln) AT ¥0-¥ 0% T Feara+ e e 92T (movable chimney
Kiln) #T 40-£0% @9 §rg | grmaaar e el BTK A1 9id <@ 321 Wied & &R

Y, STEHH HIZ GIT 575 |
%) fafvr afpamma T aeqem
AT TNYHT Fel Freehl Al AL (AERIAAT IL-Y 0y TH) A AT TN &7 |
ITRT YA s [ daTee e e
o ST TS TNNSUHT HiAT ST AR €T3 AMew Ftl;
o WITHl HAUNACT TS WA (Irreversible Chemical Reaction) ERUBIEUSK]
AEATH S |
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At §0-5Oy% WETHI ATAA TRUHI T7u A TIETHT WX Sg | d1T IgTacHT 9&d
HCHEe AW YR G
i, e IATRUST SSHTET AT (sensible heat) (X 3@ 0% ) ;

i. gaciEe MRS ge@r TaEHr Wl aId (sensible heat) (4 IRT 10%) ;

iii.  WZH! FAgeE g Al Terac ( Al @O gra e g el JErec)

(Q®-3%%);

iv. ST T WEl YLEAEE g AT TEEe (0-3%%);

V. FAHT ST CAGTAT Ehl Tacihl a1 AifSH TUUT ARl HIgal, HIaH
HATAFAZE T FoIAHT BISgIHEd IEee (X-90%) |

@) YA GER T SO e g

gl T HT Ioaqd  IARIEEHT Hel GHFd SUEed 90-R0y% T=aq aq 9
Afheg | I YHRSHT QT TIHT 316 TR Fel JUHEE A g
o WEITHI Hiel IaIclls JE@l aST dler Sradd! AT UaST 4% a1 Aval HH
A ARIATTT AUHT ST HEHT Ble] 963 |
o gat Teiae ARET Ta™eTe g7 A TR ST g T ST e I
=0T T TSI Gihvg | IraRuTdar AdNTh grareh! Ta¥ (level) 300-¥00y
e Sl g €9 T gat efene MR T aEH 00-930°C I S
AR T | W T WElETHT eal SEeEeH] GHEdT hl geg | gat el e
FASUH] T@Id, A ¥ [T THET (wicket gates) T BTATHT T@TaC U @I
e foq weg |
o TUF Blod ARAEEEHT IR T TeAAD! F-a/TAHECH B AT Hiba;:
i qU-R0 FAEH! A-TUHT AT YRHVHAT BIAel Z7 Blew a1 HIgal glod AAH
TIAHT JANT T,
i, BTGB THIH ATHR 0 mm WAl TS HIgdl HAH! TN T,
iii. TSl URh/AEHT Madh! aa=HH W00°C WRRT FEr WUHI FHiEd XI5 "
Tt dfh/ STEHT P e e I |

M EEAEE g A EEE AT T ZRTHT S T

HET WETEGHT WET YLAIENC g A9 TS IL% THH §reg Sgels W TTHishl WAl HETRT
FrEe T AT aRD! @9 Heged geg | AcAg® 1T TErac g el qed gage A

&3



AR SAeeh! T Gt qRewr FEfere

i.  WEIH gagare g1 9 TErEc;
ii. SAAETE g4 A9 TREc;
iii.  fa%c ST (Dwari) 1 g T TETET;
iv. WWW%(&W@W@WWI

Al AR FF SUEEE A9 =EEe <ad T4 aihg;:

i. e TEe: IATH HiEs R3S @l TEiad dEE 3-Y S99 Kerri filling T
T g3 R wider et T
i.  FSH gal Tl W g@e: 3.4 F79 Al TEI staggered joints ST T WK
T T,
iii.  SCTH! AMSHT AT kerri thickness & F==1 a1 WAl aG1 §] Tae;
iv. Socl€d WS A9 Ao g7 gled W] (o (Tawa) T TIHT a7 1T 958,
v.  WgT [T el S @ Feed e TR dI9 SRTEeHr B earsT ik |

9 inch
brickwall =

Figure 4.20: Conventional type wicket Figure 4.21: Recommended type wicket
wall wall

Figure 4.22: Heat loss from Tawa
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¥.9¥ TR (Grinding )T $ol sqaeq= T WH6aT Ha=avr (Reee)

‘ﬂ_épf(kiln) e H[ AY-IgH m%mﬁwmwm(control system)
TOH [GHhg Tlﬁ"_sﬂ PR T 3= W Jcdled 9™ TI%' AT mill T classifiers T
e HEeA Mg | e MeiEdiEeer 3¢ WUeies SSAT <Ag@ET gl 9230 &
Teardary = fafde yorelee saEafiE Tow Saesy g |

AT ol o= 3 21 3.4 kWh/t (GOl GITAT R-3% B A3 g5 T qER
TR AT QAT & AeT aRg R aUD] AeH §rg | WA HiH T TUEARAT
fafererdmer wrd e Ay wT wERET &

¥.9% 9 e i gaiuat s meawee

fardroe: Ball mill EGHT fUATST ATeTweGaHT AN GERUHT wear U TETdeGah! FEH
T Ay | UETSH WieaHgT TR YETSEeHT wear SR HIITAT AER FHE
TFF{'_?,{I Ball chargei%l?lTUT, TUaTeT WieTHEG®! ded! HeUT T wear FdAEr mill linings
o gl fagae TS W Fol @ud Terse b GeEET T@E gl Se
I Raerer TeT G balls TAT liners TIEAT UIET €] Bl, TEd AT FEqEE U
g1 UFg| 3T UETHl ﬁaﬁ@ FAEH liner TE: grooved classifying liners T YA
e | bEl mill BEAT YARUH! [UAST HIETHEEHT X-0% T FHAl U3 qo
FEATSAT Tl Erg) I 3-% kWh/t ot s sI0eR g7 |

¥.q & 9 Meems SRl Ue) g Jiedes

AT mill =T horizontal é_g[?lﬁ hinged arms HT LEEal grinding rollers 2T FAWTT compression
T shearing T4 e %M@ g | Fee qRTHTS O A7 BESiid =0l g4 [FUT %
U3eT A Uy S O ubharsT e e T@ ardr s YA g |
R¥ega! araarad (fineness) ATER ball mill AT GATAGAT 30-% R Kwh/T clinker 2T Tel=THT
TET Yol Ferdr 95,3 I 0.3 Kwh/T Clinker (T FART &7 | BTET AR mill <
0% EH ATGAT HUHT FHeal Jad THHR T 9Fg T A9h) Icde UHTIard &HH
fafagar g |

¥.98 I=9 AUHI AR ﬁ'ﬂ(High Pressure Roller press) T H-Efegae o« ﬁl?*f(pre-
grinding to ball mill)

T3Sl I AUH YR YGAT I3 UeReed Hodl UErdas 3,400 bar GFH Ta@ fad
qag WEel TS TEaE gaR 9 finish grinding AT Ball Mills w7 ¥4 ol gareg |
V-separator WU&HT AT YT finish grinding BT @RI QL. & kWhit [l wamT TG | A
TrafeeT JATEHT THT R0% Al WH T 9ag T 9 3T %% T Foll o=d 6 |
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¥.95 Hl Iq= BT AT Low Temperature Heat &t @Fﬁ‘q

e IcaEA®! AR FAeaTaT AEHRAT gal TRATH Sl @Ud 875 | TEAT GaHh
FATSAH] AN ASFA G HUHT TIT MfEeX stack IS oo TaTdelrs AAN T WEMT
TSI T YUl faeiady FeredT aasy Fears qepar qwEy gog | et 3eames
URRATHT IocTed TRATIH! dIaeTs QATEIAT JANT ATy afe? uegeeg | a9 saedmt
MFlaH =it GC SH! A HEeear T TI@ 99 9500 Ty | a I o
DT AT FHoAl SCAETHT FAN TRTAT T Jooled TIHT Fol IEAAH IR <A, T
forgd Rieate s i SHeie A vesy |

¥ e IcaeTwr Waste Heat Recovery (WHR) PUIRISI Suspension Preheater (SP) T Air
Quenching Chamber (AQC) S e F¥dh" TAEae @ IF HH dIHHST ardars
TATEETT BIHT IYANT 9 dFg | WHR  Captive power plants BT WHR STgeRE® (SP
AT AQC AZAR), AT TS SLeE®, MI=AT JUITCT, IT =0T JUITedl T gl Bers
YU AT GHIET Bl | SP ASak TAQC SSTRe! aTUels a*d TAlS eIl

IO Gl Icured =g |

¥.9R seiveg AT (Blended Cement)

wree [H7e ICIEAN Feidias U a1 Uh H=al dal Adeh aedee (Ig1 @,
pozzolans, blast furnace sIag,Wﬂ@@ﬁ EERiE]) CAREIEE ATATTHT AT s Tlﬂf_afl
YL A ACEEATS 359 Godsh! ATRANTHET WINT TRAHT W URUSHT %l T Fotha
T seree RHTed AlgHaH SESRI Al YR TRg | sclves  RHeEH!
AHBTA AN (& T2 9=aT A GHIAT TUYDN) HH & Gaae, TIU 303% W&l BH
AR, TETIET YUHT [RArcHT S &l i=aaan Portland ¥=cwT e HipcaT
LERIREREEY

soree e B TUHefY GURE WINT WS g | [QAeed Soured antd (Rl
S eAnTe) ST, Afafeh Goft @ T eHar Fede 9 T wgiene JerEe Aae
AN Selree [H7EHT IR ARRHH e TRUHT 1| selvee [Hedh! IcaEe T
WIRT @3t u R W R 1 Portland ordinary A= T portland slag e
fg®T 70 INTEEHT SAMFHEIHET FANT TR | TG AdRTh WEied Uh! IAM T
AR fasTeer Tt e R T TaaT RArces®! Icua" 9¥d UHIT blast furnace
slag,?E\%f @, coal gangue, IgT, zeolite, pozzolana STEdl EX| SiBtics BRESSIER Il
AT Fw Gieiee i Rillee Jeara=ar saus T FART g |

Tafs=l YBTEHT additive 26T HedHT Tl fAlHgdr greg | T4, IcTa, SIS(THT ATAAHT,

" )
JAETHT TR T Fa-d (el ATER el GRad gogy | FHH (similar) IcaTE-ab! Fragdil

ok
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BT Q0% TTUT AR Alhdd G| soreg [UHCH! YANT &Wd:  AThTs
TEATRT fadeq BT {6 9 additives T WAWTT fFeiahiabl inter-grinding < faeiey Icara=an
ST WANT (T HTe Jegei) =4 T+ /A AT calcination T AR HTa SISAFAIZE
ISR TAMEHOEN 9 eI Tag | Blended RATE®HT @M &¥y% & fGead T
H=ED! ATAAAT [l JETA B HAA ATTAT .Y GI/T cement (¥5. % Kgce/T
cement) g AHMHTT ©UHT IHd Tl’cfﬁl

T blast furnace slags <8 Fedl TA 0.0% G/t cement (3.9 kgee/t cement) Tl o
TIRT §7g aX WE e TeTaH A (by-pass ) ANE TAEEE (HepTed] AR-AH gl BeTs
HEAT 0.3 GJ/t cement (\© kgce/t cement) ST o gy T Ug HHAT AR FHATHT
AELIHATAS I TG | U AT by-pass AT & <RI I MJ/t cement (0.3 T 9.9
kgce/t cement) ol ST ESRIE] Mg | Hve ST TaNT T additives T Hed@
fafergar ST ¥ | Additives ISR TH AfdTh WISRY &HAT foeda! il ISRt
@¥ [qWd g | F9U blast furnace slag T8 R#ve IeUETHT YA ] e gedn T
AR g1 95 | ar grinding mill AT WElaE Exhaust 4T Supplimental firing AT
g IcaeH! AR FART WHT T Taigd TART I T qib3 |

¥.R0 WES! W (Shell) AT N AT AFE®! AR ( Improved Refractories)

B e SAAT RHTe Mgl ATEUEE Jeoled HIAMI A9 @S BT 949 |
‘WTH'F@?I insulating refractories (FR-jcf Iytherm)?r IRRCHEI HH AT Haegg | Refractory
Ea) Q‘rﬁ‘d EEIED insulating YUT®T T coating kTIH @ T fawm T awam AT
g | Coatmg?r qI FgracHr FHY TG T burning zone refractory%‘d%Wl_i ﬂ'{f@lﬁ
TS HEd 4 | Refractory o A9, TAAME T ATeA% SAEEE HElh! AT ATAATS
Y& &g | Refractory T TaTe Pl Foa1 UeTd, SO T Gue Aaredfasr GArSE
R g7 |

Sl W refractory %I e 311'93% T AT AFEAIT T WEDI relining T
A WY A IcaeT A I ISREARSEE ISR I TI'CEE{I {[W&Qﬁ Kiln- refractory
HI TANTT HEH! [T IR w6g T SCaEd ARG Secled HAMT =gq T
g Faid Tedy T Radl AaEMT FHolibl ATEIHA qHHT TEg | ATA
©UHT Kiln- refractoryﬁhightemperature insulating Iinings?:hlf forspTaet faeia¥an! Sva+ WanTan
0.9% 3T 0.¥ GIIt (¥.9 to 3 kgee/t) T HH AN | T AT ATIR. Tt Tgera
qeTdeEd! TN [AHd & 9 |
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¥.39 IFeTF TraTHT YA

e WEHT TERRT SAEREE e s dhicad a1 WX W SRR e
T g | IR AANHET ST AHoTH Saee TR AT S-S0 SaHT Hirad
T 9.%% AT ARG Rire IUNHT AR F SR AT Ly feedr et o
T g9 WEREEH Bl Fel geUT ANEE oy Rl a9t ASH RERERA HUE T
TARRaH RIERET, heat %, TT AT T ANl (Fe@r TRUHT) RER T<gH | R
WEMHT BHERE HIEEe i dled g |

e w3 BRERAE 9l I T TSl 6 ARl &l | HEd SEAFaes ScasH]
“IHET BRI ZeaAT AT HIaeh! HATHT T RIERE! dbicdd T T& ITANTHT
it T (SEEET A A Gt A1 61 S T incineration TRA) | BIESRT geEH
TEET T THT G T VAR 959 A H ORI 99 Wed AR A8 Teg
Safr T gl {hoalel 970 Fel GrTed Icasetdls e deavd a9 9 949 |
S Mregears u SarRaia Riee TR a%ioq® 7a-a! TUHr TN TR 5 |
S firgers ®ee deegwieg, qad Rifee IUNTHT YA RS 370 SaEanie Fossils
TRYAD] AT HIE SZAFISS IcasiAab] AAMI 00y “IFHIT WH T+ b |

¥.3R AR TG HHAT Ho0l SHIed9T T URRAT M= Wi

TERATD! ATEIT A1 SHAEGTT AT WOHT WEETE D] IEES g dag | Taierd
FHFY T GOAleT Goaerd 9Hhar T Faedee qqHd 4 HEd eg | qreedl
=TT IR ATl IeqTeah! O T UHMET SHAH IR ear3ee (@ Al
Scqiied fFaaial HeMue T WAERaTcHa T (reactivity)} ST9aTe Afg® <& faois fars
o T leabfsg | @=e 9ETdeRT uniform feeding WUHT ATAXTR SITHT o&d g1 TS BT
AT AT (R 7 | SORARET Rive FREMEEH! [e Sciadhetc] aaRHT waTIeHT
A= guetieea! TN Tlﬁ"_i,ql ﬁw HTW JuTelig el “Fuzzy Logic” q= = ar expert
control AT FIH-ATaRG Fae=0T yueiiee JAnT HEREY

fafere yomett &t fuzzy Iogicéﬁ fawea model-predictive control Bl ST ‘ﬂ@ﬁ EERILI e
AEAgE TN *Iisgl fafes wiEpar Foeaor Yomeiiee T on-line analyzers PRIE Trﬁf_@{
T Geaheedls YRl el Hedl Yariged! e G debld qal s
AR e TP Hoa qaTdeeh! MHvr qovd qiEde 7 afbeg | A Broeed
Sl AT T YA FFTAD! AN ABB WEAl ATHiId AN T IUAsd
S| TR a0 IR JEar Widfe YFSEr siemens T ABB STEdT AR g
FEAHEEe FAT Mg | F6aT Fa== Yueiis! ATeawaie 4% 3@ 0% q¥ FHai
T T b~ |
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¥.33 A9 AR IgHa/ el o Aeq@es T
et Fotel [FeBd] aUHT 100°CHAE §00°CHI HH T UEe | Fowal Jeferd

b . . . .
Pel®l F1IC planetary (or satellite), travelling @ reciprocating grate 91Tl gef | Fl%f

UM a

FeREedl el Tsaae YA AN secondary air AATSEET T Hiacidial pre-calciner &l
AT tertiary air = ﬂ?ﬂ?f@_{l Reciprocating grate <t Wgﬁ? [EaREE g1 T ol
WEIZEHT < IUIH g &1 Grate coolers ™ AT T@l T ATH BAT FANT e |

Grate coolers < 9.3 39 9.& GItTFH (¥¥ < LY kgce/t TFA) clinker sensible heat Elfl?ﬁﬂ
T FFGA| FTAH! AT TR FT R, fFeww et Meugdrs FEe WY T
ring grate STEQT AT grate TI'@'(WH}IE‘TW NEIRS T A | R Wgﬂ?ﬁﬂ QEIATHT
IR TR Togh! T9d 1 Wiobrg a8 Tq IAIEAD] PRAT T Jeasisb! Tedl qi
IO U 9Fg | Grate bl =HAT g1aT fAawomAr Fa=anr R Fwdt e w9 T rEnh]

o (eaN(a (o)
dA9=hH del3T Hlbrgg | ddhl ATdTh 33‘1(’“34%[ Avdeld gldlel g=d dlYbHD] ] “_@

T precalciner |T Fle! GId TS |

¥. Y BAGHT ATEEE
%) IFT AR T SHETIIT

FHAR AR T SFAEIIAD] BRI (oD a1 oA AUH! Fogals 99 Aldh e
ATATH THHT WH =T AT AT PR Toaele g7 el 57 | T7uT HISRW <
SUAEAII Ush HEcdqU T W € Aiag &4 B a8 g9 W S T gHd gee o
M AR 958 | Hel T AWM Sradas |l GHIEFT HISRT T4 S 3rab]
TUTEARHT B9 ATSg T AR aW @] Grad Sesg | g aal Higal ERU®]
YHIH AFASIA TeTae &7 ¥ A4 FETAcE® STed: BTl T carpet loss HIgel AIAd ot

T T7ITH T |

W) HAfAMH BT T AFH

T AHBIITHAT ATINT el T Sac=H] ARl ATEaeqH graTells stoichiometric a1
theoretical ETAT ATALAFHAT AF=g | TG AW TrUAcls I CIAT FATST AT ACATITR]
B WAH §rg| T SHARNE ©UAl AdAAiBA AT GUITCHT el SAfdich Bar AT
TRTETH 90 Tq@T Ysae g4 | A erarhn At qRETer gatEn mass flow rate TS
A G | ATHA IRATD] AR BT JA@ A stack IS g O F@TES I T
qfebeg | AfARTh BTem Wid Sdl S gats! wra o et 3 =) GRS IRIHRIT stack

=48
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A1 g1 TBEC dgT S | AFSTed sarl (flame) BT AIAHH T TATST HABHI T
TIMA-ALT < (rate of heat transfer) €< |

0, AT COz I WAL AUT I FAMAT ARTH BT TRANT A1 ST Aiobe |
ATINTH BTaTh! FIAeTd aash! YMAFRT 0T T Aioheg:

% Excess Air = (0,%/21- 0,%)*100

STef, aEdE® 0,% < gAAT WU TRUH! 0,% A5 TS |

AT TATe! TRHATIT T AEF TE TSaae S gl «ars S9dm SUIew
YIS b |

Table 4.5: Excess Air levels for different types of fuels

EXCESS AIR LEVELS FOR DIFFERENT FUELS
Excess Air
Fuel Type of Furnace or Burners
(% by wt)
Completely water-cooled furnace for slag-tap or dry-ash
removal 14-39
Pulverized coal
Partially water-cooled furnace for dry-ash removal 94-¥0
Spreader stoker 30-%0
Water-cooler vibrating-grate stokers 30-%0
Coal
Chain-grate and traveling-grate stokers q%-40
Underfeed stoker R0-40
Fuel oil Oil burners, register type q4-R0
Multi-fuel burners and flat-flame R0-30
Natural gas High pressure burner -0
Wood Dutch over (9 0-X 3% through grates) and Hoff type R0-RY
Bagasse All furnaces RY-39
Black liquor Recovery furnaces for draft and soda-pulping processes 30-¥0

Source: Energy Efficiency in Thermal Utilities, BEE
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M I Teae gRIEaars! A e
TG AT HAU Joae YU JepT FEl WH T geuhl GU AT Ieedd geael
AAEYTF §og | FAU Toaet JUNCHHT AFESITET HIE (FEAT geaeal saaeiic
W) T WS AN a9 IqA Teg | Iodad YhAThT AAIHARE W

o TTU

o Al (BT,

o AT BT, GR-jcf: Time, Temperature and Turbulence |

Y] AN ATALAH HATDT Afgst ATI( T (FIE GHATTDT BT ATTH T |
AlgF AR BTET AND AIHHH, FHeidh! qUHA T TS 3T HeISE | =g BTarh!
HATT 3o qUT Gsaad UTH I graih] HaEe a2 T, Ysaad eb =9 HaH
TG T AR BT q9 Soa TUIEaieb! [MRET T AT™ed® §rgg | Aldieh et ATaeash
HAT W4T HH WOAT GATAT Foreidhl TaEeea! 9@ g-g T stack AC gaAiH! TUAT AMeT
Fehee] | IUHRI HAGHT YA TEAT GUR T Ysaee erarhl abadE S
=T T SR T v g |

AR g o= i e fafiee Susy g

e BT (portable) AFTTT TATATEGSR T FIFE TSI TARTCl FeATAHATe ATHA FaATATH]
ATRT BTl 8T manually RS T HZd ™ RETN

e Continuous oxygen analyserﬁ readout draft gaugeﬁ TANTeT AR 8Tl T8 9=m
SHICEE

e  Pneumatic T THIHeX [l SIS FaNT T @e@ Foaeaw el o 9
Continuous oxygen analyser PRI leabfsgl Tl AT TS a%aa SqAT
TS Thar =T I 9aF arae |

) I T T

FEH] ICHE output BT AN AMUH! {HAR0T UHAEH! Y Uag | AW stock 15 G
@? fohAlh T8l scale FETAC ESE | [N TRHT ANNEE UHABAE (&
B O o o c N . o =~
(intersect) BT STEehT GHIAITATRT TIRT SHLEE oATaX staggering T T Fib~g | Hriawl
S!S AR BIAT Y T4e STHDHR:

h)
-
lod
o

o TG ATFHAH HEATHT {2idg TUFRHT dral Idedh! [[iedol T ARNHT Saral 9id
o TY WIH T SAREEET aRTY Il TAEEe T&7 bl Ieddd | &9 |
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Stockﬂﬁﬁﬂf@ﬂﬁﬂﬂf@jgﬁ?;
I. W%ma@mﬂﬁﬁﬂﬁmimpingement g,
ii. AT gat TR AHEC AT qaS g ST
iii.  FAUM BN oo TAFHT AoH el BT g7 qog |
§) AT F G AHH
FEIA AR TR AT I ATARHT 7 49 T df 8% a7 W g g2 | FH

AIHH BEH TE JeAEH! EHAT T <A a1 Aldd ATAHR g @rele
IEEE IEA T 99 | AqHA H=al AUH qIHH HEH T@ERT q9 IgEe, Audh

AfFaeE, R-Freieeed g a2 Rardedeears ad gaedt o ey |
) AIFA Fg s

FAEET [FUT WIKAT A(GHTH TT TEA JGH T AbTel TZUHT Frg | HAadr W’
HH WOHT ITH ALl JIsE qT9h! FHl AL /A @ Mg T TE HH g | HegHl
WX FET TTAT stock THAMEGIS AT TFEe TIHRIT [UEAHT HIH AT T [ T
THT FHH AT |

ATHA WX AT TREIEIE, Teieh SISHT el diel, A9 qbaar [0 e
T T IYANT HUHT ol AAT 6T TS5 | qarg- Aol gagdic Adhdd

AT T IAMEd Saral S T Hr@h! Fea@l AR ARIT T6g | aidl TaEee 967 TIH
AT ITH T qd8ee aad FAFHN TR 963 |

) Fog ITANT

F g IJTARCT Fog TEAAAE AGL T U HgcaqUl 96 2l | Jqars TSral daredr T
T HH Albad I T Teg | aFaR &G, AR IcaeT Ja-T T JHd &Hdr siear
HRUEES TaT utilization factor I g1 945 |

) L) draughtﬁ [RREEU

e U HEET AAAT ool BETRT WA AWER BUAT A UEE | BT g A
EAAMA BB ATh =T HEAR TG IO &g | HgWa TBcas =19 HIAT = T
ATAEEAE Bl g qFag BRI SEl/37a AT HI=A0H FEX Tagg | Hriaahl]
IS SETEdT Tl =T g1 T ATHA ATq] AIHHAT GHET G T STBHRI forging
Trolling STEAT Alegeatl HTT UPHATEEHT AT T G T 7d9 @UaH g T4 9 |
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) AfFae Ga@+ (inrichment)

BT R % ATFESTT T 9T % inert TTEGI®! AT §og | Toaeiebl THIAAT AT
STITH] HET T BIESOET SQGUT AT (hEd ag | B! inert T Ysda-ae
EFHT T AT Tag T HA9aE Al Hoell a9 qrEe WSy, ANDI quaHH
I UeTS® T OB stock AT 19! AT &X (radiation rate) TCTSS | BTETHT inert
content ©CT3 H%Q'HT TG T Jsdqdq (efficient combustion) 9TH ™ H@bfa | sdferd
BTATT e 9 <A@l T Gihre | TAYHR FeHT WAT TGGIEUHT FHH ATATTH]
FHET AT EARAHT HROTCT GATHT sensible heat lossHT FHH AT |

o) FHaH! WAETsE g AT TErae =AM
Intermitent a7 continious TrEECH] o g7gT ANTAH! 30-Yo e faeqr a™ REEG
Tg | AEIRIE GeCHr T I TR Sed Wik e S R T gegera
qaTdeRT FHle B Heeaql g |
FgH MAEeae aa REECRC ] T AT 37@?1'&7[ T ™ SiEed (thermal inertia) T
Al TS HUHT TRIIETHIY e Ja1Sq 9ag | Intermitent Tei€eh] AIRT Jrerd [ITEAT

T HIETE WUH SgcE e dee®! TR Hriadh! Mdleed! ad WISRIT T &THa
T AT 9T dI=BAAT <a13 dN - gaIs & 0-80 FAedard uerag |

T) Emissivity AT IR TS WHE HCS
EAEAT A9 FOROT Feud: im0 emissivity WTOWR TEE | QIERO
RaFcdge®!l emissivity S=9 AMIZHHAT Uy T AHF Flicgd RHAaedeoh!
emissivity g | Fahl WE adedr I emissivity ‘ﬂ@ THE #iee THISUHAT
emissivitymtmﬁwqawww Ir&fal SEREARCANS T operating condition
ATIR ©-R0y% TEAHT Foil a9d WY g1 MLUH g |

§) TI-IE® (openings) C @ I JeTACHT LD

ARl RO FEATH] THAHT HrEH] Gl T Taaeedle i JerEe AagarEr
| A9 FEES BT/ AAETHE g gal TBTacH BRI UH §rgg | A9 =[@rae ek
AT N caTeg® Aq%e a8 (optimal level) AT TE AP &g | HrEAT Jrod
BT =Y (=0 TRYAT HAEHT Icael TNUHT Fel ddehl T % A IEEe &6
(BEE 2010) | TATIE®eE & A EMEC qeld! FAS AT e

Q= 4.88* T "*a*A*H/100

Where,
T: absolute temperature (K)
a: factor for total radiation

]z
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A: area of opening
H: time (Hr)

T) HAEHl TR S AT JAAN

F AIRIE YBRATET gog Yo 91 WEHS AAEeaEa 3o 78 SR aie
TINTHT TSR] Aals @ W a9 Wiwg | aTdEeuraT UHT aal Jeaad TIeeT,
AHfTE FFFaETe e quee T O SIHET Ideeedle TR g ard WX S
AT HTee g T |

TG AT I AHH R G=@d g g hrEde aieid gatare g a
TRTAC Io<Ted 573 | Stackﬁmmﬁﬁ@(qﬁﬂmétaﬁwwhm
Ted ol THAH! AT BN | TAAH TTRUHI WX A q9aATs. TR T Fsaad
gl [U-Ries 74 a1 arqeears MR T WA g | WX W 9 I 9% g
Afer AIT TeracHT HIqH ~INHT AT T AEavaE g | RegeTHr SRl it
AEEIF Tsactd el Wiee T gardr @8 WM arddl 93 7 Rpie®! JeM T
A T A |
3) Fell TE BT AT

FI ToaT TUCAT FANT B AT o6 T ST AT T Foaele T
eI MWHT Weg | 3787 T6 TEE HH AN el TaCAl Fored grgd 19 TF e
turndown TATd U8 Tlé_sz_{l M facilities AT 90-9Y% % TEAHT FHAT T9d TSUH! T |

Recuperative T regenerative Tl IAH Yedad SEdl Y& qIéa T d9 W EFARS
AR HH T4 |

¥.RY e & (Furnace Efficiency)
AUHT ITANT JeurgT T A ARIGHT AT = Eideb! TE7T 81| Eridsh! TErar eael
T 9yedet g g o we by
%, Jeael il heEere Jeuied aEds! 9GS dlel S1ud @ad HUHT Feeh!
RATTSHT ATIERT Boge! S&TdT T e |
@, Aqa A e sensible losses AE HHHT Ble ZraEHT ANAAE ST
A TEAT 0T T |

Furnace Efficiencv Evaluation

v v
Direct Method Indirect Method
Figure 4.23: Furnace Efficiency Methods

A Y& T AYALT TAgry =g Z&TdT UETeh! [@e<0T Annex 7 T B30T 5 |
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IR YL Hel ARG FidagTat qard
FidaEd T Ho RS UH  qcA=d HecadUl =R B Widesd WANT N fafe
AUHFRATACEATS EATHT T TREAT FiqaaT TR ARG T8 | Af-ad JaaTar qeas,
qeiE FETT, ReEee, F91 o9d, and o=9d, HAadT dErd T [eiE TRueHT
FoT g & T gomedr gm qrHETT ‘ﬂ?ﬁlﬁfm (simple payback period) quTaeT
T T F |
IR YfaeT TIeaT SATHT TYI Hel HecaqUl [udee JqusR g,

o REm wirET TE Ry Wiy B o wwha wewee o e s
AYHT A TN AT, SEACIR a1 HHA-TFR USSR ¥ Sqa@dad! fide
YORATES T AFeg) 15 Ugeh S FaT T |

o TREAT WidaaH HieTd, Wi, e T ASEnT et Wl FART WUl 5] 9ae |

o e, AW T YR FEA T il SEell 48 Whee TN T uEg |

o R wve HEE, 98 T i Feomkae g1 9 |

. FIATTT FAEUHT GROTEEETE W BUAT SATEl R TEg | HEeAr! gRoee
REGT WUAT AT O W AR U STl i Ueg | J9dl ol
Gageferar feramor (sensitivity analysis) T3cT ﬁ%ﬁqﬁ AT 2l

o TR AiaaTHl [ TR ATSIEEH e T4 ASBEAE AT 2qeqa
yare T T | AT 9 WA g Ui ket Rraesearr s e e |

o WlAaETD! TET T AFHT YANT WUHT Tealg el Theddl g Tad |

o AT (calculation) TRUHT &0 HRAEEHT A T THGH! AN SATEAT TRTHT
g1 T |

Tq FIAAE WH Aq9T ¥ e gfaea deareed TR WHT W EA diadeast
QRAETHT AT T TRUHT JEEOET EA WG] s &= Anenx 2 | 5 |
AR S a1 gReEedr RenE TRy Hweuee SEaaT el A g T
JYHH] AT ATET Y e &g | a8 Fafe T IJubbT foshell/ Adfidbaiab! g

T TRISATT WEHT HEd TE |
Y. IRTT T T

el el caaeaTI (top management)ﬁr&; TR [FUT T &8 TArg-eh! Al
qiEe RUST [hedgeswl Afde (&9 (financial analysis) ] Hecaql &g | Sth
feram e UEeHl Aaid g7 we:

4
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o« I QAR FAl T

o TH Fl SEd E9T GURT ATEE T S JaTeE, AAERT STl A7 EIReT
T HHA-TFIR M,

o HAELTEH T |

TIF IUHEH FFEEE (opportunities) T 9 AUEAT AT FoTeld VUSRI AT AT
HeATS TG Uag | ARTa-rd =T (cost benefit analysis) ¥ CECANCIPria Bl S
AT HT Aatd (simple pay back period) , Net Present Value (NPV), & WaTe fafd
(cash flow method), Return On Investment (ROI) T Internal Rate of Return (IRR)ﬁﬂ%ﬁFI qrHETT

e fafer wervaT e fafdr B 9 ARerar wanT e | A e dfebTer IO i
A THA AW = FA /S AN s
v @rsteesd! aRie, RAREse T ANd @ @ dies ad e § |

Table 5.1: Energy Efficiency Options and Payback

Annual Savings
Fuel Value of | Investment | Pay Back Period

Savings Savings (NRs) (Months)

in Litres (NRs)

Energy
SN | Efficiency | Demand | Energy
Option in KVA in KWh

1

B
Total

Table 5.2: Types and priority of energy saving measures

Types and priority of energy saving

measures
SN Energy Efficiency Option Annual Annual
Electricity/Fuel Savings in | Priority
Saving (KWh/MT) NRs.

No Investment (Immediate)
9 | Optional Improvement
House Keeping

Low Investment
Controls

Equipment modification
Process change

High Investment
Energy efficient Devices
Product modification
Technology change

%
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e

T AT B B ORI AEeE 9, W U SAawd e ¢ YRl e
fafee® |

A AN @ €. L ATE@EEHH] TN T U qunEn] SRhl At |

I A Al Wara 9T It ol T A 9w 9eer HHHT ARl Aatd |

N
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Annexes

Annex 1: TIFaUT Fq@2@% (Conversion Factors)

Units Kcal (000) GJ TCE TOE
Kilo Calorie q.0000 0.00¥95 &% 0.0009%R% 0,0000% 8%
GJ RIT.TYLR 9.0000000 0,03¥qR0T 0, 0%3¥&RR
TCE (9000 00 2%.3085000 | 9.0000000 0.0&CBERR
TOE 10%%0,00 | ¥R.&qB000 | Q.YLYREEO | §.0000000
Kcal
Fuel type Unit (000) GJ TCE TOE | Other
Traditional Fuel
tonne ¥000 1&.8% | ol | 0.3% 9.¥3 m3
Fuel wood
m3 RZ0O 9.8k | oY 0.k 0.9 | tonne
tonne 8qoo RR.83 | 9.09 0.8% | R.BG& m3
Charcoal
m3 RYGY 90.¥ | 0.3% ORY | 0.34 | tonne
kCal
Commercial Fuel Unit (ooa;) GJ TCE TOE | Others
Coal tonne 000 RL.QR | otg oYg
- KL 30.0g 0.£99 | Tonne
Tonne | 99V&0 | ¥_.RY¥Y | 9. 9.9¥ | 9.3 | KL
HSD KL RO&O 30R3I | 9.R% 0t | 053 | Tonne
Tonne | QO0R&0 | ¥XL.G | Q.40 q.00 9.9 KL
L DO KL R3YO0 3%.94 | 9.3¥ | 029 | oy |Tonne
Tonne | QO0R&O0 | ¥XL.G | Q.10 q.00 9.9 KL
0 KL RT&O ¥9.R5 | 9.¥9 0% | 03 | Tonne
Tonne | 904 &O0 | ¥¥.R9 | 9.49 q.03 | q.086 KL
GHh
Electricity MWh &0 3.% 0.9R | 0.0t | L.t | from
oil

Source: Energy Synopsis Report WECS, 2010
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Annex 2: ﬁ@ﬁiﬁ FAGGH! AN FHl URET HAagT Bi=m (Energy Audit Report format

for Industrial Sectors)

%) HfaasTa! W @uewr g7 U

o Widaea®! ofivaE;

o UREH YH: AT GO T Foll ITARTHT oeqd Foll qeew;
& /TR RGBT SHEHT H;

o TREAT T THEHT T,

o TREAT Fafe;

e YAN® ¥ GUHRATARE |
g) aMIK:

TG GUSHT TRET Slelleh! Jdrel [Afaafeded! g&diei TR UES a1 TRSIHHIdhere e
BT qFelg Hed FUHRAETH] ANEMH! HaL T G4 |

M) AT A

TE GUSHT WA AU AEYIE  GARAD! AN ALTAT  CRAHT  GIETeThl
AEEERdH! T T| g |

H) FIAAGAAT FART SUHT QAT TelahT, TerhT Goll, AlHsT T, Halueh<el, AHH:

T GUSHT FSARAT T AT TAdGTH TART HUHT QAR AT, qeThT G, AiHeTl
T, BT T AHHEE Gohd g dFgH |

T) TART HUHT STHTEEH! T
TG GUSHT FHull IREVTHT TN HUHT ITHTEEH] T el K 163 |

) QU (Summary):
TY GUSH W(daa-cl ALTTEE WH TROTHEG ! FET T T+ Aicbrg SIGH Bieaar
e $qee qHET g WG

o UREV TRUH FHBHDT ATIRA foraT;

o Trgdm Smmr aRsm aRuwr 99 St gEar dEeRe, Fmerar qies e

A FHell AR GEAEAEE, At TIHT g ATfYE b TRIEAEE,
AEATAHAT T T BT AAEARADR! B Ueb ANCTBTAT FHoll Feral Habeush
T,

R
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o TTAHEHATHT T fadhed T Y AT (T oY Weal HHD! AHd Thil dard);
WEIH A (TUHSRd 3 AUGFHH] QAT HOhMl dg); a" @iy (3 o wear
LD AW BT 4T ) |

TREYR ;IR
9.9 ETTH IR
1.3 F IREATH FEATCT
Foll TREATHT FREAEE T G
KW AT F Sied ¥R I Hadd®] ed [edid WR/Se9aH! g, Tegedl auadb!

(ROxXx-yy) HIi¥e ATIRAI ITAEH, &N ITANT, fFgd @Id (NEA), Diesel Gneretor

(DG) T Fraid Ioares (e T A WTHT), FE3catad (cogeneration) T Renewable
Energy (RE) T STeRa Jeurad, =iid @l T WIRA Avd frgas an <
fafagamr feerfrafed @ [iEa fBEa gua, e qedeedt ae Soord T,

¥ &l AT A Fied Sl SEd UR ATEEe:

Power Factor 4T

AR SFFEIT (I=oaH AN AdH ),
DG ¥ZH! HHULAHIH AR,
IfT HCHT FEIHIET ATTANTR] GEATET;
I TUAT RE AHANT (AR V) BT FEATET,
g ITHAT AL T AT JUITeATeh! AICET,;
WY W AT A,
HVAC;
B AT TS |
9.3 i ST S

(Treumar =g, TaOer a4, Yarge, bl gar &qAdn, a1 Taad ame
e, faedia aur 9l St guq T aifie and JEd T "o 1)

q00
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TReaE R: AAE AT Foll qeee
2.9 B S ST Fevdee:

ADMH  &oeesT Fgda ot T IR cyaedd e, fe, RSee g,
g 3cqlad o[ [d, power factor, TIART 99T W HER[T (time of use tariff), C B
a1 v, A e Sut ava, St @ud T ger SUHUEE (SEd: e, e,
tIﬁ?‘i?T, HHEY) breakup T GIqdTe 9T W FREECET FFa-ad Femdee A
uEl

.3 AT FHT STARTHT EvdEs:

AORE AeedET T Fo SN, FEE adie H9 @ud, Ta, aeeRd! gee
IEEIEG (operational feature) 8% T ﬁf?f@‘cﬂ(speciﬁcation) Be &I T

IR 3 THIdS Gl caaedaT HAFH
N A

ANNE SFEEHT WHE Sl STaeaIT FREHTHT ANcadihl ATIR, FHol ST
ST AdaTgaih! IRl g+ Tdeged A, MIS YUITelihl arg-1d [&evdee T

D (o N o
SERINGIESERESIERNEINIE AT |

TREEE Y Fell ST ATUEE

YidaEel I8 WUGHT B FFUEH] T UETe® veqa ey e fgde gorcieer
S TR ATIECATS qHS:

o HoIl TEIATHT ATIETHI 'QW(EE opportunity);

o TAH AT,

. R,

e TINTd oY,

. TawcTee® FEFEATTH AEvTF ATANT A,

o TNTA A (cost benefit) o Iﬁ%_"ﬂ Ell W HMHIY w EEIB) (simple payback
period) é_@f;?aﬂ
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B A

.9,

ST AREAT Fideaw [ HrREAsEEe TR T IS 1
HEaa @Al
EEfaftee |  FrRar safke T R | fevafiee
T | 9\

YREEE Y : Exhibits: WEiRTes HUAT {a#hdre! SHHR

FAT gEar farer (measure)%'&ﬁ Hjﬁ ﬁ 1%!"@?[ T a4 (sector) AT ﬂ@WT(application)
ey grg T Aiemidt vuH e fafeee qwEe g1 qag:

JEAH AT AT T, GHE ATAR HEAD] BIAT ISTITHI AN AR Fqer
(load shifting);

qTeR. FATFE AR, T A FATFe [HI=A1T (APFC);

F TEIAT &Har HEeAm (energy efficient capacity controI)Eblf M variable speed
drive T 31':[9’&!“;

SUANIATEE STed: TFY, T, HHEE, hokad T SiEedr Fofl T&7ar Jhar T,
A, AGHHHIT T GHAT AR/ FARA;

AFEX T AT JUIA;

DG e, fagda wél, ’ex, v T Afees =1y ieH T&ar garR;

YE3IcUIe AIATS;

ATIHH FI=A, occupancy sensors, WA ol AIEITIT JUTTel STedT Taana fafer
AIATS;

AN ETHAT STARTATD] AN AAT AR,

q0%
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FHEIEG BTE1, TFY, Y@T T Ah@qale JEEe T wastage HH 1 O SHACATITHT
FUR;

Heat Exchanger T HTI&TwaT gw AN Fre el [-Thicle;
¥WT WUEEH RE ATTANT |

IR=YE &: gEaEas (Exhibits)

Sl TREATT HIAAETAT ATALAHAT AR T, THN TS D! AT AT TLATHHT GHGTAT
THAEE T [F THHRIge THEL g qag;

ECCIEERT (line diagrams);
PIEIRET ﬁ?-_cljf [EELUI (technical specifications);
FAle qEF (design data);
T =l (heat balance) STEAT faredd MRS,

ﬁ'(-_d:cr HIET AR GHET, SRl THE, steam trap THET, ﬂ@fﬁ? TIETT ATl
[EETUE

IR FEIAT TQICETHT fohdTan AT
GMATT Yecdle (general tips), L STIEITA ﬁm_ﬁ(housekeeping measures), AHT-TFA
HeferesT ofe |

?ﬂ qtdldvlig o] \'b\l‘lT NI SIERR LA 034°|5||h{°|'>(‘|| dolSd HbI, HAlAY, Yl %l_"\élff
TR, AT GEdTee a1 HUHAT A-qNd FEAee (S yeierd T I g) are Suded
o WeHTe ATEeeh! G a1 wfsbeeg |
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Annex 3: Sl AETEHT AR ATEIIH ITHLT (Equipment needed for Energy Audit)

el e AL ATHT ! identification T quantification &I ANT HAT ATAAH EL
A AITEEH! AN IJTHEEH] TN AETH g5 | A SUHUEE 8P, [Cbr3, Foer
T WAl T TEIcH TOHT FEAT g el g | WHEATA S AR FRITAT AT
TR RIfeEe e g deFeg;

AC JUTAHT ATIRYT g RIHee%: Wieed (V), FEd yaE (1), qE Farees (PF),
TEHT qRE (KW), TI¥ b (|RT) (KVA), TaERaTcHs® 9TRE (reactive power, KVAR), 39l
gud (kwh), 31T§r%(frequency, Hz), BT T |

DC JUIRIAT TR el TiHetee: Hieed (V), FEga9am® (1), 9ih (power, kW),
FS @UT (KWh) 3T |

g e o= Hecaqrl RiHetE® Sed: dHH T a9 SeE, &, g ¥ T
FeE, T (liquid /T eTd, Hid THTe®! gHTe (RPM), BTATH! o, HATETST T %I, gl
AT, F Giid 319 (total dissolved solid), pH, ARI@IATRT AAT, AUETT TG, flue gas
FI AT FEE SEAFARS, AFded, HEA  AMGFEES, AohY,  AGeNHEH
AFAZSEE, Yoaad s&al Al |

SAEAAIE EACEHT ol TET GaeT T M FHel AT /AT STHEE ATaTH

SN | Equipment Equipment’s Image To Measure
Used to measure electrical
Electrical parameters such as kVA, kW,
Power PF, Hert_z_, Amps and Volts, etc.
1. In addition some of these
Analyzer .
instruments  also  measure
(Three Phase) 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.
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SN | Equipment Equipment’s Image To Measure
This device is used to analyze
Combustion the composition of flue gas from
Analyzer/ Gas boilers and hot water generators.
3. analyzer/Fyrite It measures gases such as Og,
) CO, COz2 in the flue gas and
kit calculates the  combustion
efficiency.
Used to measure flue gas, hot
air, hot water temperatures by
insertion of probe into the
Contact
4. 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.
Used to measure air velocity to
{08 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
. transducers that measure the
7. Ultrasonic average velocity along the path
flow meter g 1y 9 P
of an emitted beam of
ultrasound based on which
calculates volumetric flow.
8. g;?rI]t;rla To capture images
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AENAH HAACTHT AT Hll qREAT SR

SN

Equipment

Equipment’s Image

To Measure

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.

q0%
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Annex 4: FH91 ITCETITEHT a'{l"FIT gL el TaRET (Safety Consideration during energy

audit)

Sl TG T {afirer JTIRIT (utilities) T HINFEE Aisie T B TG0 grg | aad
AT TER JUAEE H U Folt URE AT AN USer Weeadul 9 gy uEg |
qieeror aretiers LT WEF =TI ) YLEAT 39k (Personal Protective Equipment,
PPE) %1 SITCHT qUTeTT W 3y T4 T refier URET S &l Higed afH Arhers
A e T gav | uREwee FudT el a1 S TOHH g TR
S arger, ffex e Ao WEl seeq g g7 Ty | wEvasd WA fHEdE

QETECHH] Trollge NS Uag |

JRETHAEE ;ﬁ‘ﬁ% FATART SUHT, [I9a: open drive shafts, Ul (belt) a1 FRE®T
WUFHT A1 FAue ge PR Wfidees aien Wt o 3 wEe gy v
TREATFATT STHT W AT T HEHBT el ANECHE GoaAee ] 9 T a%
JUEW FAAH AT AEASFHA TN 7] TRg | uREvEdd geed d
qURAEAHTE AT THHR RS FRed FAu SuHH AE W T FRew w7 T
€37 TIford FeAEee ATHAT AT WA gl IR el Geell FUSRE ST
€3 | e Jae WURT Uger GRAT ST difee daR T ARE Sefer ATEET s
Teg:

forga T qwEe gREe @
o UWF AUHEA (GG YATE HELeH! AibaHT HH
e FAUM ITHLHT FH T AR Wi woar Bregg yare T fasee ave T
e Log Out Tag Out (LOTO) EARIECRE] Tﬁ;
. T gAAE e fagd AT widewr W W&t ¥ uer e @leqnr @
FHILTT T,
. WWWTﬁfvmylnitrilew,mﬂTWWW}
o TIgAT YOI HTH T GIAATD! e, AAS AT Sl S

o FAU TUBIET Aot W AT BT ATHH infra red gunsbl JANTT Wi T |
AATEATE JUTTeiieh! GEEH! AhT:

o AEIH TS [T ATER BTFT Ired B (particle) Gel THRDI €A1 el HIEH
511“3%1;
o [anN c o C C
o FHH GUT FNEHRE TAEGH! AoE HH Ta1 HEHAT A6 HIET BT (cartridge)

HI JANT T, AT TH H1q9 aeadd 1T,
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o AU ATATEETAT HTH MET ATCHMRT (self contained) HTAYEATE  IYeHIIT (breathing
aparatus)aﬁ YART T |

AU U (Hearing System ) &t GL&H! AN,
o Tl ATATS AST SAGCHT HIH &l B I a1 BT ST TeAh! TN T |
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Annex 5: SATHT T FebarT B (Baseline Data Collection Format)

Parameters

Information

Name of Industrial Sector

Year of Establishment (A.D.):

Scale: (Large/Medium/Small)

Reference baseline year A.D.:

Production Capacity MT or KL

Annual Production MT or KL

Location:

Contact Person:

Designation:

Telephone Number:

E-mail:

Website:

No of Employees:

Presence of Energy Manager:

Compliance with any National/International Standard (NS/1SO):

Energy Aspects:

A) Electrical Energy

Al) From NEA Grid in kWh:

Total Cost of Grid Electricity in NPR:

Electricity Consumption KWh/MT or KWh/KL

A2) From Generators:

Types of Fuel used:

Fuel Consumed in Liters:

Total DG Capacity in KVA:

Diesel Energy Generated in KWh:

DG Electricity Consumption kWh/MT or kWh/KL

% 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:

B) Thermal Energy

B1) Types of Fuel used:

Quantity of fuel consumed in Liter:

Total cost of Fuel in NPR:

B2) 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;:
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Parameters Information

Capacity Utilization in %:

Weighted Average Unit Cost of Electrical Energy in NPR:

Specific Thermal Energy Consumption in MJ/MT or MJ/KL.:

Specific Electrical Energy Consumption in KWh/MT or kWh/KL.:

Total Annual Cost of Electrical + Thermal Energy in NPR:
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Annex 6: TIE T YA FAfRgRT AgaC S&7ar o (Boiler Efficiency calculation by direct
and indirect methods)

F) yeae ety

g [T W STouHT (fRUs! T HT) qiEd gar feed water < W8T (gain) LT
FA A T TART WUHT TG wabl Ho qUH] ATAAATs T Mg | TEdl earsgT
BT AR ITARN Jeare (sseful output- steam) T 1T «RTA (heat input- fuel) T AT
ATAITE I EHT(%T IS “input-output method’ g A |

4

N

Fuel Input 100 % + Air

L

/U\

Figure I: Boiler Efficiency Calculations by Direct Method

This efficiency is calculated by given formula:

Heat Output
Zeat utput » 100

Boiler Efficiency = Heat Input

. .. Heat addition to St
Boiler Efficiency = ————— 220 ¥ 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 = &= 100

qxGCV
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
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AR SAeeh! T Gt qRewr FEfere

AT : HEE A9 (Working Pressure) kg/cm? HT, superheat dT9=6H T feed water dT9=6H °C

M IR |

For Calculating Evaporation Ratio, following formula is used;

Quantity of steam generation

Evaporation Ratio =

Quantity of fuel consumption

Y& fafesT wraeEe:

o AR TEAT I qeATSAT Aftbrey T EEN 0D ATTIAHAT T,
o HE HIEEH! AT ATIIIH AT IS
o ATHTH! AR HE T-ABTH AA AR U2 |

g) aycaer fafg

00 e A1 FETEacee (heat Iossfractions)ﬁﬂﬁﬁwmﬂﬁﬁw?ﬁﬁw
T FErEae &y a A | ar e T&ar MR 9ERamAr blow down T[ETaC GHIETT
TRE | AveaE BftgR AT g T @i BEga weEk ao e ) g
Ao e T WY AR SAeTH e ol caaeamm et X U HrE
LEIELE Y

Steam Output

6. Surface loss | [{ Moisture in fuel

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
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¥ JEracEe T, T T 3 TREAEE To AN TG

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

L2- Loss due to hydrogen in fuel (Hz)

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+L8)

ATaE e Mg TEAT UART AT AT HrEEr T O

Agcae RfERT Sger TEar T T SigeRd g 99 qeracet Hud TR g |
FETACEE @I HUD! F-ah] TAIIE FEs CIH Fai-ad gregiei |

A) Theoretical Air required for Combustion =

[(11.6 * C) + {34.8 x (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 =

*x Theoretical Air

EA
1+
100
1) Heat loss due to dry flue gas (L1) =

m * Cp * (Tf — Ta)
ES
GCV of fuel
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Where,
Mass of dry flue gas in kg/kg of fuel (CO2+SO2+ Nitrogen in fuel + Nitrogen in actual
m ~ massof air supplied + Oz in flue gas) or m = AAS + 9 kg of fuel
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« H2{584 + Cp (Tf — Ta)}
*

GCV of fuel 100
Where,
H2 = 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 * {584 + Cp(Tf — Ta)}
E'3

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
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Tf
Ta

Flue gas temperature in °C

Ambient air temperature in °C (dry bulb)

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

%CO * C 5744
* * 100

%CO0 + CO, GCV of fuel
Where,
CO = Volume of CO in flue gas leaving economizer (%)
CO2 = 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

* 100

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

R0 RO qo0 0.09%

RO 1% 10 0.00%g

30 33 Y0 0.09%

¥0 30 40 0.0Y¥

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

Q
2
% Type of Boiler
4
&
]

Fuel GCV
c Steam Generation Pressure
Q 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
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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 %

Y% Moisture %
S.N. | Ultimate Analysis Date of Test Unit
q Carbon %

Q Hydrogen %

3 Sulphur %

% Nitrogen %

Y Ash %

g Moisture %

9 Oxygen %
S.N. | Water Analysis Date of Test Unit
q Feed water TDS PPM
Q 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 02 %

3 CO %

% Flue Gas Temperature °C
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Typical Instruments used for Boiler Performance Assessment

Instrument Type Measurements

0,
Flue gas analyzer Portable of Fixed ;?ir()ZOz , 02, CO, Temperature (Flue and
Temperature Thermocouple, Liquid Fuel temperatur_e, flue gas, combustion air
o . temperature, boiler surface temperature,
indicator in glass

steam temperature
Draft Gauge Manometer, Amount of draft used or available

differential pressure

Boiler water, TDS, feed water TDS, make-

TDS meter Conductivity up water TDS

Steam flow, Water flow, Fuel flow, air

Flow meter As applicable flow

1=
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Sheet 3: Format sheet for boiler efficiency testing

Date: cooiiinnniiiiiiiiiiiiiiiiiiiiiinnnnnns Boiler Name: ......ccccovviiinnniiiiiiinnnns
Ambient Air| Fuel Feed Steam Flue Ggs
Water Analysis
5 et Surface
i ry e
SN Tlme bulb bu'b FIOW Tem FIOW Tem FIOW Pressure Tem OZ COZ CO Tem ;—e-rinplooé
Temp.[Temp.| € | on | 1818 | o | T8 ez | o onl op | op| 0|
on' on' kg/hr| °C |m3hr| °C |md/hr| <@ C|%| % | %| °C
Boiler Operator Boiler In charge Boiler Auditor
N (o
D) NI TEHAAE FAL T HRE AAeE:
o TTUAHI IR TSAATHT HIATA T AHA A F&T;

AR eTaTH! TRH! ATHAT;

o\ oo
qgaX HIE aedaml -k,

oo
yodad gl [W-fBles;

o o~
tehlelg T hH Fgldchl ~Y[dh T,

fafeFXT (radiation) T ¥a@ (convection) JRTAT;

TIATT blow down Ha=auTehT iR
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o TTUH AT AHAT;

o U, BTET WfFT AN T TFIEEHT AN variable speed control;

o AT ARADI THATT;

e Trap gferureRT i 3 trapﬁ ?fﬁ?f;
o ATETE UHHIHT TAATH;

o Y IRTEC HIH I/ |

E) Schematic diagram of Boiler System.

STEAM 4 T EXHAUST GAS

'A VENT

PROCESS

TO
STACK —'(

\

DEAERATOR

»~ PUMPS

Economizer

Water Source

VENT
BOILER
BURNE
BLOW 1
DOWN FUEL
SEPARATOR ,L

=

CHEMICAL k r
FEED

SOFTENER

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

THEORETICAL COMBUSTION DATA - COMMON BOILER FUELS

_ . CO %iin
kgofair | kg of flue 3 Theoretical 2
Fuel req/kgof | gasikgof | M offluelkg | CO,% in flue gas
fuel fuel of fuel d achieved in
ry flue gas .
practice
Solid Fuels
Bagasse IR 3.¥3 R.&9 R0.&¥ q0-9%
Coal
(bituminous) 10.5 19.0 R.¥0 1z.80 10-93
Lignite .Y R.q0 &R0 9R.¥0 2-13
Paddy Husk ¥.& €.83 ¥.4T 9.z 1¥-94
Wood %.g &.Y ¥.\9% R0.3 99.9%3
Liquid Fuels
Furnace oil 93.20 9¥.30 99.40 q%.0 2-1Y
LSHS 9¥.0Y 1¥.&3 90.0% Q4.4 R-1¥

11
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Annex 7: TI& T AYCTE AfEERT weer g&rar 0T (Furnace Efficiency Direct & Indirect
Method)

%) T fafer:

Thermal Efficiency of the Furnace = — et the Stock (Q)

Heat in the fuel consumed

_ M=xCp*(T2-T1)
" (m*GCV of fuel)
Where,

Q — Quantity of heat in kCal

M — Weight of the material in Ton/hr

Cp — Mean specific heat, kCal/kg °C

T2 — Final Temperature desired, °C

T1 — Initial Temperature of the charge before it enters the furnace, °C
m — Mass of fuel in Kg or L

Q) vcge fafa:

e g B! e I ST Wduval e qash! gud, Tard Jeare, AT
BTATH] INAI, galdl qahH, WA SFeGAr Bad! qUehH, AE0@H) aIIHH T ardl
Jeael BTATh] aidhy WEal [&aie HeEe®!] Aaasdl Uag | dahl IRIHeEs
D! AN STRINE TATHE, T8 &l WieY, Thg THIHI T AT AAT AREEH|
AEATIHAT dag:

ARIHEEe EC2E] LIE]
Weight of the input stock, M Ton/hr
Initial temperature of material, T1 °C
Final temperature of material, T2 °C
Specific heat of material, Cp kCal/kg °C
Fuel consumption, m Kg/hr
GCV of fuel used kCal/kg
1. Sensible Heat Loss calculation in Flue Gas:
Excess air in flue gas = (02x100) /(21 -02)

Where, Oz is the actual % of oxygen measured in the flue gas

Sensible heat loss =m x Cp x AT

Where,

m = mass of flue gas (theoretical plus excess air)

Cp= Specific heat

AT =Temperature difference between flue gas and combustion air

2. Loss Due to Evaporation of Moisture Present in Fuel

% Loss = M {584 + 0.45 (Tg-Tamb)}* 100/ GCV of Fuel
Where,

AR
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M - % Moisture of in 1 kg of fuel oil (0.15 kg/kg of fuel oil)

Tty - Flue Gas Temperature

Tamb - Ambient temperature

GCV - Gross Calorific Value of Fuel

3. Loss Due to Evaporation of Water Formed due to Hydrogen in Fuel

% Loss =  9xH2{584 + 0.45 (Trg-Tamb) }* 100/ GCV of Fuel

Where, H2 — % of Hzin 1 kg of fuel oil (0.1123 kg/kg of fuel oil)

= =
4. AETD! B g AT JEES:

~c N RN ~c (e eV
EHAEHl Fo T HUAT Aedre Al TUH Hedd] A Aol MiEheg | A&l b
BRI g4 T FETac Hgal dIIsHAT black body radiation TN T T AHEETg
emissivity (Fd FETHT HIHEHT ARN JIL: 0.5) T TAMgeae g JRTEcH! factor < 0T
T T T @i | black body radiation JETECels el fEgubl R W= curve STE
& o W | qe HEUAT WwRET HEA wiee g9 JeTaesh! o factor O
SRIREECIE Tl

TOTAL BLACK BODY RADIATION {KCal/emé/hr)

T L 2 Y — L) )
325 5060 750 1000 - 1250 1500 1650
Temperature (°C)

Graph for Determining Black Body Radiation at a Particular Temperature.
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100 2 1 RECTANGULAR
0.90 | OPENING
: VERY LONG
= 0.80 SLOT e _
S 0.70 T, SQUARE OPENING
g SFE T ROUND_ |
=~ 0.60 eratiim (CYLINDRICAL)
S WEzCSiaca! OPENING
s 050 T ‘%‘_ipl
9( ;ﬂ,iq i
Z o0.a0 i SR .
— = 1%‘" ; ~ L (7] i o A(D.- -
L il S8
g 0.30 22 i g - I—J
=~ o0.20 =3
=2
0.10 .-5.
o & LLIL» |
0.2 04 0.6 0.8 1.0 > 3 = = 3
RATIO . — DIAMETER OR LEAST WIDTH — D
’ THICKNESS OF WALL X

RADIATION THROUGH OPENINGS OF

Factors for determining the equivalent of heat release from openings to the quantity of heat
release from the perfect black body.

5. AT g A9 JEEST

FATAE B A9 EESA Hid T g 1T FRTach gl Redl ANEag | qoder
BAT AU IZ9EE, ToET gAee T A AW JIHLH] A6t oI RERIE]
qAEECHT TE I7g@d 8] AEAAF g | AEiE aRusl sege@Tsd AR qeaad
T TH AMeUHT Taeh! AUHHAT (T Mg | FHAl T ANd s=d Hel &4, ardl
¥aE T U9 ARGAD] qUHH, A9 A9HH U0 (heat temperature coefficient) T Hed
A FHAAGH W 6 | A9 SETEE 0D Al qifcidbd A 9 [3uH! §;:

S = [10+ (Ts-Ta)/20]*(Ts-Ta)

Where,
S = Surface heat loss in kCal/hr/m?
Ts = Hot surface temperature in °C
Ta = Ambient temperature in °C
Total heat loss/hr = S*A

Where ‘A’ is the surface area in m?

&. afg@ra (Unaccounted) SgTaE
A FETECETHT T ISR FETEC, =S I Gl T e dUEE g e TAHeed]
FETEAT, AL Fodeae g A9 FETa, Teel aed (conduction) T ATEAHEE B a1

TR, Thal =l (formation of scale) FHTRITCT @ qi9 Feldc AMfe Tag |

aucae fAfegRy g gaar 9 3R & av Wiy oEr TR W TEEcets! Aers
Q00 ¢ IS IH &7 |

9R¥
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Furnace Efficiency = 100 — (L1+L2+L3+L4+L5+L6)
‘%) Data collection format for Furnace Performance Assessment

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

S.N. Sheet 1- Technical specification of furnace
q Furnace ID code and Make
Q Year of Manufacture
3 Boiler capacity rating
% Type of Furnace
Y Type of fuel used in furnace
g Maximum fuel flow rate
9 Fuel GCV
< 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
Sheet 2 — Fuel Analysis Details
Fuel Fired
GCV of fuel

S.N. | Proximate Analysis Date of Test Unit
q Fixed carbon %
Q Volatile matter %
3 Ash %
% Moisture %
S.N. | Ultimate Analysis Date of Test Unit
q Carbon %
Q Hydrogen %
3 Sulphur %
% Nitrogen %
Y Ash %
g Moisture %
9 Oxygen %

EEE
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S.N. | Flue Gas Analysis Date of Test Unit
q CO2 %
|0 %
3 |CO %
% Flue Gas Temperature oC
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Annex 8: qAgSH! AT TRTEC AT (Surface Heat Loss Calculation)

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 = Ener%éIia:c\;'rr;]%g:re?f?g{éﬁgv of kgl/year
Annual savings in NPR = fuel savings per year*cost per kg NPR/year

RS
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Annex 9: HFIGL TTOT (Compressor Calculation)

Compressor Specification Data Format

Make Unit Value/Remarks
Type
No. of stages
Discharge capacity Nm3/min
Discharge pressure kg/cm?
Speed RPM
Receiver capacity m3
Motor rating
Power kKW
Full-load current A
Voltage \Y
Power factor PF
Speed RPM
Frequency Hz
Specific power consumption KW/m3/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 = [ta/(t1+t2)] x 100 %
Leakage = % Leakage * Capacity of m3/min
compressor
Capacity Testing of Compressor
Compressor Reference Unit Remarks/Value
Receiver volume plus volume of 3
pipeline between receiver and the air
compressor (V)
Suction air temperature (t1) °C
Discharge air temperature (t2) °C
Initial receiver pressure (P1) kg/cm?
Final receiver pressure (P2) kg/cm?
Time taken to fill receiver from P1 to min
P2(T)
Atmospheric pressure (Po) kg/cm?
A|r_ compresior capacity (free air Nm3/min
delivery) Q =
{(P2-P1)/Po*(VIT)}*(273+t1)/(273+t2)

s
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Annex 10: HVAC AT (HVAC Calculation)

Refrigeration and AC system rated specifications

Rated efficiency

%

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 mwWC
e Rated power kw
o Rated efficiency %
Condenser water pump
e Numbers
e Capacity m3/hr
e Head developed mwWC
e Rated power kw
[}

RSN




Refrigeration and AC system Operating parameters
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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?

4, Chilled water pump discharge pressure kg/cm?

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?

Q. 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]
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Annex 11: I8 UTAT (Pump Calculation)

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
S | Actual Power (electrical) KW
Actual Flow Rate (Q) m/hr
% | Actual Head (hdis-hsuc) m
10 | Fluid density, p Kg/ m?
19 | Acceleration due to gravity (g) m/sec?
Hydraulic power =
13 | Q*( hais-hsue)* p * g/1000 KW
Shaft Power (P3) =
13 Hydraulic power/pump efficiency, n kw
Electrical Input Power =
1% | Shaft Power/ motor efficiency, n kw

1
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Annex 12: 9@ 0T (Fan Calculation)

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/N m®
Dust concentration mg/N m®
Flow control type

Flow control range %
Fan input power kW
Fan speed RPM
Fan efficiency %
Specific power consumption KW/(mq/hr)
Fan motor

Rated power kwW
Full-load current amps
Voltage volts
Power factor pf
Speed RPM
Frequency Hz
Efficiency %
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Fan Operating parameters and performance

SN | Parameter Unit Values

q Fluid (medium) flow (Q) (measured using pitot tube at fan md/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 kg/ m?
and corrected to operating temperature/pressure conditions)

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

¢ | Frequency Hz

Q 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?3/hr)

1R
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Annex 13: M9 Feldac T Tgfa (geT W) (Methodology for calculating heat losses (Brick

Kiln))
I.  Calculation of dry flue gas heat losses:
Temperature of flue gas :°C
Flow rate of flue gas - kgls
Specific heat of flue gas : kdlkg K

Total dry flue gas heat loss per day : MJ/day
I1. Calculation of heat loss due to incomplete combustion:

Average CO concentration - ppm

Heat loss % due to incomplete combustion

((CO% x C% fuel) x 5744) / ((CO% + CO2%) x (GCV)
Calculated heat loss % - %

Total heat loss in MJ/day : MJ/day

I11. Calculation of surface temperature heat losses
Ash surface heat loss

Average temperature of the ash surface =°C
Ambient temperature =°C
Convective heat loss =kwW
Radiative heat loss =kw
Total heat loss =kwW
Total Surface area =m?
Total heat loss in a day (MJ/day) = MJ/day
Heat absorbed by ash from solar radiation (MJ/day) = MJ/day
Net heat loss from the surface (MJ/day) = MJ/day
Tawa surface heat losses

Surface temperature before insulation =°C
Diameter of Tawa =cm,
No. Tawas =

Total Surface area =m?
Convective heat loss =kwW
Radiative heat losses = kW
Total heat loss = MJ/day

13¥
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Annex 14: ‘gﬁ%ﬁ‘ AT HAEAT (Cooling Tower Performance)

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).

ii.  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 1000000-kCal heat rejected, evaporation quantity works out to 1.8 m3. An empirical
relation used often is:

Evaporation Loss (m%/hr) = 0.00085 x 1.8 x circulation rate (m3/hr) x (Tl-Tz)
T -T, = Temperature difference between inlet and outlet water.

Source: Perry’s Chemical Engineers Handbook

v.  Cycles of concentration (C.O.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:

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

T,= cold water temperature (°C).
H,= enthalpy of air-water vapour mixture at exhaust wet-bulb temperature.

H, = enthalpy of air-water vapour mixture at inlet wet-bulb temperature.
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Annex 15: Eﬂf’s‘ﬁlﬁ PHRISHAT 0T (Performance Calculation of Turbine)

i.  Steam Turbine Performance, % =

Actual Enthalpy drop across the turbine, kCal/kg 100

Isentropic Enthalpy drop across the turbine, kCal/kg i

ii. Gas Turbine Performance:
a) Air Compressor Efficiency, % =

Theoritical temperature rise across the compressor, (deg. C) 100
*

Actual temperature rise, (deg. C)

b) b) Overall Gas Turbine Efficiency = (Compressor + Gas Turbine), % =

Power Output, kW * 860
* 100

Fuel Input for Gas Turbine,k—% * GCV of fuel,h—‘g
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