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Abstract 
 
The current energy crisis in Nepal clearly indicates that the future energy-demand cannot be met by traditional 
energy-sources. Community-based micro-hydropower operations are considered to be one of the most feasible 
options for energy development. However, the power plant capacity factor remains very low due to limited 
commercial and business opportunities. Generation of hydrogen (H2) from the unutilized power could eradicate this 
problem. This new energy carrier is clean, can save foreign currency and increases the energy-security. The aim of 
this study is to determine the potential of H2 production from excess energy of a micro-hydro project in rural Nepal 
using “HOMER” from NREL. 
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1. Introduction 
Over 85 percent of Nepalese people live in remote areas with limited access to energy. Despite having over 40,000 
MW technically feasible hydropower resources in Nepal, only approximately 700 MW of power has been exploited 
to date. Traditional energy (fuel wood, animal excreta and agricultural residue) provides approximately 85% of total 
energy demand followed by 14.24% from commercial sources (petroleum, coal and large hydropower) while 
renewable energy contributes to less than 1% [1]. About 13% of total energy demand is met by imported petroleum 
products at the cost of about 40% of Nepal’s total merchandize export [2]. Only 40% of total population has access 
to electricity, of which 33% comes from national grid (Hydropower and thermal) and rest 7% comes from renewable 
energy such as micro hydropower and solar energy [1]. Extending national grids to rural areas characterized by 
difficult geographical terrain and high hill mountains is a very difficult option in terms of financing and 
management. Hence, development of decentralized energy systems utilizing the gravity of flowing water is one of 
the most attractive options. In this paper, Handi Khola-I project of Thampalkot Village Development (VDC) in 
Sindhupalchowk district in Nepal is considered as a sustainable energy supply option. A possibility of increasing the 
amount of excess electrical energy is explored along with its proper utilization.  
 
In Nepal, several viable micro-hydropower (MHP) plants were shut down permanently due to the absence of policy 
when national grid was extended to those areas despite their potential to connect to the grid as justified in [3]. 
Moreover, electricity in rural areas is mainly used for lighting due to the lack of access to business and commercial 
activities. So, even a renewable energy system (RES) with small capacity, like MHP, usually generates excess 
electrical energy beyond the peak hours. If not connected to the commercial load, it is usually under-utilized, 
significantly reducing the load factor. Therefore, there should be some mechanisms to store that excess energy for 
later use that could be wasted otherwise. Storage of energy in the form of hydrogen (H2) can be a viable option. The 
produced H2 can be used as the energy carrier. Unlike electricity, H2 can be stored and used later for generation of 
heat and/or electricity. This new energy carrier is clean and has the potential to save foreign currency used for fuel 
import and increase the energy-security of the country. In Nepal, H2 production through excess hydropower energy 
is a viable option to reduce the import of fossil fuel [4]. In our case, we consider to produce H2 using excess 
electricity from micro-hydropower system in rural Nepal without affecting the existing electrical loads. 



 
In this paper, we elucidate that the effective load management in existing micro-hydropower projects can increase 
the excess energy which can be used for H2 production. HOMER [5], a computer model from National Renewable 
Energy Laboratory (NREL), was used for modeling, analysis and for estimating hydrogen production for the project. 
Homer is freely available and capable of modeling conventional and renewable sources, different kinds of loads and 
storage devices. The built-in optimization and sensitivity analysis algorithms of the same can be used to evaluate 
economic and feasibility analysis. 
 
2. Micro Hydropower (MHP) development in Nepal 
In Nepal, micro-hydropower systems are considered to range from 1-100kW. There were 2065 micro-hydropower 
systems in operation with an installed capacity of more than 14,000 kW in various parts of the country as of 2003 
[6]. Among them, 1504.4 kW power is generated from peltic, 5529.6 kW are from non-peltic, and 7076.5 kW are of 
mechanical type including water wheels.  As over 60% population still lacks access to electricity, there exists a large 
hydropower potential and an ever increasing market for micro hydropower systems in rural Nepal.  
 
Micro-hydropower systems not only provide electricity for lighting but also create several rural enterprising 
opportunities. Chhetri et al. evaluated the sustainability of energy produced from micro-hydropower systems in 
Nepal [7]. It was shown that the development of decentralized renewable energy systems such as MHP provides 
economically feasible and environmentally friendly solution in rural areas. Several local enterprising opportunities, 
such as, saw mills, hauling and grinding mills, poultry farming, photo processing, electronic repair and maintenance 
centres, enhanced the livelihood of local people in Thampalkot VDC. Micro-hydropower offers significant 
environmental benefits replacing the foreign imported kerosene for lighting. Eliminating kerosene burning will 
reduce the carbon dioxide and other greenhouse gas and particulate matter emissions [8]. Micro-hydropower 
systems can be easily integrated with the agriculture development and flood control in middle hills and mountainous 
region of the country. This will not only help reduce the foreign dependency on fossil fuel but also help build the 
local economy maintaining a clean environment. 
  
3. Handi Khola-I MHP at Thanmpalkot VDC, Sindhupalhowk 
Thanmpalkot VDC is located in Northern part of Sindhupalchowk district, north east of the capital city, Kathmandu. 
Temperature is sub-tropical in the flat plain and middle hills and cool in the high hills of the VDC. This VDC has 
almost 3000 population according to 2001 census. Primary energy source for the village is fuel wood and crop 
residue. Over 89% of the household use traditional three stone stove for their cooking. The VDC has kerosene 
consumption of 0.33 litres per month per household [9]. Introduction of 26 kW micro-hydropower system (Handi 
Khola–I) in the VDC has significant positive economic and environmental impact in the area. Community managed 
micro-hydro operations in Thampalkot VDC in Nepal were found to be economically sustainable due to the 
introduction of several commercial and economic activities as shown in Table 1 [7]. However, the load factor could 
still be increased utilizing the excess energy generated. This incremental energy from load management can thus be 
used to cover additional load requirements.   
 

Table 1: Other Activities after community owned MHP installation (after [1]) 

S.N. Name of   Activities Capacity     
(kW) 

Operation 
hours 

 Energy Consumption  
(GJ/year) 

1 Laxmi Saw Mill 4 3 14 
2 Dorji Saw Mill 4 3 14 
3 Elect. Agro processing Mill 8 3 21 
4 Battery Charger 11 12 90 
5 Poultry Farming (3 Nos.) 0.2 8 6 
6 Photo Studio 0.3 2 1 
7 Radio TV repair centre 0.4 2 1 

Total 27.9   148 



 
4. Modeling and analysis of base case 
In this section, detailed discussion on modeling and analysis are presented. Based on HOMER, the proposed H2 
energy production using excess electricity has also been discussed.   
 
4.1 Base cases  
Model of current Thanmpalkot VDC micro-hydropower is defined as the base case and is shown in Figure 1. As 
depicted in the figure, only electric generator (using turbine and hydropower resource) and electrical load is enough 
to define the base case. Other parameters related to resources, loads project lifetime, interest rate, etc., are user 
definable. In the following paragraphs, the modeling steps are described in greater details.  
 

 
Figure 1: The base case 

4.2 Modeling of load  
Considering each of the 271 households using two 40 W bulbs for lighting and the industrial and commercial loads 
described in Table 1, a synthetic hourly load profile is developed. It is to be mentioned that 5% transmission and 
distribution loss is considered for effective total load calculation. The hourly load input from Table 1 is designated 
as baseline load.   

Moreover, to incorporate randomness in the baseline load in Homer, 5% day-to-day and 5% time-step-to-time-step 
variability is allowed. Part of the resulting daily load profile is shown in Figure 2. Due to incorporating randomness, 
the peak-load became 28.9 KW that is more than the installed capacity. That, in turn, signifies that sometime the 
system may not meet the electrical demand which is not the case in practice. Still, the load profile was maintained 
this way to consider future load growth. For example, from the field experience it is known that most of the people 
in Handicola-I project area use lights only for 2 hours in the evening, but, in our model 14 hours of usage of light-
bulbs is considered to incorporate future changes in life-style due to electrification as it happened in other cases [10]. 
So, our load is quite conservative that incorporates worst case scenario.  

 

 
Figure 2: Hourly load profile for base case model using HOMER 



4.3 Modeling of hydro resource 
Apart from load, it is necessary to define the hydropower resource for modeling that includes capital cost, 
replacement cost, operation and maintenance (O&M) cost, and life time of the project. The corresponding values for 
this project are 2935970 NRs, 2935970 NRs, 86400 NRs/yr, and 30 years, respectively. The capital cost for the 
project includes subsidy from the government. Replacement cost is considered to be equal to the capital cost and 6% 
interest rate is assumed. For the turbine, 36 m head is used.  
 
To complete the model, available flow rate through-out the year has to be defined. It was considered that 92 L/s 
average flow rate is available at all seasons which gives 25 KW electrical output power.   
 
4.4 Results for Base Case 
The following key observations are made from the results obtained using the base case model: 
•  The generator capacity is sufficient to meet the current load in general but, though negligible, suffers to meet the 

peak demand due to incorporating randomness in the load profile. 
• Levelized cost of energy (LCoE) is 2.11 NRs and 2.34 NRs, excluding and including cost of light bulbs, 

respectively.    
• Net present cost (NPC) and O&M cost are 4474913 and 119326 NRs respectively. The cost of each conventional 

bulb (40 W) is 25 NRs and life-time of the same is 750 hours are considered for calculation. Moreover, daily 5 
hours usage of each bulb for 365 days signifies 2.43 bulbs are to be replaced annually.  

• Most importantly, the system produces 67049 kW-h or 30.9% excess electrical energy annually. This excess 
energy is not used in any way and lost, which is not justifiable where the country is energy-deficient. Moreover, 
the amount of excess electrical energy can be increased using efficient light bulbs. 

 
4.4.1 Use of Efficient lights  
If all the conventional bulbs are replaced with efficient compact florescent lights (CFL, 13 W at 200 NRs each) 
considering other model parameters unchanged, the NPC, O&M and LCoE become 4040452, 86400 and 3.09 NRs 
excluding CFLs from the system and 4564567, 118920 and 3.49 NRs including CFLs with the system, respectively.  
Same usage pattern like before requires replacement of 0.30 bulbs for each CFL annually.  
 
Using CFL greatly enhance the amount of additional energy (114480 kW-h/yr or 52.8%). However, as the produced 
energy is not properly utilized, the cost of energy increased without bringing any benefit. So, to get the benefit of 
CFL usage, this excess energy should be utilized in one way or the other. In the following sections, we consider to 
utilize it for H2 production.  

 
4.5 Hydrogen production  
H2 production is considered a very important energy option because of its high energy content, environmental 
compatibility and ease of storage and distribution. It is a non-toxic and clean energy career. The use of H2 in the 
transportation sector can reduce large portion of greenhouse gas emission related to this sector.  
 
The excess energy available in this micro hydro project area can be used for H2 production as there is no other load 
requirement in the project area. The produced H2 is a clean energy carrier and can be used for electricity, heat 
generation or run vehicles [11]. Most importantly, the new energy carrier is clean and increases the energy security 
of the country.  
 
Electrolysis is the best option for producing hydrogen very quickly and conveniently. It is considered the most 
promising technology for small scale hydrogen production. The theoretical energy consumption is 39.4 kWh/kg or 
3.54 kWh/Nm3 of hydrogen [4]. If we consider 75% efficiency of the electrolysis process, the possible hydrogen 
production is 2179 kg/yr from Handi Khola- 1 MHP alone.  

The schematic diagram of the model for hydrogen production is shown in Figure 3 below. We considered that 95% 
of the hourly excess electrical energy is converted to H2 by the electrolyser with 75% conversion efficiency. 
Moreover, very small amount of fluctuation is incorporated in the load profile as before.  

The optimum system calculated by HOMER is composed of a 16 kW electrolyser without any H2 storage-tank that 
produces 2053 Kg/yr hydrogen. The economic analysis of the system is not acceptable as we have to store the 



produced hydrogen but used as H2 load instead. However, the amount of produced hydrogen is close to the 
calculated H2 production considering 75% efficiency of the electrolyser. So, the corresponding hydrogen storage 
requirement and economic parameters are calculated based on a 16 kW electrolyser in the system.  
 

 
Figure 3: Model for hydrogen production 

 

Further scrutiny of H2 production with 16 kW electrolyser reveals that daily average production is 5.6226 kg with 
occasional maximum of 6.179 kg/day and minimum of 4.896 kg/day. So, for storage of produced hydrogen 7 kg 
tank can be used for daily delivery. The economic parameters are calculated based on the 7 kg storage tank 
considering 98000 NRs/Kg capital cost, 98000 NRs/kg replacement cost, 15000 NRs/yr O&M cost and 15 years life 
span. All the other cost parameters are same for this calculation and the same procedure is used as Homer. Based on 
the above parameters and following the procedure used by HOMER, the levelized cost of energy and the cost of H2 
become 6.067 NRs/kWh and 319.10 NRs/kg, respectively, which are quite high. However, if the cost is divided 
according to fraction of total energy used for load and for H2 production the same figures become 2.85 NRs/kWh 
and 169.13 NRs/kg, respectively. It is believed that huge benefits of using hydrogen as energy carrier outweigh the 
little increase in energy cost which can be kept within end-users capacity through proper policy and subsidy. 

 
5. Conclusion  
 Nepal fulfills its energy demand through import. Though, it has huge potential of hydroelectricity production and 
community based microhydro production is in operation in many places in Nepal, the capacity is underutilized in 
most cases. In this study, H2 production potential of one such project was considered. A HOMER model was 
developed and the optimum settings for the project were identified accordingly. About 2000 kg of H2 production is 
possible annually at 170 NRs/kg. The H2 market is not ready yet but, considering energy security of Nepal, these 
kinds of projects are highly recommended. Uncertainty, sensitivity and risk analysis of H2 production from 
microhydro projects are to be studied for better understanding. 
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