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Abstract: Cooking energy has an important role in energy demand of Nepal. Over the last decade,
import of Liquefied Petroleum Gas (LPG) has increased by 3.3 times as an alternate cooking fuel
to kerosene and firewood. The growing subsidy burden to endorse modern fuel switching from
traditional energy sources and high import of LPG are challenges for sustainability and energy
security. This paper analyzes the future residential cooking energy demand and its environmental
and economic impacts from 2015 to 2035 using a Long-range Energy Alternative Planning System
(LEAP) tool. In 2035, the LPG demand for cooking is projected to be 26.5 million GJ, 16.3 million
GJ, 45.2 million GJ and 58.2 million GJ for business as usual (BAU), low growth rate (LGR),
medium growth rate (MGR) and high growth rate (HGR) scenarios, respectively. To substitute
LPG with electricity in the cooking sector by 2035, an additional 1207 MW, 734 MW, 2055 MW and
2626 MW hydropower installation is required for BAU, LGR, MGR and HGR scenarios, respectively.
In the MGR scenario, substituting LPG with electricity could save from $21.8 million (2016) to $70.8
million (2035) each year, which could be used to develop large-scale hydropower projects in the
long term.
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1. Introduction

Energy is indispensable in modern societies to maintain the current standard of living. It is
one of the main drivers of economic and social development, and thus its demand has increased
enormously over the past years. In the context of Nepal, despite the huge potential of hydropower
and solar energy, only about 70% of the country’s population had access to electricity in 2015 [1].
Additionally, there is a huge difference in electrification rate between urban and rural areas, i.e., 94%
of urban inhabitants have access to the grid compared to only 61% of rural inhabitants [2]. As the
country moves into the development era, energy demand in all sectors (e.g., industrial, commercial,
residential, transportation, and agricultural) will significantly increase. Among these five different
sectors, the residential sector has now the major share in country’s energy consumption and this sector
is predominated by traditional biomass resources such as firewood, animal dung and agricultural
residues. These resources are mainly used for cooking, lighting and heating applications. Cooking
has more than a 61% share of residential energy consumption, whereas that for heating is about 14%.
Electricity in the residential sector is mainly used for lighting purposes. However, depending upon
the urbanization ratio, consumption of energy is also increasing for electrical and electronic appliances
such as television, radio, irons, refrigerators, microwave ovens, computers, air conditioning, and even
for cooking. Total energy consumption in the residential sector by different fuel types of Nepal for the
fiscal year 2011/12 is shown in Table 1.
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Table 1. Energy consumption in the residential sector (in thousand GJ) [3].

Fuel Types Cooking  Heating Cooling  Lighting B‘/(\)Iﬁtii\rg P:‘lﬁ;ei:lg ill:;::;?; (I)Jtshezr Total
Firewood 143,709.8  40,594.3 - - 37,955 - - 30,9032 253,162
Agri-residue 13,225.7 - - - - - - - 13,226
Animal waste 16,671.3 1893 - - - - - 547.6 19,112
Other biomass 77.1 177.3 - - - - - 84.7 339
Biogas 4178 - - 150.1 - - - - 4328
Bio briquette 0.5 33.3 - - 1.9 - - - 36
Grid electricity 878.5 174.2 609.4 1159.3 326.5 363.6 1114.9 197.4 4824
Decentralized electricity - - - 2314 - 14 58.2 18 293
Solar - - - 0.9 - - - - 1
LPG 5120.9 - - - 566.6 - - 13.5 5701
Kerosene 456.8 - - 575.6 74.5 - - 43.5 1150
Other Petroleum - - - 199.2 - - - 12.4 212
Other battery - - - 13 - - 0.4 - 2
Total 184,319 42,872 609 2318 38,925 365 1174 31,804 302,385

According to the Annual Household Survey Report of 2014/15, firewood was a major source of
cooking fuel in Nepal, serving more than 59.3% of total households. The use of LPG has exponentially
increased in recent years and it is now consumed by 25.8% of households. It is the most used cooking
fuel in urban areas, at about 58.5% [4,5]. LPG is currently the second-most used cooking fuel in the
country. In the fiscal year 2004/05, about 77,594 tons of LPG was imported from India. Over ten-year
period, the demand for LPG grew exponentially and imports reached 258,299 tons in the fiscal year
2014/15 [6], as shown in Figure 1. Full dependency on LPG gas imports from India raises the question
of energy security. Energy security is a key issue between the two countries (India and Nepal) due to
the social-political issues in the supply-demand balance [7]. Full dependency on fuel import is linked
to trade deficit and negative economic and social impacts, including intentional irregular supply of
fuels, causing high economic cost to the national economy.
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Figure 1. Historical trend of LPG consumption [5,6].

Today, the demand for LPG gas is rapidly increasing as an alternative option for kerosene.
The economic survey report shows that the LPG demand in urban households is high, and households
normally consume about 28.4 to 42.6 kg LPG monthly for cooking and heating purposes. In the fiscal
year 2014/15, in monetary terms, the import of petroleum products had more than a 20% share of the
total import budget of Nepal, costing about $1068.5 million [5]. The share of expenditure on petroleum



Sustainability 2018, 10, 2841 30f17

product imports accounts for 28% of the national GDP, among which $194 million was spent to import
258,299 tons of LPG for domestic purposes [5,8] only.

More than 61% of the total population lives in rural areas [9], with limited or no access to modern
fuels. The cooking energy need patterns of urban and rural areas in Nepal differ distinctly, as shown
in Table 2.

Table 2. Distribution of cooking fuel in households [4].

Firewood Cow Dung Agriculture o Kerosene . o o o
Urban/Rural (%) %) Residue (%) LPG (%) (%) Bio-Gas (%)  Other (%)  Total (%)
Urban 33.0 44 0.7 58.5 0.2 2.8 0.4 100
Rural 725 114 3.3 9.4 0.0 3.2 0.2 100
Nepal 59.3 9.0 2.4 25.8 0.1 3.1 0.2 100

In rural areas, more than 85% of households use biomass as cooking fuel. Undoubtedly, firewood
is the predominant fuel, accounting for 72.5%, followed by dried cow dung. In a survey conducted
by the Central Bureau of Statistics of Nepal, it was reported that 9.4% of rural households use LPG
for cooking.

The switching of cooking fuel in the residential sector from traditional biomass and petroleum
products to clean energy from hydropower is essential for the sustainable future of Nepal
Hydroelectricity is a cleaner source of cooking fuel and it does not cause any continuous deforestation
or environment pollution (indoor and outdoor). The objective of this paper is to analyze the residential
sector cooking fuel demand in Nepal under different scenarios based on national GDP growth rate
assumption using the LEAP modelling tool up to the year 2035. As there has been less research done
on substituting LPG with electricity, and because it is mainly based on policy intervention in one
scenario without any consideration of latent demand, environmental impacts and economic analysis,
to address this research gap, evaluation of cooking sub sectorial energy demand and GHG emissions,
and economic analysis of modern fuel were also conducted in this work.

2. Literature Review

According to the historical hydropower production statistics of Nepal, universal electricity access
and transition to cleaner cooking fuels are far below the level of basic human needs, as 30% of the
country’s population still does not have reliable electricity access even for lighting purposes [1],
and this sector faces various challenges from political level to the policy level [10]. Regardless of the
huge water resources available for medium- and large-scale hydropower plants, the energy crisis has
continued to grow due to lack of notable success in hydroelectricity generation.

Today’s energy transition in the residential sector is associated with a changing pattern of
energy production, availability, and consumption, and the rising living standard of people. In Nepal,
the residential sector dominates the total energy consumption pattern and receives the most attention
from among researchers and policy makers. Pradhan and Limmeechokchai [11] analyzed electric and
biogas stoves as an option for cooking fuel in Nepal and Thailand using the Asia-Pacific Integrated
Model (AIM)/Enduse as an analytical tool. They compared three low-carbon cooking scenarios with
the business as usual scenario, focusing mainly on the penetration effects of biogas and electricity
cooking options in the country’s energy consumption pattern and energy-related GHG emissions,
emphasizing that promoting electricity for cooking is not always a better option; it depends upon
the country’s available energy sources. Some studies have highlighted the benefits of the access
of electricity for cooking on human health [12-14]. Jain et al. [15] analyzed clean, affordable and
sustainable cooking energy in terms of different fuel supplies (such as improved biomass cook stoves,
biogas, electricity, LPG, and Piped Natural Gas), its technology resilience, economics, convenience
of cooking, cumulative GHG emissions and health impacts resulting in higher drawbacks on the
economic and supply assurances, posing a significant burden to people due to affordability as well as a
higher fiscal burden to the government. A number of studies have been conducted on household fuel
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switching from solid fuels to a cleaner fuel [16-18], in which household age, education, income, size,
and the price and availability of fuel are mentioned as strong determinants of fuel switching success.
Although several studies have highlighted household fuel switching from solid fuel to a cleaner fuel
(e.g., [16-19]), only limited studies have focused on fuel switching from LPG to electricity [11,15].
There are only a few studies conducted on the household electric cooking [11,20]. Some of the common
methods and survey results on the topic are compiled in Table 3.
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Table 3. Overview of different fuel choices (authors” compilation).

50f17

References Country Fuel Choice Study Period Methodology Purpose Remarks
Kerosene Household survey across  To evaluate the impact of Mainly high-income households in
[17] Indonesia 1 2009-2010 urban, suburban and rural ~ government program to substitute ¥y g . .
. sub-urban areas will be benefited
LPG regions kerosene to LPG
Fuel wood Household interview and  To protect the loss of giant panda SII; i:;gi}cliltaoifrlﬁisv:r?rgrz}i)g d for
[21] China 1 1999 Random Utility Model habitat due to human activities to ity q .
- ) reducing dependency on firewood
Electricity (RUM) collect firewood ¢ .
and saving panda habitat
Traditional fuels
' (biomass) Survey on 8568 households To 'analy.ze the.z house'zhold s Cost, se'ifety and acce551b11.1ty are
[22] India X across six Indian states satisfaction with their cooking the major concerns changing
Modern fuels ! fuel types behavior towards modern fuels
(LPG)
. . Change in household size,
Traditional fuels Two-step random _sar‘nphng To identify the factors affecting the ~ dwelling ownership status, change
- method, Descriptive . L . .
[23] Nigeria 2014/15 o . cooking energy choices in urban of season, income level, education,
Modern fuels statistics, Regression R
(LPG, electricity and solar energy) analysis and SPSS household energy availability and
! affordability are the major factors
Brazil Ghana Guatemala Traditional fuels Energy ladder model To analyze the household fuel use  Electrification, urbanization and
[24] India Nepal Nicaragua 1995-2000 Regression and and fuel switching in 8 developing  education can promote fuel
South AfricaVietnam Modern fuels Multinomial analysis countries switching behavior
Traditional fuels Econometric To analvze the various cookin Income, education and age of the
[18] Zambia 2010 Model/Energy Ladder fuel chg,ices in urban househoigds household are important factors in
Modern fuels Model determining the fuel choices
Lack of modern energy
Traditional fuels To understand the human technologies, financial support and
[25] Sri Lanka 2006-2007 Questionnaire Survey dimension of energy access and risk, as well as lack of motivation
Modern clean fuels technologies and pressure, hinders the fuel
switching
To analyze the links between Choices of cooking fuel
. Fuel choices . . energy use, environment and consumption depend upon the
(191 China (wood, coal, LPG and electricity) 2004 and 2006 Logit-regression model poverty considering household prices, availability and its effect on
energy consumption human health
LPG Evaluating the electricity demand  Policy intervention is necessary for
[20] Nepal 1 2005-2030 LEAP through substitution of LPG gasin  substituting LPG by hydroelectric
Electricity the residential sector power
Fuel Choice (fuelwood, charcoal To investigate the urban energy Choice of a household'’s fuel
[26] Northern Ethiopia ¢ ! 2003 Probit Model transition and technology consumption depends on the fuel

kerosene, electricity)

adoption in the residential sector

price, income and education
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Long-term energy modelling systems integrate and capture various interaction of economic
changes and energy supply, population, demand and costs. For that reason, many researchers
have dedicated their work on integrated energy planning for sustainable development. Numerous
studies have been conducted about the modelling tools and their application in different energy
sectors for various cities and countries. Several studies are available regarding the various energy
demand forecasting models, highlighting the methodological diversities and development over
the past decades for analyzing whether the existing energy models are appropriate for developing
country scenarios [27,28]. By analyzing the number of main characteristics of developing countries
addressed per model, Ouedraogo’s [29] review paper mentioned LEAP, MESSAGE, MAED and
WEM as commonly used energy modelling tools that specify large numbers of developing
country characteristics.

In the context of Nepal, some authors [1,30] have used the MAED model, whereas others [31]
have used MAED and MARKAL to evaluate the future energy demand for the medium to long term,
focusing more specifically on demand for specified energy services. Although all these authors have a
common objective in calculating the energy demand for each end-use category and sector, the projected
value at the end year is different due to different assumptions, scenarios and economic growth rate
considerations. An empirical econometric method was used by the authors in [32,33], projecting energy
demand with the formation of linear logarithmic energy consumption models based on economic
parameters. However, only three authors [1,20,31] analyzed national-scale energy demand using
different simulation tools. To provide an insight into fuel switching from LPG to hydroelectricity
for cooking purposes, this study uses modelling tools and economic analysis to appraise the energy
demand, environmental impacts and cost implications of future scenarios based on national GDP
growth rate.

3. Materials and Methods

3.1. Methods

Energy models use various data from different official sources to describe the energy sector and
sub-sector such in terms of energy demand and supply. They perform a simulation as a function of
changes in national population, economic activity and energy intensity. Changes in those parameters
influence the trends of electricity demand projection [34], which drive the evolution and development
of long-term projection methods.

The LEAP model is selected as the preferred framework for expanding scenarios. LEAP is a
comprehensive, integrated, scenario-based energy environment modelling tool to calculate future
energy demand, supply and emissions at the local, national, regional or global levels. LEAP supports
a wide range of different modelling methodologies, from bottom-up, end-use accounting to top-down,
and provides a range of accounting, simulation and optimization methodologies [35]. In the LEAP
model framework, it provides flexibility in using various input data “these can range from highly
disaggregated end-use oriented structure to highly aggregate analyzes. Typically a structure would
consist of sectors including households, industry, commerce, transport and agriculture each of which
might be broken down into different sub-sectors, end-uses and fuel-saving devices” [35].

Several studies have already been conducted in the context of forecasting electricity demand in
different sectors using the LEAP model. Park et al. [36] used LEAP to simulate the annual electricity
demand and supply system of Japan from 2011 to 2030 as an alternative electricity scenario to meet
the goals of nuclear phase-out and greenhouse gas emission reduction. Different authors have used
LEAP as a long-term scenario analysis and management tool—although their scope, context, duration,
sector and methodology differ—for different countries (e.g., for Taiwan [37], Korea [38], Pakistan [39],
Iran [40], Ghana [41] and Lebanon [42]). A schematic representation of the LEAP model framework
implemented in this work is shown in Figure 2.
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The LEAP modelling framework is composed of five different sectors: residential, commercial,
industrial, agricultural and transportation. This work mainly focuses on residential cooking fuel
switching, thus the cooking sub-sector is divided into different fuel types. In developing scenarios,
all the cooking fuel types that are commonly used in the residential sector are considered. Each scenario
is integrated with the base year modelling.

3.2. Data Collection

In order to feed the required input data into the simulation tool, LEAP-relevant data were collected
mostly from government agencies such as Central Bureau of Statistics [4,43], Ministry of Finance [44],
Nepal Electricity Authority [45], Alternative Energy Promotion Center [46], National Planning
Commission, Water and Energy Commission Secretariat (WECS) [3], etc. For economic parameters
such as National GDP, GDP per capita, GDP growth rate and GDP by sectors, data were taken from
the World Bank [47] and Ministry of Finance [44] reports. Most of the required data for the application
of the LEAP model was available for the base year. However, for some input parameters, either the
official data was not available, or it had not been updated. In such cases, either an assumption was
made based on information available from previous years or data was collected from the literature.

National Data: ~ Total population
Total households
Household size
Urban household
Rural household
Pop_Growth_Rate

GDP
Energy Demand
Residential Industrial Agricultural Commercial Transportation
Sector Sector Sector Sector Sector
(U 1
I S . 1
1 Residential cooking fuel types 1
1 . 1
I ' 1
: Fuelwood |—! :
1 ! 1
I Agri : 1
e 1
: residue _>i :
1 1 i
1 . Projection

1 Animal i | »| Transformation | | !
: waste —>. Base year LR LEAP i Value
1 :—b value HiM
1 . . 1 Simulation
1 Biogas |1 i
1 1
i : : | Tool
1 Bio . 1
1 briquette > Growth N
: : rate : i
: Electricity _b; 1 (4 scenario
1 ! : analysis)
: LPG [ 1

1
1 ! 1
1 —»! 1
I'l Kerosene ! 1
1 1 1
1 -, 1
I : I
1 Others ! 1
1 =" 1
I : I

Figure 2. Schematic framework of LEAP model implemented in this research.
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3.3. Base Year Modelling

For modelling and analysis of a long-term cooking energy demand projection for Nepal,
the population, national economic growth, sectorial value and energy intensities are the key drivers
for the base year modelling. The energy balance report published by WECS [3] provides detailed
information about the sectors and fuel types of energy consumption. In this paper, the energy balance
report of fiscal year 2011/12 was taken as reference data, and was extrapolated till 2015 to consider 2015
as a base year. In fiscal year 2011/12, around 370 million GJ of total energy was consumed [9], of which
more than 80% was used in the residential sector, in which 61% was consumed for cooking only.

Based on the census report, the total population of the country in 2011 was 26.5 million. With the
population growth rate of 1.35% annually, total population in the base year 2015 was around 28 million
and it will reach 36.6 million by 2035. Over the outlook period, it is assumed that electricity will play
an important role by displacing traditional and fossil fuels by a certain fraction. For cooking purposes
in the residential sectors, traditional and modern fuels such as wood, agricultural residue, animal
dung, kerosene and LPG will be replaced to a certain percentage by electricity and LPG. To gain insight
into the country’s energy production and consumption, historical energy data were analyzed in the
base year model to understand the energy growth in terms of demand and supply, as well as the
potential of available resources.

3.4. Scenario Description and Assumption

In the LEAP model framework, scenarios are based on detailed accounting of the types of energy
consumed by the residential sector using various fuel types. In this research, scenarios were created to
develop long-term energy plans and to understand energy demand and its environmental impacts.
The long-term energy pathways propose a set of other possible situations for examining the future,
which may unfold in different ways [48]. This study analyzes four different scenarios: one baseline
scenario and three reference scenarios based on national GDP growth rate.

e  Scenario 1: Business as Usual Scenario (BAU) The BAU scenario forecasts the future energy balance
based on current trends by using government plans, policy and official forecast information that
define the shape of sector for the next decades. It assumes that current economic and energy
policies will broadly continue. In other words, the BAU scenario will be the continuation of the
current energy sector’s trends in the residential sector with an annual GDP growth rate of 5%.

e  Scenario 2: Low Growth Rate (LGR) This scenario deals with the demand growth with lower
economic development than BAU and medium growth rate, assuming that the economic and
political sector will be badly disrupted by internal and external factors. It is a pessimistic scenario
where all the energy demand in different sectors will be low, having an economic growth rate
of 4%.

e  Scenario 3: Medium Growth Rate (MGR) This is the average economic development condition
between low growth and high growth rates, assuming a national GDP growth rate of 6.5%. In this
scenario, some parameters are nearly equal with the BAU scenario, assuming that the social and
economic sector will boom, on average. In this case, it is more likely that many people of urban
areas will shift from traditional biomass fuels to modern cooking fuels. Thus, this scenario is
characterized by the increase of modern cooking fuels, accounting more than 30% of total energy
demand by the end year, decreasing the dependency on traditional biomass fuels.

e  Scenario 4: High Growth Rate (HGR) This is the most optimistic scenario, having a GDP growth
rate of 9%. When national GDP is very high, all major economic sectors will boom, with stable
social, political and economic development. In this scenario, all sectors” growth rates will be
high, as well as cooking energy demand. Similar to the MGR scenario, it is assumed that modern
cooking fuel (LPG and electricity) demand is set to grow over the outlook period, reducing the
share of traditional fuels to below 60%. The purpose of this scenario is to boost the national
economy and to enhance energy demand in the residential sector.
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4. Results and Discussion

As shown in Figure 3a, out of 350 million GJ energy consumed by the residential sector in the
base year, 209 million GJ was used for cooking alone. Figure 3b presents the types of fuel use for
cooking, where traditional biomass such as fuel wood, animal dung and agricultural residues dominate,
while the demand for modern fuels such as kerosene, LPG and electricity is continuously increasing.

Residential Sector- 2015 Cooking sector-2015
(million GJ) (million GJ)
- 5.1 3.9 0.6
1.6 34.4 17.5 0
7.7
7.3 5.8
2.7 \
151.6
= Cooking * Ieating = Electricity = Kerosene
Cooling = Lighting LPG Wood
= Water Boiling = Water Pumping = Biogas = Animal Wastes
Electric Appliances Other Uses = Vegetal Wastes

() (b)

Figure 3. Energy demand. (a) By sub-sectors; (b) By fuel types.
4.1. Scenario Analysis

In this section, scenarios were analyzed using the LEAP model based on the historical data set,
and the current trends of energy demand in residential sector with the assumed national GDP growth
rate. The results obtained from the LEAP model for national energy demand, residential sectors and
cooking sectors along with fuel type consumption— especially focusing on LPG and electricity—in
four different scenarios are presented here (Figures 4-7).

In the BAU scenario, the energy and economy sectors are assumed to follow historical trends.
With economic growth of 5%, the final year energy demand of the country is projected to reach
926.6 million GJ, which is double the base year demand. Over the projection period, national energy
demand is expected to grow at an Annual Average Growth Rate (AAGR) of 4%, resulting in higher
energy demand in future. As the total energy demand increases, the cooking energy demand of the
residential sector also increases. Final energy demand for cooking activities increases continuously
and is estimated to have a demand of 243.1 million GJ. The consumption trend analysis in cooking
activities by fuel types shows that traditional energy sources such as fuelwood, agricultural and animal
wastes contribute the highest share, at 74%, while the share of modern energy fuels such as kerosene,
LPG, electricity and biogas remain 26% in 2035, increasing its overall share of consumption by 17.5%
over a 20-year period. Additionally, the demand for LPG and electricity for cooking increases at
average annual growth rates of 6% and 10%, respectively. Figure 4b shows the demand trends of
LPG and electricity in the BAU scenario where both modern cooking fuel demands increase over the
outlook period.

The LGR scenario is the pessimistic scenario, having an economic growth of only 4%. However,
energy demand in the residential sector, as well as in cooking sector, is higher than the BAU scenario
as shown in Figure 5. One of the reasons for increased cooking energy demand in LGR scenario is due
to continued dependency on inefficient traditional biomass. From 2015 to 2030, the demand trends of
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LPG and electricity grow smoothly with increasing population and urbanization growth. However,
after 2030, electricity demand rapidly increases at an average growth rate of 7%, while LPG demand
increases by only 2.5%, resulting in a decrease in the gap between them.
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Figure 4. BAU scenario. (a) Energy demand; (b) Cooking fuel demand.
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Figure 5. LGR scenario. (a) Energy demand; (b) Cooking fuel demand.

In the MGR scenario, total energy demand will increase, with an AAGR of 5% from 2015 to 2035.
From the Figure 6, the total energy demand in 2035 is projected to be 1206.2 million GJ, reflecting an
increase of 748.6 million GJ over the outlook period of 20 years. The residential sector energy demand
will increase, with an AAGR of 3%, reaching nearly double the base year demand of 349.1 million GJ.
The demand for electricity and LPG will increase, with annual growth rates of 13% and 9%, respectively,
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and will reach 32.4 and 45.2 million GJ, respectively. In this scenario, consumption of traditional fuels
is reduced to 65%, a decrease of 22% compared to base year fuel consumption type.

1400 0
1206.2 45
1200 40
- 1000 885.3 35
3 Z 30
S 800 679.5 <
= 611.3 £ 25
= 600 347.3 =
458.8 440.4 =
349.1 15
400
I 2092| 267 2845 N
200
5
0 0
2015 2020 2025 2030 2035 2015 2020 2025 2030 2035
Yeaks Years
u Total energy demand Residential sector demand

e Electricity demand s [PG demand
= Cooking energy demand

(@) (b)

Figure 6. MGR scenario. (a) Energy demand; (b) Cooking fuel demand.

From the HGR scenario analysis shown in Figure 7, national, residential and cooking energy
demand are projected to increase by average annual rates of 6.5%, 4.25% and 2.7%, reaching 1651.2,
799.3 and 357.5 million GJ, respectively. As shown in Figure 7a, the total energy demand of Nepal
increases by 3.6 times by the final year 2035 compared to the base year demand, in which cooking
activities account to 22%, whereby modern cooking energy fuels are estimated to increase by 11%
for LPG and 16% for electricity. Thus, modern cooking energy demand increases in parallel over the
outlook period, decreasing the share of traditional fuels by nearly 30% in the end year with respect to
the base year percentage share, whereby modern fuels account for 42.5%.

70
1800 1651.2 &
1600
- 1400 50
O 1200 1099 -
£ © 40
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800 5811 009 g 30
600 458. 8
100 05.3 357 5 20
209 2 235 2
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u Total energy demand Residential sector demand Years

= Cooking energy demand s Electricily demand === LPG demand
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Figure 7. HGR scenario. (a) Energy demand; (b) Cooking fuel demand.
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In all scenarios, energy demand in the residential sector is highest among major economic sectors.
Traditional biomass (especially fuel wood) is still the predominant cooking fuel of the residential sector
over the study period. With socio-economic development, the demand of electricity, as well as LPG,
is projected to increase quickly during the period. Also, the growth ratio of energy demand compared
to the base year value for the cooking sector in all scenarios will rise by 1.2, 1.3, 1.4 and 1.7 times for
BAU, LGR, MGR and HGR, respectively.

4.2. Peak Power Requirement

Figure 8 shows the final electricity requirements in five-year intervals under all the assumed
scenarios between 2015 and 2035. It can be seen that the total electricity demand in the residential
sector is 26.5 TWh, 24.5 TWh, 52.7 TWh, 84.6 TWh, respectively, in 2035 without substituting LPG
for BAU, LGR, MGR and HGR scenarios. Of the total residential electricity demand, lighting and
electric appliances consume the highest share, followed by the cooking sector. To fulfil the growing
electricity demand, hydropower is one of the best options. A significant amount of hydroelectricity
can be produced in future if government action plans and policies run smoothly.

%0 Residential Sector Energy Demand

80
70
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40
30
20 /
10

TWh

2015 2020 2025 2030 2035
Years
=@==BAU LGR MGR HGR

Figure 8. Total electricity requirement.

Figures 4b, 5b, 6b and 7b shows the LPG and electricity demand under different scenarios.
According to the projection, LPG demand in the final year will be 3.5, 2.1, 6 and 7.5 times higher
than the base year demand for BAU, LGR, MGR and HGR scenarios, respectively. It can be said that
only the minimum amount of electricity is consumed in the base year for cooking compared to LPG,
indicating higher demand and thereby higher costs for petroleum products.

Figure 9a shows the electricity requirement for cooking without LPG switching under different
growth rate scenarios. From the LEAP model, it is projected that the electricity demand will increase
annually by 9.6%, 9.1%, 13.6% and 16.2%, meaning there will be a need for additional power plant
capacity (with a 70% capacity factor) of 718 MW, 669 MW, 1468 MW and 2300 MW for BAU, LGR,
MGR and HGR scenarios, respectively. Combined with LPG and electricity in the cooking sector,
the total energy requirement is shown in Figure 9b. To substitute the growing LPG demand by 2035,
assuming 70% capacity factor, an additional 1207 MW, 734 MW, 2055 MW and 2626 MW power plant
capacity is required for BAU, LGR, MGR and HGR scenarios, respectively.
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Figure 9. Electricity requirement. (a) Without fuel switching; (b) With fuel switching.

4.3. Environmental Analysis

This study classified the main cooking fuels in Nepalese households as shown in Table 1,
where traditional biomass plays an important role. Although government energy policy and programs
insist on the diversification of cooking fuel towards clean energy sources, the level of diversification in
the residential sector is still at the initial level.

Energy consumption in the residential sector is increasing more rapidly than in any other
sector. Among which, the cooking sector accounts for more than 45% of the total energy demand
of the residential sector in all scenarios by 2035. The increase in cooking energy demand is a clear
indication of large amount of GHG emissions if traditional biomass and petroleum products continue to
dominate the sector. Different cooking fuels emit different amounts of CO, equivalents. Although the
Intergovernmental Panel on Climate Change (IPCC) does not consider LPG to be a major greenhouse
gas emitter, LPG is a mixture of hydrocarbon-based gases produced from natural gas processing and
crude oil refining. Based on the LEAP model analysis, considering the built-in emission factor of
different fuel types taken from IPCC report [49], total GHG emissions from cooking fuel sources in the
base and final years are shown in Table 4. In 2035, the demand for LPG in the cooking sector will have
grown enormously, resulting in higher GHG emissions than for any other fuel types.

Table 4. GHG emissions from cooking fuel in different scenarios.

Unit Base Year End Year—2035
Fuel Types

2015 BAU LGR MGR HGR
Kerosene 46.4 46.1 39.2 62.1 103.9
LPG 561.8 1947.3 1194.5 3319.6 4272.6
Wood 1525.6 1422.7 1991.9 1269.3 1203.5
Biogas 58.5 122.6 101 163.3 261.2
Animal Wastes Thousand tons of CO; eq.  1622.8 1593.7 1451.6 2169.5 3530
Vegetal Wastes 175.6 173.4 152.6 223.4 379.2
Other Biomass 0.9 0.8 0.7 1.1 1.7
Total 3991.7 5306.6 4931.5 7208.3 9752.1

Today’s clean cooking fuels are essential for combating the high level of emissions. Even though
LPG is an alternative option to firewood, kerosene, plants and animal residue, it emits greenhouse
gases to the environment. Thus, one of the best mitigation options to reduce GHG emissions in
the cooking sector is the replacement of LPG fuel with hydroelectricity, which could save 97, 60,
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166 and 214 thousand tons of CO, equivalent emission annually in BAU, LGR, MGR and HGR
scenarios, respectively.

4.4. Economic Analysis

Economic feasibility plays a vital role when it comes to a choice between different cooking fuel
options [50]. In this work, economic calculation of LPG and electricity cooking was performed by
taking the average monthly cost of cooking for a household of 5 members [51], along with the electricity
tariff rate [45] and current LPG price in the country [52]. Assuming a constant kWh price of electricity
and LPG cylinders (14.2 kg), and a government subsidy of US$2.5 per cylinder throughout the outlook
period, the annual cost of energy for the medium growth scenario in the residential sector is shown in
Figure 10.

1200
1000
800
600

400

USS$ Million

200

2015 2020 2025 2030 2035
Years
LPG -Normal price LPG including subsidies price === Electricity

Figure 10. Costs of cooking energy in medium growth scenario.

Results show that government is spending $27.2 million for LPG subsidies only in the base year,
and this will increase to $158.3 million in 2035 due to the growth in LPG demand for cooking. In the
base year, the total cost of LPG without accounting for subsidies is $150.5 million, whereas when
considering the subsidy of $2.5 per cylinder, it is $177.7 million. Similarly, with an average electricity
tariff (per kWh) of $0.08, it will cost $165 million. Consequently, in the final year 2035, it will cost
$1046.8 million, and government needs to provide $158.3 million for subsidies alone. When replacing
LPG with electricity, it would cost $976 million. By 2035, substituting LPG with electricity could save
up to $70.8 million annually.

5. Conclusions

This paper projected the energy demand of the residential cooking sector in Nepal from 2015
to 2035 under four different scenarios with the objective of petroleum fuel switching towards clean,
affordable and adequately available hydropower resources. The household cooking energy pattern
would still be dominated by traditional biomass energy sources. With the growth of the economic
sector, urbanization ratio and the living standards of people, demand of modern fuels such as LPG,
kerosene and electricity is increasing, and the analysis shows that the demand of both LPG and
electricity would increase significantly throughout the outlook period. Even though government
energy policy and programs insist on the diversification of cooking fuels towards sustainable clean
energy resources, the level of diversification in the residential sector is still not satisfactory. As seen in
Table 4, GHG emissions from LPG would increase from 2.1 to 7.5 times the base year emission rate,
if current trends of LPG demand continue. Government subsidies for LPG have historically been used
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to endorse switching to modern fuel from traditional energy sources. However, price subsides are not
long-term solutions to promote modern fuels because of their high fiscal costs to the government.

From the analysis it could be seen that the total power requirement to fulfill growing electricity
demand for cooking by 2035 is 718 MW, 669 MW, 1468 MW and 2300 MW for BAU, LGR, MGR,
HGR scenarios, respectively. To substitute LPG with electricity, an additional 1207 MW, 734 MW,
2055 MW and 2626 MW power is required. Through economic analysis on the MGR scenario, if LPG
demand is substituted by electricity, then the country could save $21.8 million (2016) to $70.8 million
(2035) each year, which could be used to develop large-scale hydropower projects in the long term,
as the total installation cost for large-scale hydropower projects normally lies in the range of $1000/kW
to $3500/kW [53]. Considering the low hydropower installation costs, it requires a minimum of $2055
million to replace LPG with 2055 MW hydropower by 2035. In the long term, fuel switching with
hydropower is the most flexible option due to country’s huge hydropower potential and lower power
generation costs, which will help cut out LPG subsidies and reduce both the economic trade deficit as
well as the energy import dependency on India.

Although substituting LPG with hydroelectricity in the residential sector is unrealistic as of today
due to lacking generation capacity, it is easily possible in the future with the installation of additional
hydropower capacity. Development of some large-scale hydropower has already been started by the
government with the declaration of an ‘energy emergency’ and establishing new energy legislation.
In this case, our recommendation to substitute LPG with hydroelectricity could come true, and it
would help to utilize the country’s abundant water resources, and reduce environmental and health
impacts along with economic sustainability and energy security of the country.
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