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ABSTRACT:

Hydrogen is being produced in some serious quastiiver the years. Hydrogen is being used in dfieddfield. Its use
varies from industrial feedstock, heat generati@msport and mobility to the various sectors. kgem being produced today,
mainly are from coal gasification or steam metheferming which requires more energy and producksge quantity of
carbon dioxide, which is one of the major respdesifases for greenhouse effect. Green hydrogenpggdrproduced from
the electrolysis constitute a very small portioit.iGreen hydrogen does not produce carbon dioXibdis method of hydrogen
production if applied, helps to reduce the cartmmigrints by great amount. In order to achievedisearbonization goal, there
is no any alternative to green hydrogen for engmgyeration in various diversified field. Nepal igpected to have about 8
GW electricity generation by the Year 2030. We stideeep our focus on exploring the use of surplustetity to make the
various hydropower projects economically and finalhc viable. Hence, this paper gives the possiblespects of green
hydrogen production and shows its feasibility ie ttontext of Nepal. The green hydrogen plant caotd is projected to
reduce carbon footprints by 2,92,45,720 kg undeojiteration for 15 years.

INTRODUCTION

Hydrogen is a solution for the energy need of thedv It can be categorized as important tool witen
comes to meeting the goal of de-carbonization. dtteantages shown by the hydrogen is that
provides lower emissions and gives a way for exoggsbe renewable generation. It is evident that tr
hydrogen is one of the clean sources of energyh Wi growing concern of the fuel crisis and globz
pollution, hydrogen promises a secure clean entertgye. The development in the sector of hydroge
shows it potential in the sector of fuels for aifts and vehicles, home and office heating efs.dafe
to say that the hydrogen can replace all the exjstossil fuels. Green hydrogealso known as
‘renewable hydrogen', is hydrogen that is produe@fli sustainable energy. The best known i
electrolysis, in which water @@) is split into hydrogen (bl and oxygen (€) via green electricity. The
electricity for electrolysis is obtained from rerable sources, therefore, produce energy witho
emitting carbon dioxide into the atmosphere. Tl&r® separate color for electrolysis using fosgl
electricity so sometimes what called green hydrageag not be actually green.

This technology is based on the generation of hyeinp a universal, light and highly reactive fuel
through a chemical process known as electraly$iss method uses an electrical current to sepénate
hydrogen from the oxygen in water. As the IEA psirdut, this method of obtaining greer
hydrogen would save the 830 million tonnes of@@t are emitted annually when this gas is produc:
using fossil fuelsLikewise, replacing all grey hydrogen in the wowduld require 3,000 TWh/year
[1] from new renewables, equivalent to current detnaf Europe. However, there are some questio
about the viability of green hydrogen because ohigh production cost; reasonable doubts that w
disappear as the decarbonization of the earth @ssgs and, consequently, the generation of renewe
energy becomes cheaper.
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Nepal being a country which is enormously rich istev resources, green hydrogen technology can
the better alternative to solve the energy relptetllem in the country and even can boost the cpsnt
economy from it. This study attempts to explore phespects of applying hydrogen in the specifi
context of Nepal. Nepal’s electricity and transpgattor both are likely to make a case for hydrog:
application case here. This study includes a datsmni of the potential hydrogen value chains in &lep
which are technically based on producing hydrogemfwater and electricity generated by surplt
hydropower. It also provides a brief cost analgéihie hydrogen supply chain. Overall, this pretiary
study aims to serve as a baseline for further kéetaitudies on hydrogen deployment in Nepal and
other developing member countries that have abundsewable resources but have no or limite
progress in hydrogen-related initiatives.

STATEMENT OF PROBLEM

Nepal’s primary energy supply is dominated by bédduand waste, which are in the form of firewooc
agricultural waste, and animal dung. Other mairrcgsiof primary energy include oil products, coa
and hydropower. Out of the total primary energypdyipf Nepal in which biofuels and waste accounte
for 72%. [2] Over 99% of total electricity genematiin Nepal was by hydropower. The residentii
sector accounted for the largest share (74%), gasonsumed 10,373 kilotons of oil equivalent (ktoe
[3] The transport sector was the second, and thesiny sector was the third largest energy consum
accounting for 13% and 11%, respectively. [4] Witie shares of transport and industry sectors rem
minor as compared to the residential sector, tisestors have been growing fast and their ener
consumptions have been increasing accordingly.

While nearly 95% of the energy consumption by #sdential sector was met by indigenous biofue
and waste resources available in the country nithesitry and transport sectors were heavily depénd
on imported coal and oil products. The share gbaitiucts consumption by the transport sectortad to
consumption of oil products by all sectors of Nepas been increasing considerably over the pi
decade.

The combustion of fuels generates greenhouse gd&)@missions. Excluding methane (§tnd
nitrous oxide (MO) emissions caused by combusting biomass by coamheinstitutional and
residential sectors, the total carbon dioxide {Cé&nissions from Nepal's energy end-use sectors
2011 was 4.67 (MtCg), of which transport sector accounted for 36% T8]s share is further
increasing with respect to time.

All these facts signify the critical challengesaedjng that Nepal is facing in energy sector areddfore
there is a valid point stating need to prioritizeom Nepal's climate and energy agenda. From tt
perspective, this paper chooses residential, inglasid transport sector as a key energy end-userse
of Nepal for preliminary analysis of potential hgden application.

LITERATURE REVIEW:

The use of hydrogen gas for generating energy @pply over the past years. Hydrogen being gift
extensive quantity within the earth, are oftenftremost supply of energy within the future. Gregas
is expected to be the foremost contributor in eamnamong 20505] Since GH being comparatively
new, there are several opportunities furthermorenasy challenges to beat. As industries begin
grow, the one with optimum evaluation, selling andney ways is anticipated to be the most prolifi
player. Researchers finding out the chance of naawifing gas fuel in Asian country say the counti
encompasses a potential of mercantilism this fu&urope among a decade.

Green Hydrogen is today’s big talk of the towntHa context of Nepal too, various seminars andlpai
discussions have been done regarding GH technoRrgy.. Govinda Raj Pokhrel has talked about tt
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use of surplus electricity in ‘Safa Tempo’. Alonghwit, he believes city transport, ambulances lausl
services can be run through GH. [6fof. Bhakta Bahadur Ale shares his take on impogaof
hydrogen production through a different approaah pdinted to the fact that hydroelectricity in Nepe
is RoR so when there is no demand at night theggneill go to waste. He adds, “Food Processin
Fertilizers and meat processing are the areasyfdmoben in Nepal”. He further states that fuel ce
technology cannot replace electric vehicle as of bat initiatives should be taken today. Further tr
importance of electricity charges reduction to potenproduction of hydrogen will also play &
significant part. [7]

Talking about the growing investments in this secipi Power Company Limited and the Indiar
Company GreenZo Energy had signed a Memorandumndgetdtanding to develop 50 MW greel
hydrogen plants across Nepal by 2025. APl Powaifasnous leading company in energy sector bas
on Nepal to working in renewable energy while G&eicnergy is one of the leading companies i
renewable energy in India with 1,500 MW of solagjpcts in its portfolio. Sanjeev Neupane, managir
director of APl Power, said Nepal is rich in hydoager with 20,000 MW of projects under developmer
and the seasonal nature of resources from th@gasork of 6,000 rivers necessitates hydrogen geora
The MoU includes API Power to invest Rs 10 billiongreen hydrogen projects of 50 MW that ca
generate 4,000 tons of hydrogen annually. Bardagbla@nauta, Kawasoti, Dhalkebar, Parwanipu
Simara and Chandranigahapur are among the progadesdf the company’s hydro and solar projec
to be used for the hydrogen initiative. Both thenpanies have agreed to start piloting of the hyd
project with one megawatt power at Naugarh Gad biidctric Project (8.5 MW). For GreenZc
Energy, the MoU with API strengthens its missiorb&xome a pioneer in electrolyser manufacturir
and green hydrogen production. [8]

RESULT AND DISCUSSION:
Hydrogen as a potential option

Government of Nepal is making efforts to matermlits announced policies, strategies, and proje
development plans for its energy sector and majergy end-use sectors such as transport secisr.
advisable that alternative solutions are explomedupplement proven technologies and establisk
practices, contributing to address the challengem§ the various sectors of Nepal. In particutlae,
abundance of its hydropower resources and witlgtbeing development in hydropower sector. T
estimate the total hydropower installed capacity2b25, it is necessary to refer to the White Pap
issued by the Government of Nepal in 2018. [9] While White Paper has set the plan of having to
installed capacity reach 3 GW in 3 years, 5 GW yreéars, and 15 GW in 10 years, it is considered tt
these time-bound targets will be achieved as plnAe a conservative approach, this study discout
the targets and assumes that the total installpdcitt would be 3 GW by 2025 and 8 GW by 203(
Thus, it is the best time to explore the alterratise of electricity to make hydropower project
financially feasible. The stored electricity carsalbe utilized to power vehicles, contributing t
achieving Nepal’'s announced objectives of eledtrfyand decarbonizing its transport sector. Fro
this perspective, hydrogen offers a technologiption that is potentially viable in Nepal's context

Possible Hydrogen production in Nepal

The hydrogen gas produced can be used as energyrsa various places in various forms. From th
calculation shown in the annex section, it is eated that the plant will produce about 26,50,99%8kg
hydrogen in a year for which it requires about 208 MWh of energy. From the amount of hydroge
gas produced, we can produce about 1,04,449 MWhearfyy. Although the amount of energy produce
is slightly less than the amount of energy requirgeeen hydrogen technology do not releas
greenhouse gas like carbon dioxide which is bemoglyiced as by product in the process of generati
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energy by the industrial, transport and hydroposestor. For the same amount of energy produce
burning of coal and natural gas would have prodadeulit 4,73,01,465 kg of carbon dioxide which tk
green hydrogen technology will totally eliminate.

Cost Analysis

The production cost of hydrogen plays a key rolehnosing between whether to go for the gree
hydrogen production or not. The Power to Gas (P&Gj)em for hydrogen production is considere
over here for the cost analysis part. The electmlyised is alkaline electrolyzer for the generatib
green hydrogen. The production cost including #yeital and operating expenditure and electric cc
is calculated to be Rs. 576.25 per kg of hydrogahthe total revenue generated when expressec
terms of hydrogen is calculated to be Rs. 121%g@f hydrogen. The detailed calculation for thetso
is shown in annex section.

Stor age cost

The costs associated with hydrogen storage andpoatation can make a difference to the econon
competitiveness of hydrogen. The choices of hydnadgivery infrastructure and the associated cos
are therefore strategically important to the prospé hydrogen production and utilization in Nepal.

In general, the most appropriate storage mediurhydrogen depends upon the volume and durati
of storage, the required speed of discharge, anddbgraphic availability of different options. Foe
use in transport in Nepal, it is straightforwardctmsider the option of storing hydrogen as a gas
pressurized containers, which currently is the numshmonly used storage option for small-sca
mobile and stationary applications. As a well-elishled technology, containers storing compress
hydrogen have high discharge rates and efficierafiasound 99%, making them appropriate for shoi
term smaller-scale applications where a local stoe&ds to be readily available, such as refuelil
stations. Currently the levelized cost of storage pgvessurized containers ranges from $0.0¢
$1.19/kilogram of hydrogen (kgi depending upon pressure, operating lifetime @mies. [10] For
the use in Industry in Nepal, it would require muohger-term and larger volume storage as ti
hydrogen produced from hydropower will be used ridde major seasonal variations in electricit
supply and/or to provide power system resilience.

To meet the requirement of long-term and large mastorage, the subsurface storage of compres
gaseous hydrogen is generally the best option,tivilspecific options being salt caverns, aquitams,

depleted gas/oil reservoirs. However, these arexmcted to be relevant to Nepal due to the cainstr
of geological availability. When geological storag@ot possible, chemical storage through convgtrti
hydrogen to ammonia tends to be the most cost ciitimpealternative for long-term and large volume
storage, due primarily to its relatively low CAPEXhe synthesis of ammonia based on wat
electrolysis is already an established proces$Thére are various potential options that caneséne

purpose of long-term and large-scale energy sta@@alance seasonal variations in renewable pov
generation. Storing electricity in the form of anmi@ appears to be a potentially viable option fc
Nepal in the absence of suitable geological comaktior underground storage of compressed hydrog

Transportation Cost

The options for transportation of hydrogen shallatigned with options for hydrogen storage. Fc
transmission of compressed hydrogen, the optiarsiofy existing natural gas grids in which hydroge
can be blended into natural gas stream is notaateo Nepal, because the country has no natusal
infrastructure and natural gas is not part of Nspahergy mix. A viable alternative is to develagan

dedicated hydrogen transmission pipeline. The @osansporting compressed hydrogen for 1,500 k
would be around $1/Htaking into account all capital and operatingtsoBor ammonia, it is often

Jacem, Vol.9, 2024 Economic feasibility of green hydrogen technologyepal



Jacem 1 29

transported by pipeline, and new pipelines for amimavould be cheaper than new pipelines for pu
hydrogen. [12] Although pipeline transmission ofraomia appears to be cheaper than compres:
hydrogen, the cost required by ammonia conversi@innerease the cost of ammonia transmission k
about $1.50/k

Local distribution delivers the transmitted hydrogde final users. Similar to transmission, disttibn
volume, distance and end-user needs are majorrgaidoevaluating distribution options relevant t
Nepal’s context. For compressed hydrogen, the pleseptions would include trailer trucks for shor
distances, which are a relatively costly optiorg dedicated hydrogen distribution pipelines fogéar
volume distribution over longer distances, whickdrae increasingly cost-competitive. For ammoni;
it can be distributed by road tanker. Distributlnpipeline may also be an option provided thatehe
is large demand for ammonia. Figure below compdinescost of various options of hydroger
distribution to a centralized facility.

Pipeline
= 20
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&
15
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0
0 1,000 2,000 3,000
km
- Hydrogen ~———Ammonia

[13]

Figure 1: Cost comparison of transportation of hydrogen and ammonia
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Figure 2: Cost Comparison of transportation of hydrogen by different media

Jacem, Vol.9, 2024 Economic feasibility of green hydrogen technologyepal



130

Jacem

CONCLUSION:

Production of green hydrogen is being increasedailp. With the increased urbanization an
industrialization all over the world, resources lagéng used in exponential manner and this hasteglsu
in the increased emission of greenhouse gasegrcaibxide in a huge amount. Coal and oil wer
burnt excessively in the early and mid-industriti@n phase as they were comparatively cheaj
means to produce energy. The environmental andhheladllenges induced by emissions are forcir
the effects of Nature to liftoff the carbon footps from the energy and economy ecosystem. ThenGri
Hydrogen based economy is the future of the susdéénsolution to balance the economy ar
environment. There is a need for research and atimy to make the GH systems technically ar
financially feasible as the replacement of fosailf Nepal being rich in hydro sector, and NE/
projecting that we will have electricity surplus the year 2030 AD, it is the perfect time to lag th
foundation for the research on green hydrogen toly so that we will be prepared enough by tF
time when we will be having the production of etiaity exceeding the peak demand.

In the context of Nepal, we too can move forwarthm path of producing green hydrogen to utilize tt
surplus hydroelectricity being generated rathenttrading it at the cheaper price in the Enerc
Exchange market. The study made shows that weararate a revenue of Rs. 1215 per kg of hydrog
for the cost of Rs. 576.25 per kg of hydrogen witiah be substantial in uplifting the overall ecogorr
of the country. On top of that, storage and trartggion of hydrogen is a matter of serious concer
Since we do not have pipeline system for the trasson of natural gas, it is highly suggested F& t
construction of pipeline across the country foditgribution. Although the capital expenditure Maié
high, it will have huge impact on boosting up tleeiraty’s renewable energy scenario and in turn w
uplift the economy as a whole. For short term andlkvolume, it can be stored and transmitted e tl
compressed cylinder, but the pipeline is mustHierttansportation of hydrogen in big quantities.

After proper analysis and inspection, we should enalkrselves prepared to enter the Green Hydrog
era. The development of hydropower systems to m®diH for commercial applications can chanc
the value chain of hydropower development in thenty. Moreover, there is possibility of linking
hydrogen chain to various areas. Hydrogen to fuglrogen to industry and hydrogen to economy a
the major areas where we should keep our focus on.
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ANNEX
In terms of monetary value,

We are interested in the cost of hydrogen prodoatistained from green electric energy and using
Power to Gas (P2G) system. The technical spediitatof one of the commercially available P2(
system is tabulated below.

Table 1: Technical specification of one commercially available P2G plant

Technical Parameters Value

Nominal Power 1 MW

Net production Rate Upto 300°H/h

Power Consumption 3.8-4.4 kWhPof H;
[14]

The production cost of hydrogen consists of twdspar

e cost related to Capital Expenditure (CapEx) andré&tpey Expenditure (OpEXx) of P2G systen
equipment and maintenance.
e cost of electric energy for operation of P2G systam hydrogen generation.

From the above table considering Alkaline Electzelytechnology, as it is the most common methc
for the production of green hydrogen,

For various calculations, the following data abloydrogen are used:
Density: 0.08988 kg/f
Lower heating value (LHV): 119.96 MJ/kg (i.e., 338NVh/kg or 3.00 kWh/NR). [15]
We know that,
Density = mass/volume
Mass of hydrogen produced = 0.08988*300
=2&g/h
=.28365 = 645.6 kg/day

Total hydrogen production in 15 years is calculatamhsidering it to be under operation for 75% ¢
time,

Total Hydrogen Produced = 645.6*365*15*.75
= 26395 kg of H
Electric power consumption = 4.4 kWh? of H,
= 4.4/0.08988
= 48.95 kWh/kg of H
Efficiency of P2G system = Hydrogen energy/ Hydrogeoduction energy
= 33.482/95
= 0.689%8.09%
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For Alkaline Electrolyzer technology,
CapEx = ($500-$1400) per kW [16]
Taking CapEx as $800 for the plant,
CapEx for 1 MW palnt = 800*1000
= $800000 s. B00000*115 = Rs. 9,20,00,000
OpEx is 10% of CapEx in general.
Therefore,
OpEx = Rs. 92,00,000 per year
Now, cost related to CapEx and OpEx = (Rs. 9,20@® 15* Rs. Rs. 92,00,000)
= Rs. 23,00,00,000
= Rs. (23,00,00,000 / 26,50,995) peokbl.
= Rs. 86.75 per kg of H
Storage Cost = Rs. 135 per kg of H
Transportation Cost = Rs. 175 per kg of H
Cost of Electricity for operation
Cost = electric energy price x hydrogen productiower consumption
= Rs.13 * 48.95 = Rs. 636.35 per kg of H
Total Cost = Rs.1033.1 per kg of H
Now, from stoichiometric relation, we have,
2H,0 — O, +2H;
From mole concept,
2 moles of water produce 1 mole of oxygen gas amib(2s of hydrogen gas.
2 moles of hydrogen ~ 1 mole of oxygen
(2*2) = 49 of hydrogen ~ 32g of oxygen
26,50,995 kg of hydrogen ~ 32/4*26,50,995 kg of gety
=2,12.960 kg of oxygen
Present market price of green hydrogen ranges bat®%2.5-$6.8 per kg. [17]
Total price of hydrogen generated = Rs. 5*115* P95 = Rs. 1,52,43,22,125
Present market price of oxygen ranges from Rs.80e9®g [18]
Total price of oxygen generated = 80*2,12,07,96®s=1,69,66,36,800
When the revenue generated by both hydrogen argeoxg expressed in terms of hydrogen produce

s.1,52,43,22,125+Rs.1,69,66,36,800
26,50,995

Revenue generated per kg Qﬁ} per kg of H

Rs. 1215 per kg of H
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Moreover, with the continuous advancement and rekea in this sector, the price of electrolyzeit wi
further decrease with respect to time. Thus, tlhgept seems to be financially feasible.

In terms of energy,
In standard conditions, for 1 mole of water,

Minimum energy required = 286 kJ per mole of wgtecluding energy for entropy and Gibbs fret
energy) [19]

Total hydrogen produced in the plant in 1 year 5@®95 kg
= 2650995*1000/2 moles gidrbgen
=1,32,54,97,500 moles gtitbgen
From stoichiometric relation we have,
2H0 — O +2H;
From mole concept,
2 moles of water produce 1 mole of oxygen gas amwb2s of hydrogen gas.
2 moles of water ~ 2 moles of hydrogen
1 mole of hydrogen ~ 1 mole of water
1,32,54,97,500 moles of hydrogen ~ 1,32,54,97,56l@sm0f hydrogen
Total energy required to carry out the process6*282,54,97,500
=3.79* 10"11 kJ = 1,05,218Vh

We know that,

Energy that can be obtained from 1 kg of Hydrog&d®4 kwWh/kg [15]

Total energy produced = 39.4*2650995 = 10449203 KdNH04,449 MWh
Amount of Carbon footprintsreduced

For generating 1 kWh energy by burning fuel 0iB8kgs of CQis produced. [20]
For 1,04,449 MWh energy ~ 0.28*1000*104449 kg 0f,€Q,92,45,720 kg of CO
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