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Abstract

This paper examined the energy planning in each province, sustainable technology policy interventions in the energy
demand and social cost benefit analysis in energy sector for Nepal in the federal structure over the period 2017 -2050 using
LEAP-IBC modelling framework.Four scenarios were developed, reference, Low economy, accelerated economy and
sustainable scenario, former three are based on socioeconomic assumption and later is technology intervention case. In
reference scenario, energy consumption will increase by 3 folds from 544 PJ to 1645 PJ during 2017-2050, whereas in
sustainable scenario the value expected to increase to 866 PJ by 2050.In the base year 2017, emission is 69 million metric
tons of Co2 equivalents whereas per capita emission is 2.36 metric tons. In the reference scenario the carbon emission
increases to 178 million Metric tons of CO2 equivalent in 2050 whereas per capita carbon emission increases to the 4.06
metric ton in the year 2050. In sustainable scenario the carbon emission increases to 21.95 million Metric tons of CO2
equivalent in 2030 whereas per capita carbon emission reduces to the 0.64 metric ton in the year 2030 due to the
technological policy intervention.The calculated NPV shows that SED scenario is most economically viable with NPV value
7899 million NRS.In sustainable policy scenario efficient as well as new and improved technologies has been considered as
a result of which substantial amount of reduction in energy intensities and per capita final energy consumption is achieved.
In reference scenarioper capita energy consumption 18G]J is increase to 40 GJ and in sustainable scenario is expected to 19
GJ by 2050.
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1. Introduction

Energy is a crucial element for sustainable development of country. Unless the energy sector is
geared up for efficient, secure and indigenous sustainable resources, the economy cannot move
forward on higher growth path. Access to reliable and affordable energy services has become
fundamental in reducing poverty, increasing productivity, enhancing competitiveness and promoting
economic growth. Sustainable energy planning and management is a method of research,
development and promotion of rationality in planning and policy making that optimizes the benefits
for global as well as local societies by making use of cost-effective energy technologies and clever
policy strategies.

Table 1: Energy balance of Nepal for base year 2017 in TJ[1],[5],[6],[8],[9],[10],[11],[18][19]

Base Year (2017) Energy Balance (TJ)
Modern
Particulars Petroleum Products Coal Hydro Electricity Biomass Renewabl Total
es
Primary Supply
Indigenous
. - - 18371 - 391532 17159 427062
production
Imports 81464 38836 - 7830 - - 128130
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Exports - - - (10) - - (10)
Stock changes (964) - - - - - (964)
Total Primary 80,500 38,836 | 18,371 7,820 391,532 | 17,159 | 554,218
Supply
Transformation
Inputs (1434) - - - - - (1434)
gg:;f;y - - 14,697 15200 ; ; 439
T & D losses - - - (4,763) - - (3,078)
Net supply to 79,066 38836 0 18,257 391532 17159 | 544850
consumers
Final Consumption
Industry 737 35938 | 0 6,442 9,417 - 52,534
Residential 9533 93 9127 372592 17,159 | 407,939
Commercial 4930 2804 2,254 9,524 - 19512
Transport 56021 - 24 - - 56045
Agriculture 7,846 - 407 - - 8,253
Total 79067 38835 0 18254 391,533 17,159 | 544,848
Statistical error 1 (€9 - 3) 0) -

The main energy resource base in the Nepal are fuel wood, hydropower, petroleum products and other
fuels like crop residues, livestock manure, biogas technology, micro- hydro turbines, coal, solar
energy and wind energy etc. The resources are scarce and demand is increasing. The petroleum
products supply is interrupted time to time so for the sustainability there is the need of the Sustainable
Energy Planning and Management. The population and the GDP of the Nepal are increasing which
forces the increase in the life standard and energy demand. To meet the high energy demand with the
scarce available sources, there arises the policy problem and management problem. So to meet this
scenario we need the energy planning.

2. Literature Review

Nepal is divided in three ecological region Himalayan, Hill and Terai. Before reconstruction of
province Nepal is divided into 5 development regions and 75 districts. Eastern development region
(EDR) contain 16 districts, Central development region (CDR) contain 19 districts, western
development region (WDR) contain 16 districts, mid-western development region (MWDR) contains
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15 and far western development region contains 9 districts [2]. The energy balance is disaggregated
using disaggregation ratio according to WECS energy demand survey 2011/12 [22][23]. Energy data
were depicted in WECS survey report by development and ecological region. So energy in each
province calculated accordance with below table:

Table 2: Relation between province, district and development region

Description | Relation between province ,district and development region

Provincel Province 1=EDR-Saptari-siraha

Province2 Province 2=CDR Terai+saptari+siraha-Chitwan

Province3 Province 3= CDRHill +CDR Mountain+Chitwan

Province4 Province 4=WDR Hill+WDR Mountain-Arghakhanchi-Gulmi-palpa

Provinces Province5=MWDR Hill+MWDRTerai +WDR
Terai+Arghakhanchi+Gulmi+palpa-Surkhet- salyan

Province6 Province6=MWDR mountain + Surkhet+ Salyan

Province7 PROVINCE 7=FWDR

Seven districts Saptari, Siraha, Chitwan, Arghakhanchi, Gulmi ,Palpa ,surkhet ,Salyan energy
consumption calculated with respect to proportion of Population and GDP.

Energy Consumption in Each Province:

Seven provinces are reconstructed on the basis of demographical, ecological and political structures
such as population, geographical area, the human development Index, per capita income, agriculture
production, roads, revenues, etc. On the basis of agriculture and other variables Province 3 comes out
on top, Province 2 comes in second. Table 3 illustrates energy consumption by different economic
sectors in each province. Total energy consumption in Nepal is 544.28PJ.The energy consumption in
province 3 is 131.56 PJ which is higher than other provinces. Province 2 contain most of industry and
only Terai districts so energy consumption is higher than other Provinces one, four, five, six, seven.
The consumption of energy in Province six is 16.53 PJ which is lowest energy consumption than
other provinces.

Table 3: Sectorial energy consumption in provinces fiscal year (2016/17) [1], [3],[18],[19]

Energy consumption (PJ)

Province | Residential | Commercial | Transportation | Industrial | Agricultural | Total
Prov.1 72.66 2.30 541 6.33 1.21 87.90
Prov.2 80.98 3.93 12.24 15.24 2.92 115.30
Prov.3 75.95 7.48 27.54 19.79 0.80 131.56
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Prov.4 31.55 1.51 2.50 1.27 0.19 37.03
Prov.5 85.97 2.98 6.53 8.61 243 106.53
Prov.6 15.81 0.32 0.23 0.14 0.04 16.53
Prov.7 45.02 0.98 1.59 1.16 0.67 49.41
Total 407.94 19.51 56.04 52.53 8.25 544.28

LEAP Energy Modelling Framework

LEAP (Long-range Energy Alternatives Planning System) was originally created in 1980 for the
Beijer Institute's Kenya Fuel wood Project, to provide a flexible tool for long-range integrated energy
planning. LEAP provided a platform for structuring data, creating energy balances, projecting
demand and supply scenarios, and evaluating alternative policies, the same basic goals as the current
version of LEAP [13].LEAP follows an end use, demand driven approach, which means that the
analysis starts from the end use of energy. Because LEAP is a very general purpose software tool,
which can be used to build a wide variety of different models of energy systems, it is impossible to
definitively describe its data requirements.

LEAP-IBC Toolkit
Estimate Emissions (historical and scenarios) using LEAP
Tree Structure: Sectorssss Fuel ssees tKhMbﬂ Emissions tac' CH‘, 0C, NMVOC, CO, Nob SO,,
Input data for emissions:  Emission factors (EF) CO,, other PM,.5, NHy) for historical year(s)
Activity data (Activity) Baseline/reference emissions for 2030 & 2050
Input data for scenarios:  GDP change Emissions from ‘implement all measures’
Population change
Change in technology over time Emissions from 1-3 ‘implementation scenarios’
¥ Charts comparing emissions of different
Calculations *| substances from different sources
Emission = EF * Activity v
Scenario = EF (New tech and fuel Gridding emissions Emissions by chosen grid size
mix) * Sector size Using population; Maps of emissions
(f(population; GDP etc.)) roads; urban areas;
point source location
v
Integrated Benefits Calculator
GEOS-ChemAdjoint Model Health Premature
Emissions Results for Country A A calculation [ deaths
2010 2030/50 2030/50 PM. . and O, nonulation yield Yield ioss of
Ref. M = i i Crop
(Ref.) (Measures) ™al wengt:ted concentrations by L loss o] wheat, rice,
8C country calculation maize, soy
oM, 0, crop-dlstrlbutnn. weighted | | Radiative .
NMVOC daylight concentrations over forcing ) G 3‘
growing season by country warming
co change
NO, change
SOy
o,
NH,

Figl: LEAP-IBC modelling framework
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(Zhao, Liu, & Zhao, 2011)Provides an important reference for the Chinese government to develop
low-carbon economy using LEAP model. Four critical factors, the per capita GDP, energy
consumption, energy structure, and CO2 emissions, are mainly considered as the indicators to
measure the level of low-carbon economic development [21].

(Shakya, Kumar, & Shrestha, 2012)Analyses the co-benefits of introducing a time variant carbon (C)
tax scheme in Nepal, a hydropower resourceful country, by using a bottom up integrated energy
system model based on the MARKetALlocation (MARKAL) framework with time horizon of 2005—
2050 [26].

(Parajuli, @stergaard, Dalgaard, & Pokharel, 2014) Assess the future primary energy consumption of
Nepal, and the projection is carried out along with the formulation of simple linear logarithmic energy
consumption models [12].

(Shakya, 2012)Studies the economy-wide consequences of introducing different levels of electrified
mass transport systems in Nepal on the long term basis [14].(Shakya & Shrestha, 2011) analyses the
co-benefits of transport sector electrification in terms of reductions of greenhouse gas and local
environmental emissions, improvement in energy security and employment generation during 2015—
2050 in the case of Nepal—a developing country with large hydropower potential. A bottom up
energy system model of Nepal based on the MARKAL framework was developed to assess the
effects of meeting a part of the land transport service demand through electrified mass transport
system and electric vehicles [15].

(Lund, 2007)Discusses the perspective of renewable energy (wind, solar, wave and biomass) in the
making of strategies for a sustainable development using Energy Plan modelling framework [4].

(Nakarmi, Mishra, & Banerjee, 2014) employs an integrated model for analysis of energy demand
and MARKAI Allocation modelling framework for assessing different pathways for the development
of energy systems of Nepal and this is the first attempt to integrate the MAED energy demand model
with the MARKAL supply model for assessing and analysing energy systems and their implications
in Nepal [7].

(Shrestha & Rajbhandari, 2010)analyses the sectorial energy consumption pattern and emissions of
CO; and local air pollutants in the Kathmandu Valley, Nepal. It also discusses the evolution of energy
service demands, structure of energy supply system and emissions from various sectors under the
base case scenario during 2005-2050 [17].

3. Methodology
Modelling Framework and Data input

Out of the different energy modeling tools the LEAP modeling framework is being picked up for this
thesis work due to its compatibility with published energy demand data. The Long-range Energy
Alternatives Planning system (LEAP) is a widely-used software tool for energy policy analysis and
climate change mitigation assessment developed at the Stockholm Environment Institute (SEI). It has
been adopted by hundreds of organizations in more than 150 countries worldwide.
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Fig 4: Key assumption, and disaggregation of residential and industrial sector.

The final energy demands of each economic sector are obtained from the prepared energy balance of
base year 2017. Then each sector are disaggregated into the different development region, each
development region is disaggregated into different physical region. For residential sector each
physical region is disaggregated into rural and urban and is further disaggregated to end-use service
demand. Similarly in the other economic sector each physical region is disaggregated into end-use
service demand. According to the disaggregation branching was developed in the LEAP model as in

the figure.
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Fig 5: Key assumption, and disaggregation of Commercial, Transportation, and Agricultural sector.

Elasticity Calculations

The historical data of sectorial energy consumption, GDP, industrial VA, Commercial VA, and
Agricultural VA are collected and different log linear regression models are developed to find the
elasticity’s for sectorial energy consumption.

The regression model is developed between following variables;

Dependent Variable Independent Variable
Residential Energy Consumption (Y1) | Total Population (P1)
Industrial Energy Consumption (Y2) Industrial VA (X2)
Commercial Energy Consumption (Y3) | Commercial VA (X3)
Transportation Energy Consumption (Y4) Total GDP (X4)
Agricultural Energy consumption (Y5) | Agricultural VA (X5)

And the following results are obtained from the regression analysis.
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Table 4: Results from regression analysis

Variables R square | t value | P value | Elasticity

log(Y1) & log(P1) | 0.588 414 | 0.00137 | 1.250

log(Y2) & log(X2) | 0.444 3.09 | 0.00928 | 0.944

log(Y3) & log(X3) | 0.122 229 | 0.22050 | 1.064

log(Y4) & log(X4) | 0.526 3.65 | 0.00335 | 0.818

log(Y5) & log(X5) | 0.742 5.88 | 0.00007 | 1.070

The model validity needs t-value grater or equal to 2.25 and corresponding p-value must be less than
5%. According to that, Five models are accepted.

Demand Forecasting

LEAP model uses the econometric method to forecast the energy demand of the country on the basis
of base year calibrated data input in the model.

Base year energy
consumption data

Base year useful Future useful
. energy demand enerov demand Useful enrgy
Base year conversion demand
device efficiency M projection

Future year conversion
device technology

Future year process
change

Economic growth rates

Figure 6: Energy demand projection flow chart

Scenario Development

Along with the REF scenario with other scenarios will be developed which helps in sustainable
energy planning in each province.

Low Economic Growth Scenario

This scenario assumes a past 10 years average GDP growth rate of 4.5 % relative to the 7% GDP
growth rate assumed in the reference scenario. All other underlying assumptions with respect
resource availability, technology and other parameters are similar to those in the reference year.

High Economic Growth Scenario

This scenario assumes that high GDP growth rate according to high developing countries GDP
growth rate 9.2 %.1It further assumes that the share of each demand technology in the energy supply in
future years will be the same as in the reference year.
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Fig 11- BEerpy cormompian per camia
Famimins amd Mitiendion Prtendisl
In fhe haae year 2017, momans v 59 mollen mwine ons of Cop epevalenin whereas per camia
e 3z 2 15 motnie s In the rofmosrs oromaris the rardbos soneaims oecresoss e 178 millan
ion m the year M50 In aostammahle scenaro the carbon ermsnon ereses 1o 21 99 mllios Meine o
year 2030 doe in the techmoloeal pohey mierventon
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Fiz 12: Ermisaxn and per camta emission projectios m redirease 2l sssiznable scenario

Fine particulate matter (PM: 5) 15 an amr pollutant that 15 a concern for people's health when levels m
amr are high. Phi; c 19 Dhoe o meresse of consomphon of peimlesm prodocis and mcreaae the enepy
demawl m mudemivial and trassportatios secior the valee of PM: - was found to be53. 1 2mmormpramdm?
m base year 2017 which mav above WHO standard of 10 memgramim? [24]. The fisure shows that
the concentration of PM; s about winch decreass to 45 5Tmirropamfim3 m 2030 m sesvtamable
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Frz 13: Pz 4 concentration and buman loss projection in reference and sustamable scenario

mie m o a2 majoor ndwainr o show the offect Firome shows e effect of FM; sand ozone as
Irves lost due to exposure to these pollutamts.

Dhe in sweree of coneemivatvsn valoe of PM; ; and depletion of Ozone layer the mmmber of loss of
people 15 twenty two thousand at the base vear 2017 Whach 15 increase to 56 thousand people loss by
2050,

Sucinl Beupkit Cost Anslysis in Enerey Sectur:

ot anabyns v coaderted baou] on precoreot valee anabyss at sorial decoost raie 5% o somarns |, the
ot Impertant part of coat benedit analysm » net preosnt valne{NFV), winch » one of the criena o
selert the scenanio. The NPV = lowesr m all scemarion winch meaws that soshimnahle enepy
development are econoemcally viable Tahle 3 shown the shoors the semmary of eoal of sach sremoenn.
From NPV valee | i s Jound that SFI scenano 1s most econormcally viable with HPY valoe 7RSS
mmlhan MRS
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Talble 9- Coat Anabysin of Scemrin (fn millios in HEx )

Begwo | Low | Sustainable Enerey | Accelerate
Cumulative Costs Sf& Banafits Scmario | Ecomomy |  Development Economy
Scenario Scenario Scenario
IDemand £943 B01.4 939 6 1,027.7
[Rrridental 5671 5673 6561 5673
Tnduvirial ELS L0 502 1121
Commereil] 75.5 524 1231 1096
Transpartation 371 290 MK 175
Apricaliore 1119 1.7 56.1 1913
Transformation 7802 2317 1,667.4 375.5
Transhwration and Distribafins - - _ B}
Grid Flectricity 5.0 116.5 1,594.6 1600
OHF Grid Flectricity Geneation 153 152 71ER 155
[Resources 91945 | 852344 52928 10,540.6
Prodoction 60701 | 59169 37480 619 B
 Sr— 31241 | 2375 15449 41507
Unmet Requirement - . i, B}
[Environmental Externalitias ] _ _ ]
[Mon Energy Sector Costs ] _ _ ]
[Met Present Value 10,3690 | 92674 7.899.9 119438
(GHG Emisxican (Wl Toomes C02e) 41926 | 17658 17627 4478 K

5. Camrlevism

mierventimes m fhe exerpy demond aml soc@l e benedit analyos ;o eneapy iy for Hepal m the
Tederal stmociore over the penod 01T 2050, The amalyys shows that ™ reforenrs soenanin, enepy
consumption will wregor by 1 fokds from 544 PT t0 1645 PT doonge 20172050 whereas
soatameble soeramio the valoe exrpected to mereass to BS6 PT by 2050 The reason belond redinction is

Fn, Wl 7, 2009 St vl e, Fumryry Pz P Wl En Thas Fanlecal Brociers:
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phauny et of ooi-daivd eclnologies Flectrariy hom iph end ooe effewaey 20 compowed in other
comanmption m mereawsd o 12200 PT by X059 m Lowr pronormie prowth rade soevnaro and X713 PT by
2050 v arceleratr acoaanme SCETETID.

In e beme year 2017, eomsmion m 69 milhom meire oem of Col egovalein wheaeon per camia
o 15 236 metrie tons. In the refrremre oremario the cadbos emoecime cregoes o 178 millaon
Mot towa of Uy eqnvalent m 2050 wheerean per capiia carbon eroyon ncress 1o the 4 06 meh-
on 1 the year 2050 In costamahle scenaro the carbon ermsnon mrreoses 1o 21 95 molluos Metne toss
of {0y apmvalent m 2030 whereaa per capita carbon ermenon redioces to the 0.4 metrie oo m the
yeaxr 2030 doe 1o the techmoloeal pohey mmbervesden

Dhe i mereass of corvemphon of peiroleom prodocts and mereass The ey dermand 1 mdostraal
and trarapeatatvn sector the valoe of PR 5 was found to be 53 1} onermpram'm? m baoe year 2017
which may above WHO standard of 10 mermoeram'mI0WHC, 2006) Due to techoology pohey
mtervention it 15 decreased tod3. 37 mnompramym ? by 2030 1 soatamodble: deorsl opevecst sewramn.

The HPFY m axtamahle enmpey development = lower than othes scesarnos. From NPV valee | 1t 1a
fooml that SFI)} scenaro = most eronomcally visble with NPV valoe 7399 milbon HHES n
stanble pnhey sovnann efficwsi 35 well 25 new and rproeed teelnolopres has heen coradered an
a re=mit of whirh sobstavhal amoost of redocten 10 erpy beehes and e caota feal enepy
comanmption whach s 1BGT 13 Boedy 10 ervease 40 G ;. referesre rass bot 1 vestanable enepy
mohry i in experted to 1G], We can fhos conclode that withoot taneble ameandment m policy,
mwmmhhmn:dhmmhhmmhnf
el hydropows rearerces aud trachhonal foerl phased oot and replared by renecealble 2l commeaeial
mmdah!nﬂiyhmﬂih&ml&!nﬂmaﬂmd“mah
seem o deviate positnely that evesimally improved enepy statistirs GHG sosaos calmolaban akso
Brfervacor
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