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ABSTRACT

Energy is the key indicator of development. Nepal has set target to graduate to
developed country by 2022- and middle-income country by 2030 and to achieve
sustainable goal by 2030. In order to achieve all these targets energy plays a key role.
This research is mainly based on primary data, 152 households sample survey and
supported by secondary data. Energy and emission projection was done in LEAP
software based on energy demand driving factors, population growth rate and GDP
Growth rate. The analysis was made through different scenarios in LEAP, they are;
Business as Usual Scenario (BAU), Low Carbon Emission (LOW) Scenario, Efficient
Cooking Scenario (EFC) and Efficient Lighting Scenario (EFL). Analysis shows that
the total annual energy consumption of Bhanu Municipality is 635.67TJ in the base
year 2020 with per capita energy consumption 12.69 GJ/annum. The main fuel for
cooking in the residential sector is firewood, with share of 80% supplied from private,
government and community forests that covers 38% of the municipality area. Lighting
was done through grid electricity, almost 99% of the households had access to grid. The
BAU scenario shows that the household energy demand per capita will be 19.07GJ in
2050 and energy per household will be 104.56 GJ in 2050. In EFC, EFL and LOW per
capita energy demand will reach to 15.31 GJ, 19.79 GJ and 4.52 GJ respectively. GHG
emissions for all the scenario were analysed in the study. The GHG emission of base
year was 2985.60 metric tonnes of co2 equivalent. The per capita GHGs emission in
2050 will be 109.08 Kg and it will be 34.28 Kg in EFC scenario and it will be reduced
to zero in LOW scenario. LOW scenario shows the decrease of GHGs through the

policy intervention in which electrification was done in all end use demands.
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CHAPTER ONE: INTRODUCTION
1.1 Background

Energy by definition is the capacity to do work. Energy plays a vital role for sustainable
development of country. Energy is inseparable component of the modern society and it
is also one of the major constituents of the socio-economic development. Reliable and
efficient energy service provider in a country depicts the good status of country. Nepal
had faced increasing gap between supply and demand of energy in the recent
years(IBN;GoN, 2011). Till date, the presence of petroleum, gas, or coal reserves has
not found in our country, and the accessibility to remote communities is very hard
because of its land topography in the Himalayas. As a result, majority of Nepalese
people have historically met their demands of energy with human labour, biomass,
imported kerosene etc. The huge hydropower potential in our country has been
anticipated through the various studies. The power from the available water resources
can be harnessed to produce about 43000MW. However, the theoretical potential is
estimated to be around 83,000 MW(Surendra et al., 2011). Despite of having huge
hydropotential, Nepal has not been able to fully utilize its water resource for
hydroelectricity generation in a large scale. The process of hydro electricity generation
and development had started in 1911 from the establishment of Pharping Hydropower
Project(Shrestha, 2017). Although the period of electricity generation has crossed a
century, the electrification or energy generation rate have not picked up as much as it
required. The maximum population in Nepal has still no supply of reliable and quality
source of energy. As per the data, in FY 2019/20, only 86% of population has the access
to grid electricity. Out of total the domestic consumer category with 3.93 million
consumers remained the largest category with 93.26% share of the entire electricity
consumers. Nepal Electricity Authority (NEA) is working in generation, transmission
and distribution of electricity to their consumers and has set target and working to
obtain “Electricity for All” up to year 2023. Out of the total available energy(7741
GWh)in NEA’s system, NEA’s generation, Imports from India and IPPs contributed
39.02% ,22.33% and 38.64% respectively(NEA, 2020). Hydroelectricity, Micro-
Hydro, Solar, Biomass, Wind, Thermal, petroleum products are the sources of

electricity generation in Nepal. The total energy consumption during the fiscal year

2018/19 is 14014.13(‘000toe). Among them the traditional energy source constitutes
68.5% of total energy consumption, commercial constitutes 29.4% of total energy



consumption and renewable constitutes 2.1% of total energy consumption. About
eighteen percent of the total population have an access to electric supply from the
renewable energy sources(MoF, 2020). The per capita energy consumption is one of
the key measures of the development, which is found to be significantly higher in
developed countries and lower in least developed countries. The energy consumption
per capita value of Nepal is 245 kWh. Our Country is one of the forty eighth least
developed country in the world and aims to graduate towards developed country by
2022.

1.2 Nepal’s Demography

Nepal is situated in between two big countries India and China in the southern part of
Asia. Nepal has diverse topography ranging from high Himalayas to low Terai plain
lands. The administrative division of Nepal includes 77 number of districts, 7 number
of Provinces, and 753 number of local government units(rural municipalities and
municipalities)  with  distinct power sharing mechanism among the
governments(Acharya, 2018). Nepal is following the Federal Republican System of
Governance. The area of our country is 147,181 square kilometres with the population
of 29.7 million. About 78.6% of population resides in rural areas where as only 21.4%
are urban residents. The population of Nepal is projected to grow to 30.4 million by
2021AD and 33.6 million by 2031AD with the population growth rate of 2.1 percent
per year (Kathry, 2012). Here is provincial data by households and populations of
census 2011 where Bagmati Province has maximum number of households and

populations.

Table 1-1 Distribution of Households and Populations by Province, census 2011

Province Households Populations
Province 1 992,445 4,534,943
Province 2 932,308 5,404,145

Bagmati 1,270,797 5,529,452

Gandaki 578,219 2,403,757

Lumbini 885,203 4,499,272

Karnali 298,359 1,570,418
Sudur Paschim 469,971 2,552,517
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(Source: CBS,2020)
1.3 Status of Energy Consumption

The energy consuming sectors of Nepal has been defined according to the economic
sector of the country which are Residential, Industrial, Transport, Commercial,
Agricultural sectors. Others sectors are also included in the above category which are
counted in energy accounting but these sectors do not add economic boon to the
country. Street lights, lighting in temples, church, mosques fall under the others
category. In FY 2018/19, the annual average consumption of electricity in domestic,
industrial, commercial and other sectors has been 42.61%, 38.24%, 7.42 % and 11.73
%, respectively with the total yearly electricity consumption of 4,063GWh. (MoF,
2020)

Energy consumption by sectors

7.42% 11.73%

= Domestic = Industrial Commercial Others =

Figure 1-1 Energy Consumption by sectors
(Source: MoF, 2020)
1.4 Research Gap

Nepal has set the target of graduation to Least Developed Country (LDC) by 2022 and
Middle-Income Country by 2030. The indicators for graduation are Gross National
Income (GNI) per capita, Economic Vulnerability Index (EVI), Human Assets Index
(HAI). Nepal is about to achieve the minimum targets of HAI and EVI but the

difference between graduation threshold and Nepal’s position is increasing in case of
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Gross National Income. Energy consumption per capita is a directly proportional to the
GNI per capita. So, the energy consumption of the country is essential to increase in a

managed way to get the targeted economic growth rate.(Gaire & Shakya, 2015)

Nepal being the member of UN has set aim to accomplish the sustainable development
goal targets by 2030. Nepal also included long term perspective with a 25-year vision
in the fifth-year plan in order to promote the sustainable development. Sustainable Goal
7 defines the energy sector targets. National level plan does not suit perfectly to every
local level due to variance in socio economic factors. Hence, in order to achieve
national targets suitable plans should be made remaining within the constraints of each

local level.

In developing countries, residential sector is accountable for majority of energy
consumption, the value being 87% of total energy consumption for Nepal (NPC, 2013).
Hence, in order to mitigate the GHGs emission, and promote the use of efficient
technologies and efficient fuel switching for sustainable development and to achieve
different targets set by government and UN, focus on residential sector energy planning

is essential.
1.5 Problem Statement

In Nepal, research, energy plan and analysis has been done only in the national level
not in the local level. National level plan may not be suitable to the local level. Nepal
is following the Federal Republican System of Governance. Each local level has
authority to plan and implement small scale energy plan. Residential sector is the
highest consumer of energy in our country. Bhanu Municipality has higher prospective
of development in the tourism and agriculture sector. Energy being the basic need, if
we can analyse the scenario of energy consumption and plan sustainable energy for the
people living in municipality area, we can manage energy demand from the consumer
side, can implement plans and policies to achieve the future energy demand, can
improve the quality of life of municipal resident, can control the migration rate that will
be beneficial in the development of municipality and also will be a boon for the Nation
development. 70.6% of households in Bhanu Municipality use firewood for cooking,
which is the main source of GHGs emissions. Increased greenhouse gases (GHGS)

emission has contributed to global warming, resulting in increased global temperature
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and corresponding vulnerabilities. CO2 mitigation has become increasingly an
important environmental issue for developing countries. Thus, this study aims
to analyse the energy situation of Bhanu Municipality, Tanahun District of Nepal with
aim to provide basic information for planning and management of energy and its issues,
also to address the question of what would be the true impact of energy efficiency
improvements on the energy demand and on reduction of GHG emissions through

implementation of energy-efficient technologies.
1.6 Research Objective

Main Objective:

e To study the energy and environment effects of implementing Sustainable
Energy Access Planning Framework for sustainable energy development of

residential sector of Bhanu Municipality.
Specific Objective:

e To find current energy consumption pattern of residential sector and projection
of energy consumption to the year 2050.

e To develop low carbon development scenarios for GHGs emission
reduction.

e To find implications of energy efficiency improvement scenario.

18



1.7 Assumptions and limitations

The major assumptions and limitations of the study are listed below:

1.

The national data and the district data are used due to unavailability of the

municipal data.

Scenarios are based on different targets set by municipality, government and
UN.

Energy consumption projection is carried done by correlating the annual energy

consumption with different economic and demographic parameters.

The model is purely based on currently available resources and technologies,

penetration of new technologies and resources are not taken into account.

GHGs emissions data are used based on IPCC Assessment: fifth (AR-5, 2013)
database in LEAP.

19



CHAPTER TWO: LITERATURE REVIEW
2.1 Global Energy Scenario

Human beings unlike other living species, always have the universal desire of
improving quality of life. In order to increase the quality-of-life improvements in
different sectors is essential, be it on infrastructure or life style. The driving factor for
this transition is the amount and efficiency of energy consumption. With increasing
human needs the demand of energy is also increasing rapidly. Gradual reduction in use
of the traditional sources of energy and increasing demand of commercial sources of
energy and need of renewable sources of energy shows shifting of energy demand for
efficient and sustainable sources of energy. The major fuels are oil, coal, natural gas,
hydro, nuclear and renewables. The primary energy consumption of the world in 2019
is 193.03 EJ, where oil holds the largest share of energy mix (33.1%). The data’s shows
that the rapid growth of natural gas and renewables in the recent years as compared to
other fuels. The world’s per capita primary energy consumption is 75.5 GJ/capita. The
carbon emission in 2019 is 34169.0 million tonnes of CO2. Carbon emissions from use
of energy just grew by 0.5% from the previous year (2.1%) (BP, 2020). The carbon
emission in 2019 is less than half of 10-year average growth (1.1%) per annum due to

the short terms’ outcome of the covid 19 pandemic(Chapman & Tsuji, 2020).
2.2 Country Status

Nepal is a low-income country, majority of GDP (50.61%) came from service sector.
Agriculture is the second most contributor to GDP (24.26%) and industry follows the
agriculture with 13.3%. Restructuring of new Nepal and rapid urbanization has
contributed to grow in the population of urban to 62.2%. Urbanization has increased
the energy demand. Government programs and policies are based on focusing the
sustainable development. Though, inadequate amount of budget is on energy sector but
the ratio of budget on energy sector is increasing. IPPs and public shares on investment
in hydropower sector has been increasing. Hence, the generation of hydroelectricity has
increased, and its consumption is also increased. The 86% of population has access to

grid electricity. The share of renewable energy has also been increasing. (MoF, 2020)
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2.2.1 Energy Resources of Nepal
2.2.1.1 Biomass based Energy Resources

Bioenergy means the energy extracted from organic biomass of recent origin found in
various sources i.e., agriculture, forestry and other sectors which includes wood fuels,
agrofuels and others. The supply of biomass energy sources is abundance in Nepal.
Traditionally biomass resources have the boundary and limited within solid biomass
fuels derived from animals and plants. The biomass could be extracted from forests,
grasslands, agricultural lands, shrubs and also from the residue of animal in the form of
excreta. Recently, the agriculture, livestock, industry and human settlement sectors are

included in the traditional energy resources.

In the broader sense, the production of biomass is not directly responsible for energy
production, but the biomass policy could influence in the development and use of
modern bioenergy applications from the appropriate management of biomass wastes
from various sectors like industry and municipality, also for the reduction in greenhouse
gases (GHGs) emission. Human settlement sector can also play a vital role in this
consideration. Instead of wasting the different wastes came from industry and
municipality, they can be utilized in electricity generation, heat production and other

various forms of energy.

Biomass is the vital sources of energy especially in the rural area of Nepal. In general,
firewood and charcoal are mainly from woody biomass and animal dung and
agricultural crops residue are the mainly from non-woody biomass-based resources.
Firewood has the highest share among the total energy consumption. The use of
charcoal has remained insignificant for the domestic energy. No any forests are solely
managed for that purpose. The woody forests resources are also used to make ply, bed,
rack etc. (WECS, 2008) The firewood share the 90.8% of total traditional resources,
followed by cow dung 4.7% and agricultural residue 4.5%, comprising total traditional
resources of 9601 thousand ToE in the fiscal year 2018/19 (MoF, 2020)
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2.2.1.2 Animal Residues

Animal excreta, especially cow dung is used traditionally, where both of the woody and
non- woody biomass supply sources have been scarce or where their supply does not
meet the demand of the community. Gobar (cow dung) are used either in a dried cake
form or mixed with the leftover herbaceous biomass. It is one of the important forms
of traditional sources of energy, in those area which are away from the forests, mostly

in the terai are Nepal.

According to Water and Energy Commission Secretariat (WECS) data the total
production of animal residue is about 14.9 million tons, which is sufficient to meet
about forty percentage of the total national energy requirement. However, availability
of the dung is just around 80% of the total production in the country. Animal waste is
the second most sources of indigenous energy. Though the energy content is low due
to high moisture content, it is used by poor people for fulfilling their needs. Biogas
plant has been very popular forms of energy resources of the country, which uses animal
residue as a primary feeder for the energy generation through anaerobic digestion
mechanism. More than 2,00,000 plants have been installed as biogas digester plants in
our country till date (WECS, 2010).

2.2.1.3 Hydropower Potential

Nepal's theoretical hydropower potential has been estimated at about 83,000 MW and
its technically and economically feasible potential of about 45,000 MW and 42,000MW
respectively. Though the hydropower potential is 83,000MW but the technical and
economic potential is 42,000MW. All of the theoretical potential cannot be extracted

as there comes the various technical and economic constraints. (Source: WECS, 2013)
2.2.1.4 Renewable Energy Resources

The traditional sources of residential energy are not sustainable and environment
friendly, which also have serious and negative impact on the livelihood of the people
and on their health condition. So, the replacement of those traditional sources of energy
by modern and sustainable energy resources is of utmost importance. Solar energy,
water power, wind energy, biomass, hot springs etc. are abundantly found as a source

of renewable energy in Nepal.
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These sources of energy are sustainable, environment friendly, non- depletable and
uninterruptable in nature, which could be reliable on accommodating the huge demand
of energy for the country. Also, renewable sources of energy have very few adverse
impacts on GHG emission, climate, physical and topographical environment.(Subedi,
2016)

Various forms of renewable energy technologies like Pico/micro-hydropower, biogas,
liquid bio-fuel, gasifier, briquettes, solar thermal, improved cooking stove (ICS), wind
power plants, briquette, solar photovoltaic (PV)can be used for local power supply. Out
of them ICS, micro hydro, biogas stove, solar PV, solar are becoming more popular.
But other many renewable energy technologies such as wind, geothermal, solar cooker,
solar dryer and briquettes etc. are in research stage, which still needs more

commercialization.
2.2.1.5 Solar Energy Resources

Solar radiation is abundant all over the country with the total sunshine days of about
300 days. The average solar radiation ranges from 3.6 to 6.2 kwWh/Sqg.m/day across the
country. The commercial potential of utilization of solar power with grid connection is
2100 Megawatt. With National average sunshine hours of 6.8/day and solar insolation
intensity of about 4.7 kWh/m2/day, there is a large potential for the solar thermal
devices such as Solar Cookers, Water Heaters, Solar Dryers etc. (WECS, 2010).

2.2.1.6 Wind Energy

The study undertaken by (Dangrid 1992) shows that 200 Mega Watt of wind power
could be produced in the 12-kilometer long Kagbeni to Chusang corridor of Mustang
alone. It is projected that 500 GWh of electricity could be generated from wind
annually. The potential of wind power is of 3000 Megawatts for commercial production
as per the report of Solar & Wind Energy Resource Assessment (SWERA) project
prepared by AEPC in 2008 (WECS, 2013)

2.2.2 Status of Energy Supply:

The bulk of an energy supply is from traditional energy sources which includes
firewood, agriculture residue, cow dung cake accounting 69% of the total energy

supply, commercial energy sources cover 29% includes coal, petroleum products, an
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electricity and the renewable energy sources covers 2% of the total energy supply. The
total energy supply in 2019 is 14014.13 thousand ToE.

Sources of energy

= Traditional Commercial = Renewable

Figure 2-1 Energy supply mix in Nepal -1
(Source: MoF, 2020)

The figure 2-2 shows the share of energy supply based on the sources of energy.
Firewood shares the maximum fuel share which is 62% followed by petroleum products
19% and renewable shares the minimum of 2% fuel share in the total energy supply
mix. The electricity has the share of 4%, coal has share of 7%, agricultural residue and

cow dung cake both has share of 3%.

Sources of energy

® Firewood

m Agr.Residue

= Cow dung cake
coal

m petroleum products

m electricity

m renewable

Figure2-2 Energy supply mix in Nepal -2
(Source: MoF, 2020)
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The import of Petroleum products in the country has found to be increasing per year
as per statistical data of Nepal Oil Corporation (NOC), the only one importer of
Petroleum Products in the nation. Diesel, Petrol and LPG Gas bears the highest share
in the import of Petroleum Product, as Nepal is heavily dependent on petroleum
products on Transportation Sector and Household use of LPG Gas. The figure 2-3

shows the bar graph of import of petroleum products.

Import of Petroleum Products, F/Y 2076/77
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Figure 2-3 Import of Petroleum Products, F/Y 2076/77
(Source: NOC,2020)

The figure 2-4 shows the historical data of petroleum products imports except LPG.
This shows that the import of petroleum product import is in increasing trend. The

devastating earthquake has affected in the flow of import of petroleum products.

Petroleum Products Import(Except LPG Gas)
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Figure2-4 Petroleum Products Import (Except LPG Gas)
(Source: NOC,2020)
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The figure 2-5 shows the increasing trend of LPG import in Nepal. The consumption

pattern in 2071/72 is affected by the devastating earthquake.
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Figure 2-5 LPG Gas Import
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(Source: NOC,2020)

2.3 Sustainable Development
2.3.1 Sustainable Development Goals 2030

The 2030 Agenda for sustainable development, which contains 17 Sustainable
Development Goals, was adopted by the United Nations General Assembly in
September 2015. The current agenda emphasizes a holistic approach to achieving
sustainable development for all, based on the principle of “leaving no one behind."
Nepal is an initiative member for the sustainable development and it has been observing
the dialogues over the Sustainable Development Goals (SDGs) with interest. It
anticipates the further crystallization of global goals as well as national adaptation to
adopt them for the country's inclusive long-term growth. As we are looking for planning
of sustainable energy, this Goal 7 which details the sustainable energy objectives. The
SDG7 goals include achieving universal access to sustainable, secure, and modern
energy services by 2030, significantly raising the share of renewable energy in the

global energy mix, and doubling the universal rate of energy efficiency progress.

The SDG7 targets are;
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Target 7.1 By 2030, ensure universal access to affordable, reliable and modern energy

Services.

Under this target the population with electricity access will be increased to 99% by
2030. Reliance of the population on clean fuels will be increased in the similar time
frame. This includes usage of solid fuel for cooking as a primary source be decrease to
30% where uses of liquid and petroleum fuel will be increased to 39% and per capita

electricity consumption will be increased to 1500 units.

Target 7.2 By 2030, Increase substantially the share of renewable energy in the global

energy mix.

This target includes the increment in the renewable energy consumption in overall
energy consumption. Contribution of renewable energy is targeted to hold 50% of share
in total energy consumption. For this installed capacity of hydropower will be increased
to 15000MW.

Target 7.3 By 2030, double the global rate of improvement in energy efficiency.

In this target energy efficient appliances are targeted to be used where efficiency will
be increased to 60% and 50% of the vehicle will be electric in public transportation.
(NPC, 2015)
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2.4 Multi- Tier Energy Matrix

Table 2-1 Multi-Tier Framework for Household Electricity Access

Multi-Tier Matrix for Access to Household Electricity Supply

S.N. Tie | Tierl | Tier2 Tier3 | Tier4 Tier5
ro
1 Capacity Power Very Low Mediu | High Very
Low Power m Power High
Power | Min50W | Power | Min 800 | Power
Min 3 Min w Min 2kW
w 200 W
AND Min 12 | Min 200 | Min1.0 | Min 3.4 | Min 8.2
Daily Wh Wh kWh kWh kWh
Capacity
OR Lightin | Electrical
Services g of | Lighting,
1000 Air
Imhrs Circulatio
per day | n,
and Television
phone and Phone
chargin | charging
g are
possible
2 Duration Hours per Min 4 | Mindhrs | Min 8 | Min16hrs | Min 23
day hrs hrs hrs
Hours per Min 1| Min2hrs | Min 3| Min4hrs | Min4 hrs
evening hrs hrs
3 Reliability Max 14 | Max 3
Disruption | disruption
s per week | s per
week  of
total
duration <
2 hours
4 Quiality Voltage problems do
not affect the use of
desired appliances
5 Affordabilit Cost of standard consumption
y package of 365 kWh per annum is
less than 5% of HH Income
6 Legality Bill is paid to the utility,
prepaid card seller or
authorised
representative
7 Health and Absence of  past
Safety accidents and

perception of high risk
in the future
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Multi-tier Matrix for Access to Household Electricity Services

Tier 0 Tierl | Tier?2 Tier 3 Tier 4 Tier 5
Tier Not Task General Tier 2 and | Tier 3 and | Tier 4 and
Criteria | Applicabl | lighting | lighting, any any high- | any very
e Phone | Television | Medium power high-
chargin |, Fan (if | power appliances | power
g needed) appliances appliances
Multi-tier Matrix for Electricity Consumption
Tier 0 | Tier1 | Tier2 | Tier3 | Tier4 | Tier5
Annual Consumption | <4.5 >45 |=73 >365 | >1250 | >3000
Levels, in  Kkilowatt-
hours(kWh)
Daily Consumption | <12 >12 >200 |>1000 | >3425 | >8219
Levels, in kilowatt-hours
(kWh)
Tier
0 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5
Tier 4 +
Electric Electric
Lighting, Tier1+ | Tier2+ Tier 3 + cooking,
radio, Multi bulb rice Refrigeratio | space
mobile lighting, air | cooking n, heating
Electricity | Non phone circulation, | , water | mechanical and
Services e charging television heater loads cooling
Continuous spectrum of Improving energy supply
Energy attributes including: quantity (watts), duration (hours),
Supply
Attributes
Solar
Possible Lantern,
Electricity rechargeab | Rechargeab | Home Home Home
Supply le batteries, | le batteries, | system, system, system,
Technologi | Non | home home minigri minigrid, | minigrid
es e system system d, grid grid , grid
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2.5 Gross Domestic Product

The market value of all finished goods and services produced within a country's
geographic borders in a given time span is referred to as GDP. It is one of the most
important metrics for determining a country's economic health. GDP per capita & GDP
growth are nation's economic indicators. The GDP growth rate indicates how quickly a
country's economy is expanding. GDP per capita is an indicator of a country's standard
of living and isthe most accurate way to correlate GDP between countries.
Nepal's economy is largely reliant on foreign assistance. Agriculture is the most
important field of the economy, employing more than Seventy percentage of the
population and accounting for 33% of GDP. In 2019, the GDP per capita of Nepal
has increased to 1,071.051 USD, up from 1038.65 USD in 2018.The GDP per capita in
Nepal is equivalent to 6% of the world’s average. GDP per capita reached an all-time
high of 1,071.051 USD in 2019 and a record low of 46.243 in 1964. (World bank,2021)

2.6 Low Emission Analysis Platform

The Stockholm Environment Institute's Low Emissions Analysis Platform (LEAP) is a
commonly used accounting simulation modeling tool. For integrated resource planning
& GHGs mitigation evaluations, it has been widely embraced by developed countries.
More than 85 signatories to the United Nations Framework Convention on Climate
Change (UNFCCC) use LEAP tool to report their GHG inventories, demonstrating that
it is a useful modeling method. (Heaps,2016). As a consequence, LEAP is used to

handle data and outcomes as a modeling tool.

LEAP uses an end-user demand-driven method, which ensures that the study starts with
a structure for end-use accounting. The market for goods and services divides society
into a hierarchical tree structure. It's used to make models that cover anything from
energy resources to production, transmission, and end-use. It is used as a database, a
modeling tool, and a tool for policy analysis. It also promotes historical energy system

research as well as economic and environmental impact assessments.

LEAP in also is a forecasting modelling tool for energy system scenarios. It was created

to project energy over 20-50 year time period and can be used to analyses and measure

the effect of energy and environmental policies. Policies may be modelled to investigate

the physical, environmental and economic consequences of various policy scenarios.
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LEAP scenarios are bas

economic development,

LEAP is user friendly
forecasts can be made el

down or bottom-up ener

ed on various assumptions about technological advancement,

population, energy prices and environmental constraints etc.

and adaptable modelling tool. Energy and environmental
iminating the entering of cost data. LEAP is used to create top-

gy, emission and economic analyses due to its versatility. As a

result, the input criteria for building a given model are largely determined by the nature

and scale of the analysis
energy data. The modell

Q) inbuilt basic
environment

and

. Data can be grouped as demographic data, economic data and

ing in LEAP operates at two levels:

accounting relationships, such as energy supply and demand,

emissions, transmission, capacity enhancement and costing;

(i) extrafeatures that modelers can add like addition of innovative technologies

as a function

of income level, prices and policy instruments.
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Figure 2-6 Leap Modelling Framework

LEAP

e Simple software scenario-based modeling of energy planning and greenhouse

gases mitigation

assessment.
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e Wide scope: extraction of resources, greenhouse gases, demand,

transformation and local air

e Pollutants emissions, social, B/C analysis, non-energy sector resources &

sinks.

e Different energy mechanism modeling tool.

e Support for multiple methodologies i.e. transport stock-turnover modeling, ,
econometric & simulation models, electric sector load forecasting.

e Requirements of lesser data at beginning phase and majority of the aspects are

optional.
e Links to Microsoft Office Packages i.e., MS Word, MS PowerPoint, MS Excel

e Applicability in different level planning ie. Local (Cities/States), National,
Regional & Global.(Gaire & Shakya, 2015)

2.7 Energy Conversion

Here is some multiplier expressed to convert from one unit to another:
1076 kWh =1 GWh

1 GWh = 3.6*10"3 GJ

1 kg coal = 1.890 kWh

1 kwh =0.9630 kg CO>

1 kWh = 1.260 lit. of water used.

1 kilowatt-hour (kwh) is 1 (One) unit of electricity.

2.8 Sample Size Determination

For sample size determination, (Robert et al., 1970) has determined the following
formula in the article named “Small Sample Techniques”, published by the National
Education Association (Research Division).

The mathematical formulae is;

g = _ X2NPU-P)
- dz(N_1)+X2P(1_P)... eee see see see o

ve....... EQuation:2-1, where,

S = sample size required.
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X2 = value of chi-square (Table Value) for 1 DOF (degree of freedom) at a desired
confidence level (3.841).

N = size of population.

P = proportion of population (assumed as 0.5).

d = degree of accuracy expresses in terms of a proportion (0.05).
2.9 Sustainable Energy Access Planning

Sustainable Energy Access Planning (SEAP) is basically aimed for development of
socially inclusive supply of energy system for both poor and non-poor people, which
provides sustainable access of at least the basic amount of energy. It covers the wide
energy framing networks that are different and distinct from the traditional energy

planning.

Energy Poverty
Assessment

Affordability

Demand

Assessment Assessment

Sustainable Energy
Sustainability Access Planning
Assessment (including
Technology

Assessment)

Resource
Assessment

Benefits Cost

Assessment Assessment

Figure 2-7 Elements of SEAP

(Source:Asian Development Bank, 2018)
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Energy Poverty Assessment
Determine the size and energy consumption
of the energy-poor household population

Sustainability Assessment
Evaluate the sustainability of

energy technologies
Energy Demand Assessment

Estimate the level of energy demand
of poor and nonpoor households

Resource Assessment

Estimate the availability
and cost of energy

Cost Assessment
Detarmine least- cost energy access
options and their cost implications

s of the energy access options

accessoptions { tothe energy poor
v
Assess supporting policies and measures
to improve affordability

Figure 2-8 SEAP Flow Diagram
(Source: Asian Development Bank, 2018)

Here are some descriptions of the literature that are reviewed for the purpose of this

research.

Table2-2 Literature Review

S.N. Author Title of Paper Result/Conclusion

1 (Shrestha | Residential Energy | This research analyzed the energy
& Consumption Pattern | situation of Bhojpur Municipality.
Nakarmi, |of a newly formed | Firewood (93%) is the main fuel.
2014) municipality: A case | Cooking was found to be done mainly
study of Bhojpur | using firewood and lighting was done
Municipality of | through grid connection.

Bhojpur District
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(Shrestha

Study of Current

The study was done in 32 urban and

et al., | Energy Consumption | semi-urban and 12 rural sampled
2016) of Dhulikhel | households and was analyzed using R
Municipality Commander (Rcmdr version 2.2-3)
package in R software (Version 3.2.3).
Cooking was the most energy intensive
end use, accounting for 75% of urban
and 90% of rural energy consumption.
(Adhikari | Analysis of Rural | This paper concluded that Hydropower
et al., | Electrification Policy | Policy 1992 and Electricity Act 1992
2014) Provisions in Nepal | were the main act and policy documents
which have described the different
criteria of distribution and generation of
hydroelectricity. In the enhancement
and use of renewable energy
technologies and rural electrification
Rural Energy Policy 2006 was
dedicated.
(Brandoni | The role of | This research was done by analysis of
& municipal  energy | the twelve municipality energy plans
Polonara, | planning in the | and policies developed in the Italy to
2012) regional energy- | upgrade the understanding of the role
planning process. played by municipal planning in the
regional  energy-planning  process.
Municipal energy saving and demand
reduction can help to achieve the
national energy policy targets.
(Shakya, | Analysis of Low | This study indicated that energy
2012) Carbon consumption and GHG emission would

Development
Strategies: Role of

Transport Sector

decrease abundantly if Carbon tax
policy is executed in Nepal but there
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Electrification and

Carbon Tax In Nepal

will be moderate loss in GDP and

household welfare.

(Bajrachar | Current Energy | This paper studied the current energy
ya & | Consumption in | consumption of Bhaktapur. It was found
Nakarmi, | Bhaktapur District that water heating was used by 25% of
2014) urban and rural household. In rural
household, majority of them uses
firewood which is 70% whereas in
urban households, LPG is used for water
heating accounting 75%.
Integrated  Energy | LEAP has been used for energy
(Darlami, | Planning of Karnali | planning. For planning, available
2006) Zone resources, existing consumption trend
and driving variables has been collected
from primary and secondary data.
(Pachauri | Energy use and | The paper presented how energy
& Spreng, | energy access in | poverty might be measured. It involved
2003) relation to poverty. | the assessment of minimum energy

needs of a residential on the basis of
mathematical calculations and basic
normative consideration and poverty in
relation to access to different sources of
energy. They found that economically
poor households have less access to

electricity.
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9. (Panthi & | Energy and Emission | This paper studied the energy and
Bhattarai, | Analysis of | emission of Reshunga Municipality in
2018) Residential Sector: A | LEAP based on the BAU, DSM, BSP

Case  Study for | and SDG scenario. The total energy

Reshunga consumption was 214.8 TJ. In SDG

Municipality in | scenario demand was reduced by

Nepal 23.14% and emission is reduced to
47.79K tCO2e.

10. | (Surendra | Current status of | The paper presented that only 1.0% of
et al., | renewable energy in | renewable energy are being utilized
2011) Nepal: Opportunities | though having vast number of natural

and challenges resources due to geophysical, political,
technical and economic reasons. Nepal
has high potential of use of RETs. 8
GWh/day solar electricity can be
generated considering 4.5 per day peak
sunshine.

11. | (Shree Energy consumption | The energy model was developed using
Rajbhanda | and scenario analysis | MAED and MARCAL. Current energy
ri & Man | of Residential sector | demand would put high pressure on
Nakarmi, |using Optimization | energy demand and in national
2014) Model -A case study | economy. The final energy demand of

of Kathmandu valley | residential sector is about 7500TJ which
is dominated by petroleum products
(48%) and renewable with 33% of
share.

12. (Gaire & | Energy and | This research studied the preliminarily
Shakya, Environmental energy mix up, desired future energy
2015) implication of | demand considering different scenario

graduating Nepal | and its effects on graduation of Nepal.
from -Least | Study found that to graduate Nepal

energy consumption per capita must be

37




Developed to

Developing country.

20.5 GJ and the commercial
consumption of energy per capita must
be 6.5 GJ.

13. | (Mundaca, | Energy-economy The paper laid the basis for the
L., & Neij, | models and energy | different dimensions: i) modelling
L. (2009)) | efficiency policy issues; (i) human-behavioral factors;
evaluation for the (iii) techno-economic aspects and (iv)
household sector. policy considerations. This paper
evaluated the different energy models
based on various criteria of
assumptions, technological databases,
research framework, geographical
scope, modeling tools, etc.
14. | (Dhaubanj | Energy scenarios of | The final consumption of energy in
ar et al., | household sector in | panauti municipality is 147TJ in year
2019) panauti municipality | 2016. The studied found that all total
for sustainable electrification in all end use service can
development and decrease the demand of energy by 57%
energy security AEL and 35% in SDG scenario, and the
about NRs.235 million is saved on fuel
import.
15. | (Shakya et | Role of renewable | Nepal is one of the countries which is
al., 2014) | energy technology in | exposed to the risk of climate change.

climate change

adaption and

mitigation in Nepal.

Studies shows that 4.45 million tons of
COy of the GHG emission can be
reduced per year if all the renewable

technologies are deployed.
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CHAPTER THREE: RESEARCH METHODOLOGY

This chapter describes the research methods related to this work. The main purpose of
the study is based on an achievement of sustainable energy in the residential sector is
based on Sustainable Energy Access Planning Framework. The methodology is divided

into different sub topics which in detail describe the framework for the research.
3.1 Overview and Research Study Paradigm

This research framework is established to find out the concerns related to national
energy planning and also to find the matters related to municipal energy planning as
well as to assess the energy demands in the residential sector of Bhanu municipality.
The research focused on current scenario analysis of municipality and future energy
projection. The fine and foremost step of research methodology is the literature review.
To identify a set of objectives and to know about the existing scenario of an
energy consumption on central level and local level, a literature review was initially
completed. Through the extensive study of various papers, journals, books, websites,
etc. the research gap was identified and according to that a set of main and specific

objectives were formulated.

The questionnaire was made based on GIZ and SEAP framework. Data collection was
done through the primary survey on the formatted questionnaire. The collected data
were at first entered in excel for pre liminary evaluation and then the data were made

ready to enter on LEAP.

The energy model LEAP is used for the energy projection and analysis of current
scenario of municipality. GHGs emission was calculated based on the current scenario
and based on the current scenario plan is done to achieve the national targets of SDG
for low emission. The results obtained were then extracted in charts and tables for easy

understanding. Based on that the plans and suggestions were made.

The figure3-1 describe the chronological order of research methodology.
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Issues Identification on National Energy Planning
and Energy Sector of Bhanu Municipality

helps in Sustainable Enerav Plannina?

RQ: How Current Scenario analysis of Residential Sector

¥

Primary Data

Literature Review
¥
Questionnaire Preparation

\ 4

\ 4

Data Collection

A 4

Sample Size Secondary Data
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| Scenario

Obijective Fulfilment and
Recommendation

Figure 3-1 Research Framework
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3.2 Study Area
Bhanu Municipality

Bhanu Municipality is situated in Tanahun District of Gandaki Province. The
municipality was established by the government of Nepal on 2073/11/27 in the name
of legendry poet Adikabi Bhanubhakta Acharya by merging previous Bhanu
Municipality, Basantapur VDC, Mirlung VDC, Risti VDC (Ward no.6), Satiswara
VDC (ward 1-5), Tanahusur VDC(Ward 1-3), Chowk Chisapani VDC, Rupakot VDC.

The municipality is bordered by Gorkha and Lamjung district in the east, Byas
Municipality in the west, Lamjung District in the north and Bandipur rural municipality
and Gorkha district in the south. It comprises 13 wards and has an area of 184 sq.km.
The total population according to the census of 2011 is 45,792 and total number of the
households is 12,097. (Bhanu Municipality, 2020)

Table 3-1 Population and Household distribution of Gandaki province.

) ) Population
Gandaki Province Household
Total Male Female
Metropolitian City 105,630 402,995 192,977 210,018
Municipality 255,622 1,042,011 462,022 579,989
Rural Municipality 216,430 932,348 414,476 517,872
Institutional 537 26,403 21,333 5,070
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Figure 3-2 Map of Gandaki Pradesh, Tanahun district and Bhanu Municipality
(Source:MOFAGA,2021)

Table 3-2 Ward Merged and Reformed Wards

Recent Ward No Inclusions of previous VDC and Previous Ward No
Municipality
1 Bhanu 1
2 Bhanu 2
3 Bhanu 3
4 Bhanu 4,5
5 Bhanu 6,8
Bhanu 9
6 Tanahusur 1-3
Satiswara 1
7 Basantapur 1-9
8 Purkot 4,6-9
9 Purkot 1-3,5
10 Chowk Chisapani 1-9
11 Rupakot 1-9
12 Mirlung 1-6
Mirlung 7-9
13 Risti 6
Satiswara 2-5

(Source: Bhanu Municipality,2021)
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3.3 Sample size and field Survey

The sample size was calculated based on the formula proposed by krejicie and morgan.

The following mathematical formula was used to determine the sample size.

_ X2NP(1-P)
"~ d2(N-1)+X2P(1-P)

.............................................................. Equation 3-1

where,

S =required sample size.

X2 = the table value of chi-square for 1 degree of freedom at the desired confidence
level (3.841).

N = the population size.
P = the population proportion (assumed to be 0.50).
d = the degree of accuracy expressed as a proportion (0.05).

Field Survey was done on different household of each wards based on the sample size
located to each ward. In order to include the sample of different family size, different
level of income, rural and urban area household, consultation with different ward

president was done and then according to the recommendations sample were collected.

Bhanu Municipality consists of 13 Wards and has 46179 populations. With the
confidence level of 95% and the degree of accuracy 8%, the sample size found to be
149 households. After the selection of sample size i.e., 149 households, the number of
households were determined in each ward using stratified random sampling. So that
data collection will enfold households from all wards of Bhanu Municipality. The
fractional values of samples were adjusted to its upper value for simplicity. The

numbers of samples from each ward are shown in Table 3-3.
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Table 3-3 Sample Size distribution according to the wards

No. of
Ward no. household Population % Sample Size
1 842 3234 7.06 11
2 807 3274 7.15 11
3 934 3643 7.96 12
4 894 3319 7.25 11
5 931 3496 7.63 11
6 881 3439 7.51 11
7 868 3415 7.46 11
8 942 3605 7.87 12
9 952 3583 7.82 12
10 1028 3835 8.37 13
11 1125 4264 9.31 14
12 1052 3873 8.46 13
13 841 3199 6.99 10
Total 12097 46179 100 152

3.4 Questionnaire Development

The research initially uses the survey-based method that focuses on residential energy
use patterns of Bhanu municipality. The questionnaire was prepared based on SEAP
framework and GIZ household questionnaire survey. The questionnaire was
disaggregated to different sections in order to calculate the end use demand properly.

3.5 Energy Demand

For modelling in LEAP, energy demand of residential sector was sub divided into eight

end uses:

a. Cooking
b. Lighting

c. Animal meal Preparation

o

Preparation of local alcohol
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Space Heating
Space Cooling
Electrical Appliances

o Q oo

Water Heating

Further end use categories were divided on the basis of fuel types. As the energy
demand preliminary depends on the demographic parameter. The total energy demand
is the product of energy intensity and demographic parameter. Here demographic
parameters refer to the number of households. Energy intensity is calculated from the

survey data and secondary data.
Energy demand= energy intensity xdemographic parameter................ Equation 3-2
3.6 Service Demand Projection

The projection of energy demand in this study is based on the population and GDP per
capita. The relationship of service demand in residential sector with population and

GDP per capita is shown below:
POPt O cppe Bi

SDi,t =SDi.0 < (555 > (gprs?

e Equation 3-3

Where,

SDit and SDi,0 = service demand of sub sector i in year t and the base year

respectively.

POPt and POPO = population of the municipality in year t and the base year

respectively.

ai and gi = population and GDP elasticities of service demand of sub sector i

respectively.

The values of service demand elasticity are taken from the study of (Shakya &
Shrestha, 2011) which have estimated from regression analysis taking service
demand as the dependent variable and GDP and population as the independent

variable. The values of population and GDP elasticities are shown in Table 3-4.
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Table 3-4 Elasticity value of end- uses

Residential End- use GDP Population
Lighting 0.03 0.98
Cooking 0.03 0.98
Space Heating 0.26 2.85
Space Cooling 0.26 2.85
Cooking Animal meals 0.03 0.98
Preparation of local alcohol 0.03 0.98
Electrical Appliances 0.26 2.85
Water Heating 0.03 0.98

(Source:Shakya & Shrestha, 2011)
3.7 LEAP Scenario development

Scenario planning is a forecast methodology which gives the potential future energy
demand and supply requirements. Energy scenarios gives the concepts for finding the
future energy outlook, counting various combination of technology options and their

implication. Hence, it makes sense of an unknown future.

For the scenario analysis, 2020 was taken as a base year. The future final energy
demand of Bhanu Municipality was projected to the year 2050. The population and
GDP are taken as the key drivers of the residential energy demand. The population
growth rate is taken as the average growth rate of two consecutive census, due to
unavailability of GDP growth rate of municipality, the national average GDP growth
rate is taken into account. The scenarios are made based on the national and municipal
plans and targets. The detailed description of the different scenarios is described under

different heading.
3.7.1 Business-As-Usual Scenario

Business-As-Usual Scenario (BAU) is the baseline scenario which suppose that the
same trend will follow in the future without the intervention of new technologies and
policies. Hence, the use of every demand technology in the energy supply in the
upcoming years would be same as in the current study year. Under this scenario, the
GDP growth rate and population growth rate would be same as the base year. The
population growth rate is taken as 0.94% and GDP growth rate is taken as 4.8%.
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3.7.2 Efficient Cooking Scenario

Efficient Cooking Scenario (EFC) follows the principal target of achievement of
sustainable development goal by 2030. Here, the firewood share is reduced by the
efficient technology shifting to ICS and replacing it with biogas and electricity by 2030.
The population growth is taken same as of BAU which is 0.94% and GDP growth rate
7%. Likewise, the policy intervention is done to replace firewood by 10% and all

cooking fuel by electricity in the end year.
3.7.3 Efficient Lighting Scenario

Efficient Lighting Scenario (EFL) also follows the national target of achievement of
sustainable development goal by 2030. This scenario is based on replacing the
inefficient lighting technologies by the LED with the 80% share of grid electricity and
20% share of solar PV. The population growth is taken same as of BAU and GDP
growth rate of 7% according to the target of SDG.

3.7.4 Low Carbon Scenario

Low Carbon Scenario (LOW) is based on the aim to limit the emission of GHGs. This
scenario sets the targets to electrify all the end use demands by the end of 2050. Here
the GHG emitting fuels are replaced by electricity gradually. This assumes the GDP
growth rate of 7%.
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CHAPTER FOUR: RESULTS AND DISCUSSION
4.1 Energy Resource Assessment

Nepal is rich in hydropower resources. There is an abundance of renewable sources of
energy but no economically feasible petroleum sources have been found yet. The main
energy sources are biomass than followed by petroleum and electricity. The energy

resources available in Bhanu Municipality are:
4.1.1 Fuelwood

In the Bhanu Municipality, Fuelwoods are majorly used for cooking meal for human
and animals and water heating. Fuelwood is also consumed in maximum amount for
preparation of local alcohol and also used for various household purposes. Mainly
fuelwood is collected from their private forest/land or from community forests. Hence,
it is economic source of energy than others.

4.1.2 Biogas

Some households having domestic animals in their house use animal residue as the
source of energy. The dung is being used for the production of biogas. In Bhanu
Municipality, during the field survey; 44 household use biogas plants.

4.1.3. Petroleum and Natural Gas Resources

All the petroleum products consumed in Nepal are imported in large amount from India
and also from overseas. Bhanu Municipality also uses imported fossil fuels for cooking
purpose and running vehicles. LPG is one of the major fossils fuels consumed in the
residential sector and mostly used for cooking and water heating purposes. Bhanu
Municipality is a mix of semi-urban and rural areas, all the wards have access to the
roads and hence the transportation of LPG is easy and hence the rate of use of LPG is

increasing.
4.1.4. Solar Energy

In Nepal, the country receives a large number of solar radiations with an average of 3.6-
6.2 kWh/m”2/day and the sun shines for about 300 days per year. Though Tanahun
district have enough solar radiations to convert it into the useful energy but it is not

utilized in its maximum capacity.
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4.2 Energy Consumption Scenario of Surveyed Households

All the households were found to be using electricity and other sources of energy used
such as wood, biomass, LPG etc. Wood was the most economic sources of fuel in use
due to easily accessible from the private, government and the local forests. The 128
number of households use LPG for cooking meal, followed by 98 households use wood,
55 households use rice cooker ,44 households have Bio-gas and only one household use

induction heater for cooking.

Fuel used for cooking
90% 84.21%
80%
70% 64.47%
60%
50%
28.95%

30%
20%
10%

0%

Wood LPG Bio Gas Electricity

Figure4-1: Percentage of HH using different fuel for cooking
Maximum number of households i.e., 136 HH use LED light followed by 42 households
use incandescent lamps and 32 households use CFL for lighting. The use of Solar PV
for lighting is found in 7 households. The use of incandescent lamp was specially for

heating and lighting to chickens.
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Lamps used for lighting
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90%

80%
70%
60%
50%

40% 27.63%

30% 21.05%
i —

20%
B
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Figure4-2: Percentage HH using different lamps for lighting

The mostly used electrical appliances are Desktop, T.V, laptop, Fridge, Mobile, Water
pump, Heater, Fan, Radio, Router, Kitchen grinder etc. Almost all the households use
mobile for communication purpose. 68 households use CRT TV, 39 households use
LED TV and 27 households use LCD TV and hence 135 households were accessible
with TV, 34 households use Water pump.

Electrical Appliances
100% 96.05%
90%
382;0 69.08%
0
60% 44.74%
50% 42.11%
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Figure 4-3: Percentage HH using different Electrical Appliances
Wood was the most consumed source of fuel in animal meal preparation and
preparation of local alcohol. People consume alcohol during festivals and for daily used

in Gurung, Kumal, Tamang communities.
50



4.3 Total Energy Consumption

The total energy consumption of the residential sector of the municipality is 635.67TJ
in the base year 2020 accounting for 12.69 GJ/capita. The Table 10 shows the overall
energy demand of the residential sector of the Municipality.

Table 4-1:Final energy Demand (TJ)

.. . ] Total
End use/Fuels | Electricity | Firewood | Biogas | LPG | Solar (TJ/Year)
Cooking 0.83 18471 | 0.02 |44.16| 0.00 | 229.72
Lighting 5.46 0.00 0.00 | 0.00 | 0.01 5.47
Animal Meal 0.00 25745 | 000 | 000 | 0.00 | 257.45
Preparation
Space Heating 0.36 26.08 0.00 | 0.00 | 0.00 26.44
Space Cooling 6.41 0.00 0.00 | 0.00 | 0.00 6.41
Electric 9.48 0.00 0.00 | 0.00 | 0.00 0.48
Appliances
Water Heating 0.00 17.6 0.00 | 0.00 | 0.00 17.6
Alcohol 0.00 8309 | 000 | 000 | 000 | 83.00
Preparation
Total 2254 568.93 | 0.02 |44.16| 001 | 635.66

4.4 Fuel wise energy consumption

Firewood for cooking and electricity for lighting are the main sources of energy in the
municipality. The main fuels used in the municipality are firewood, LPG, electricity
and biogas. Firewood shares the 89% of total energy consumption. Firewood is used
mainly in cooking. People use firewood which are easily available in private or
government forests and does not cost much. Firewood is utilized in maximum amount
for cooking animals’ meal and preparation of local alcohol. Since, forest covered area
is 38% of total land covered of municipality firewood is cheaper source for these end
use demands considering the availability and monetary point of view. The use of LPG
is increasing day by day due to its ease in use. Firewood, LPG, biogas are the sources
of GHGs emissions. Hence, this research focuses on sustainable development by
switching to the efficient fuel and technology. The figure 4-4 shows the fuel share of

municipality in base year.
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Fuel Share
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Figure 4-4 Fuel share by end use demand
4.5 Final energy demand by end use

Figure 4-5 shows the final energy demand by end use type. Where, cooking animal
meal shares the maximum end use demand which is 257.45TJ which is followed by
cooking 229.43TJ. Preparation of local alcohol follows the cooking and has demand of
83.09TJ, lighting has the minimum end use demand of 5.47TJ. Water heating, space
cooling, space heating and electrical appliances has the energy demand of 17.60TJ,
6.41TJ, 26.44TJ, 9.48TJ respectively.

END USE SHARE water heat
lightir raksi preparat 3%
1% 13%

electrical
appliances
1%

space cooling
1%

cooking
36%

space heating
4%

animal meal
preparation
41%

Figure 4-5 End use energy share

4.5.1 Energy consumed by end use cooking

Figure 17 shows the types of fuels used for cooking purpose. The highest energy
consuming end use is cooking which has highest share of firewood followed by LPG,
biogas and electricity.
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Figure 4-6 Energy share by fuel type in cooking
4.5.2 Energy consumed by end use lighting

The energy share by different types of lamps is shown in figure 18. Electricity accounts
the 99% of share of lighting and 1% of lighting is done through solar PV. LED shares
the highest energy in lighting accounting 45% is followed by incandescent. Solar LED
and tube light shares the equal of 0.18% and the CFL share is 10.79%. The total energy
demand is 5.47TJ in lighting.

0.18%

44.79%

Energy Demand 5.47TJ

0.18%

| =Incandescent = Tubelight = CFL LED =SolarLED |

Figure4-7 Energy share by different lamps for lighting
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4.5.3 Energy consumed by electrical appliances

The figure 4-8 shows the energy consumed by different electrical appliances. TV shares
the highest energy among all the electrical appliances followed by mobile charging.
The least energy is consumed by kitchen grinder and router.

0 0.11% __0.11%
Energy Demand 8.97%

o\

2.11%

9.70%
0.53%
TV = Computer/Laptop Iron
Radio = Mobile Charging = Refrigerator
= Water Pump = Grinder = Router

Figure 4-8 Energy share by different electrical appliances

The base year energy balance is shown in table 4-2. This shows that electricity and LPG
are not produced within the Municipality or are imported outside the municipality.
Wood, biogas and solar demand are met from within the municipality. Hence, the total
production of 571.45 TJ and import of 71.85 TJ has the total primary supply of
640.82TJ. There is transmission and distribution loss of 5.15TJ resulting in total
residential demand of 635.67TJ.
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Table 4-2 Base year energy balance- TJ

Energy Balance for Area "BHANU MUNICIPALITY"

Scenario: Business-As-Usual, Year: 2020, Units: Terajoule

Off_grid
Electricity | LPG | Wood | Biogas | Solar | electricity | Total

Production - - 568.93 | 0.02 250 |- 571.45
Imports 27.69 44.16 | - - - - 71.85
Exports - - - - - 2.49 2.49
Total Primary

Supply 27.69 | 44.16 | 568.93 | 0.02 2.50 |2.49 640.82
Off grid

electricity - - - - 2.50 | 2.50 -

Grid electricity - - - - - - -

Transmission

and

Distribution -5.15 - - - - 0.00 5.15
Total - -
Transformation -5.15 - - - 250 | 2.50 5.15
Residential

sector 22.54 44.16 | 568.93 | 0.02 - 0.01 635.67
Total Demand 22.54 44.16 | 568.93 | 0.02 - 0.01 635.67

4.6 Scenario Analysis

The scenarios are developed from the primary data survey and secondary data on

resources, demography and technologies. The targets of scenario analysis are to explore
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the effects of policy intervention and helps to implement the plans. The summary of

scenarios is discussed on the Table 4-3.

Table 4-3 Scenario Summaries

Scenario name Assumptions
Population Growth=0.94%,
Business-as- . 1 a0
BAU usual economic growth rate=4.8%,
Scenario energy intensity and energy mix remain
constant.
Population Growth=0.94%,
economic growth rate=7%,
Traditional cook stove is replaced by ICS by
EEC Efficient 10% in end year.
cooking Limits the share of LPG to 10% in the 2030
and zero at the end year.
90% electrification in cooking by the end
year.
Population Growth=0.95%,
: _70
el Efficient economic growth rate=7%,
lighting replacing inefficient lamps by LED with 80%
share and solar PV LED by 20% share in
2030 based on national goal of SDG 7.
Population Growth=0.94%,
: _70
LOW LomV\ilsz?(r)l;on economic growth rate=7%
electrification in all end use demand by year
2050.

4.6.1 Business-As-Usual Scenario

The Business as Usual (BAU) Scenario describes the future energy consumption
pattern based on the current pattern of energy consumption without any policy and
technologies intervention. The scenario calculates the likely future development
without any governmental policy to limit the use of fossils fuels, to increase the energy
consumption etc. The energy demands furthermore continue with the same GDP growth

of 4.8% and population growth of 0.94%. The final energy demand for the base year in
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2020 was 635.67TJ. This final energy demand in the BAU scenario will increase to
1264.86TJ in the end year 2050. The per capita final energy demand for the base year
was 12.69GJ to 19.07 TJ GJ by the end of the study period. With the same population
growth and GDP growth the final energy demand in the study period will increase up
to two times of the energy demand of the base year. A study by Shrestha (2016), found
that the average energy consumption per capita of residential sector of Dhulikhel
Municipality was 5GJ per year and final energy demand was 72TJ per year. According
to the study conducted by KC (2019) the per capita energy consumption is 3.28GJ per
year with final energy consumption 295TJ in the Bhaktapur Municipality of the
residential sector. The figure 4-9 shows the energy demand of different years based on

BAU scenario.

BAU Energy Demand (TJ)
1,400 1,264.86
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Final energy demand

Figure 4-9 Final energy Demand BAU

Table 4-4 shows the annual energy consumed in end uses. The share of energy mix will
be same as of current scenario. The majority of energy shared by cooking in the base
year of 229.73TJ to 417.73TJ in the end year of study period.
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Table 4-4 Final energy demand by end use BAU

Energy Demand Final Units

Scenario: Business-As-Usual, All Fuels

Branch: Demand\Residential sector\Bhanu Municipality

Units: Terajoules

Branch 2020 | 2025| 2030 | 2035| 2040 2045 2050

Cooking 229.73 253.88 | 280.49 | 309.88 | 342.36 | 378.24 | 417.73

Lighting 5.47 6.04 6.57 7.84 9.98 12.70 16.10

Animal
Meal
Preparation | 257.45 28451 | 314.33 | 347.27 | 383.66 | 423.86 | 468.12

Space
Heating 26.44 33.80 |43.02 |54.74 |69.67 | 88.66 112.32

Space
Cooling 6.41 8.19 10.43 | 13.27 |16.89 |21.49 27.23

Electric
Appliances 9.48 12.12 | 15.43 |19.63 |24.98 |31.79 40.28

Water
Heating 17.60 1945 | 2149 |23.74 |26.23 | 28.98 32.00

Alcohol
preparation 83.09 91.83 |101.45|112.08 | 123.83 | 136.81 | 151.09

Total 635.67 709.83 | 793.20 | 888.47 | 997.60 | 1,122.53 | 1,264.86

The Table 4-5 shows the energy demand by fuel types. The energy demand is based on
the demographic and economic parameter. The share of wood continues to rise up to
the end of study period. The electricity demand is increased by 3.84 times the base year

energy demand.
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Table 4-5 Final energy demand (TJ) by fuel type BAU

Energy Demand Final Units

Scenario: Business-As-Usual

Branch: Demand\Residential sector\Bhanu Municipality

Units: Terajoules

Fuel 2020 | 2025| 2030 | 2035| 2040 2045 2050
Electricity 2254 | 27.73 |34.01 |42.60 |54.03 |68.55 86.62
LPG 44,16 |48.81 |53.92 |59.57 |65.82 |72.71 80.31
Wood 568.93 | 633.26 | 705.22 | 786.25 | 877.70 | 981.21 | 1,097.87
Biogas 0.02 0.03 0.03 0.03 0.03 0.04 0.04
Off-grid

electricity 0.01 0.01 0.01 0.01 0.02 0.02 0.03
Total 635.67 | 709.83 | 793.20 | 888.47 | 997.60 | 1,122.53 | 1,264.86

Figure 4-10 shows the GHGs emission of different fuels based on the BAU scenario.

At the base year the emission from different fuels is 3627.60 metric tonnes of CO>
equivalent and at the end of study period the emission will reached to 7233.67 metric
tonnes of COz equivalent. The per capita GHG emission at the base year is 72.43Kg

and will rise to 109.08 Kg at the end of study period.
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Figure4-10 GHGs emission -BAU

Table 4-6 shows the GHG emissions from fuels used such as biogas, wood LPG. The

emission from LPG is highest and followed by wood emits 837.80 metric tonnes of

COz equivalent.

Table 4-6 GHG emission by different fuels in different end use

Direct (At Point of Emissions)

Scenario: Business-As-Usual, 2020, All GHGs

Branch: Demand\Residential sector\Bhanu Municipality

Units: Metric Tonnes CO Equivalent

Branch Biogas | Wood LPG Total

Cooking 0.02 195.80 | 2,789.78 2,985.60
Animal Meal Preparation - 272.89 - 272.89
Space Heating - 262.38 - 262.38
Water Heating - 18.65 - 18.65
Alcohol Preparation - 88.08 - 88.08
Total 0.02 837.80 | 2,789.78 3,627.60
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4.6.2 Efficient Cooking Scenario

The Efficient Cooking Scenario (EFC) produces a result based on the population
growth of 0.94% and GDP growth rate of 7% as assumed by nation to achieve
sustainable development goal. In this scenario the inefficient cooking fuels were
replaced by efficient ones. The traditional cookstove which used firewood was replaced
by ICS by 20% in 2030 and 10% in 2050. The share of LPG is limited to O at the end
of study period. All other fuels are replaced by electricity for cooking by 2050. So that,
there was decrease in the final energy demand in EFC scenario as compared to BAU

scenario and hence the total final energy demand at the end of study period was 1015TJ.

The figure 4-11 shows the final energy demand based on EFC scenario. There was
constant growth up to year 2030 and thereafter energy demand increased linearly. It is
due to the intervention of the shifting of technology of fuel firewood from traditional
stove to ICS and accelerated growth is due to replacing other fuel by electricity. The

per capita energy at the end of study period is 15.31 GJ.
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Figure 4-11 Final energy demand- EFC
Table 4-7 shows the GHG emission of different years from different fuels. The emission
is reduced to 254.82 metric tonnes of CO> equivalent in 2050 from 2985.60 metric
tonnes of CO; equivalent emission in the base year. The per capita emission was

reduced to 34.28 kg per capita in the end of study period.
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Table 4-7 GHG emission -EFC

Direct (At Point of Emissions)
Scenario: Efficient cooking, All GHGs
Branch: Demand\Residential sector\Bhanu Municipality\Cooking

Units: Metric Tonnes CO> Equivalent
Year Biogas Wood LPG Total
2050 - 254.82 - 254.82
2045 3.53 298.13 194.44 496.10
2040 6.38 330.47 350.89 687.74
2035 8.63 353.65 474.93 837.21
2030 10.39 369.15 571.39 950.92
2025 4.70 275.08 1,804.24 2,084.03
2020 0.02 195.80 2,789.78 2,985.60

4.6.3 Efficient Lighting Scenario

Efficient Lighting Scenario (EFL) assumes the population and GDP growth rate of
0.94% and 7% respectively for the period of 2020-2050. The EFL scenario replaces the
inefficient lamps used in lighting by the LED. In order to increase the share of
renewable energy to achieve the target of sustainable development goal 7, the share of
solar PV was introduced to 20% at the end of study period. The figure 4-12 shows the
final energy demand on EFL scenario. The final energy demand will be 1312.22 TJ in
the end of study period which is greater than BAU scenario final energy demand at the

end of study period. It is due to increase in the GDP growth rate.
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Figure 4-12 Final energy demand

Table 4-8 shows the final energy demand of different lamps in the base year and at the

end of study period. The base year shows the energy demand of the different lamps

whereas by the intervention of policy the study end year has only the share of solar and

grid electricity LED. The energy demand in lighting in the base year is found to be

5.47TJ and 7.11TJ in 2050.

Table 4-8 Energy demand by Different lamps-EFL

Energy Demand Final Units

Scenario: Efficient Lighting

Units: Terajoules

Branch 2050 2020
Incandescent - 2.40
Electric FTL Tube light - 0.01
Electric CFL - 0.59
Electric LED 5.08 2.45
Solar PV LED 2.03 0.01
Total 7.11 5.47

4.6.4 Low Carbon Emission Scenario

Low carbon emission scenario (LOW) assumes the population growth of 0.94% and
GDP growth rate 10.5% based on the vision 2043 under the fifteenth plan. Here all the
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fuels are replaced by electricity in order to limit the GHG emission. The figure 4-13

shows the final energy demand based on LOW scenario. The energy demand is lowest

in the year 2030 and increases thereafter.
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Figure 4-13 Final energy demand -LOW
The Table 4-9 shows the energy demand based on LOW scenario. This shows that

energy demand will be decreased in the end year of study period. The energy demand

of the year 2050 is 332.10 TJ. The per capita energy consumption in 2050 is 5.01 GJ

which is decreased value from base year 2020 of 12.69GJ per capita.

Table 4-9 Energy demand by fuel types LOW

Energy Demand Final Units

Scenario: Low Carbon Emission

Branch: Demand\Residential sector\Bhanu Municipality

Units: Terajoules

Year | Solar | Biogas Wood LPG Electricity Total
2020 | 0.01 0.02 568.93 44.16 22.54 635.67
2025 | 0.06 2.22 353.77 25.30 75.97 457.32
2030 | 0.12 4.90 80.75 1.81 141.63 229.22
2035 | 0.20 4.07 68.70 1.50 170.80 245.27
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2040 | 0.29 3.01 52.13 1.11 205.94 262.48

2045 | 0.40 1.67 29.79 0.62 248.43 280.90

2050 | 0.53 - - - 299.38 299.91

Table 4-10 shows the GHG emission under the LOW scenario. The emission in the base
year is 3627.60 metric tonnes of CO> equivalent and is reduced to 0 at the end of study

period. This shows that cooking emits the maximum GHGs among other end use.

Table 4-10 GHG Emission by End Use LOW

100- Year GWP:Direct (At Point of Emission)

Scenario: low Carbon Emission, All Fuels, All GHGs

Branch: Demand\Residential sector\Bhanu Municipality

Units: Metric Tonnes CO Equivalent

Year Alcohol _ Wate_r Spac_e Animal I_\/Ieal Cooking | Total
preparation | Heating | Heating | Preparation
2020 88.08 18.65 262.38 272.89 2,985.60 | 3,627.60
2025 67.48 17.23 213.18 208.69 1,793.58 | 2,300.17
2030 41.36 15.28 106.33 127.28 307.16 597.41
2035 34.38 12.7 104.27 105.8 255.31 512.44
2040 25.4 9.38 90.88 78.17 188.63 392.45
2045 14.07 5.2 59.41 43.31 104.52 226.52
2050 - - - - -

4.7 Comparison of different scenario
4.7.1 Energy Demand Projection

The final energy demand projection is done under the BAU, EFC, EFL, LOW scenarios.

The Table 4-11 shows the energy demand projection in terajoule. Final energy demand

in 2050 is highest in EFL scenario which is 1312.23TJ followed by BAU 1263 TJ

followed by EFC 1015TJ and LOW 299.91 TJ. The reference scenario assumes the

GDP growth rate of 7% without any policy intervention. The energy projection of 2050
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based on reference scenario is 1310.72 TJ. The combined scenario assumes the
combined effect of EFC and EFL and has energy projection of 1006.95TJ at the end of
study period.

Table 4-11 Energy demand projection based on different Scenario

Scenarios | 2020 2025 2030 2035 2040 2045 2050
BAU 635.67 | 709.66 | 792.81 | 887.82 |996.62 | 1121.15 | 1263
Reference

Scenario | 635.67 | 713.47 | 801.78 | 903.07 | 1019.77 | 1154.95 | 1310.72

EFC 635.67 | 641.77 | 642.86 | 716.64 | 801.75 | 900.67 1015
EFL 635.67 | 712.99 | 800.7 |902.44 |1019.72 |1155.61 | 1312.23
Combined

Scenario | 635.67 | 640.32 | 639.65 | 712.50 | 796.50 | 894.13 1006.95

LOW 635.67 | 457.32 | 229.22 | 245.27 | 262.48 | 280.90 299.91

4.7.2 Emission Analysis

The mitigation of GHGs emission is global concern of today. Figure 4-14 shows the
GHGs emissions for different scenario. The per capita GHG emission in BAU scenario
in base year is 72.43 kg. The BAU and EFL shows the gradual increase of GHG
emission. Since, there is no intervention on fuels emitting GHGs. EFL intervenes only
on efficient lighting scenario. In EFC scenario there is gradual decrease in GHG
emission. LOW scenario is the policy intervention scenario where we want to reduce
GHGs emission to very low value by electrifying in all end use demands. This graph
shows step by step replacement of conventional and fossil fuels by solar and electricity.
Hence, this decreases the emissions of GHGs and also local air pollutants. This decrease
in GHGs and local air pollutants denotes the reduction in hazardous impact on health

of living beings and environment.
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Figure 4-14 GHGs emission projection under different scenario

Table 4-12 shows the comparative table under different scenario of the year 2050. The

emission of Particulates PM2.5 and black carbon are taken into account. There will be

high emission of PM2.5 than black carbon in Efficient lighting scenario.

Table 4-12 Comparison of Environmental Effect on different scenario

Environmental Effects (Emissions) in Physical Units

2050, All Fuels

Branch: Demand\Residential sector\Bhanu Municipality

Units: Metric Tonnes

Business as Efficient Efficient low Carbon
Effect Usual cooking lighting Emission Total
Particulates
PM2pt5 277.06 104.48 284.67 - 666.21
Black
Carbon 38.02 14.34 39.07 - 91.43
Total 315.08 118.82 323.74 - 757.64
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions

From the detailed study of the energy situation and analysis of the future energy
demands in residential sector of Bhanu Municipality, different scenarios were
developed in LEAP which were Business as Usual Scenario (BAU), Efficient Cooking
Scenario (EFC), Efficient Lighting Scenario (EFL), Low Carbon Emission Scenario
(LOW). The demand forecasting for all the scenarios were developed from the base
year 2020 up to the year 2050. The efficient fuel and technology switching was done in
efficient cooking scenario and all other lamps were replaced by LED. The share of solar
was increased up to 20% at the end of study period. In low carbon emission scenario,
all fuels were replaced by the electricity. The population and GDP growth rate were
taken as the driving factor for the change in energy service demand on the years of

study period.

The preliminary energy situation was analyzed after conducting the detailed survey of
Bhanu Municipality. The total energy consumption in the base year was found to be
635.67TJ where the largest fuel share was from firewood 89.5% followed by LPG
6.95%. The share of electricity consumption was 3.55% only. The most energy
consuming area was for the preparation of animal meal with the share 40.50% of the
total energy consumption. There was high demand of energy consumption in cooking
with the share in base year 36.09% of total energy consumption. From the detailed
analysis of the current scenario of energy consumption in the residential sector of Bhanu
Municipality, it was found and concluded that the consumption of firewood and LPG
were the major source of emitting GHGs in the municipality. The 42% of the surveyed
households had their monthly income less than 15 thousand, 40% of the households
had income between 15-30 thousand and 12% of the household had the income range
of 30-45 % and 6% of the households had income 45-60 thousand. No household was
found having monthly income range above 60 thousand. About 60% of the total
surveyed households were supplied from 5 Ampere fuse whereas the remaining
households were using 16 Ampere fuses. In BAU scenario, the recent trend of energy
consumption was allowed to continue with the average national GDP growth of past

years which is 4.8% and the municipal population growth rate of 0.94%. The final
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energy demand in the base year was 635.67TJ which will be increased up to 1263TJ in
the 2050. The per capita energy demand in the base year was 12.69GJ and in the base
year it will be 19.07 GJ. The per capita emission in the base year was 72.43 kg per
capita and it will be 109.08 kg per capita in the end of study period. The total emission
will be 7233.67 metric tonnes of CO> equivalent in year 2050 which was increased

value from the base year of 3627.60 metric tonnes of CO equivalent.

The EFC and EFL scenarios were carried out according to the targets of Sustainable
development goal. In EFC scenario the final energy demand will be 1014.99 TJ likewise
in EFL scenario it will be 1312.22 TJ. The per capita emission will be reduced to 34.28
Kg in EFC scenario and the per capita energy will be 15.31 GJ. In EFL scenario the
energy per household will be 108.48 GJ in 2050 and per capita energy will be 19.79
GJ.

In LOW scenario, policy intervention was done in order to reduce the emission of GHG.
The final energy demand will be reduced to 229.91 TJ in year 2050. The all the GHGs
were reduced to 0 in 2050. The energy per household will be 24.79 GJ in 2050 and per
capita energy will be 4.52GJ in 2050. With the analysis of different scenario, it is
concluded that the LOW scenario was found to be beneficial looking from every aspect
i.e., energy and emission. Hence, sustainable development plan for Bhanu Municipality

is recommended by this study.
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5.2 Further study and Recommendations

This study has many shortcomings and limitations due to various factors. During the

study, certain assumptions were made. This study is limited to only the residential

sector of Bhanu Municipality. There are a lot of Municipalities whose energy planning

is not done yet. With referencing to this study, further studies could be done. Some of

the which are as follows:

Vi.

Vii.

In this research, only the residential demand is analyzed. Further research can
be carried out including other sectors of energy demand like industrial,
commercial and transport sector, which can give more detail understanding of

the energy consumption in Bhanu Municipality.

The survey was done based on random sampling of households, which does not
include the different energy consumption. The surveying of all household can

give the more accurate data.

An experimental set up can be prepared in the sample house in order to measure

the exact energy consumption with the help of energy measuring devices.

During the study of the municipality, some of the data were taken from national
data due to unavailability of municipal data. The study would be more accurate

if we could incorporate all the parameters from municipality.

The emission analysis is based on residential data only. Incorporation of the
other energy sector data and non- energy sector data would give the more

accurate data on emission.
The detailed cost analysis can be incorporated in the study.

The local government may look for assistance and subsidies from governmental

and other agencies to install renewable sources of energy.
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ANNEX
Annex A Residential energy consumption Survey Questionnaire

TR FHAT  geAEer (Household Survey Questionnaire)

TUEEHT TR, Tg (SToT (02T AT AT &7 (ST T {3 TSTEEHT Yol HLgadT e

FT IAT A T TN )| AATAT ATTLTF T ISR T T T T4 T AT
SEIHT 1Y TH TLATCHHT STAATGEHT TR AT ISTT AHETT AT(THT

THE q: ITETATHT ATHT ST

%9 EFEER) AT BRT AR AT ATIITHAT AR
AT |

9.9 JUTSHT T ATH & & 7
fers

9.2 9 T

R Higer

3. e s
9.3 qUISH SW BT FTIT? | EL]

1Y | qUIE FHA S/ TASAMT THEAT I g7 | L.3ad

LR IS

338 / &7

<

L4 | TS B BT AST AHERAT T, 7 AT ORI €T T

74



1.8 FuTSH IREARHT Fd T T8 678 7 | ST o
SRz 1 P
QAT cornnnnnnn
Lo | qUTEEH BN TFR F&T G, ? q. Tt R
3. fafa ¥, T
9.¢ T HEQT TR T 21?2 2T R. T4t
9.9 qUTShT ST T ATfeh AT hid 72 2. Y TSIRH=ET FH
2. U TR MG 30 TR
3. 3o TR I ¥y TR T
¥, ¥4 BN 3Rg §o TN &FY
U, &o TR H=LT {1
TG 3. ST q¥aeefl ST
2.9 TUTSH AT AT aTed AR g ATATAE ST faaer;
#.4. Lkl GIE:) T ger | [ E ded §\F
TR (Fre/=rmeT)
Uy e
9. | fasretT [EEE = | wame
(Incandescent 334 AT
lamp) 3 %o ATE
¥.%0 dIc
4% 00 AT
AT ...
£ 0 ATE(HIET)

75




Z[aEE(Tube 3%
light) ()
3.3 L
o (CFL ?.
Light) 2.
R
FeaTee(LED Light) | ¢-
<.
R | WEE | agEeméz(Tube 2.6 o AT(HTET)
light)
2.3%
FT(TfHET)
3.9
ffrowus(CFL 2.
Light)
<.
3.
K ATSZ(LED | ¢-
Light)
<.
ETE: -3 s L PO TR/ . oo ELLEC:S PR
= £ < OO £ £ S
YOEFER e e i wfgar
T v,
Y. &< T HAT/ATF . cu.m

76




. EIERCREEC] EIEREEITC]

T AT TS ATee
HeAT | afFh STl | WeAT | afF sk WS | §edm | Battery HwAm Wi
SRR SRR
HigAT

AT Ioer@ TUHT FTEHHT Tl & Teed dfel aTed TANNHTRT T | FH 71 T TI0 g
T HIAT 3ol T IH.

AR K 0 1 £ [C LR 1 1 A gt wfgaT
2.9.¢. FieaHT Ff ared F Zead T e I ITHTOT AR T ATedg s ?
oo ¢ AR 2. fasgett
= 9. TSttt =@ (incandescent lamp)
. =Fars(Tubelight)
3. frowuer fRE(CFL Light)
% & @TE2(LED Light)

2.3 @M TS TN T4 378 T IEeN 3 SRR

| EEE LD Al BRT TSR aT ATFeTRAl ATAR defald |
9. qATE WAT THSH FA | AT HieATHT i @IT T8 AfeqrA T T
AT TAN T T3 7 g g
S X
THTE AT SEZEER]
EURECIEE]
T

77



9. ¥R 9Td kg

Q. A ke
ERRGIcN] ke
%, fg@e kg
u. wlzde liter
%. T fa S g | Number
o, T T Cu.m.
¢ Jasget fgex Kwh
% TTEH T Kwh
FOSIRS: 2 P

fepe wfaerwr qargers
BT EA Gl GRS

Al AATST HA G, ?

9. WAl FATRART Feir (mud improved cook stove)
FATHE! Tt (metallic 1CS)
faea <[« (Briquette stove)

ufsdd (Kerosene stove)
T .S 9 (LPG gas)

o £ X w0

e 7T (Bio-gas)
fer=faa <[ (electrical stove)

@

.3 T ST AT/ T TST TR TROHT srages! fFa:

k] EREEES AT BRT SR G a1 ATAITHAT ATIR AETad |
¢ |auE #er adrga/ | A AT HT GIT e AlenT
FT @
foarw & AT TART
o T A
T &8 ~ S
Tehlg HTA HheTd bl T H

A g

9. @ kg

78




R. TR kg
3. T[T kg
%, fade kg
4, gigad liter
<. U fa S, e | Number
9. e T Cu.m.
¢ fasett fRex Kwh
2 fagett e Kwh
Qo3 ...

frepe  wfawmr  qure

~

>

gtafa v&mT T 79 37

P& AT/ R &

9. WA FATRART Feir (mud improved cook stove)

I I

<08

T TATE (Bio-gas)
ferfaar =T (electrical stove)
farsgett f82< (electric heater)
TaSTeft 9T (electric fan)

FATHR! e (metallic 1CS)
fa@e =@ (Briquette stove)

wfedd (Kerosene stove)
uer fr ST, =9 (LPG gas)

R.¥ HTHT I TATST AR TRUHT SraagEh! (aao:

~

k] EREEES Ml BT TSR a1 ATGeThAl ATHR AeTard |
9. | TS 9 qArsH & | A HiEATHT H{q GIT TEra’ HigaTHT
ST JART T g Fa @
g A
T | AT | Heperdel @ | wAy
AN AT
Q. @ ke

79




R. =R kg

3. = kg
%, fade ke
u . afzae liter
<. wer fir <. | Number

9. M T Cu.m.
¢ TAFEF ST Kwh
?, forsett =T Kwh

3. | fpe wfgwmr qurg 9. WIS FEATRAH FFer (mud improved cook stove)
qT qATSA EA it

>

HATHE! et (metallic ICS)
fae =T (Briquette stove)

Afsdd (Kerosene stove)
T .S 9 (LPG gas)

TART T A7 &7

o X W

R T (Bio-gas)
fer=faa <[ (electrical stove)
£. T (solar thermal)

@

R.Y AT ATEIEGATS, @THT THTST TART TRUHT TreTgEh! (@ao:

e R AT BRT IR AT ATAITDAT ATAR TETBd |
9. | dUTE EARH @ | #@a HiEATHT Hiq @Iq THEwa’ afeaTaT
TEST HA Hd TART FHa @
™ &5 7 g
THS AT FFATH! AT | w97
AN 0T
2. e ke

80




Q. TS kg
3. =8 kg
%, fade ke
u . Hlzae liter
R R I kg
TR o I
3. & THT TINTHT S AATHT ATEEHT [ATCT:
IEERLI fr.oft.(z=) KaE T T | FE | e | HEE || o
qmer | | LeD |Fr | § | @ & | T T Kl ar |+
T |/ T
LED
Fre/eHIA
T
L
HATA (T
veT/fa)
HHATA (T
TaT/ATEAT)
ENIED
AT (IeTd
TS
=g fag
T,
R.\9 HTHT ATATIS TAT AT HIEHT TF THAT @UT g 781 oo d Tqgre:
T | S | "wd | et | PG | FfUee | WEer | R | Aer | @
KRS q=
THTS kg liter Kwh Nos. | kg Nos. | kg kg
AT

81




R.¢ TET Aga THRUER 9T SHEH:

%.9. FEE LR Al BRT TSR, AT AT RAT AR
AET
ReR | UF faFHT AT fagd gARO a1 Hid | ¥ "Uel T FH
TueT fasTell IS8
ATH ¥ "UeT
AAH 5 "Uel
SAAH 9% TUT
ATH 3 UL
RUR | ARAT Ffq "UeT Al ASE? (% AN | § "V AT HH
3f@ 90 s F+)
FATH 3 "
FATH 3 HUeT
IHATH ¥ "UeT
U3 | & uftey fama garer A favaadra g7 | #9 favaraHT
0 Freaa g gkl ¥ gad e agr | A favaraH
EEMPIET
TG G
e [qeaadra. gl Algedwar 1%
Uk FAId A AU G . ETH
HIIFTHAT 3 Taeh ARG g T AT 9 R
U HRT HH
LY | TUTEET TRHT F THETIRET WIS B Y ufrrgr
9% iR

30 Q‘&W a1 T e =Y

N

82




.9 LR L AT BT TSRS AT HAYIRAT HTAR
TR
RN | TIEATE ATedsT THEATH FRIA 6 | 3
[T T TATIA el ATl &7
Bl
UUE | & TAURATs [IdH! Heqd [qq (i | §
FET @7
Eal
L\ | TUTEH faRaedr Heee war faq g farcTer! HTIIHT a7 fas[ael FHANATS
fute fHezare
)
YAZEGEEESEEECER e B
LR EEY
Eal
LR | ad mieek fospeflt @@ Ffa g8? 0 | FTET e fese
R.R AN FHEd TAROT G arier o= T siiware fageft STwiT Tsmant sie &t st fwor:
.9 s AT IIET 9i | S AR Ed
fa= /wfeaT
% frfer / <rer /et EEl feorera
(mini/micro/pico hydro)
R e gg goer  (Solar  home
system)
3. e wrewt foe (Solar micro grid)
Y. arg st (Wind power)
\, a7 (gars1era) Other (Specify)

3. TUTEA RS ARTATH! I THEATEE & & G2

83




Annex-B Photographs

b

Figure7-1 People Carrying LPG Cylinder Gas to Distant Villages by Bus

Figure7-2 Villagers Cutting Firewood for Residential Use
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Figure7-4 Electric Motor used for Pumping Water
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Figure7-6 Residential Survey-2
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Figure7-7 Residential Survey-3
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Annex C: Sankey diagram
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