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Executive Summary 

 
 
Recognising the potentials and multiple benefits of hydro-electricity, the Government of Nepal (GoN) has 
formulated several policies and enacted legislation for the development of renewable energies (REs). The 
Thirteenth Plan has emphasised to address the effects of climate change while developing big 
hydroelectricity projects. In case of REs, the Plan promotes the use and development of renewable and 
alternative energies. The Plan has a strategy of mobilising resources obtained from carbon trade. The 
Alternative Energy Promotion Centre (AEPC) has been strengthened to promote renewable energies (REs) 
and RE technologies and Nepal Micro-Hydropower Development Association (NMHDA), an umbrella 
organization of firms and companies, is also promoting micro-hydro development in Nepal.  
 
JVS Nepal, an established institution to address critical development challenges on water resources sector, 
has undertaken this study assessment of non-functioning Micro-hydro Projects less than 100 kW to identify 
the adaptive strategies to address the adverse impacts of climate change in MHPs along with the 
identification, review and assessment of the non-functionality of selected MHPs. This study has been 
carried out through literature review, and consultations. 
 
This study reviews the development of micro-hydro schemes along with the impacts of climate change in 
the broader perspective. AEPC with Energy Sector Assistance Programme (ESAP) completed a total of 841 
micro to pico-hydro (up to 5 kW) schemes by June 2013 and have generated 13.5 MW of clean energy to 
benefit a total of 136,227 households for lighting. AEPC and ESAP have supported the construction and 
operation of MHPs by providing government subsidies. MHPs provide electricity for lighting and for 25 
varieties of end-use applications.  
 
Several barriers exist to benefit from MHPs. They are related to 'uncoordinated' relationship between NEA 
(Nepal Electricity Authority) and AEPC in developing national grid that makes MHPs non-functional. 
Inadequate consideration of geology and geographical location, and quality of structures such as intake, 
headrace canal and powerhouse along with low or no repair and maintenance also make the MHPs 
ineffective. Landslides and floods are the perennial problems. Consequences of climate change and 
extreme weather events are visible in the mountains (snow melting and glaciers retreating) and in 
agriculture, forestry, water resources and health sectors. Nepal is implementing activities to address the 
adverse impacts of climate change since 2007 onwards. Nepal's National Adaptation Programme of Action 
(NAPA), Climate Change Policy and National Framework on Local Adaptation Plan for Action (LAPA) 
provide multiple opportunities to address climate change impacts. 
 
After consultations and literature review, Manpang Khola MHPs were selected for this study. On 26 June 
2012, the Manpang Khola experienced intense rainfall and floods. It triggered landslides. Six Village 
Electrification Projects (VEPS)/MHPs established in the Manpang Khola were seriously affected from 
landslides and floods.  
 
Six MHPs, installed under the AEPC/ESAP, are located in the Budhathum, Mulpani and Phulkharka VDCs in 
the Dhading District. The topography is mostly flat with gentle slopes and in the hard rock profile. The 
Manpang Khola watershed ranges from 512m to 2907m and comprises of dense forests, bushes, and 
grasslands and represents subtropical, and lower temperate forests. Steep valley of the Manpang Khola is 
dominated by Sal forests. Local forests are managed by the community users in the form of community 
forests.  
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The MHP sites experience hot and cold climate during the summer and winter seasons respectively. As 
there are no meteorological stations in the project sites, rainfall data of the Arughat station (nearest 
station to Manpang Khola), and temperature of the Nuwakot station has been reviewed. During 1976 and 
2012, highest and lowest annual rainfall was recorded in 1996 with 3519mm and in 2005 with 1698 mm. 
In general, the area received more rainfall in July and August. Variation in monthly temperature has been 
observed in between 1984 and 2008. Temperature variation is low during the rainy season. For example, 
July experiences only 1.70C variation while August has 1.90C. Frequent rainfall might have impacts on 
narrowing the gap during rainy season. During the detail feasibility stage, stream discharge was measured 
on 12 May 2005 with record of about 210 litre/day (lps). The design discharge ranged from 124 lps to 160 
lps after making provision of 10 % for evaporation, flushing, seepage and 15 % for downstream release 
except for Manpang V where only 5% is provisioned for evaporation, flushing and seepage. Local people 
are using the water of the Manpang Khola for drinking and irrigation purposes but no specific water right 
problem was noticed.  
 
Local people have formed Manpang Khola Micro-Hydro Functional Group (MHFG) to implement the MHPs. 
The Energy and Environment Section of the District Development Committee provides technical support as 
and when required.  
 
The electricity generated from each MHP has been transmitted to the villages through wooden poles. A 
total of 741 wooden poles of Sal trees were estimated in the DFS for 6 MHPs to transmit 78 kW of 
electricity for 921 households. In reality, 66 kW (85 percent of the target) has been generated for 549 
beneficiaries (60 percent of the target). 
 
This study has also assessed benefits from MHPs in term of greenhouse gas emission reductions. As the 
total actual beneficiary household is 549, a total of 16,470 litres/year of kerosene might have been saved 
from local use which is equivalent to NRs. 1.318 million (NRs 80 per litre of kerosene). Similarly, a total of 
20,056 litres (equivalent to NRs. 1.6 million) would have been saved a year from the operation of two mills 
and a carpentry from the generated electricity. Furthermore, a total of 13,176 pairs of dry cell batteries 
might have not been used per year due to electricity supply. Hydro-electricity also provides intangible 
benefits for education, health and social activities, and for TV, Radio and computer operation to update 
information and develop skills. About 96 mTon of CO2 might have been saved from emissions from the 
operation of these six MHPs. This could be considered the additional benefits from GHGs emissions 
reduction, though insignificant. It opens avenues to develop programmatic CDM from micro-hydro plants.  
 
These MHPs were constructed as per the recommendation of the DFS subject to involvement of only 
experienced parties or technicians and ensuring proper monitoring. Once the MHPs were constructed and 
electricity supplied, plantation and bio-engineering works were not carried out. Technical training was 
provided to the operator but low salary has created problem to timely operate the machine.  
 
The 26 June 2012 intense rainfall induced floods and landslides that destroyed severely the micro-hydro 
schemes. AEPC commissioned study in early 2013 collected and reviewed relevant documents, organized 
consultations, conducted hydrological survey, socio-economic and environmental survey, and proposed 
measures to ensure continuous operation of MHPs, and implement bio-engineering works. 
 
There is no documented science-based evidence to derive inferences on the impacts of climate change on 
the Manpang Khola MHPs. Local people are using mosquito net, indicating temperature rise and 
sanitation problem. Local people and stakeholders perceive climate change in different ways. Local people 
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have experienced decreasing yield of groundwater. People's perception, needs and understanding, and 
temperature and precipitation record of Arughat and Nuwakot provides a basis of changes in the climate 
system over the years. The intense rainfall has triggered landslides, one of the major causes of damaging 
the intake, open headrace canals (canals) and the powerhouse lying on the bank of the stream. There is no 
clear indication on temperature rise as January and September experienced increasing trend and March 
experienced its decrease. In case of rainfall, there was a decreasing trend in monthly rainfall in Arughat 
station.  
 
Non-functioning of MHS has also been related to under-quality structures (temporary intake, headrace 
canal and powerhouse), and lack of funding for repair and maintenance. Sand is regularly damaging the 
turbines. The Manpang Khola MHPs are generally halted with the commencement of monsoon.  
 
Intense rainfall followed by sunny days in Manpang area might have induced landslides, and it might be 
one of the reasons for affecting the MHPs. Emphasis on RETs development and operation will also provide 
benefits from carbon trade if developed as a programmatic CDM. However, CDM validation and 
verification process is lengthy and costly. Manpang Khola MHPs also face management issues which are 
related to operation even by untrained local people, comparatively high tariff and difficulty for its timely 
collection. In order to address the above issues and to ensure regular supply of electricity from MHPs, 
following measures could be adopted: 
 

1. Existing Technical Guidelines should re-emphasise to consider flood and landslide potentials, and keep 
the powerhouse above the high flood level and a safe place to protect it from stream bank erosion 
along with adequate protection measures (both engineering and biological measures). Guidelines 
should guide to study geological and watershed conditions of the area and use rainfall data before 
designing. In areas having number of MHPs, it is encouraged to record daily stream flow to make the 
design comprehensive, practical and cost effective. It is equally important to see the project during the 
design, construction and operation from climate change lens. 

2. Structures such as intake, headrace canal, and power house should not be located at landslide-and 
erosion-prone areas. Permanent headrace canal should be constructed by ensuring quality control, 
and where necessary use GI, mild steel or HPDE pipes in landslide-prone areas. 

3. Government should support local communities for repair and maintenance, including turbine 
maintenance, and operation by providing regular training to operator(s) by even revisiting the grant 
mechanism. 

4. Local people should conduct plantation and bio-engineering works to stabilise disturbed areas. 
5. A mechanism should be established for 'informed cooperation and collaboration' between AEPC and 

NEA, particularly on national grid development and implementation plan. 
6. Quality of the wooden poles should be improved and/or wooden poles should be replaced by iron 

poles. 
7. AEPC may explore possibilities to benefit from carbon trade and such benefits may be used for repair 

and maintenance of the MHPs. 
8. A mechanism could be developed to include an environmental checklist or declaration by the study 

team to improve technical quality of the study and to avoid construction of MHPs in topographically 
inappropriate areas. 

 

In a nutshell, there is a mixed understanding on the impact of climate change on the Manpang Khola 
hydro-electricity schemes. Local people experience temperature rise and change in rainfall pattern. One of 
the factors to affect MHPs might be the climate-induced disasters such as floods and landslides.
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Chapter One 

INTRODUCTION 
 
 

1.1 Background 
Fossil fuel is one of the largest sources of greenhouse gas (GHG) emissions. Deforestation and 
forest degradation contribute about one-fifth of the GHGs emissions in the atmosphere. 
Investing in clean energy sector is likely to reduce such emissions and produce long-term returns 
through the adoption of low carbon development path. Strong policy and legislative 
arrangements and considerable investment in the clean energy sector in particular the 
renewable energy will ensure low GHGs emissions, increase energy security and reduce 
dependence on fossil fuels. Hydropower, solar, wind, biomass and bio-fuels are some of the 
promising renewable energy sources that can support low carbon economic development in 
Nepal.  
 
The Initial National Communication of Nepal, shared with the Parties to the UN Framework 
Convention on Climate Change (UNFCCC) in 2004, showed Nepal's contribution of 0.025 percent 
of the global total GHGs emissions (MoPE, 2004). Out of 24,525 Gg of Carbon Dioxide equivalent 
(CO2-eq) emissions in 1994/95, energy sector contributed to 1,465 Gg (about 5.8 percent) which 
is particularly from fuel combustion in industry, mining, construction, transport and other 
sectors. In April 2012, the Government of Nepal (GoN) estimated 2,763 Gg of CO2-eq emissions 
from energy consumed by industries, transport and other sectors for the base year 2000, using 
the IPCC (Inter-governmental Panel on Climate Change) default emission factors (MoSTE, 2013; 
unpublished). Adding methane emissions, it comes to about 27 percent of the net emissions of 
CO2-equivalent. 
 
Nepal being a Least Developed Country (LDC) and a Party to the UNFCCC has no international 
commitment to reduce anthropogenic emissions of GHGs to the atmosphere. However, it has 
moral obligation to reduce GHGs emissions to stabilize its concentration in the atmosphere at a 
level that would prevent dangerous anthropogenic interference with the climate system. 
 
Although Nepal’s carbon footprint is low (< 0.025 percent), global climate change phenomenon 
has seriously affected people, resources and livelihoods. Occasional severe drought, frequent 
heavy and sporadic rainfall, and melting of glaciers are common over the past decades. Also 
realizing it, GoN has promoted development processes that are environment-friendly and are 
based on renewable energy sources.  
 
Nepal has immense potential to generate clean energy and support sustainable economic 
growth. The estimated energy potential that could be harnessed economically from the water 
resources within the country is around 43,000 MW. By the mid-2013, only about 700 MW of 
hydropower energy has been generated. Majority of the people faces severe power shortage. 
Industrial production is also low due to energy shortage. Harvesting the hydropower can ensure 
energy and food securities, reduce dependent on fossil fuel, and save money from imports of 
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goods and thus, support economic development by reducing current level of GHGs emissions 
although insignificant. In addition, surplus hydropower energy can be used as an exportable 
commodity to meet the energy needs of the neighbouring countries. Although big hydropower 
projects are in the pipeline, they are not supposed to bring immediate relief and meet the 
internal energy demands for few years. Likewise, electricity import from neighbouring country is 
equally costly and is also not a sustainable option. Hydro-electricity generation from larger plants 
require significant investment, time and skill in our fragile geological condition and transmitting 
them to scattered settlements is equally difficult. In view of supplying clean and safe energy to 
the rural communities, Nepal has emphasized the development of renewable energies including 
micro-hydro projects. 
 
With the notion of 'small is beautiful', smaller and micro-hydroelectricity projects have the 
potential to electrify rural areas and support subsistence economic development. As majority of 
the population live in the rural areas, micro-hydro schemes provide a more practical and cost 
effective solution for rural electrification, meet the energy demand and improve the living 
standard of the rural poor and disadvantaged people. Promotion of clean hydropower energy 
together with reduction in dependence of forest resources and fossil fuel for rural development 
would be a sustainable approach towards low carbon future as well. 
 

1.2 Micro-hydroelectricity Development 
Small hydro projects (SMP) have similar aspects to the big hydropower plants except for the size 
of structures. The social value of the micro-hydro scheme (MHS) is higher since it caters to a 
larger number of rural people per kW of power generated compared to the grid connected 
population of urban and rural areas. Energy generated from the MHS provides much needed 
electrical power to the rural disadvantaged and marginalised people who would otherwise be left 
out waiting to get connected to the national grid. Electrical power will ultimately improve the 
socio-economic condition of the rural people. In addition, micro-hydro can be connected to the 
national grid when the grid is extended to the vicinity. In Nepal, MHS needs to be pursued for 
economic and social development and to avoid GHGs emission and/or adopt a low carbon 
development path. 
 

1.3 Policy and Programme Focus 
Recognising the potentials of micro-hydropower, GoN has issued policies and enacted legislation 
for sustaining energy needs for long-term economic development and providing social services to 
the scattered villages of the country. The following policies promote the development of 
hydropower sector including micro-hydro installations. 
 
The Hydropower Development Policy (2001) aims to develop hydroelectricity at low cost from 
available water resources and thus, extend reliable and qualitative electric services throughout 
the country. The Policy also aims to tie-up electrification with economic activities and develop as 
an exportable commodity. The Policy places special emphasis for the development of small and 
mini-hydroelectricity projects for rural electrification, inter alia, with the following working 
policies: 

 Make appropriate institutional arrangements to gradually extend rural electrification; 
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 Also make appropriate arrangements to award the distribution license for rural 
electrification; 

 Encourage hydropower projects in rural areas to cater services to the local population, 
and exempt energy royalty on the electric energy consumed in such areas;  

 Establish rural electrification fund for the development of micro-hydropower and rural 
electrification; 

 Provide grants through Alternative Energy Promotion Centre (AEPC) to the private sector 
to construct micro-hydro project up to 100 kW in rural areas; 

 Provide loan services and facilities for small hydropower projects; and 

 Supply electricity generated from micro-hydro projects to the mountainous rural areas 
outside the national power grid.  

 
The Policy equally emphasises the involvement of local people for the development of such 
projects and provisions to handover the responsibility of operation and maintenance of such 
projects to the locals. 
 
The Renewable Energy Policy (2006) has been implemented with the goal of contributing to 
rural poverty reduction and environmental conservation by ensuring clean, reliable and 
appropriate energy in rural areas and dispersed settlements. In order to promote micro-hydro 
development, this Policy emphasises to developing environment-friendly rural energy 
technologies, improving capacity of the local cooperatives, user groups, non-governmental 
organisations (NGOs) and the private sector in planning, implementing, monitoring and 
evaluating, providing necessary support to the local bodies in formulating and implementing 
rural energy programmes, and developing human resources. Where extension of national grid is 
difficult, the Policy emphasises to developing micro and mini-hydro plants. The working policies 
on micro and small hydro power are, inter alia, as follows:  

 Encourage locals and private sector to distribute the electricity by producing the power 
up to 1,000 kW in rural areas; 

 Provide concessional loan if local consumer group or cooperative wants to take-over 
publicly owned small hydropower projects for operation and maintenance or own the 
projects; 

 Utilise locally available skill and labour for the construction of the MHP; 

 Provide technical assistance also from District Development Committee (DDC) for the 
implementation of MHPs initiated locally in rural areas; 

 Make available updated guidelines and manuals related to MHPs to the stakeholders; 

 Make arrangement for the MHPs to enter into Power Purchase Agreement (PPA) to allow 
power sales and purchase from the grid in the event that the grid extends to the areas 
served by MHPs; 

 Make arrangement for bulk purchase of electricity by the community, cooperatives and 
user groups from the national grid for retailing electricity to the consumers; 

 Integrate mini and micro-hydro projects with irrigation, education, health, drinking water, 
small-scale industry and ropeways and encourage operation of the projects at community 
and institutional levels; and  
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 Lease out electricity generated from MHPs which are developed by private sector and 
community. 

 
This Policy also contains strategies for subsidies. However, the Subsidy Policy for Renewable 
Energy was issued in 2009.  
 
The Renewable Energy Subsidy Policy (2013) has the objectives of, inter alia, increasing access to 
renewable energy technologies (RETs) to low income households, maximising service delivery 
and its efficiency in the use of RETs in the rural areas to provide opportunity to poor and socially 
disadvantaged rural households, and supporting for the use of energy for productive purposes 
and rural electrification. The Policy seeks to subsidize various RETs. The Policy has categorised 
the subsidy type for very remote VDCs (category A), remote VDCs (category B) and accessible 
VDCs (category C). In general, around 40 percent of the total cost will be covered by the subsidy, 
40 percent by the soft loan from the financial institutions, and rest 20 percent by the community 
or households in kind or cash. 
 
Energy sources like biogas, mini and micro-hydro, solar energy, improved water mill, improved 
cook stove and wind energy are identified as promising REs for rural areas. The Policy promises 
special subsidies for the development of clean energy to benefit the rural population. For micro-
hydro development, following subsidies are provisioned (Table 1.1): 
 

Table 1.1: Subsidy for Hydro Projects 
 

SN Subsidy Category Subsidy Amount (In NRs) 
Category 'A' VDCs Category 'B' VDCs Category 'C' VDCs 

1 Mini and Micro-hydropower off-grid (< 1000kW or 1MW) 

1.1 Community/cooperative owned mini hydro* 

a Subsidy per household 20,000 18,000 16,000 

b Subsidy per kW 120,000 100,000 70,000 

1.2 Mini-hydro connected to grid Household subsidy will be provided based on number of 
households connected to the plant. The subsidy amount per 
household to be connected to grid will be Rs. 15,000. 

1.3 Micro-hydropower**    

a Subsidy per household 25,000 25,000 25,000 

b Subsidy per kW 130,000 100,000 70,000 

1.3 Pico-hydropower***    

a Subsidy per household 15,000 15,000 15,000 

b Subsidy per kW 90,000 80,000 60,000 

Note: *  Maximum subsidy amount per kW including household subsidy will not exceed NRs. 220,000, 
NRs. 190,000, and NR. 170,000 for Categories 'A', 'B' and 'C' VDCs respectively. 

  

Projects from 100 to 500 kW should connect at least 500 households or at least 5 households per 
kW to be eligible for the above mentioned (1) subsidy amount. Similarly, projects from 500 kW 
to 1 MW should connect at least 1000 households or at least 5 households per kW to be eligible 
for subsidy. 
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 ** Maximum subsidy amount per kW including household subsidy amount will not exceed NRs. 
255,000, NRs. 225,000, and NR. 195,000 for Categories 'A', 'B' and 'C' VDCs respectively. 

 

 *** Maximum subsidy amount per kW will not exceed NRs. 165,000, NRs. 150,000, and NR. 135,000 
for Categories 'A', 'B' and 'C' VDCs respectively. 

 
In case of rehabilitation of damaged mini and micro-hydro projects, rehabilitation subsidy 
amount will not exceed Rs. 10,000 per kW but not exceeding Rs. 200,000 per plant (minor) 
damage of civil structures. In case of major damage of powerhouse equipment or rehabilitation 
of old micro/mini-hydro projects financially supported by the GoN, subsidy amount will be Rs. 
50,000 (specific) per kW but not exceeding Rs. 10,00,000. The Subsidy Policy, 2013 has also made 
provision for additional subsidy which is Rs. 2,500 per household with single woman, backward, 
disaster victim, conflict affected, poor and endangered ethnic group as identified by the GoN. 
 
By providing subsidies for the production and delivery of electric energy from MHPs, the Policy 
seeks to increase access of the rural poor and disadvantaged people to reduce poverty. The 
Policy aims to promote sustainable and low carbon development path by increasing access to the 
clean and RE sources like hydroelectricity (mini/micro to big-sized projects). 
 
A Renewable Energy Subsidy Delivery Mechanism, 2013 clarifies basis for subsidy and delivery 
mechanism for several RETs, including for rural electrification from mini and micro-hydro 
projects. In case of pico hydro (< 10 kW), DDC will evaluate feasibility study report and if feasible, 
will recommend to AEPC for subsidy approval. For hydro projects (> 10 kW), AEPC will evaluate 
technical and financial feasibility. The GoN also provides subsidy for the detail feasibility study 
(Table 1.2). 

Table 1.2: Subsidy for Detail Feasibility Study 
 

Location Amount of Subsidy (NRs) 

< 5 kW 5-10 kW 10-50 kW 50-100 kW 100-1,000 kW 

Category 'A' VDCs 50,000 90,000 225,000 295,000 12,00,000 

Category 'B' VDCs 40,000 80,000 200,000 275,000 11,00,000 

Category 'C' VDCs 30,000 70,000 175,000 250,000 10,00,000 

Note: Financial support will be provided to only mini or micro-hydro projects having written 
approval from AEPC for detail feasibility study. 

Source: Renewable Energy Subsidy Delivery Mechanism, 2013 
 
The RE Subsidy Delivery Mechanism elaborates provisions for detail feasibility studies of different 
RETs, along with reward, and punishment for non-compliance. 
 
The Sustainable Development Agenda for Nepal (2003) has a broad goal of harnessing 
hydropower for domestic consumption and steady source of export income..  Energy is 
generated from domestic renewable sources, including hydro, solar, wind as well as sustainably 
harvested and cleanly burned bio-fuel (NPC and MoPE, 2003).  
 



6 
 

Although not focussed on MHPs, GoN prepared a 10-year Hydroelectricity Development Plan in 
2009 to generate 10,000 MW in 10 years through the single and/or collective efforts of the 
government, Nepal Electricity Authority, private sector, public-private partnership, and bilateral 
and multi-lateral investments. The Plan also introduced the concept of 'people's hydro' to 
collaborate with the people to generate up to 25 MW hydroelectricity in potential 30 districts 
within a decade (MoWR, 2009). It also considered the possible impacts of climate change to 
maximise benefits through the implementation of priority projects as included in the Plan. Again 
in 2009, GoN prepared a 20-year Hydroelectricity Development Plan which also explored 
possibilities of promoting the alternative energies. The Plan predicts that climate change might 
impact the run-of-the-river hydroelectricity projects. The flood and landslide-induced sand and 
soil will affect the reservoir and damage the turbines. The Plan has proposed to adopt the 
following measures to minimise the effects of climate change to maximise benefits from the 
hydroelectricity projects (MoEng, 2009): 

 Expand the network of climate and weather (hydro-met) stations for reliable data and 
analyse them; 

 Develop early warning system to minimise effects of glacier lake outburst floods; 

 Review design standards of headwork, tunnel, powerhouse etc; and 

 Manage reservoir sedimentation and powerhouse operation system to adapt to climate 
change. 

 
The Thirteenth Plan (2013/14 – 2015/16) has prioritised, inter alia, the development of 
hydroelectricity and other energies, and conservation of natural resources and the environment (NPC, 
2013). One of the strategies is to implement development programme which is adaptive to climate 

change. The Plan considers Environment and Climate Change as a cross-cutting and inter-related 
policy with the objective of making human activities and development process environment-
friendly and adaptive to the adverse effects of climate change within the broader concept of 
'green development'. The Plan has multiple strategies to promote environment conservation and 
climate change adaptation (NPC, 2013). Furthermore, the Plan approaches to mobilise reliable 
hydrology and meteorology services to minimise the effects of climate change.  
 
The working policies as included in the Thirteenth Plan focuses, inter alia, on: (i) implementing 
National Adaptation Programme of Action (NAPA) through Local Adaptation Plan for Action 
(LAPA) to reduce poverty; (ii) coordinating environment conservation and climate change 
activities by the Ministry of Science, Technology and Environment (MoSTE) as a national focal 
point; (iii) mobilising the concerned agencies to benefit from the clean development mechanism 
(CDM) under the Kyoto Protocol; (iv) ensuring coordination and collaboration amongst the donor 
agencies, non-governmental organisation, local bodies, community-based organisations and 
other organisations related to the environment and climate change; and (v) emphasising 
infrastructure development that are environment-friendly and adaptive to climate change. One 
of the expected outcomes of the Plan is the implementation of the NAPA prioritised adaptation 
activities. 
 
The Thirteenth Plan has a Working Policy of giving mandatory attention to the effects of climate 
change while developing big hydroelectricity projects. In case of renewable energies, the Plan 
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promotes the use and development of renewable and alternative energies and implementation 
of programmes on biogas, solar, micro- and mini hydro, and wind energies (NPC, 2013). The Plan 
has a strategy of mobilising resources obtained from carbon trade. The Working Policy urges, 
inter alia, to reduce the use of firewood by developing and sustainably utilising renewable 
energies.  
 
The Climate Change Policy (2011) emphasizes on the development and utilization of clean and 
safe energy including hydro-energy. The Policy calls for reducing GHG emissions through 
additional development and utilization of clean, renewable and alternative energy technologies,  
providing incentives to develop appropriate technology, its transfer and utilization and energy 
auditing in industries every two years to promote energy efficiency. The Policy also calls for 
adopting low carbon development path (MoE, 2011). The Policy focuses on research and 
development including development of water conserving technologies. 
 

The Water Resources Act (1992) prioritises use of water resources and generate hydro-electricity 
after the use of water for drinking and domestic purposes, irrigation and agriculture. The 
ownership of water resources lies with the Government of Nepal, and micro-hydro projects could 
be developed without any license.  
 
In 2012, AEPC drafted very ambitious 20 years Renewable Energy Perspective Plan which targets 
to generate 28, 85 and 247 MW in 2015, 2020 and 2025 respectively targeting to benefit 0.6 
million people in each 5 years (2015, 2020 and 2025) from small and micro-hydro projects. It is 
envisaged that the micro-hydro projects (5-100 kW capacity that serves local households through 
a local grid) will have little contribution to achieve this target. The total potential of micro-hydro 
is estimated at 80 MW whereas its installed capacity is around 20 MW in 2012.  
 
The Water Resources Strategy (2002) and National Water Plan (2005) rather focus on large scale 
hydropower development.  
 
With the development of these favourable policies about 2500 micro-hydropower plants has 
been estimated set up throughout the mountainous and rugged terrain of the country to provide 
clean energy services to the rural areas.  
 

1.4 Institutional Strengthening 
Recognising the potentials of, and need for utilising micro-hydropower, GoN has established 
AEPC in 1996 to promote the development and operation of renewable energies for the poor 
and rural people of Nepal. AEPC contacts the Government through, and works under, the MoSTE. 
 
As numbers of micro-hydro projects are in operation, owners and operators have formed Nepal 
Micro-Hydropower Development Association (NMHDA) in 1992, as an umbrella organisation, 
with an effort of eight private sector entrepreneurs to promote micro-hydro industry in Nepal. 
NMHDA also acts as a lobby group to influence policy formulation process, and provide technical 
support to improve its member’s expertise in the micro-hydropower sector. In addition, the 
Association works jointly with partners to conduct training, research and other related activities. 
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For the last several years, about 2500 micro-hydro plants have been installed in rural areas of 
Nepal which has considerably improved the living standards of the local people and has slowly 
reduced their dependence on forest resources. However, there are several barriers to promote 
this sector and ensure electricity supply in rural and dispersed settlements of Nepal. 
 
JVS Nepal, established to contribute to addressing critical development challenges on water 
resources, works in contemporary issues including climate change, food security, resource 
related conflicts and other challenges as they emerge. JVS Nepal has undertaken number of 
studies to ensure water security. This assessment of non-functioning Micro-hydro Projects (less 
than 100 kW) has been conducted to explore adaptive strategies to climate change, and areas for 
contributing to policy reform.  
 

1.5 Objectives and Scope of the Study 
The objective of this study is to identify the adaptive strategies to address the adverse impacts of 
climate change in micro-hydropower sector of Nepal.  
 
The scope of this study is to select micro-hydropower projects through consultative processes, 
review hydrological information and temperature change, if available, and propose actions 
required for policy reform. It includes the following activities: 

 Identify the non-functionality of candidate MHPs; 

 Select the MHP(s) through consultative approach; 

 Review and assess the non-functioning of selected MHPs; 

 Prepare a draft report of the study; and 

 Improve and update the draft report on the basis of the comments/suggestions received. 
 

1.6 Methodology 
The following methodologies were employed to conduct this study: 
 
1.6.1 Literature Review: In order to meet the above objective, available documents and reports 

were collected and reviewed to understand the trend of micro-hydro development and 
non-functional micro-hydro schemes. Reports published by the AEPC and ESAP including 
relevant policies and programmes were reviewed. 

 
1.6.2 Consultations: Based on reviewed information, 

concerned officials of the AEPC and NMHDA 
were consulted to locate non-functional projects 
for field study and further consultations. This 
consultation encouraged to selecting the 
Manpang Khola micro-hydro projects to conduct 
this study. There are six projects in this Khola 
and 2012 floods damaged almost all the 
schemes. Hence, Manpang MHSs were selected 
for this study taking into consideration the 
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location of the projects, proximity from Kathmandu, efforts of the project beneficiaries in 
repairing and operating the schemes, and availability of the previous study reports. 

 
After elaborated review of the Manpang Khola MHS, a consultation programme was 
organised in the Dhading district Headquarters on 23 July 2013. Twenty three participants 
attended the consultation programme (Annex 1) and provided field level information and 
barriers related to the development and operation of the micro-hydro schemes in general, 
and Manpang Khola MHSs in particular. 

 
1.6.3 Field Visit: The Manpang Khola Micro-Hydro Village Electrification Projects (MHVEPs) are 

located in Dhading District, at about one-day walking distance from the district 
headquarters. 

  
Because of the rainy season and road block, it was not possible to go to the site and local 
people were contacted for updated information. As the MHVEPs were damaged from 
intense rain in June 2012, AEPC conducted a study to assess weather hazard and impacts of 
climate change on these micro-hydro schemes in early 2013 and these reports were 
thoroughly reviewed to update information. 

 

1.6.4 Report Preparation: Based on reviewed information and consultations, the draft report 
was prepared. The draft report was reviewed by the concerned experts of the JVS technical 
team and it was finalised based on the inputs received.  
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Chapter Two 

DEVELOPMENT OF MICRO-HYDRO SCHEMES AND CLIMATE CHANGE 
IMPACTS 

 
 
 
This chapter reviews the development of micro-hydro schemes in Nepal in general along with the 
impacts from the change in the climate system at the broader perspective. 
 

2.1 Micro-hydro Schemes 
The first micro hydropower plant of 5 kW capacity was installed at Godavari, Kathmandu in 1962 
with the assistance from the Swiss Government. Since then, around 2500 micro/mini-hydro 
plants have been installed across the country generating close to 20,000 kW electricity that 
provide lighting facilities to about 200,000 households (AEPC and ESAP, 2012). The GoN is 
promoting such schemes to provide electricity services to the rural people where central grid 
connection is difficult, and costly due to scattered settlement, rugged terrain and geographical 
remoteness. 
 
Increased focus on renewable energies has provided a basis to electrify the rural areas by 
constructing mini-hydro (>100 kW to 1 MW), micro-hydro (>5 kW to 100 kW) and pico-hydro (up 
to 5 kW) projects. Electricity generated is connected to households through isolated mini-grid 
facilities.  
 
Renewable energy promoters consider micro-hydro development like a social work or social 
development efforts of the private entrepreneurs as the benefit is comparatively low as 
compared to medium and large hydropower projects. However, policy guidance and enhanced 
entrepreneurship on renewable energies (REs) has developed, to some extent, RE technologies in 
Nepal over the last two decades.  
 
Although Nepal promoted REs since several years, establishment of the AEPC in 1996 and 
implementation of the Energy Sector Assistance Programme (ESAP) under the AEPC contributed 
significantly to promote alternative and RE technologies and clean energy production with 
support from donors and development partners. The AEPC also provides trainings to develop 
and/or strengthen managerial and technical skills while the companies and manufacturers of 
hydro-equipment have enhanced their capacities and are producing quality goods/equipment 
suitable to Nepal's topographic conditions. Micro-hydro scheme is promoted by providing 
subsidies. In general, local people provide about 20 percent of the total inputs. Forty percent is 
provided as grant and remaining 40 percent could be taken as loan to construct and operate a 
micro-hydro project.  
 
The Mini Grid Outlook (1999-2012) includes elaborated information on MHSs developed during 
the ESAP period. It also lists potential micro-hydro projects which might be implemented in the 
future.  Considering that projects planned for completion by June 2013 have started generating 
electricity, a total of 841 micro or pico-hydro schemes have generated 13.5 MW of clean energy 



11 
 

and a total of 136,227 households are benefitted from lighting facilities through ESAP (Table 2.1; 
AEPC and ESAP, 2012).  
 

Table 2.1: Development of Micro and Small Hydro Energy in Nepal 
(2001 – 2012) 

 

SN Micro-Hydro Schemes No. of 
Schemes 

Power 
Output 

(kW) 

Households* Remarks 

1 Commissioned Micro 
Hydro 

290 7,034.77 69,570 Constructed during 
2001-2012 

2 Commissioned Pico Hydro  402 1,212 15,677 Constructed during 
2001-2012 

3 MHPs (under construction) 149 5,255 50,980 To be completed by 
June 2013 

 Sub-total 841 13,501.77 136,227  

4 Conditional approval of 
Micro Hydro 

275 8,572 79,296 Could be implemented 
soon 

5 DFS completed Micro 
Hydro 

233 6,294 67,820 Could be processed 
for implementation 

6 Probable MHPs 154 3,842 34,127  

 Total 1503 32,209 317,170  

Note: * Connected or to be connected when project will be implemented; 
 DFS - Detail Feasibility Study Report 
Source: AEPC and ESAP, 2012. Mini Grid Outlook (1999-2012). 
 
Although differs from Table 2.1 regarding total power generation, AEPC through ESAP and REDP 
have installed about 20 MW of power from MHPs in the country. Realising the mountain terrain, 
MHPs are considered most cost-effective means of producing and distributing hydro-electricity.  
 
The AEPC and ESAP have adopted the following 8 steps support for the establishment of the 
micro-hydro schemes (AEPC and ESAP, 2012): 

1. Collection of Request  
2. Detail Feasibility Study (DFS) 
3. Assessment and approval of DFS from Technical Review Committee 
4. Approval of Subsidy 
5. Construction and commissioning 
6. Power output verification and quality check 
7. Operation and management of the scheme and development of productive end-use 

applications by the users; and  
8. One year guarantee check 

 
Micro and pico-hydro projects also receive subsidies from the government (Tables 1.1 and 1.2). 
As mentioned above, subsidy is about 40 percent from GoN, 40 percent from soft loan and 20 
percent of the total project cost from the local people. 
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Besides lighting purposes, micro-hydro electricity is extensively used for 25 varieties of end-use 
applications and such use is dominated by agro-processing mills. The study informs that 210 
agro-processing mills (out of 509 end-use applications) are supported by micro-hydro plants. 
Electricity is also used for poultry farming, saw mill and rural carpentry, compute institute, 
communication centre (fax, photocopy and telephone), telecommunication centre including 
cable television network, photo studio, tailoring, stone cutter, cinema hall, diary, grill factory and 
black smith workshop, electronic equipment in health centre, electronic shops, juice factory, 
water pumping, bakery, block factory, paper factory, FM station, fresh house, mobile charging, 
noodle making and offset press (AEPC and ESAP, 2012). Hydro-electricity generation has also 
increased employment opportunities, and enhanced education facilities. However, there are 
several barriers to maximise benefits from this sector. 
 

2.2 Major Barriers for MHP Development 
The Nepal Electricity Authority (NEA) and AEPC are the key institutions mandated and involved in 
providing electricity services in Nepal. The former institution generates electricity at larger scale 
and distributes through transmission line grid system while AEPC provides support to generate 
electricity at small scale and transmit the electricity to local communities through mini-grids. The 
NEA constructs and operates large scale hydro projects such as Kulekhani and Kali Gandaki and 
national grid system is used for transmitting electricity in different parts of the country. 
Although, GoN has given high priority to develop and electrify rural areas through renewable 
energies such as MHS, there are several barriers to develop and operate them in a sustainable 
manner. Major barriers are summarised below: 
 

1. The MHSs are developed in rural parts having potential to generate hydro-electricity and 
local communities own and operate them. Once NEA joins the villages/settlements with 
national grid (transmission lines), local people starts getting electricity from the national 
grid system and the MHPs become non-functional. For example, local people constructed 
100 kW Midim Khola MHP in Ishaneshor VDC-9, Lamjung by December 2012 to benefit 
850 households. After its construction, NEA linked the settlements with its transmission 
line. Now, there is problem of load center. Testing has not been conducted as of June 
2013. For synchronization process some electro-mechanical equipment should be 
installed and additional financial resource is required to benefit from investments in 
Midim Khola MHS.  

 
2. Nepal's landscape, climate variability and geological condition accelerate landslides and 

floods. MHSs are developed without having and 
analysing necessary geological condition and 
precipitation data. Flash flood and landslides have 
affected some of the micro-hydro schemes and local 
people (developers and users) face difficulties in 
repairing and maintaining them. Landslide may affect 
the headrace canal that provides water to generate 
electricity. In many cases, headrace canal (open canal) 
and other community based structures are not at par 
with the required quality as such facilities are 
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constructed through cash and labour contribution. Government grant is used for 
equipment purchase. Floods and landslides are the major reasons that bring projects 
ineffective and non-functional. 
 

3. Repair and maintenance is equally costly in the mountain and remote areas due to site 
vulnerability, cost for equipment and 
transportation, and local economic condition to 
share cost. Once, MHS is affected or damaged 
and if local communities see the possibility of 
national grid in near future, they might not be 
interested in repair and maintenance, resulting to 
futile investment. Heavy sand-contained water 
would damage the turbine requiring regular 
maintenance. It may cost significant amount and 
the beneficiaries might not be financially capable 
to maintain it. 
 

4. Inadequate or no knowledge about geological condition, geographical appropriateness of 
the MHS installation area and/or construction of 
headrace canal (kulo) and powerhouse close to the 
stream has damaged the MHPs during the rainy 
season. Low bidding has also affected the quality of 
the detail feasibility study report and the study-based 
construction of MHS. Construction cost may be high 
for ensuring quality but real investment is significantly 
low. 

 
5. As benefit from MHS is comparatively low, investment from private sector is also low to 

generate clean energy. It has been conceived as a social work. This has resulted to low 
growth of micro-hydro sector. There is a tendency of considering 'mero pani bagos, 
Rupiya chhaina sukale hudaina' (my water may flow: no NRs. 1 and one-fourth of it is 
inadequate). This has challenged its development. 
 

6. Another barrier for micro-hydro development is related to local politics and increased 
pressure from interest groups raising the concerns of ILO 169, inadequate information on 
end-uses and extended opportunities to benefit from clean energy. This might be 
attributed to the inadequate social and economic studies. The MHS is constructed by 
inexperienced workers. 
 

7. Micro-hydro schemes are service-oriented than profit-oriented, and the Government 
should provide additional incentives to promote this sector as in other mountainous 
countries (e.g. Bhutan). Development of MHPs is handicapped by the lack of a separate 
fund to provide one-window support for loan, subsidies, and cost for rehabilitation or 
maintenance.  
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8. Lack of trained operators and managers and tariff collection practices are also pertinent 
managerial issues leading to plant failure. 
 

9. Inadequate implementation of existing plans and lack of a master plan has limited the 
expansion of this sector. 

 

2.3 Understanding the Climate Change 
Although, climate change is a natural process, change in climate system is accelerated from 
anthropogenic emissions of GHGs such as Carbon Dioxide (CO2), Methane, Nitrous Oxide, 
Hydrofluorocarbons and Perfluorocarbons, and Sulfur Hexafluoride. These GHGs have different 
warming potentials and they are expressed in CO2-eq. The atmospheric concentration of GHGs 
has been sufficiently increased as compared to pre-industrial period. The CO2-eq concentration 
has reached to 400 ppm (parts per million) in May 2013 leading to 40C world by the end of 21st 
century. This change has drawn global attention to address the adverse impacts of climate 
change.  
 
Climate change is becoming a 'universal' challenge for the international community. This resulted 
to adopt a legally-binding instrument, the UN Framework Convention on Climate Change 
(UNFCCC) in May 1992, to work jointly to 'stabilise the GHGs concentrations in the atmosphere at 
a level that would prevent dangerous anthropogenic interference with the climate system' 
(Climate Change Secretariat, 1992). Nepal, along with 195 countries, is a Party to this Convention 
since July 1994. Nepal is also Party to the Kyoto Protocol since February 2005 which aims to 
reduce GHGs emissions. Developed countries have greater legal responsibility for GHGs emission 
reductions. 
 
Nepal is adversely affected by climate change phenomena. The Climate Change Risk Atlas 2010 
has ranked Nepal as the 4th most vulnerable country worldwide (out of 170 countries) to climate 
change (Maplecroft, 2010). Nepal has experienced an average annual increase of 0.060C 
temperature for the period of 20 years (1974–1994) based on the analysis of observed 
temperature of 49 stations (Shrestha et al., 1999). For 45 weather stations analysed for the 
period of 1975 to 2006, annual rate of average temperature rise was 0.040C (PA, 2009, Figure 
2.1). Northern part of the country has experienced high warming as compared to other areas. 
Number of hot days and nights has increased or number of cold days and nights are decreasing.  
 
Based on the analysis of records between 1976 and 2005 from 166 weather stations of Nepal, 
the annual precipitation revealed a positive trend except for mid-western Nepal (PA, 2009, Figure 
2.2). Annual average summer precipitation has increased by 15 to 20 percent in the Mid-hills and 
Terai but it is declining in Far- and Mid-western regions. The post-monsoon precipitation is 
increasing in most of the Mid-western and the southern parts of Eastern, Central and Western 
Nepal.  
 
Climate variability has increased threats. Nepal's NAPA (National Adaptation Programme of 
Action), 2010 has identified mid- and far-west Nepal climate vulnerable, taking into consideration 
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the combination of landslides, flood, drought, and glacier lake outburst floods (GLOFs) 
vulnerabilities (MoE, 2010; Figure 2.3). 

 
Figure 2.1: Average Annual Maximum Temperatures (1975-2006) 

 
 Source: PA, 2009 

 

Figure 2.2: Precipitation Trend (1971-2006) 

 
 Source: PA, 2009 
 

Figure 2.3: Climate Vulnerable Districts of Nepal 

 
 Source: MoE, 2010 
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The consequences of climate change and extreme weather events are visible. Glaciers are 
retreating at faster rate. Studies carried out in Imja, Tsho Rolpa and Thulagi Glacial Lakes in 
2009 indicate serious risks of possible outburst of glacier lakes, requiring risk reduction 
measures to the earliest possible. Some of the visible effects of climate change in the 
mountains are as follows: 
1. Existing rate of snow and glacier melting might increase water in Nepal's river system by 

about 5.7% till 2030, and decrease by 28% by the end of this century (Chaulagain, 2007).  
2. Number of climate-induced 'refugees' has increased. About 150 people in Mustang 

district migrated from uplands to lowland due to water scarcity. Drinking water scarcity 
has been emerging as a major threat in many hills of Nepal such as Ramechhap district. 

3. About 1.9 million people are vulnerable to climate change and additional 10 million 
Nepali people are increasingly at climate risks (MoE, 2010). Every year more than 1 
million people are directly impacted by climate-induced disasters such as drought, 
landslides and floods in the mid- and far-west Nepal. More than 4,000 people died in the 
last ten years due to climate-induced disasters, which caused economic losses of about 
USD 5.34 billion (MoE, 2010).  

 
There is an increase in the number of extreme events – droughts, floods and avalanches. Climate 
change has impacted number of sectors like water, agriculture, forests, tourism, infrastructure 
and human health (MoE, 2011) and in turn livelihoods of the climate vulnerable communities. 
Recent flood in the Karnali River and Darchula affected many people, resources, ecosystems and 
livelihood opportunities in the downstream area. Climate variability, extreme weather events, 
flood and drought have direct impacts on food production, and energy security. In other words, 
climate change has imposed additional burden to poor people, communities and natural 
resources of the country.  
 

2.4 Impacts of Climate Change on Hydropower Sector 
Nepal is highly headrace canalage dissected country with over 6,000 rivers and rivulets. The 
major rivers are Mahakali, Karnali, Narayani (Sapta Gandaki) and Sapta Koshi. About 100 rivers 
are than 160 km long and all river systems headrace canal from north to south towards the 
Ganges. The annual runoff of the rivers at the exit point of the Nepalese territory to India totals 
to 224.5 billion m3. Nearly 75 percent of the annual volume of water available in Nepal is 
headrace canaled as runoff in the monsoon period.  
 
Over 85 percent of the people depend upon traditional form of energy – the firewood (78 
percent) followed by animal dung (nearly 6 percent) and agricultural residue (4 percent). The 
commercial energy (petroleum, coal and electricity) constitutes about 12 percent of the total 
energy use. In the recent years, Nepal is promoting renewable energies and technologies such as 
micro-hydro schemes, biogas, solar and wind energy. The share of MHS is increasing over the 
years.  
 
The change in climate system and/or observed and projected rising trend of temperature has 
impacted water and energy sector. Hydrological cycle is intimately linked with changes in the 
atmospheric temperature and radiation balance (IPCC, 2007). Climate change (increase in 
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temperature and temporal and spatial variability in the precipitation) is affecting and will affect 
the hydrological cycle and hydrological system. The potential impacts on water sector will 
ultimately affect the energy, agriculture, biodiversity, human health and will accelerate water 
induced disasters such as floods and landslides, including accelerated snow melts and formation 
of glaciers. Untimely rainfall and decrease in river and stream discharges in the winter and 
summer months will continue to affect electricity generation, water mills, irrigation and drinking 
water.  
 
Nepal analysed the impacts of climate change on water and energy sector through a Thematic 
Working Group (TWG) during the NAPA preparation. It identified the following generic potential 
impacts of climate change on water and energy sector (Table 2.2): 
 

Table 2.2: Climate Variables and Potential Climate Change Impacts 
 

SN Climate Variables Potential Climate Change Impacts 

1 Temperature  

 Increase in 
temperature 

 Increase in evaporation/evapo-transpiration (loss of soil moisture) 

 Decrease in spring discharge, surface water flow and water level of 
natural or artificial lake/storage 

 Lowering of groundwater table 

 Increase in water demand for irrigation/industry and domestic uses 

 Increase in bacterial activities in the water bodies 

 Increase in snow melt resulting to increase in surface water flow, and 
low volume of glaciers leading to decrease in surface water flow 

 Shift of snow line and permafrost to further higher altitude 

2 Rainfall variability  

 High amount of 
rainfall in short 
period (high intensity 
rainfall) 

 Frequent flash floods 

 Increase in frequency and incidence of  landslides, and other forms of 
water-induced land degradation 

 Degradation of water quality 

 Decline in groundwater recharge 

 Degradation of water quality due to increased sediment load 

 Decline in forest productivity and biodiversity 
Source: MoE, 2010. NAPA TWG's Report on Water and Energy Sector 

 
The June 2013 flood and landslides in far west Nepal could be considered a glaring example of 
water-induced disasters. In a nutshell, climate variability has affected and will continue to affect 
water resources and water-dependent people and communities including natural resources will 
be greatly affected. 
 

2.5 National Responses on Climate Change Impacts 
As a Party to the UNFCCC, Nepal focused its activities to create public awareness, and shared the 
Initial National Communication with Parties between 1994 and 2006. It prepared biogas Clean 
Development Mechanism (CDM) project and submitted to the CDM Executive Board in 2005 to 
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benefit from carbon trade. During 2007 and 2009, Nepal developed fundable projects, continued 
raising awareness, and strengthen institutions and coordination mechanism. In 2009, Climate 
Change Council was constituted for high level coordination. Nepal organised regional conference 
on climate change (from Kathmandu to Copenhagen), and hold cabinet meeting at Kalapathar 
(base camp of Mount Everest) in 2009. In between 2010 to 2012, climate change activities were 
scaled up by establishing the Climate Change Management Division (CCMD) in the Ministry of 
Science, Technology and Environment (then MoE), approving NAPA to implement most urgent 
and immediate adaptation actions, issuing Climate Change Policy and National Framework on 
Local Adaptation Plan for Action (LAPA) and by organizing climate change events of national and 
international levels. Those all contributed Nepal to be the Chair of the LDC Group for 2013 and 
2014 to lead 49 LDCs on UN climate change negotiations (see Box 1 for important initiatives): 

Box 1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Nepal's National Adaptation Programme of Action (NAPA) was prepared through country-driven, 
extensive consultative process and through Thematic Working Group (TWG) approach. The NAPA 
includes 9 programmatic levels of prioritised adaptation projects. They are:  
 

National Initiatives on Climate Change 
 
1994 :  Party to the UN Framework Convention on Climate Change, 1992 
2004 : Preparation of Initial National Communication and shared with the Parties through 

UNFCCC Secretariat 
2005 : Party to the Kyoto Protocol (KP), 1997 and submission of the biogas CDM project  
2007 : Submission of funding proposal to LDC Fund for NAPA preparation and decision on 

non-renewable biomass methodology during CMP3 in Bali, Indonesia to benefit 
from biogas as CDM project 

2009 : Establishment of Climate Change Council, organized Regional Conference on 
Climate Change (from Kathmandu to Copenhagen) and Cabinet meeting at 
Kalapatthar, preparation of status paper for climate negotiation and COP15 
participation by the Head of the Government in Copenhagen 

2010 : Establishment of Climate Change Management Division (with 3 sections and 9 
permanent government officials), formation of Multi-Stakeholder Climate Change 
Initiatives Coordination Committee (MCCICC), NAPA endorsement, and 
international meetings [18th Meeting of the LDC Expert Group (LEG), and 
International Expert Consultation on Climate Change] 

2011 : Endorsement of the Climate Change Policy and National Framework on LAPA, 
organised global workshop on standardised baseline (CDM), and CDM DNA forum 
for Asia and the Pacific and CDM regional workshop for Asia and the Pacific 

2012 : Bilateral funding for implementation of NAPAs through LAPAs secured and 70 LAPAs 
prepared; also funding for community-based adaptation options secured from LDC 
Fund; International Conference of Mountain Countries on Climate Change, and 
approval for about 0.4 million ton of carbon (as CDM project) for trade annually 

2013 : Nepal Chair of the LDC Group on UN climate negotiation for 2013 and 2014; LDC 
Strategy meeting, funding secured from LDC Fund for Ecosystem-based Adaptation 
(EbA) and agriculture projects, and joined regional project on climate technology by 
June 2013 
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1. Increasing Community-based Adaptation through Integrated Management of Agriculture, 
Water, Forests and Biodiversity  

2. Building Adaptive Capacity of Vulnerable Communities Through Climate Resilient 
Agricultural Development 

3. Community Based Disaster Management for Facilitating Climate Adaptation 
4. GLOF Monitoring and Disaster Risk Reduction 
5. Forest and Ecosystem Management for Supporting Climate Led Adaptation Innovations 
6. Adapting to Climate Challenges in Public Health 
7. Ecosystem Management for Climate Adaptation 
8. Empowering Vulnerable Communities through Sustainable Management of Water 

Resource and Clean Energy Supply 
9. Promoting Climate Smart Urban Settlement  

 
A total of 6 TWGs were formed to prepare the NAPA. One of the TWGs was on water and energy 
sector which prioritized sustainable management of water resource and clean energy supply. 
 

2.6 Identification of the non-functional Micro-Hydro Schemes 
As mentioned above (# 2.2), micro-hydro projects (less than 100 kW) may be non-functional due 
to several reasons. The primary reasons are: 

 Inadequate or no consideration of climate data and geological conditions and flood level 
during design and construction of headrace canal (kulo) and powerhouse; 

 Use of low quality of construction materials, and construction of headrace canal and 
powerhouse sufficiently close to the stream; 

 Washing away or destruction due to flood or landslides or mass wasting; 

 Joining the settlements/villages previously electrified by MHPs through national grid, lack 
of funding to purchase electro-mechanical equipment for synchronisation, and/or 
inadequate coordination between project developers/promoters (NEA and AEPC or 
ESAP/REDP); 

 Inadequate or no funding for timely repair and maintenance and non-consideration of 
possible costly repair and maintenance in the hills and mountains; and 

 Inadequate implementation of the mini-grid plan and lack of a comprehensive master 
plan to promote micro-hydro projects. 

 
AEPC has identified flood that washes MHPs as one of the major reasons of not-functioning (of 
MHPs) for their estimated economic life. Many MHPs were washed away in the past due to flash 
flood resulting from intense and prolonged rainfall which also triggers landslides, the another 
cause of making the MHPs non-functional. 
 
Taking into consideration these aspects, consultations were made with the officials of the 
NMHDA and AEPC. It was understood that there are few plants affected by national grid, and few 
plants in mid-west and far west Nepal might have not been repaired or maintained for electricity 
generation due to high repair and maintenance cost.  
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On 26 June 2012, the Manpang Khola located at Dhading 
district experienced intense rainfall and flash floods. It 
triggered landslides in and around the MHPs. As a result, six 
Village Electrification Projects (VEPS) established in the 
Manpang Khola were seriously affected. AEPC commissioned 
a study to assess weather hazard and impacts of climate 

change on MHSs taking 
the Mangpang Khola 
VEPs as the case study. 
As number of MHPs are operated using Manpang Khola 
water, and MHPs were affected by landslides and floods, 
this small study also attempts to analyse major issues the 
MHSs are facing and see any linkages with climate change 
to the extent applicable. This report basically depends upon 
the detail feasibility study reports and the assessment 
report of weather hazard and impacts (AEPC & ESAP, 2013).  

 

2.7 Design and Construction of Micro-Hydro Projects 
AEPC has issued "Guidelines for Detailed Feasibility Studies of Micro-Hydro Project" in order to 
ensure proper design, and safety of structures. A weir is directly affected due to flood particularly 
in monsoon, and hence, is the most vulnerable civil structure. The Guidelines underscore the 
importance of designing a temporary weir as the cost of annual maintenance of a permanent 
structure might be high. The Guidelines urge to locate gravel trap at a safe place and close to the 
intake, and settling basin close to the gravel trap to minimize project costs. It also focuses on 
constructing open canal, and use pipes at crossing and at unsustainable slopes in addition to 
other guiding principles to make the project sustainable. The Manpang Khola MHPs followed the 
guidelines and complied with the guiding principles to design intake, headrace canal and 
powerhouse.  
 

2.8 DFS Recommendations 
All Detail Feasibility Study (DSF) reports include recommendations for the construction and 
operation of the proposed MHPs by involving only experienced parties or technicians and 
ensuring proper monitoring. It recommended to: (i) have a written agreement with the power 
users for the use of water, and public and private land; (ii) organize technical training for 
operators and managers before commissioning the projects for their sustainable operation; (iii) 
re-plant to minimize the effect of tree cutting for wooden poles; (iv) implement bio-engineering 
works in and around the project areas and other vulnerable locations; and (v) provide necessary 
supports for additional activities for the conservation of the environment.  
 
Once the MHPs were constructed and electricity supplied, plantation and bio-engineering works 
were not told carried out. Technical training was provided to the operator who should be in the 
village all the time during operation. But low salary of the operator also create problem to timely 
operate the machine from the skilled hand and in some cases, untrained locals are also involved 
in operating MHPs.  
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Chapter Three 

MANPANG KHOLA MICRO-HYDRO SCHEMES 
 
 
 
As mentioned in chapter two, about 2,500 MHSs have been developed in Nepal during the last 
half a century. Of them, AEPC has supported to construct over 840 such schemes during the last 
17 years. As the Manpang Khola MHSs were destroyed by the June 2012 floods and landslides, 
this study attempts to analyse the cause and effect of damages to the schemes. A total of six 
MHPs were constructed using water of Manpang khola in Dhading district. The project sites could 
be reached from Dhading Besi, district headquarters through a seasonal earthen road during the 
dry and winter seasons. In summer season, walking is the only option. 
 
Four schemes are located in Budhathum Village Development Committee (VDC), one in Mulpani 
VDC and one in two VDCs – Mulpani and Phulkharka (Table 3.1). A total of 821 households were 
estimated project beneficiaries in the Detail Feasibility Study (DFS) Report.  
 

Table 3.1: Generic Information on Mangpang Khola Micro-hydro Projects 
 

Source: Detail Feasibility Study Reports of the MHPs, 2005, 2009 and 2010 

Particulars ManpangKhola Micro-Hydro Village Electrification Project 

Manpang I Manpang II Manpang III Manpang IV Manpang V Manpang VI 

 Project Location 
Location Budhathum 

VDC 
Budhathum 
VDC 

Budhathum 
VDC 

Mulpani VDC Budhathum 
VDC 

Mulpani and 
Phulkharka VDC 

Beneficiary 
Households 

200 200 200 115 104 102 

Load Centre Ward no. 4,5 
& 8 

Ward no. 
4,5 & 8 

Ward no. 4,5 
& 8 

Ward no. 2 Ward no. 3 
(Althok, Pokha, 
Dadaghar, 
Ambote) 

Maraute, Khop, 
Sukabhyang and 
Kalleri 

Route to 
reach Site 

Dhading Besi - 
Arughat - 
Budhathum 

Dhading 
Besi - 
Arughat–
Budhathum 

Dhading Besi 
- Arughat–
Budhathum 

Dhading Besi 
– Mulpani (10 
km from 
Dhading Besi) 

Dhading Besi 
– Budhathum 
(10 km 
earthen 
road) 

Dhading Besi – 
Taribesi - 
Sukavangyang (5 
km walking from 
Sukavangyang) 

 Technical Features 
Gross Head 
(m) 

20 20 20 15 13 13 

Measured 
Flow (lps) 

210 210 210 183 - 235 

Available 
Flow (lps) 

210 210 210 - 212 199 

Design Flow 
(lps) 

160 160 160 124 145 145 

Design 
Power (kW) 

16 16 16 10 10 10 
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3.1 Location 
The six Manpang Khola MHPs, installed under the AEPC/ESAP, are located in the Budhathum, 
Mulpani and Phulkharka VDCs in the Dhading District. The topography is mostly flat with gentle 
slopes and in the hard rock profile. The project sites are located on the northern part of the 
district in the hilly areas. The Manpang Khola watershed ranges from 512m to 2907m altitude. 
 
The Manpang Khola watershed comprises of different landuses (Figure 3.1). Cultivation and 
forest area dominate the catchment area, followed by the bush and grassland (AEPC, 2013). 
 

 
Figure 3.1: Land-cover Classification of the Manpang Khola Catchment 

 Source: AEPC, 2013 
 

3.2 Precipitation and Temperature 
The MHP sites experience hot and cold climate during the summer and winter seasons 
respectively. As there are no meteorological stations in the project sites, rainfall data of the 
Arughat station (nearest station to Manpang Khola), and temperature of the Nuwakot station has 
been reviewed. During 1976 and 2012, highest and lowest annual rainfall was recorded in 1996 
with 3519mm and in 2005 with 1698 mm (Annex 2). In general, the area received more rainfall in 
July and August as compared to other months. Local people informed that Manpang Khola might 
receive more and frequent rainfall as compared to the Arughat area. 
 
Variation in monthly temperature has been observed from the data of Nuwakot station from 
1984 to 2008. For example, January has about 2.70C variation ranging from 13.50C in 1984 to 
16.20C in 1990 and 2009 (Annex 3). Similarly, temperature variation for May has wider gap 
(5.40C) as the record ranged from 22.70C in 2005 to 28.10C in 1995. Temperature variation is low 
during the rainy season. For example, July experiences only 1.70C variation from 25.20C in 1985 
to 26.90C in 2003 while August has 1.90C ranging from 250C in 1990 to 26.90C in 2003. It means 
there is no much variation and frequent rainfall might have impacts on narrowing the gap during 
the rainy season. Higher amount of rainfall and variation in temperature might induce landslides 
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particularly in the rainy days. In other words, intense rainfall followed by sunny days might 
induce landslides. 
 

3.3 Vegetation 
The project sites comprise of dense forests, bushes, and grasslands and represent subtropical, 
and lower temperate forests. Steep and 'V-shaped' valley of the Manpang Khola is dominated by 
Sal (Shorea robusta) forests. The common and abundant plants are Sal, Sissoo (Dalberga sissoo), 
Khayar (Acacia catechu), Chilaune (Schima wallichii), and Sallo (Pinus roxburghii). Pipal (Ficus 
religiosa), Bar (Ficus bengalesnsis), Kyamuno (Syzygium cerasoides), Badhar (Artocarpus 
lakoocha), Dabdabe (Garuga pinnata), Dumri (Ficus glomerata), Khirro (Sapium insigne), Gideri 
(Premna barbata), Kutmero (Litsea monopetala), and Khanayo (Ficus cunia) including several 
species of grasses are also found in the study area including in the farmland. Trees along the 
headrace canal were cut as a part of site clearance. The transmission line has not damaged 
forests. Plantation and bio-engineering works were proposed in the detail feasibility study report 
but their implementation in insignificant. 
 
Local forests are managed by the community users in the form of community forests. Three 
community forestry user groups are active in managing forests located near the Manpang micro-
hydro scheme 1 alone.  
 

3.4 Hydrology and Water Use 
A number of small streams originate at about 2900 m altitude and join the Manpang Khola 
(Figure 3.2). The catchment area varies for each MHS and has about 25 km2 with majority of the 
portion in the Budhathum VDC.  
 

 
Figure 3.2: Mangpag Khola's Catchment 

 Source: AEPC, 2013 
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During the detail feasibility stage, stream discharge was measured on 12 May 2005 using salt 
dilution method and it recorded about 210 litre/day (lps). As May is the dry season, it was 
considered as the lowest. The design discharge ranges from 124 lps to 160 lps (Table 3.1) after 
making provision of 10 % for evaporation, flushing, seepage and 15 % for downstream release 
except for Manpang V where only 5% is provisioned for evaporation, flushing and seepage. 
 
Local people are using the water of the Manpang Khola for drinking and irrigation purposes but 
no specific water right problem was noticed as the Khola joins with the Budhi Gandaki River 
within few kilometres.  
 

3.5 Institutional development 
Local people formed Manpang Khola Micro-Hydro Functional Group (MHFG) with equal 
representation from the entire participating community organizations to implement the Micro 
Hydro Village Electrification Project (MHVEP). The Energy and Environment Section of the District 
Development Committee provides technical support as and when required. 
 

3.6 Transmitting the electricity 
The electricity generated from each MHP has been transmitted to the villages through 11 KV 
transmission lines and wooden poles. A total of 741 wooden poles of Sal trees were estimated in 
the DFS for 6 micro-hydro schemes to transmit 78 kW of electricity for 921 households (Table 
3.2). As proposed in the detail feasibility report, at least the bottom 1.5 m of the wooden poles will 
have three coats of bitumen paint to avoid damage from soil (in underground portion of the pole).  
 

Table 3.2: Number of Wooden Poles Proposed for Transmitting the Electricity 
 

SN Micro-hydro Schemes Installed 
Capacity 

(kW) 

Beneficiary 
Households 

No. of 
Wooden 

Poles 

Remarks 

1 Manpang Khola MHVEP - 
I, December 2005 

16 200 117 9m long 25 poles, 7m long 
28 poles 3 phases, and 6m 
long 64 poles for single 
phase line 

2 Manpang Khola MHVEP - 
II, December 2005 

16 200 117 As above, sal wood used 

3 Manpang Khola MHVEP - 
III, December 2005 

16 200 117 As above, sal wood used 

4 Manpang Khola MHVEP - 
IV, June 2009 

10 115 140 7m long 140 poles for both 3 
phases and single phase line 

5 Manpang Khola MHVEP - 
V, November 2009 

10 104 130 8m long 130 poles for both 3 
phases and single phase line 

6 Manpang Khola MHVEP - 
VI, October 2010 

10 102 120 9m long 120 poles for all 3 
phases and 1 phase line 

 Total 78 kW 921 741  

Source: Compiled from Detail Feasibility Study Reports prepared in 2005, 2009 and 2010. 
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Based on the Assessment Report (AR), only 66 kW (85 percent of the target) has been generated 
which is used by 549 beneficiaries (60 percent of the target) (Table 3.3; AEPC, 2013). 
 

Table 3.3: Actual Installed Capacity and Beneficiaries 
 

S N  Project  Commencement  Capacity  Project Coverage  HHs 

1  Manpang 1 MH  2064 Ashadh  16 kW  Budhathum 4, 5, 8 &9  115 

2  Manpang 2 MH  2065 Baishakh  11 kW Budhathum 2  110 

3  Manpang 3 MH  2065 Falgun  09 kW Budhathum 9  106 

4  Manpang 4 MH 2067 Kartik  10 kW  Mulpani 2  15 

5  Manpang 5 MH  2067 Aswin  10 kW Budhathum 3  93 

6  Manpang 6 MH  2069 Falgun  10 kW Phulkharka 2 & Mulpani 4  110 

Total 66 kW  549 

Source: AEPC, 2013 
 

Hydro-electricity has been used for different uses such as lighting the household, replacing the 
diesel fuels in the agro-processing mills (huller and grinder), and electrifying rural carpentry and 
photo studio in the project area. This energy could also be used for bakery, milk dairy and cable 
network taking into consideration the emerging entrepreneurships in the project sites. However, 
energy produced from micro-hydro plants might not be sufficient for them. 
 

3.7 Economic Benefits 
Micro-hydro projects provide multiple quantifiable and non-quantifiable and direct and indirect 
benefits to the local beneficiaries. The Detail Feasibility (DFS) Study team assessed benefits based 
on the avoided cost of: (i) diesel supply for productive end-uses; (ii) kerosene uses in households 
for lighting purpose; and (iii) dry cell use for household purposes. 
 
The DFS report documented average use of kerosene as 3.00 litres/household/month. It 
assumed that the community would require only 0.5 litre of kerosene/household/month with 
saving of 2.5 litre of kerosene/household/month after electricity supply. As the total actual 
beneficiary household is 549, a total of 16,470 litres/year of kerosene might have been saved 
from use (Table 3.4). Considering the rate of NRs. 80 per litre of kerosene, actual saving of 
kerosene is 16,470 [549 households x 2.5 litre of kerosene/month x 12 months] litre/year 
equivalent to about NRs. 1.318 million annually.  
 

Table 3.4: Potential Actual Savings of other forms of Energy 
 

Note: Based on DFS (2005, 2009 and 2010 estimation) and Table 3.3 (actual beneficiaries) 

Particulars ManpangKhola Micro Hydro Village Electrification Project Total 
Saving 
(Litre/yr) 

Manpang 
I 

Manpang 
II 

Manpang 
III 

Manpang 
IV 

Manpang 
V 

Manpang 
VI 

Kerosene 3450 L/yr  3300 L/yr 3180 L/yr  450 L/yr  2790 L/yr 3300 L/yr 16,470 

Diesel 4800 L/yr 4800 L/yr 4800 L/yr 1344 L/yr 1848 L/yr 2464 L/yr  20056 

Dry cell 
batteries 

2760 pairs 2640 pairs 2544 pairs 360 pairs 2232 pairs 2640 pairs 13176 
pairs 
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Similarly, diesel is used to operate a grinder, a rice huller and oil expeller. Assuming, 10 HP diesel 
motor using 1 litre/hour and two mills operated for 5 hours each day in an average for 336 days 
(maximum), and a rural carpentry (5 hours/day) for 240 days a year, about 4800 litres of diesel 
could be replaced by using electricity generated from micro-hydro plants. Taking into 
consideration the estimated installed capacity of micro-hydro scheme and potential supply of 
electricity, a total of 20,056 litres would have been saved a year from the operation of two mills 
and a carpentry by using the generated electricity. Taking the rate of diesel as NRs. 80/litre, a 
total of NRs. 1.6 million would have been saved annually. However, actual installed capacity is 
only 85 percent of the total estimated.  
 
It has been estimated that a beneficiary household consumes about 2.5 pairs of dry cell batteries 
on an average a month. Assuming 2 pairs of dry cell batteries saved per household per month, a 
total of 13,176 pairs of dry cell batteries will be replaced per year. Considering NRs. 50/pair to 
dry cell batteries and actual households receiving electricity supply, NRs. 0.659 million might 
have been saved in the project site by using electricity generated from 6 micro-hydro schemes.  
 
Hydro-electricity also provides intangible benefits for education due to light (availability of more 
reading hours), use of TV, Radio and computer to update information and develop skills. 
Similarly, local people might have health benefits through reduction in the indoor air pollution 
(through kerosene replacement). 
 

3.8 Reduction in Carbon Emissions 
Although local people will not have sufficient electricity to replace firewood energy used 
traditionally for cooking purposes, use of clean energy, in principles, reduces GHGs emissions. 
Emission reductions for kerosene and diesel have been calculated using the accepted practices 
and about 96 mTon of CO2 might have been saved from emissions from the operation of the 6 
micro-hydro projects along the Manpang Khola (Table 3.5). Nepal sold carbon emissions saved 
from biogas plants at USD 10.25 per ton of CO2-eq in 2010. Assuming the same price, it comes to 
USD 984 (96 mTon x $10.25) = NRs. 93,480 (US$ 1 = NRs 95). This could be considered the 
additional benefits from GHGs emissions reduction, although insignificant.  
 

Table 3.5: Potential CO2 Emission Reductions from Micro-Hydro Schemes 
 

Particulars ManpangKhola Micro Hydro Village Electrification Project 

Manpang I Manpang II Manpang III Manpang IV Manpang V Manpang 
VI 

From 
Kerosene1 

3450 L/yr * 9.76 
kg CO2/ gallon * 
0.264 gallon/ 1 L 

3300 L/yr * 
9.76 kg CO2/ 
gallon * 0.264 
gallon/ 1 L 

3180 L/yr * 
9.76 kg CO2/ 
gallon * 0.264 
gallon/ 1 L 

450 L/yr * 
9.76 kg CO2/ 
gallon * 0.264 
gallon/ 1 L 

2790 L/yr * 
9.76 kg CO2/ 
gallon * 
0.264 gallon/ 
1 L  

3300 L/yr * 
9.76 kg CO2/ 
gallon * 
0.264 
gallon/ 1 L 

Emission 
Reduction 

8,889 kg CO2/yr 8,503  kg 
CO2/yr 

8,194 kg 
CO2/yr 

1,159 kg 
CO2/yr 

7,189 kg 
CO2/yr 

8,503 kg 
CO2/yr 

 42,437 kg (42 mTon) CO2/yr saved from burning of kerosene 
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Note: 
1. Energy conversion factor for Kerosene. 1 gallon kerosene = 9.76 kg CO2 
2. Energy conversion factor for Diesel. 1 gallon diesel = 10.15 kg CO2 

Source: Independent Statistics and Analysis. U.S. Energy Information Administration. Available at: 
http://www.eia.gov/oiaf/1605/coefficients.html#tbl1 

Based on Detail Feasibility Study Reports, 2005, 2009 and 2010 and AR, 2013 
 
This calculation has been made to indicate possible benefits from carbon trade by developing 
and using clean energies. As a mini or micro-hydro project generates low amount of clean 
energy, several such projects could be bundled as a CDM project and Nepal may benefit from 
carbon trade, as practiced by the AEPC to develop as a CDM project in other micro-hydro 
projects. However, there are several issues in the Manpang Khola MHPs such as some micro-
hydro plants are non-functional; all plants don't operate in full capacity, and all plants are also 
closed for about 3 months during the monsoon season.  
 
  

Particulars ManpangKhola Micro Hydro Village Electrification Project ... 

 Manpang I Manpang II Manpang III Manpang 
IV 

Manpang 
V 

Manpang VI 

From 
Diesel2 

4800 L/yr * 
10.15 kg CO2/ 
gallon * 0.264 
gallon/ 1 L 

4800 L/yr * 
10.15 kg CO2/ 
gallon * 0.264 
gallon/ 1 L 

4800 L/yr * 
10.15 kg CO2/ 
gallon * 0.264 
gallon/ 1 L 

1344 L/yr * 
10.15 kg 
CO2/ gallon 
* 0.264 
gallon/ 1 L 

1848 L/yr * 
10.15 kg 
CO2/ gallon 
* 0.264 
gallon/ 1 L 

2464 L/yr * 
10.15 kg CO2/ 
gallon * 0.264 
gallon/ 1 L 

Emission 
Reduction 

12862 kg CO2/yr 12862 kg 
CO2/yr 

12862 kg 
CO2/yr 

3601 kg 
CO2/yr 

4952 kg 
CO2/yr 

6603 kg CO2/yr 

 53,742 kg (54 mTon) CO2/yr saved from burning of diesel 

Total = 96,179 kg = 96 mTon  CO2/yr saved from emission in the atmosphere 
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Chapter Four 

EFFECTS OF RAINFALL AND LANDSLIDES ON MICRO-HYDRO SCHEMES 
 
 
 

4.1 2013 Assessment Study 
The 26 June 2012 intense rainfall induced floods and landslides in and around the Manpang 
Khola catchment and destroyed severely the micro-hydro schemes. AEPC conducted a study in 
early 2013 through a service provider with the objectives of: (i) assessing whether or not the 
existing design standards of the micro-hydro schemes consider the effect of flood and was the 
standard adequate; (ii) assessing whether or not the existing hydraulic gradient of the intake, 
canal and powerhouse structures of micro-hydro plants followed the design standards; (iii) 
assessing whether or not the flood or drought that caused the damage was due to climate 
change or any other reasons; and (iv) recommending necessary measures to avoid such damage 
in the future. 
 
The study team collected and reviewed relevant documents, organized consultative meetings, 
visited the sites from 20 to 22 March 2013, conducted hydrological survey (Figure 4.1), socio-
economic and environmental survey, interacted with the AEPC officials and stakeholders and 
submitted a report to the AEPC. 
 

 
Figure 4.1: Hydrological Survey 

 Stream Flow Measurement Cross-section measurement (high flood level) 

 
Although detailed feasibility studies carried out in 2005, 2009 and 2010 for different MHPs did 
not consider geological conditions of the project sites, the 2013 study documented geology 
which is non-calcareous sequence of alternation of phyllites, phyllitic quartzites and phyllitic 
gritstones. Rocks are folded and give an undulatory surface. The lithology of the project area is 
moderately to highly weathered, and moderately jointed. Landslides are frequently occuring 
along the project site. 
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4.2 Weather, Floods and Landslides 
Weather is unpredictable and rainfall pattern along the Manpang Khola varies. Flash floods and 
monsoon floods are common, resulting to the loss of life and properties. Each year one or two 
people are flooded by this Khola. The Manpang Khola watershed is un-gauged and flood 
prediction is extremely difficult.  
 
Local people informed that micro-hydro schemes are generally stopped in the Manpang Khola 
with the commencement of monsoon as rainfall increases the river flow. Manpang 1 was halted 
from 26 June to 1 October 2012 due to increased flood in the river. The flood also broke the 
intake of the project (Figure 4.2). After the rainy season, intake was re-built to re-start electricity 
generation.  
 

   
Manpang- I Intake Manpang- II Intake Manpang- III Intake 

   
Manpang- IV Intake Manpang- V Intake Manpang- VI Intake 

Figure 4.2: Intakes of Micro-Hydro Schemes in the Manpang Khola 
 
Floods and landslides also wash the powerhouse. The 26 June 2012 intense rainfall induced flood 
severely damaged the powerhouse of the Manpang 4 micro-hydro project (Figure 4.3). The 
powerhouse was constructed at about 2m from the river bank without any protection measures. 
Landslides are also responsible for damaging the micro-hydro components. Canal/headrace canal 
and penstock alignment which pass through sloping area would be washed away due to 
landslides. Canal/headrace canal in the Manpang 4 was washed away by both flood and 
landslides (Figure 4.3). 
 
The 2013 Assessment Report reported three large landslides along the Manpang Khola and 
numerous landslides (42 landslides reported) at upstream of this Khola. These landslides were 
triggered by the intense rainfall of 26 June 2012 (Figure 4.4). 
 
The Assessment Report documents major causes of this devastating landslide as steep slope, 
intense and prolonged rainfall along with loose colluvial of phyllitic schist and soil. The 
Assessment Report further documents the features of the landslides as follows: 
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Powerhouse damaged by flood  Headrace canal damaged by 

flood 
Landslide in Manpang 4 

 

Figure 4.3: Manpang 4 micro-hydro scheme affected by flood and landslide 
 
 

 
Figure 4.4: Landslides triggered by 20 June 2012 
(A) near Manpang I; (B) near Manpang V; (C) near Manpang IV; and  
(D) 42 landslides at the uptream of the Manpang Khola 
Source: AEPC, 2013 

 
1. Landslide-1 (About 300 m upstream from Mangpang-1) - about 35 m long and 23 m wide 

with colluvial debris with no effect on civil structures of the Mangpang-1; 
2. Landslide-2 (About 100 m downstream from Mangpang-5) - about 60 m long and 45 m wide 

with colluvial debris with numerous cracks in crown part; 
3. Landslide-3 (At intake of Mangpang-2) - about 35 m long and 30 m wide also with colluvial 

debris, and debris is about 12 m deep at toe, and with huge effect on Manpang 2 that 
resulted to its shutdown due to wash away of canal/headrace canal and intake.  
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Manpang Khola watershed is comparatively stable area. The Khola was blocked due to June 2012 
rainfall and it resulted to landslides and damaged the MHS facilities such as intake, headrace 
canal, and powerhouse. All micro-hydro schemes except Manpang – 4 are operating after repair, 
and this (Manpang-4) is unlikely to operate soon due to lack of required funding as well. The 
Manpang – 6 might be operated after minor repair of the intake as it was temporary in quality as 
per the Technical Guidelines. 
 
The AEPC Assessment Report recommended to: (i) revise its technical guidelines to incorporate 
natural hazards such as floods and landslides; (ii) make aware the communities on the potential 
hazards and implementation of proposed mitigation measures; (iii) assist in preparing and 
implementing watershed management plan in collaboration with the concerned district offices; 
and (iv) locate a powerhouse at safer place from high flood level marking and riverbank cutting 
areas with proper retaining structures. 
 

4.3 Impacts of Climate Change on Micro-Hydro Schemes 
There is no documented science-based evidence to derive inferences on the impacts of climate 
change on the Manpang Khola micro-hydro schemes. Local people have experienced mosquito 
problem and started using mosquito net. Taking into consideration the perception, needs and 
understanding of the local people, temperature and precipitation record of Arughat and 
Nuwakot provides a basis of changes in the climate system over the years. The intense rainfall 
has triggered landslides, one of the major causes of damaging the intake, open canals/headrace 
canals and the powerhouse lying on the bank of the stream. There is no clear indication on 
temperature rise as January and September experienced increasing trend and March 
experienced its decrease. In case of rainfall, there was a decreasing trend in monthly rainfall in 
Arughat station.  
 
Local people and stakeholders perceive climate change in different ways, and/or respond on the 
nature of questions asked. The AEPC Assessment Report documented that local people have 
faced mosquito problem and are using mosquito net which they don't use two and half-decades 
back thereby indicating temperature rise or increased sanitation issue. Local people have also 
experienced decreasing trend of yield of groundwater and increasing temperature including 
change in rainfall pattern.  
 

4.4 Conclusion and Recommendation 
The June 2012 rainfall was devastating for micro-hydro schemes established and operated along 
the Manpang Khola watershed. Local people developed the MHPs with grant and local 
investment. In Manpang Khola MHPs, local people have contributed 83 days of labour and NRs. 
7,000 per household. Government offered grant is normally used for purchasing equipment and 
materials. Labour of local people is used for the construction of temporary intake, headrace canal 
and powerhouse. As intake itself is temporary, required amount of quality cement is not used for 
headrace canal construction, and powerhouse is sufficiently closed to the stream bank, MHP 
would not provide electricity regularly as intended. Local communities have to compromise with 
the quality of MHPs due to lack of and/or inadequate knowledge on geographical 
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appropriateness, geological condition, and labour-intensive construction of key structures. For 
example, grant and local fund does not support for quality construction of intake, headrace canal 
and powerhouse. Poor people who even face difficulty in paying electricity bill can't offer grant at 
par with the high-income group of people for any repair and maintenance. Furthermore, low 
bidding and inadequate field investigation during the detail feasibility study has resulted to low 
quality construction. Increased demand for electricity from MHPs for different end uses has also 
increased the need for more electricity. Local people having more electrical appliances intend to 
consume more electricity and sometime over consumption might affect load centre. 
 
Beneficiary communities will be unable to operate the MHPs after, say, 5 years due to several 
factors such as construction of temporary intake, under-quality headrace canal and powerhouse 
location close to the flood plain areas. Sand contain in the stream water is regularly damaging 
the turbines. Local proverb 'bahra barsha tero, ek barsh mero' (local people could use stream for 
12-year as they want and stream will do what it wants in 1-year) urges for timely undertaking 
measures to benefit from MHPs. 
 
The Manpang Khola MHPs are generally halted with the commencement of monsoon leading to 
increase in stream flow. The flood has damaged the temporary intakes. Technical guidelines 
provide requirements for the design and construction of MHPs. The VDC council also support for 
maintenance cost but it is not sufficient as there are several demands. 
 
Manpang Khola area might experience variation in monthly temperature, taking into account the 
data of Nuwakot station, and high amount of frequent rainfall. Intense rainfall followed by sunny 
days might induce landslides, and it might be one of the reasons for affecting the MHPs. 
Emphasis on RETs development and operation will also provide benefits from carbon trade. A 
programmatic CDM could be developed for longer time benefits. However, CDM validation and 
verification process is lengthy and costly.  
 
Manpang Khola MHPs also face management issues which are related to unwillingness of the 
trained operator to work due to low salary and infrequent operation by untrained local people, 
comparatively high tariff (NRs. 200 per household) and difficulty for its timely collection. Non-
cleaning of canal and non-maintenance of power generation equipment at regular basis are 
additional issues. 
 
In a nutshell, MHPs would not provide benefits as intended due to damage of structures, high 
cost for repair and maintenance associated people's low income, and joining the MHP areas with 
the national grid. In order to address the above issues and to ensure regular supply of electricity 
from MHPs, following measures could be adopted: 
 

a. Existing Technical Guidelines should re-emphasise elements to consider possible damages 
from floods and landslides during design and construction, and keep the powerhouse 
above the high flood level and a safe place to protect it from stream bank erosion along 
with adequate protection measures (both engineering and biological measures during 
construction of MHSs). Guidelines should equally focus on geological and watershed 
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conditions of the area and use rainfall data before designing. In areas having number of 
MHPs, it is encouraged to put in place facilities for recording daily stream flow to make 
the design comprehensive, practical and cost effective. It is equally important to see the 
project during the design, construction and operation from climate change lens. 

b. Structures such as intake, headrace canal, and power house should not be located at 
landslide-and erosion-prone areas. Permanent headrace canal should be constructed 
ensuring quality control, and where necessary use GI, mild steel or HPDE pipes in 
landslide-prone areas. 

c. Government should support local communities for timely repair and maintenance of 
temporary intake, headrace canal and powerhouse, including turbine maintenance, and 
operation by providing regular training to operator(s) (local people face difficulty even to 
pay the monthly bill due to high cost) even by even revisiting the grant mechanism. 

d. Local people should conduct plantation and bio-engineering works to stabilise disturbed 
areas. 

e. A mechanism should be established for 'informed cooperation and collaboration' 
between AEPC and NEA, particularly on national grid development plan and to avoid 
'competitive strategy' for providing electricity services in the rural areas. 

f. Quality of the wooden poles should be improved and/or wooden poles should be 
replaced by iron poles to least damage forests, and to ensure continuous supply of 
electricity. 

g. AEPC or other coordinating and facilitating agencies should explore possibilities to benefit 
from carbon trade and such benefits may be used for repair and maintenance of the 
MHPs. 

h. A mechanism could be developed to include an environmental checklist or declaration by 
the study team to improve technical quality of the study and to avoid construction of the 
MHPs in topographically inappropriate areas. 

 
In a nutshell, there is a mixed understanding on the impact of climate change on the Manpang 
Khola Micro-Hydroelectricity Schemes. Local people experience temperature rise and change in 
rainfall pattern. One of the factors to affect MHPs might be the climate change phenomenon 
and/or climate-induced disasters such as from floods and landslides. 
 

oooooooo 
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Annex 1 

List of Participants  
Consultation on 'Assessment of Non-Functioning Micro-Hydro Projects' 

23 July 2013, Dhading 
 
 
 

SN Name Organisation E-mail 
1 Arjun Malla - r.june@rocketmail.com 

2 Baidha Nath Koirala DDC, Dhading koiralabn@yahoo.com 

3 Batu K. Uprety Climate Change Specialist upretybk@gmail.com 

4 Bhakta Bdr. Simkhada FECOFUN - 

5 Bhumi Raman Nepal Forests and Environment 
Conservation Society 

- 

6 Bibek Uprety Kathmandu bibek_87@hotmail.com 

7 Binod Aryal DDC, Dhading binodnalangi@gmail.com 

8 Birman Raskoti DEES, Dhading raskotibirman@gmail.com 

9 Chandra Bdr. Nepali National Conservation and 
Development Centre 

Chandranepali2010@gmail.co
m 

10 Dipak Koirala DDC, Dhading - 

11 Khum Nath Shrestha DDC, Dhading - 

12 Man Bahadur 
Shrestha 

District Environment and Energy 
Section, Dhading 

deesdhading@yahoo.com or 
mbstha012@gmail.com 

13 Mangal Bahadur 
Sunar 

COSOC Nepal cosocNepald@gmail.com 

14 Pranjal Dahal District Facilitator, DDC Dhading itspdahal@gmail.com 

15 Raju Bajracharya District Soil Conservation Office, 
Dhading 

Raju.Bajracharya@yahoo.com 

16 Resham Bdr. Gurung DDC, Dhading - 

17 Shambhu Thapa Micro-hydro Association, Dhading - 

18 Sher Bdr. Bhandari RMD Nepal rmdnepal@gmail.com 

19 Shiva Adhikari RIMS – Nepal shiva@rimsnepal.org 

20 Silu Khatiwada DDC, Dhading - 

21 Tejendra Bdr. G.C. JVS/GWP Nepal tejendragc@gmail.com 

22 Tirtha Bdr. Thapa DDC, Dhading - 

23 Yadu Lohani DDC, Dhading - 

 
Other key persons contacted during the preparation of the report include Messrs Satis Gautam 
(AEPC/RERP), Purna Ranjitkar (NMHDA), Raju Laudari (AEPC), Suresh Shrestha (AEPC) and Naresh 
Sharma (MoSTE).  
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Annex 2 

 Monthly Rainfall Pattern at Arughat Rainfall Station 
 
 

Year 
Months 

 Annual Jan Feb  Mar Apr May Jun Jul Aug Sept Oct Nov  Dec 

1976 26 3 6 114 266 765 567 706 512 41 3 0 3009 

1977 20 12 37 158 355 522 888 695 258 32 33 46 3056 

1978 26 85 148 115 269 446 667 771 386 116 32 0 3061 

1979 14 82 10 147 67 369 581 642 245 133 60 17 2367 

1980 7 32 81 42 196 216 829 744 355 45 0 10 2557 

1981 51 15 32 134 142 256 915 618 372 2 21 0 2558 

1982 26 56 153 202 118 406 988 1033 321 59 10 0 3372 

1983 15 39 0 86 249 220 580 972 470 140 5 29 2805 

1984 40 17 19 55 242 576 794 515 707 49 0 1 3015 

1985 0 14 26 158 94 351 412 279 169 90 1 24 1618 

1986 0 52 84 136 187 229 469 370 366 67 0 33 1993 

1987 5 17 5 175 223 318 1028 877 189 120 2 22 2981 

1988 0 27 59 40 208 449 700 781 257 0 26 137 2684 

1989 165 30 99 1 269 365 498 630 436 4 2 9 2508 

1990 0 64 67 118 315 648 953 586 366 60 0 2 3179 

1991 31 40 92 42 201 405 746 859 306 3 1 6 2732 

1992 47 48 0 13 108 457 307 448 242 71 19 0 1760 

1993 45 62 42 87 98 447 1078 707 686 77 0 0 3329 

1994 15 49 103 21 118 240 619 793 392 0 20 0 2370 

1995 3 56 113 30 318 1045 599 465 219 86 31 0 2965 

1996 42 23 57 10 40 237 821 1423 834 32 0 0 3519 

1997 14 0 96 131 48 414 169 202 142 70 143 184 1613 

1998 0 5 174 23 191 548 496 762 243 159 0 0 2601 

1999 2 0 0 36 298 452 833 501 540 59 0 0 2721 

2000 3 5 33 54 309 501 536 561 362 5 0 0 2369 

2001 30 32 5 65 488 495 561 429 235 45 3 0 2388 

2002 23 25 6 54 318 411 835 535 197 34 3 0 2441 

2003 4 62 77 50 71 389 940 530 316 0 0 16 2455 

2004 58 0 0 150 231 632 551 483 391 204 6 0 2706 

2005 0 0 51 65 136 97 529 411 240 169 0 0 1698 

2006 0 0 27 15 338 158 380 466 317 23 0 28 1752 

2007 0 125 35 68 63   385 285 336 42 0 0 1339 

2008 9 6 38 82 84 433 666 570 189   0 0 2077 

2012 30 59 4 95 60 515 608 532 313 13 0 0 2229 

Source: AEPC, 2013 

 



38 
 

Annex 3 

 Mean Monthly Temperature Recorded at Nuwakot Station 
 
 

Year 
Months 

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

1984 13.5 17 22.1 24.6 24.8 26.3 25.8 26.4 24.7 24.4 18.7 15.6 

1985 15.2 17.1 23.4 24.5 25.4 26.4 25.2 26.2 25.6 22.6 18.7 16.2 

1986 15 17 20.6 24.1 24.6 26.8 26 25.9 24.4 21.9 19.1 14.2 

1987 14.7 17.3 20 24 26 27.2 26.6 26.8 24.7 22.1 18.9 15.2 

1988 15.3 17 22.7 24.6 26.6 25.6 26 26.2 25.8 23.8 19.4 17.9 

1989 14.8 17.3 23.1 24.1 25.3 26.1 25.7 25.5 25.3 23.9 18.9 15.3 

1990 16.2 16.2 21.9 23.3 25.2 26.5 25.3 25 25.2 23.6 20.5 15.6 

1991 14 17.5 21.8 25.1 25.6 25.8 25.6 25.7 25.5 22.9 19.7 14.8 

1993 13.9 16.5 22.1 24.8 25 26.2 25.4 25.9 24.4 22.8 19.1 15.3 

1994 13.8 16 20.6 21.8 24.6 24.8 25.4 25.3 24.8 22.7 18.9 15.4 

1995 13.7 15.8 20.3 25.4 28.1 25.3 26.1 26.3 25.7 23.8 19.3 15.6 

1996 14.4 16.7 22.3 25.8 27.5 25.7 26 25.9 25.3 22.7 19.6 16.2 

1997 13.8 15.4 21 21.8 25.7 26.2 26.4 26.5 25.4 21.9 19.1 14.3 

1998 14.1 16.6 21 24.1 26.1 27.7 26 25.9 26.1 24.7 19.4 15.1 

1999 14.3 19.5 23 27.8 25.8 26.4 25.7 25.6 25.8 23.1 19.4 16.5 

2000 14.9 15.4 20.1 25.6 23 26 26.1 25.6 24.8 24 20.1 15.5 

2001 14.9 18.2 21.9 25.6 25.5 26.3 26.9 26.6 25.7 23.8 19.8 15.4 

2002 14.6 17.3 21.5 23.6 25.1 26.5 26.3 26.2 25.5 23.3 19.6 16.4 

2003 14.7 16 20.1 24.9 25.5 26.3 26.5 26.9 25.1 23.4 20 15.6 

2004 15.3 16.2 19.8 23.7 25.2 26.1 25.8 26.3 25.1 22.2 19.8 18.3 

2005 16 16.7 20.1 21.5 22.7 25.9 25.1 25.2 25.3 22.1 20 16.9 

2006 15.8 19.8 22.2 24.3 25.7 26.2 26.8 25.4 25.4 22.7 19.9 15.7 

2007 15.4 15.9 21.3 24.3 25.6 26.4 26.1 26.5 25.4 23 20 15.3 

2008 13.7 15.7 21 24.8 25.3 26.5 26.5 26.3 25.8 22.2 19.4 16.7 

2009 16.2 17.4 22.9 25.9 26.3 27.6 26.5 26.3 25.9 23.5 18.3 15.8 

Average 15.4 17.1 21.5 24.16 25.12 26.5 26.2 25.94 25.56 22.7 19.52 16.08 

Source: AEPC, 2013 
 
16 August 2013 
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