VIDYUT

edi 3 e3iba ¢ G 20C3




Joint Inauguration of Markichowk and Mulpani Substation from LDC by ADB President,
Hon'ble Minister and Norwegian Ambassador

13" Meeting of the
Joint Steering Committee (JSC) & Joint Working Group (JWG)
on Nepal-India Cooperation in the Power Sector

13th Meeting of the Joint Steerlng Commlttee (JSC) & . Jomt Worklng Group (JWG)
on Nepal -India Cooperratlon in the Power Sector

&’u




VIDYUT

eqy3b o3iBHq ¢ AHG 20T3

RCRN Y

freT AT FEerar
FAGFIE TAT T[AE
SAFLATI STTET
TXATHT, BISHTST |
HIF: ¥LI0RY, ¥IUIORR
TAS: pro@nea.org.np

>

R AR afger 9T ge I=gq a1 faftir e Wrg Rewer
13113C dAT HoRR: s P Prtere PterE
T A gTrE FEerTers (e qun e A Eaed e iedd (7S o fa e g for qar we
Fartaes fyfres aivia
i (L
ERURERPISINIEE]

I 01¥40R%0R
TR classicpress2061@gmail.com T R PR

[BEIC]
ST farT




s
o
=<
(=
per]

TavuT afeay: fomfomdier 939 &Y. yin Jeeve, amwT
aTTaRuT aifecr afay: fama gaRuTET @nfir waer aikger AW, Jead




o

N

T faea rfaeRoret fataa srdatfie gere “fas@” (@9 39 #f® Q) T &9 ARiEH Gdl Ah ey |

>

faRIa! 989 RERISH AH SAAATEF TATST TTIRIIR AT HRA-Hd X g aRIHT G | FUel qdT GERae=ra

o
o ~

TR oA eTSl UaH fedTell fSeatrert atehl eresdr a0d fa=[ciie el H1ders Afeqd SROHT TATZTH B | TIhra
HTRAT AT, TN, IFARTT ¥ HAERIAT FATUTATH Jeed@e 1T FAR T HAFATE ol &A1 ATHTHR T FRIeae
FATSHT ATY FaT Farears a9 o<, favaedia ave gaw gfafaddr awren favear feanfer w5 e 31

A AT Feaifad faerd w@RerH @ud T Hawdy (Helrg Q- Afae FAraRer 99T gfed Ahae Yage AfaarTHr STEhr

TS FRLTHT @I g AHehd] ATARh Sl [HaRTE ARA ¥ aSIARerdl Hard GHi=d T STataqaars qewed]
HITAF] FEcATY HEIUSH TIAT [9FE T THhe ATH G |

AT AP AR T FoAl [qbr@ AN, 059 FA=d TAR IRTH PRATSTATR] AT BrAaaTbd] {1l [
IR FEATHT FaTT T ATed oMfideh GURATRA Foll GREATHT AARATATE q33 T8 (99917 {2 Iqerea T3+ Battery
Energy Storage System (BESS) ¥ Pumped Storage Plant &7 fARTI ®RIFST 3RTTE F@TTH T |

frafaa et T wRdT faga ardfdarg giefiea 18 svaveei faaa saRETe TR AIaerarE Ta TS GRER
TTITHEFATHT GhT §90 FITATEHI AP TATTIAH, 053 HIMATIHT HITecd] H&W, Q0 FIETEH IFAIR-ICH, 535
FATATEHT ITAT TATM, §53 HIATATCH TAHEM-3 STATI, 9039 HITATTHT STAT ATAT ATTH STATITASTEAT FATALUTTN
AT ATATSTATER Rl (HATT FE S TGRS | 1T ol AFAAT (Energy Mix) HTaEH dwaiid | Hoflers
TITHFATHT AMEGUH B | 100 HIMATCH FHeA@HI-AEALT, ¥QY HIEEH &faseR UaH 33¥ FTETdHh SThaEe STl
QEIEEST ATATSTAT [HTOTeRT STNT STga=a YTt T YIBaT 3RS TTURT B | Foll ATAT-[ardeT AT swaresia gamor
ArgAEwH farE, famar tan TR 9 e feqer A fEdrg dreed g el fasreHn A
ardrERYr fasr 9 ufv 3faed smavas 3faws |

fesT ¥ auTehT faeqa SmafwT A=qe HTEH I qAT FAT GRET TG T TR0 ATRAT TG F9Te AR ¥ fafae
T HPEEdl AfdE TEaARTH TIFEIH FEhE FFIHEs Ahd 398 FIEE 9T del fHdrE @i sSdraad
ATATTATES g TTHT S TETE ¥ g =RIAT TATTH 3, |

IR FATATS T THATARTE SATSH, TONATATS =TT aTg ARIaT ¥ U (a2 Arqfd Geie=ra T, HH=mrars
afery dem Feerers fefargsram 79 #darg g== wataswarar afausr 31 e fefvea gfafa 7 wbm difges gfafa
(Al) THT T TS B¥F fpaTmeTaTs fefaae yfafuar sur=a=or 9 g% e 3 |

Farer faerd OTfeRoTeRT Y9 aTfieTcRaT AT AAEYET WIS U AT ¥ AR ediad ST FIHT T

TRTSA ¥ad FEANT ¥ ANIET T qUTe GRPR, Foll, STer@id Ja1 (G=mg TeArerd, arq (e, wraea wH=mr, feanfiea
T AAA, 99 FHART TAH AT JTHRRT AMAT GG A elas ATAR Yohd T4 SRTHT faoT G8a ey Gedimre

AL TEG, |
AT, fawra afserTert o9 separs quidT fader AN TRT d@-T=T ST RIS deihats, e HISH UF T
ARATITHT FAT AeATg eTaeh geaarg [a T |

ErE HHAR A5

JUR)

q 94T, 053 .. BRI AE9TH

T DI 1 09¥q430009, 09¥943I093, 09¥9431%3, 0F¥q4305R, TATH & 09¥4%300%
Email: neamd@nea.org.np, Web: www.nea.org.np



T faRd rfgeRoTh Sgarttie HAtAa g ‘PR (@9 39, {® B ATE Hb THTd T IS FEEA
afafa efia & | o1 e fafay Teres qHfcus! I aFETe 9 ITHRRT, ARTE TS, Mgl ¥ Mageedrs
A JAT GISTHAS STHAHN ITAed RTINS, A=A FFTE F(AT [qeasq & |

I AR o1l STAh! GAAIT [TPTHT AT Fofl [aepr AT, 059 TAR T &Il HraTeaden =i
FTIITSAAT THA TR TSP G, | T 03U TEH Gafyd i afgems smar A faza wmeer garqor, wmr
qfd T ToAT TGP Aedeed s G Mad T ARaeid ATIRE R Iahdaes alidqd 9 AedH qrd
Sl fapTEeT ATSAe® HATEITHAT ATSUH B |

TR, ol Ao fqeaeardy sergens areward T 391 faerer HRHT AT T Tgiaer aeqed @ars T
STATITATTh  ATATSTATE® e (AT (sl &g ATRNT T JATH TSRed G | STATIIh [a9gd Iaed Heaeh]
famra @feg fost FearedT (Hafre, R05R ST T fa=ra @it ¥ faRorer smar aa TR 8 | g9dre il arse
AITAHT ST ATATSTATEEH] g (qbrd 78 ol & a9 q faw faearg fagusr 3 |

Ufegecl THIAT TUHT TSI /ATHINAE TIeace TIoTd HeHHAT T TEHT el [€qR TR AT TTHT
B | faA WERA fagd ad [aFEar agwdr FOAT WH AN 9T A ASATERHl qaR TS
ATSTAe- ST AT¥hanT (PPP) Hhd F#Y fa=d &raept favit faerar gv fareantaar ardraxer fasir Tee 9= et
T i, |

[TdHT TET TIERSTH ATH TAATIF TATI AU AIHRFT AT Ha-FR TR AGADH G | T, AR
e TAHEAT (el M, [ 3 Qi Jrfd HAR=d T gAds; | TEE! i S adr
qURERS ATATTAATE®H! [Fhradrg Fatasdr fod, garRe qar faarer qa@emessl [qer T T 9Re q9r
faaeor wmgmewdr TR=T (Upgradation) T+ #rawT fasty wre e wmavas df@ws | WA SetiReRr erdr
AfTgfgerT ATRT AR T &THAT faehTaehT SaaRes TaTT el A1 fazrdert FRILTT T TATFHET TARTAR STHRTEEHT
HTIRAT F=AAT HeAT3 s Seel @ | THPT AlATh, AT AT Gfatearehl Agehdd TART TR0 Y8 Jarars
IT GATTHT TATSH T4 w5, | TTEReT aftid Frasrareesdrs AN fafed JumreT (Paperless System) T
TR 9 [agdiar AreaHare ganad Uehsdkd FA@d AGeId= gl (Integrated Office Management System)
FrITEAT T fears dFaw g |

STVCIET, WA (A ST TAFTRT AT HeFTS FATTaF, GISTHAF T TS TATSH THAATCHE TF ATITTHAF
AG-TIAE® JIAH TRIGAE THIU ATGRUT FToh / TGFeEUT alfdsh ATHR <k Taeg | ANTHT Sebeedr qi
TET STATN JAT TART ATHAEEHT AT s TG Hehehl THATET JAT FIH GFFATHT JeAeT a1 ATAET STH
FEANT AT q¥ag T TeTI(q eleeh gegarq A Teay |

qFITe qiafa




0.

qq.

Q.

3.

8.

9.

9%.

9.

.

ey fouim (Award) FTRTTaAT WIRIGRUTEBT STARAT ...
TAFATRY TrERd

Uforer TreammT atTavare Uat FORIeflebt J0 ...
Hrar yAT

Frewifoles TEATAT FeUTT, T T TR Lo,
AW FAER WO

Tasoch YATHT FTIRHA AEE T AUTH TAEIT WTRTBRTT ...
e TSr A

oo srfaes fortomaT famfam wemr wfafter wfer..
AR AUTH

aure faea wiiteRuteT geRivemt (Unbundling) AT #FRT SHTRISE:

TR T WATHII.._......o.ooooeoceeoeeeeeeee oo
e YT

Deployment of Smart Meters for Enabling Efficient and Transparent Open

Access in Transmision/ Distribution Lines ..ot
Ranju Pandey

Transmission Line Uprating With Accc Conductors in Nepal's Integrated

Power System: Challenges and Maintenance Considerations. .................c..coocoiiiiiiiiiiiiiiiiiiis
Kailash Pantha

Life Cycle Cost Analysis in Procurement of Energy Component ..............c..coooiiiiiiiiiiiiiiiiiiiiiiinnen.
Pradeep Singh

Financing Nepal's Power Future: The Rise of Energy Bonds .............c..coooiiiiiiiiiiiiiiiiiiiiiiiiiiiieens

Dwaipayan Regmi

Concept Note: Gis Framework for Distribution Network of Nepal

Electricity Authority ...
Sadam Bala

Powering The Future: Achieving Net-Zero in a Fossil-Fuel Dominated World
Sangita Giri

Integrated River Basin Management in Nepal: Lessons From the

Hindu Kush Himalayan Region for Sustainable Water Governance...............
Anju Marharjan, Basanta Banjade, Bina Rai, Maniash Kumar Bhandari

The Vital Role of Surveying in the Development, Operation and Maintenance
of the Power Sector ...............oooiiiiiiiiiii
Surendra Pokharel, Yubraj Sharma

Cross-Border Power Trade and Grid Harmonization in South Asia:

A Comprehensive Analysis of Bbin And Saarc ....................c.coooi.
Prakash Dahal

Repair or Replace? Techno-Economic Analysis of Distribution Transformer

Maintenance Strategies in Nepal ...
Bishnu Prasad Neupane

Analysis of Loss of Life of Transformer Based on Thermal Modelling ...................c.o.coooi

Manish Dhimal

An Overview of Hydropower Sector Lending in Nepal's Banking Industry.........................

Umesh Thapa

1R
1%
32

El

30

3
43
19

o)

=




(-00v) 0} [9A97]
uoIsIng SouBUl

(v) 01 19re
UOISIAIQ UOHEASIUILPY 1

('a13) 01 1997

uoising
Juswabeue JusWwainooid

(1) L1 oA
BLENY ‘9040 —
[e1ouInoId Wiyoysed Inpng

(1) 1) [one] |
. Jalpiing
9010 [EIOUINOI Ifeutey]

(213 01 oA
[unBledaN ‘@o0
UOISIAIQ 90UIAOId IUIqWINT

MIN OE MOJag :UOHEIBUSD WNIPAN

(L) 1L ene 2A0qY puB MIA OF :UONRIBUID d8.eT]

‘o040 (oo Y 99 Mojag :aur] uonnquIsia

- AN0ZZ Mojaq :98e3j0A WNIpaN

(-00y) 6 [ore (1) L1 foAe] anoqy pue Ay 07 :28e3oA YSiH
uo1oag doueUl4 eleuyod SNO3UER|[IISII - UOIRIISIUIWPY = (“ISIAI/Y)

‘90lJO [BIOUINOI EpUBD)

19Indwod=("wo))
[e21ueyIN=("YI3N)
|eaud9|3 = ("9)3)
(-00v) 0} [eAe7 JUno2y = (oY)
uoIsSIAIQ @oueul4 uonensiuIwpy = (v)
[BOUY8 L = (1)

(v) 6 19787
UOI}08G UOHESIUIUPY

"313) 01 19A7]
EpNejaH ‘900
uoisinIg 9oulrold hewbeg

g uononsuoy —

pue buisaq [eojlieyoawonos|3 Wi eren

npuewyey|
‘20j0 [EIouInOId ewbeg

(v) 01 19r7
UOISIAIQ UORELSIUILPY

(-00v) 6 [9re7]

U01323§ 8dueUly _UH 0l [ene -
NI Bnjonuiselju| [ (1) LL [oAe (o3 mcv Uil (-00y) 01 [9A87
|eoisAug pue Buipjing . indseuep uoising ubiseq uoiels UOISIAQ 80UBUI (v) 8 1one
(v) 61one7 9010 [EIOUINOId YSBYPE qng g 8uI UoIss! I uoNoag UoHEISIUIWLPY
uonas
) 11 AT (W) 41 oo 1D) ‘01 fere (V) 01 19A2]
jJuswpedeg [ Jebeule. — UOISIAIQ UOKESIUILUPY .
(‘OSIANY) L1 [oneT . eas (-a13) 01 18ne
1 Juswabeueyy Buiutes] 90O [BIOUINOI 1YSON (V) L1 19Ae Al () g lone
Juawyedag = d 1 uonowold ssalusng
CD 11 eae (2SINY) 1} oA Juswedaq JuawnIoay Uonosg UoHEASIUIWPY
wauiaBevely uawuoinug | (W) 1L [ore (1) 11 1one] Juswyedeq uonesado puo H (W L1 jpre )
pue pJensajes |e10s juswyedaq — Juowpedaq uoneoyoe|g i Juswyedaq Woddng — ‘ncmEtw%wn_ 5 [ (-013) 0} oreT -
uonedr I A A I % wawdojereq uoneIsUSY souejdwo) Alojenbey (V) L1 1980 A NNMES
(1) 1L 1ere 5 B Anuiwod juewpedaq H yuswypedeq [efo] Juswabeuely Auedwo) Juswyedaq
Juswpedaq (1) 11 1eAe7 L 1y Ao uopesado wayshs Jamod W 11 oreT (-00v) L1 [0A87] Lt
UOReISqNS pue Sur u Jeuedaq Juswiedaq uonewolny D) 11 foron q 2 | deq junoooy (V) 11 1ore7 — (1) 1) jora] (W) L1 o
SOIPMIS [E1090S § jusuiuoliAuz pue Buusie|y Lews 1 Juswyedeq juswdojersg || |uoneledo uonessuan wnipsiy deq seoInleg [eseuaD EwE:m%wﬂ apel] 1emod — Juswpedeq
o pug a8e3jon WnIpsIN washs Jomog
L) L) 1ene one (09y) L} |9AST
wewiedeq uopelsang [ m.hwﬁtf%m__m Wit oo D) bh oren () 11 1ore] Juswyiedo H ﬁwﬁfwﬁm L (1) 11 1ere D 1L ereT
B ournuosssiuselL weuidojensg 1sloid powoced Juswiedag Ll | wewnedeq soueueeny || souBUI4 PIeIodion Juewnedeq uononpey || Juewedeq Butioyuop
_ S90|uISS [ealuyoa | g Buluueld Q P a8e3j0A YSIH g uoesado uoneseusn abie uewnH $507 9 Aousoy3 ABisug 1 Buluue|d a)ei0di0)
: — * — —
i | —
(1) ‘2L 1A . (1) ‘21 1ore7 N : (W) 2L 1oneT
sjeiopaiq myeoeom__%mw_f_%m\,wy:cm:_m:m ejeIop8IQ S0IIBS (V)24 oo O (v) zh 1one () ‘21 eret wamwﬁ_mw_\_,% ojeI0081iq) 4081 UoHEWLIO]
Juswabeuep 10801d ’ , - y Jawnsuog g uonnquisiq 9)e10)0811Q UoISSIWSuUel | 9jelojoalig uonessus 9jel0308.1g ddueUly 9jelojoallg uohessiuliupy Juswdojerag mwmz_msm 9 Buoyuol ‘Buiuue|q

I [ [ [ ; [ I I

uonound ssauisng (1) 11 1oneT
JeuejaI0ag sJojalq Buibeuepy

(-00y) ‘| [9A97
Juawyedaq Jpny [eussju|

uopoun4 ajelodio)

|

103)00.41q Buibeuey ;

k 99pIWWoY ypny

S¥0193¥Id 40 Q¥vog 4

21n)d>nI)§ uoneziuesiQ
Auoyiny Lyprgdarg redoN



e forofer (Award)
dRIfcaAAAT UIfABHIOTD)
31aen

qi=a

F g5 U&7 AT ShEusr 9q faerar aReREr
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STET H¥Tew Seat of Arbitration in Nepal

I CEI I o i oo S 2 A s
T A YU FEEE A S
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AT | qATAH] Glagrahr grRT 939 () @l
JITHT (§) AT dAfguafa aTe® HAT THISTH
AT &9 I AT HANgE  HAerd ar
faare quTETIRT dHfead U FAATET TH
ATALIFAT AR AT HHT T3F T Ahs,
I FAGMTE  FIIT ATAR F AT
g gafad HeO=Idar U 04U TEH & | AT
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T @EAdT Rl B BT IEd T
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AR ATATIFITRT SFLAT TH FIFR ATHT
Ereafitcp: il
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TZ & AT UGN AERIATH TEIAT JoT
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T AeARgare fqaresl Mo g4 gfearars
FpfeTes IUTT (Alternative Dispute Resolution)
HT TIAT HFTIATATS AT, |
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HAXATHT  faare FHIGTIRl AT FEea
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G, 91 B ATAR a7 I HAA T
g1 AGHHH] AT HAA  THITH Gl
ERIAT e ATEH |

e = qeers weaRy fafe e
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I § AT FaAAT ATGTHT |
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faoadr a1 degRgdrs qiEusl  od
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Fofer s,

AT BT FITehel TFRTCT TUHTHT ATEF
HAEdrehl oA fafg o1 @@ ®H
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el g | e died e @fie
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(ADR) \‘rl"'\'l‘id HILIAT (Arbitration) AIATSH
T AT GERIAHT T Jeold TTH T |
TR0 @RE GTpAT AT &l Icdv AUl
Sfeafaa faamees a1 faare qwmamerr @
faare Heaeqar THE =AMTE GIBIATHAT TEhT G
B | .59 T. T ST ERIAT TS gl faareHr
HARIATH] JIBAT SHIRATE T HUHT T AR
feraredT Aereaare MUT SHaRE TETAHT ATTH
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(Construction Contract), <
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(Procurement Procedure), 9 ¥HI (Extension

of Time), Hed ¥HMATSIA (Price Adjustment),
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RIESIEIRIEEL
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fa. @it Tewtar @@ grea) ST /FTIH A / HETTIATHT SAETACTHT
. T TETR ATH ERIEEIEIlIE] LCEIREEIH [EEINCIEH]
9o |Larsen and Tubro Ltd | AEHal FRARTAT HaZqE | AR
India qiae=T
99 |HASWer Tug Srefr 7. fa. 9T THE ATl TER I=d AT
Fegaad 1. AT ATATSAAT qreAaTe HEd
R |7 At fawll Fegadd |[q.faur - SFAr 33 HHT e I=d AT
AT AT qraAETe el
93 | FaTE fawil T |qedT - qeal AT & 33 EaiEHER]
FAT TR SATEA AT qTEAATE e
¥ |7 g (@il FregadT |G - TgRAT 33 B I=T A
JYIRYT AT AT qEAATE T
¥ | T fEaRlT e |SeRHE &5~ M@l 33 F90 I ARTAd
TN AT ARSI qrEAATE T
& =g AT fEwil e | - ST 33 FT gerRe EilCEHED]
AT SATATSTAT SIESEICR
9 |HIRIT BTEgr UUe SH{AT STATTLT ATITSTAT qaTod AITATH
A[FTIR qTaR HFIAT [T, fer=rmre=
Yo |arar ferme ST FTANTUSH] BINER IR0 BH I=9 A
JTRYT @TgH ATATSAAT qEHaTE el
& |emeww o fafaes TaTer e wifereReor EdreT W) I =T
qUX R0 & . TR ATEH qraeTe Haer
30 |China Gezhouba Group |=HfdaT STATG=LT ATATSAT qard AITATH]
of Companies -CGGC_ ERINEIR]

39 |Pinggao Wisdom feHT Faeeere faazor qur qaTod AGTATH]
Limited PIEEACEIRE LRI D) EEl
R | IR IUSTES fdfqes |9 fa=a grfaeror qaT=d ARTATH]
fa=mtas
B |F T AT g BEIERECGRIEeIl
¥ | IS AN AT9T @ |9 feaRa ot AT fAor
HTITEIT
Y | TEAT THTHT Tt fa=ra e TR (0
HTTEIT
% |HeTaeHT AR guefees | AU faa ifaeRRer, Y HAEIHT Ao
aR=e gTeRTE FAET HAIT
RO (AT SASI-TAET @1 A9 fa=d wigeww (fqe@ | "ereget Ao
&) o TR fa9m) EIRIEDE
g |HETaR 1 graxaeTd iU .14, TEEehT (0T
FATagT
3% |Ato Z Mountain JV VERECIUMCIEFEL Tl ™o
FHTTagT
30 |Ato Z Mountain JV firg faam, ameaR HeO<I&l Mo
EIRIEEDE

KR e vorr




TR et faamesT adis=n
IIAqETE eRTH fauaes

HITIAT UF 044 Bl TR 30 Pl IUSHT () Bl
gUg () AT GATIA THl T qrasiiae f&d

fUewmEr  fased, sl Hilew  aFTHd
qared AITATATE G T el [aaRTe Jeehl
B | g HETHT HeAeqdl UA, 0%Y HT THT 30
&I FTET [AUX TTH §rg A% STl fA] A FAr
gad | HeRgel MU |resiee feq a1 Ang

ATl gided g4 ATHT I=o ASTATA A

gidee ORI &Y TH qEl fad AT 97

Mg 987 9 T AT TWHI G | TSI
Afq T2 &GHT qfeATTT T TG IR0 &v |
IS JIATE JTHH! BT (Unruly Horse)

§a | AT aTal fov JeTel HeA—garene ueht
JATAT FIAART THA Ffqhed qE ATASAAH AT
farodrer fofarT yfora a9a T 968 | aFTa

afd AR T | ARITAT A=T HARH HIA
[OTg T4 a7 ST FFTEA TRl AT A g9
T HAHEH! AT ITSTAlcF, ATH, ATHIITS,
Afer a1 anfiyer fagreaTs geay qdwT ATestI®
AT AT & TR |

ARAH! AMGEET TUE HH@TET T 9223
H THRT 3¥ () (A7) AT AALIH! T ARAH!
qraSae AN faeg AUAT ARTAqA HEATIF]
T &% I o ITadTT Wbl B | G9R A
AeTAq  HARIH! AT SAEEHT BT
USR] FITH ATHATE® al IHIe®dl Mg
U ATqeRdT T VTR HIMEEE ¥ ATEASE
feqars earwT el qERTEATE T |

AATAR! TGS HAT qAT AR AT
fagraeedrs =T TITEASRT AT T TET
FXT S WE B @R RS TH T @
FRIREH] TEEEH] GAAATATE FHTHR T T |

Tar=d AaTadad /g 79 faugar fafa= fagr=
gfqared e A |

U (Award) AT AT qQ&ToTR fawaEE:

AAIIERT  (qaTe TR 91T UeTE%ehl
LG AAATIA A §al BAAGRI T
®BYAT TRl ATAT ATIRAT TATEF  HEATH
faurr qenTd dar #MAr (Fact and Law) 39
BIAT AT 7S | HeARIS ITAd (U e
T 9fq AT sMaRer aeE ATAadrs
T A AU gfq=amas 9 W AT 9498
qH ARER FEAT qTTAqATE fAURT FaT |
HITE TRl Mol SR e
fAurareTs e ATfedt deer saTade TEr T
o | JAT TR GIahl SIHT TEE"
= AT FERTAT T TR G ¥ foaraet
Frae MAtgd T FRERgHT 9Rad Ated
FAA Tehlc] AARIA [q0g Ta AT Frewmeb!
AT e fea™ | HEARIATeT FTdeh! ETHT TEeh]

Aqleld el

HATIATE AUH! MU JAfAd F9Ted  BIAAb]
fAIRIa 9UHT, FHT T TERIATH GiTged T
Ul fAurars emfuer Arerer (Excess of
Jurisdiction) wusr ¥ @ar W g=Efad
FAART TH  Glded W FES(AE AN

Y 30 3IEH 9 WIE 0¢3

ERIAT FA THITH JT ARG, GIATSHT
YT WURTHT, AP &A1 dAMEX g
fOTsr qURTHT, AR Tod TERHIAT ATET
AHUHH], HeAaE A& gq Faa faaraar
forr wifvuepre, Heawael fAureaT Sraarst ar

oo (I
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TUBIHT STEAT hel @I ATEITHAT AT HHLIATH]
ol a7 g9 9Rg |

HAEAT qea=dl aRiiad ®qHT T g

AraSivieh ATl GicTeher B TN THA Heaedel
o T AT TRl AeTea AT qEIET
el A favaewars TR ®IEr fgEwR eeRr
gD |

FATF FA @GS T AR a7

T HIIAT qAT 8T AMEA HTAAA 97 Fel @i
HATATHT AITATA HATIFR! (0TI TUBTHT TaT
T AT g8 T 9 [ THH AT q5rs e
IFS, | UeTe® AT TUHl dRAT Jeodt@d 9T
qeaT afEe T8 HeOeddl (o AT, R
qAd 98 [q00d FRWH ATATEIT TUHHT,

ATHTT IeAgdT HUPl ATARAT T HEALIH]
fauemg  @mawitae Aifdqer fawg i |
XS FIAAH] TTALTTD TR FoASe HUeH!

(Patently Illegal) &1 A HIAAR ATARHA
TR 9T Al faeg AARIaE UHl Huars
AR ANqR ATIRAT AGTATA  FaT T
qaeg | s ANdbl JodAgad & &1 al
TREN G A [0 9T "ecaqyl &+, | qrasiiih

ARl (HUFAT TR BEAT Al <ETHT
HgHl g e feq T Aifqer fawg
SMEUHT FeAedeR! (Ul =g e 5 |
Jured fasa wifaeRRurer HemRadaTRr AU ae
T 9T AT 1A AUh! [TaadqT 3= AQTAd
qreAaTe U qURETHT &Y T a7 ga% T I
furer TTeept 1fT JoTeT hET qUR T |

AIqeRr TR IodAga HUHT T T TeIET A<
g e IfET 94 |
RAC

TR Wl uars afaw /i T achr
FTATITHT AT, | HAL Tl (0T JIX Bl
HTATHT TRTAEH ATNGH | HARIETE ST feurarepr
TR T HATAH] ARTeAcdears QA AR &
(Limited Jurisdiction) T &l Fwg | HAQTeAdA
HATIH (U PP AT HA ATIH
ETT T @, qeR1d9eq  (Exercise of Appellate
Jurisdiction) I BT | =NTF TEUHT F0HT
I=Iea%d (Content) T3 gaeT I F9E fHorepr
JYATH!  THEAT g | MM [ATEATHTHT
T A(C a1 FHI HATHAAT FUH AddATs
(Error of Fact and Evidence) &RGaT | Weaeep
forareRT =amfaes TEEr T AR FitHd T 9ieaTird
(Limited and Defined) & |

HEIeed qidiged A\ T [Geusdrel JART
T ASTATR] Tl THEE F&H &G b3
T ST T9T AUR TS Fiivred g4l fgq ¥
HIRIATATS HIATAIT T TS T AT faears
T AUETH] AIATATs ARTATA qUl foedrd M6
¥ HARIATE AUST [AUIRl TATTT @i &a,
JAEEH! el AN T AT TUH ATHAA TES |
SF AT FRAT  FTEST A ANTHT HeEdeh
o faaree @wfea g5 T gwErad
B/ 27 | STEXTHT AN T FIAT STAR
U3, FEERT T IREMER, JUARRT fed der
FAA, giqedr ®ad, faqelr fatwa e,
qresAAe A [awgdl Mo Al | 7
o @iie fafg @R AreaE, HEl e
AT GiE &M TR BRI GERIATATS AT

Y 30 3ISH 9 WIE 0¢3




T SHERATRT AEHIIAHAT HTF THI T T4, |
g fafg gfear 7 wgfqers saaRa T

(Arbitral Tribunal) =€ WU fq0g % T
AT AT fed a1 Hiq Jieeer ATl

RFRTTA AT BT &I TITeheurel fed g
e | gfve gfeamar Tuaerr grawrars fa=ur
TR foareare IHg|r 5 gHTEE A giear

A TN GHITT qHT T qoH Tog | 9l
FRT THIS T A T Gaol A9UH FT HRHAT

Sl H<l SR 5‘1°|is¢l <ebH, cddpl <Yl

A FqeTaal AN Ifecdtad faaraHT FTierereure]
g AT U (Arbitral Award) ®TIEIA &l
fae 9l Y| T afehl faareAr faq a7 wwed
IRl ATfd Fehd  Aeargdl A9l 9+
e | IO WARIAETe (qa1e THIEGE gaT
HTAAA AMBIEUHR] UABl THT 30 B JEH

AR fTeATI T ATIAT FEH(T (Amicable
Settlement) & fafgare Fer fa<ira aR &H T
NS TG I g7 | 55 Tehl hadl HqHals
T PR AT 7T bR/ HEAT /g or
HAEIH (MU Praf=dd TR q87 T arS
AT FFATIA ATATHT HET Il T S ATHT

THIITH <TT UTg=g 99l (adredrg  dwrgH

Greal AATEedE Al AT FHT [ T PRI
fada d®e A9Al 9 Aih | HARIETE
HUH! U geafaq Jored & faadd 9o,
FIT Us TERIATH Gidede qUHl  fAuraerg
SATIHTR ATErRT (Excess of Jurisdiction) ST
¥ T v gEfdd Hee g8 giqed 9%
A 9IS §99 | A&l ST fAad 9 Heaed

v

Barhabise 400/220/132 KV Substation Under Construction.

&qWT qi7 Iferd g afaa |

R LR L

. TRl Fiqar

. HEEIAT UH, 304 Y

. aT=e ALTATATE AUHT HAEE
. =9 ASTATHATE HUH HaATESE

. AT BT TTAHT

aga/ viowt (|



KR e viowr

afer fSrdotan 3masA®
Uol fdsfcficd! 3itot

q. qeSafH @ue

AT TATRT (AehTEET fereell AT SHraeh!
AT ATIR ART B, | AT JITAT fersTetr [T
e el woqer T @fepe | BR, W,
AR T FAAT TG IdF SFAT [asTealehl
gl A EH B | faserars smafae g
faaa wor fafa=g | fasaer wifaerer Sirawems

EAGR

ATFTITHAT AT B3 ANMNE [TEHET T Hed
qfq 27 |

wfereprer Sfae fasteld MR g | =18 o 8
a1 FATAIAT B a1 IANT gREwH &g al
AT TEHT 7 b e ISl 3fg SRaavd
fosteft a<ft STe™ WU g7 | axi aTed, @re

TS, qRIeTd, IeATEAeN qAT ORI TR
T | T TTehiceh STAGTAR ieael [qeaehl gl
ALEEHY Teh Bl | SAdd JATaAbl [aere
FRATEAT AT qrafe [T fa=qd 98=r ¥ arafaar
AR =AIAE® fau | afgee aveEaT faga Iare,

JERY TIT [EaR9 GO Jeot@riid R 95

qATSH, HiATed =TSl TH, HFIER TATIH, [z
FIATI, 9@, THT| HAR FAATSH, Frede TANT
TH, AIATART FYROT FoATAd T, FANTERT
AT qIT HY AT =g T HwE A
fISTelTepl JcueT YART &7 | THYHRb! [esfell
Fad AlfaE Glaar AT &g, ATTH! AP

2R giqerd WwaT FEl FOTell ANIKE [a=[c qarehl
TEEHT TRTRT B | Faerd Scamae AT 9ar g6,
THHT Fel ITAN, AT T ATV FAeReA

IR ¥ AARETd ATGARAT T &7 | Tdel
faeraeT SUHIRRT T o WRIBRATATEEHT TGHT
QT AT d ¥ [FRradu ITaRTeH Iterd

AT AFH! AR ATH FATSA I T qF; |
foreraerl JUetegaTeiT ader qRie, faderdr ¥
feiar AT greedT {T af THEe R
It Aravad UH g | fagd Fad uar Jar
ged, a1 uTfde faera, ArEiee ®OTRAR,
FATATERIT W& qIT AMLA FHIGH  ATIR
BT | TS ¢ ATl i SIaTH] ATavTh
U ATIRET a2 el A G T ATSTehl

T ATIRYT A fEAST AT o Hid el G |
3. H&T GUE : fas{elrer {1

9 ERTAET AR TeaHH T faoarer

Ignorance of Law is No Excuse 9 ERa) EEGIE]
TETH Fied Ignorance of Electricity 1S No
Excuse 9+ IR f&sil AT faepfad Ul § |
foreael ST F9WR a1 {9 AOR 9 @raErergor

Y 30 3ISH 9 WIE 0¢3




M YN a7 ANTATT Hg (G99 geRIRT A%
T qHF A TS WGP SoATT GATH I
FATIAT U S SiraaaT farseirer TamT
&l TP ATIRT AH & Alq ATaTF S, |

foreTeflieTs emil 3&T Taawt, aY TGP J7T Te
Heqd T THee] | FRIETT ST FANT TaAT 9
forsfeitel STraes ¥@s, A T Hg a3,
AEIET AIAEUA 99 TG geeAl (Awaragd
g | Gl BRI SHAHT fasietie! T2 &t
e =T faery e fede-

o WSl BTl fea=r o faeedia ITa g,

o AT AT AfqUTd AR TAN R U
dR GART T,

o TUEREM @, Hicaw  qdT qRBI TART
T,

o U kAU AT IJTBIV TS A,

® TFHTITHT TEATS TS Tal a7 fersiell =wpa
[T ITFRUEE TANT T,

e TXAT 3IM=d Earthing T9T Circuit Breaker
EERRIGH

o ITAANARIATE Gl Tebe qAT ARATE M@l
IET a7 AAHIdE a7= g1 Feba TART T,

o AT g WA AT Tkl (e
AYEUE 99 F B AT A FXEAT AIAATS,

o =R faRq AHT &l &I fea awg T,

o IHHT ITGUAT T8 Uiiaterehen! TaTAAT e,

o fo=Icepl =T FIIHT A qET TeEAT g qo
AU TEAT BT A a1 T FoedTed "9,
ia |

IR TRAT FAATE Fvd AN GRS ATATST
I Qraaes :
o FavwT dfeet We fagd amafd a=g T,

o JHIT FIS, WIeEh a1 TrgeIde &bl JAN

Y 30 3IEH 9 WIE 0¢3

o TS qovl T@Te ARATHT [T,
o FAYTF TR YIATHE ITAR T,
o JHrdd A HTATAT AT ATTAHTAT FATHT

SR RIS, Al |

.3 HHA HIHAT §AAF [So(elehl AT

faad w9 a 1 Wifdiaes A, qqEE, THA
¥ FRATHRT IoI& EIH] GHATId I=d AGHIh
FI BT | Il AMarerd TR gheAr, Aa
At o7 fagd gonerEr 3ar ek fasEr T
qFS, | A T FHATRNA THS F q& T
afg, FHT FEH HHAT T FE I UG
fAR=rq e HYgue q9r HeEd  GrhaTwl
qUf FGHT GrEAAT T AEEE ATAST T8, |
HIATSAI I<h ATAdME® TAIHR B

39 FHT FE A IS I AL |

® FHUH Gehid, STEH TAT HRAASAT T
FAH] T,

o TElYA FA@AAE AEALTF TR
T T,

o [TI=ur F&HT 9= W fa=aq amafq
T AU A= T,

e Lockout-Tagout JUITAl @R LT AATTRT
®YHT fa2d yare g Afe,

o fae@ @rgd @
De—energized WUH TUIH L&
SUERVETE AT I,

® 3JEAv¥% Y Earthing (Grounding) T
Induced Voltage aT Back Feed &I SiTiaw
gars,

o R FXem AHAT (PPE) ST FeHe,
TACE WS, AT ST, WRET =T,
il satehe, HT e Arfe afTard

JYHITT T

oo (|



YT JART T,
WWW@W (Insulated
Tools ) FAXFETT T (AT ATIRTE ATHREHT
B [ B 9= A T,
HIGWH!  FaeT (AU, ETaTEsl, <AATS
wfe) o e B 6 g7 gearsd T
HTHE! FTSTAT FATSH, 3T |

3R AHT FEART HHAT AATIT T QLT

R33

BNERY)) e viovr

@WH‘T&@@[(Team)ﬂTmﬁ,
foad R AEegd THEAT T,
Team Leader @ g9 affqard sor
AT T,

T FHAE T =R FTIH e,
Hand Signal a1 Radio Communication
P JART T,

TR AThdTe HELIAHAT JaLT T
A,

SgHgch &S qREr 49, B Al
=ATadl ATegRT WA T,

O, SRR AT IATSHT HIH Al JHT
Tod TAT AT JTHIU TART T,
Live Line |T & I {90 sra<arar
FrI(egd ATIGUS qdT a9y s g
FTHET FHHAT B AATHT AT IGUHT
qo= B T T I G FeATsT I,
q1la |

. FHA HEUlg, ATAGTI ragr

TART WUHT g ATR d9T G
BETEUH JiAT=T T,

e FHATT TRITT TATTAT GRIhT ATR
T,

WT*?[Earthing%E‘l?ﬁ,

o O F&ET =T TR WA faaa
Af I FoaTd (Energize) T,

o T TR JURIU HHI  AGLATH]
T ATAT AUH FAR=T T,

o FHI T WUH faawor Afqergreeor
™, ATfe |

TYFR fa9gd AHT HI Thd T QWa
FATST JATIRRT  Gare, W& AR
T RW qHEd d T qTETF 5 |
TN AT FRATA T TH TR
R HETeT Tt T T B YRET T At
Safety Briefing T Ui cd= ATaYIF
T |

R.¥ HIE AT ETAAT HAATIA T AATHES

=T Ued wR et qer fame smafd
I T,

AT T % TR gEl S,
TATEEE AT TrEAdS T&hl JANT TR ATSA
AT,

qEddE  AEYdE  YIAHE  ITEAR I
AEITRAT  ATHAR o ST FEITAT

-~

ERIEE
TRART SATfeR T GoAT SISHT [agdra geadT
TOHT gatedd {ad wraierd a1 Araaeprei

FATHT ATTHRT RIS,

R.¥ fagaet PRl SUEN W SaArSAad

[ o= T A9hl dad [od (Hedd) gearsq

SUIEE -

>

AT ETeH, AT ATl A& T 91 & | [a=a
TR bEl TATTRRT JUTTEE TATHRR Gl

e LED eeehl TIIT T,
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o  TIYTH AHTH! THIHAT AT AT FTHIT
g T,

74T, Lockout-Tagout WTRaAT, AT SFeldTTehT
THET TAT AR FTIFERAHRT TTAAT TLHT

o il 28 (Energy Efficient) IYaRTES
TART T,

o HETSA =TSR, ATeA, fge? aMId a4
JIHITT JANT G, @RTaTe fefehled,

o [HUFH UIHIdd YRR ATTEdH
JIART 7,

o T Hirggax TqIT ok ATFIAHAT
HTAR {1 oo T,

o [y ITFUEES! (HATAd HH TP
T, te |

fagd W S 9 F¥iael A9 & 1 T giHe
foeIc =1 T 99l U IfHe faeq Scared T
st &1 | et fas@e R a7 fewTaaer
JYATT T ool AT FEqTerep! & T Frareprey
SYANT T ATALAF 7 |

3. fep:

fIeaehr TRAAT Had YAt F&Tardr AT 92
£eF, WA AUEH, W FSER, FHTAHET
THEY T (g ATIevgH qU IrAAmAT 9ie
It MR &7 | Ts FHERIS “afee e,
@adig FA” (Safety First, Work Next) #w
fagTes STeRaTd T AR FRETT ATHATHT

FHTATH SAMGH Fed@H T BIHT T3 Flehes; |
AT FATUTEEE I faedel Qi ¥
ATTSITHET ITARTHT AT TGN THeb! HaaAeTeAd
¥ AIEfHEdT dMER SUART T g | Rl
YATET, WA FHART T FIET umedr F
fgeaada ¥ R faud SgEaeardae
IR &1 | AT fadT fagdest gg=rar faga
ATl faedR 9 FHE ®TH] ATT9TF G |
THHA ¥ g AUAH! A& g T Hiod

T o |

T e ¢
. foma dfyemr gl fatae o
TR |

3 AYE famd wigeROETe HEEraRTeR
SRl AT Ted faga Fweedr
[t FEATHAS T<EE |

3 ¥egd Adewde [ggd gweedr g

oA

fafw=r g=rAEs |

= ravad faavur HivuaT 9T gt wRW

daR] gHcoidr U3 3N 3UaR IRTU®) 31axATAT didT GIdidT
oTIfd1 312D Ul BIarsTd

= Jfioify SUaRET WUt FEEd wRE qun o
" BRI qAR TR geeaT Ufadge (P st AT geadmT U e AT)
\ FHEATHT YR Uidage (FATOIT HHEBT (A AT gHEATHT U sl 7T

J

@ga/ viowt (|
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3cufd, fdpra I 3

ELRICEEUN

AR TAATATs ATAeTF I F&] qdr T
IR a1 @RE W farhifadzor I9 aRhrr
[HeTaeh! WET AXHRHT qU7 a7 ARTE AT
qreseh AT & |

QrasIi e G Seura aor faerae faa
AR

fava  oftgqer  dEEHE  dEEHl gRE
TYAATCHE TIHT et T Ha HAT Tl qeIeed ol
e qY gided | g9y, TSgR  Aa=iE
TIATIATET TG (aferd ST T et ebR@rT
AT 9% q9T YaT e T faaRorehl Jres
AU ITE75, | GR=HT T Hal TAT SUEEHT AT
WO ATATT F AT FEATTHT faehre T
=g | 9w faeaggal a=a @ F9 4230
BT AMIF =&l T [F9aHT TRH ATTIF The
fasr 9w a9 A qATEER FIHT B
T AEhRA HUILHT ATATTATS ATSAT9G

I HAR UIvs

NERCIRE D
EAGR

AT faveuguls  SdemERATEl  qAAHIE
ATAYTHAT T AN AMqRl  ATAREBT I
HAAT AIMTART TAAA ATYTH HeITIHN]
ASAEEH] [TAITHT ITSABT BEATRR DT
TUHT foqehra AISAd! Taas Jid T=T Tqe
A HEHAH Hecddls g TAT | a9 999
TRl AT SEAT wfq IRHEOET IomEA T
T Fet et o T e g fau T 7
T, ATSHETTe! AAHET (=0 T, Heavy Tax
ST ¥ PR J Business Production T
it wamwet faar | afvomaa: faarer snfde afg
U T qRA 9AT | TS Ik FHIAT ATTIE
PRATFETTAT TSR FeRAal gaad T adehl
AT TAERRT AT TATST ITAh a1 Hedd
AT 9RO &T 9230 HI ATTF Arame qiT
FqATATS G TAT qFR IR AT |

AT QTEAE GEITHl TSI

= TURTST 9T (I 9R%%) qf, FHTIarar

FIHT  3ITS delgd, 3th ghede 01'1C||<'1|5r
Eﬁ:ﬁ AT qdT ATIIHA AT A e dlpl de

HIA TATIAT T RT6AT, Y, HIY, AT,
TR oATfe AT ISTH] AJAHT AEASIE

JTT Tt ATNT Tl = Teeiehadl fovaes
T o g fqerg g favawy fafae
QA h IIFe®  TIAT TRUH e, |

qee®  ¥YAT AT | Deng  Xiaoping
F AfF GEIRAG WHR AFE FH T
ALl ATATE FLATTEEHT IR g AT |
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8 GEIEwdrs  Semi Commercial, Semi
Governmental TTTAT FYTRAROT  TREAT | &al
& ST RIS, AT, R ANAdHT JaT
e S ATANT [3d1 X H&d Hg=w ¥
fader o eraAr el fuar | fava g
THEINTT AT qiddad AaR d9 099 7
T ATAITE FEATH! GDP AT ANTETH 0.4
i TEehl S |

TRAHT TSI S G TS5

fafaq STEAHTaAT ATaSae  IATATAR AR
TAR g ATl | |1 GHRIAT TMEA Fo=TeATehl
AT FXERT [F9RTE® (Civil Service) T TITIAT
TIT 99 ¥od, Uree AfeE, g fqamr, a9 9,
R1e e ST&aT G¥AHe®dl [aHrd WAl | a9
FIAAT ARAA  ATGIAHF AT T FTaslA®
JAT JUITEATERT ST TR TAT | ARTHAT TIIIH
I Q543 1 dfedl (AN FSaTATH T AT |

qeaEedars @ad G€ (Autonomous Body)
HT FATAR TH ST el Heeaqul Fres AT |

ISID &I FiTaad ATAR ARAH! GDP AT 9RAT
R0-]Y, I & TS |

I IAMEEHT AT GEITTHI TSI

FRTETHT T qUOY [T US Postal Service, I
9500 %I FHIHT Municipal Waterworks TATIAT
qUHT AT Great Depression (1929-1939)
afg el WERA ¥ Graoie GEIHeE®
TITIHT AT | & : Tennessee Valley Authority
(TVA, 1933), Federal
Corporation (FDIC, 1933), Rural Electrification
Administration (REA, 1935) 31ig |

Deposit Insurance

AATITHT FEATAT FHIHT ATASAHd AEITe®
TSR TN ¥ T Heb GEIE® AThd Foarad

AU d9MT 99 Qa4s AT [Gfcd TRerd dadrs
TENRT ATHEHT Uz F==mad T |

STARATA  Aewdl JHIAT [qar4, Hi, ferem,
e ST GAAl AT FAl A TR
TErg | ST&d © HIHMRT (AN, qreaoie &
FURTA, FTISE FaT, HeATT FIH TS |
@A ARAH! afedl ATdeie qedTeH] STHT T
924 ¥ AT Hindustan Steel Ltd & TJTIAT (AT |

T 9329 9fg IRAA LPG it (Liberalization,
Privatization, Globalization) S9=AT | TTL=T
ATEAIHe YRATTHAT ATAANTRAT T IETAT TETS,
HTSTHT TEHT ATIAE GITHE® (Foilh T8
e, fermeta, fareafamaras, sa=aare, ag=a
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T T ITEeg | 4% T eraredrer Heatay fafew
TIRATG AT ARHRBI R AT qhg T
Hrasliveh GEATeb STHT FooTele] MRUHT T |
I 92,50-92%0 I TUHHT Privatization T New
Public Management HI{d A=RId el aAE®
ATSIT &7 E&AT=aRol |T |

URTE AT AESIe e aiiHE T
T G3IATHT AraTied w1 gHepTenH
TRIIHT Arhal=e ¥ feieiad Arasiae Fedm
TG B | ATINTeThROTRl THIAT BT el
Tt AT FTT TR g, | TIaEd
faead gresiiae Fear TOqATel dradn fdawewr
foram |
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AUTAHT TSP GEATH! SITETH ¢

fg. 9. 9320 & IHAAT AATAHAT Are1l &7 faapiaa
TgIgebeb!, Joqred, faavor T fagrorar it &=
AITST ATSAA DRI AChTAT AATATHT A T
STHAT ARHRET /T 937 | arcafadr, wfaeher
T WA Aqa=hl faebrg T, AT gia<emaT
qqr AT qEgT TH, TRl qwd T,
JATAATE FEANT T AT ST &TTebT FATRT AT
FTATARTT AT T Igeael qagaH 4.9, 9’0

TAR FAAF! [GF |
9)  FCATAYAE QATH FA=AAr - AT,
fg@, @Al ¥ 959 gEEdl 49 |
g) QUHT® =1 JUE, §A, J0dSE
¥ o gHErad feq wfaafy e @ry
AT ARG qEIRAT Hrd TRl
Eoll

SATTHT T FEATHEEdh! TITYAT [aRTeAR
SefAdare e AUl 9 | g fatve « 918
(AR, SATITiReR, AT, ATHISE, AT T

oo

HI TAFAT FTESTh FEATART TITIAT TR
argeg | [E 9233 AT HEYH [aRIETR S
frer, 4% AT qUTA o . et qearH
TTHT TITIAT TOYAT AITAHT 8% ATeoA(eh

faiTar) T TEHT ¥Y T ATASh FEATeEHED
SASTART (A9 fama WildeRer,  q9Te
Gl G, 9979 RE=ar &.fq. «ad)

T Al AT (AT agEar (A, 9T AT

FEITE®E TTIAT U ITEw, | TYTAHT AT
FIME® (999 UH, &A1 UA, faera aifa
U, % qur fade gen g U9 e
I AUH B |

AITETHT QT GEITehl AT

q)  AlEdHR /AEATIEy Jaree : Aol
& HATHRIHGd g7 ORI Fraslie
A ATFT F&q qaT dar  JThd
ATHHATIRRT HTAAT AT [STHT B |

) e fawr@ : SENT, AR Y 9EER
faeTe ATRAT FEANT |

3 Ao fosir ;o wWE gErgeer wii,

[, ISTANT qar AR | ¥Y G

HA 337UE XA WWH |

AT Feordt [T @ TSABT TIATTHBAT

FHITSH 4T faear |

W) YTEIqE Gl WRETI T JTANRT : @Al q4T
il 98T GART TAT IIEAT |

SSSAT IR Sad) AT el AEATTew |
AT ARTREPT ST ATIRTT AT THATIT
SSUH & | (4.9 05 dA=agq¥ 91 fasga
TTIeOTeRT FAT &%, YT, ATIRHT GIaTH !
Tge R0 yiqerd, Hiesd dfahA UEd uec
Q03.3 UideTd ¥ ¥ ST HiaTed dardl 96+ %%
gieTd ANTREHT Wbl sf@wg | J9 (99,
YA, AR STEAT AEIRAT AT B AR
ST STASUART & ATaSiie e
AT AT Fiteess TET 3haws; |
forATa st faeaw

faryaaT qrasiiAe gLl g favawur

faed el Al fewdm SnTdwr  faede
e AeaMe®d] & THId 9 033
B AIGFHHAT ATANAT 433 fafeqad sHiRes
A 9T | I<h THA Al qataerl fqeael &
e Icared (GDP) q0%.99 fafqaw srafear

%) TSl &A@ THEgeR Maeawr o a=qiad

SATHT ATITI=T T Bl | Gel a9 [qeaaehr
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TSt FeATAH & Arg 93 fefaaa st
TAY 99T | [a9aHT ATTHI ATARHAT IEHT YOO
F&T TAT FHAAL qR% FS FHFAI ATASAR
T TEH B | faeaeiebel I 033 AT <9
TTHT BT K BEAR HHAEEHT TR Th
HATTA 90 FfqeTd AT el ARl A
TEHT FHTHEweh! ATIRATE Y AT AFTHT
AT IeTE®HT GDP AT 99 qfqerd FNTE [GUehl
IGIUHT T | TG gal AT GEITHRT (99
AITH FeH I EH shawg |

AUTAHT TSI STl e faversor

AT, TAITIRT ¥ faia & ¥y
T eI AEF FIFeE ATAHAT TEh B |
STAAET R0 Tl QU YT FHAHT T Y, FSTH
IHRET AR @MHA Tehl & | HH=l Uq
ATAR TAIAT AR 3%, FEA (G909 T AR
S, AR I U AR q, GEhRI U7 ATER

ATESIh ALATAATS AT T AT A0 (g T
= A g Tl dEwg | HABAh AL
059 /0] ¥ HTITTAT & 35,35% Wihd
TXIET TEHTAT HALT STAAMH 30,343 T8I
I AT ISR TTT JITaT Aaeaawen!
qrareT i TH et fAare e dfaeg | vy
FaT FTale GeaTTHed Nepal Stock Exchange
AT FEHRT A% PREAR TE O T FITAH
TR GS([hI0 AITAR] X ASTRebl  STFAT
Market Capitalization ®T Q.05 FIqeTd el
G |

AUTAHT FIEAE GEIHH GHEAEE ¢

fafag Igea, glaeadicaes dHdTRl oa49Td, =R
FHASR AL T qEF € FAaF Ifarard,
ZAAIIE oAt ¥ AHIS S JaRanacasrs
TIAT HAH TH qGH, oI (AR amIae

q ¥ Y T 039 ATER § T2 LI Gl
T | AT 059-05% ¥ FRATHH! el J¥afd
T R GH & AT RQ S WH G | BT ATRMHAT
TEHT FTeSTAeh GEITT R0, AHRTAIA] Wbl %
T PRER TATHR R G20 I@hl Gl | GEATTHT
TFRE FA AN 8 @I {5 dqd UG FRIS
WwWH G TGH SEX AT 3 @ 90 HqF Y

AT g 9w, Radl Sarheledl qgr ATTHT
JUTEl, JRFRET a8l qaT 3= el
Turnover, Retention Policy @l #¥Td, Market
Intervention Policy &l 4T, Alternative Backup
Plan &1 Td, T THLAH ATAATRl AHTH,
Giepal Mfdes JawT, ATIATIE ¥ AR T
STHATHT 219, SUeTed P ¥ &THaTehl THATAERT

FAS ¥ W I ¥ @F 5 I 3 HUS
WH G| AT R05]-05% HT @& ATHT ¥Y
qG © FUS ¥ A WH B | .9, 3059 /5%
AT FEITFEwdl & JAEAE o ( FHAR
g qUG ) T S Ad L HE EE | Ik
THHD] ATHR LRl & ATRIA=T [
gd FE Bl | TAF qUDl ATASE FEATH
ATIF JUTSTAATS JAAT &I AR FTATTAT
HATRTH iqerd 0T fEUal #RO bR
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SIARTEH! AT, ATEASF FEITT IR FIAGAR
Jicaad FRATAATH! I, FEINTT qTEA
T FHSR, FoaTad @HT dig, FHAREEH
FATANTHRAT qlg T AABT TS LHT S |

QrEAE D GIR T GAAHRUTHT
JUIEE :

) ARIATHT AR g - HETAsw FiAiq,
FRAHN [AaeTd a1 HETgaE (A war

ragr vovot (|
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gAaT yiqeagrare aae | ard At
FEEFETET @& (KPI) Fied #=R THa |

) AT YFET (Good Governance)
qReetl A bk, Sarweefear ¥
qTRERTAr AT AT
AGTIEATATS FATTHR TATSH | FSLTAR

PEELH

YTl Iad, 79 T ATaqIIh 7 (Ao
T TSR] ATIE FAAHAT HUT T AT
g T ATRT THRB! &AW T AT
JiqeqdicA®  ATATEReT  SATadgH  HLAT

T AAATATATI(T T FEaeiear AqAT3 |

3  HEGEIEAAT  AUTRA HedAtga : KPI

fHERor T AT ATIRAET HeATS |

fofr qaR : sETEYIE @d FAA,

TATHHT H FALTA, faciig T |

W)  TWTEERY AT QT Sa<aTa ¢ Right
Sizing, IR g, IAA IV WEHR
JUITel, &l faerd ¥ Iugeh dqied Y&
T |

%) gfatgel 9AT qhg T : Paperless Office,
Digital Service, e-Payment, MIS 3Tfg KIS
T |

©) T AR : [T HESiiae e ghr
FTITAR] JlqaaTaEd ITh TTadTTas
FATIIT T4, GG YOSl FHATHHRRT
JATSH, FAT Hivgd FmEA {TATT T4,
AT Iad FHEEE T, FRIAIE

TR YaYdle Fadmad, 94
TARIBOT WS, TURARA T ANTEHAT
T yare T4 ATle |

AT FIHIW I Asira<

faeayqr U [ASiieRurdl TTaeaeyq AaTerdl
afq A GY WA GEATTETATS ToATHIT
TRUPT TTgwg | TAAHT Fl  ATSIATHT AT
gdre AN ¥ el g e @Sl ge=g
HET FOHT (STl qEard FUH (9347 |
fofrporehl HeT dTc9d Less Government is

AT FATATHT TS T (ASHE e T giaeadr
TH A9FRET HHM FAAR g¢ T | Foeasq
ST GEITFE®  HH  TS(lh?u e AT |
ARATIATS TR0 TRAI Ih JaEdd 7
QT h YLATHHR! FTATAHAT FaGA T I
T q ASierTedl [gehm T Faeieor | 90 qar
JATEh! WIAH okl ATANTh GEITFE® Jod
GRTLMET &1 Qe Al | T JATATeAT fargareht
Aarted fagraars fa@r 79 @reer qrawideE
AT AARAATD] TSR AT IH IS |

feyawr qur W=

AT Hfaarayad Hifde® g, Tedel (Haere
fagrma T fifq, smafas drewr qar AREReE
IR AT TIT FAHAB] HATEIT TH 9T
faagedl FHIHT AATALTF 9% qIT HATH
frafad T |@w amafd TRI STAare AlTHRET
TETRT AATNT TSR FLITTR! reaisehal A5k
GITTh bl @ | HIAE 9% BT THTAT (ASiETd
A qIT ATHT  JAETE  Jales )
T SIS STacadre faqa sl THIHT
fr grawiie GeameE R AEiE qar
JATEAT GICTH! TaAT IS0 T F, | AT
SlTgTTAT T TIHT FHISTATESHE  AATHI
TRUHT § I ARAH AITAHT (T T
qfq HAd: ATRA  IEUH BRI FTEASIb

best Government @ wrafq TAsiT  &rel

TRATAHT YIEIHTHI (qehed THUH! Y= M@, |
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IHR T TS h (MHaewdrd [Feaedriiiu T  SEarheiadrars el

qurelt a1 ugfaare

7 JAMARIUHT AATE U f9d qRUSTHT  RATHOT TG GATIAT ARERl AT Tl
ATISATEF AT AT g, ARATHE® Il BT AThHeaTIRTe Afqars qhe aarad FearaT

THITAT ATTHT UM RIS | ATRTERT Sirgehatel  TRATHEwTH TAATHLO TSRl ATALARAT &

ATARHAT AT HITAR HATET TRA T FHB WA TeAT @l |

o] qraam

FATET T YaTdATs TSRS TR0 AT oTeh!
HITHT STST&dl dabfeie Q] qrasiive AT

afqsrafa § 997 ISR @ |

eI GEATH] HATH] dlg groid ATaeTH
S ¥ ASTR eI AELIE I ATl
TSI AEATTR] AT AAAAT T IREwg, |
FA AIEASAE GeAHeE qREATH! gl AT
AT | TATAT AR Age AT Bl T Bl
I AT [ A1fE | TSR IHE qaed
7 ATICRERT TRV A BT | AIA AR
ATIRAA ATTLIFATEN FFel{rgcd ATAT Fsiier
AT ETEl g9 Alds XPRH Ui g1 qeawd
AEALTF T | F IATRAATS TARTFH (TS
TIFTHT S, BT JeATaAH! T T G, Fleg
LREEH A9 @, 7, [ar3fasTd amaaer &
TIAUTHT AATT qfeT T TIHTHT ST | TE&T Ah
TSR] FHEITAR AN, fafqd HR JehiaeT
qar fAEeaRAr
AR T | FTaslieh FLATAR ATTLTHRAT T
A BT g | Tva AAmeE W AW Far
i HAEAelTe & STl @ | [a=HT FHAAT TG
TAT FXFRH ANTRBTTRT AT Heh IALINIA

Y 30 3IEH 9 WIE 0¢3

HI&M?"IC{? RIS IEFELES IR

>
>

>
>

qUTART FfFeT, 093

RO

AT AT, 3053/ 053

9T IR Fold qaqed 053/05%
Qe FEITH =T fafae
TAATTHTHT TR [ata= fasieee
G TAAT AT &IPS |

HETA@! TIEhE! FTATATATE
THATHIHAT JHTT arfie glqasaes
q HATAAGRT THRTA FqaaTees
AT ATSTHAT ATIRTATS TR
BELRELS

AT TF, 3040, FET U, R0,
FEIAT T, 03

BTAAFEH Fras(ih H&IT AR

FTATART FiTdaTeE

The Entrepreneurial State: Debunking
Public vs. Private Sector Myths

State Capitalism: Why SOEs Matter and the
Challenges They Face

The Political Economy of State-Owned
Enterprises in China and India

Economic Reform and State-Owned
Enterprises in China, 1979-1987

Public Sector Enterprises in India:

e vonr (S




The Impact of Disinvestment and Self
Obligation on Financial Performance
Privatization and State-Owned Enterprises:
Lessons from the United States, Great Britain
and Canada

The Rise and Fall of State-Owned Enterprise
in the Western World

The Routledge Handbook on State-Owned

Enterprises

State-Owned Enterprises and Sustainability
(OECD Report-2025)

Public Enterprises and Fiscal Risk, IMF e
Library

Annual Performance Review of Public
Enterprises (MOF)

Performance of Public Enterprises in Nepal —

Dr. Fatta Bahadur K.C.

A view of the 132/11 KV Changunarayan Substation Infrastructure and Control Buildings.
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Ardsiferd AdidT MMERId

Jods: X oula fdgd

EERREEUR

F Afv=d amr a1 fammr f fafasr st
UG, IRH] SIAAT T ATAAIHBATR TRE TS
T T FEEE T ARTRDH fod e
FATTENT FEOTA TRAETT Fgd AT 5 A9 20|
AT ATHATERR] HALATIAHR (AT TSI,

HAody Jildd
3@ Afdama
afqom.

AR FATET  qiGedl  ATIROT G
Empowering Rather Than Servicing ST&T HHHT
ATITRT B | ATASAe FaThl TAHAH  AFIRT
feToner AP ATS AT @ FAT TATE AT,
T HATAATAT ATST T | TXAT AAARVTATS GIFT
TZACN ATATHATE B Hbrg | Gigell [qaRuMcAe®

A T GO IRl TANT 9T &7 | a1 e
[, YipAT, T ¥ GEAEEH Tl @%q &l |
7 {0 (e 9, I I, ST T U

HIGRUT W&l AT a1 IXBRA  SAAdThl AR &l
ATAYTHATHT ATIRHAT Y&H TH dae® Jagd, AT

AT JaTE T ST Hecd U qees atted gea |
QESATE JAT BT U ADT FITETE  GIAHT
TR T &7 | TGl AN ¥ o fer=rehl qearvaelrg
T ¥ famg T oo faue Afq qur sreEueEds
FAERAT TR T ATAHbT H1F Tex;, | ATl

STEAT W Al TUdATcHE HABH STl T
offch |9, 99T ¥ WA dg T faq dedr fawrs=
MRTHN B |, ATESTHE JaT JaHFe® =ATe (araer
FHANT AT AT P, G227, T T AT ATdsivh
T &TFehT FHART A febeT TETHH, AT Felehl AR,
i ¥ rEEr Alved AreRMa AEEH AR
EUES, [ Hedgeel o 90 [Tepl Qraiiieh arare
FATHAA ATTF,  TRITIAEHRT T FEerr
FATIEE |

QI YaTeh! ATURUMCHS T&T

Y 39 ATPH 9 WG 0¢3

IRERe [T e AT T HH g Tes,
STEAT e, @red dan, Riem @ e | &rEr
QATIARUTCHE  AFIROT 9 A= qed [HTer
fafr=r fugeT avi e qam &3 T avedr A
TATHERATRT ATIRAT [T Fa=dT TRUH 573 |
T Ui farem, srereR s anfe | FAEE AISu g
T RIS 4T FeATIhNT aT, Jaa-Tcas 9T,
T ATRHE a1 fqaxorer fafd= dagrumes
JAANTHT B |

JraF JaTFT ATARTT HIe®

HAFUART TG qFA AR ¥ (A0 gemmaies
I {1 (oqer qReEefl Ud gqEheT der g4re
= ¢ g9 faaifea Teger e afaa T T
ATFATIAF TiaTaTs ToT TP FLATTT T T |

aga/ viowt (|
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faerspr ST, AT eh ST, AT Tcehl HeTH
IYANT T &R FTASA(h (6 TAdRT ATNT AT
FET ATE HABwH ITAN AT B |

¥I=R (Integrity)
e fequider yidagdrere qur faafrd &

 FrEwie AR geAAdr, e ar gErentear
2| 9eER (9T AThAT #dedes 3 angcdrs 9o

FOAT fFaR 9% qTeT IO TR T
ATFANIE ATERE Ry qg9ie T ATasiae
FURN AT AT dERd T qrasiae
FHIfdel AEIANTHT Sire fad @, ere giedr T
IATEEN] FTHT AT ANAATR  FeITITH T
faemy e fod fawes 998 | @R SAfdTd
AT IR AT AT FA FGHEH @rdare gaifad a9
AraATF T ¥ fequfdqert fAssmar d= ¥ o
Frasiaeh YaTe! FETaTedm &l |

fAe7eTar (Impartiality)

T T AT TeBicTehT (T TaT 3T T qeeht
ATATHT THE T ATAhEH ATIRHAT g, T AT
feTeqar &1 | @Rl ArEstae qarAr fATerdred
B 9 A qrasae qar faaRuEr w0 T
FHARS TSI AT AT fa=meare gnfad 7998
TRHRFT AN TAT FAHAAT AT T Fea™
FAIH AT T&Th AT A9 Jiaqersl faeard fae

TR T FF RS F AR a1 THgH Haare
g T, FAT YATEWT ke YHREHT fa¥g gd
Ateq gfagr T Tsger ifq gfq awER @ ard
AT 0T TS, | AFRT FTATAIT TIMHAA T,
A H HeAATs (9 7 S [qUaee Aresfiieh
fregerar o 95 |

THIT (Dedication)

AL TAT Ie9T INAHT TIHHAT A HTH ATchebl

AT AEAqU AW, A&l FH al I¢9d TR
AT F AHIF T AAEE FTAT 07 FHT TAR 5
FST HeAd ¥ AAaRd YT TeATs THI A, |

FHATE I g qfaaT a1 ATHATS AHT T
ferg @ gfd TvquT Fuer IR @ O FHRYOHT

@S | 9O HAEAHE A AEehE T Hedqul
ST A& BT THT AN gaT g 7 FHATE
A IS ¥ AT FIHAT AT Feed GHI 2l |

qfewrar (Tolerance)

AT TRl AT, faeard foa=m gwronm q«r
fqHAT AT A Jepfaed aafth a1 GHEdrs @IeR
T T AFATT O A FEWEr &7 | Arasiae gar
[IaRuer FHAT Ih TFHARMAT @A Adadd
gt fafed o=t smer fa=m geesid ¥ faeard
HUHT ANREET A=RORAT TI g | aFa@d
fewrdr JTha ML THAT JIITHT TNEH T |

FuTTa (Empathy)

=

FEHT RIS AT faa 39 3fteare afe=r T

T FE A g fed FEee Wfa wrahd
gfq A FPRIHS TEAI MG [T0aes q&aq 99
&l =8, ATIqUl U& THATHT SATITHT T, AT
frepTaeT fafad qar eqdTeid, <Teedei_ 9T

T A STHAT FHEA &1 @ T a7 Jed =i
AEAAE YT FHARA  ATRATe  AATUTE T
AT I@R B TAE T Y GHETH A
TR FHETH JATH I, | FHIHT AT J&AT Hed
JUITAT &1 STl A¥ehl TATAH] ATHATS @ AR
ATEAT AT T ATl qfg=ane ¥ faeeror g |
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&l (Compassion)

qoRl GIST AFESdT a7 TUH AHT A=TIHAT T
T Il 3@ de s 9 W GaRl 9 T
TUATE FAT AT 20T A= | ATAATR  ErTeT
FHANGEAT THAIT T HIOMHT T TTH] T
T FHSR T Uy UhT 99T UTRUSeT a9 ¥
JHIAH! W, IoA T fabre T GAee
BTAAT TIT AT IEeT Th Arasiie Maraiges
A FEST Wes &% | Aiasiae a1 yareHr

oA AT, Tl FHI0 AHTH, ST HE0T 3ATS

HUE®H qATE] Ui Tl T HAT HESIH,
AT, TaThaledr qReRMar & o= fafag
HeAe® gre |

AT o qTIeRuTAT qrasiie AaThl AT
Hedgsw®hl IJTART Aeal I a3

qure fama urfgeRRer SraEiiae U SEIYAn
qESE T B TE HRATH AT
YA TH T GUATEA HEAH ITEE AT eI
arer fafay Heue® wAardl g7 Faa , AR
Hedeedlls SUel W&l (i~ JhRET SiEH qqr
IARE® MG qFSA | HHATID] TaTARH TATAHT
foe@ @Ua ET TEaE T, Ay e, ReR ?
ekl HoHar @gar fa&ed a9 =9 g1 @l
TS, ST & Yol i e FHeR
U FES, | FHAHT HH Agal FLT Uil [q9ard FHH
BT AHG FAIRAT T SAHHEAETR qwerwd foire
TH3, | T TSI GaATHT (STl 41 gat
U T T AT TS TR, | FHATTAT THITRT
AT FaT ATAARNAT FHAFBH] TAThatedl HHSAR

T qHS | T IHE ATEN, qie J9T Sl Ui
ferge wirg AHTHT f@ers g Hee | FROTRT AT
HUATSET FET Fiaehl ATAT=AT g 7S, |

Y 30 3IEH 9 WIE 0¢3

AT T FIIHROTHAT SR HeATERT JUART
T ARkt X &

3T F&l SATHI ATARI T FSATHS FERIqdT
el getegd G AT fagd JIIRRarAT ATIRA
HAE®H ITANT T AReHT T &7 TG JbR G

»  waar #wEw T 94t dRd e,

FHAT @S, JRHT e, faig/wHT
TATHHELITHT STl AT ATRITd TATS
T 9% AFF T HA (Queue Based,Digitial
Token System) fH&ReT 79 Afehws;, | IATET FAT
Sl FEATAMIAATS TAFHN aATSA (Shofed
TR YISl @] 9 Ffehesg |

»  HEYG FHIT WE G RIAFFIETH
AT REPR Ul (@99 wfadesr ¥
ATTARTATT AGLATHT FT T FHHAT T TRl
FATS Alhws; | AT Fraraepraed] T AR
(career Progression Path) fHaRwr T Sr&er
IFTA FTHT FLATITRT A TS, |

>  WHIHET 9 U HEEqu {8, YArIere
FH T GELET YTl g1 9TaT, faam sad
gitadre qie=re T4 T IR G &TAAT AR
FHARATS Thel Hal Hrgdl IR=TAT 9
Tferee; |

» ol JOHRKT Al AT ok,
I AN ARHT ARG =ATMe [aRTHT AT
RHT ATSH FHEH, Hedqd RIS [ehedraral
glaar faq AT q_IE WEFET FAER T
dra g qifqd dThd FHANAE T9ET
ar e FEAdr AT FEOTHER I

AT A JaTh AIRTT T HEaH

T AF3 |
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» W HF ¥ AOAEE HERE qAreT
ANTE  TSTIAAT  JaATHl  WUGUS  FIET
faeva JEFHAT gAHA THEE gA TEAl

JAT AR EGATH FH AT FaTHT ATIRHAT
HAEEH JTARTH AT T3, |

IIEER

Behavioral/Emotional Intelligence —HedTeh
UL T, ANk B FEETAT FIHHT
e R ART T 3 GaTF T AaeT
FHATS™ ¥ ThIashed! ATTHEHRIITAT |1 9%
e e T fafaa Afas e
AT ATAAB AT TH b, |

EAWANE JATH_ ATERAT e JTANTE AT

LT HIAA AR

TATAHT H{AGTH R0 HIAS(HP HaThl ATIRAT

oo C

HC\VQEG\MI‘.‘; [dH~ diRle™ HIYhd LN TRl
B ORI o FHACTHE B FHARET WH G
AT ORT 9 o FAATH &F Y& Tag , TRERTr
T TATREEdTdTE FAdTe S &I TPl & | g7
¥R A ATHEaT AARTATS (ST FaTehl AT

&bl fal ArEEiae Iqdfegdr  ArgrReier
T FEAAI YA afqdl U SFAFERHT STl
AEAAE AT G FAGEER] ATHAT el
T | ASANTHITH THEAT e IRaUd @ =l
AT g9 I&F B | AR ¥ AfTAtHare
THARE®E (HEeR qHTF B T rais Jar
gicrepl SAfTeATeTE FHGR TATeEH S TAM AT
AT X ATHAT e ATIF IR HAhd ATIHT
QR T ITSAHT [T qlegeel ASTATAP qRATTA
AMTH TMIAS TG T FUET T Aleheg |
AN AT, T=AR  HIHH, THHER  ATHIE
AT, A HEIR G0 AR FeeITaT

T ¥ [oTE FEATRT TTAT T TR & | STH
LT T FEIAT T AT GUTAArs qiAREa T
B | FSToll §am U, 0% o HH=Ih FeE,
AERU T AT O G g SR W
B | I GMEA (HELAH AT FATSA) T,
0¥ T QUMAAH ATURIT [FgT<ies Tarhateal

Hhd  ATANE  TaThafediel dehid fae@ T
St e dfawg | frdte Mifaera sraware A
fer ofvads @ared |ihed, TR ANT @R T
FAERHT U ATHA GRAT ATFLTF G |

e g

URERIAT  STAHEHTNTAT,FAl TS JeTE i
FARITEAT IATH G (U] B | HERIAT FTAAT
WA WRFR JATAT U, 09Y of T J&dT
A AeAe®H AT Feredl NFEry dredr g ard
TRFRD! ATIRieT T T A=A T8eT 79T e
BRI T qrasar Aeraeeadr uq, fafaw

T "G, 1A fepare geear afAfd,
feeavaR HroaTel |

Jreeiier TIMHTAT ATAOT, SATIINTRAT T
SAThTEdT, TRTATT ATIHT |

TR JOITeAT, 1o 955, YRAT Yol FISHTS! |

feI =Rt WOHT TEAT o ATET UG HEAT ouTer fereldr TferehRut Svetetit
@l TATET WOAT a1 Wb Tavad HEAT JuTe fodd wiieuteT &

WIEA & 9990 HT TFUH g AR Ao |




Adc1 31efded foraaforan
fdmRia Jaen ufdfeia

TS TS AT TSR] IR TqHT
fofmg | wE ATl faErEshEAT AT
SivoTrehT AfasprRarg faederr TR &5 a1t faoa
AR yiatd (ICT ) Fad [aarradr T ATgehare
gl A ANE Hel i ekl wfede, g
T qufgHl ATOAH! THHT T AEEhEl g |
T9THT UTeRfcTeh STl AT Wecd & d¥ THgHT
AT AT JcAg&HT (debiad g1 laferel gamT
T3l HEaqul dcd &7 AU G | [aefad g=mr
gfafael waRTer faed Agaeadl ST, e
FRER TIT /WG Sad AT A e
AT IR AR G | AT Sl J-9RaASd ¥
F{oT FRNTAP GRTAA TUbT Fefebel ek ETHT
THSHET TG A9 9 fefied dORal IH0=
HIhd AThHATS (999 TSREAT AUGRHT I
FAE AT I AUH G |

AT I FAA AT Tl AT FAFLT &
Sl e iatatdes dergd, da=qda T e
g, AR SEATER Iod ¥ ST ATCHTHAT
Th IE & | TId AITHHT AHNEEHT I
7 fer aifds glgey, &R AN AaERE,

ATGd aUTcT
HEh HFYex IS
AT

Aot Aifde qameR, qare el qar afswdr,
TR faTerT-TaTeed, = AafTeE HWOT, SR
feaza, ST AT ARy, F ARET @7 ete
T e TIF |

ferepfaa =T YuIrell ATl T9 FHIFF ATZIET
HCTH AT (AD), FSS FEACE, {0 g,
TEXAe A fIZF (I0T), =% =M, 5G Wi,
& AR gifgeEars SArSs T A gtatge
WINTT SN, AR, afhs, Foir i, frem
WA, e aade e fefteed ur=aRo
Jreiiier YaTeTs 38T, FTaehrel, qRasf, axra
Gfere | Tl faefaa =AT quirelierr el fawaret
AT TRATT & JaTd TRUa G |

FAH FFEAT (Al) FAW FAFATAT (AD TR
FFYER (IR AT T 8, A HEq Ar
TIEIIXATE TS Akl T e, e, qeh
T ¥ fur fam Fe erHar gae e )

for et =t arcaea faerrer afearor, g wfa
T fafqg @&IAT dFhdaqd g1 feiied qTaATss
TS aivheg | J9dls TRERET STared

ergorvonr (R
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~

ARAITA  Jegd TH Hod &6 | FeeiAq,
T E FooTed, AAATST BRI T JOREERATE
W g A deATseedrs  Ade  gfatg
(AI & Machine Learning) &7 FINT X faeeioor
e | TgeEr qer  fadivdrewers  afeAmor
(Volume), TT (Velocity) ¥ fafaerar (Variety) &T
=T fafeg |

TP ATHET:

9. ¥ A uBREm . doEwe qErser
faeeuurare R ¥ A & S

MET, IR, AT Uel) Ale Fraxrad T SrgA giard
=l

T giaigdr aEes M7 I ¥ oy SeM
STaT ATEHYEE 9 ¥ M3 aarR &1 19
TS | FITEROTHT ATNT TS ATHT HIATSATS
TR Al [ATS, TR HiregaR Farsq a
TE TS qUEdl @A [REN T (107T)
& THAT & |

FY e TG Iahe &7 TroTeE IArsH
TFS |

R JARHEHA Jig  IUNT T HTAT FrAaeahl
TEr uf=raw ¥ AfadeEdr  wrdeHar

sa®aq (Blockchain) : T# wmefas fefsea
grar a1 o &1, el qerges (Data) |-
AT sAFEEAT AT havad | o s

U AN U3 T IHIQT del3d HEd
T, |

3 R faEr ;. UEwdl ¥ T awl
HET IR FAAATEE ATHT FATHT AT
TS Jiqeqeicdes AT dars qas |

¥, fodir arehiar : dfee dmwm gy W
e 7= T ia fefses adae
et 9 TS WEEnT M)

Y. ST TS ST A8 ¥ TAT AT aTeh]
ETHT TAT T 3= TR Heb FThT AT
AIAE® (ST &5 |

FANS FFAES © FSE FFAES (Cloud
Computing) 9™l  Tealddehl  HIAHAE
FFAH fafa FAEE-SEd ST qUSRU

(Storage ), THY, ST, AATHS T AR ATEH—

AT ATAR TART 19 gfafe & |

Trelde AR MMEF (I0T) : Teee 9% fusd
(IOT ) 9ol i FEqE® (T U¥e] ITH,

TGS 'sAFAT ATHT &l |

o o

qhl  fadegred

PR LI e B C E

(Decentralized) &1 2, ¥4 JqATE FA TH
=afch, FFIAT a7 Aol T (A=A T G |
SAFITHAT TFUeHh e TRUB  SHHRATS
Foor 9f afeer afeada T a1 Fered @Ea,
TEA AT AT AT T T IRaefT /s |
TR AN qeIdAT faedargd sr&ar fefiea
HqgT, TATE FeadTae ¥ QRO ST AGETITaT
g |

AT AMHE : (Machine Learning) GEFTFT Figepar
( Artificial Intelligence ) &I T3l T¥AT 94T &l
ST FFAARATS (a9 JrtAg famr F gerane
faa ¥ I 9aaTe qar 9 94F aAreg | a9
gfafgaT  FFgaRd U JATFEE [T
T fAR=Ia = (Pattern) TT TRMSE T AAH

ATIAT o a1 Afersgarofy e |
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AT ity T AdqeAB qEed

FAUTT TR FTATEH JOTEAl, SR JUITeAT T T

IRl 9% TSEEEE AT (R0T9/5R-
R05Y /05%) ATAR FAT T4T ==X T4t (ICT)
ars fefiiea wumaww, qemeE, SaareAeiadr afg

quITel! =T gfatare Haferd ¥ 93¢ gq aTele
B | AT gfalae qddeAers drF dRET 438

T HATTAT AR AGTA [THITR JHE AR
®IAT TS0 G | Ao fefsed qamr foear,

FATSS | Ileal HH T T 9, €9l AN
TEE T q9T URAR T URERTAT 9eg, | A1 fadaa
FRU TG ¥ FaT g9 FiqeqdT avg |

TS STEAT ATTRH [Tt FeAHah! ATNT faehiad
AT Yiafd el ATeeh Jaar T AARSATR
I AT AR AT FATFARITRT TR T
SIS 3 el TqHT I [qemdh awe
aft AR G | (ICT) @s daT, IsEmer |, Hara
T [EEAHT AIAR] FIHT ITANT T FebAT
TATAHT FHIGH! AT aTel Gord T |

ATl AGTT ATHI FHIINE Hiy, T,
e ¥ AifAd arenfe afatataar R R
AUE P | A &FeE "Edqu AU 9 9ar
T T T A | AT AT (ICT)
fasfaa gfafaer wamer aweaaR faem | Sar
fereeTooT, ATgar qRar, Aqars Qe qHied,
fefsea womes ¥ arse |ifde & &HT JAqTeret
qAATCHSE TTHT ATH [T TH; |

fefstaet wuTer shaaes 09, | i TUTel AXHRA
AAFH AMIF THIG T FATAAHT AT FAAT

TR gradde  Uad, WXER[ ATl qU
fefSTeeirarzur, Argar FXET Y3EIHu, STl ek
qar FATGS Harepl faeprg, | dfgaar (AD
AT Aayad_ [ qor faear | fefaea
9 faerd, [CT SURT a7 WIdAdshl HicdTe,
¥ ARG 3-Far foeawar se fewsr -1 A&
ArEAYATE AT yare wATaerrer, qreelt aamael T
gierdT fefsfed s o T e Afaue
g

SAT THT

(ICT) & TEERI AR A AIqA qae
FATSS T 7 THR AT Gfeell &rTepl TTHT JedTaehed
Figars fad afbreg | IUWT | FT T FATHT AT
fefsear ST T YOSl YART &7 qUT, AT
¥ Afe gEm | ST SANTHT Wented Juediel. 3%
Iced fgdl ¥ uRAiE aAres | fesied e,
ARAIR AR HIAA AT T FITTATD
FHe® fgdl ¥ faar Ffe av= gwa | &y e
AEH SAFEN, I afe=e, a9 Gew &
SR T THIE (H=T3 Bl AT T2 |

ASRY Tt ¢ forepfaa gemr wfataepr Ferwar
AT AT ISR [T 27 | F9eadR e, o

T gSAR giatgel AlgHaH JAN MW AqAdTs
Teferae A’ T ST T AR AT
QIR T THH G T TPl AN =ATMEd A

fesrga, wither feotgw, fefstear wrdbies, <ar
TANACH, AgeR e/l | Fgs 9dl |, Addsh
AT T Z-HAYG AT AT FAT ASIREBT

Eehl [T TR UG HATEITHT ATSTHA]
T9THT ATTYF ATTITAT IHT AT RATIA Mg |
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TR ST 76 | AT S FE@ITHT FareTieh
T | IHEEATS Trarareh (g9 arfers, A9 fagadr 9=
IRITH T fair 79 @t |

oo (A
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AT F@TS &THAT : AfaewH faefad Tege I
fataaT yfqeael 9 79 9t a1 Haraar sar
TSR HH B | A9l 9 TR, fefiae
4T, Customer FUIE AT AThHA faaell HaT AT
T T |

TR 3 TR &R g yfafiaer amararg
M AT e Mo ARIftad ST
TASEA | I-HAA, FAAIed e, feiied
AR, T ATHISS ool HThd AT AT
af ATFT a%q T dar feshl T F@gA | (ICT)
P FARTAE IR Ua &5 , ek e [aer
TG TI1 AR AN "esa | el dfedt @l
OST HUHT FHFIAT HA Sl SFSRHT T X AT
T3l I STHA 91 HEARA ¥ Fraedd FanT
TR TR TR T TH, |

TIH QAT I QUG - I AGAAF AT
FUTHA ATTAT g, T GUTHAART AT F=rer gfafer
FIE g7 | Afded faaad qe@  TeETR,

, FT | AR T Y TR (aqRers TednT
e, | farirer FHTafRTar S@d Arehl AGT-AR ATHR
FRIBAl g al |

(ICT) o THIT AITAATE, e AT g, | I
qrmferss faeear T aramarasr quen (e
AT A &1 | (ICT) I FART fhar | SoHI T
JTHHT Jeael TIHT Siied T | fparer s
HeA 2 e oA g , Wb (St
JEEET TET g | TqA YTHI AITAATS
F=nive, areelt ¥ AeEE T |

Rrer X weE A faerw o e fAwioEr
TET SR eIl Hecaqul T &r | TS
FeTT | TelsTea qedebrad, w=ere UiTer, g-ais
et ¢ e o R TN,
STAH@ATE qAIcHE THT &l a8 TATeRRT
foter fe Qg | A9TSTET TERT ¥ UTHNOT {qETerd,
freafaarera ©a8 WS EX A Gfue @red
T U3 TFS, | A faanefier = wq=ebr faram

feaTg=dl, T FTS GipaTel faehraars FHeIR
FAES, | 3-T-w, fefotaer #¥ Jurmedt | svarg
& didd | = 7ar | fefsies armiie dfe=m 2
REST Yhe JUTerel FeTrears giear T fear
TS, | 5T FaT fefsted g, fa=iferarerr swfrer
g, , TRERTAT 98 I ASTR! AT =EEd HH
TG | I TWERH [ daarrs aeeg <
[T @=dTs TAEHRT aASS, |

forcira QHTERTAT : Harea diws | fefied amre,
QR HTRTI, AAARH TR I [hade A
TH i AEeedrs af st o
YU SES | oeb 9T THURT AT i
HraTgdaTe 9T I3, & T, AT O TN
T Afhrs, | I9el FWT S|, Hieem Igefrerar

¥ IS "Thd GIHA® AN S8 Sle®

TEITH IIH AR AT g |

T 7 | @ ANRE 7 gearaaefe qrfes
g | AT gtatael W qa1 AT AT H
HYAET TR Sl ANTE [ameg | AAATZA AUTgraH,
YUITEAT T E&TEH FoAT AT AT TATARRT
IATSY, | WX HHF el IAeA gy T del
THY FHAT FAGT g A | THeE IRAREH
AT T 9f U 24 9T |

e &1 . AUART AITAAT GIIABT AT
FATEAT G | AT At q¥ed yagd T
HEAqU A G | ATHITSTH
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FoTe, AT dieke | (St T T Te{are
THR-JEAR AT AqTelh] Triedes [qeaeardt

9T FaATeT Al | T Bled, Ararand T
M JaAT ATATRA A[hS T Gog | THA el
TS AT, ¥ faaell HET ATSH Ud 92 &oH
ISR ATHR ARG, |

Fagace X gaweirerdn : fasfad g gfafae
T JAdAATs UIcATed T | U0 faea, aweaar
fTAToT | HaTgH Far ¥ gtafadr smaned saaara
AT ATl ATH IIAH & T TFFA | TATaqF
BT TR¥RE ASRRIE [ | &re,
Tat e iaefear 99 eS| OWER,
folr @ 7 9iferer FeaTel Fedrd = WY A9
Jace HAT ATTaRoT (AT g9 AR ¥ a9 ared
LRGN AT

SETHT IR At AT weRmrd fasra
FISTHTHT AHE 8% 3 T 7 BT 0T &5
TATSH TG FaAT T A(GF FoABHT ATARHT
forg el A v FE g | AAqAR AT
e a7 T AR TIAN U T el
THTE IS | AT ATTHT [0 ST ared,
T T SATHT AT gAde, | =1 gtaferet a0
AATHT AT Fohold, (G990l T JART T I8

IUEEH] Tefstae gfaiaedl IR garse qLdThl
AT TTEIT IR T Jeot@rid TRl afae
TRhl Bl ATATSd HEddA WThIl, HiaTed U,
wTE ey, SCADA YUl d97 fefsied Imesw
AT TET gl Ieardd @9 "arsH, AT
TS T AT JATEATs TATAFR FATST FTH
MEHT B |

TATAR FEHAT Tiee] Aedd FbaAdHl [&ers,
fare =Ter, TSI Gthar ¥ dar feargar ®ro
RIeROTe TAT AT ATl T Afee
fefstea fafae, S qur fefsea amewmra
HTHTAT JOTEAT (AR AUl A Hhaq (el
qUA | TIAT TE AP gAnTer faed
AR I, AEA A9 HArSH qdr At
fogd @I ATIT T FEART qATCH G | A
TITETeRROTeRT ATFRTAT Alg T AT ST AT
FATTRT B |

AfersrHT faepiad F=1 giafaepl YART A% SATIH
TS AfFT THERT AMIF AT AF A g |
FTH FAGHAT (AD) AT (I3 ARTH TaTTH,
Internet of Things (IoT) FRT ITHIUHT ATEAaEH
7 [RREr 997 Big Data Analytics TN
RN ATSTAT (O T afbeg | a9d HHG @
TarsH, fagd Adfd WRURr aarsd qdr el

SAUH T | TEAT (G900 FEl g gal Iodred,
AT T ATRT 9 dgd 995 | Idd gaTATS
HITABT AT AFITTR] FTAT fA Hicheeg, |

qurer T gfaeRorn faetaa gemn gfata
TE A v

faeptad gordAT gidafg ATl AT (qehreen!
UHE ATIR & | A9 [qad qIiaeeore afset
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FITIAATS Ak a3, | 91, TS

e faeaa Safagd Icmed, IART a9
[ FAWIRl JeET ANTATE THIH &HT

ZETI T Hed T, |

gaq  faefaq AT dfafad q9er faEa
TITTeRROTeRl TRENRTAT, HT&ar, o dig T
AT UEATHT Ieel@ri I TR ATTH B, | AT
fear smegfes gerAT gfatger safgsdd 9T

oo (S



fastr qar iftea snfde amfgar T geeaqut
IR (A3, |

AuraHr  faefaa gEar  gfataer  gEnmr
AGUHT THE FHHTEE

o TEfNTed qaTaRe! AqATan
v o &EET S= fqe e ¥
YOS TSR AT A9 TAT O |
v W ST (e ¥ Aedaen AfedRare
fefstea TaTsh! gWIEHIar warsd
g, |
° 36T STHLThebl AATH

v' Al, Cyber Security, Data Science,
Blockchain, Cloud Computing
FRTTAAHRT &TTHT &7 STALThebl AT
EX

v\ qUHT TET ATl SR qiT 6T
HAETH] @ISAT (a9 T B
%9 3% & (Brain Drain)

o  I=H URMRIH NI

v 2 YR, FATIE, THIE JUITeAl, TS
ez, aar ngiaes T9edar faeraHr
Al T AT T |

v &ifaa aeaEr FRO AR gRATSEE
THTH FATEIT g qaae |

o HZER HRE Wi@H

vV EEE q9T AT GEATEEl
dlgd < Al=h HYlh] ﬂlr(‘EH-l deal g |

v g gqrer guret, fHatea grer
T T e HIgeY YA fersiebl

FHT 7 |
o  Hifd qUT BIAABI THTAR HTATAATH
FHS

v fefSeedr ®urRuETERAT dET A
[ToHe® v 9 FE=aT TAEER
TIHT B ARl I |

fafaer TRy fHeTare=r TedTded! ATl

THEAH] FHT @ |

fefstaer arerarer w4

v T gur SIS AT fefad
FATRT TANT T GHAT oavh Aiiad
3

v fefsea gfafaufa faeara 7 Smmeewar
qf AT S |

ST AT T Uehlehd YUITSATRl A

vV werr fAemeesr  Id g
JUITATAT T&hT G |

v' Data Sharing Y Interoperability
fata=1 (ICT ) vomeirewar= faar
AT AT FETEre T HIch ETHT
HTH T &THAT) TATHT (0T Grhar
TATTHTET T Aebehl S |

Arataa glataar sraafas HaRar @@ |

afrepteT TSI, IYEAIR AT giat

faeeTaTe AT THIE |

T el HgT aATfel T reehrel= ®qH

ATHTHRAT FHSR g FHe fasHn T8

afeadmytd gfazie

v\ FEl FHAR T FEAWT GERAe 79t
giafg AUATSA [@ers T4 g T |

v QRERETT SR 9REadT T 9@
AR T4 |

FAIATT AT AATATTHT HH A

v favafqeem, SR T werEE
AT TN AAYAAAHT g
TEHA B |

v\ QTR 47 graty faeer T ardraRer
FHNN G |

RER)) w5 vour '



fed qar =T Giaide FFAAE T8

v [ ST ey a9 ¥ geaee
AT A AT B |

v gga fefdear wdd=rer @ ad
ANTRRTF AT BIHT [ Gebehl
B |

fefsTee FAME=HT IRERTAT T IR IcAb!

AT

vV ETEEE qUTell 9O &9HT Tehlehd
TEaT AT yAeHr aermA, fedrs ?
TR FFATIAT 78w |

HATYTAPRT I E

>
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TR I=F AR Fraide, BIgaR Aea®,
5G qar wuel fagd qEfgr e
THEN qAT TS &bl qIwh Al
ECICRN

faaeroeie favafgamagas Al Data
Science, Cyber Security, Cloud Computing
ST fawg FEE T q9r AR
FHARATS (AatAa ICT arfad & |
giaeqdi doa, ATEeT A, Wead
16321 M M 1 < = e e B2 A D | 1)
ISR fersteT T |

AMIT  Cyber Security Operation Center
TITYAT T, Ydeb FIbr J2rar fataa
Security Audit ¥ @97 Cyber Emergency
Response Team (CERT) dE 99 93E
FATS |

?Tﬁ%:q Integrated Government Data
Platform fTATOT T el ARHRT HebTaeT

e, 9T T Matea e
JUITE A1) T |

»  Ychd WA deHT e fefsree qrerar
FUHH Foarad T adr fead, At
TS AN T AT AGArTars fefae
AT JANTH AT & |

> faeafgamed, SUNT ¥ WEREATE e
T ICT Innovation Fund TATIAT 9 Q4T
Al, Robotics, Blockchain ¥ Agritech AT
AAHATAATS JICHTEA T |

> @l gRamR, €1 Y, T3 9dl
ey fefses qura™ ug faeg T J9rel
FAAE H GE, AAGM T AR

>

>  TUN, HN, 9¥ed T FHAT SFEr
Automation, IoT, GIS, AI ¥ ERP YUITelr
AN T B[AaqI0T HOT 4T Y GIedrad
JqAed RIS |

» g MUAEan, fSiied #RMER qRem
T AT IRERTAT HR=T TS Digital
Signature ¥ Electronic Verification @T%
Tqh TATSA |

» aikadd SFaeIH(Change Management)
(FAT gfafg, TaFR AT HAYOTAT AL
&l ST T FHARMD ATIT qRacTars
ISAEg FTHT S FRrs iekdn)
oeITee T, TIT PRGEET GATFTAS
YIeRROrT qEaTd F Feberl G |

ITEER

AT GOy ATTHHT ST ST
(Interoperability) &<t g |

Digital Nepal Framework < TAdHT
(TR THATIHN BAT=ITRT AN T

TATART ATHTT AT TRGYIHT TR H T
WA T TA(FREH ATLATHT fafaa g=rn
gtafarel AR AT FATARITH A TET

' o (I
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TRICU®T B | O AdTA TAH HA oA
JARAHT g4 dfg AT FAH0R  IARALNAATHT
R, fa<ia aReliar, qemed, asm s
T FRRINE T SISHT GIaeqdT el e &1
afd &7 | AT bR Ate qreesl Tefsred Jarer
HHAD 09’ o TREBAAT THT HIATS THIH!
SYANT Tl AN =AM(ew Ad9aEd qadr fTAfr
Te fefiteer wro~gawefa &, w@men, farer ¥
TICHITHE ATSAC &e® Ta o4~ ATZIT 441
gAERdTs A qHaS T SUTARl Hd ¥ AT
A gfafrAThd ThRd TR a9
ATALYRAT G | o1 Giardgerl faera ¥ faedqrasr
FAA TILATR (HIOTATS AT Tl A JTHIT
TETERH SR FES T HGA AT TS
AT JTH FASG, T JeTars TEIRATId®
faeeuor TOd g | d9d, Fefdar faede
TIEITAT YTAATS Teh e, ATHTTNR T Teefier

HATABT EGHT IS (debtadd =T gfatee
YOI SUANT TR fabed o | grafaer ar
AT HIHT 3 AT ATed FHY FA |

gead qraly

AT ASHT AFRT npe.gov.np
https://www.mocit.gov.np/content/268/268-e-
consultations-digital-nepal/
https://doi.org/10.3126
https://www.sciencedirect.com/science/article
https://www.digitaldevelopment.org
https://idmc.gov.np/content/13208/ict-in-nepal/

https://www.capitalnepal.com
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Deployment of Smart

Meters for enabling efficient

and Transparent open
access in Transmission/

Distribution lines

Abstract

Open access opens the possibility to any party for selling or
buying electricity without any discrimination. It is essential
for fostering the market competition and increasing the
efficiency of the system. The Nepal Electricity Regulatory
Commission (ERC) has issued the Directive on Open
Access in Electricity Transmission and Distribution
System, 2082 (2026) on January 15, 2026. The directive
introduced is one step for the beginning of the liberalization
of Nepal's power sector and initiation for the domestic
energy market (ERC, 2025)

A smart meter is an advanced digital device that records
electricity consumption in real-time and communicates data
back to the utility company. Its use is significant for Remote
Meter Reading, Time-of-Use (ToU) Pricing, Deviation
Settlement, Outage Management, Prepaid Services, Load
Limiting, Bi-directional Metering etc. To modernize the
existing metering infrastructure, Nepal Electricity Authority
has replaced Three Phase Electromechanical Whole
Current Meters with Smart Whole Current Meters as well
as Metering Unit operated TOD meters with the smart
meters. In an open access regime, where multiple users
utilize the same transmission network, system operators
require continuous visibility of load flows and injections of
power flow in to the network.

Therefore, the deployment of smart meters is a foundational
requirement for enabling efficient and transparent open
access in transmission systems
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1. Introduction to Open Access in Power Sector

Open access refers to the possibility to any party for selling
or buying electricity, with a cost-reflective fee (WB, 2013).
This is subjected to transparence with defined system
security constraints. This leads to connect to the system
grid, making use of transmission and distribution systems,
regardless of who owns and operates the power grid i.e.
without discrimination, against payment of adequate fees
for accessing and using this infrastructure (LOKSHA,
2013).

Furthermore, open access to the power grid is an essential
element for introducing competition to electricity markets
and increasing their efficiency. Open access facilitates
expansion of competitive wholesale markets, participation
of contestable retail consumers in the competitive market
(WB, 2013).

2. Open Access directives, 2082 of Nepal

This directive has been aligned with regional energy
trading standards so generator and load can easily trade
electricity in both domestic and regional market. Its core
objectives include:

e Non-Discriminatory Access to the grid: Ensuring
any eligible entity can use the grid by paying a
regulated fee, regardless of whether they are state-
owned or private (ERC, 2025).
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e Encouraging Investment: Providing a clear "exit
strategy" for hydropower developers who previously
had to wait years for a Power Purchase Agreement
(PPA) with the NEA (ERC, 2025). It will further help
expanding energy market and attraction in the
investment on renewable energies (ERC, 2025)

e Promoting Competition: Permitting the large
industrial consumers such as cement and steel
plants to procure electricity from private generators
based on cost efficiency or reliability considerations.
(ERC, 2025).

o Cross-Border Trade: Establishing a legal
framework for the private sector to export
surplus electricity to neighboring countries (India/
Bangladesh) (ERC, 2025).

With the introduction of open access, generator with a
capacity 5 MW or above can connect to the grid at 33 kV
and higher voltage levels, subject to payment applicable for
wheeling charge to the transmission utility. Bulk Consumers
i.e industrial or commercial users with contract demand of
5 MW or more can buy power from the generator through
primary voltage of 33 kV or higher, Furthermore, the
directive allows the generator to sell power more than 10
MW to cross border trading by paying the wheeling charge
(ERC, 2025) to grid owner. Open Access also allows
to various consumers to purchase power from various
sources at different times of the day as well. Traditional
meters, which only record total consumption once a month,
cannot handle this complexity, the application and the
installation of the Smart Meters is essential for the smooth,
secure, seamless operation and for maintaining the grid
discipline (Bimenyimana.S, 2018).

3. Smart Meters and its application

A smart meter is an advanced digital device that records
electricity consumption in real-time and communicates data
back to the utility company. Unlike traditional analog meters,
which require manual reading, smart meters use a two-way
communication network (often using RF signals or cellular
data) to provide a constant flow of information between the

consumer and the service provider (Introduction to Smart
Meters, 2026).

Smart meters provide high-resolution, time-stamped
measurement of electricity consumption and injection.
Unlike conventional meters, they support interval data
recording, typically at 15-minute or shorter granularity.

Therefore, Smart meters are essential for open access
because energy accounting must be precise across
multiple participants such as generators, bulk consumers,
traders, and distribution utilities. Without accurate temporal
measurement, settlement disputes and imbalances
become unavoidable. This cannot be done by traditional
meters, which only record total consumption once a month.

Key Applications of Smart Meters

Smart meters are the backbone of a "Smart Grid." Their
primary applications include:

o Remote Meter Reading: Eliminates the need for
manual meter readers, reducing operational costs
and human error.

o Time-of-Use (ToU) Pricing: Utilities can charge
different rates based on the time of day (e.g.,
cheaper at night, more expensive during peak
hours) to encourage better demand management.
Since, electricity prices and grid availability fluctuate
every hour, smart meters record consumption in
15-minute or hourly intervals, allowing the utility to
know exactly when a consumer used power and
which supplier's energy was on the grid at that
moment.

o Deviation Settlement: In an OA market, if a factory
buys 10 MW but only uses 8 MW, or overuses to
12 MW, they must pay a "Deviation Settlement
Charge." Only a smart meter can provide the
real-time data needed to calculate these penalties
accurately.

e Outage Management: Smart meters can instantly
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notify the utility when power is lost, allowing faster
restoration without waiting for a customer to report
the fault.

o Prepaid Services: Much like a mobile phone,
customers can "top up" their electricity credit, which
helps in budgeting and ensures the utility receives
payment upfront.

e Load Limiting: Utilities can remotely limit the
amount of power a household draws during a grid
emergency instead of resorting to a total blackout
(load shedding).

o Bi-directional Metering: For "Captive" plants or
consumers who also generate power (like solar or
hydro developers), smart meters track both export
and import of energy simultaneously.

Hence, Open Access allows consumers to procure power
from various sources at different times. To handle this
complexity smart meters are essential (Grid, n.d.)

4. Overview of Smart Meters installation in Power
Sector of Nepal

To modernize the existing metering infrastructure in system
with the latest technology in Nepal Electricity Authority,
Smart Metering and Smart Grid Project under Metering
and Automation Department, has replaced Three Phase
Electromechanical Whole Current Meters as well as TOD
meters with Smart Meters. These meters are equipped
with e-sim, which is latest technology introduced by Nepal
Telecom. All the meters installed are in communication
with Head End System (HES) and energy & electrical
instantaneous data, meter events and alarms received
from the meter through Head End System is exported to
Meter Data Management System (MDMS) for data analysis
and reporting purpose.

All installed smart meters are connected to the Head End
System (HES). Energy readings, instantaneous electrical
data, meter events, and alarms collected from the meters
are transmitted to the HES and subsequently exported to
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the Meter Data Management System (MDMS) for analysis
and reporting. (NEA, 2025)

5. Smart Meters and its importance in open access
of transmission networks

The deployment of smart meters is a foundational
requirement for enabling efficient and transparent open
access in transmission systems, particularly in a developing
electricity market such as Nepal. Their importance can
be understood from both technical and market-operation
perspectives. (ADB, 2026)

The smart meters enable real-time or near real-time data
communication. In an open access regime, where multiple
users utilize the same transmission network, system
operators require continuous visibility of load flows and
injections. This improves operational security and allows
the Nepal Electricity Authority, acting as the transmission
system operator, to manage congestion, maintain grid
stability, and enforce scheduling discipline (Rajaguru.,
2023).

Smart metering is critical for energy accounting and
settlement systems. Open access requires clear
segregation of energy flows for billing purposes, including
transmission charges, wheeling charges, losses, and
imbalance penalties. Smart meters integrate with Meter
Data Management Systems and facilitate automated
settlement processes, reducing manual intervention and
associated errors. This is particularly important if Nepal
evolves toward a competitive electricity market structure.
(ADB, 2026)

Moreover, smart meters support time-of-use and dynamic
tariff mechanisms. In open access, pricing signals are
necessary to reflect network conditions and encourage
efficient consumption. Smart meters enable differentiated
tariffs based on peak and off-peak periods, which can
reduce system stress and defer infrastructure investment
(Grid, n.d.).

Most importantly, they enhance transparency and trust
among market participants. Open access introduces
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multiple  stakeholders with  potentially  conflicting
commercial interests. Smart meter data, when made
accessible through secure platforms, provides an auditable
and verifiable basis for transactions, reducing disputes and
improving regulatory oversight. (ADB, 2026)

Ultimately, smart meters facilitate integration with advanced
grid functionalities. For example, they support demand
response programs, distributed generation monitoring,
and future market mechanisms such as ancillary services.
These capabilities align with Nepal's long-term objectives
of integrating hydropower variability and potential cross-
border electricity trade.

Basically, from a regulatory and compliance standpoint,
smart meters enable enforcement of grid codes and open
access regulations. Deviations from scheduled generation
or consumption can be detected accurately, allowing the
application of deviation settlement mechanisms.

No doubts Smart meters act as an enabling infrastructure
for non-discriminatory network access, accurate loss
allocation and congestion management, transparent
commercial settlement and improvement of system
reliability and operational control.

6. Conclusion

Smart meters are not merely an upgrade in metering
technology; they are a prerequisite for transitioning
Nepal's transmission network from a vertically integrated
utility model to a more open, competitive, and transparent
electricity market framework.

Nepal has ambition plan to generate 28,500MW by 2035
for 13,500 domestic use and 15,000 MW for the regional
trade. And efficient and reliable electricity supply is a
key factor of economic growth (editology, 2025). This
is possible with increasing private sector participation
in hydropower generation and the prospect of regional
electricity trade with neighboring countries. The open
access to grid and active wholesale market help mobilize
private investment in generation (WB, 2013). However, the
absence of robust metering infrastructure would become

a structural bottleneck for the open access of the grid and
the competitive power market.

Since, Open Access is like a multi-lane highway where
different companies drive their "electricity trucks." The
smart meter is the automated toll booth and GPS tracker—
it's the only way to know who is driving where, how much
they owe, and if they are breaking the speed limit. Without
it, the highway remains closed to private traffic.
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Transmission Line Uprating with
ACCC Conductors in Nepal's

Integrated Power System: Challenges
and Maintenance Considerations.

Nepal's power sector is undergoing rapid transformation,
driven by growth in both electricity generation and
demand. With expanding hydropower projects and
increasing electrification across urban and rural areas, the
transmission network must evolve accordingly to ensure
reliable and efficient power evacuation and delivery.

Traditionally, transmission capacity has been enhanced
through the construction of new lines. However, in Nepal,
development of new corridors is increasingly challenging
due to difficult terrain, environmental constraints, forest
clearances, and public concerns regarding land acquisition
and Right of Way (RoW). Rapid urbanization has further
increased the cost and complexity of acquiring RoW.

Given these challenges, maximizing the utilization of
existing transmission infrastructure has become a strategic
necessity. Enhancing the capacity of existing corridors is
essential to accommodate growing power flows, particularly
between generation hubs and load centers.

Several technical solutions can be explored, including
reconductoring with higher capacity conductors, voltage
uprating, circuit addition, HVDC systems, and dynamic line
rating. Among these, the adoption of new generation High
Performance Conductors (HPC) has emerged as a highly
effective option.

HPCs, including High Temperature (HT) and High
Temperature Low Sag (HTLS) conductors, can operate
at higher temperatures with lower sag compared to

Kailash Pantha
Deputy Manager
NEA

conventional conductors. This enables significant increase
in current carrying capacity within the same corridor
without major structural modifications. These technologies
have been successfully implemented globally and are
increasingly adopted in Nepal.

While HPCs offer clear advantages in capacity
enhancement and optimal RoW utilization, they also
introduce new operational and maintenance challenges.
Addressing these through proper training, updated
practices, and institutional readiness is essential to ensure
long-term system reliability.

Conventional ACSR and AAAC conductors used in Nepal's
transmission system operate at maximum temperatures
of about 85°C and 95°C, respectively. Their ampacity is
limited by thermal constraints, as aluminum anneals above
~93°C, leading to loss of mechanical strength. Hence,
increasing current capacity with these conductors is not
feasible.

To enhance ampacity within existing corridors, options
include larger size conductors or High-Performance
Conductors  (HPC), both requiring evaluation of
infrastructure compatibility.

HPCs are designed for continuous operation at 2150°C,
with some up to 250°C without degradation. They can carry
1.5-2 times higher current than ACSR while maintaining
similar size, weight, and tensile strength, allowing
installation on existing towers with minimal modification.




In Nepal, increasing hydropower generation and demand
have created congestion in key corridors, where HPCs
provide an effective solution for overcoming thermal limits.

HPCs can be applied in reconductoring or new lines, but
their cost is typically 1.5-5 times higher than conventional
conductors. Therefore, techno-economic analysis must
consider losses at higher temperatures, accessories, re-
stringing, and substation equipment ratings.

For new lines, system studies are required to identify
suitable applications. Ultimately, HPC selection should
be based on case-by-case life-cycle cost analysis, which
may justify higher initial investment through long-term
benefits.

Transmission capacity (MVA) depends on both voltage
(kV) and current (kA); therefore, it can be increased by
enhancing either or both. Utilities like NEA must evaluate
various options based on technical feasibility, cost, and
system requirements. Key methods include:

o Higher Size Conductors: Replacing existing
conductors with larger ones increases ampacity
but may require strengthening of towers and
structures.

o Circuit Addition: Adding another circuit can
increase power transfer, though it is often limited
by space and structural constraints. Conversion
from single to double circuit may be feasible where
clearances allow.

o Voltage Uprating: Increasing operating voltage
significantly enhances capacity and reduces
losses. However, it requires upgrades in
substations, insulation, and sometimes tower
modifications. Use of insulated cross-arms and
HTLS conductors can further optimize this option.

o HVDC Systems: Suitable for bulk power transfer
over long distances, but involves high investment
due to converter stations and complex system
requirements.
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o Dynamic Line Rating (DLR): Real-time monitoring
of weather and conductor conditions allows
temporary increase in line capacity, typically by
10-15%.

e High Surge Impedance Lines (HSIL): By
modifying line configuration (e.g., increasing bundle
size or reducing phase spacing), surge impedance
loading and capacity can be improved, mainly for
EHV lines.

e High Performance Conductors (HPC):
Reconductoring with HT/HTLS conductors enables
higher ampacity within the same corridor. Although
costlier, this option is effective in constrained
corridors and should be adopted based on detailed
techno-economic analysis.

Before implementing any uprating method, it is essential
to verify that all associated equipment (e.g., breakers,
CTs, connectors) can handle the increased capacity.
Compliance with safety limits for electrical clearances,
electric and magnetic fields, and RoW requirements must
also be ensured.

High Performance Conductors

Conventional ACSR  (Aluminum Conductor  Steel
Reinforced) conductors employ hard-drawn aluminum
strands, which begin to experience significant loss of
mechanical strength at operating temperatures above
approximately 93°C. Consequently, they are not suitable
for sustained high-temperature operation. To address this
limitation, High-Temperature Low-Sag (HTLS) conductors
utilize either fully annealed aluminum or thermal-
resistant aluminum alloys. Thermal-resistant alloys are
typically produced by alloying aluminum with zirconium,
resulting in materials such as Thermal-Resistant
Aluminum Alloy (TAL), ZTAL/UTAL, and XTAL. While
annealed aluminum provides higher electrical conductivity
due to its lower resistivity, it has reduced mechanical
strength. In contrast, zirconium-alloyed aluminum exhibits
slightly higher resistivity but offers significantly improved
mechanical strength and stability at elevated temperatures.

oo (EE



BERY)) e viovr

HTLS conductors are designed for continuous operation at
temperatures of 150°C or higher, with certain conductor
types capable of operating continuously at temperatures
up to 250°C. These conductors comprise aluminum or
aluminum-alloy strands that provide electrical conductivity,
supported by a high-strength core that carries the majority
of the mechanical load. Depending on the conductor
design, the core may be manufactured from materials such
as galvanized steel, aluminum-clad steel, mischmetal
steel, INVAR steel (iron-nickel alloy), high-strength
steel, metal matrix composites (MMC), or polymer
matrix composites (PMC), including carbon-fiber
composites. In conductors utilizing annealed aluminum,
the mechanical strength is derived predominantly from the
reinforcing core, whereas in alloy-based HTLS conductors,
both the core and the aluminum-alloy strands contribute
to the overall mechanical performance, enabling reliable
operation under high-temperature and high-tension
conditions.

High Performance Conductors (HPCs), also known as
High-Temperature Low-Sag (HTLS) conductors, are
classified primarily based on the conductor material
and the core technology used to achieve higher current-
carrying capacity and reduced thermal sag. Brief description
of some of the type of High-Performance Conductors
presently available are given in following section.

a) (Z)TACIR/STACIR (INVAR Core Conductor)

()TACIR  (Zirconium  Thermal-Resistant ~ Aluminum
Conductor INVAR Reinforced) and STACIR are High-
Temperature Low-Sag (HTLS) conductors that have
a stranded construction similar to conventional ACSR
conductors. The main difference lies in the materials used
for the conductor core and the outer aluminum strands,
enabling operation at significantly higher temperatures with
lower thermal sag.

Instead of the conventional galvanized steel core used in
ACSR, these conductors employ an INVAR core, which is
an iron-nickel alloy (Fe-36%Ni) with a very low coefficient
of thermal expansion. The core may be either galvanized or
aluminum-clad to improve corrosion resistance. The outer

conductive layer consists of thermal-resistant aluminum
alloy (ZTAL/TAL) strands, which retain their mechanical
strength at elevated temperatures.

(2)TACIR/STACIR conductors are designed for continuous
operation at temperatures up to 210°C, allowing
approximately twice the current-carrying capacity of
conventional ACSR conductors of similar size. The low
thermal expansion of the INVAR core, approximately
one-third that of conventional steel, significantly reduces
conductor sag during high-temperature operation, making
these conductors suitable for uprating existing transmission
lines without major modifications to towers or clearances.

Although the tensile strength of the INVAR core is lower
than that of conventional galvanized steel, resulting in
an overall conductor tensile strength approximately 8%
lower than ACSR, the conductor still provides satisfactory
mechanical performance for transmission applications.
Since its construction is similar to ACSR, the installation
procedures, stringing methods, and maintenance practices
remain largely unchanged. Standard ACSR accessories
can generally be used with only minor modifications, such
as slightly longer compression fittings to accommodate the
higher operating temperatures and current ratings.

b)  Polymer Matrix Composite (PMC) Core
Conductors (Carbon Composite Core

Conductors - CCC)

Typical conductors: ACCC, CFCC, HVCRC,
ACFR

Hybrid Carbon & Glass Fiber Composite Core

1350-0 Tempered Aluminum Wires

Figure: ACCC conductor
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Polymer Matrix Composite (PMC) core conductors use
a carbon-fiber composite core, typically made of carbon
fibers embedded in a resin or epoxy matrix, surrounded
by annealed aluminum or thermal-resistant aluminum alloy
strands. The composite core is protected against galvanic
corrosion using a glass-fiber sleeve, an aluminum alloy
tube, or other protective methods.

Compared with conventional ACSR conductors, PMC core
conductors offer significantly higher tensile strength, lower
weight, and a much lower coefficient of thermal expansion.
These characteristics resultin reduced sag at high operating
temperatures, increased current-carrying capacity, longer
span lengths, fewer transmission structures, and lower line
losses.

The composite core also provides excellent resistance to
corrosion, vibration, ultraviolet radiation, corona, thermal
oxidation, and fatigue. However, because composite
materials are more brittle and less flexible than steel,
they require special fittings and careful handling during
installation. Appropriate sheave sizes, pulling tensions,
and installation procedures specified by the manufacturer
must be followed to prevent damage to the composite core.

In regions with heavy ice loading, higher-modulus or extra-

high-strength composite cores may be required to limit
conductor sag under mechanical loading.

c) G(Z)TACSR (Gap-Type Conductor)
G(Z)TACSR (Gap-Type Aluminum Conductor Steel
Reinforced) consists of a galvanized steel core surrounded
by thermo-resistant Aluminum alloy strands. A small gap is
maintained between the steel core and the Aluminum layer,
which is filled with high-temperature grease to reduce

friction, prevent corrosion, and allow independent thermal
expansion of the core and outer strands.

Compared with conventional ACSR, G(Z)TACSR offers
significantly lower sag and can operate at much higher
temperatures while maintaining similar electrical and
corrosion performance. Its low-sag characteristic is
achieved because the steel core primarily carries the
mechanical load above the knee-point temperature.

Installation of G(Z)TACSR is more complex than ACSR
and requires special stringing procedures and high-
temperature grease. Proper installation practices must be
followed to ensure reliable performance. In snow-prone
areas, trapezoidal outer strands may be used to reduce
snow accumulation and improve conductor performance.

High-Performance Conductor Technologies Adopted in the Integrated Nepal Power
System (INPS)

SN Transmission Corridor Length Voltage Existing Conductor (Am- Upgraded Conductor (Am-
N (km) (kV) pacity / Power Transfer) ~ pacity / Power Transfer)
1 | Bhaktapur — Baneshwor-Pa- 16.5 66 LGJ 120 / Wolf ACCC Silvassa

tan (300 A/ 35 MW) (600 A/ 70 MW)
3 [Chapali — Chabanhil 10 66 Double Circuit Dog ACCC Silvassa
(2x300A/2x35MW) (600A/2 x 70 MW)
4 |Patan - Suichatar 6.4 66 Double Circuit Wolf ACCC Copenhagen
(2x400A/2 x 46 MW) (2xT780A/2 %89 MW)
5 [Birgunj — Parwanipur — Si- 20 66 Double Circuit Wolf STACIR/Invar
mara (2x400A/2 % 46 MW) (2x850A/2 %97 MW)
6 [Kushaha - Kataiya 15 132 |Single Circuit Bear/Panther |3M ACCR (900 A/ 205 MW)
(482 A/ 110 MW)
7 | Khimti — Lamosanghu 423 132 | Single Circuit Bear ACCC Cordoba
(600 A/ 100 MW) (1200A /170 MW)
8 [Hetauda - Pathlaiya 36 132 [Double Circuit Bear ACCC Cordoba
(2x600A/2x125MW) [(2x1200A/2 x 250 MW)
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Length

Transmission Corridor Voltage

Existing Conductor (Am-

Upgraded Conductor (Am-

(km) (kV)

pacity / Power Transfer)

pacity / Power Transfer)

9 |Pathlaiya — Dhalkebar 102 132 | Double Circuit Bear ACCC Cordoba
(2x600A/2x125MW) [(2x1200A/2 x 250 MW)

10 |Kushaha-Duhab i 28 132 | Double Circuit Bear ACCC Cordoba
(2x600A/2x125MW) [(2x1200A/2 x 250 MW)

11 | Suichatar — Matatirtha 5.0 132 | Double Circuit Bear ACCC Cordoba
(2x600A/2x125MW) [(2x1200A/2 x 250 MW)

12 [Suichatar — Teku 45 132  [Double Circuit Bear ACCC Cordoba
(2x600A/2x125MW) [(2x1200A/2 x 250 MW)

13 | Suichatar — Balaju 4.0 132 | Single Circuit Duck ACCC Amsterdam
(650 A/ 125 MW) (1200 A/ 250 MW)

14 | Pathlaiya — Parwanipur 17 132 [Double Circuit Bear Bear Equivalent HTLS
(2x600A/2x125MW) [(2x1200A/2 x 250 MW)

15 | Butwal-Sunwal-New Butwal 25.3 132 | Double Circuit Bear ACCC Cordoba
(2x600A/2x125MW) [(2x1200A/2 x 250 MW)

16 | Damauli Bharatpur 39 132 |Single Circuit Wolf ACCC Copenhagen (1 x
(1x400A/1 x 95 MW) 780A /1 x 160 MW)

17 [Kushaha-Duhabi 28 132  [Double Circuit Bear ACCC Cordoba (2 x 1200 A
(2x600A/2x 125 MW)  [/2x 250 MW)

From the analysis presented in the above table, it is
evident that Aluminum Conductor Composite Core
(ACCC) is the most widely adopted High Temperature
Low Sag (HTLS) conductor technology for transmission
line uprating within the Integrated Nepal Power System
(INPS). The increasing application of ACCC conductors
is primarily attributed to their superior current-carrying
capacity, low thermal sag characteristics, and their ability
to significantly enhance the power transfer capability of
existing transmission corridors without requiring major
modifications to the line geometry.

Material and Structural Comparison of
ACCC and Legacy ACSR

Successful integration of ACCC conductors into an existing
transmission network originally designed for Aluminum
Conductor Steel Reinforced (ACSR) conductors requires
a clear understanding of the fundamental differences
between the two conductor technologies. Conventional
ACSR conductors comprise a galvanized steel core
surrounded by multiple layers of hard-drawn, round 1350-
H19 aluminum strands. In this configuration, the steel core
provides the mechanical strength required to withstand

tensile loading, while the aluminum strands primarily carry

the electrical current.

’ DON'T Allow Sharp Angles Anywhere!

Figure: Handling Guidelines of ACCC
conductor

In contrast, the ACCC conductor employs a lightweight,
high-strength composite core consisting of carbon fibers
embedded within a thermoset epoxy resin matrix and
protected by an outer layer of boron-free glass fibers.
This advanced composite core exhibits a significantly
lower coefficient of thermal expansion than steel while
maintaining high tensile strength, thereby substantially




reducing conductor sag under elevated operating
temperatures.

Furthermore,ACCC conductors utilize compact, trapezoidal-
shaped, fully annealed 1350-O aluminum strands instead
of conventional round hard-drawn aluminum wires. The
annealed aluminum offers a higher electrical conductivity
of approximately 63% IACS (International Annealed
Copper Standard) compared with approximately 61%
IACS for hard-drawn 1350-H19 aluminum used in ACSR
conductors. The trapezoidal strand geometry eliminates
the interstitial air gaps present in conventional round-wire
constructions, enabling approximately 28-29% greater
aluminum cross-sectional area within the same overall
conductor diameter. This increased conductive area,
combined with the superior mechanical properties of the
composite core, results in significantly higher ampacity,
lower electrical resistance, reduced line losses, and
improved overall transmission efficiency while maintaining
existing electrical clearances.
Integration Challenge: and
Electrical Compatibility

System

The principal engineering challenge associated with
integrating  Aluminum  Conductor Composite Core
(ACCC) conductors into the Integrated Nepal Power
System (INPS) is that the existing transmission network
was originally designed and optimized for conventional
Aluminum  Conductor  Steel Reinforced (ACSR)
conductors. Reconductoring with ACCC significantly
increases the thermal rating of the transmission line
while simultaneously altering its electrical, thermal, and
mechanical characteristics. Consequently, unless the
associated transmission assets are comprehensively
evaluated and upgraded, the increased conductor capacity
cannot be fully utilized.
a) Substation and Terminal
Limitations

Equipment

Replacing a conventional 132 kV Bear ACSR conductor
with an ACCC Cordoba conductor can increase the
continuous current-carrying capacity from approximately
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600 A to over 1200 A. However, the terminal equipment
at both substations is generally designed based on the
original conductor rating. As a result, the transmission
line may no longer be the limiting component; instead, the
thermal and electrical ratings of the connected substation
equipment become the primary constraints.

The major equipment requiring technical assessment
includes:

Current Transformers (CTs): Existing CTs may not
possess adequate thermal or accuracy ratings for the
increased line current. Operation beyond their design limits
can lead to magnetic core saturation, distorted secondary
currents, and unreliable protection system performance.

Disconnect Switches, Busbars, and Connectors: Line
disconnectors, busbars, clamps, and terminal connectors
are designed for specific continuous current ratings and
permissible temperature rise. Increased current loading
may result in excessive heating, accelerated contact
degradation, increased contact resistance, and reduced
equipment reliability.

Protection Coordination: ACCC conductors generally
exhibit 25-40% lower electrical resistance than
equivalent ACSR conductors, resulting in reduced positive-
sequence line impedance. These changes influence fault
current distribution and the operating characteristics of
distance protection (ANSI 21), overcurrent protection,
and system coordination. Accordingly, comprehensive
protection studies and relay setting revisions are essential
following reconductoring to ensure system selectivity,
reliability, and stability.

b)  Field Installation and Handling Challenges
in Nepal's Terrain.

The deployment of Aluminum Conductor Composite Core
(ACCC) conductors in the Integrated Nepal Power System
(INPS) presents significant construction and installation
challenges due to Nepal's rugged topography, steep
elevation changes, deep river valleys, and landslide-prone
terrain. Reconductoring projects, such as the Khimti-

oo (|



Lamosanghu 132 kV transmission line, involve long- diameters, or at least 25 times the conductor's outer
span crossings and difficult access conditions, requiring diameter) to maintain a safe bending radius.
specialized installation techniques that differ substantially
from those used for conventional ACSR conductors.

Unlike the ductile galvanized steel core of ACSR conductors,
the ACCC conductor incorporates a high-strength carbon
fiber composite core embedded in a thermoset epoxy
matrix and protected by a glass fiber layer. Although the
composite core provides excellent tensile strength and very
low thermal expansion, it is considerably more sensitive to
transverse loading, excessive bending, torsion, and impact
during installation. Improper handling may induce matrix
cracking, fiber delamination, or internal structural damage
that is not externally visible but can adversely affect the
long-term mechanical performance of the conductor. Figure: Tandem Sheaves

To prevent damage during stringing, the minimum e Controlled Back-Tension Pullers and Tensioners:

bending radius specified by the manufacturer shall be Precision hydraulic tensioners and pullers are
strictly maintained throughout the installation process. required. They must maintain steady, continuous
This requirement becomes particularly challenging in back-tension to prevent

Nepal's mountainous terrain, where long spans, large
vertical angles, and restricted working space increase the
complexity of conductor handling.

Accordingly, installation of ACCC conductors requires
specialized tension-stringing equipment and manufacturer-
approved installation procedures, including:

c)  Special Tools and Equipment Requirements
ACCC conductors cannot be installed or maintained

using the standard toolkits designed for legacy Aluminum
Conductor Steel Reinforced (ACSR) lines. Doing so

risks crushing the core or scoring the soft, annealed Figure: Bull-Wheel Tensioner
aluminum strands. The following specialized equipment is
mandatory: e conductor "galloping" at the bull-wheel and eliminate

"birdcaging" of the trapezoidal aluminum strands.
Stringing and Tensioning Equipment
. ACCC-Specific Come-Along Clamps: Standard
e Large-Diameter Stringing Blocks (Sheaves): pocket-style or wedge come-alongs will slip or crush the
Standard ACSR stringing blocks are too small and  core. Line crews must use automatic or bolted alloy-steel
will over-bend the composite core. ACCC requires come-along clamps featuring extended, interchangeable
large sheaves (typically 28-inch to 36-inch groove aluminum jaws (typically 270 mm to 340 mm in length)
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designed to distribute radial clamping force over a wider

surface area.
f Rt ';\}
; "\ ’ o A ‘\\‘7
et - \\ . \g
- - L o)

Figure: Come-Along Clamp

Jointing, Splicing, and Sashing Tools
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Conductor Strippers and Trimming Tools: To
prevent scoring the core, manual hacksaws are
discouraged. Installers must use specialized circular
trimming tools (e.g., RIDGID cable trimmers) that
precisely cut the outer trapezoidal aluminum layers
without nicking or scratching the central composite
core.

Calibrated Torque Wrenches: The mechanical
integrity of the wedge collet relies on exact torque.
A calibrated torque wrench must be used to tighten
the steel eyelclevis into the collet housing to a
minimum of 85 ft-Ib (115 Nm).

60- to 100-Ton Hydraulic Compression Presses:
Traditional crimping dies can distort the collet.
High-tonnage presses with precise, clean dies
matching the conductor size are required to swage
the outer aluminum sleeves. In steep terrain, lighter
45-ton tools utilizing 360-degree swage flex-die
technology are preferred to reduce the physical
burden on linemen.

Collet Housing Collet Housing

Collet Collet
Inner Sleeve 4 Splice Coupler / Inner Sleeve

= O N

R e i 1 e

V\ Splice Body

Figure: Compressive Joint

o Silicon Carbide Sanding Paper (220 grit):
Necessary to remove the outer epoxy sheen of the
core to expose the white glass-fiber barrier layer,
maximizing friction for the collet grip.

Operational Maintenance and Diagnostic
Tools

e ACCC InfoCore Confirmation Kits: Traditional
line inspections cannot verify internal core health.
The ACCC InfoCore system uses optical fibers
embedded directly within the composite core during
manufacturing. Maintenance crews use a portable
kit consisting of a specialized core-cutter, polisher,
infrared light transmitter, and receiver to verify core
continuity at both ends of a span in minutes.

e Infrared (IR) Thermography Cameras: Because
ACCC runs at high continuous temperatures (up
to 180°C), thermal imaging is critical during routine
patrol maintenance to detect localized "hot spots" at
collet joints, splices, and terminal fittings before joint
degradation occurs.

d) Highly trained manpower requirement

The physical handling of ACCC conductors is highly
sensitive to the skill level of field crews. While legacy
steel cores are highly forgiving of rough handling (such
as dragging the conductor over rocks or letting it hang
unsupported), ACCC will fail catastrophically if subjected
to similar stresses.
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Key Skill Deficits in Nepal's Context

e Intricate Splice Assembly: The collet-and-wedge
jointing process is a meticulous mechanical
assembly. Field crews must keep all components
perfectly clean, sand the core without damage,
inject the exact amount of filler compound to prevent
moisture ingress, and apply uniform swaging
pressure. Minor deviations can cause joint failure.

e Extreme Terrain Physics: Stringing conductors
across deep river gorges and steep cliffs in Nepal
creates large elevation changes. Linemen must
understand how to manage sheave entry angles and
back-tension dynamically to ensure the maximum
bending limit of the core is never exceeded.

e Lack of Local Supervision: On large-scale projects
involving multiple stringing crews, a limited number
of certified supervisors cannot monitor all teams
simultaneously. This lack of supervision has
historically led to undetected installation errors and
subsequent line breakages.

How NEA Can Tackle the Manpower
Shortage

As the NEA expands its use of high-capacity, low-sag
conductors across key transmission paths, relying on
foreign contractors for stringing and maintenance is
unsustainable. The utility can adopt several strategic
measures to build local self-reliance.

Establish a Dedicated Training Wing at the NEA Training
Centre

NEA should establish a specialized HTLS and Advanced
Conductor Training laboratory within its central facility, such
as the NEA Training Centre in Kharipati or the Engineers'
Training Centre.

e This wing should be equipped with permanent
sample lines, rigging frames, dynamic tensioners,
and jointing tools.

e Training should focus on hands-on practical exams:
mandatory stripping of aluminum, wedge-collet
assembly, core sanding, torque wrench calibration,
and 360-degree swaging.

e No technician should be permitted to splice or
string ACCC on an NEA line without passing a
standardized certification exam at this facility

Institutionalize Mandatory "Train-the-
Trainer" Certification

Rather than training field crews on a project-by-project
basis, NEA should select a core team of senior transmission
engineers and line foremen to undergo official Master
Installer Certification from global manufacturers (such as
CTC Global).

o These certified NEA engineers will serve as an
internal mobile training unit.

e They can conduct pre-construction refresher
courses directly on-site before stringing begins on
new projects, reducing training.

Enforce Rigorous Technology Transfer
in EPC Tender Documents

NEA's Project Management Directorate must revise its
standard bidding documents for high-voltage transmission
lines.

e Al international Engineering, Procurement, and
Construction (EPC) contracts involving ACCC
conductors should mandate that the conductor
manufacturer provides hands-on certification training
for both the contractor's stringing crews and NEA's
regional maintenance personnel prior to stringing.

o The contract should require the delivery of certified
ACCC jointing and diagnostic toolkits. (Including
torque wrenches, cable trimmers, and Info Core
diagnostic systems) to local NEA grid divisions upon

project handover.




Equipping and Standardizing Regional Grid
Maintenance Hubs

To address emergency maintenance needs, NEA should
establish specialized "Emergency Restoration Units" within
its regional grid offices (such as Dhalkebar, Butwal, and
Kathmandu).

e These hubs should be equipped with standardized,
pre-staged ACCC repair kits, including come-along
clamps, specialized compression dies, splice
sleeves, and spare lengths of matching conductor
sizes.

e Crews in these hubs must conduct quarterly
emergency drills to practice executing live or
dead-line splices under pressure, ensuring
rapid restoration capability following landslides,
windstorms, or operational failures.

Transition to Standard-Compatible High-
Performance Conductor

As Nepal expands and reinforces its transmission network,
particularly across remote and mountainous terrain, the
selection of advanced conductors should consider not
only electrical and mechanical performance but also
constructability, maintainability, and life-cycle cost. Several

-
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Conductor Stringing Work in Progress

for the 400 KV Dhalkebar-Hetauda Transmission Line in Hetauda
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next-generation HTLS conductor technologies have been
developed to retain installation and maintenance practices
similar to those of conventional ACSR conductors.
These conductors incorporate innovative core designs
and protective features that enable the use of standard
compression  fittings, stringing  blocks, come-along
clamps, dead-end hardware, and conventional installation
procedures, thereby reducing the need for specialized tools,
highly trained installation crews, and complex maintenance
protocols. Such compatibility can significantly simplify field
operations in geographically challenging regions where
mobilizing specialized equipment and expertise is difficult.
However, conductor selection should not be based solely
on installation convenience. Nepal Electricity Authority
(NEA) should undertake a comprehensive technical
and economic assessment of available HTLS conductor
technologies, considering factors such as ampacity, thermal
performance, mechanical characteristics, sag behavior,
compatibility with existing infrastructure, installation
requirements, maintenance needs, long-term reliability,
life-cycle cost, and overall suitability for Nepal's operating
and environmental conditions. This systematic evaluation
will enable the selection of the most appropriate conductor
technology for each transmission corridor while ensuring
optimum technical performance and economic value.
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Life Cycle Cost Analysis in
Procurement of Energy Component

1. Introduction

Procurement in energy sector demands a wise
selection of equipment with superior performances
along with state-of-the-art technology. Procurement sof
equipment like power transformers, solar photovoltaic
(PV) systems, generators, turbines and other critical
components involve decisions whose financial
consequences extend far beyond the initial purchase.
The equipment installed today need to remain in
service for 20 to 25 years, during which operational
costs, maintenance expenditures, and end-of-life
disposal can collectively exceed initial acquisition cost
by a significant margin.

Despite this reality, most of the procurement in
Nepal default to selecting "lowest substantial
responsive bidder" considering bidders experience
and subsequently upfront price, primarily due risk
facing further complaint and reviews, and ultimate
cancellation of bidding process. This approach seems
administratively straightforward with less hassles,
however, chances increases as it systematically
underestimates the true cost of ownership which urges
suppliers to offer sub-quality, less efficient equipment
that ultimately imposes higher costs over entire
operation time.

Life Cycle Cost Analysis (LCCA) addresses this gap
by requiring decision-makers to evaluate and compare
the total cost of competing bids across the entire useful

Pradeep Singh
Deputy Manager
NEA

life of an equipment. When applied rigorously, LCCA
enables procuring entities to identify the option that
delivers the bestlong-term economic value —a principle
increasingly recognized in international procurement
law under the concept of the "Most Economically
Advantageous Tender" (MEAT). Functional guarantees
are directly and deeply intertwined with the MEAT
(Most Economically Advantageous Tender) approach,
especially in complex engineering, Supply- and- install,
design built and turnkey infrastructure contracts (like
those under FIDIC Yellow or Silver Books).

This article provides a conceptual and practical
overview of LCCA, surveys its application in leading
international procurement frameworks, and examines
its legal basis, existing practice and further possibilities
in context of Nepal, with particular reference to the
energy sector.

2. Conceptual Basis of Life Cycle Costing
2.1 Definition

Life Cycle Costing (LCC) is defined by ISO 15686-
5:2017 as: “the sum of acquisition costs, operation
costs, maintenance costs, replacement costs, and
end-of-life/disposal costs, minus any residual (salvage)
value, all typically expressed in discounted present
value terms.”

This may be expressed as:

Initial
Capital
Costs

End-of-Life
Costs

Residual
Value

Maintenance
Costs
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2.2 Cost Components

The component of Life Cycle Cost can be categorized
as below:

a. Initial Capital Costs: It includes purchase
price, transportation, insurance, custom
duties, and installation. Brand values and
Incoterm-specific logistics costs are also
included at this stage.

b. Operating Costs: It includes energy
consumption, staff cost, consumables and
regulation cost (e.g. royalty, government
fees, etc.) incurred throughout equipment
operational life.

c. Maintenance Costs: It includes scheduled
maintenance, spare parts, unplanned repairs,
and warranty-related expenditures.

d. End-of-Life Costs: It includes
dismantling/decommissioning, disposal, or
recycling cost. This category is growing in
importance as battery-based technologies
(such as electric vehicles and grid-scale
storage) introduce significant  disposal
liabilities.

e. Residual Value: It includes any recoverable
value from resale, repurposing, buy-back or
salvage at the end of the asset’s life, which is
subtracted from total costs.

2.3 Importance of LCCA for Energy
Equipment

Mostly the energy equipment incurs huge initial
investments which have operational period for 25-30
years, with high degree of reliability and low operation
cost. Life cycle cost analysis for a transformer with
a lower purchase price may have significantly higher
no-load and load losses, costing far more in electricity
over 25-30 years. Similarly, solar PV and inverters
with a lower upfront cost may require more frequent
replacement, increasing total lifecycle expenditure.

High-efficiency turbine runners command a premium
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but deliver superior generation output over decades
of operation.

3. Evolving Global Practice
3.1 United States

The United States federal government has established
a mandatory LCCA framework for energy and water
conservation investments through 10 CFR Part
436 (Federal Energy Management Program). This
regulation requires federal agencies to apply LCCA
to building energy systems, water systems, and
conservation measures, using a methodology codified
in NIST Handbook 135. Agencies such as the General
Services Administration (GSA) and the Department of
Defense routinely apply LCCA using the Building Life-
Cycle Cost (BLCC) software tool developed by NIST.

3.2 European Union

Within the European Union, LCCA s explicitly enabled
as an award criterion under Directive 2014/24/EU
(Article 68) and Directive 2014/25/EU (Article 83).
Contracting authorities may include acquisition,
operational, maintenance, and end-of-life costs,
and may also incorporate verified environmental
externalities such as carbon dioxide costs. The
European Commission has published sector-specific
LCC tools for lighting, information technology
equipment, and vehicles to facilitate consistent
implementation.

3.3 Implementation in other developed
nations:

e Germany mandates LCCA consideration for
energy-consuming products and services at
the federal procurement level.

e Spain applies LCCA in energy-efficient
building and equipment procurements,
leveraging EU tools.

e The United Kingdom, post-Brexit, retains
equivalent principles under the Public
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Contracts Regulations 2015 (Regulation 68).
e Switzerland, the Netherlands, Sweden,
Denmark, Austria, and Norway integrate
LCCA or equivalent derivatives into green
public procurement frameworks, with varying
degrees of systematic adoption across
buildings, transport, and office equipment.

Overall, international frameworks reflect a clear
directional shift from lowest upfront price to long-term
economic and environmental value, with the United
States emphasizing mandatory energy-focused rules
and Europe emphasizing flexible, criteria-based
integration within broader best-value procurement.

4. Legal Framework and Practice in Nepal
4.1 Existing Provision in Regulation

Nepal's public procurement is governed primarily by
the Public Procurement Act (PPA) 2063 and the Public
Procurement Regulations (PPR) 2064, administered
by the Public Procurement Monitoring Office (PPMO).
Legal provisions and standard bidding documents do
not explicitly mandate LCCA as a compulsory award
criterion, however some provision try to incorporate
this concept:

a. PPR Rule 42 (Technical Specifications for
Goods): Requires bidding documents to
specify spare parts availability over the life
of the goods, warranty periods, maintenance
provisions, and guaranteed performance and
quality

b. PPMO Standard Bidding Documents (SBDs):
Some SBDs especially ICB/NCB have
provisioned for consideration of Operating
and Maintenance cost (O&M) during bid
evaluation when such costs over the life cycle
of the Goods represent an important cost in
relation to the capital or investment cost of the
Goods.

4.2 Nepal Electricity Authority: A Proven Precedent

Nepal Electricity Authority (NEA) has long been
implementing a highly practical form of LCCA for the
procurement of power and distribution transformers
through its "Capitalization Value of Loss Rate"
methodology. Rather than evaluating bids on purchase
price alone, NEA adds the capitalized present value
of future energy losses - comprising no-load loss,
load loss, and cooler loss - to the bid price using a
standardized formula:

NLL Rate LL Rate CL Rate
Evaluated | _ | Bid
Pice | |Price| " x * * ¥ *
No-Load Loss Load Loss Cooler Loss

NLL = No-Load Loss; LL = Load Loss; CL = Cooler
Loss (all capitalized over asset life)

This methodology converts the long-term cost
of transformer inefficiency and operating cost -
incorporating assumptions on the prevailing electricity
tariff, applicable interest rate, expected transformer
life, and operational loss factors - into an equivalent
capital cost which is directly comparable at the bid
evaluation stage. The result is a rigorously applied
LCCA framework that discourages suppliers from
offering inexpensive with high-loss equipment,
promotes energy-efficient and reliable procurement,
reduces technical losses in the system, and delivers
better long-term value.

Critically, NEA has achieved this without requiring
any amendment to the Public Procurement Act.
The methodology is incorporated into Standard
Bidding Documents and the Bid Data Sheet (BDS),
demonstrating that LCCA can be exercised within
Nepal’s existing legal norms.

4.3 Applicability to Other Energy Assets
The NEA transformer model can be adapted and
extended to other major energy sector procurements

in Nepal, including:

a. Solar PV Systems: Evaluation criteria can
incorporate inverter  efficiency  ratings,
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degradation rates, and projected energy yield
differentials over a 20-25 years period.

. Hydropower Turbines and Generators:
Runner efficiency and cavitation resistance
directly affect generation output and
maintenance frequency over its operational
life. Turbines are more susceptible to wear
due to high sediments. Turbine efficiencies
tend to decrease with time. An appropriate
pre-declaration of turbine efficiency charts, to
be submitted by the bidder, can be used to
find out the overall efficiency loss ultimately
relating to monetary terms. As example:
Guaranteed Weighted Average Efficiency
(GWAE) and guaranteed output are used
for hydro turbines as well as Guaranteed
Weighted Average Efficiency (GWAE) is used
for Generators.

. High-Voltage  Transmission  Equipment:
Line losses and insulation degradation
rates represent quantifiable lifecycle cost
differentials between competing bids.

. Battery Energy Storage Systems: Disposal
and recycling costs for lithium-ion batteries
represent an emerging and material end-
of-life cost that must be factored into LCCA
for grid-scale storage procurements. In fact,
procurement in EU have been mostly

. Other critical equipment: Equipment like
valves, protection  devices, precision
components, SCADA can be standardized to
meet required efficiency throughout its life.

5. Limitations and Way Forward
5.1 Current Limitations
Despite its notifiable benefits, the wider adoption of

LCCA in Nepal's public procurement faces several
practical challenges:

Limited Institutional Capacity: Many procuring
entities outside the energy sector lack
the technical expertise to formulate LCCA

methodologies, define appropriate discount
rates, or verify the operational data submitted
by bidders.

o Data Availability: Unavailability of categorical
and reliable data on operational costs, failure
rates, and energy consumption among
equipment has not systematically collected,
making it difficult to develop factual based
capitalization rates.

e Devising evaluation criteria: Design and
institutionalization of LCCA criteria to mitigate
ambiguity into the bid evaluation process
creates challenges and required subtle
analysis.

e Supplier knowledge and awareness:
Domestic and regional suppliers may be
unfamiliar with LCCA data requirements,
minimizing probability of competition in
LCCA-based tenders.

5.2 Recommended Steps Forward

To address these limitations and expand the
application of LCCA across Nepal's energy sector, the
following measures can be adopted:

a. Regulatory Formalization and Guidance: In
the long run, amending explicitly necessary
provision in the existing legal framework to
formally recognize LCCA as a permissible
and preferred evaluation criterion for capital
equipment with operational lives exceeding
ten years. In this regard, concerned public
entities and governing authorities like
PPMO should formulate a sector-specific
guidance on LCCA methodology for energy
equipment, providing standard discount
rates, capitalization formulas, and evaluation
criterion.

b. Data Acquisition: Categorization of critical
components (Generator, turbines, valves,
switch gears, hydraulic components, pumps
etc.), and collection of required information
underlining current operational performances

oo (I




R e viovr

energy  equipment,
capitalization rates.
c. Capacity Building: Institutional capacity
building for concerned staffs on LCCA
methodology,  categorization of data
requirements, and evaluation procedures.

enabling  practical

6. Conclusion

Life Cycle Cost Analysis reflects an engineering
decision feasible both legally and practically effective
tool for improving the quality of procurement decisions
in energy sector. NEA's Capitalization of Loss
methodology for transformer procurement provides
convincing proof of the concept. LCCA principles can
be operationalized within existing legal frameworks,
without legislative amendment, to deliver significant
better long-term value for public expenditure.

The shift from lowest-bid procurement to the
Most Economically Advantageous Tender (MEAT)
principle adheres to slight technical adjustment with
broader commitment to sustainable, efficient, and
accountable use of public resources. As Nepal scales
its unlimited possibilities in hydropower, solar, and grid
infrastructure investments, the systematic adoption of
LCCA across energy sector procurements, both in
public and private, will be essential to ensuring that
capital expenditure today does not create unnecessary
operational burdens tomorrow.

The path forward is clear: build institutional capacity,
establish standard inputs and methodologies, explore
and pilot LCCA in suitable procurements - irrespective
of size and cost, and formalize its status within the
regulatory framework compatible to international best
practices.
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Financing Nepal's Power
Future: The Rise of Energy

Bonds

Dwaipayan Regmi

Introduction

Nepal's hydropower sector has turned out to be one of the
largest borrowers in Nepal's banking system as a whole.
As of mid-duly 2026, commercial banks, development
banks, finance companies, and infrastructure development
banks all hold around NPR 500 billion in outstanding loans
to the energy sector, out of a total system-wide lending
capacity of roughly NPR 6000 billion. The conventional
lending of the central bank has been actively encouraging
banks, hydropower developers, and public entities to
raise capital through a class of debt instrument which is
known as 'energy bonds'. For the whole set of parking
savings in fixed deposits, energy bonds would represent
a comparatively unfamiliar but increasingly relevant asset
class.

A bond is a loan in reverse - here, instead of a bank
lending money to a borrower, an investor lends money
directly to the issuer. A company, bank, or government
body issues a bond in exchange for a promise of periodic
interest payments and seeks the return of principal at its
maturity. In Nepal's context, most such instruments remain
issued by companies seeking legal structure and which
are commonly referred to as 'debentures'. 'Energy Bond'
simply is a bond that is earmarked for financing energy
or hydropower-related projects, issued by a bank, power
utility, or project developer to raise funds specifically
for electricity generation, distribution infrastructure, or
transmission pattern.
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Deputy Manager
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Energy bonds in Nepal carry the same set of core features
as any other debenture, seeking face value, a coupon
(interest) rate, a maturity period typically ranging from five
to ten years, and a repayment schedule (Investopaper,
2024). There are energy bonds which are secured against
project assets, while others are unsecured and would
rely purely on the issuer's creditworthiness here. This
distinguishes an energy bond from ordinary corporate
debentures seeking proceeds - where the funds are
raised contractually or administratively channeled toward
hydropower generation, transmission lines, or related
infrastructure rather than general working capital.

Importance of Energy Bonds

Energy bonds have been providing different economic,
financial, and environmental benefits. They help in
mobilizing long-term capital required for capital-intensive
energy infrastructure. There lie energy projects typically
involve high initial investment with long payback periods,
and bond financing provides stable and relatively lower-cost
funding compared to short-term bank borrowing (Fabozzi,
2021). Energy bonds help to diversify financing sources
beyond government budgets and commercial bank loans.
It reduces fiscal pressure while encouraging institutional
investors like pension funds, insurance companies, and
sovereign wealth funds for participating in infrastructure
financing (OECD, 2023).

Energy bonds also help to accelerate the transition towards
renewable energy by directing capital into environmentally
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sustainable projects. Here, green and climate bonds have
turned out to be important tools for financing solar, wind,
hydropower, geothermal energy, battery storage, and
smart grid technologies seeking supporting national
climate commitments and carbon reduction goals. On one
hand, energy bonds have been directly contributing to
energy security by financing domestic energy production, it
has also encouraged private sector participation through
transparent investment frameworks -  ultimately
standardizing reporting and environmental disclosure
format. Through successful energy bond programs, the
creation of positive spillover effects stimulating employment,
technological innovation, and local capital market
development is actually possible.

States, Energy bonds holds long history of utilization of
municipal bonds and green bonds for financing electricity
generation, renewable energy projects, and transmission
of infrastructure. In Europe, energy bond markets are
closely linked with climate policies within the European
Green Deal. There, countries like Germany, France or the
Netherlands have been regularly issuing sovereign green
bonds for financing renewable energy with smart grids
and hydrogen projects and energy efficient infrastructure.
China has emerged as one of the world's largest issuers
of green and energy-related bonds. Chinese policy
banks, state owned enterprise and commercial banks all
actively issue green bonds to finance renewable energy
with electric vehicle infrastructure and grid expansion.

Global Green Bond Issuance (USD) in
Billion

700
600
500
400
300
200
100

2020 2021

2022

2023 2024 2025

Source: Asia Capital Markets Report 2025.

Green bond issuance has rapidly expanded after 2020.
Here, although issuance slowed during 2022-23 because
of higher global interest rates, it recovered in the year
2024. This shows that renewable energy remained one of
the largest uses of proceeds for these bonds.

International Practices

Energy bonds have evolved into major financing
mechanisms through different models. In the United

Here, Government policies have standardized eligible
projects and have strengthened disclosure requirements
too. India has also adopted green and energy bonds for
financing renewable energy, particularly solar and wind
projects. Public sector organizations like National Thermal
Power Corporation (NTPC), Indian Renewable Energy
Development Agency (IREDA), and Power Finance
Corporation have successfully raised substantial capital
through green bond issuance.
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Reasons for Promotion of Energy Bonds
Recently

Nepal is pushing towards energy bonds, and it is
best understood as a response to structural financing
constraints. Here, hydropower projects are extremely
capital intensive, and they have long gestation periods
before generating any form of revenue; they will all require
financing tenures which will get stretched beyond what is
conventional short- to medium-term bank deposit support.
Relying on bank loans alone concentrates the whole set
of risk within the banking system, and it can crowd out the
whole lending function to the next set of productive sectors.
It is also referred to as 'financial resource mix' rather than
continued dependence on any bank debt alone for financing
the whole set of energy infrastructure (Merolagani, 2026).

Besides, there are different concrete regulatory measures
that show examples of this shift. Central Bank of Nepal
has relaxed the single obligor limit - creating a cap on
how much banks’ core capital can be lent to a single
borrower or the sector. So, from the standard itself, 25
percent will be applicable to most of the sectors, and as
much as 50 percent for energy and transmission line-
based infrastructure. Then, there are banks that have
been permitted to set aside only 1 percent for loan loss
provisioning during a hydropower project's construction
(grace) period, substantially lower than provisioning
requirements elsewhere. This will reduce the cost of capital
for banks financing such projects (Merolagani, 2026).

Then after, for projects having larger than 40 megawatts,
banks can capitalize interest that accrued during the
whole grace period rather than seeking ways to require
immediate cash payment easing early-stage cash flow-
based pressures. And then, seeking specific relevance
to retail investors, NRB has been able to create a policy
framework under which banks can issue energy bonds.
Mechanism intending to mobilize additional capital
beyond what directs whole lending alone could provide in
the whole process. The context of mid 2026 shows that
commercial and development banks that has collectively
invested around NPR 10 to 11 billion in energy bonds. So,
at the time when it remains modest relative to roughly 500
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billion in outstanding energy sector loans, it brings signals
in the whole direction, with regulators seeking the market
to move around.

Recent and Upcoming Energy Bond
Issuances

There are different retail investors that seeks ways to
evaluate this asset class and benefit from looking at some
concrete recent examples instead of seeking abstract
policy-based statements.

o Nepal Electricity Authority (NEA) bonds: During
late 2025, NEA has announced plans, following
the cabinet's approval, to issue energy bonds
worth NPR 20 billion in different phases to finance
four major hydropower projects. This will include
1100 megawatt Upper Arun Hydropower Project.
NEA's own initiative and leadership has clearly
brought signal that future bond proceeds should
be directed not just on toward generation capacity
but, it will be signaled that future bond proceeds
will be directed notjust toward generation capacity.
It will rather look into ways for strengthening
transmission along with the distribution process.

o Dedicated bonds for flagship projects: Monetary
Policy for the current fiscal year has created
room for dedicated bonds that have to be issued
for government prioritized mega projects like
the Budhi Gandaki Hydroelectric Project, which
allows these projects to raise resources outside
the conventional bank lending channel.

o Green Bonds: Although different from energy
bonds, but they are closely related to energy
bonds itself. Green bonds are an emerging
category of energy bonds where debt instrument
proceeds are earmarked specifically for
environmentally sustainable projects, certified
against any kind of recognized framework.
In 2025, Nepal Infrastructure Bank Limited
(NIFRA) intends to support whole Global Green
Growth Institute (GGGI), and Korea International
Cooperation Agency (KOIIA) intends to secure
regulatory approval from both NRB and SEBON

ragr vovor (|



) e viovr

for the whole country's first green bond issuance
with it. The Green Bond Framework aligns to
International Capital Market Association's Green
Bond Principles seeking EU taxonomy and
Nepal's own Green Finance Taxonomy as well
(GGG, 2025).

e Bank's Bonds: NMB bank issued first ever green
bond worth $60 million, investment-backed by
International Finance Corporation (IFC), British
International Investment (BIl), and MetLife. It
can be depicted that the value for this bond
would range around $60 million, which targets
financing for small and medium enterprise, solar
power, electric vehicles, biomass, and green
buildings. Although they vary from an ordinary
bank's debenture, it intends to label them down
and make use of proceeds, trying to mitigate
credit risks from their end.

The Green Finance Taxonomy

Nepal Rastra Bank had structurally underpinned the
growth of energy and green bonds in Nepal by considering
the whole Green Finance Taxonomy in 2024. This would
be a less visible but structurally important development
that underpinned the whole growth of energy and green
bonds. Considering this support from the Alliance for
Financial Inclusion (AFI), the taxonomy is necessary
for classification of the system, intending to define with
economic activities, their assets, and projects seeking
legitimate labeling of green or environmentally sustainable
aspects. It was developed jointly by NRB, SEBON, along
with Nepal Insurance Authority, Ministry of Finance, and
Ministry of Forests and Environment, considering peer-
reviewed regional central banks like Bangko Sentral ng
Pilipinas and Bank Negara Malaysia (Alliance for Financial
Inclusion, 2025).

As far as retail investors are considered, the taxonomy
matters for two practical reasons. Retail investor looks
taxonomy for practical reasons because it directly intends
to reduce the risk of 'greenwashing' where issuers overstate
the environmental credentials of bond for attracting capital
by anchoring green-labeled bonds to defined, government-

backed standards. And then, it again expects the whole
process to make it easy for Nepali issuers to eventually
attract international climate funds across a broader green
set of capital that potentially deepens the domestic bond
market, creating more issuance for local investors letting
them to participate in academic research on the banking
sector. The adoption of green finance practices includes
bond issuance, which remains largely compliance-driven
rather than deeply embedded in bank strategy, acting as
barriers like limited technical expertise and inconsistent
regulatory guidance (Shrestha, 2025).

Set of Risks and Returns in Energy Bonds

Just like other Nepalese debentures, Energy bonds are
marketed as lower risk, having fixed income, which is an
alternative to equities, where there is recent debenture
issuance in Nepal offering coupon rates above 9 percent
for tenures of five to ten years. They can be compared
with bank fixed deposit rates, even though the comparison
depends on prevailing interest rate-based conditions at
the time of issuance. Here, 'lower risk' does not mean 'risk
free' and investors should be able to weigh at least four
categories of risks:

o Credit Risk or Default Risk: The investor's return
depends entirely on the issuer's ability to pay
interest and repay principal. Here, unsecured
debentures, which are not backed by pledged
assets work around to carry higher default risk
rather than secured debentures that typically
offer higher coupon rates for compensating
investors for that risk. So, for energy bonds - they
are issued directly by the hydropower project
company rather than a bank, and investors are
also exposed to hydropower-specific risks like
delays in construction, overrunning costs, and
hydrological variability affecting revenue which is
once the projected as operational.

o Interest Rate Risk or Market Risk: The market
price of a bond moves inversely with the prevailing
interest rate, and if the rate rises after an investor
buys a bond, the resale value on the secondary
market intends to fall and vice versa.

Y 30 3ISH 9 WIE 0¢3




e Liquidity Risk: Nepal's secondary market for
debenture has not been so attractive, and there
lies a large set of minimum trading lots. There
is low daily turnover relative to equities. Here,
investors who will require to exit before maturity
should not assume that they can do it so quickly
or without any price based discount.

e Reinvestment Risk: Here, bonds have been
paying periodic fixed interest. Investors who have
been planning to reinvest those interest payments
would be facing risk that prevails through the time
of reinvestment, lowering the bond's original
coupon.

So, seeing the positive side - debentures, which also
includes energy bonds, can be ranked ahead of both
ordinary and preference shareholders in the event of
a company's liquidation. This means that bondholders
are repaid before shareholders (Nepal Laws, 2025).
This priority in repayment in one reason debentures are
generally considered safer than equity.

Conclusion

Energy bonds have turned out to be an important
financial instrument for mobilization of long-term
capital for supporting energy infrastructure, renewable
energy development, and transition towards low carbon
economies. International experiences hereby demonstrate
that governments, public utilities, development banks,
and private corporations with increasing utilization of
green and energy related bonds for financing projects
like renewable power generation, electricity transmission,
smart grids, and energy efficiency improvements. The
growth of the global market for sustainable and green
bonds highlights whole increasing confidence of investors
in increasing environmentally responsible investments.
International evidence suggests that through a well-
developed energy bond market - the contribution layer to
energy security, infrastructure modernization, and private
sector participation - sustainable economic growth can
be achieved while reducing reliance on traditional public
financing sources.
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Concept Note: GIS Framework
for Distribution Network of Nepal

Electricity Authority

Abstract

The electric power distribution network is geographically
most extensive and heavy capital-intensive infrastructure
of the Nepal Electricity Authority (NEA). Spanning 77
districts, NEA's distribution network comprises thousands
of circuit kilometers of Medium Voltage (MV) and Low
Voltage (LV) lines, over 40,000 distribution transformers,
and serves more than 5.2 million consumers across
ultra-variable terrain from the Terai plains to high-altitude
Himalayan valleys. Traditionally, asset information has
depended in paper schematics, CAD files, and tacit field
memory, leading to technical loss bottlenecks, unmapped
consumer connections, delayed fault recovery and high
operational expenses.

This article presents an enterprise vision for a
standardized Geographic Information System (GIS)
framework at NEA. Rather than treating GIS as software
alone, this strategy outlines Phase wise Standardization,
Field Data Collection, and Regional Consolidation,
using open-source tools (QGIS/QField) and offline-
first mobile workflows. It details the accompanying
nationwide technical training program for Distribution
Center and Provincial Engineers, and charts the long-
term roadmap toward a centralized, cloud-hosted
enterprise architecture and Distribution Management
System (DMS) once substantial network data has been
established.

1. Introduction & The Strategic Vision

Sadam Bala
Asst. Manager
NEA

Power distribution is fundamentally a spatial science.
Every feeder, pole, transformer, and meter drop operate
within a physical coordinate space and an interconnected
electrical network topology. NEA's rapid expansion have
achieved over 98% national electricity access. However,
rapid physical expansion without a centralized spatial
registry introduces severe operational inefficiencies:

o Asymmetric Asset Knowledge: Field
operations rely heavily on the tacit memory
of local line personnel rather than centralized
operational records.

o Imbalanced Phase Loading: Lack of
consumer-to-transformer ~ phase  mapping
leads to severe neutral current flow, premature
distribution transformer (DT) burnouts, and
uncollected non-technical losses.

» Delayed Fault Localization: Manual physical
line patrols across mountainous terrain result in
mean time to repair (MTTR) figures exceeding
hours for non-substation feeder faults.

This has created a crucial need for a single, reliable digital
record of physical infrastructure. The implementation
roadmap is structured into three progressive horizons:

e Phase 1 (Current Strategy): Schema
standardization, offline vector field surveys, and
local data consolidation.
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e Phase 2 (Workforce Readiness):
Comprehensive, hands-on training programs for
Distribution Center and Provincial Engineers.

o Phase 3 (Future IT Integration): Migration
to centralized cloud infrastructure, enterprise
PostGIS deployment, and integration with
advanced analytical engines.

To address this, a unified GIS Framework is
conceptualized. In this initial stage, the objective is
not immediate cloud automation or complex real-time
software integration, but rather building the digital
foundation and workforce readiness: standardizing
data schemas, training field engineers, and conducting
systematic field mapping.

2. Why GIS Matters:
Imperative

The Data-First

The implementation of an enterprise Geographic
Information System should not be viewed primarily as an
information technology project, but as an organizational
capability-building initiative. Experience across electric
utilities demonstrates that sophisticated platforms
such as Distribution Management Systems (DMS),
Outage Management Systems (OMS), Enterprise
Asset Management (EAM), and Advanced Distribution
Management Systems (ADMS) derive their value
only when supported by complete, standardized, and
continuously maintained spatial asset data.

At present, NEA's distribution information exists in
varying forms including paper drawings, CAD files,
locally maintained records, and institutional knowledge
held by experienced field personnel. Although these
resources have supported network operation for
decades, they do not provide the standardized digital
asset inventory required for enterprise-wide planning,
engineering analysis, or automated operational
workflows. Consequently, organizations attempting to
deploy advanced utility software before establishing
a reliable spatial database frequently encounter low
system utilization, inconsistent data quality, duplicated
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field surveys, and costly software customization.

Accordingly, the proposed framework adopts a Data
First, System Later philosophy. The immediate business
objective is not the deployment of enterprise GIS
software, but the creation of a trusted national spatial
asset baseline accompanied by a workforce capable of
maintaining it.

This initial investment delivers several strategic benefits:

o Establishes a standardized national digital
inventory of distribution assets.

e Eliminates repeated asset surveys conducted
independently by different projects.

e Improves planning efficiency through accurate
network information.

o Reduces engineering effort required for project
design and asset verification.

e Provides a common spatial reference for future
digital initiatives.

e Develops internal GIS competency across
Distribution Centers and Provincial Offices.

o Significantly lowers implementation risk for
future enterprise systems by ensuring high-
quality source data before software deployment.

Rather than representing the final destination, this
framework constitutes the essential preparatory phase
upon which NEA's long-term digital utility transformation
can be successfully constructed.

3. Core Philosophy of the Spatial Asset
Model

The proposed framework models the physical network as
a continuous topological graph. Every asset represented
in the GIS framework must maintain a tripartite identity:
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1. Spatial Identity: Absolute physical coordinates
(WGS 84 / UTM Zone 44N & 45N), elevation

parameters, and  structural  photograph
attachments.
2. Engineering  Attributes:  Standardized

equipment  specifications including conductor

type, transformer kVA rating, pole type (height
and material composition), and installation dates.

3. Network Connectivity: Directional node-edge
transforming simple points on a map into an
analytical electrical model.

™
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Location Attributes Connectivity
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eg. GPS Location N & city of €8
0 ©g- ~apactly o Which LT

of Transformer

4. Standardized Asset Hierarchy &
Attribute Schemas

To prevent schema fragmentation across NEAs 8
Provincial Offices and over 120 Distribution Centers
(DCs), the conceptual framework establishes a uniform
4-Tier Hierarchy based on NEA organizational chart and
operational management:

Tier 1: Primary Network Assets

e Grid Substations: Substation Code, MVA
Capacity, Voltage Ratios, Bus Layouts.

e MV/LV Feeders: Line Name, Voltage Class (33
kV, 11 kV, 400 V), Conductor Types, Line Lengths.

Tier 2: Distribution Infrastructure
e Distribution Transformers: Unique DT Code,

kVA Rating, Primary/Secondary Voltages, Phase
Configuration.
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the Transformer

Which Consumer

e Poles & Structures: Structure ID, Height,
Material Type (STP, PSC), Stay etc.

Tier 3: Consumer & Service Level

e Service Connections: Customer ID, Tariff Class,
Meter Serial Number, Connected Phase etc.

Tier 4: Spatial Reference Layers

o Base maps: Administrative Boundaries (District/
Palika/Ward), Road Networks, Vegetation
Mapping, Satellite Imagery.

5. Offline Field Data Collection Schema
Development

In Nepal's geography, constant cellular connectivity cannot
be assumed during field audits. Therefore, Phase 1 adopts
an Offline-First Field Data Collection Strategy utilizing
lightweight, open-source mobile vector tools (such as
QField) running on standard Android devices.
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Pre-Configured Datasets: A core team working
on this model have already developed a
standard dataset to prepare schema-constrained
GeoPackage files which can be downloaded for
specific Distribution Center area over local office
Wi-Fi.

Standardized Input Forms: Dropdown lists,
enforced fields, and auto-generated IDs prevent

manual data-entry errors in the field.

Standard Mobile GPS: Mobile devices can pair

e Provincial Engineers: Concentrates on
regional data merging, edge-matching across
DC boundaries, spatial analysis, and progress
reporting to maintain high-quality consolidated
regional network models.

7. Data Governance & Consolidation
Pipeline

To ensure that collected field data meets professional
engineering standards, the framework defines a structured
multi-tiered quality control pipeline:

via Bluetooth with portable GNSS receivers,
ensuring sub-meter positional accuracy for critical
infrastructure but this may not be practically
possible due to absence of such device, hence
standard GPS with accuracy of 3 m to10 m will
be implemented as available in commonly used
android cellphones.

6. Capacity Building: Nationwide
Workforce Empowerment

A core pillar of this ideational phase is establishing
a comprehensive, hands-on fraining curriculum for
Distribution Center Engineers and Provincial Engineers.
Technical tools are only as effective as the teams operating
them.

Target Training Curriculum

o Distribution Center (DC) Engineers:
Provincial Level Training covering QGIS desktop
management, QField Data Capture, GeoPackage
maintenance, basic spatial topology checks, and
attribute validation for local gatekeeping and
quality assurance.

e Field Technicians & Surveyors: DC Engineer
led training on each DC focusing on mobile data
capture, GPS positioning, photo tagging, and
boundary identification to produce planning level
accuracy and standardized field maps.

Layer 1 (Field Survey): Edge capture using
standardized mobile forms with required fields
and dropdown constraints enforcing clean data
entry.

Layer 2 (Distribution Center QA/QC): DC
Engineers review submitted files in QGIS using
automated topology rules to snap line dangles
and check orphaned poles.

Layer 3 (Provincial Consolidation): DC datasets
are merged into unified Provincial Geodatabases
while reconciling boundary alignments and
projection parameters.

Layer 4 (National Data Baseline): Aggregation
into a consolidated national distribution network
dataset, establishing the required data volume to
justify enterprise IT deployment.

Engineer-Led Capacity Building &
Offline GIS Distribution System Integration

Central GIS Master Repository & Cross
Functional Integration

DCS Level Data Integration, Processing & Validation
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8. Long-Term Vision: Cloud Architecture
& Intelligent Grid Layer

Once a substantial threshold of verified field data is collected
and consolidated nationwide, NEA can confidently achieve the
transition to Phase 2: Building the Cloud IT Layer. Deploying
complex enterprise software prior to acquiring clean asset
data often leads to low adoption and high implementation
costs.

Future System Capability Expansion

e Cloud-Hosted Central Spatial Database:
Migrating consolidated local files into a centralized
PostgreSQL/PostGIS cloud engine for organization-
wide access.

o Distribution Management System (DMS)
Integration: Running 3-phase load flow analyses,
simulating feeder re-configurations, and optimizing
voltage profiles.

o Outage Management System (OMS): Tracing
fault locations along connected network paths
and notifying affected downstream consumers
automatically.

o Enterprise Asset Management (EAM): Tracking
asset depreciation, maintenance histories, and
replacement schedules across the entire equipment
lifecycle.

9. Implementation Challenges and Strategic Recommendations

Challenge Domain

Data Maintenance
Drift

Operational Risk

decay in data accuracy.

Network extensions made in the field are
not updated in the GIS database, leading to

Strategic Mitigation Strategy

Link project clearance and contractor final
payments directly to verified, "As-Built" GIS
vector submissions.

Projection Distortions

boundary districts.

Nepal spans two UTM zones (Zone 44N
and 45N), causing edge-matching errors at

Enforce central storage in suitable CRS with
unified dynamic reprojecting at client levels.

Change Management | Resistance from legacy

field
accustomed to paper ledger systems.

staff | Institutionalize mandatory spatial tool training
atthe NEA Training Center; establish dedicated
GIS Cadre positions at every Distribution

Center.

10. Conclusion

The conceptual GIS Framework for the Nepal Electricity
Authority represents a practical, staged approach to digital
utility transformation. By recognizing that data collection,
workforce training, and regional consolidation must precede
cloud software integration, this framework establishes a clear
image with realistic path forward. Past experiences have
shown that deploying enterprise-level grid modernization
tools directly is rarely effective or sustainable until a
substantial portion of the workforce becomes proficient with
the underlying systems Furthermore, isolated GIS efforts
by motivated individuals have historically failed to become
institutionalized across the organization.

Hence, it is proposed that the systematic development of the
people, standards, workflows, and spatial data is necessary
for enterprise GIS to become sustainable, economic and
efficient. Empowering Distribution Center and Provincial
Engineers with standardized tools and structured training
will convert NEA's physical infrastructure into a reliable, high-
quality digital dataset. Aspecialized central Distribution System
GIS development project team comprising of Distribution
System, GIS and IT Experts should be established to govern
this network data developing cloud-based architecture and
intelligent grid layer. This foundation will serve as the engine
for NEA's future cloud architecture, smart-grid initiatives, and
operational excellence for years to come.
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Fossil-Fuel Dominated Worlid

1)

Powering the Future:

Achieving Net-Zero in a

Introduction- Concerning the Reality of
Global Energy Mix

The world is racing toward a cleaner future, yet it
continues to stand on a fossil-fuel footing. Despite
decades of climate commitments, the modern global
energy system remains heavily dependent on fossil
fuels, which still account for nearly 80% of total
energy consumption. In contrast, renewable energy
sources including solar, wind, and hydropower
contribute around 15% globally, with nuclear power
providing the remaining 5% (Fig.1). This imbalance
highlights a massive gap between rapid technological
advancements and the slow pace of the actual green
transition. Consequently, global energy systems
remain highly exposed to price volatility, supply
disruptions, and rapid environmental degradation.
This reality has forced a critical paradigm shift:
modern energy security can no longer just focus on
an uninterrupted energy supply. Instead, it demands
a sustainable approach that simultaneously balances
four interconnected dimensions:

o Availability: Securing stable, continuous
energy supplies.

o Affordability: Ensuring costs do not burden
consumers

e Accessibility: Delivering reliable power
infrastructure to all segments of society.

o Sustainability: Restructuring the energy
mix to drastically reduce carbon emissions

(0
@ Coal 25%
o
©

FOSSIL FUELS

2)

Sangita Giri
Asst. Manager
NEA

WORLD ENERGY MIX (2024)
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Fig 1: world energy mix scenario of 2024

Natural Gas 24%

Hydropower 5%

Renewable
(Wind+Solarspico,  10%
Micro Hydro)

Nuclear 5%

Nepal’s Current Energy Profile

A similar scenario to the global energy mix is observed
in developing nations like Nepal. While Nepal has
achieved massive success in ensuring its electricity
grid access to its people, powered by renewable
hydropower, its overall energy mix tells a completely
different story.

According to the Energy Sector Synopsis Report
2024, Nepal's total energy consumption for 2024
was 532.42 Petajoules (PJ). When categorized by
fuel type (Fig. 2), traditional biomass fuels account
for the maximum share at 63.87%, followed by
commercial fossil fuels at 25.80%. Despite massive
grid advancements, grid electricity contributes just
7.23%, and isolated renewable energy sources
represent 3.10% of total consumption. This indicates a
stubborn, continued reliance on conventional biomass
for heating and cooking, alongside imported petroleum
for transportation.
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{ﬁ;-+ NEPAL'S CLEAN
47 ENERGY PATHWAY
A (2035 & BEYOND)

ACTIVITIES ENHANCING DOMESTIC CONSUMPTION

Fig 2: Nepal energy mix scenario of 2024

The 2035 Roadmap: Nepal's Targeted
Energy Restructuring

The Government of Nepal introduced the 'Energy
Development Roadmap and Action Plan-2081'. This
ambitious framework targets an installed capacity
of 28,500 Megawatts (MW) of electricity by 2035,
allocating 15,000 MW for regional export and scaling
domestic demand up to 13,500 MW (a massive leap
from today’s peak demand of roughly 2,000 MW).
As shown in Fig 3, this transition will fundamentally
restructure the nation's consumption landscape. As
the grid expands, grid electricity will step up to cover
38.62% of total consumption, forcing traditional fuels
down to 58.88%. Meanwhile, off-grid renewable supply
will slightly decrease to 2.50% as the grid reaches a
greater share of communities.

NEPAL DOMESTIC ENERGY MIX

&

REDUCED EMISSIONS
Traditional fuels
replaced. Cleane air

'g'r@)'
NET ZERO ACCELERATION

Traditional fuels reduced
enabling net zero.

BoRE

REGIONAL ENERGY LEADER

« Total Grid Target: 28,500 MW
 Net Zero Target: 2045

 Grid Electricity 38.62%
(Integrated Clean Grid) ~  seew ty.

@ Traditional Fuels 58.88% 7 Zﬁ
0 Renewables (Isolated) 2.50%
9 Commercial Fuels 0%

Fig 3: Nepal energy mix scenario of 2035 as per Energy
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4)

The Hurdles to Our Future and Way
Forward: Redefining Energy Security

The transition toward a sustainable energy system
is heavily constrained by a complex interplay of
technical, economic, and institutional bottlenecks.
As integration of utility-scale solar and wind energy
remains a major barrier due to its intermittent nature,
it demands massive investments in advanced
battery energy storage systems and digitized grid
management to maintain a stable, uninterrupted
supply. While hydropower offers reliable and
dispatchable power, however, rapidly scaling this
capacity is constrained by extensive project timelines
and environmental concerns. Furthermore, a heavy
reliance on run-of-river plants designed with a low
probability of exceedance (Q,, ) creates severe
seasonal gaps in energy generation. Beyond these
physical constraints, further difficulties arise from
policy inconsistencies, regulatory bottlenecks, and
an economic infrastructure stubbornly locked into
fossil fuel dependencies.

The Way Forward-

To overcome existing barriers, Nepal must shift its
focus from simply increasing power generation to
strategically managing its energy system. The most
effective pathway lies in focusing on developing
peaking run-of-river (PROR), storage, and pumped-
storage hydropower projects to bridge the dry-
season deficit when ROR plants generation drops
to minimum capacity. Simultaneously, the country
must increase domestic demand to prevent wet-
season power spillage by aggressively replacing
imported petroleum and cooking gas with electric
options in the transport and domestic sectors.
Furthermore, achieving the investment targets
of Nepal's 2035 Energy Development Roadmap
requires removing regulatory bottlenecks to attract
private capital and foreign direct investment (FDI).
Simultaneously, we must introduce innovative
financing tools like climate finance and green
bonds to fund sustainable practices. These efforts
must be paired with active engagement in regional
cooperation frameworks to enable cross-border
investments and seamless energy trading, ultimately
securing a reliable, integrated South Asian energy
market.

Why Nepal’s Energy Transition Target
Matters: A Strategic Advantage

While Nepal's commitment to achieve net-zero
emissions by 2045 reflects exceptional climate
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leadership, the true significance of this target
lies in a regional competitive advantages. Unlike
neighboring giants that struggle to break their
heavy reliance on fossil fuels, Nepal possesses
a massive, untapped asset that the rest of South
Asia desperately needs: predictable, large-scale
hydropower. This resource gives Nepal strategic
opportunities because major regional economies
like India, despite their bold net-zero commitments,
face immense hurdles in replacing dirty energy.
India's green strategy relies heavily on solar and
wind power, which are inherently intermittent and
difficult to integrate into a grid without causing
severe instability; furthermore, India's own domestic
hydro potential is strictly limited. Nepal’s abundant
hydropower solves this regional crisis by acting as a
giant, natural battery that can export reliable, clean
electricity to balance out the fluctuations of India’s
solar and wind generation, making India's net-zero
transition technologically viable. A similar market
exists in Bangladesh too, as energy demand is
skyrocketing due to growth in population as well as
economic activities, but it remains heavily dependent
on depleting energy sources like domestic gas and
other fossil fuels. Geographical constraints leave
Bangladesh with virtually no capacity to develop its
own large-scale wind, solar, or hydro infrastructures.
Considering these prospects, we can say that
Nepal’s clean energy offers the nation an opportunity
to fulfil its own net zero emission as well as by taking
part in fulfilling the obligation of net-zero emission
of neighboring countries, Nepal will position itself
as a hub country of green growth across South
Asia. Through the dual strategy of replacing costly
fossil fuel imports and generating massive export
revenues from India and Bangladesh, Nepal can
eliminate its trade deficit and protect itself from
volatile oil markets. Ultimately, this shift redefines
Nepal, transforming its landlocked geography into a
regional hub for green growth.

Conclusion

Ultimately, shifting to a clean energy paradigm is
no longer an optional environmental choice; it is
an imperative national security priority for ensuring
long-term energy security, macroeconomic stability,

7)

and planetary survival. For Nepal, this transition
represents far more than a localized shift in power
generation; it serves as a pioneer model for regional
decarbonization in a world that still heavily reliant on
fossil fuels. To evolve from a reality where traditional
biomass and imported petroleum constitute over
89% of national energy consumption to a future
where grid electricity commands nearly 39% by
2035 is a profound transformation. Realizing the
targets of the 2035 Roadmap requires proactively
overcoming technical, seasonal, and regulatory
bottlenecks while scaling up storage and pumped-
hydro projects.

Furthermore, Nepal's net-zero transition is not a
burden of compliance, but a profound economic
opportunity. Nepal has the potential to become
the green battery of South Asia. By unlocking its
large-scale hydropower, the country can stabilize
India’s intermittent solar and wind grids, fuel
Bangladesh’s booming economy, and displace dirty
fossil fuels across the region. Achieving this requires
comprehensive domestic energy restructuring
combined with robust regional market integration. In
doing so, Nepal will not only protect its economic
autonomy and reduce trade deficits but also emerge
as a prominent regional leader in climate action.
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INTEGRATED RIVER BASIN MANAGEMENT IN NEPAL:
LESSONS FROM THE HINDU KUSH HIMALAYAN REGION FOR
SUSTAINABLE WATER GOVERNANCE

Anju Maharjan
Asst. Manager
NEA

Abstract

HKH region, known as the "Water Tower of Asia," is a
critical freshwater source supporting nearly two billion
people across Asia. However, due to various regions
there is unprecedented pressure on the region's river
systems highlighting the urgent need for integrated
and cooperative water resource management.
This article describes the concept, principles, and
significance of IRBM as a holistic approach to
managing water, land, and related natural resources
at the river basin scale. It discusses the relevance
of IRBM in addressing various issues in the HKH
region. Furthermore, the article also analyzes the
major barriers that hinder effective implementation of
IRBM. In context of IRBM This article also discusses
practical insights from the 2025 ICIMOD Multiscale
IRBM Training and field learning in China's Yangtze
River sub-basin. Furthermore, it assesses Nepal's
current status of river basin management, key
challenges, and opportunities. The article concludes
that strengthening IRBM is essential for enhancing
water security, building climate resilience, conserving
ecosystems, and promoting sustainable development
across the HKH region, particularly in Nepal.

Keywords: Integrated River Basin
Management; Hindu Kush Himalaya;
Water  Security; Climate  Change
Adaptation; Transboundary  Water
Governance; River Basin Management.
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1)  INTRODUCTION

The Hindu Kush Himalayan (HKH) region, often referred
to as the "Water Tower of Asia," is one of the world's most
significant freshwater sources. Stretching across eight
countries namely Afghanistan, Bangladesh, Bhutan, China,
India, Myanmar, Nepal, and Pakistan. The region contains
the headwaters of ten major river systems, including the
Indus, Ganges, Brahmaputra, Mekong, Yangtze, and
Yellow rivers. These rivers support the livelihoods, food
security, energy production, biodiversity, and economic
development of nearly two billion people. However, this
region is currently navigating a period of profound and
accelerating transformation, with its core biophysical and
socio-economic components facing unprecedented stress.
As per the HKH snow update, 2025 by International Centre
for Integrated Mountain Development (ICIMOD), year
2025 has not only been the third consecutive year of below
normal snow persistence, but it also hit a twenty three year
record low of 23.6% below normal. This physical instability
directly impacts water security, as the "Water Tower of
Asia" struggles with erratic river flows that threaten the
livelihoods of nearly two billion people downstream.
Simultaneously, the region’s biodiversity, which anchors
four global hotspots (The Himalaya Hotspot, The Indo-
Burma Hotspot, The Mountains of South-West China, The
Mountains of Central Asia) is under siege from habitat
fragmentation and "elevation-dependent warming," where
high-altitude temperatures rise faster than the global
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average (historical data over the past six decades shows
that the mean temperature has increased at a rate 0f 0.2°C
per decade, significantly outpacing the global average
increase of 0.13°C per decade for the same period (Molden
etal., 2021).

Socially and economically, the HKH remains a paradox of
vast natural wealth and deep human vulnerability, with 31%
of the population living below the poverty line (The Hindu
Kush Himalaya Assessment: Mountains, Climate Change,
Sustainability and People (Wester et al., 2019)) and facing
an escalation of "cascading disasters" like Glacial Lake
Outburst Floods (GLOFs). Since 1975, glaciers in the Hindu
Kush Himalaya have undergone a dramatic thinning, with
an average cumulative ice thickness loss of approximately
27 meters, a trend that has significantly destabilized high-
altitude glacial lakes (Maurer et al., 2019).

Consequently, the current status of the HKH is defined
by a closing window for adaptation, necessitating
urgent, transboundary cooperation to manage these
interconnected systemic risks.

This article discusses the concept of Integrated River
Basin Management, its principles, relevance, challenges,
opportunities, and future prospects in the context of the
Hindu Kush Himalayan region and Nepal.

2) BACKGROUND:

Integrated River Basin Management (IRBM) provides
a holistic framework that treats entire river basins as
single, interconnected units, allowing for the coordinated
management of water, land, and related resources. It
offers a holistic framework to address these complex and
interconnected issues by integrating technical knowledge
with governance principles.

The primary objective of IRBM is to maximize social and
economic benefits equitably without compromising the
sustainability of vital ecosystems. It integrates water resource
managementwith land use planning, biodiversity conservation,
disaster risk reduction, agricultural development, hydropower
generation, and community participation.
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Integrated Water Resources Management (IWRM) has
been defined by the Technical Committee of the Global
Water Partnership (GWP) as “a process which promotes
the coordinated development and management of water,
land, and related resources, in order to maximize the
resultant economic and social welfare in an equitable
manner without compromising the sustainability of vital
ecosystems” (GWP, 2000).

While the International Union for Conservation of Nature
(IUCN) embraces the broad consensus that IRBM is a
process to coordinate the conservation, management, and
development of water, land, and related resources across
sectors within a given river basin, the IUCN distinctly frames
IRBM through an ecosystem centric and governance first
lens.

Similarly, IRBM is defined by World Wide Fund for Nature
(WWF) as the process of coordinating conservation,
management and development of water, land and related
resources across sectors within a given river basin, in order
to maximize the economic and social benefits derived from
water resources in an equitable manner while preserving
and, where necessary, restoring freshwater ecosystems.
In its operational guidelines, WWF narrows this down to
a clear, actionable mandate as IRBM is a process that
maintains a balance between the human use of water and
the preservation of natural ecosystem functions. Rather
than treating the river basin simply as an economic or
administrative unit, the IUCN emphasizes that ecosystems
are the primary infrastructure of a basin and that effective
management requires good water governance and Nature
based Solutions (NbS).

This approach is vital for balancing the "mountain paradox"
of increasing water-related disasters (like GLOFs and
flash floods) with the growing socio-economic demand for
hydropower and irrigation. By prioritizing ecosystem-based
adaptation and transboundary cooperation, IRBM ensures
that upstream conservation efforts directly support the
water security of the 31% of the population living below
the poverty line, ultimately safeguarding the "Water Tower
of Asia" for the two billion people downstream who depend
on its increasingly erratic flow.
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The fundamental principles of IRBM include:

e River basin as the planning unit

e Integrated management of land and water
resources

e  Stakeholder participation

e Ecosystem conservation

e Equitable water allocation

e Cross-sectoral coordination

e Adaptive management based on scientific
evidence

e Transboundary cooperation

Though IRBM and IWRM are fundamentally similar to
each other, however still there exists some differences
between them. They differ in their scope and focus. IWRM
is rather a broad approach that promotes the coordinated
development and management of water, land, and related
resources across all sectors to maximize economic and
social welfare while ensuring environmental sustainability.
It considers water resources at national, regional, and local
levels and addresses issues such as water allocation,
governance, and policy. Opposite to that, IRBM is a
more specific application of integrated management that
focuses on an entire river basin as the natural planning and
management unit. It emphasizes the sustainable use and
protection of rivers, tributaries, wetlands, and associated
ecosystems within a watershed while balancing the needs
of upstream and downstream users. IWRM provides the
overarching framework for integrated water management,
whereas IRBM applies these principles specifically within
the geographical boundaries of a river basin, making it
particularly effective for addressing basin-scale water
challenges and transboundary water management.

The Mekong River Basin is one of the good examples of
IRBM in practice. The river flows through six countries
including China, Myanmar, Laos, Thailand, Cambodia, and
Vietnam. This makes cooperation essential for managing
shared water resources. Through the Mekong River
Commission (MRC), the four lower Mekong countries
(Laos, Thailand, Cambodia, and Vietnam) work together
to coordinate water resource planning, flood management,
hydropower  development, fisheries  conservation,

environmental protection, and drought preparedness.

Some of the other best examples of IRBM in practice
around the world are Murray-Darling Basin Authority
(Australia), International Commission for the Protection
of the Danube River (Europe), Tennessee Valley Authority
(United States), Rhine Commission (Western Europe),
Orange-Senqu River Commission (Southern Africa) etc.

3) IMPORTANCE OF IRBM IN HKH REGION:

As like other parts of the world, the concept of IRBM is
equally important and relevant in the context of HKH region.
Its importance can be highlighted from the following points;
3.1 limate Change Impacts:

Climate change is rapidly altering hydrological systems
throughout the HKH. Rising temperatures have accelerated
glacier retreat, reduced snow cover, and changed
precipitation patterns. Initially, glacier melting increases
river flows, but long-term glacier loss threatens future
water availability. Extreme events such as floods, droughts,
GLOFs, and landslides are becoming more frequent and
severe. IRBM promotes adaptive management strategies
that improve resilience through coordinated planning,
climate monitoring, ecosystem restoration, and disaster
preparedness.

3.2 Increasing Water Demand

Rapid population growth, urbanization, agricultural
expansion, and industrial development have significantly
increased water demand across the region. Competing
water users often create conflicts between irrigation,
domestic supply, hydropower generation, ecosystem
conservation, and environmental flow requirements. IRBM
facilitates equitable water allocation by balancing multiple
water uses while maintaining river ecosystem health.

3.3 Transboundary Nature of Rivers

MostHKHT ivers flow acrossinternational borders. Upstream
activities such as dam construction, water diversion,
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pollution, and land use change can significantly affect
downstream countries. IRBM encourages transboundary
cooperation through data sharing, joint monitoring, basin
wide planning, conflict resolution, and collaborative water
governance.

3.4 Ecosystem Conservation

The HKH region hosts globally important biodiversity
hotspots, including alpine ecosystems, wetlands, forests,
and river habitats. Unsustainable development threatens
these ecosystems, reducing ecosystem services such as
water purification, flood regulation, and habitat provision.
IRBM integrates ecological conservation into water
resource planning by maintaining environmental flows,
protecting wetlands, restoring degraded catchments, and
reducing pollution.

4)  CHALLANGES OF IRBM IN HKH REGION:

There are many challenges for the implementation of
Integrated River Basin Management in the context of HKH
Region. Some of these challenges include;

4.1 Biophysical & Climate Challenges:
Climate change is accelerating glacier melt, altering
monsoon patterns, and reducing winter snowpack.
This causes extreme variability in river flows, leading
to a "too much water, too little water" syndrome where
severe summer floods alternate with winter water
scarcity. Similarly, the young, tectonically active nature
of the Himalayas makes the basins prone to cascading
disasters. Landslides, debris flows, and GLOFs frequently

damage downstream infrastructure and alter river courses,
disrupting long-term basin planning.

4.2 Geopolitical & Governance Barriers

No single, comprehensive treaty covers entire major basins
like the Brahmaputra or Ganges. Existing agreements are
primarily bilateral (e.g., India-Pakistan, India-Nepal) and
focus narrowly on water allocation rather than holistic
ecosystem or basin management. Similarly, Hydro-
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meteorological data is often treated as a matter of national
security rather than a public good. Minimal transboundary
data-sharing often restricted only to real-time monsoon
flood data prevents the collaborative, basin-wide modeling
required for true IRBM.

4.2 Institutional & Structural Roadblocks

National governance frameworks frequently separate water
into isolated sectors: irrigation, hydropower, drinking water,
and environmental conservation rarely coordinate. IRBM
requires cross-sectoral integration, which is resisted by
traditional line agencies. Similarly, river basin boundaries
naturally transcend political and administrative lines (local,
provincial, and national). Aligning decentralized local
government mandates with national and international
basin objectives remains an administrative nightmare.

4.3 Socio-Economic & Inclusion Gaps

Mountain communities upstream often bear the ecological
costs of conservation or infrastructure development (like
hydropower), while downstream plains reap the economic
benefits. Similarly, mechanisms to balance this such
as Payments for Ecosystem Services (PES) are poorly
developed in the region. Basin scale planning is heavily
dominated by top down, engineering centric models.
Traditional, community led water management practices
(like ancient irrigation networks and mountain spring shed
preservation) are routinely sidelined.

5) PRACTICAL INSIGHT FROM IRBM
TRAINNING:

Taking the importance of IRBM into the consideration,
over the past five years, ICIMOD has been conducting
Multiscale IRBM trainings. Furthermore, to broaden this
reach and impact, ICIMOD has initiated a Massive Open
Online Course (MOOC) platform on water and climate in
the HKH region, along with a field-based learning visit to a
river basin in the HKH region and beyond. As a continuation
of the program ICIMOD has organized the 2025 IRBM
training with the focus on fostering youth leadership and
Gender Equality, Disability, and Social Inclusion (GEDSI)
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integration into river basin management. One of the
authors of this article got the opportunity for the Exposure
Visit and Field Learning in China, from 7 to 15" November,
2025. The title of Module 8 was “Linking IRBM Theory to
Practice: Learning Visit to the Yangtze Sub-basin in China.”

The major learning from the IRBM tanning was as follows;

5.1 Multi-Level Institutional Collaboration:

The visit highlighted the necessity of cross-border and
cross-agency cooperation, bringing together international
bodies (ICIMOD), academic institutions (Institute of
Mountain Hazards and Environment, Chinese Academy
of Sciences, Southwest University), and multi-level
government departments (Chongging Department of Water
Resources) to align regional goals.

S

5.2 Mainstreaming Biodiversity into
Water Policy:

The Food and Agriculture Organization and the Global
Environment Facility (FAO-GEF) project ("A New Green
Line") demonstrated how to restructure institutional
frameworks so that biodiversity conservation, sustainable
hydropower, and eco-tourism are deeply integrated into
local, provincial, and national water resource planning
rather than treated as secondary priorities.

5.3 The "Park City" Infrastructure Model:

The Tianfu New Area planning showcases a shift from
traditional gray infrastructure to ecological urbanism. By
systematically embedding green corridors and natural
spaces as core urban infrastructure, cities can manage
urban water resources effectively, mitigate heat island
effects, and preserve environmental balances.
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Figure 1: Tianfu New Area Planning Exhibition Hall, Chengdu, Sichuan, China.

5.6 Data-Driven Watershed Mapping:

Technical sessions underscored the role of advanced
technology specifically remote sensing-based surface
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water mapping ("From Pixels to Policy") in analyzing
complex river basin dynamics and translating physical data
into enforceable policy decisions.




5.7 Green Hazard Mitigation:

The case study of the Reshui River Basin illustrated
how combining ecological engineering with traditional
preventive measures (green mitigation) can sustainably
manage mountain hazards like landslides and debris flows
without destroying local ecosystems.

5.7 Cascading "Counter Regulation"
Systems:

The operational relationship between the Three Gorges
Dam and the downstream Gezhouba Dam serves as a

& 2N

Figure 2: Three Gorges Dam, Hubei province, China.

5.6 Balancing Scale and Multi-Objective
Infrastructure:

The massive Three Gorges Dam system proved how single
river interventions must balance competing, large-scale
priorities like regional flood control, massive renewable
energy generation, and inland navigation improvement.

s gl

Figure 2: Three Gorges Dam, Hubei province, China.

classic IRBM lesson in system regulation. Gezhouba
acts as a critical counter regulation dam, smoothing out
unstable water discharges from the larger upstream dam
to ensure stable navigation levels and prevent ecological
shocks downstream.
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5.8 Community and Civil Society
Engagement:

Active partnerships with Civil Society Organizations
(CSOs) and local volunteer citizens in areas like the Tang
River highlight that sustainable watershed stewardship
requires ground level public participation alongside strict
engineering protocols.

6) CURRENT STATUS, CHALLENGES AND
OPPORTUNITY OF IRBM IN NEPAL

Nepal has gradually incorporated river basin management
concepts into national water policies and legislation. The
National Water Resources Policy emphasizes integrated
water resources management, while several government
institutions are responsible for water related sectors,
including irrigation, hydropower, watershed management,
drinking water, and disaster management. The Department
of Water Resources and Irrigation, Department of
Hydrology and Meteorology, Department of Forests and
Soil Conservation, provincial governments, municipalities,
and local water user groups all play important roles.
However, coordination among these institutions remains
limited. River basin master plans have been prepared
for several basins, including the Koshi and Bagmati, but
implementation remains fragmented due to institutional
overlap, inadequate funding, and insufficient technical
capacity.

6.1 Major Challenges

6.1.1 Institutional Fragmentation:

Multiple ministries and agencies manage different aspects
of water resources with overlapping mandates, leading to
poor coordination and inefficient resource utilization.

6.1.2 Climate Change:

Changing precipitation patterns, glacier melting, and

increasing frequency of floods and droughts create
uncertainty in water availability.

6.1.3 Rapid Urbanization:

Urban expansion has increased river pollution,
encroachment on floodplains, and degradation of wetlands,
particularly in river systems such as the Bagmati.

6.1.4 Sedimentation

High erosion rates in Nepal's fragile mountain terrain result
in excessive sediment loads that reduce reservoir storage,
damage hydropower infrastructure, and increase flood
risks.

6.1.5 Data Limitations

Comprehensive hydrological, meteorological, groundwater,
and water quality data remain insufficient for effective basin
planning.

6.1.6 Financial Constraints

Implementing basin wide management requires substantial
investment in monitoring systems, watershed restoration,
infrastructure, and institutional capacity building.

6.1.7 Transboundary Issues

Most major rivers originating in Nepal flow into India
before eventually reaching Bangladesh. Effective basin
management therefore requires regional cooperation on
water sharing, flood forecasting, sediment management,
and hydropower development.

6.2 Opportunities

Despite these challenges, Nepal has significant
opportunities to strengthen the concept of IRBM. These
opportunities include;

e Growing investments in hydropower provide
opportunities  to integrate  environmental
safeguards and watershed conservation into
project planning.

e Advances in Geographic Information Systems
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(GIS), remote sensing, drones, and hydrological
modeling can improve basin assessment and
decision making.

o Community forestry, one of Nepal's most successful
natural resource management programs,
demonstrates the potential for community
participation in watershed conservation.

¢ International support from development partners
offers technical expertise and financial resources
for climate adaptation and integrated water
management initiatives.

o The federal governance structure established
under Nepal's Constitution provides opportunities
for decentralized and participatory basin
governance involving local governments.

7)  CONCLUSION

IRBM represents a comprehensive and sustainable
framework for managing Nepal's valuable water resources.
By treating river basins as interconnected ecological
systems, IRBM balances economic development with
environmental conservation and social equity. Nepal's
abundant rivers provide enormous opportunities for
hydropower generation, agriculture, tourism, and

biodiversity conservation, but these benefits can only
be sustained through coordinated planning, strong
institutions, stakeholder participation, and climate resilient
management.

As Nepal continues its journey toward sustainable
development, implementing effective IRBM will be essential
for ensuring water security, reducing disaster risks,
protecting ecosystems, and improving the livelihoods of
present and future generations. A basin wide, participatory,
and science-based approach offers the most promising
pathway to achieving long-term resilience and sustainable
management of Nepal's precious river resources.
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Abstract

Surveying provides the accurate geospatial information
needed for planning, design, construction, operation,
and maintenance of all infrastructure projects. Since
the establishment of the Nepal Electricity Authority
(NEA) in 1985, surveying has been the backbone of
power development. Surveying practices have evolved
from chains, tapes, plane tables, theodolites, levels, to
advanced digital technologies such as Total Stations,
Global Navigation Satellite System (GNSS), Differential
Global Positioning System (DGPS), Unmanned Aerial
Vehicles (UAVs), and Light Detection and Ranging
(LiDAR). These technological advancements have
significantly improved the accuracy, efficiency, and
safety of engineering surveys. Modern geospatial
technologies have also enhanced mapping, corridor
planning, construction, monitoring, asset inspection,
and Geographic Information System (GIS)-based asset
management. The integration of high-resolution cameras,
thermal sensors, LiDAR, artificial intelligence (Al),
cloud-based GIS, and predictive maintenance systems
is expected to transform surveying from a traditional
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measurement discipline into an intelligent geospatial
decision-support tool in future. This article reviews the
evolution of surveying practices in NEA, highlights the
role of emerging technologies, and discusses future
opportunities for building a smarter, more reliable, and
digitally enabled electricity network in Nepal.

Keywords: Surveying, Total Station, GNSS/DGPS,
UAV, LiDAR, GIS

1. Introduction

Surveying has always been a vital part of infrastructure
development and plays a key role in the planning,
design, construction, operation, quantity measurement
and maintenance of power projects. In Nepal Electricity
Authority (NEA), surveying supports the development
of hydropower plants, transmission lines (cadastral,
settlement & tree counting), substations, distribution
networks, andlandacquisition. Since NEAwas established
in 1985, surveying has contributed significantly to the
expansion of Nepal's electricity network. Over the years,
the profession has evolved from using conventional
instruments such as optical theodolites, levels, and steel
tapes to modern technologies that provide faster, more
accurate, and more reliable geospatial data.

Today, surveying in NEA has entered a new digital era
with the use of Total Stations, GNSS/DGPS, UAVs,
LiDAR, GIS, and remote sensing. These technologies
have improved the efficiency of field surveys, enhanced
mapping accuracy, and strengthened the planning,
construction, inspection, and maintenance of power
infrastructure. Looking ahead, emerging technologies
such as artificial intelligence, thermal imaging and
cloud-based geospatial systems are expected to further
transform surveying into an intelligent tool for asset
monitoring and management. This article reviews the
evolution of surveying in NEA, from traditional methods
to modern geospatial technologies, and discusses future
trends that will support the development of a smarter and
more resilient power system in Nepal.
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2. Evolution of Surveying Technologies
in NEA

Table 1: Evolution of Surveying Techniques in NEA

Period (A.D.) Technology Major Development
Before 1991 Plane Table/Theodolite Conventional survey
1991-Present Total Station Digital surveying
2016-Present DGPS/GNSS Satellite positioning
2021-Present UAV Photogrammetry
2023 onwards (I;ir?CEVSensor mounted ’:‘1[; g;l:gt’ cloud and
Future Al'+ LIDAR+ Thermal Intelligent asset monitoring

Sensor+ UAV

3.Past, the eraof conventional surveying

Before the introduction of modern digital equipment,
surveying for hydropower projects, transmission lines,
substations, and distribution systems in Nepal was
carried out using conventional instruments such as
optical theodolites, steel tapes, dumpy levels, and
automatic levels. Among these, the optical theodolite
was the main instrument used for measuring horizontal
and vertical angles, establishing survey control, and
setting out engineering structures. Survey data were
recorded manually in field books, and all calculations for
coordinates, elevations, and maps were completed by
hand. These methods required skilled surveyors, careful
observations, and considerable time to produce accurate
results.

Surveying in Nepal's mountainous terrain was both
challenging and labor-intensive. Survey teams often
worked for days or weeks in remote areas, crossing
steep hills, forests, and river valleys to collect the
data needed for transmission line alignment and other
engineering works. Although conventional surveying
played a vital role in the successful development of
NEA's early infrastructure, the process was slow and
prone to human error. As power projects became larger
and more complex, the need for faster, more accurate,
and digitally managed surveys led to the adoption of
electronic Total Stations, marking the beginning of a new
era in surveying within NEA.
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4. The Digital Transformation: Adoption
of Total Station Technology

The introduction of the Total Station was a major step
forward in modernizing surveying practices within
the Nepal Electricity Authority (NEA). A Total Station
combines an electronic theodolite, an Electronic Distance
Measurement (EDM) device, and a built-in computer,
allowing surveyors to measure angles, distances,
and coordinates accurately and efficiently. Unlike
conventional surveying methods, where measurements
and calculations were recorded manually, Total Stations
store data digitally and perform many calculations
directly in the field. This reduced human error, improved
accuracy, and saved significant time during both fieldwork
and office processing. The collected data could also be
easily transferred to CAD and GIS software for mapping
and engineering design.

Total Stations soon became an essential tool for many
NEA projects, including transmission line route surveys,
tower spotting, foundation setting-out, substation layout,
topographic mapping, hydropower construction, and as-
built surveys.

They improved survey efficiency, reduced the number of
personnel required, and helped complete projects more
quickly. However, Total Stations still require a clear line
of sight between the instrument(station) and the prism(or
objects in case of reflectorless Total Station), which can
be difficult in Nepal's mountainous terrain, dense forests,
and long transmission corridors. These limitations led to
the adoption of satellite-based surveying technologies
such as GNSS, DGPS, and RTK, which further improved
the speed, accuracy, and flexibility of engineering
surveys within NEA.

Major projects surveyed using Total Station include
Tanahu Hydroelectric Project (HEP), Upper Modi
HEP, Uttarganga Storage HEP, New Khimti-Barabise
400 kV Transmission Line, Kaligandaki Corridor
220 kV Transmission Line, Kaligandaki-Ridi 132 kV
Transmission Line, ERS Tower Survey at Parwanipur,
Marshyangdi, Trishuli, Dumkibas and more.

Figure 1: Total Station Survey

5. Satellite-Based Surveying: The
Adoption of GNSS and DGPS

The adoption of Global Navigation Satellite System
(GNSS) and Differential Global Positioning System (DGPS)
revolutionized surveying practices worldwide. Likewise,
these technologies have played a vital role in modernizing
surveying activities within the Nepal Electricity Authority
(NEA), significantly improving the accuracy, efficiency, and
reliability of engineering surveys for transmission lines,
substations, and other infrastructure projects.

Unlike Total Stations, which require a clear line of sight
between survey points, GNSS uses signals from satellites
to determine accurate positions. This made surveying
much faster and more efficient, especially in Nepal's
mountainous terrain and long transmission line corridors.
The introduction of Real-Time Kinematic (RTK) GNSS
further improved fieldwork by providing centimeter-level
accuracy in real time, reducing the need for lengthy survey
procedures and office calculations.

Today, GNSS and DGPS are widely used in NEA for
establishing survey control points, transmission line
alignment and Right of way survey(cadastral, settlement
& tree counting), substation surveys, hydropower projects,
topographic mapping, and GIS database development.
When combined with Total Stations, they provide accurate




and reliable survey results even in challenging conditions.
Although satellite signals can sometimes be affected
by dense forests, steep valleys, or tunnels, GNSS has
greatly increased the speed, accuracy, and efficiency of
engineering surveys. As the demand for more detailed
three-dimensional mapping and infrastructure monitoring
grew, NEA gradually moved toward advanced technologies
such as UAVs and LiDAR.

Maijor projects surveyed using DGPS include Control Point
Survey of Hulingtar Dumkin Pump Storage HEP, Salleri
Chyalsa HEP, Syarpu Pump Storage HEP, Damak Keraun
Biratnagar 132 kV T/L, Dhaubadi Meghauli 132 kV TIL,
Nijgadh harnaiya 400 kV T/L and more.

Figure 2: Static DGPS Observation

6. Bathymetric Surveying

Bathymetric surveying has become an important application
of modern surveying technology within the Nepal Electricity
Authority (NEA) for monitoring reservoir conditions. NEA
uses the CEESCOPE Echo Sounder equipped with
an inbuilt GNSS receiver to measure water depth and
accurately determine the position of each sounding point
simultaneously. The collected data are processed to

generate bathymetric maps, reservoir bed profiles, contour
maps, and reservoir capacity analyses, which help assess
sediment deposition and changes in reservoir storage
over time. This information supports reservoir operation,
sediment management, hydropower planning, and long-
term maintenance. Bathymetric surveys have been
carried out at the Upper Tamakoshi Reservoir and Lower
Marshyangdi Reservoir, while the Kulekhani-l Reservaoir is
surveyed annually to monitor sediment accumulation and
evaluate changes in reservoir capacity. The integration
of Echo Sounder technology with GNSS has significantly
improved the accuracy, efficiency, and reliability of reservoir
surveys compared to conventional methods.

Figure 3: Bathymetric Surveying in Lower
Marshyangdi Reservoir

7. A New Perspective: The Emergence
of UAV (Drone) Surveying

The introduction of Unmanned Aerial Vehicles (UAVs),
commonly known as drones, has greatly improved
surveying practices within the Nepal Electricity Authority
(NEA). Unlike traditional ground surveys, drones can
quickly capture high-resolution aerial images over large
areas, making surveys faster, safer, and more efficient.
This is especially useful in Nepal's mountainous terrain,
dense forests, and remote locations, where conventional
surveys are often difficult and time-consuming. Using
photogrammetry software, drone images can be processed
to produce orthophotos, Digital Elevation Models (DEMs),
Digital Surface Models (DSMs), contour maps, and three-
dimensional (3D) models.

Today, drones are widely used in NEA for transmission
line route surveys, topographic mapping, construction
monitoring, tower inspections, vegetation monitoring, and
post-disaster assessments. When combined with RTK/
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PPK GNSS, GIS, and other digital tools, drones provide
highly accurate geospatial data for planning, construction,
operation, and maintenance of power infrastructure.
Although weather conditions, battery life, and aviation
regulations can affect drone operations, UAV technology
has significantly improved the speed, safety, and quality of
surveying and is expected to play an even greater role in
NEA's future infrastructure management.

UAV/Drone was used to capture photos and create
orthophotos in Lower Marshyangdi HPS, Kulekhani Sisneri
Pump Storage HEP, Uttarganga Storage HEP and more.

Figure 5: Orthophoto created from UAV Drone Survey

8. LIiDAR Technology: The Next
Generation of Precision Surveying

Light Detection and Ranging (LIDAR) is one of the latest and
most advanced surveying technologies used for collecting
accurate three-dimensional (3D) geospatial data. It works
by sending laser pulses to the ground and measuring the
time taken for the reflected signals to return. This process
creates millions of 3D points, known as a point cloud, which
accurately represents the terrain (by creating DTM, DSM,
DEM), vegetation, buildings, transmission towers, and other
structures. Unlike conventional photogrammetry, LIDAR can
capture ground elevations even in areas covered by dense
vegetation, making it especially useful in Nepal's mountainous
and forested regions.

In the Nepal Electricity Authority (NEA), LIDAR is becoming an
important tool for transmission line corridor mapping, existing
transmission line monitoring, route planning, topographic
surveys, vegetation monitoring, and infrastructure inspection.
[t can also be used to assess conductor clearances, monitor
slopes, and create detailed 3D models for asset management.
When integrated with drones, GNSS, GIS, and other digital
technologies, LIDAR provides highly accurate and reliable
data for planning, construction, operation, and maintenance
of power infrastructure. Although LIDAR equipment and
data processing are relatively expensive, its accuracy and
efficiency make it a valuable technology for the future of
surveying in NEA.

Major projects surveyed using LIDAR include Hulingtar
Dumkin Pump Storage HEP, Salleri Chyalsa HEP, Syarpu
Pump Storage HEP, Upper Tila HEP, Sunkoshi Ill Storage
HEP, GIS Database Project for existing T/L of Koshi Province,
Lapshiphedi Changunarayan132 kV T/L and more.

Figure 6: LiDAR Data Processing




9. Comparison of Cost, Accuracy, Time and Output

Table 2: Comparison of Cost, Accuracy, Time and Output of Surveying Techniques

Technology | Accuracy R%':ts';'e Field Time Pro.lc_:iens‘:mg Final Product
Theodolite High Low Very High | Very High Hard Copy
Total Station Very High | Medium High Low CAD/GIS
GNSS High High Medium Medium CAD/GIS
UAV Medium Medium Very Low High Orthophoto, DEM, DSM
LIDAR High Very High | VeryLow | Very High gg,f;m”t Cloud, Orthophoto, DEM,

10. GIS-Based Survey Data Management hydropower plants, NEA land properties, and Right-of-Way
and Applications in NEA (RoW) can be delivered in Shapefile and KMZ formats,
allowing efficient data sharing and visualization across
Modern surveying in the Nepal Electricity Authority (NEA)  different GIS platforms.
is not limited to collecting field data. Survey information
collected using Total Stations, GNSS, UAVs, and LIDAR  Regular updating of both spatial and attribute data ensures
is integrated into Geographic Information Systems (GIS) that NEA's maps remain accurate and up to date. These
for storage, analysis, and decision-making. GIS allows data can be used to prepare engineering drawings in
survey data to be visualized and analyzed in platforms  AutoCAD, prepare customer-based mapping, perform GIS

Transmission Line Networks Of NEPAL
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Figure 7: T/L Network of Nepal

such as Google Earth, making it easier to understand and  analysis, and maintain a centralized digital database. The
use. Mapping data for transmission lines, substations, integration of survey data into a one-click database system
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enables quick access to information and supports planning,
operation, maintenance, and asset management. It also
makes geospatial information easier to use, even for staff
with basic computer knowledge.

Survey professionals in the Transmission Directorate
have prepared a map of Nepal containing existing,
under construction and proposed transmission lines and
substations using ArcGIS/QGIS software. Likewise survey
professionals in Project Development Department have
been taking LIDAR data of existing Transmission lines
and processing them to create a GIS database. They
have almost finished field works and processing works of
transmission lines in the Koshi Province of Nepal.

11. Future Perspectives: Towards
Intelligent Surveying and Asset
Management

The future of surveying in the Nepal Electricity
Authority (NEA) will go beyond traditional mapping and
measurements. Modern technologies such as drones,
LiDAR, Artificial Intelligence (Al) and cloud-based GIS will
help collect accurate geospatial data and monitor power
infrastructure in real time. Drones equipped with high-
resolution cameras, thermal cameras, LIDAR, and RTK
GNSS will enable faster inspection of transmission lines and
substations. High-resolution images can identify damaged
towers, conductors, insulators, corrosion, missing bolts,
and vegetation encroachment, while thermal cameras can
detect overheating equipment before failures occur. LIDAR
will provide accurate 3D models, and Al will automatically
identify defects and prioritize maintenance, supporting
predictive maintenance and better asset management.

Future surveying will also make greater use of Web GIS
and Mobile GIS, allowing customers to report location-
based problems directly from the field and helping NEA
provide faster and more efficient services. GIS, drones,
and LiDAR will support continuous monitoring of Right-
of-Way (ROW) conditions, vegetation, land use changes,
and hazard-prone areas, while GIS-based analysis will
help select suitable locations for new transmission lines
and substations by considering hazards, soil, floods,

conservation areas, settlements, and load centers. As
these technologies generate large amounts of data,
high-performance computers with powerful processors,
sufficient RAM, and high-speed SSD storage will be
essential for fast processing, 3D modelling, and informed
decision-making, supporting NEA's digital transformation.
Although the adoption of emerging technologies requires
a significant initial investment, it will reduce survey time,
improve efficiency, lower maintenance and operational
costs, and provide substantial long-term benefits for NEA.

12. Recommendations

To strengthen surveying and geospatial data management
within the Nepal Electricity Authority (NEA), a dedicated
GIS Center should be established to develop, maintain,
and regularly update a centralized geospatial database
for all power infrastructure assets. NEA should also make
the preparation of As-Built Drawings mandatory before
the final payment of every infrastructure project to ensure
an accurate and up-to-date spatial database for future
planning, monitoring, and maintenance. NEA should further
expand the use of Web GIS and Mobile GIS by adopting
applications such as SW Maps and QField for location-
based complaint reporting and field data collection. This will
help identify problems more quickly, improve maintenance
planning, support faster response to outages, and enhance
asset management and customer service across the power
network. Although the technologies will cost

13. Conclusion

The journey of surveying in the Nepal Electricity Authority
(NEA) reflects the rapid advancement of technology
in the power sector. From conventional instruments to
modern technologies, each development has improved
the accuracy, speed, safety, and efficiency of engineering
surveys. These technologies have played a vital role in the
planning, design, construction, operation, and maintenance
of hydropower projects, transmission lines, substations,
and other power infrastructure. The growing use of GIS
will further enhance geospatial data management, asset
monitoring, and decision-making across NEA.

Y 30 3ISH 9 WIE 0¢3




Surveying will continue to evolve through the integration
of high-resolution cameras, thermal sensors, LiDAR,
Artificial Intelligence (Al), cloud-based GIS, and other
advanced geospatial technologies. These innovations will
support smarter asset monitoring, predictive maintenance,
better decision-making, and more efficient infrastructure
management. Although the adoption of these technologies
requires significant initial investment, they will reduce
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survey time, lower long-term costs, optimize resources,
improve customer service, and strengthen NEA's digital
transformation. By investing in modern technologies and
enhancing the technical capacity of its employees, NEA can
build a more reliable, efficient, resilient, and sustainable
electricity network to meet Nepal's growing energy needs.
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Cross-Border Power Trade and Grid
Harmonization in South Asia:

A Comprehensive Analysis of BBIN

and SAARC

Abstract

Cross-border electricity trade (CBET) is becoming a key
mechanism for regional energy cooperation in South Asia.
The region faces growing electricity demand, an uneven
distribution of resources, marked seasonal fluctuations
in generation and consumption, and increasing pressure
to shift toward low-carbon energy systems. Under these
circumstances, regional power exchanges can strengthen
energy security, lower electricity costs, improve overall
resource utilization, and facilitate large-scale renewable
integration by enabling geographic and temporal balancing
of solar, wind, and hydropower. Two institutional platforms
have played central roles in promoting CBET in the region:
BBIN, which has become the most active operational
forum for electricity trading, and SAARC, which offers
a broader vision and a policy framework for long-term
market integration. This study explores the development,
opportunities, challenges, and future prospects of CBET
in South Asia, with particular focus on grid connection
standardization as the essential element for successful
regional electricity integration.

1. Introduction

Electricity is shifting from a domestic utility to a strategic
regional commodity that drives economic and political
integration. Interconnected power systems enhance
reliability, lower generation and reserve costs, optimize
asset use, and smooth renewable energy variability across
large geographic areas. These benefits are highly relevant

Prakash Dahal
Engineer
NEA

to South Asia due to its complementary resources and
diverse demand profiles, though progress has historically
been slowed by fragmented markets, limited cross-border
infrastructure, and institutional barriers. Over the past two
decades, policy dialogues and pilot projects have begun
paving the way for deeper cooperation.

The region exhibits clear natural complementarities that
justify cross-border trade. Nepal and Bhutan possess vast
hydropower potential with seasonal monsoon surpluses.
India, offering the largest, most diversified market and the
most advanced transmission infrastructure, serves as a
logical regional hub and trading counterparty. Bangladesh
represents a vital, fast-growing import center, while Sri-
Lanka and Pakistan present further opportunities for
targeted exchange. Together, these patterns enable
temporal and spatial balancing: surplus hydro can meet
deficits elsewhere, while solar and wind can be exported to
regions with different generation profiles. Capturing these
opportunities requires far more than building transmission
lines. Reliable, commercially viable trade depends on
harmonized technical standards, interoperable grid
codes, robust metering, coordinated dispatch, and agreed
congestion management protocols. It also demands
compatible regulatory frameworks, transparent settiement
mechanisms, and stable dispute resolution processes to
build investor and sovereign confidence. Equally critical
are institutional arrangements that foster data sharing, joint
planning, and capacity building among system operators.

connection  standardization is

Consequently, grid




a foundational prerequisite for regional electricity
cooperation. Standardization mitigates technical risks,
secures interconnections, ensures accurate commercial
settlement, and supports large-scale renewable integration.
This study focuses on the institutional and technical
pathways to achieve interoperable regional operations,
assesses the commercial instruments needed to mobilize
infrastructure investment, and recommends measures
to ensure an equitable distribution of costs and benefits
among participating countries.

2. CBET in the Context of BBIN

The Bangladesh-Bhutan-India-Nepal (BBIN)
sub regional framework is South Asia’s most
successful model for power sector cooperation.
Originally focused on transport and logistics,
BBIN naturally expanded into energy due to
shared borders, existing transmission lines,
and aligned economic interests, transforming
physical connectivity into a mechanism for
regional energy security.

The success of Cross Border Electricity Trade
(CBET) within BBIN stems from resource
complementarity, matching diverse seasonal
surpluses with soaring regional deficits. Bhutan
uses its massive hydropower to export clean
electricity to India, generating vital national
revenue. Nepal, transitioning from a deficit nation
to a seasonal exporter, generates large hydro
surpluses during the monsoon to export power
when domestic generation peaks. Conversely,
Bangladesh faces rapid industrialization and
falling gas reserves, relying heavily on regional
imports. Centrally located, India acts as both
a major consumer and a vital transit corridor
connecting the sub region’s grids. To sustain
these flows, the sub-region is expanding
high voltage transmission infrastructure.
The Muzaffarpur Dhalkebar 400 kV line has
drastically increased trade between Nepal and
India, while the proposed Butwal-Gorakhapur,
Dododhara-Bareli, and Inaruwa-Purnima 400

kV lines will further strengthen grid stability
and capacity. Additionally, the Bheramara High
Voltage Direct Current (HVDC) Station acts as
a technical bridge for large scale, synchronized
imports into Bangladesh from India.

The most significant recent milestone is the shift
from strict bilateral trade to trilateral electricity
trade, enabling Nepal to export power directly
to Bangladesh through Indian infrastructure. By
moving past isolated, country to country deals
toward an interconnected sub-regional market,
BBIN nations have proven electricity can flow
smoothly across multiple borders, establishing
a blueprint for full scale grid integration and long
term sustainability across South Asia.

3. SAARC and the Broader Regional
Energy Vision

While sub-regional initiatives like BBIN focus on
practical, localized implementation, the South
Asian Association for Regional Cooperation
(SAARC) provides the overarching political
and institutional framework necessary for large
scale electricity integration across South Asia.
Established in 1985, SAARC brings together
Afghanistan, Bangladesh, Bhutan, India,
Maldives, Nepal, Pakistan, and Sri Lanka.
Though its original mandate was broadly
defined to promote economic development,
energy security has steadily risen to the top of its
strategic agenda due to growing power deficits
and the global shift toward clean energy.

A foundational milestone was achieved with the
signing of the SAARC Framework Agreement for
Energy Cooperation (Electricity) in November
2014. This landmark treaty fundamentally
redefined how the region views power by formally
recognizing electricity as a tradable commercial
commodity rather than just a public utility. The
agreement explicitly encouraged member states
to enable voluntary cross border electricity

oo (|



BNER))) e viovr

trade through flexible bilateral, trilateral, and
multilateral arrangements, while laying the
groundwork for integrated grid operations,
harmonized technical standards, and public
private sector cooperation. Supporting this
macro vision is the SAARC Energy Centre,
which serves as the technical backbone of
the organization. The center plays a vital role
by conducting advanced technical feasibility
studies, drafting uniform policy frameworks, and
facilitating high level regional dialogues to align
diverse national interests.

Admittedly, the broader progress of SAARC has
frequently been constrained by deep rooted
political tensions, particularly the complex
geopolitical relationship between India and
Pakistan, which has slowed down pan regional
initiatives. Despite these friction points, SAARC
remains indispensable. It stands as the most
geographically comprehensive framework in
existence, holding the ultimate institutional
blueprint required to transform scattered bilateral
agreements into a fully integrated, future South
Asian Power Pool.

4. The Imperative of Grid Connection
Standardization

Electricity systems are sensitive, complex networks that
must be balanced continuously in real time. Any mismatch
in system frequency, voltage, or protection settings can
lead to widespread grid instability, catastrophic outages,
or severe equipment damage. Consequently, pursuing
cross border interconnection without strict standardization
introduces unacceptable operational risks to all participating
nations.

Grid connection standardization harmonizes technical
parameters, operating procedures, communication
protocols, and regulatory frameworks, enabling distinct
national grids to operate together safely and efficiently. It
serves as the indispensable technical backbone of cross
border electricity trade. The primary requirement for

synchronization is frequency management. Most South
Asian nations operate their grids at a nominal frequency
of 50 Hz, providing a natural technical foundation for
interconnection. However, keeping this frequency within
tight operational limits across multiple borders requires
highly coordinated generation control and mutual reserve
sharing.

Voltage standardization is equally critical for efficient
transmission. Cross border lines in South Asia commonly
utilize 132 kV, 220 kV, and increasingly 400 kV alternating
current (AC) systems to enable large scale power transfer
while reducing transmission losses. Where synchronous AC
operation is technically difficult, High Voltage Direct Current
(HVDC) technology provides an alternative, allowing safe
power exchange between asynchronous systems while
offering superior flow control and grid stability. Protection
coordination represents another vital layer of operational
security. Grid protection systems must detect and isolate
faults within milliseconds. If neighboring systems use
incompatible relay settings, a minor local fault can easily
escalate into a cascading regional blackout. Harmonized
protection schemes reduce this risk significantly.

Finally, modern cross border trade depends on advanced
digital communication architectures. Systems such as
Supervisory Control and Data Acquisition (SCADA),
Energy Management Systems (EMS), and Phasor
Measurement Units (PMUs) enable real time visibility,
coordinated automated dispatch, and rapid emergency
response. As these interconnections grow more extensive
and digitally integrated, robust cyber security standards
across national boundaries become increasingly important
to protect regional energy infrastructure from emerging
digital threats.

5. The Strategic Role of Grid Code
Harmonization

A grid code defines the comprehensive technical
and operational rules governing how utilities,
generators, and consumers connect to and
operate within a power system. Historically,
each South Asian nation developed its own




national grid code based entirely on unique
domestic priorities, legacy infrastructures, and
local regulatory environments. However, scaling
cross border electricity trade beyond isolated,
country to country arrangements requires these
disparate rules to be systematically aligned.

Progress is already visible at the national level.
For example, the Nepal Electricity Authority has
actively incorporated regional harmonization
principles into its updated Nepal Electricity Grid
Code 2080, preparing its domestic infrastructure
for deeperintegration. Similarly, India’s advanced
transmission framework, managed under the
Power Grid Corporation of India Limited, serves
as a vital technical benchmark for regional
interconnection standards due to its scale and
modernization.

Ultimately, establishing a common regional
grid code is essential for the future of South
Asian energy architecture. By standardizing
critical operational parameters such as
frequency control response, voltage regulation
limits, scheduled outage coordination, fault
management protocols, and connection
approval processes, a harmonized code creates
a predictable and reliable environment. This
regulatory and technical alignment is the missing
link required to transform a collection of bilateral
power lines into a truly integrated, multilateral
regional electricity market.

6. Operational and Market Integration

Beyond basic technical compatibility, effective
cross border electricity trade requires highly
coordinated operational procedures. Core
functions such as electricity scheduling, day
ahead dispatch, transmission congestion
management, and grid balancing must be
handled collaboratively  across  national
boundaries. Establishing dedicated regional
dispatch coordination mechanisms ensures

that cross border power flows remain physically
secure, predictable, and economically optimized.

Concurrently, South Asia is gradually transitioning
from rigid, government to government electricity
trade protocols toward dynamic, market based
mechanisms. The Indian Energy Exchange has
become an important enabler of this structural
transition, opening up avenues for neighboring
countries like Nepal to participate directly in
competitive day ahead and real time electricity
markets. Transitioning to market based cross
border trade dramatically improves price
transparency, enhances resource allocation
efficiency, and lowers risks for private sector
developers, ultimately making regional energy
commerce far more sustainable in the long term.

7. Systemic Benefits of Cross Border
Electricity Trade

The economic, environmental, and strategic benefits of
cross border power integration across the BBIN and SAARC
regions are substantial:

* Economic Efficiency: Regional trade allows
deficit nations to tap into cheaper surplus power
across borders instead of investing heavily in
expensive, redundant thermal generation. Fully
coordinated power pool operations in South Asia
could reduce regional generation costs by roughly
five percent, saving billions of dollars.

*  Environmental Sustainability: Hydropower rich
nations like Nepal and Bhutan can export abundant
clean energy, displacing carbon intensive fossil fuel
generation elsewhere. This seasonal offset directly
supports national climate targets, reduces air
pollution, and lowers aggregate carbon emissions.

* Enhanced Energy Security: Interconnected
networks enable mutual reserve sharing, real time
emergency assistance, and seasonal balancing.
By functioning as a collective network, countries
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can support one another during localized fuel
shortages, equipment failures, or extreme weather,
drastically reducing blackout risks.

* Geopolitical Cohesion: Successful energy
commerce  fosters  tangible  economic
interdependence and mutual trust. Over time,
these shared financial incentives strengthen
regional cooperation, laying a peaceful foundation
for collaboration in other critical sectors.

8. Persistent Challenges to Regional
Integration

Despite a compelling business case, cross border electricity
trade in South Asia must navigate formidable institutional and
physical obstacles:

*  Geopolitical Friction: Persistent political tensions
remain a primary structural barrier, frequently stalling
multilateral initiatives under the broader SAARC
framework and limiting full regional cooperation.

* Institutional and Regulatory Asymmetry:
Deep differences in national legal systems,
market structures, and regulatory maturity create
bureaucratic delays in cross border project

approvals, contract enforcement, and policy
harmonization.
o Capital Intensive Infrastructure: Building

high voltage transmission lines, back to back
HVDC converter stations, and modern switching
substations requires massive capital investments
and long implementation timelines. Financing these
projects demands highly coordinated government
guarantees and sustained multilateral development
assistance.

*  Technical Capacity Gaps: Varied levels of grid
automation, digital control systems, and regulatory
expertise among member nations create operational
asymmetries, making real time grid integration
technically complex.

9. Future Outlook and Strategic Horizon

The long-term trajectory for energy integration
in South Asia remains highly promising. In the
medium term, the BBIN framework will drive
immediate progress through the commissioning
of additional 400 kV transmission corridors,
deeper cross-border market integration, and
expanded hydropower developmentin Nepal and
Bhutan. Over time, these incremental bilateral
and trilateral links are projected to mature into a
formal, unified BBIN regional electricity market.

At the macro level, SAARC retains the long-term
vision of establishing a comprehensive South
Asian Power Pool. This objective mirrors highly
successful international models, such as the
integrated European electricity market managed
under the European Network of Transmission
System Operators for Electricity (ENTSO-E)
framework. Realizing this advanced stage
of integration will require sustained political
commitment, sweeping institutional reforms,
and continuous capital investment in grid
standardization.

10. Conclusion

Cross border electricity trade is fundamentally transforming
the energy landscape of South Asia. Within this changing
environment, the BBIN framework has proven to be the most
agile and effective operational platform, demonstrating that
regional electricity cooperation is both technically viable
and economically highly lucrative. Meanwhile, SAARC
provides the essential strategic macro framework needed
to anchor long term, pan regional integration.

Ultimately, the scalability of both initiatives hinges on
strict grid connection standardization. Without fully
harmonized technical standards, aligned grid codes,
synchronized system operations, and transparent,
predictable regulations, large scale cross border power
flows cannot be safely sustained. If South Asian nations
successfully commit to resolving these technical and




institutional challenges, cross border trade will deliver Regulations Regarding CBET in SAARC

affordable electricity, robust energy security, and deep Countries.

renewable energy integration, anchoring a prosperous and

interconnected regional future. iv.  Pun, S. B. (2018). Reflections on SAARC
Framework Agreement for Energy
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Repair or Replace? Techno-Economic
Analysis of Distribution Transformer

Maintenance Strategies in Nepal

1. Introduction

Distribution transformers are the backbone of electricity
distribution networks, stepping down sub-transmission
voltages to consumer levels. As the final major component
before electricity reaches end users, their performance
directly influences power quality, reliability, and continuity of
supply. Transformer failures result in service interruptions,
increased technical losses, and reduced customer
satisfaction, making effective maintenance and asset
management essential. Preventive maintenance, condition

Bishnu Prasad Neupane

Engineer
NEA

monitoring, load management, and timely replacement
of aging units improve system reliability and extend
transformer service life. With growing electricity demand
and network expansion, their importance has further
increased. NEA currently operates 48,625 distribution
transformers with a total installed capacity of 4,538.19 MVA
(Nepal Electricity Authority, DCSD Report, 2025),. However,
high failure rates caused by inadequate protection, limited
condition monitoring, lightning, overloading, and network
faults continue to pose significant operational and reliability
challenges.

Distribution Transformer Infrastructure by Province in Nepal
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According to the (Nepal Electricity Authority, DCSD Report,
2025), the Transformer Workshop Branch at Kharipati,
Bhaktapur, which serves twenty distribution centers under
the Bagmati Provincial Office, received 999 severely
damaged distribution transformers for repair within a
single year. These centers operate approximately 9,261
distribution transformers, corresponding to an annual
failure rate of about 10.8%. Historical NEA records also
indicate that the average annual transformer failure rate
has remained close to 11%, meaning nearly one in every
nine transformers fails each year. This high failure rate
imposes substantial repair and replacement costs while
adversely affecting system reliability and service quality.
Moreover, Nepal's ongoing rural electrification and network
expansion into remote hilly regions expose transformers
to harsher operating conditions, including longer feeders,
lightning, severe weather, and difficult maintenance
access, which further increase failure risks. Field
experience shows that over 90% of transformer failures are
associated with winding damage, making winding failure
the dominant cause of transformer outages in Nepal and
often necessitating major repairs or complete replacement.

2. The Root Cause of Transformer
Failure in Nepal

The major factors contributing to distribution transformer
failures in Nepal are:

a)  Poor maintenance Practices

Poor maintenance practices are a major
contributor to the high distribution transformer
failure rate in Nepal. In many cases,
maintenance is performed only after a fault is
suspected or a transformer has failed. Most
utility management offices and distribution
centers lack structured maintenance schedules,
dedicated personnel, and adequate resources
for transformer maintenance. Consequently,
inspections are often limited to visual
observations after consumers report an outage.
In addition, many distribution centers have
insufficient skilled technical staff to diagnose
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faults and perform on-site corrective actions.
A common misconception that transformers
require no maintenance while in operation has
led to a run-to-failure approach, accelerating
transformer deterioration, increasing failure
frequency, and raising maintenance costs.

b)  Lack of Condition Monitoring and Asset
Health Assessment

Condition monitoring of distribution transformers
is one of the most neglected aspects of
transformer asset management in Nepal. In
most electrification projects, transformers are
installed, commissioned, and operated without
systematic condition assessment throughout
their service life. Monitoring is generally
limited to loading measurements during peak
demand periods to assess spare capacity for
new consumer connections. Critical diagnostic
activities such as insulation oil level inspection,
oil Breakdown Voltage (BDV) testing, Dissolved
Gas Analysis (DGA), transformer turns ratio
testing, and other condition assessments are
rarely conducted, despite their importance
in detecting incipient faults and evaluating
transformer health. This issue extends beyond
distribution transformers, as even 6/8 MVA,
33/11 kV power transformers often lack regular
condition monitoring under a predefined
maintenance schedule. Consequently,
many transformers remain in operation with
undetected defects that eventually lead to major
failures.

c) Inadequate Lightning Protection and
Earthing Practices

Lightning is a major cause of distribution
transformer failures in Nepal, particularly during
the monsoon season (July-September), when
lightning activity is most intense. Lightning
surges impose severe electrical and mechanical
stresses on transformer windings, leading to
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insulation breakdown, winding deformation,
and, in severe cases, core damage. Although
lightning cannot be prevented, the extent of
damage largely depends on the effectiveness
of the protection system. Proper earthing and
correct installation of lightning arresters are
essential, yet these are often not implemented
according to technical standards in Nepal.
Common issues include disconnected or
improperly  grounded lightning  arresters,
inadequate earthing systems, and the absence
of routine earthing resistance measurements,
especially in rural areas. In many cases,
earthing is treated only as a project completion
requirement rather than a critical protection
measure, and its condition is rarely inspected
after commissioning. The practice of using
a common grounding point for system and
lightning protection earthing, together with
poor workmanship, further reduces protection
effectiveness. Consequently, lightning surges
frequently bypass protective devices, resulting
in severe winding damage and transformer
failure.

Overloading and Inadequate Protection
Coordination

Overloading is another significant cause of
distribution  transformer failures in  Nepal.
Although transformers can withstand limited
short-term overloads, excessive and unplanned
load connections lead to overheating, insulation
deterioration, and winding failure. Since routine
loading assessments are rarely conducted, new
consumers are often connected without verifying
the transformer’s available capacity. Owing to the
high diversity of electrical loads, transformers may
appear lightly loaded during off-peak hours but
experience severe thermal stress during evening
peak demand, especially in residential areas.
A more critical issue is the additional loading
caused by faults and leakage currents in the
low-voltage network. Poorly maintained LT lines,

inadequate clearances, deteriorated insulation,
vegetation contact, and defective structures
allow continuous leakage currents that increase
significantly during the rainy season, imposing
unwanted load on transformers. Another common
practice is replacing frequently operated LT-side
fuses or MCCBs with higher-rated devices instead
of addressing the underlying overload or fault.
In some cases, protective devices are grossly
oversized, leaving transformers inadequately
protected against sustained overloads. The
combined effects of excessive loading, poor
network conditions, leakage currents, and
improper protection coordination significantly
accelerate winding deterioration and contribute to
frequent transformer failures in Nepal.

Phase Load Imbalance and Improper Load
Distribution

Phase imbalance is another important cause of
distribution transformer failures in Nepal. Ideally,
three-phase transformer loads should be evenly
distributed among all phases to ensure balanced
currents and minimize neutral current. However,
this is often difficult to achieve, particularly in
rural and mountainous areas where transformer
locations are determined by land availability
rather than technical requirements. Scattered
settlements, challenging terrain, and financial
constraints  further limit the development
of balanced distribution networks, causing
unequal phase loading, excessive voltage drop,
and increased thermal stress on transformer
windings. Even in urban areas, where phase
balancing is feasible, new consumer connections
are frequently made to the nearest available
phase without assessing existing phase loading.
Poor network documentation, mixed conductor
types, and inadequate phase identification further
complicate load management. Consequently,
persistent phase imbalance leads to neutral
overloading, higher losses, winding overheating,
and premature transformer failure.
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3. Current Distribution Transformer
Maintenance Practices in Nepal: Gap
Analysis with Global Standards

The present transformer maintenance practice in many
distribution centers (DCs) of Nepal is mainly based on
corrective maintenance rather than preventive asset
management. Most activities begin only after transformer
failure, while systematic health monitoring and condition-
based maintenance practices are still limited.

Current Practice in Distribution Centers:

1. Preventive Maintenance:

Filling/top-up of insulating oil once a year before
festival season, mainly in urban areas only.

2. Failure Response Practice:

e \Visual inspection
o  Qil leakage inspection
e Removal of failed transformer
o Sending transformer to workshop
o Transformer rewinding
o Reéfilling of transformer oil
e Returning transformer into service
o Reuse of repaired transformer with reduced
efficiency
o No detailed failure cause analysis
o Waiting for the next failure
3. Major Gaps Compared with Modern Utility
Practices:

e Minimal condition monitoring

o No regular Dissolved Gas Analysis (DGA) testing

o Lack of transformer health indexing

e Multiple-time transformer rewinding practices

e No energy loss cost evaluation after repair

o Noeconomic analysis for repair versus replacement

e  Global Standard Practices:

e Economic analysis considering repair cost, energy
loss, remaining life, and new transformer cost

e Preventive and condition-based maintenance
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Strict transformer loading control

Detailed failure investigation and analysis
o Continuous failure rate monitoring

¢ Root cause investigation

e Scrapping of repeatedly failed transformers
Defined repair versus replacement criteria

Adoption of these practices will help utilities move from
a failure-based approach toward a reliability-centered
transformer management system, reducing failures,
technical losses, and unnecessary maintenance costs.

4. Repair versus Replacement:
Economic Assessment of Failed
Distribution Transformers

The decision to repair or replace a failed distribution
transformer is a key aspect of asset management. For
Nepalese distribution centers, a comparative economic
analysis has been conducted to evaluate both alternatives
by considering the major direct costs associated with
repair and replacement. Although indirect and hidden
costs are excluded, the analysis provides a clear
assessment of the financial implications and supports
more informed decision-making for transformer lifecycle
management.

a) Repair Cost Analysis

The major cost components involved in repairing a
distribution transformer are associated with replacement
of damaged winding materials, insulation components,
transformer oil, and skilled labor. In Nepal, most
transformer repair costs are dominated by the cost of
copper conductors and rewinding works. The major
materials required during the repair process generally
include:

e Super Enameled Copper Wire
Copper DPC Strips

e Insulation Pressboard
Insulation Papers

o Breather/Silica Gel

o Transformer Qil
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Similarly, the major labor and service-related costs involved
during transformer repair include:

o Transformer dismantling and reassembly

o Qilfiltration works

o Core and coil heating in an oven

o Rewinding of transformer coils

e Transformer oil sample testing

e Replacement of nuts, bolts, gaskets, seals,
insulation materials, and other accessories

Based on the available cost data from different sources and
the Public Charter of NEA Central Workshop, Hetauda, the
estimated net repair cost for commonly used distribution
transformer ratings in Nepal has been calculated after
considering the resale value of recovered scrap materials.
The summarized cost comparison is presented in the
following chart:

Maintenance Cost: 500 kVA
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Figure-2: Sample Repair Cost for 500 kVA
Transformer in Nepal (Source: NEA CW Charter)

b)  Workshop Transportation Cost

Transportation of failed distribution transformers is a
significant component of repair costs. A failed transformer
must be transported from the distribution center (DC) to
the repair workshop and returned after maintenance,
often requiring additional transportation due to the repair
duration. While new transformer installation also involves
transportation, this analysis considers only the extra cost of
moving failed transformers to and from the repair workshop.
Based on the approved transportation rates under the NEA
Bagmati Provincial Office, including loading and unloading

charges, the one-way transportation cost per kilometer
has been estimated for different transformer ratings. The
following graphs illustrate the variation in transportation
costs for different transformer capacities across various
districts.

Transportation Cost for Transformer Maintenance
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Figure-3: Transportation Cost of Various Size
Transformer (As Per District Rate)

c) Energy Loss Cost Due to Degraded
Transformer Efficiency

Repeated repair and rewinding of distribution transformers
can reduce their efficiency and reliability. The performance
of repaired transformers depends on workshop facilities,
skilled manpower, repair practices, and compliance with
proper standards. Due to limited resources, outdated
techniques, and lack of standardized procedures, repaired
transformers often operate with reduced efficiency
and increased losses. Field experience indicates that
transformer efficiency may decrease from around 98% in
new condition to nearly 80% after multiple repairs. For a
100 kVA transformer, this can contribute approximately 20
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kW additional losses, which becomes significant across
a large transformer fleet. Therefore, transformer repair
decisions should consider not only immediate repair costs
but also long-term energy losses and lifecycle impacts.

d)  Example Cost Calculation

Considering the three major cost components discussed
above, transformer repair cost, transportation cost, and
additional energy loss cost, a total cost assessment
has been carried out for a practical case scenario. The
following analysis represents a worst-case condition where
a distribution transformer has suffered complete winding
failure and requires repair at the designated transformer
workshop.

Worst Case Scenario A: Repair of 100 kVA
Distribution Transformer at Dupcheshwor
Rural Municipality, Nuwakot

Adistribution transformer rated 11/0.4 kV, 100 kVA installed
under the Nuwakot Distribution Center at Dupcheshwor
Rural Municipality has experienced complete winding
burnout. The failed transformer needs to be transported to
the Transformer Workshop located at Kharipati, Bhaktapur
for repair and subsequently reinstalled at the same location.

The total cost associated with repairing and operating the
transformer for one year is calculated as follows:

a) Transformer Repair Cost

The transformer repair cost mainly includes
rewinding, replacement of damaged materials,
insulation works, oil treatment, and other
associated repair activities. After considering
the resale value of recovered scrap materials,
the net repair cost is calculated as:

o Total transformer repair cost at workshop = NPR
4,83,130.00

e Scrap value of damaged materials = NPR

2,14,700.00
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e Netrepair cost = NPR 2,68,430.00
b)  Transportation Cost

The failed transformer needs to be transported
from the installation site to the repair workshop
and returned after completion of repairworks. The
road distance between the transformer location
and Kharipati Workshop is approximately 96 km.
Based on the approved district transportation
rate for FY 2082/083:

o Transportation rate = NPR 239/km/
transformer

e  One-way transportation cost = 239 x 96 = NPR
22,944.00

o Loading/unloading cost = NPR 2,290.08
Considering transportation in both directions:

Total transportation cost =
2,290.08) = NPR 50,468.16

2 x (22,944 +

c) Energy Loss Cost Due to Reduced
Efficiency

A repaired transformer generally operates
with reduced efficiency compared to a new
transformer. Considering a repaired transformer
remains in service for one year with reduced
efficiency and experiences peak loading for
approximately two hours per day:

e Additional transformer loss = 20 kW
e Annual energy loss = 20 x 8760 x 0.083
e Annual energy loss = 14,542 kWh

Taking the average energy cost of NEA as NPR
6.50/kWh:
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Total energy loss cost = 14,542 x 6.50 = NPR
94,523

Therefore, the total annual cost of operating the
repaired transformer is:

Total Cost = Repair Cost + Transportation Cost
+ Energy Loss Cost

Total Cost = 2,68,430 + 50,468 + 94,523
=4,13,421.00

Total cost of repaired transformer for one
year = NPR 4,13,421.00

Result of Scenario A

The analysis shows that repairing a severely damaged 100
kVA distribution transformer and operating it for only one
additional year results in an effective cost of approximately
NPR 4.13 lakhs. This estimation does not include indirect
impacts such as outage duration, manpower requirements,
repeated failure probability, and reliability concerns
associated with repaired transformers.

Furthermore, distribution centers operating in hilly and
mountainous regions face additional logistical challenges
that can significantly increase repair costs. Many remote
transformer locations were established before road
connectivity reached those areas, making transportation
difficult. In such cases, failed transformers often require
manual handling after vehicle access ends. As availability
of local manpower for carrying heavy equipment continues
to decline, transportation and handling costs may become
a significant additional burden, further reducing the
economic advantage of repeated transformer repairs.

Scenario B: Replacement of the same
100 kVA Distribution Transformer
at Dupcheshwor Rural Municipality,
Nuwakot with new 100 kVA transformer

Replacement of a failed distribution transformer involves
the procurement of a new transformer and associated

installation activities. Unlike repaired transformers, a new
transformer generally provides higher efficiency, better
reliability, and a longer service life with lower maintenance
requirements. For this analysis, only the major direct cost
associated with replacing a failed transformer has been
considered.

a)  New Transformer Cost

The estimated market cost of a new 100 kVA, 11/0.4 kV
distribution transformer is approximately:

e Costofnew 100 kVAtransformer=NPR 7,00,000.00
b)  Scrap Value

The failed transformer can also generate scrap value
through the recovery of copper, steel, and other reusable
materials. Considering the resale value of the old
transformer:

e Scrap value of failed 100 kVA transformer = NPR
3,00,000.00

Therefore, the effective cost incurred by the distribution
center for replacing the failed transformer is:

Net replacement cost = Cost of new transformer — Scrap
value of old transformer

Net replacement cost = 7,00,000 - 3,00,000
Net replacement cost = NPR 4,00,000.00

The replacement cost is similar to repair cost in terms of
initial investment. However, a new transformer provides
better efficiency, reliability, lower failure risk, and reduced
technical losses over its service life, making it a better long-
term asset management option.
e) Decision Matrix for
Replacement

Repair versus

Based on the worst-case scenario analysis, the total
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effective cost of repairing a failed 100 kVA distribution
transformer at Nuwakot Distribution Center is estimated
at approximately NPR 413,421 for one additional year of
service. In comparison, the effective cost of installing a
new transformer, after accounting for the scrap value of
the failed unit, is about NPR 400,000, making replacement
approximately NPR 13,421 less expensive than repair. This
demonstrates that repair is not always the most economical
option under Nepalese distribution network conditions.
While repair may have a lower initial workshop cost, factors
such as reduced efficiency, increased energy losses,
transportation expenses, higher probability of repeated
failures, and reliability impacts can make replacement
more cost-effective over the transformer’s lifecycle.
At present, repair decisions are often made without a
structured evaluation of transformer age, failure history,
remaining life, post-repair efficiency, and lifecycle cost.
Therefore, distribution centers should adopt a Decision
Support Tool (DST) that integrates technical and economic
criteria to determine whether a failed transformer should
be repaired or replaced. A sample DST decision matrix is
presented below:

Table: Sample Decision Matrix for DST Output

Condition Regommended
Action
Minor winding damage Repair
First failure and transformer age < 10 .
Repair
years
Single winding failure and transformer .
Repair
age <5 years
Complete winding failure and trans-
Replace
former age < 5 years
Severe insulation damage Replace
Complete LT winding failure with core
, Replace
damage/welding
Repeated winding failure Replace
Transformer age > 20 years Replace
Post-repair efficiency < 80% Replace
Rewinding cost > 70% of new trans-
Replace
former cost

Implementation of such a decision-making approach would
help NEA and its distribution centers optimize transformer
asset management by reducing unnecessary repair
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expenses, minimizing technical losses, and improving
overall system reliability.

f)  Benefit Cost
Replacement

Analysis:  Repair Vs.

A key factor often overlooked in distribution
transformer repair decisions in Nepal is the
comprehensive economic evaluation of repair
and maintenance costs. In most distribution
centers (DCs), repair decisions are made
without considering the asset’s full lifecycle cost.
Since failed transformers are typically repaired
at centralized NEA workshops operating under
separate budgets, individual DCs do not directly
bear the repair expenses, although these costs
are ultimately incurred by NEAorthe Government
of Nepal. To improve asset management, each
DC should implement a Decision Support Tool
(DST) with a detailed Benefit-Cost (B/C) analysis
to determine whether repair or replacement is
the more economical option. The DST should
incorporate both technical and economic factors,
including transformer age, loading, failure history,
health condition, remaining life, as well as DC-
specific characteristics such as budget, technical
manpower, transportation, geography, climate,
and accessibility. A customized approach would
provide a more reliable basis for transformer
repair and replacement decisions across Nepal.

Asimple example of B/C analysis for a distribution
transformer repair decision is presented below:

Case A: Repair of 25 kVA Distribution
Transformer

Assumptions:
e Repair cost = NPR 120,000
o Expected life extension after repair = 2 years

¢ Interest Rate = 10%
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Annualized cost:

i(14 )"
* —
1+0)"—1
1 — 120000 » 22+ 0.1)?
= * —
(1+01)>—1

A = 69,143 NPR/Year

Case-B: Replacement of Old 25 kVA
Transformer with a New Transformer:

In this case, the failed 25 kVA distribution
transformer is replaced with a new transformer
instead of being repaired. The economic
evaluation is carried out by considering the
investment cost, expected service life, and
annualized cost of the new transformer.

Assumptions:

e Cost of new 25 kVA transformer = NPR 350,000
e Expected service life = 15 years
¢ Interest Rate = 10%

Annualized cost:

i(1+ "
A=P% —— =2
1+im—-1
0.1(1+0.1)15
A = 350000 =

(1+0.1)15 -1

A =46,015 NPR/Year

The above analysis shows that repairing an aging distribution
transformer is not always more economical than replacing it
with a new unit. While repair may involve a lower initial cost,
reduced efficiency, higher technical losses, repeated failures,
and uncertain remaining service life can increase long-term
lifecycle costs. A well-designed DST can evaluate these
technical and economic factors for each distribution center,
enabling informed and cost-effective decisions on whether to
repair or replace a failed transformer.

6. Recommended Strategy

The high failure rate of distribution transformers in Nepal
indicates the need to shift from the existing reactive
maintenance approach toward a proactive and data-
driven transformer asset management strategy. Instead of
focusing only on repairing failed transformers, distribution
centers should implement systematic practices for
monitoring transformer health, evaluating risks, and making
economically justified repair or replacement decisions. The
following strategies are recommended:

Distribution Transformer Maintenance

Strategic Framework — Repair Vs, Replacement

o1

Transformer
Health Index

Condition scoring per unit

- -

04
Benefit-Cost
(B/C) Analysis

LCC-based evaluation
'
H

06

Repair / Replacement
Policy

Threshold-based rules

Fault records and trends
'

02 03
Failure Database Loading Database
Management & Monitoring

Real-time load tracking

05

Decision Support
Tool (DST)

Structured dedision logic
v
o7

Reliability-Centered
Maintenance (RCM)

Risk-based task selection

Figure-4: Recommended Strategy for Repair vs. Replace Decision
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Analysis of Loss of Life of
Transformer Based on Thermal

Modelling

Introduction

When a transformer fails while it is in use, the utility typically
loses a lot of revenue, the environment may be harmed,
there is a risk of an explosion or fire, and the cost of repair
or replacement is high. Therefore, it is preferable to use
the transformers as much as possible while maintaining a
sufficient service life.

Transformer failure rates have been determined to follow
the so-called “Bathtub Curve,” as shown in figure1, based
on experience and data collected by researchers and
practitioners. Three stages of transformer life are shown by
the conventional bathtub curve. The first stage is known as
the infant-mortality period which has a decreasing failure rate.
The infant mortality is followed by a nearly constant failure
rate period, which is usually long. The third stage, which is
mostly associated with equipment aging, marks the end of
the curve and is a time of wear out with a rising failure rate. [1]
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Failure
Rate
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Failure
Rate

Observed Failure
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., Failure * Failures
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Failure Rate
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Failures

.
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-------
.....................

.
b o o o - -
.
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Figure1:- Typical transformer failure pattern.

Manish Dhimal
Engineer
NEA

The lifetime of an equipment may be conceptualized in
three different ways:

(a) Physical Lifetime: This refers to the condition in
which the equipment can no longer be used in its
normal operating state.
Technical Lifetime: This refers to the condition
in which the equipment must be replaced for
technical reasons even though it can be used
physically. For example, the state at which
maintenance becomes extremely difficult due to
unavailability of spares.

(c) Economic Lifetime: The capital value of a piece
of equipment decreases annually. Furthermore,
as equipment ages, operating and maintenance
expenses rise over time and may even surpass
the equipment’s depreciated worth. It is more
economical to replace the equipment in these
situations.

(b)

Overall, transformer failure is a probabilistic phenomenon
that is primarily influenced by three factors: design, aging,
and external triggering events. Therefore, end-of-life
modeling aims to establish a relationship between aging
conditions and transformer intrinsic dielectric qualities as
well as transformer thermal life, which is defined as the
number of service years required for solid insulation to lose
its mechanical strength under operating conditions.
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Transformer End of Life

Transformer life expectancy is influenced by a number of
factors that are neither fully understood nor known. But
generally, the following are significant:

(a) The initial mechanical, electrical, and thermal
characteristics of the insulating materials.

It should be noted that different materials lose
their qualities at different rates, and the same
material may lose different qualities at varying
rates as it ages.

Mechanical, electrical, and thermal stresses.
Overload currents, local overheating, leakage
fluxes, and cooling system malfunctions all
contribute to thermal stresses. System transient
over voltages, winding resonances, and other
factors all contribute to electrical stresses. Short-
circuit and inrush currents create mechanical
stresses between leads, conductors, and
windings.

(c) Normal load cycle along with the environmental
factors like ambient temperature.

The acceptable level of deterioration.
Deterioration to complete destruction of
transformers is not acceptable in practice. The
degree of deterioration that can be permitted
is determined largely by safety and service
continuity conditions and also by the probability of
occurrence of abnormal operating conditions. [2]

(b)

(d)

As a result, there is just an increasing probability that a
transformer may fail rather than a clearly defined moment at
which it should be replaced.

The aging of transformer insulation system reduces both its
mechanical and dielectric withstand strength. A transformer
experiences faults that cause large radial and compressive
forces over the course of its service life. With system growth,
the transformer’s operating stresses rise along with the load.
In an aged transformer, typically the conductor insulation
is weakened to the point where it can no longer sustain
mechanical stresses of a fault. In other words, the insulation
becomes so fragile that it may cause major damage from

fault conditions or even typical vibration. Then dielectric
failure of turn to turn insulation occurs, or loosening of
winding clamping pressure takes place, which reduces the
transformer’s ability to withstand future short circuit forces.

[3]

Life Estimation Based on Thermal

Modeling

A transformer is built with enough mechanical and dielectric
strength, along with a safety margin, to withstand the
maximum operational stresses. Throughout the transformer’s
service life, thermal stresses will deteriorate the insulation
and lower the safety margin until the transformer can no
longer withstand the stresses caused by external events,
making it more vulnerable to failure. However, operational
experience has shown that thermal stresses are not only
the cause of transformer failure. But thermal stress is still
considered to be the most critical factor in determining the
useful life of a transformer. [4]

Effect of temperature on the life of transformer having
Class-A insulation was identified in 1930, as shown in Figure
2, which depicts a curve showing the probable life of Class-A
insulation in terms of the time required for the insulation to
become practically useless in oil for different temperatures.

The equation of the straight line shown in Figure 2 is given
by

Y = 7.15 % 10%e 0088~

where, Y= time in years, X = temperature in °C.

The actual life of the insulation was determined from the
solid line curve within the temperature range of 30 to 120°C.
Montsinger’s rule states that the life of insulation is halved for
every 10°C temperature rise. However, as insulation quality
has improved significantly since 1930, this criterion is no
longer applicable. But on the other hand, the factor of safety
in transformer design is much lower now, which means that
the transformer insulation is stressed to much higher level
now even under normal operating conditions. [5]
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Figure 2:- Effect of temperature on the life of Class-A
insulation

The outcome of various insulation deterioration tests, as
published in 1947 [4], are displayed in Figure 3. In this
study, the underlying consideration was that the reciprocal
of the time to reach the point of failure is equal to a reaction
rate constant as given below.

! B
foip) — K, = Ae’T

Where, Aand B are constants, T= absolute temperature, Ko
= reaction rate constant, and P could be a particular value
of an insulation property, e.g., 20 % of the original tensile
strength of paper as the limiting value. Then considering
the value of ; the time to reach the limiting point could be
determined. [6]
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Figure 3 :- Variation of life with temperature for
different types of insulation
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Aging Acceleration Factor

Although aging of transformer insulation is a time-
dependent function of temperature, moisture content,
and oxygen content, IEEE guide [7] considers insulation
temperature as the controlling parameter, with the premise
that the moisture and oxygen contributions to insulation
deterioration is minimized with the help of modern oil
preservation systems. In aging studies, it is normal to
consider the aging effects produced by the highest or
hottest-spot temperature, as the part of insulation which
operates at the highest temperature will usually undergo
the greatest deterioration.

Figure 4 shows the curve that relates per unit transformer
insulation life to winding hottest-spot temperature as per
|[EEE guide [7] considering temperature as the principal
variable affecting thermal life. Figure 4 shows that aging
is decreased below normal for temperatures below 110°C
and accelerated above normal for temperatures above a
reference temperature of 110°C. The curve’s equation is
as follows:

1500
Per unit life = 9.80 * 1071861 +273

An aging acceleration factor (FAA) for a specific load and
temperature or for a changing load and temperature profile
over a 24-hour period can be computed using Figure 4.
The transformer’s equivalent aging may be computed
using the FAA equation as follows [7]:

(1500 _ 1500
F,, = e 1104273 0y+273
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Figure 4:- Transformer insulation life versus
hottest-spot temperature

For winding hottest-spot temperatures greater than the
reference temperature 110 °C, FAA will be greater than 1
and will be less than 1 for temperatures below 110 °C. A
curve of FAA versus hottest-spot temperature for a 65°C
rise insulation system is shown in Figure 5.

The following equation gives the equivalent life at the
reference temperature that will be consumed in a given
time period for the given temperature cycle [7]:

Yn=1 Faanlty,

Frpa =
EeA T YN Aty

where, is the equivalent aging factor for the total time
period, n is index of the time interval t, N is total number of
time intervals, is the time interval, and is aging acceleration
factor for the temperature which exists during the time
interval.

1000!..A e

aging accln. factor

0.001 T

120 150 180 210

hottest-spot temp. (degC)

Figure 5:- Aging acceleration factor versus
hottest-spot temperature

Loss of insulation life in the time period is computed as
the equivalent life consumed divided by the definition of
total normal insulation life. Usually, the total time period
used is 24 h. The equation is given as follows [7]:

Fgoa *t*100

% L life=——294 ~ —
0 Loss of life Normal insulation life

The IEEE guide [7] provides benchmark values of normal
insulation life for a well-dried, oxygen-free system. For
example, if the degree of polymerization value is reduced
to 200, the normal insulation life is 1,50,000 hours, or
17.12 years, for a 65°C average winding temperature
rise insulation system at the reference temperature of
110°C.

Hot-Spot Factor

The hottest-spot temperature () could be computed
according to IEC standard [6] as follows [8]:

where, K is the time-dependent relative load per unit,
x = oil exponent, y = winding exponent, r = loss ratio,
= ambient temperature, = Hot-spot to top-oil gradient,
and = top-of-tank oil rise. Details of these parameters
are available in [8].

1+7rK?
1+r

X
0, =0, + A90,< ) + Hg.KY

The hottest-spot temperature rise can also be estimated
using a hot-spot factor, H . The value of H varies over
a wide range depending upon the transformer design
[8]. The CIGRE working group 12.09 showed that the
value of H lies between 1 and 3 [9]. The daily loss of
life of transformer is computed from the hottest-spot
temperature which is obtained by varying hot-spot factor
from 1.3 to 2.1. The result are shown in figure 6. Cooler
winding temperature indicator on/off setting of 75/50
degree C and 95/70 degree C are both simulated. The
daily loss-of-life increases linearly as the hot-spot factor
increases, as can be seen from each of the 4 cases:
summer loading under 75/50 degree C, summer loading
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under 95/70 degree C, winter load under 75/50 degree References

C and winter load under 95/70 degree C. Figure 6 shows
the variation of daily loss of life with hot-spot factor. [10]

1000

100 oL

daily loss of life (hrs)

13 14 15 16 17 18 19 20 21
hot-spot factor

Figure 6:- Variation of daily loss of life with
hot-spot factor

Conclusion

The relationships  between various parameters
responsible for ageing of transformer have been studied
in detail. It should be noted here that the uncertainty
involved in the computation of loss of life based on the
above-mentioned methodology is high. Moreover, as the
deterioration of transformer insulation is caused by many
factors that influence the cumulative effect of temperature
over time, it is very difficult to predict with any great
degree of accuracy the useful life of the insulation in a
transformer, particularly under widely varying service
conditions. [4]

Due to the lack of examples of end-of-life failures, the
limited failure records and the age censored transformer
population, any traditional statistical analysis of the
failures cannot be used to predict the end-of-life and
future transformer reliability. Even a complete knowledge
of thermal end-of-life for a particular transformer would
only give a statistical risk of failure at a particular age
since actual failures are observed to have a large random
element probably related to system stress. [10]
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An Overview of Hydropower Sector
Lending in Nepal's Banking Industry

Background:

Nepal is rich in natural resources, including mountains, lakes,
rivers, medicinal herbs, forests, and diverse ecosystems. Its
geography transitions rapidly from the northern Himalayan
region through the central hills to the southern plains of the
Terai. Among these resources, Nepal possesses abundant
freshwater assets, counting more than 6,000 rivers and
streams with a total length of approximately 45,000 km. The
hydropower potential of these rivers has been estimated to be
about 83,000 Mega Watt (MW) in total, out of which roughly
43,000 MW is considered economically and technically
viable.

The hydropower sector has undergone a remarkable
transformation over the last two decades. Nepal has
successfully shifted from chronic electricity shortages and
prolonged load shedding to a seasonal electricity surplus and
active cross-border electricity exports. As of the end of Falgun
2082 (mid-March 2026), the installed electricity generation
capacity connected to the national grid reached 4,105 MW.
This grid mix comprises 3,798 MW from hydropower, 142
MW from solar energy, 106.24 MW from alternative energy
sources, 53.4 MW from thermal plants, and 6 MW from
sugar factories. Consequently, electricity access has reached
99.1% of the population. An additional 666 MW is expected to
be added by the end of FY 2082/83, pushing total generation
capacity further upward by 4,626 MW.

Nepal's hydropower journey began with the commissioning
of the Pharping Hydropower Plant in 1911 A.D. For several

Umesh Thapa
Senior Officer
Prime Commercial Bank

decades, however, development remained slow due to
limited investment, inadequate technical capacity, and weak
infrastructure. Following the economic liberalization policies
of the 1990s and the enactment of the Electricity Act, private
sector participation accelerated significantly. Independent
Power Producers (IPPs) emerged as major contributors,
supported by Power Purchase Agreements (PPAs) with the
Nepal Electricity Authority (NEA).

Over nearly seven decades of planned development, Nepal
has made significant progress across economic, social, and
infrastructural dimensions. The Government of Nepal has
adopted a 25-year Long-Term Vision (2019-2043), which
aims to achieve an installed electricity generation capacity of
40,000 MW and provide 100% household electricity access.
Additionally, the government has introduced remittance
management programs to encourage inflows through
the formal banking system, promoting the investment of
these funds into productive sectors such as hydropower,
agribusiness, and tourism.

Asignificantincrease in hydropower generation is projected to
drive a corresponding rise in domestic electricity consumption
across all economic sectors, while gradually expanding
electricity exports. This rapid expansion over the past decade
has substantially increased the exposure and participation
of Banks and Financial Institutions (BFls), infrastructure
development banks, insurance companies, and institutional
investors. Consequently, hydropower lending has become
one of the largest project financing portfolios in Nepal's

banking sector.




Despite its enormous potential, hydropower financing
faces numerous risks. These include construction delays,
geological uncertainties, hydrological variability, transmission
bottlenecks, policy inconsistencies, environmental concemns,
foreign exchange risks, and escalating climate-related
events. Mitigating these challenges requires prudent credit
appraisal, effective project monitoring, diversified financing
mechanisms, and supportive government policies.

BFIs have played a pivotal role in this growth. Because
hydropower projects require substantial capital investment
and entail long gestation periods, bank financing remains
indispensable. Today, hydropower lending stands firmly as
one of the largest infrastructure financing portfolios within
Nepal's banking industry.

Regulatory Provisions Under NRB Unified
Directives:

Nepal Rastra Bank (NRB) has introduced targeted regulatory
mechanisms to accommodate the long gestation periods
and unique financial structures of energy projects. The major
provisions are summarized below:

e Interest Capitalization during Moratorium: NRB
allows the capitalization of interest accrued during
the moratorium period for projects in critical
energy infrastructure, including hydropower and
transmission lines.

e Partial Capitalization for Grid Delays: Hydropower
projects that have completed construction and
initiated electricity production, but cannot achieve
full commercial operations due to the unavailability
of transmission lines, can obtain partial interest
capitalization for the portion of interest not covered
by actual net revenues.

e Base Rate Premium Cap: For loans provided to
hydropower projects, BFls are restricted to adding
a maximum premium of 1% on their base rate for
a period of 5 years from the start of cross-border
electricity exports. For reservoir-type hydropower
projects, this facility is extended until loan maturity.
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e Single Obligor Limit (SOL): To facilitate large-scale
project financing, BFIs can disburse funded and
non-funded loans to the energy sector (including
hydropower, renewable energy, transmission
lines, and cable cars) up to 50% of their core
capital under the single obligor limit framework.

e Reserve Transfer Flexibility: Upon 60% physical
construction completion of a hydropower project,
the amount provisioned under the Interest
Capitalized Term Loan (ICTL) can be deducted
from the Interest Capitalized Reserve (ICR) and
safely transferred to retained earnings.

Priority Sector Lending Framework:

Through its macroprudential policies, the NRB mandates
directed-sector lending to ensure financial resources are
channeled into productive sectors that drive real economic
growth, create employment, and reduce the ballooning
trade deficit via import substitution.

NRB explicitly classifies energy sector lending under the
"Priority Sector" umbrella. BFIs must achieve specified
cumulative lending targets within this combined sector
based on their total outstanding loans and advances,
calculated on a rolling six-month average:

Table 1: NRB Priority Sector Lending
Targets (By Poush End 2082)

Minimum
BFI Class Eligible Combined Target (% of
Sectors Total Loan
Portfolio)
Class 'A’

Tourism, SMEs, Energy, IT, Ex-

20%
port Industries ’

(Commercial Banks)

Class 'B' Agriculture, Tourism, SMES, En- 20%
i 0

(Development Banks) ergy, IT, Export Industries

Class 'C'

Agriculture, Tourism, SMEs, En-

15%
ergy, IT, Export Industries °

(Finance Companies)

NRB strictly monitors these deployment figures on a
quarterly basis. BFls failing to meet these directed minimum
thresholds face stringent financial penalties. Through this
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framework, the central bank aims to curb speculative
lending—which drives unproductive asset bubbles—and
prioritize sustainable capital generation.

Current Energy Lending Status:

Banking is the most transparent, competitive, and highly
regulated industry in Nepal. The current ecosystem
comprises 55 NRB-licensed institutions eligible to finance
the energy sector, incorporating 20 Class 'A' commercial
banks, 17 Class 'B' development banks, 17 Class 'C'
finance companies, and one dedicated infrastructure bank
(NIFRA).

Environmental and Social Risk
Management (ESRM) Considerations:

Because infrastructure  projects carry  massive
environmental and footprints, BFls must strictly evaluate
projects under the NRB's Guideline on Environmental and
Social Risk Management (ESRM) for Banks and Financial
Institutions, 2022. Credit approval is fundamentally
contingent on evaluating the following parameters:

Table 3: Key ESRM Parameters for
Hydropower Credit Appraisal

Aspects Environmental and Social Parameters

Construction related | = Wastewater discharges — Effluents from worker

As Nepal transitions further into a decentralized, federal | issues camp sanitary wastewater _
= Storm water runoff — Total suspended solids (TSS)
structure of governance, local energy demands are = Rock extraction/ tunneling discharges
ipe i . . = Solid waste — rock waste and topsoil storage
shifting. However, sector-specific concentrations remain « Biodiversity - aquatic and terrestrial ecology
highly focused on infrastructure surveys, vegetation reinstatement. As relevant,
' aquatic ecology should be assessed upstream
and downstream of effluent discharges during
. . construction.
Table 2: Sector-wise Lendlng Status by = Air quality/ air emissions — PM at project boundary,
BFls black smoke from construction equipment, visible
dust at construction sites.
= Noise and vibrations at nearest receptor (include
Sector Amount (NPR | Share (%) pre-blasting surveys of community infrastructure)
in million) Hydrology/ Mor- = Streamflow upstream and downstream (key
Construction 260,951.18 443 phology selected points)
= Water consumption (downstream)
EIectricity, Gas and Water 494,766.00 8.40 = Stored water volume (reser\/oirs)
- = Flow, velocity, depth
Metal Products, Machinery & Elec- 77,002.37 1.31
tronic Equipment & Assemblage Water quality = Temperature upstream/ downstream (all types of
hydropower)
— = Disolved oxygen/ TSS, water clarity, phosphates,
l':';a&smpt?erts, Communication and Pub- 87,026.64 1.48 nitrates in reservoir and downstream
- Sediment transport | = TSS (upstream and downstream), sediment trans-
Wholesaler & Retaler 1,036,217.50 17.60 port and deposition (RoR and storage), stream
Finance, Insurance and Real Estate 445,075.43 756 morphology, structural risk to in-stream structures
- - Emissions = CO,, Hydrogen sulfide and methane in reservoir
Tourism Service 274,815.57 467 and downstream of dam (storage reservoirs)
Other Services 229,712.94 3.90 Resettlement = Acquisition of land, compensation of affected land
related and properties
Consumption Loans 1,293,582.19 21.97 - —
Indigenous people | = Impact on IPs land and religious places, culture,
Local Government 1,229.16 0.02 (IP) and vulnerable tradition, local economy, employment
people/ community
Others 321,772.19 547 Acquatic ecology = Fish and invertebrate species/ population size
Total Loan Portfolio 5.887.603.54 100 (upstream, downstream and in reservoirs
o = Habitat preference by indicator species, consider-

As of Baisakh 2083 (Table -2), BFls have provided credit
facilities totaling NPR 494,766 million to the Electricity,
Gas, and Water sector. This accounts for 8.40 percent of
the total loan portfolio of NPR 5,887,603.54 million. This
sector is preceded by Consumption Loans (21.97 percent)
and the Wholesale & Retail sector (17.60 percent).

ing different life cycle stages and natural history

Terrestrial ecology = Forestration of upstream/ reservoir riparian areas

= Forest types and major plant species including
Non Timber forest products

= Wildlife (species, distribution, numbers)

Land use = Vegetation cover/ land use change in watershed

Community health = Water based vectors

Community safety = Dam structural safety — Construction and post
construction surveys

= Downstream population use of riparian resources
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Challenges in Sector

Lending:

Hydropower

Despite strong regulatory support and vast natural potential,
financing hydropower projects in Nepal introduces unique
systemic bottlenecks that threaten the credit quality of BFI
portfolios:

1. Hydrological Risks and Climate Variability:
Nepal's hydropower generation is heavily
dominated by Run-of-River (RoR) plants. While
total installed capacity is rising, electricity
generation drops sharply during the winter/dry
season due to receding water levels across major
river basins. Climate change has exacerbated
this via erratic monsoon patterns and increased
glacial melt, threatening both low-flow generation
and exposing projects to severe damage from
Glacial Lake Outburst Floods (GLOFs) and
landslides.

2. Transmission Line Bottlenecks ("Evacuation
Risk"): The pace of transmission line construction
by the state-owned NEA lags severely behind
private sector generation. Multiple projects face
forced outages or cannot run at full capacity
because the grid infrastructure is absent or
inadequate to "evacuate" the power. This directly
impairs the revenue generation of the project,
turning otherwise viable bank assets into high-
stress accounts.

3. Asset-Liability Mismatch for BFIs: Hydropower
projects require long-term capital deployment with
typical repayment periods stretching between 15
to 20 years. Conversely, the liability profile of
Nepalese BFls consists primarily of short-term
fixed deposits (usually 1 to 2 years). This severe
asset-liability mismatch exposes the banking
sector to liquidity shocks when credit cycles
tighten.

4. Contractor Inefficiencies and Cost Overruns:
Delays in local bureaucracy, land acquisition

Y 30 3IEH 9 WIE 0¢3

disputes, and inadequate technical capacity
among domestic contractors frequently lead
to extended construction periods. Extended
gestation periods cause severe cost overruns
through ~ compounding  Interest ~ During
Construction (IDC), distorting initial debt-to-equity
ratios and delaying debt-service schedules.

5. Foreign Exchange (FX) Risk in Large Projects:
Megaprojects require foreign direct investment
(FDI)andinternational debtfinancing denominated
in USD. However, revenues from PPAs are earned
in Nepalese Rupees (NPR). In the absence of
mature, affordable long-term hedging instruments
in Nepal, exchange rate fluctuations pose an
existential risk to debt service.

Way Forward:

To sustain lending momentum and safeguard the financial
health of the banking industry, a coordinated approach
among the central bank, commercial lenders, developers,
and state agencies is vital:

e Diversifying the Grid Mix via Policy Incentives:
To counter dry-season generation dips, NRB
and the Ministry of Energy should collaborate to
provide enhanced credit incentives for Peaking
Run-of-River (PRoR) and multi-purpose storage-
type projects. Accelerating floating solar and wind
additions will further stabilize the seasonal grid
profile.

e Deepening the Capital Markets & Consortia: BFls
should transition away from traditional balance-
sheet lending toward long-term corporate energy
bonds, specialized green bonds, and blended
finance mechanisms. Expanding the underwriting
capacity of the Hydroelectricity Investment and
Development Company (HIDCL) and NIFRA can
spread risks across a broader base through multi-
tiered consortiums.

e Infrastructure Lead Times Synchronization:

e vonr (A



The government must prioritize public-private  (Opinions and views expressed in the
partnership (PPP) models for transmission line article are personnel)
development. Aligning the construction timelines
of NEA transmission corridors directly with the ~References:
commissioning dates of private IPPs will eliminate
structural evacuation losses. i.  National Planning Commission. ‘The Sixteen Plan
(2024/25-2028/29)

e Adopting Advanced Climate Risk Modeling:
Standard financial analysis must give way to ii. Nepal Rastra Bank. Unified Directives 2082
advanced hydrological and climate stress-testing
during the credit appraisal phase. BFls should iii. Nepal Rastra Bank. Banking & Financial
integrate remote sensing data and predictive Statistics, Baisakh 2083
climate modeling into their ESRM frameworks
to insulate their portfolios against catastrophic iv. Nepal Rastra Bank. Guideline on Environmental
environmental events. and Social Risk Management (ESRM)

o Operationalizing Hedging Frameworks: For
foreign-denominated financing, the central bank
and the Ministry of Finance need to operationalize
viable, subsidized foreign exchange hedging
funds. This will protect international developers
and local underwriting banks from currency
depreciation while attracting global climate
finances into Nepal's energy market.

Installation of hydraulic turbine-generator in under construction Tanahu Hydropower Project.
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Honorabel Minister for Energy, Water Resources and Irrlgatlon Mr. Biraj Bhakta Shrestha,

Participating i ina Boold Donation Programme on the occation of 41st Annlversery of NEA
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I : 09-8993099, 89930
AT : 009, 2003
AT : pro@nea.org.np




