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NEA / Subsisiary Company Projects at Final Stages of Construction

S. No. |Under Constiuction Project Capacity
1|Upper Tamakoshi Hydropower Project 456
2|Charneliya HEP 20
3|Kulekhani Ill HEP 14
4|Upper Trishuli 34 HEP 60
S|Upper Sanjen 14.5
6|5anjen 42.5
7|Rasuwa Gadhi 111
8|Madhya Bhote Koshi 102

Total (MW) 830.1
H 09 B FATHAT H& SIfSd ST 1082

Al § B | affd qo uftera AR gl
TG 09R B AT §1 I=d AN B 9940 AT
_Eﬁ | SITSIATHAT SdTGAh] wWR T‘TEa—GTgTW IMeTRT
Sofdgd amarel gefaerg foq 81 9 QfaeRe
IARA $RY yyo HAL §1 B | ToORRIYD
FAEM! X Peaking &S] ARG FHd IR
TIET IIEEN 4Ed MIR® SIUCS RS ISIRIECA)
STaad ANTeRE §NEd M 9a SRew | W
quRmE 9 A1 IS eHier vl 93 g9
SFB | ades geEE T e ggeerd

T a1 RS WU 1S+ U g Ao |

v oM * Fee wfiswg fEor aw=1 g
IRNSHIGTS B 8 W9 FdH U v P Fo
ST & BRa gyoo Al T <Rg=s | fagi
AR Jfecd e TREX T gkRdeT & gy
T B M9 AT I 2033 T BRY ygo HAl FR
HANTH! JHMT WU 000 FAL I § OB FATq

Sifed fagae aRemus gg e Y Sawd

2RagaddT 3R B |

ol FIRATIHT B &I Gsacl AR §7 TI6q
: U, 9¢l MU SdIfed Sl fagemr fafd ™ <
gs, WM I WU T IR A |

TEl MW eHIe g U] fageer faqem =R
g g1 SURYT BioH™ g1 8 f$ g4, R
T aRgs | I e JIf g JeiRe
SuRefd * @Re o qoa e g1 s |
TR gOIR®! SURARIST G- B, WRd TSl
33 TR B | WRaH Sifee uf fagq smyfder
JOIHl IEPDI AN F61 1 NP T B | THD
T8t @wRe fIm qeer geafe fdar WY | St
WWWYCostperunitiﬁﬁaﬂﬁ
T ITed Holl ORI BRI HATST HIBY,
TP A TR T RS |

Sl 3ifee gSel Sarsvidl @i oS | g
WX, oM@l I ufagfie e |1 st
=l b B, g9 & wwEa: &féor gRime
TEM 7Y B | WRAHT THP] WSS Jed IRAY
IR FRTP ERERAT B, J9 & A0 & wodf
TN U Sfd o= |

I BHie HRASTS a5 B | EHTe Solidl &6
I "eSg W= | BT s Foll AoRIaT &4
HRIMT fBFRe® Bf 99 IRAISTS T 9= TSl
HHI 9 ? BEA A 99 I8ad W9 T AR
F AGRED T ° R AGEST AP
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aifoa 2
fagae uiigfie faan = feeyo

Average Electrical Energy Price Calculation

Particulars 2015 2016 2017

GWh  |Million NRs. [Per Unit GWh Millicn NRs. | Per Unit |GWh Millicn MRs. | Per Unit
Domestic 1679.35| 12706.55 7.57 1796.78 | 14833.65 8.26 2150.21| 19693.53 9.16
Non-Commercial 130.53 1644.45 12.60 134.37 1995.1 14.85 163.77 2626.01 16.03
Commercial 300,25 3735.00 12.44 286,48 3788.76 13.23 352.37 5121.75 14.54
Industrial 1352.15| 11064.84 8.18 1205.69 10182.32 8.45 1735.05 167/59.77 9.66
Water Supply & Irrigation | 86.56 480.71 5.55 100.42 525.3 5.23 113 711.27 6.29
Street Light 76.48 629.65 8.23 73.88 602.37 8.15 73.9 686.83 an
Temporary Supply 1.52 27.39 18.02 2.1 29.25 13.53 31 54.11 17.45
Transport 6.24 41.44 6.64 6.09 39.74 6.53 6.6 45.86 6.95
Temple 4,85 29.17 6.01 5.53 33.92 6.13 7.4 47.21 6.38
Non-Domestic 45.46 708.29 15.58
Entertainment 0.97 17.43 17.57
Community Sales 102.62 400.12 3.90 104,48 411.5 3.54 117.01 560.91 4,79
Total {Internal Sales} 3740.54| 30759.21 B8.22 3715.82| 3244191 8.73 4773.84 | 47033.07 9.85
Bulk Supply {India} 3.17 39.36 12.42 3.15 32.07 1018 | 2.69 28.74 10.68
Grand Total 3743.71| 30798.67 8.23 3718.97| 3247398 8.73 4776.53 | 4700181 9.85

*Source NEA Annual Report 2017
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TP YURKR A9 TR IoIR JaeT 74 o=/ g
WHR A T FI= B | GAT TR ORI
fagia 9l wam g e fAga Awme swar
HUAT AUTe faggd uifdeRoreT faga afd, Sy
IS U wd ¥ @y Qe arier a9R
fagda sfusdses BRY RS sfEwemdl qHI
Y JNTT=HT WP THRHS GHTTD] S-SRI
AT AE AMSEH T ™G B | g emd e
T ERNOFIS Soll Gl BRIZHH BR] gal -UT®
faga uifiexve &9 fIgel 9=1 s/awen ol 76,
TS AUTe [Igd UIaRuTe] AR &F W8 ARl
ITRT 7 HH B HR Td TGWUS B | geddl
BB TERUBl BN A IekiTD  YSel
PRIGA! o ol GE BRIHHA I8P AT
BT WS AW BRI I ua A1 v i
TRIFGAMT TR 8 W= W gh Aibo |

TFHISHl SAEIdl USel Md Asadl e geRd
T THBE Fladic il @Udd! 9gal ANTATS
TXT 713 W Q040 TR Al @Y g fIed SRIEITOTS
JEUfdl 9 JAGTa™ I TR A qae T
B | IS I TNl SdeTS FHRWR gGa1 Solid!
I HCIS, 9gal aldaRu TIRISR e
T, Bl GRET IS I FHIHI WUAT GETl dals
Fol IAETH HH TN AATHT gAKoR TEET
T P dg@dl ddHad dRieT U fosw |
TIPRYT 3RS HRI-BRI Fdorl Doll GId T
SURRUD fEoTead! ufedl o 3 Bfd dH Soll

SraTttier utreT [ 99
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GUd MR H 9& R T GIS w1 o | TS
afe ol qETdT IMBAT BHe HYTh WUHl WA e
JMMTHT Gl IS JHI®Ts Bl IR BIEawI
A GRR U wuH SifsUal © |

ol WIRER UGS el AT GRI

Tursd! gireafs Soll @Ud SRA IS WuHl
P B | HARWRST dTed Bal Ui Sl @ud
& YHI AUD] AHAAG GABIESH I B |
gfaaais ol WUd $F HUDI QD] GADISH b
PHGIR B | IANY WS HoAl Ugd DA B 7
H~ RIS <D FHY fAbr ¥ A GadredmHl
UREG U | B® uedl aite ufdeRs fagd
@ud 93% JMe & (dee §@, 09¢) | A TG
TRA TTRSIBT Bl had] IADN TRIER B | IFATY
AUTGHT ST TANT §1 Solidl ¢o YRR &S
9 YS3EIC U< 0 | AUREG SHoah Ugieodd
Ul QR SmaThd @ W fagq U SRe g Afe
IRl 4 YRAdIE AFA B | Sod™ Bk
98 Uferd SEIT T YRR s JFdl
(IEA, 2018) | A W TIhe AUTGH! Sollers R
Td HHAGIR SHoll GREN, SMIHT WR-FRRAT1, Sl
TSI JUATEAl Sffe SESBH | Hewre Sl
SR Ul ufdafs et amgfd oga e U® SRR
HAE WUHT ST oAl qEAdTD BrRIFHAD! 312 & g
IS I ? NS Y T RGBT B |

DD AITGHT I TP FOIR SR TS IcUTaP]
DI 903 TF TG SRR Il @Ud 9URI B | Al

i MR, A9 I YRTATHT Sia HA: 04§00
T oy TA JOIRIER B | 3nb faeaguRe! irga=T
Jol &l AUGe Ud BOR Se} SRIERGI UTew
SAETAT IR IR ol GUd TG | T& qiho
Y EH ol WS WG Bl B AN WS
UdE | g I A ol JART IRY Ui i
T Al IR HE AT IR T FIB! |
YIS BRIZHHS THY JIT=H UM YA & &
T USHT $HoAl el FRIHA h @I SR

qUHT & B |

Tl G&TAT BRIZHHD! BRI

MR WM <] S URATD] T JORIRAT
HH oIS TGP AR <1 HH ol WId TR
= T ST A Foll qerdr 8 | TSl ST g8
HHET Ao UM Sfd SIS}l o, dfd o dJHbs
USCl URGHT UPHISE] dh HH ISR TR
O | 3 WDl §HY UM §9d g8 X d BA
TRNID!I GUAH] HId THTSH Al | R WY 96
N WU 76 ¥4 P ol c&de Sl dia A
T R, SIRT 8Maeasd & YR RIS | o,
Tevdl Jo1 el g5 719, IS WM Udre
SRSHT GUIRUD! I YA T, Foll & SUBRT
TN 7T aMfE, safe |

U SN [IBMg@ <2 S8l ATUIRS ol Sr= T
Sroll GUAD] 0 URIRIAD] SRIERMT 76, sl Sl
gerard! v s e w<fi® g9 998 ? R
U I3 IRH B |

o 9 : AT SOl S@T (Wikipedia, 2018)
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AR GUTRTD! AP RINEIE AR Fol Hal
go UfRIaT=1 STSXT §9d §1 W8 | S¥WRS o0l
TISRMEIE g ol Holl a8l gal e ARl
UM g9E & §B ? BRISl AED] WReA I 3
AP B T4 AU &7 FHID! ARG Bidt
T ? 9O & SIS GNMGR  GIAERVMT T
AN B O ° DHoll &P GHEBIRTER b
I A P AiftReg Ued | @ UdESal g9d
T TR R AT AE R U6 |

AIGH! ARG SoiAed  FYUT @S ot
INE YRAEE §B | UeHl SfFe TEn g
UeIfead gl ol gefdl UAINT IRR 7T TS
foer 9 T9d WA 99 9N <O Uh foeRaRERA
T SIFTSH Haedl | IRGIHT AUTSHT  ITaTaTd
S Sl I JHeT fwafdenaas ufH Io@!
AT | R I e el ufY Aues sEi-ed
Ul FEreT Haw | A1 [vge F=i 1 emnfs e
qgie R -

UGS M BITAD! IMERAT STHT SATADT 8o
gferd 931 USifoTd ugrd ATE MU ew | AT
AIEH HRY 990 fAfeas smRat sox ufowfzer
IR 8, S6fh, e HUAT UGS <RI
IORAT GFE YSTR SFFT T U1 3iIadT a1
I B9 B | I8 qGS UH IS ol GRED!
e ®fd Wad B ¥ dFeR) i |

TR AT &5 8ISl <&l Yfafd a1 Brizhd
BN &1 7 AB@Yl STEHHT USIa daTef SRS
el v W fF A ace g e |
dIAdHT YT HI Eﬁ%ﬂﬁ Yl dh| G’N'Irl Q&ICII‘{‘I*GI*H“I
P T AN ey wiuEr T e ysHd@!
B |

ARG FoIH FIH<T I=d Soldl dia faga
B Holl IEAER T T IS Tured! fagd

ol WITHT Tl 96 INEE o deaar Al
oIS NI TRY |

TITT 3 SUHRHIG Foll qdH] MR TRATHS
A= U e EORI U1 SNSA 6aS WA
g ufderee I TRder OR fagel R
Tl g¢ SUNRhIGRE fAgd faaRer T | |
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fhom< M fos sca wal @ U e 99
(e STAW A |HA)H 9o HEMEICEH fagq
gIq g1 9IS | aRdeHT el A Sl Qe
PRIHT Tho S8 9 [Agq yumeiel S
AR 9Yo AUAICHHSG TS Afb=® | AT SRIERG]
g o SRS & FSal IS Ufihe M
IO T8 | TGS ARGHD] SN Foh T
A T av e ga |

TGS SEUNS THY WUAT dMgA gyo HHTAIC
fagq @ e | AR S $RIRA SR
JIFHTHT SRSTAT SENTH] UIaR. HITFER 0.¢ Wal A
% d@ W Sev B | gdul que faga
RO UlaR HaTaexd] RAMET I 7 ol
g |

T SUNEHGE USc SUURHT dMR Yoo Hlecdl
faga dcfaaen &id gk |mAEER o} B X
INGTs WAlfed UaR HAEe)  Aa=I®mgRT 0]Y
gasal 99 fdgd gondiaTe g1 AmEmn Rarfdew
PXT UCIB I BRI ¢ TAMTIR Rafaew
UTeR g @S Uad R @I AEAMI AR BIEd]
IR $¥ §B | 3 R HAEER ol B HR AT
B M 9 TAHITAIR Rafdew urak dax feA
e | a9 AuTe fagq wfeReTe faaReT gomeH
Tersd fagq afd Fa &1 g8 3 fagq T80 39
ybRP! fagd wRkh S T Aual U 9w
FH T A |

TiDT LT
KiEl goisue fof | ToRT fom | Rigees e | fos M
[FARIEINE 99.59 Yo 9 ¢y
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3T T HATSIE AR G TIANT
T U 8 W B9je @d TR
PHS BHARGH, T IO [ASH |

IAYBRD] WAfod qlaR HAdex g% a1
SENT g HAde}  UAleedie GIfE Hase |
Sieedl FuUs @l TR OB 99 8 BIY
ST 3% g3l [Agd SUPRY Tored do |
A SENEl B! fAGId HiecoTd! U ~aa®
GaIRTST O | Pl "9FAM WU U SHEwd]
SN fagq & o &1 YR 9196 |

AHAA T9 USR] [Wdlfed  UaR HATdRR
e IR ST BRI fhdl emse I9a wRa
3/g 9Y B FID | GHY YU AP RIS
Ui 3mSs g1 Ao fagd UifeRrs &d 99y
S gerw g RR TUe WoRe w@ormed
TR HITdR addl WReH R I W ge
few ufy Surfier ra fihdl emse 9wy 9/ af
gATSH DA Ul AU ia=H SR T gHE
T 9 D |

Soll el amhAl M dgemanfie v B | Al
A UM [Igd aedd 3 wuHT WA g
SOl A, D, TUGAT AT TG ddha]
fagda dan R =, Ay, S 9igs RFuHT
anfe Sar ged favgear ==t TRyeT B9 |

Foll SEdT SIRT® M YOI

w1, faerq aIfkhel ga:UdT 79 =1 SHoil gerar o |
3194‘1?[ U3CT electricial appliance?ﬂg E[U:[&TH_CI'I'HT EIIN]
gred T@qﬁ QT“IUT power factor A2 ®Tg1, ARMTE
g gelacols HaRvl T UK T oMl gal

oSS 3 Soll <&rdl 90 | TdS, Dol cerd]

BI® TH AUTe WRGR 4T AfQun se = e

THU RS -

o HUTG WRGR T AfAuTde ol <&rar Ui T,
Holl qeTdT UM Q008 (816 ARG I8HT)
TS THAHN] SIA BT THu |

o Sl TEA FEEH URHINTH FaTHOD
PRIZH TIR TR awareness program H3ATA

TIUED |

e Power factor T voltage IR T IMARIH T+
g SUaRUTS JfeRTSITd! UreR |maTdex e

srefarffer ufrest

e

N4

¥ |

voltage JqPH TR Automatic power factor correction
panel T T~ WM T |

o SOl GEfdl Equipmentaﬁ qEMT §d YN
T Afduae HRIAR AfEEdm gar =
IR TR T AU W den UEdaiaT
SMHRT RIS Favel fHos |

e Enerqy efficient equipment ST - Led bulb,
efficient motor, fan, refrigerator AT 3= ﬁg’:ﬁ'&
SUGVGE  Aue a1 faqer  @dl S
TINRIGEE YA TR TEGSTs U6 IRER
qern AfAme! WEEe subsidy AR TR GRAT
g SUaRvl Tl T Eee Aoy T |

o d8l fRgdn wdiswer AfAWde  Brand
Ambassador BTSUTT I |

o fIERI SUBRUD STRT FRHAT ST GS
g fedl, fSdEe wRu W fgae
efficient TR FHFEAT TSGR RIS |

o IFEIEAWS wHIH fdgd A TN HH
T |

o g amfiel d &l 9IR SrTeaH
Quality Control Department?szﬁ p.f. value 31fd g4
AT NEAATIGTSHT HH HUHI AT I D!
=1 g9 9o gol AEm fagq aRee
SYART §ﬁl <Re5 | IS T Imported power ®I
A difcad BRe IS |

SUER

fag[ A vSel wean uare @ | afedel favaHn
HHD] IS 3wl B §1 W= GBI FERT
IS P ol IHTGTH SYHT B 9= HRIAT R
TCB | AU aeIharerls AR Ad TN &l 9+
T8 W1 Byo Td TR HAS PASGT, T6 IS
TARSE | AuTed GRS St BRI $9 @Ud
TR 3G SMARHA R &I SR IATOHT T
USB! | Ugifodd Tqieidl S U, I d18d
e ffge fager uRkamr oy oo |

Bibliography

IEA. (2018). Report. Retrieved from International Energy
Agency : https://www.iea.org/statistics/statisticssearch/re
port/?year=2015&country=NEPAL&product=Indicators

World Bank . (2018). Trading Economics . Retrieved
from https://tradingeconomics.com/nepal/electric-power-
consumption-kwh-per-capita-wb-data.html

FN.22 e 3TSH 9 @ WAl 004



HRIGAGT IIRATY
ISP AhHAID] SR

g U wed/dwen Afked Seed wfie T @
Jadiers g Qa1 ged T SES RIUA]
TRYD! §6 | ARBRS UM I8 FoATedT BN i
& PRITGY, NI HRITHY, NedT dRITHT, SHTS
PTG, G@RE, 9, O, 9fifa enf}) TR
NP T8, A T4 M Sa1/ARRGS! fRd, I+l
T4 HaqTh SR WU HUDT 70+ | A% FISGRI
[ ANRGAT Fal yd18 &l JHB-I D &l
AIBYDHT R T M0 56 | FET S Frar Hal
yaTed QIR IRGRS 3T Ha=1/AHramT sawad
BRI [HFER FGTh /91 ! §6 | Alfhydl
T D 9 B U O]/ ARRGST AT TR
HAINGA | T8I0 T TGu B HHAC TR
ST AaTaTEI e TR g1 TN 38RRad |

IHIAD B Y FSH/TRATD Ieed BINS g
I | TS EReATHI I BRI T re (Wi,
qdE, e, gEA@l uREred T Savdd
TB | TG HIGH[TRATH qEEdl RIS T
T S I X BT TG T P FHIEA A
3uRe™ dw B | WfAd W ¥ AEEers gHIaeR
ARG STAN TR oA/ ARGE  qeH=<l Fal
IUGY R® TR TG BIR 7 SRR
ERATIA'D FALIRVN 31 AIRTDT B | UG Sl
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PiioTs TP

YD  AATIARIT  gEa YDl BRIGEIEA
FRATTAD] TIANT ¥ AEAGTS ALTOR Ta  TABT
fafr= vemn <fera fadgen = vt IRyaT B |

HRITIGT FaRATI
(Performance Management)®! Uk

HRIIHGT IR THHHAT THGRI 8RS
T SRR ¥ IIAUT AEH Gerge a1
7S] UTSA SaIH ¥ IUGh aRTo |

HIEHEA (Performance)

AW 3T Rk a1 wRe fAREe MY IR$T
BHGRAEIOE HRITUET (Performance) 95 |
PRI T~ RS HRID! TRATT R JORKR
oIS SHSS | §1 U S )/ W 96, 9aE
A T BRIEIC FG A ARTIers SIawEd
41 |fp® | FRIFHET TScl Wice favgasg @,
ST HIEED! W U9 SUSEal I Al §1 SUIREE
BIN® g SUG Td ARSI WRISR IS | B
M I BRG] HEATIT A GRAIHT FRIGHTE
|

PREFEUETS § UM e a1 e eRika
PHEGR/FHARID] HRIFT WRIGR IS | JHIIH
W] FISTHT HRNG HHER[BHARID] BIRITHITD]
ST 3 HREHET & |

srefarffer ufzret

e

o
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a9 (Management)

ABIAH WeAdh! i STeg Bfe e @I
IFared TR Brardone gafe §U 4 Qe
(Management) N Wﬁ?{ Henry Foyal
¥ RIS To manage is to forecas to plan, to

organize, to command, to co-ordinate and to control
¥ gRWIG Tg9Tadl ® | IRERI Claude S.

George 5] Management consists of getting things done

through others, a manager is a man who accomplishes
objectives by directing the efforts of others Wl aRRATIA
R IqRIUEHD! 3 RSIASIATD B | AT gk
THAOE A99 TGl AT WP ITRdIC BRI

T TRSH d@ 8 | FuiRd @ea den s2w

SUGY RS T o BRI IaRTu=d]
qoqd Seed Bl |

o TNBNGB! HHEBRAREID! JHEGHING], SRS
SYUO] IRIUD]  HA[D] ﬂ'U'I—\'\_‘R' X SUog]
SEIEIFRSERIED \!'I‘\ICI"I‘{\'NHI q'_‘i MU D] HHICI('N{E

HRIAET FaRATITH] Y&l TRIPR RIS |

SRIHIGT FaeAITH] S
HHGRIEEE Iuferd Afdon s1RS

o HU IRDI
T |

o WGP UlUETHS &Hal gl Ty |

o WISHAP BHGRARGIGI HEIHIIC STHATIfID]

NG g1 TN S diadl YR SUARTD]
AT T ALY B |

PRITIET IaRATIT

(Performance Management)

ATIAPT ?ﬁ[ Terminology BRI (Performance) ¥
Y- (Management) DI A0 FY HRITGA
IRITI (PerformanceManagement) &1 | HRITHITE
ARATYT AT YA FARATIAD] b AT ST
B | RS &FE AT A9 fGuRen B |
JHIIA GG ST Se¥d BINIG 1 HHARI
TAT ERATH BRI WROE HEN qdRed
TCB U~ HRIPI AT RS | qF BRIGHEA
FIRATT & B T ? W GRID] AeFIT TRY |

PRET IaRRATYT D Bl ?

o HUFNET UARAMYA TSI UHAT B, SN
ST, SR X I UIATBAGRT ATRNIB SIS
WEAD!  PRFGUETT  FIR A TS
JISH |

o BRIGHET IRATUAS GIeAD! HRIRAIDI
fareesyor T, BRI FRTETHT G {6 faemH v
¥ g1 ARFd T ¥ SHeR/dHaR)[sgarie
AT WG ST/ Bfoaga el aaE=
U BHle T SaReIId (Manager)®Ts UART
T ARl g1 AT ke SUe" RS |

o HUFWET IS HHANIGIDE Bl
ST ™, faewdl Phaeoners wE
THIE qAT [AEHA T I AR NI
B JOUINIT T =] RIS IRSIRH |

o AV HH AHEAD] STINEE dEIH<l Fal

Srefarffer ufrest

faea

N4

1% |

STRa@E §8d 7Ty |

o WIGH! ST BINIG T Team Work ®I Y
T |

o WG HRRA HHCR/HHARIGRE SR Tl
grered T |

o WGTH YHIIDHRI FoaR Yool b T |

o FIFRER[GHART I e R FHIed  HTHD!
HYF T |

o IMMARE HRITHEAD! THIE TR GIRTHD HEH
=g |

o HRITHGTH AR UIeHTed @avel 1 1] |

o BRITHGTHAT IMETRG TRAFT  GIMTAd  HRA
T |

PRITHGT FaRITD] &3

o HHER[HEHAR

o B HSH

o fawm R wmaEn

o HRIUERAT X YA (Process & Technology)

o PHIIHH (Programs)

o UEHH BN UG avg aA wal

PTG FIRIAH] AT (Steps)

o WGAD GRGfE (Vision), g8 eI (Mission),
I (Objectives), ®&I (Goal) ¥ oI
(Strategy) T T |

o HRIGAIGT FARATYAEIE YT T i 3rufdrd
AforeeT fAuRT T |
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o ufem Afden X Efie AfomdE dRmIS
gfEddr 7 |

o 3Ufd@ AfISTA YR (Weightage)
IAABIBROT (Prioritizing) T |

o PHRIFHEH AUF THH] SN GaABTED (Indicators)
g T |

o BPRIGHET Al
™ |

o HRIGHET ARG = frareene!

MR 3[TBTHA (Continuous Observation) @Il
A9T T |

o B WoEGAD! RAIR fAR=oR  3raaid-ee
SRIT JUBT AT TAT BSOS  dhlo
TEEE g TN HEE ke dl Meree
Js3UINUT (Feedback) SUGE RIS |

o JUAT BING WUGHT SUBR (HIRIEHIEH)DI
TREH T |

o I X FUIRT ¥R [ NeH FHaReE I
HRIFHEAIId &G T |

o YARM BRIYUR §1 THPHAT BRIGHET FoR
A TR TN SR T |

o HHFHEA WX (Performance Standard) 5IF]
e WRAT §a1s |

HRIGHGT GaeRATITHT
TERT el H%c_CITﬁ Terminology

PRI WR (Performance Standard)

PRIFHET FRAAGS FIERAT BN T BN
FHIE TR BRIP! difFed wR RERe 190 76 |
B U RIS HRIHET WR FER THua] i
PRIGE Bl BRI ) T 991 B |
T W TRIIGS | HRHGHUEAD] WRe G
HIOA 3T TR godl TN gorne SRgwEETers
TRTEHT T A AER B T | SRR
WRS SRR JoASdHd T-dhl S A =g
g wR fAERY (Benchmark) SU@€l RIS |
IHS IcUTEA a1 HaTh! Feaad faga! R Af¥ad

SICR B

(Performance Plan) IR

F1 UM BRIP! HRITHET ®R g
THU&T I BRGE HI fHREFEE )1
T 9= BT AR vy W IRITED |

I R o 3EH 9 o WAl 064

T8 | PREUET ®Re Tdd SRGR Bl
RAAT®T T AATq FE AT TRYGATSTH T
|l 9=l UM 9 ERE G99 IRGU B 9
JHRT |
PRIAHIETRR®] IMERAT - HHARID] [T DA
RT | IS HHAREE AT B A sadH
R T AHD] B =1 TP SR PRITUGTRR DI
YR AT TS A6 | HRIFHIGTRR D] AgiRor
& ANE FHARIG] UIE HSEdl Y8 JMavId
B0 | dRIGHEET R Mgk IRer Wede Sew
M WRET dEEAA] BGUH §B | HrIEHIed
TRATS YhHEH HH dIfbUd JaRATH Il WR d
NG §B IR AlbUdl WRY<S d61 HRIFHed
g1 G GHE] BH Y86 | &R HHARID]
PRIFHET WROTS YhaH ¢l dlfhgdl  STaweITl
PR IR 93 WR BG T JIeTRe @A
QU AIfdbudl SUsfY e g1 d9dal SaRd
g FRITEAT HH TS |

BRI W [AuR 18t 9 verers e

fag Sug® §9 |

(@) S = Stretching (G T qUF) : HRIGFATEAD]
TRIR W T fOwga wu A IRJues |
T I P A TgUes, TR & §9, a0
H-HAGIs B D BIRal §9, I B S STEC
g s Tguee onfY |

(@) M = Measurable (AT99 AFY) : UAH HRIDGI
FRFETE R R 1.7 g R Ao
T G Gedl ggue | O T\ S o=
T8 g8y U+ 8, YSel ARM &fa a4 fhe MR
Fag U 81, AR SR o/ Hohe g
81, Udh IEAT B ATHRISH 15 U 81 o7 |

(1) A =Agreeable (F®R TFY) : HRITTE ATIAD]
R e &l FgwmmE ¥ HER g9 UEeR
AR §IUS | ORI HHER/FHAR] THEH HH
Rt foq aes W Eede SR mar (Qw
Jilewae R PM o dE® | IWH gaoR
e g g T9e famfed SO §9 |
PARG IR ®R BING T |ibad 9= W
RIS T Ab®, TJUS W= IfaRAq I8
difbye ®R §d Uees WHRATT Fgg 8l |

('6[) R = Realistic/Relavant (W‘x’jtﬂiﬁ, '\‘H?ﬁ%ﬁ)
PRIGHGT  HUGT  WR - aRdfabard  IETRd,
A<l X R T A Wiod!l ggues | O

srefarffer ufzresr

faera

o

I qe



ARWA TS TEE R URS o0 T WA
PP TR T IRAT 99 /A R §F Faad | IR
RISHRMT Sfder A1 Ggio e 4R Ao
T ®R 9 T Ar<fie f[ava ssiad |

(§) T = Time Bound (FHd UE=) : HRIFHGT
R AfeuaIicrmel FraEal TR i 4
FAAERST S B 9 B WE gJIa® | O -
e, arafes, Aifie, sfaie, aiffe enfe |

BTG AT (Performance Measurement)

HRITHGA JRATYTH FHIRd HHADI ATGT T
P A= HE@YUl e B | WeAd it o
BIRI® T HoaTe TRUGT PhaThaTad] e8! ATI-ere
a9 onfad Susfd wRe WY, TwWuel MREa T
Afb5 | HRTUET WR (Performance Standard)e
BING g U1 HRIGTE YCARBT 91 RITHIGTD]
HUdIe 8IS UGl SUSRISTS Ifhd M 99 q
T | SRIFHEA A9 (Performance Measurement)
ge | FRplaRIYS HRIEHETS! Rafd afba g4
IS | JHAIC FHARID] AW U4 HRIGRG
UEl UST Hfb® | HRIFHEET #gEe 4 g
Ue  HHANIe]  dRafde eREed Refiar

IS TN U §0 |

DRI AP (Performance Indicators)

PRITHET ARG YHEHRI Joarsd fafi=
PR GG GADD! ATLIHA UG | HRIFHEA
ISP [AH™T TAT TANTS HRIFGHET TS HTHT
TEAN JAISS | BRIGHET Gahors Ahedd]
gadb  (Success Indicator) UM = TIRTH B |
HRIFHIET GahS o U WS Bedd] AR
A G A T IS JARS | EIGAGR
S, O BRIYHEEA gaaels BAlc TRUSI ¥
auf e WeTdl eders ufdfafed Tgues |
I GAD® HISATHD AHGAl SIS T AR
fpra Tguce X URATITEG AERAT AU AN

IO |

ST FAHAT I 01
o WTdl (Fairness)

o UHIGHIRGT (Effectiveness)
° Eﬁﬂi—cgﬂw (Efficiency)

STaThafadl (Responsiveness)
TPHIHRYT (Integration)
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o STRQMIE (Accountability)
o URERE (Transparency)
o @Dl (Flexibility)

o WA (Autonomy)

?ﬁ'ﬂ!ﬁﬁ FHtBROT (Classification of Indicators)

o HEEHE SR (Input Indicator)

o SUBIHR b (Output Indicator)
o URUTHEREN AP (Outcome Indicator)
o UERIRTE gad (Process Indicator)

HRIFHET FRIA YOl B QT Aga
9 dd (Constraints)

o WIGAD! B HERHA (Work Culture)

o RN fa@ued (Institutional Fragmentation)
ST/ AR S [FaRIEI®! SSIRIFAT (Public Apathy)
o AJ®d] JFFEAN (Leadership Non-Support)

o AP IR (Business Invironment)

THEHR] HRITHET FaRAIT YOS SR DI
@i gaerd (Pre-Requisites)

o ST INRYUAD dfedl  gfddgdr

Commitment of Top Management) |

o WY HHARIG! Fed  FEW IRl (High Level

Participation of Employees) |

(strong

o Performance Parameter &1 Ul (Identification of
Performance Parameters) |

e Key Performance Indicator P T GRHTT (Clear
Definition of Key Performance Indicator (KPIs) |

o TUTW TISAIHG dlfoH (Adequate Organizational
Training) |

o Reward ¥ Recognition ®Ts YU (System)
P URMIG TaBT WO fsguE X gedidd
(Appraisal) ¥ HE  Link TRIIA  (Reward
&Recognition Linkage with Appraisal) |

AuTe g uireRor
HRIEAIET FaeRATITH TANT

USR] AIAGI-h  &HT BRIGHAIGT  TaRTI-h]
TR §< 99T Bigd | Aol WMl SRR
HTEARIG]  PRGHET  JRSHIORE  SUGEH
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o FHHENIG RGN I SORUTET I fAed
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o FHIARID! &AAT Jhg TN HRITHGETHAT IR
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(Fa1 ydel, TS, GAarer i )dl g
RGP |

uTe g e anfde yemee Rfammae
Q08¢ (FEFfRd) Sria TRYST sgaven

o YIPHRUTP] BT IR ST, TRPI, Il FodATS
fafy enfed fAfR¥Ed =gaRen T I@TSIGRE
SIRER], BRal I yHEr iR s s @d
=T Saven IRTSY |

o BRIGY YUYW, W YgE IMfad! HM, Had I
IHR e IRYDI |

o FERIP! T, B, ARV WSC a<eq
TRYDI |

o UaRUdl @R Updl ¥ Sam UUeels
faerfl, TRl ¥ =aRea gemsuan |

o “ue fagm ufdeRo faga faorer fafemmae
06R HATHT UTEHD! ERAT e STSM T, Sire,
fier Ry ™ draRer, srifff FAfE
PHANID! TP a1 HAURYID BH Had
TRE®E e RIS |

o AUTe faga wifdeRor y\or @4 fAfmmae! 08y
SIRT T UTfSIROTRT HHHT 3IF Siel |l &l
Y FRIGTS Fa Jawell TRUH! |

o FHAR! AU HRIAMY Q068 fAH0T WY
PHINEOOTS SORUT wWey fAf=  fhRser
AUST YSE T AR RS |

o fIRU o= Ugw@, W ygE RGBS
H’ﬂ@'\ﬁ'ﬂ PRI HIR (Performance Contract)
T TRTD! |

o UUH BRITGIAT S ATETD] TITG], a1
ISR I Jachiep] el RS |
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R DI B & DL | L) o MG [ R | ST R R
TR |

o SWGH, YRV ¥ IR0 AqERIAT HRITHTGTH
meRa Wieared w1 (EPR) &1 oyaRe
TRTaT |

o Afdm®m M= SMISHRT  SMSH® &
FETAT G 1 TR BRIVIST  STERA
YhE §1 TN HRIFHEET Wl 1 TR |

qUTe faE AIRERORT SRR SawRIuT BN

T @R oY G

o ST TEDI UGTRHBRI R ool WRBI PHARIEE
IReet WsER gome! (Two Way Communication
System) BT IJYTT aﬁquaﬁ |

o TRUI[HTSAD IRGHEAA FIR AT
PRITHEA IR TS (Performance Improvement
Plan) §91§ ®TY T AT TIRGDI |

o U= o= ugw, w UgERtT SREEA
PRR T FaRAT IRYDI ¥y i IqAr =R
SIS T g1 IR IRIYDI, STHBT BRI
Reward Y Punishment @1 UTa&Mols gUl WUHT
SR T A BT |

o HRFHIET JIRAYFD] HOHI AR HIRITHEA
HeIaidpd (Performance Appraisal) B'I—s: e wuHr
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PP G & qedidd T YgRT g1 U |

o WGTHI YR¥PR X TUS (Reward & Punishment)
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o PHIARIG FHET T BED qGTd gadb (Real
Indicator) TIR T FH[BTD! | IS HISA
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U BF PD Gad IR T ARG I |

o AAfRTIRE®! AaT, Igar YU aie /RIS
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Hedih 9ol (Monitoring and  Evaluation
System) HHAGIR SRITD! | UTEDH AdT RaARATIA,
BHARIGRD] BRIFHIET Yorhl FRIE ¥ guR,
MR AT STFIMADI  ITGIRVT TRISH o=l
fowm wiw e\ g FHa®l P s
TP |

o UIMGRUHAT HHANIDI TRAT  IMAIIHATI=<T
R IBH! I Iy &b A3 IZdl HU
Ufy el eREwl 91 BHIRN!  Beldidh

IRAMYh D] &I Y7 THD DI | Staff Optimization

DI UG JTEHT g1 FDHD! TaRITD] |

o HRIFHET 3 SUSRIEEd WRE (Performance
Gap) T SIS I TIR UM TH(BUD! | IJLT
HIAD] |G ACAD] I TAT FEIAFAR
IUBRT BIRIG WUR! B b BT I~ THAET Input-
Process-Output YU a4 ERIcacall

o PP AUV, TAFRIRGI, FARIBIY &HA I
ATIEAAT YIHIBTS A BTG TgED! TR
A WUl s 9o IW gue  ugEal
AT AT FTeTD] THT BRI
JUR ST FIwTs o1el WU uf el [lked
AYGTS TIR TR BF] T JAT 90T |

quTe fagd TfteRo™T "SRG aRATIT a8
YHIEHR] HYAT SR T aregu Had

LT[ ETSAD] BRI JUR AT (Performance
Improvement Plan) TQAT TR SRIFGIA I | I
IR Ao FRarar &5, irrarer @i
BRITAET gER P (Performance Improvement
Fund) AT RIMUAT 74 |

BRI IR DY TS ATUH! T/ ATafed
Tolc ASE] AWl BRI YMESIRATH g T
YIS 3 BN (SR : HHARI HeAvT By,
SUSH HY M) O Ud YbRe! Fafid goie
B | 9! PRIGHET GUR Wl § BH Tga
W 9 P G @G T, Joic B W (AT
ol TR H=TdHT @Itk I9 HIYDH! e TR |
PRIFTURT FIR BIYSITIT  HISAD]  BRIGHITE
IR ANHERT Sed Susfd gifie el oI
JAIH FETH TE TP S AR gaRen
R | 91 BN Wrea gd FuiRa Susfy aife
THHl SN Foaed IRA Phardemar S o9
FIAAEED] TRl B | IR DY R IS
I SR HRIGYR IS goic MG a1 3
JIgD TEFMI RIBA X Aag TR, I
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Fostering Joint Initiative in Energy
Cooperation between Nepal and
India through Energy Banking

Prabal Adhikari

1. Background

After the end of load shedding and its scars gradually
being healed, voices of gaining independence in electricity
are soaring in addition to the consumers’ aspirations for
the quality and reliability of power supply in the country.
Building robust transmission and distribution system
featured with necessary protection schemes is what
present management is striving for so as to ensure
quality and reliability of supply. However, independence
of electricity can be achieved if some waves of massive
upheavals leap into action in the power sector of Nepal
which inherits the somber images of hydropower
development from the past. Our poor performance to
have generated just above 1000 MW hydro so far in one
hundred and seven years is more than enough to depict
the gloom hovering over the Nepalese power sector.
Nevertheless, recent years have witnessed hopes on the
horizon with numerous hydropower projects above 3000
MW being under construction from the private sector after
signing power purchase agreements with Nepal Electricity
Authority. The PPAs with regard to hydropower projects in
different river basins have already crossed 4000 MW and
many developers in long queue with the potential of 6000
MW-plus are awaiting PPAs to be signed.

As per the simulation-based power scenario, Nepal is
capable of supplying power to India in the wet season
of FY 2018/19 and the years onward which can be
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banked to India and regained after some months in dry
season. Besides this ongoing fiscal year requiring energy
banking and import to fulfill the domestic demand of the
country, the transaction between Nepal and India may
be characterized by both energy banking and export for
some years up to 2025/26 as the dry season deficit is
less than the wet season surplus in these years. However,
Nepal will be a power exporting country without need of
banking after this period if all the hydropower projects
planned and proposed including those under construction
are commissioned as per the timeline given in the White
Paper published a few months ago by the Ministry of
Energy, Water Resources and Irrigation, Government of
Nepal.

The seasonal complementarities of demand and supply
of electricity that exist in our two countries make energy
banking a highly suitable model for power transaction at
seasonal basis to benefit both countries.

2. Power Import from India

The history of power exchange between Nepal and India
started with 5 MW of power import to Nepal in 1971. At
present, Nepal has been drawing power from India in
radial mode through various links at 132 kV, 33 kV and
11 kV voltage levels connecting the Indian States of Bihar,
Uttar Pradesh and Uttarakhand with Nepal under Power
Exchange (PE) mechanism. The existing interconnections
between Nepal and India are as follows wherein only two
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interconnections, Dhalkebar- Mujaffarpurand Tanakpur-
Mahendranagar,are undergoing power flow through power
trading companies and the rest of them are associated
with PE mechanism. After the construction of Dhalkebar-
Muijaffarpur 400 kV cross border transmission line, Nepal
and India are now undergoing deliberations to finalize the
implementation and funding modality for the second 400
kV cross border line, New Butwal- Gorakhpur (New).

Also, after Nepal and India signedthe Power Trade
Agreement (PTA) on October 21, 2014, Joint Working
Group (Joint Secretary level ) and Joint Steering Committee
(Secretary level) meetings are taking place regularly
to deal with the issues of cross border connectivity and
power trading between the two countries.

The existing interconnections between Nepal and India
are as follows:

Interconnections Voltage Import
Level (kV) | Power (MW)
Kataiya — Kusaha 132 125
Kataiya - Rajbiraj (Under 33 10
Kosi Agreement)
Sitamadi-Jaleshwor 33 12
Raxaul-Birgun; 33 12
Ramnagar-Gandak 132 25
Jaynagar-Siraha 33 7
Nanpara-Nepalgunj s 12
Tanakpur-Mahendranagar 132 30
Dhalkebar-Mujaffarpur (to
be charged at 220 kV and 132 120
then finally at 400 kV)
Kataiya — Kusaha I 132 50
Raxaul-Parwanipur 132 50
Jhulaghat (0.6MW),
Jaulijibi (0.1MW), Lali " 0.9
(0.1MW) and Huti (0.1MW)
Total 453.9

3. Rationale for Energy Banking

Nepal's power generation is predominantly hydro-based.
Most of these hydropower plants are run-off-River (ROR)
type. They generally generate energy in full capacity, i. .,
70-85% of total annual energy, in its wet/monsoon season
which normally lies from May to October, whereas the
load is not high in Nepal in these months and it will lead to
the seasonal power surplus situation in Nepal after one or
two year(s) if the current scenario as per the load forecast
continues without policy intervention.

However, the electricity demand in various States of India
Fefaitier ufer
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like UP, Hariyana and Punjab is quite high in India during
the same period by virtue of high agricultural and cooling
loads in these States. Nepal can supply power to India
during these months and it will also serve the purpose of
generation mix of hydro, solar and thermal power to some
extent.

Similarly, power can flow in reverse direction from India
to Nepal in dry season of the year during which Nepal's
electricity demand is high, but hydropower generation is
drastically diminished to almost one third of the installed
capacity of a ROR hydropower plant due to low discharge
in rivers. It makes power import from India an inevitable
option for Nepal for balancing demand and supply of
electricity as Nepal does not have enough reservoir
hydropower capacity right now. As such, the deficit of
power and energy in dry months in Nepal can be met
through the transaction of the power from India to Nepal
in lieu of the power supplied to India by Nepal in the wet
months under energy banking mode.

Both the countries can benefit from this transaction through
energy banking by virtue of seasonal complementarities of
demand and supply of electricity and it will allow the optimal
utilization of our resources in terms of both generation
and transmission capacity of existing facilities.

4. Earlier Understandings and
Deliberations

India-Nepal 10" Power Exchange Committee (PEC)
meeting held in December 2011 in New Delhi had already
paved the way for selling surplus energy of Nepal, if any,
to India.The minutes of the PEC meeting states:

“NEA should approach BSEB (now BSPHCL) and mutually
decide the matter if NEA has some power to export to
BSEB during the months from July to October and wants
BSEB to procure this power under power exchange
mechanism.”

This provision of power import and export with the same
tariff applicable has virtually established the principle
of energy banking mechanism between Nepal and the
Indian state of Bihar.

Energy banking issue as requested by Nepal side was
discussed again in the meeting between Bihar State
Power Holding Company Limited (BSPHCL) and NEA at
Patna, India on April 25, 2017. It was agreed as follows in
the Minutes of Meeting:

“NEA officials requested that power import from Nepal to
India during wet or monsoon season along with proposal
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for banking of power can be explored on mutual interest.
BSPHCL agreed it in principle. However, issue needs
further detailed deliberation /examination. Both NEA and
NBPDCL officials maintained that the issue deliberated in
the meeting will be examined.”

The 11th PEC meeting held on August 8, 2017 in New
Delhi, India, discussed and minuted this issue of power
transaction through energy banking as follows:

“The Nepal side proposed for the transaction of power
between India and Nepal through energy banking
mechanism in future for which Bihar side also expressed
their interest. However, since the detailed proposal was
not placed before PEC, it was agreed that Nepal would
put up the matter with detailed agenda for deliberation in
the next JSC/JWG meeting.”

The 5th JSC meeting held on April 17, 2018 in New
Delhi, India, discussed and minuted this issue of power
transaction through energy banking as follows:

“Indian side stated that the energy banking concept may
involve discussion with Indian states and detailed analysis
of power scenario, tariff, etc., in different seasons for both
seller and buyer. It was agreed that CEA and NEA would
study the proposal/issues involved in exchange of power
through energy banking.”

This issue of energy banking was deliberated in the
meeting between CEA and NEA in New Delhi on July 5,
2018 as mandated by the 5th JSC meeting and it was
decided that the guidelines for energy banking between
the two countries would be frameworked by taking some
inputs from the different Indian entities which have
experiences of this sort of transaction.

5. Simulation-based
Bankable Energy

The power scenario presented herein is based on the new
demand forecast of NEA. The GDP growth is considered

to be 7.2% and the load factor is taken as 60%. Further,
supply for the first five years is based on the committed
hydropower projects which are under construction and, in
the years afterward, it is based on the proposed projects
including the reservoir ones.

In addition to the base case scenario, an optimistic case
scenario is presented by incorporating the following
projects as mentioned in the White Paper published by
the Ministry of Energy, Water Resources and Irrigation.
The list of these projects is as follows:

Projects Capacity (MW)
Beganas Rupa Pumped Storage 150
Phukot Karnali 500
Arun 4 400
Lower Arun 400
Kimathanka Arun 450
Nalghat 410
Naumure 245
West Seti 750
Sunkoshi 3 536
Kokhajor 1M
Sunkoshi 2 1110
Siwalaya (Thosne) - Khimti 500
Total Capacity 5562

The load forecast of Nepal for 22 years and the quantum
of energy that can be banked with India are shown below
in the first and the second graphical representations
respectively:

6. Energy Banking Arrangements

Some major features of energy banking based on the
practices among the Indian entities are summarized
below:

o Two entities/utilities enter into swap agreement to
utilize the seasonal variation in their load patterns.

Load Forecast of Nepal
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—e—Base Case Scenario (GWh)
—e— OptimisticCase Scenario (GWh)

Energy Banking Quantum
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Data source: System Planning Department, NEA

o The concept of energy banking may be illustrated as

follows:
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Forward banking entity/utility returns the banked
energy to the other entity/utility with some agreed
premium.

The transaction is undertaken directly between two
entities/utilities or through a power trader primarily on
negotiation basis.

There is a need of transparent guideline for energy
swap arrangement.

The banking arrangement is done wherein two
entities/utilities swap energy to match their seasonal
variations in surplus and deficit situations.

Itis a cashless,energy-for-energy transaction wherein
no tariff is applied for the energy banked or returned.

In addition to the open access charges to be paid by
the banking entity (That is, NEA, in this case), the
transmission charges and losses to be borne -

(i) by energy banking entity when energy is supplied
to returning entity and

(i) by returning entity when the energy is returned to
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banking entity are as follows:
- Injection losses & charges of the injecting point

- State Transmission Utility (STU) transmission
losses and charges, if any

- SLDC (State LDC) Scheduling charges and
concurrence charges, if any

The transmission charges and losses to be borne -

(i) byenergy returning entity when energy is supplied
to returning entity and

(i) by banking entity when the energy is returned to
banking entity are as follows:

- Withdrawal losses & charges of the withdrawal
point

- State Transmission Utility (STU) transmission
losses and charges, if any

- SLDC (State LDC) Scheduling charges and
concurrence charges, if any

Any deviation from the approved schedule will have
to be paid by energy banking or returning entity as
applicable as per the frequency-based Unscheduled
Interchange (Ul) / Deviation Settlement Mechanism
(DSM) rate.

After completion of the transaction, an entity is
required to prepare final energy account showing the
energy banked and returned in terms of million units
(MU’s).

No financial settlement is required if both of the entities
involved perform their respective obligations and are
in agreement to carry forward the balance energy to a
mutually agreed period.
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If the quantum of power returned by the returning
entity is less than the agreed quantum returnable,
it will have to pay the banking entity for the shortfall
energy at the rate already agreed upon.

o If the quantum of power returned by the returning
entity is more than the agreed quantum returnable,
the other entity will have to pay the returning entity for
the excess energy at the rate already agreed upon.
This rate may be different from the rate payable by the
returning entity in case of the shortfall energy.

e There may or may not be trading margin for the
transaction depending on the agreement between
a trading company and the banking entity in case a
trading company is involved in the energy banking.

o In the diagram below,

Upper half: Nepal banks energy to India through a
trader or directly.

Lower half: India returns energy to Nepal through a
trader or directly.

7. Conclusions

In normal circumstances, there are large prospects of
energy banking between Nepal and India as this is a
rich and full agenda to pursue, awaiting policy decisions
followed by liberal guidelines. Given the influx of
hydropower licenses and PPA applications from the private
sector, the future for electricity in Nepal looks panoramic
from the perspectives of gaining independence in it and
increasing the level of cross border power exchange. In
fact, energy security of Nepal thrives on bilateral / sub-
regional market integration and Government motivations
are quite meaningful in this entire process.

Energy banking which is basically energy-for-energy
transaction between two entities can be considered as an
important tool of energy cooperation between Nepal and
India by virtue of seasonal complementarities of demand
and supply of electricity existing in these two countries and
its role to save Nepal's seasonal imbalance of power from
being chaotic by strong dominance of ROR hydropower
projects in the system.

Trader

e Banking arrangement ‘A" and returning arrangement
‘B’ may be specified in the following ways:

Arrangement ‘A’: Quantum of power to be banked by
Nepal in wet season

Quantum
(MW)

Entity | Period (From | Duration
dd/mm/yyyy to | (From. Hrs

dd/mmiyyyy) | toHrs)

Delivery
Point

Nepal

Arrangement ‘B’: Quantum of power to be returned
by India in dry season

Entity| Period (From | Duration | Quantum | Delivery
dd/mm/yyyy to | (From. Hrs | (MW) Point
dd/mm/yyyy) | to...Hrs)

India - % of

banked
energy
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Nepal Electricity Authority has already signed PPAs with
Independent Power Producers for the capacity of about
4300 MW and more than 6000 MW hydropower projects
are in process for PPA, most of them being RoR type. If
we cannot sell all energy produced from these projects in
wet season at Probability of Exceedence (PoE) of Q40
to our consumers, huge financial losses to NEA will be
incurred not only due to the Take-or-Pay provision of the
respective PPAs but also due to the increased power
import cost for having to purchase the energy in dry
season from the Indian States at high PEC tariff. This
problem can be sorted out through the banking of energy
with India in wet season and getting it returned in dry
season characterized by reduced hydropower generation.
Also, dry season higher tariff provided to the hydropower
generators of Nepal as of now will lose justification for the
huge disparity with regard to the wet season tariff when
the wet season energy can be supplied to the consumers
through energy banking in dry season.
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Through energy banking in practice, the utilization of cross
border transmission lines can be enhanced and there will be
no need to restrict PoE to Q40 as per NEA's current policy
for ROR and PROR hydropower projects while finalizing
power and energy for PPA because higher generation
in wet season will virtually be transferred to dry season
through the mode of energy banking. In this way, energy
banking may be considered analogous to the function of
a reservoir project storing water during monsoon period
and using it to generate power in low-discharge period of
the Nepalese rivers. In other words, it is something like,
virtually though not physically, changing ROR and PROR
hydropower projects into storage projects without adding
any infrastructures and storing water.Of course, it will
lead us to think and rethink of designing and operating
low-Q ROR/PROR projects from the perspective of energy
banking and using storage projects to export energy
particularly during the period when the energy tariffs are
high in the market, thereby enhancing the economic use
of water stored or wasted.
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Discussion Application
of Liquidated Damages
and Contract Execution

Subhash Kumar Misra
Chief, Kulekhani Ill Hydro project, NEA

Abstract: Prevailing legal/contractual provisions on contract time extension, application of liquidated damages (LD)
and contract execution situation after LD application are reviewed. The dichotomy between the application of LD and

contract execution situation thereafter are analyzed.

Introduction

Liquidated damage (LD) is a pre-defined maximum
compensation amount agreed in a contract to be paid to
the non-breaching party by the party breaching the contract
(Section 83 (2) of Contract Act, 2056 of Nepal (NCA)). Itis
a kind of remedy that can be exercised by the affected
(injured) party in the contract.

In the procurement contract, is standardized as a form of
compensation to be paid by the contractor to the employer
[Rule 121 (a) of Public Procurement Rules (PPR),
Regulation 199 (a) of NEA Financial Regulations (NFR),
FIDIC conditions of contract whereas the provision of
compensation to be given by the employer to the contractor
is provisioned in other forms such as granting extension
of time (EoT), payment of reasonable claim amount, etc.
In the context of procurement contract the application of
LD is a consequence of breach of contract because the
breaching party could not complete its obligations under
the contract within the agreed deadline (breach of contract:
NCA Section 82(1)).In the perspective of such contract
breach, the application of LD basically forms the ground
for the contract termination and, therefore, issuing EoT is
out of question.

Y R e IITH 9 o WAL 064

Necessity of contract execution
after the application of LD

Circumstances arise when the works under the contract
needs to be completed by the same party (contractor) even
after the application of LD. This is because the purpose
of the contract might be pushed into further uncertainty if
the contract is terminated once the LD is applied. Such
circumstances are common in case of construction
contracts involving complex structures/systems such
as hydropower projects, transmission line projects, etc.
Depending upon the stage of physical progress and other
crucial factors, the completion of such complex systems
might face the risk of further delay in case the contract
is prematurely terminated. For these reasons, provisions
are made in laws/regulations/standard conditions of
contract that the breaching party shall not be relieved
from its contractual obligations even after compensating
the injured party by paying LD [PPR 121 (b),NFR 199 (b),
FIDIC conditions, etc]. In other words, these clauses give
option to the non-breaching party to treat the contract alive
even after the application of the LD.

Period associated with LD

It is a standard provision in the construction/procurement
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contract to recover the predefined amount of damage
at a fixed percentage per day—generally 0.05% of the
contract price per day [PPR 121 (a) and NFR 199(a)]
not exceeding a maximum limit. This would,then,give
rise to a time period—typically 200 days at the rate of
0.05% per day and for the maximum limit of 10% (let
this period be defined as the Calculated Period). This
condition, therefore, envisages that the contract in any
case would conclude or the works under the contract
would be complete latest by the end of this Calculated
Period of 200 days. This is in line with NCA Section 83(4)
which states that a time extension may correspondingly
be claimed by the LD paying party in proportion to the
damages paid. This means, the Calculated Period is well
defined in the law and standard conditions of contract. No
remedy is, however, envisaged in the standard conditions
of contract or law if the works are not complete within the
Calculated Period. It is not clear whether such situation
will automatically lead to contract termination.

The Post-LD Contract Execution:
A Dichotomy

Now the question arises how the execution period after
the application of LD but beyond the Calculated Period
would be defined ?

In this regard a question immediately comes to the
mind: though not explicitly stated, will it not be an implicit
extension of time (EoT) of the contract by letting the
breaching party to continue and complete it in line with
PPR 121(b) and NFR 199(b) ?If we consider it to be an
extension of time, however implicit, then, this situation
would be in direct contradiction with the fact that the party
is in breach of contract and hence the LD is applied. This
is because EoT is granted only for some well defined
valid reasons (Section 56 of Public Procurement Act
(PPA), PPR 120 and NFR198) in which the question of
LD does not arise. Conversely, if we do not consider it to
be an implicit then we cannot justify the post-LD contract
execution. Furthermore, basic contractual provisions such
as making payments for the works executed, etc., are
continued to be followed when the contract is executed in
line with PPR 121 (b) and NFR 199(b) after the application
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of LD. In other words, all the contract provisions are to
be complied with, except for granting formal EoT, when
the contract is to be executed with the same party after
application of LD.

The above examination shows that there exists a
dichotomy between the situations of application of LD and
application of PPR 121(b) and NFR199(b). This dichotomy
sometimes creates complications. For example, valid EoT
is asked by authorities issuing working visas to the foreign
personnel of the contractor which has breached the
contract by not meeting the agreed time schedule and LD
is imposed. To cite other examples: formal EoT is asked
in the tax clearance process of the party (contractor), or
in customs clearance process by the party while importing
the goods to be used in the works under the contract.
Many such occasions arise during execution. But the
above dichotomy prohibits to issue formal EoTs and such
complications aggravate the post-LD contract execution
situation, and consequently, hampers the work progress.

From the above analyses it is clear that the post-LD
contract execution the period beyond the Calculated
Period, needs to be formally defined. This will help avoid
the above mentioned complications. For this, the clauses
PPR 121(b) and NFR199(b) may be supplemented with
some clarifications. Such supplementary clause may be
worded as follows by adding a new sub-clause (c) after
(@) and (b):

" (c) the employer, if deems necessary, issues EoT beyond
the period proportionate to the LD amount (Calculated
Period) for some specific requirements during contract
execution beyond such period without, however, violating
the provision in (a) of this Clause or Regulation."

Conclusion

A clause supplementary to Public Procurement Rule
Clause 121 (a) & (b) and NEA Financial Regulation 199
(a) & (b) seems required for restricted extension of time
for specific requirements in case the contract is to be
continued beyond the period proportionate to the applied
Liquidated Damage amount.
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Variation in
Construction Work

Introduction

Variation (sometimes it is referred to as a variation
instruction, variation order (VO) or change order) is an
alteration to the scope of works in a construction contract
in the form of addition, substitution or omission from
the original scope of work. FIDIC defines the variation
as increase or decrease the quantity of work included
in contract, omission of work, change the character or
quantity or kind of any work, change the level, lines
position and dimensions of any part of work and change
any specified sequence or timing of construction of any
part of the work. In construction, variation is inevitable
and every construction project encounters the variation in
different forms. There are several reasons of variation in
original scope of work which may occur from Employer,
Engineer and Contractor.

In construction project, there are generally three parties;
The Employer, the Consultant and the Contractor, involve
in construction and they have contract for executing the
particular work. The standard form of contract for large
project in Nepal is FIDIC contract (Red Book for ltem Rate
Contract, Yellow Book for Design and Build Contract and
Silver Book for EPC/Turn Key type of contract).

In construction project, the terms variation and claims are
used frequently but they are entirely different. Sometime it
is said that the contractor is claiming a variation, it means
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that contractor is making an application of variation. Any
claim in respect of variation only occurs when Employer
or Engineer rejects application and contractor disagree
with the decision and wishes to pursue a claim. Claim may
arise when Employer fails in his part to fulfill the condition
of contract. The claim may also arise due to the outside
events like force majeure and not foreseeable physical
obstruction or condition which affects the contractor’s
work. The settled claims; extension of time or monitory
compensation is ultimately a variation.

Variation to the original scope of work may change the
entire scope of work. The contract usually provides the
method that allows the Employer/Engineer to change
the scope of work. The valuation of variation and basis
of payment in respect of any variation to the contractor is
also usually established in the contract. Depending upon
the terms and condition of contract, Engineer/Employer
evaluates and agrees the variation including assessment
of compensation and time extensions.

Variation at large is quantity variation and addition of
new items of work. Variations due to price adjustment
for price escalation and other variation due to change
in legislation etc. are not elaborated here. All types of
changes ultimately result quantity variation, new items
of works and cost variation. Valuation of variation in term
of quantity variation based on FIDIC Red Book is rather
simple than valuation of new items of work. New items of
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works are also valuated based on the contract but contract
does not have proper guideline to finalize the new rates.
For the public projects, the rates for varied items are
generally proposed by contractor, reviewed by Engineer
and approved by Employer. The approval of new rates
from Employer is always in lower side, which is the main
cause of contractor’s disagreement and may ultimately
form a dispute and claims. This paper intends to have
general idea about variations and its valuation, dispute
and settlement of dispute if it occurs and some experience
gained from the public hydropower project while dealing
with variations.

Contractual
Aspect Of Variation

As per FIDIC Contract, when there are chances to vary
the original scope of work, Engineer/Employer shall
make variation and issue to the contractor. However,
the contractor is not authorized to make any variation
without approval from Engineer/Employer. The FIDIC
Contract guides us how and who can issue variations,
how variation is valuated, when can Engineer fix rates and
what happens when variation exceeding 15% of contract
price. The Contract also guides to issue daywork for
varied work which shall be executed on a daywork basis.
In FIDIC 1987 Red Book, Clauses 6.3, 6.4, 12.2,20.4, and
40.1~40.3, 41.1~44.3, 69.1~69.5, 51.1 t0 52.4,70.1, and
70.2 etc. are related to variation and adjustment; Alteration,
Additions and Omissions etc. Similarly, In FIDIC 1999 Red
Book, Clauses 13.1 to 13.8, 4.12, 8.8, 14.8, 14.15, 17.3,
19.1~19.4 efc. are related to variations and Adjustments.

Valuation Of Variation

Valuation of variation is generally performed by Engineer.
It is to be noted that under FIDIC 1987, the Engineer
was independent and acted as an adjudicator, when
required to give an Engineer’s decision under Clause
67. In New FIDIC Contract Edition 1999, the Engineer is
not independent anymore and he acts as the Employer’s
agent. However, Engineer is supposed to do fair evaluation
of variation. In FIDIC 1987 Contract, Clauses 51.1 to 52.4
are related to variation and valuation of variation. Clause
52.1 states that the varied work shall be valued at the
rates and prices set out in the contract if, in the opinion
of the Engineer, the same prices shall be applicable. If
the contract doesnot contain any rates or price applicable
to varied work, the rates and price in the contract shall be
used as basis of valuation of varied work (pro rata to the
contract rates or prices). The Engineer has to consult to
both Contractor and Engineer at time of valuation of varied
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work. If Contractor and Engineer agree on suitable rates or
prices in presence of Employer, than these rates and price
shall be taken as final rates and prices as per contract and
Engineer may use these price to evaluate variation. Inthe
event of disagreement between Contractor and Engineer,
Engineer may fix rates or prices which shall be reasonable
in opinion to Engineer and shall notify the Contractor and
Employer. The Engineer can use the rates or prices fixed
by him to determine the provisional prices to enable on
account payment to be included in certificates issued in
accordance with payment Clause.

When Engineer fixes prices for varied work, Engineer
has to take approval from Employer as per provision of
Contract, Engineer’s duties and authority. In practice,
when variation is instructed, Contractor generally submits
his rates for varied work with his substantiations. Engineer
review itand correctitif necessary as per his substantiation
and provision of contract. If Engineer’s rate is lower than
contractor’s rate, than Engineer invite contractor stating
that the rate proposed by contractor is not substantiated
by him, therefore Engineer has to correct the rate as per
his substantiation. If Engineer and Contractor agree on
the Engineer’s rate, than rate is final otherwise Engineer
will use his rate for pricing for on account payment. The
Engineer than make comprehensive variation report or
may send individual rate with detail breakdown of rates
and necessary substantiation to Employer for review and
approval. If Employer approve that rate than rate will
be final, but if Employer don't agree the Engineer’s rate
and alters the rates than dispute arises and dispute may
ultimately be solved through arbitration or litigation.

One of the major causes of dispute is the valuation of
variation and understanding of rates from contractor,
Engineer and Employer. The Contractor generally
demands high rate, Engineer determines the balance
rate, Employer approves lowest rates for those items
which are new. As per FIDIC 1987 contract Clause 52.1,
if Engineer and Contractor agree the rates or prices, in
presence of Employer, of varied work, rates or prices are
said to be final. However, practically, Only Engineer and
Contractor cannot finalize the rates or price because of
contractual provision that the Engineer has to get approval
from Employer for those rates agreed with Contractor.
The Employer may not grant approval to Engineer for
those rates or prices as agreed between Engineer and
Contractor. If Employer decrease the rates or prices than
dispute may certainly arise. This kind of arrangement in
Contract is the main cause of dispute in the valuation of
variation. Once dispute arises, it may follow the dispute
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resolution process. Such type of dispute sometime
causes severe disruption to project as Contractor may
suspend/slowdown the work saying that suitable rates or
prices for varied work are not provided to him.

In Chameliya Hydropower Project, variations such as
quantity variation, new item of work were encountered
during execution of work. Quantity variations had been
evaluated at the rates contained in contract. Variation,
for which rates or prices contained in the contract cannot
be applied, new rates have been determined based on
the contract. Sometimes, If Engineer and contractor do
not agree on new rates, Engineer has fixed the rates as
per contract and inform to Contractor and Employer for
determining on account payment to the Contractor. All
the variations related to new items of work; none of them
have been finalized. The Contractor has referred all the
variations issues to DRB or Arbitration saying that the
rates approved by Employer cannot be accepted.

Variation Exceeding 15 Percent

In FIDIC 1987, Condition of Contract, Clause 52.3 is
provisioned for variation exceeding 15 percentages.It is
stated that “On the issue of Taking —Over Certificate for
the whole of the work, if it is found that: all varied work
valuated under Clause 52.1 and 52. And all adjustment
upon measurement of the estimated quantities set
out in the Bill of Quantites excluding provisional sums,
dayworks and adjustment of price made under clause
70, there have been addition to or deduction from the
Contract Price which taken together are in excess of 15
percent of the “Effective Contract Price” (Contract price
excluding provisional sum and allowance of daywork),
after due consultation by the Engineer with Contractor
and Employer, there shall be added or deducted from
contract price such further sum as may be agreed
between the Contractor and Engineer, failing agreement
determined by Engineer having regard to Contractor’s
site and general overhead cost of the contract”. It means
that for variation exceeding 15 %, Engineer has to add to
or deduct from contract price an overhead of contractor
by certain amount. The understanding of clause is for
variation exceeding 15%, the overhead of the contractor
is not like overhead for quantity below 15%. The overhead
shall be decided between Engineer and Contractor not
from contract. The Clause is totally silent how and how
much extent that amount has to be added to or deducted
from contract price. It is another cause of dispute as
Contractor may re-rate the varied work and Engineer and
Employer may not agree on that.
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In FIDIC Conditions of Contract, there is no special Clause
regarding variations exceeding. The Parties shall agree
on variation exceedings issue among them. Excess of 15
percent of the "Effective Contract Price” in Sub-Clause
52.3 of FIDIC General Conditions of Contract is regarding
not paying general expenditure to the Contractor for the
variations exceeding above 15 per cent as included in
approved BOQ. Thus when variations exceed 15 per
cent, taking into account Site and general overhead
costs, the Contractor shall be paid according to the
determined sum. Otherwise the Contractor shall not make
any request. FIDIC Conditions of Contract are available,
regardless rate, for the approval of variations exceeding
by Contracting Authorities. However,In FIDIC Edition
1999, the provision of variations exceeding is very clear in
clause 12.3. In FIDIC 1987, if variations exceeding as per
clause 12.3, itis stated that new rates shall be provisioned
how new rates are determined it is also not so clear.

Daywork

In FIDIC 1987, Engineer may, in his opinion it is necessary
or desirable, issue an instruction that any varied work shall
be executed on day work basis. Generally, therates for day
work basis have been included in day work schedule in
contract. The Contractor shall be paid for such varied work
under the terms set out in the day work schedule included
in the Contract and rates and prices affixed there t0.The
Contractor shall submit all the necessary substantiation of
his work detail to Engineer for certification of day works.
The valuation of variation on day work basis is rather
simple than other method of valuation.

Dispute

A contract dispute occurs when any party in a contract
has a disagreement regarding any of the contract terms
or definitions. In contract law, a contract dispute is usually
considered a breach of contract, meaning that a party
failed to perform a duty or promise that they agreed to
in the contract. There are two different types of contract
breaches: Material Breach and Minor Breach.

Material Breach: A material breach in a contract
occurs when a party fails to perform a contractual duty
and the breach is so crucial and deep that it makes the
agreement or purpose of the contract irreparable. Usually
this occurs when the heart of the contract is not satisfied
because of the breach. When a material breach occurs,
the non-breaching party does not have to perform their
end of the contract and can sue the breaching party in
return for any damages caused by the breach.
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Minor Breach: A minor breach occurs when there is
a breach of contract by a party, but the breach is very
minor and does not disrupt the heart of the contract. When
minor breach occurs, both parties must still carry out the
remainder of the contract, but the non-breaching party
may sue for damages.

In construction Contract, variation is one of the major
sources of dispute between contractor and Employer.
There are mainly three types of dispute in relation to
variation: payment for variation, valuation of variation and
quantity measurement for variation.

Valuation Of Variation

In FIDIC Contract, Engineer is authorized to evaluate
variation and if all parties agree, then rates and prices
become final. In practice, Engineer and Contractor
may agree on rates but Employer may not agree on
these rates. After finalizing the rates, Engineer submits
the consolidated variation report to Employer with his
substantiations. Employer may agree on the rates and
prices contained in contract, but for new rates, Employer
sometimes intentionally alter the rates or prices citing
several reasons. When Contractor get the rate lower than
what he agrees with Engineer, it will trigger dispute to
valuation of variation. If Employer alters the rates or prices
other than as agree between Contractor and Engineer, itis
also the breach of contract as Condition of Contract does
not stated expressly the Employer also has to agree on
rats or prices finalized between Engineer and Contractor
despite the fact that Employer should be satisfied on rates
or prices which have been finalized between the Engineer
and Contractor. This kind of breach of contract may be
minor breach or it may be material breach depending on
extent of variation.

Payment For Variation

In FIDIC Condition of contract, Engineer is authorized to
increase or decreased the amount over contract amount
by certain amount as specified in appendix to bid. If
variation in that particular project is so large that the ceiling
amount provided to Engineer cannot cover the varied
amount, Employer sometimes may create dispute over
provisional amount certified by Engineer which may result
nonpayment of variation. In this context, Contractor may
lodge a claim against Employer for breach of contract.

Another issue of payment of variation is the used up of the
approved contract amount due to varied amount payment.
Sometimes, due to variation in large extent, Contract
amount and revised contract amount may exhaust due to
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payment of variation. Employer may not have approved
budget for payment to varied amount. However, contractor
may not agree with employer citing the clause of contract
for nonpayment, which ultimately caused dispute due
to breach of contract. The breach of contract due to
nonpayment of certified amount to contractor, sometime
affects the work severely to the extent to terminate or
suspend the work.

Measurement Of Quantity

In FIDIC 1987 Red Book Contract it is expressly stated
that “The quantities set out in the Bill of Quantities are
the estimated quantities for the works and they are not
to be taken as the actual and correct quantities of the
works to be executed by the contractor in fulfillment of
his obligations under the Contract”. In Red Book Contract,
quantities and rates are constant only for that estimated
quantities if there shall be no variations. If there is variation
in quantity or new items of work, none of these quantities
and rates shall be taken fixed. FIDIC Red Book Contract
is re-measurement contract where contract quantities are
only for purpose of determining the estimated cost. So,
Variation in quantity is inevitable in Red Book Contract
as Employer carries risk of contract amount increase.
The Contractor execute the work, Engineer make re-
measurement for that work for quantity and determine
the price of executed work. If quantity exceed by certain
percentage, new rates shall have to be determined. There
will be several disputes while making the measurement
and payment to the contractor if variation of quantity
occurred in contract. The final amount is only determined
when work is finalized, before that all the quantities,
prices and amount are only for estimation. Itis to be noted
that all the interim payments paid to the contractor are
only provisional not final, it can only be said final after
defect liability period of the work where Contractor has to
submit final statement and Engineer has to issue the final
certificates as per contract.

Settlement Of Dispute

There are basically two type of dispute resolution method
in commercial contract; Legal dispute resolution and
extrajudicial dispute resolution. Legal dispute resolution,
also refers court system Judiciary body, involves the
courts and tribunal which is also called litigation (district
court, appellate court, Supreme Court). On the other hand,
extrajudicial dispute resolution which is called alternative
to court system or ADR (Alternative Dispute Resolution)
Method which involves, not limited to, prevention,
negotiation, mediation, conciliation, neutral evaluation and
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arbitration. Arbitration is usually used for the final resolution
of commercial dispute in the construction contract. However,
In Nepal large commercial disputes in large Engineering
Projects have only been settled by litigation.

If dispute is not settled between the parties amicably,
either party is free to choose legal dispute resolution or
Alternative dispute resolution methods.It is worldwide
practice that Commercial disputes are being settled
through ADR (especially arbitration) rather through court
because of lengthy court procedures and piling of a number
of cases in the court. Nepal has made first arbitration act,
2038 and now it is replaced by Arbitration Act 2055. The
arbitration can be commenced during execution of work
or after completion of work. The award of arbitration is
binding according to the disputing parties’ agreement and
the law of arbitration. The parties have to obey the award
as a verdict of court of low. Generally awards of arbitration
are not voidable and even the court cannot make them
void. In case of any challenge in the court against awards,
any dissatisfied party may apply to appeal court (to make
the award void) within 35 days from the date of award or
day of the notice of award is received.

Recommendation

Variations in construction projects are inevitable due
to condition of contract and complex nature of work.

We need to choose or make the standard condition
of contract which has easy tools to deal with variation.
When variation occurs, its evaluation has to be done with
substantiation and agreeable to parties which result less
disputes. Variations are not corruption. It is the outcome
of the condition of contract and complex nature of work
where exact quantities and prices cannot be determined
during tendering stage. The Engineer has to play a role
as independently as practicable to evaluate the variations
and Contractor also has to be responsible to submit his
substantiation with his quotation. All parties should be
responsible in their position while dealing with variation
so that less dispute arise and result in timely completion
of project even after large variations. If dispute occurs
between the parties, contractual procedures have to be
followed to solve it without disrupting the works.

References;
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Introduction

Hydroelectric Projects consist of various hydraulic
structures from Headworks to tailrace outlet. Every
structure of hydroelectric projects are equally important
and have their unique requirement and function. The
river diversion structure is constructed to facilitate the
construction of dam, spillway and intake. Generally, river
diversion structures have no role after completion of
the project. But, river diversion structure greatly affects
construction duration of hydroelectric projects.

River Diversion

River diversion structure is the temporary structure
constructed for diverting the river flow to facilitate the
construction of Dam and associated structures. Generally,
underground diversion tunnel is constructed for river
diversion. The main purpose of the diversion structure is
to divert the river water to ease construction of structures
which fall in the watr-way.

River diversion can be carried via Diversion tunnel,
Diversion canal, Diversion conduit etc. depending on the
site conditions. The main components of river diversion
are Diversion tunnel or canal, upstream cofferdam and
downstream cofferdam. Cofferdams are required to divert
the flow towards the diversion tunnel or channel.

Srfatftfer ufsret

e

o

3=

Surya Nath Bhurtel
Deputy Manager, Middle Bhotekoshi, NEA

Cofferdams

Cofferdams are generally temporary structures used to
divert water from an area where permanent structures
needs to be constructed. Generally upstream and
downstream cofferdams are provided to divert the flows at
the inlet and outlet of the diversion tunnel/channel.

Cofferdams are constructed from earthfill material, rock fill
materials, concrete backfill or sometimes from sheet piles
or bore piles depending on the site condition.

A cofferdam involves the interaction of the structure, soil
and water. The loads imposed include the hydrostatic
forces of water, as well as the dynamic forces due to
current and waves. The loads imposed on the cofferdam
structure by construction equipment and operations must
be considered, both during installation of the cofferdam and
during construction of the structure itself. Removal of the
cofferdam shall be carried after the completion of the main
dam intake and spillway. Cofferdam is subject to scouring,
therefore the bed of the cofferdam must rest on rock or its
bed needs to be grouted to protect from scouring and to
stop seepage of water.

Cofferdams facilitate the construction of main dams which
are generally constructed during the dry season. Generally,
it facilitates the construction of main dams from November
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Jet grouting at the Cofferdam of Maahya Bhotekoshi HEP

to June when the discharge of the river is minimal. During
the rainy season, the cofferdam can be overtopped and
hence the construction works needs to be halted. But after
gaining the height of dams beyond the high flood level, the
construction of dam and spillway can be continued during
the rainy season also. As cofferdams are temporary
structures, they are designed only for high floods having
return period of 20 years.

Advantages of Cofferdam

Construction works performed in water ways has always
been more difficult and costly than performing the same
work elseware. The work performing water leads to
much more difficulties and the cost of construction will be
increased drastically. The main function of cofferdam is
to make the construction site which lies in the water-way,
temporarily water-free during construction period.

Cofferdam is constructed from earth fill, rock, concrete,
timber or by sheet piles depending on the site condition.
Selection of type of Cofferdam depends on available
head of water, available construction material at site and
possibility of overtopping by flood. For low head water,
earth fill cofferdams can be used. If there is possibility of
overtopping by flood, rock or concrete fill cofferdam can
be used.

IY R o 3IATH 9 o WAl 004

First stage of Cofferdam construction consists of
construction of one bank of the dam structure during
lean season flow and remaining part of the dam will be
completed after the second stage of cofferdam on the next
lean season flow of the year.

Capacity of Diversion Works

The capacity of river diversion scheme depends on
the design flood. Larger the design flood, the size of
the diversion scheme/structure will also be increased.
Besides, if we choose less flood return period, the low
height cofferdam may be subjected to overtopping. But,
the design flood or the return period of flood corresponding
to the minimum combined cost needs to be selected to
design its optimum capacity. The selection of discharge
capacity depends on the risk that cofferdam will face. As
river diversion is temporary structure constructed during
construction stage only, design flows of 20 years return
period shall be taken for its design.

River Closure

River closure is considered as a very important milestone
in hydroelectric project. River closure event is celebrated
like a festival during the construction stage. For the river
closure, itis necessary to stockpile all the needed materials
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on the stream bank. The height cofferdam needs to be
raised to the required height. The dumping of material is
carried on both banks rapidly by successive advances.
The materials shall consists of big boulders, rocks and
sufficient fine material shall create imperviousness. The
remaining middle part of the river is closed rapidly by
deploying more equipment at the same time, and then the
river flow is diverted to the diversion tunnel/channel.

. .?_af 3 -, \ !

River diveréién of Middle Bhotiekoshi HEP before and after diversion
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nd Headworks, Middle Marsyangdi HEP(MMHEP)

Some Examples of River
Diversions in Nepal

River Diversion scheme was constructed in Middle
Marsyangdi Hydroelectric Project (MMHEP) and Middle
Bhotekoshi Hydroelectric Project (MBKHEP). The Middle
Marsyangdi Hydroelectric Project consists of diversion
tunnel of length of 375 m with concrete/shotcrete lined
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Cross-section and Longitudinal section of Diversion tunnel, MMHEP

with face area of 63.6 sq. m. The upstream dam consists
of Mass concrete dam with a crest elevation of 605 m and
downstream cofferdam was constructed from earth rockfill
dam. The design capacity of diversion flood is 560 cubic
meter/sec., 135% of 20 years return period dry season
flood. The diversion tunnel is useless after the completion
of the project in 2008. It was concrete plugged in the
center. But, now, bulk amount of sand has deposited
just upstream of the inlet of diversion tunnel. There is a
possibility of sand flushing occasionally from the diversion
tunnel if the concrete plug is dismantled and stop-logsare
installed in the inlet of Diversion tunnel.

The diversion tunnel of the Madhya Bhotekoshi HEP was
complete and the river was diverted in on November
2017.
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Diversion tunnel srtop-log placing for reservoir impounding of MMHEP (Photo source: FJV)

Conclusion

River diversion is very important in construction of
hydroelectric projects as it is related with the construction
duration of the projects.

Another good aspect of river diversion is that it can be
constructed in the early stage of the project. In some
projects, construction of diversion tunnel is started at the
initial stage and bidding for the main construction works of
the project is started in the next phase. The river diversion
helps to minimize the construction duration by reducing
the construction time for the dam and spillway. Ultimately,
river diversion plays vital role in the early completion of
the project.
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Smart Meter
Infrastructure

records consumption of electric energy by Consumer

and other information and communicates frequently
with Automatic Metering Infrastructure (AMI) System
Software for monitoring and billing via various means
of communication technology. Smart meters typically
record consumed energy in different time interval as per
requirement like 10 minutes, 30 minutes, 60 minutes or
more frequently and report at least daily.

S mart meter is an electronic meter that reads and

Like its’ name, it has various smart functions for accurate
and timely meter reading, monitor and control approved
load of the consumer, balance amount of consumer if it
is used in pre-paid mode, any fraud or electricity theft
attempts and many more functions, including most or all
of the following:

o Time-based Tariff Rate for Electricity Consumption

o Consumption data for consumer and NEA in real time
mode for Monitoring

o Net Metering Facility to enable consumer to export
surplus energy to NEA in day time via Solar PV or
alternative source of electricity energy

o Loss of Power (and restoration) Notification
o Remote turn-on / turn-off operations of Meters

o Loadlimiting by inbuiltrelay unit for excess consumption
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then approved load or negative balance amount or due
to tampering on meter etc.,

o Energy Prepayment if meter is used in Pre-payment
mode

e Power quality monitoring
o Tamper and energy theft detection

o Communications with other intelligent devices in the
home

e Consumer can monitor electricity consumption and pay
consumption bill amount via Online Payment Systems
as available

And a smart meter is a green meter because it enables the
demand response that can lead to emissions and carbon
reductions. It facilitates greater energy efficiency since
information feedback alone has been shown to cause
consumers to reduce usage.

Smart Meter Communications
Infrastructure

Smart meters communicate and send information to
AutomaticMeteringInfrastructure (AMI) System Softwarevia
various means of communication technology for continuous
interaction and exchange of information between the NEA,
the consumer and the controllable electrical load. It must
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employ open bi-directional communication standards, yet
be highly secure with encryption methodology. There are
various communication architectures available to establish
secure and robust communication between Smart Meter
and AMI System. Some of the common communication
architectures available and being used by Utilities are as
below:

o Power Line Carrier (PLC)
o Copper or Optical Fiber

o Radio Frequency, either centralized or a distributed
mesh

o Wi-Fi
e Zig Bee DNP Modbus
o GPRS/3G/4G

Nepal Electricity Authority (NEA) is using 3G Data Service
from Nepal Telecom to connectaround 10000 Time of Day
(TOD) Meters and AMI System. The pilot implementation
and testing work has been completed.

NEA is using two different type of communication system
for Smart Meters. One is GPRS/3G communication data
service for existing Commercial & Industrial (C&I) TOD
Meters and Three Phase Whole Current Smart Meters.
Smart Meters with GPRS/3G communication technology
uses existing Telecom communication infrastructure to
send and receive data to AMI System Server via TCP/IP
protocol. NEA does not need to build and maintain its’
own communication infrastructure in this type of Smart
Metering System.

Another type of communication media is RF (Radio
Frequency) based technology which is being used in a pilot
project for Smart Meters inside Kathmandu Valley soon.
The Radio frequency band being used for smart meter
is 394-399 MHZ Spectrum. The RF (Radio Frequency)
based technology needs Data Concentrator Unit (DCU),
Routers, Repeaters to form RF Mesh Network with Smart
Meters to send and receive data and information to AMI
System. NEA needs to build and maintain its’ own RF
Mesh Communication Network Infrastructure in this type
of Smart Metering System.

Automatic Metering
Infrastructure (AMI) System

Automatic Metering Infrastructure (AMI) System Server
installed at NEA Data Center contains web-based and
secure Automatic Metering Infrastructure Software. The
AMI Software has two different modules like, Meter Data

Y R e ISH 9 o WAl 004

Acquisition (MDA) or Head End System (HES) and Meter
DataManagement System (MDMS). MDA Server Software
generally handles communication with Smart Meters to
send and receive data from Smart meters. MDA Server
also sends SMS and Email alert notification to concerned
officials of NEA if there is any tamper or fraud attempt
done with Smart meter. MDMS Server Software store and
analyze the data being received from Smart Meters via
MDA and generate various intelligent reports including
Instantaneous Data, Load wise Consumption Data, Billing
data and Tamper Data etc., The AMI Software Server is
the core part of the Smart Metering System with various
independent modules as required by NEA. The AMI
System can provide web portal access to Consumer so
that Consumer can also check their energy consumption
details, billing details and other information whenever
they need. There may be facility of Mobile Application
for consumer services like monitoring, control, billing and
payment collection via various payment services.

Instantaneous Report

This report is used to view the instantaneous parameters
data of meters in real ime mode. Smart Modem connected
with meter will collect instantaneous data once in every
fifteen minutes (which is fully configurable). Configuration
is such that modem reads instantaneous data in every 15
minute and prepares billing data, load survey and events
data which is called raw data of meter once in a day.
During day change or after midnight 00:00 hours, it makes
compressed files of both instantaneous and complete raw
file and transfers into Meter Data Management (MDM)
server. There is intelligent way of communication between
meter and AMI Server to download meter data. If data
download fails due to any reason, then modem will re-try
and send only left over data to minimize the 3G/GPRS
data service/communication charges.

FOTA (Firmware Over the Air)

NEA may need to read and change setting, configurations,
time of day slot etc., of meters remotely via AMI Server.
Any new firmware of meter can be upgraded remotely via
AMI Server over the air. To update firmware, new firmware
is to be copied / saved in the specific path in the AMI server.
When AMI Server send firmware update command to the
meter, it acknowledge or contact with the server path
(path where firmware is saved) and enable transferring
and updating new firmware over the air. After successful
update of new firmware, meter checks all parameters to
ensure new firmware works well and then it erases the
existing firmware available in memory of meter.
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Meter Data
Management System (Mdms)
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Meter Data Management System (MDMS) is a
comprehensive web based software with rich features
and reporting tools that helps electrical power
distribution NEA / operators in monitoring & control,
taking corrective actions, improving the overall energy
distribution and billing and revenue system of the
NEA.

This system is basically a decision-support system
for distribution operations, asset management and
planning actions. It pinpoints poorly performing
areas in the sub-transmission /distribution network,
based upon the technical parameters, such as area
wise distribution losses, theft, outages, overloaded
circuits/equipment, voltage imbalance, reliability
indices, power quality, consumption history and
pattern of consumers etc.

The system has capability to help in decision-making
on network monitoring and upgrade actions by
leveraging of historical meter data to calculate area
wise load growth, equipment wise, downtime/outage
statistics. It enables health and performance-
monitoring and management of important system
assets (feeders/transformers) and enables quicker

event driven detection of HV/DTR outages thereby
improving reliability indices and customer satisfaction
and customer performance and usage pattern for
long term and short term planning.

This system remotely acquires meter datafromthe NEA
system and selected consumer meters automatically,
avoiding any human intervention, monitor important
distribution parameters, use meter data for accurate
billing purposes and generate exceptions and MIS
reports for proper planning, monitoring, decisions and
taking corrective actions on the business activities by
the management.

It provides continuous online monitoring and logging
of the following parameters in respect of all incoming
and outgoing feeders, Distribution Transformers and
consumers on real time basis : -

Itis a database with analytical tools that enable interaction
with other information systems.

Consumer Information System (CIS), billing systems,
and the NEA web site

Demand Side Management System (DSMS)

Enterprise Resource Planning (ERP) power quality
management and load forecasting systems

Operational Customer Energy
Efficiency Satisfaction Efficiency

F 3
Revenue Smart Meters W .;( Demand
Protection and I¢'s Drivers J Response

h 4

Integrated

Multi Energy
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o Mobile Workforce Management (MWM)
o Geographic Information System (GIS)

o Distribution  Transformer

(DTMS)

One of the primary functions of MDMS system is to perform
validation, editing and estimation (VEE) on the AMI data
to ensure that despite disruptions in the communications
network or at customer premises, the data flowing to the
systems described above is complete and accurate. The
system verifies and validates the meter related data of
Consumer. If data is not validated, it alert the supervisor
and shows possible correct and estimated correct data.

Management ~ System

The MDMS system prepares final billing data and send
to Billing System for Payment Collection. The MDMS
system will give complete electrical hierarchy with energy
audit report of the distribution system of whole NEA or
any particular Branch/Distribution Center to monitor total
energy flow and consumed by consumers which helps
to detect areas/locations where high energy losses are
happening.

AMI data will support the following areas:

o System operating information

o Asset “health” information

o Operations to optimize asset utilization
e T&D planning

« Condition-based maintenance

o Engineering design and construction

o Consumer service

o Work and resource management

o Modeling and simulation

At the consumer level, smart meters communicate
consumption data to both the user and the NEA.
Smart meters can provide more information to make
consumers more aware of their energy usage. Going
further, electricity pricing information supplied by the NEA
enables load control devices like smart thermostats to
modulate electricity demand, based on pre-established
consumer price preferences. More advanced customers
deploy distributed Energy Resources (DER) based on
these economic signals. The consumer portals process
the AMI data in ways that enable more intelligent energy
consumption decisions, even providing interactive services
like prepayment.
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Online Payment of
NEA Electricity Bill

Sajun Shrestha

organization of Nepal. Broadly it deals with

Generation, Transmission and Distribution of
electricity. NEAhas always been striving towards enhancing
the revenue collection of NEA since its establishment in
2042 B.S. It started its revenue collection through manual
billing System for a long time. As the introduction of
computers, NEA also started to use computers to digitize
the data of revenue collection. PSICOBS was introduced
as the first billing system in 2059 B.S. which used DBASE
system to store data. Due to the digitized data, there was
an ease in billing and reporting of electricity bills of NEA
consumers. In the last decade computer system developed
significantly. NEA also upgraded its billing system to client
server mechanism with windows and Linux operating
system for its better performance, reliability, redundancy,
high availability and security.

N epal Electricity Authority (NEA) is a government

NEA billing system is not fully automated but it is
proceeding for automation in its billing and payment
system. Conventional billing system transformed to
digitize system with time; it drastically reduced the need
of human resource involvement and the concerned budget
on paperwork. It also made reporting system and tracking
mechanism easier for customer records. Customers also
benefited by computerized bills, receipts and prompt
response from the Billing mechanism.

In the process of data digitization, about 96% of consumer
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data has been successfully digitized whereas about 4%
are in process, hopefully we will achieve it soon. We have
digitized 146 collection centers among 168 and rest 22
Collection centers are in remote area.

Focusing on the service of our valuable consumers we
have implemented Any Branch Payment System (ABPS)
in Kathmandu valley for 16 collection centers so that
consumers can pay their bills from any branch according
to their convenience.

Technology is changing, human needs are speeding up and
automation has become the most essential part of human
life. So we started online electricity bill payment system
since Bhadra 2074 in NEA bill pay through Venders. NEA
has made an agreement with 8 vendors (CFS Finance, City
express, E-sewa, HBL Mahalaxmi Dev Bank, NIBL Pay
Point and Prabhu bank Ltd.) for online collection which are
appreciably collecting the electricity bills daily. Customers
can pay their bills using e-banking, mobiles apps, KIOSK
machine and their Community based collection offices. As
per NEA Board’s Decision one consumer can pay only up
to the bill amount of NRS 1, 00,000 per month as a system
constraint.

Customers can see their payment details through our
website www.nea.org.np/chkbill filling the spaces by their
related branch name, SCNO (Consumer number) and
Customer ID.
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This is the real data of Merchant wise Online Collection
scenario on pi-chart. Vendors name according to higher
collection percentage are E-sewa, Prabhu Bank, Paypoint,
CFS Remit, NIBL, City Express ,Mahalaxmi Development
Bank and HBL respectively.
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Customers need to create an account in E-sewa and
login. Then go to electricity and water and select counter
name (Branch Name), type scno (Consumer number) and
customer ID and click on proceed.
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Customers can check their payment details through our
website www.nea.org.np/chkbill . They can choose the
concerned branch office name , put customer number and
ID with required date and click on generate.
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Customers can see the details of their monthly payment
status with date.
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Online Payment through Global Bank mobile App
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Customers using NTC Mobile App also can pay electricity bill
through NEA payment. Customers need to choose branch
name, put customer number and ID and click submit.
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Total payable amount with rebate/penalty is shown.
Consumer can pay the hill clicking “Confirm” button or
can pay in advance clicking on “Make advance payment”.
Payment will be done if balance exists in e-sewa account.
Otherwise customer can deposit cash amount in e-sewa
or transfer from their related banks e-banking service.
Then e-sewa provides concerned receipt for payment
in .pdf format.
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Customers using Global Bank Mobile App also can pay
electricity bill through payment. Customers need to
choose branch name, put customer number and ID and
click submit.
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Cross-Border Electricity
Trade Opportunities and
Challenges for Nepal

Prakash Gaudel
Deputy Manager, Environment and Social Studies Department, NEA

Abstract

Nepal, with abundant hydropower potential and situated in a geopolitically important place, has the opportunity for cross-
border electricity trade. The paper argues that for Nepal, the trade of electricity with neighboring countries of India and
China is of both strategic and financial importance. This is because, even if Nepal develops all the potential hydroelectricity
and export to neighbors, the contribution of such export will also be insignificant to them where the installed capacity
have already crossed hundreds of thousands megawatts. In such backdrops, the paper attempts to explore the major
opportunities and challenges of cross-border trade of electricity for Nepal. The paper delves into Nepal’s existing plans ,
policies and regarding which, the paper urges for serious consideration in formulating or implementing them. Presenting
the current status of bilateral and multilateral agreements and institutional arrangements, the paper reinforces the fact
that cross-border electricity trade is not an easy task. Nevertheless, with prioritization of fulfilling internal demands, it
is high time for Nepal to address the existing challenges and grab the opportunities offered by cross-border electricity
trade. For this, the paper entails for the development of national strategy in lieu of considering electricity as trade
commaodity only.

Key Words: hydropower, cross-border, transmission lines, electricity trade, regional cooperation.

1. Background

Nepal, one of the South Asian nations, is surrounded by
two most populous nations, China in the North and India
in the remaining directions. With expanding economies,
there is a growing demand for electricity in South Asia
as well as in China. To meet this energy demand, the
electricity is currently being produced from different
sources in the region. This is mainly guided by naturally
available resources. For instance, India and China are rich
in fossil fuels, mainly coal; whereas Nepal is not rich is
fossil fuel but has abundant water resources. Therefore,
the electricity production in India and China are dominated

Srefatftfer ufret

faea

o

¥ |

by thermal power plants (Table 1) which depend on supply
of fossil fuels and that of Nepal is hydro-dominated. The
table below depicts the current electricity generation by
source types in Nepal and Nepal's immediate neighboring
nations.

With rising population and speeding economies, there is a
need of more reliable and sustained supply of electricity.
Nepal, as locked between the two giant nations, has the
opportunities for cross-border electricity trade and the
potentiality to change Nepal from land locked to electricity
linked nation. This paper first discusses the existing
cross-border trade of electricity and then analyze the

FH22 e 3TSH 9 o WAI 004



Table 1: Current Electricity Generation

Installed Capacity (MW)
S.No. | Energy Type Source Type Nepal' India2 China®
(June 30, 2018) | (May 31, 2018) (2017)
1 Hydropower 1,006.78 49,889.23 341,190
Diesel 53.41 837.63
2 Thermal Coal 196,957.50 1,106,040
Gas 24,897 .46
3 Nuclear - 6,780.00 35,820
Solar 0.68 21,651.48 130,250
4 Renewals Wind - 34,046.00 163,670
Geothermal - -
Biomass/Cogeneration 8,700.80
> SRS Waste to energy 138.30
Total 1060.87 343,898.40 1,777,030

1 For detail, http://www.doed.gov.np/operating_projects_hydro.php
2 Ministry of Power, Government of India

3 https://chinaenergyportal.org/en/2017-electricity-other-energy-statistics-update-of-june-2018/

applicable national plans and policies. The cross-border
agreements and institutional mechanisms for such trade
are then discussed. With such backdrop, the paper then
presents the opportunities and challenges of cross-border
electricity trade for Nepal.

2. Nepal’s Cross-Border
Electricity Trade

Globally the cross-border electricity trade is gaining
momentum. The governments and international
organization are prioritizing such trade because of lowering
costs, diversification of supply and tapping into low
carbon or renewable energy sources (UN-ESCAP,2018).
However, trade of electricity requires strong cross-
border interconnections of transmission lines and mutual
cooperation among the nations.

At present, Nepal has interconnecting transmission lines
with India only and there is no any trade of electricity with
China. The cross-border electricity trade between Nepal
and India is predominantly characterized by the import of
electricity needs of isolated areas of both sides of border.
Alltogether over 20 cross-border bilateral power exchange
facilities are operational at 11kV, 33kV and 132kV. The
total electricity flow from cross-border transmission lines
of capacity 33kV to 400kV is about 488MW (MoEWRI,
2018). Though Dhalekbar-Muzaffarpurcross-border
transmission line is of 400kV capacity, it was being
charged at 132kV since its operation in 2016 and recently
upgraded to 220kV in July, 2018. These existing lines are
currently being used mainly for importing electricity from
India. Further, 11kV cross-border lines connects Jaljibe
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with Dharchula, Baitadi with Pithoragarh and Pipli with
Dharchula.With existing cross-border transmission lines,
trade of electricity with India has been mainly dominated
by imports which is in increasing trend. The imports
have increased by more than threefolds in a period of
just 8 years. There is nominal volume of electricity being
exported to India and the trend is decreasing (Table 2).

Table 2: Cross-border
Electricity Trade with India

S.No. |Fiscal Year | Import (GWh) | Export (GWh)
1 2016/17 2175.04 2.69
2 2015/16 1777.68 3.15
3 2014/15 1369.89 3.17
4 2013/14 1070.47 3.40
9 2012/13 790.14 3.60
6 2011/12 746.07 412
7 2010/11 694.05 31.10
8 2009/10 638.68 75.07

Source: NEA (Annual Reports)

The maximum energy imported as per the Kosi and
Mahakali Agreements total about 30MW (10MW from
Kosi and a maximum of 20MW from Tanakpur for 70
million units). Ironically, the dry season imports is only
about 17.5MW for these river treaties (MoEn, 2009).
The remaining major share of import is from the power
exchange agreements and commercial arrangements
with power trading companies. Before entering into
these agreements, it is worthwhile to first look into Nepal’s
plans and policies that dictate the cross-border electricity
trade.
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3. Nepal’s Plan and Policy Regime

The concept of regional trade of electricity is not new for
Nepal, at least in plan and policy documents. Initially, the
trade of electricity between Nepal and India were guided
by the bilateral agreements of Kosi and Gandak done in
the 1950s. Nepal has also reflected the potentiality and
possibility of cross-border hydroelectricity trade through
its own plans and policies. The Hydropower Development
Policy of 1992 has first envisaged to export hydroelectricity
produced in excess to the national demand. The following
subsection deals with the existing national policies and
plans of hydropower and transmission line development
in relation to cross-border electricity trade.

3.1 Hydropower Development Policy, 2001

In Nepal, hydroelectricity trade across the border is mainly
guided by the Hydropower Development Policy of 2001.
The policy envisages hydropower, from its objectives, to
be developed as an exportable commodity. The policy has
encouraged the export of electricity by considering the
abundant hydropower generation capacity in the country.
For such trade, the Policy has prescribed a strategy
of bilateral or regional cooperation in the hydropower
development sector. The Policy believes that the
development of hydropower in Nepal will not only support
the domestic economy but also the regional economy.
Since the policy is focused on development, there is no
mention of hydropower import.

3.2 Water Resources Strategy, 2002

The Water Resources Strategy (WRS) of 2002 is the
first document of Nepal to acknowledge the principles of
Integrated Water Resources management (IWRM). One of
the specific objectives adopted by the WRS is 'to generate
hydropower to satisfy national energy requirements and to
allow for export of surplus energy'. As a long term purpose,
in 25 years of time (by 2027), the WRS envisages the
development of 22,000MW of hydroelectricity. As such
large hydropower generation will meet the domestic
energy demand, the Strategy aims at increasing revenues
by exporting surplus energy of as much as 15,000MW to
India and other neighboring countries.

3.3 Ten-year Hydroelectricity Development
Plan, 2009

A taskforce for formulating the “10 year Hydroelectricity
Development Plan’ was formed by the Government of
Nepal (GoN) on December 3, 2008. The taskforce came
up with the final report in August, 2009 prescribing the
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generation of 10,000MW in ten years. This 10-year plan
envisages the development of storage and non-storage
projects in the ratio of 60:40, so that Nepal can export
3,000 to 5,000MW of electricity.

3.4 Twenty-year Hydroelectricity
Development Plan, 2010

Without considering the essence and the findings of the
final report of the task force for formulating 10 years plan
of hydropower development, the GoN formulated another
taskforce for formulation the 20 year Hydroelectricity
Development Plan’ on August 26, 2009. The task force
was primarily given the responsibility of preparing a plan
of generation 25,000MW in two decades. The task force
submitted the report in April, 2010 which envisages the
generation of total of 37,628MW of electricity including
multipurpose projects of Pancheshwar, Karnali Chisapani
and Sapta Koshi by 2029. If these three multipurpose
projects are not conceived, the total generation is projected
to be 20,354MW for the same period of 20 years. Since
the generated electricity cannot be fully consumed in
Nepal, the task force recommends for export to India. The
plan has also considered the potentiality of cross-border
transmission lines as well as the SAARC regional power
grid and has recommended for at least one cross-border
line from each major basin of Nepal.

3.5 National Energy Crisis Mitigation and
Electricity Development Decade, 2016

A concept paper on mitigation of national energy crisis
and electricity development decade was presented by
the then Ministry of Energy in January, 2016. The plan
is to import up to 930MW of electricity from India up to
2 years in order to fulfill the domestic demand of Nepal.
In ten years of time (by 2026), generation of 10,000MW
of electricity including 5,000MW from storage projects is
anticipated. After fulfilling the internal demand, the plan
suggest for the export of excess hydro-electricity. For
this, the plan has foreseen the study and execution of
cross-border transmission lines of 400kV capacity which
includes a number of projects like New Butwal-Gorakhpur,
Duhabi-Purniya, Kohalpur-Lucknow, Lamki-Bareli, Attaria-
Bareli and Chilime Hub-Kerung.

Analyzing these national level plans of hydropower
development, one can clearly visualize that there
is no consideration of the previous plans and their
implementation. The focus has always been kept on
formulating fancy plans, one after another, emphasizing
only onsetting targets of thousands of megawatt of
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Table 3: Fluctuating Targets of Hydropower Generation in Nepal

. Target
S.No. Policy/Plan/Strategy Period | Capacity (MW) Remarks
1. Water Resources Strategy, 2002 | 2002-2027 22,000 including 15,000MW for export
10 year Hydroelectricity _ including export of 3,000MW to
2 Development Plan, 2009 AL e 5,000MW
- including 3 multipurpose project
3. DI e L) 2010-2029 37,628 (Karnali ChisapaniPancheshwar&Sa
Development Plan, 2010 .
ptakoshi)
n Electricity Development Decade, 2016- 2026 10,000 later upgraded to 17,000MW in 7
2016 years

Source: WECS, 2002; MoEn, 2009 and 2010

hydropower production (Table 3). However, in the
lack of ownership and enforcement of serious plans
by the authorities, the hydropower sector of Nepal is
underdeveloped.

3.6 Transmission System Development
Plan of Nepal, 2018

The Rastriya Prasaran Grid Company Limited (RPGCL),
owned by GoN, has prepared Transmission System
Development Plan in 2018. The plan has proposed the
construction of 3,192km of 400kV capacity and 1,160km of
220KV capacity transmission lines. The plan also includes
the six Nepal-India cross-border connection points in the
Terai Region and two Nepal-China cross-border connection
points in the Himalayan Region. These cross-border lines
which will be capable of transmitting a total of 15,900MW
of electricity (Table 4) are much same as proposed by the
Electricity Development Decade, 2016.

Table 4: Proposed 400kV
Cross-border Transmission Lines

Cross-border | Length, km
SN. TL Project | (up to border) MW Flow
A. Nepal -India
1 | Dodhara-Bareli 58 3,000
2 | Attariya-Bareli 30 700
3 | Phulbari-Lucknow 44 2,600
4 | Butwal-Gorakhpur 30 2,500
5 |Inaruwa —Purnera 50 1,800
6. |Dhalkebar-Muzaffarpur 39 3,100
Sub-total 251 13,700
B. Nepal-China
1| Chilime-Kerung 14 1500
2 |Upper Arun -Latse 23 700
Sub-total 37 2,200
Total (A+B) 288 15,900

Source: MoEWRI and RPGCL, 2018
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The Transmission Plan was prepared as per the GoN
latest targets of developing 15,000MW in 10 years and
around 40,000MW by the year 2040. Prior to this, in
2015, Nepal Electricity Authority (NEA) has prepared a
‘Transmission Master Plan of Nepal' from the year 2015
to 2035. Similarly, Joint Technical Team (JTT) of Nepal
and India has formulated an 'Integrated Master Plan for
Evacuation of Power from Nepal to India' up to the year
2035.However, the Plan of 2018 assumes that these prior
plans were mainly targeted for electricity exports to India,
and thus calls for updated master plan focusing more on
internal consumption.

4. Cross-Border Agreements

The cross-border agreements on electricity trade can
mainly be categorized into two types. The first includes
the river project agreements which were primarily done
for developing irrigation and flood control, and electricity
has come out as a byproduct. The second one include
power exchange/trade agreements which were done with
the primary objective of exchange (or trade) of electricity.
For Nepal, both types of agreements are predominantly
bilateral and done with India only.

4.1 Bilateral Agreements
4.1.1River Project Agreements

There are some rivers, originating from China and flowing
towards to Nepal. However, till date no agreement has
been signed between Nepal and China for development
of these rivers. On the other hand, Nepal has signed some
bilateral agreement with India regarding the development
of projects on transboundary rivers which flow from Nepal
to India. Kosi Agreement, 1954 (amended 1966); Gandak
Agreement, 1959 (amended 1964); and Mahakali Treaty,
1996 are the existing major bilateral agreements between
Nepal and India. These agreements do have some
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provisions for cross-border electricity exchange/trade.

As per Article 4 (i) of the amended Kosi Agreement, Nepal
is entitled to use up to 50% of the total hydroelectric power
generated by any powerhouse situated within 10mile
radius from the Koshi barrage on payment of certain tariff
fixed by mutual understanding. This 50% electricity was
materialized only in October 31, 1971 when the first two
units of four turbines of Kataiya powerhouse, built in India
on the irrigation canal drop, started generation (Pun, 2009)
almost a decade after the completion of Koshi barrage in
1962. Though this supply of electricity is of no significance
in comparison to the benefits to India in terms of irrigation
and flood control, Upadhyay (2012) claims that the supply
of electricity to Nepal is not a matter of agreement and
negotiation but a matter of right- an entitlement. The
Kataiya powerhouse was damaged by the Koshi flood of
2008 and as a result Nepal has been deprived of getting
the said share of electricity on the agreed tariff.

Similarly, under the Gandak Agreement, a 15MW
powerhouse was to be constructed by India in Nepalese
territory using the canal drop Main Western Canal and a
transmission line from the powerhouse in Nepal to Indian
border. Though the powerhouse was commissioned in
April 1979, the Gandak Agreement’s 60% load factor for
the powerhouse to be handed over to Nepal [Article 8 (iii)],
forced Nepal to buy Gandak electricity from 1979 to 1981
(Pun, 2007).

Under the Mahakali Treaty (Article 2), Nepal obtained a
supply of 70 million kWh (units), as against the earlier
agreed figure of 20 million kWh, of electricity on a
continuous basis annually, free of cost from Tanakpur
Hydropower Plant located in India. The increase in energy
from 20 million kWh to 70 million kWh is based on the
calculation of the increment of power due to pondage on
2.9ha of land at elevation of 250m. Though not mentioned
explicitly in the Treaty, the number that has been agreed
was half of what increment the pondage contributes to the
production of energy (Upadhyay, 2009).

4.1.2 Power Exchange Mechanisms

Though Kosi and Gandak agreements were done in
1950s, the first power exchange between Nepal and India
materialized only in 1971 through the Kosi Power under the
Kosi Agreement which was initially supplied to Biratnagar,
Dharan and Rajbiraj (Pun, 2009). In due course of time,

cross-border electricity exchange increased. By 1983,
Nepal imported about 6MW of electricity from India for
supply to border towns from 11 power exchange points
and exported about 5SMW from only Birgunj-Raxual point
(Pun, 2009).

The tariff of such exchanged electricity across border is
decided by Power Exchange Committee (PEC)*. Further,
NEA concluded Power Sale Agreement on December 12,
2011 with Power Trade Corporation of India for importing
150MW power, mainly from Dhalkebar-Muzaffarpur
400KV cross-border transmission line. This Agreement is
yet to be operationalized. Apart from this, NEA has been
purchasing electricity through NTPC VidyutVyapar Nigam
Limited of India.

4.1.3 Power Trade Agreements

As early in 1996, a Power Trade Agreement between
Nepal and India was signed at secretary level. However,
the agreement never came into implementation due tothe
issue of parliamentary ratification (Pun, 2009).Almost
after about two decades, Nepal and India signed another
agreement "Indo-Nepal Electric Power Trade, Cross
Border Transmission and Grid Connectivity Agreement"
in October 21, 2014. This agreement is perceived to open
new doors from cross-border electricity trade.

4.2 Multilateral Agreements

Even though the cross-border electricity trade of Nepal
is dominated by bilateral arrangements as in the case of
other South Asian nations, there are rooms for graduating
from current bilateral arrangements to multilateral
arrangements. For Nepal, the bilateral arrangements with
China, the northern border is also strategically important.

There were efforts, in the past, for realizing the regional
power grid project involving Bangladesh, Bhutan, India
and Nepal. However due to India's negation, the project
could not march forward (Pun, 2009). But, recently in
2017, with the visit of Prime Minister of Bangladesh to
India, both the countries have agreed on conceiving of
trilateral understanding between Bangladesh, Bhutan
and India for the cooperation in the field of hydroelectric
power®. Though this is a good start, the detachment of
Nepal from this cooperation is quite questionable.

Beyond trilateral cooperation, at broader scale, the
SAARC Energy Ring concept was first announced in 2004.

4. The PEC was formed in April 18, 1991 and is responsible for finalizing and periodically updating the matters related to exchange of power, including the tariff for the exchange of power

between Nepal and India.

5. India-Bangladesh Joint Statement during the State Visit of Prime Minister of Bangladesh to India (April 8, 2017), Government of India, Ministry of External Affairs. Retrieved from:

http://lwww.mea.gov.in
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Unfortunately, there has no substantial progress towards
the regional interconnectedness and cooperation (UN-
ESCAP, 2018).Realizing the need and benefits of cross-
border electricity trade, SAARC Framework Agreement
for Energy Cooperation (Electricity) was signed by the
member countries of the 18th SAARC Summit held in
Kathmandu in November 2014. However, things have not
moved forward as expected.

5. Opportunities

There are notable examples around the globe which
depict the benefits of cross-border electricity trade. Such
trade is accompanied by establishment of regional grid
and powerful institutional arrangements. The Southern
African Power Pool (SAPP) interconnecting 12 countries,
provide an example of good practice in the regional
energy cooperation (Rahman et al, 2011). Similarly, the
other successful examples from the developing world
includes West African Power Pool (WAPP) and Central
American Power Market (Oseni and Pollitt, 2014). Similar
opportunities for regional energy cooperation do exist
in the South Asian regions. The opportunities for cross-
border electricity trade specific to Nepal are discussed
below.

5.1 Seasonal Variation

Steep topography and perennial rivers makes Nepal ideal
for hydropower generation. However, Nepal's hydropower
is characterized by seasonal fluctuations; which are
indeed the ramification of the too little and too much water.
The four months of June to September is characterized
by the Monsoon which brings as much as 80% of the
total precipitation in the country. Even in the pre-monsoon
season, the high summer temperatures melts the snow
and glaciers resulting in the increased discharge in the
river. During this summer (pre-monsoon and monsoon)
season, the hydropower generation of Nepal is maximum
however the demand is not high.

On the contrary, in the same season, the electricity
production in India goes down. This is mainly due to
the fact that the major share of electricity generation in
India is from coal. In the wet season the processes of
mining, processing and transportation of coal are affected
resulting in required availability of amount and efficiency
of coal. Moreover, in the summer season, the electricity
demand surges in India. This is mainly attributed by
the increased use of cooling appliances and increased
groundwater pumping for irrigation. Therefore, there
seems perfect match for cross-border electricity trade
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between Nepal and India as the energy peak demand in
winter and summer of Nepal and India are in contrast and
can be used as complementary for exchange. This is the
reason why Nepal proposed for the concept of ‘Energy
Banking’ with India.

5.2 Cleaner and Climate Friendly
Hydropower

Nepal's hydropower (untapped potential and current
generation), is regarded as much cleaner sources of
energy. On the opposite, both neighboring nations are
heavily dependent on fossil fuels for thermal generation,
the major greenhouse gas (GHG) emitters. Nevertheless,
we should not deny the fact that both the nations are
transforming themselves from the non-renewal sources
towards renewals, as their international commitments.
Furthermore, with the addition of hydro-based electricity
imports, the flexibility of the grid will increase to adjust
the intermittent supply for other renewals like solar and
wind. Even for thermal and nuclear which take longer time
to start or shut down, the hydropower have comparative
advantage of quicker adjustment to the changing load.

Moreover, cross-border electricity trade need to be
looked from a new perspectives of fulfilling Sustainable
Development Goals as well as global climate commitments.
Clean hydropower production from Nepal can offset at
least some fossil fuel consumption and help reduce global
emission of greenhouse gases. This is one of the major
opportunities for cross-border hydro-electricity trade
where both neighboring nations heavily depends on fossil
fuel.

5.3 Strategic Opportunity for Nepal

There is a greater scope for Nepal regarding cross-border
electricity trade from strategic point of view. As depicted in
Table 1, the neighboring countries have already crossed
hundreds of thousands of megawatts of electricity
generation and therefore the amount of electricity to be
exported from Nepal is insignificant from the financial
perspectives. However, the geopolitical context and
the security concerns of both neighbors provide ample
strategic opportunities for Nepal to export its hydropower
in the near future.

It is the high time to integrate the individual national
energy markets of China, Nepal and India including other
countries of South Asia Region. As Nepal has already
been interconnected with the Indian electricity market, the
integration with northern market is anticipated to increase
the reliability and security of the energy market. Opening
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of new cross-border transmission lines towards China
is expected to end the monopoly of the Indian market,
transforming the current bilateral trades of electricity to
trilateral. The assurance from multiple buyers will also
help Nepal to develop more hydropower through domestic
or foreign investments.

6. Challenges

Despite having significant potential of techno-economically
feasible hydropower, Nepal is not yet successful in
meeting its own demand. On the contrary, policy regime
for hydropower development in Nepal assumes that
electricity may be exported to India and beyond. Top
priority needs to be given to internal consumption and on
increasing the per capita electricity consumption.

At the regional level, there had been talks on the energy
cooperation in South Asia. The SAARC energy grid
has also been included in the agendas of such talks for
quite some time. However, no any generous progress
has been made and the SAARC energy ring/grid still
seems elusive (UN-ESCAP, 2018). Therefore, it is quite
important to identify the challenges for such cooperation.
For successful execution of cross-border electricity trade,
there is the need to address the following challenges that
prevails at the national and regional context.

6.1 Lack of Determined
Plans and Institutions

From 2002 since the formulation of WRS to the Electricity
Development Decade of 2016, different targets for
hydropower generation were spelled out (Table 3). There
is lack of coordination or acknowledgement among these
plans.

In case of cross-border transmission lines, there are two
major issues. The first issue is about the interlinkages
and coordination of the recent plan of 2018 prepared
by RPGCL with the previous plans of NEA and JTT. The
question here is whether or not the 2018 transmission
plan replaces previous plans. The second issue is about
the ownership and implementation.

6.2 Regional Cooperation:
Not an Easy Task

The cross-border trade with India may not be as easy as
perceived or depicted by national plans and policies. The
India's Guidelines on Cross-Border Trade of Electricity,

2016is reported to have some contradictory clauses with
the essence of SAARC Framework Agreement, 2014 and
Indo-Nepal Power Trade Agreement, 2014(Pun, 2018).

The World Bank’s Ganges Strategic Basin Assessment
Report (2014) has also highlighted that the potential for
power trade among the basin countries is significant and
simple to negotiate. However, as applied in the case of
water resources, India is seemed to have its cross-border
electricity cooperation to be fixed at bilateral levels with
Nepal. Khadka and Adhikari (2005) has identified four
major barriers to regional power market in the South
Asian region, which includes policy barrier, technical
barriers, institutional barriers and commercial or financial
barriers, whereas, Malla (2005) has identified' post legacy
of mistrust'among the south Asian countries as one of the
major concerns for regional energy cooperation.

6.3 Electricity Trade: Does not necessarily
lead to Prosperity

For the desired economic growth of any country, the
(hydro)-electricity should be used as an input for internal
consumption rather than just for exporting as a raw
material. However, the national policy should not totally
ignore the possibility of cross-border electricity trade
where possible.

There are examples around the world which portray that
selling hydropower, mainly by hydro-rich but economically
weak nations, would not necessarily lead to prosperity.
The Paraguay's hydropower export is one of the typical
example where Paraguay alone is the main electricity
exporter in South America but is still the second poorest
nation in the region (Pun, 2008; Thanju and Canese,
2011). Similarly, Bhutan, a hydropower rich country like
Nepal, exports major share of its hydroelectricity to India
atnominal rates.® However in dry season, Bhutan needs to
import the power back from India at higher rates (SARI/EI,
2016).

6.4 Storage Projects are not only
Hydropower Projects

The cross-border hydroelectricity sale for Nepal is
constantly and repeatedly being reflected in national
plans and policies. These plans mainly rely on developing
storage hydroelectric projects so that generated
hydropower can be exported for financial returns. This
concept is also equally strengthened by multilateral

6.  Bhutan sells electricity as much cheaper price in the region. The electricity from the 336MW Chhukha HP is sold as the rate of Bhutanese Ngultrum (BTN) 2.25 per unit (revised from
BTN 2 per unit from Jan. 2014); BTN 1.98 per unit (revised from BTN 1.75 per unit from Jan 2008) from 60MW Kurichhu HEP and BTN 1.98 per unit from 1020MW Tala HEP (SARI/EI,

2016).
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agencies.The World Bank’s Ganges Strategic Basin
Assessment Report has emphasized that storage projects
in Nepal would provide hydropower as the greatest
benefits and there is little to do with flood control and
water regulation in the downstream. Pun (2013) strongly
portrayed this report as Indo-centric and suggested Nepal
not to rush just because of significant power trade. But
despite the multiple benefits of storage projects which
surpass the benefits of electricity generation, the storage
projects are being perceived as hydropower projects only.
For example there is no consideration of downstream
benefits from the proposed 1200MW Budhi Gandaki
Storage Project. Decision makers of Nepal need to see
Budhi Gandaki Project from multipurpose perspective
which has potential to bring regional benefits (Upadhyay
and Gaudel, 2014).

6.5 Increasing Socio-Environmental
Concerns

The hydropower is considered as a much cleaner source
of electricity. However hydro-projects are facing increasing
concerns fromthe society and environment.Waterdiversion
for hydropower generation can make downstream stretch
completely dry which has adverse impact on the aquatic
and terrestrial ecosystem as well as livelihood of the
people. This is particularly applicable for run-of- river
projects. For larger projects, construction of dams in the
Himalayan Region includes complex as well as costly
structures characterized by multiple problems. Besides
different socio-economic impacts including involuntary
displacement and loss of fertile land and many others,
the creation of huge reservoirs on the lap of Himalayas
will also affect the microclimate of the region. Therefore,

clear scrutiny of projects not only from the economic or
cross-border trade perspectives but also from the social
and environmental perspective has to be done. However,
the multiple national plans formulated one after another
for the hydropower sale across the border seriously lack
socio-environmental concerns.

7. Conclusion and Way Forward

The share of huge hydropower potential (about 83,000
MW) of Nepal, is merely less than five per cent of the
current installed capacity of China and hardly one fourth
of already installed capacity of India. So, the cross-border
export of all feasible hydroelectricity from Nepal to these
giants, will have hardly any nominal impact on their energy
systems. By saying this, however, we cannot deny the fact
that the energy trade of Nepal is of strategic importance.
It is, therefore, necessary for the policy makers of Nepal
to deal with this cross-border trade from strategic point
of view and deal diplomatically with the neighboring
nations.

For this, Nepal needs to formulate its own national and
economic strategy related to cross-border electricity trade.
Moreover, the environmental and social consequences of
hydropower are on higher sides. Therefore,Nepal has to
take care of optimum harnessing of rivers for hydropower
production with prioritization of the domestic consumption.
Realizing the need of trilateral and regional cooperation,
Nepal should immediately attempt for executing cross-
border transmission lines with China as well as take
initiatives in implementing the SAARC Framework
Agreement and the Power Trade Agreement with India.
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Prospects of Bagasse-
Based Cogeneration from
Sugar Industries in Nepal

Er. Shammy Karna

Introduction

Cogeneration is the simultaneous generation of electrical
power and thermal energy through a single fuel called
bagasse. Bagasse cogeneration describes the use of
fibrous sugarcane waste, bagasse, to cogenerate heat
and electricity at high efficiency in sugar mills. Meeting
electricity demand in sustainable manner is one of the
major challenges that Nepal is facing. At present electricity
generation in Nepal is mainly through hydropower. The time
has come that the country must search now for alternative
sources for electricity generation like renewable and
non-conventional sources such as solar, wind or hybrid
technologies. Country has launched a programme to
enhance proportion of renewable energy in the electricity
mix to address the present energy crisis situation.

Abaseline survey of energy intensive industries undertaken
in 2012 identified a potential of generating electricity of
around 25 MW through cogeneration from sugar industries.
Through additional measures in the sugar industries, the
capacity could be increased to 93 MW which is equivalent to
about one fifth of the current hydropower generation during
the dry season. Out of the total potential, more than 50% of
the capacity could be connected to the national grid. This
would provide a sigh of relief during the dry season, when
energy management becomes a challenging task from the
system operation point of view. Further, the industries have
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been depending on fossil fuel as an alternative source for
electricity. Hence, cogeneration would support not only
in operating the industries smoothly but also in reducing
adverse environmental impact caused by burning of fossil
fuel and decrease dependency on import of fossil fuel.

Harnessing electricity through cogeneration stands as
a promising new source in the electricity mix of Nepal.
Bagasse is the by-product of the cane crushing in the sugar
mills.The bagasse percentage varies from 23% to 37% of
the total weight of sugarcane. It is a fibrous material and
contains moisture in large amount, approximately 48-50 %.
Its moisture content can be reduced by better de-watering,
improved processing or by simply leaving the bagasse
to dry. The calorific value of bagasse depends upon the
moisture content and the amount of sucrose present in the
bagasse.

Bagasse Cogeneration System

Advanced cogeneration systems are employed for
simultaneous generation of process steam and electricity.
Theyrunbyemploying high pressure boilersand condensing
cum extraction turbines. It has become standard to produce
both steam and electricity necessary for driving the sugar
processes. This sequential generation of electrical power
and thermal energy (steam) is referred to the production of
combined heat and power or cogeneration.
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Figure: Schematic diagram of power cogeneration in sugar mills

Potential of Bagasse
Cogeneration

Sugar industries in Nepal are mainly situated in the terai
region. The favourable climatic, edaphic and topographic
conditions make the southern parts of Nepal a suitable
region for sugarcane farming. There are various sugar
industries with electricity generation capacity as listed as
below:

S.N. Name of Industry Cogeneration
Capacity
1 Reliance Sugar Industry 15 MW
2 | Indushankar Sugar Industry Ltd. 3 MW
3 | Annapurna Sugar & General Industries 3.5 MW
4 | Everest Sugar and Chemical Industry Ltd. 3 MW
5 Mahalakxmi Sugar Mill Ltd 3 MW
6 Vashulinga Sugar Mill Ltd 15 MW
7 Sri Ram Sugar Ltd 3 MW
8 | Bagmati Khandsari Sugar Ltd 3 MW

Policy and Regulatory Support

Government of Nepal has taken major decisions regarding
the promotion of bagasse cogeneration. The policy and
regulatory  decisions/frameworks regarding bagasse
cogeneration are follows:

e On Jestha 20, 2072,Government of Nepal (GoN)
has made cabinet-level decision for promoting the
cogeneration.

o In Magh, 2072 Ministry of Energy, GoN has issued
Energy Crisis Mitigation Action Plan, 2072. In program
number 27 of the Action Plan, following is stated,

= A contract will be signed between GoN and sugar
industries for connecting its surplus electricity to
national grid after self consumption.
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= Power Purchase Agreement (PPA) will be signed
with sugar industries.

= Transmission Line from switchyard of sugar
industry to NEA's substation will be built on sugar
industries expenses.

e On Baisakh 25, 2075, Ministry of Energy, Water
Resources and Irrigation has issued a White Paper
which has focused on PPA of energy from Sugar
Industries.

e Nepal Electricity Authority through its Board decision
has approved the template of PPAregarding bagasse
cogeneration. The major provisions incorporated in
PPA for Bagasse generation are as follows:

Energy billing based on metered energy.

Posted Tariff Rate as applicable for RoR hydropower
projects (Wet month NRs 4.80/kwh and Dry month
NRs 8.40/kwh with 3% simple escalation for eight
years) to apply.

Dry months considered from Mangsir 16 to Jestha
15 and wet months from Jestha 16 to Mangsir
15.

No penalty provision foreither parties.

= 5% of the bill amount on account of delivered
energy will be deducted and provided to the GoN
for distribution to the sugarcane farmers as per
the cabinet decision of GoN.

= 50% work progress provision on date of RCOD
(Required Commercial Operation Date) applicable
to hydropower developers for Performance
Guarantee forfeit/release waived.

Performance guarantee at the rate of Nrs. 600/kw
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to be submitted before signing of PPA

= Performance guarantee to be released only if COD
takes place by RCOD.

= COD (Commercial Operation Date) declaration
after 7 days of satisfactory trial operation period.

= Financial closure to be achieved within one year
period.

= PPA period of 25 years or contract period between
GON and Sugar Industries or generation license
validity period whichever is earlier.

= Sample contract energy table is given below:
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Entities involved in Bagasse
Cogeneration

The entities associated with bagasse cogeneration in
Nepal are as follows:

o Ministry of Energy, Water Resources and Irrigation

e Ministry of Agriculture, Land Management and
Cooperatives

o Department of Electricity Development
e Nepal Electricity Authority

e Concerned sugar industries
Barriers in Cogeneration

The major bottlenecks in harnessing cogeneration
potential in Nepal are as follows:

o Lack of sugar industry’s management Focus

e Sugar industries management does not take
cogeneration seriously due to lack of awareness
and being busy in solving other problems of sugar
mill. In addition, the management does not have the
competence to run a power plant.

e Financial Constraints
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Sugar mills do not have adequate resources to
establish cogeneration facility.

o Small Mills

e Minimum 2500 tonnes crushing capacity is required
for the mill to be economically viable for establishing
cogeneration facility.

o Grid Connectivity

o Lack of grid connectivity is also a barrier in bagasse
cogeneration.

o Unavailability of bagasse in off-season

o Unavailability of bagasse in off season is a constraint.
Energy generation is limited to 4-5 months in a year.

e Lack of adequate policy and effective regulatory
framework.

e Lack of technical capacity and low technological
confidence.

o Lack of experience in commercial operation.
o De-motivation for Sugarcane Farming

o Delayed payment for sugarcane has de-motivated the
farmers for sugarcane cultivation.

Conclusion

The overall review of the status of bagasse cogeneration
in Nepal has demonstrated that Nepal has untapped
potential of bagasse cogeneration which is expected
to increase in near future. However, sugar sector in
Nepal is very complex. Government of Nepal has taken
several initiatives to enhance bagasse cogeneration
which has received positive responses from the sugar
sector. The barriers in this area as identified need to
be addressed to promote the cogeneration growth in
the country.

Besides the role of mitigating energy crisis through
power generation from bagasse, it has also significant
contribution to the improvement of voltage profile in the
power system of Nepal by supplying reactive power.
As NEA has already decided to sign power purchase
agreements with the owners of sugar factories which are
willing to cogenerate electric power, it is expected that we
will soon have bagasse-based PPAs with various sugar
factories in Nepal.
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Economic Sustainability
of Large Dams:
Case study of Itaipu dam

Background

It is well experienced and almost accepted by all Nations
that small and medium sized hydro dams are economically
sustainable. But what humor is going on for large Dams?

Though study and construction for some medium and
large dams are in pipeline, Nepal has still only small dams
for ROR/ PROR type hydro projects except Kulekhani
dam. We often see unclear debates about construction of
large dams in different Nepalese Medias.To some extent,
these news and debates are justifying speculations for
vested interests of different stakeholder in this regard.
Is it exaggeration to say that conclusions can be made
that plans for large dams are mostly influenced by other
interests rather than founded on national interest ?
Otherwise, we could have seen multidimensional debates
rather than present level discussions.

Itis obvious thatlarge dam construction has multi-dimension
with some dimension beyond conventional level thinking.
Some are unseen and intrinsic to local level and even
unpredictable during study. How can it be decided without
fair discussion at least to those dimensions to known level?
It is beyond the scope of anybody single to have idea of all
dimensions of large dams so through this article | want to
urge all to make this topic most debatable among different
perspectives so that fair level of understanding could come
to surface.
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As other dimensions are beyond the scope of this Article, it
is focused to bring in front of you, the studies for one crucial
dimension: “Economic sustainability of large dams”.

What studies Says For Economic
Sustainability Of Large Dams?

The paper “Dams and Hydropower for Sustainable
Development, by Yuksel” published in journal “Energy
Sources, Part B: Economics, Planning and Policy,
volume-4, 2009” mentions that the global debate about
large dams is at once overwhelmingly complex and
fundamentally simple. It is complex because the issues
are not confined to the design, construction, and operation
of dams themselves but embrace the range of social,
environmental, and political choices on which the human
aspiration to development and improved well-being
depend.

An article on September 23, 2010 from “Russel Norman
Environment & Resource Management56” states that
there are many more large dams being removed in the US
at this time than are being proposed and constructed. US
probably built all the major dams that were ever going to
be built before the 1980s, and today there is substantial
momentum toward removing even some of the larger
power and irrigation dams that were constructed in the
early to mid-20th century. Notably there is a growing
support for removing major dams on the Snake River in
Oregon and Idaho.
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The Oxford University report namely “Hydroelectric dams
are doing more harm than good to emerging economies’by
Bent Flyvbjerg and Atif Ansar after investigating 245
large dams worldwide concludes that for large dams,
cost overruns, debt, inflation and harmful consequences
make large dams very risky projects. As per report, with
an average cost overrun of over 90%, large dams have
one of the highest cost overruns among all infrastructure
asset classes. This result is before accounting for negative
impacts on human society and environment, and without
including the effects of inflation and debt servicing. So,
large dams in developing countries are not economically
viable. Instead of obtaining hoped-for riches, developing
countries risk drowning their fragile economies in debt
owing to the ill-advised construction of large dams. The
report revealed that the costs of large dams and similar
failed mega projects have caused an explosive growth
of debt in developing countries. For example, the actual
cost of Tarbela dam, most of which was borrowed from
external sources, amounted to 23% of the increase in
Pakistan's external public debt stock between 1968-1984.
Similarly, for the Chivor hydroelectric project in Colombia,
the planners predicted that there would be no changes
in the exchange rate between the Colombian peso and
the US dollar during the construction period (1970-77).
In fact, the Colombian currency depreciated nearly 90%
against the dollar. Since over half the project's costs
covered imported inputs, this depreciation caused a 32%
cost overrun.

Case Study Of Itaipu Dam

The Itaipu hydroelectric power plant with an installed
capacity of 14,000MW ranks as the world’s second
largest hydropower plant. Itaipu Dam is a bi-national
hydroelectric dam (not multipurpose like irrigation or flood
control) located on the border of Paraguay and Brazil. The
resource used to run this dam is the Parana River, which
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forms a natural barrier between the two countries. The
American Society of Civil Engineers considered the ltaipu
Dam to be such an amazing achievement that they listed
it as one of the Seven Wonders of the Modern World.
The ltaipu hydro-electric facility supplies about 17.3%
of Brazil's energy consumption and 72.5% of the energy
consumed in Paraguay. But with less demand, Paraguay
uses only 9 % of total generation from ltaipu dam (to meet
72.5 % of its demand) and for rest it gets royalty from
Brazil. As per treaty, Paraguay will be receiving $124m
a year until 2023.1t consists of 20 generating units with a
capacity of 700MW each. It produced 98.2TWh in 2012
(greater energy than by three Gorges), which made it the
biggest generating hydropower plant in the world.

Some facts about Itaipu dam are;

e Thedeal between Paraguay and Brazil to build the dam
was signed on July 22, 1966. Though construction did
not begin until 1971, it was completed by 1980.

 ltaipu Dam is a series of 4 dams that are 738 feet high
and 4.8 miles (7.87 km) long.

o It took 40,000 workers to build the dam. The majority
of these workers were from Brazil. 149 of them were
killed during construction. It took seven years to
build.

« More than 10,000 families had to be relocated during
construction to make way for the channel to divert the
water. It took 12.3 million cubic meters of concrete to
build the dam.

o Construction cost of Itaipu dam was US$ 19.6 billion
at that time.

Being built for hydropower only, by inundating most
fertile land of Paraguay, Itaipu dam suffered a 240% cost
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overrun that impaired the nation's public finances for three
decades. Despite producing much-needed electricity, it is
likely Itaipu will never pay back the costs incurred to build
it.

Conclusion

Evidences shows that only multipurpose large dams like
three Gorges (built for flood control with main purpose
including 22500 MW hydropower and navigation) can
be economically sustainable. About 90% of worlds large
dams built only for hydropower (not multipurpose) are
economically not sustainable. Their construction proved
to be worse than having no dam.

So economic studies of existing large dams suggests that
smaller, more flexible hydroelectric projects that can be
built quicker, and are more easily adapted to social and

environmental concerns, are preferable to high-risk mega
dams.

Norway is an excellent model of how a flexible approach
can yield substantial payoffs. With 99% of its electricity
produced from water, hydropower is highly successful in
the country. Norway has mostly small and medium sized
dams.
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Energy

Mix :
Antithesis of Putting all
Eggs in One Basket

Subarna Sapkota

1. Background

Using different energy sources, suppliers and
transportation means and routes to reduce dependency
on a single resource or provider is energy diversification.
A country that diversifies its energy mix insulates
itself from energy disruptions and strengthens
its energy security.

Currentforms of supply may be insufficient, orinappropriate
from the energy security or environmental perspective.
Their prospects depend on the available resources, costs
compared with competing alternatives, environmental
impacts, costofinvestmentandinfrastructure requirements.
Unconventional source of energy like solar, bagasse and
wind power have developed rapidly in recent years, and
are seen as promising avenues in the context of Nepal.

In order to understand the economics of energy,
diversification of both supply and consumption must be
explored.

The term “energy mix" refers to the combination of
various primary energy sources used to meet energy needs
in a given geographic region. In the Nepalese perspective
various sources of renewable energy like wood, biofuel,
hydro, wind, solar, geothermal, waste and biogas can
contribute in the energy mix.
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The composition of the energy mix depends on:

e The availability of usable resources domestically or
the possibility of importing them.

o The extent and type of energy needs to be met.

e Policy determined by historical, economic, social,
demographic, environmental and geopolitical
factors.

2. Significance of Energy Mix

The national energy mix is important as a strategic plan
to fulfill the objectives of energy policies. The electricity
mix, which is the core of the energy mix, is the basis for
the national electric-power policy and directly affects the
expansion of electric-power facilities and the investment
plan. Hence, it is important for future planning and
development of electric-power infrastructure. In addition,
the established electricity mix of primary energy sources
has become a major issue in energy policies. Most
countries try to build a stable electric-power supply system
by planning the optimal electricity mix and designing
corresponding policies. To provide a stable electric-
power supply, a country generally needs an electricity mix
comprising various fuel sources.
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Exploitation of renewable energy sources was not easy
and expensive in the past while with advancement
in technology and large scale production it has now
become a viable reality. It facilitates in reducing global
carbon emissions and the pace of investment has greatly
increased as the cost of technology is in the decline and
efficiency continues to rise.

Of course, renewables are an infinite source of power in
the Nepalese perspective - the ultimate definition of long-
term certainty.

3. Energy Security

As per the global scenario, it is observed that majority of
oil and gas sources are concentrated in certain regions,
many of which are challenging and expensive to exploit,
whereas renewable energy is mostly locally available. It
provides security of supply, helping a nation reduce its
dependency on imported sources. It plays a significant
role in addressing our energy needs by replacing energy
imports with clean and reliable home-grown electricity
with the added bonus of fantastic local economic
opportunities.

Diversity in energy supply contributes to strengthen
national energy security. A diversified portfolio of energy
assets contributes to a long-term, sustainable energy
strategy that protects the power supply from market
fluctuations and volatility. Then proverb ‘never put all your
eggs in one basket’ is applicable in this context also . That
is why it is a wise move to maintain a share of renewable
energy in the nation’s energy mix to suggest that a country
should not rely on a single source of energy.

Hydropower of different sizes large, medium, mini and
micro including run off, peaking and storage; solar,
biomass, biogas, bagasse and wind are the various pillars
of energy mix composition in Nepal. Technology has
brought various renewables into the center of the global
energy mix to begin with. It is now offering great prospects
for unlocking the untapped energy that remains in different
parts of the world.

Nepal aims to achieve universal access to clean, reliable
and affordable renewable energy solutions and they
are expected to reduce dependency on traditional and
imported energy by increasing access to renewable
energy.

The use of solar energy is increasing the reliability of
traditional electricity in Nepal. Private installations of
solar roof top panels are more frequent in urban areas
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and are used as a backup during the power outages.
Recently NEA has formulated guidelines for net metering
for domestic and other consumer who have installed solar
panel in their premises :

On average, Nepal enjoys 6.8 sunshine hours per day with
intensity of solar radiation ranging from 3.9 to 5.1 kWh per
meter square, with a commercial potential of solar power
for grid connection estimated to be about 2,100 MW.

In 2015, Nepal and the World Bank signed an agreement
to develop a 25 MW solar project that will eventually be
connected to the national grid and the works at site are
in progress regarding its development. It is the largest
renewable energy plant under construction in the country.
Solar and Wind Energy Resource Assessment project
has made an attempt to map the wind resource potential
in Nepal and has shown a very good prospect of wind
energy with the prediction of about 3,000 MW. Techno-
economically feasible capacity of peaking and storage
type of hydropower plant is not exactly known yetin Nepal,
though various estimations present different pictures.

Acommunity-based solar approach such as solar irrigation
pumps, solar mini-grid, solar arsenic water treatment
plants, and solar streetlights have the potential of benefiting
the community people by ensuring food security, arsenic-
free pure water, improved socio-economic conditions in
off-grid areas and address the consumer load diversity.
Some government interventions are urgently required in
this area along with focus on policy matters.

4.Diversity in Power Generation

There are many reasons why Nepal shouldn’t rely only
on hydro generation, due to the effects of climate change,
river-flow may be affected on a long run. In such case
relying only on run-of-river hydropower generation
may result in different energy generation pattern than
expected. Further, civil structures account for around 60
percent of infrastructure in hydropower projects, which are
more vulnerable to natural calamities like earthquakes,
landslide and flash floods. In the perspective of resilience
to natural disasters, solar PV plants which consist of less
than 5 percent of civil structures, are less vulnerable to
such natural calamities.

From the perspective of generation management,
solar energy can play an important role. Contrary to
current trends, solar can be used to serve the daytime
base load and water in peaking ROR can be saved to
meet the evening base and peak load. The necessity of
diversifying the energy mix has also been emphasized by
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the “National Energy Crisis Mitigation Plan and Ten Year
Electricity Development Plan 2016”, which has envisioned
an energy scenario of 40-50 percent from reservoir-type
or pump storage hydro, 15-20 percent from peaking
run-of-river hydro, 25-30 percent from run-of-river and
5-10 percent from other renewable energy sources like
solar/wind. The white Paper published in 2018 by Ministry
of Energy, Water Resources and Irrigation has reviewed
this energy mix composition as follows:

Reservoir and Pump Storage: 30-35 percent, Peaking
Run of the River: 25-30 percent, Run of the River : 30-35
percent and Renewable/Alternative Energy: 5-10 percent

Energy portfolio diversification is key for sustainable
electricity supply. If there is short fall in one source, then
other source can sustain the supply.

Centralized distribution is known to be affected by
transmission and distribution losses, whereas a distributed
system can be set up to transmit to regions near the
sources.

The recent “Grid Connected Alternative Energy
Development Guidelines 2074” published by Ministry of
Energy, Water Resource and Irrigation has specified that
Power Purchase Agreements (PPA) will adhere to a flat
rate of Rs. 7.30/kWh, for electricity from solar, wind and
biomass sources with no provisions to escalate this rate.
This rate was fixed based on the current average posted
rate applicable for RoR hydropower.

In order to manage a stable supply, Nepal needs to shift
from hydro dependence and achieve a healthy energy
mix employing different renewable technologies. Thanks
to its topography, Nepal can achieve a stable, reliable,
sustainable, efficient and affordable energy which can
be achieved through optimal utilization of available
renewables with appropriate energy mix.

5. Cogeneration as a New Source
to the Electricity Mix

Harnessing electricity through cogeneration stands as
a promising new source in the electricity mix of Nepal.
Nepal government and NEA have already set the policy
framework required for harnessing electricity through
cogeneration for self-consumption and selling the surplus
to the national grid in harnessing cogeneration from sugar
industries.
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6. Wind and Solar Power

Windand solarare less prone to large-scale failure because
they are distributed and modular. Distributed systems are
spread out over a large geographical area and a severe
weather event in one location may not disrupt power of
an entire region. Modular systems are composed of
numerous individual wind turbines or solar arrays. Even if
some of the equipment in the system is damaged, the rest
can continue to operate.

Renewableenergysources (RES)havesignificant potential
to contribute to the economic, social and environmental
energy sustainability i.e naturally replenished, energy
efficiency and long term availability

However connecting renewable energy to the power
grid will impose new challenges. Local issues such as
steep power fluctuation, voltage stability, voltage control,
harmonics and capacity are the areas that need to be
studied in the context of Nepal.

Reliable energy trading and energy banking as well as
maintaining environmental sustainability through the
development of renewable energy mix in the systems is
a urgency. Although technology exists today to handle
the challenges, we must accept the bitter truth, though
unwillingly, that we have become unable to integrate
renewable mix as desired.

7. Way Forward

Nepal's power system is predominantly hydropower-
based. However, there are positive indications that
Government of Nepal has started to focus on the
development of renewable sources, too. To pursue
this, Nepal needs to have a coherent energy policy to
utilize various sources of renewable energy as may be
economically viable.

That's why it's high time to access an optimal mix of
energy generation from energy security perspective which
is suitable for Nepal. Energy security should be evaluated
by taking into consideration market dynamics prevailing in
the country and the quantum of energy not supplied due
to system disturbance which can be one of the several
criteria for its determination.

Unless an optimal mix of energy generation is enforced
through a national policy, the power sector development
agenda cannot gain full momentum towards attaining
energy security in the country.
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Non-Technical Losses
Identification and
Efforts by NEA

Ranjan Raj Gurung
Assistant Manager, Planning and Technical Service Department, NEA

NEA seems convinced that electricity theft
is the most prominent form of non-technical
losses while customer non-payment can
also lead to significant loss. In the recent
white paper issued by Ministry of Energy
and water resources, an ambitious target
has been set to bring down the annual loss
below 15 % by 2022 A.D.

Power system losses can be divided into 2 categories,
Technical and Non-Technical.

Technical losses mean losses that happen because of the
physical nature of the equipment and infrastructures of
the power systems i.e. I2R losses or Copper losses in the
conductor, cables, transformers, switches and generators.
Technical losses can be calculated based on the natural
properties of components in the power system such as
resistance, reactance, capacitance, voltage, current and
power. Such losses are possible to compute and control,

transmission
netwark

meters

TRANSMISSION
NETWORK

provided the known quantity of electrical loads.

Non-technical losses on the other hand, are caused by
actions external to power system or are caused by loads
and conditions that technical loss computation failed to
take into account. Non-technical losses are more difficult to
measure because these losses are often unaccounted for
the utility like NEA and thus have no recorded information.
The probable causes of non-technical losses are:

1 Electricity theft

2 Non-payment by consumers

3 Error in technical loss computation

Error in accounting and record keeping that distort
technical information

Equipment deterioration overtime that causes
unanticipated increase in system losses but are usually
ignored in any calculation.

generation

Distribution Betwork

technical losses
Distribuion fosses
non-tech losses

Power flow and loses in power system network
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1 and 2 are prominent causes and 3, 4 and 5 are system
miscalculation usually conducted by NEA personnel and
working culture.

Non-technical losses are difficult to quantify as the people
who make illegal connections to the distribution grid
are unlikely to participate in any kind of query or survey
regarding losses freely when their ownillegal actions would
come to light. Other case of non-technical losses may be
the component breakdowns such as, due to electrical
equipment struck by lightning, equipment damaged by
times that drastically increase losses before they are
replaced in time. Losses by equipment breakdown are
quite often in NEA as electrical equipment breakdown
and lacks some form of maintenance policies regarding
such equipment.

Electricity Theft

A conscience attempt by person to reduce or eliminate the
amount of money he or she will owe the utility for electric
energy. This could range from tampering with the meter
to create false consumption information used in billings
to making unauthorized connection to the distribution
network.

Methods of Electricity Theft

Both HV meters and LV meters are tampered in the
following ways.

High voltage meters
(11 kV, 3 phase, 4 wire primary)

HV meters are installed by NEA to monitor loads that
consume high volume of energy requiring high voltage.
Because the load is connected with high voltage and
consumers high current levels, the current and voltage
sensing are achieved by using CT/PT or some voltage
taps. Some methods of tampering HT meters are as
follows:

Tampering with terminal seals

Itis the most common method of meter violations because
the terminal seals are easy to reach, located immediately
below the meter itself. Once the terminals are broken, it
is simple to connect one of the control wires or CT wires
to ground making it appear to the meter that at least one
phase does not show voltage or current. This refer to no
visible tampering of meter or meter terminals.

Breaking control wires

Control wire refers to the secondary wires of the CT. Meters
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for larger loads measure high currents and most use CTs
to step the current level down to make it compatible with
components of meter. Once the insulation of control wire
is broken, external taps would be connected to reduce
current going in to the meter, causing the meter to read
less current than reality.

Tampering with the meter seal

Tampering with the meter seal make easy access to the
inside meter the housing and there are several things
that can be done to slow or stop meter readings. In case
of TOD meter, reverse connection may be possible that
causes the meter to read less until and unless the meter
is downloaded and analyzed for additional billing.

Shorting control wires

Like breaking control wires, this could divert the current
reading of the meter. In this case, the current going in the
meter would be zero. Obviously, the power and energy
readings become zero.

Breaking PT connection or voltage taps

PT or voltage taps in the meter housing allows the meter
to read voltage of the load. Once they are broken or
shorted to ground or have another line connected to i,
the reading of the meter get distorted from reality, reading
lower energy and in electricity theft. This may damage the
meter because the internal equipment of the meter must
operate within the rated conditions in order to function

properly.
Direct connection to the grid

It is the act of bypassing the meter. Often, customer
request the high voltage line such as 11 kV to run to the
back of their property, to keep front clear and safe, this
may help to influence people to tap the grid directly.

Tampering with the meter

Once the meter seals are broken, several things can be
done some of which are as follows:

Mechanically obstructing the spinning disc and the axial
rod that does the recording of energy.

Turning back the dials (counters) that bill collectors
eventually. This wouldn't work for digital display meters.

LV meters ( 230 V single phase)

Such meters are more common and are issued by NEA to
the domestic consumers and small businesses. Some of
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the malpractices regarding electricity theft are as follows:
Direct connection to the power grid

Since meters operate in 230 V system, a direct connection
to the distribution grid is much easier than high voltage
system.

Using alternate neutral lines

Using different neutral with respect to the live line reduces
the voltage level that is passed to the meter. This can be
done by connecting the small transformers to the neutral
line that is grounded hence reducing the voltage passing
to the meter.

Meter tampering or breaking seals
It is basically same as HV meters.

Others methods may be tapping off a nearby paying
consumer, damage done to meter enclosures, using
magnets to slow down spinning disc.

Non-payment by consumers

Like electricity theft, non-payment by consumers is also
a non-technical loss to the NEA as it obstructs bringing
revenue to the organization. NEA has provision of
disconnecting line and blacklisting such consumers. The
main causes of the problem are as follows:

o Inability of NEA to disconnect the supplies for non-
payment

o Unsustainable subsidies installed by GoN
» Poor corporate governance

o Declining incomes, high inflation, high unemployment,
rising energy prices severely eroding household ability
to pay for energy.

o Some government offices that cannot be disconnected
despite continuous non-payment

o Threatening to NEA staffs for disconnection

o Non cash payment also provides another way for
officials to personally profit, resulting in stagnant cash
collection rates.

Other reasons for the losses may be the absence of
adequate metering and poor location of meters.
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Meter Inspecting
Protocols of NEA

NEA policy for billing customer who committed electricity
theft (source: Electricity Pilferage Control Regulation
2059):

S.No. Billings Target/ time frame
and fines
1 Calculated loss unit To be paid by the
+ compensation | customer within 35 days
equal to 100 % of of receipt of notice
the loss unit
If customer does

not pay within given
timeframe, the
distribution center chief
should file the case to
the district court within
30 days of end of given
timeframe.

If the court decides
against the customer
indulged in electricity

theft, he/she has to

pay fine and additional

NRs.5000.00 and 3
months imprisonment
2 |Ifthe same customer|  To be paid by the
indulged in theft for | customer within 35 days
the second time, of receipt of notice
calculated loss unit +
compensation equal
to 200 % of loss unit
If customer does

not pay within given
timeframe, the
distribution center chief
should file the case to
the district court within
30 days of end of given
timeframe.

If the court decides
against the customer
indulged in electricity

theft, he/she has to

pay fine and additional
NRs.10,000.00 and 6

months imprisonment.

Sometimes, additional billing has to be done due to CT/PT
outage, Multiplication factor (MF) error and reverse energy
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due to misconnection. Such additional amount has to be
paid by the customer within 35 days of receipt of notice
otherwise the NEA will charge fine as on regular dues.

Meter inspection schedule of NEA (source:
Electricity Distribution Bylaws 2069)

S.No. Item Goal/schedule
1 66 kV, 33 kV and 11 Commissioning
kV consumer above | and downloading in

approved load of 200 kVA | every 3 months
2 11 kV consumers below | Commissioning
approved load of 200 kVA | and downloading in
and other LV consumers | every 6 months

with TOD meter
g LV meters, 230 V and Resealing and
400V inspection every

months/ as per
requirement

In the similar way, NEA should conduct the scheduled
operations for the following cases also as an effort to
reduce its non-technical losses:

e Routine check for meter with past violation and
suspicious business groups

e Major consumers with recent meter installation or
changes

e Checking large consumer with irregularities
o Checking meters with zero unit reading

e Replacing 4 digit meters, clock type meters, stopped

meters on regular basis

e Other approaches that should be done by NEA are as
follows:

o Adequate metering in feeders, substations, and
consumer blocks is essential to prevent electricity
theft.

o Organization of commercial functions such as meter
reading, collection of revenues, customer accounting
and follow up.

o Elimination of intermediaries should be done as they
artificially create non-payment of energy. Online
payment system may eliminate the case somehow.

o Incentives to the NEA staff should be provided who are
involved in controlling electricity theft and collection of
revenues.

e Special price discount should be given to the large
consumer motivating them to pay the bill in advance.

o Thefile for additional billing due to reverse connection,
CT/PT outage, MF error etc. should be calculated,
analyzed and approved on time.

NEA is now effectively implementing programs for the
non-technical loss reduction. Launching of smart meters
will be one of the biggest moves towards it. As a technical
staff of the organization, | hopefully request all the staffs
of NEA to join the campaign for its good financial health,
better public reputation and overall wellbeing of its
stakeholders.
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GIS based System for
NEA Dlistribution Utility
Merits of its Application

Sumit Sadam Bala

Our System at a Glance

Although there has been some private penetration in
Electricity Generation sector of Nepal, Nepal Electricity
Authority still has the sole responsibility in Transmission
and Distribution along with Consumer Services apart from
some parts in Western Nepal where a public entity Butwal
Power Company (BPC) has also been working in all three
sectors of the electrical utility. According to Yearbook of
NEA FY 2016/17, only 65% of the population has access
to grid electricity and in terms of area, a huge part of rural
Nepal is still yearning for grid electricity. In the region
within reach of grid electricity, a total of 109 Distribution
and Consumer Service (DCS) entity of NEA divided to 7
Regional offices under Distributed and Consumer Services
Directorate are working for new electrification, repair and
maintenance and consumer services related activities.
Among these very few entities have partly implemented or
are in the process to incorporate GIS-based system and
none have fully implemented the GIS-based system.

What is GIS?

GIS, an acronym of Geographical Information System, is a
tool which integrates of geo- referenced data using some
hardware (laptop, desktop, tablets, mobile) and proper
software for displaying, managing and analyzing those
data. In simple words, if you plot your data in globe or
map and you can use that data to view, query, understand
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Engineer, Pokhara Regional Office, NEA

and thus use it to develop plans for new projects and solve
problems then it is the GIS-based system. There are many
forms of charts and formats to represent data but when
the data is viewed in geographical perspective then the
understanding of the data is more vivid and real.

How can GIS help NEA DCS?

With the advancement of information technology, GIS
has become a basic tool for all kinds of data visualization
and analysis. NEA DCS can highly benefit from the
implementation of GIS. The most basic step to finding the
solution for all the problems and challenges that NEADCS
has been facing is putting an end to impromptu decision
making amidst the availability of huge data volume. And
for that GIS is the right tool. The GIS-based technique can
be integrated into any enterprise.

* Network Mapping and Visualization

The first step to the GIS-based system is the mapping of
the current electrical network of each DCS. Almost all DCS
have the data of 33kv Substations and load centers in
some format. By getting the right geographical coordinates
this can be plotted and mapped on a globe or map. Along
with this, the location of HT and LT poles and the path of
HT and LT lines can be done in any GIS software after
collection of field data. Consumer indexing can help to
properly monitor
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Figure 1 GIS Mapping using QGIS (Free and Open Source GIS software)

and speed up the consumer service activities. This will
help to visualize the vastness of the network and a proper
visualization is the first step to locate the problem and thus
find the steps towards solutions. Data viewed in terms
of geography can be understood with ease and quickly
shared for immediate action.

* Data and Asset Management

The GIS-Based data management can be pivotal in the
data management sector of NEA DCS. Everyday DCS
directorate collects huge data from every nook and corner

/" BaglungBazaar DL : Features total: 20, filtered: 20, selected: 0

but the record is not stored properly. It has been a regular
job to ask for same data again and again which can be
considered deficiency of proper data management. By
implementing the GIS-Based system in proper software
the data can be recorded and digitized for all events. This
will also be the basis for Asset management of NEA DCS.
By proper and detailed GIS-based record of Substations,
land area, Load Centers, Poles, conductors and other
line materials, the vast assets of NEA DCS can be easily
visualized and recorded for any future reference and
analysis.

il
J = m & Lt YEDSD a8 B B =
| Feeder___l}!am SubStnOrig FeederCd Rating_kV CondSz_Nam CondSz_Num Status Under_Ower

1 ?Baglun@azaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over
2 BaglungBazaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over
3 BaglungBazaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over
4 BaglungBazaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over
5 BaglungBazaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over
6 BaglungBazaar Baalung BAGBAZ 11 Rabbit 50.00000 In Service over
7 BaglungBazaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over
8 BaglungBazaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over
9 BaglungBazaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over
10 BaglungBazaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over
11 BaglungBazaar Baglung BAGBAZ 11 Rabbit 50.00000 In Service over

Figure 2 Feeder Data Management using GIS Software
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Figure 3 Composed Map of Baglung DC Distribution Network (Mapped by Sadam Bala)

*  Work Planning and System Analysis

DCS can use GIS-based system to manage and map
kilometers of underground or overhead conductors and
its surrounding and schedule repair and maintenance
activities accordingly. By plotting the population and
settlement data, planning for new load centers and
vegetation management can be done with much ease
and accuracy. By incorporating DCS utility assets with
consumer indexing and information, the GIS-based system
can proactively be used to monitor loss control activities,
manage any work orders, and system outages. Electrical
simulation and analysis software with GIS-based facility
can be used to identify vulnerabilities and accurately
plan system improvement work, fault and outage reduction,
voltage drop and loss improvement.

¢ Automation and Richer Communication

The GIS-based system with workforce automation will
help to efficiently schedule and dispatch DCS staffs and
hence increasing the productivity. Street level routing can
be done to schedule the work for consumer service and
routine maintenance.

Through GIS-based graphical output and web-based
reporting, the management can be aware of the real-time
situation of the network in case of system outage or
fault and handle the problem meeting the required
reliability compliance as well. The GIS-based system can
thus promote richer communication and management of
DCS activities.
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Brief Introduction of
Drilling Equipments
and Accessories

Introduction

Diamond core drilling is the process of digging inside the
earth crust. Where solid cylindrical material is dug-out for
geotechnical investigation. It has revolutionized the study
of Rock conditions inside the earth surface. Core drilling
is also carried out for the discovery of many minable ore
bodies that would otherwise have gone untapped. In the
context of Nepal,it is mostly done for hydropower project
construction study and survey. The core drilling works
in Hydropower survey varies from few meters to Five
hundred meters depth but up to 350 meters is common.
The drill-hole diameter varies for different bits and drill
pipes series.

Core drilling works requires drilling rigs, pipes, bits, water
swivel, hoisting swivel, wire-line, tripod, core barrel,
water supply systems etc. The Core drilling works is a
complex task. Experienced driller, skilled labor, Geologist,
Mechanical Engineer, and Mechanicswork as a team for
coring and analyzing the result. Here, Geologist has the
main role to analyze the result obtained from core drilling.
The Mechanical team is responsible for all arrangements
like selection of machines, bits, pumps etc.,and to carry-
out drilling work at the sites. Every member of team
should have brief knowledge of drilling equipment and
accessories for efficient drilling. This article mainly focuses
on describing drilling equipment and accessories.
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Engineer (Mechanical), Soil, Rock and Concrete Labrotary, NEA

Drilling Equipment and
Accessories

Core drilling works requires varieties of tools, accessories,
rigs, pumps etc. The major equipment and accessories are
shown in schematic diagram as in Figure 2.1.

5
n. Pulley

h. water swivel
g. connector
m. suction

pipes f. kelly bar

o. tripod

I. water pump 9. hoisting

k. delivery

Figure 2.1: Schematic of drilling set up

FE.22 e 3TEH 9 ¢ WAl 004



The level in each part shows the positions of those
accessories while drilling.

From the schematic diagram, it is clear that water is
pumped from the water source and delivered to the water
stand via PVC pipes. Water stand contains the flow meter,
pressure gauge and the by-pass control valve. By using
it, one can set the required flow rate and pressure. The
delivery pipe carries the water from water stand to water
swivel. Water swivel is connected with Kelly bar. The
water from Kelly bar reaches the drill bit via connector,
rod, core barrel, and reamer. This water circulates back
to top while carrying out cutting during core-drilling and it
also act as a coolant and lubricant for the drill bit.

Similarly, the rotational energy from the engine is
transferred to the spindle via coupling. The spindle is
engaged or disengagedbyusing clutch. When engaged,
the energy from spindle is transferred to Kelly bar; the
Kelly bar not only rotates but also gives feeding pressure
to the bits. This rotation and feeding energy is transferred
from Kelly bar to the bit via connector, rod, core barrel,
and reamer.

Brief introduction of each equipment and accessories is
described below:

Drill Rig

Drill rig is @ machine which drives the drilling works. There
are verities of core drilling rigs in the market. Drilling rigs
can be massive structures or they can be small enough
to be moved manually by one person. The size of rig
increases with the increase in its drilling capacity. Drilling
rigs can be mobile equipment mounted on trucks, tracks
or trailers, or may be permanent land or marine-based
structures.

Fig 2.2: Drill Rig
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In Nepal scenario, drilling works are mainly carried
out in hilly, remote region with no access to roads for
transportation. In such situation, machines are dismantled
into small pieces and carried to site manually. Thus
while selecting rigs, one need to pay special attentionto
maximum weight of each component.

In case of core drilling for geological investigation, the
depth of drill-hole requirement varies from few meters to
five hundredmeters. The table below shows the important
parameter for the selection of drill rig for various ranges
of drilling capacity.

S.N.| Capacity | Required Spindle | Required lifting
(in meters) | Torque (KN-m) | pressure (in KN)
1 | Upto50m 0.8-1.2 20-25
2 | 50to 100m 1.2-2.0 25-30
3 1100 to 200m 2.0-24 30-40
4 1200 to 300m 24-2.8 40-55
5 1300 to 500m 2.8-3.4 55-70

Source: Assembled data from various drill manufacturer’s website

The spindle torque is directly linked to engine capacity
of drill rig. It sets the requirement of engine capacity.
Similarly, the lifting pressure sets the capacity of hydraulic

pump.
Water Pumps

Water pumps are used to support the drilling works. It
flushes out the cuttings and mud from the drill holes. Thus
it is also called mud pump.

Fig 2.3 : Mud Pump

The water from the pump not only flush-out the cuttings
from the hole but also lubricate, and cools the drilling bit.
Thus, proper selection of pump lead to better bit life and
efficient drilling.

The flow-rate of water and the pressure developed from
the pump are the important parameters in the selection of
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mud pump.High pressure is required for core drilling, thus
reciprocating triplex piston pumps are used. The table
below shows the general requirements of flushing rate (in
liter per minute) of pumps over various bit sizes and rock
hardness.

Types | AQ | BQ | NQ | HQ | PQ
Very hard | 14-18 | 23-27 | 27-36 | 36-41 | 45-50
Hard 18-23 | 23-36 | 36-50 | 45-54 | 55-60
Other | 27-36 | 32-45 | 56-64 | 64-73 | 68-77

Source: [2]Where, AQ, BQ, NQ, HQ, PQ = standard bit sizes
Drill Bit

Drill bit are the tools to cut the rock. It covers the major
portion of cost for drilling works. The selection of drill bit
is a complex task. The performance of bits depends upon
the rock type, spindle speed, cutting pressure, feeding
pressure, flushing rate and skill of driller etc. The price
and quality of bit depends upon percentage of diamond
impregnated over binding materials, quality of diamond,
Crown height and type of water ways.

Fig 2.4: Drill bit

There are various size and standard of drilling bits in the
market, the most commonly used standard are BQ, NQ,
HQ, PQ. Table below shows the sizes of these standard
bits.

S.N. | SIZE C.D. 0.D. I.D.
(mm) (mm) | (mm)
1 AQ 27 47.75 271
2 BQ 36.5 59.69 36.52
3 NQ 47.6 75.44 47.75
4 HQ 63.5 95.76 63.63
5 PQ 85 122.30 85.09
Source: [2]

Note: C.D.= core diameter, O.D.= outer diameter, 1.D.=
inner diameter
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The detail description of bit selection, their properties
and handling methods are already explained in article
published in previous Bidhut edition.

Casing Shoe

Casing shoe are also called as casing shoe bits. They
have similar function as drilling bit. The casing shoe bits
are connected to the end of casing pipe. Various series
and standard of casing shoes are available in the market.
Mostly used standards are AW, BW, NW, HW and PW.
Table below shows the dimensions of different standard
sizes.

SN. Bit Standard | OD (mm) ID ( mm)
1 AW 59.69 48.26
2 BW 75.44 60.38
3 NW 91.95 75.95
4 HW 117.65 101.09
5 PW 143.76 122.94
Source: [2]

The different parameters and selection criteria are almost
similar to that of drilling bits.

Drilling Pipes

Drilling pipes are hollow thin-walled steel cylindrical pipes.
Hollownessallows drilling fluid to pump down the hole
through the bit and back up the annulus. It is available in
a variety of size, strengthand wall thickness. Generally,
0.5m, 1m, 1.5m, and 3mare used. Its strength and wall
thickness depend upon the drilling torque required to
transfer from rig to bits via core barrel and reaming
shell down the earth crust. The table below shows their
dimensions as per their different standard sizes.

S.N. | Sizes | OD(mm) | ID (mm) | Weight*
1 AQ 445 34.9 14
2 BQ 55.6 46 18
3 NQ 69.9 60.3 234
4 HQ 88.9 77.8 34.4
5 PQ 175 103.2 47.2

* weight (kg/3m) may varies over the manufacturer Source: [2]

Drilling pips are mounted on Kelly bar via connector called
head.

Casing pipes

Casing pipe is similar to drill pipe. They are fitted with
casing shoes. They are generally used to provide the
wall support for the drilling pipes so that the soil, sand,

FN.22 e 3SH 9 @ WAl 004



Fig 2.5: Drill Pipes
sandstone do not fall into the hole from the side wall.

The table below shows the dimensions of different
standard sizes.

S.N. |Sizes| OD ID | Weight*(kg)/3m
(mm) | (mm)
1 AW | 571 | 484 17.2
2 BW 73 60.3 31.8
3 NW | 889 | 76.2 38.4
4 HW | 1143 | 1016 50.5
5 PW | 139.7 | 127.0 64.3

* weight may varies over the manufacturer Source: [2]

They look similar to drilling pipe, but their thickness and
size are little bigger than drilling pipe.

Core barrel

Core barrel is the accessory connected to the drilling pipe.
It contains two parts, one is the rotating cutting part and
another is non rotating tube part. Rotating part is fitted
with reamer and the bits and non -rotating part holds the
core. It is generally made of steel and is single, double
and triple tube type of 1.5m or 3m length.

Fig 2.6: Tripod
(Source: [1])

Water Swivel

Water swivel is connected to the upper most portion of
drill rod. They are hung on tripod pulley. It mainly contains
two parts: one rotating part, connected to drill rod of Kelly
bar and another stationary part connected to delivery
pipe. It supplies the flushing water from stationary pipe
into rotating drill rod.

To pulley

To delivery
pipes

To kelly
Bar
Fig 2.7:Water Swivel (Source: [1])

Hoisting swivelsare used to remove drill pipe out of the
drill hole. It is fitted at the same place by removing the
water swivel.

Tripod

Tripod is the stand made of three cylindrical steel pipes.
It provides full support for hoisting the drilling pipes. It is
generally 7min length and each pipe are 3 inch in diameter.
The strength and size of tripod mainly depend upon the
required drilling depth. Figure 2.6 shows the tripod.

Other Accessories

There are large number of accessories required for drilling
works. Each item plays an important role in core drilling.
Few of the important parts are shown in figure below:
Drilling Process

Diamond core drilling work means basically to dig out
rock sample from the earth crust. It involves other DCPT,
Seepage tests etc. Here are the basic steps for the core
drilling works:

to water release from water
swivel valve pump
flow meter

pressure
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Fig 13: Tools

Fig 14: Foot Clamp [1]

First, the Geologist locates the drilling points as per
investigation requirements.

Equipment and accessories are transported to the drilling
sites.

The drilling platform of approx 4mx5m size and 3m height
is made and the machine is assembled as shown in above
fig 2.1.

After this, water from the pump shall be checked whether
it is reaching the water stand or not.The water stand
contains the pressure gauge and flow-meter. Check
whether the required flow rate and pressure has been
achieved of not. Keep open the by-pass valve.

Start the drill rig,without engaging the spindle.Connect the
drill pipes at Kelly bar via head and connect the reamer
the core barrel at the other end. At the end of core barrel
connect reamer and next to it connect the drill bit.

After completion of this set-up, now it is ready for drilling
works. For starting drilling, engage the spindle, close the
by-pass valve in water stand and give the feeding as
recommended. This will start cutting the core. The core
will be stored in inner stationary tube of core barrel.
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When around 2 m (as per used core barrel) length is
penetrated, disengage the spindle from gearbox, then
open the by-pass valve of water stand. Pull up the pipe
using hoisting,take out the core barrel and collect the core
sample and place it in core box.

Add additional pipe, join the core barrel and again start
drilling and repeat step g.

If the side wall of the hole is not firm, it is necessary to
put the casing. To do so, the casing pipes are connected
to the Kelly bar, and its other end, the casing shoe bit are
connected. Hence, there is no need of core barrel and
reaming shell as it doesn't take out the core sample but
only increases the hole diameter. With increasing depth,
keep on adding additional casing pipes.

Keep the casing in the hole, and perform core drilling
as in step g. Repeat step g and step i till the required
depth is achieved. Take out the drilling pipes, core barrel
and casing pipes after the completion of core drilling.
Dismantle the set-up. Don't forget to put the mark on drill
hole. Some driller marks the drill hole by concreting the
top surface of hole.

Conclusion

Core drilling is done for geological investigation. It requires
group involvement mainly driller, geologist and mechanical
engineer. Each member should have brief understanding
of major drilling equipment and accessories for efficient
drilling. This article describes in brief about Drill rig, water
pump, drill bit, drill rod, casing shoe, casing pipe, core
barrel and water swivel etc. This article also enumerates
the basic steps of drilling works. Thus, this article could be
an important resource for one who wishes to understand
about drilling equipment and accessories and their basic
selection process in brief.
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Bankability Concerns of Power
Purchase Agreement through
Various Perspectives

Mandira Adhikari
Engineer, Power Trade Department, NEA

1. Background

Developingahydropower project involves huge investment.
To arrange for huge investment as such, hydropower
developers approach financing institutions either at local
level or at international level. If a project or proposal is
attractive from different perspectives such as politically,
economically, socio-culturally, technologically, legally,
and environmentally, it becomes much easier to arrange
for funds. Any project or proposal, which is attractive to
investors, is considered Bankable. Understandably, higher
Return on Investment (ROI) becomes the prime motive of
any investment. Therefore bankability becomes the utmost
concern for every investor.

Broadly, there are three key playersin a power development
project, i.e., developer, offtaker and investor. Each of them
has different motives for developing a hydropower plant.
For a developer, prime motive is to generate more power,
which can be cashed by selling energy to offtaker at an
attractive tariff. For an offtaker, buying adequate power,
which can easily address prevailing energy demand,
is more important and, of course, the tariff should be
affordable to the offtaking entity. Likewise, for a financing
institution, key concern would be whether developer
can pay back loan at a said time-period or not. A typical
relationship between developer, offtaker and investor is
depicted in figure below:
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To address the prime motive, developers carry out
feasibility study comprehensively and approach offtaker
to enter into a contractual document more commonly
known as Power Purchase Agreement (PPA), which
ensures that power generated will be bought by the
offtaker. Essentially, PPA terms and conditions are one of
the fundamental criteria for financing institutions to invest
in hydropower projects apart from the credibility of the
debtor and project financing risk assessment. Delving into
the scenario closely, we can see that the common interest
of all these players would be sufficed through optimum
power generation at a said/agreed time.
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In context of Nepal, major stakeholders in hydropower
sector are Ministry of Energy, Water Resources
and lrrigation, Nepal Electricity Authority (NEA), an
undertaking of Government of Nepal, and Independent
Power Producers (IPPs). Under Ministry of Energy,
Water Resources and Irrigation, Department of Electricity
Development (DoED) mainly issues survey/generation
licenses to power developers. Similarly, NEA has been
playing a lead role in fulfilling electricity needs of the
country through generation, transmission, distribution, and
trading of power. IPPs entered Nepalese power market in
1996 A.D. when the first PPA was signed between NEA
and Himal Power Ltd. to purchase electricity generated
from Khimti Hydropower Project (60 MW). Since then
numbers of IPPs have been actively participating in
generating power at present. Along with this intervention,
NEA's monopoly ended in generation side. While in
contradiction, all the power generated in the country is still
being transmitted, distributed and traded via NEA. In this
sense, we can say that in Nepalese power market, PPA
acts as a powerful tool to bring developer, investor and
offtaker together for developing a hydropower project.

The untapped hydropower potential of Nepal is notably
large. However, the investment in this sector is relatively
inadequate. Developing a hydropower project in Nepal is
difficult due to political, financial, social, technical, legal,
and environmental challenges. The sluggish development
of hydropower sector justifies it further. Development in
the hydropower sector has larger impact in GDP of the
country. So, to exploit the hydropower sector completely,
it becomes necessary to create investment-friendly
environment and PPAs have to be bankable to lure more
players into the power market.

2. Major Bankability Concerns of PPAs

At present, there are 258 PPAs singed between NEA and
IPPs. Theoretically, PPAguarantees thatenergy generated
will be bought by an offtaking entity. However, in actual
scenario, there are various other issues that are beyond
the control of PPA. Quite a number of times, bankability
issue comes up for discussion among developers and
investors. What can be the reason that hydropower
business becomes so debatable at times? Let us look into
some of the bankability concerns of PPAs and how they
are being dealt with in the Nepalese power market.

2.1 Power Evacuation Risk

In Nepal, status of transmission line and substation is
poor at various locations. Projects are not completed in
time due to various obstructions such as local disputes,
contractual issues, poor mobilization of fund and other
resources, sluggish decision making process, EIA/IEE and
tree cutting issues. Therefore hydropower projects tend to
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delay their part of works to match the pace of evacuation
facility. To address power evacuation issue, PPAs have
penalty clauses under which defaulter is obligated to
pay penalty to other party. In some cases, contingency
arrangement, i.e., alternative evacuation mechanism
is decided upon to evacuate generated energy. Such
arrangement eases up the problem somehow but there
are times when power cannot flow at full capacity.

2.2 Hydrological Risk

After obtaining survey license from DoED, hydropower
developers prepare Detailed Project Report (DPR) where
project charter and scope are clearly described. This is a
crucial stage as the study determines how much energy
can be generated from the project and, based on the
same, the power and energy are to be contracted through
PPA. All other clauses in PPA are for supporting the energy
quantum delivery and offtake. It has been observed many
times that, in order to rush into signing PPA, DPR is often
carried out with negligence. Hydrological data availability
is another serious issue. Department of Hydrology and
Meteorology (DHM), which is an authorized Government
entity to carry out hydrological and meteorological
measurements, has published data only upto 2010 A.D.
and for some locations, data are available only upto 2006
A.D. Likewise, sufficient gauging stations are also lacking.
Most of the time energy calculation done with outdated data
leads to inconsistency with actual data. After successful
commercial operation of projects, projects start delivering
energy to the national grid. Poorly conducted DPR affects
developers at this point where developers face problems
during energy availability declaration, which is normally
submitted one month earlier to offtaker. For projects
above 10 MW installed capacity, developers are allowed
to declare energy quantum at least 90% of contract energy
in dry season and 60% in wet season for upcoming month
and for below 10 MW projects, the limit of availability
declaration is 50% of the installed capacity all year round.
There are cases when projects have hard time meeting
declared energy. Failure to generate declared energy
attracts penalty clauses. Likewise, in cases where energy
declaration is done for energy more than contracted
one, energy difference is treated as excess energy to
which only 50% of the posted rate is payable. Even at
offtaker’s side, poor energy estimation highly affects the
energy planning activities of the offtaking entity. Therefore
DPR should be carried out comprehensively to enhance
bankability of PPA from investment point of view.

2.3 Dispatch Risk

Based on the Grid Impact Study (GIS) carried out by
System Planning Department of NEA, it has been
observed that there would be some problem to evacuate
power with existing transmission infrastructure. Thus it
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was decided that LDC would direct the projects connected
to the national grid as to when and how much capacity
to offtake by NEA. PPAs signed on the basis of GIS
and Grid Connection Agreement, an agreement signed
between grid owner and developer prior to PPA, after
20th Shrawan, 2070 have incorporated the Take-and-Pay
provision. Under Take-and-Pay PPAs, LDC holds the right
to take or not take energy generated from hydropower
projects into the system. In addition, penalty is not to be
paid by NEA even when LDC does instruct the developer
not to dispatch energy in case of Take-and-pay PPAs.
However, to boost up power sector, based on Energy Crisis
Mitigation Action Plan, 2072, NEA's 746th board meeting
decided to convert Take-and-Pay PPAs into Take-or-Pay
PPAs. Under this decision, 42 PPAs corresponding to
Take-and-Pay capacity of 778.42 MW were converted into
Take-or-Pay PPAs and NEA continued signing PPAs on
Take-or-Pay basis until the total capacity of ROR projects
reached 3000 MW. The same Board decision also paved
the way to sign Take-or-Pay PPAs for PRoR projects up
to the capacity of 2000 MW. Further, White Paper, 2075
that was recently issued by Ministry of Energy, Water
Resources and Irrigation has made a provision to sign
PPAs with Take-or-Pay provision based on energy mix
composition mentioned in White Paper till the hydropower
capacity reaches 15,000 MW in next 10 years.

2.4 Force Majeure

In the event of Force Majeure such as earthquake, flood,
landslide, strike, protest, etc., project performance is
affected which leads to cost and time variation to a project
under construction. A bankable PPA should address force
majeure events as well. As per the PPAs in practice in
Nepalese context, certain force majeure events, as
defined in PPA, are compensated with extension of
required commercial operation date in case of projects
under construction and extension of PPA tenure in case
of projects in operation phase.

2.5 Posted Rate

PPA tariff has direct impact on the revenue generation
of a power selling entity. For a bankable PPA, this rate
should be enough to cover the operating cost of the
company, to repay debt taken on time and to provide a
reasonable Return on Equity (ROE) to the shareholders.
In Nepalese power market, for ROR hydropower projects
up to 100 MW, PPA tariff is fixed ,i.e., NRs. 4.8 per kWh
during wet season and NRs. 8.4 per kWh during dry
season at simple escalation of 3% for 8 years. The tariff
for projects of installed capacity 100 MW and above for
ROR Hydropower Projects are open for negotiations
based on ROE such that ROE higher than 17% leads to
the reduction in the project tariff. The tariffs for PRoR and
Storage projects, t0o, have been decided by NEA, i.e., for
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PRoR projects, dry season tariff (NRs./kWh) is 8.5, 8.8,
9.4, 10.55 for peaking hour of 1 to less than 2 hours,
2 to less than 3 hours, 3 to less than 4 hours and 4 to 6
hours respectively and for wet season, tariff is NRs. 4.8
per kWh. Likewise, for Storage projects, NRs. 12.40 per
kWh during dry season and NRs. 7.10 per kWh during wet
season. If the wet season energy from a Storage project
is more than 50% of annual energy, the wet season tariff
will be lowered by the same incremental percentage.
However, it is wise to fix tariffs on cost-plus basis and the
issue is expected to be sorted out when the Electricity
Regulatory Commission will start to function soon. If the
tariffs are not attractive, investment in the project cannot
be encouraged.

2.6 Foreign Currency Exchange Risk

Electricity Acts of Nepal allows Foreign Direct Investment
(FDI) in hydropower sector. As of now, 7 PPAs have been
signed between NEA and developers with the condition of
payment in US Dollar. Of course, apart from above listed
issues, we further need to think about Foreign Currency
Exchange Risk in order to encourage FDI in hydropower
sector of Nepal. NEA has bitter experiences of Dollar-
denominated PPAs in the past. To overcome huge losses
incurred to NEA due to lack of proper analysis in the past,
various studies were carried out and, as its result, detailed
guidelines on Foreign currency-denominated PPAs were
approved by NEA. Based on the same guidelines, on
28th January, 2018, PPA was signed for Upper Trishuli —
1 Hydropower Project (216 MW). This PPA has even been
regarded as a template for foreign currency PPAs for future
reference. Apart from these considerations, investors also
intend to have Project Development Agreement (PDA)
between the Government and developer to minimize
various risks.

3. Conclusion

NEA, being a single offtaker in the country, has so far
signed 258 power purchase agreements equivalent to
4,554,325 MW in total with various developers. Most of
those projects have already concluded Financial Closure
with various financing institutions. Some of the projects
have been able to draw FDI as well. However, in order to
exploit the hydropower sector completely, more number
of developers and investors should be attracted. To do so,
it is necessary to create investment-friendly environment.
Therefore, it is important to be more careful on above
discussed points to make PPAs bankable. Both the
Government and NEA should equally pay attention in
this regard. Only signing PPA is not enough. If bankability
issue is not addressed through PPA, actual development
works of hydropower projects will be hindered and it will
be difficult to attain the plan of Government to generate
15,000 MW energy in 10 years.
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Operational
Issues of IPPs
Hydropower Project

Sangita Giri

1. Background:

So far there are 72 power projects in operation as
developed by Independent Power Producers (IPPs) with
total installed capacity of 511MW but due to different
operational issues during their operation they are unable
to produce energy as it is mentioned in agreement. The
share of generation may differ from the share of installed
power capacity. Non-availability of capacity may be due to
maintenance, unplanned outages and long or short term
climatic conditions.

Because of different policies favorable for hydropower
generation, many IPPs are in field of power generation but
we are not able to harness as much power as we can.
One of factors responsible for lower generation efficiency
compare to installed capacity of pant is poor operational
plant factor, so we need to ascertain factors responsible
for poor operational plant factor.

2. Plant factors of IPP’s Projects

Within the scope of the article the plant factors (PF) on
monthly basis are considered as follows:

1.1 Design-based Plant Factor:

This plant factor is based on the contract energy which
is finalized in the energy table incorporated in the Power
Purchase Agreement (PPA).
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Monthly Contract Bnergy (kWh)
Inmelled Capacity (kW)+30+24

Design-based Plant Factor =
2.2 Operational Plant Factor

This plant factor is based on the actual energy delivered by
the project to NEA's system

Monthly Delivered Energy (kwh)
Inetalled Capacity kW30 =24

Operational plant factor =

The above formula relies on the assumption that a plant
is operated for 24 hours and 30 days also the installed
capacity of plant refers to PPA contract capacity.

It is depicted in the graphical representations below:

Plant Factor %
n
(=]

& & g & @ & Fooa F e
@‘i\ & ‘}‘5& & QSQ + ‘p“@ Qsp ¥ &F
Months
—+— Plant Factor % (Deslgn) —#— Plant factor % (Operational)

Fig.i Plant Factor Analysis of IPPs’ Plants in operation
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Fig.ii. Energy Generation Analysis of IPPs’ Plants in operation

After plotting data of average design-based and
operational plant factor of all 72 projects in operation from
the private sectors on monthly basis from 2074 Baisakh
to 2074 Chaitra , it can be observed that both operational
and design-based plant factors for wet season month
(from Baisakh to Mangsir ) are high. However, operational
plant factor is poorer than design plant in wet months
(Baisakh to Mangsir), whereas for dry season months
(from Poush to Chaitra) both plant factors are very low
and very narrowly different from each other as shown in
above graphs fig.i.

3. Reasons behind Poor
Operational Plant Factor

Factors responsible for poor operational plant factors are
as follows:

3.1 Inappropriate hydrological calculation
and energy finalization:

Due to lack of poor feasibility analysis on hydrology of
specific projects, many developers are unable to meet the
monthly discharge mentioned in the energy table. When
the energy delivered cannot meet 80% of contract energy
or availability declaration (AD), whichever is lower, they
have to pay hydrological short supply penalty.

3.2 Line outage and power evacuation
problem:

Due to lack of sufficient transmission infrastructure and
lack of (N-1) criteria in its design, power evacuation issue
is very challenging in Nepal. Tripping in one section
will create cascade outage of large part of Integrated
Nepalese power System (INPS). Also, new transmission
lines are not being ready on time. That's why we are
compelled to transfer power through existing transmission
line network causing it overloaded. Existing transmission
network in many cases may be at lower voltage and power
evacuation may have to cover a long distance which
increases technical losses of system. It ultimately reduces
the energy that can be delivered at a delivery point.
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3.3 System shutdown (Maintenance Issues of IPP)

Many IPPs do not have stand by operation and
maintenance team. As its result, if any of the equipment
fails to operate at any time during operation, it will be
time consuming to restore the system. Many IPPs are
procuring electro-mechanical equipment from foreign
manufacturers about which local repair and maintenance
team are not adequately familiar. It ultimately leads to the
requirement of hiring experts for its maintenance from the
same countries where the equipment is manufactured.
It will need long shutdown period for the plants lowering
operational plant factor.

3.4 Sedimentation

Dams also impede the natural flow of sediment in rivers.
This sediment built up in the reservoir depletes the storage
volume, thereby significantly reducing water resource
available for generation. There are many examples which
turn out our Storage/Peaking RoR (PRoR) projects to
Run-off-River (RoR) projects due to lack of proper timely
sedimentation flushing mechanism. Maintenance related
to silting is expensive and since dams are usually located
at difficult geographical area, this creates hindrance to
perform the flushing ultimately reducing operational plant
factor. It is applicable not only for storage and PRoR
projects but also for RoR projects in which water flow
in canal is highly affected by the volume of sediments
deposited in it.

4. Review of PPA provisions to
Address Operational Issues:

NEA is striving to construct all transmission networks on
time but due to different problems like clearance of Right
of Way, completion time of project is being extended due
to which many of the transmission projects are facing
problems to evacuate power. In such cases, projects may
evacuate power from contingency plans (alternative short
term plan) for which both NEA and the developer do not
need to pay penalty.

As per the provisions of PPA, following practices are
employed to relieve the developers from hydrological
short supply penalty

4.1 Availability Declaration

There is PPA provision of submitting Availability
Declaration at least 30 days before the start of a contract
month. Under this provision, the IPPs have to declare
energy not below 60% in wet months and 90% in dry
months out of the total monthly contract energy. Also, they
can amend monthly AD for one time and the amended AD
should be submitted 7 days before the start of the contract
month. The AD should be verified by dispatchers before
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submission. They can get payment for excess energy in
case they generate energy more than contract energy but
excess energy should be dispatched by local dispatcher
while submitting AD of more energy than contract energy.

Also, NEA has amended PPA with regard to hydrology
penalty for IPPs projects of capacity up to 10 MW
according to which they can declare energy up to 50% of
contract energy for both dry and wet months.

In such cases, there will be less chances of short supply
penalty clause being attracted. However, due to not
fulfilling the required criteria by many developers while
submitting AD, the ADs are considered invalid.

4.2 NEA Forced Outage

There are many cases where projects are unable to
evacuate power due to tripping of NEA's transmission
line. As its consequence, they are unable to meet contract
energy. In such cases, they have to keep record of NEA
forced outages by verifying them to local dispatcher
so that the energy unavailable due to the NEA forced
outage could be added to their metered energy so as to
meet80% of contract energy or availability declaration
(AD), whichever is lower.

4.3 Scheduled Outage

Every Electromechanical equipment needs periodic
maintenance to protect them from uncertain emergency
shutdown. For which there is provision in PPA to provide
project for maintenance, the required scheduled outage
plan for given fiscal year have to be submitted to NEA and
it will be finalized by coordinating committee before start
of the fiscal year by taking consent of the load dispatcher
center(LDC). Generally maintenance is carried out in wet
season to the extent possible due to energy shortage in
dry season Also, difference between design-based plant
factor and operational plant factor for wet season is high
since most of scheduled maintenance works of IPPs
projects are carried out in this period. Due to scheduled
maintenance of plant, if they are unable to supply 80%of
contract energy or availability declaration (AD), whichever
is lower, such energy unavailable due to scheduled
outage could be added to metered energy to relieve the
developers from short supply penalty.

4.4 Emergency Shutdown:

If there is emergency shutdown of plant during operation,
company should inform NEAabout this within 24hours from
the start of shutdown. Then NEA will give maintenance
time if there is valid reason for shutdown and after
completion of maintenance, they will have to start plant by
coordinating with local dispatcher. If developers are unable
to supply 80% of contract energy or availability declaration
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(AD), whichever is lower, such energy unavailable due to
emergency shutdown could be added to metered energy
to relieve them from short supply penalty

5.Measures to be taken by IPP's

In context of Nepal, many developers are under financial
burden because of not being able to pay the debt within
payback period of project. In many cases they are paying
high amount oflate project commissioning penalty and
short supply penalty keeping this in view there should
be focus on some of following points from developers
prospective:

5.1 Since hydrology is the main basis of energy estimation,
accurate and reliable hydrological data are essential for it.
Most of the rivers in Nepal are ungauged and if projects
are to be built on these rivers, they are required to correlate
hydrometric data of the concerned river with gauged river
of similar catchment, These methods rarely give reliable
hydro-metric data. In order to reduce effect of inconsistent
and unreliable data on project, the energy estimation
of a project, detailed hydrological analysis is essential
so that there would be less chance for hydrology short
supply penalty to projects once they are commissioned.
In addition they need to have detailed geographical/
geological study of projects to minimize the problems
caused due to natural calamities.

5.2 Developers should strive to complete project on time,
if commercial operation date (COD) is not within required
commercial operation date (RCOD)of a project, there
will be penalty for delay in completion of project. It will
ultimately extend payback period of the project.

6. Conclusion:

Comparing generation patternin dry and wet seasons, it can
be stated that there is large variation in energy generation
pattern between wet and dry season months. Only about
30% of energy generated in wet season months is available
during dry season month. Ultimately it creates compulsion
to purchase power from India so as to fulfill both power and
energy during dry season. That is why we should strive to
make month wise energy generation curve flat in level of
maximum energy generation as far as possible for which
we should focus on construction of RoR projects with
design discharge based on high Probability of Exceedance
(PoE) like Q80 or even more. In addition, we should focus
on construction of PRoR and Storage plants.

Further, hydropower developers need to pay proper
attention for the enhancement of their operational plant
factors and PPA provisions are to be taken care of so that
the risks of short supply penalty could be reduced to the
extent possible.
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Hydrological Uncertainties
in Hydropower Projects

Background

Water is one of the most imperative natural resources
without which existence of humankind is doubtful. We
need water not only to run our daily lives but also to meet
the need of modern technology. And although plentiful it is
not always in the right place at the right time or of the right
quality.

When it comes to defining hydrology and hydropower, the
supremacy of water on Earth cannot be overlooked. The
word hydrology itself defines its meaning,i.e., the study of
water and its movement within the Earth’s atmosphere. It
has evolved as a science to try and understand the intricate
water systems of the Earth, to study and predict how water
will behave under different circumstances as it moves
within the planet Earth. Similarly, the term hydropower
clearly means the power or energy that is generated from
the moving water. Humans have been taking advantages
of water for centuries, from running the mills during ancient
Greeks to gigantic largest hydropower planttill date, “Three
Gorges Dam” in China. Hydro plant has been creating
massive amount of energy and contributes about 16% of
global electricity generation. Harnessing the power of water
is the cheapest form of energy, but environmental and
other concerns cast doubts on its worth. Developed and
experienced countries in the field of hydropower use the
modern and finest technologies to minimize the challenges
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hydropower can bring. Nevertheless, for the country like
ours where the era of hydropower has just begun, it is very
much important for every single hydropower project to
undergo hydrological analysis from base level to eradicate
the problems in sustainability of hydropower projects.

Data Assessment: Foundation Of
Energy Estimation

Water resources cannot be managed unless we know
where they are, in what quantity and quality, and how
variable they are likely to be in the foreseeable future.
Nepal is blessed with around 6000 rivers and rivulets with
enormous hydropower potential though it is difficult to
harness available potential. One of the stumbling blocks
in a sound planning of hydropower projects could be the
availability of stream-flow discharge data. In the countries
like ours where we suffer from scarce of data,extrapolating
from local measurements to get a regional picture is
indispensable for today’s need. Also, available data are
not only inconsistent but also not plenty for planning as
water resources project planning requires about 30 years
of discharge data and most of the hydropower sites are
remotely located and ungauged.

Department of Hydrology and Meteorology, under the
Ministry of Energy, Water Resources and Irrigation, GoN,
which is responsible for the data acquisition, processing
and validation of measurements made infield,is responsible
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to make hydrometric data easily accessible. In addition,
measured data needs to be pooled, quality controlled
and archived. Tilldate, it has 16 synoptic stations and
around 500 hydrological and meteorological stations
(DHM, 2018), out of which many are not functional. Figure
below shows the major rivers of country and existing
hydrological stations. Traditional method of recordings
has led to unreliable and inconsistent data, which sooner
or later will affect the outcome of planned projects. Many
stations havedata recorded only till the year 2006 A.D. In
this long gap of 12 years, trend of stream flow may have
changed remarkably. Moreover, the energy estimated for
hydropower projects considering these stream flow data
will obviously be impractical and questionable. Similarly,
urgency of snow hydrology is also felt as maximum rivers
are fed by thawing snow. Good forecast of snowmelt
runoff during dry season has now become obligatory as
dry energy issue is one of the prime concerns for both
NEA and Independent Power Producers.

Mechanisms of Energy Estimation

Each hydropower project requires an ample availability

of stream flow data. However, most of the hydropower
projects in Nepal especially small hydropower projects
are built on ungauged river. Unfortunately flow estimation
methods being practiced currently employ a lot of
assumptions which lead to uncertainty. In the context of
our country, some of the common approaches of flow
estimation are:

o Catchment Area Correlation Method

o WCS-DHM (Hydest) Method

o Medium hydropower Study Project (MHSP) Method
o Medium Irrigation Project Method (MIP)

o Regional —Regression Method

However, none of these methods can estimate the flow
accurately than the stream flow data recorded on the
corresponding rivers.

Probability Of Exceedence (POE)
And Flow Duration Curve (FDC)

An important question often asked is: What percentage
of time does flow exceed a given value?’ For anyone who
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Fig. i: Physiographic regions of Nepal showing major rivers and hydrological stations.
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Flow Duration Curve (FDC)
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Fig. ii. Flow duration curve.

is into hydropower field, it is of major concern to answer
this question to determine the percentage of time when
the flow is too low to meet dry energy. Identification of
capacity of hydropower plant, which allows for the optimal
utilization of available water resources and it is also a
challenging task, mainly because of the inherent temporal
variation of river flows. Flow rate is often considered as
‘Q and the exceedence value as a subscript number. The
proportion of time at which any given flow is exceeded can
be determined by generating flow duration curve. In order
to explore the feasibility of hydropower, it is necessary to
define the variability of flow available in the streams. This is
normally done by direct analysis of stream flow data or by
applying some sort of inferential techniques from gauged
to ungauged streams. Of course, the most reliable means
is to use the actual stream flow data measured at the point
of interest. The problem in Nepal, as in most locations,
is that stream flow information is not available for all
possible sites. The flow duration curve provides us with a
means of representing the variability of flow at a proposed
hydropower site in a concise graphical fashion. Flow
duration curves have proven to be useful in evaluation of
surface water resources for hydropower design and other
studies where it is desirable to define the variability of the
flows in streams.Graph below indicates the discharge of a
river corresponding to 40% of probability of exceedence.

NEA has a trend of designing hydropower projects at Q40
design discharge to ensure the full capacity of a power
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plant for at least five months. ROR projects, designed at
Q40 have been easily operating their plants for around
five months as the water level rises in the rivers during
wet season. Situation other than adopting Q40 is briefly
discussed below.

Considering the Energy kil situation in the case of hydro
plants with design discharge of Q40 or greater than
Q40,Department of Electricity Development (DoED,
2018) has recently provisioned in the guidelines that the
hydropower plants that applying for license would need
to be designed at basis of Q45. It means that the plant
has to run under full capacity for around 5.4 months a
year. If the power plants need to be operated for a longer
period in rated capacity, the IPP’s would have to lower the
capacity of plant.

‘Energy Spill’ situationduring monsoon may occur in the
case of projects designed for probability of exceedence
less than 40%. As per present PPA policy, NEA does not
sign the Power Purchase Agreement with Independent
Power Producer, for the projects with design discharge
less than Q40 fearing the energy spill during wet season.

Environmental Releases

Water Resources Act, 1992 states that if a person or
corporate body wants to conduct survey or utilize water
resources they should carry out environmental study
along with the application. The Environment Protection
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Rules, 1997 based on Environment Protection Act has
made it mandatory for projects above 50 MW to conduct
Environmental impact Assessment (EIA) and for projects
below 50MW to submit Initial Environmental Examination
(IEE) report. Further, Hydropower Development Policy
2001 has specifically mentioned that the “Downstream
release shall be either 10% of minimum mean discharge
or quantum identified in EIA whichever is higher
(G.DiBaldassare, 2009).

Current downstream release practices rarely consider
project-specific scenarios and do not include aquatic
habitat condition as well as how hydraulic variables of
river change as flow regime changes. This indicates that
the practice we have been using holds no methodical
approach but only a statistical representation of natural
flow regime.

Outage and Losses

A short term or a long term loss of electric power supplied
to a particular area is power outage. There can be
unforeseen causes of power failures in electricity network.
Main outages that cannot be shunnedand are considered
in PPA are forced outage and scheduled or maintenance
outage. Losses, which are incorporated on energy table
for the calculation of contract energy, represent the
transmission loss. Losses from power generation point to
a delivery point of NEA are incorporated in Energy Table
in the form of certain percentage of contract energy.

e The combined outage and losses incorporated in the
Energy Table are as follows:

o 4 % of the total annual contract energy for the voltage
level 132kV of connecting transmission line.

o 5% of the total annual contract energy for voltage level
33KV of connecting transmission line.

o Figure below shows the procedure of energy estimation
from base level.

Conclusion

There is no any tailor-made solution to build any hydro
power projects. Every individual hydropower projects vary
from one other in their salient features. Every projects
need to have reliable and consistent hydrometric data
collection and analysis for the sake of correct energy
estimation. Projects need to install their own gauging
stations in case of ungaged river. Because assumed
and uncertain adopted data will be detrimental to energy
assessment. To preserve poise between development
and environmental stability, better study on environmental
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releases shall have to be conducted. Other than this, the
impact of sedimentation on a particular project shall be
studied. From depleting the storage volume for storage
projects to decreasing the life of electromechanical
equipment in RoR and Peaking-RoR type projects, it has
an adverse effect that cannot be ignored. Looking at the
scenario of projects in operation, rarely we can find any
project that delivers the accurate energy as contracted in
PPA. This is because the approaches and methodologies
we adopt for the energy estimation are mostly based on
assumptions.
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Role of Utility Scale Solar
PV in Nepal from Energy
Security Point of View

hydropower plant in Asia (source: Nepal Energy

Forum). It was back in 1911 when the 500 kW
Pharping Hydro started generating electricity. After over
a century, however, installed capacity has barely reached
1000MW. The Water and Energy Commission Secretariat
(WECS) report from 2017 forecasted demand of electricity
to reach 30,000 MW by 2040 to maintain economic growth
rate at 7.2 percent. This raises a serious question on
whether the current trend of hydropower development can
meet the future requirement. The annual report of Nepal
Electricity Authority 2017 states that the financial closure of

Nepal was the second country to commission
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Ram Prasad Dhital, Executive Director, AEPC
Jiwan Kumar Mallik, Solar Power Expert

102 projects with a total capacity of nearly 20,000MW and
Power Purchase Agreement (PPA) of around 9,000 MW
is complete. The report also says that around 1,500MW
worth of projects are under construction. These figures
and trends in hydropower development expose the real
challenge that Nepal will face in order to balance future
supplies and demands.

The popular phrase, “don’t put all your eggs in one basket",
is highly relevant in the context of electricity generation
which should be brought into to practice urgently as Nepal
relies heavily on only one type of generation. Diversification
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Figure 1:Brazil Power Generation Mix Strategy

of generation mix is essential in the country as this nation
is highly vulnerable to climate change. Many studies and
researches have reported the decreasing trend of river
flow. Recently, an existing turbine was replaced by a lower
capacity turbine to counter the decreased water flow in
one of the Micro Hydropower plant supported by AEPC.
Further, civil structure comprises of nearly 60 percent
of the overall hydropower project, which can make the
power system more vulnerable to natural calamities
such as earthquake and flash flood. The earthquake of
2015 and flash flood in Bhotekoshi in 2014 are few of the
examples that shows how vulnerable hydropower sector
is in the country. Thus, relying only on one source of power
generation may not be the wisest option. While, Solar PV
plants have less than 5 percent of civil structures, making
these systems less vulnerable to natural disaster.

Similar to Nepal, Brazil, which is also amongst the richest
in hydro resources, made decision to scale up Wind and
Solar generation source. In 2011, the constitutes of wind

Nudear
Bioenergy
Wind and solar
Hydro

2035
Total: 1085 TWh

and solar in Brazil was less than 1 percent. Recently, they
have targeted to achieve the share of wind and solar to
9 percent by 2035. This shows how hydro dominated
nations are also switching towards increasing generation
mix and protecting its energy security through available
wind and solar resources.

The daily load curve in Nepal shows a sharp evening peak,
mostly due to residential consumption when commercial
and industrial loads are minimal. The International Energy
Agency (IEA)on 2015 produced sector wise average
consumption of electricity which showed that residential
sector consumes nearly 27 percent. In Nepal, residential
consumption is about 45 percent(refer to Figure 2 below).
This is because in most of the developed countries, the
commercial and industrial consumption is more than
residential load and if Nepal achieves similar economic
growth, the future consumption will also be dominated by
commercial and industrial sectors. Under this condition,
the day time demand will closely match to evening

Others
7.71%

Non-
Commerial,
3.37%

0.9

Commericial,
7.36%

2015

| 1 737 Mtoe I

Figure 2: Sectoral comparison of Electricity; left one is for Nepal (WECS data) and right one is World Average (IEA)
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consumption, making the daily load curve similar to that
of Thailand whose major economy is tourism has flat load
curve. In order to supply power to this increasing daytime,
Solar PV will be the best amongst the other generation
sources available in Nepal. A multiple use of land can
get benefited from the concept of "Agro-PV" (farming the
vegetables underneath of solar PV array).

Intermittency Effect of Solar

The common perception in Nepal is that the solar is limited
to general lighting for households and small institutions
such as schools and health posts. Whenever we think on
upscaling the systemand connectingitto the grid, concerns
over the intermittency due to solar are quickly raised
and are directly linked to future frequency and voltage
instability. In a recent global forum in Philippines, the
2018 Asia Clean Energy Forum, over 1300 professionals
discussed on the intermittency effect of Solar in the grid
and recommended (i) determination of solar penetration
is country specific Grid Impact Study and this study shall
have to be dynamic, one time study can't predict for long
time, (i) the penetration up to 15-20% of total installed
capacity will not raise instability in the grid, (iii) Frequency
Linked Deviation Mechanism, Dynamic Load Balancing,
Load Curtailment , Storage could be solution for higher
level of penetration to maintain the grid stability. This
forum also concluded that effect of Solar penetration in
the grid should be based also on practice and observation
from "learning by doing". In Nepal, several initiatives and
studies were conducted on grid connected solar but not a
single implementation of utility scale solar has been seen
to date. Finally, it is better to be specific, demonstrate,
learn and grow rather than sticking only to ideas.

Recommendation for Accelerated
Growth of Solar PV in Nepal

o National Policy - The revision of Electricity Act is
underway, this policy should clearly define the need
of Power Generation mix from the prospective Energy
Security. For example, 15% of total generation should
be from Solar PV.

o Viability Gap Funding (VGF)- NEA in coordination of
ADB has recently announced Request for Proposal
(RfP) for development of utility scale Solar PV.
Though, the gestation period of Solar is shorter than
hydro, the VGF incentive until June 2022 may not be
make financial viable project at base PPA rate of NRs.
6.6/kWhr. It is suspected that some of the infeasible
low bid proposals may come from ill intention to distort
solar market in Nepal rather than development of
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project in-time.

o Determination of separate PPA rate for utility scale Solar
PV- Recent Directive on Grid connected Alternative
Energy by Ministry of Energy Water Resource and
Irrigation has declared PPA rate of NRs. 7.3/kWhr.
This PPA rate is derived just from a posted PPA rate
of NRs. 4.8/kWhr and NRs. 8.4/kWhr in wet and
dry season months respectively , for a hydropower
project including 3% of escalation for 8 times for 25
years project period. The PPA rate for Solar should be
separately defined in a more scientific way considering
some other aspects like project size, land availability,
power evacuation options etc.

o Establish Solar Parks & Solar Cities in each of 7
Provinces for demonstration effect.

Efficient Market Based Financial Mechanism like VGF,
Carbon Development Mechanism (CDM), Accelerated
Depreciation etc.

Establish R&D faciliies at academic, research

institutions for Solar PV

International Partnerships /Collaboration
HR Developments for Solar Revolution

Conclusion

Solar should complement hydro generation in Nepal.
The deployment of grid connected solar won't hinder
hydro development at all . Rather, Hydro can still be main
stream generation source followed by utility scale solar
and roof top solar. Around the world, utilities are rapidly
moving from Analogue to Digital, Fossil to Renewable and
Centralized to Distributed System.

It's time to think on similar way rather than hydro-centric
thought only. Realizing these facts, in the recent White
Paper published in Baisakh 2075, the importance
of distributed generation and utility scale solar have
been proposed. Initiation of installation of solar PV of
huge capacity in Province no. 2,implementation of grid
connected rooftop solar PV and grid connected solar PV
of capacity ranges from 100-500kW in rural municipalities
are some of the ambition plans to diversify our generation
mix.

We should re-think electricity sector from the prospective
of the national Energy Security. A calculation shows that
135 MWp Utility Scale Solar would be required to replace
the day time import from India. It's high time to join hands
together to realize the governments priority in diversifying
energy generation options.
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A Brief Introduction of
Infrastructure Asset Management
and its importance in Operation of

Hydropower Projects

Sushmit Sharma Bhattarai
Engineer, BE (Civil), MSc. (ICME)
Manager, Kasuwakhola Hydropower Co. Ltd.

Abstract

Large infrastructures such as roads, rivers, dams, harbours, airports, waterworks, and railroads provide a platform
for economic and social development and meet essential needs of the community. It has become essential to ensure
that these infrastructures will continue to provide sustainable and economical service by intensive maintenance and
modernization or life extension of ageing assets. A new concept of asset management disciplines and procedures
have been materialised in the developed nations for sustainability of infrastructures including hydropower projects.
Hydropower has been recognised as the key source of commercial energy for electricity generation in Nepal that can
drive the nation into development. A country should analyse the importance of infrastructure asset management and
follow the principles to overcome variety of challenges such as ageing, deterioration, underfunding, disruptive events
and inherent risks that disrupted continued operation of hydropower projects. The focus of this article is to introduce
infrastructure asset management and aware its beneficiary in operation of hydropower projects. This article provides a
basis to undertake infrastructure asset management activities including development of an asset strategy.

multidimensional approach that may be defined as the
business strategy and the corresponding planning and

Infrastructure Asset Management

Definition

Woodhouse (2001) believe asset management is initially
practised in the highly structured or regulated institutions
such as armed forces, airlines and nuclear sectors, which
later emerged in power, water, housing and other areas
(Woodhouse, 2001). On the other hand, Brown and
Humphrey (2005) claim the term 'asset management' first
arose in the finance sector to balance the risk and return.
Later same approaches, techniques and tools have been
developed to suit asset management practices in other
industries, such as electricity, gas and water.

Alegre (2007) suggests 'Asset Management is a
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systematic and coordinated activities and practices through
which an organisation optimally manages its assets, and
their associated performance, risks and expenditures over
their lifecycle'. The globally reconised asset management
standards IAM/BSI  (2008) superseeded by ISO
55000(2014) defines asset management as 'systematic
and coordinated activities and practices through which
an organization optimally manages its assets, and their
associated performance, risks and expenditures over their
lifecycle for the purpose of achieving its organizational
strategic plan'.

In summary, the primary objective of infrastructure asset
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management is to resolve the demand for, and supply
of, physical asset base and associated support services
essential for the delivery of its core services.

Principles of Asset Management

Asset management has become an overarching tool
accepted by different organisations. 1SO 55000:2014
identified seven principles of asset management and
recommended by IAM as well are:

 Holistic;
o Systematic;
o Systemic;
o Risk-based;
e Optimal;
o Sustainable;

o Integrated.

Woodhouse (2011) suggested that these general
principles apply to all asset management activities. He
added these are good indicators of the likely performance,
robustness, flexibility, and sustainability of the company’s
core functions. These principles give general idea of
asset management to be applied and developed in any
developing nation.

Davies (2016) emphasised fundamental principle of asset
management is “Line of Sight” which means:

e An approach within an organisation that looks to line
up the work that is done directly on assets with the
objectives of that organisation;

e A discipline which recognises, accommodates and
aligns the risk of owning a particular asset with the
goals of the organisation that operates the asset.

Asset Management Framework

In its most general sense, ‘asset management is a business
approachtoalignthe managementof asset-related spending
to corporate goals’, and ‘the payoff is a set of spending
decisions capable of delivering the greatest stakeholder
value from the investment dollars available’ (Brown, 2004).
There is different asset management framework suggested
by various organisation and standards such as BSI PAS 55
(BSI, 2008); TAM (NSWT, 2006); Key Areas of AM strategy
(Edwards, 2010); AM models (Too, 2006&2010 ); and
AAMCOG (2011). The main purpose of each framework is to
follow the asset management principle and to create value
for the organisation to meet stakeholders’ requirements and
expectations. GFMAM (2014), IAM (2015) and Davis (2016)
emphasisedasset management framework should include
seven basic benchmarks shown in Table 2-1 below.

S.N

Requirements of Asset Management

Criteria of the benchmarks

1. |Asset Management Strategy and Planning

Asset Management Policy
Asset Management Strategy
Demand Analysis

Strategic Planning

Asset Management Plans

Asset Management Decision-Making

Capital Investment Decision-Making

Operations & Maintenance Decision-Making
Life Cycle Cost and Value Optimisation
Resourcing Strategy and Optimisation
Shutdowns & Outage Strategy and Optimisation
Ageing Assets Strategy

Lifecycle Delivery Activities

Technical Standards & Legislation

Asset Creation & Acquisition

Systems Engineering

Maintenance Delivery

Reliability Engineering and Root Cause Analysis
Asset Operations

Resource Management

Shutdown/Outage Management

Incident Response

Asset Rationalisation & Disposal
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Asset Knowledge Enablers

Asset Information Strategy
Asset Knowledge Standards
Asset Information Systems
Asset Data & Knowledge

Organisation and People Enablers

Contract & Supplier Management

Asset Management Leadership
Organisational Structure, Culture, Roles &
Responsibilities

Competence & Behaviour

Risk & Review

Criticality, Risk Assessment & Management
Contingency Planning & Resilience Analysis
Sustainable Development

Weather & Climate Change

Asset & Systems Performance & Health

Monitoring

Asset & System Change Management
Management Review, Audit and Assurance
Accounting Practices

Stakeholder Relations

Table 2-1 Benchmarks of Asset Management Framework (Adapted from IAM, 2015; Davies, 2016)

Above benchmarks is a fundamental concept to apply
asset management for any organisation. This literature
gives clear idea to the researcher to develop asset
management framework for theoperation of hydropower
projects in Nepal. From this concept of knowledge, an
organisation can efficiently develop asset management
paradigm. The detail about the benchmarks is described
below clearly.

Asset Management Challenges

Asset management has been the subject of practice and
research for decades, there is no common understanding
of what asset management is. It is conceptualised as a
capability (Wenzler, 2005), process (Amadi-Echendu,
2004) or responsibility (Vanier, 2001). Current systems
of managing assets pose several challenges to its
implementation. The main difficulties described by
Schraven et al. (2011) are alignment between the three
decision areas: objective, situation and intervention,
with clearly defined objectives serving as a rationale for
decisions within the other two areas. Stillman (2015)
points out four common challenges on asset management
which are:

Data sufficiency

Information systems are tools to support asset
management system. If there are lack of sufficient data
about the conditions of assets and ages, then it will be
difficult to apply proper asset management system.
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Inadequate resources

If there are insufficient resources, asset management
could not be achieve deffectively. Resources such as
finance, spare parts, tools and workforce are key when
implementing asset management.

Resistance to change

One of the difficult challenges of an asset management is
resistance to change. Most of the organisation practice its
old practice of management and do not want to change.
Organizations do not believe in sustainable change and
progress towards reliability and better performance.

Operational silo

Organizations are structured into maintenance, operations,
and engineering with functional heads of departments
resulting ‘silo thinking’. The result is that budgets are
planned and controlled with little consideration for the
performance of the whole organisation (Huggett, 2012).
This silo thinking always challenges to work in cross-
functional teams to take decisions in the best interest of
the organisation.

The knowledge about consideration mentioned above
will help organisation while following asset management
framework for an entirely new country with no knowledge
of asset management. The organisation must aware of
challenges during technology transfer.
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Hydropower Projects in Nepal
Background

Nepal is a land-locked country, which has transited
from conflict to peace and challenging for significant
development in infrastructure. The water resources of
Nepal are regarded as one of the key opportunities for
future economic development of the country. Nepal is
rich in hydro resources, with one of the highest per capita
hydropower potentials in the world (Sangroula, 2006). The
climatic and topographic conditions of the country make it
favourable to develop hydropower projects.

Hydropower has been used for more than a century in this
country, with the starting of 500KW Pharping Hydropower
plant in 1911. Similarly, the second hydropower plant
(640 KW) was developed at Sundarijal in 1936. Then
Morang Hydropower Company in 1939, Sikarbas Hydro
plant(677 KW) in 1942 although a landslide destroyed
this plant in 1960s. The development of hydropower was
institutionalised after the initiation of the development
planning process. The First Five-year Plan (1956-61)
targeted to add 20 MW of hydropower. However, the goal
was unmet. During the Second Three-year Plan (1962-
65), some progress was achieved. After a long gap, in
1965, the country expanded hydropower generation with
the construction of the Panauti Hydro plant (2400 KW)
and the Trishuli Hydro plant (21000 KW) in 1967. A series
of hydropower projects then followed (Sharma and Awal,
2013).

Nepal has generated 967.85 MW (NEA Annual Report,
2017) from hydroelectricity so far including NEA, PPP, IPP
and foreign investors. Despite more than a century-long
history of power generation, the nation could not develop
enough hydropower projects. The main reasons behind
this are decisions either dominated by the economics of
the project or guided by vested preferences of donors as
well as politicians ruling the country (Sangroula, 2006).

Challenges Associated
with the Hydropower Plants

Nepal has a high potential of development in hydropower,
agriculture and tourism sectors. However, Nepal
has not fully and efficiently utilised its resources for
the development.There are several socio-economic
and political challenges in Nepal, which limits the
maximisation of energy generation in hydropower plants
and could not generate enough potential energy. In the
present context of Nepal, the demand for electricity has
exceeded the amount of electricity that can be supplied
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by the government, resulting in frequent power disruption
in the country. To supplement the energy shortage, the
government is importing electricity from India, producing
electricity from fossil fuel for short term preventive
measures (Joshi &Shrestha, 2014). Ministry of Energy,
Water Resources and lIrrigation has formed different
High-level taskforces consecutively to develop plans for
generating 3,000 MW in 3 years, 5,000 MW in 5 years
and 15,000 MW hydropower projects in 10 years (MOEN,
2018). Nonetheless, some populations still suffer from
frequent electricity outage while there are ample of
hydropower development opportunities.

Also, the developed projects could not generate rated
capacity due to the constant breakdown of the project.
The reasons behind the continuous breakdown of projects
are poor operation and maintenance, high demand and
different natural hazards.

Importance of Asset Management
in operation of hydropower
projects

Different developed countries such as Australia, USA,
UK have practised asset management in a hydropower
projects. Although they have followed different frameworks
as per their nation’s requirements, they have followed a
fundamental principle of “Line of Sight” i.e. reliable supply
of electricity ensuring power generating asset are properly
operated, inspected and maintained with minimum cost
and risks. To achieve the line of sight, USA has practised
Integrated Business Management Model (IBMM) to
provide a framework for ongoing asset-based planning
and management with 12 business processes contained
within four broad areas - Strategic Planning, Asset
Planning, Resource Management, and Performance
Assessment model which consists of four major areas with
twelve business processes. Similarly, Hydro Tasmania,
Australia develops frameworksof four main benchmarks
including Asset base planning, Business risk identification,
Operational Risk Management Programmes, Capital
Investment Programme. On the ot her hand, Scottish
hydro follows the PAS 55 (currently ISO: 55000) standard.
Overall, even though the framework is different, the
principle should concentrate on the reliable supply of
power with minimum cost and risk.

Nepal lacks sufficient capacity to supply adequate
electricity, the country is also facing inevitable problem
in maintenance and operation of existing plants due
to forced outages, ageing of plants and natural risks
hindering the country’s economic growth. It has not
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given the importance of the reconstruction, rehabilitation
and post maintenance planning for ageing infrastructure.
Continuing deferment of maintenance of assets affects the
sustainability of electricity generation. There is a need to
explore ways to improve service levels and to consider to
what extent these can contribute towards achieving the
goal of sustainable electricity supply. This underscores
the need for efficient management and maintenance
of existing assets in operation of a hydropower project.
Considering this, infrastructure asset management for
the hydropower projects is important regarding achieving
its value for money, risk-based decision, whole life
optimisation and long-term sustainability (PAS 55-1,
2008). Aging assets and uncertainty in reliable supply and
demand management produce a challenge for the optimal
operation and maintenance of the hydropower assets.
Asset management can minimise the risks associated with
equipment failure, thereby extending the life of equipment
and minimising the risk of equipment failure and reduce
the occurrence of costly unplanned outages (Reddy,
2016). If properly applied, asset management can assist
the operation of hydropower plants with the strategic link
between reliable power supply and asset management
strategies.

Conclusion

This article helps to acknowledge extensive overview of
infrastructure asset management and its principle to apply
in physical infrastructures. This article has presented that
asset management covers the procurement, operational
management, maintenance, rehabilitation and disposal
of assets, such that their use is maximised about their
service delivery potential and that risks and costs are
managed over their entire life of anyasset. Moreover, this
chapter details the background of hydropower projects in
Nepal, practices of asset management in hydropower by
developed countries and importance of asset management
in operation of hydro power projects in Nepal. In
summary, this articleprovides an acknowledgement to
the hydropower developers about tools and techniques
of asset management paradigm that can be implemented
in hydropower operation considering the principles, a
framework with its challenges for a reliable supply of
electricity ensuring power generating assets are properly
operated, inspected and maintained with minimum cost
and risk.
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NEPAL ELECTRICITY AUTHORITY
POWER TRADE DEPARTMENT
IPPs' Hydro Power Projects (Operation) as of FY 2074/75
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Capacit Commercial
S.N Developer Projects Location pactty PPA Date Operation
(kW)
Date
1 | Himal Power Ltd. Khimti Khola Dolkha 60000 | 2052.10.01 2057.03.27
2 | Bhotekoshi Power Company Ltd. Bhotekoshi Khola | Sindhupalchowk | 45000 | 2053.04.06 2057.10.11
3 | Syange Electricity Company Limited Syange Khola Lamjung 183 2058.10.03 2058.10.10
4 | National Hydro Power Company Ltd. Indrawati - Il Sindhupalchowk 7500 2054.09.15 2059.06.21
5 | Chilime Hydro Power Company Ltd. Chilime Rasuwa 22100 | 2054.03.11 2060.05.08
6 | Butwal Power Company Ltd. Jhimruk Khola Pyuthan 12000 | 2058.03.29 1994
7 | Butwal Power Company Ltd. Andhi Khola Syangza 9400 2058.03.29 2071.12.22
g | Arun Valley Hydropower Piluwa Khola Small | Sankhuwasabha | 3000 | 2056.10.09 |  2060.06.01
Development Co. (P.) Ltd.
Rairang Hydro Power . .
9 Development Co. (P) Ltd. Rairang Khola Dhading 500 2059.08.27 |  2061.08.01
10 | Sanima Hydropower (Pvt.) Ltd. Sunkoshi Small Sindhupalchok 2500 2058.07.28 2061.12.11
11 | Alliance Power Nepal Pvt.Ltd. Chaku Khola Sindhupalchok 3000 2056.11.03 2062.03.01
12 | Khudi Hydropower Ltd. Khudi Khola Lamjung 4000 2058.03.04 |  2063.09.15
13 | Unique Hydel Co. Pvt.Ltd. Baramchi Khola | Sindhupalchowk 4200 2058.12.14 2063.09.27
Thoppal Khola Hydro .
14 Power Co. Pyt Ltd. Thoppal Khola Dhading 1650 2059.11.23 2064.07.13
Gautam Buddha .
15 Hydropower (Pyt) Ltd. Sisne Khola Small Palpa 750 2061.04.29 | 2064.06.01
Kathmandu Small . .
16 Hydropower Systems Py, Ltd, Sali Nadi Kathmandu 250 2062.04.24 | 2064.08.01
17 |Khoranga Khola Hydropower Pherme Khola Panchtar 995 | 2057.1231 |  2064.08.05
Dev. Co. Pvt. Ltd.
18 | Unified Hydropower (P.) Ltd. Pati Khola Small Parbat 996 2062.10.28 2065.10.27
19 | Tk Hydropower Seti-I Kaski 979 | 2063.06.08 | 2065.11.14
Company (P.) Ltd.
20 | Ridi Hydropower Development Co. (P.) Ltd. Ridi Khola Gulmi 2400 2063.05.08 2066.07.10
Centre for Power . ,
21 Dev. And Services (P Ltd. Upper Hadi Khola | Sindhupalchowk 991 2064.04.07 2066.07.22
22 | Gandaki Hydro Power Co. Pvt. Ltd. Mardi Khola Kaski 4800 2060.07.07 |  2066.10.08
) | LU e e et Mai Khola llam 4500 | 20634119 |  2067.10.14
Company Ltd.
24 | Baneswor Hydropower Pvt. Ltd. Lower Piluwa Small | Sankhuwasabha 990 2064.07.21 2068.04.01
g | S el HewaKhola | Sankhuwasabha | 4455 | 2061.04.02 | 2068.04.17
Development Co. (P.) Ltd.
Bhagawati Hydropower . ) .
26 Development Co. (P) Lid. Bijayapur-1 Kaski 4410 2066.03.30 2069.05.04
gy | BEMITETD EEvEle Solar Lalitpur 680.4 | 2069.06.12 |  2069.07.15
Khanepani bewasthapan Board
28 |Nyadi Group (P.) Ltd. Siuri Khola Lamjung 4950 2064.04.17 2069.07.30
29 | United Modi Hydropwer Pvt. Ltd. Lower Modi 1 Parbat 10000 | 2065.10.20 |  2069.08.10
30 |Synergy Power Development (P.) Ltd. Sipring Khola Dolkha 9658 2065.10.20 2069.10.03
31 | Laughing Buddha Power Nepal (P.) Ltd. Middle Chaku | Sindhupalchowk 1800 2066.11.03 2069.11.15
32 | Aadishakti Power Dev. Company (P.) Ltd. Tadi Khola (Thaprek) Nuwakot 5000 2061.12.15 2069.12.14
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33 | Ankhu Khola Jal Bidhyut Co. (P.) Ltd. Ankhu Khola - 1 Dhading 8400 2066.02.22 2070.05.05
34 | Nepal Hydro Developer Pvt. Ltd. | Charanawati Khola Dolakha 3520 2067.01.13 2070.02.24
35 | Laughing Buddha Power Nepal Pvt. Ltd. | Lower Chaku Khola | Sindhupalchowk 1800 2063.07.02 2070.04.24
36 | Bhairabkunda Hydropower Pvt. Ltd. Bhairab Kunda | Sindhupalchowk 3000 2065.08.02 2071.02.22
37 |Radhi Bidyut Company Ltd. Radhi Khola Lamjung 4400 2066.10.18 2071.02.31
38 Ez_sguv‘t’f"i'tgnv”"”me”ta' Eng. POWer | ciiote Khola Gorkha 993 | 2067.11.09 | 2071.03.09
39 | Mailung Khola Hydro Power Company (P.) Ltd. Mailung Khola Rasuwa 5000 2058.04.09 2071.03.19
| e D Upper Puwa -1 lllam 3000 | 2066.01.23 | 2071.10.01
Company Limited
41 | Sanima Mai Hydropower Limited Mai Khola llam 22000 | 2067.01.08 2071.10.14
42 | Bojini Company Private Limited Jiri Khola Small Dolkha 2200 2065.10.23 2071.11.01
43 | Ruru Hydropower Project (P) Ltd. | Upper Hugdi Khola Gulmi 5000 2066.04.04 2071.12.09
44 | Prime Hydropower Co. Pvt. Ltd. Belkhu Dhading 518 2064.04.04 2071.12.30
45 | Api Power Company Pvt. Ltd. Naugadh gad Khola Darchula 8500 2067.01.19 2072.05.02
46 | Kutheli Bukhari Small Hydropower (P).Ltd Suspa Bukhari Dolakha 998 2069.04.32 2072.06.03
47 | Sanima Mai Hydropower Ltd. Mai Cascade llam 7000 2069.10.12 2072.10.29
48 | Chhyangdi Hydropower Limited Chhandi Lamjung 2000 2068.12.23 2072.12.13
49 ;a;f/hjfy“ay: d'\’r')fi'o';'¥grt°h2‘t’VEvz’stLLdéé:|r)ev'°”5'y Upper Mai Khola llam 9980 | 2061.12.19 |  2073.03.09
50 | Sayapatri Hydropower Private Limited Daram Khola A Baglung 2500 2068.12.19 2073.03.12
51 | Electro-com and Research Centre Pvt. Ltd. Jhyadi Khola Sindhupalchowk 2000 2067.01.30 2073.05.31
52 | Khani Khola Hydropower Company Pvt. Ltd. |  Tungun-Thosne Lalitpur 4360 2069.04.05 2073.07.09
53 | Daraudi Kalika Hydro Pvt. Ltd. Daraudi Khola A Gorkha 6000 2068.05.19 2073.08.13
54 | Khani Khola Hydropower Company Pvt. Ltd. Khani Khola Lalitpur 2000 2069.04.05 2073.08.20
55 | Sapsu Kalika Hydropower Co. Pvt. Ltd. Miya Khola Khotang 996 2069.08.10 2073.09.03
56 | Sinohydro-Sagarmatha Power Company (P) Ltd. | Upper Marsyangdi "A" Lamjung 50000 | 2067.09.14 2073.09.17
57 | Madi Power Pvt. Ltd. Upper Madi Kaski 25000 | 2066.05.21 2073.09.25
58 | Panchthar Power Company Pvt. Ltd. Hewa Khola A Panchthar 14900 | 2068.05.30 2073.10.22
59 | Sanvi Energy pvt. Ltd. Jogmai [lam 7600 2069.08.07 2074.01.18
60 | Bhugol Energy Dev Compay (P). Ltd Dwari Khola Dailekha 3750 2069.12.30 2074.1.23
61 | Mai Valley Hydropower Private Limited Upper Mai C [lam 5100 2068.12.23 2074.04.09
62 | Dronanchal Hydropower Co.Pvt.Ltd Dhunge-Jiri Dolakha 600 2068.09.25 2074.06.01
63 | Dibyaswari Hydropower Limited Sabha Khola Sankhuwasabha 4000 2068.11.17 2074.06.02
64 | Puwa Khola-1 Hydropower P. Ltd. Puwa Khola -1 llam 4000 2070.10.09 2074.06.23
65 | Shibani Hydropower Co. Pvt. Ltd. Phawa Khola Taplejung 4950 2063.12.01 2074.07.14
66 | Mount Kailash Energy Pvt. Ltd. Thapa Khola Myagdi 13600 | 2067.10.11 2074.08.22
67 | Mandakini Hydropower Limited Sardi Khola Kaski 4000 2068.11.11 2074.08.23
68 | Garjang Upatyaka Hydropower (P.) Ltd. Chake Khola Ramechhap 2830 2065.11.06 2074.08.28
69 | Union Hydropower Pvt Ltd. Midim Karapu Lamjung 3000 2069.10.28 2074.10.15
70 | Syauri Bhumey Microhydro Project |  Syauri Bhumey Nuwakot 23 2072.11.16 2074.10.18
71 | Molung Hydropower Company Pt. Ltd. Molung Khola Okhaldhunga 7000 2069.11.21 2074.12.12
72 | Sikles Hydropower Pvt. Ltd. Madkyu Khola Kaski 13000 | 2066.08.03 2074.12.19
73 | Himal Dolkha Hydropower Company Ltd. | Mai sana Cascade llam 8000 2069.11.14 2074.12.26
74 | Barahi Hydropower Pvt.Itd Theule Khola Baglung 1500 2066.12.16 075.03.24
75 ;ng‘tjrfgg"'a Laghiftaloidhyutsatiakar S Kols Dhankuta 40 | 20721121 | 20750328
TOTAL 512,695.40
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NEPAL ELECTRICITY AUTHORITY
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POWER TRADE DEPARTMENT
IPPs' Hydropower Projects (Under Construction) as of FY 2074/75
Installed Required
S.N. Developers Projects Location Capacity | PPA Date Commercial
(kW) Operation Date
1 | Eastern Hydropower Pvt. Ltd. Pikhuwa Khola Bhojpur 5000 2066.07.24 2076.03.30
2 | Upper Tamakoshi Hydropower Ltd. Upper Tamakoshi Dolkha 456000 | 2067.09.14 22%7723%13%; %r::tz
3 |Nama Buddha Hydropower Pvt. Ltd. | Tinau Khola Small Palpa 1665 2065.03.31 2%()76;601;115(?:?:&)
4 | Himalayan Hydropower Pvt. Ltd. Namarjun Madi Kaski 11800 2066.05.30 2071.41
5 | Jumdi Hydropower Pvt. Ltd. Jumdi Khola Gulmi 1750 2066.10.21 2069.10.11
6 | Hira Ratna Hydropower P.ltd Tadi Khola Nuwakot 5000 2067.01.09 2075.10.01
7 | Energy Engineering Pvt. Ltd. Upper Mailung A Rasuwa 6420 2067.03.25 2075.10.01
8 E‘i}'?ﬂf;;‘”;ﬁﬁgdmpower Dhansi Khola Rolpa 955 | 2067.04.12 2069.11.28
9 | Shiva Shree Hydropower (P.) Ltd. Upper Chaku A Sindhupalchowk 22200 2067.05.22 2073.01.25
10 | Greenlife Energy Pvt. Ltd. Khani khola-1 Dolakha 40000 38%82;‘ 22877;35(;; ((1255va\\//))
11 | Himalaya Urja Bikas Co. Pvt. Ltd. Upper Khimti Ramechhap 12000 2067.10.09 2075.3.32
12 | Green Ventures Pvt. Ltd. Likhu-IV Ramechhap 52400 2067.10.19 2077.06.30
13 | Robust Energy Ltd. Mistri Khola Myagdi 42000 2067.10.20 2076.05.14
14 | Manang Trade Link Pvt. Ltd. Lower Modi Parbat 20000 2068.05.20 2074.3.31
15 '(\’F',?\t/hi,'\'/l‘;mf;';’;%veK:‘Et':)Ja'bidhy”t Ll ypper Mailun Rasuwa 14300 | 2068.05.23 2075.10.01
16 | Sanjen Hydropower Co.Limited Upper Sanjen Rasuwa 14800 2068.06.23 2075.10.01
17 '\C"(')drg:)zr?;ﬂzk“h' el Middle Bhotekoshi | Sindhupalchowk | 102000 | 2068.07.28 2076.12.28
18 | Chilime Hydro Power Company Ltd. Rasuwagadhi Rasuwa 111000 | 2068.07.28 2075.10.01
19 | Water and Energy Nepal Pvt. Ltd. Badi Gad Baglung 6600 2068.08.13 2072.2.14
20 | Sanjen Hydropower Company Limited Sanjen Rasuwa 42500 2068.08.19 2075.10.01
21 | Gelun Hydropower Co.Pvt.Ltd Gelun Sindhupalchowk 3200 2068.09.25 2074.06.14
22 | Dariyal Small Hydropower Pvt.Ltd Upper Belkhu Dhading 750 2068.11.28 2071.7.16
23 | Suryakunda Hydroelectric Pvt. Ltd. Upper Tadi Nuwakot 11000 2068.12.03 2075.10.01
24 | Himalayan Power Partner Pvt. Ltd. Dordi Khola Lamjung 27000 2069.03.01 2076.05.14
25 | Sasha Engingeering Hydropower (P). Ltd | Khani Khola (Dolakha) Dolakha 30000 2069.03.25 2074.12.17
26 | Arun Kabeli Power Ltd. Kabeli B-1 Taplejung, Panchthar 25000 2069.03.29 2075.01.09
27 | Rising Hydropower Compnay Ltd. Selang Khola Sindhupalchowk 990 2069.03.31 2071.6.15
28 |Liberty Hydropower Pvt. Ltd. Upper Dordi A Lamjung 25000 2069.06.02 2076.05.14
29 | Hydro Innovation Pvt. Ltd. Tinekhu Khola Dolakha 990 2069.06.08 2074.12.30
30 | Salankhu Khola Hydropower Pvt. Ltd. |  Salankhu Khola Nuwakot 2500 2069.06.14 2071.11.30
31 | Moonlight Hydropower Pvt. Ltd. Balephi A Sindhupalchowk 10600 2069.07.14 2076.12.28
32 | Middle Modi Hydropower Ltd. Middle Modi Parbat 15100 2069.08.21 2077.03.31
33 |Reliable Hydropower Co. Pvt. Ltd. Khorunga Khola Terhathum 4800 2069.08.26 2077.08.16
34 | Rara Hydropower Development Co. Pvt. Ltd. | Upper Parajuli Khola Dailekh 2150 2069.08.28 2071.12.17
35 | Lohore Khola Hydropower Co. Pvt. Ltd. Lohore Khola Dailekh 4200 2069.09.08 2073.06.20
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36 | Beni Hydropower Project Pvt. Ltd. Upper Solu Solukhumbu 18000 2069.09.16 2074.10.01

37 | Dudhkoshi Power Company Pvt. Ltd. Rawa Khola Khotang 6500 2069.09.26 2073.05.31

38 | Universal Power Company Ltd. Lower Khare Dolakha 11000 2069.10.22 220077; 6%.1063(?2'.22\:/'\/\)/\3)

39 | Mandu Hydropower Ltd. Bagmati Khola Small | Makawanpur/Lalitpur | 22000 2069.10.07 22007767'903;’300((220&/'\/\//\;)

40 | Madhya Midim Jalbidhyut Company P. Ltd. Middle Midim Lamjung 3100 2069.10.23 2072.5.1

41 | Volcano Hydropower Pvt. Ltd. Teliya Khola Dhankuta 996 2069.10.25 2071.7.24

42 g'g\‘j:lzzt:::t“&yd(rs;)i‘t’fr Rudi Khola A Lam&‘;';gkia”d 8800 | 2069.10.28 2076.02.32

43 | Betrawoti Hydropower Company (P).Ltd Phalankhu Khola Rasuwa 13700 2069.12.06 2075.10.01

44 | Himalaya Urja Bikas Co. Ltd. Upper Khimti Il Ramechhap 7000 2069.12.09 2075.12.01

45 | Salmanidevi Hydropower (P). Ltd Kapadi Gad Doti 3330 2069.12.11 2073.08.15

46 | Dovan Hydropower Company Pvt. Ltd. Junbesi Khola Solukhumbu 5200 2069.12.29 2076.08.30

47 ComatPover Do Company (. L) | CTOeTOIKIOR | e | S000 | 691230 | iyl

48 | Tallo Midim Jalbidhut Company Pvt. Ltd. Lower Midim Lamjung 996 2070.01.19 2071.8.1

49 | Rairang Hydropower Development Company Lid. Iwa Khola Taplejung 9900 2070.01.29 2075.4.1

50 |Tangchhar Hydro Pvt. Ltd Tangchhahara Mustang 2200 2070.02.20 2073.71

51 | Abiral Hydropower Co. Pvt. Ltd. Upper Khadam Morang 990 2070.02.21 2071.08.01

52 "H";é‘;'g\'l‘vae:i,i”f'gee””g Ghatte Khola Dolakha 5000 | 2070.04.28 2075.03.16

53 | Essel-Clean Solu Hydropower Pvt. Ltd. Lower Solu Solukhumbu 82000 2070.07.15 2076.8.30

54 | Consortium Power Developers Pvt. Ltd. Khare Khola Dolakha 24100 2070.07.15 2075.08.15

55 | Upper Solu Hydroelectric Company Pvt. Ltd Solu Khola Solukhumbu 23500 2070.07.24 2075.4.1

56 | Singati Hydro Energy Pvt. Ltd. Singati Khola Dolakha 25000 2070.07.27 22007757'905‘501 1 ((196|\|/\|/|V\</\;)

57 | Maya Khola Hydropower Co. Pvt. Ltd. Maya Khola Sankhuwasabha 14900 2070.08.30 2076.9.1

58 | Idi Hydropower Co. P. Ltd. di Khola Kaski 975 2070.09.01 2074.09.16

59 | Buddha Bhumi Nepal Hydro Power Co. Pvt, Ltd. Lower Tadi Nuwakot 4993 2070.12.10 2075.10.01

60 | Mountain Hydro Nepal Pvt. Ltd. Tallo Hewa Khola Panchthar 21600 2071.4.9 2075.01.09

61 g':f;gzt:::t"g)yd(g;’i‘t’fr Rudi Khola B Lam}i‘;r;gkia”d 6600 | 2071.4.20 2076.02.32

62 | Dordi Khola Jal Bidyut Company Ltd. Dordi-1 Khola Lamjung 10300 2071.07.19 2076.08.16

63 | River Falls Hydropower Development Pvt. Ltd. Down Piluwa Sankhuwasabha 9500 2071.10.18 2076.09.01

64 | Rangoon Khola Hydropower Pvt. Ltd. Jeuligad Small Bajhang 996 2071.10.20 2075.03.32

65 | Peoples' Hydropower Company Pvt. Ltd. Super Dordi 'Kha' Lamjung 49600 2071.11.13 2077.03.29

66 | Hydro Venture Private Limited Solu Khola (Dudhkoshi) Solukhumbu 86000 2071.11.13 2077.06.10

67 | Global Hydropower Associate Pvt. Ltd. Likhu-2 Solukhumbu/Ramechap 33400 2071.11.19 2077.04.01

68 | Paan Himalaya Energy Private Limited Likhu-1 Solukhumbu/Ramechap 51400 2071.11.19 2077.04.01

69 | Numbur Himalaya Hydropower Pvt. Ltd. Likhu Khola A Solukhumbu/Ramechap 24200 2071.11.22 2077.04.01

70 |Dipsabha Hydropower Pvt. Ltd. Sabha Khola A Sankhuwasabha 9990 2071.12.02 2076.07.15

71 | Research and Development Group Pvt. Ltd. Rupse Khola Myagdi 4000 2071.12.17 2076.08.02

72 | Hydro Empire Pvt. Ltd. Upper Myagdi Myagdi 20000 2071.12.17 2077.05.30

73 | Chandeshwori Mahadev Khola MH. Co. Pvt. Ltd. Chulepu Khola Ramechhap 8520 2071.12.23 2075.04.15

74 | Nyadi Hydropower Limited Nyadi Lamjung 30000 2072.02.12 2077.01.06

75 | Suri Khola Hydropower Pvt. Ltd. Suri Khola Dolakha 6400 2072.02.20 2074.12.30
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76 (E‘;r’;%ia;u':{ydrs"az;gé'&t:y vt Lig) | Upper Sanigad Bajhang 10700 | 2072.03.15 2076.05.29
77 | Kalanga Hydro Pvt. Ltd. Kalangagad Bajhang 15330 2072.03.15 2076.05.29
78 | Sanigad Hydro Pvt. Ltd. Upper Kalangagad Bajhang 38460 2072.03.15 2077.04.15
79 | Dhaulagiri Kalika Hydro Pvt. Ltd. Darbang-Myagdi Myagdi 25000 2072.04.28 2075.12.25
80 | Menchhiyam Hydropower Pvt. Ltd. Upper Piluwa Khola2 | Sankhuwasabha 4720 2072.05.11 2076.04.01
81 | Kabeli Energy Limited Kabeli-A Panchthar and Taplejung | 37600 2072.06.07 2076.11.03
82 | Upper Syange Hydropower P. Ltd. Upper Syange Khola Lamjung 2400 2072.06.14 2075.10.01
83 iiﬁﬁ:ﬁi H;Zr;zrgﬁ-o;ﬁéti\/(:ﬁ:;)ugy Khimti-2 g‘;'::;iiﬁ;‘s 48800 | 2072.06.14 2078.04.01
Kavrepalanchowk,
84 | Chauri Hydropower (P Ltd. Chauri Khola Sirf{;mi;:‘:haopv’vk’ 5000 | 2072.06.14 2075.12.30
Dolakha
85 | Pashupati Environmental Power Co. Pvt. Ltd. | Lower Chhote Khola Gorkha 997 2072.08.04 2076.05.15
86 |Huaning Development Pvt. Ltd. Upper Balephi A Sindhupalchowk 36000 2072.08.29 2075.10.06
87 | Upper Hewa Khola Hydropower Co. Pvi. Ltd. | Upper Hewa Khola Small | Sankhuwasabha 8500 2072.09.23 2076.03.17
88 | Multi Energy Development Pvt. Ltd. Langtang Khola Rasuwa 20000 2072.09.29 gg;ggigg ggmm
89 | Ankhu Hydropower (P.) Ltd. Ankhu Khola Dhading 34000 2073.01.30 2076.12.30
90 | Myagdi Hydropower Pvt. Ltd. Ghar Khola Myagdi 14000 2073.02.11 gg;g?g?g 523 mw;
91 | Richet Jalbidhyut Company Pvt. Ltd. Richet Khola Gorkha 4980 2073.02.23 2075.03.31
92 | United ldi Mardi and R.B. Hydropower Pvt. Ltd. Upper Mardi Kaski 7000 2073.02.25 2075.04.01
93 | Rapti Hydro and General Construction Pvt. Ltd. Rukumgad Rukum 5000 2073.03.07 2076.09.01
94 | Rawa Energy Development Pvt. Ltd. Upper Rawa Khotang 2800 2073.04.24 2076.03.30
95 | Siddhi Hydropower Company Pvt. Ltd. Siddhi Khola [llam 10000 2074.05.29 2077.03.31
96 | Api Power Company Pvt. Ltd. Upper Naugad Gad Darchula 8000 2073.07.12 2077.04.01
97 | Terhathum Power Company Pvt. Ltd. Upper Khorunga Terhathum 7500 2073.07.29 2076.09.01
98 | Nilgiri Khola Hydropower Co. Ltd. Nilgiri Khola Myagdi 38000 2073.11.30 2080.08.30
99 | Super Mai Hydropower Pvt. Ltd. Super Mai [llam 7800 2073.12.06 2077.04.01
100 | Siuri Nyadi Power Puvt. Ltd. Super Nyadi Lamjung 40270 2074.02.19 2079.04.01
101 | Swet-Ganga Hydropower and Construction Ltd. Lower Likhu Ramechhap 28100 2073.09.14 2078.08.15
102 | Nilgiri Khola Hydropower Co. Ltd. Nilgiri Khola-2 Myagdi 62000 2074.03.05 2081.08.30
103 | Sano Milti Khola Hydropower Ltd. Sano Milti Ramechhap and Dolakha 3000 2073.01.13 2075.08.01
104 | Diamond Hydropower Pvt. Ltd. Upper Daraudi-1 Gorkha 10000 2072.08.14 2075.09.17
105 | Chhyangdi Hydropower Limited Upper Chhyangdi Khola Lamjung 4000 2074.03.22 2078.04.05
106 | Taksar-Pikhuwa Hydropower Pvt. Ltd. |  Taksar Pikhuwa Bhojpur 8000 2073.09.01 2076.10.23
107 | Rasuwa Hydropower Pvt. Ltd Phalanku Khola Rasuwa 5000 2071.08.24 2076.08.01
TOTAL 2,356,313
I R o 3EH 9 o WAl 064 anfaifer fiet | 2@




NEPAL ELECTRICITY AUTHORITY
POWER TRADE DEPARTMENT
IPPs’' Hydropower Projects in Different
Stages of Development as of FY 2074/75

(Without Financial Closure)

Installed
S.N Developers Projects Location | Capacity | PPA Date | RCOD
(kW)

1 | Balephi Jalbidhyut Co. Ltd. Balephi Sindhupalchowk 23520 2067.09.08 | 2077.06.30
2 | Ingwa Hydro Power Pvt. Ltd Upper Ingwa khola Taplejung 9700 2068.03.10 | 2073.04.01
3 | Deurali Bahuudesiya Sahakari Sanstha Ltd. Midim Khola Lamjung 100 2070.02.20 | 2070.5.1
4 | Ludee Hydropower Development Co. Pvt.Ltd Ludee Khola Gorkha 750 2071.4.21 2073.4.1
5 | Makari Gad Hydropower Pvt. Ltd. Makarigad Darchula 10000 2072.08.29 | 2076.02.32
6 | Civil Hydropower Pvt. Ltd. Bijayapur 2 Khola Small Kaski 4500 2072.09.12 | 2075.03.32
7 | Yambling Hydropower Pvt. Ltd. Yambling Khola | Sindhupalchowk 7270 2072.09.29 | 2077.03.17
8 | United Modi Hydropwer Ltd. Lower Modi 2 Parbat 10500 2072.11.14 | 2076.03.17
9 | Salasungi Power Limited Sanjen Khola Rasuwa 78000 2072.12.02 | 2077.03.08
10 | Siddhakali Power Limited Trishuli Galchi Nuwakot and Dhading 75000 2073.02.20 | 2077.02.01
11 | Him River Power Pvt. Ltd. Liping Khola Sindhupalchowk 16260 2073.02.28 |2077.01.22
12 | Chirkhwa Hydropower Pvt. Ltd. Upper Chirkhwa Bhojpur 4700 2073.03.01 | 2077.04.01
13 | Energy Venture Pvt. Ltd. Upper Lapche Dolakha 52000 2073.04.20 | 2078.12.30
14 | Sindhujwala Hydropower Ltd. Upper Nyasem Sindhupalchowk 41400 2073.07.24 | 2077.03.30
15 | Samling Power Company Pvt. Ltd. Mai Beni lllam 9008 2073.07.26 | 2078.08.02
16 | Tamor Sanima Energy Pvt. Ltd. Middle Tamor Taplejung 52100 2073.09.26 | 2078.05.28
17 | Daram Khola Hydro Energy Ltd. Daram Khola Baglung and Gulmi 7300 2073.10.09 | 2076.09.08
18 | Pahadi Hydro Power Company (P.) Ltd. Madhya Tara Khola Small Baglung 1700 2073.10.26 | 2075.08.29
19 | Himal Hydro and General Construction Ltd. Super Madi Kaski 44000 2073.10.27 | 2078.02.28
20 | Sisa Hydro Electric Company Pvt. Ltd. Sisa Khola A Solukhumbu 2800 2073.10.28 | 2077.12.12
21 | Chirkhwa Hydropower Pvt. Ltd. Lower Chirkhwa Bhojpur 4060 2074.01.20 | 2078.04.01
22 | Him Consult Pvt. Ltd. Rele Khola Myagdi 6000 2074.01.28 | 2077.02.19
23 | Himali Rural Electric Co-operative Ltd. Leguwa Khola Small Dhankuta 640 2074.02.08 | 2075.12.28
24 | Sabha Pokhari Hydro Power (P.) Ltd. Lankhuwa Khola | Sankhuwasabha 5000 2074.02.21 | 2077.09.14
25 | United Mewa Khola Hydropower Pvt. Ltd. Mewa Khola Taplejung 50000 2074.02.21 | 2078.04.01
26 | Parbat Paiyun Khola Hydropower Company Pt Ltd. Seti Khola Parbat 3500 2074.02.22 | 2076.12.30
27 | Sewa Hydro Ltd. Lower Selang Sindhupalchowk 1500 2074.02.22 | 2075.12.30
28 | Gorakshya Hydropower Pvt. Ltd. Super Ankhu Khola Dhading 23500 2074.03.15 | 2080.09.15
29 S;Z'rtoi’::vrg?’gc‘)’;;;iy(glet"ﬁ:s)'y LTS SabhaKholaB | Sankhuwasabha| 15100 | 2074.03.26 | 2078.2.31
30 | Nyam Nyam Hydropower Company Pvt. Ltd. Nyam Nyam Khola Rasuwa 6000 2074.03.27 | 2077.12.31
31 | Surya Power Company Put. Ltd. Bisﬁg:’mpgry;;‘t"ar Nawalparasi 960 | 2074.04.08 | 2074.04.17
32 | Saptang Hydro Power Pvt. Ltd. Saptang Khola Nuwakot 2500 2074.04.08 | 2076.04.12
33 él{/i’:;‘;;’gpg:%ﬁ;?yogﬁr L. Karuwa Seti Kaski 32000 | 2074.0420 | 2079.01.12
34 | Century Energy Pvt. Ltd. Hadi Khola SunkoshiA | Sindhupalchowk 997 2074.05.05 | 2076.11.03
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35 | People's Power Limited Puwa - 2 [llam 4960 2074.05.05 | 2078.06.11
36 | Trishuli Hydropower Company Ltd. Upper Trishuli 3B Rasuwa 37000 2074.05.06 | 2078.11.17
37 | Mount Nilgiri Hydropower Company Pvt. Ltd. Rurubanchu-1 Kalikot 13500 2074.05.08 | 2077.11.03
38 | Bhujung Hydropower Pvt. Ltd. Upper Midim Lamjung 7500 2074.05.29 | 2078.04.01
39 ggz:zz;nen tv(\JlifeFEvt. Iit(zs?ources and - Energy Upper Chauri Kavrepalanchowk 6000 2074.07.27 | 2078.04.04
40 | Nasa Hydropower Pvt. Ltd. Lapche Khola Dolakha 99400 2074.07.29 | 2079.04.14
41 | Dolti Power Company Pvt. Ltd. Padam Khola Dailekh 4800 2074.08.01 | 2077.11.08
42 | IDS Energy Pvt. Ltd. Lower Khorunga Terhathum 5400 2074.08.24 | 2078.04.01
43 | Langtang Bhotekoshi Hydropower Company Pvt. Ltd. | Rasuwa Bhotekoshi Rasuwa 120000 2074.09.07 | 2078.09.07
44 | Upper Richet Hydropower Pvt. Ltd. Upper Richet Gorkha 2000 2074.09.20 | 2077.04.01
45 | Him Star Urja Co. Pvt. Ltd. Buku Kapati Okgz:ﬂaﬁzgij”d 5000 | 2074.10.11 | 2077.04.15
46 | Khechereswor Jal Vidhyut Pvt. Ltd. Jadari Gad Small Bajhang 1000 2074.10.12 | 2077.07.30
47 | Khechereswor Jal Vidhyut Pvt. Ltd. Salubyani Gad Small Bajhang 233 2074.10.12 | 2077.09.29
48 | Nepal Water and Energy Development Company Pvt. Ltd. Upper Trishuli - 1 Rasuwa 216000 2074.10.14 | 2080.12.18
49 | Gaughar Ujjyalo Sana Hydropower Co. Pvt. Ltd. | Ghatte Khola Small | Sindhupalchowk 970 2074.11.11 | 2077.03.01
50 | Unitech Hydropower Co. Pvt. Ltd. Upper Phawa Taplejung 5800 2074.11.11 | 2078.04.16
51 | Seti Khola Hydropower Pvt. Ltd. Seti Khola Kaski 22000 2074.11.11 | 2079.04.15
52 | Sagarmatha Jalabidhyut Company Puvt. Ltd. Super Mai 'A' [llam 9600 2074.11.14 | 2077.09.29
53 | Chimal Gramin Bidhyut Sahakari Sanstha Ltd. Sobuwa Khola-2 MHP Taplejung 90 2074.11.15 | 2074.11.30
54 | Vision Energy and Power Pvt. Ltd. Nupche Likhu Ramechhap 57500 2074.11.28 | 2080.05.02
55 | Omega Energy Developer Pvt. Ltd. Sunigad Bajhang 11050 2074.11.30 | 2080.02.07
56 | Mai Khola Hydropower Pvt. Ltd. Super Mai Cascade [llam 3800 2074.12.07 | 2078.04.01
57 | Asian Hydropower Pvt. Ltd. Lower Jogmai [llam 6200 2074.12.07 | 2078.04.01
58 | Gaurishankar Power Development Pvt. Ltd. Middle Hyongu Khola B | Solukhumbu 22900 2074.12.08 | 2079.04.01
59 | Upper Lohore Khola Hydropower Co. Pvt. Ltd. Upper Lohore Dailekh 4000 2074.12.08 | 2077.04.11
60 | Super Hewa Power Company Pvt. Ltd. Super Hewa Sankhuwasabha 5000 2074.12.27 | 2078.04.01
61 | Khimti Gramin Bidhyut Sahakari Sanstha Ltd. Jhankre Khola Small Dolakha 600 2075.02.04 | 2076.05.14
62 | Baraha Multipower Pvt. Ltd. Irkhuwa Khola B Bhojpur 15524 2075.02.14 | 2079.04.15
63 | Aashutosh Energy Pvt. Ltd. Chepe Khola Small Lamjung 8630 2075.02.15 | 2078.11.09
64 | Lower Irkhuwa Hydropower Co. Pvt. Ltd. Lower Irkhuwa Bhojpur 13040 2075.02.16 | 2079.04.03
65 | Sungava Foundation Pvt. Ltd. Thulo Khola Myagdi 21300 2075.02.17 | 2079.04.15
66 | Jhilimili Hydropower Co. Pvt. Ltd. Gulangdi Khola Gulmi 980 2075.02.24 | 2078.01.14
67 | North Summit Hydro Pvt. Ltd. Nyadi Phidi Lamjung 21400 2075.02.24 | 2079.12.15
68 | Himali Hydro Fund Pvt. Ltd. Sona Khola Taplejung 9000 2075.03.14 | 2080.07.30
69 | Tanahun Hydropower Ltd. Tanahun Tanahun 140000 2075.03.15 | 2080.12.30
70 | Sailung Power Company Pvt. Ltd. Bhotekoshi-1 Sindhupalchowk 40000 2075.03.15 | 2079.07.01
71 | Jalshakti Hydro Company Pvt. Ltd. llep (Tatopani) Dhading 23675 2075.03.25 | 2081.08.25
72 | Three Star Hydropower Company Ltd. Sapsup Khola Khotang 6600 2075.03.25 | 2078.06.31
73 | Tundi Power Pvt.Ltd Rahughat Mangale Myagdi 35500 2075.03.29 | 2079.08.29
74 | Tundi Power Pvt.Ltd Upper Rahughat Myagdi 48500 2075.03.29 | 2080.08.29
Total 1,658,817
Srfarttier et | k%




Power Purchase Agreements Terminated as of FY 2074/75

Capacity Reason for

S.N. | Developer Project Location (kW) Termination

1 | TMB Energietechnik Narayani Shankar Biomass | Rupandehi 600 Event of Default

JyivalaiSaficaaniblydmposen Tame Khola Dailekh 1250 Event of Default
Company Pvt. Ltd.

Total 1850

IPPs' Hydro Power Projects with Issurance of
Notice of Default as of FY 2074/75

. : Installed
Developers Projects Location Capacity (kW) PPA Date

»
<

Jumdi Hydropower Pvt. Ltd. Jumdi Khola Gulmi 1750 2066.10.21

Teleye Samyak Hydropower Company Pvt. Ltd. Dhansi Khola Rolpa 955 2067.04.12

Ingwa Hydro Power Pvt. Ltd Upper Ingwa khola | Taplejung 9700 2068.03.10

Water and Energy Nepal Pvt. Ltd. Badi Gad Baglung 6600 2068.08.13

Salankhu Khola Hydropower Pvt. Ltd. Salankhu Khola Nuwakot 2500 2069.06.14

Lohore Khola Hydropower Co. Pvt. Ltd. Lohore Khola Dailekh 4200 2069.09.08

Volcano Hydropower Pvt. Ltd. Teliya Khola Dhankuta 996 2069.10.25

Tallo Midim Jalbidhut Company Pvt. Ltd. Lower Midim Lamjung 996 2070.01.19

O N o Wi -

Tangchhar Hydro Pvt. Ltd Tangchhahara Mustang 2200 2070.02.20

—
o

Ludee Hydropower Development Co. Pvt. Ltd. Ludee Khola Gorkha 750 2071.04.21

Total 30,647
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