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CLIMATE CHANGE ASSESSMENT 
 
 

I. BASIC PROJECT INFORMATION 
Project Title: NEP (50059-003): South Asia Subregional Economic Cooperation Power 

Transmission and Distribution System Strengthening Project 

Indicative Project 
Cost ($ million): 

Source Amount ($ million) 

Asian Development Bank (ADB)  

Ordinary Capital Resources (Concessional loan) 200.0 

Government of Norway (Grant)   35.0 

Government   87.0 

Total 322.0 

Location: Province 2 (Parsa, Bara, Rautahat, Sarlahi, Mahottari, Dhanusha, Siraha and 
Saptari), Bagmati Province (Kathmandu Valley, Bharatpur), and Gandaki 
Province (Pokhara), Nepal 

Sector: Energy / Electricity transmission and distribution 

Theme: Inclusive economic growth; environmentally sustainable growth 

Brief Description: This proposed Power Transmission and Distribution System Strengthening 
Project (PTDSSP) will complete the reinforcement and modernization of power 
supply into and around Kathmandu,1 ensuring that hydropower generation can be 
evacuated and transmitted to the critical Kathmandu load center with excess 
traded with neighboring countries and that Nepal Electricity Authority (NEA)’s 
customers receive a reliable and secure power supply. This project will also begin 
strengthening distribution system outside of Kathmandu in a systematic and 
phased manner starting with Province 2. The proposed project is closely aligned 
with the South Asia Subregional Economic Cooperation (SASEC) Program to help 
Nepal in improving its energy security by developing infrastructure and promoting 
intraregional power trade. In general, the energy sector is sensitive to projected 
changes in mean climate conditions (such as mean temperature and rainfall), in 
climate variability (climate variability is expected to increase in a warmer climate), 
and in the frequency and intensity of extreme weather events (e.g., rainstorms). 
These could aggravate the weakness of energy infrastructure. The proposed 
project will improve the reliability and resilience of the electric supply system in 
Nepal, which is based primarily on run-of-river hydropower. 

 

II. SUMMARY OF CLIMATE CHANGE FINANCE  
Project Financing Climate Finance (in $ million) 

Source Amount  
(in $ million) 

Adaptation Mitigation 

ADB Resources    

   COL 200.0 1.0 118.9 

Co-financing    

   Government of Norway (grant)   35.0 0.0   18.2 

Total 235.0 1.0 137.1 

 
 
  

 
1 In this phase, the distribution network of nine remaining distribution centers of Kathmandu Valley has been planned for reinforcement 

and augmentation. The distribution network reinforcement and modernization study for the remaining four distribution centers is 
underway through Project Supervision Consultants in the ongoing Power Transmission and Distribution Efficiency Enhancement 
Project (PTDEEP); those in Lalitpur and Bhaktapur District are also covered in this phase. 

http://www.adb.org/Documents/RRPs/?id=50059-003-3
http://www.adb.org/Documents/RRPs/?id=50059-003-3
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III. SUMMARY OF CLIMATE RISK SCREENING AND ASSESSMENT 
A. Climate Risk Screening (see relevant climate and hazards information in the Appendixes) 

a.  Hazards 

Projected temperature increase Medium 

Projected change in average precipitation  Medium 

Extreme events (Extreme rainfall episodes leading to floods and 
landslides, as represented by the 90th percentile values or droughts 
represented by the 10th percentiles) 

Medium 

Earthquakes Medium 

b.  Sensitivity of Project Components to Climate/Weather Conditions and Geological Hazards 

Components 
 
1. Enhancement of power transmission system  
(i) upgrade of Khimti 1, Barhabise, and Lapsephedi 
substations to 400 kilovolts (kV) from 220 kV to 
enhance capacity for evacuation of electricity from 
hydropower stations; and (ii) upgrade of 66 kV to 
132 kV substation capacity in Teku to increase 
power supply in Kathmandu Valley. 
 
2. Modernization of the distribution system in 
Kathmandu Valley with high level technology – new 
132/11 kV advanced substations in Koteshwor and 
Thimi and modernization of distribution centers 
including Jorpati, Baneswor, Balaju, Kuleswor, and 
Kirtipur benefiting about 350,000 customers. 
 
3. Improvement of energy access – network 
extension and reinforcement with construction of 
33 kV, 11 kV, and 0.4 kV lines and substations to 
improve electricity supply quality and reliability to 
approximately 790,000 existing customers and to 
connect approximately 150,000 new customers in 
Province 2.2 

Sensitivities 
 
Increased warming could exacerbate thermal 
overloading of power lines, reducing the amount of 
electricity that can be transported. 
 
Changes in precipitation patterns and surface 
water discharges, as well as an increasing 
frequency and/or intensity of droughts, may 
adversely impact hydropower generation and 
consequently affect the amount of electricity 
transmitted into the system. Non-climatic factors 
for reduced water availability may include 
increased competition over water use for 
hydropower production, irrigation, and other 
purposes. 
 
Substations and distribution systems may be 
damaged by extremely intense rainfall leading to 
floods or landslides. 
 
Almost all of Nepal’s land area is subject to 
landslides due to mountainous topography, and all 
river basins are subject to flash-flooding. However, 
most of the project components will be in areas of 
relatively low topographic relief in the Kathmandu 
valley and Province 2. 
 
Routing surveys and final design incorporate best 
engineering practice which is to avoid landslide 
and flood-prone areas in principle. If routing cannot 
avoid such areas, the foundations of transmission 
towers and distribution poles will be reinforced to 
withstand maximum credible landslide and flood 
scenarios. 

c.  Capacities 

Transmission and distribution systems can be made more climate resilient by: 
(i) burial of lines so they are resistant to landslides, flooding, and extreme temperatures; 
(ii) increasing throughput capacity so that lines are not subject to thermal overloading; 
(iii) installing higher strength overhead lines to avoid excessive sag associated with thermal overloading; 
and 

 
2  This component will complement the existing system by providing reliable power supply to promote mechanized irrigation in Province 

2. The project is currently being processed by the Environment, Natural Resources, and Agriculture Division of ADB’s South Asia 
Department. 



3 

 

(iv) incorporation of advanced monitoring and control systems (“smart grid”) to improve grid operations 
and avoid overloading of lines. 
 
Burial of lines is not always possible due to existing buildings and infrastructure. High temperature-low 
sag (HTLS) conductors address items (ii) and (iii). Capacity building is included in the ongoing PTDEEP 
project and the proposed PTDSSP project to facilitate NEA utilization of advanced technologies. NEA 
has prior experience with HTLS design, installation, and operation. HTLS installation requires some 
special attention (specifically, limiting the bending radius of individual conductors); HTLS vendors provide 
project-specific technical support during construction. NEA has experiences on incorporating features to 
address climate change based on existing policies on climate and resilience framework through previous 
and ongoing projects. The project follows mostly turnkey contracts modality where the contractors are 
also required to consider various aspects including features to address climate change in their design 
and built and provide support in building capacity of NEA staff as necessary. 

B. Climate and Disaster Risks and Adaptation Assessment 

1. Earthquake intensity depends on both the distance from the fault rupture and local conditions as well 
as on the magnitude and depth of the earthquake. Climate change could aggravate the damages 
incurred during earthquake (see Appendix A2). 

2. Long-term climate change that could impact the sub-projects includes increase in temperature and 
changes in rainfall pattern. Winters are projected to be drier and monsoon summers wetter, with 
some estimating a three-fold increase in monsoon rainfall. This could result in more frequent summer 
floods and winter droughts. 

3. Temperature for 2050 could increase by up to 50C in winter (January), while the smallest increase 
occurring during summer (1.070C in July) (see Figure A4.1). The wettest months coincide with the 
monsoon season (June to September) that could lead to flooding (see Figure A4-2). The driest 
periods are from November to January. 

4. Climate change adaptation may involve additional investments such as on technology (e.g., to 
address/minimize thermal expansion resulting to line sag) and for operation and maintenance of the 
transmission and distribution system. 

C. Climate Risk Classification: LOW for flood and landslides 

D. Climate Risk Screening Tool/Procedure Used (specify): 
 
SARD climate risk screening framework and methodology 

 

IV. MANAGEMENT ACTIONS 
Suggested actions to include are, but not limited to, the following: 

• Ensure that the locations are away from high hazard areas such as fault lines, landslide zones, 
and flood zones 

• Incorporate structural improvements to transmission and distribution system 

• Build flood protection for the substations if these facilities cannot be relocated 

• Allocate enough funds for operations and maintenance 

• Build the capacity of staff to deal with emergency situations 

 

V. CLIMATE ADAPTATION PLANS WITHIN THE PROJECT 
Adaptation Activity Target Climate Risk Estimated Adaptation 

Finance (in $ million) 
Adaptation Finance 

Justification 

Output 2: 12 km 
underground 132 kV 
double circuit 
transmission line from 
Bhaktapur substation to 
Koteshwor 

Increased temperature, 
landslide, and flood risk 

ADB: 1.0 Burial of transmission 
and distribution lines is 
one effective measure 
for improving 
resistance to floods and 
landslides. Burial also 
provides some thermal 
insulation against 
higher ambient 
temperatures. Buried 
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Adaptation Activity Target Climate Risk Estimated Adaptation 
Finance (in $ million) 

Adaptation Finance 
Justification 

lines are more 
expensive to construct 
than overhead lines 
and are not “business 
as usual.” 
Adaptation cost is 50% 
of the cost of this 
component and 
mitigation 50% (see 
notes below on 
mitigation). This is 
based on Energy 
Sector Group guidance. 

 
 

VI. CLIMATE MITIGATION PLANS WITHIN THE PROJECT 
Mitigation Activity Estimated 

Greenhouse Gas 
(GHG) Emissions 

Reduction 
(tCO2e)/year 

Estimated Mitigation 
Finance  

(in $ million) 

Mitigation Finance 
Justification 

Output 1: 
(i) Khimti 1, Barhabise, 
and Lapsephedi 
substations upgraded 
from 220 kilovolt (kV) to 
400 kV 
 
 
 
 
(ii) 132 kV double 
circuit lines from 
Pathlaiya to Parwanipur 
upgraded with HTLS 
conductors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(iii) 2 x 65 megavolt 
ampere (MVA) 

 
Reductions for the 
overall project are 
approximately 9,860 
tCO2e per year based 
on T&D system loss 
reductions.  
Since the various 
outputs/components 
are part of a system, 
the GHG reductions 
associated with 
individual components 
are not disaggregated. 
(See Appendix A5 for 
calculations and 
additional discussion.) 

 
ADB:  59.4 
NOR:   7.0 

 
 
 
 
 
 
 

ADB:  0.7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ADB:  3.5 

 
Mitigation climate 
financing (CF) is 100% 
of ADB funding for this 
component. The 
component will facilitate 
delivery of run-of-river 
hydroelectricity to the 
Kathmandu Valley. 
 
Mitigation CF is 100% 
of ADB funding for this 
component. This 
component will use 
efficient HTLS 
conductors and will 
mitigate climate risks 
for overhead lines. 
Climate mitigation is 
due to reduced line 
losses. HTLS 
conductors also provide 
adaptation benefits due 
to much higher 
operating temperatures 
of the conductors 
(1800C for HTLS lines 
versus 750C for 
conventional lines). 
 
Mitigation CF is 40% 
(default value) of ADB 
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Mitigation Activity Estimated 
Greenhouse Gas 
(GHG) Emissions 

Reduction 
(tCO2e)/year 

Estimated Mitigation 
Finance  

(in $ million) 

Mitigation Finance 
Justification 

substation at Pokhariya funding for this 
component. This 
component expands 
the capacity which may 
result in loss reduction. 

Output 2: 
(i) 12 km underground 
132 kV double circuit 
transmission line from 
Bhaktapur substation to 
Koteshwor 
 
 
 
 
 
 
 
(ii) 2 new 132/11 kV 
substations with 
automation in 
Koteshwor and Thimi 
 
 
 
 
(iii) Upgrade of 9 
distribution centers in 
Kathmandu Valley, & 
Pokhara distribution 
center in Kaski district 

 
[See note above] 

 
ADB:  0.5 

 
 
 
 
 
 
 
 
 
 
 

ADB:  9.0 
 
 
 
 
 
 
 

ADB:  40.2 

 
Mitigation CF is 50% of 
ADB funding for this 
component, and 50% is 
for adaptation. This 
component will use 
underground cable 
which is generally more 
efficient than overhead 
cable and will mitigate 
climate risks associated 
with overhead lines. 
 
Mitigation CF is 40% 
(default value) of ADB 
funding for this 
component. This 
component expands 
the capacity which may 
result in loss reduction. 
 
Mitigation CF is 40% 
(default value) of ADB 
funding for this 
component. This 
component expands 
the capacity which may 
result in loss reduction. 

Output 3 
33 kV, 11 kV, and 0.4 
kV lines and 
substations 

 
This output includes 
150,000 new accounts; 
if these were supplied 
with imports from India 
or diesel generation, 
the project would result 
in additional avoided 
emissions of 120,000 
tCO2e per year. 
 

 
ADB:   5.6 
NOR: 11.2 

 
Mitigation CF is 40% 
(default value) of ADB 
funding for this 
component. This 
component expands 
the capacity which may 
result in loss reduction. 

Note:  ADB=Asian Development Bank, NOR=Government of Norway. 
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Appendixes: Information Used in Climate Risk Screening 
A1.  Project Location Description 

The Kathmandu Valley of Nepal (coordinates 27.6667oN, 85.3500oE), historically known as Nepal Valley 
or Nepa Valley, lies at the crossroads of ancient civilizations of the Indian subcontinent and the broader 
Asian continent. It is in Province 3 and has a total area of 167 hectares. 
 
Province No. 2 (capital city is Janakpur at 26.7271oN, 85.9407oE) is in the southeastern region of Nepal 
that was formed after the adoption of the Constitution of Nepal. It is Nepal's second most populous 
province and smallest province by area. It borders Province No. 1 to the east, Province No. 3 to the 
north, and India to the south. 

A2. Hazards in Nepal 

Located along the Himalayan Arc, Nepal is highly susceptible to a range of geophysical and hydro-
meteorological hazards including earthquakes, landslides, and floods. This reflects the country’s 
dynamic setting along the boundary between two tectonic plates and a climate dominated by the South 
Asian summer monsoon (June–September) (Petley et al., 20073). 
 
Observed disaster events in Province 2 and Province 3 associated with the intense monsoon season of 
20184, such as floods and landslides, have become more complex. Petley (2015)5 wrote that “As Nepal 
moves out of the emergency phase of the earthquake disaster and starts to transition into the recovery 
and reconstruction phases, attention is now turning to the potential impacts of the southwest (summer) 
monsoon period. In particular, there is now real concern that the heavy rainfall that the monsoon brings 
may reactivate many landslides and trigger a host of new failures as well. Based on experience from 
elsewhere, these concerns are valid.” 

A3.  Current Climate and Trends  

Rainfall in Nepal occurs mainly during the southeast monsoon which lasts between the months of June 
to September. The humid monsoon air stream blowing from the Bay of Bengal is forced to rise as it 
meets the Himalaya. As a result, heavy rainfall occurs on some sections of the southern Himalayan 
slopes. Nepal receives about 1,500 mm rainfall in a good monsoon regime in a year (DHM Records). 
Rainfall is concentrated, and more than 75% of the annual rainfall occurs during the months of June to 
September. The months of October to May are dry and the rainfall that occurs is sporadic. 

 

 
3 Petley, D.N., G.J. Hearn, A. Hart, N.J. Rosser, S.A. Dunning, K. Oven, and W.A. Mitchell. 2007. Trends in landslide occurrence 

in Nepal. Natural Hazards 43(1): 23-44. https://doi.org/10.1007/s11069-006-9100-3 
4 Nepal: Monsoon Weekly Update (as of 19 August 2018). https://reliefweb.int/map/nepal/nepal-monsoon-weekly-update-19-august-

2018. 
5 Dave Petley is the Pro-Vice-Chancellor (Research and Innovation) at the University of Sheffield in the United Kingdom. His blog 

provides a commentary on landslide events occurring worldwide, including the landslides themselves, latest research, and 
conferences and meetings. https://blogs.agu.org/landslideblog/2015/05/18/nepal-and-the-sw-monsoon-1/. 

https://reliefweb.int/map/nepal/nepal-monsoon-weekly-update-19-august-2018
https://reliefweb.int/map/nepal/nepal-monsoon-weekly-update-19-august-2018
https://blogs.agu.org/landslideblog/2015/05/18/nepal-and-the-sw-monsoon-1/
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Figure A3.1. Kathmandu Valley at coordinates  

27.7oN / 85.35oE 
Figure A3.2 Average monthly temperature and 

rainfall of Nepal for 1901–2016 at location  
27.7oN / 85.35oE 

  

Average 
Monthly 
Values 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Precipita-
tion (mm) 

14.19 24.92 36.95 63.85 149.4 330.2 501.78 491.66 308.73 60.42   8.19 10.64 

Tempera-
ture (oC) 

  9.70 11.16 15.83 19.51 22.64   23.99   24.10   23.75   23.06 19.53 14.68 10.67 

 
 

Figure A3.3. Province 2  
(coordinates 26.73oN / 85.94oE) 

Figure A3.4 Average monthly temperature and 
rainfall of Nepal for 1901–2016 at location 

26.73oN / 85.94oE 

  

Average 
monthly 
values  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Precipita-
tion(mm) 

10.09 13.58 13.53 34.94 103.04 235.0
0 

432.1
2 

364.5
7 

285.5
1 

66.9
5 

  5.42   
4.31 

Tempera-
ture(oC) 

15.95 17.93 22.99 27.39   29.40   
29.75 

  
29.10 

  
29.02 

  
28.52 

26.4
0 

21.59 17.2
3 
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A4: Climate Change Projections6 

The historical climate for Kathmandu Valley and Province 2 have similar patterns, although the absolute 
values are slightly different. As such, projected changes in one location can represent the changes in 
another. In this report, we take the projection in Kathmandu to represent the project location’s future 
temperature and precipitation changes. 

Figure A4-1: Projected monthly temperature change7 for Nepal at location (27.7oN / 27.70oE) for 2040–2059 

  
Temperature 
change (oC) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

90 percentile 5.00 4.18 4.25 4.80 4.58 3.42 2.78 2.57 2.72 3.13 3.14 4.19 

Ensemble 
median  

2.77 2.51 2.67 2.72 2.72 2.37 1.63 1.58 1.84 2.12 2.35 2.27 

10 percentile 1.82 1.76 1.56 1.59 1.59 1.81 1.07 1.31 1.39 1.23 1.51 1.65 

Figure A4-2: Projected monthly precipitation change8 

  

Precipitation 
change, mm 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

90 percentile 18.12 12.25 9.82 20.37 36.26 116.4 153.1
9 

145.8
9 

137.1
7 

37.66 14.56 6.74 

Ensemble 
median  

-3.44 -0.88 -0.63 -1.10 2.74 17.36 33.01 30.53 21.99 12.00 -4.18 -3.08 

10 percentile -35.93 -16.55 -18.13 -30.02 -34.90 -39.9 -35.23 -28.27 -6.24 -9.3 -45.02 -43.69 

 

 
6 Source: https://climateknowledgeportal.worldbank.org/country/nepal/climate-data-projections 
  Future climate information is derived from 35 available global circulation models (GCMs) used by the Intergovernmental Panel on 

Climate Change (IPCC) 5th Assessment Report. Data is presented at a 1°x1° global grid spacing, produced through bi-linear 
interpolation. Scenarios used the IPCC RCP 8.5 high emission scenario. 

7 Mean or change in monthly temperature compared to the reference period (1986-2005). In general, value of monthly temperature 
change varies between 0 and 4 degrees. Zero value indicates there is no change in projected monthly temperature compared to 
historical mean. 

8 Mean or change in monthly precipitation compared to the reference period (1986-2005). In general, the value of monthly precipitation 
change varies between -100 and +200 mm. Zero value indicates there is no change in projected monthly temperature compared to 
historical mean. 

https://climateknowledgeportal.worldbank.org/country/nepal/climate-data-projections
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Appendix A5: Additional notes on greenhouse gas reductions 
 
Simply stated, Nepal’s domestic electricity production is inherently “clean” and will become 
cleaner. The PTDSSP project provides grid expansion and upgrades to facilitate delivery of 
additional electricity to consumers, which is mostly from domestic run-of-river hydropower plants 
some of which are integral to the PTDSSP project components.9 The 400 kV transmission line 
from eastern Nepal to the Kathmandu Valley will be able to supply at least 1000 MW of clean 
hydropower, with at least 4000 GW-h per year of electricity. Increased domestic output reduces 
the need for electricity imports from India and electricity from back-up diesel generation. The 
additional domestic output is expected to meet most of the suppressed demand.10 
 
Imports from India are seasonal in nature and are expected to decline to almost zero within the 
next 5-10 years, as clean hydropower from new generating plants in Nepal will grow faster than 
imports from India in the foreseeable future.11 When Nepal’s installed hydropower capacity 
reaches 2500-3000 MW there should be a daily year-round surplus of electricity which will be 
exported to India and eventually to Bangladesh. The “baseline” case is that in the absence of 
clean hydropower generated in Nepal, consumers will use a combination of imports from India 
and diesel back-up generators. The “with project” case is that imports from India will decline as 
domestic hydropower output increases and use of back-up generators will be minimal. 
 
NEA’s Annual Report for 2018/19 notes that there are 3,909,641 consumer accounts. The 
PTDSSP project will provide benefits to 1,050,000 consumer accounts (including 150,000 new 
accounts in Province 2) which represents 27% of consumer accounts. The GHG reductions 
directly attributable to the project are based on the system loss reductions from 15.3% to 14.5%, 
for a net reduction of 0.8%. 
 
The table below shows total greenhouse gas reduction conservative estimates following ADB’s 
guidelines on CO2 reduction from energy projects. 
 

 
9  The 400 kV will enable delivery of all output from the 456 MW Upper Tamakoshi hydropower project to the Kathmandu Valley, which 

is scheduled to begin operating in 2020. Assuming a capacity utilization factor of 50%, the additional energy is 456 MW x 8760 
hours/year x 0.5 = 1,997,280 MW-h/year = ~ 1997 GW-h/year. 

10 The estimated peak demand in Nepal during FY2017–2018 was 1,500 megawatt (MW) compared to the available power supply 
capacity of 1,150 MW, resulting in a deficit of about 350 MW.  This deficit is being met by imports from India (350 MW x 8000 
hours/year = 2,800,000 MW-h/year = 2,800 GW-h).  

11 Nepal Electricity Authority reported seasonal exports to India totaling 15.6 GW-h in 2018-19.  A larger seasonal surplus is expected 
when the Upper Tamakoshi plant begins operations. 
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GHG=greenhouse gas, GW-h=gigawatt-hour, MW-h=megawatt-hour, tCO2e=tons carbon dioxide equivalent 
Source:  ADB staff estimates. Electricity supply data for 2019 are from NEA Annual Report, 2018-19. 

 
 
 

Unit Remarks

I. From Loss Reduction Activities 

Total Domestic Supply in 2018 GWh/year 4476 Source: Annual Report of NEA 2019

Total Import Supply in 2018 GWh/year 2581.8 Source: Annual Report of NEA 2019

Total Available Energy in 2018 GWh/year 7057.8

Energy Saving (Loss Reduction) GWh/year 56.46 Considering target to 14.5% compared to baseline of 15.3%

Share of the project 27% Considering target beneficiary customers among total

Energy Saving (Loss Reduction) for the project GWh/year 15.16

Emission Factor tCO2/MWh 0.92 Emission factor India assuming it will replace import 

Emission Reduction tCO2/year 13,951          

II. New Electrification Component 

Total new households connection Households 150,000

Total energy consumption GWh/year 148.5 Considering per capita 198 kWh/year and 5 persons per family

Emission Factor for Nepal tCO2/MWh 0.043 Source: https://unfccc.int/sites/default/files/resource/Harmonized_Grid_Emission_factor_data_set.pdf

Emission Factor for India tCO2/MWh 0.92 Combined margin emission factor for India 

Emission Factor for Nepal (domestic + import)tCO2/MWh 0.36

Baseline emisison factor (diesel) tCO2/MWh 0.8

Emission Reduction tCO2/MWh 64,774          

Total emissions reduction tCO2/year 78,724          


