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Green Petrol Pumps in Nepal

& Dr. Narayan Prasad Adhikari
& Er. Jiwan Kumar Mallik
Introduction
The Nepal Qil Corporation (NOC) has more than 2,000 fuel stations for the distribution of petroleum products
across the country. Most of the stations have a grid powered pump for fueling vehicles, of which many rely on
Diesel Generator (DG) when the grid is not available. It is known that most of the pumps operate with double
nozzle system having 1 to 1.5HP pump for each nozzle. Quite a number of pumps also use up to five nozzle
systems. However, double nozzle i.e. one for petrol and one for diesel is the most commonly used system.

Nevertheless, grid supply is heavily dependent on imported electricity from India, which is mainly based on
coal. The quality of grid electricity, in terms of voltage drop, voltage fluctuations, frequency variation etc, is
poor requiring high repair and maintenance cost for electric motor installed at fuel stations. As a result, many
fuel stations have a diesel generator set to power the pump. Moreover, the commercial tariff of grid electricity
is NPR. 11.20 per unit. This article proposes an alternative solution for powering fuel stations by grid to Solar
PV which is not only less expensive in the long run but also reliable and disaster resilient.

The three core energy dimension analysis (i) Energy Security, (ii) Energy Equity (Accessibility and
Affordability) and (iii) Environmental Sustainability of Trilemma Index of World Energy Council, published
recently, ranked Nepal in 117" position out of 128 countries. Nepal is ranked 126%"on Energy Security, 107"
on Energy Equity and 101* on Environmental Sustainability. One of the major reasons revealed in the report
for these poor rankings in energy security is the lack of diversification in energy generation. Thus, while
relying heavily on imported electricity on the short term, it is imperative that NOC should promote solar for
fuel stations to contribute in self-sufficiency and to become energy secure nation in longer term.

Benefits of Solar Energy in Fuel Stations

Solar PV is one of the fastest growing sources of green energy in the world. Currently, more than 500 GW
Solar PV has been installed worldwide whereas in Nepal Solar PV is seen mainly as an alternative solution for
household electrification in rural area. At the same time, the grid is highly stressed due to increasing demand.
Consequently, the Government of Nepal is giving more priority on distributed generation i.e. grid connected
system in the vicinity of load center. It is estimated that there could be at least 15MW of Solar PV system in
the existing fuel stations and depot which would ultimately reduce the dependency on imported electricity to
some extent. The beauty of the solar technology as compared to other Renewable Energy technologies is
such that it can be installed in days. Some of the additional benefits from solar system in fuel stations would
be;

a. The beneficiaries will not have to pay a monthly bill to the Nepal Electricity Authority (NEA) and
furthermore the investment in installing a diesel generator costs can be saved.

b. The Government has the provision to subsidize interest rate on loan for the installation solution in
commercial entities like fuel stations.

c. The operation and maintenance of the pump motor will be much lower compared to the poor quality
grid electricity.

d. Compared to the operation and maintenance cost of the diesel generators, Solar PV can compete
even without any subsidy.

e. Increase of revenue due to reliable supply i.e. won't lose sales because of unavailability of grid or
delay in starting the diesel generator.

f. “Going Green” will not only help to reduce CO, emission by avoiding the use of diesel generators and
imported electricity but also could be a source of pride for the fuel station owners.

g. The NOC could aggregate carbon emission reduction from all fuel stations in the country and traded
in carbon market generating additional revenues for the owners.

h. The solar PV system can be installed on the roof of fuel stations, avoiding the requirement of
additional space.
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i. Along with the aforementioned benefits, it will provide better outdoor and indoor lighting facilities.

j. Most importantly, given the global context of fossil fuel vis-a-vis green energy, any green initiation
adopted by the sole government agency reponsible for managing fossil fuels would be exemplary to
other national stakeholders for promotion of green energy.

PV VAV VAV VAV AV V4P 4
| Fuastaton |

Figure 1: Schematic Showing Solar Powered Fuel Stations
Proposed Solar PV Systems for Fuel Stations and Financial Analysis

Most of the fuel stations in Nepal have 2 pumps; one for petrol and the other for diesel, however larger
stations may even have 4 or 5 pumps. Thus, the authors here proposed two sizes of solar PV systems; (i) a
3kWp system with 5 kVA inveter and 4.8kWhr battery bank suitable for 2 pumps station and (ii) a 7kWp
system with 10kVA inveter and 9.6kWhr battery bank for larger stations with upto 5 pumps. If station owners
are interested in supplying electricity to the NEA on top of their own consumption, they could install a larger
system based on the availability of the area and capital. The Government of Nepal has already made provision
for selling electricity to the grid on a Net-metering basis. In addition to powering the pumps, the Solar PV
System will also power LED lights, TVs, Ceiling Fans etc.

Based on the current market prices, the estimated cost for 3kWp system would be approximately NPR
420,000.00 whereas 7kWp system would cost approximately NPR 880,000.00. The financial analysis carried
out by the authors shows that the “Levelized Cost of Electricity (LCOE)” of the Solar System with Battery
back-up and one time replacement comes to be NPR 10.29 per unit, which is lesser than the grid tariff of NPR
11.2 per unit, which has been kept constant for 14 years. The financial anlysis assumes 6% of the interest
subsidy from the Government of Nepal to encourage private fuel stations to switch into the green technology.
Furthermore, the cost of the solar system has been plummeting and hence it is noteworthy to see the
variation in the cost of energy production if the system cost is decreased. The Sensitivity Analysis shown in
Figure 2 reveals the changes that will occur in the LCOE if the capital cost is decreased.
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Figure 2: Sensitivity Analysis
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On the other hand, the cost of electricity production from diesel generators is around NPR 30 per unit of
electricity, which is much higher compared to the LCOE of the Solar System. Thus, in rural areas where there
is no access to grids and pumps are operated by diesel generators, can undoubtably switch into the solar
system immediately.

Policy Implications

As Nepal is a signatory of the Paris Agreement on Climate Change and is required to reduce carbon
emissions, this could be a small but important step to help achieve the Nationally Determined Contributions
(NDCs).

The NOC could provide fossil fuels to green fuel stations at 1% lower rate to encourage greening of fuel
stations all over the country.

To encourage capactive/distributed generation by commercial entities, the government could provide both
positive incentive by subsidizing the solar systems and negative incentive by mandating its own generation to
minimize the distribution losses.

The subsidies for promoting green energy could be generated by taxing fossil fuel.

Dr. Adhikari is the Director of Alternative Energy Promotion Center (AEPC) ,Nepal and Mr. Mallik is Solar
Power Expert at GoN, UNDP supported Renewable Energy for Rural Livelihood Programme. The views
expressed in this article are their own and should not be mistaken for the views of the organization they are
affiliated with.
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YAEAT Usl TYEIE AUTQAT Uf GRT AT d0d! SRIER 3q debliae Ser anfutsr At off dammsr gadisaat
TAAIE AU S oo fa, ed woar urgeg |

foor wew uvena e Hfew fiverar gawT fafra AT AT fesRt IR RS UTeeg ¥ I WUSR amaret At
Q DA FENT TR FREAR IT IS Jhaeg | T el I SRIGRAT THIUHR T &7 IXHRT TAAT HIRASDT
gfoge staw @uRye fa 9o Sgaw fow wmee AT T ga 9 SFOsieT ST YEEeET ques e 2fE ques
T JFT 3TUSUR ST FHURVH! Y3eT 2iet aure 3mewar | B.B. Bakshi &v sgeawt  S.L. Jaini, ( Aviation )
R.C. Arora (Engineering) @oaae! oA ®TEATUST 3MUT &M J& T | dquydtd oRHeT ugadT WeRd ad
PRIERATS THIGR Mot UTT TAT T AehTioreT TRADT el T HFUATAT HTENA HHATRIECATE GHTATSI o FAAATE
a1 FEvEE iea faggar fE | ESSO de AR WU GuT 3T SFUsiEediE gHS gtaT, WRE e,
IV ARG, UH YEIG IATee oo JamT Jewt I WUdl RRit | aeeed 0y9 O @R et dar Nt
wfoas e faqwesr frlt | yeeRe = safr FRRT s famar 7 |

zfogaw smaw Suive o, @7 T saur fvme e Aetea ghonfrares gad goue feur ¥ fafier fasharee
e &SB! Dispensing Pump #Hd Ta W0 &g Ieatie TAd gaear |

qu8 WESIAT NOC/IOC e y a8 WRAMT WAl | howalu § Wl SeifW@aeasals U AfmdT Aviation
Training AT Bombay WeTedT | ¥ Training AT faer AW IRaWQ SUTq STA@@T agea 9 WUHT = | & ufa
el fre | =¥ I sreEEretAT feur faAiuteT @Rl 10C @7 few @@ Eng. R.C Arora & % 91 WAl | STHRIERTS
feur geile wfvuaT AT @R WRdE R dft & A R g, 9 TR fa. emaer ¢ g e W ge @
WERB! T -STAAGIT IAATE TR Tot AT g ebT R |

FAAEISHT DT FTaATT 9 a1 W00 forar feear Floating Roof Tank Ugt@at @fr, @ & we0 Light Diesel Oil
BT ATON, 9 AT VEO T 8900 H.UA. feqwepr AT T U™ Vg0 T 8900 .. Afaaar AThr Jgar f=r |

HBATSIAT TAUTHAT YIST ST UFUAT QY .U, T FTm0T V/G Tank, dgta ¥ fesimar fesrt fermmor g arfva
HIGHTUE] TARUIEAT VAaTfel &7 SggF 99O & JaT Y% el @Il ¥ HIGATUSIAT Night Landing &7 Facility Iusier
YS! ¥ Jiwiriftes IWAT Indian Airlines ¥ Thai & AT ¥aT W™ ol R | ®HBAUSET Gud ARG 800
B, HwgT del RIYA JUATE TAWAT YRR 90 &.Ud. &TAdreT ¢ a@et Under Ground Tank ¥ 9y &.0d. &1 @ @@T
Avgas 100/130 @7 @it Tank g femior afvar |

Sfee THAA U REHT AT THAT &, IR 30 FET FeaRiigd I fafie garE Jaar =T &S B I WUd FE
AR AT Y00 - €00 FYW. WAT § | AU AW FoorAe FRIER IT TGT gael Bad IS s aw g
Rt Wa I JAT FOAUST gAT ot IhANIAT SHAT € - 8 BUA. , € - C , 9 Q - VE ¥V T W
TaT g | ganar st oft fiew e |, @ 7w feead 9vg | dTeee @ gawer femaE deEer oW
wgat Rt | wreRToSTAT g, fee ¥ Afdw v - ¢ @eT wruEvae A afveal |
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fome W aEae Shew R saER feur fur wE J% IRET uger | swWeEre feur fawior uvena Q033 WA
wrg 3fa four Tare 9% ARG &1 | ¥ T SOAUSTAT gaTg Seuw Teur afwe frer SHiewT 3 @ar vg0 BT
&1 3% fomior afiEr 3 g feur Samem W anfeEr | e ufy e fiREeR, R, S, v, ged,
o 3 T four | o¥ FwqER garE s fedew fawior afar |

AThTdsal 084 108E, :

fa. ¥ 20891088 &1 WRAdE ARYHT THATR AThlargiel FHT WSIHAEH UG HUSRUTHT g ATFAT JUTR I Tavdes
et | o THIET R FEETET FEAGT SR avaw WidAT Ry genfy v Rl e g 9
WETHT fiFTE aelast UiEgAT HISTAT fiUeT TFIgAT HUSRUT T YTl | WREHIEIE SaTd INT &R afarsar |
AN TRREA FIARGIEE WAAT S gamt I Tgawr T | o« stwriftgar fermar afdam & | w9 @ sl
AN ST dae Hieh argar |

ATHTEE BT SRS TGT U HIT] U WheqTS LAWAT T ADB & Y0 GaT ¢aR ¥ R ddheea! ani fydatfem
RUT U IRET | TAIE BIGAIUSIHT AThIE SUT HBATUST EaTS At TSEHAT Ueh AT 9600 HYA.HT & caad
fomior, swoEwTe feur fae T ar 99 SOHST BT TTCHAT JOW TAAT BFDH I daehT UTgeT e | femer ADB ae
e voar Yo oW 3F g andt afew forofr afver | few v Aifs Sor ganteT I gger 9 seer ¥ fema
gawaT aike ga fafier wifafiue sfeard smew faar |

frfRavor -

WA s ¥ faghe R g@ WREetfa Yaw sEnr fom fafier gaeae g smara &y faesetr faqor @
& BT | Shell ae fafts=r Brand @&T Lubricants Mg & aR&T BT | Indian Oil @ Servo Brand @T
Lubricants ¥ Gulf Oil Singapore ¥ Taiwan @@ ufel Lubricants #amge faskt faa=or a&7 w@&r & | Gulf Oil
Singapore @T Managing Director AUTGAT 2fFgaT AL ATST WYST d@d AU QTS Wi A UReIT SEr fow
T HUETA Gulf Lube Blending Plant ®&awr ats Gulf Lube @7 #ivag fr@ Petroleum Corporation @7 supervision
HT SFHAGISHAT 3000 MT &maraT Blending plant SmaaT @it |

fome ©& U Dual Pricing Tt Afiee feeht faaRor y% TRt RET | 99 WHIEVTRR g §ebd T UIGaT gt
AT FEUANT TRYHT TG S oTx Uy HRa & AfgATd! Wi ™ wavg Wi | @ LPG amnfaa forer
Duel Pricing aE dea @ax Ufesmear R g ¥or Capacity @7 Cylinder ufdt asiRAT ST goam Jlogsr & a3
HATEAT WA WCHT Tl A |

LPG - LPG bottling Plant TTGaT e UFET &7 Aemenk feua Qi faswm Frusiar amaT gar siva 90 Tt ste
fooer @fig IRBWAT ITh T UIET BIAT VO &.Ud. &7 3 92T ¢ Y@t gaer fafer feur femior =t S &=
TR STUfet o RGBT | |

3T I A AW AAW X AR

AU e fove fa. @ G Aqwae sfueaw samar Regawt gwifua dgifaew wrd feoiw ¥ wfiaer o& wewnn
30,000190% Wifwaw W swRiftgy awRae @iy I wRadr et awmE  (Madras/Haldia) - -
(Paradip/Haldia) AT Delivery fgar avet RRfT | ¥AT W T JRART UeT Hasl Demurrage o RET | 9@ amae
gfufer @ AetcEeTE Teer qEEe fasr woar R | aquvema fré sraem 3 gfefy @ SRE geed aw
A WY RET | Paradip Wi aa ufiy &€ JEd stava WesT REvr |

YHIMIIET ol a1 W oMo, @iee fev oue fieRe elmmed oee RRItRa arae anfy Strena It JuwTehT
TR ATSEHT REr | AUt SEw fereT wTuATeT SR @l ee g | a¥ ufer dnadeT STURAT Pl deTed
ARET T WA J% ARYHT FRIER SFRasT T [eT JTHATE s oHd 573 |

G foRTHET Ud AET-Udels gaE |
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S T TR FTE
JAADT T Ul AT AGEIDT § | Gl GHT AT g3 Sl TeEE SRIET AUt s e ¥ aurer fae
WIRERUT g BTETAT Fearee dREET RIg W STfeer o TETH ATRTAT FeTe & WHT G | AUTGHT BRIER INT TeehT
YEUTEE T Ul EETAT woeT Stfee & foeedt S WAl ¥ AThT SeTed HAT | aeeT BIeT Walh g ISl |
ST AT HAX GIST TS EIeA RTSieicieh HIRUTH TETHT Folae g aredl UTiva | aure oo et wta wiowre
T U ST T S el Wa feld WReRuT difia RIeTeifoRt SRUTE Wi Ufavia quie Sude agt
AT IUARHAT Sfafuia gar fasrelt ufw fagvrame smama oI SERUATAT T=AT | AUTGAT ARTA AEIdT STTUTRAT Hedl
WER T uRuET S&¥@T WY AU e oo afa ger @& fge ¢ faem wifiesotet ofer ot g g fgw
fageft AT = Y @gaT YEfeRA UET AT HETAT fasht Rt PIET SAdTdTE qETgR YIERAT ae ATferda Tisar
JETHT TET & UT (AT TAAT Hieed Ul TgATaaT Soel UTgee)) BT o S| forAaTs arear arfea ¥
FHUTHT SFRAT O U=AT | STUR HaSIae! HUSRY §4T ¢ ¥ holaTell STefeeld, el feeld SNl aeisd U Hegl Weg
X WET Whg Ui SRUT asiigE fagaer It anr fage wii@Ru et saer ¥ fagvae faa smmaast
AT Wed GET | A HEL ufadd WAl Wl GHAGT AT, AdAViel SedT, QRIS ST T, Afeerd goar
FE GUR HESIA &7 | FfoIq T HRTT GRT I &1 Ao e o ¥ gy wiraRutet ghotaar Anae w fafer %
wRE g | s oo s ufer ww wftee dgtfeew uend st e W farra wiftewot st s sfva wda
TG T FAET Weg WA for faamur v wrewiiie gRaamer awur T st adt e w o | o gaer
AET AETHT QAT AIUGUS TS gH Sa™T ® | JWiR® deae "R auiid  guadl  Javd

WA | AT IR G AT YGTEE TWAT BT I Bl |

Fe fommwer T -

O WER, ave dfee o, aue 9@ fo ¥ g AT S JaR ST 090 WIS g¢ I TATGAT HHT
Rt | T 78 FRUT AheliA SAEATAT JUTAT Wi ugriet difrd SRER He ufr agRiitea s,
Indian Oil Corporation, ESSO, Burmah Shell & AaawR fast faa=ur it Rl Jad TRER®T qirae Ggiiaad

RS FREAR IRTST & | 099 ITWAT WUAT WY ufd fagaft Fvueiieea! SRER d IRTE 030 IRl AT
AuTe T fower SRR I UaridT FRIEARAT THITEGR Urgat & | O Jdga! seraer foomer gaas
YR TRET FRER 7G5S WD F |

YO0 TETHT ATHT AT ATATAT FovTAS O¥ AR TQTd AL TaT | Teh o JUTGAT WS ATATATADT TATol QI gl qrsiv
ISE AAATAT AHIYHT TTAT JEIGaH TERIT Tesl SUTEUATHT QT GRARET o1 fiavm aigg ¥ foowar ufer
Hfged ufer awarAT fifem fuir & Twet werer 7u A gt ofkw ufa sfour seET SEiET S AT
Rifeew ugred fRfREsT a7 O & | W @ Uole Ueh W afgdl BRe dcd QIAAT ol Siodl ¥ HIas! AT
Hioeg AR AGERAT T THHT § | AT AT oA oA TR A W |

087 TIEHT AUGAT HISUT aTdl HTYY T HeehTIqT BHIGATSIAT UITOaH UGHT ¥ GIRUNT AfSdas! SRk WYt
R | awaT faug fwar ofedt vew @R w=r ¥ A7 daw fafuer AN snia wefEEr | w a@mn gewaT et
HH MSA HEATURT BRI TAIHADT ATRT ST TART e URARS AT T gqT Affaaar & w Rl | 9t damr,
e TAUTEAT T AT TSI TFUAIE SUHITRTATE TSHAT YWY AfSAaa! ST ORT IR&T Rl | acreita
HATATAT T HH TATS AGEATUT WY Ufel TaATe STl 1o U3eT Uat Wit o gal e Har |

08Y W UTAT WRAW AR TUT URAEH i AAHRUT ToGT AU gfoich IJUHPT aeq ¥ USI@ad Ugreiat a%
Fafte R WTed FEeR HeaT Rt | s afoe sfogaw sew SuRvMaE ST HUeT tgifamd wgrier stmafd
NaGT AUTEAT FETHR of HAT | U JATHT RPN HIRG WO THep! QI TAH UGTIhT Shfeuds et Tt Tiel RTeR
T Aq@are tgifaam ugrl @rea foufr T=it | e fema T Aq@ae @ger Tgifaad uenl wRaars
TS hHE AT Jeft W AU AUTATE STTavareh Uel g ugrel sfugae smrqae @mss afvgat Rl | av asi
HRA & 3Heare JuTqAT Ugifoam ugrier smafd afvusr Rer | @ S Sefae e dggr g 3
TIATGVETE FATSHEIAAT YWY Ufel Sl STUfd WUt Rt | aar fauget AT Wioih! gEat SamT 3tadh faseaant
T[T W ufer e 30 aef ufg ufw g wRaer sfueam s wuRvEET mufe W) aRRewr g | dgieew
UGEIET STUfAT AT TET TqHT HIH 31T JAG o WUST ST | STAEH Ufel WIRA dledh o fedeh oqaeuT Hel WOt bel
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HIIGAT dEeh 097 WTAAT HIRAW ATchTdral TOITIET Ufel Tl feheu RIge WRUGT SMMUfdaT | AW aRErE S a9
ufer e ST AEiETE SR AT | HuiRaftsd VW srcravad dgifaaR e WUSR &fd g7 U &fa gam e
FA SAAE T AU TH VAT AT WY U {oF dopfeuss raeum o aafeus Foiie! Waedd IRY UgIfaed Ugreiet
foniRar FEt & W anfg fasmT qoe vt w smavas % wEer ' | wifa fear W Sft wReT o wwen
aftit e | g frera vt SouteR Wt ¥ fata e sraeumAT e ST ugT SITaTaET Whe XEH Jered
Y HTHET e Uel STEVAHAT JHEYET & |

Y0 TEiET I ufiz FIME o I U BTHETET ARAT WATAT I I AT Sa |

TTATERUT JHTEEhT HIRUT, TEGT A g HIRUT ¥ AMTHRUT FroAl HIUGT ATLAH Hax GUIR WY UZIAa Ugrie!
Srfeusm SideT Gisll HREAT T Afamuiia FHIAT o HRUE U el AU § | AU Jasiaae e e IR
gt AgT SIS T SEER ATUHT B | AUTH AT AQed Qe JRIUAT TRUHT FEGT Shfud Sk caaed Ww
T AT A0E | JVRR el ST JamT FRATEER QUTR 74§ STHIThTATS BI% YTed g R |
9) foomer feset ot Yghforemr werier yrgamn fdrer wama fomr | weawr AY ufedr AT WgwT WOt ARAT &
femer ufter ITHIRT W A& =T WSS IURAR UFIST Display Board AT e saeut faamss |
R) T TEIAUH UGRIET AT ¥ ASHET HATH! HRUT ool ¥ YHUesd U¥ TSTaE S Iudey IRTSH qaa
Model wru TmueTaT fomma o wgfaad fRgR deames o ot |
3) YIRS 3V WU BT, feoia ¥ 2aTd Tnimel HUSTRUT © ot WRVIe! agq! ATIATS LATaAT JTET ST
ufa 3 Al A Ew awT frateR | 99 T AfiEer SEw ¥ whe qoed i S 3w
T |
g) WRA T TARGIAE AT I TAT SYHT Wiepfae o™, gar.fu. st &7 dar o &ot groewr uRkfufemr
ATV AHYHT UIEUATER RIS ar a9 HUSR feul awTew # wfi ot |
y) Frawr aRRufT aEgT MEHHRUT T aEGT FART UGS e TUA T JUAGH RIS AUTEAT AT, TIRA
e T AT WEder WaTae TIRREdT UFualE ST Ul ITdT 90 I @7 ¥ faee ¥ awr 3fa fet famomat
AT RS | H UIET TFIATE 98 ¥ HUST WATARAT & | IUHITHTATE ITEd fgd Rl WSl aure
WaHR, W ¥ fvme @ e =@w |
§) U Ugrier WRUGT Sgfdar @nfit ¥ Wk T a3l Aqa@ae samae! ae frares | ufiy ardwm 3
IS (N q0) BT IS T e AUEAT AR U ool &1 W eladie AT T &1 Ufer feree ot
qidbem | Q08Y/08€ TR AThTERT T 007 BT AHIEATAT YSh LTAATHT HIYUT SATA §H WhdT ¢ |
v) VARfeRTA ST W U UgrfeEw ugniet v uf fageft WET Ee IR @ew Wue & ufd ugriET anet
AHEN | AT AT STLRAT foht A HA el | AUTAIDT ETAeh! FANTCHATE LAAT et U IfaaA agred
weer Rl o ¥ A afy e @Y o R It @ | s el T et Ao T aoew
HaR & FaY IRAT §g | 3 ufe et e B qAe 8Y ufvade ¥ waaT 5

e HT:

Y0 TEIHT JaAT ARy HABT ATHT TR & | STHAT VT JeuTee A Vi Wforer ot IRt surer R feerY fermwor ol
HH TEMIQUT BTH EEd | UQIad UG SRal ¢fde Siesiian@l AT §a¥ SoqT J@l agd §Fd Javae Uet
euravad WL & | 9 T snima ger ufe o Shewwr ford wite wdg | oAt TEifaqul e e SwaaTaes
TAGF A0 Il GHBHIAT oorH URER T I9 0 geafed fashar, gamiedl U4 3@ SUP U=IAgaH! U &
AT TSN SIEeHT Ufer Ferare fonrAeTe qut aganr wea favara ¢ fonmeT qut awhadme! sraT 6y |
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U W e T 30 Nt ufiy AUt SEw A FHETRT GEwT WU WAt | SGATE ST IV gt
forame aTRliTIET AT USTaes WiftdeT AThr Q08 WA RIS © 4 i Yaad SosTiegIee T BTSUTR ararelt
FTHE T TRATATST FIH AqeaAT JE WYt Yt sieneiomens e aatew Sgva fud afawEd sweee
st WieThgiae FieeeT Jqu aSIMeTT TgR Afawas! Jquer Wier | @Rt et awae {im smemia
HTSOT et HIsoT %t qrqrR Tt for afadasr waes faamft Afey ufveda Afeeg aad sfsoer @ wwgqot
T SAATATS Howl HISUTSHT URT gee T vadier faamfier argemr sitar fafiagy @t awiss arer | a3 e |er

THT T X 90 TS WENiw s BT R Rt fideft e anfied amer Rl fame e R gemeEr
THiaTE g i@ ovfammr IR ufy $eie FRER g AfREr | SRaT Shd WYET HISUT dgsetd BTHT et
Rt | T 2085 199 19% T MY 99:9y T TgGeh! HINUT IR | AQUET AT T qFqut axdiard fRer afvar |

7 foomar sHemd sftFe gifae W | w3 uTE quT e Re, A uft 9Retd uwrare-grgerg WA | Tt
O FHURIGT JURUT WUHT @7 AATATE TEUADT I AEH foRel SHaNIAE Qfsd I WegHAT Gathd Wal |
afew faamor fovr s gRvur ufvawat @reT dom IO T AR wEwer R | AR @ ®e™r 9y ast gemee
foMITRT FH IR | T PIOWT HUHT JAUTT FHAR! WA FHART Q& Beg T gy QAT I67 I @0 T=AT |
oA J AU T FAAD q AWE IR UfT A YOURTS JHT AT ARV UM AT Yol aoTad qedtd IR |
AT YOURTST WHIQTE GaATolh ¥ AETEIIanT Y3e5 ITUT AT 99 GEEIT Hes i QAT o&e I=A7 | 7 ¥ Agelg Q0T
AT Y AT eARHIAT QAT | AT Q08¢ AT WM @ AT i RElr | q@ed i daasiar Q T JuTe i foor
HHAR FardT AT fiaw 21 | aufy R Soer e arftieicad 9 T4 SRIEAT JATSe SIUsT & | gt 2089
BT RIGAAT UG TEh! YUH AEIUQyee 2diU9Tg ~HIuTae! SEaETdmAT 99 Seedia et afafa foraifer s |
YUl HUHT SV T AETRIEVAE Sod! ST Aded oa ¢ T o Yereh! foeaean oterevd Branfye &, 9@
30 a8 HUg |

089-00¢ WA FHIA HREW WJEHT a¥H ToET JETYAT A% 30 TS Aqed qMET UM L@ | WAWT e <
sThrae/ TRV goae Woaw AeTruavmeT Afafafy arfieeds wRA WRT fgd ¥ 9dueia WU@T Sieun IR Sge
TR TR 9 3F ARV TR WOeT ¥ ST gt ¢ off AEifieveeT SerAT B |

AT X ATSEIGT U gahar Ul AUt deat | dwamsl arfigta! tganr fomer of Brmfta ¢ Jfee st
YE-Tored SIeAT TehaT WAl | STTeG (AT SATIUA AT HHART @8 T gE SR e GeAdl oy siueie g
Fforaeer foralem™T SigT SuT AdET STrNd HHAT o faoer griver I qoher Ha |

snfutia 28 Ffrraar goaras wtwfaar fafafic:

AR W HHART T o W qhd Yfeiie SRaTmied ufy War frfem Swmtar et e
RS Ufrhe GhAfvadar ¥ sHAREE fFFanT dedia e e SwAT afa faem, qee g afger e
wfesTae®T Yaae GHITHT HHARIST Aidiai gaus AEE ARHIR GAET U9 WT | Hfqua A6T IRT WY Sfaud O=T
AT YET Q08T BT FHANT NG IAAAT € FAT TEEA T AT [oI@FIAT UL hHATIT oAdiTol BT TEEd bl forereast
gaT HHARIAT AT ATATRT GAT A A SR ol THAT RIGe, Tnfiamaet qur fralt a3 IRaTeel goa J=i ¥
fowdr, 9@ T WTESTiie YRTHT AY FHANT WWHRST HIUHTAIAT U | JEw GT foRme IfEwg | 069163 &7
qp R yfuut Sfefes F@eead T 90 AT TYIET WA T GT STed: HEd IUTATIAG FOTAT AT T ar
wdfafed & | TFEE guEESt ot RROTNTG SIEI@T SdcadT e AfeuiNeae 9069 SEISIe! Sodhe! futa
FHART TIA 003 1098 T 008 100y TXHHT T TEECAT AUTH AT foeTHaT Tt iwfaAr ufafafca 9§ stmgaT
T |

g st woaTr fratemeent ufer wow afieie 2 afrawer fraeemr foomr aifve Rar @ aoefan srawmT
Yarae QfwfaAr afafafica g e foga | 7 0691063 @ Ufeive sweTRIdee fem aigaT 9w s
W IRET B | AT 38 afvawar faitem ueie 9/ aET AU R W FEiaEad IRST dad B |
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FHHART TG 30 ACHAT & I&AT ?

YEHT qEEEAT WITafie HHARI ATT U TS IRHIAT Jes! TATU=T ufy A1 wifafies 3 snfafires 99 ager
FHANTELATE TTh IUTEY IRTSAT W AU SATEeh! oFaedT Ul JNEAT | STEacqebIS!, HVGHWaT WY HHENT
FAVTHRT HIOAE FARYUT IRT €0 T T JIUET WRETAET GeaTd HISEE AT R |

TN ¥ Y AHG QR e SUdsY IRTSTHT, AffdadT fraree sfagare afiers fmt sox @ e T g
wfeger ¥ feve ¥ AffaedT AET wRe qead Wi fevw ¥ Affdwer tRe At W51 T ¥ aRE 9 RIS
R wgea Vgt IR |

firw, ¥R, WRET WE, AiETHT agar AgH URFURTATS TSl 9y T GOIhT TXAT T UGHT agaTd! AT IRTGHT |
o wifafre ¥ A wifafue ugeeAT SRR FHARISGT AT FEAT BT +60+909 IRT TFAT QOB WTe! agar foormad
ZhreremT wdr Aufasaft &1 | T9S agETAT SWT GATS. W GG WOST B | 3T dEAT STERd SHORIEaET ug X
@A TG AGAT IGAT WUHT | A AURDT BHATRIEED! HRAGFIRA HIRH HIAEATHT AARETGAT SIS qrTas Ufer
fanfimr wa Ry g awa femer weT siftaeT FHaREE gerse ARea U a) ar w8 | QY s v
T afa o Fgal 8 FHANAT ARG e Ufe JRaT Uiz | AT WG Q09 &Y agar =Er IR
uftg AT FHEHT Gyt grgwr Rt | i deadr gaeket it U GF agar ¥ ER QR SIHE gHetat
THAT BT GFUTGA TE(hT STTURAT TR foreiRuT I8t ot Eaat Siqwd IRTsaAT | ersfee o Sveer aiiex Jamr
fommreT yawr TReTETET AT Jar ufvadd ARET TEET BIRUT W agaT & BETHT YHEEHT HFRERT S8 TR
ST ERAATS ot Eaft wnreT w | geAT fomwr 8 aet sftaw fer aifefe Reit wa cears sud ugaet ¢ ast
AT ANYA 60 a6l awmse dAT e femer ot T 09 FTaufs foemeT JamT WemT IR®T HHaTSERST AT
Q0 T AT HTATHl ASTE HAwaT ANTRT T | 088 WA Ay T ufiy HAT HUST WReUAATE 18 qo
FHARIATE WA WA, URdGE, @l WAl Adare qAEew war Beear gfeur Suasy
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THE NEW ENERGY
& Rahul Bhardwaj
The Need & Vision of the New Energy World:

The energy sector has been at the helm of enormous progress the world has seen in the last 2 centuries.
Energy sources starting with coal, followed by oil and electricity have been the defining forces that have
powered much of the modern economic progress and improvement in quality of human life. However,
unfortunately it has come with its misgivings, environmental pollution and global warming are the straight
penalties that this progress has imposed and today the realization of this much more than ever before.

At the same time, despite enormous progress that energy has powered, there has been inequality in the
distribution of this progress over 2 billion people, across mainly the developing economies, do not have
access to clean modern energy sources for cooking and over 500 million people do not have access to
electricity. The global community clearly recognizes this challenge and the UN Sustainable Development Goals
(SDG7 especially) aim for a world where everyone has access to clean and affordable energy.

It is amply clear to everyone in the energy sector that the future has to environmentally responsible, socially
responsible and has to be driven by businesses that are viable themselves. This basically comes down to the
people, planet and profit pillars of sustainability. The future energy order has to be essentially a Sustainable
Energy Order. Energy transition is a much needed change that the energy sector as a whole is witnessing.

Issues that need to be addressed while working towards the New Energy World
Achieving sustainability in face of growing population & urbanization:

The world economy is expected to grow at an annual rate of 3.4% in the next two decades. Global
population will expand from 7.4 billion today to more than 9 billion in 2040. India will be leading this
population growth and become the most populated country in mid 1920s.

Percentage of urbanization to increase from 55% today to 64% in 2040. The rise in urbanization will be
massive in developing countries like India ( 34% to 46% in 2040) given the increasing population. More
than 27 million people live in and around Delhi with about 700,000 more joining them each year. The
United Nations forecasts that by 2028 the population could outstrip Tokyo’s to make Delhi the world’s
biggest megacity.

Climate Change, Sustainable Development Goals, Air Pollution, Renewable Energy, Electric Vehicles,
Shale Revolution, Digitalization, Energy Efficiency are redefining how and what the sector produces,
supplies along with demand patterns and consumer expectations. The pressure is on the energy sector
globally to decarbonize itself as the energy sector is the major source of global carbon emissions (80%)
and also responsible for deteriorating ambient air quality.

Enablers: The Duo of Technology & Policy
Falling costs of solar & wind, especially solar PV and falling costs of batteries and rising energy density

e Energy Efficiency: Since 2010, improvements in energy efficiency globally have been reducing energy
intensity of economic growth. Energy efficiency is a potent and silent means to address the
challenges for achieving the new energy order. Technological improvements and pro efficiency
policies such as CAFE norms, PAT cycles, pro R&D policies in corporate and Governments are the key
drivers of efficiency improvements.

¢ Digitalization can significantly enhance the efficiency with which energy is produced and consumed,
in addition it can contribute to enhanced safety in energy operations besides having the potential to
be an important enabler in help solving the puzzles of access, affordability and environmental
sustainability

e Addressing Energy Divide right policy & technology mix: Government programmes & funding,
encouraging innovative solutions and facilitating new technological solutions. For instance, by 2030,
renewable energy sources power are expected to account over 60% of new access, and off-grid and
mini-grid systems provide the means for almost half of new access, underpinned by new business
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models using digital and mobile technologies (IEA) globally. As an exception to this in India, grid
extensions have been the dominant mode of rural electrification as high density of population in rural
makes grid extensions a viable option. But, nevertheless a committed policy support has been the
driving force in achieving 100% village electrification in India and near completion of household
electrification (March 2019) under the Saubhagya yojana. Similarly, PMUY( Pradhan Mantri Ujjawal
Yojana) in India, an initiative of the P&NG sector has already provided free LPG connections to 8
crore BPL women in 3 years and is another example to policy commitment working towards a
sustainable future

e Ultra Clean Fuels & Technologies: Globally, air pollution is the 4th greatest overall risk factor for
human health. Fuel quality norms globally are addressing pollution from road vehicles, which is a
major source of ambient air pollution. India is home to the most polluted cities in the world - 14 out
of 20. The Indian Government has been implementing Bharat Stage (BS) vehicular emission norms
since the year 2000 and is now all set to leapfrog from BS IV to BS VI emission standards by 2020.
This will be the first instance of a country moving from Euro/BS IV to Euro/BS VI standards in less
than three years. Shift to ultra clean EURO 6 fuels will contribute to improvement in the air quality
over the long-run. Besides, production of ultra clean transportation will also lead to reduction of
climate pollutants like black carbon and VOC.

e Gas Flaring & Methane Emissions: Oil & Gas sector is responsible for a large proportion of methane
emissions through gas flaring and leakages. Qil & Gas sector is working through initiatives such as
Global Gas Flaring Reduction Partnership, “Zero Routine Flaring by 2030” Initiative, Oil and Gas
Climate Initiative (OGCI)'s target to reduce collective average methane intensity of its aggregated
upstream gas and oil operations by one fifth by 2025, etc. to reduce methane emissions.

e Making Oil & Gas Operations Greener & More Efficient: India ratified the Paris Climate Agreement in
2016, taking target to reduce its carbon emission intensity (emission per unit of GDP) by 33-35%
from 2005 levels by the year 2030 and pledged to have 40% of installed electricity capacity running
on non-fossil fuel energy sources by 2030. Qil sector is a big energy consumers itself and needs to
and has been working in making its operations more energy efficient through various ENCON
measures at refineries, increasing share of oil movement through pipelines, increasing capacity of
renewable energy systems at installations, replacing conventional lighting with LED lights, and
planting trees and other measures such as integration of smaller units in older refineries in to single
units for efficient energy utilization, investment in CCS technology among others.

e Policy & Technology to enable required oil and gas production: Affordability is an important tenet of
sustainable energy future which is linked with supplies and therefore policies that encourage oil and
gas production coupled with technological solutions that reduce costs are also integral part of the
solution. For instance lack of timely and adequate investments in upstream oil could lead to shortages
, flaring of oil prices and jeopardize a sustainable energy future.

e Modern Bioenergy: Modern bioenergy has significant potential in meeting developing world’s climate
change and energy security objectives and biofuels can blended in POL transportation fuels. Oil sector
can supply ethanol blended petrol. Advanced biofuels using lignocellulosic feedstocks, waste and
algae have the potential of offering a range low carbon renewable resources for fuelling transport,
cooking and electricity generation. Experts predict that at current growth rates, 11 million tonnes of
solid waste each day is projected to be generated by 2100 globally.

Regarding the threat from Electric Vehicles

Electric mobility is expanding at a rapid pace. The wave of Electric Vehicles is propelled by urban air
quality concerns and rapid fall in battery storage costs. EVs come with the benefit of zero tail pipe
emissions and much higher efficiency than internal combustion engines. In 2018, the global electric
car fleet exceeded 5.1 million, up 2 million from the previous year and almost doubling the number of
new electric car sales. China is the world’s largest electric car market, followed by Europe and the
United States. Norway is the global leader in terms of electric car market share.
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However, the present estimates peg the dent to oil demand from EVs by 2040 at 5-7.5 mbpd .

Road freight, aviation, shipping and petrochemicals are set to continue being the key drivers of global

oil demand. Countries like India, where number of passenger and commercial vehicles is set to grow

at a faster pace, the shear momentum of demand growth is expected to outweigh the dent from EVs(

which at present is expected to be smaller in India) and also from improving fuel economy of

vehicles. Car ownership rates in India at a mere 22 per 1000 inhabitants compared to over 160 in

China and close to 1000 in the US point to the potential of growth as aspirations get realized with
rising incomes.

Policies are playing a critical role in penetration of electric mobility. Leading countries in electric
mobility use a variety of measures such as fuel economy and vehicle exhaust standards coupled with
incentives for zero- and low-emissions vehicles, subsidies on EVs, government procurement of EVs,
mandates to use EVs in ride hailing, registration, low emission zones, restrictions on ICE vehicles,
support for the deployment of charging infrastructure. Increasingly, policy support is also being
extended to address the strategic importance of the battery technology value chain.

Technology advances are delivering substantial cost cuts. Key enablers are developments in battery
chemistry and expansion of production capacity in manufacturing plants. Battery costs have declined
from over $1000/KWH in 2010 to under $200/KWH in 2018. Cost competiveness of EVs with ICE at
around $125/KWH is expected to be achieved in the next 3-4 years.

Cars are the focus of electric mobility but alongside in the heavy duty vehicles segment such as buses
also, electric mobility is becoming highly attractive. While for long haul trucks electrification doesn't
seem to work out, in case of light duty commercial vehicles for last mile delivery within city limits
electrification seems to be a viable option.

Raising EV penetration requires addressing operational and infrastructural issues such as charging
stations, standardizations, charging models, financing models. All these have to be in place so as to
give confidence to the consumer to take up EVs. Another major issue to be tackled for making large
scale shift to EVs is that of grid management, rather than just considering absolute capacity levels of
power availability and moreover it also needs to be more from renewables to achieve the
sustainability goals..

EV adoption will also depend on societal attitudes towards purchasing new vehicles, their aspirations,
attitude towards driving, range anxiety, investment of time in charging, concerns regarding local air
quality, among others. Price will definitely be a fundamental value proposition driver along with
availability of car models that fit the customer needs, especially in the entry and mid size segment to
enable large scale adoption of EVs.

In terms of where we will be in the next 20 years, it may be noted, the most bullish projections for
EV penetration peg their share in global car stock at 25% in 2040.

Effect of energy transitions to oil & gas business

It will not be technically feasible to create energy systems that run on 100% renewable energy at
least in the foreseeable future.The application of energy sources has a diverse range. While electricity
generation, is the most amenable to renewable energy, but still renewables have struggled to dent
the share of coal in energy mix at a global level in any meaningful way and come with inherent
constraints from their variable nature. Notwithstanding this, the ongoing policy and technology push
does make a renewable dominated electricity mix very much possible. And this is a very desirable
future because coal run power sector is the key source of carbon emissions today and shift towards
renewables in a big way is vital to meaningful climate action. Renewable energy definitely is set to
play a bigger role in the global energy systems in the next 2-3 decades. But, running energy systems
on 100% renewable energy in foreseeable future is not possible. This is because in transport
especially freight, aviation and shipping substitution to renewables is not that obvious now and not
scalable in foreseeable future. Fossil fuels and especially oil and gas will remain the key energy
sources over the long term

Author is Executive Director of Indian Oil Corporation, Hyderabad.
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A need of Promotion of Electric Vehicle Operation for better environmental
management in Nepal

& Babu Ram Rai

Electric vehicles (EVs) are a battery driven vehicle as known as zero emission vehicles that runs on electricity
alone. EVs play major role for reducing the emission level which are mostly originated by automobiles in
Nepal. Most urban areas of Nepal have found the increasing level of emission due to the vehicle operation
that cause to be air pollution because vehicular emission is also a cause of air pollution that occurring
especially in the Kathmandu, Biratnagar and Bhairawa Cities. Beside these, rapid urbanization and
industrialization may cause to be high air pollution in these Cities where as spontaneous urban growth are
found.

EVs are environmentally friendly vehicles and they are reducing fossil fuels utilization on the operation of
petrol and diesel driven vehicles which help to cut down in production of green house gasses e.g.
Carbondioxide, Methane, Nitrite Oxide, Sulpher and Chlorofluorocarbon. Petrol and diesel driven vehicle run
with producing high carbon emission level causing to air pollution in Nepal. Most countries of Europe and Asia
have already announced the decision to phase out vehicles running on fossil fuels starting from the year 2030
in a bid to drastically reduce carbon emission levels.

EVs has started to operate in Nepal especially to Kathmandu City in 1996 which locally known as Safa Tampo
and currently run in number of 600. However, the Truly bus was operated in 1975 from Tripureshowr to
Surya Binayak but this bus was being discontinue in operation. Many four wheelers EVs are found in the
Government offices. Similarly, electric buses have been practiced to ply in Bhairahawa and in Kathmandu City.
New registration of the Safa tempos in Kathmandu has been stopped even though it has been mentioned that
environmentally-friendly electric vehicles will be promoted in the National Transport Policy, 2058.

Nepal had expensed huge amount for the import EVs in fiscal year 2018/19 with compared to fiscal year
2017/18. As a result, the growth trends of EVs are accelerating rapidly in the country. Most EVs are imported
from China, India, South Korea and Thailand in 2018/19. The growth trends of EVs are increasing in the
automobile sector in Nepal. Potentiality of electric production is high that shows a positive sign to operate
these vehicles in Nepal.

Pros and Cons of EVs operation are as follows:

“0"” Emission: There is no combustion process as well as these vehicles do not emit polluting gases into
the atmosphere resulting no impact on the environment compared to diesel and petrol driven vehicles.

Less noise pollution: The electric motor runs quietly resulting there would be produced very low noise
level.

Higher efficiency: Electric vehicle performs higher efficiency because the efficiency of an electric motor is
nearly 90% compared to an internal combustion engine like petrol and diesel vehicles.

e EVs has low maintenance cost
e Low fuel and operating cost are found in EVs’ operation
Price of EVs is high than other vehicles

EVs are low range vehicles which cover on a single charge. However, the range of these vehicles is still not on
par with that of the regular vehicles. Likewise, some of these vehicles are suitable only for low-speed
applications.

Battery is one of the major component for EVs operation, is required many charging station for charging and
these station required enough electricity. Government of Nepal has been establishing many battery charging
station as well as Nepal has enough power of electricity which make able to fulfill the demand of electricity.
As a result, both the charging station and enough supply of electricity are enabling EVs operation. Similarly,
the other components of EVs are as follows:

Electric Battery: Battery stores the electricity required to run the vehicles and supplies power to them.
The higher capacity of the battery makes the higher range of the electric vehicle. Most modern electric
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vehicles use Lithium-ion type batteries. These batteries have higher energy density. It means they are
capable of storing more energy.

Inverter: Battery stores the electric power in the form of Direct Current (DC). But, the most of the motors
have been used alternative power supply ( Alternative Current-AC) in the electric vehicles. So, the inverter
basically convert DC to AC.

Electric Motor: The function of electric motor is the rotate of the wheels. Motors are in both DC/AC.
However, the AC motors are more common.

Regenerative Braking System: The electric-vehicle has only limited energy available, which based on
the capacity of battery therefore there required spare of batteries as well as need available battery charging
station.

Power Control Unit: The control unit plays a major role because it controls the activities of all the
components of an electric vehicle. It monitors the output of the motor, charging of batteries and it also
provides the necessary information to the driver.

In the one hand, the government policy supports strongly for EVs operation through tax exemption such as
free excise duty and 1 per cent custom duty for import of EVs i.e Safa Tempo's chassis, engine, motor,
battery, and battery charger resulting these vehicles are getting the opportunity to grow. The Nepal Electricity
Authority (NEA) may first have to consider a long-standing demand of EVs manufacturers and operators that
since battery charging is done during off-peak hours, charging stations should be supplied electricity at
reduced rates.

On the other hand, the consciousness of EVs is gradually developing among people that also promote to
increase for these vehicles operation because EVs are versatile, smart and make good sense economically and
environmentally.

Alternative energy has good signs in the developed world that the widespread use of EVs would be an added
attraction to the tourist experience in Nepal. Safa tempos have garnered a good deal of praise from visitors to
Kathmandu and free from load shedding in Kathmandu could be the best ever public relation for the city. The
next step could be EVs in the shape of more and modern trolley buses-which could be the beginning of a
sensible and much-needed mass rapid transport system.

In addition to this, Nepal is successful to generate surplus electricity production now a days that will make
constant supply of electricity in coming days. The government’s Environment-friendly Vehicle and Transport
Policy (2014) that aims to increase the share of EVs up to 20 per cent by 2020 can help to grow the operation
of EVs in Nepal.

Nepal has still following manufactures for EVs:

NEVI(Nepal Electric Vehicle Industry)

EVCO (Electric Vehicle Company)

GREV (Green Electric Vehicle)

GV (Green Valley) and

BE (Bagmati Electricals)

EVs are started to operate in Nepal in 1975 but it could not be continue. Three wheeler which locally known
as Safa tempo has been started in 1996 and this tempo run as 600 numbers in Kathmandu. This tempo is
environmentally friendly vehicle although this vehicle has been stopped for register. However, battery driven
four wheeler vehicle such cars and buses, are plying increasingly trend in Nepal.

NEVI Trade Link (P) Ltd. Is a company formed with the purpose of promoting operation of environmentally
friendly EVs in Nepal. Sunder Yatayat Pvt. Ltd. has started to operate electric buses in Kathmandu.

The conclusion of the paper is that EVs operation may play significant role to environment as well as
economic sector, are one of the major vehicles to reduce the level of air pollution in the urban areas of Nepal.

The EVs industry also plays a positive role in the tourism sector as a good entry point for their vehicles.
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This paper has few recommendations which are as follows:

Providing training for EVs driver with following matters:

Peaking up vehicle efficiency and understanding how the vehicle works and react
accordingly,

Operating system of battery (when operated correctly),

Knowing how to charge and manage batteries in different types of weather,

Overall, how to be it's less complicated than it sounds,

Conserving range in operating electric vehicles, and impacting driving style on battery
depletion,

Giving ideas for saving energy loss due to brake suddenly,

Save wasting time of drivers for battery charging in charging stations, and

Thinking once about charge sessions appropriately for enough battery power before leaving.

Organizing workshop with including the following subjects for EVs operation:

to present and discuss options that Kathmandu Metropolitan City can consider to promote
Electric Vehicle ( EVs.) with reference to linkages to international and national priorities for
EVs operation

to learn best practices from other countries including financing modalities, policy options,
and so on

to share analysis of findings from the preliminary study undertaken to explore key issues of
EVs including but not limited to technical, financial, and policy reform possibilities, and lastly
to present and collect feedback for potential of the pilot projects including establishments of
charging station, workshop and spare parts shop, and discussion on the role of EVs should begin
among economists, transporters and power experts, and urban and environmental planners.
Consumers would have to weigh the cost of EVs against the petrol and diesel driven vehicles
cost and breathing cleaner air in the surroundings.

Prepare charging hubs with based location and show a map of all nearby charging stations
in holding board.
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Open General License di@ a3l Aqedhare WEIfaed gl eige i afemear RR | a=q sawmr Q08¢ w9t fx
T3 J@ufa st foomars dgifaam werl eerE W HER achtiad GRatRa WO R AR Smafd wetesr yedd
T IR e I FFET W SRAET IR TR UgRl ST e U HOE | feWeeT st oI aeueier
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YEfeR W@RiET Handling 7T Processing Plant EaRd& (Hazardous) 8 |
£ YT WEg ddw

TEifoaw Uerl ST Usaaeial 91y fUSRies UGRieT TUAT JRTIUTT WOHT UgT gt a9aTs @axaia (Hazardous)
UGTIT Group AT WIfEUsT & | Hazardous JUT HU&T RUT a9 UWGRiGT IRER ARa & frufzor v fmfor
AT NGT Saerwas Ioqua areadwRt Standard &, Code & 3 Specification &% fuiRUT WU@T B T TERWI AW
IRTHT G | AW WRET TR T ¥ F@@w AW Depot/Terminal FXAT WaRT Ieus ®fUd WFIUT ATAGRER,
wTugUSEE, ffireEe T guidline &% WHAET Tadvad XY ST Aol A QAU Igad Jered Tqud ge | A
g7 fiy FRUaE g goewr/favRe G aeeml g R WA APEni WA WET @I SRt RuET
JUHVTEE X JASEERH! STHAT Wl ATfey ol Wbl SrareelT Fsiar gog ¥ a9 gl auadl i URATgR &9 e
T U 9Fg | A9eIRUT A9 WGRiGT SRR 6 AT IRk Wi T wie ey e o grqet Semeget
fomior ST T woTew ET Wi FiEET AW WhSSEEd! awrEd U gy | Al AW FRTATE WA FRT forwtor
FEAT WiaSAT Haufer THAAT gHEAT §H IRAT WA STARRITET Ul Step & codes/standards3taeiy dewT W/ Bw
Wl @ g | a9 faomr a¥ #RuT YawwT TR § | codes/standards SRR @@l ® HA AT ST dGTAT
SEEAT YA T ST Yo | ReRT ufer ot ¥ efgfiedte wrqul e fage s
TS | IQERUTT QIRT TIET High blood pressure (00 mm Hg T #@1RI) WEar Aifoaars Suar saer &
Ffagamfa Ior faser v afyg @™ TERERT Foule I AT g WFE | WESRUT fam T codes/standards stawEEw
R fowtor HosT SRawmer uf w7 |

WA W FRER T W AT T T Feme T o & HI9eS, LESYEy ¥ WA angts! stawras INr
fomior @Rl ar Feraw TuE @ 7 W F YaHwET AEauul WA & | IR TR FRER ¥ SoaTad Wt arr
TATEHT TATUAT T Wl ITh BT JOITST qGTSAhT AT JewwgT Ufeer Land selection ejual g9 | 9T @IT &
FHET Gad! JH a9 frTiwmer wee wmuer W savad ug |7 &R0 Plant design philosophy AT fqguaT grareeT
TqTET BT SR land select IHUE | AWHT YA UTHT TRAT Joi@ et ¥ FATAV ot A WAl AGAT TG HEA |
a9 IRAT afe 7 dfwt Ik design philosophy AR e &7 |

g UgTiT T Hazardous WY@T &RUT plant layout I & YshgH Agcaqui ¥ IfRR & | Wi fawior gl
fafirer sopew gzatew ud W= Tankage Block, Admn. Block, Electrical Block, Control Block, Fire Sefty Block
TCHT T Specific TITTAT Ireque | ¥ prevaling wing direction, approach road ¥ Plant uf¥¥=a® vapour
foswrem direction ufer fuiRoT JHUS gE | WEdT @7 SEvAS UA @RQUT material &% T SUGRUTEGHT
Standards/codes fauiRur weust &E | W fow{oT gW FEAT Ued® material ¥ Iuwvuter fadieor YwE
MUY | W WGt W@ nut and bolts et F1E AR F/4W IE THUS g | I ST FHRIEEAT Plant layout
Philosophy & fade I &M@ Flood area, low land, buffer zone (No construction zone), population density ¥
& Hazardous factory && @0 snadw WRAuUy ¥ ¥4 UsEe i@ Jfagar A Plant layout ®® awnfs
TSI |

Plant Layout #wt (Rgifeem feur/ehimm fmfurer snfin) :-

q) e ufvex i seue fafiew Block feraiRur et aifer aieiuet @RiAT staewaw o uw fasr Site location map,
Area topography control map, High flood level in the area, source of water supply and likely entry point,
electrical supply source and direction of entry point, Approach roads to main plant areas, Inward Outward
product movement by roads and pipelines.

J) WUl wwars Block #war fawifsa ™t future expansion T IRT Tava® WM TRA HEATYY SAHES
HeAqaHegT Agcauul Block, Tankfarm block area fotiRUT Jduet g7& | ca@UlE ATA 360 SAHECHT SIARA (et RUT
AU g |

3) Plant @T Orientation ferufRuT gt s/ Wecauul wer Ugifeaw ugriae Scue g% Hydrocarbon @7 Vapour &
ey I WeE Wi@T AW@RT W Pravaling wind deirection @1 foriRur IRt IR Vapour SRiSeR WA HUST
& fw Iev o fepfirmer awefgge |

8) SRS WIAHT HREE TedT ARl Boudrywall TfeR 319 geared ug |

¥) Future Expansion & @il siavas @@ fraiRor seus goe |

&) Process unit g% AwiiE HT fur uga g IR wifEaug |
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9) Storage Tank, Pump House ¥ Loading/Unloading Bay %7 weTe U UrguATgaats Product flow & SFATEHER
fremgR FumERiE gt g3 g TR g |
T) Storage Tank &7 Ugrl 3fqeuat Group guideline 3FAR foruifvea aweuef |
B) Main Power receiving station #FaT3US aqa! @feie Yrequy |
90) Overhead Power Transmission line Plant &Y ATRIETE U HU&T &7 &6 |
99) Power Generetor processing unit / utility @7 afde TRY IEqug |
9) Plant uf¥exfirar femfor sfust units g&a@T minimum safe distance standards/codes/OISD @7 @R feutzor
e g |

grret foramer/ wfafimr sreufamfioa woer dvmn Udifaaw wrf ST steT Hazardous UGTHRT JUAT URGT UgTieT
FRER g1 &= Plant fmfor 7ot T ItF WA swRIigdr Standard SRR Setew e IRy faser o & | awer
FagAYIATaTS STeded YSWIATeT W 3RF @At Technology ATE A THTAV Te(Uel ETAehT STERUTH IGT ITh S et
et |fster 89 | Experienced Engineer EaTE 3WF @@ Trained JIRTSTU W1 WY T I« WeTWaTa! certification
Ui IRTIAUA §o | 7F AT BRI ATGIAT UISH RN Ul g | T A q9 {IOaAT AT BRG] AT AT
ArGYST §TT STEVAS GAT THUAAT ¥ SR e TABIRIDT AT WIY Ufel HQUreT RTG53 of g J8T ata & |

WRW ¢ fmior:

TEifeeH W R I Plant TAOAGT @ oW Age@uui Storage Tank o & feewa a¥er smemwer
Weighted Average Plant @& @nra gftede @ wike® | Storage tank @7 fiuT Code wWe@t API (American
Petroleum Institute) 650 tenth edition ar wrqufi®r Addition AT smenfRa WOR eue | fafiet T st code
WAt g $ERHR API Standard & weiwr aifves |

Tank feAfuT sttt @t Design data fover @R & |

Design Data

- Design code API 650

- Itemno : Storage Tank no
- Internal design pressure .. kg/cm®

- External design pressure .. kg/cm?

- operating pressure . kg/cm?

- Hydrostatic pressure .. kg/cm?

- Design Tempreture . "

- Operationg Temperature ... Ko

- Shell joint efficiency 100%

- Head joint efficiency 100%

- X-Ray examination Full

- Shell corrosion allowence ....mm

- Head corrosion allowence ....mm

- Capacity ..m?

- wind

- Earthquake

- Thermal insulation NO

- Fuel Contained oil (MS,HSD,SKO)

vy
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AR Jeifiad el Ageauul Data TITUHT G | o1% TET TRV Tt TR TR |
- Material of Construction (Example) :

- Bottom plate - S.A.283 Gr. C
- Shell plate - S.A.283 Gr. C
- Nozzle neck form pipe - S.A. 106 Gr. B
- Nozzle neck form forging - S.A. 105Gr. B
- Fittings - S.A. 234WPB
- Wing girder - S.A. 283 Gr. C
- Curb angle - S.A. 283 Gr.C
- Structurals - IS 2062 Gr. A.
- Internal Welded - 1S2062 Gr. A
- Internal bolting and Nuts - S.A. 193. Gr. B.
- Gasket - Spiral woond Gasket
T/ BNSA FA/ A BIH THL TG, ? -
1. API 650 :-

Welded steel tanks for oil storage, material, design, fabrication, erection and testing requirements
for above ground vertical, cylinderical close and open top welded steel storage tanks in various sites
and capacities.

2. API 653 :-
Tank inspection, repair and reconstruction.

3. APIRP 651 :-
Cathodic protection of above ground storage tank

4. API RP 652 :-
Lining of above ground storage tank bottom

5. API RP 2350 :-
Overfill protection for storage tanks in petrolium facilities.

6. API Standard 2610 :-
Design, Construction, Operation, maintenance and inspection of Terminal and tank facilities.

7. API 620 :-
Design and construction of Large, welded Low presure storage tanks.

8.API -2000 :-
Venting atmospheric and low pressure storage tanks.

9. API - 2015 :-
Cleaning Petrolium storage tank.

ARt Jifad BISEe dad Ul S| HISETRT WA TNeg wed Material &gt ASTM (Americal Standard of
Testing Materials), Material feAfuTAT ASME (American Standard of Mechanical Engineering) waiwr rfewe |

wE@® M ga FHART §geE |
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&5 3. fafom wfor Suream

TS HegT 9T a6l 3ONTE Q09T WTAAT &ivd €3 UeT SFHaAT Asian Development Bank -ADB @7 SEUT WgaAT
ar fedr  fomfuniE et st &1 | 3T 08y l6e FR fomer &k 3y JwEl aw s feur afvemer @
G R § TEATE TEid Qs JMEgHT § | 09T W 3 IUHT ¥ FWUEST &oars gars seuw feut
fRmmoeae @ Ugw, fesw v Affaqer fawt faawor @ omdvger Rmiv 1 Qoyz ufim Aviation ¥ Non Aviation
Product @T¢ fonmer gergs wunt fasY faawor aef SEva@ Non Aviation depot @7 $UAT atieie feur Tumu=T aReT
2 | four TuTuET FRAAT AT veo F.fa @ Q IR Y0 E . tgwer, Q900 fR.fa @ 3 R &300 fEfA feww ¥
2900 ffar @7 3 T veo frfa @1 q 9f¥ vogo frfar witawar WuSRUET =@ F@r fEr | Qoyz wwwT I
feur waraawr seaT fewer feureed A @ smufew wafaat afve ¥ wRR wiEfey Sfrauiwese wew woar
fedrar TuAT et | IR TRT Uit e aeR fasRT Co-q00 T fa, fese v wfgamer 300-3y0 fefa &
et fmer sfieare (fase | Soh TwamT fewmr Wt Afdaer fooet ot g Rt R, ufir fmr Qoey
et fewe ¥ Afiaear A@r wER @ frofa R oy AgeRer furear s @@ feumr ufw wfaeer faser
UG = g WA |

A® oI STRcaa®h I We Uiy fawe fomior @eia aife foger oot o/ aima. Q004199 AT ¥g| ¥
fesraar fasrt faazutar stawm gfa Qovy 10ve @ Agia fesarat fasrt faaRutar  srawmee T Tvha afdem |

300000
250000
200000
150000

100000 -
50000 -
O .

2071/72

2072/73

2073/74

2074/75

2075/76

MS

113220

92102

149663

170542

185230

HSD

148837

139917

201539

237165

258772

SKO

7678

3987

5405

5224

5006

mMS
W HSD
SKO

fiReR agg e faww femivrer wfafaf, sERieRoT 3 Audieee Fa witer afg Woet aRUE @@ SR g T
fevim gua arftis TueT sqg TaEr @ | femer dfveTm sTaw wuvEeT YRi@ feuae A U, fewe R
AfAw o T We WA g 9ge Y feutet sraar skl Remeiee W@ o w7 WA e
IR feur qur fvmar @ @ TRATE FHET STAAEIGTEE ST W TRUST § Wa ARad aSiiae S o
aRuE & | sweEvew feumr tEifeew urdueidae AnaHeTe g fesimer srur AW aRifve feore aweAT
TETSH AT AT F | dweie feniare faeanig TuRT sreRod!, WehtR, dfvdauR,  wiuwses, R,
FraEr, e, Fa@e ¥ ¥gar facmr dgifom wrier g erwe gd feuie Amea o aifves | foeamr
TUAT qwae feuEe dgifvew ugrl fesht famvur g wrugwet ST, Eifhan ugnl At 6 BRI WRAT ARgHT
dFgHaT TE Ud feur HusRUT eaT T STER R |
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3. WR Yagemy faavor
"Purity in Petroleum Product is Commitment”
Nepal Oil Corporation Ltd.
AQV/ 3. No. Provincial Office
Vo Thankot, Kathmandu
Storage Capacity (KL)
Total Capacity
Product | Tank N C ity (KL R k P/L (Ltrs.
rodu ank Name | Capacity (KL) usable (KL) emarks /L (Ltrs.)
MS/TK1 760 In operation
Ms/TKz e Not In operation
MS/TK3 2100 In operation
MS/TK4 2100 In operation
MS e = 5310 25734
UG2 70
UG3 70 All UGs are in operation
UG4 70
UGS 70
HSD/TK1 2100 In operation
HSD/TK2 2100 In operation
HSD HSD/TK3 2100 £390 In operation A
HSD/TK4 2100 In operation
SKO |sko/TK1 760 760 In operation 31833

ATA.009/93 AT fovmwer aw feumT SEwr wifawer Affaa WusRUT w6t 900 fFf@ &1 g @@ Vertical Tank @€
WA ASHAT TARRT IRY P HUSRUT &HAT FaGTgeT WY foids TUAT STeAToSiT Ugieat onita Wivew
glafyera REr | W 900 fefa & user aff@@@r Vertical Tank @ s afy feoar wusRuU@T =reww
AfATETaT WU aeRar Anr qRitae fesmer feeiar ofa swen sew s | g awee feurer fas famwor
et T e €00 fE.fa 3 fewmr woo forfw oa wftaw 9y forfer dfaew | TwomER FroaT WoeRUT ewaERE
Ha v fimad v feow ¢ Rmed wF (e | aw fedmr fedr waw e geEr W aE e tfw ud
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Contamination and Cleanup Of Aviation Fuels
& Er. Manoj Kumar Thakur

Contamination

On its journey from refinery to aircraft fuel tank, aviation fuel will spend time in storage tanks
and also be transferred one or more times. Each time a transfer occurs, there is a potential
for contamination of the fuel to occur. Particulate matter and water are the most common
fuel contaminants. Other sources of contamination include: other petroleum products,
surfactants, microbes, and dye. I have tried to describe each type of contamination briefly,
and the procedures and equipment used to remove contaminants from aviation fuel.

Particulate Matter

The dominant source of particulate matter is the solid corrosion products that slough off pipes
and tanks (rust and scale). While protective coatings are being applied to the interior
surfaces of more and more tanks, particularly those in critical service, the predominance of
steel in industry facilities and the universality of water as a contaminant ensure that almost
any distribution process will result in some rust contamination. Other sources of particulate
matter are: refinery processing materials (catalyst fines and salts); airborne solids that enter
through tank vents or slip past the seals of floating roof tanks (dust and pollen); solids
from damaged hoses and filters (rubber particles and fibers); and solids from microbial
infestation (cellular debris and microbial by-products).

Water

Water in aviation fuels comes from a number of sources. Many refining processes employ
water or steam, either directly or as heat exchanger coolant. Any free water picked up during
processing is removed before the fuel leaves the refinery.

Because most pipelines are buried, tenders tend to be cooled during transmission. Cooling
will cause droplets of free water to form if the jet fuel was close to being saturated with water
when it was injected into the pipeline. Even if the jet fuel was dry on injection, it may pick up
free water deposited in low spots in the pipeline by the tenders of other products.

Rain water may leak by the seals in floating-roof tanks. Water in moist air may condense in
fixed- roof storage tanks, which must be vented. Air flows in and out of a fixed-roof tank as
product is added or removed and as the air above the product expands or contracts in
response to changes in ambient temperature. When warm, moist air enters during the day
and is cooled at night, water may condense and 'rain’ into the fuel. The amount of water
generated by the process depends on the relative humidity of the air and the difference
between day and night temperatures; it can be significant for tanks where the climate is humid.

Other Petroleum Products

If a batch of aviation fuel is contaminated with enough of another petroleum product to move
one or more of the specification requirements off-test, there is no remedy. The batch must be
returned to a refinery for reprocessing for the countries having refineries but in our case the
contaminated product is downgraded to SKO. So, aviation fuel lines and tanks are rigorously
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segregated from lines and tanks containing other products in the refinery and in the
distribution chain.

These situations can be managed by keeping the relative amount of contamination small
enough that it doesnt significantly alter the specification properties. However, even small
amounts of contamination can be a problem for aviation fuels.

Surfactants

Surfactants are polar organic compounds that can stabilize a fuel-water emulsion by reducing the
interfacial tension. Surfactants can also degrade the ability of filter/ separators to remove water,
because they, like water, are attracted to and stick to the hydrophilic surfaces of the coalescing
medium. Thus the presence of surfactants could potentially allow free water in jet fuel.

Surfactants may come from refinery processing, but these are removed at the refinery by clay
treatment before release. Surfactants from other products can absorb on pipeline walls and
pumping equipment in a multiproduct pipeline, and later desorbs into jet fuel. Surfactants may also
be introduced from soap or detergent used in equipment cleaning.

Microbes

Aviation fuels are sterile when first produced because of the high refinery processing
temperatures. But they become contaminated with microorganisms that are omnipresent in air
and water. Microorganisms found in fuels include bacteria and fungi (yeasts and molds). The
solids formed by microbial growth are very effective at plugging fuel filters. Some
microorganisms also generate acidic by-products that can accelerate metal corrosion.

Since most microorganisms need free water to grow, microbial growth usually is concentrated
at the fuel-water interface, when one exists. Some organisms need air to grow (aerobic
organisms), while others grow only in the absence of air (anaerobic organisms). In addition to
food (fuel) and water, microorganisms also need certain elemental nutrients. Jet fuel can
supply most of these; phosphorus is the only one whose concentration might be low enough to
limit microbial growth. Higher ambient temperatures also favor microbial growth.

The best approach to microbial contamination is prevention. And the most important
preventive step is keeping the amount of water in the fuel storage tank as low as possible.

Cleanup of Aviation Fuels

Contamination with particulate matter, and to a lesser extent, with water is unavoidable
during distribution. Therefore, the aviation fuel distribution system includes processes to
remove these contaminants:

e Filtration to remove particulate matter
e Filter/Separator, water-absorbing media

One or more of these processes may be used at each stage in the distribution chain: at the
refinery, at the inlet or outlet of terminal tanks, at the inlet or outlet of airport storage tanks,
and in equipment dispensing fuel into aircraft.
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Filtration
Passing a petroleum product through a filter with a pleated paper or synthetic fiber medium
removes solids with particle sizes larger than the pore size rating of the filter. Typically, filters
with @ nominal pore size of five micrometers (microns) are used for jet fuels. These filters are
commonly called pre-filters, because they are typically used before filter/separators, or
micronic filters, because they are rated by the size of particulate removed, e.g., five microns.

Filter/Separator

The filter/separator is the workhorse of the processes used to remove free water from aviation
fuels. Two media are involved: First the fuel passes through a water- coalescing medium,
which is composed of fibers with a hydrophilic surface that serves to combine small drops of
water into larger drops (see Figure). Then it passes through a water-separation medium, which
has an outer hydrophobic surface that rejects the larger water droplets. The rejected water is
collected in a sump. A filter/separator does not remove dissolved water. Figure is a cutaway
drawing of a typical filter/separator.

Figure A: Filter/Separator
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The filter/separator media will remove particulate matter larger than the pore sizes of the media, as well
as free water.

The American Petroleum Institute (API) and the Energy Institute (EI) have issued joint performance
specifications for filter/separators (APL/EI Specification 1581, 5th Edition), and currently Aviation Fuel Station,
Kathmandu is using the same.
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LPG DEMAND ANALYSIS OF NEPAL: 2017 — 2034

4 Er. Bharat Regmi
£ Er. Manika Manandhar
Background:

About 16% of total country energy consumption of Nepal is contributed from Petroleum Products
(Source:WECS, NOC, NEA, MoF). The past energy consumption history of Nepal shows that at every 15 years
time interval, the consumption of petroleum products get doubled with annual growth rate of 5.23% in
comparison to total energy consumption growth rate of 2.81%. Nepal do not yet have proven source of
petroleum products till date and is completely dependent of supply from India. In fiscal year 2018/19 Rs 192
billion was spent for the import of petroleum products.

LPG (Liquified Petroleum Gas) has become one of most prominent source of energy in Nepalese kitchen.
According to National Population and Housing Census 2011, about 21.03 percent households use LPG . In
urban areas, more than two-third, or 67.68 percent, of the households use LPG for cooking. In fiscal year
2018/19 Rs 33 billion was spent for the import LPG.

Fire wood is still a major source of fuel in Nepal for cooking as more than half (52.4 percent) are using it
(Table 1). By quintile groups firewood is highly used for cooking by first second and third quantile whose
dependency proportion is 67.2 percent, 71.7 percent and 69.3 percent respectively. Firewood is used by 65.8
percent rural and 35.4 percent urban households. Use of LPG gas is the second most used cooking source in
Nepal (33.1 percent). In urban 54.1 percent and in rural 16.5 household are using LPG gas. It is also found
that 8.5 percent use cow dung, 2.7 percent leaves, 3.1 percent biogas, and 0.2 percent other source
forcooking.

Table:1 Various sources of fuel for cooking

Leaves/

Firewood Cow straw/ Cylinder Bio-gas  other Total
dung thatch gas

Urban/Rural

Urban 35.4 4.6 1.7 54.1 3.8 0.4 100
Rural 65.8 11.7 3.4 16.5 2.5 0.2 100
Consumption = Quintile 0.0
Poorest 67.2 20.7 8.3 2.2 1.1 04 100
Second 71.7 12.6 5.2 7.7 2.8 0.0 100
Third 69.3 8.1 1.9 16.6 3.8 04 100
Fourth 49.3 4.8 0.4 41.4 3.7 0.3 100
Richest 19.8 2.0 0.0 74.5 3.3 04 100
Nepal 52.4 8.5 2.7 33.1 3.1 0.3 100

The above given figure shows the energy consumption by
fuel type for 2017/18. The majority of energy is supplied
from Traditional fuels such as Fuelwood biomass, animal
dung, agriculture residue etc. The heavy dependency on
Traditional fuels for cooking has caused indoor pollution.
Still 40% of the world population relies on unclean
traditional resources for cooking and around 2 million
people including 80,000 children lose their life annually by
breathing in toxic smoke produced by unclean burning of
traditional fuel.The second highest share comes from
petroleum product. Petroleum products has share of
around 16% of total national energy consumption. On the
other hand, the indigenous renewable energy electricity
has only share of 4% of total energy consumption.




wera 200 || ;

Building on the relative success of the Millennium Development Goals, Nepal has committed to pursuing and
achieving the Sustainable Development Goals (SDGs) by 2030. SDGs are an internationally agreed set of
common development objectives by Nepal. These global ambitions are broadly aligned with the social,
economic and environmental aspirations that Nepal has set for itself in its new constitution. The SDGs,
therefore, are not just an international milestone, but they represent a set of solemn commitments made by
the people of Nepal for shared progress. The below given table shows the sets of Target and Indicator to
ensure universal access to affordable, reliable and modern energy service.

Targets and Indicators 2015 2019 2022 2025 2030

Target 7.1 By 2030, ensure universal access to affordable, reliable and modern energy services

7.1.1 Proportion of population with access to electricity 74b 80.7 85. 90.7 929
7

1 Per capita energy (final) consumption (in gigajoules) 16@ 18.1 19. 21.3 24
7

Proportionofpopulationwithprimaryrelianceoncleanfue
7.1.2
Is andtechnology

1 Householdsusingsolidfuelasprimarysourceofenergyf

or cooking(%) 74.7¢ 65 > 5 30
2 Peo;gleu5|ngI|qU|dpetroleumgas(LPG)forcook|ngandheat| 1 3.6 27, 32 39
ng (%) g
3 Electricity consumption (kWh per capita) 8od 230 542 1027 1500
Target 7.2 By 2030, increase substantially the share of renewable energy in the global energy mix
7.2.1 Renewable energy share in the total final energy 11.9€ 22.1 29.7 37.3 50
consumption
1 282d 2301 5417 = 10260 1500

Installed capacity of hydropower (MW) 0

Target 7.a By 2030, enhance international cooperation to facilitate access to clean energy research and

technology, includingrenewableenergy,energyefficiencyandadvancedandcleanerfossil-

fueltechnology,andpromoteinvestment inenergyinfrastructureandcleanenergytechnology
Internationalfinancialflowstodevelopingcountriesinsupp

7.a.1 ort of clean energy research and development and
renewable energyproduction,includinginhybridsystems

Target7.bBy2030,expandinfrastructureandupgradetechnologyforsupplyingmodernandsustainableenergyservice
s forallindevelopingcountries,inparticularleastdevelopedcountriesandsmall island developingStates.

Investments in energy efficiency as a proportion

7.b.1 of GDP and the amount of foreign direct
investment in financial transfer for infrastructure
and technology to sustainable development
services

Source: a: Consultation with thematic committee and experts from NEA, b: CBS (2011b), c: NPC (2016), d: NPC
(2015a),e: CBS (2014a)

Further, the Load forecast of Nepal Electricity Authority is as given below in Figure 2. The Authority has
already assured the production of electricity as per load forecast. It shows that there will be an aggressive
electricity production in near future years. Further, Nepal government’s white paper on the energy, water
resources and irrigation sector aim to increase production capacity to 15,000MW. On the other hand, the
government of Nepal has set sustainable development target of increasing the percentage of people using
liquid petroleum gas (LPG)for cooking and heating from 18% by 2015 to 39% by 2030.
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Figure 2. Peak Load Projection of Electricity (A year in Review 2017/18, NEA)

This work aims on determining the future demand of LPG of Nepal in context to the current electricity
production of the country as per peak load projection done by NEA as shown in Figure 2.

Model Development:

The IAEA's energy planning tool MAED has been used for this study. MAED uses a bottom-up approach to
project future energy demand based on medium- to long-term scenarios of socio-economic, technological and
demographic development. Through scenarios, the model specifically captures structural changes and
evolution in the end- use demand markets. For competing forms of energies, the demand is first calculated in
useful energy form and the final demand is derived taking market penetration and end-use efficiency into
consideration. Energy demand is disaggregated into a large number of end-use categories corresponding to
different goods and services as shown below.

| Breakdown of econamy by sector transport, household, Industry and service ‘

l

| Scenarioassumptions |

| Socia-2conomic scenarios ‘ ‘ Technological Evalution |
Social need | | Level of Econamic Activity | ‘ Techhological determinant |
"‘ Useful Energy darmand |"

‘ Fuel Penetration Level ‘

| Efficiency of Appliances and Frocesses }47

‘ Final Energy darmand ‘
| Electricity demantd ‘ ‘ Mon-Electricity demand |

Figure 3MAED framework of analysis (IAEA, 2006)
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LPG Energy demand calculations:
Energy demand is disaggregated into a large number of end-use categories corresponding to different goods
and services. The influences of social, economic and technological driving factors are estimated and combined
in each different category to present an overall picture of future energy demand growth under the
assumptions of that scenario. LPG energy demand is aggregated into three sectors: transport, households
and service.

The energy demand of transport sector is calculated directly in terms of final energy as a function of the total
demand for transportation of passengers (passenger-kilometers) and freight (tonkilometers), the breakdown
of this demand by competing modes (car, bus, plane, truck, train etc.) and the specific energy needs and load
factors of each mode. For transport of passengers, the distinction is made for urban (intracity) and intercity
transport. The total demand for transport is calculated separately for freight and passengers according to
macro-economic and life-style factors. In the case of freight transportation, the demand is calculated as a
function of the GVA contribution (tkm/NRs). On the other hand, the demand for transport of passengers is
determined from total population, population living in large cities, and the average intercity and intracity
distance travelled per person.

Household sector energy demand determining factors are of demographic nature (population, number of
dwellings etc.) The categories of energy use considered in Household are: space heating, water heating,
cooking, air conditioning and electrical appliances (refrigerators, lighting, washing machines etc.). When the
demand of a given end-use category can be provided by various energy forms (space heating, water heating,
cooking and air conditioning), this is calculated in terms of useful energy and not in terms of final energy. The
final energy demand is then calculated from the penetration into the potential market and the efficiency of
each energy form (relative to that of electricity for the same use) as specified in the scenario. The energy
consumption for secondary appliances is calculated separately for electrified dwellings, for which the use of
electric appliances is assumed, and for the non-electrified dwellings, for which alternative appliances using
fossil fuels are considered (kerosene lighting, refrigerators on natural gas etc.).

The demand is essentially determined by relating the activity level of an economic activity to the energy
intensity. The demand is first determined at the disaggregated level and then added up using a consistent
accounting framework to arrive at the overall final demand. The model focuses only on the final demand and
does not cover the energy used in the energy conversion sector. Energy demand is driven by the GVA and
population growth. Population projections were considered to reflect trends in population growth while GVA
growth rate was used to develop economic growth scenario. These population and GVA figures were used to
estimate end-use demand in the five sectors of the economy (agriculture, commercial, residential, industrial,
and transport) over the modeling period. The modeling time frame is from 2009 to 2050, and 2009 i.e. fiscal
year 2008/09 was taken as the base year for the study for reasons of data availability.

Demographic Assumptions:

National Population and Housing Census 2011 put the national population of Nepal at 26.4 million with
population growth rate of 1.35% per annum. Population for the base year 2017 has been calculated to be
29.05 million. Population over the study period has been projected assuming the annual exponential growth
rate of 1.35% for 2001-100, 1.31% for 2010-20, 1.12% for 2020-30 and1.01% for 2030-34. With such
assumptions the 29.05 million populations is estimated to increase to 34.85 million by 2034.The average
household size of 4.65 in the base year is expected to reach 3.97 by 2034.

Economic Growth Targets:

The National Planning Commission has projected 5.8% annual growth of GVA during the period 2011-2013 in
the Three-Year Interim Plan. Of the overall economic growth rate, the agriculture sector is estimated to grow
by 3.9 percent and non-agriculture sector by 6.4 percent. With this growth rate per capita income will
increase by 3.5 percent and employment will increase by 3.6 percent on an annual average basis.

In this study the GVA is assumed to grow at an annual rate of 5.8% i.e. same as that of Three Year Interim
Plan. GVA have been calculated at 2000 constant price. With this assumption the 590 billion GVA (at 2000
constant price) in 2010 is expected to grow to 5,627 billion (at 2000 constant price) in 2050 i.e. almost by ten
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folds. For the purpose of GVA sub sector projection, the same sub sector growth as projected by NPC has
been assumed. Further it has been assumed that the GVA is expected to grow at a constant rate to 2050.

According to this assumption, the share of agriculture will fall to 13.79% in 2050, and the share of the service
sector will increase to 68.67%, while the share of the manufacturing sector will fall to 4.04% in 2050.
Similarly construction, mining and energy will be contributing 6.27%, 0.26% and 6.98% respectively in 2050.
In order to obtain the absolute vale of the sub-sectors of GVA, the GVA structure has been normalized against
total GVA (which is expected to grow at annual rate of 5.8 %) for corresponding year. The projected absolute
value of GVA at 2000 constant price along with its subsectors is given in Table III below:

Table 3. GVA Forecast at 2000 Constant Price In Billion NRS

2020 2030 2040 2050
Agriculture 300 425 583 776
Construction 66 119 208 353
Mining 4 7 10 15
Industry 65 102 155 227
Service 570 1,094 2,071 3,865
Energy 32 76 176 393
Total 1,037 1,822 3,202 5,628

RESULTS AND FINDINGS

This has study analyses three different scenarios Business as usual scenario (BAU Scenario), Economic
Growth Scenario, and Sustainable scenario.

A. Business as usual scenario (BAU Scenario):

The GVA growth rate for the base year was 6.71%. The GVA is expected to increase at the same rate
throughout the analysis period in the BAU scenario. It further assumes that the share of each demand
technology in the energy supply in future years will be the same as in the base year. With the assumed
population and economic growth rates, the overall final energy demand of LPG is projected to increase 1.86
times over the study period 2017-2034, with an average annual growth rate of 4 %. The projected final
demand of LPG in this scenario has been given in table 4. Similarly, electricity consumption is expected to
increase by 6.28 %, the projected demand for which has been shown in the table below:

Table 4. Total LPG Consumption in MT

LPG Demand, MT Electricity demand, GWh
2018 361,950 5,557
2020 385,221 6,142
2022 426,826 7,018
2024 455,289 7,799
2026 486,261 8,775
2028 520,819 9,907
2030 559,482 11,220
2032 624,081 12,960
2034 672,626 14,734

Economic Growth Scenario:

In this scenario, GVA is expected to grow as per the growth rate of Fifteenth Plan, NPC, 2076. The base year
GVA of 2731 billion has been assumed to reach 14,113 billion by 2034. It further assumes that the share of
each demand technology in the energy supply in future years will be the same as in the base year. With the
assumed population and economic growth rates, the overall final energy demand of LPG is projected to
increase 2.37 times over the study period 2017-2034, with an average annual growth rate of 5.56 %. The
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projected final demand of LPG in this scenario has been given in table 5. Similarly, electricity consumption is
expected to increase by 8.65 %, the projected demand for which has been shown in the table below:

Table 5. Total LPG Consumption in MT (Economic Scenario)

Year LPG Demand, MT Electricity demand, GWh
2018 361,950 5,557
2020 387,311 6,196
2022 437,427 7,304
2024 478,035 8,427
2026 526,654 9,936
2028 584,709 11,816
2030 654,349 14,159
2032 759,408 17,303
2034 860,454 20,970
B. Sustainable Scenario:

The same demographic and economic assumptions considered in the Economic growth Scenario have been assumed in
this scenario as well. In addition, energy demand grows with technological intervention, mainly referred from the
Sustainable Energy for all, Nepal: Rapid Assessment and Gap Analysis, NPC
(a) Service sector
By 2034, 31% of the energy consumption in the thermal uses in the service sector is assumed to be contributed by LPG
and 35% by electricity, as opposed to 61% and 5% consumption respectively in the base year.
(b) Household sector:
By 2034, 44% of the energy consumption in the cooking purpose in the household sector is assumed to be contributed by
LPG and 35% by electricity, as opposed to 12% and 5% consumption respectively in the base year.
(c) Sustainable Development Goals:
e Decrease the percentage households using solid fuel as primary source of energy for cooking from 74.7%
in 2015 to 30% by year 2030.
e Increase the percentage of people using liquid petroleum gas (LPG)for cooking and heating (%) from 18%
to the 39% by year 2030.
e Installed capacity of hydropower (MW) of country will growth from 782MW in year 2015 to 15000MW in year
2030.

With the assumed population and economic growth rates, the overall final energy demand of LPG is projected to increase
2.86 times over the study period 2017-2034, with an average annual growth rate of 6.79 %. The projected final demand
of LPG in this scenario has been given in table 6. Similarly, electricity consumption is expected to increase by 14.83 %,
the projected demand for which has been shown in the table below:

Table 6: Total LPG Consumption in MT (Sustainable Scenario)

Year LPG Demand, MT Electricity demand, GWh
2018 361,950 5,557

2020 432,711 7,965

2022 533,198 11,455

2024 598,955 15,087

2026 668,912 19,549

2028 742,786 24,958

2030 820,444 31,523

2032 948,781 40,652

2034 1,035,887 50,751

LT




verrd 20u¢ || 48

) i O
LPG consumption in different scenarios Electricity consumption in different
scenarios
----------- BAU Economic Growth
. o sesesses BAU Economic Growth

1200 =====" Sustainable Scenario
w b
2 = === Sustainable Scenario
(4]
g 1,000 " 60 -
o e
[ 800 g 50
[ o
S £ 40

600 =

= 30
o
400 20
200 1 1 1 1 1 1 1 ) 10
2018 2020 2022 2024 2026 2028 2030 2032 2034 0 . . . . . . . .
2018 2020 2022 2024 2026 2028 2030 2032 2034
Figure 4: Demand projection of Electricity and LPG at various scenario

CONCLUSION:

This study has examined effects of clean energy intervention in the cooking sector of Nepal over the period 2017-2034.
This study also reveals that increase in the electricity penetration into the energy system would promote sustainable
development of indigenous hydropower resource in the country. The business as usual scenario demands 14.7 thousand
GWh electricity by 2034 which is equivalent to 3,505 MW installed capacity (capacity utilization factor for hydropower
plants taken as 0.48). The economic growth scenario requires 21thousand GWh electricity by 2034 which is equivalent to
4,987 MW installed capacity. With the increase in electricity share in the sustainable scenario, the electricity demand will
be 50 thousand GWh in 2034 equivalent to 12,070 MW installed capacity.

The LPG share has been calculated to be 672 thousand MT, 860 thousand MT and 1035 thousand MT in BAU scenario,
economic growth scenario and sustainable scenario respectively, which indicates that LPG share in the cooking sector will
continue to prevail even though electricity is intervened in cooking. It is more likely that share of traditional fuel like
biomass, agricultural residue and animal residue will reduce substantially through electricity usage in cooking.
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It occupies 33.6 Hector of Land. The Motihari-Amlekhgunj pipeline is a 69 kilometres (42.9 mi) among that
36.2-km of the petroleum pipeline-- from Raxaul border to Amlekhgunj-lies in Nepal and 33km of it-- from
Motihari to Raxaul, lies in India. This MAPL will make transportation of Qil easier and safer and faster to all
the corners of Nepal. It also the first trans-national pipeline in South Asia. The pipeline was jointly
inaugurated by Prime ministers of India and Nepal on 10th September 2019. This will be the first ever cross-
border petroleum pipeline, not just between India and Nepal, but also in the whole of South Asia. With the
effort of the NOC and IOC, and both governments, the construction of the project was completed almost 15
month before the target. The pipeline will drastically reduce the cost of transporting fuel to landlocked Nepal
from India. The 69-km long pipeline will replace tankers that carry petroleum products by road between India
and Nepal. India has also expressed immense hope for the prospects of the new pipeline. "This India-Nepal
energy cooperation project is a symbol of our close bilateral relations. It will help to enhance the energy
security of the region and substantially cut down on transit costs, the role of Amlekhgunj depot is general and
supportive for the pipeline project and its backup for other depot of NOC. In the first phase of pipeline project
I0C upgraded the existing four (4) vertical tank of capacity 4000 KL each for storage.
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An Analysis of Nepal's Petroleum Transportation Network
& Pramesh Pudasaini

Note: This article incorporates selected analysis and results of the case study from my paper entitled ‘A multi-
objective analysis of a petroleum transportation network under uncertainty' published in the International
Journal of Logistics Systems and Management' (IJLSM). No part of this article may be published or used in
any form without the author's consent.

1. Introduction

Petroleum supply chain (PSC) is a complex network consisting a series of production centers (refineries,
terminals and/or depots), storage-cum-distribution locations and finally customer markets. Models for the
planning and operation of such networks can be done either for the entire network system or for each
interconnected subsystems therein. The PSC in Nepal can be envisaged as a spatial supply-demand network
involving the processes of import from production or supply centers, transportation to storage or demand
locations, storage therein and finally distribution to customer market centers, as shown in figure 1. All these
processes are under the jurisdiction and management of the country’s petroleum trading monopolist — Nepal
Oil Corporation (NOC). Its sole vendor is the Indian Oil Corporation (IOC) whose refineries, terminals and
depots are exploited for the import of different petroleum products.

Import Storage
Production/Supply Storage/Temand
Centers Locations Custc:umer Markets
{Indian Oil Corporation) (Nepal 01l Corporation) {Retail Outlets)

Transporiation Distribution

Figure 3. PSC network in Nepal

An essential subsystem of the PSC in Nepal is the transportation network which consists of I0OC's supply
centers (hereinafter referred to as ‘sources’) and NOC's demand locations (hereinafter referred to as
‘destinations’) between which petroleum products are shipped upon import. The freight cost and product loss
encountered during transportation is very high. The purpose of my paper was to propose a decision support
framework for DMs in planning the optimal shipping pattern of products in the network while minimizing two
incompatible objectives. The objective was to set up a multi-objective design problem and analyze it under
demand uncertainty such that the solution will be a set of Pareto optimal possible alternatives representing
the trade-off among the different conflicting objectives rather than a unique solution. (In this article,
however, the analysis and results from have been reported only from the perspective of deterministic
demand.)

2. Petroleum Transportation Network in Nepal

Excluding LPG, the liquid petroleum products imported by NOC include High Speed Diesel (HSD), Motor Spirit
(MS), Superior Kerosene Qil (SKO) and Aviation Turbine Fuel (ATF). The first three products are more
commonly known as diesel, petrol and kerosene respectively. Import statistics of fiscal years 2074/75 and
2073/74 reveal that diesel occupies 69% while petrol shares 21% of the total import of petroleum products.
The imports of ATF and kerosene are limited to 9% and 1% respectively (Pudasaini and Shrestha, 2019).
Figure 2 shows the import pattern of diesel and petrol during the last five fiscal years. Owing to the limited
contribution of ATF and kerosene, these two products have been excluded from this study. Furthermore,
given the peaking growth rates of diesel and petrol in the last two years, only the data of the whole period of
fiscal years 2073/74 and 2074/75 are considered as base data for analysis purpose.
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Import of diesel and petrol during the past five fiscal years
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Figure 4. Total import of diesel and petrol during the past five fiscal years

Roadway is the only mode of transportation in the network. (A pipeline route was under construction at the
time of this study.) The sources are 7 in number; these include: Siliguri, Barauni, Raxaul, Baitalpur,
Mughalsarai, Gonda and Banthara. Destinations have been classified as primary and secondary locations, and
these are 10 and 3 in numbers respectively. Primary locations receive products directly from IOC upon import,
whereas secondary locations receive products in the form of stock transfer from the primary receipt locations.
Owing to their nature of import, secondary locations have been excluded from the network. The destinations
include: Charali, Biratnagar, Janakpur, Birgunj, Amlekhgunj, Kathmandu, Pokhara, Bhairahawa, Nepalgunj and
Dhangadhi. Figure 3 is a Google Earth satellite image showing the spatial distribution of sources and
destinations.

Googhe Farth

Figure 5. Spatial distribution of 10C sources and NOC destinations

The transportation cost between sources and destinations are quantified in terms of ‘weighted distance’,
whereas the product loss during transportation are expressed in terms of the ‘adjusted weighted temperature
loss’ between sources and destinations. Supply and demand of products are considered over a finite planning
horizon. (Note: for details regarding the study data including tables used in this study, please refer the article
published in IJLSM.)

First, a matrix of candidate links has been constructed based on the likelihood of a link connecting source and
destination to be feasible for transportation of petroleum products. Transportation cost has been quantified in
terms of the distance between the supply and receipt locations, computed with the aid of Google Maps in
terms of kilometer (KM). The temperature loss is worked based on monthly mean temperature of all sources
and destinations is computed based on the data of the fiscal year 2074/75. Perusing the statistics of FY
2074/75, the total temperature loss for diesel and petrol stood at 0.22% and 0.42% of the total import of
petroleum products at the locations under consideration. In monetary terms, these loss amount to over NRs.
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500 million, taking into account the average price of diesel (NRs. 83.00) and petrol (NRs. 104.00) for the FY
2074/75. Figure 4 shows temperature loss as % of total import for different primary receipt locations.
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— 0.80%
g
= 0.60%
=
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L 0.40%
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Biratnagar Janakpur  Amlekhgunj = Thankot Pokhara Bhairahawa Nepalgunj  Dhangadhi
Primary receipt locations

Figure 4. Temperature loss (% of total import) during FY 2074/75

For supply side, the ‘supply surplus factor’ of each source is considered. This factor dictates the existing
supply surplus of a source currently not exploited by the DM in the network. Supply surplus has been
categorized as: high, medium and low. From the DM’'s perspective, Barauni, Mughalsarai, Gonda and
Banthara have high supply surplus, whereas that of Raxaul and Baitalpur is low. Siliguri is labelled medium.
Based on the supply surplus, the total monthly supply of diesel (p1) and petrol (p2) that can be expected
from each source in each time period is calculated taking the supply from fiscal year 2074/75 as base data. In
case of deterministic demand, based on the DM's input and the existing growth trend, demand for both diesel
and petrol is expected to increase at a rate of 10% for each of the three time periods, considering the mean
demand from the fiscal year 2074/75 as base data.

3. Modeling, Analysis and Results

The multi-objective deterministic petroleum transportation network problem is formulated as shown in figure
5. The first objective function considers the minimization of transportation cost expressed in terms of
weighted distance, whereas objective function dictates the minimization of product loss during transportation
expressed in terms of adjusted weighted temperature loss. The first constraint ensures that the total outgoing
shipment from a particular source cannot exceed its supply. The following constraint guarantees that the total
incoming shipment to a particular destination shall not be less than its demand. Finally, the last constraint
defines the integral non-negativity condition of the decision variables.

MinF1 = Z Z Z fiCi; Qb

PEPIEQj EP
Min F2 = z ZZfUEpU-Q;U

pEPIEajER
s.t/
ZQ;U < A}, Vp,it €T
J€B

t t ;

ZQPU = By, VpjteT
LEa
Q;‘f}' 20 VinIjJtET

Figure 5. Mathematical model

The deterministic mathematical formulations for two different time periods t1 and t3 are modeled in GAMS
25.1.1 (Rosenthal, 2008) with CPLEX 12.8 as the mixed integer linear programming (MILP) solver. The
resulting model statistics for each time period formulations show 178 single equations, 144 single variables
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and 681 non-zero elements. For computing the Pareto optimal solutions (POS), AUGMECON2 algorithm
(Mavrotas and Florios, 2013) is used. This algorithm first generates a payoff table for the objective functions
using lexicographic optimization. The payoff table for both time periods is presented in table 1. The humber
of gridpoints is set to 19 in the algorithm, so a total of 20 POS are obtained, as shown in figure 6 for t1.

Table 1. Payoff table from deterministic analysis for time periods t1 and t3

. . Objective Functions No. of Links

Time period POS
F1 F2 pi p2
t1 1 40,613,300.00 410,474.00 14 14
20 45,658,000.00 382,352.00 16 16
t3 1 48,236,200.00 467,726.00 14 14
20 54,345,400.00 416,100.00 16 16

415.00
[CELLRANGE]
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410.00 : ELLRANGE

N
405.00 * %&%A’N\l
[ ]
400.00 ‘0
' [ ]
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380.00
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Cost in kilometer-kiloliter ("millions), F1

Figure 6. Deterministic POS for time period t1

Each POS from the obtained set of 20 POS implies a PTN design operating under a certain level of
simultaneous minimization of both the objective functions. For both time periods, POS 1 indicates a PTN
design which yields the best possible minimization of transportation cost (F1), whereas POS 20 describes the
network with best possible minimization of loss (F2). It is evident from the analysis that F1, compared to F2,
dictates lesser requirement of the number of transportation links in the network. For time period t1, about
50% minimization of F1 and F2 within the range of the payoff table can be obtained with POS 19 and POS 10
respectively. About 75% similar minimization of F1 and F2 can be obtained with POS 15 and POS 17
respectively. These intermediate POS are of particular interest to the DM as these network designs propose
about 50% to 75% minimization of both objectives simultaneously.

4. Conclusions

In this study, the transportation subsystem of a real-world PSC network was analyzed considering the
objectives of the minimization of transportation cost and the minimization of product loss during
transportation. A deterministic model was initially developed and tested in a finite planning horizon, and then
uncertainty was introduced in demand via a set of scenarios. Compared to the deterministic approach, the
stochastic scenario-based approach was found to be quite effective in handling demand uncertainties. The
Pareto optimal solutions that could of interest to the DM were analyzed to aid the DM in the search for the
most preferred solution. Given the nature and complexity of the problem, the multi-objective stochastic
approach proposed in this paper can effectively convey the DM two aspects: the optimal values of the
objectives and the decision variables of the most preferred POS. These two aspects govern the optimal
shipping pattern in different scenarios of time-varying product demands for problems concerning the planning
and design of petroleum transportation networks.
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Bio-Diesel
£ Shiva Hari Acharya

Bio-diesel also called Green Diesel is a renewable fuel that can be produced from a wide range of vegetable
oils or animal fats consisting of long chain alkyl (methyl, ethyl, or propyl) esters. It is typically made by
chemically reacting lipids (e.g. Vegetable oils, Soybean oil, zetropha (sajiyon oils) with an alcohol producing
fatty acid esters.

Biodiesel is commonly produced by the transesterification of vegetable oil or animal fat feedstock, and other
non-edible raw materials such as frying oil etc. Chemically, transesterified biodiesel comprises a mix of mono-
alkyl esters of long chain fatty acids. The most common form uses methanol (converted to sodium
methoxide) to produce methyl esters commonly referred to as Fatty Acid Methyl Ester-FAME, though ethanol
can be used to produce fatty acid ethyl esters -FAEE. Using alcohols of higher molecular weights improves the
cold flow properties of the resulting esters at the cost of a less efficient transesterification reactions. The
methanol used in most biodiesel production processes is made using fossil fuel inputs. However, there are
sources of renewable methanol made using carbon dioxide or biomass as feedstock, making their production
processes free of fossil fuels. A by-product of transesterification process is the production of glycerol. For
every one tone of biodiesel that is manufactured, 100 kg of glycerol are produced which has valuable market
price till now in South Asia.

Global automobile and engine producers developed recommendations for biodiesel when blended with diesel
fuel. The guidelines are based on the manufacturers' global experience and expertise. All of today's diesel
vehicles can use up to 5% biodiesel (B5) without engine modification, which is blended into conventional
diesel under the specifications governing diesel fuel ASTM specifications. Neat biodiesel has poorer low-
temperature performance than conventional diesel. Therefore, when biodiesel is used in cold condition, the
biodiesel crystal formed may block the fuel pipe and the fuel filter. This low-temperature properties can be
improved by blending with fossil diesel, blending with fossil additives, decreasing the saturated alkyl ester and
employing branched esters.
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Fig: Schematic diagram of Transesterification and Biodiesel Purification.
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Bio-diesel feed stocks:

e Jetropha

e Soyabean

e Rapeseed

e Sunflower etc...

Bio-diesel can be used in pure form (B100) or may be blended with petroleum diesel at any concentration in
most injection pump diesel engines.

e 100% biodiesel is referred to as B100

e 20% biodiesel, 80% petroleum diesel is labeled as B20
e 6% biodiesel, 94% petroleum diesel is labeled as B6
e 5% biodiesel, 95% petroleum diesel is labeled as B5

The B6 to B20 blends are covered by ASTM D7467 specification. Biodiesel can also be used in pure form B100
but may require certain engine modifications to avoid maintenance and performance problems.

Advantages of Biodiesel:

- Renewable, non-toxic and biodegradable
- No need of additional lubricants

- Reduced emission

- Higher flash point(safer)

- No engine modification for B6 to B20

Nepal's Biofuel policies:

Government of Nepal has been implementing national Biofuel program since the fiscal year 2008/09 by
focusing particularly on promotion of jatropha curcas for the production of biodiesel in a country where
Alternative Energy Promotion Centre (AEPC) has been taking a leading role.

In order to analyze, improve and control the quality of biodiesel being produced in the country AEPC plans to
work with the Nepal Oil Corporation limited, the Nepal Bureau of Standards Management, the renewable
energy testing station and other organizations in the setting up of a laboratory.

Production possibility of biodiesel in Nepal:

Nepal imports petroleum products to meet its ever increasing energy demand. There has been increasing
trends of fuel import since 1993 to 2018 and sharp increase since 2007. India is the main and only one
supplier of petroleum products to Nepal though some agreement has been done with China in 2015 after
south border blockage. Due to its landlocked situation, importing petroleum products from a third country is
almost impossible. As an effort to find alternative energy sources, the Nepal government has developed policy
and programs to produce and promote feedstock for biodiesel since 2007. The most important plants for this
purpose is the physic nut (Jatropha Curcas) locally called sajiwan. This plant doesnt need much water and
thus can be produced in marginal land. Since it doesn’t have food value, it doesn't affect food supply to
society compare to other feedstock. There have been some pilot program running in Nepal to promote the
production of the physic nut. The government of Nepal has established an alternative Energy Promotion
Center (ASEC) to implement programs for alternative energies including the biodiesel from Jatropha. Two
types of physic nuts are recognized in Nepal namely J. curcas and J. gossipifolia. It is estimated that annual
production of Physic nut seeds will be 5000kg/hec/yr and average revenue will be almost double than the
revenue from rice and wheat. Since it has high oil content (47.25%), it is a promising feedstock for biodiesel
production and the pressed oilcake is an excellent organic fertilizer. Although commercial farming has yet to
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be undertaken in Nepal, there has been cultivation in a small scale in different parts of the country. The
geography and climate is suitable for its cultivation as it is highly adaptive plant thriving in tropical to sub-
tropical environment. Manpower for this sector can be trained locally by using Nepalese experts. Farming,
processing and infrastructure development will create many jobs for skilled and unskilled people making win-
win situation for the environment, nation and local people.

Role of Nepal Oil Corporation limited:

Nepal Oil Corporation limited is a government owned organization established in B.S. 2027 with the aim to
import, store and distribute petroleum products throughout the country & the only one established
organization for this purpose till now. For the utilization of biodiesel NOCL shall play leading role on to make
blending policy and laboratory support .As NOCL has dedicated chemist manpower on laboratory section; if
we add some extra testing facilities on central laboratory, NOCL can fulfill the hope of government on quality
sector. At first NOCL should make clear vision on blending concentration and it is suitable to be B5. When we
use B5 it will meet the engine specification of vehicles on oil which are available in Nepal. There is very easy
blending and handling process for biodiesel so NOCL can operate it without changing structural changes in
storage tanks available now.

NOCL can play leading role on:
e To make blending policy.
e Laboratory support.
e To make specifications of the product in collaboration with NBSM.
e To assure the quality of products.

e To make marketing guidelines of blended products.

Biodiesel is the most promising fuel in the near future as an alternative to fossil fuel diesel. Despite of its
advantages, it still has some disadvantages such as source for massive feedstock, relatively poor low
temperature properties, increase in NO, emissions etc. These issues should be sorted out before biodiesel is
applied into diesel engine in a large scale.

References:

Timilsina,Govinda R, Tiwari Ujal.2015. The econic Viability of jatropha Biodiesel in Nepal. Policy Research
working paper No. 7295 World bank Washinton DC.

Paudel and Baral (2010). Cropping potential Of Physic nut in Nepal.
Alternative Energy Promotion Centre (AEPC) (http://aepc.gov.np).
A study of United States Federal Test Procedure.

EE fHET TEE YawiE g |

aQ3&



[ Ja)

verrd 20u¢ || Lis)
) i T

Vulnerability Assessment of Fuel depot. Amlekhgunj (FDA), Provincial Office No.2

&5 Er. Arun Khanal

Oil depots are found all over the world, some large, other small, depending on the purpose and role of each
one. They have a number of factors in common that can be shown easily. They store large amounts of
flammable petroleum that can cause explosions or big fires, they can affect the environment and people’s

health in case of leakages and they are usually located near populated areas due to shorter transportation
routes and urbanization.

Nepal Qil Corporation Limited is the energy lifeline of the nation and its continuous performance is essential
for sovereignty and prosperity of the country. As NOC essentially deals with the inherently inflammable
materials throughout its value chain, safety is the paramount importance to this industry as only safe
performance at all times can insure optimum benefits to our national assets and resources including
sustainability. Fuel Depot Amlekhgunj (FDA), Provincial Office no 2; is the largest depot in Nepal with the total
storage capacity of 23230 liters and serves today as the only import from pipeline, product storage and
distribution depot for petroleum products in Nepal.

Storage Capacity of Fuel depot. Amlekhgunj (FDA)
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Figure: Storage Capacity of Fuel depot. Amlekhgunj

Nepal Qil Corporation a hazardous industry, and therefore the construction, adaptation and testing of
effective risk is an important task. This will provide a basis for corrective management action to reduce the
probability of damage from accidents to humans and the environment.

The Failure Mode and Effect Analysis (FMEA) method to assess the reliability based on the detection of
defects typical to operations facilities was performed for 120 days to determine the vulnerability and risk at
FDA. The result shows the quantitative risk assessment for oil operation processes and facilities at FDA. Fire
Risk associated parameters such as tank trucks, vent and vapor emission control, loading operation, loading
nozzles, tank truck service tank, delivery connection hose, electrical wirings, electrical wires and fire fighting
equipments in the surroundings was considered for this assessment.

To analyze the fire and explosion risk of these parameters in case of any failure, this assessment was
performed. The assessment also depicts the effects caused due to the failure of various parameters. Each
parameter is ranked between 1 to 10 on the basis of priority level for severity(S), occurrence (O) and
detection (D). Then Risk Probability Number (RPN) was calculated as per FMEA parameters. The RPN
between 200-1000 are considered with high level of risk. The risk is considered high, moderate and low on
the basis of risk score.

The most common initiating events are presented in the table below which was the basis for the analysis.

Operation Errors Equipment/Instrument Failure
1.Tank Overfilling 1.Level Indicator error.

2. Drain Valves left open accidently 2.Discharge Valves Ruptured.

3. Qil leaks due to operator error 3 Rusted Vent Valves
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4. High inlet temperature
5. Static loading
Lightning Static Electricity
1.Poor Grounding/ Earthing 1.Rubber Sealing Cutting
2.Rim Seal Leaks 2.Poor Grounding
3.Flammable liquid leaks from seal rim. 3.Fluid Transfer
4.Direct Hit 4.Improper Sampling Procedure
Maintenance Error Tank Rupture / Piping Rupture
1.Welding/Cutting 1.Poor soldering.
2.Non explosion proof motors and tools used. | 2.Shell distortion, corrosion.
3.Circuit Shortcut. 3.Valve leaking.
4.Transformer Spark. 4.Piping Failure.
5.Poor grounding and soldering equipments. 5. Accidental cut.
6.Poor maintenance of equipments both | 6.Failure due to liquid expansion.
normal and blast proof.
Safety Support Systems Miscellaneous
1.Electric power loss. 1.Earthquake or Extreme weather.
2.Insufficient tank cooling. 2.Vehicle impact on pipling
3.Firefighting water loss. 3.0pen flames/smoking flames
4.Firefighting water in pipe jammed. 4.Accidents cause by pipleline fuel transfer.
The result obtained from risk analysis is shown below.
Percentage of Area at each Risk Level from
FMEA at FDA
Number of areas at different
level of risk at FDA
9
5ol
High Moderate Low
e ST TEEE TaE g |
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Liquid and Gaseous Fuel: General Introduction

&5 Govinda Prasad Adhikari
Liquid Fuels

Liquid fuels are important commercial and domestic fuels used these days. Most of these fuels are obtained
from naturally occurring petroleum or crude oil.

Primary Petroleum:

Petroleum or crude oil is a dark greenish brown, viscous oil found deep inside the earth crust. Crude oil is a
source of many liquid fuels that are currently in use. The approximate composition of crude petroleum
products is:

Carbon(C) = 80-85%, Hydrogen(H)= 10-14%,
Sulphur(S)= 0.1-3.5% Nitrogen(N)=0.1-0.5%.
Refining of Petroleum:-

Crude oil obtained from the mine is not fit to be marketed. It contains a lot of soluble and insoluble impurities
which must be removed. Previously the purification of crude oil was done by simple fractional distillation.
Further treatment of the petroleum products are done by refining. Refining can be defined as the process by
which petroleum is made free of impurities, division of petroleum into different fractions having different
boiling points and their further treatment to impart specific properties.

Refining of petroleum is done in different stages:

A. Removal of solid impurities: The crude oil is a mixture of solid, liquid and gaseous substances. This is
allowed to stand undisturbed for some time when the heavy solid particles settle down and gases
evaporate. The supernatant liquid is then centrifuged where in the solids get removed.

B. Removal of water (Cottrell’s process): The crude oil obtained from the earth’s crust is in the form of
stable emulsion of oil and brine. This mixture when passed between two highly charged electrodes
will destroy the emulsion films and the colloidal water droplets coalesce into bigger drops and get
separated
out from the oil.

C. Removal of harmful impurities: In order to remove sulphur compounds in the crude oil, it is treated
with copper oxide. The sulphur compounds get converted to insoluble copper sulphide which can be
removed by filtration. Substances like NaCl and MgCl2 present will corrode the refining equipment
and result in scale formation. These can be removed by techniques like electrical desalting and
dehydration.

D. Fractional distillation: Heating of crude oil around 4000C in an iron retort, produces hot vapor which is
allowed to pass through fractionating column. It is a tall cylindrical tower containing a number of
horizontal stainless trays at short distances and is provided with small chimney covered with loose
cap. As the vapors go up they get cooled gradually and fractional condensation takes place. Higher
boiling fraction condenses first later the lower boiling fractions.

Gaseous Fuel:

The gaseous fuels are most preferred because of their ease of storage, transport, handling and ignition.
These are classified into two types a) Primary fuels Ex:- Natural gas and b) Secondary fuels ex: - Coal
gas, producer gas, water gas.

Natural Gas:-The natural gas is obtained from the wells dug in the earth during mining of petroleum. It
is mainly composed of methane and small quantities of ethane along with other hydrocarbons. If the
lower hydrocarbons are present, the gas is called dry gas or lean gas but if the hydrocarbons having
the higher molecules are present, the gas is known as rich or wet gas. The average composition of
natural gas is as follows.

Methane — 88.5%, Ethane — 5.5%, Propane — 3.7%
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Butane — 1.8%,
Pentane, hydrogen and higher hydrocarbons — 0.5%
The calorific value of natural gas varies from 8000-14000 K.cal/m3.

e

= —§ Y '

S

Eitn
Pl
2 ﬁ:‘l e
.. '_' ' i e =

The above figure shows refining of petroleum through fractional distillation.

Applications:

It is an excellent domestic fuel and industrial fuel.

It is also used as raw material for the manufacture of carbon-black, methanol, formaldehyde etc.
Methane on microbiological fermentation gives synthetic proteins which are used as animal feed.

LPG (Liquefied Petroleum Gas)

The gas is obtained from natural gas or as a byproduct in refineries during cracking of heavy petroleum
products. Nowadays LPG has been a common fuel for domestic work and also in most of the industries. The
main components of LPG are n-butane, isobutane, butylenes and propane (traces of propene and ethane).
The hydrocarbons are in gaseous state at room temperature and 1 atmospheric pressure but can be liquefied
under higher pressure.

LPG is kept in metallic cylinder attached with burner through pipe. It has two stoppers, one at the cylinder
and other at burner. LPG has special odour due to the presence of organic sulphides which are added
specially for safety precautions.

Characteristics of LPG

It has high calorific value (27,800 kcal/m3).

It gives less CO and least unburnt hydrocarbons. So it causes least pollution.
It gives moderate heat which is very good for cooking.

Its storage is simple. It is colourless.

It has tendency to mix with air easily.

Its burning gives no toxic gases though

It is highly toxic.

It neither gives smoke nor ash content.

It is cheaper than gasoline and used as fuel in auto vehicles too.

10 It is dangerous when leakage is there.
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Applications

A.

In Food industry: LPG is widely used in the food industry like hotels, restaurants, bakeries, canteens
etc. Low sulphur content and controllable temperature makes LPG the most preferred fuel in the food
industry.

In Glass & Ceramic: The use of a clean fuel like LPG enhances the product quality thereby reducing
technical problems related to the manufacturing activity of glass and ceramic products.

In Building Industry: LPG being a premium gaseous fuel makes it ideal for usage in the cement
manufacturing process.

In Automotive Industry: The main advantage of using automotive LPG is, it is free of lead, very low in
sulphur, other metals, aromatics and other contaminants.

In Farming industry: LPG in the farming industry can be used for the following:

a. Drying of crops

b. Cereal drying

c. Curing of tobacco and rubber
d. Soil conditioning

e. Horticulture etc

f. LPG is used in metal industry, aerosol industry, textile industry and it can also be used in
steam rising.

CNG (Compressed Natural Gas)

Natural gas contains mainly CH4. When natural gas is compressed at high pressure (1000atm) or cooled to -
1600C, it is converted to CNG. It is stored in cylinder made up of steel. It is now replacing gasoline as it
releases less pollutant during its combustion. In some of the metro cities in developed nations, CNG vehicles
are used so as not to contribute to climate change.

Characteristics of CNG:-

a.

b.

Natural Gas being lead/sulphur free, its use substantially reduces harmful engine emissions.

Natural gas being lighter than air, will rise above ground level and disperse in the atmosphere, in the
case of a leakage.

¢. Natural Gas in the gaseous state, and is colourless.

d. Predominantly Methane is available in the lean gas, hence CNG contains mostly methane.

e. Applications:-

f. It is used to generate electricity, heat buildings, fuel vehicles, power industrial furnaces and Air
conditioners.

g. Natural gas is also consumed in homes for space heating and for water heating.
It is used in stoves, ovens, clothes dryers and other appliances.
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Plastic Waste Management: Manufacturing of Pavement Blocks from Plastic Waste

25 Er. Suman Pudasaini

Solid waste management is one of the major environmental concerns in Nepal, in fact all over the world.
Landfills are becoming scarce and the cost in building landfill sites are increasing. Generally, the level of
plastics in waste composition is high. More than 1 million plastic bags are used once and thrown away in
Kathmandu Valley every day, and it now forms more than 11% of the waste. Of the 204 tons of plastic waste
generated in Nepal every day, 131 tons end up in garbage piles and dumping sites. The largest component of
the plastic waste is polyethylene, followed by polypropylene, polyethylene terephthalate and polystyrene.
Being non degradable it is causing harm to the nature in many ways.

On the basis of physical properties, plastic can be classified as thermoplastic (remoulded) and thermosetting
material which shares 80% and 20% respectively in total plastic waste generation. Polyethylene
Terephthalate (PETE or PET),High-Density Polyethylene (HDPE),Polyvinyl Chloride(PVC), Low density polyvinyl
chloride, (LDPE)Polypropylene (PP),Polystyrene or Styrofoam (PS) are some examples of thermoplastic which
can be recycled and which are used for making plastic paver blocks. Plastic used for making plastic paver
block is collected from various sources. The dassification of Thermoplastic and its sources is tabulated as
below.

Table 1: Type of Plastic and origin of their waste

Waste Plastic Origin
Low-Density Carry bags, sacks, milk pouches,cosmetic and detergent
Polyethylene (LDPE) bottles
High Density Carry bags, bottle caps, house holdarticles etc.
Polyethylene (HDPE)
Polyethylene Drinking water bottles etc.
Terephthalate
(PET)
Polypropylene (PP) Detergent, biscuit packets, microwave trays for readymade
meal etc.
Polystyrene(PS) Bottle caps, Foamed polystyrene, food trays, egg boxes

Paver block paving is versatile, aesthetically attractive, functional, and cost effective and requires little or no
maintenance if correctly manufactured and laid. Conventional paving materials include asphalt concrete, stone
such as flagstone, cobblestone, and sets, artificial stone, bricks, tiles, etc. Since, thermoset plastic having
excellent binding properties various studies has been ongoing all over the world to partially or fully replace
cement with plastic in manufacturing of paver blocks.

The author as part of his Master’s Thesis conducted a research on possibilities on using PET plastic as a
binder instead of cement in manufacturing pavement block with combination of PET plastic and river. PET
shows good dimensional stability, resistance to impact, moisture, alcohols and solvents; and show good
thermal properties. The prime motivation for the research was to study the possibility to of using such
pavement block in areas such as parking lots, road pavement, and pedestrian way and so on. The study
focused on finding the optimum ratio of plastic and sand, measuring strength of such blocks and comparing
with conventionally used block to find out whether they can be used as replacement.

The production machine contains cylindrical container which is heated using two heating coils of 2000W; with
separate switches to control the heating of the container and is wounded on the outside surface of the
container and insulated using glass wool. An electric motor drives the shaft of mixing blade from top of the
container and mixes the sand and PET waste uniformly while heating. Waste PET bottles were first shredded
to require sizes before putting them in the production machine. After the slurry is ready, it is poured via gate
valve inside the desired mould placed below the valve. The mould is lubricated at base for easy withdrawal of
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block. The slurry then slowly fills the mould and after the mould is filled with slurry, the gate valve is closed
and the mould is pressed for compactness of block. The mould is either air cooled or water cooled before the
removal of the block.

Different samples of block with PET and Sand ratios of 70:30 (A), 60:40 (B), 50:50 (C) , 40:60 (D) and 30:70
(E) by weight were produced from the above process. Compressive Strength Test, Water Absorption Test and
Bulk Density tests were then carried out for the manufactured blocks. For compressive strength test the
samples were placed in a hydraulic Compressive Strength Testing machine and after gradual application of
the load, cracks were seen on the test piece which was observed as the actual compressive load taken by
block. For water absorption test, the samples were immersed in cold water for 24 hours and the mass before
and after were noted for calculations.

The measured compressive strength of samples A, B, C, D and E were 8.57MPa, 15.71MPa, 18.93MPa,
20.66MPa and 16.02Mpa. We clearly see that the best proportion of sand and PET with the maximum
strength was 60% sand and 40% PET. The compressive strength was lower for higher proportions of both
sand and PET as the binding was not of required strength. The water absorption percentage of samples A, B,
C, D and E were 1.325%, 2.625%, 3.632%, 4.025% and 4.5075% respectively. Blocks with water absorption
of less than 7% provides better resistance to damage by freezing.The table below shows the comparison of
PET paver blocks with the conventional concrete block generally found in the Nepalese market.

Table 2: Comparison of Plastic Paver block with Concrete Block

Parameter Plastic Sample Block Concrete Block
Weight per Block (kg) 2.84 kg 4.1 kg

Volume in m? 1.57E-03 1.57E-03
Compressive Strength 20 MPa 20-25 MPa
Density (kg/m?) 1806.81 2608.42

The average value of compressive strength was found to be between 20-21 N/mm? for the optimum
proportion of sand and PET plastic which is much higher than Red clay brick (2-5 N/mm?) and comparable
with concrete block (20-25 N/mm?). Furthermore, the plastic pavement blocks are much lighter which adds
more benefits. Thus, the plastic pavement block can be used to replace both red clay brick and concrete
block. Regarding the economic feasibility, the study concluded that the cost of producing PET blocks is slightly
higher than the cost of manufacturing concrete blocks. However, if the municipality can provide properly
sorted out plastic waste, the cost reduces drastically as lot of human labour is eliminated.

Manufacturing of cement produces huge amount of carbon monoxide is being emitted by cement industry
which is polluting our air day by day. So, by using these waste PET blocks as a binder material in
manufacturing paver blocks, we can contribute in reducing air pollution. The management of waste PET
bottles also will be much easier if properly implemented.

The utilization of waste plastic in production of paver block has productive way of disposal of plastic waste.
Plastic paver block has almost equal strength as that of conventional ones. It reduces plastic in municipal
solid waste and significant reduction of land filling and incineration which have certain burden on ecology
ifsuch type of projects take place on a large scale. By using the plastics in pavement block, reduces the
weight up to 30%.Lastly it is concluded that the use of recycled plastics in pavement block is a viable option
for the disposal of plastic and ultimately reduces plastic pollution in the environment.

vad fmar wEEE yaid gaeeE |
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ISO Certification and Ways to Reform NOCL Laboratory
& Sanjay Dahal

NOCL Laboratory:

To provide quality petroleum products inside the country Nepal Oil Corporation Ltd. has established different
laboratory under the clause of 3.3.1 & 5.1 of "Nepal oil corporation limited petroleum product quality contro/
by law 2064". Now, NOCL has one central laboratory, 11 non-aviation depot laboratories and 7 aviation depot
laboratories for testing petroleum product received from IOCL to distribute different parts of country.

In Nepal, many private and government organization are ISO certified whereas Nepal Qil Corporation Ltd. and
its laboratories are yet to be certified. Therefore, to increase organizational reputation, reliability, efficiency &
quality service NOCL needs to be certified with ISO. Among different standard published previously, ISO 9001
certification and ISO 17025 accreditation are crucial to enhance quality service from NOCL Laboratory.

What is ISO?

International Organization for Standardization (ISO) is an independent, non-governmental international
organization with a membership of 164 national standards bodies. Through its members, it brings together
experts to share knowledge and develop voluntary, consensus-based, market relevant International Standards
that support innovation and provide solutions to global challenges. ISO has published 22904 International
Standards and related documents, covering from industry to technology, food safety to agriculture and
healthcare.

ISO story began in 1946 when delegates from 25 countries met at the Institute of Civil Engineers in London
and decided to create a new international organization ‘to facilitate the international coordination and
unification of industrial standards’. On 23 February 1947 the new organization, ISO, officially began its
operations.

What is ISO 90012

ISO 9001 is an international standard for a quality management system (QMS). The standard is used by
organizations to demonstrate their ability to provide products and services consistently that meet customer
and regulatory requirements and to demonstrate continuous improvement.The current version is ISO
9001:2015, which was published in September 2015 (thus the: 2015).

Ways to make NOCL Laboratory ISO 9001 certified:
First NOCL Laboratory has to follow the steps to implement an ISO 9001 quality management system.

Certification Body (CB or Registrar) audits the performance of NOCL Laboratory against the latest version of
the ISO 9001 Requirements.

The Requirements includes 10 sections (clauses), with additional subclauses related to the Plan-Do-Check-Act
system. However, only sections 4-10 contain requirements that are auditable.

When NOCL Laboratory passes this audit, the Registrar issues an ISO 9001 Certificate for a three year period.
Finally, it must be re-certified at every three years in order to maintain ISO 9001 certification status.
What is ISO/IEC 170252

ISO/IEC 17025 accreditation is the single most important standard for calibration and testing laboratories
around the world. ISO 17025 accredited laboratories have demonstrated that they are technically proficient
and able to produce precise and accurate test and calibration data.

Laboratory accreditation bodies use the ISO 17025 standard specifically to assess factors relevant to a
laboratory’s ability to produce precise, accurate test and calibration data. To ensure continued compliance,
accredited laboratories are regularly re-assessed to check that they are maintaining their standard of technical
expertise.
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Steps for implementation of ISO 17025:2017 in Nepal Oil Corporation laboratory:

Awareness
Training

Training session(s) for creating awareness about ISO 17025 standard
and quality management among all laboratory personnel.

Policy & Objective

Gap Analysis

Documentation

Internal Audit

Management
Review Meeting
(MRM)

Shadow Audit

Final accreditation
Audit

O Finalize the quality policy and objectives of NOCL Laboratory as per
requirements of ISO 17025 standard.

O Quality policy must have commitment for continual improvement of
employees and customers service.

O Quality objectives should be developed on the basis of SMART technique.
Specific, Measurable, Achievable, Relevant and Time bound.

O Find the gap between the existing operations and requirements of ISO
17025 standards.

O Develop a detailed gap analysis report showing degree of compliance of
existing level of operations with various clauses of ISO 17025 standards.
As per the norms of QMS prepare the following documents.
Quality Manual

Functional procedures / test procedures

O

O

O Functional formats
(Il System Procedures

O System formats

O Functional work instructions / test instructions

Conduct internal auditor training

(I Internal audit Master Plan

O Internal audit schedule

Il Internal audit report

O Internal audit result action plan

Organize a formal QMS meeting covering:-
O MRM agenda

O MRM minutes

| MRM action plan

Manage a comprehensive pre-certification audit to reflect the changes required
as per the document review audit done by the accreditation body.

[l If any Non-conformity observed in the system and addresses the same
before the final certification audit.

Final accreditation audit is done by accreditation body and after the audit
organization will be awarded with ISO 17025.
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Following are the some national and international laboratory which are accredited from ISO

17025

S.N. NAME OF THE LABORATORY CERTIFICATE DISCIPLINE

No.

1 Central Laboratory, Indian Oil Corporation Limited, mumbai, CC-2377 Chemical
India

2 Indian Qil Corporation Limited (Marketing Division), Lucknow TC-5869 Chemical
Terminal Laboratory, India

3 Bharat Petroleum Corporation Limited, Quality Assurance TC-7273 Chemical
Laboratory, Punjab, India

4  Hindustan Petroleum Corporation limited, Quality Control TC-8451 Chemical
Laboratory, Kanpur Terminal, India

5 Instrument Section & Natural Products Research Laboratory, TC-7999 Chemical

Department of Plant Resources, Ministry of Forest and Soil
Conservation, Thapathali, Kathmandu, Nepal

Source: National Accreditation Board for Testing and Calibration Laboratories (NABL), India
Requirements of Bath formation test to reform NOCL Laboratory:

Among the entire full specification test of petroleum products, NOCL laboratory is conducting very few tests,
since the organization is unaware of some parameters of petroleum products. So to provide quality service,
NOCL laboratory must be able to carry out at least batch formation test of all the products as soon as possible
and should plan for the full specification test. Following table describes the different test to be carried out for
the batch formation of petroleum products.

S. Characteristic(As per BSIV ATF? M HS SK Current Facilities of NOCL
N. Standard) (JET A1) s' D' 0! Laboratory
1  Appearance % v v v  Available
2 Colour (Visual) v v v Available
3 Colour (Visual) for Blue dyed/ V % Not Available
Saybolt
4 Density @15°C % v v v  Available
5 Particulate Contamination test vV Available
6 Total Acidity, Inorganic Acidity Vv Not Available
7  Aromatic content % Not Available
8 Flash Point % vV Available
9 Freezing point % Instrument on maintenance
10 Special Energy Net or Aniline vV Not Available
Gravity Product
11 Olefins % Not Available
12 Kinematic Viscosity @ 40°C v Available
13 Kinematic Viscosity @ -20°C v Available
14 MSEP or water Reaction % Available
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S. Characteristic(As per BSIV ATF? M HS SK Current Facilities of NOCL
N. Standard) (JET A1) s' D' 0! Laboratory
15 Smoke Point/Naphthalene % v Instrument on maintenance
16 Pour Point % Not Available
17 Distillation v V. v V¥ Available
18 Cetane Index % Not Available
19 Gum content (solvent washed) Vv % Instrument on maintenance
20 Copper Strip Corrosion for 3 2hr@ 100°C vV Vv v Available

hrs. @ 50°C
21 Silver strip Corrosion for 4 hrs. Available

@ 50°C
22 Total Sulphur % v vV Not Available
23  Sulphur Mercaptane or Doctors v Not Available

Test
24 RON \4 Not Available
25 Electrical Conductivity v Available

Total Sulphur 20 8 10 8 12 10

Source: 1 "Industry Quality Control Manual for Non-Aviation Petroleum Product” (2019)
Appendix 15, Ministry of Petroleum & Natural Gas, Government of India

2. "Quality Control & Assurance Manual on Aviation Fuel” (2011) Nepal Oil Corporation Limited
Other needs to be provided in NOCL Laboratory:

e In addition to the ISO requirements following are some points which should be applied to the NOCL
Laboratory.

e Working area should be spacious and safe

e There should be specified laboratory for conducting research & study of petroleum products, its
alternatives, standard, purity, adulterations, etc.

e Sufficient number of QC officer and other laboratory employees for sampling, testing, reporting and
documentation of petroleum products should be managed.

e There should be attractive incentive for employees in health hazardous areas (whereas other
government laboratory employees are rewarding with extra allowances)

e There should be motivational practice for lab personnel, more seats for higher post and regular
promotion, which helps to sustain the qualified and competent employees in the organization.

Conclusion:

As a conclusion, fulfillment of all of the above requirements and installation of essential equipment for the
batch formation test and accreditation of the entire test with ISO 17025 is mandatory. This makes the NOCL
Laboratory and its service internationally recognized & trustworthy for consumers and other stake holders.

Reference:

https://www.iso.org/home.html Retrieved 15 Dec 2019

"ISO 9000 - Quality management". International Organization for Standardization.
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"Quality Management Principles" (PDF). International Organization for Standardization. 2015. ISBN 978-92-
67-10650-2.

"Principles behind ISO/IEC 17025" (PDF). Canadian Association for Laboratory Accreditation (CALA).
Retrieved 15 Dec 2019

https://asq.org/quality-resources/iso-9001Retrieved 15 Dec 2019
"Nepal Oil Corporation limited petroleumn product quality control by law 2064"

"Industry Quality Control Manual for Non-Aviation Petroleum Product” (2019), Ministry of Petroleum &
Natural Gas, Government of India

"Quality Control & Assurance Manual on Aviation Fue/" (2011) Nepal Oil Corporation Limited
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WAVES OF RIDESHARING
&5 Sandeep Rimal

After a traffic police fined the Pathao rider on Kathmandu accusing him of "using the vehicle on purpose other
than permitted", debate has now been heated, whether the ride sourcing platforms like Tootle and Pathao are
legitimate or not?

A month ago Department of Transportation Management (DOTM) released a public notice prohibiting the use
of private vehicles on public transportation, which is believed to have been influenced by the Taxi
Entrepreneurs of Nepal, who are consistently demanding the shutdown of Tootle and Pathao in Nepal.

In the chaotic traffic of Kathmandu, it's not easy to commute through public transportation all the time.
Overcrowded buses, expensive taxis and inconvenient routes have been a major headache for
Kathmanduites. However, people were able to breathe a sigh of relief when services like tootle and Pathao
started to operate in the valley. These ride sourcing platforms somehow addressed the problem making the
public transportation convenient even in the off hours. Unfortunately, the users of ride sourcing platforms are
now again in despair as the riders are objected by the authorities condemning such services illegitimate in
Nepal.

Ridesharing during the Blockade of 2015

The basic idea of Tootle and Pathao is actually ride sourcing instead of ridesharing, where users can find a
ride on a motorcycle or car at a cheaper fare than Taxi. Since the operation of Tootle and Pathao, the Taxi
Service providers consider themselves as a major victim of these tech companies.

Idea of ride sharing in Nepal, immensely grew up during the Blockade Imposed by India on 2015. Shortage of
fuel resulted in mobilization of less motor vehicle which developed the new culture of ridesharing. Ridesharing
proved itself to be the best options to ease the public transportation without operation of additional fleets of
vehicles.

Flaws in the existing transportation mechanism

Flaws in existing transport mechanism have already outraged the passengers. Issues like misconduct with
passengers, hooked fare meters and illegally hiked fare has been a serious problem from Taxi Operators
which the regulating authorities have not yet been able to solve completely which is helping public to build
trust and support to these tech ventures.

Tootle was a unique idea in Nepal to realize these flaws in current transportation system which came ahead
with commercialization of ridesharing by provided economic opportunity to the rider whereas made possible
for the passenger to travel cheaper. Tootle was the first to come up with the idea of ride sourcing which was
later followed by Bangladeshi company Pathao.

Legal Provisions of Nepal

As Nepal has no statute regarding the provision of ride sourcing, thus irrespective of being unique and
innovative, these services have been a complex issue for DOTM. Existing provision in the Transport
Management Act, 2049 has a clear provision restricting the use of private vehicle in public transportation.

Article 8.1 of the Act defines private vehicle as a vehicle used for private purpose whereas Article 8.2 restricts
the use of private vehicle in transportation service. Similarly, Article 12 of the Act does not permit the use of
vehicle in other purpose than stated during registration.

The major issue in this context is; the vehicles used by these service providers are the private vehicles as
stated in Article 8.1 of the Act.

Legal provisions in other countries

Though complexity in operation of ride sourcing services is new to Government of Nepal, such difficulties are
already wisely addressed by other Governments. When Uber was first launched in Bangladesh on 2016, Road
& Transport Authority of Bangladesh declared such service illegal due to conflicting provisions in Bangladesh
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Motor Vehicles Act. *Later the authority formulated a guideline on 2018 for the operation of ride sourcing
services after the ride sourcing service providers petitioned against the rule lobbying amendment in the
existing Act making it suitable for the operation of their services.’

Motorcycle Taxis are very common in Asia. Countries where motorcycle has been a popular mode of transport
have already implemented statutory provisions for integration of motorcycle in public transportation system.
India, China, Thailand and many more countries including but not limited to UK and USA have legal provision
for the operation of motorcycle taxi which has eased the issue of traffic management utilizing the available
modes of transport. Permitting Motorcycle Taxi in Nepal could somehow solve the traffic management in peak
hours and create economic opportunities to the unemployed.

Challenges Ahead

To till date, in the context of Nepal, ride sourcing companies consider themselves as a technology company
instead of Transport Management Company which has been the biggest challenge to Government in
regulating them. Liability regarding the security of both the rider and passengers are ultimately upon their
own. These companies do not consider their riders as an employee which therefore results in no contribution
to social security schemes as applicable to other Transportation Management Companies.> While these issues
have enough time to solve; the major challenge now is the statutory compliance of ride sourcing business
operation.

Meanwhile, the operation of ride sourcing has been strongly opposed by the Taxi operators who are
competing with these ride sourcing companies which in Nepal's context has to pay various overheads and
surcharges to obtain permit from government unlike the ride sourcing companies which are now operating
with almost zero regulation from Government. Regardless, sensitive factors like safety and security of both
the rider and pillion should be fully insured.

While very few complaints have been reported regarding the transport fare pricing mechanism of ride
sourcing companies there is no authorized fare system from the Government. Similarly, the pricing system
used by these companies is not transparent enough. Though very few of the Taxi's agree to run on a metered
fare, Taxi's fare is preset by the Department of Transportation and the Calibration of Fare Meter requires
periodic examination from the Nepal Bureau of Standard Measures. In contrast to it, the fare pricing
mechanism of these ride sourcing companies are set by themselves, which needs to be regulated by the
respective authority of Government.

The Way Forward

After the introduction of various platforms like Tootle, Sarathi, Pathao, etc. the Taxi Operators Association
also came with their own mobile application Easy Taxi Nepal with a transparent system which is undoubtedly
a positive outcome. This shows that the taxi operators are also ready to update themselves with technologies.

As technologies are always a step ahead of law, government should now come up with dedicated law to
address legal complexity regulating the use of private vehicles in ride sourcing ensuring the safety and
security of users. Appropriate laws should be enacted to ensure safety of sensitive information like user's
privacy. The pricing mechanism should be fair and transparent enough in the benefit the users. If properly
executed unique ideas like these will contribute in Government's mission of Smart city ensuring easy and
convenient commuting.

vas fmeT afves wus @ |

1 Uber taxi services in Dhaka illegal: BRTA (https://m.bdnews24.com/en/detail/bangladesh/12480337?)

2 Ride-apps get nod, need BRTA permit (https://www.thedailystar.net/country/uber-and-pathao-ride-apps-
get-government-nod-need-brta-permit-1520146)

® Tootle:Terms of Use https://tootle.today/terms and conditions/index.html
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Details of Storage and Refuelling Facilities in Aviation Fuel Stations

SN Name of Airport Fuel Storage Storage Type Refueller
Type Capacity Details
(KL)

1  Bhadrapur Airport Jet A-1 28 Refueller 2

2  Biratnagar Airport Jet A-1 232 UG tank (70 x 3), Refueller 2

3 Janakpur Airport Jet A-1 32 Refueller 2

4  Manthali Airport Jet A-1 39 Refueller 3

5  Tribhuvan Jet A-1 7801 Vertical tank 8
International Airport (1,600 x 3, 760 x 3), UG tank (70 x 8), Refueller

6  Pokhara Airport Jet A-1 87 UG tank (16 x 4), Refueller 2

7 Bhairahawa Airport Jet A-1 94 UG tank (15 x 4), Refueller 3

8 Nepalgunj Airport Jet A-1 303 UG tank (70 x 4), Refueller 2

9  Surkhet Airport Jet A-1 82 UG tank (15 x 4), Refueller 2

1  Dhangadhi Airport Jet A-1 63 UG tank (15 x 3), Refueller 2

0
Total 8761 28 nos.
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Details and Work Progress of Storage and Refuelling Facilities in Aviation Fuel Stations
Aviation :
SN Fuel Station Ongoing Works
1 | Bhadrapur DPR preparation ongoing for 1,000 KL storage and allied facilities

One 70 KL UG tank undergoing maintenance (after which the total storage
capacity will be 280 KL)

Tendering process ongoing for the procurement of 30+30 KL bunded tank with

3 | Janakpur aviation fuel dispensing system (after which the physical storage of 60 KL capacity
will be added)

Talks ongoing with CAAN for acquiring land required for 10,000 KL storage
capacity extension, adjacent to the South of existing 1,600 KL tank farm area
About 18 ropani (9,030 sg m) land has been allocated for the establishment of
NOC's AFS by CAAN at Pokhara Regional International Airport; Consulting service
undergoing in collaboration with IOE's Consulting Service for tendering the AFS
project (of about 3,000 KL storage capacity) in Design and Build approach

2 | Biratnagar

5 | Sinamangal

6 | Pokhara

Short term plan: Tender under evaluation for the construction of 350 KL UG
storage capacity within the existing AFS premises

7 | Bhairahawa Long term plan: About 7 bigha land has been allocated for the establishment of
Gautam Buddha AFS by CAAN at Gautam Buddha International Airport; Consulting
service undergoing in collaboration with IOE's Consulting Service for tendering the
AFS project (of about 10,000 KL storage capacity) in Design and Build approach
Request letter forwarded to CAAN for allocating proper for the establishment of
AFS within airport permises

8 | Nepalgunj

foomeT FRia FHaREeT afa faemer IR e w1 Soaeer @i few, fafew @ seifafiee @R
T qXA A A UA HUNERAT ARdT T | IEHT ATl oW g T SNwT Ugifu UGt SRIETRAT
TRaae, fagfm sear dgiform wrieT sRERAE 4u 7 faw smavwes deae & an st e T9
former wifr feaex o g sfavm war Al wfeeT 73 afow femer fast faamor oot gard et arftier afggw
ofemAT qy.og ufowm e | WA Q090 WIE WU yWUT ast ESOm ARYSW AR AUt gt
ferTAeaeEeaT g Trm Wes ¥ YO SUfdent ST Heraqul SRt 9 WUHY HEW I Wihew |

wEs fmer alvss weee gages |
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&5 qEAT ST

AU I o U AT Wil GRTHT FUAT T W, Q099 WIR UIST Q¢ I TATUAT HUSHT TIT & |
DT TV (IR AW Taw JUTEARATh USIORIA gl ST, WUSRUT o fesrifaavor ad &t |
fovme STRAT TATUET FTAgE o ST fFRaRT qui e faaig 9¢ sger w | Ueifaew ugrier safd
HeqT Ul YrgaT #aw e femmat aifor et fasmr 2

AUt e e bEifEd Uit STafd guidar WiRdete 98 sowT @ERT gvard fafey @ | gwr fwior
HURT AIAERT-FAAER TEUATEd aid 3 9d TamAT fafiet ae AThd SUdhe STae Ui yrieeT
fafiet depot/refinery ae duter smre femmwet feut @ Ueifomw wgrieT amufa & g |

formaT STTAT HREaT aid ST TUATAAT ST UFT WGl BTRUTH gt forell saemitgeaT wa ATt dgifeew
e g foww 3 e @ F@ar T oeager § | a9t o st wr aweR sl saraemiter
T ATHA ST SAqTeAeT JRATSGT SR GHIAT Sadele UeIfdad UGRIeT JURAY SFawil Wod oTree
o W@ ' | AU S e g gideagaT UeifeaH UETRAT BAT Wl ARTEIE diged Ut Ut aRat
g9 | foome sfuegaw smae suiRvwar fafist Depot/Refinery al@ witw WyaT Ueifeee ugrieT IURaAR
AUTAAT HTEATS! 3T TrRATHT SIAATEFH JaT UREARDT USIaaw Uqria! Jueey IRTST L T IRl §
HET AR T UfT WY §|

fovraT FTaaeT wIWT STEAT TRfiE FRieT EET B | @ SRRt Teifauw UgiET URAR AThe IRT
TUTEd &S AT laboratory TmuaT kg & | Indian Oil corporation ae Weifeew ugrl gamwl
W g Tank Truck @7 &¥& chamber &t Sample uf¥gtoT uyana AT Storage Tank AT e e |
Tank Truck 1€ U@ Sample Y@@ WQAT density, temperature and final boiling point & afkeg | =&
I Affd@ WEAT Density, Temperature &7 ¥ flash Point ufer ¥feem, @Y fes@ WEAT Density,
Temperature and viscosity &Re& | a@ wre afasr Indian Oil corporation &T Dispath report ¥ qaaT
afRew|

Depot &Y Storage Tank AT W@ tifeaw ugrd ufer fafeew smaw o wwar gwawT ufvetor afve® | Depot
@0 Storage Tank @&T Sample 15-15 &t fgawr ufvgror aify, ufveror uvemaar @foer dwfia yEERI@@T
ST YTaeTe Y2l & | ¥ I8t Non-Aviation (Petrol, Diesel and Kerosene) WeAT 3-3 Afgam@T Storage
Tank &T Sample @ WRAPRTATAT Uf¥eAuTedT AR UsTge® | Aviation (ATF) WgAT 2-2 afgam™T Storage
Tank &t Sample fmeaT @t wEPRTAET TfReumer athr weteess | T8t ura Sample Test uvama wod
afe g SEifeaH Ul AR auT fratadt aRifs WY FHgET qaaT IReg | a9 wugs fausiaer
IUTEAR AT Yo HEAT et fafoemaT Sooa WY arifseT SRard! I WauTE  Jgal 91

fmar uRAR faeor qur apwe foimer wRa wRa gRaen fafite @ R@r tgw oRaET ey
FEHTURUT STl IUTEARATh Ui UGT It IRaT a1 oRe! SWilAs I8t UTedvach Ueifead ugre
foort TR@T TugAT GugHT fvmet fashar fafeammasy aRifs FRaE T/ 9+ IRET 71

formeT feuteeAT WosT wERITEET Sfr AT SMavas Test gAUA &, W1 gW Wad! G| cauel "Hed
HRUT Lab equipment T Hifds uaiuRer & ufd &1 | ©EET FURST @ifr foma sTwsT @R
AAgeHT gl WA Euro-vI  fHeRg @9 smawas@ ue sulphur content ¥ @fRT STavae SUBRUTET
gfkg ufFar el TgTuar ¥ ¥ WeRe Batchformation test 3iw=ea Ut Flash Point, Smoke Point,
kinematic viscosity, cetane index, Existent gum &fg Test @7 WIRr ATavA® IUGRUTH! AT GG
UbRaT SRt IR § | Jgae uf fonrr suredRers fagy st gagatie wer Rt ufte g |
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fmer 3@ April @@ Indian Oil corporation AT Euro VI &7 WEIf@@A UgRi U I WEsT %\ Euro VI
& Ugif@aw UgRAT Sulphurcontent 10 PPM Z@@T & | ufdd  Euro IV &1 USifaa# UgRMAT
Sulphurcontent 50 PPM &t Rm&T | Sulphurcontent @€Y GTATERUT UGSUTAT ¥Ad &1H g | foomar
Euro VI & Yeifvew wr firmmsder @it @t ¥% afkeser & | Euro VI Wifeaw ugrd Rifgwer

v g1 Tank Clean §f& earthing Tvemft &l ufd uATm WERRHT T
YW TqrieT URAY FEW T feme fefafaa ert w save Ifewm)

oot Eifaaw ugrl @t W Tank Truck @7 Epicoating THE THIAAT UTREIUT I IRTS |
Storage Tank @I FHIAAT JWT I [SRTIA,

AT AUGUS AAIRT TG YUST JaT WGT Tl AT ST Petrol Pump g%et oot o)
fomar feutgeaT @@t Lab equipments &€ SHUT STARUM™T TE@T §ATH &% WAWITIATRT STIrHeT
T AT B TS T HTavad IUBRUTEE @G I |

FAT JUBRUT T G&T HHANIBT ATEVIADAT Ul WU VAPRIATT HIH T bHANIETATS ATavarch
AR YqTe =T AT B gheaw |

> & feumr R freur wrwit fafemradt seR S WT SHUET SR I AT FUSHT
faforem aafom FRaEr @)

AT ATRHES FEATHT TUAT HeT Ufed JEATUIROT ATE Jagow YA JUTEARITh USIfaad Ugrel Judisd
IR Y et TUAT §U 3 aoiger Jar fiY Mot TeTehT TuAT 3 sedt &)
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wifaw smafye seafye sEmzor (Risk Based Internal Audit)
F ufer fre q@r afvusr Sifaw @&w I Wa a8 (Appetite Level) firmr awafves foreresor woneier forereret
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SifeweT are @ feeeut (Risk Monitoring and Control)

AwRe wEr wherur fragamr fadmr st dter smaeaT wfveags e afv o afem |
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