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SrIferd 3T U/ forerren sIifoT W W[, 37w S[osh a1 Hod 3AWafg X B2 gl famriesht

o o o (o o o > o o
NLUNRSRGINEE RIE ldeld SISl Hdgen cnFi-lct dlienlenl ol=HIT ddidet siHllsiHenl enlilslidawenl

ST it afeht frare U=T 1o |
qutter:

. W@meﬁww(lnvoice)wmmmﬁ,
W@WWWW (Packing List) raref FTSTTde®eh! THTT gfdferfy,
Yot g AT TR @a'ltﬁ (Transport) T ST (Insurance) =l FTSITAEEhT AT
gfefefy,

YSHT g AReh! | Country of Origin/Certificate of Origin 3T SHITUTG SfdfaAfy,

SeqTEH/ SR, fereroT SAwfesren! Sfafafy,

FHFIT 2T, ST SdT JHTITI T PO Toh! Jaerd=ieh! JHTOTd Ifafelfd,

Trft ST gdt (PAN) THTOTIeRT SHTioTd Sfcferfy,

AT STTeleh STehl X <ehT SHTOTTSAR! SHTIOTT Sfdferf,

BOQ G HATfciehd! sHrafiETTeh! Gv3iidT (Contract) =t hTSITag®eh! SHTIOT SffeAfy,

forera w@iftg forshl Gvaiin (PPA) Ereiwel shTTsiTae®en! ST fdferfd,

forfor e (Financial Closure) Fs=¢ft FITSITAEER! THTTOTT Tfefeafd,

HTAISHTRT STETEerh STl Sfdae (STFHITUEHT Seeid T T ),

TATER T SRETIR STH SATehepl TH, U, THAT SEA1eR T8 | Fa-HHT HFo] Foarersh dHidaTe
Ukl fofgent gfaffe,

Proforma Invoice for LC Opening TreEft ShTSTTdEeh! JHTTT Sfafefy,

STRISITR! Ta5eh HFTHT T IUHRIGTAT ShFI-1aTe BTY, T Uesh! BOQ Tftash! foeqa shf=ife
%ﬁﬁ?ﬂﬁéﬁ? (Detail Engineering Design Report) {~o|“|°chc| ‘ﬂﬂiﬁ HITSTIdeh! THTTOTT Sfdfeatd
SATITISHAT SHITSTT T TTRUSHT 99 HHTSITT TAT fTures |

¥.? ATAISHATHT WU AgA ATeTawqen ATEe foree Teftepfa avarweft sorarear :

STt SATTefeh U SR TSTe ferega STraitstTeren ! frmorehTel erva= wgerehufe fihdt oo Srdar aTet farmmam
AT HETE HER[A TS H, 3.3 THTIIART ST AT sieh RINUET Tl AHI ST 7T HHTEEh] HTET
foree Teftepfoeht Tt STafaws WTH foRq SATASHTR! SaEs HHIIcl qUIe SHISH! HITSITdeee!
ST Sfeiferfs wfeent frrare o=r 1o © |
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autireT:
. WWWW@W,Q’%WH@, giEToT, STHTHSH, Country of Origin, Used/
New,Wﬁ%@ﬁwm,
SRS THIIETAT Shr=TaTe AT foe Trareft T usrent ymmforg wfferf,
ST/ ST SFAfeareh! Sffefy,
T gdl, ST dl THTTIShT JHTUTT JifeAi,
Tt T &t (PAN) HTOTISRT THTIOTT Seifeafd,
HAEreAT STTeleh STehT T <ehT SHTUTeRT SHTIOTT Sfci et
HATYfclehel! HFIAETeRT GFEIT (Contract) G HTSITaE®eh! THTIU i fcT,
forer witg forshl Gvaiicn (PPA) SFeiwell ShTTsiTae®enl ST S ferfd,
[EIRREEEILE] (Financial Closure) graeff FHTSITdeseh! JHTTT Jfdfefd,
STRISTTRT %ﬁﬁéﬁﬁ'ﬂ%%ﬁﬁ?ﬂﬁéﬁ (Detail Engineering Design Report),
HTIISThT ST T Tdiele (FTATIHT Seeie WY 3Te),
TR 7T SRR STH S fehenl T, &, T SETe T €l Hrel=eHT 1ol Hoaicish FiH{qee
et fofert gfafefu, T
SATATTHAT THISTH W THUEHT 9T FHETSITT qT foerures|

¥.3 STTAISTHTHT T Ag ATCTaRd ek TAN-E AT STaTdeh! GioreT RrerTive wvereft saawa :

JeIferd STTfeleh U/ forerreh smTforg o farmTeite Teamers ATt o7ef TeteremT fawTie 98 o714 qreree

Tefend ATEeR T SmITSIHeRT STHTEEHT STTITSHThT f-HT0T sl S0 YsdeRufes fthal oisi ITqHT 8T

TR AT 3 SET AT sieh TS TRl HTHTH ST T fo saareerreht AT stgafast e forega

HTAISHTERT YalGeh FHITeT qUTE STHITSTHERT ShTTSITAEEeh! SHTIOTA ST A gdenT Hoae U=T 1o |

qutae:

. W@WWWWW(MVM%)WWWW,

. W@WWWW (Packing List) grarefl SHETSITag®eh! JHTIOTT Tfaferfy,
Yot gl AT AT @Tsl'l:ﬁ (Transport) T AT (Insurance) vt EAUSIGRSEaR )
gfefefy,
aaﬁg:fﬂ'lﬁiﬁ AT Country of Origin/Certificate of Origin 1 yeTfoTa gfaferfy,
STRITSITR! TaGeh hFI-T T THRIETAT ShAaHTeTe BT, et HUsh! w&fiehd foqa sfafaifee festmea
gfeaeT (Detail Engineering Design Report),

37} HeATTe Telehd WTEeX fofee (9 |fed) ol JHTioTa fefeiiy,

HTASHTeRT ST ST Sfcreia (SITHIEHT Seeie AU 377e),

TR T SARETAR STH S fehenl 7T, &, AT S8R T €l Grel=aHT 1ol goaieish GiH{qee
wuent foterent gfafefy, T

SATITIHAT STHITSTH T USRI I FHATSITT T [T |
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¥.% ot mar fafamar gicrem Rrerfor wvareft soereer :

ferf-rerr gferen fopive wwareeft FHERTRT 00%" SIS B |

¥4 foremiees aarel it smama e (NOC) ware o qer giare farewior wvaret saawa:

forera SeaTed, Srmer T foauordT gwati-aa iR anft srawe faehies are @ie a9 S
Eie(d qa1 NOC w18 o9 THeTiesh! AT SIgAfdus ST fSR[a SATaSHTRT Sas® el qufée
SHITSTHERT hTSTTaE®eh! SHTTOT Sfdfet( afeden! e uer i |

au e

forewree uanel wfta/emara wiiemfa wradt:

qac

Brand Name @e TRI AUl AT T ARG (SAT(dehal Fo-Tsh! T |fg) e Witg T foepiesn
ETeIEEeRT TIGHTOT o dTfere,

TXTHRIGTT FHFITeITE THTOTA forseh ek TaTeleh! @ud qTfciehT, TTRTA STHT TTIATI Detail Explosive

Estimate/Blasting Assessment Report),

WWWT@WW (Hard Rock) T JHTIOT TfToT,

fovmTes: varef yomT T Blasting Pattern 1 yTfoTa gfaferfy,

ARSI Executive Summary Report 1 ywioTa gfdaferfy,

Project Layout Plan with cross sectional drawings of geological map,

T HESTRdl HTthd NG/ T4 A Hl HESThd & WUkl HrTeh! SHTIOT STdfet,
SHEOT &, ST ! THTOTI=eh! AT Sfafefd,

Trft ST gdt (PAN) THTOTIehT FHTIOT Sty

HTEreR HATTF SehT L <RI STHTUTTTEhT SHTIOTT Sy,

fere[a @ite forshl Tt (PPA) WFeTeell ShTSTTae®enl STHTIOTG STttty

fafra @@= (Financial Closure) Tl STTSITag®eh! JHTIUTG Sfdfetfd,
ARSI ﬁﬁﬁgﬁﬁﬂﬁ%ﬂmﬂﬁaﬂ (Detail Engineering Design Report),
AT ST Sty SRS (ST S T e,

TR 1T SRR STH S fehenl T, &, AT SETe T €l Qrel=aHT 1ol Hoaieish GiHdee
et fofaent ufafafu,

GATishd ! TNER—IT AT HQ GaIehdishl AT, Te, TR AU Tiafeifd T 2 9fd
B P IERSIESEARATARY

SATIIIHAT STHITSTH HHT THTSHT T SHITSITT qT [SeauEs |
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forewiee et raret NOC wrg o araweft:
HATATT TEfTohel TSI, STCTHH STRAT T T STRATA B Sehl Teh! T Ge qTferahT,
TTAGH ST TR foshiceh yaTeigsen! Yar Sti<rare/foret forstes st ymforg gfefefy,
I TSTEEATETESTE ST 913 #2078 HishUsh! No Objection Certificate (NOC) %I ST Ffdfetfd,

AT T ARSI STH Afhehl TTH, U, THHAT SEATER TaH Hl Srel-eHT hedl Hoeletsh AiideTe
Wush! fofarent sHTioT Sy,

HTASHTERT STEITE R TTf Siele (SFFATTTHT Seeia WT 3176Y) T fashies vared @ite/ s
TﬁSchedule,

STTITIHAT STHITSTH | ITHTSRT 99 ShITSITd qT fIeues |

¥.§ TR FladT Auident e frwier anT araeel saaer

forera Icumad, SEmoT T forarureT Ewatf-erd HaTeh! AU o e aTeiehl AN ST Hoar
HTHTHT SR S Teh dl fehTTeaeRT AT STwios ST for=]d TSI Sageh hriTct au et sHifSTeh]
HTTSITAEE ! SHTIUTT STl Higash! fFHoae U1 T ® |

au et
G GHE T AT 949 Proforma Invoice/Quotation TFafl FTSITAEEehT JHTOTT Elﬁl'%lﬁ,
@& g AT Specification Sheet TFaE HTTSITAEERT SHTIUTT Tfd I,
HER TN TANT TN ST TR foheeT Ged Topographic Map =t SITSITAg®R! SHIUTT
gfeferty,
SCTEH/SHRUT STHTToTR! Tf e,
FFIT 2T, ST ST JHTITITeRT THTOTT faferfy,
Trft ST gdt (PAN) THTOTIeRT SHTioTe Sfcferfy,
et SATefeh SehT L <[xhT THTOTISIhT SFHTIOTT Sfdfetd,
HAfcfehe! HFIfETeRT GFEIT (Contract) ¥ HTTSITa@®eh! SHTIU i T,
forea @fiE forshl FwgiiaT (PPA) el TTsiTaeah! ST et ,
forfor e (Financial Closure) ts=¢ft FHITSITAEEh! THTTOTT ffeAf,
HTIISThT ST T Tldele (FTAITIHT Seei WY 3Te),
TR T STRETAR ITH SHTeheh! T, Ue, FHAT SEATeR Tl @l Trl-LHT o] Foelleteh FiHIqee
et fofent gfafefu, T
SATIIIHAT STHISTH T THUEHT 99 FHITSITT q9T foerues |
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&. forera forermar ferwmTg T weRtioTa wruqus gaw steaa gidae

T forerer farTTeh! TTIHTERICT R STEEF HUEhT HTASHT Tiea, STAISHTeR e fmfor qer
forega &brent it STl g SR, Guidelines SeaTdl TohTRIT Hwal(-4r HTigeeh! SRR TR
THS |

&. forera forermer frvmrarte wemfota FamgeteT (Manual) @97 Guidelines/ Tagus

e  Manual for Preparing Scoping Document for Environmental Impact Assessment (EIA)

of Hydropower Projects 2001

e  Manual for Preparing Terms of Reference (TOR) for Environmental Impact Assessment
(EIA) of Hydropower Projects, with Notes on EIA Report Preparation, 2001

e  Manual for Public Involvement in the Environmental Impact Assessment (EIA) Process

of Hydropower Projects, 2001

e  Manual for Preparing Environmental Management Plan (EMP) for Hydropower Projects,
2002

e  Manual for Developing and Reviewing Water Quality Monitoring Plans and Results for

Hydropower Projects 2002

e  Manual for Conducting Public Hearings in the Environmental Impact Assessment Process

for Hydropower Projects, 2004

e Manual for Addressing Gender Issues in Environmental Impact Assessment/Initial
Environmental Examination for Hydropower Projects, 2005

¢  Guideline for Power System Optimization of Hydropower Projects, 2015

e QGuidelines for Operation and Maintenance of Hydropower Plants, Substations and
Transmission Lines, 2017

e  Guidelines for Study of Hydropower Projects, 2018

e Power-House Design Guidelines for Hydropower Projects, 2018

e Design Guidelines for Headworks of Hydropower Projects

e Inspection Guidelines for Powerplant, Substation and Transmission line

e Design Guidelines for Water Conveyance System of Hydropower Projects

e  Manual for Reviewing Scoping Document, Terms of Reference (TOR) and Environmental
Impact Assessment (EIA) Reports for Hydropower Projects.

e  Manual for Preparing Initial Environmental Examination (IEE) Report for Hydropower
Projects.

e Manual for Prediction, Rating, Ranking and Determination of Significant Impacts in
Environmental Impact Assessment (EIA) of Hydropower Projects
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&. farera forermer farvmrarte wemfSta Famgeter (Manual) @97 Guidelines/@Tagus
Guideline for Hydro Tunnel Support System

Guideline for Estimation of Explosive Quantity for Hydro Tunnel Construction

Guideline for Study of Effect of PRoR Hydropower Project on Downstream Projects in

the context of Nepal

§.3 forgra et farwmrarte @@ TRUT Database Software &

GIS Based License Management System

Royalty Management System

GIS Representation of Reservoir Projects

Online License Application System

Environment Database

&.% farera forermer farvmrarte sreaam avam=r wUeT T STeaament SHAHT TEehT AT INHTER

I T TITeRT ATHERTOT YU T frsTiTet ST Sed =T TR T STEaaeh! forfsT— <RuTHT WRehT 1 for. 31T g%eht
foraor TR @ B |

TATICTRT £.3 LTI I WUHT ATATTATEERT [aTuT

Project Name District Province Installed Capacity
(MW)
1 |Arun-4 HPP RoR Sankhuwasabha Koshi 490.2
2 | Beni-Kaligandaki HPP RoR Parbat Gandaki 50.53
3 | Bheri Khola HPP RoR Jumla Karnali 4.1
4 | Budhiganga Hydropower Project |PROR Achham Sudurpashchim 20
5 |Dotigad HPP RoR Doti Sudurpashchim 2.52
6 | Dudhkoshi-4 HPP RoR Solukhumbu Koshi 47
7 | Dudhkoshi-5 HPP RoR Solukhumbu Koshi 110
8 |Humla Karnali HPP PROR Humla Karnali 61.02
9 |Ikhuwa Khola RoR Sankhuwasabha Koshi 30
10 |Inkhu Khola HPP RoR Solukhumbu Koshi 21.4
11 |Jawa Khola HPP RoR Jumla Karnali 15.25
12 | Kankai Multipurpose Project Storage | Jhapa Koshi 60
13 |Kawadi Khola HPP RoR Humla Karnali 30
14 |Kawadi-1 HPP RoR Humla Karnali 333
15 |Khare Khola HPP RoR Dolakha Bagmati 14.47
16 |Loti Karnali (Darma) HPP PROR Humla Karnali 49.5
17 |Lower Apsuwa Khola HPP RoR Sankhuwasabha Koshi 45
18 |Lower Arun HPP PROR Sankhuwasabha Koshi 474.25
99 Tereget Tarehmer favmr
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Project Name Type of District Province Installed Capacity

Scheme (MW)
19 |Lower Chameliya HPP RoR Darchula Sudurpashchim 20
20 |Lower Chepe RoR Lamjung Gandaki 8.74
21 |Lower Hongu HPP RoR Solukhumbu Koshi 30.2
22 |Lower Solu Khola HPP RoR Solukhumbu Koshi 40
23 |Lungri Khola HPP RoR Rolpa Lumbini 6
24 | Madi Khola HPP RoR Rolpa Lumbini 12.98
25 |Maiwa Khola HPP RoR Taplejung Koshi 12.5
26 |Maya Khola HPP RoR Sankhuwasabha Koshi 5
27 |Mewa Khola HPP RoR Taplejung Koshi 10
28 |Middle Inkhu HPP RoR Solukhumbu Koshi 279
29 |Myagdi Khola HPP RoR Myagdi Gandaki 15.2
30 |Naumure Multipurpose Project Storage | Arghakhanchi Lumbini 281.04
31 |Nyaurigad HPP RoR Jumla Karnali 4.01
32 |Pikhuwa Khola HPP RoR Bhojpur Koshi 6.11
33 |Rupagad HPP RoR Dolpa Karnali 8.63
34 |Sankhuwa 1 HPP RoR Sankhuwasabha Koshi 40.82
35 |Sankhuwa Khola HPP RoR Sankhuwasabha Koshi 41.06
36 |Sarda Babai HPP Storage | Salyan Karnali 93
37 | Saru Khola Storage | Jajarkot Karnali 12.3
38 | Seti River-6 HPP Storage | Doti Sudurpashchim 309
39 | Singati Khola HPP RoR Dolakha Bagmati 25
40 |Siwa Khola HPP RoR Taplejung Koshi 26.86
41 |Solu Khola HPP RoR Solukhumbu Koshi 15.25
42 | Upper Jhimruk Storage | Pyuthan Lumbini 97.7
43 | Upper Chameliya RoR Darchula Sudurpashchim 53.85
44 | Sunkoshi-2 Storage | Sindhuli Bagmati 978
45 | Sunkoshi-3 Storage | Kabhrepalanchok Bagmati 683
46 |Hima Khola HPP PROR Jumla Karnali 10.8
47 | Kokhajhor Storage Storage | Sindhuli Bagmati 63
48 |Tila River HPP RoR Jumla Karnali 38.07
49 | Dadagaon Khalanga Bheri HPP PRoR JRaiii(;t and West Karnali 97.43
RoR 1341.95
Grand Total PROR 713.00
Storage 2577.04
T T T | g
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TATTCTRT .3 TETTT WILEehT TTATAATEEhRT fIaur

SN Project Name ;‘lel):n?: District Province Cal)I:csitt?I(eh(fIW)
1 |Bharbung Storage HPP Storage Dolpa Karnali 325
2 | Dandagau Khalanga Bheri HEP PROR Jajarkot Karnali 97.43
3 |Humla Karnali-Cascade PROR Humla Karnali 681.2
4 |Kaligandaki 2 Storage Storage Syangja Gandaki 650
5 |Kaligandaki Storage HPP Storage Parbat Gandaki 640
6 | Khimti Those Shivalaya Storage Ramechhap Bagmati 1216
7 | Lower Badigad Storage Gulmi Lumbini 273.4
8 | Madi Siti HPP Storage Lamjung Gandaki 119
9 | Manahari Khola MPP Storage Makawanpur Bagmati 55.15
10 | Marsyangdi 3 PROR Lamjung Gandaki 42
11 | Mugu Karnali PROR Mugu Karnali 89.35
12 | Super Budhigandaki HEP RoR Gorkha Gandaki 34.93
13 | Tom Dogar HEP (Budhi Gandaki) |RoR Gorkha Gandaki 40.2
14 | Yanma Khola HPP RoR Taplejung Koshi 65
15 | Surnayagad Storage HPP Storage Dadeldhura Sudurpashchim 194.1
16 |Bheri-2 PROR HPP PROR Jajarkot Karnali 211.02
17 | Upper Karnali B PROR HPP PROR Dailekh Karnali 136.48
18 | Chera-1 Storage HPP Storage Jajarkot Karnali 169.5
19 | Ghatganga PROR HPP PROR Bajhang Sudurpashchim 49.26

RoR 140.13
Grand Total PROR 1306.74
Storage 3642.15
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20. VT STALATAT AAT ASHIE

AT TS HTefst ek T (it &pree Jafdd § Smared=n s¢l Sied emareht faf= st
HATASHTSE TATET STH §a HATGH B, S HAHT T Hldeh] T9HT Woh! © | [ed U, J0%R qo
forega frammaett, Rob 0 STER AUTAHT foreld Scdte T forauomT Terexft quT foresft SrHieTs Sieare
T ILTIA ICUTEH, TR T Toeoreht ATRT ST e T, STriIsiHTe®eh! fame qur freror 1,
SATIEA HTASHIATE HehleTd VAN SHAEATIH T THTFAHT 1 GHATE T fH, Q040 AT foepa
forehTer TorsTT STOAT TR 2T | SIAfargd AT STfed &fFaT a9 3eaTiad fagd el el
ST FFaTefl ST TAHHE® del et o |

%0.3 arera U, 20%R AT ST Taeet AFa-gmT fe TTaa=es Wl O :
T §3: WS T3 U

IUTHT (3): HAFAITN AT SAfthed SIATEIdeh! SATATNE ScdTe & TR w31 aae Hid STfed foretiare
STTSeh Weh 6 w1 T Wi I (fehettane Buar) Teet forsht Hearsh! 2 TicRTdsht alet HUTel §TehieTs et
RELESRRY

IUGWT (3): SUSH (%) AT 3fcaARgd aTemfs SAlG W =Afthd Ui Sfed fhatare s
T BSIR &0AT T AT e (fohaarare =uer) et forshl qeoehl £ o NfaRTaeh! et e JRsIs |
AT STEATHT, AT STRATSHTSE FTH T UFee! ATSHIeeh! AT AT SATUR 0 THUH! B | 79
FraHT STSthieeh! i T TThiceh A T ford STRITTHTST Yl © |

TS EEITITATS THTERI TS ]%Ig?f IEEAAER ] Royalty Management System TFeAIThT
SATET T B | T8 TUTAHTHA AITHT HoaTAd SATTEd ST SHTEEeh! AT sl IcqTe [oraurit
HTAISHIEER] STSd &mel a1 forea forsht s ehfora T Thrersrl STHeRRT ST6 7+ |ieh |
TS |

AT, R0¢2/0¢R HT IASHTEESTE Hoheld WUk SIS &THAT e 3511 dralf=er foreor arfetent 90.9
T RT3 |
ATICTERT §0.3 ST, 0£8/¢R AT UATE! TTH WITHT TATIEd HATAAATEEehT forsuT

. Sifea emar | wifea ermar
& TSR ATH Tgeheh! ATH ey et (5) S ATt (8.) T ()
1 | Aandikhola HP Butwal Power Company 9.40 5,530,000.00 30,691,092.12 36,221,092.12
2 | Ankhukhola Small HP | Ankhu Khola Hydropower Co. Ltd. 8.40 840,494.42 3,312,726.50 4,153,220.92
3 | Bagmati Nadi Mandu Hydropower Pvt. Ltd. 22.00 - 6,436,127.58 6,436,127.58
4 | Baramchi Khola HPP | Unique Hydel Pvt Ltd 420 300,000.00 1,106,534.81 1,406,534.81
5 ]:I};jlrla;;”nda khola | b, irab kunda khola Hydropower Co. Ltd. | 3.00 1,500,000.00 88,256.88 1,588,256.88
6 | Bhim Khola Small HPP | Shikhar Power Development Ltd. 4.96 - 35,417.09 35,417.09
7 | Bijaypur Khola 2 HPP | Civil Hydropower Company Limited 4.50 500,699.24 1,925,202.58 2,425,901.82
Bh iH Devel
8 | Bijaypur-1 Small HP agawati Hydropower Development 450 900,083.93 2,936,378.86 3,836,462.79
Company Ltd.
Torga forerrer favmr
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9 | Chake Khola SHPP Garjyang Upatyaka Hydropower Ltd. 2.83 234,122.46 1,449,838.86 1,683,961.32
10 | Chaku Khola Small HP | Laughing Buddha Power Nepal Pvt. Ltd. 3.20 - 3,696,020.21 3,696,020.21
11 | Chameliya Khola Nepal Electricity Authority 30.00 3,000,000.00 14,785,168.87 17,785,168.87
12 | Charnawati khola HP Nepal Hydro Developer Ltd. 3.52 353,004.42 2,088,148.92 2,441,153.34
13 | Chatara HP Nepal Electricity Authority 3.20 3,200,000.00 1,216,472.11 4,416,472.11
14 | Chepe A HEP Champawati Hydro Power P.Ltd 7.00 700,000.00 2,423,443.49 3,123,443.49
15 | Chepe Khola Aashutosh Energy Limited 8.63 863,000.00 5,328,027.89 6,191,027.89
16 | Chhandi Khola Chhyandi Hydropower Co. Ltd 2.00 291,913.05 962,255.10 1,254,168.15
17 | Chilime Plant Chilime Hydropower Company 22.10 22,100,000.00 115,123,377.92 137,223,377.92
18 | Daram Khola-A Sayapatri Hydropower Pvt. Ltd. 2.50 250,630.72 1,111,115.52 1,361,746.24
19 | Daraundi A Kalika Power Company Limited 6.00 610,198.94 3,795,048.33 4,405,247.27
20 |Devighat HP Nepal Electricity Authority 14.10 14,100,000.00 41,251,948.56 55,351,948.56
21 |Dordi 1 Dordi Khola Jalvidyut Co. Limited 12.00 1,200,000.00 5,474,070.81 6,674,070.81
22 | Dordi Khola Himalayan Power Partner Limited 27.00 - 12,672,779.70 12,672,779.70
23 | Down Piluwa Rlver Falls Power Limited 10.30 1,030,000.00 4,500,431.01 5,530,431.01
24 | Dudhkunda Khola HEP | Mount Everest Power Development P.Ltd. 12.00 - 5,075,144.98 5,075,144.98
25 | Dwari Khola SHP Ei‘t“ﬁ’; Energy Development Company 3.75 150,000.00|  1,010,648.87|  1,160,648.87
26 |Fewa (Pokhara) HP Nepal Electricity Authority 1.09 1,088,000.00 498,425.52 1,586,425.52
27 | Gandak HP Nepal Electricity Authority 15.00 15,000,000.00 7,301,447.48 22,301,447.48
28 | Gelun Khola HPP Sfdl”n Khola Hydropower Company Pyt 3.20 320,000.00 142,696.18 462,696.18
29 | Ghalemdi Khola Ghalemdi Hydro Limited 5.00 512,017.62 2,395,551.58 2,907,569.20
30 |Ghar Khola Myagdi Hydropower Limited 14.00 1,400,000.00 5,418,185.74 6,818,185.74
31 | Ghatte Khola Manakamana Engineering HP 5.00 280,561.76 2,304,722.64 2,585,284.40
32 | Hewa Khola A Panchthar Power Company Pvt. Ltd. 14.90 1,497,082.43 498,616.08 1,995,698.51
33 | Hewa Khola HP Barun Hydropower 4.50 440,779.26 1,602,559.66 2,043,338.92
34 | Illam Puwa Khola HP Nepal Electricity Authority 6.20 6,200,000.00 17,372,057.22 23,572,057.22
35 |Indrawati 3 National Hydropower Company Limited 7.50 5,001,096.01 16,177,123.74 21,178,219.75
36 | Iwa Khola Rairang Hydropower Development Co Ltd 9.90 2,072,166.15 4,056,433.33 6,128,599.48
37 | Jhimruk Butwal Power Company 12.00 12,000,000.00 39,062,337.13 51,062,337.13
38 | Jiri Khola SHP Bojini Company (P.) Ltd 2.40 - 1,281,007.72 1,281,007.72
39 | Jogmai Khola Sanvi Energy Pvt. Ltd. 7.60 760,000.00 3,698,259.23 4,458,259.23
40 [KabeliB-1 Arun Kabeli Power Limited. 25.00 5,305,650.80 10,804,130.18 16,109,780.98
41 |Kabeli B-1 Cascade Arun Valley HP Dev. Ltd 9.94 994,000.00 3,720,467.86 4,714,467.86
42 |Kalanga Kalanga Hydropower Limited 15.33 4,599,000.00 9,825,207.08 14,424,207.08
43 | Kaligandaki'A' HP Nepal Electricity Authority 144.00 | 144,000,000.00 | 437,653,308.57 | 581,653,308.57
44 | Kapadigad HPP Salmanidevi Hydropower Pvt Ltd 3.33 287,349.02 1,359,272.11 1,646,621.13
45 |Karuwa Seti HPP Jgg;?;’;;“ﬁ? Hydropower Development | 5 - 321,622.04 321,622.04
46 | Khani Khola Khani Khola Hydropower Company Ltd 2.00 - 385,263.76 385,263.76
47 | Khimti I HP Himal Hydropower Co Ltd 60.00 60,000,000.00 87,651,058.00 | 147,651,058.00
48 | Khudi HP Khudi Hydro Power Company LTD 4.00 - 9,107,014.74 9,107,014.74
49 | Kulekhani-I HP Nepal Electricity Authority 60.00 60,000,000.00 88,647,277.82 | 148,647,277.82
50 | Kulekhani-II HP Nepal Electricity Authority 32.00 32,000,000.00 37,969,953.04 69,969,953.04
51 | Kulekhani-IIT HP Nepal Electricity Authority 14.00 1,400,000.00 3,534,866.30 4,934,866.30
52 | Lankhuwa Khola HPP | Sabhapokhari Hydropower Ltd. 5.00 - 378,960.16 378,960.16
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53 | Likhu 1 Pan Himalaya Energy Limited 77.00 - 32,667,268.40 32,667,268.40
54 | Likhu 2 Global Hydropower Associate Limited 55.00 - 23,053,997.04 23,053,997.04
55 | Likhu Khola A Numbur Himalaya Hydropower Limited 51.00 - 16,180,308.82 16,180,308.82
56 |Likhu-4 Green Ventures Co. Ltd 52.40 5,240,000.00 31,364,316.89 36,604,316.89
57 | Lower Chaku HP Laughing Buddha Power Nepal Pvt. Ltd. 1.80 - 368,180.09 368,180.09
58 | Lower Hewa Mountain Hydro Power Nepal P Ltd. 22.10 4,551,187.49 9,078,129.28 13,629,316.77
59 ;‘I’,VIZ“ Jogmai Khola | &+ Hydropower Ltd 6.20 620,000.00 3,324,456.80 3,944,456.80
60 | Lower Khare Universal Power Company Limited 11.00 920,962.07 5,389,832.62 6,310,794.69
61 | Lower Likhu Sl Ganea Hydropowerand Constiuetion | 5g 10 | 2.810.00000| 1605261870 18.862.618.70
62 | Lower Modi Khola Modi Energy Pvt . Ltd 20.00 2,000,000.00 10,688,331.48 12,688,331.48
63 | Lower Modi-1 HP United Modi Hydropower Pvt. Ltd. 10.20 1,238,621.02 7,494,296.30 8,732,917.32
64 | Lower Tadi Khola gzif;‘jnl;}ﬁﬁf:;pal Hydropower 5.00 49924290  2,904332.97|  3,403,575.87
65 | Madkyu Khola Sikles Hydropower Pvt.Ltd 13.00 1,521,595.82 5,674,018.97 7,195,614.79
66 | Mai Beni HPP Samling Power company Pvt.Ltd 9.51 1,902,000.00 4,635,154.64 6,537,154.64
67 | Mai Cascade Sanima Mai Hydropower Limited 7.00 700,000.00 3,821,199.76 4,521,199.76
68 | Mai Khola Small HP g;g;i?dkha Hydropower Company 450 454,420.07 722,069.84|  1,176,489.91
69 | Mai Sana Cascade HPP Ei::ile?"lkha Hydropower Company 8.00 1,000,248.61 1,082,717.05|  2,082,965.66
70 | Mailung Khola Mailun Khola Hydropower Company Ltd 5.00 1,500,000.00 1,918,244.29 3,418,244.29
71 | Makarigad Makarigad Hydropower Pvt. Ltd. 10.00 1,000,000.00 6,669,724.06 7,669,724.06
72 | Mardi Khola Szfdaki Hydropower Development Co. 480 432,65441| 197904638  2.411,700.79
73 | Marsyangdi HP Nepal Electricity Authority 69.00 69,000,000.00 | 220,069,451.03 289,069,451.03
74 | Maya Khola Maya Khola Hydropower Co. Ltd. 14.90 1,490,000.00 6,066,943.04 7,556,943.04
75 | Mid Solu Khola Mid Solu Hydropower Co. Ltd. 9.50 1,548,289.79 5,708,204.11 7,256,493.90
76 | Middle Chaku HP Laughing Buddha Power Nepal Pvt. Ltd. 1.80 - 464,319.59 464,319.59
77 | Middle M. HP Nepal Electricity Authority 70.20 70,200,000.00 | 210,997,381.32| 281,197,381.32
78 | Middle Modi Middle Modi Hydropower Limited 18.00 3,600,000.00 7,815,547.15 11,415,547.15
79 | Middle Tamor Sanima Middle Tamor Hydropower Ltd 73.00 7,300,000.00 36,110,232.47 43,410,232.47
80 glﬁim Khola(Karapu) | ;50 iy dropower Limited 3.00 300,349.22 1,401,663.82 1,702,013.04
81 | Mistry Khola Mountain Energy Nepal Ltd. 42.00 12,600,000.00 17,880,781.16 30,480,781.16
82 |Modi HP Nepal Electricity Authority 14.80 14,800,000.00 37,926,902.58 52,726,902.58
83 | Molun Khola SHP Molun Hydropower Co. Pvt. Ltd 7.00 776,220.88 3,132,111.20 3,908,332.08
84 | Namarjun Madi Himalayan Hydropower Pvt.Ltd 12.00 2,400,000.00 6,813,179.42 9,213,179.42
85 | Nau gad khola Api Power Company Ltd. 8.50 1,852,505.68 4,371,366.48 6,223,872.16
86 | Nilgiri Khola Isiirll“fiitreﬂ;h"la Hydropower Company 38.00 S| 9,541,439.06 9,541,439.06
o Ni]giri Khola-II cascade N.ilg‘irikhola Hydropower Company 71.00 7,100,000.00 19.530,662.61 26.630.662.61

Project Limited
88 | Nyadi Nyadi Hydropower Limited 30.00 6,000,000.00 13,333,608.53 19,333,608.53
89 | Padam Khola SHP Dolti Power Company P. Ltd 4.80 485,421.05 1,639,845.09 2,125,266.14
90 | Panauti HP Nepal Electricity Authority 2.40 2,400,000.00 585,258.25 2,985,258.25
91 |Phawa khola Shiwani Hydropower Company 5.00 503,890.28 2,000,691.63 2,504,581.91
92 | Pikhuwa Khola Eastern Hydropower Ltd 5.00 860,072.53 2,487,329.71 3,347,402.24
93 | Piluwa Khola HP Arun Valley HP Dev. Ltd 3.20 2,750,000.00 7,435,248.98 10,185,248.98
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94 | Puwa 2 Peoples Power Limited 4.96 992,000.00 1,971,947.32 2,963,947.32
95 | Puwa Khola-1 Puwa Khola - 1 Hydropower Pvt. Ltd 4.00 542,910.13 1,482,322.55 2,025,232.68
96 | Radhi Small Radhi Bidyut Co. Ltd 4.40 80,394.19 2,508,026.65 2,588,420.84
97 | Rasuwagadhi HPP Rasuwagadhi Hydropower Company Ltd. 111.00 11,100,000.00 14,766,127.97 25,866,127.97
98 | Rawa Khola Rawa Energy Development Pvt Ltd 3.00 505,775.83 1,891,143.71 2,396,919.54
99 |Richet Khola SHP Richet Jalbidhyut Company Pvt. Ltd. 5.00 502,000.00 1,396,818.49 1,898,818.49
100 | Ridi Khola HP Eiiﬁigcyld“’ Power Development Company | =, 4, 1,562,946.79 | 2,024,097.91|  3,587,044.70
101 |Rudi A Bindhabasini Hydropower Dev Co. Ltd 8.80 880,000.00 4,480,203.53 5,360,203.53
102 | Rudi Khola-B Bindhabasini Hydropower Dev Co. Ltd 6.60 674,077.61 2,890,226.91 3,564,304.52
103 | Rukum gad E’“rlr’ltiitel({iydm and General Construction 5.00 500,000.00 1,776,149.06 2,276,149.06
104 | Sabha Khola HPP Divyaswori Hydropower Ltd. 4.00 270,016.32 1,703,708.22 1,973,724.54
105 | Sanima Mai Sanima Mai Hydropower Limited 22.00 2,200,000.00 10,409,388.11 12,609,388.11
106 | Sanjen Sanjen Jalvidyut Company Limited 42.50 4,250,000.00 6,764,643.66 11,014,643.66
107 | Sanjen Khola HPP Salasungi Power Ltd. 78.00 7,800,000.00 5,701,094.16 13,501,094.16
108 | Sapsu Khola Small HP | Three Star Hydropower Company Limited 7.15 - 2,370,157.13 2,370,157.13
109 | Sardi Khola HPP Mandakini Hydropower Ltd. 4.00 404,552.89 2,116,381.09 2,520,933.98
110 | Seti HP Nepal Electricity Authority 1.50 1,500,000.00 5,954,753.04 7,454,753.04
111 | Seti Khola HPP Parbat Paiyu Khola Hydropower Company 3.50 350,000.00 895,247.97 1,245,247.97
112 | Seti Nadi hpp Vision Lumbini Urja Company 25.00 2,500,000.00 6,406,933.67 8,906,933.67
113 | Singati Singati Hydro Energy Pvt. Ltd. 25.00 2,500,000.00 13,262,137.10 15,762,137.10
114 | Sipring Khola HP Synergy Power Development P Ltd 10.00 808,169.01 3,121,699.51 3,929,868.52
115 | Siuri HP Nyadi Group (P) Ltd. 5.00 502,768.51 2,206,063.25 2,708,831.76
116 | Solu Upper Solu Hydroelectric Company Ltd 23.50 2,350,000.00 14,117,523.25 16,467,523.25
117 | Solu Khola (Dudhkoshi) | Sahas Urja Limited 86.00 17,200,000.00 51,539,045.68 68,739,045.68
118 | Sunkoshi HP Nepal Electricity Authority 10.05 10,050,000.00 31,355,144.12 41,405,144.12
119 | Sunkoshi Small HP Sanima Hydropower Company Limited 2.60 2,600,000.00 5,312,898.61 7,912,898.61
120 | Super Chepe Ridge Line Energy Limited 9.05 1,810,000.00 5,807,175.32 7,617,175.32
121 | Super Dordi Kha Peoples Hydropower Co. Ltd. 54.00 10,800,000.00 19,019,979.99 29,819,979.99
122 | Super Hewa HPP Super Hewa Power Company Ltd. 6.00 - 596,914.16 596,914.16
123 :‘g’]fr Kabeli Khola A o o River Ltd 13.50 1,350,000.00|  1,998,38245|  3,348,382.45
124 IS{‘;I;?T Kabeli Khola | o) Hydro Eneray Ltd. 12.00 1,200,000.00 964,182.35 2,164,182.35
125 | Super Madi Super Madi Hydropower Limited 44.00 13,200,000.00 21,559,833.05 34,759,833.05
126 | Super Mai A Sagarmatha Jalbidhyut Company P.Ltd. 9.60 946,148.57 4,657,575.31 5,603,723.88
127 | Super Mai HPP Supermai Hydropower Pvt.Ltd. 7.80 780,759.48 4,029,962.13 4,810,721.61
128 g‘::;xgghom Mai Khola Hydropower Ltd. 3.00 603,325.68 1,279,003.48 1,882,329.16
129 | Suri Khola Iﬁiﬁ; ;it“maya Suri Khola Hydropower 7.00 700,000.00|  3,578,235.62|  4,278,235.62
130 | Tadikhola HP Mountain Energy Nepal Ltd. 5.00 995,773.00 2,434,821.28 3,430,594.28
131 | Taksar Pikhuwa Taksar Pikhuwa Khola Hydropower Ltd. 8.00 638,584.95 4,054,067.05 4,692,652.00
132 | Tatopani HP Nepal Electricity Authority 2.00 2,000,000.00 7,862.52 2,007,862.52
133 | Thapa Khola HPP Mount Kailash Energy Co. Ltd. 13.60 - 1,913,338.23 1,913,338.23
134 | Theule Khola HPP Barahi Hydropower Ltd 1.50 - 486,611.82 486,611.82
135 | Tinau HP Nepal Electricity Authority 1.02 1,024,000.00 - 1,024,000.00
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136 | Trisuli HP Nepal Electricity Authority 24.00 24,000,000.00 52,955,919.28 76,955,919.28
137 | Tungun - Thosne Khola | Khani Khola Hydropower Company Ltd 4.36 - 966,409.13 966,409.13
138 | Uppallo Khimti Himalaya Urja Bikash Company Limited 12.00 - 4,809,908.10 4,809,908.10
139 | Upper Balephi A Balephi Hydropower Ltd. 36.00 7,200,000.00 17,440,104.54 24,640,104.54
140 | Upper Bhotekoshi Bhotekoshi Power Company Pvt. Ltd 45.00 45,000,000.00 | 381,382,634.17 | 426,382,634.17
141 | Upper Chaku A Shiva Sri Hydropower Pvt. Ltd 22.20 2,774,557.08 7,335,378.96 10,109,936.04
142 | Upper Chameliya Api Power Company Ltd. 40.00 8,000,000.00 23,718,403.21 31,718,403.21
143 [SJI‘;‘;;I Chhandi Khola | -\ - di Hydropower Co. Ltd 4.00 691,658.58 1,735,692.57 2,427351.15
144 | Upper Chirkhuwa Khola | Chirkhuwa Hydropower Company Pvt td 4.70 940,000.00 2,255,922.36 3,195,922.36
145 | Upper Dordi A Liberty Energy Company Limited 25.00 1,381,878.33 11,454,368.87 12,836,247.20
146 | Upper Hewa Upper Hewakhola Hydropower Company 8.50 1,700,000.00 |  4,242,383.49 5,942,383.49
Limited
147 | Upper Hugdi Ruru Jalbidyut Pariyojana Pvt. Ltd 5.00 501,311.60 2,784,873.66 3,286,185.26
148 | Upper Ingwa Khola Ingwa Hydopower Ltd. 9.70 1,940,000.00 5,296,282.73 7,236,282.73
149 | Upper Kalangad Sanigad Hydro Limited 38.46 11,538,000.00 21,077,869.85 32,615,869.85
150 | Upper Khimti II Himalaya Urja Bikash Company Limited 7.00 - 3,148,712.81 3,148,712.81
151 | Upper Khorunga HPP Terhathum Power Company Limited 7.50 750,000.00 3,002,760.38 3,752,760.38
152 | Upper Lohore SHP Upper Lohore Khola Hydropower 4.00 400,000.00 - 400,000.00
Company Ltd.
Machha Khol .
153 gi‘;ff achiha Bh0° 1 Bikash Hydropower Co. Pvt. Ltd. 4.55 1,365,000.00 3,379,983.73 4,744,983.73
154 | Upper Madi Madi Power Pvt Ltd. 25.00 2,500,000.00 16,679,832.53 19,179,832.53
155 | Upper Mai Panchakanya Mai Hydropwer limited 12.00 - 2,567,112.15 2,567,112.15
156 | Upper Mai -C Panchakanya Mai Hydropwer limited 6.10 - 2,325,881.52 2,325,881.52
157 | Upper Mailun Khola | UPPer Mailung Khola Hydropower 14.30 1,430,000.00|  7,351,128.63 8,781,128.63
Limited,
158 | Upper Mardi gjt‘tf?dldlmardl and R.B. Hydropower 7.00 702,457.21 3,270,123.22 3,972,580.43
159 | Upper Marsyangdi A }Sjvlz"]i’zidm'sagamatha Power Company 50.00 5,000,000.00 |  84,886,935.04|  89,886,935.04
160 gﬁ‘l’fr MidimKhola | gy e Hydropower Ltd. 7.50 750,000.00 | 2,315,109.46 3,065,109.46
161 | Upper Naugad Gad Api Power Company Ltd. 8.00 1,643,908.23 4,159,967.56 5,803,875.79
162 | Upper Phawa HPP Unitech Hydropower Company Ltd. 5.80 580,000.00 1,592,341.54 2,172,341.54
163 | Upper Piluwa Khola 2 | Menchhiyam Hydropower Pvt. Ltd. 4.72 944,000.00 175,423.16 1,119,423.16
164 | Upper Puwa-1 Joshi Hydropower Co. P. Ltd 3.00 - 472,768.26 472,768.26
Richet Khol
165 [SJI‘;‘[’,“ iehet Rhola 1y per Richet Hydropower Pvt. Ltd. 2.00 - 400,448.90 400,448.90
166 | Upper Sanigad Bungal Hydro Limited 10.70 1,070,000.00 5,507,026.62 6,577,026.62
167 | Upper Sanjen Sanjen Jalvidyut Company Limited 14.80 1,480,000.00 5,401,319.39 6,881,319.39
168 | Upper Solu Khola Beni Hydropower Ltd. 19.80 - 9,703,740.40 9,703,740.40
169 | Upper Suri Makar Jitumaya Suri Khola Hydropower 7.00 S| 4,153,059.96 4,153,059.96
Limited
170 gﬂ;;r SyangeKhola | ;o Syange Hydropower Ltd. 2.40 240,000.00 962,158.95 1,202,158.95
171 | Upper Tamakoshi HPP | Upper Tamakoshi Hydropower Limited 456.00 45,600,000.00 133,617,251.70 179,217,251.70
172 | Upper Trishuli 3A Nepal Electricity Authority 60.00 6,000,000.00 37,842,219.91 43,842,219.91
173 | Yambaling Khola Yambaling Hydropower Ltd. 7.27 1,454,200.00 3,062,878.82 4,517,078.82
Total (NRs.) 3,378.08 | 931,420,706.04 | 3,006,290,077.08 | 3,937,710,783.12
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SIfea &mar ; R0 ﬁTI'IEITZ(?,O-QO AT Wgéaa Francis Turbine )

1A ﬁ'&mﬁ‘{( %o ﬁ'{(?ﬁ'lg ‘H@ﬁ Concrete Gravity Dam

%@CHW N YA Wﬁﬁl?(w, D-Shaped , 4 m Diameter

AT AT Tl 3eme : £ 028 FTaTe-5uer (GWh)

0 YEERM : 4&.0lb GWh

o YR :33.4¥ GWh

festrga fe=mst: & m¥/s

T : ¢8R4 T, (T TSI =urT Weahie! foratures STeamatere: &1 |av)

[ Project Municipality

NEPAL

& Rural Municipahty
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Congestion Management Mechanisms in Electricity Markets

With the liberalization of electricity markets, the
pursuit of economic efficiency has increasingly
exposed the limitations imposed by transmission
network constraints, making congestion management
a critical aspect of market operation. While
competitive trading aims to allocate power to its
highest-value use, the laws of physics dictate that
power flows along paths of least impedance, often
disregarding commercial contracts. This disconnect
creates transmission congestion, a condition where the
cheapest generation cannot be supplied to a particular
load, forcing system operators to curtail low-cost
energy in favor of higher-cost local alternatives.
Managing this congestion is mnot merely an
engineering problem; it is a critical economic function
that determines market efficiency, price formation,
and investment signals. Over the past three decades,
power markets worldwide have developed distinct
mechanisms to address this challenge—ranging from
granular Locational Marginal Pricing (LMP) in the
United States and zonal pricing in Europe, to the
use of Physical and Financial Transmission Rights
for hedging, and demand-side participation through
interruptible loads. This article aims to provide a
comprehensive examination of these congestion
management mechanisms, dissecting their theoretical
pricing frameworks and critically comparing their
practical implementations across major global
electricity markets, from mature systems like PJM
and Nord Pool to emerging economies such as India
and Nepal.

Electricity markets can be structured as single-sided
(single-auction) or double-sided (double-auction)
markets. In a single-sided market, generators submit
supply offers, and the Independent System Operator
(ISO) or Transmission System Operator (TSO)
aggregates these offers to form a system supply
curve (often called the merit order or dispatch curve).
Demand is typically treated as inelastic (fixed), and
the market clears at the point where the supply curve
meets this demand level. In a double-sided market,
both generators and consumers participate actively:
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generators submit supply offers, and consumers
submit demand bids. The ISO/TSO aggregates both
into a supply curve and a demand (bid) curve, and
the market clears at the intersection of these two
curves, determining both the market-clearing price
and quantity.

Generators with offer prices below or equal to the
market-clearing price are dispatched, while those
with higher offer prices are not. Similarly, in a double-
sided market, consumers with bid prices above or
equal to the market-clearing price are served, while
those with lower bids are not.

In the absence of transmission congestion (i.c., a
single price area), every generator that clears the
market is paid the system marginal price (SMP) under
a uniform pricing mechanism. This is why low-cost
generators, known as inframarginal generators, can
earn significant rents, as they are paid the SMP while
their production costs are lower.

The marginal generator typically earns little or no
short-run inframarginal rent because the market-
clearing price is close to its marginal cost. However,
it may still recover fixed costs through infra-marginal
revenues earned during other periods or through
additional market mechanisms.

Locational Marginal Price (LMP) and Zonal Price

In the presence of congestion, the market may
become segmented into multiple price regions. Some
market participants are located on one side of the
constraint, while others are located on the opposite
side and no further deliveries can take place between
the two areas.

This can be illustrated using the simple two-node
network shown below.

Mode 2
Node 1

Transmission congestion occurs when the aggregate



power flows resulting from market transactions cause
one or more transmission elements to reach their
operating limits. In the presence of congestion, L
cannot purchase energy from G1, even if it is cheaper
than that supplied by G2.

Generators may have different costs and supply
offers; therefore, the marginal cost of meeting
demand at one location can differ from that at another
location. These location-specific costs are known as
Locational Marginal Prices (LMPs). The LMP at
a node k in the network is the marginal cost to the
TSO/ISO of delivering an additional unit of energy
to that node. LMP at a node can be decomposed into
three components: the marginal energy price at a
reference node, the marginal cost of congestion, and
the marginal cost of losses. This decomposition helps
market participants understand the drivers of price
differences across locations. This concept can be
extended to power systems of any size.

In a lossless system without congestion, the payments
collected from loads equal the payments made to
generators. However, in the presence of congestion,
the TSO/ISO collects additional revenue, known as
congestion revenue (or congestion rent). This revenue
is typically redistributed to market participants
through mechanisms such as Financial Transmission
Rights (FTRs).

Adjustments are made to the marginal price to
account for transmission losses and, in some market
designs, other system costs. Nodal pricing methods
can be applied to both real and reactive power;
however, in practice, LMP is primarily used for
real power, while reactive power is priced through
separate mechanisms.

Although nodal pricing is economically efficient,
it requires significant real-time computational
capability. It may also create concerns about
incentives for transmission owners if not properly
regulated. Another disadvantage is the potential for
high price volatility. Implementing a fully operational

nodal pricing structure can therefore be complex.

Because nodal pricing is often considered complex,
zonal pricing has been proposed as an alternative.

In zonal pricing, the transmission network is divided
into a number of price zones. Zones are generally

defined so that internal congestion is limited while
significant congestion occurs primarily between
zones. A common market-clearing price is then
established for each zone. Although zonal pricing can
be viewed conceptually as an aggregation of nodal
pricing, the delineation of zones is typically based
on structural congestion patterns and operational
considerations.

Many electricity markets have used zonal pricing,
particularly in earlier stages of market development.
Under uncongested conditions, all zones may have
the same price, and there are typically no inter-
zonal congestion charges. When congestion occurs,
price differences arise between zones, encouraging
generation and consumption to adjust locally.

In practice, many modern electricity markets use
hybrid approaches that incorporate features of both
LMP and zonal pricing.

Since congestion patterns change over time, zones
can be reviewed and redefined periodically. For
example, in California, zonal pricing was previously
used (with multiple zones), but the system has largely
transitioned to nodal pricing.

In the United Kingdom, transmission tariffs (TNUoS)
are primarily capacity-based and include a locational
component that varies by zone. These locational
charges differ significantly across regions to provide
long-term signals for efficient siting of generation.
Areas with high demand and limited local generation
(such as southern England) may offer negative
charges (credits) to generators, while regions with
surplus generation (such as northern areas) face
higher charges. The aim is to reflect network usage
costs and influence investment decisions, rather than
directly manage real-time congestion.

In Sweden, transmission charges are location-
dependent and reflect the dominant north-to-south
power flow due to surplus generation in the north and
higher demand in the south. Generators in the north
generally face higher charges, while those in the south
face lower charges or may receive credits. Conversely,
consumers tend to pay more in southern regions and
less in the north. In addition, Sweden operates a zonal
electricity pricing system under Nord Pool, where
electricity prices vary between bidding zones (SE1-
SE4). While this provides locational signals similar
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in intent to the UK’s transmission tariffs, it differs
in that Sweden also reflects congestion directly in
energy prices, unlike the UK.

Physical Transmission Rights (PTRs)

In a decentralized or bilateral trading system,
transactions for electrical energy are arranged
directly between two parties, a buyer and a seller.
These parties agree on the traded quantity, price, and
any other contractual terms. The System Operator
(SO) does not set market prices or centrally clear
these transactions. Instead, its role is to ensure real-
time system balance and maintain network security,
including verifying that scheduled transactions are
technically feasible.

Proponents of bilateral trading argue that market
participants are best positioned to decide whether and
how to use the transmission network. When entering
into a contract, a generator at one location (e.g., bus
A) and a consumer at another location (e.g., bus B)
who wish to avoid curtailment due to congestion
may also acquire transmission rights. Such rights
are known as Physical Transmission Rights (PTRs),
as they are associated with the use of transmission
capacity and can support (subject to system security
constraints) the scheduling of a specified quantity of
power between defined locations.

Physical transmission rights (PTRs) appear simple
in theory, but they present two major practical and
economic difficulties.

The first difficulty is physical in nature. The actual
path that electric power takes through a transmission
network is determined by physical laws (Kirchhoff’s
laws), not by the contractual wishes of market
participants. As a result, power flows cannot be
confined to a single transmission line. Any injection
or withdrawal of power affects flows across multiple
lines in the network (the so-called loop flow effect).
For instance, if a generator in the north injects 100
MW and a load in the south withdraws 100 MW, the
actual power flows may distribute across multiple
parallel transmission paths (e.g., 60 MW on one line,
30 MW on another, 10 MW on a third) depending
on the line impedances. This creates a mismatch
between the contract path and physical flows, leading
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to unintended impacts on other market participants.
Therefore, defining transmission usage in terms
of a single line or path is generally not physically
meaningful in meshed networks.

The second problem is related to market ethics.
PTRs can potentially facilitate the exercise of market
power in imperfectly competitive markets. PTRs are
defined as giving their holder the right to schedule or
nominate a certain amount of power transfer between
specified locations over a given period, subject to
system security constraints. In practice, even PTRs
do not guarantee a specific physical path for power
flow; they merely provide transmission capacity
rights between specified locations. If treated as
tradable property rights, they may be used, withheld,
or sold by their owners.

In a perfectly competitive market, acquiring PTRs
without using them would generally be economically
irrational, since unused rights would represent
foregone trading opportunities. However, in markets
with limited competition, PTRs may be strategically
withheld or used in ways that can influence
congestion patterns and prices, resulting in market
power exploitation.

Physical Transmission Rights (PTRs) have largely
been replaced by Financial Transmission Rights
(FTRs) in nodal electricity markets, particularly in
systems such as PJM Interconnection and CAISO.
However, PTRs are still used in cross-border
electricity trading, especially in European markets
under the framework of ENTSO-E. In these markets,
PTRs are often implemented with mechanisms such
as Use-It-Or-Sell-It (UIOSI). Under UIOSI, a PTR
holder who does not intend to use their transmission
rights must offer them back to the market. This allows
the System Operator to reallocate unused capacity to
other market participants. If the holder does not use
or sell the capacity before a specified deadline, the
right expires, and capacity is released.

Currently, a gradual transition toward financial
transmission rights and market coupling approaches
is underway.

Financial Transmission Rights (FTRs)

Financial Transmission Rights (FTRs) are financial
instruments that entitle the holder to the difference



between Locational Marginal Prices (LMPs) at two
specified nodes (a source node and a sink node) on
the grid.

The parameters of an FTR are a source node, a
sink node, and a quantity (in MW). The holder of
an X-MW FTR from node A to node B at time t
receives FTR revenue calculated as: X * (LMPsink,t
- LMPsource,t)

FTRs are typically allocated through auctions
conducted by the Independent System Operator
(ISO). These auctions may offer different durations,
such as monthly, annual, or long-term FTRs. Market
participants bid for quantities, as well as source and
sink node combinations.

Most FTRs are structured as obligations, meaning the
holder is entitled to (or liable for) the price difference.
If the LMP at the sink is higher than at the source, the
holder receives payment from the ISO. If the LMP
at the sink is lower than at the source, the holder
must pay the ISO. Some markets also allow FTR
options, which provide protection against adverse
congestion charges without requiring the holder to
make payments when price differences reverse.

FTRs are considered a more practical alternative to
PTRs, as they do not represent a right to physically
transmit power. FTRs do not reduce transmission
congestion; instead, they serve as a financial hedging
mechanism that reallocates congestion revenues
within the market.

FTRs are widely used in modern electricity markets
as instruments for managing congestion risk and
providing price certainty to market participants.
Their application, however, varies significantly
across different regions depending on market design,
pricing mechanisms, and the level of market maturity.

In the United States, FTRs are a central feature of
organized wholesale electricity markets operated
by regional system operators such as PJM
Interconnection, Midcontinent ISO, ERCOT, and
New York ISO. These markets are based on locational
marginal pricing (LMP), where electricity prices vary
by location due to transmission constraints. FTRs
allow market participants to hedge against congestion
costs by entitling them to the price difference
between two nodes. They are typically allocated

through auctions and are actively traded in secondary
markets. Variants such as Congestion Revenue
Rights (CRRs)
Contracts (TCCs) serve similar functions in different
U.S. markets. Overall, the U.S. represents the most

and Transmission Congestion

mature and sophisticated implementation of FTR-
based congestion management.

In contrast, European electricity markets have
historically relied on a different framework, focusing
on cross-border transmission and zonal pricing.
Coordination among transmission operators is
facilitated by organizations such as ENTSO-E.
Traditionally, Physical Transmission Rights (PTRs)
have been used, often with the “Use-It-Or-Sell-It”
(UIOSI) principle, allowing unused capacity to be
released back to the market. However, there has been
a gradual shift toward Financial Transmission Rights
in certain regions to improve efficiency and align with
market coupling mechanisms. Despite this transition,
FTRs remain less dominant in Europe compared to
the United States due to the continued prevalence of
zonal pricing.

Historically, Australia relied primarily on Settlement
Residue Auctions (SRAs) rather than FTRs, which
provide financial hedging against inter-regional price
differences. While conceptually similar to FTRs,
SRAs are simpler and reflect the zonal structure of
the Australian market. This approach demonstrates
an alternative way of addressing congestion without
fully adopting nodal pricing.

While India has established a framework for
transmission rights, their use remains limited
compared to mature markets. Similarly, in Nepal,
where the power system is operated by the Nepal
Electricity Authority, the electricity sector remains
largely vertically integrated, and formal mechanisms
like FTRs are not yet in place. However, with
increasing cross-border electricity trade and ongoing
policy reforms, formal congestion management
mechanisms, including financial instruments, may
become necessary in the near future.

Redispatch

‘Redispatch’ is to the System Operator's ability,
after the market has cleared, to adjust generation
schedules to resolve physical congestion. The market
schedules generation based on offers and demand.
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Then the system operator checks whether there is
any congestion. If congestion exists, generation is
increased in some locations and decreased in some
locations without changing total supply-demand
balance. For example, in Germany, the TSOs
regularly implement redispatch measures to manage
north-south congestion. These actions impose costs
(redispatch costs) that are socialized through network
charges, representing a departure from pure market-
based pricing. Nodal pricing reduces the need for
redispatch by incorporating congestion signals
directly into market prices, but even nodal markets
may require limited redispatch for security reasons.

Dynamic Line Rating

Modern
incorporates Dynamic Line Rating (DLR) as a

congestion management increasingly
congestion management tool. DLR increases usable
network capacity by updating transmission line limits
inreal time based on actual conditions like wind speed
(cooling effect), ambient temperature, solar radiation,
and conductor temperature. This enables the system
operator to utilize more of the available line capacity
during favorable conditions, potentially reducing
congestion and deferring network investments.
DLR represents a technological complement to the
market-based congestion management mechanisms
discussed in this document.

Interruptible Load Options

While LMP, PTRs, and FTRs manage congestion
primarily through price signals and financial
instruments, interruptible load options take a more
direct, operational approach by reducing demand
itself. Interruptible load options are primarily used
to enhance power system reliability and security,
but they can also serve as a tool for congestion
management under certain conditions. In such
arrangements, customers enter into interruptible load
contracts with a utility or the ISO, agreeing to reduce
their electricity consumption when requested.

From the system operator’s perspective, interruptible
loads provide a flexible resource that can reduce
peak demand, alleviate stress on the transmission
network, and help maintain system reliability,
including acceptable voltage profiles. For customers,
participation in interruptible programs typically
results in lower energy costs and/or incentive
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payments in exchange for their willingness to curtail
load when needed.

In some program designs, customers specify a firm
demand level, and any consumption above that level
is considered interruptible and subject to curtailment
at a lower price. During emergency or constrained
operating conditions, the ISO determines the required
load reduction and issues curtailment instructions to
participating customers. Because interruptible loads
can respond relatively quickly, they effectively
function as a form of operating reserve, often capable
of being activated within minutes to an hour. In
addition to supporting active power balance, they
can also contribute indirectly to voltage control and
reactive power relief by reducing system loading.

The implementation of interruptible load programs
varies across electricity markets. In the United
Kingdom, under earlier pool-based arrangements,
large consumers participating in demand-side
programs were typically required to offer a minimum
level of curtailable load and demonstrate significant
annual reduction capability. They received
availability payments for making load available for
interruption, while paying the prevailing pool price

for actual consumption.

In the New York ISO (NYISO), demand response
programs generally require a minimum participation
level (e.g., around 1 MW), with response times
on the order of 10 minutes and limited-duration
curtailments. Similarly, in California ISO (CAISO),
participating customers are typically required to be
capable of reducing at least 1 MW of load. These
loads may be called upon during system emergencies,
particularly when operating reserves fall below
specified thresholds. Curtailments can last for several
hours, and response times typically range from 15 to
30 minutes, depending on the program and resource
type. Customers with on-site backup generation may
be treated differently, as they can provide faster or
more reliable response.

Overall, interruptible load options represent an
important form of demand-side participation,
helping system operators manage both reliability and

congestion in a cost-effective manner.



From Power Deficits to a Regional Hydropower Powerhouse

For decades, the story of Nepal’s power sector
was one of scarcity. Between 2008 and 2016, the
nation grappled with a chronic energy crisis where
load-shedding was a household term and residents
endured up to 18 hours of darkness daily. Industrial
productivity plummeted, and the Nepal Electricity
Authority (NEA) faced staggering economic losses,
with power imports accounting for over 75% of total
sales revenue in FY 2071/72.

Fast forward to the late 2020s, and the narrative has
shifted dramatically. Load-shedding is a forgotten
story, and cross-border power trade is the talk
of the town. Our recent study titled "Analysis of
Surplus Hydropower Generation Potential in Nepal
by Fiscal Year 2087/88,” reveals that Nepal is not
just becoming self-sufficient—it is on the verge of
becoming a dominant regional exporter of clean
energy. The study projects that by the end of the
decade, Nepal will boast an annual electricity surplus
of approximately 17.5 Terawatt-hours (TWh).

The Transformation in Electrical Power

Landscape

Nepal’s hydropower journey is a testament to
natural endowment meeting strategic policy. Despite
occupying just 0.1% of the world’s land area, Nepal
holds roughly 2.27% of global hydropower potential.
Technically and economically feasible potential is
estimated at 42,133 MW, primarily distributed across
the Koshi, Narayani, Karnali, and Mahakali river

basins.

As of 2025, the country’s installed capacity reached
3,605 MW—a remarkable rise from just 830 MW in
2014. Hydropower currently contributes over 95% of
this total. The sector’s momentum is accelerating; in
FY 2023/24 alone, 463 MW were added to the grid.
Looking ahead, the growth is even more staggering.

There are currently 494 projects in the development

Bishal Silwal, PhD, IoE, Pulchowk Campus

Shahadev Thapa, S.D.E., DoED

pipeline with a combined capacity of 11,436 MW
that have already signed Power Purchase Agreements
(PPAs). The Government of Nepal’s "Energy
Development Roadmap and Action Plan" targets a
generation capacity of 28,500 MW by 2035, including
15,000 MW dedicated specifically for export.

A Seasonal Dilemma: The Wet-Season Surplus

However, the path to becoming a clean energy
hub is fraught with operational challenges. The
primary issue lies in the nature of Nepal's generation
technology. Approximately 95% of the existing
and upcoming hydropower plants are Run-of-River
(RoR) or Peaking Run-of-River (PROR) types.
These facilities rely on natural river flow, meaning
they generate massive surpluses during the monsoon
season (Jestha to Kartik) but see production drop
significantly during the dry months.

RoR and PROR projects typically generate about
70% of their annual energy during the wet season
and only 30% during the dry season. This seasonal
variability creates a high-stakes use it or lose it
scenario. If this excess power cannot be consumed
domestically or exported, it must be curtailed, which
means effectively wasted, leading to direct financial
losses for the NEA, which remains obligated to pay
for the energy under the Take-or-Pay contracts.

The Disruptive Opportunity: Market-Based

Scheduling

Our study uses an Excel-based analytical model to
evaluate how Nepal can maximize the value of this
surplus by projecting hourly generation and demand
profiles for FY 2087/88. By comparing two different
operational strategies, the research highlights a clear

path toward economic prosperity:

Case 1: Demand-Following Scheduling: This strategy
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prioritizes domestic peak demand, dispatching
flexible PROR and storage plants to maintain
domestic reliability. While it minimizes imports,
it does not fully exploit the value of wet-season

surpluses in the regional market.

Case 2: Market Price-Based Scheduling: This
approach optimizes flexible generators
according to Day-Ahead Market (DAM)
price signals from the Indian Energy
Exchange (IEX). By shifting energy to high-

price hours, it maximizes export revenue.

The economic difference is substantial. The analysis
shows that switching to a market-responsive strategy
(Case 2) could increase annual export revenue from
NRs 98.41 billion to NRs 113.42 billion, which is a
gain of approximately NRs 15 billion.

Hourly Surplu with/without PSH integration for month of Bhadra

350,00 :
(et season)

30000

mSyrplus with PSH  ===Surphus wfo PH

230000
200000

1500.00

MWh/h

100000
500,00

0.00

S00.00

HOL HOD HOS KO3 HC5 H06 HOT HOE HOS 110 HAL H12 H13 HI4 H13 K16 HAT HIS 119 H20 HM HEZ2 KL

The Infrastructure Bottleneck: Zone 1 vs.
Zone 2

Despite these optimistic projections, Nepal's surplus
clean energy remains physically trapped by a lack
of rapid transmission lines development. The study
identifies a critical regional imbalance within the
Integrated Nepal Power System (INPS). The system

is segmented into two main zones:

e Zone 1 (East/Central): Comprising Koshi,
Madhesh, and Bagmati provinces, this zone

accounts for 68% of total generation.

e Zone 2 (West): Comprising Gandaki, Lumbini,

Karnali, and  Sudurpaschim  provinces,

contributing 32% of generation.
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The “Battery”: Pumped Storage

The most advanced element of the study involves the
integration of Pumped Storage Hydropower (PSH).
Unlike traditional plants, PSH acts like a giant battery:
it uses surplus energy (from solar or RoR plants) to
pump water uphill during low-demand/low-price
hours and releases it to generate power when prices

are highest.

By integrating a proposed 928.5 MW of PSH
capacity, Nepal could transform its surplus into high-
value regional exports. This integration is projected
to boost total annual exportable energy to 18.64 TWh
and increase revenue further to NRs 127.68 billion.
Our model validates that PSH effectively functions
as an energy-shifting mechanism, behaving as a load
in wet months to absorb surpluses and a peaking

generator in dry months to stabilize supply.
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The cross-border transmission line capacity in
Zone 1 is estimated at 1,900 MW, while Zone 2
has 2,100 MW (under N-1 contingency conditions).
In this case, the analysis show that Zone 1 faces
severe transmission constraints. Without the timely
completion of high-voltage corridors, specifically
the Inaruwa-Purnea and Lamki-Bareilly 400 kV
lines, Nepal risks curtailing 1.03 TWh of electricity
annually, resulting in a loss of NRs 4.66 billion.

A Regional Leader in Clean Energy

The implications of this study extend far beyond
Nepal's borders. The country's trading relationship

with India has already matured, with commitments



for India to import up to 10,000 MW over the next
decade. Furthermore, a tripartite agreement signed in
October 2024 between Nepal, India, and Bangladesh
has enabled the export of 40 MW to Bangladesh,
marking Nepal's entry into multilateral trade
frameworks like BBIN and BIMSTEC.

By FY 2087/88, Nepal is expected to be a net exporter,
selling 17.98 TWh of renewable energy to its
neighbors while importing only a negligible amount
(0.44 TWh) during the driest days. This transition
will not only enhance national economic resilience

but also strengthen regional energy cooperation.

Recommendations for the Future

To fully realize this potential and avoid turning a

technical achievement into a financial burden, our
study recommends a three-fold strategy: prioritizing
the completion of 400 kV cross-border lines to
minimize curtailment risks, shifting towards power
scheduling that responds to regional market price
signals (Case 2) to maximize national revenue, and
prioritizing the development of Pumped Storage
Hydropower to achieve the operational flexibility
needed to manage seasonal fluctuations and capture

high-value export windows.

As the global community seeks to decarbonize,
Nepal’s surplus hydropower represents a vital
resource for South Asia’s transition to clean energy.
The water to wire revolution is well underway,
promising to turn Nepal’s rivers into the primary

engine of its sustainable economic growth.
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Prospects of Green Hydrogen in Nepal

Background

The realization of the inevitability of climate change
has prompted nations worldwide to acknowledge
the urgent need for concerted action to mitigate its
far-reaching consequences. The harsh realities of
climate change, marked by rising temperatures and
extreme weather events are no longer distant threats
but issues demanding immediate action. The decade
of 2011-2020 witnessed seven of the warmest years
on record, with 2011, 2012 and 2013 being the only
exceptions. The warming trend has continued in the
current decade as well with 2021 and 2022 ranking
as the seventh and sixth warmest years, respectively,
while 2024 stands as the warmest year in the global
instrumental record in the 143-year record'. In the face
of the imminent climate emergency, the necessity for
decarbonization has never been more crucial.

CO, emissions from the energy sector account for two-
thirds of global greenhouse gas (GHG) emissions.
To limit the rise in temperature to 1.5°C above the
pre-industrial level, global net anthropogenic CO,
emissions should decline by around 45% by 2030,
from 2010 levels reaching a net zero by 2050°. In this
context, transition towards sustainable energy sources
has become an unparalleled necessity. Electrification
of various sectors with electricity generated from
renewable sources (e.g. hydropower, solar, wind)
stands out as a highly pursued method for meeting
energy needs sustainably, while mitigating GHG
emissions. However, electrification isn’t possible for
all sectors (e.g. aviation, shipping, steel industry etc.)
due to diverse applications of fossil fuels. Therefore,
there is a growing interest in energy sources like
green hydrogen as an alternative to fossil fuels in the

battle against climate change.

1 NOAA, National Centers for Environmental Information, Annual
2022 Global Climate Report, January 2023, https://www.ncei.noaa.
gov/access/monitoring/monthly-report/global/202213.

2 ‘What Is Net Zero? - Net Zero Climate’, accessed 24 December
2023, https://netzeroclimate.org/what-is-net-zero-2/.
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Hydrogen (H)) as an Energy Carrier

Hydrogen (H)) is a colorless, odorless and highly
flammable gas. In standard gaseous form, hydrogen
(0.08 kg/m’) is about 57 times lighter than gasoline
vapor (4.5 kg/ m’) and 14 times lighter than air’.
Hydrogen in its liquid state (70 kg/ m’) is about 6
times lighter than liquified natural gas (LNG) (430-
470 kg/ m’). It has a high energy content per unit mass
(about 2.5-3 times higher than the most commonly
used fossil fuels). To put into perspective, 1 kg of
hydrogen under standard conditions contains roughly
same energy as 3.8 kg of gasoline*. However, its
energy density by volume at standard temperature
and atmospheric pressure is low’. For reference, 1
liter of hydrogen gas at atmospheric pressure and
ambient temperature contains roughly one-third of
the energy of the same volume of natural gas®.

3 Brian Hammerstrom, Dr. Christopher Niezrecki, Dr. Kelly Hellman,
Dr. Xinfang Jin, Dr. Michael B. Ross, Dr. Hunter Mack, Dr. Ertan
Agar, Dr. Juan Pablo Trelles, Dr. Fuqgiang Liu, Mary Usovicz, Dr.
Fanglin Che, Dr. David Ryan, Madhava S. Narasimhadevara, ‘The
Viability of Implementing Hydrogen in Massachusetts’ (Rist Institute
for Sustainability and Energy, January 2022).

4 Biraj Singh Thapa et al., ‘Green Hydrogen Potentials from Surplus
Hydro Energy in Nepal’, International Journal of Hydrogen
Energy 46, no. 43 (June 2021): 22256-67, https://doi.org/10.1016/].
ijhydene.2021.04.096.

5 Bijen Mali et al, ‘Green Hydrogen: Production Methodology,
Applications and Challenges in Nepal’, in 2021 7th International
Conference on Engineering, Applied Sciences and Technology
(ICEAST) (2021 7thInternational Conference on Engineering, Applied
Sciences and Technology (ICEAST), Pattaya, Thailand: IEEE,
2021), 68-76, https://doi.org/10.1109/ICEAST52143.2021.9426300.

6  FionaJ. Beck et al., “The Hydrogen Economy’, in Transitioning to a
Prosperous, Resilient and Carbon-Free Economy, ed. Kenneth G. H.
Baldwin et al., 1st ed. (Cambridge University Press, 2021), 173-200,
https://doi.org/10.1017/9781316389553.011.



Table 1: Comparison of Hydrogen with Commonly used Fossil Fuels

7.8,9

Petrol/
Parameter Hydrogen | Natural Gas . LPG Remarks
Diesel
Densit Standard condition 0.08 0.6 ~1/10" of natural gas
ety 720-780  |510
(kg /m3) Liquid form 70.79 430-470 ~1/6" of natural gas
Gravimetric E Standard condition
ravimetre By 120-142 | 49-54 4144 |46-50 3 times of gasoline
Density (MJ/kg) Liquid form
Volumetric E Standard condition 0.0107 0.0364
oTumetie BRCrey 342-346 |253-27.7 |~1/3"of natural gas
Density (MJ/lit.) Liquid form 10.1 222
Phase at Standard Conditions Gas Gas Liquid Liquid -
Diffusion Coefficient(sq.cm/sec) 0.61 0.16 0.05 0.11 ~ 6 times of LPG

In 2022, the International Energy Agency (IEA)
reported a global hydrogen demand of around 95
million metric tons, marking a 2% increase compared
to 2021. This is equivalent to roughly 3% of the global
energy demand. About 95% of the global hydrogen
production at the end of 2021 came exclusively
from non-renewable fossil fuels especially from
steam reforming of natural gas, emitting close to
900 million tons of CO, (~ 2.2 % of global annual
CO, emissions)"™"". The primary applications for the
produced hydrogen are oil refining (~45% of global
production) and ammonia production (~30% of
global production), mainly for fertilizers. Other uses
of hydrogen include methanol production (~20%
of global production) and steel production (~5% of
global production)'”. China emerged as the main
consumer of hydrogen in industrial applications in
2022, comprising 35% of global industrial use of
hydrogen. Trailing behind are Middle East (14%),
North America (10%) and India (9%)".

7 ‘Hydrogen as a Fuel in Future’, 10 September 2017, https://www.
slideshare.net/Gauravsahay4/hydrogen-as-a-fuel-in-future.

8  ‘The Future of Hydrogen’ (International Energy Agency, June 2019).

9  Bernard Chukwudi Tashie-Lewis and Somtochukwu Godfrey
Nnabuife, ‘Hydrogen Production, Distribution, Storage and Power
Conversion in a Hydrogen Economy - A Technology Review’,
Chemical Engineering Journal Advances 8 (November 2021):
100172, https://doi.org/10.1016/j.ceja.2021.100172.

10 ‘Hydrogen’, accessed 12 December 2023, https://www.irena.org/
Energy-Transition/Technology/Hydrogen.

11 S. Shiva Kumar and Hankwon Lim, ‘An Overview of Water
Electrolysis Technologies for Green Hydrogen Production’, Energy
Reports 8 (November 2022): 13793-813, https://doi.org/10.1016/j.
egyr.2022.10.127.

12 ‘The Future of Hydrogen’; ‘Global Hydrogen Review 2023’

(International Energy Agency, 2023).

‘Global Hydrogen Review 2023°.

—_
w

Color based Classification of Hydrogen

Hydrogen is a versatile fuel that can be produced
using different energy sources (for e.g. coal, oil,
natural gas, biomass, renewables, and nuclear
power) through a wide variety of technology, such
as reforming, gasification, electrolysis, pyrolysis etc.
Based on the mode of production and the associated
emission with each production method, hydrogen is
categorized into different “colors”. Although there is
no international consensus on the color-based terms
and their meanings, the primary colors used in this
context are:

. Black/Brown Hydrogen

*  Hydrogen produced from coal by its
gasification,

. 18-20 kg of CO, emission per kg of
hydrogen produced,'*

*  No mitigation of carbon emissions

o Grey Hydrogen

*  Hydrogen produced from natural gas by
steam reforming,

. 8-12kg of CO, emission per kg of hydrogen
produced,"”

*  No mitigation of carbon emissions,

*  Lowest production cost,

*  Applications found mostly in industries for
ammonia and fertilizer production as well
as in oil refining, contributes to most of the
hydrogen demand at present

14 ‘Investment Landscape of Green Hydrogen in India’ (South Asia
Regional Energy Partnership (SAREP), May 2023).
15 ‘Investment Landscape of Green Hydrogen in India’.
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*  Blue Hydrogen

*  Hydrogen produced from traditional
processes accompanied by Carbon
Capture, Utilization and Storage (CCUS)

solutions,

. 85-95 % of CO, produced is captured and
stored using industrial carbon capture and
storage techniques,

. 1.5-5 kg of CO, emission per kg of
hydrogen produced,'®

Carbon capture and storage is an
expensive, tedious process and not 100%
effective, additional CO2 is emitted due to
extra power needed to compress, transport

and store COz’
*  Green Hydrogen

*  Hydrogen produced through electrolysis
of water using renewable energy (solar,
wind and hydropower),

*  Cleanest form of hydrogen,

. No
production

CO, emission during hydrogen

Table 2: Technical Details of Water Electrolysis Technologies

Alkaline
Operating Temperature 70-90° C
Operating Pressure <30 bar

Electrode (Oxygen side) stainless steel

Electrode (Hydrogen side) stainless steel

Lifetime (Stack) 60,000 h
Efficiency 50-78%
Developmental Status Mature

Note: YSZ = Yttria stabilized Zirconia
LSCF = Lanthanum Strontium Cobalt
Ferrite

16  ‘Investment Landscape of Green Hydrogen in India’.

Nickel coated perforated

Nickel coated perforated

Technologies for Production of Green Hydrogen

Water electrolysis is a process in which a direct
current passing through two electrodes in a water
solution results in the breaking of the chemical bonds
present in water molecule thus producing hydrogen
and oxygen.

There are 4 types of water electrolysis technologies,
each at various stages of development, available
today.

. Alkaline Water Electrolysis

*  Proton Exchange Membrane (PEM) Water
Electrolysis

*  Anion Exchange Membrane (AEM) Water
Electrolysis

. Solid Oxide Water Electrolysis

So far, only Alkaline Water Electrolysis and Proton
Exchange Membrane (PEM) Water Electrolysis have
been used commercially in industries while Anion
Exchange Membrane (AEM) Water Electrolysis and
Solid Oxide Water Electrolysis are in research and
development phase.

17

PEM AEM Solid Oxide
50-80° C 40-60° C 700-850° C
<70 bar <35 bar 1 bar

Platinum carbon Nickel foam/carbon Perovskites (e.g.

cloth LSCF)
Iridium oxide Nickel or NiFeCo ;g7

alloys
50,000-80,000 h  >30,000 h 20,000 h
50-83% 57-59% 89% (laboratory)
Commercial R&D R&D

17  Shiva Kumar and Lim, ‘An Overview of Water Electrolysis Technologies for Green Hydrogen Production’.
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Scope of Green Hydrogen in Nepal

Nepal’s estimated gross hydropower potential,
as projected by Water and Energy Commission
Secretariat (WECS) in 2019, is 72,544 MW',
However, the grid connected installed capacity at
the end of FY 2022/23 stands at 2680.087 MW, with
an annual national peak demand of 1986.39 MW
and annual peak system demand of 2171.15 MW",
Nepal has set a target to develop an installed capacity
for hydropower of 15,000 MW by 2030, in line with
its commitment to achieve Sustainable Development
Goals (SDGs) *. In the FY 2022/23, the Minister for
Energy, Water Resources and Irrigation, as per the
annual report of Nepal Electricity Authority (NEA),
declared the government’s ambition to generate
20,000 MW of hydropower within next 10 years.
As the capacity for hydropower generation steadily
increases, it becomes imperative to explore and
develop a market for surplus electricity.

Majority of the hydropower stations in Nepal are
Run-of-River type, making electricity generation
highly reliant on the river water availability. While
the nation’s generation exceeds demand due to high
river water flows in monsoon, creating a surplus
that is curtailed without generating much value,
the electricity production plunges during the dry
season necessitating electricity imports from India
at a high price. Additionally, there is a significant
energy spillage during the off-peak hours, thereby
reducing the efficiency and capacity utilization of the
hydropower stations.

Development and application of green hydrogen
technology can help address these issues. Using green
hydrogen produced from surplus energy has two-fold
advantage; generation of value from otherwise spilled
energy as well as potential gasoline replacement. A
study in 2020 estimated a potential for 8,410 tons of
hydrogen production using 20 % of surplus energy
in 2022, while 336,384 tons of hydrogen could be
produced using 100% surplus energy. At the usual
tariff rate of electricity, the cost of electricity to
produce 1 kg of hydrogen was estimated at US $5.91

18  “Assessment of Hydropower Potential of Nepal’ (Water and Energy
Commission Secretariat, 2019).

19  ‘Nepal Electricity Authority Annual Report 2022/23” (Nepal
Electricity Authority (NEA), August 2023).

20  ‘Nepal’s Sustainable Development Goals | Status and Roadmap:
2016-2030" (National Planning Commission, 2017).

during the off-peak period (23:00-5:00), US$ 10.35
at normal day time (5:00-17:00) and US $ 12.75
during the peak load time (17:00-23:00), which is
significantly higher than that in the international
market. To attract markets for green hydrogen
produced from surplus hydroelectricity, the actual
unit cost of electricity used in hydrogen production
needs to be lowered. Reducing the usual tariff rates
by 80% would reportedly have reduced the cost of
electricity to produce 1 kg of hydrogen to around US
$1.17, US$2.07, and US $2.55 during the off-peak
load, normal time, and peak load time, respectively,
making it cheaper and cost-competitive®'. Similarly,
the excess energy generated during the off-peak
period can be stored in form of hydrogen and later
utilized in peak hours. Introduction of extra loads
during the off-peak hours will flatten the duck curve
of Nepal, thus contributing in energy and demand
side management.

Nepal has made a commitment to achieve a net-zero
emission by 2045 and increasing the share of clean
and more sustainable energy in the country’s national
demand to 15% by 2030. However, in the initial
eight months of FY 2079/80, petroleum products
constituted 14.21% of the national total energy mix,
with grid electricity and renewables (solar, wind,
biogas etc.) lagging behinds at 6.38% and 3.89%
respectively.

Application of Green Hydrogen in Nepal
e  Ammonia Fertilizers Production

Ammonia-based fertilizers, such as urea and
diammonium phosphate (DAP) are commonly used
in Nepalese agriculture. However, due to the absence
of in-house fertilizer production, it relies entirely on
the imports to meets its fertilizer demand resulting in
a trade deficit. Nepal imported a cumulative total of
around 1,700,000 metric tons of chemical fertilizers
(~60% of it was urea), worth approximately Rs. 95
arba from FY 2074/75 to FY 2078/79.2 Despite
the substantial imports, the shortage of chemical
fertilizers has been a recurring problem in Nepal,
forcing the farmers to reduce the acreage and

consequently, diminishing the agricultural harvests.

21  Thapa et al., ‘Green Hydrogen Potentials from Surplus Hydro Energy
in Nepal’.
22 ‘Economic Survey 2079/80° (Ministry of Finance, 2023).
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In the Economic Survey 2022/23, the demand for
chemical fertilizer was estimated at around 520,000
metric tons, comprising 310,000 metric ton of urea,
190,000 metric tons of DAP and 20,000 metric ton
of potash. However, during the initial eight months
of FY 2022/23, Nepal imported only 232,086 metric
tons of chemical fertilizers. Domestic production
of ammonia-based fertilizers has the potential to
mitigate fertilizer imports, thereby improving the
trade imbalance while simultaneously empowering
the Nepalese agriculture, which contributes to 24.1%
of national GDP.

Ammonia is a fundamental chemical for nitrogen-
based fertilizers and can be derived from nitrogen
and hydrogen. Subsequently, urea can be synthesized
from ammonia by reacting it with carbon dioxide.
Theoretically, 1 kg of hydrogen can produce 5.7 kg
of ammonia, which can then produce 10 kg of urea
with a 100% conversion efficiency. In FY 2079/80,
the demand for urea was approximately 310,000
MT per year. Meeting this demand would need
an annual production of 176700 MT of ammonia
and consequently 31000 MT of hydrogen. With an
assumption of 280 working days in a year for the
manufacturing plant, the daily hydrogen production
to fulfill the demand would be approximately 110 MT
per day. While these calculations offer a theoretical
foundation, it is important to consider the practical
factors such as production efficiency, maintenance
and fluctuating demand in real world scenarios.
Regardless, domestic production of fertilizer can
create a huge market for green hydrogen in the
country.

In FY 2078/79, the government of Nepal allocated
a budget of Rs. 15 arba in subsidies for chemical
fertilizers and this figure rose to Rs. 23 arba in FY
2079/80. Immediate application of green hydrogen in
chemical fertilizer manufacturing will help alleviate
this fiscal burden on the government. Domestic
production of fertilizers with green hydrogen and
green ammonia can further contribute to easing the
strain on the national economy by reducing heavy
imports of fertilizer. Furthermore, it will help address
the chemical fertilizer shortages in the nation,
providing a boost to the agricultural sector.
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* Transportation

Hydrogen can be used to power vehicles in two ways:
as a fuel in internal combustion engines (ICE) or in
fuel cells (FC) to power electric motors.

Nepal imported a total of 1,840,000 KL of petrol,
4,894,000 KL of diesel, 60,000 KL of kerosene and
other petroleum derivatives worth approximately Rs.
7 Kharba from FY 2076/77 to FY 2078/79. In FY
2079/80, the imports totaled at 680,807 KL of petrol,
1,408,494 KL of diesel and 13,004 KL of kerosene,
valuing at approximately Rs. 2 Kharba. **

It is estimated that 1 ton of hydrogen can substitute
roughly 3.785 KL of gasoline®. However, the
transition from petroleum products to hydrogen
is contingent upon several factors, including
infrastructure development for hydrogen storage and
transportation, cost efficiency and performance of
hydrogen vehicles etc. Considering a gradual shift
by replacing 10% of the average petroleum demand
from 2076/77 to 2079/80 (~ 2,300,000 KL) in the
upcoming fiscal year, the substitution of 230,000 KL
of petroleum would necessitate hydrogen production
of 61,000 tons, equivalent to roughly 170 tons per
day.

*  Household Cooking

Hydrogen may be used as a cooking fuel replacing
LPGs in following ways:

Direct Hydrogen Combustion

In a direct hydrogen combustion, hydrogen and
oxygen (from the air) combine through flame
combustion and produce water vapor. The flame
combustion temperatures range from 1200 °C to 2100
°C. However, direct combustion of hydrogen needs a
flame arrestor to quench flashbacks. Flashback is the
propagation of a flame towards fresh gases at high
velocity in premix burners when the flow rate of the
burning hydrogen-air mixture is lower than the flame
velocity. The flame may spread to where premixing
is taking place (in the burner), thus leading to burner
damage. The hydrogen either has to be pressurized
or utilize diffusion burners for a flame arrestor to be
effective and prevent this phenomenon®.

23 ‘Economic Survey 2079/80’.

24  Thapa et al., ‘Green Hydrogen Potentials from Surplus Hydro Energy
in Nepal’.

25 Mulako D. Mukelabai, K. G. U. Wijayantha, and Richard E.



Direct combustion if hydrogen at high temperatures
can also produce nitrous oxides which is a potent
greenhouse gas. This can be avoided by using
catalytic hydrogen combustors.

Catalytic Hydrogen Combustion

Catalytic hydrogen combustion is the oxidation
of hydrogen in presence of a catalyst at lower
temperatures than flame combustion. Catalytic
combustion of hydrogen does not produce any flame;
thus, this can be a safer option for using hydrogen at
home. The emission of nitrous oxides is negligible
and there is no flashback.

Nepal imported a total of 1,463,000 MT of LPG
from FY 2076/77 to FY 2078/79. In FY 2079/80,
the imports totaled at 341,000 MT of LPG, worth
approximately Rs. 60 arba. As Nepal continues to
address its energy needs, diversifying the energy mix
and exploring the potential of green hydrogen as a
fuel could play a pivotal role in achieving long-term
energy sustainability and resilience.

Challenges to Green Hydrogen Production
- High Cost

The cost of production of green hydrogen using
water electrolysis is significantly higher compared
to the existing technologies such as steam methane
reforming, coal gasification etc. In 2021, the cost of
green production hydrogen varied from ~US$ 3.4 -12
per kg of H while the cost of hydrogen production
using fossil fuels and fossil fuels with CCUS were
~USS$ 1-3 per kg of H and ~USS$ 1.5-6 per kg of
H227A The cost of hydrogen produced using water
electrolysis is dependent on the capital cost of
electrolysers and the cost of electricity used to run
the electrolyzes. The capital cost for an installed
electrolyser ranges between USS$ 1700/kW and
US$ 2000/kW for alkaline and PEM electrolysers
respectively™.

¢ Investment

Green hydrogen research in Nepal is currently

Blanchard, ‘Hydrogen for Cooking: A Review of Cooking
Technologies, Renewable Hydrogen Systems and Techno-
Economics’, Sustainability 14, no. 24 (18 December 2022): 16964,
https://doi.org/10.3390/su142416964.

26  Mukelabai, Wijayantha, and Blanchard.

27  ‘Global Hydrogen Review 2023°.

28  ‘Global Hydrogen Review 2023°.

lacking, and the production costs are high. To
facilitate progress, government intervention is
essential to promote research and investment.
Lowering electricity costs is a crucial step to make
green hydrogen production feasible. Additionally,
there's a need for efforts to explore markets and
build necessary infrastructure for green hydrogen
production, storage and distribution will require a

huge investment.

In order to meet chemical fertilizer need of the
country in FY 2079/80 as well as replace 10% of
the average petroleum demand from FY 2076/77 to
2079/80 with green hydrogen, the annual estimated
hydrogen demand is around 92,000 tons, which
translates to an average daily production capacity
of 250 tons. Developing infrastructure to meet
this hydrogen demand will require a substantial
investment. For reference, construction of a green
hydrogen project with 150 MW alkaline electrolyser
powered by 200 MW solar array in China in 2022,
with hydrogen production capacity of approximately
23,000 tons a year, incurred an investment of close
to 1.4 billion yuan (200 million euros)”. Considering
green hydrogen production costs of US$ 3.4 -12
per kg, as per Global Hydrogen Review 2023, the
production of 92,000 tons of hydrogen shall incur
operational costs varying from 40 arba rupees to
1 kharba 43 arba rupees. This doesn’t include the
capital investment required for the construction of
the production plant, purchase of electrolyser units,
storage and transportation etc.

* Storage and Transportation

Storing and transporting hydrogen is challenging due
to its low density and flammability. Under normal
atmospheric pressure (1 bar), 1 unit of gaseous
hydrogen occupies ~8 times the space occupied
by 1 unit of natural gas. Therefore, for economical
storage and transportation of hydrogen, it needs to
be compressed or transformed into other forms such
as ammonia and methanol. While hydrogen in form
of ammonia and methanol may be chosen for long-
distance haulage, compressed gas hydrogen may
be preferred for short distances . The conversion

29  FuelCellsWorks, ‘The World’s Largest Green Hydrogen Project With
A 150MW Electrolyser Comes Online In China - El Periodico De La
Energia’, accessed 23 December 2023, https://fuelcellsworks.com/
news/the-worlds-largest-green-hydrogen-project-with-a-150mw-
electrolyser-comes-online-in-china-el-periodico-de-la-energia/.

30 ‘Investment Landscape of Green Hydrogen in India’.
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however can result in loss of 7% to 18% of the
total energy contained in the hydrogen when using
ammonia as a carrier. Reconverting ammonia back
to hydrogen incurs an additional energy loss of close
to 20%. Similarly, liquefaction of green hydrogen
is an energy-intensive process, requiring sub-zero
temperatures and consumes more than 30% of the
hydrogen’s energy content™.

Although existing pipeline network of natural gas
may be used for hydrogen transportation, there are
some risks associated with it. Pure hydrogen can
cause metal embrittlement and sudden, unpredictable
cracking. The risks increase if the gas is stored at
high pressures.

In the fiscal year 2022/23, Nepal Oil Corporation
(NOC) managed storage facilities with a capacity
of 68,427 kiloliters for all essential petroleum
products, excluding LPG. However, this capacity
falls short of international standards, particularly
the recommended 90-day storage capacity. This
shortfall highlights the inadequacy of the existing
infrastructure for petroleum storage in meeting the
demands of an evolving energy landscape. As the
global shift towards cleaner energy alternatives, such
as hydrogen, gains momentum, the insufficiency of
the current system becomes more apparent. Hydrogen
necessitates  specialized storage and transport
considerations, surpassing the capabilities of the
current infrastructure. To successfully transition
to hydrogen and align with evolving energy needs
and environmental goals, there is an urgent need for
the establishment of a more robust and modernized

system
*  Water requirement

Water is a critical input for producing green hydrogen.
Electrolysers require ~ 9-10 m’ of demineralized and
deionized water to produce 1 ton of green hydrogen
while the rest of plant can use ~ 60-95 m® of raw
water for cooling and other operational purposes™.
In contrary, the fuel cycle of conventional natural
gas consumes less than a third of a liter per kilogram
of gas produced. Large-scale hydrogen production
could result in an undesirable burden on fresh water
supplies in the future.

One option is to utilize the water from rivers and

31 ‘Market Research Report on Green Hydrogen’.
32 ‘Investment Landscape of Green Hydrogen in India’.
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streams, but it becomes essential to remove silt
and debris to higher extent than currently done for
hydropower and irrigation projects.

e Safety and Regulations

Hydrogen, being a highly flammable gas, poses a
significant risk of fire hazard. Moreover, the colorless
and odorless nature of the gas complicates detection
ofleak and the flames of hydrogen is difficult to detect
in broad daylight. Therefore, adequate firefighting
facilities and robust leak and flame detection systems
are essential to minimize safety incidents with
hydrogen. Moreover, specific codes and standards
for handling of hydrogen as well as operation of
hydrogen technologies need to be implemented to
regulate the production, storage and transportation of
green hydrogen.

Nepal currently lacks crucial regulatory mechanism
for handling hydrogen, including codes and standards,
certification processes etc. Additionally, there is
need for firefighting capabilities to manage potential
hazards associated with green hydrogen. Establishing
these critical elements is essential to ensure safe and
regulated integration of green hydrogen technologies,
fostering both environmental sustainability and
operational safety in the country.

e Manpower and Technology transfer

Nepal has significant hurdles to overcome to become
a key player in green hydrogen production. The
absence of a dedicated policy and strategy for green
hydrogen, coupled with a lack of a framework for
research and development, inhibits innovation in
hydrogen technology. Nepal currently lacks the
capacity to independently design and manufacture
electrolysers, crucial for hydrogen production, leading
to dependence on external sources. This reliance
introduces vulnerability in technology acquisition and
scalability. In a positive move, in 2022, Api Power
Company Limited partnered with GreenZo Energy to
develop a 50 MW green hydrogen plant in Nepal by
2025. However, addressing these limitations is crucial
for Nepal to navigate green hydrogen production
successfully. This underscores the need for strategic
planning, international collaboration, and domestic
capacity building in this vital and evolving field.
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Master Plan of EV's PCI on Major National Highway 1
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Public-Private Partnership (PPP) Model as a Catalyst for
Transmission Infrastructure Development in Nepal

A Sector at a Turning Point

Nepal’s power sector stands at a defining moment.
Not long ago, the national conversation around
electricity revolved around shortages, unreliable
supply, and chronic load shedding. Today, the
picture is completely transformed. The country is
witnessing rapid hydropower expansion, vastly
improved domestic supply, and surging opportunities
for regional power trade. Over the past decade, much
of the sector’s focus, from both policymakers and
private investors, has understandably been directed
toward electricity generation. This singular focus
has produced monumental results; Independent
Power Producers (IPPs) have mobilized substantial
investment, bringing thousands of megawatts of
hydropower projects into development, construction,

and commissioning.

However, this rapid generation progress has exposed
a structural challenge that we can no longer afford to
overlook: transmission infrastructure is not expanding
at the same pace as generation. This mismatch
between production and delivery is now emerging
as the single most critical bottleneck in Nepal’s
energy transition. In recent years, Nepal has made
commendable progress in grid expansion, pushing
the national transmission network past 6,950 circuit
kilometers and expanding high-voltage substation
capacity beyond 13,000 MVA. Yet, while these are
important milestones reflecting the sustained efforts
of national energy institutions, they also illustrate the

overwhelming scale of what lies ahead.

To break this impasse, the government’s Budget
for Fiscal Year 2083/84 has engineered a massive
course correction, explicitly ring-fencing Rs 70
billion exclusively for completing under-construction
transmission lines

domestic and high-voltage

substations. This capital injection is far more than a
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reactive fix; it serves as the financial engine designed
to drive the Ministry of Energy’s newly launched
"Energy Consumption Growth and Export Strategy,
2083."

The 2083 Strategy marks a profound paradigm shift:
moving away from a traditional focus on simply
building power plants to aggressively stimulating
domestic energy consumption. Central to this strategy
is a target to drastically scale up per capita electricity
consumption from approximately 450 kWh to
1,500 kWh within the next decade. By funding the
mass transition to induction cooking for 2.1 million
households, expanding EV public transit networks,
and backing industrial boiler replacement with a
recent $57 million World Bank package, the FY
2083/84 budget lays down the physical infrastructure
to make this domestic demand spike possible.

Yet, a domestic surge is only half the equation.
The strategy outlines an ambitious total generation
roadmap aligned with Nepal's NDC 3.0 climate
commitments, aiming for an installed capacity of
28,500 MW by 2035, allocating 13,500 MW for
domestic use and 15,000 MW earmarked for cross-
border export. Supporting a system of this magnitude
requires a transmission network of an entirely
different scale. Consequently, the FY 2083/84 budget
mandates the accelerated completion of at least 10
major domestic corridors, including the high-voltage
Karnali Corridor-400 kV line, and prioritizes critical
cross-border links like the Butwal-Gorakhpur line to

ensure our export targets are logistically viable.

Why Transmission Matters More Than Ever

Transmission is often treated as a supporting
component of the power sector. In reality, it is the

backbone of the entire system. Electricity generated in



remote river basins creates value only when it can be
delivered reliably to domestic load centers or export
markets. Without timely transmission development,
generation growth alone cannot translate into
economic value. The result is often energy spillage,
underutilized assets, and growing financial pressure

across the power value chain.

This challenge becomes even more significant as
Nepal positions itself to expand electricity trade
with regional markets such as India and Bangladesh.
Building the transmission infrastructure required for
both domestic evacuation and cross-border trade will
demand capital investment at a scale that traditional
public financing alone struggle to sustain.

To fully appreciate why traditional public resources
cannot handle this weight alone, we must examine
the national balance sheet. In the FY 2083/84 national
budget, total expenditure stands at Rs 2,124.34
billion. However, a look at how this budget is split

reveals severe structural boundaries:

* Recurrent Expenditure: Rs 1,270.58 billion
(59.8%) - consumed by administrative overheads

and salaries.

* Financial Management: Rs 422.64 billion

(19.9%) - locked for public debt servicing.

« Capital Expenditure: Rs 431.10 billion (20.3%)
- the only pool left to build the entire country's

infrastructure.

Out of the total capital spending available for all
national projects, the Ministry of Energy, Water
Resources, and Irrigation secured a gross allocation of
Rs 114.02 billion. When we factor out Rs 43.90 billion
allocated to critical water resource management and
irrigation schemes, the actual energy sector budget
narrows down to Rs 70.12 billion. While the state
has shown strong intent by using almost the entirety
of this allocation to rescue transmission lines from
execution delays, this amounts to roughly $170
million USD for a single fiscal year.

The macro-perspective tells a far more daunting
story. The Energy Consumption Growth and Export
Strategy, 2083 maps out a required green energy

transition cost of $46.5 billion to reach the 28,500
MW target by 2035. Constructing the evacuation
highways, high-capacity substations, and cross-
border connections required for that system demands
at least $10 billion USD in dedicated transmission

investments over the next decade.

If the state continues to heavily stretch its domestic
treasury to fund transmission at the current pace, it
would take more than half a century to complete the
infrastructure required in the next nine years. This is
where Public-Private Partnership (PPP) becomes an

absolute economic necessity.

Understanding PPP in Transmission

PPP is often misunderstood as privatization, but the
two are fundamentally different. PPP is a collaborative
arrangement where public institutions and private
investors work together to finance, develop, and
operate infrastructure assets. The public sector
retains strategic oversight and regulatory control,
while private partners contribute capital, technical

expertise, and execution efficiency.

For transmission infrastructure, where projects are
capital-intensive, technically complex, and highly

time-sensitive, this model offers clear advantages.

PPP helps mobilize capital for projects that require
substantial upfront investment, reducing pressure
on government resources. It can improve project
execution by bringing stronger financial discipline
and better implementation efficiency. Just as
importantly, PPP enables better risk allocation by
assigning construction, procurement, financing,
and operational risks to the parties best equipped to

manage them.

Global Lessons for Nepal

Global experience strongly supports this approach. In
India, transmission expansion has accelerated through
Tariff-Based Competitive Bidding (TBCB), where
private developers compete to deliver transmission
assets at the lowest viable tariff. This has improved
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efficiency and accelerated project delivery across

major interstate corridors.

Brazil has attracted large-scale infrastructure
investment through availability-based concession
models that reward asset performance rather
than energy volume. Chile has successfully used
competitive planning and regulated wheeling

mechanisms to strengthen grid development.

The broader lesson is clear: private investment flows
where policy frameworks are predictable, risks are

manageable, and revenue models are bankable.

Why Transmission is Hard in Nepal

Transmission, however, is wunlike most other

infrastructure sectors, especially in Nepal.

Unlike a power plant, a transmission line stretches
across long distances, often crossing multiple
districts, settlements, forests, agricultural land, and

geologically sensitive terrain.

Securing land for tower foundations and maintaining
Right-of-Way remains one of the most difficult
aspects of project implementation. Compensation
disputes and community concerns can delay projects

significantly.

Nepal’s geography adds another layer of complexity.
Constructing high-voltage transmission lines through
steep mountains, remote valleys, and landslide-
prone regions requires specialized engineering and
substantial capital. As voltage levels and transmission

distances increase, so do technical and financial risks.

Financing transmission assets presents another
challenge. Hydropower projects often benefit from
long-term Power Purchase Agreements that provide
predictable cash flow. Transmission assets do not

always have the same revenue certainty.

Their viability depends heavily on stable tariff
structures, reliable power flows, and clear cost

recovery mechanisms.

Without these, attracting private capital becomes
difficult.
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Why Nepal Needs PPP Now

The case for PPP in transmission is no longer

theoretical; it is becoming an economic necessity.

The urgency is driven by three realities. First,

hydropower generation is expanding rapidly,
particularly in clustered river basins where evacuation
readiness will determine whether generation assets

can operate efficiently.

Second, regional electricity trade under the BBIN
framework involving Bangladesh, Bhutan, India, and

Nepal is becoming increasingly practical.

Third, the scale of required grid investment now
exceeds what can comfortably be financed through

public resources alone.

Practical PPP Models for Nepal

Nepal can adopt several practical PPP models for
transmission development depending on project
scale, risk profile, and strategic importance.

One promising approach is the Special Purpose
Vehicle (SPV) model, where public institutions such
as Rastriya Prasaran Grid Company Limited retain
strategic equity while private investors, hydropower
developers, and financial institutions participate as
shareholders. This structure balances public oversight
with private capital and execution efficiency and is

particularly suitable for large strategic corridors.

Another approach is the Build-Own-Operate-Transfer
(BOOT) model, where private developers finance,
construct, own, and operate transmission assets for
a defined concession period before transferring them
back to the public sector. This model is especially
suitable for dedicated or radial transmission lines with

clearly defined boundaries and manageable risks.

A third model is basin-wide shared corridor
development, where multiple hydropower developers
jointly invest in common evacuation infrastructure in
coordination with public transmission institutions.
This approach is highly relevant in hydropower-dense
river basins, where shared transmission planning

reduces duplication and improves capital efficiency.



Availability-based payment models are also becoming
increasingly relevant. Under this structure, private
transmission developers are compensated based
on asset availability and operational performance
rather than the volume of electricity transmitted. This
improves bankability by creating predictable revenue

streams and reducing market-related risks.

As Nepal’s regulatory framework matures, Tariff-
Based Competitive Bidding (TBCB) could also
emerge as a viable mechanism for relatively low-
complexity transmission corridors where land
acquisition, environmental clearances, and project

risks are sufficiently defined before bidding.

400 kV DoOUBLE CIRCUIT

Early Signs of Progress

The good news is that Nepal isn't just talking about
these models anymore; we are actively putting them
to the test. A prime example is the recent registration
of West Seti Transmission Limited, which marks
a massive milestone for our sector. This Special
Purpose Vehicle (SPV) was created to handle a
145-kilometer, 400 kV double-circuit line designed
to move up to 2,500 MW of clean energy out of the
Seti basin, including the massive West Seti and Joint
Seti hydropower schemes. With an estimated cost
of around Rs 20 billion, split between 30 percent
equity and 70 percent debt, this project proves that
a properly planned transmission line can genuinely

attract commercial banks and institutional lenders.

TRANSMISSION LINE

BAJHANG BANLEK

SUBSTATION

DODODHARA
SUBSTATION

SUBSTATION

SECTION 1 ok SECTION 2 :
BATHANG To BANLEK BANLEK To DODODHARA
~ 60 km ~ 85 km
TOTAL LENGTH ~ 145 km '
)
[ S
= — DOUBLE CIRCUIT — POWER FLOW |

LINE

To CORE GRID

A

Figure 1: Conceptual alignment of the 145 km West Seti 400 kV transmission corridor connecting Bajhang,

Banlek, and Dododhara substations.
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To keep the project's financial risks from draining the government's balance sheet, the equity structure has been

split into a 51 percent public and 49 percent private partnership.

WEST SETI TRANSMISSION LIMITED

S.N. STAKEHOLDER ENTITY
1 Rastriya Prasaran Grid Company Limited (RPGCL)
2 Chilime Hydropower Company Limited
3 Chainpur Seti Hydropower Company Limited
4 Samriddhi Energy Limited
5 Ngadi Group Power Limited
] Suree Ngadi Power Limited
7 General Public (IPO Allocation)

CONSOLIDATED EQUITY CAPITAL

EQUITY SHAREHOLDING ARCHITECTURE

- Public Side (Sovereign Majority)
- Private Side (Developer & Promoter Block)

B Public Float (General Public)

SECTOR CATEGORIZATION SHAREHOLDING (%)

Public / Sovereign 26.0%
Public / NEA Subsidiary 12.5%
Public / Institutional 12.5%
Private Promoter Block 25.1%
Private Developer Block 7.0%
Private Developer Block 6.9%
Public Float 10.0%
100.0%

EQUITY STRUCTURE SUMMARY

51% CONSOLIDATED EQUITY CAPITAL
39% 100.0%
10%

Figure 2: Equity Shareholding Architecture of West Seti Transmission Limited

On the government side, Rastriya Prasaran Grid
Company Limited holds 26 percent, while Chilime
Hydropower and Chainpur Seti Hydropower each
hold 12.5 percent. On the private side, Samriddhi
Energy Limited holds 25.1 percent, Ngadi Group
Power holds 7 percent, and Siuri Nyadi Power
holds 6.9 percent, with the remaining 10 percent
reserved for the general public. This structured mix
allows a dedicated corporate team to focus entirely
land

on specialized international procurement,

negotiations, and keeping construction on track.

We are seeing this exact same logic play out in eastern
Nepal with the Tamor-Dhungesanghu corridor, a
landmark project that stands as our country's very first
domestic transmission line built with direct private
sector equity. In the past, every separate developer
in a river basin would try to build their own smaller,
inefficient line to the nearest substation, creating a
chaotic "spaghetti grid" and endless land disputes.
Now, we are breaking that pattern.

Under an equally innovative joint venture, five private
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power producers (including Crystal Power, Remit
Hydro, and Simbuwa Remit Hydro) have partnered
with the Rastriya Prasaran Grid Company Limited and
HIDCL to form an SPV where the private developers
own a 74 percent equity stake and the public
entities hold 26 percent. Together, we are building a
32-kilometer, 220 kV double-circuit line alongside a
major 220/132 kV substation at an estimated cost of
Rs 3.8 billion. This single high-capacity corridor will
cleanly evacuate over 700 MW of power from ten
different upstream projects along the Tamor River,
including the Ghunsa Khola, Simbuwa Khola, and
Super Tamor plants. By getting developers to put
their own skin in the game alongside public entities,
we are finally moving away from piecemeal projects

and building a smart, scalable national grid.

The Way Forward

While these early milestones are encouraging, we

have to be realistic about the major roadblocks that



still stand in our way. If we are going to fix Nepal’s
transmission bottleneck, we need to tackle our legal,

practical, and financial problems all at the same time.

First, we desperately need a clear legal playbook.
Right now, Nepal doesn’t have a regulatory
framework built specifically for private investment in
transmission lines. Investors aren't going to risk their
capital without absolute clarity on how concessions
will work, how tariffs will be recovered, and how
risks will be shared. On top of that, the Electricity
Regulatory Commission must step up and establish
predictable wheeling charges to give the market

confidence.

Second, we have to solve the nightmare of land
acquisition and Right-of-Way (RoW) disputes.
Stretching transmission lines across our steep
mountains and local communities means projects are
constantly getting dragged down by compensation
fights and slow bureaucratic clearances. We urgently
need fast-track, single-window approval processes
and standardized compensation rules so that vital
national grid corridors aren't held hostage by local

disputes.

Third, we have to address currency risk. Foreign

investors are naturally hesitant to put US dollars
into an infrastructure market where the revenues are
in Nepalese Rupees. To get past this, we must build
deeper partnerships with institutions like the World
Bank, ADB, and IFC to bring in practical tools like
blended finance, sovereign guarantees, and hedging

mechanisms that can take the edge off this risk.

At the end of the day, Nepal’s energy future isn't
just about building more power plants. The real test
is whether we can actually move that power reliably
and at scale. Expanding our high-voltage grid can no
longer be a burden that the government carries alone.
It has to become a collaborative effort where public
leadership meets private capital, innovation, and
technical skill.

At Rastriya Prasaran Grid Company Limited, the
early progress we are seeing with the West Seti and
Tamor corridors proves that this model isn't just a
theoretical idea, it is the only practical way forward.
We have a rare window of opportunity right now. If
we get transmission right, we won't just be stringing
wires across hills; we will be building the foundational
infrastructure that drives domestic industrial growth,
connects us to regional markets, and secures Nepal’s

energy future for generations to come.
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Power System Dynamics and Stability: A General Overview

Power system dynamics is a fascinating and highly
important field that governs the behavior and stability
of modern electric power grids. In simple terms, it
describes how a power system responds to changes,
disturbances, and operational variations over time.
Unlike steady-state analysis, which assumes a
system is in equilibrium, dynamics focuses on what
happens when the system is pushed away from that
equilibrium and how it returns—or fails to return—to

a stable operating condition.

From a practical perspective, power system stability
determines whether electricity supply remains
continuous and reliable or whether disturbances
propagate into large-scale outages. As power systems
become more interconnected and increasingly
dependent on complex control systems, understanding
dynamic behavior has become essential for both

planning and real-time operation.

An Intuitive Understanding of System Dynamics

A simple analogy helps illustrate the concept of
dynamics. Consider riding a bicycle at high speed
on a smooth road. The motion is stable, predictable,
and steady. This represents a steady-state operating
condition of a power system. Now imagine the bicycle
suddenly hits a stone. The rider may lose balance
momentarily, experience oscillations, or even fall. In
some cases, the rider regains balance and continues
riding, but not necessarily in the same manner as
before. This disturbance and subsequent response

represent the essence of power system dynamics.

If the rider falls, the system is unstable. If oscillations
occur but gradually settle, the system is stable. If the
system continues in a new trajectory, it may have
shifted to a different equilibrium point. This analogy
closely reflects how electrical power systems behave
under disturbances such as faults, load changes, or
generator trips.
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Mathematical Representation of Dynamic Systems

By the very definition of dynamics, it is a changing
phenomenon. The way to capture it will obviously
use the differential equations. A person moving at
a constant velocity can be written as: dv/dt= F/M,
where ‘v’ is the velocity, F and M are the force and
mass respectively. A standard representation of a

dynamical phenomenon is the state-space form:

In this formulation, X represents the state variables
of the system. These may include rotor angles, rotor
speeds, internal generator voltages, excitation system
states, and other dynamic quantities. The input vector
U represents external influences such as mechanical
power input or control actions, while Y represents
measurable outputs such as voltage, frequency, and

power flow.

The first equation represents system dynamics
through differential relationships, while the second
represents algebraic output relationships. Together,
they form a coupled differential-algebraic system
that is widely used in power system modeling and

simulation.

Security Assessment

Security assessment is a key part of real-time
power system operation, where system operators
continuously evaluate not only the present condition
of the grid but also its possible future behavior.
This is done worldwide by the transmission system
operators (TSOs) or simply system operators (SOs)
or in Nepalese context, Load Dispatch Center (LDC).

Real-time data from generating stations and
substations are communicated to the control centers
through available communication infrastructure,
which includes optical fiber links as well as, in
some cases in Nepal, traditional communication
channels such as telephone-based systems are used.

In addition, the advanced power systems rely heavily



on on Phasor Measurement Units (PMUs) which
are capable to send high sample data of the system
variables via satellite communication to the system
operators. This will no-doubt be in the next phase of
the grid modernization of Nepal.

Based on the available data, the system operator runs
an updated system model (Dynamic model of the
power grid) at the control center. A set of credible
disturbance scenarios called contingencies is then
created. These may include generator outages,
transmission line faults, or sudden load changes in

different parts of the grid.

For each contingency, the system is simulated
over a short-term horizon, typically the next 10 to
15 minutes, to observe how key variables such as
voltage, frequency, damping, and stability margins

will evolve.

The main idea is simple: to check whether the system
will remain secure if a disturbance occurs in the near

future.

If any scenario shows that operating limits may be
violated—such as low voltage stability margin,
unacceptable frequency deviation, or insufficient
damping—then preventive actions are planned in
advance. These may include generation re-dispatch,
network switching, reactive power support, or load
shedding if required.

Before delving into the individual stability, let us look
at how the grid can be modeled to run the assessment

of power system dynamics.

Dynamic Modeling of Power System

As stated above, the dynamical systems need to be
modeled in detail using differential equations. Thus,
if we want to see the grid behavior dynamically, then
each major components of the power systems need
to be modeled in detail. Some short descriptions of it

are given below:

Synchronous Generator

The synchronous generator is the most critical
dynamic component in the system. Depending on the
level of detail required, different models are used.

The simplest representation is the classical model,
which results in a second-order system describing
rotor angle and speed dynamics. For more accurate
studies, higher-order models are used, typically up to
a seventh-order representation that includes detailed
electromagnetic  effects

and multiple winding

dynamics.

Excitation System

The excitation system regulates the generator
terminal voltage by controlling field current. It is
generally represented as a fourth-order dynamic
system, capturing the response of automatic voltage

regulators and associated control loops.

Governor and Turbine System

The governor controls mechanical input power to the
generator, thereby influencing system frequency. In
hydropower systems, turbine dynamics are integrated
into the governor model. The combined governor-
turbine system is commonly modeled as a fourth-

order system.

Power System Stabilizer

Power system stabilizers (PSS) are added to enhance
damping to reduce the low-frequency oscillations.
These are also represented using dynamic models,
typically of fourth order, and are tuned to improve

system stability under disturbances.

Transmission System

Transmission lines are generally modeled using either
the 7-model for short lines or distributed parameter

models for long-distance transmission.

Load Modeling

Load representation plays a critical role in dynamic
behavior. In general, loads are classified into static
and dynamic components. Approximately 70% of
loads are considered static, while 30% are dynamic,
primarily consisting of induction motors. Dynamic
loads are modeled using differential equations, often
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of fourth order or higher depending on the level of
detail required. Static loads are often modeled using

a ZIP framework.

Thus,

appropriately for a system, the engineers or

once all these variables are modeled
researchers can then delve into the different aspects

of the power systems stability.

A Quick look at the power system stabilities:

Traditionally power system stability has been divided
into the three major wings: Frequency stability,
voltage stability and angle stability. In modern
times, converter driven stability and resonance-based
stability have also been added. However, we will
only discuss traditional stability here as it is more

relevant to Nepal.

Frequency Stability and System Balance

Frequency stability is one of the most fundamental
aspects of power system operation. It is directly
related to the balance between power generation and

load demand.

When generation equals demand, the system operates
at nominal frequency, typically 50 Hz in Nepal and
many other countries. If load increases suddenly
while generation remains constant, the system
initially compensates using kinetic energy stored in
rotating machines. This causes a reduction in rotor

speed and consequently a drop in system frequency.

Conversely, if load decreases while generation
remains constant, excess mechanical energy is stored
as kinetic energy, leading to an increase in rotor speed

and system frequency.

Figure 1. shows the response of the frequency under a disturbance.
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Figure 1. Response of a frequency under a disturbance [1]

The response from A to B is governed by the system
inertia. In a grid like Nepal where we have a lot of
synchronous inertia, it will be a bit strong compared
to countries with more penetration of converter
interfaced generation. The bottom frequency at B
(fnadir) is extremely important as it governs the load-
shedding; the lower it falls; more loads have to be
cut-off. Its value depends on different factors such
as inertial response, governor response, and load
damping characteristics. From point B, if there is a
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sufficient generation, the frequency is pulled back by
the governor (primary control). After any event such
as generation outage or load increment, the system
frequency takes some time to reach the nominal value.
This requires automatic generation control (AGC)
and rescheduling which are known as secondary and

tertiary control respectively.

Together, these ensure system frequency is restored

and maintained within acceptable limits.



Voltage Stability and Reactive Power Behavior
Voltage stability refers to the ability of the system

to maintain acceptable voltage levels under varying
system conditions. It can be understood and assessed
static and dynamic voltage stability assessment. A
classical way to check the system voltage stability
is via the famous PV curve as shown in Figure 2.
Suppose, a substation is operating at the green level
(Power) of Figure 2. It can be seen that the system
voltage is within the limits. Say, there is a load
increase which causes the voltage to dip to B; Note,
the slope of the dip from the original green point to
B. Point A is the collapse region (noise point). The
distance in power from the current operating point (B)
to nose point is termed as Voltage Stability Margin
(VSM), the higher its value, more it is secure from
the voltage stability point of view. There is another
point here, the slope at B is more than in the green
point and it gets steeper as it reaches A; This means if
the system is operating near A, it would be difficult to
take the corrective measure for voltage improvement

as that region is steeper.

Disturbances such as faults can cause voltage dips,
particularly when induction motors draw large
amounts of reactive power during recovery. This falls
under transient voltage stability. This phenomenon
can lead to Fault-Induced Delayed Voltage Recovery
(FIDVR), where voltage fails to recover quickly after
fault clearance due to reactive power limitations in

the system.

Voltage stability is therefore closely linked to
reactive power support, generator excitation limits,

and system configuration.

A

1.05 pu
0.95 pu

VM

Voltage (pu)

Power (W)

Figure 2. Famous PV curve

Rotor Angle Stability and Synchronism

Rotor angle stability is concerned with maintaining
synchronism between generators in a power system.
When a disturbance occurs, and the fault takes longer
time to clear, the generators gain a lot of kinetic energy
and once it is reconnected, they may not synchronize.
This is not the normal tendency of the synchronous
generators as once they are synchronized, they
behave as the best of the best friends, meaning
under any disturbances, their ‘synchronizing forces’
help to remain them intact. See Figure 3 showing
that however if the system fault clearing time and
other factors reducing synchronizing torque is less,
their angular differences can differ leading to loss
of synchronism. Under this case, these generators
will result in system splitting or islanding which is
much difficult to control for the system operators.
The mentioned case is a bit of rare nowadays due
to the presence of high-speed circuit breakers and

protection system.
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Figure 3. A case of transient unstable system

Small-Signal Stability and Oscillatory Behavior

However, there is another way on which the generators
are said to be rotor angle unstable. This is called small
signal stability (SSS). When a disturbance occurs,
the rotor angle goes into an oscillatory phenomenon
which is reflected in voltage, power, current, and
other power system variables as angle affects all of
them. These oscillations may take a longer time to

decay thus affecting power transfer between critical
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corridors resulting in their tripping by protection
systems. One of the reason behind the Iberian
blackout is also of these low-frequency oscillations

which were seen few time before the blackout.

System damping is a key indicator used in operational
security assessment. In several international systems,
a damping threshold of approximately 3% is used
as a reference. If damping falls below this level,
corrective actions such as controller tuning or

damping enhancement are initiated.

The way to assess SSS is to look at the system
eigenvalues (loosely poles) once the system is
modeled as described in the Section 4 of this article.
The eigenvalues need to be negative and must have a
sufficient damping for the oscillatory behavior to die.

A visual interpretation is shown in Figure 4.
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Figure 4. System response under a small disturbance

Nepalese Power System Stability, Relevance and

Challenges

The power system stability assessment of the
Integrated Nepal Power System was carried out by
the researcher’s team of [2] by modeling a system
of 101 buses, 34 generators and 53 loads. The total
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generation capacity and load for the modeled system
are 1703.88 MW and 1544.31 MW, respectively.
Voltage levels of 66 kV, 132 kV, 220 kV, and 400
kV have been considered. The following were the

findings of the study:
e The INPS seemed to be quite robust for the

frequency stability. The minimum and maximum
frequency obtained were 49.3792Hz and
50.1617Hz (Under the largest generator and
load outage) respectively which are within the
prescribed limits (£ 2.5%) by the Nepal Electric
Authority.

*  The SSS study reveals the presence of two critical
modes within the power system of Nepal, one
with local characteristics and the other of inter-
area nature. The local mode exhibits the lowest
damping ratio at approximately 2.8%. This value

is low compared to the margins of most countries.

 For the transient stability perspective, the
system’s critical clearing time under fault at a

critical line is approximately 0.51s.

e The voltage stability analysis results reveal
that the Nepal grid has five potential voltage
instability regions (Damak area, Bhaktapur area,
Chahabil area, Hapure area, and Balmikinagar

area). More details of this study is given in [2].

Relevance and Challenges

In the context of Nepal, steady-state modeling of
the grid is relatively well established. However,
dynamic modeling remains an area requiring further
development. Accurate dynamic analysis requires
high-quality measurement data, validated component
models, and closer integration between utilities and
academic institutions. Until now, the major focus of
the grid was more into meeting the supply of demand
(no loadshedding) but the grid is getting bigger with
more targets to increase the generation and internal
demand. Moreover, for a good economic growth of the
country, the electrical supply has to be highly reliable
but lack of dynamic models which allows to see the
system behavior under disturbances will hamper it.

Thus, there is a high need for the advancement in



this field. In addition, the Nepalese grid codes have
to be added mainly in the stability categories such as

addition of the following requirements:

* Frequency response limits (including rate of

change of frequency)
*  Voltage stability margins
*  Online inertia estimation
*  Damping ratio requirements
» Transient stability criteria

Furthermore, generating stations should possess
dynamic parameters through their suppliers or should
conduct appropriate test to obtain it. Lastly, there has
been a large discussion in debundling of Nepalese
grid and even creation of Electrical market models
within the country. However, the primary focus of
the grid operators and regulators first should be to
make the system stable and secure for which still
huge strides have to be made in the field of power

system dynamics and stability.

Conclusion

Power system dynamics is not merely a theoretical
subject; it is the foundation of secure and reliable
power system operation. It connects mathematical
modeling, physical system behavior, and real-time

operational decision-making.

At its core, it is about understanding how systems
respond to uncertainty and disturbance—and how
they recover from it. Just like a cyclist navigating
a rough road, a power system continuously adjusts,
stabilizes

corrects, and itself under changing

conditions.

For countries like Nepal,

dominates and transmission corridors are expanding,

where hydropower

developing strong capabilities in dynamic modeling,
monitoring, and stability analysis is essential. With
proper coordination between utilities, regulators, and
academic institutions, it is possible to build a more

resilient and secure grid.
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AT B | FEETE, FA L 0,814 HTETS &Hdreh!
RuR T ST oMl STaeemT Wt B
9 9T ¥,000 HIHIEHRT Q! &HdTH STATIEd
HTASHTEE Hoef0l FFATU T8 T+ iR
TEHT B | AT qATSHEECT ~UTeTeh! STl eIl &
M, ETER fohTe qem SeaTed foedTent ATit
TS AT FRITEHAT foerT Teeh! TTE Tohd T4eA |

Nepal's 42,000 MW Economic Hydropower Potential: Current Utilization

9.1%
of economic
potential

Commissioned
mmm (191 projects)

3,820 MW

Under Construction
mmm (259 projects)

10,692 MW

Survey Stage

55.8% = (pipeline)

4,045 MW

Economic Potential

(untapped)

23,443 MW

TR ¢ U] ¥, 00 0 HETE HTIFF; SIAAEd HFATATH] B! SN STl (Fld: DoED, I 4, 2096)

T8, fesweh! Tsg AT TRl orredt <t T
forea wsteshl © | s o, TfereRtoT (CEA)
I W 308 HHh! TATGHIITAR WHAh! Fd
TrTfUe foreld SeuTe &reem L3R, e * girehr
B, A Filg ¥& Ufawa fewr qdteie
S ST B | TR €I T A FHten!

1
2

https://www.doed.gov.np/pages/powerplantsmorethan1/
https://cea.nic.in/installed-capacity-report/?lang=en

Torga ferermer favmr

a0t 33 Y arfferTcas STiERT-R0¢3

<t foreamet W forega somettenTs &fa Sttath
TR T TEl ANTE TR A f, A
HIEweh! ICATE HIEH TAT TTHldeh STAEATIHTHR
HAfh  aiEdid g HUEH  oTTefishl
e, firs aqer qun st = wem
T o IO o< TR B | Fet geawa fodr
IAUTE FQIS o TS "o draal (Flexible)
SAfIE, HIqeEh! AR Ieeta TIH



Ifeteehl T | AUTHT SFSRATTT STEET et
ST  (Storage) Trlﬁﬁi\lf[ AT qT
IY-EENS BEEIUER (PSH) UTRSHTES a&dr
HTATIHAT T T Heeaqol it fate T
T | FET STASHIGES fered SedTe T 1978
3T|T>ﬁf =T (Frequency Regulation), fafas
feonet (Spinning Reserve), S BASS (Load
Following), Fiftrs e (Ramping Support) qIT
I qh EEIrES) (Ancillary Services) Tud Je
T He &I Teae |

79 aflem ], A9 A foEd e A T
TAFHT 0T FTET, AT e ST Feftahofia
FSTHT HTETNE S TR I SuTTefietTs ST
ﬁﬁ‘lﬂﬁ'ﬁqg@ YaTEw (Ancillary Services)
TS TS WIHTTeh HTSIaTehT SUHT THd TTfUT
T U T FRATEHT Tl B | farRierdt e
foregd, SaTaTeRT AT STt wifafeen, P
TAT SISTR HTEHTHT Shiteh foehrEad™ IqTerer STToHT
SATYRITE T TFI-EENS SIfEld &R
et fireem wonfie, fogefioar qen fear

B3

g'{iﬁﬁHT (Ancillary Services)

qTh EEIrES (Ancillary Services) T 1%!'%?[
TS Fferd, e qum viRdal 0T e
T HAEEE U4 TR SaEEdrs SHeS |
WW%WW’%RO%@(HZ)W
FEH T, Wieesars Fulf dmfisr fremor
T, TR TTEATHRT AT e &rmar 3uctsy
TS, TAT WA (Load) AT & TNEHTHR foregrd,
SATEAATE deshle] THESH T+ R hbes
e e | At Herew Sgfe forerd yomettehr
quferd, U T I AsaTeeh AT STt
= |

gfq el Mafd yo gSaTe a1 Wiees Heifa
HoreeT SeoreHT ' foefod waar edred
5, THROT Yot qer form swvnT T fafie
SUFIUEEHT &l T SR 5o | T Sfeerar
Gurer e T feRuHt gl fergd Somedt 3 T
§%f (Blackout) ST TR WW@W |
forgeh farfire aeTesHT skt 3ot fire srerieeeet
T TRIAT T TIHHT B | ITTEL0TEhHT EHT,

R0 %, R T TR ST, Teff et Se-eff armrent forge
free® shitreh TUHT SHe%g, ga1 T €20 fufere
g | T FeAmfs ot ard R Fsew
AT Sfee forgrd, SoTefietts quf ®ua 4: weee
(System Restoration) T &R TuerefE et feT ar
IR AT T TS G AT T S0
fergreaTdt T <Rawh 3 |

T HRT AT T2 TOTTAHT Seare THRTsf=reh!
FICT HIIH T, TUTTATATS TR ek STEATSTE
SIS T firgeht Reereat T fopgrfiarar gffa T
IEIIA T HATeEeh! el M | ff dares
SUAS TS Wlqesels fogd Sl Seareeh
T fereh et Feregq SIoTeE%HT 21T Sefreht <1 g
SSIR (Ancillary Service Market) AT A/
TR T STVITE SHAST: TR g2 Tl B |

WA TaET

WRAH! 5 folq fames s (CERC)
3% STeRT R0 R AT ST Tt Ancillary Services
Regulations, 2022° WIhd WA T T
SIS 9T e, Sicreaeicnss o sSsee!
SAICH B | Ik FRHE T T YareEr

AT ®9HT Primary Reserve Ancillary Service

(PRAS), Secondary Reserve Ancillary Service
(SRAS) T Tertiary Reserve Ancillary Service
(TRAS) T o st forgTeia TRt © | PRAS &
8 0 HehrS [T TTTCAd TR HFaITe o SaareelT
T B | AT SRAS T N 30 HeoheS W HlHT
g 8 forvefieT ot e g o e o
3o fieamT HaT SUeTeY TSI NTEU T@eh
T | TRAS 9 SR AN Ffoeqeicash et
(Market-based Procurement) arha @ie e
AT B, STHATS HTRIHAT STER IS TG
(Upward Reserve) TUT SHTEH TS (Downward
Reserve) gé FEMT IRETe T A e
TRUH S |

I FRmTEETe! e ST SEThehT AT ST=taRia
T AT THROT JUMATETTahl e (ISTS/
InSTS), ga3iT Foam ourTedt (Bidirectional

Central Electricity Regulatory Commission (CERC) - Ancillary
Services Regulations, 2022
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Communication), SCADA-TUNA  ardfaeh
AT AT (Real-time Monitoring), 3=
‘;WT{-?l'ﬁ'J fiefte @9 Automatic Generation
Control (AGC) HHAHTER IcAGAATs el T
AT EIHT GHRSH T4 da TTaereh awar
TR TR IR T oo TRIdIes
o TR B |

T T IRASTE Iod &UATRT STLaei SEmRor
ATgTeeeh foRdR, ardfas @Hd gerT HEH-
SeTeh! forehre qerm femTa foregd saTameht shifeh
emTd fosraeTs gfema et, wfesr Jurersr
SR (Storage) qAT TFI-RENST SeTforgld
HTASHTES A forgld, Jurefisht AT e &t
g™ (Ancillary Service Provider) bl ®9HT
TTIUA B STRE 1T AP TaT S e | forRTor et
STIISHTEE ! Io TodTa eT=ehdT (Operational
Flexibility) T st gfafshaT &TmaT (Fast Response
Capability) & 9aHT dfter TfqwT foeqr ws@ent
i qU1 9 FSEe 3 g SaREeEs

AT TR HEeaqUl ANTEH =13 8ar | Il

OTeTeRT AATRT TR foreld it farfaveaT et
T 39 Hod NTH g e Wl SISTRAT SaIsT T T
&t forerq st Tofifoss ftrert fafe = Tt
e oSt T w |

ARATT AETh AT TARR! Tod daT

Rkl geff esfiy fomq wfdfa (ERPC)* o
Deviation Settlement Mechanism (DSM) T
Security Constrained Economic Dispatch
(SCED) 3f=Tid Wcdeh 24 fHdesht st=aremt
afe & FT SR AR WHIRTG TG HTTH B |
A 3034 IR T 038 HH THIRTT IH
AT T NUTet ek HaTeh! SR e ARd
TSR ST 11 9@ S9New, ORI Day
Ahead Market (DAM), Eal qeA™T e ==
WH TS | ARAHT G qT AR et Al
foreamett forgrd, SomettaT =kt (Flexibility)
T e Gqeeh! ATETIHAT Fa T W T
T ek SATeRT T T JHHT S G 3o T&
RTEAT IRES |

India Eastern Grid: Ancillary Services Price vs. Other Market Segments

Minimum
N Ayerage
204 E Maximum

et
%]
L

13.70

5 - 343
0.81
0.05
G_. -

D5M Rate DAM MCP

INR per kWh
i
(= |

(Day-Ahead)

10.00

587
3,84 359
1.59
0.00

2157

10.00

RTM Price Ancillary
{Real-Time) Services Price

ARAR 3: ERPC 37=71d GeTae |l Hed T 373 SR @USg®ah! gorl (Hld: ERPC DSM-SCED, JYeT 204 -g3T R038)

HITerR! fot R &1 DAM %1 316 qed 11LE. 3.0
Sfd e ot SRas v T Tareh! Sfed qe
WIE. U.¢0 Ui I WHT © S DAM 1 3ied
TEAWT YR.¢ TfeRTae st 2 | | w R g8

https://www.erpc.gov.in/dsm-rras-fras-and-sced-accts
https://www.iexindia.com/market-data/day-ahead-market
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sroree T forem & afg < sstemeh U srfem
1 g WIE. %o <l 384y Ui FMe T e
AR | TRl AT TSI forEld Tia
forshl ST aiamen! AT AN SEAHT TF. ¢34
it e T GEEmrmeT IRt it HIvaH 1.



9¥.¢o HT T8 T @G foshl T Ha e
SRS 23T qTeh HalTehi G W Ui HTHT-=T ST
uf %o gfaerd <Ra foes s@ftmr 30 Ufeeraam
o Teoh! aRaws |

AL AT IR SraT o RoR e T el Srareem
IR STATAGTE  SIASGAR] AT =T
THIfd Hehd bl €9 | ERPC &I HigATTd
AT T AT e ot & wfohes |

Nepal Hydropower Seasonality vs. Dry/Wet Season Storage Tariff

1485 INR/kWH

Staragerancllary Tarilf (INRKWH)

bamsih jstha  Ashach Shrawan Ehadm  Aahe  Kami  Mangsr Posn  Mash  falgn  Chaitra

ane e wadhKeth] W Generation — Ory Seazon [PoushBaiakh}  wem Dry Semen Storage Tanff
—Ganeratios — FaniRen Manghs —at S S02rage Tarf

ARE 3. AUTCTH! ATEATF AT STAlaEd IeaTa =M (R0 o-

R0¢? 31EA) TGEEN/ATIATH YUSRUI- a1 X! T

TUTCTSRT STTTRIST YATEHT SATUTNT (Run-of-River-
ROR) SR STRISHTES HAGH (SH-HwR)
et AR fogd, 3eaed T TS | AR
ST TRAHT | T ST ScTeaHd 3oe!
T T YOI wate foegd Sueiey g e T
HATeR! TSR 7 TATCH SIHT = W HiLe HIE,
¥4 3Rg w4 wfd Iiewt grERHET T SRa |
Tgeh! faodia, f&se (Seri-31fiier) T uTersh! ROR
SIBICEIFISEARSISIEE| HE?WWWG%H
EHTRT SHie 3o-y o T Tferd g e | 7=
GHIHT HRAHT forgld ST Sl (Flexibility)
FI AR TG T T HaTh! AT ool T
WIS THehT TSR qed Ui Seeie i w9 gfg
B YAt SR | TR HieHT Heor STtet TTeteht
SIATYRITT (Storage) TAT THI-EENST STAfargd,
HEASHTEEHT AN HeeqqUl AT et
Tt 1de | T srafem wfsaq i aiers
fe3amT = AT or I5el e Tl ST WA
TOHT IR T Toregre T e &1 A TS
o HUHTA STATIRIh ! | TS HHISTTAR

https://www.erc.gov.np/detail/34

WWW.nea.org.np

I ST 7 TH § ST STFRT 7 Hydro
Arbitrage 3T JUTART AT T
Traien IRe=s | 99 THfder et Scaraen J1
TS FERATIERS SSTR ool FHA SATHehaH ST
TR SRITSHTeRT STfele Tfawer 2ifwafe ™ w=amT
TS |

BT TCTHT Foa T HT TeehT STl STRITSHTHE
FHE o Ul AT YATRHT AT (ROR)
HTASHTEEh! Teeh! qUT SlTehl AT STEISIARTIIH
T STATRRh HATAISHTEEHR! Teshl ATEIT IedTe
201 (Generation Mix) HT HTEMTcHsh STEH
Teh! Hohd TS | AT TEAT € STafere
AT ATChTicAh 3113!'% EIGIEDI) (Fast Frequency
Response) ST&EAT YITEE IUATY TS Ha- 9T
‘Tﬁ, eRTcAIT FHe1T HUSHUT TG I Seasonal
Dispatch, Load Following, Peak Shaving,
Ramping Support TUT T Iz HART b
YATEEHT THTEHI TGHT FEWRTT g Ho &ma
g TR B |

79 IREHT, STATRRIIE q9T TF9-RNS (PSH)
STATTE, ATASHTEE! fohTaers TaTershl il
LT, WEH! IcqTed Ao quT famTam aiek dar
frata Torfifen! S STeRERT ST ST S@TeH
HAEWF RIS | T SRSHRES  AdTeTh!
1Y AR TR ST 3ot ot i daTes
WWWWH@M(VM%
Addition) T WecIU e oS 7T Hare |

WA PSH faEar T uteten! T

WRA! Fra forgd, MEeRr (CEA) o SHad
R03% AT YA Roadmap to 100 GW of
Hydro Pumped Storage Projects* aThd -
WS StAfagd (PSH) &1 der foearas St
AT T TRt ST M A B | I®
eI 3¢ feUmR 303y HT WIGHT o
firTrame smaTeRT £ 0 2T PSH SATIISHT ST,
9 finTaTe emdreT Lo T SARSET Ao
TT RS ¥Ry TS ST Uy T SATASHT
T &0 TOTHT Rl B | CEA o 6 R0 34-36 7
Hfter Ry firTaTe PSH eqwar forehre 1T @1e Trasht
W QT A el THUshT PSH HFHTEHT Shitel

Central Electricity Authority (CEA) — Report on Roadmap to 100
GW of Hydro Pumped Storage Projects by 2035-36
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€L MR TR T |

WA ST WMTTHT T8 PSH EFITEAT diee
MEdRR U gy fasheen 9w, o
SATITIAHAT qUT it Tt HROT JUTet T
TEEEYU [ WSS FOAT I T FTarT
WA B | femreriig aEreRT gt I fi,
1T, TUShHT T FUTTASTET HETETER &t Ut qeim
TRAHT foram ST=aRezi™ Jamror Jorreft (ISTS)
STEel HaTeTaTs PSH ferehrerent @i STepferan qem
Tfarfereh ®OHT STt SHICEHT B | WS, YRR
SEROT SOt SR T sTeAreRmEn Auredt e,
et g% wgeerh! Faviel Aot JuTe-9id-
ST Fl SATIRETN Tk ARt Qs
TR Taer™ T SRTETATS S8 STl SHTThT

9 |
FEATRIATERT AT T FETehT TATAT

T AT, ASHRES AR [ da
(Ancillary Services) <ISIITHT FeIiiar SHe
T ff TR ATteE afeee |

) ‘T%Fﬁ, AYTA-IT %@T‘[W W—EﬁﬁT (Power
Trade Agreement, 2014) =i re Effera
FUHT YoATA-HT @bl Real-Time Market
(RTM) HeaTfirares fordr 7€ Tertiary
Reserve Ancillary Service (TRAS)
SSTRERT g TR T, SeeRT @i fywefir
Triiar qe TR T AT S |

) ﬁ’&ﬁ, AqTAT WWW‘I% Inter-Country
Generating Station (ICGS) I [T
Yo T gt ufmEet g fie geerer
HTATHT HTeTE T foehed 8, I 8T TR
ST =IIHT Whl S |

M) T AT SHT eI ST
forshed sTepl uTell SRR qoT qv-
TS STAfered ATSHIEETS TR T
UG Jered ®YHT ATeg FHoll WISRUT
popaii) (Energy Storage Asset) <hl ®IHT
forsbrer T &, StHeRT AT IWE  SEROT
U, NS QIR T AT Hamehi
STEAT HATIIIF TS |

T, of GrTaTEETS STaRTHT U= T Shel
el wfafae dur ke THIdeE g
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TH AW B | TfHfes ®TET Automatic
Generation Control (AGC)®  JUTeAIsh!
FEEEE, & Wi ST hesgeden
ffeeftr T==m (Bidirectional Communication),
SCADA-3TTHTRA A fareh T8 T a2 31
firefte womefient fasm sTafEr ® | Ao foerq.
frg @fean, 20 ¢ o AT EATIY TTTUTHEES! THTIHIT
Fa qem Hiomei xoo wnfi AR
TERT  AEAEER WA At qErerd
Hiftades Ahr T FedT g JAUE
TREERT | Hiforrd qeaT, YRR 9Tk HelT HEET
T T SR &1 FohTareT s et qum
TUTTATE THE TIE e foehmer g aiiehl Wkl
AT B | FIT?}, JUTHT Deviation Settlement
Mechanism (DSM) & 07 SFEi=RA S &7
Terdh! B | AT FHIdEEaTs ATd-WRas = T
o Tt fguef weed, g R
U QAT oI, R ARSI AT S
AT T et fasradd ares T afns |
(Open Access) ST THTGH I ST qeT
iR e TSR TR foshract fefl amreht
FEATHIAT fored i 7d TTerers & Fsil aoT T
TS SSTAT \fshT TETT S SR Y T+ 6o |

SATTeieR TevTaAT: ey uftgea

T GUSHT T TRUHT do qiged qur foxfa
HIAHEE Simulation-based Fr=IwomT Sreried
&1, At Femed Q@i a1 gy TeRa wa
I | TUMTeRT AT T et et forgd wffa
(ERPC) ST YehITRTd QL HalTehi TG ISR 7o
(VL& Y.L\ T (), STATRITH SRS ¥y
TTTd &TwaT ST (Capacity Factor) am EIRED
¢, 980 FSATAT HULTATS ATYR HAIHUH B | T8
STIATHAT Peak Hour Premium 9T Spinning
Reserve Capacity Payment gumEsT TI'P(QH% @7-[,
I ATE ok SR TR TCHT STH & Her Tt
FEIET I T T TR Wbl B | e,
JEROT & (Transmission Loss) eI Wheeling
Chargemkgﬁmgﬁﬂmmgl

Power System Operation Corporation / Grid Controller of India
Limited (GRID-INDIA)



3 ¥ Gerre et fAatasre grafaa arfie e, s aige
TR (FGHeteH A1)

Sth HATUR AIAISTTHN, Baseline 2030 Titgeamr
Yo 0 TATTATE JT HalT &FFAT THETe T Heh aTfeh
FRE .35, 20.¥ 3T ToT HATSH T Aok A
TR B, TGHT AT TI=HH STRSIT THRT
TUTTEAT (ISTS) T AGC WUTTeieh! SR WATH g1
g | T, guenil, SEUShl e
SATYRITT SRS qT FHHiomef Yoo ol
FRT TR ATSHeE OHad S99~ 9OAT
Moderate 2035 Wﬂ?ﬂﬁ R,000 ﬁ"'l'la'l?ch'\@ﬁ
T ear s T anfies i 9%, &R,y e
SRS ST TP G =S | Toer gl qT -
TS STATEA STTASHATEE Hoa T 3T &
fire WehleRtor 9 ¥ge WUAT High 2040 gigeaer
4,000 TATTETE &FAAT THETEH TR Tfeh it 7.3,
284.¢ el SRISTR! TSTE T T Ffehel 3T
Tiwet © | @R, 7ot 2o oftredt et et
&SR (South Asian Regional Energy Market-
SAREM)* A== U STEATT Ambitious
2045 IHGIII=RT ATfeh e TF. 3.y Td
RIS T FPTEHT FEsiHT & Hem Sfaws |

T T9HT e, AuTersh! foeme forld @fte-
fershl X (PPA) 3F=wiid WTH & Wfagie STwam
T e Hahl HEd SR qodsE gl ST
TRy af, 3= AT (Peak) TATHT YTk EaTah!
ISR {ed IeehgH 1 ST g1 &1 Tafa 3Rfas |
FET AT STH g Tfthet SRR forgrd it
Fiaent qoAmT HRE i ToTEE St 8T e
WO, STARRE® 1 TI-RNS STt
HTASHTEESIE ol (TaET Ioa Hodaht Tk Hall
Tl SuTeTsh @i Hecaul ATfeish STeeht &oa
T BT T s |

10  https://www.worldbank.org

ST FTer
TS gferor TRredt e foRgd ST gtk

&t (Ancillary Services) JaTaehehl ®UHT T
T Surerg, fifrd qe wietier Wi e
e |

ACYRTAT  (R02§-20%¢):  AUTA-VRAS
Cross-border Ancillary Services Framework
forshrer T, fergr, e STrITTETE DSM T 93k
T FrseH] fHRmTEelt AR T, AGC, SCADA @
Real-time Communication JOTTAT ShTaT=araT Tﬁ,
TG ST, HTASHTETS Pilot Project 3T 9T
TorepTar T 9T Yo o huft AR JEOT ATgdes
M W T AUTell SRR SATASHTER
IR Real-Time Market (RTM) BT Hg9TRTET
o T |

HETHTAN (R03%-3034): TENUSHI, Furehielt
TAT TR (PSH) ATISHIESATS T
TATHeRdTT T e T, J9Td-97d PSH
&1 e | SSTRh! TR T T qelT =are!
SASHTEEATS IR firgn Regional Ancillary
Service Provider 3T &YHT T TS |

HIRTAT (R036-R0%W): AT AT TFI-
TS SATIISHTEEh! {IhEmThd JuTelels gfeqor
UfIT Regional Hydro Flexibility Hub 3T
AT TTfd T, St Rt st e,
TETe] AT, TS FeAIsS qoT =T 3o Hedahl T
Yareee! Fatdars Uit et samar HifaE
TETEST T qT gfevr uiirnett e Sl e
(SAREM) 3T=id EHTIT 9 HalT ST forehrem
Aqcaertt wftrew frate 7 |

TEH HIH FHIAT T Heh AT TR
forerd it =T 3= weer RSk 7 aXes Sam
Frata wha Tftgr s sifiEfe e @ gferor
TR forgrd, Somettet T T farmerdr
Trifersh FNTEH =137 F |
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g.

st )

[ (=N

qUTET STeTaleh! SUCTserdTeh! goal forad weh et
T B | AU o B R T S el
Tt STfHeRT shToT STfefer ArsTeIaTeRT gfEhIvTel
S ¥R,000 WAETE T WIfAfeeh ®YAT ¢3,000
HTETE Wl AG ST agd IedTe T @fehe farfire
HERIEE QWUH B | TRl SATEdehl
3foeme Tk wraTedt W QAT weEER © |
3RE¢ AT Yoo fohaitames! wife Saforrd Fwsent
TATOAT WS TRAITH ST STCAfoEd 3cqTe T 9RTes
HE OIS U4 G AT T GeeITdqehT S af
TCTeRT Frtt &rsveT STfer ook e Tl | Sy et
TR I TH ATSHTSE, Foll Hehe T A3 fITh
Torgget ST it g searaT shegu=a | wfeseet
e fore e, fag e A e
f3sft @t warer T weeRrent Al smdsft e
0T STATTEA SCATEHT T[OTTcHh Hgeh! HIEh! © |
BT ATl SITSd &Il $ims FR 8K HITETeh!
TRRRIT Teeh! © T fedaeht o91d 2 STrmawT s)
OO ATt AT e A STt wiE
fosHehl AeTohe® WA T sTTettas A forgrd fafa
TROTHT 9T THEeheh! & | U7 HLehIel STTHT T
03U HEHT ¢, 400 WA TR Seured T T
TEAL 34,0 0 0 TAETE AT T HeaTeRTed da
THT TEH B |

SAfIEdh! T FFITEAT T HEwTohIEl edelrg
e fa TS st arer o s e,
Gfedr T THIA0 o TR S T Aot fae
TR §a ST STAE el © | STeT qfeam
queht T fAmfomefi AfRierisr STRiSHRS W-31%-
3-fIT (ROR) TahfcrehT B, Steret et fedenT Feim
TRl SRS e IcUeT &HdT U foeses
Gftems W 3ol aRg Aea SRS ard fsft
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3.g%s fufm

& W1E JeIfgd SIS Ui AfRTeh! T80 T ATTd
e TP =T g7 AfReet 3 | WTHlde Fiaeht
ST ZaHT foregld IedTe T @fohd W oy
TTe=IT, FISHT, -, Serel, JRoT, forawor |
IR T SATIR T foTT THTEehI SHT FFiTe
T wfeRed | STt STTESHTER ufeafa i,
Toriier SO T SHROT ATSeR! STEHEH TS
TESATIHE FAIATEE ~UTeTh! ol (oFehTeshT Teehl
B W I EHT SRS FR-EI FF-EHT
TSI TACTeRT foTer Seehe T ST T 3 |

HTTYes AT Tfeferes THTdEs

JTEreRl T e ®qmT o AR qen
IRUTR Wl FAAfEd SEHTEEHT T,
&I T BT T I T SO
A ges @ A fafer et
SR 3130 T B | Torgreardt FoT F sreeht
ATISRH e FRUT feredie® afieH @ ferare
fIpIed (GLOF) %l @atl el 70 | It
HTSH AE STATSTEd SRS (e ST a9
TR e gt &fq qated wes | femedt amw
Igu g frre femmeft T weTet & €2 @ wuw
afedl, e, Afe Ferere fafsia s, ames
HEAT STcATereh FHT B M40 | STcAfsrgd YoMttt
THTET TR 3T HEaq0 HTeT T STHUTEEeTs
TER TH T T3S Y- ScdTe &idT Ie1Ss | a1
STATIRITTH HTASIHTEEHT e el sTTL TS T,
TN T STaT et femr gfii sifar difeuer
srafer veaT R STfe STamerr i Shifem &= |
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