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ABSTRACT 

Rapid urbanization has made Kathmandu Valley one of the fastest growing metropolitan cities 

in South Asia, resulting to higher energy demand. Kirtipur municipality has the highest 

population growth rate of 4.47% leading to higher energy demand in near future. The recent 

blockade has revealed the current energy security of Nepal. This research deals with the current 

energy consumption pattern and energy demand of Kirtipur municipality and Sustainable 

energy planning with inclusion of Renewable energy. A primary survey was conducted with 

the household questionnaire and the secondary data were collected from various resources. 

Data collected were further analyzed on Microsoft-Excel to find out the current energy 

consumption in the case area. And further analyzed on the Long- Range Energy Alternative 

Planning System with the energy model with bottom to top approach.  

The total energy consumption of Kirtipur municipality was 261.5 TJ in 2018. Cooking was the 

most energy intensive end use and use of import fuel Liquefied Petroleum Gas has the higher 

demand. If none of the interventions are made in near future and the current energy 

consumption trend is continued the sustainable goal for multitier matrix cannot be meet by 

2030 i.e. electricity consumption per household per year should be more than 3000Kwh. Two 

scenarios Electrification by Hydro Electricity (EHE) and Sustainable Development Goal 

(SDG) were developed with the fuel switching to clean energy and energy efficient technology 

i.e. Hydro Electricity, Solar electricity and Solar energy. The SDG scenario moreover focuses 

on the electricity generation from the Rooftop Solar PV resulting to 54% of Total Electricity 

demand can be substituted by the electricity generated through the rooftop solar PV. The self-

generation of electricity from the Solar PV not only minimize the Grid Load but also provides 

the energy security and reduce Green House Gas emission. Electricity can be self-generated 

with the Solar roof Photovoltaics so for the further development of the Roof top Solar home 

system model design of Solar roof Photovoltaics has been done as per the building bye laws of 

Kirtipur municipality. The social use of the roof of the house has also been taken as the factors 

affecting for the model design of Roof top Solar PV. The policies should be driven by strategies 

for utilization of indigenous renewable resources instead of importing petroleum products. 

With the effective policy intervention, the energy demand and the emissions and the economic 

aspects can be minimized for the sustainable energy planning.  

Keywords: energy demand, energy security, energy scenario, Renewable energy 



Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         vi 

 

TABLE OF CONTENTS 

COPYRIGHT ............................................................................................................................ i 

CERTIFICATE ........................................................................................................................ ii 

DECLARATION.................................................................................................................... iii 

ACKNOWLEDGEMENT ...................................................................................................... iv 

ABSTRACT .............................................................................................................................. v 

ABBREVIATION ................................................................................................................ xiii 

CHAPTER 1: INTRODUCTION ........................................................................................... 1 

1.1. Background ..................................................................................................................... 1 

1.2. Problem Statement .......................................................................................................... 2 

1.3 Need and Importance of Research ................................................................................... 2 

1.4. Research Objective .......................................................................................................... 3 

1.4.1 Main Objectives ......................................................................................................... 3 

1.4.2 Specific Objectives .................................................................................................... 3 

1.5 Study Limitation ............................................................................................................... 3 

CHAPTER 2: LITERATURE REVIEW .............................................................................. 4 

2.1. Energy ............................................................................................................................. 4 

2.2. Energy Scenarios of Nepal .............................................................................................. 4 

2.3. Energy Consumption in Nepal ........................................................................................ 7 

2.3.1. Energy Consumption Pattern in Year 2014/2015 ..................................................... 7 

2.4. Energy Scenario in Residential Sector ............................................................................ 9 

2.4.1. Household Energy Consumption in the Year 2014/2015 ....................................... 10 

2.5 Household Fuel Choice and Fuel Transition .................................................................. 14 

2.6 GHG Emission ............................................................................................................... 15 

2.7 Solar Photovoltaic System ............................................................................................. 15 

2.8 Hydropower in context of Nepal .................................................................................... 17 

2.9.  Sustainable Development Goals SDG.......................................................................... 18 

 



Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         vii 

 

2.10. Tier Classification for Global SDG Indicators ............................................................ 19 

CHAPTER 3: RESEARCH METHODOLOGY ................................................................ 21 

3.1 Research Paradigm ......................................................................................................... 21 

3.2 Research Design ............................................................................................................. 22 

3.2.1 Study Area: Kirtipur .................................................................................................... 22 

3.2.2 Sample Size and Field Determination ......................................................................... 23 

3.2.3 Questionnaire Development ........................................................................................ 24 

3.2.4 Field Survey ................................................................................................................ 25 

3.2.5 Data Collection ............................................................................................................ 25 

3.2.6 Data Compilation ........................................................................................................ 26 

3.2.7 LEAP - Leap Long-Range Energy Alternatives Planning System Energy Model ..... 26 

3.2.8 Energy Demand ........................................................................................................... 27 

3.3 Scenario Development ................................................................................................... 27 

3.3.1 Business as usual scenario (BAU) ........................................................................... 27 

3.3.2 Electrification by Hydro Electricity Scenario (EHE) .............................................. 28 

3.3.3 Sustainable Development Scenario (SDG).............................................................. 28 

CHAPTER 4: FINDING AND DATA ANALYSIS ............................................................ 30 

4.1 Energy Scenario in the Base Year 2018 ......................................................................... 30 

4.1.1 Per Capita Energy Consumption ............................................................................. 30 

4.1.2 Final Energy Demand by End Use .......................................................................... 31 

4.1.3 Final energy demand by Fuel Types ........................................................................... 31 

4.1.4 Electricity User Ratio 5 AMP and 15 AMP ................................................................ 32 

4.1.5 Candidates Interested in using Solar Home System.................................................... 32 

4.1.6 Electricity Consumption In 2018 (Kwh) ..................................................................... 33 

4.2.1. Business as Usual Scenario (BAU) ............................................................................ 35 

4.2.1.1 Final Energy demand ............................................................................................... 35 

4.2.1.2 Final Energy demand by Fuel Type ......................................................................... 35 

4.2.1.3 Final Energy demand per Capita .............................................................................. 36 



Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         viii 

 

4.2.1.4 Electricity Demand Per Household in Kwh ............................................................. 37 

4.2.1.5 Peak Powerplant Requirement ................................................................................. 37 

4.2.1.6 GHG Emission ......................................................................................................... 38 

4.2.2. Electrification by Hydro Electricity Scenario (EHE) ............................................ 38 

4.2.2.1 Final Energy demand ............................................................................................... 38 

 .............................................................................................................................................. 39 

4.2.2.2 Final Energy demand by Fuel Type ......................................................................... 39 

4.2.2.3 Final Energy demand per Capita .............................................................................. 40 

4.2.2.4 Electricity Demand Per Household in Kwh ............................................................. 40 

 .............................................................................................................................................. 41 

4.2.2.5 Peak Powerplant Requirement ................................................................................. 41 

4.2.2.6 GHG Emission ......................................................................................................... 42 

4.2.3. Sustainable Development Scenario (SDG) ............................................................ 42 

4.2.3.1 Final Energy demand ............................................................................................... 42 

4.2.3.2 Final Energy demand by Fuel Type ......................................................................... 43 

4.2.3.3 Final Energy demand per Capita .............................................................................. 44 

4.2.3.4 Electricity Demand Per Household in Kwh ............................................................. 44 

 .............................................................................................................................................. 45 

4.2.3.5 Peak Powerplant Requirement ................................................................................. 45 

4.2.3.6 GHG Emission ......................................................................................................... 46 

CHAPTER 5: ANALYSIS AND DISCUSSION ................................................................. 47 

5.1. Final Energy demand .................................................................................................... 47 

5.2. Final Energy demand Per Capita ................................................................................... 48 

5.3. Electricity Demand Per Household in Kwh .................................................................. 48 

5.4. Peak powerplant Requirement ...................................................................................... 49 

5.5. Electricity Generation from Solar ................................................................................. 50 

5.6. GHG Emission .............................................................................................................. 52 



Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         ix 

 

5.7. Typical Model House for Solar home installation ........................................................ 53 

5.8. Energy Demand Cost Comparison ................................................................................ 55 

CHAPTER 6: CONCLUSION AND RECOMMENDATION .......................................... 56 

6.1. Conclusion ..................................................................................................................... 56 

6.2. Recommendation ........................................................................................................... 57 

7. REFERENCES ................................................................................................................... 58 

APPENDIX 1: Questionnaire ............................................................................................... 61 

APPENDIX 2: Energy Balance............................................................................................. 69 

APPENDIX 3: Sankey Diagram ........................................................................................... 72 

APPENDIX 4: Photos from the Field................................................................................... 79 

 

 

 

 

 

 

 

 

 

 

 

 



Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         x 

 

LIST OF FIGURES 

Figure 1 Structure of Nepal's household sector energy system modelling used in LEAP 

(Malla, 2013).............................................................................................................................. 6 

Figure 2 Share of Energy Consumption by Fuel-types in 2014/15 ........................................... 8 

Figure 3: Final Energy consumption mix (ADB,2014) ............................................................. 9 

Figure 4: Primary energy supply mix ........................................................................................ 9 

Figure 5 Sectoral Energy Consumption in 2015 (Shrestha & Nakarmi, 2015) ....................... 11 

Figure 6: Fuel share in Residential Energy Consumption (Shrestha & Nakarmi, 2015) ......... 12 

Figure 7: Historical trend of LPG consumption (Source: Bhandari and Pandit, 2018). .......... 13 

Figure 8: Activities in Residential Energy Consumption (Shrestha & Nakarmi, 2015) .......... 13 

Figure 9: The Energy Ladder Approach (Source: Masera, et al., 2000) .................................. 14 

Figure 10: Solar Photovoltaic (PV) System ............................................................................. 16 

Figure 11: Leap Modeling Framework .................................................................................... 26 

Figure 12 Graphical representation of Research Methodology Error! Bookmark not defined. 

Figure 13 Map of Kirtipur Municipality .................................................................................. 22 

Figure 14 Per capita energy consumption ................................................................................ 30 

Figure 15: Final Energy Demand by End Use ......................................................................... 31 

Figure 16: Final energy demand with Fuel types..................................................................... 31 

Figure 17 5 Amp, 15 Amp and 30 Amp user ratio .................................................................. 32 

Figure 18 Candidates interested in using SHS ......................................................................... 32 

Figure 19: Electricity Consumption in 2018 (Kwh) ................................................................ 33 

Figure 20 Final Energy Demand - BAU .................................................................................. 35 

Figure 21 Final Energy demand per Capita ............................................................................. 36 

Figure 22: Electricity Demand per HH-BAU .......................................................................... 37 

Figure 23 Peak Power plan Requirement - BAU ..................................................................... 37 

Figure 24: 100-Year GWP: Direct (Demand) plus Indirect (Transformation) Emissions 

Allocated to Demands .............................................................................................................. 38 

Figure 25: Final Energy demand, EHE .................................................................................... 39 

Figure 26 Final Energy demand per Capita, EHE ................................................................... 40 

Figure 27: Electricity Demand Per Household in Kwh (EHE) ................................................ 41 

Figure 28: Peak Powerplant Requirement (EHE) .................................................................... 41 

Figure 29: 100-Year GWP: Direct (Demand) plus Indirect (Transformation) Emissions 

Allocated to Demands All Fuels, All GHGs (EHE) ................................................................ 42 

file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329665
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329665
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329666
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329667
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329668
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329669
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329670
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329671
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329672
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329673
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329674
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329675
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329676
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329677
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329678
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329679
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329680
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329681
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329682
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329683
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329684
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329685
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329686
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329687
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329688
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329688
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329689
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329690
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329691
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329692
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329693
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329693


Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         xi 

 

Figure 30: Final Energy demand (SDG) .................................................................................. 43 

Figure 31 Final Energy demand per Capita (SDG) ................................................................. 44 

Figure 32: Electricity Demand Per Household in Kwh (SDG)................................................ 45 

Figure 33: Peak Powerplant Requirement (SDG) .................................................................... 45 

Figure 34: 100-Year GWP: Direct (Demand) plus Indirect (Transformation) Emissions 

Allocated to Demands (SDG) .................................................................................................. 46 

Figure 35: Final Energy Demand ............................................................................................. 47 

Figure 36: Final Energy demand Per Capita ............................................................................ 48 

Figure 37: Electricity Demand Per Household in Kwh ........................................................... 49 

Figure 39: Peak powerplant Requirement (BAU, EHE and SDG) .......................................... 50 

Figure 40: GHG Emission (BAU, EHE and SDG) .................................................................. 52 

Figure 41: Typical Model House for Solar home installation ................................................. 54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329694
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329695
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329696
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329697
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329698
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329698
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329699
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329700
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329701
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329702
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329703
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329704


Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         xii 

 

LIST OF TABLES 

 

Table 1: Energy supply and consumption trend, 1990-2014 (ktoe) (Source: ADB,2017) ........ 5 

Table 2 Distribution of Energy Consumption by fuel types in FY 2014/2015 .......................... 8 

Table 3 Energy Consumption in the year 2014/15 (Shrestha & Nakarmi, 2015) .................... 11 

Table 4: Fuel share in Residential Energy Consumption (WECS, Energy Sector synopsis 

report, 2012) ............................................................................................................................. 12 

Table 5 Installed PV system cost projections for residential and utility scale system, 2010 to 

2030.......................................................................................................................................... 17 

Table 6: Economic Hydropower Potential Source: WECS. 2010) .......................................... 18 

Table 7: Theoretical Hydropower of Nepal (Source: WECS, 2010) ....................................... 18 

Table 8: SDG 7: Targets with proposed indicators, current status and future projections ...... 19 

Table 9: Multi-tier matrix for electricity consumption (World Bank, 2015) ........................... 20 

Table 10: Data of Kirtipur Municipality .................................................................................. 23 

Table 11 sample size distribution according to wards ............................................................. 24 

Table 12 Electrification by Hydro Electricity Scenario (EHE) ............................................... 28 

Table 13 Sustainable Development Scenario (SDG) ............................................................... 29 

Table 14 Energy Balance for Kirtipur municipality in 2018 ................................................... 33 

Table 15 Scenario Summaries ................................................................................................. 34 

Table 16: Final Energy demand by Fuel Type......................................................................... 36 

Table 17: Final Energy demand by Fuel Type, EHE ............................................................... 39 

Table 18 Energy Demand By Fuel Type in SDG Scenario ..................................................... 43 

Table 19 Electricity Generation from Solar PV ....................................................................... 51 

Table 20: Cost Benefit Analysis of 1kwp Solar PV in 2030 ................................................... 52 

 

 

 

 

 

 

file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329706
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329707
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329708
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329708
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329709
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329709
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329710
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329711
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329712
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329713
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329714
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329715
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329716
file:///D:/Architecture/Colz%20Works/1%20MSC-ESSD/cc8%20thesis/thesis/final/presentation/report/jenish%20455%20FINALLLL-SAM.docx%23_Toc9329717


Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         xiii 

 

ABBREVIATION 

ADB   Asian Development Bank 

AEPC  Alternative Energy Promotion Centre  

BAU   Business as Usual 

CBS   Central Bureau of Statistics 

CFL   Compact Fluorescent Lamp 

CO2   Carbon Dioxide 

EHE   Electrification by Hydroelectricity 

GHG   Greenhouse Gases 

GJ   Gigajoule 

HH   Household 

IEA   International Energy Agency 

IRENA  International Renewable Energy Agency 

LEAP   Long Range Energy Alternatives Planning 

LED   Light-emitting Diode 

LPG   Liquefied Petroleum Gas 

Mt   Metric Ton 

MW   Megawatt 

NEA   Nepal Electricity Authority 

NRs   Nepalese Rupees 

PV   Photovoltaic 

TCS   Traditional Cooking Stove 

TJ   Terajoules 

WECS  Water and Energy Commission Secretariat 

 



Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         1 

 

CHAPTER 1: INTRODUCTION 

1.1. Background 

Since 2007, for the first time in human history, more than half of the world’s population has 

been living in cities. Although covering only about 2% of the earth’s surface, cities are 

responsible for about 75% of the world’s consumption of resources. Least developed countries 

are expected to have the highest average urban growth rate of 3.3% per annum between 2010 

and 2050 (Madlener and Sunak 2011). Rapid urbanization has made Kathmandu Valley one of 

the fastest growing metropolitan cities in South Asia, resulting to the need of better facilities 

and infrastructure. Energy plays a vital role for fulfilling the needs of facilities and 

infrastructure. Energy is also recognized as essential for human kind which links economic 

growth, and environmental sustainability. Energy is the one of the important components for 

the socio-economic development of the country.  Access to reliable and affordable energy 

services are fundamental to reduce energy poverty by the development of indigenous energy 

resources like hydropower. Unless the energy sector is geared up for the efficient and 

indigenous hydropower resources, sustainable energy development cannot be achieved. 

Nepal's energy resources are presently classified into three categories: traditional, commercial 

and alternative. Traditional energy resources include fuel wood from forests and tree 

resources, agricultural residues coming from agricultural crops and animal dung in the dry 

form. Energy resources coming under the commercial or business practices are grouped into 

commercial energy resources that particularly include the coal, grid electricity and 

petroleum products. Biogas, solar power, wind and micro level hydropower are categorized 

into the alternative energy resources in Nepal. (WECS 2010). 

Kathmandu valley is the largest and most populous urban agglomerate of Nepal. The valley 

constitutes major portions of three districts viz. – Kathmandu, Lalitpur and Bhaktapur 

constituting 85%, 50% and 100% land area of each districts (Pant and Dangol 2009). The overall 

energy consumption of Nepal is largely dominated by the use of traditional energy such as 

fuel-wood, agricultural residues and animal waste. About 77% of total energy consumed in 

Nepal is supplied from traditional sources and fuel- wood alone shares 70% (WECS 

2017)These fuels are mostly consumed in residential sector. Firewood is the primary fuel 

used for cooking food in most part of the country. Overall, 64% of households use firewood 

as their main source of cooking fuel. Other fuels used for cooking are: LPG (18%), cow-
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dung/leaves (14%), and other fuels (4%). Type of stove used for cooking is related to the 

issue of indoor pollution and the quality of life. 62% of urban areas households use gas 

stove and 58% of rural areas households use mud stove for cooking (CBS 2011). Looking at 

scenario of Kathmandu valley 69% of energy is consumed for only cooking purpose in which 

LPG is highly in used which is 46% (Rajbhandari and Nakarmi 2014).  

1.2. Problem Statement 

Kirtipur municipality is a semi urban area which is an ancient city having traditional 

settlements. It is rapidly growing in the periphery of the traditional settlement by the population 

growth rate of 4.47%. The LPG is major source of energy for cooking as it is easily available. 

LPG fuel is considered as a modern source of energy. But for a country like Nepal, where 

all the fossil fuels such as LPG and petroleum fuels are imported from neighboring countries 

such type of energy shifting is not suitable in term of energy security. Fully depending on 

imported LPG for cooking will face the problem of LPG import disruption and also rise 

oil price. So, use of energy efficient technologies and fuel shifting to clean energy is important 

in order to reduce energy demand. 

1.3 Need and Importance of Research 

Residential sector is one of the major contributors in the energy consumption amongst all other 

sectors such as industries, commercial, transportation, etc. The total energy consumed by the 

residential sector in Nepal is 81.9% (WECS 2010). Kirtipur municipality with one of the 

highest population growth rates of 4.47% reveals the energy consumption is going to more on 

near future. The problem of energy crisis has continued recently in 2016 which also shows the 

condition of energy security of Nepal. Switching to renewable energy and self-relying on 

hydropower is the best option for energy security in Nepal. i.e. economically viable 

hydropower capacity is 42,000 MW in Nepal. Energy scenario and policy analysis is highly in 

need for the better energy management and energy security. Energy have the direct impact on 

the people, their economy, Environment and society. Therefore, for the further development of 

the country in the sustainable manner, the energy crisis should be considered from the 

beginning. 

In context of Nepal most of the research and the energy analysis has been done only in national 

level and not in local level as the objective of this research. The energy analysis done in national 
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level may not be similar to the context of local level. It cannot be generalized from the point of 

view of national level. The requirement and the demand of the local level may be different than 

that of the national level. Therefore, it will be more appropriate to do the energy analysis from 

local level rather than from national level. It will be more contextual to draw out the result from 

local level and then taken to national level rather than from national level to local level and 

then trying to solve the problem of local level. That is why such research and analysis should 

be done from local level as purpose of this report which will we more appropriate and useful 

in context of Nepal. The use of renewable energy is minimal whereas by the 2030 the use of 

renewable energy share must be higher to meet the SDG 7. The energy planning is important 

for the further planning with the inclusion of renewable energy and self-energy generation.32 

1.4. Research Objective 

1.4.1 Main Objectives 

• The main objective of the study is to analyze different energy scenario of household 

sector in Kirtipur Municipality for sustainable energy development and energy security 

with implementation of decentralized solar home system. 

1.4.2 Specific Objectives 

To accomplish the main objectives of the study, following specific objectives were considered. 

• To find out the different energy sources and consumption pattern for household sector 

in the case area and projection of energy consumption to the year 2050. 

• To find the potential GHGs and local air pollutants emissions to formulate energy plan 

with scenarios as a basis for GHGs emission reduction.  

• Development of modular design with implementation of renewable energy like Solar 

PV for self-energy generation to achieve energy security. 

• To analyze different scenarios for sustainable energy development. 

1.5 Study Limitation 

• The energy consumption by the private vehicles will not consider in the study. 

• Environmental impact in term of GHGs emissions from energy consumption by 

household sector will only be calculated.. 
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CHAPTER 2: LITERATURE REVIEW 

2.1. Energy 

Energy is key to growth and sustainability. Energy is in the center of almost every global 

opportunity and challenge the world faces today. It is becoming a basic need, just like water, 

food, clothing, health care and education. Unfortunately, not everyone is enjoying the benefits 

of this all-important innovation as one in five people worldwide still lacks access to modern 

electricity while 3 billion, some of whom have electricity connection in their homes, still rely 

on animal waste, charcoal, coal and wood for heating and cooking. 

Energy consumption has been directly related to the gross national product, which is a measure 

of the market value of the total national output of goods and services. World-wide, about 80% 

of all energy used is currently from fossil fuels. There is simply not enough non-fossil fuel 

available for this. In order to mitigate the problem, we have to use the available energy much 

more efficiently. But this won't be enough either: We will have to change our behavior to 

reduce our personal energy consumption. We must change our current life style and seriously 

strive for a sustainable living (Energypedia 2017). Large differences exist in terms of energy 

consumption between some of the most developed economies, largely due to the differences in 

attitudes towards implementing energy efficiency measures. 

 

2.2. Energy Scenarios of Nepal 

Energy sector in Nepal is recognized as primary key to nation’s development and future 

economic growth which will allow government to meet its development goals. Government of 

Nepal has committed in energy sector reform and promotion of private participation in the 

sector in addition to setting quantitative targets for electricity generation, transmission and 

distribution, rural electrification and promoting efficient use of electricity.  The major 

renewable energy supplied in Nepal is electricity which contributes only 2% of the total energy 

demand. As Nepal is proceeding towards sustainable pace, the major challenges at present are 

to create an environment in which the Nepali people can experience the social and economic 

transformation. 
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 No proven significant deposits of fossil fuel are available in Nepal and it relies to a large extent 

on traditional energy resources. Nepal has no known deposits of oil, gas, or coal except for 

some lignite deposits. Biomass, oil products, coal, hydro, and electricity are its main sources 

of primary energy. Among these, biomass, in the form of firewood, agricultural waste, and 

animal dung, has consistently dominated supply because of the lack of other alternative energy 

sources and the poor state of the economy, particularly in the rural areas. The largest available 

renewable energy resource is hydropower, with a theoretical potential of approximately 83,000 

MW. While economically viable hydropower capacity in Nepal stands at 42,000 MW the 

current installed capacity is only approximately 1044.6 MW in 2017 whereas the demand for 

electricity is 1508.2 MW and the difference between demand and supply is 463.6 MW(MOF 

2017). In addition to hydropower, Nepal also possesses other renewable resources with 

significant potential, including solar and wind. Nepal averages approximately 6.8 hours of 

sunshine per day over a potential area of 6,074 km2 it also has a wind power density in excess 

of 300 W/m2 (WECS 2010). Table 1 shows how energy supply and consumption in the various 

sectors have increased since 1990 to 2014 (ADB 2015). 

Table 1: Energy supply and consumption trend, 1990-2014 (ktoe) (Source: ADB,2017) 

 

As per 13th National Plan, Nepal targets to increase the access to electricity to 100% of 

population of Nepal by the year 2027. 90 % of total population of Nepal have access to 

electricity (Energypedia 2017). The cost increase in fossil fuel, depletion of fossil fuel, climate 

change and environment concern measure will lead to switch over of fuel to electricity. Due to 

modernization and clean energy measure, traditional fuel will also be switched to electricity. 
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As per this scenario, traditional fuels in the activities in the residential sector are assumed to 

get switched to electricity.   

The following are the key elements of the energy sector vision 2050 based on the sub sectorial 

vision reports: Nepal’s Energy Sector Vision 2050 (WECS 2013) 

1. Hydro-power is the “lead” energy sector long term demand for energy of all sectors to 

meet the short as well as long term energy needs of the country  

2. Complete cooking in electricity in urban households by 2030 onwards  

3. Enhanced share of electricity in cooking in rural households and total penetration of 

ICS in cooking with solid biomass remaining in the rural households. 

4. Total electrification in lighting from 2030 onwards. 

5. Traditional fuelwood stoves in rural areas will be completely replaced by ICS by 2030  

Figure 1 Structure of Nepal's household sector energy system modelling used in LEAP (Malla, 2013) 
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2.3. Energy Consumption in Nepal 

Nepal has faced an increasing gulf between the demand and supply of energy in the past several 

years. More than a third of the population does not have access to electricity and is forced to 

depend on traditional fuels for energy requirements. Furthermore, Nepal’s electricity intensity 

is around 175KWh per capita, one of the lowest in the world. (Investment Board Nepal, 2018) 

Energy Consumption Nepal's energy sources have been categorized under three broad types: 

i. Traditional energy sources 

ii. Commercial energy sources 

iii. Alternative energy sources 

Alternative energy is synonymous with new, renewable and non-conventional forms of energy. 

This categorization pertains to the modality of use of the resources in abstracting the inherent 

energy contents. Traditional source of energy includes biomass fuels particularly fuel wood, 

agricultural residues and animal dung used in the traditional way which is direct combustion, 

wherein traditional energy sources undergo transformations into modern types of fuels. 

Commercial sources of energy are fossil fuels and electricity. Alternative 4 sources of energy 

include micro hydro, solar, wind power, biogas and briquettes etc. Biomass, hydropower and 

Solar are the three major indigenous energy resource bases in the country. Though Nepal has 

a huge potential for hydropower production, its exploitation has been to a very minimal, and 

therefore, significant amount of energy supply comes from traditional energy sources such as 

biomass. Heavy dependence for energy on biomass resources has accelerated the depletion of 

natural resources and contributed to the degradation of natural environment. It is the biomass 

sector which dominates the overall energy supply and consumption in the country. (WECS, 

2017) 

2.3.1. Energy Consumption Pattern in Year 2014/2015 

Table 2 and Figure 2 show the total supply and their share of energy consumption by various 

fuel types in Fiscal Year 2014/15. It reveals the share of fuel types in total energy demand 

system of the country. Total energy consumption in FY 2014/15 is 500 million Giga Joule (GJ); 

among which, fuel-wood is the largest energy resources and occupies about 70.47% of the total 

energy demand. Other sources of bio-masses are agricultural residues and animal dung which 

contribute about 3.48% and 3.68%, respectively. Share of petroleum fuels in the total energy 
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system is about 12.53 %. Other sources of commercial energy are coal and electricity, which 

contribute about 3.97% and 3.39%, respectively in the total energy supply. In aggregate, the 

share of traditional fuel is 77.63%, Commercial (coal, petroleum and electricity) is 19.88 % 

and Renewable (Solar, Biogas, Micro hydro, Wind) is 2.49%. (WECS 2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The electricity consumption and the number of consumers increase at a rate of approximately 

9 % per year, according to the Nepal Electricity Authority (NEA). Because of increasing 

household consumption, the evening peak demand has risen dramatically. Due to the 

Table 2 Distribution of Energy Consumption by fuel types in FY 2014/2015 

Figure 2 Share of Energy Consumption by Fuel-types in 2014/15 
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continuously rising demand and stagnation in creating additional power generation capacities, 

a noticeable shortage of power supply since 2007 has been the consequence, which forced the 

NEA in early 2009 to cut power for up to 20 hours per day in some regions including urban 

centers. 

The NEA as the major electricity utility faces an immense increase in electricity demand, 

whereas at the same time production and transmission capacities are limited. Though, 

ambitious development targets are announced by politics, the development of plants and 

transmission lines cannot keep up with economic development and its induced demand 

increase. 

Between 2005 and 2014 (estimated figures) peak demand has more than doubled from 557 to 

1200 MW. In the same period of time annual electricity production increased from 2642 GWh 

to 4631 GWh. Out of these, 3558 GWh have been produced domestically, while 1072 GWh 

have been imported from India (Energypedia 2017).  

2.4. Energy Scenario in Residential Sector 

Figure 3 shows, the largest share of energy consumption goes to the residential sector. The 

share of industry and transport is now small, but these sectors are growing fast. Following 

figure presents the share of each sector in total final energy consumption in 2014 and the major 

energy sources and their percentage share of the total supply of primary energy in 2014.  

 

Energy efficiency has become a 

growing issue all over the world. In 

terms of primary energy consumption, 

buildings represent around 40 per cent 

in most of the countries and 65 per cent 

of the total electric consumption. In the 

case of Nepal, energy demand from the  

 

Figure 3: Final Energy consumption mix 

(ADB,2014) 

481.48 PJ 

Figure 4: Primary energy supply mix 

(ADB,2014) 

481.48 PJ 
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residential sector constituted almost 89 per cent of the total energy consumption in the country 

in 2008/09. Residential energy consumption is the amount of energy that is spent on the various 

appliances used within housing. 

The residential buildings in the urban centers of Nepal mainly use electricity and LPG for 

lighting, heating and cooling purposes. The urban residential sector makes up about 14.5 per 

cent of the total residential sector energy consumption. About 52 per cent of the urban energy 

is used for cooking purposes followed by electric appliances (14 per cent), lighting (13 per 

cent), heating and cooling (10 per cent), animal feeding (8 percent) and agricultural processing 

(3 per cent). The overall growth rate of energy consumption in the residential sector is about 

2.3 per cent per annum. 

Agricultural residues are generally used in the rural residential sector both for igniting wood 

fuel and as the main energy source in areas where fuelwood is in short supply or scarce. Among 

the traditional fuels, fuelwood alone contributes to around 89 per cent in the total energy 

consumption for domestic cooking. Animal dung was mostly consumed in the residential 

sector. If we were to concentrate on reducing energy demand in the residential buildings in 

urban locations, even a nominal percentage reduction in energy use in buildings would have a 

significant impact on national energy requirements, and this could be achieved with little 

investment or simply by being more diligent in our use of energy in homes.  

Because of the large gap between the supply and demand of electricity in our country, greater 

focus has been given on generating more electricity. 

2.4.1. Household Energy Consumption in the Year 2014/2015 

The energy consumption of different sectors was studied from different reports and these data 

were analyzed and energy consumption for the different sectors like Residential, Commercial, 

Industrial, Transport and others were estimated for the year 2014/15 (Shrestha & Nakarmi, 

2015) 

According to the Journal, “Demand Side Management for Electricity in Nepal: Need analysis 

using LEAP Modeling Framework”- (Shrestha & Nakarmi, 2015) Table-3 below illustrates 

that current scenario of sectoral energy consumption which is dominated by Residential sector 

as Nepal being developing country. Figure – 5 shows the Residential energy consumption is 

found to be around 80% followed by Industrial and Transport sector which contributed around 
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8% of total energy consumption. The commercial sector energy consumption is found to be 

3.6% whereas agriculture and other energy combine consumption contributed to just over 1% 

of total energy consumption. 

 

 

 

 

 

 

 

 

 

 

 

The traditional fuel, namely Fuel wood contributes to more than 85% of the total fuel share 

whereas the contribution by agricultural wastes and animal wastes is almost 8%. The petroleum 

combined contributes little over 2% whereas Electricity’s contribution is 1.6% as shows in the 

Figure – 6. There is very low contribution of solar and micro hydro in residential sector. 

(Shrestha & Nakarmi, 2015)  

Table 3 Energy Consumption in the year 2014/15 (Shrestha & Nakarmi, 2015) 

Figure 5 Sectoral Energy Consumption in 2015 (Shrestha & Nakarmi, 2015) 
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Table -4 shows that Cooking, heating, water boiling has always been the most energy 

consuming end use in residential sector. It is due to fact that fuel wood is used as the major 

sources. In case of electricity consumption, its share is divided well showing the potential of 

electrical energy in all end use. (WECS 2012) 

 

Figure 6: Fuel share in Residential Energy Consumption (Shrestha & Nakarmi, 2015) 

Table 4: Fuel share in Residential Energy Consumption (WECS, Energy Sector synopsis report, 2012) 
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The cooking activity majorly consumes energy (61%) whereas space heating (14%) and water 

boiling (13%) are next two activities contributing highly in energy consumption. Lighting only 

consumes 0.72% of residential energy consumption. Electrical appliances contribute 0.41% 

residential energy consumption whereas water pumping contributes only 0.12% of residential 

energy consumption. The other activities share almost 10% of residential energy consumption 

as shown in the Figure 7.  (Shrestha & Nakarmi, 2015 

Figure 8: Activities in Residential Energy Consumption (Shrestha & Nakarmi, 2015) 

Figure 7: Historical trend of LPG consumption (Source: Bhandari and Pandit, 2018). 
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2.5 Household Fuel Choice and Fuel Transition 

Household fuel choice is the subject of a lot of research and has generated a number of different 

theoretical models. Early thinking on this issue was based around the “energy ladder model” 

and the associated notation of fuel switching. 

The model describes fuel transition from traditional fuels to modern fuels and suggests that 

with increasing income or economic status, a progression is expected from traditional biomass 

fuel to more advanced and less polluting fuels. Based on household income, a household energy 

choice undergoes a linear three-stage switching process (Leach 1992). This process starts with 

solid fuel biomass fuels and, with increasing economic prosperity this leads to a transition 

phase involving kerosene, coal and charcoal. It finishes with LPG and electricity (Mishra 

2008). 

Household fuel switching is not a linear or unidirectional process, and economic factors are not 

the only variables that determine fuel choice. Access and consistent availability are also 

important: for example, households that are willing and able to pay, simply will not make the 

switch from charcoal to LPG if the gas, stove, and gas bottles are not consistently available in 

a convenient location. The income is not the only determinant of transition from traditional to 

more convenient forms of energy, other factors such as access to alternative energy sources 

and consumer preferences also account for a household energy choice. According to (Masera, 

Saatkamp et al. 2000), the different fuels and stoves carry a social status as well. Hence, the 

greater costs of advanced technologies are on one hand compensated by the greater fuel 

efficiency and cleanliness of the stove but also by the strived increase in societal status. 

 

 

 

 

 

 

 

Figure 9: The Energy Ladder Approach (Source: Masera, et al., 2000) 
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2.6 GHG Emission 

Residential sector is the major energy consuming sector which is about 80% of total national 

energy consumption of which 88% is traditional fuel (basically biomass). The use of cooking 

stoves or energy conversion technology practice in Nepal is generally open cooking stoves 

having efficiency of around 5%-7%. This implies that lots of energy is lost in the surroundings 

and at the same time emitting higher amounts of pollutants creating indoor air pollution. The 

figure shows that transport sector is the major carbon emission sector which accounts about 

49% then emission in the year 2008/2009. followed by industry sector 25% and residential 

sector by 12% of total carbon emission in the year 2008/2009. 

2.7 Solar Photovoltaic System 

A Solar Photovoltaic (PV) System is a system which captures the sun’s energy and converts it 

into useful energy i.e. electricity. It is a system composed of one or more solar panels combined 

with an inverter and other electrical and mechanical hardware that use energy from the Sun to 

generate electricity. PV systems can vary greatly in size from small rooftop or portable systems 

to massive utility-scale generation plants. Although PV systems can operate by themselves as 

off-grid PV systems, this article focuses on systems connected to the utility grid, or grid-tied 

PV systems. 

Light hits the solar panels with photons (particles of sunlight). The solar panel converts those 

photons into electrons, direct current. Electrons then flow through a conductor to the various 

device. The material responsible for doing this conversion is call a cell. PV Solar system 

typically consists of four basic components. They are:  

1. PV Array: Solar panels generate free power from the sun by converting sunlight to 

electricity with no moving parts, zero emissions, and no maintenance. The solar panel, 

the first component of an electric solar energy system, is a collection of individual 

silicon cells that generate electricity from sunlight. The photons produce an electrical 

current as they strike the surface of the thin silicon wafer. The most efficient and 

expensive solar panels are made with Mono-crystalline cells. These solar cells use very 

pure silicon and involve a complicated crystal growth process. Polycrystalline cells are 

a little less expensive and slightly less efficient than Monocrystalline cells because the 
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cells are not grown in single crystals but in a large block of many crystals (Gwamuri 

and Mhlanga 2012) 

2. Batteries: Batteries are rated by the amount of current they can supply over a period of 

hours i.e. in ampere hours (Ah).  The design should ensure enough Ampere-hour 

capacity to take account of any bad weather periods.  An additional one-fifth capacity 

is thought to be sufficient to cover this eventuality. 

3. Inverter: An inverter, is an electronic device or circuitry that changes direct current 

(DC) to alternating current (AC). The input voltage, output voltage and frequency, and 

overall power handling depend on the design of the specific device or circuitry. The 

inverter does not produce any power. The power is provided by the DC source.  

4. Charge Controller: Charge controllers are used to control the charging of the batteries. 

Since the output from solar panels are variable and needs adjustments, charge 

controllers fetch the variable voltage/current from solar panels, condition it to suit the 

safety of the batteries. The main functions of charge controllers are to prevent over-

charging of batteries from solar panels, over-discharging of batteries to the load and to 

control the functionalities of the load. (AEPC 2017) 

Factors affecting Solar Panels are as follows: 

• Temperature  

• Shading  

• Dust 

Figure 10: Solar Photovoltaic (PV) System 



Sustainable energy planning and model design with inclusion of renewable energy: A case of residential sector at Kirtipur municipality 

Jenish Maharjan (073/MSED/455)         17 

 

People in the urban context will shift from grid electricity use to stand alone solar PV system 

installation, only if it is economical to do so. Is there any possibility of economic feasibility 

and adaptation of solar PV systems in urban areas? This question can be answered with the 

help of benefit cost analysis (Bhandari and Stadler 2011). The solar PV system basically 

consists of two components module and balance of system (BOS). The BOS components 

include batteries and inverters, as well as other accessories, e.g. charge controllers, cables, 

electronic components, system installation and management, etc.  

Overall PV system costs are projected to continue to decline rapidly, although uncertainties 

exist at the moment regarding the markets growth in the short term. Short-term projections for 

the PV market are rapidly out of date given the rapid pace of developments. Longer term 

projections are likely to experience less volatility.  PV system costs for residential systems are 

projected to decline from USD 4 200 to USD 6 000/kW in 2010 to between USD 1 800 to USD 

2 700/kW by 2020 and to USD 1 500 to USD 1 800/kW by 2030 (Table). (IRENA 2012) 

2.8 Hydropower in context of Nepal 

As Nepal has good potential to establish hydropower plants because of its terrain and 

hydrology, its electricity generation is dominated by clean hydropower. Other electricity 

sources such as thermal power contributes less than 0.5% of total energy needs. However, as 

rivers are snow-fed, water level in river changes with season and so do the electricity 

generation. This is the main reason behind the long power cut enforced by NEA particularly in 

dry season. The NEA imported more than 14% electricity from India in 2012/13 to meet the 

shortfall but almost 22% of the demand was unserved. (Gautam, Li et al. 2015)  With the 

growing rate of migration from rural to urban areas and increasing industrialization and 

business activities, the use of electricity in the residential sector has sharply increased. Most of 

the people with higher socio- economic strata are equipped with relatively modern electrical 

Table 5 Installed PV system cost projections for residential and utility scale system, 2010 to 2030 
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appliances and they reside in urban areas. This fact explains the rapid increase in the total 

residential energy consumption in urban areas compared to rural area (WECS 2010). NEA has 

predicted that annual electricity demand will continue to increase by 7-8% in coming decades. 

It has been predicted that the power demand will increase by three times reaching 3679.10 MW 

and the energy demand will reach 17403 GWh by 2027/28 (Gautam, Li et al. 2015) It will be 

a big challenge for the government and the utility companies to meet growing energy need. 

Nepal is blessed with significant hydropower resources. Nepal's theoretical hydropower 

potential has been estimated to be around 84,000 MW, of which 43,000 MW has been identified 

as economically viable whereas the Currently, Nepal's installed hydropower capacity is 753 

MW. As shown in the Table-8 and Table-9 Which is only the 2% of economically viable 

hydropower capacity of Nepal. (WECS 2010) 

 

 

 

2.9.  Sustainable Development Goals SDG 

Sustainable development continues to be in-built in Nepal's socio-economic development. 

Nepal's efforts for the successful implementation of the MDGs have also opened new avenues 

Table 7: Theoretical Hydropower of Nepal (Source: WECS, 2010) 

Table 6: Economic Hydropower Potential Source: WECS. 2010) 
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for the implementation of SDGs planned for 2016-2030. Even before SDGs were endorsed and 

adopted by the UNGA in September 2015, the Government of Nepal was already in the process 

of preparing a National Report. This document is the final outcome of this preparation process. 

The Report assesses the national situation by each SDG from national perspectives, examines 

their relevance in the national context and provides inputs for national planning, dialogue, and 

shows a pathway for implementation. 

The concept and measurement of energy access has gained significant interests from 

governments and development agencies. The Sustainable Energy for All (SE4All) initiative 

launched by the Secretary General of the United Nations in 2011 aims to achieve universal 

access to modern energy services by 2030. There are 17 proposed SDGs among which SDG 7 

aspires to access to affordable, reliable, sustainable and modern energy for all by 2030. Nepal 

agrees with the Safe Energy for All (SE4ALL) document that the focus for energy access needs 

to better capture the quantity and quality of electricity supplied, as well as the efficiency, safety 

and convenience of household energy. Nepal has a huge potential for renewable energy, 

particularly hydropower. The SDG 7 targets include achieving the following by 2030: 

i. Universal access to affordable, reliable and modern energy services. 

ii. Substantially increasing the share of renewable energy in the global energy mix. 

iii. Doubling the global rate of improvement in energy efficiency. 

iv. Accessibility of 99 percent of households to electricity. 

v. Reduce to 10 percent of households who use firewood as their primary fuel for cooking. 

2.10. Tier Classification for Global SDG Indicators 

 

 

Table 8: SDG 7: Targets with proposed indicators, current status and future projections 
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Energy Sector Management Assessment Program ESMAP, under the Sustainable Energy for 

All SE4ALL initiative, in consultation with multiple development partners has developed the 

Multi-tier Framework (MTF) to monitor and evaluate energy access by following a multi-

dimensional approach. Access to electricity is measured based on technology-neutral multi-

tiered standards where successive thresholds for supply attributes allow increased use of 

electricity appliances. A separate multi-tier framework can be defined for access to electricity 

services. A third multi-tier framework is defined for electricity consumption. Energy access is 

measured in the tiered-spectrum, from Tier 0 (no access) to Tier 5 (the highest level of access). 

 

 

 

 

 

 

 

 

 

 

 

Table 9: Multi-tier matrix for electricity consumption (World Bank, 2015) 
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CHAPTER 3: RESEARCH METHODOLOGY 

3.1 Research Paradigm 

3.1.1 Ontology : Ontology means the nature of the reality. The ontology of the study will be 

the current energy scenario of residential sector of kirtipur municipality  

3.1.2 Epistemology  

Epistemology means the nature of the Knowledge and what constitutes good knowledge. The 

Epistemology position of the research area has been found by the literature review, 

information’s and data collected from different external sources, the local residents, and other 

involved organizations. 

3.1.3 Methodology  

In this research, Quantitative Approach has been applied for collection and analysis of data 

related to household energy consumption. This study consists the analysis of energy 

demand from the primary data collection. The research was carried out as per the flow 

chart given in Figure -11 

 

 

 

 

 

 

 

 

 
Figure 11Graphical representation of Research Methodology 
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3.2 Research Design 

3.2.1 Study Area: Kirtipur 

Kirtipur is a relatively small municipality in Kathmandu dis t r ict  of Bagmati Zone of 

province 3. The municipality lies 5 Km south west of Kathmandu. Kirtipur is bordered with 

Lalitpur metropolitan city on the east, Kathmandu Metropolitan city on the North, Dakshinkali 

Municipality on the South and Chandragiri Municipality on the south which is shown in 

Figure 12. 

 

The total population in Kirtipur municipality in  the year 2011 was 65,602 with 

population density 4445 per sq. Km. The total number of households was 19441 with 

household size 3.4 as shown in table 10. 

Figure 12 Map of Kirtipur Municipality 
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3.2.2 Sample Size and Field Determination  

As per the Central Bureau of Statistics-2011, There  are about 65,602 population in 

Kirtipur Municipality. It is more time consuming to collect the energy consumption data 

from all the households.  So, suitable sample size was taken to determine the total energy 

consumption for the analysis. 

There are various formulas for calculating the required sample size based on the data 

collected is to be of a categorical o r  quantitative nature .  The sample size was calculated 

using the following formula (Krejcie and Morgan 1970) 

S = 
𝒙𝟐𝑵𝑷(𝟏−𝑷)

{𝒆𝟐(𝒏−𝟏)+𝒙𝟐𝑷(𝟏−𝑷)}
 

Where, 

S = Required sample size 

x2= Table value of chi-square for 1 degree of freedom at the desired confidence level 

N = population size 

P = population proportion 

e = Error Percentage 

 

Table 10: Data of Kirtipur Municipality 
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It consists of 10 wards and about 65602. With the confidence level of 95% and the degree 

of accuracy (e) 8%, the sample size would be 155 households. After the determination of 

sample size i.e. 155 households, the number of households were determined on the basis of 

proportion of household distribution in each ward.   So that data collection would cover 

households from all wards of Kirtipur Municipality. The number of samples from each ward 

is shown in Table 11. 

3.2.3 Questionnaire Development  

Questionnaires are typically used to collect primary data and to determine the current status 

or to estimate the distribution of characteristics in a population. Questionnaire was 

developed to collect primary data on the final household energy consumption of Kirtipur 

Municipality. Questionnaire was prepared on the basis of the energy consumption by fuel 

types such as firewood, LPG, kerosene, electricity, solar, agricultural residue etc.  and    

energy consumption by end use such as cooking, lighting, water heating room heating/ 

cooling and other electric appliances.  The primary data was collected in the hardcopy of 

questionnaire. The collected data was used as input in the LEAP software. The sample of 

questionnaire is shown in Appendix-1. 

Table 11 sample size distribution according to wards 
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3.2.4 Field Survey  

After finding the sample size requirement on each ward, the prepared questionnaire was 

taken and collection of energy consumption data was done. First, a pilot test was done with 

small sample to identify question in the questionnaire seem to be unclear to the participant 

or not. During the pilot survey, it was found that people felt difficulty in some of the 

questions.  Accepting this flaw final questionnaire was prepared by rectifying flaws seen 

in the pre- questionnaire.  After that total 155 energy related data were gathered through 

questionnaire survey. 

3.2.5 Data Collection  

The data were collected from the questionnaire prepared for the further energy demand 

calculation and further energy planning. The data collected were of two type primary data and 

secondary data.  

Primary Data Collection 

Primary data collection is  the main part of the study.  The household survey was conducted 

through quantitative method. The primary data collections were divided into two sectors 

which were energy consumption data of houses of traditional settlement and newly 

developed settlement. The collected data includes the energy consumption of households by 

end-use such as cooking, lighting, room heating, cooling etc. and by fuel type such as 

LPG, agricultural residue, electricity etc.  

Secondary Data Collection 

The primary data collection from households was not enough for analyzing in LEAP 

secondary data was also needed. Secondary data such as efficiencies, load dispatch data, 

population and GDP elasticities were collected from various publications including project 

reports, books, journal, NGOs, INGOs and electronic materials were collected for this study 

the total number of households, population, population growth rate were collected from CBS 

report.  
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3.2.6 Data Compilation  

The collected data were in the questionnaire sheet, which was time consuming to find the 

actual situation of energy consumption. So, the collected household energy data were 

compiled in Microsoft Excel for the energy demand calculation of Kirtipur municipality of 2018. 

3.2.7 LEAP - Leap Long-Range Energy Alternatives Planning System Energy Model 

 The Long-range Energy Alternatives Planning system (LEAP) is a scenario-based energy 

environment modeling tool. Its scenarios are based on comprehensive accounting of how 

energy is consumed, converted and produced in a given region or economy under a range of 

alternative assumptions on population, economic development, technology, price and so on. 

With its flexible data structures, LEAP allows for analysis as rich in technological specification 

and end-use detail as the user chooses.   

LEAP is used for the further energy analysis of the data’s complied using MS- Execl and the 

policy intervention scenario development of other sustainable energy planning with the 

implementation of renewable energy ash shown in the Figure 13. Leap serves several purposes: 

as a database, it provides a comprehensive system for maintaining energy information; as a 

forecasting tool, it enables the user to make projections of energy supply and demand over a 

long-term planning horizon; as a policy analysis tool, it simulates and assesses the effects - 

physical, economic, and environmental - of alternative energy programs, investments, and 

actions.   energy initiatives, and arrive at strategies that best address environmental and energy 

problems.   

 

   

Figure 13: Leap Modeling Framework 
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3.2.8 Energy Demand 

For modelling energy demand in leap, household sector was sub-categorized into seven end-

uses: 

a. Cooking 

b. Lighting 

c. Electrical Appliances 

d. Water Heating 

e. Space Heating 

f. Space Cooling 

g. Others 

Further the end use categories were divided on the basis of fuel types. As the population 

increase, the energy demand will also increase. The energy demand is the product of energy 

intensity and demographic factor. The energy intensities of households for the base were 

calculated from primary data and net heating values of fuel. Then the required data: energy 

intensities and efficiency of technologies were entered in a leap model. 

Energy demand = energy intensity × Population 

3.3 Scenario Development 

Scenario planning is a foresight methodology which helps make sense of an uncertain future. 

It has been widely and effectively employed in many arenas to look at a possible range of 

actions and the resultant impact on policies, designs, and Flexible long-term plan. The purpose 

of scenario development is to anticipate future possibilities in such a way as to develop the 

most robust plans, designs, and policies leading to sustainable solution. 

3.3.1 Business as usual scenario (BAU) 

Business as usual scenario is the base line scenario which assumes that the past trends will 

continue in the near future year and no additional measurement will be put into practice. Thus, 

the share of each demand technology in the energy supply in future years will be same as in 

the base year. In this scenario, population growth rate will be same as base year. 
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3.3.2 Electrification by Hydro Electricity Scenario (EHE) 

Electrification by Hydro Electricity Scenario follows the principle objectives of sustainable 

energy for all (SE4ALL) that promote access of electricity for all. In this scenario, there will 

be access of uninterrupted electricity supply policy. This scenario promotes the potential of 

electricity generation from hydropower and solar PV.  The inefficient fuel as well as fossil fuel 

will gradually replace by electricity and solar.  The end-use inefficient technologies will 

gradually replace by the energy efficient technologies such as LED is penetrated replacing 

incandescent bulbs and fluorescent tube lights. The population growth will be same as 

Business-as-Usual scenario. The fuel and technology switching in the EHE scenario is shown 

in the Table 12. 

 

3.3.3 Sustainable Development Scenario (SDG) 

Sustainable Development scenario also follows the principle objectives of sustainable energy 

for all that promoted electricity and solar energy for sustainable development. Traditional and 

fossil fuels will gradually replace by clean fuels: electricity and solar in order to reduce GHGs 

and local air pollutants emission. In this scenario the total Energy Consumption is targeted to 

more 3,000KWh per household. The population growth will be same as in BAU scenario. The 

fuel and technology switching in the SDG scenario is shown in the Table 13. 

Table 12 Electrification by Hydro Electricity Scenario (EHE) 
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Table 13 Sustainable Development Scenario (SDG) 
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CHAPTER 4: FINDING AND DATA ANALYSIS 

4.1 Energy Scenario in the Base Year 2018 

The energy demand and consumption pattern of the Kirtipur municipality in the base year 2018 

is different in different house types. The energy scenario in the year 2018 incudes the final 

energy demand by end use and fuel types and electricity consumption in different types of 

houses in Kirtipur municipality. 

 

4.1.1 Per Capita Energy Consumption 

The energy consumption of Kathmandu valley is 3 GJ per capita in 2014 (Rajbhandari and 

Nakarmi 2014). A figure shows that the per capita energy consumption of Kirtipur municipality 

is 3.14GJ which shows that the per capita consumption energy is similar to the study of 

Kathmandu valley which was done in the 2014. From this figure it can be seen that the energy 

consumption in the houses of traditional settlement is quite less than the energy consumption 

in the houses of newly development settlement which are 2.73 GJ and 3.24 GJ respectively. 

These difference in energy consumption is due to the living style, use of appliances of the 

people in the traditional settlement and the newly development settlement.  

Figure 14 Per capita energy consumption 
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4.1.2 Final Energy Demand by End Use 

Figure 15 shows the final energy demand by end use type. It is seen that cooking is the 

most energy intensive end-use which accounts for 51% of total energy demand. It is 

followed by electrical appliances (30%), Lighting (9%) and Alcohol Preparation (5%). Space 

heating and space cooling accounts 2% and 1% total energy consumed. 

 

4.1.3 Final energy demand by Fuel Types 

Figure 16 shows the final 

energy demand by Fuel type. It 

is seen that LPG is the most 

energy intensive fuel type 

which accounts for 50% of 

total energy demand. It is 

followed by electricity (45%), 

Agricultural residue (5%). From 

this chart we can see the most 

used fuel is LPG and electricity 

respectively. Figure 16: Final energy demand with Fuel types 
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4.1.4 Electricity User Ratio 5 AMP and 15 AMP  

Figure-17 shows the electricity user ratio of 5 Ampere and 15 Ampere in Kirtipur municipality 

in both the settlements. From the chart,15 ampere (58%) electricity users are more than the 5 

Ampere i.e. 42%. 26% of 5 Amp electricity users consumes 50Kwh – 250kwh per month. It 

shows that 53% of the NEA grid connection are to be upgraded to 15 A above connection for 

further policy intervention. 

4.1.5 Candidates Interested in using Solar Home System 

Figure 18 shows that the 75% 

of the household in Kirtipur 

municipality in both the 

settlements are not interested 

in using the Solar Home 

System and the remaining 

25% are interested in using it 

which shows the moreover 

households are unaware of the 

renewable energy. 

 

Figure 18 Candidates interested in using SHS 
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Figure 17 5 Amp, 15 Amp and 30 Amp user ratio 
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4.1.6 Electricity Consumption In 2018 (Kwh) 

Figure - 19 shows the electricity consumed per household in 2018 in Kirtipur municipality 

between three different types of houses i.e. traditional houses, mixed use houses and modern 

houses. Electricity consumed per capita in traditional houses, mixed use houses and modern 

houses are 800.65 Kwh , 689.91 Kwh and 2586.24 Kwh respectively. The electricity consumed 

per household in Kirtipur Municipality is 1772.46 KwH in the year 2018.  

4.1.7. Energy Balance in 2018  

Table 14 Energy Balance for Kirtipur municipality in 2018 

Energy Balance for Area in 2018 "Kirtipur Municipality" 

Scenario: Current scenario, Year: 2018, Units: Thousand Gigajoule 

  Electricity LPG Wood Solar 

Agri- 

Resideu Total 

Production               -            -         1.1     3.3        13.6     18.0  

Imports        142.1   129.9         -         -               -     272.0  

Exports               -            -           -         -               -            -    

Total Primary Supply        142.1   129.9       1.1     3.3        13.6   289.9  

Transformation and Distribution         -28.4          -           -         -               -      -28.4  

Total Transformation         -28.4          -           -         -               -      -28.4  

Kirtipur Municipality        113.7   129.9       1.1     3.3        13.6   261.5  

Total Demand        113.7   129.9       1.1     3.3        13.6   261.5  

Figure 19: Electricity Consumption in 2018 (Kwh) 
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The energy balance of Kirtipur municipality for year 2018 show s that the total energy demand 

for Kirtipur municipality is 261.5 TJ. Total electricity import for Kirtipur municipality is 142.1 

TJ with transmission and Distribution loss of 20%. 

4.2 Scenario Analysis  

This section shows the results of scenarios developed from the primary data survey and 

secondary data on demography, technologies and resources. The results of the scenario that 

have been analyzed are described to give the effects of certain policy and technologies 

interventions. Table- 15 shows the descriptions of the scenarios that have been developed in 

this study. 

Table 15 Scenario Summaries 

Scenario Name Description 

BAU Business as Usual ▪ Population growth rate 4.47% which remains 

constant throughout the study period 

▪ Energy intensity and energy mix remains the 

same. 

EHE  Electrification through 

Hydro Power Electricity 

Scenario  

▪ Population growth rate 4.47% which remains 

constant throughout the study period 

▪ Promote access of electricity. 

▪ LPG gradually replaced by clean source of 

energy like electricity and solar water heating by 

the year 2030 and continue to the year 2050. 

▪ Minimal amount of traditional fuels in used are 

left as it is. 

SDG Sustainable Development 

Goal Scenario 

▪ Population growth rate 4.47% which remains 

constant throughout the study period 

▪ Traditional and fossil fuels will gradually replace 

by clean fuels: Electricity and solar PV in order 

to reduce GHGs and local air pollutants emission 

by the year 2030 and continue to the year 2050. 
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4.2.1. Business as Usual Scenario (BAU) 

The Business as Usual Scenario where there are no interventions being done and Population 

growth rate is only the factors affection the final energy demand which is growing rapidly  

4.2.1.1 Final Energy demand 

The graph shows the energy demand in the Business as Usual (BAU) scenario from the base 

year 2018 to the end year 2050. The final energy demand for the base year 2018 was 261.5 TJ.  

From the graph it is clear that when the BAU scenario continues then then energy demand 

increases till the end year. This final energy demand in BAU scenario will increase constantly 

by the rate of 4.6% per annum from the base year value 261.5 TJ to 1101.4 TJ in the year 2050 

as shown in figure below. 

 

4.2.1.2 Final Energy demand by Fuel Type 

It can be seen that total energy demand will grow at the rate of 4.47% per annum and shares of 

energy mix will remain same as that of the base year 2018. The energy demand as per fuel 

types in BAU Scenario will be dominate by LPG and Electricity as in the base year in 2018 i.e. 

527.2 TJ and 497.3 TJ respectively as shown in Table – 16. 

 

Figure 20 Final Energy Demand - BAU 
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Table 16: Final Energy demand by Fuel Type 

Energy Demand by Fuel Types Final Units 

Scenario: BAU 

Branch: Demand 

Units: Terajoules 

Fuels 2018 2020 2025 2030 2035 2040 2045 2050 

Electricity  113.7   124.7   157.1   197.9   249.2   313.8   395.1      497.3  

LPG  129.9   141.7   176.4   219.6   273.4   340.3   423.5      527.2  

Wood       1.1        1.2        1.5        1.9        2.5        3.2        4.1           5.2  

Solar       2.9        3.2        4.2        5.5        7.1        9.3     12.0         15.6  

Biomass    13.6     14.8     18.4     22.8     28.3     35.1     43.6         54.1  

Solar 

Electricity       0.4        0.5        0.6        0.8        1.0        1.3        1.6           2.1  

 

4.2.1.3 Final Energy demand per Capita 

The Figure-21 shows the energy per capita in the BAU scenario from the base year 2017 up to 

end year 2050. In the BAU scenario, the energy per capita for base year is 2.9 GJ/capita and it 

may rise up to 3.1 GJ/capita by 2050. 

Figure 21 Final Energy demand per Capita 
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4.2.1.4 Electricity Demand Per Household in Kwh 

 

As shown in Figure 28, the electricity demand per household in the base year 2018 is 1772.5 

kWh per year which is needs to reach up to 3000 kwh by year 2030 to meet the multi-tier matrix 

of Sustainable development goal. From this chart we can see that if no interventions are made 

and the energy consumption patter in same as in the base year the multi-tier matrix cannot be 

meet by 2030 as shown in the char in BAU scenario by 2030 the electricity consumption per 

household per year will only be 1825.1 kwh. 

4.2.1.5 Peak Powerplant Requirement 

Figure 23 shows the 

power plant requirement 

for fulfilling demand in 

BAU scenario. In this 

scenario, electricity 

required in 2018 is 7.5 

MW which will be 

gradually increase to 13 

MW and 32.7 MW in 

year 2030 and 2050 

respectively.   

Figure 22: Electricity Demand per HH-BAU 

Figure 23 Peak Power plan Requirement - BAU 
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4.2.1.6 GHG Emission  

Figure 24 shows the GHG emission due to combustion of different energy sources in residential 

sector. At the base year 2018 the GHG emission in BAU is 9.7 thousand metric tonnes carbon 

dioxide equivalent and 39.3 thousand metric tonnes carbon dioxide equivalent 2050. 

 

 

 

 

 

 

 

 

 

 

4.2.2. Electrification by Hydro Electricity Scenario (EHE) 

In the Electrification by Hydroelectricity Scenario LPG is 100% replaced by clean source of 

energy like electricity and solar water heating by the year 2030 and continue to the year 2050 

and minimal amount of traditional fuels in used are left as it is. The EHE scenario looks after 

the future energy demand through the electrification by hydroelectricity. 

4.2.2.1 Final Energy demand 

The graph shows the energy demand in the Electrification by Hydro Electricity Scenario (EHE) 

from the base year 2018 to the end year 2050. The final energy demand for the base year 2018 

was 261.5 TJ.  From the graph it is clear that when the EHE scenario continues then then energy 

demand increases till the end year. This final energy demand in EHE scenario will increase 

constantly from the base year value 261.5 TJ to 1046.9 TJ in the year 2050 as shown in figure 

25. 

Figure 24: 100-Year GWP: Direct (Demand) plus Indirect (Transformation) 

Emissions Allocated to Demands 
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4.2.2.2 Final Energy demand by Fuel Type 

Table -17 shows that total energy demand will grow and the energy demand as per fuel types 

in EHE Scenario will be dominate by Electricity and solar for water heating purpose. The 

Energy demand by fuel type in electricity will increase in the year 2030 to 2050 i.e. 328.89 TJ 

and 809.13 TJ and will for solar increase in the year 2030 to 2050 i.e. 71.46 TJ and 180.90 TJ 

respectively. 

Table 17: Final Energy demand by Fuel Type, EHE 

Energy Demand Final Units 

Scenario: EHE 

Branch: Demand 

Units: Thousand Gigajoules 

Fuels 2018 2020 2025 2030 2035 2040 2045 2050 

Electricity 113.70 138.55 217.93 328.89 411.92 515.90 646.10 809.13 

LPG 129.86 118.57 74.54 - - - - - 

Wood 1.05 1.09 1.14 1.09 1.38 1.73 2.19 2.75 

Solar 2.86 10.13 34.77 71.46 90.16 113.74 143.45 180.90 

Biomass 13.61 14.84 18.41 22.84 28.33 35.14 43.60 54.08 

Solar 

Electricity 0.44 0.41 0.26 - - - - - 

Figure 25: Final Energy demand, EHE 
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4.2.2.3 Final Energy demand per Capita 

The energy per capita in the EHE scenario from the base year 2018 up to end year 2050. In the 

EHE scenario, the energy per capita for base year is 2.9 GJ/capita and 2.9 GJ/capita for the 

rural for all the years as shown in the Figure – 26. 

 

4.2.2.4 Electricity Demand Per Household in Kwh 

As shown in Figure 27, the electricity demand per household in the base year 2018 is 1772.5 

kWh per year which is needs to reach up to 3000 kwh by year 2030 to meet the multi-tier matrix 

of Sustainable development goal. From this chart we can see that if the all the fuels are replaced 

by the electricity and solar for water heating purpose the multi-tier matrix can be meet by 2030 

which is 3033.6 Kwh per household per year and for the year 2050 will be 3112.4 Kwh per 

household per year. 

Figure 26 Final Energy demand per Capita, EHE 
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4.2.2.5 Peak Powerplant Requirement 

Figure 28 shows the Peak power plant requirement for fulfilling demand in EHE scenario. In 

this scenario Peak powerplant required from the Hydropower in 2018 is 7.5 MW which will be 

gradually increase to 21.6 MW and 53.3 MW in year 2030 and 2050 respectively.   

Figure 27: Electricity Demand Per Household in Kwh (EHE) 

Figure 28: Peak Powerplant Requirement (EHE) 
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4.2.2.6 GHG Emission  

Figure-29 shows the GHG emission due to combustion of different energy sources in 

residential sector. At the base year 2018 the GHG emission in EHE is 9675.8 metric tonnes of 

carbon dioxide equivalent, which can fully be decreased to 240.7 metric tonnes of carbon 

dioxide equivalent GHG emission from residential sector by the year 2030. 

 

4.2.3. Sustainable Development Scenario (SDG) 

In the Electrification by Hydroelectricity Scenario LPG is 100% replaced by clean source of 

energy like electricity and solar water heating by the year 2030 and continue to the year 2050 

and minimal amount of traditional fuels in used are left as it is. The EHE scenario looks after 

the future energy demand through the electrification by hydroelectricity. 

4.2.3.1 Final Energy demand 

The final energy demand for the base year 2018 is 261.5 TJ.  From the graph it is clear that 

when SDG scenario continues then the energy demand increases till the end year. This final 

Figure 29: 100-Year GWP: Direct (Demand) plus Indirect (Transformation) Emissions Allocated to Demands 

All Fuels, All GHGs (EHE) 
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energy demand in SDG scenario will increase constantly from the base year value 261.5 TJ to 

1046.9 TJ in the year 2050 as shown in Figure 30. 

4.2.3.2 Final Energy demand by Fuel Type 

It can be seen that total energy demand will grow and the energy demand as per fuel types in 

SDG Scenario will be dominate by Electricity and solar for generating electricity. The Energy 

demand by fuel type in electricity will increase in the year 2030 to 2050 i.e. 171.25 TJ and 

414.36 TJ and will for solar increase in the year 2030 to 2050 i.e. 157.63 TJ and 394.77 TJ 

respectively as shown in the Table- 18 

Table 18 Energy Demand By Fuel Type in SDG Scenario 

Energy Demand Final Units 

Scenario: SDG 

Branch: Demand 

Units: Terajoules 

Fuels 2018 2020 2025 2030 2035 2040 2045 2050 

Electricity 113.70 122.21 145.38 171.25 213.59 266.39 332.23 414.36 

LPG 129.86 118.57 74.54 - - - - - 

Wood 1.05 1.09 1.14 1.09 1.38 1.73 2.19 2.75 

Solar 2.86 10.13 34.77 71.46 90.16 113.74 143.45 180.90 

Biomass 13.61 14.84 18.41 22.84 28.33 35.14 43.60 54.08 

Solar 

Electricity 0.44 16.75 72.81 157.63 198.33 249.52 313.87 394.77 

Figure 30: Final Energy demand (SDG) 
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4.2.3.3 Final Energy demand per Capita 

The graph shows the energy per capita in the SDG scenario from the base year 2018 up to end 

year 2050. In the SDG scenario, the energy per capita for base year is 2.9 GJ/capita and can be 

minimized up to 2.8 GJ/capita by 2030 and reach 2.9 GJ/capita in 2050 as shown in the 

Figure31 

 

4.2.3.4 Electricity Demand Per Household in Kwh 

The electricity demand per household in the base year 2018 is 1772.5 kWh per year. From this 

chart we can see that if the all the fuels are replaced by the electricity and solar for water heating 

purpose, the electricity demand generated by hydropower by 2030 will be 1766.9 Kwh per 

household per year and for the year 2050 will be 1788.8 Kwh per household per year. 

To reach up to 3000 kwh by year 2030 to meet the multi-tier matrix of Sustainable development 

goal, electricity demand is fulfilled by hydroelectricity and solar electricity in year 2030 where 

1776.9 Kwh per household of electricity is provided from Hydropower (NEA) and 1266.7 Kwh 

per household of electricity is Generated from Solar home system (Solar pv). So the total 

electricity consumption per household is sum of the electricity from hydropower and solar PV 

which is 3033.6 Kwh per household in a year as shown in the Figure 32. 

Figure 31 Final Energy demand per Capita (SDG) 
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4.2.3.5 Peak Powerplant Requirement 

Figure 33 shows the Peak power plant requirement for fulfilling demand in SDG scenario. In 

this scenario electricity required in 2018 is 7.5 MW which will be gradually increase to 11.3 

MW and 27.3 MW in year 2030 and 2050 respectively.   

Figure 32: Electricity Demand Per Household in Kwh (SDG) 

Figure 33: Peak Powerplant Requirement (SDG) 
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4.2.3.6 GHG Emission  

Figure 41 shows the GHG emission due to combustion of different energy sources in residential 

sector. At the base year 2018 the GHG emission in EHE is 9675.8 metric tonnes of carbon 

dioxide equivalent, which can fully be decreased to 240.7 metric tonnes of carbon dioxide 

equivalent GHG emission from residential sector by the year 2030. 

 

 

 

 

 

 

 

 

Figure 34: 100-Year GWP: Direct (Demand) plus Indirect (Transformation) Emissions Allocated to 

Demands (SDG) 
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CHAPTER 5: ANALYSIS AND DISCUSSION 

The analysis and discussion section hold the Comparative Analysis of all three BAU, EHE and 

SDG scenario in terms of energy demand, fuel choice, electricity requirement and self-

electricity generation from the Roof top solar PV. the further analysis is also done in term of 

economical fuel with the cost benefit analysis. The emission from the different fuels choice in 

three different scenarios are also looked after as the emission is also one of the important sector 

to be minimized in the energy planning. The model of Roof top solar PV for the typical 

contemporary house is designed for the electricity generation with concern  its social values 

and social issues for the roof top solar PV in the case area. 

5.1. Final Energy demand  

The graph shows the energy demand in the Business as Usual (BAU) scenario and EHE 

scenario from the base year 2018 to the end year 2050. The final energy demand for the base 

year 2018 was 261.5 TJ.  From the graph it is clear that when the BAU scenario continues then 

then energy demand increases till the end year. And if the EHE scenario continues then the 

energy demand increases from the base year value 261.5 TJ to 1046.9 TJ in the year 2050 as 

shown in figure 35. Energy consumption can be reduced to 424.3TJ from 448.5TJ by 2030 and 

1046.9 TJ from 1101.4 TJ by the year 2050 switching different fuel to clean fuels and energy 

efficient technology. 

Figure 35: Final Energy Demand 
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 5.2. Final Energy demand Per Capita 

Figure - 36 shows the energy per capita in the BAU and EHE scenario from the base year 2017 

up to end year 2050. In the BAU scenario, the energy per capita for base year is 2.9 GJ/capita 

and 3.1 GJ/capita for the rural for all the years. Energy consumption per capita can be reduced 

up to 0.6 GJ i.e. it will reduce from 3 GJ to 2.5 GJ by switching different fuel to Electricity in 

2050. 

 

5.3. Electricity Demand Per Household in Kwh 

The electricity demand per household in the base year 2018 is 1772.5 kWh per year which is 

needs to reach up to 3000 kwh by year 2030 to meet the multi-tier matrix of Sustainable 

development goal. From this chart figure 44 we can see that if no interventions are made and 

the energy consumption pattern in same as in the base year the multi-tier matrix cannot be meet 

by 2030. If the all the fuels are replaced by the electricity and solar for water heating purpose 

and generating electricity it can meet the multi-tier matrix of Sustainable development goal 

reaching the electricity demand to 3033.6 Kwh per household. 

But if the solar pv is used for the generation of electricity and used for lighting and electrical 

appliances purpose the electricity demand from the hydropower can be minimized up to 1542.3 

Figure 36: Final Energy demand Per Capita 
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kwh per household. From this chart figure 37 we can see that the implementation of solar pV 

can reduce up to 42 % of the electricity load from hydropower.  

 

5.4. Peak powerplant Requirement 

Figure 39 shows the power plant requirement for fulfilling demand in BAU, EHE and SDG 

scenario. In BAU scenario, electricity required in 2018 is 7.5 MW which will be gradually 

increases up to 13MW and 32.7MW in 2030 and 2050 respectively. In EHE scenario electricity 

required will gradually increase to 21.6 MW and 53.3 MW in year 2030 and 2050 respectively. 

And in SDG scenario electricity required will gradually increase to 11.3 MW and 27.3 MW in 

year 2030 and 2050 due to switching to solar energy sources to lighting, 85% of electric 

appliances and water heating system the electricity is generate rom Roof top solar PV so the 

Peak power plant requirement is lower than in the EHE scenario in EHE all the electricity is 

supplied from the Hydropower. 

Figure 37: Electricity Demand Per Household in Kwh 
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5.5. Electricity Generation from Solar 

Roof top solar PV is one of the possible renewable energy generation in household level. For 

the roof top solar PV, the total house from the CBS report 2011 further forecasted to 2030. 

From the total house the total house less than area of 50 Sqm were taken through the google 

maps as the house with the less than area of 50 sqm mostly need the terrace area for the self 

service uses like overhead water tank, drying clothes and solar water heater installation and the 

houses shaded by hills and other houses are also calculated using the google mas and SketchUp 

solar calculation from which the total number of eligible houses for rooftop solar PV is 

calculated which is 13876 number. The total available space for solar PV installation the 

average terrace area of the house of Kirtipur is taken which is 35 sqm out of which the 5.5 sqm 

is been left for the over head water tank and 2.6 sqm from the solar water heater so, the total 

average available space for roof top solar V is 26.9 sqm. Whereas the space needed for the 

1Kwp solar panel is 10 sqm. The total electricity generated from the roof top solar pv in 2030 

is 49046.9 Mwh in a year which is higher than the demand of 38417 Mwh in a year as shown 

in the Table -19.   

 

Figure 38: Peak powerplant Requirement (BAU, EHE and SDG) 
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Table 19 Electricity Generation from Solar PV 

Total House in 2030 18701   Units 

Total house less than area 50 sq m 4032   

Total houses shaded by hills 793   

Total eligible houses for SHS 

187101 – 4032 - 793  

= 13876   

      

Average terrace area of residential buildings: 35 Sqm 

Average overhead tank space 5.5 Sqm 

Average Solar water heater space 2.6 Sqm 

Total available space for SHS in a house 35 – 5.5 – 2.6 = 26.9 Sqm 

Total available space for SHS in Kirtipur municipality 20%   

      

Total available space for SHS in Kirtipur municipality 373264.4 Sqm 

Space needed for 1kwp solar panel 10.0 Sqm 

Total panel 37326.4 Kw 

Final electricity generated by SHS (after availability 

factors) 
5599.0 Kwh 

  5.6 Mwh 

Total electricity generated in year 

5.6 x 8 760  

=49046.9 Mwh 

      

Total electricity generated in 1 house in a year 

49046.9 / 13876  

= 3534.66 Kwh  

 

Final Electricity demand for SDG Scenario in 2030 in a year  91357 Mwh 

Electricity Generated from SHS in kirtipur municipality in 2030 

in a year 49046.9 Mwh 

NEA grid load can be deducted up to  53.6%   

Solar Electricity required For SDG Scenario 47571 Mwh 
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If Solar PV is installed for the electricity generation in 2030. The 1kw solar home system with 

battery for storage costs Nrs.150000. with addressing the annual maintenance cost of 3% and 

life span of 25 years. The electricity generated from the solar cost Nrs.7 which is way cheaper 

than the levelized cost of electricity from NEA which is Rs.14.25. Table 20 shows that in 2030 

if the electricity is generated from solar PV the Levelized cost of electricity can be half of the 

Levelized cost of electricity from NEA. 

Table 20: Cost Benefit Analysis of 1kwp Solar PV in 2030  

Cost Benefit Analysis of 1kwp Solar PV Cell 

Capacity Cost Discount Rate Life 

1kw 150,000 (IRENA 2012) 10% 25 

Annuity 16525.21   
Annual Maintenance 495.76 (3% of Annuity)   
Total annual expense 17020.97   
Daily Electricity generation 6.67 Kwh (Efficiency 15%) 

Electricity generation 2433.33 Kwh per year 

Unit cost of electricity by solar 

in 2030 Rs.6.9   
  

Unit Cost of Electricity = Rs.14.25 (increase rate 3%)     

 

5.6. GHG Emission  

GHG Emission can be gradually reduced from 9.7 Kilo tonnes = 106.9 Kg per capita to 0.2 

kilo tonnes by switching to the cleaner energy like Electricity from hydropower and Solar PV 

as shown in Figure – 40. 

Figure 39: GHG Emission (BAU, EHE and SDG) 
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5.7. Typical Model House for Solar home installation 

As per the bye laws of Kirtipur municipality, building coverage for every building is 70% and 

according to that most of the houses built, are of around 100 Sq.m. which includes two level 

of terraces: upper and lower terrace. Among which only lower terrace is used mostly by the 

residents for different activities such as drying clothes, sun bathe during winter, storage space 

etc. and the upper terrace is mostly used for overhead water tank, solar water heater and the 

remaining space is left unused. So, for this particular reason, the proposed model house design 

for the solar installation: 

The lower terrace can be used for the services and activities such as drying clothes, sun bathe 

during winter, and other daily activities whereas the upper terrace with space allocated for the 

Solar water heater, Overhead Tank and Solar PV. The model house for the solar home 

installation is for both existing house and a new building house. The implementation of the 

roof top solar PV can be done by the awareness on renewable energy by the solar PV and its 

benefits 

For existing Residences: 

On average the average area of the upper terrace in houses of Kirtipur is 35 sq.m. The 

required area for the overhead tank is 5.5 sq.m and that for the solar water heater is 2.6 

sq.m. and the remaining area of the upper terrace can be used for the Solar PV that can be 

used to generate electricity.  

For New construction: 

Use of Solar PV on the upper terraces utilizing the unused space should be incorporated in 

the bye laws with the awareness on renewable energy by the solar PV and its benefits. 

 

 

. 
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Figure 40: Typical Model House for Solar home installation 
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5.8. Energy Demand Cost Comparison 

The sustainable energy development includes one of the important factors which is economy. 

Fr the sustainable energy development the energy cost should be minimum for the economic 

energy development. From the Figure 41 it can be seen that if none of the interventions are 

made as in the BAU scenario the energy demand cost in 2050 will reach up to 1008.9 Million 

Nepalese rupees by 2030 and 2484.2 million Nepalese rupees by 2050 which can be minimized 

by implementing the policy scenario intervention as in the SDG scenario and the energy 

demand cost can be minimized up to 213.6 Million Nepalese Rupees in 2030 and 532.8 Million 

Nepalese Rupees in 2050 than in the BAU scenario.  

 

 

 

 

 

Figure 41 Energy Demand Cost Comparison in BAu and SDG Senario 
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CHAPTER 6: CONCLUSION AND RECOMMENDATION 

6.1. Conclusion 

 

It has been a long time since Nepal has faced problems with the demand and supply of energy. 

More than a third of the population does not have access to electricity and is forced to depend 

on traditional fuels for energy requirements. The Residential energy consumption in Nepal is 

found to be around 80% as per the literature. Energy consumption pattern in case of Kirtipur 

municipality is found to be constantly increasing from the base year to the end in the study in 

BAU scenario. If any policy intervention is not introduced or intervened then the energy 

consumption will rapidly go on increasing. So, it is very important for the policy intervention 

especially in case of Nepal. As Nepal has the capacity to generate its own electricity, so the 

policy intervention should be accordingly for the sustainable future reducing the energy 

consumption. 

It has been found that the total energy consumption of Kirtipur municipality was 261.5 TJ in 

the year 2018 accounting 2.9 GJ per capita. The energy demand will increase annually at the 

rate of 4.47% to 1101.4 TJ by 2050 if none of the interventions are made as in the BAU scenario 

where as in the EHE and SDG scenario the energy demand will reach up to 906.3 TJ resulting 

less final energy demand than in the BAU scenario.  

Two scenarios EHE and SDG were developed with the fuel switching to clean energy and 

energy efficient technology i.e. Hydro Electricity, Solar electricity and Solar energy. This 

switching of fuels resulting to the less energy demand due to use of energy efficient technology. 

The SDG scenario moreover focuses on the electricity generation from the Rooftop Solar PV 

resulting to 54% of Total Electricity demand to be substituted by the electricity generated 

through the rooftop solar PV in the Kirtipur municipality. The self-generation of electricity 

from the solar PV not only minimize the NEA Grid Load but also provides the energy security.  

The scenario analysis shows with the proper policy implementation and technology 

intervention the final energy demand can be reduced significantly. With availability and 

accessibility to cleaner and renewable energy the emissions can be reduced as well. The 

development of solar PV system and use of electricity can not only reduce the emission but 

also can significantly save the fuel expenditure.  
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6.2. Recommendation 

Residential sector is the major energy consuming sector in case of Nepal. Since Kirtipur 

municipality has one of the higher population growth rates of 4.47% in the near future the not 

only the residential sectors there will also be need of more infrastructure and facilities as well 

in which energy plays the vital role for the fulfillment of infrastructure and facilities. There are 

also other sectors such as transportation, commercial, industrial and agriculture sector as well 

which are consuming energy so, the study of these sectors is also important in order to find the 

total energy demand of Kirtipur municipality. For the further finding of the total energy demand 

of Kirtipur municipality this research can be the part of further studies. The analysis of the 

emission is based on the only energy consumption in the residential sectors. the emissions from 

the other sectors as well can be undertaken for the further studies. 

From the questionnaire and field visit it was found that the household had the NEA grid 

connection with the capacity of only 5A. For the policy intervention to be implemented as 

switching of fuels to the electricity these connections with the capacity 5A are to be replaced 

by the 15 A connection. Since 5A capacity connection is not enough for cooking in electricity 

by use of induction heater. 

For the implementation of policy intervention, change in bye laws can be the part of further 

policy interventions implementation. The change in bye laws can be made as with the new 

construction of building there must be the compulsory of solar PV installation for the self-

generation of energy as solar is the free source of energy. 

Further street lights planning can be done for the sustainable energy planning at municipal level 

since there are no sufficient street lighting in the Kirtipur municipality whereas the street lights 

are one of the important factors in urban and energy planning.  

The awareness programs on the benefits of the use of renewable energy and the effects from 

the imports fuel and its emission and its effects is one of the important factors for the 

implementation of use of roof top solar PV for the electricity generation in the Kirtipur 

municipality. The awareness on the switching of the technology which leads to the economical 

and emission less use of energy is also important for the people in the case area to understand 

for the implementation of the energy scenario planning 
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APPENDIX 2: Energy Balance 

Energy Balance: BAU 2018  

 

Energy Balance: BAU 2030 

 

 

 

 

 

 

Electricity LPG Wood Solar Biomass Solar elc Total

Production -         -    1.1    2.9  13.6     0.5       18.0   

Imports 142.1     129.9 -   -  -       -       272.0 

Exports -0.0        -    -   -  -       -       -0.0   

Total Primary Supply 142.1     129.9 1.1    2.9  13.6     0.5       289.9 

Roof top Solar 0.0         -    -   -  -       -0.0      -    

electricity generation -         -    -   -  -       -       -    

Transformation and Distribution -28.4      -    -   -  -       -       -28.4  

Total Transformation -28.4      -    -   -  -       -0.0      -28.4  

Kirtipur Municipality 113.7     129.9 1.1    2.9  13.6     0.4       261.5 

Total Demand 113.7     129.9 1.1    2.9  13.6     0.4       261.5 

Energy Balance for Area "Kirtipur Municipality"

Scenario: BAU, Year: 2018, Units: Thousand Gigajoule

Electricity LPG Wood Solar Biomass Solar elc Total

Production -         -    1.9    5.5  22.8     0.8       31.0   

Imports 247.3     219.6 -   -  -       -       467.0 

Exports -         -    -   -  -       -       -    

Total Primary Supply 247.3     219.6 1.9    5.5  22.8     0.8       498.0 

Roof top Solar -         -    -   -  -       -       -    

electricity generation -         -    -   -  -       -       -    

Transformation and Distribution -49.5      -    -   -  -       -       -49.5  

Total Transformation -49.5      -    -   -  -       -       -49.5  

Kirtipur Municipality 197.9     219.6 1.9    5.5  22.8     0.8       448.5 

Total Demand 197.9     219.6 1.9    5.5  22.8     0.8       448.5 

Energy Balance for Area "Kirtipur Municipality"

Scenario: BAU, Year: 2030, Units: Terajoules
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Energy Balance: BAU 2050 

Energy Balance: EHE 2030 

 

Energy Balance: EHE 2050 

 

 

 

ElectricityWood Solar Hydro Biomass Total

Production -        1.1   15.4 -      22.8     39.3   

Imports 0.0         -   -   411.1  -      411.1 

Total Primary Supply 0.0         1.1   15.4 411.1  22.8     450.4 

electricity generation 411.1     -   -   -411.1 -      -     

Transformation and Distribution -82.2     -   -   -      -      -82.2  

Total Transformation 328.9     -   -   -411.1 -      -82.2  

Kirtipur Municipality 328.9     1.1   15.4 -      22.8     368.2 

Total Demand 328.9     1.1   15.4 -      22.8     368.2 

Energy Balance for Area "Kirtipur Municipality"

Scenario: EHE, Year: 2030, Units: Terajoules

ElectricityWood Solar Hydro Biomass Total

Production -        2.8   40.4 -         54.1     97.2      

Imports 0.0         -   -   1,011.4  -      1,011.4 

Total Primary Supply 0.0         2.8   40.4 1,011.4  54.1     1,108.6 

electricity generation 1,011.4  -   -   -1,011.4 -      -        

Transformation and Distribution -202.3   -   -   -         -      -202.3   

Total Transformation 809.1     -   -   -1,011.4 -      -202.3   

Kirtipur Municipality 809.1     2.8   40.4 -         54.1     906.3    

Total Demand 809.1     2.8   40.4 -         54.1     906.3    

Energy Balance for Area "Kirtipur Municipality"

Scenario: EHE, Year: 2050, Units: Terajoules

Electricity LPG Wood Solar Biomass Solar elc Total

Production -         -     5.2    15.6  54.1     2.1       76.9       

Imports 621.6      527.2  -    -   -       -       1,148.8  

Exports -         -     -    -   -       -       -        

Total Primary Supply 621.6      527.2  5.2    15.6  54.1     2.1       1,225.8  

Roof top Solar -         -     -    -   -       -       -        

electricity generation -         -     -    -   -       -       -        

Transformation and Distribution -124.3    -     -    -   -       -       -124.3    

Total Transformation -124.3    -     -    -   -       -       -124.3    

Kirtipur Municipality 497.3      527.2  5.2    15.6  54.1     2.1       1,101.4  

Total Demand 497.3      527.2  5.2    15.6  54.1     2.1       1,101.4  

Energy Balance for Area "Kirtipur Municipality"

Scenario: BAU, Year: 2050, Units: Terajoule
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Energy Balance: SDG 2030 

 

Energy Balance: SDG 2050 

 

 

 

 

 

 

 

 

ElectricityWood Solar Hydro Biomass Solar elcTotal

Production -        1.1   152.7  -      22.8     -      176.6 

Imports 0.0         -   -      239.4  -      -      239.4 

Total Primary Supply 0.0         1.1   152.7  239.4  22.8     -      416.1 

Roof top Solar -        -   -137.3 -      -      137.3   -     

electricity generation 239.4     -   -      -239.4 -      -      -     

Transformation and Distribution -47.9     -   -      -      -      -      -47.9  

Total Transformation 191.6     -   -137.3 -239.4 -      137.3   -47.9  

Kirtipur Municipality 191.6     1.1   15.4    -      22.8     137.3   368.2 

Total Demand 191.6     1.1   15.4    -      22.8     137.3   368.2 

Energy Balance for Area "Kirtipur Municipality"

Scenario: SDG, Year: 2030, Units: Terajoules

ElectricityWood Solar Hydro Biomass Solar elcTotal

Production -        2.8   384.5  -      54.1     -      441.3    

Imports 0.0         -   -      581.3  -      -      581.3    

Total Primary Supply 0.0         2.8   384.5  581.3  54.1     -      1,022.6 

Roof top Solar -        -   -344.1 -      -      344.1   -        

electricity generation 581.3     -   -      -581.3 -      -      -        

Transformation and Distribution -116.3   -   -      -      -      -      -116.3   

Total Transformation 465.0     -   -344.1 -581.3 -      344.1   -116.3   

Kirtipur Municipality 465.0     2.8   40.4    -      54.1     344.1   906.3    

Total Demand 465.0     2.8   40.4    -      54.1     344.1   906.3    

Energy Balance for Area "Kirtipur Municipality"

Scenario: SDG, Year: 2050, Units: Terajoules
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APPENDIX 3: Sankey Diagram 

Sankey Diagram: BAU 2018 in TJ 
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Sankey Diagram: BAU 2030 in TJ 
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Sankey Diagram: BAU 2050 in TJ 
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Sankey Diagram: EHE 2030 in TJ 
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Sankey Diagram: EHE 2050 in TJ 
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Sankey Diagram: SDG 2030 in TJ 
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Sankey Diagram: SDG 2050 in TJ 
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APPENDIX 4: Photos from the Field 

 

 

 

 

 


