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Abstract 

This study has been conducted as a Minor Field Study (MFS) and focuses on the electrification 
process of Rayal, a remote village in the Far Western Development Region of Nepal. The purpose of 
the study was to investigate the possibilities of providing electricity based on renewable energy 
resources to Rayal, both from a technical and a socio-economical point of view. Preliminary research 
in Sweden was complemented by a field study in Rayal between February and April 2013. Wind 
power, solar power and micro hydro power were investigated as potential sources of energy. Wind 
power was considered as unsuitable, due to the low wind speeds in the village as well as poor 
infrastructure in the country. Solar power and micro hydro power were both calculated based on 
three different demand scenarios. The results indicate that, depending on the demand and payment 
ability of the villagers, both solar and micro hydro power could be considered as good options. Solar 
power is, however, only economically feasible for covering the basic needs of lighting. At higher loads 
micro hydro power is more economically viable. Excess electricity could be utilized by community 
facilities, to improve education and health. Alternatively, it could be used to power electrical 
agricultural equipment which could improve productivity and hence stimulate economic growth in 
the village.  
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Sammanfattning 

Denna studie har utförts i form av en Minor Field Study (MFS) och fokuserar på hur en elektrifiering 
skulle kunna ske av Rayal, en avlägsen by i Far Western Development Region i Nepal. Syftet med 
studien är att undersöka vilka möjligheter som finns för att elektrifiera Rayal med hjälp av 
förnyelsebara energikällor, både ur ett tekniskt och från ett socio-ekonomiskt perspektiv. De tre olika 
teknikerna som har undersökts är vindkraft, solkraft samt småskalig vattenkraft. Vindkraft har 
uteslutits som lämpligt alternativ, på grund av för låga vindhastigheter i byn, samt bristande 
infrastruktur i Nepal. Solkraft och vattenkraft har undersökts utifrån tre olika behovs-scenarion. 
Resultaten visar att, beroende på efterfrågan och betalningsförmågan hos byborna, kan både sol- 
och småskalig vattenkraft betraktas som lämpliga alternativ. Solkraft är dock endast ekonomiskt 
försvarbart vid mindre projekt, som täcker det grundläggande behovet av belysning. Vid ett större 
behov är småskalig vattenkraft en mer ekonomisk lösning. Detta ökade behov skulle till exempel 
kunna vara samhällsförbättrande anläggningar, för att höja utbildnings- och hälsonivån. Ett annat 
ökat behov skulle kunna vara elektriskt drivna jordbruksmaskiner för att förbättra produktiviteten 
och därigenom stimulera den ekonomiska tillväxten i byn.  
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1 INTRODUCTION 
Nepal, with its 30 million inhabitants, is one of the poorest countries in the world and considered to 
be the 30th lowest ranked country according to the Human Development Index 2011 (UNDP, 2011). 
Nepal has one of the world’s lowest electricity consumption levels per capita, with only 56 % of 
Nepal’s population having access to on- or off-grid electricity (UNDP, 2012). The country also has a 
major problem with up to 16 hours per day of load shedding. This is despite having one of the world’s 
largest potentials for hydro power (The World Bank, 2013). 

The correlation between poverty and access to electricity has been clearly shown in numerous 
research articles (UNDP, 2011). In order to decrease Nepal’s poverty and improve the living 
conditions of its population, the government of Nepal started an institution in 1996 called the 
Alternative Energy Promotion Center (AEPC). Their aim is to make electricity based on renewable 
energy resources accessible for more people and regions (AEPC 2012). However, since a significant 
part of the country’s population live in rural areas without electricity, their work takes time. One of 
these villages which still does not have an adequate amount of electricity is Rayal, located in the Far 
Western Development Region of Nepal. By investigating the village’s different technical, economic 
and social potentials concerning electricity generation from renewable energy resources, this study 
has found that a faster, but still sustainable, introduction of electricity might be possible. The findings 
also have the potential to be applied in similar electrification projects, mainly in Nepal. 

In order to present the findings of this study in an adequate way, the outline is the following: First, 
some general facts regarding Nepal are described. Thereafter the purpose, objectives and 
methodology used in the study are presented. Further on the importance of a sustainable 
electrification process is introduced. Following is a description of previous electrification projects in 
Nepal as well as a documentation of the case study in Rayal. After that an estimation of electricity 
demand is made. The technical and economic aspects of the different renewable energy resources at 
hand are then presented. Finally the study ends with a presentation of the result, an analysis and 
discussion about its findings as well as which conclusions and further research that might be done. 

 Background 1.1
Nepal is located between India and Tibet in China. It has three different ecological regions: the 
mountain area, the hilly area and the lowland called “terai”. Nepal is also divided into five 
development regions, as seen in Figure 1: Eastern Development Region, Central Development 
Region, Western Development Region, Mid Western Development Region and Far Western 
Development Region.  
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Figure 1: Map over Nepal with its 5 Development Regions (Nepal Mountain News, 2012). 

Nepal is also divided into 75 districts. Each district has a District Development Committee (DDC), and 
is also divided into different municipals and Village Development Committees (VDC). This is shown in 
Figure 2 below. 

 

Figure 2: Structural chart over local governance bodies (United Nations- ESCAP, 2003). 

The local governance is managed in a two-tier system, where the DDC is the higher level and the VDC 
and municipals are the lower level, reporting to the DDC. Each VDC and municipal also consists of 
different wards (United Nations- ESCAP, 2003). 

Nepal has two different wet seasons, where the one between June and September is the most 
prominent one, corresponding to about 80% of the annual rainfall (WECS, 2011). The dramatic 
differences in altitude and the effects of the severe rainfalls, leaves Nepal with some logistical 
difficulties. This hinders the expansion of Nepal’s infrastructure and thereby also the standard of 
living. Still recovering from effects of the decade-long civil war, which ended in 2006, and with a 
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political instability due to the difficulties of agreeing on a new constitution, little progress has been 
made in stimulating growth and infrastructure (The World Bank, 2013).  

A majority of the population in Nepal lives in agricultural households in rural areas with little or no 
access to social services such as health care, water supply, education, roads and electricity. The 
number of Nepalese living below the poverty line is over 30%. The highest concentration of the poor 
population is found in the Mid Western and Far Western Development Regions, with more than 40% 
living under the poverty line in these areas (Rural Poverty Portal, 2012).  

Bajhang is one of the remote districts in the Far Western Development Region of Nepal, sharing its 
northern borders with Tibet. The agricultural production has shown a decreasing trend, mostly 
because of low rainfall, which is possibly connected to climate change. In addition, the government 
development departments are less effective in delivering services and goods on a regular basis in 
different sectors such as health, sanitation, electricity and poverty reduction. This results in that the 
living standard in the region has not improved and is still below the poverty line (Malla, 2013). 

The idea of a Master’s thesis investigating possibility of providing electricity from renewable energy 
resources to Rayal came about through many discussions between Dr. Katak Malla and Jonas Anund. 
Dr. Katak Malla was born in Rayal; one of the villages in the Bajhang district. Katak Malla is a Doctor 
of Law (LLD) in the Public International Law at Stockholm University, as well as a senior researcher 
with a focus on environment, climate and water. He first came to Sweden in 1991 to study and later 
married. His wife’s cousin is Jonas Anund, a Ph.D. student at Kungliga Tekniska Högskolan (the Royal 
Institute of Technology, KTH) within the Department of Energy Technology. Malla and Anund’s vision 
is that this study will be a first step towards improving the quality of life for the habitants of the 
village, and later also for the surrounding areas. 

 Purpose 1.2
Introducing electricity to the village of Rayal is believed to improve the habitants’ quality of life. In 
order to make the implementation of electricity sustainable it is important to investigate which 
potential different energy resources might be viable in this area. It is also important to look at which 
social and economic impacts this might have on the village, both from a short and long term 
perspective. Since Nepal is severely affected by climate change (Department for International 
Development, 2010), and the village as a whole does not have access to electricity, the technical 
focus should be on renewable energy resources which will not further aggravate the situation. Also, 
from a socio-economical point of view, a non-renewable energy resource might have a negative 
effect both on the villagers’ health as well as their economy. 

A number of studies have already been made regarding renewable energy resources and 
electrification systems in rural areas of Nepal. To mention a few, Rijal (1999) discussed the positive 
impact of implementing technologies using renewable energy resources, not only at household level 
but also how it has helped to support the economic productivity for entire mountain communities in 
Nepal. Cromwell (1992) described the success micro hydro power technologies have had in Nepal 
over the last 20 years. Zahnd and Kimber (2009) emphasize the remote and rural villages in Nepal 
and their living conditions, as well as describe which benefits could be found with simple 
electrification systems. However, despite numerous initiatives and studies regarding renewable 
energy resources in Nepal, no specific study has yet been done in the village Rayal. Furthermore, 
even though AEPC are continuing their work, at the time of writing there is nothing indicating that 
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they will come to Rayal. Therefore, in order to fill this gap, the main purpose of this study is firstly to 
investigate the possibilities of getting electricity from renewable energy resources to Rayal village, in 
the Bajhang District of the Far Western Development Region, Nepal, both from a technical and a 
socio-economical point of view, and secondly to conclude which of these findings could be applicable 
in other electrification projects in rural villages.  

In order to fulfill this purpose this study aims to answer the following questions: 

• Which technical solutions for electricity production from renewable energy resources are 
applicable for the village Rayal? 

• Which different costs are involved in these different technical solutions? 
• What social impact might an introduction of electricity have on the village?  
• Which of the findings made in Rayal can be applied to other electrification projects? 

 
The findings of this study provide an overall analysis of the specific conditions for Rayal in terms of a 
possible electrification. It also gives a recommendation on how to proceed if an actual electrification 
project in the village should be realized, as well as discussing which of the findings could be useful in 
other villages. Since this report is presumed to be of interest for an international audience, all 
currencies have been converted to US Dollar ($).  
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2 METHODOLOGY  
In order to answer the research questions stated above, this study was conducted using an 
experimental case study methodology (Collins & Hussey, 2009). The five main stages of the case 
study methodology were divided into a process consisting of three different phases: a pre-study in 
Sweden, a field study in Nepal and a summarizing phase in Sweden. The purpose of the pre-study 
was to gain deeper knowledge about different topics relating to the aim of this thesis: electricity 
production, renewable energy resources, rural electrification, Nepal, and the village Rayal. By 
becoming familiar with these topics, the conditions for the field study were ameliorated. The field 
study in Nepal was then conducted in order to investigate the actual possibilities of electricity 
production from local, renewable energy resources in Nepal and especially in the village Rayal. The 
purpose of the final phase was then to analyse and summarize the information collected during the 
pre-study and the field study. The different phases are further explained below. 

 Phase 1 – Pre-study in Sweden 2.1
During the pre-study in Sweden information was gathering through a literature review as well as 
interviews with multiple parties. The aim of the literature review was to gain knowledge of earlier 
studies regarding rural electrification, both in Nepal as well as in similar areas in the world. This 
contributed to a better understanding of the positive effects access to electricity can have in 
developing countries and also how it can affect the economy of a community. The literature review 
also assisted in developing a general knowledge of the different technologies normally used to 
provide electricity in rural areas.  

The interviews were conducted with the companies E.ON, Holtab, Sweco, WSP, as well as the 
organization Tukee Nepal. The purpose of these interviews was to gain knowledge of how to 
implement electricity in a rural village. From these interviews came additional information regarding 
small-scale electrification using renewable energy resources, discussions about which parameters to 
investigate in Rayal, as well as different methods regarding the implementation of electricity. A more 
profound knowledge concerning the situation in Nepal and the village of Rayal was obtained through 
discussions with Dr. Katak Malla. All interviews were performed in person or by telephone, and the 
questions were asked in a semi-structured way (Collins & Hussey, 2009). 

 Phase 2 – Field Study in Nepal 2.2
The methods used during the field study in Nepal were interviews, observation studies, as well as 
experiments. In accordance with the methodology, these methods were sometimes combined, hence 
data triangulation was used (Collins & Hussey, 2009). The initial part of the field study was mainly 
focused on learning more about the culture and history of the country. Thereafter, various interviews 
were held with the AEPC, the energy consultant company Forum for Energy and Environment 
Development Pvt. Ltd (FEED), the Center of Energy Studies (CES) at Tribhuvan University, Tukee 
Nepal and the United Nations Development Programme (UNDP). These interviews were held in order 
to gain a deeper understanding of previous projects implemented in the country, the kind of 
technologies and costs applicable in those cases as well as general information regarding Nepal and 
its energy situation. Shorter interviews, with an interpreter, were also made during the visits to 
different villages. All interviews were performed in person and the questions were asked in a semi-
structured way (Collins & Hussey, 2009).  
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Minor observation studies were performed in two different villages, which have already received 
access to electricity. The first village, Jyamrung, was located six hours north-west of Kathmandu, in 
the Dhading district. The second village, Jhota, was located approximately 3-4 kilometers east of 
Rayal, in the Bajhang district. Both of these villages and Rayal are of approximately equal size, hence 
motivating the choice of these two villages. The observation studies were performed in order to see 
which technical solutions for electricity production had been chosen, how these were implemented 
and operated as well as the socio-economic effects that access to electricity has had on these 
villages.  

In Rayal the field study began with mapping the location of the houses that belonged to the village. 
Subsequently, different experiments were performed, in order to estimate the sizes of the water 
resources observed in the village. Later, observations were made of the number of solar hours as 
well as the existing infrastructure, including to what extent some of the villagers already had access 
to electricity. 

In order to facilitate the work during the summarizing phase, the entire field study was documented 
through photographs, videos and a diary. 

 Phase 3 – Summarizing in Sweden 2.3
Back in Sweden the first task was to structure and summarize all the information gathered in Nepal. 
All the information was then analyzed in order to see where additional information needed to be 
obtained by further literature reviews. Parallel to this, discussions were held with some of the 
Swedish companies regarding the received information, in order to screen certain data. Some of this 
data was used as input values in the energy modeling software HOMER (HOMER Energy, 2012). 
Other results were calculated with help from the Swedish companies. Finally all the results were 
analyzed and conclusions were drawn. 

 Limitations 2.4
One limitation with the chosen methodology was that there was only one opportunity during a 
limited amount of time to undertake each phase. This meant that after leaving Sweden the absence 
of communication possibilities made it difficult to gather further information when needed. It also 
meant that additional information and measurements from Rayal were difficult to obtain once back 
in Sweden. Hence, in order to minimize such problems, the background research in Phase 1 as well as 
the planning and preparations for the field study were performed as meticulously as possible.  

Another limitation was the cultural and linguistic differences. Consequently, some interpretations 
during the interviews may have been incorrect. However, since similar questions were asked during 
many of the interviews the comprehensive picture can be assumed to be accurate.  

A further limitation is the accuracy of the experiments performed in Rayal. Since there was no 
possibility to bring advanced measuring equipment to the village, the results from the experiments 
undertaken should not be seen as precise data but rather as an indication of the capacity of the 
water streams. 

 Delimitations 2.5
Due to time and resource constraints, this study does not cover all possible aspects that could affect 
an implementation of electricity in Rayal. Firstly, this study does not cover how such a project should 
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be funded. Secondly, the political situation in the country as well as in the district of the village is not 
taken into consideration. Thirdly, the payment ability of the villagers, both for the investment cost 
and the monthly operating costs, is outside the scope of this study. Clearly, further research is 
needed before an actual electrification of Rayal could be realized. This would also apply to any other 
electrification project with the intention to use the findings of this study. 
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3 A SUSTAINABLE ELECTRIFICATION PROCESS  
Today there are approximately 1.5 billion people in the world living without access to electricity. This 
corresponds to approximately 25% of the world’s population (The World Bank, 2013). A significant 
majority of these people live in rural areas. Instead of electricity, these regions use traditional 
biomass for heating and cooking, which both increases CO2-emissions as well as have a negative 
impact on health (IAEA Bulletin, 2002). In Nepal, 80 % of the energy consumption is based on 
traditional biomass, mostly consisting of firewood (UNDP, 2012). 

A significant challenge for most developing countries is to increase the national energy supply and to 
provide electricity to the rural areas. Not only does access to electricity have the potential to improve 
the quality of life for the inhabitants, but it is also an important aspect in order for a country to 
reduce poverty and increase its industrial activities (IAEA Bulletin, 2002). However, in order for an 
electrification project to have a positive outcome, some important aspects need to be considered. 
Some of these aspects will be presented in this section. 

 Benefits with electricity 3.1
One of the major benefits for a rural village of getting access to electricity is that the economic 
activities in the area can increase significantly (Mainali, 2011). This is confirmed by a study performed 
in Nepal by the UNDP and the AEPC, through the Rural Energy Development Programme (REDP), 
concerning the impact of rural electrification (UNDP, 2012). The study showed three things: firstly, 
one year after the households received access to electricity, the household income increased by 8 %; 
secondly, the households with access to electricity needed to spend approximately 50 % less money 
on energy than non-electrified households; thirdly, for each micro hydro power plant installed, about 
40 new small-businesses were created (UNDP, 2012). 

The majority of the rural villages in Nepal depend on small-scale agricultural work for their income. 
Since this type of work is very time consuming, often the entire day is needed. With access to 
electricity, rural villages have a chance to prolong their productive time without being limited by 
daylight hours. Non-income generating household activities, such as sewing, knitting, repairing and 
studying, can thus be performed during the evening instead of using valuable time during the day. 
Access to electricity thereby results in more income generating time during the day, since it can be 
concentrated solely on the agricultural work (Sapkota, 2013). 

Since a majority of the rural villages survive on small-scale farming, increased agricultural 
development has the potential to stimulate economic growth (Kaya et al, 2013) and is an effective 
tool for long term poverty reduction (Fan et al, 2000). One way to increase the agricultural 
productivity is by implementing an irrigation system. Studies have shown that the stability that 
irrigated farming provides, can increase the yield per area by up to 100-400% compared with the 
more unpredictable rain-fed farming (IPTRID, 1999). Another way to increase the efficiency of 
agricultural work is to improve the mechanization. Today most rural villages have a blacksmith, see 
Figure 3, which is the main provider of the basic agricultural hand tools. By improving the agricultural 
appliances, time can be saved. This extra time could be used to undertake daily chores, or to start 
new, income generating activities. Improvements could either be performed by refining the 
mechanical design of existing appliances, or even more significantly, by implementing electrical 
appliances. Some examples of electrical appliances which would increase the productivity are mills, 
grinders and irrigation pumps (Tech Monitor, 2009). 
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Figure 3: A blacksmith with a work in progress. (Beck & Schött, 2013) 

Access to electricity has also shown to be especially beneficial for the women. This is partly because 
electricity leads to improved child and maternal health, as well as increased possibilities to 
participate in the socio-economic life of the village. Furthermore it has been seen that, especially for 
girls but also in general, the school enrolments increase in villages that have received electricity 
(UNDP, 2012). 

 The advantages of using renewable energy resources 3.2
There are a number of reasons why using renewable energy resources is preferable in electrification 
projects located in rural areas of Nepal. Notably, there are well developed technologies concerning 
renewable energy resources, it is more reliable and it is less expensive than trying to connect to the 
national grid. It is also better for the environment and better for peoples’ health (UNDP, 2012).  

Many of the rural villages in Nepal do not have the possibility to be connected to the national grid in 
the near future. However, even if a connection to the national grid were to be physically possible, the 
isolated location, the low electricity load and the limited payment ability of the consumers make this 
type of connection very expensive compared to an off-grid solution (Karki, 2004; Mainali and Silveira, 
2011). Using off-grid electricity is often also more reliable, since the national grid in Nepal has major 
problems with load shedding (UNDP, 2012). Off-grid electricity using renewable energy resources 
gives the villages the possibility to use non costly, local resources, such as hydro, solar and wind 
power (Miller and Hope, 2000). Since many of the rural villages are quite isolated and situated in 
harsh terrain, transportations of fossil fuels to the villages is often both physically difficult and very 
expensive. In addition, Nepal is already experiencing a lack of fossil fuels, and it is therefore not a 
sustainable option to create an even greater demand than what exists today (Mainali, 2011). 
Therefore providing off-grid electricity from renewable energy resources is a much better alternative 
than electricity from fossil fuels. In particular, solar and micro hydro power have been found to be 
suitable for the conditions in rural areas of Nepal, and are commonly used technologies in the 
country. Therefore these technologies have also become well adapted and further developed for 
Nepal’s market and environment (Mainali, 2011). 
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The environmental aspect is also important to consider for Nepal since the country is severely 
affected by climate change. Nepal is one of the world’s most disaster-prone countries and has 
increasing problems with droughts, floods and landslides (Department for International 
Development, 2010). Today, most of the people in the rural areas of Nepal are using traditional 
biomass for cooking and lighting. To replace biomass with technologies based on renewable energy 
resources would be better for the environment. From a global perspective it would be better since 
the CO₂-emissions are reduced, and from a local perspective it would be better since a reduced 
consumption of firewood would decrease the problems with deforestation (UNDP, 2012). Decreasing 
the usage of firewood also ameliorates the level of health, since the indoor air is significantly less 
polluted (Zahnd and Kimber, 2009). 

 Energy poverty 3.3
Before a village has access to electricity, it is defined to be in energy poverty. There are, however, 
many definitions of energy poverty. In addition to the definition that measures the physical access to 
electricity, there is also a definition that measures the financial possibility to pay for energy. This 
study uses the latter definition. If an over-sized electricity system is implemented, the villagers risk 
increasing their demand without understanding the increased costs that follows. This would lead to 
an excessive part of their income being spent on electricity, hence ending up in energy poverty. From 
a long term perspective, this harms the economic development of the area, which an in-depth 
assessment might have prevented (United Nations- ESCAP, 2012). Such assessments are important in 
order to create an electricity system that meets the actual demand for each individual village, and 
avoid the potential risk of creating more problems than improvements. One of the critics against 
most large scale energy programs has been that their electricity projects lack this kind of in-depth 
assessments, and instead increase the risk of ending up in energy poverty (Monroy and Hernández, 
2005). 

 Community based ownership 3.4
Ever since Hardin (1968) published his influential article “The Tragedy of the Commons”, it has been 
well established that community based ownership of a limited Common Pool Resource (CPR) is 
working poorly. Instead, it has been thought that all management of common property should be 
privatized or regulated by government. However Nobel laureate Elinor Ostrom’s prize winning 
research significantly challenged this opinion. Ostrom has, both through her own case studies 
concerning CPR, as well as by comparing other case studies, shown that in most situations local 
communities actually have been managing CPRs successfully. While her research did find some cases 
where community based ownership has not been as successful, she identified causes to explain its 
failures (Economic Sciences Prize Committee, 2009). 

Her research showed that a few aspects are shown to be especially important in order to achieve 
successful community based ownership, to avoid overexploitation of the CPR, and to ensure future 
sustainability. One of these aspects is the implementation and design of rules in order to avoid 
overexploitation of the CPR. The rules need to be carefully designed, monitored and carried out, 
regulating both time and quantity usage. The rules also need to have sanctions if not followed. If this 
is managed by the users themselves, it is more likely to succeed. 

Another important aspect is the norms and mind set in the community. If there are too many 
individuals in a group who are not willing to initiate reciprocal cooperation, the community based 
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ownership will most likely not be successful. To ensure that all individuals work for the community’s 
best interest and follow the rules, it is therefore important to create incentives to do so, by ensuring 
that the perceived benefits are greater than perceived costs. If the CPR generates something seen as 
valuable, the benefits will be perceived greater. If the resource is seen as an important part of the 
community’s livelihood, as well as if the long term sustainability of the CPR is highly valued, the users 
are more likely to follow the restrictions set up and see the benefits from them. However, if there are 
many diverse opinions and interests, if the users do not have knowledge of the CPR’s dynamics, or if 
the CPR is very complex, the costs will instead be perceived as higher (Ostrom et al, 1999). 
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4 PREVIOUS ELECTRIFICATION PROJECTS 
The aim to increase access to electricity in rural areas has been of major importance in Nepal for 
more than 40 years. During the last couple of years renewable energy technologies have been 
playing a prominent role in this electrification process. (Mainali & Silveira, 2011) Therefore, there are 
many previous electrification projects where renewable energy technologies have been used, which 
could be of interest for this study. In order to gain a greater understanding about these experiences, 
three methods were employed. One was observation studies, which were made in the two villages 
Jyamrung and Jhota, see Figure 4. The other two were interviews and literature studies, through 
which information was gathered regarding rural electrification programs conducted in Nepal. The 
facts presented in Section 4.1 and Section 4.2 is based on the observation studies if no other source 
of reference is presented. 

 

Figure 4: Map over Nepal, indicating the capital Kathmandu and the two rural villages Jyamrung and Jhota (Nepal 
Mountain News, 2012). 

 Jyamrung 4.1
Jyamrung is one of the VDC’s located in the Dhading district, North West of Kathmandu. The VDC has 
around 10 000 inhabitants and is divided into several small villages, where one of the villages has the 
same name as the VDC. The village Jyamrung has around 300 inhabitants, with small scale agriculture 
as its main source of employment and income. It is situated 40 minutes’ walk from the main road, 
including crossing a suspension bridge. Ram P. Sapkota, the founder of the NGO Tukee Nepal, 
originally comes from the village Jyamrung. Tukee Nepal, which has both a Nepalese and Swedish 
filial, was established in 2005 with the aim to improve the living conditions for the villagers in 
Jyamrung. So far, it has contributed with funding and implementing different projects in the village. 
One of these projects has given the village access to electricity through micro hydro power. 

CHINA 

INDIA 

Jhota 

Jyamrung 
Kathmandu 
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4.1.1 The electrification project 
The electrification project started in collaboration between Tukee Nepal, the Swedish electrical 
company Holtab and the villagers in Jyamrung. The introduction of electricity was implemented in 
three phases. In the first phase the poorest households were given solar panels. In the second phase 
the micro hydro power plant was built and 120 households were connected. In the third and last 
phase, the remaining houses got connected. Today all together 140 households are connected and 
have access to electricity. The micro hydro power plant took in total two years to build from concept 
to finished product, and has now been in operation for additional two years. Since the villagers 
contributed with labor during the building phase, it was important to make sure that this did not 
collide with any of the harvesting or planting periods. (Sapkota, 2013) During the construction of the 
micro hydro power plant, Holtab also gave two men practical experience and training in how to 
operate and maintain the plant. In addition to that, an official one week training was conducted after 
the micro hydro power plant was finished. (Fohlin, 2013) 

The micro hydro power plant has a drop of approximately 50 meters, but since the water stream 
gives an irregular water supply due to the shifting seasons, the capacity of the plant is only around 3 
kW, calculated from a flow rate of 9 l/s. In order to give the entire village access to electricity, it is 
necessary to use LED lamps, since normal light bulbs would consume considerably more electricity. 
(Sapkota, 2013) Per household, the micro hydro power plant’s capacity is enough to cover a demand 
of two LED lamps and a wall socket to recharge cellphones. It also covers some LED lamps located 
outside in the common areas and in the toilets. The capacity of the micro hydro power plant is 
however not sufficient enough to cover the demand of the health center. Instead, a separate solution 
consisting of a large sized solar panel has been installed, in order to run their refrigerator used for 
storing vaccines and medicines.  

4.1.1.1 Operating cost 
In order to cover the salary for the operators, each household pay a small, monthly fee for their 
electricity. This amount is based on how many lamps they use, where each lamp costs 0.2 $/month. 
This fee is however less than what they spent on kerosene before they got electricity. There is also a 
backup fund for maintenance. It was started with the money collected from a small registration fee 
each household had to pay in order to get connected to the grid. The money in the fund has also 
been used to give people in the village microloans. Altogether, with the registration fees and interest, 
the fund now has around $ 1 300 (Sapkota, 2013). 

4.1.1.2 Regulations 
In the initial phase of the electrification project, a local micro hydro power managing committee was 
founded, consisting of people from the village. The committee’s responsibilities are to monitor and 
manage the operations, to set up rules and regulations, to collect the monthly fees and pay the 
operators as well as invest in new equipment needed for maintenance. Since there is a limited 
amount of electricity produced, the management committee has decided that each household only is 
permitted to use electricity equivalent to light two LED lamps and to charge a cellphone. If some 
houses do not want to use its full ratio of lamps, another household can be allowed to use it instead. 
However, if anyone exceeds the allowed amount, there will be penalties. The first time it happens 
the household only receives a warning, the second time a fine, and the third time the household will 
be secluded from the grid. Directly after the rules were implemented, a majority of the households 
received warnings for connecting radios and other appliances. Since then not a single household has 
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been secluded and only one has had to pay a fine, which shows that the villagers have adapted their 
demand to the existing limitations. Households with a larger demand of electricity have gotten 
privately bought solar panels as a compliment. This is however not economically feasible for most 
households. 

If a LED lamp needs to be changed, the managing committee has a small stock in the village. A new 
lamp costs $ 0.6 and is paid by the household. However, if they are responsible for breaking it, the 
cost increases to $ 2.3 instead. This is a significant amount to pay for most households, and thereby 
has decreased problems with careless handling. This amount is although much lower than the retail 
price of approximately 15 $/lamp. There are more affordable LED lamps in the market, but since 
Jyamrung has had problems with other brands of LED lamps breaking very often, they have chosen a 
more expensive one, more suitable for their conditions. The LED lamps are at the moment heavily 
sponsored by Holtab and Tukee Nepal.  

 Jhota 4.2
The village Jhota is located in Bhairabnaath VDC, in the Bajhang district, around 4 km east of Rayal. 
Similar to Rayal, Jhota is situated along a main road and next to the river Seti. All together Jhota has 
around 350 households and many of the villagers are very poor. 

4.2.1 The electrification project  
Jhota have had a micro hydro power plant running for about one year, generating approximately 45 
kW. The funding of the project has been made through subsidies from the government, the DDC and 
the VDC. The villagers have also contributed with funding, mostly in terms of labor and local material. 
Previous to the micro hydro power plant, most households had access to electricity through solar 
panels, which were given from the government in a previous electrification project around 15 years 
ago. The solar panels covered a demand of 3-4 lamps/household. Since the increased access to 
electricity through micro hydro power, a number of households have bought TV’s, refrigerators and 
freezers. The village has also bought an electrical agricultural machine that facilitates the rice and 
wheat farming.  

The water from the water stream, used to generate electricity, falls through a 100 m long pipe, with a 
diameter of roughly 30 cm, down to the generator house. The pipe has an inclination of 
approximately 60⁰, which implies a drop of approximately 85 m. The electricity grid covers a quite 
large area, about 3-4 km in distance, but it only reaches to the flatter areas of the village. A majority 
of the houses in Jhota, are gathered within a distance of 1 km, but some houses are dispersed on the 
hillside. Therefore only 244 of Jhota’s 350 households are connected to the grid today. The reason to 
this is that it is very difficult to connect the dispersed households to a grid. If this is due to economic 
reasons, technical reasons or a combination of these two was not clearly stated during the 
observation study. The poles to the grid are mostly made of metal and are about 5-6 m high. In some 
cases bamboo poles are used as a complement. 

4.2.1.1 Operating cost  
There are three people working with the micro hydro power plant. One who works fulltime as an 
operator, one who once a month maintains the generator house, and one who once a month 
manually reads the electricity meters found in each household, and collects the fees corresponding 
to their usage. 
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The minimum fee for being connected to the grid is 0.8 $/month plus an additional fee of 0.1 $/Wh 
used. The total income from all the households in the village is 300 $/month. However, many people 
in the village have problems with paying the electricity bills. 

4.2.1.2 Regulations 
Jhota has a relatively large micro hydro power plant, which means that they have not had to worry 
for any overload of the grid. Therefore they do not have any regulations concerning usage, as long as 
there is an ability to pay for it at the end of the month. 

 Other initiatives 4.3
There are a couple of different initiatives and programs in Nepal that are trying to increase the access 
of electricity and improve living conditions, especially by using technologies based on renewable 
energy resources. To mention a few there are REDP, Renewable Energy for Rural Livelihoods (RERL) 
and Energy Sector Assistance Programme (ESAP), all in collaboration with AEPC. 

With the support from the UNDP, REDP was launched in 1996 and finished in the end of 2010, aiming 
to introduce decentralized renewable energy services to remote districts in Nepal. It started as a 
small initiative in a few isolated mountain districts and has since then connected over 59 000 rural 
households to micro hydropower installations in all of Nepal’s 75 districts (UNDP, 2012). It was 
followed by RERL, in the beginning of 2011, with the aim to enhance rural livelihood. Once more this 
program was in collaboration with UNDP, but this time also with the World Bank. The objective of 
this program is to use the best practices and knowledge learnt from previous projects during REDP, in 
order to make new product models (RERL, 2011). When choosing which villages to start an 
electrification project in, according to UNDP, it should be a village that will not get any grid 
connection within at least the next five years. The whole project will be implemented through AEPC, 
and UNDP will mainly work with technical assistance. They have a mandate to try to include 
everyone, and work with gender equality and social inclusion. Therefore, when an area is getting 
access to electricity, they try to include the entire community, so that the ownership stays within the 
villages. It is also important to include the community throughout the whole process, from designing 
and building, to operating and managing. If there is no possibility for everyone in the community to 
be connected to the micro hydro power plant, RERL will ensure that the remote households get solar 
panel systems instead, in order to not be excluded from the electrification. (Rimal Lamichhane, 2013) 

A third program is ESAP. It started in collaboration between AEPC and the Danish International 
Development Assistance (Danida) in 1999. The objective from the start was to improve the living 
conditions of Nepal’s rural population by making appropriate and effective renewable energy 
technologies more accessible. Not only have they been part of numerous electrification projects, 
using both micro hydro power and solar power, but they have also been providing improved cooking 
stoves (ICS) to approximately 500 000 households in Nepal (AEPC, 2013). The ICS technology has a 
number of advantages such as reducing the volume of indoor pollution, as well as it consumes less 
fuel compared to a traditional cooking stove. This is good both for people’s health as well as it 
reduces the problems with deforestation due to efficiency improvements (AEPC, 2008). An example 
of a traditional cooking place, as well as an ICS can be seen in Figure 5 below. 
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From their work so far ESAP have learned numerous of things. One is that for a project to be 
successful there need to be a strong commitment and engagement from all different parties involved 
as well as a big degree of flexibility during the implementation phase. In order to have long term 
sustainability it is also crucial to have a local support structure, such as technical competences within 
the village and the district. It is also important to involve the local government during the 
implementation, for example in order to resolve any possible water right issues. Last but not least, 
they have learned that the total cost for a hydro power plant with the possibility to provide 100 kW is 
approximately the same as the total cost for a hydro power plant of 500 kW (AEPC, 2013). 

  

Figure 5: A traditional cooking place with an open fire (left) and a cooking place with ICS technology (right). (Beck & Schött, 
2013) 
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5 RAYAL CASE STUDY 
To get an understanding of the specific conditions in Rayal, a field study was performed in the village. 
This section presents the observations made during this field study, regarding size, location, 
infrastructure, as well as social and economic conditions. The facts presented are based on the 
observations and measurements performed during the study, if no other source of reference is 
presented. 

 Village Location and Size  5.1
Rayal is situated in the Far Western Development Region of Nepal, in the Bajhang District. The village 
is one of nine wards in the Rayal VDC (Central Bureau of Statistics, 2012). The location of the village is 
shown in Figure 6, at the coordinates of Latitude 29.4651 and Longitude 80.9534. 

The village Rayal is located on the north side of Seti River, in a narrow valley surrounded by 
mountains of approximately 2000 meters height, see Figure 7.  

 

Figure 7: View over Seti River and the valley in which Rayal is situated. (Beck & Schött, 2013) 

Rayal 

Figure 6: Enlarged map of the Far Western Development Region, indicating the location of the village Rayal (Nepal Mountain 
News, 2012). 
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At the bottom of the valley the land is covered by terrace fields used for agriculture, and running 
down the hillsides are a couple of small water streams. Due to a large usage of firewood the 
vegetation in the area is today quite low and consists mostly of different bushes and planted fruit 
trees.  

The village Rayal has approximately 70 households, spread out over a distance of 2 kilometers along 
the main road, as seen in the map over Rayal found in Appendix A. The altitude difference between 
the houses is, compared to many other villages observed in the hilly area of Nepal, less extensive. 

 Social and Economic Conditions  5.2
Rayal is a self-sufficient village, which means that the inhabitants are mostly living on what they can 
produce in their agricultural work. Most villagers either own land or make their living by working on 
someone else’s land for a share of the harvest in return. A landowner can choose to either work full 
time on the farm or to have someone else being responsible for the agricultural work. The last option 
allows the landowner to work with another type of business, thus increasing the household’s income. 
A few people are not involved in the agriculture, and instead are making their living by running other 
type of businesses, such as a local shop or working as a blacksmith. Sometimes an opportunity opens 
up to also perform work for the government or NGOs, such as reinforcing a road and other similar 
project based infrastructural work. This type of work is occasionally paid in rice bags, which implies 
that there is no big cash flows in the community and probably also a deficiency of food for many 
households. Another option is to go outside the village, to larger cities or abroad, for study or work. 
This option is starting to become more and more popular amongst the younger adult population in 
the rural villages in Nepal. Most of these people send money and presents back to their families in 
the village. Examples of usual presents are cellphones, medicines, plastic chairs and clothes. Some of 
the emigrating population come back more regularly and help their families during the harvesting 
seasons, since those times are the busiest periods of the year.  

An ordinary day for the villagers is very dependent on daylight, which usually starts around 6 am and 
ends about 9 pm. Overall, the work during a day looks similar all year around, and for most villagers 
consists of agricultural work, gathering firewood, animal farming, washing clothes, childcare, and 
food preparations. The work is divided between men, women and children, and the children help 
with the work before and after the school day. Typical work for the children is to gather firewood, 
food preparations and to some extent also animal farming. Some of these chores can be seen in 
Figure 8.  



19 
 

 Infrastructure 5.3
In order to get a deeper understanding of the context in the village, a more detailed description of 
the infrastructure in Rayal will follow in this section. This will include houses, electricity, mills, school, 
road and water posts. 

5.3.1 Houses  
A traditional house in the village has between two and three floors. The ground floor is normally used 
for kettles and the remaining house consists of up to four rooms plus a couple of storage spaces. An 
average room is approximately 5x5m² and the storage spaces are approximately 2x3m². One of these 
houses can be seen in Figure 9.  

 

Figure 9: Traditional houses in the village Rayal. (Beck & Schött, 2013) 

The traditional houses have a frame of wood and the rest is made of mud. The roofs are made of 
either grass or of roof tiles of stone, and have an inclination of about 30⁰ - 40⁰. Most of the houses 
are built with the long side of the houses facing the river. This implies that the roofs are tilted in a 

Figure 8: Women working in the farm (left) and woman stomping rice (right). (Beck & Schött, 2013) 
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north-south direction. A few houses are more recently built. These houses are usually made of 
concrete and stone, with one or two floors and flat roofs, and are also facing the river with their long 
sides. One of the houses in the village is used as a health post for minor treatments. 

5.3.2 Electricity 
Approximately 50 % of the houses in Rayal have solar panels today. These solar panels were installed 
about 15 years ago, through a government sponsored project. The households that does not have 
solar panels use kerosene and batteries to provide light in the houses. According to previous studies 
a normal rural household in Nepal disposes 2 units of batteries and 4 liters of kerosene per month at 
a cost of approximately $ 1.7 (SGP, 2012). The solar power system used in the village consists of one 
panel about 50x50 cm² and a 12 V battery inside the house. One of the batteries used in the village, 
can be seen in Figure 10.  

 

Figure 10: A 12 V battery, used for the solar power system in one of the households. (Beck & Schött, 2013) 

The electricity from the solar power system is free of charge for the villagers, but due to old batteries 
and lack of knowledge of how to maintain and repair the systems, many of the solar power systems 
are not working at the moment and most of the panels are covered with a thick layer of dust and 
dirt. 

The electricity generated from each working solar power system is enough to cover a demand of 2-3 
light bulbs and recharging of a mobile phone. A typical lamp is shown in Figure 11.  
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Figure 11: A lamp installed in one of the households. (Beck & Schött, 2013) 

The solar panels in Rayal are, depending on the surrounding circumstances, installed differently. 
During the field study three different ways were observed. If it is possible, it is directly mounted on 
the roof. Another alternative used is instead to mount it on a rack with the same inclination as the 
roof, where the rack is used to place the solar panel above or outside of the roof. The third way of 
mounting the solar panels is on a separate rack, placed in front of the house. The reason why there 
are three different ways of mounting the panels is because none of the houses or their surroundings 
looks exactly the same. Two of these mounting solutions can be seen in Figure 12. 

 

 

 

 

Figure 12: Two different ways of mounted solar panels found in Rayal. (Beck & Schött, 2013) 
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5.3.3 Mills 
There are three small mills in the village, all running by the force of water. The mills are situated by 
the water stream furthest to the east in the village. One of the mills is shown in Figure 13. 

 

Figure 13: Mill situated by the water stream furthest to the east in the village. (Beck & Schött, 2013) 

The mills are privately owned and mostly used to grind wheat. Downstream, directly after the 
location of the mills, a waterfall is located. It has a drop of approximately 20-30 meters, which can be 
seen in Figure 14. 

 

Figure 14: The waterfall in the village, with a drop of approximately 20-30 meters. (Beck & Schött, 2013) 
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5.3.4 School 
The school in Rayal is named Shreejarg Paini Higher Secondary School, Rayal, One Bajhang. It offers 
classes between year 1-12, and for the higher grades it works as a joint school for several of the 
neighboring villages as well (Rjmissra, 2013).  

 

Figure 15: The school in Rayal, with children from classes between year 1-12. (Beck & Schött, 2013) 

The school, shown in Figure 15, consists of seven buildings. One of the buildings is partly used as 
accommodation for some of the teachers and another building is considered in too poor condition to 
be used. Besides from these buildings there are in total 24 rooms of which 12 are classrooms, and 
the rest are used as offices, storage spaces and a library. The classrooms, see Figure 16, are about 
5x5m² in area. Some of the classrooms are quite dark, since they are made of raw concrete and only 
have two windows. Other classrooms are lighter, because they are white painted on the inside and 
can have up to six windows. The lighter classrooms also have higher ceilings. None of the classrooms 
have any electricity. 

Figure 16: One unpainted two windowed classroom (left) and one white painted, six windowed classroom (right). (Beck & 
Schött, 2013) 
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The roofs of three of the school buildings are facing in an east-west direction and the remaining 
school buildings are facing in a north-south direction. Today the school has one solar panel which is 
enough for two light bulbs in the teachers’ households. The English teacher, Kumba Rjmissra (2013), 
would prefer an increased access of electricity in the school, in order to use computers for 
educational purpose.  

5.3.5 Road 
The access to Rayal goes by road between Dandeldhura and Chainpur, see Figure 17.  

 
Figure 17: Map of Nepal indicating the location of Dandeldhura, Chainpur and Rayal. (Nepal Mountain News, 2012) 

During the last couple of years the government has been reinforcing and transforming it into a paved 
road, which during the time of the field study was under construction. However, the road around 
Rayal is at the moment still made of gravel. The width of the road is enough for one vehicle at a time 
to pass, as seen in Figure 18, which results in small margins when meeting traffic.  

 

Figure 18: The road in Rayal is wide enough for one vehicle at a time. (Beck & Schött, 2013) 

Rayal 
Chainpur 

Dandeldhura 
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During the winter season between December and February, and the rain season between June and 
August, Rayal risks being cut off from its transportation possibilities. In the winter, the snowfall 
higher up in the mountain pass between Dandeldhura and Rayal, makes the road slippery and 
dangerous to travel. During the rain season, the heavy rainfall results in flooding and landslides 
destroying the road around Rayal. Therefore annual reparations of the road are normally required 
after the rain season, before it being accessible again.  

5.3.6 Water Posts 
The villagers receive their drinking water from small streams running down the hillside. In order to 
facilitate the collection of water, a couple of water posts have been built. The water posts are spread 
out in the village and one post is often used by 4-10 households. The water at the posts is used for 
drinking, cooking, and cleaning. A traditional water post used in the rural areas is shown in Figure 19.  

 

Figure 19: A traditional water post used in the rural areas. (Beck & Schött, 2013) 

The water from the hillside is led to the water posts through plastic pipes, which often are buried in 
the ground. The water posts are made of concrete and about 1-1.5 m high. Most posts do not have a 
fount and instead the water is continuing down the hillside. The flow of the water is not possible to 
regulate, and is running constantly.  
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6 ESTIMATION OF ELECTRICITY DEMAND 
An estimation of the electricity demand in Rayal was needed, in order to answer the research 
questions stated in Section 1.2. Hence this section describes different levels of electricity demand for 
rural areas in general, followed by a presentation of the estimated demand for Rayal.  

 Minimum Electricity Demand 6.1
There are different reports regarding rural electrification, which have estimated the minimum 
electricity demand to approximately 0.3 kWh/day and household (Nguyen, 2006; Ferrer-Martí et al, 
2012). The International Energy Agency (IEA) has also developed a model showing the basic energy 
demand and how it increases with the development of the society. (Bazilian et al, 2010) This model is 
presented in Figure 20 below.  

 
Figure 20: Different levels of the energy demand. (Bazilian et al, 2010) 

From the model in Figure 20, only the electricity demand has been of interest. Based on this, three 
different demand scenarios have been set up. It is however quite difficult to determine a minimum 
electricity demand for households in general, since the electricity demand varies with the location of 
the household. Therefore, in order to determine the demand for a certain location, it is also 
important to take the location’s temperature and hours of daylight into account. 

 Estimated Demand of Rayal 6.2
The electricity demand of Rayal is estimated based on observations of the daily life in the village. It 
was observed in order to understand for which purposes electricity could be used in order to 
improve the socio-economic conditions in Rayal. The loads of different electrical appliances found 
suitable for Rayal, as well as an estimated length of usage, are presented below. 

• LED lamp: 5 W (E.ON, 2007), 6h/day 
• Recharger cellphone: 5 W (E.ON, 2007), 0.5h/day 
• Radio: 3 W (E.ON, 2007), 3-4h/day (United Nations- ESCAP, 2012) 
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• TV: 140 W (E.ON, 2007), 3-4 h/day (United Nations- ESCAP, 2012) 
• Refrigerator: 80W (E.ON, 2007), 24 h/day 
• Hot plate: 1.2 kW (E.ON, 2007), 3 h/day 
• Freezer: 100 W (E.ON, 2007) 
• Agro processing machine: 3-7 kW (United Nations- ESCAP, 2012), 4h/day 
• Irrigation pump: approximately 4 kW (United Nations- ESCAP, 2012), 4h/day 
• Computer center: 2 kW (DAT Engineering Consultancy Pvt. Ltd, 2009) 9 h/day 

By using the IEA model presented in Section 6.1, these different electrical appliances have been 
classified according to the three different electricity demand scenarios. In order to calculate the total 
electricity demand for each scenario, the demand per household has been multiplied with the 
number of households in Rayal. To this number, the demand from any productivity improving 
agricultural appliance has also been added, as seen in Equation 6.1. 

𝐷𝑒𝑚𝑎𝑛𝑑𝑉𝑖𝑙𝑙𝑎𝑔𝑒 = 𝐷𝑒𝑚𝑎𝑛𝑑𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 × 𝑛𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 + 𝐷𝑒𝑚𝑎𝑛𝑑𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒   (6.1) 

In Equation 6.1, the demand for each household, corresponds to a summation of the effect 
multiplied with time used for each electrical household appliance in use, as seen in Equation 6.2, and 
the demand for the agriculture, corresponds to a summation of the effect multiplied with time used 
for each electrical agricultural appliance in use, as seen in Equation 6.3.  

𝐷𝑒𝑚𝑎𝑛𝑑𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 = ∑ (𝑃𝑖 × 𝑡𝑖)𝑘
𝑖=1         (6.2) 

𝐷𝑒𝑚𝑎𝑛𝑑𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒 = ∑ (𝑃𝑗 × 𝑡𝑗)𝑘
𝑗=1         (6.3) 

6.2.1 Scenario 1: Basic human needs 
The first scenario is an estimation of the minimum basic needs. Since the households, with working 
solar power systems, have around four lamps and a wall socket, a scenario designed for less demand 
seems not relevant. Therefore Scenario 1 looks as follows: 

• 4 LED lamps/household 
• 1 Wall socket for recharging cellphones/household 

The LED lamps are estimated to be used between 6-8 am and 7-11 pm. The recharging of the 
cellphone is estimated to be done somewhere between the same hours. In total for Rayal, this leads 
to an electricity demand of 8.6 kWh/day for Scenario 1. 

6.2.2 Scenario 2: Productive uses 
The second scenario is based on the Scenario 1 but with an addition of agricultural appliances in 
order to improve productivity. Therefore Scenario 2 looks as follows: 

• 4 LED lamps/household 
• 1 Wall socket for recharging cellphones/household 
• 1 Irrigation pump 
• 1 Agro processing machine 



28 
 

The agricultural appliances are estimated to be run during the day somewhere between 8 am and 7 
pm, to not interfere with the load from the households. In total for Rayal, this leads to an electricity 
demand of 40 kWh/day for Scenario 2. 

6.2.3 Scenario 3: Modern society needs 
The third and last scenario is based on Scenario 2 but with an additional demand from the 
households. This could include some or all of the appliances below:  

• 4 LED lamps/household 
• 1 Wall socket for recharging cellphones/household 
• 1 Refrigerator/household 
• 1 Radio/household 
• 1 TV/household 
• 1 Hot plate/household 
• 1 Irrigation pump 
• 1 Agro processing machine 
• 1 Computer center 

The refrigerator is estimated to be running throughout the day. The radio and TV are estimated to be 
used during the evening, simultaneously as the lamps. The computer center is estimated to be open 
during the daytime, sometime between 10 am and 7 pm. In total for Rayal, if all the appliances are 
used, this leads to an electricity demand of 680 kWh/day for Scenario 3. 
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7 TECHNICAL OPTIONS 
From the company visits and literature study in phase 1, as seen in Section 2.1, three different 
technologies were found to be the most suitable options in terms of small scale electrification using 
renewable energy resources. These technologies were wind power, solar power and micro hydro 
power. In order to distribute the electricity generated by a wind power or micro hydro power 
alternative, a grid is also needed. All this will be further presented in this section.  

 Wind Power 7.1
Wind power is not commonly used in Nepal, since the wind speeds usually are too low to produce 
electricity (Prasad Dhital, 2013). Furthermore, the only wind data available comes from the local 
airports and a few weather stations, which is not sufficient enough in order to design a wind power 
plant for most places in Nepal. The complex technology of wind power is also not yet developed in 
the country, and the infrastructure makes it difficult to transport any of the big components needed 
for a wind power plant. However the government, through AEPC, is looking in to the possibilities of 
using wind to a greater extent in the future. Some NGO’s have also tried to initialize different pilot 
projects, but for a number of reasons they have not yet been successful (Devkota, 2013). 

If the annual average wind speed is below 5 m/s, it is not possible to get a profitable production from 
a wind power plant (Ericsson, 2013). According to Rayals’ wind speed data per week, gathered from 
Meteonorm as seen in Appendix B.2, the highest wind speed is slightly higher than 3 m/s and the 
annual average wind speed is 2 m/s. The data presented by Meteonorm is calculated by interpolation 
of values between different weather stations (Meteonorm, 2013). Although the wind speeds are not 
too precise due to the few weather stations located in Nepal, they are still considerably lower than 5 
m/s. This implies that any further calculation of wind power capacity in Rayal is unnecessary.  

 Solar Power 7.2
In Rayal the number of solar hours per day is almost constant throughout the entire year. During the 
field study it was documented that, due to the high hills, the entire village is exposed to direct 
sunlight first around 8.30 am, and is once again in shadow around 5.30 pm. However, the village 
becomes light earlier, already before 7 am, and is not completely dark until 7 pm. According to the 
data gathered from Meteonorm for the coordinates of Rayal, as seen in Appendix B.1, this 
corresponds to an annual irradiation of approximately 1 500 kWh/m2.  

 Micro Hydro Power 7.3
Most water streams used for micro hydro power do not have a constant water level throughout the 
year. A micro hydro power plant should therefore always be designed after the minimum water level 
in a water stream (Fohlin, 2013). The water level in the streams around Rayal was quite low during 
the time of the field study in March, and is presumed to be at its lowest level in April (Malla, 2013). 
During the rain season the water level in most of the streams increases significantly in the area. 
However, some of the water streams coming directly from the mountainside are not affected by the 
seasonal variations and are therefore at a constant level throughout the year. During the field study 
three different water streams were measured, whose test protocols can be seen in Appendix C.  
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 Grid 7.4
According to E.ON (Lagerström et al, 2013), a grid of suitable size for Rayal should have a voltage of 
230 V. In order to have a stable system there are a number of different design aspects to consider. 
There is a natural voltage drop in all grids, which increases as the distance between the generator 
and the customer grows. However, as long as the voltage in all parts of the grid, still is above 215 V, it 
does not create any problems for the customers. If the voltage on the other hand would be below 
215 V, it can be increased by changing the wires in the grid to thicker models. Thicker wires also 
make the grid more flexible for expansions of the grid later on. In order to increase the voltage even 
further, the grid might also need transformers. Another prominent design aspect to consider is the 
prevention of insufficient voltage regulation in the system. If not handled correctly, one of the 
problems that might occur is voltage peaks, which can break sensitive electrical appliances in the 
system, such as light bulbs. A solution to this problem could be to install batteries in each household, 
which are capable to handle voltage peaks as well as gives a more controlled voltage output. Another 
problem that might occur is an overload somewhere in the grid, where the whole system would stop 
working. However, by implementing fuses in the system, it is only necessary to cut off one part of the 
grid, instead of the whole system, if such problem occurs. The more fuses used at strategic places of 
the grid, the less vulnerable the system gets (Lagerström et al, 2013).  

There are also a number of important design aspects to consider when choosing which poles to use 
for the grid. Poles are usually made either of wood, concrete or metal. Which material to choose 
depends on the access of affordable materials as well as environmental conditions in the area. 
(NRECA International Ltd, 2000) Something that implies that wood is not an affordable and easily 
accessible material in Rayal, is that the field study showed that the more recently built houses in the 
village mainly are constructed of stone or concrete. Also considering that Jhota, the village with 
electricity close to Rayal, uses mainly metal poles, it can be assumed that this material also is a 
suitable alternative in Rayal. One of the advantages with using steel poles is that both wood and 
concrete poles are heavy while steel poles can be assembled on location, which makes them easier 
to use in remote areas with reduced transportation possibilities (NRECA International Ltd, 2000).  

The placement of the poles is equally important, especially in an area like Rayal that is affected by 
landslides during the rain season. Of security reasons the poles should be reasonable high, to avoid 
any accidents. In Sweden the minimum height regulated by law is 4.5 meters, but it can be higher 
depending on where the poles are located. Usually the only required maintenance of the grid is 
keeping the vegetation and other objects away from the wires. (Lagerström et al, 2013) 
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8 ECONOMICS  
This section presents the different investment and operating costs related to the technologies 
described in Section 7. Regulations and subsidies existing in Nepal for these technologies are also 
briefly described. As mentioned previously, wind power was not seen as a feasible option and is 
therefore not included.  

 Investment Cost 8.1
In this section general investment costs for solar power systems, micro hydro power plants and grid 
are presented. The cost for lamps is also presented, which is found relevant independent on which 
technology chosen.  

8.1.1 Solar Power 
Solar power has a high investment cost, where material cost represents the main part. In Nepal, a 
solar panel costs around 1-1.5 $/watt, and a battery costs around $ 60-90 in the rural areas. In 
comparison, the labor cost is very low, where the cost for non-educated labor can be estimated to 
1.2 $/day (Devkota, 2013). Solar power projects have a high investment cost, and are usually only 
economical feasible in smaller scale (Sapkota, 2013; Söderberg, 2013). The life expectancy of solar 
power is 20 years (HOMER Energy, 2012). 

8.1.2 Micro hydro power 
In order to implement a micro hydro power plant, it is necessary to conduct a more detailed 
feasibility study. The cost of a feasibility study depends on the size of the proposed project, as well as 
the distance to the location of the project site. The feasibility study is performed by an engineer, 
which costs about 90-115 $/day. In total, a feasibility study for an average sized micro hydro power 
project costs around $ 1 150 (Devkota, 2013). The construction cost for a micro hydro power plant 
varies with the size of the plant. Based on previous installed projects, the cost is approximately 4 
500-5 800 $/kW, including the grid, for micro hydro power plants between the sizes of approximately 
3-13 kW. Further on, this cost includes both the material and labor costs. The proportion between 
labor cost and material cost is difficult to deduce, since the costs often are presented in local and 
non-local cost. The local cost includes the material and labor that the villagers have contributed with 
themselves, and the non-local cost includes the imported material and labor. (Devkota, 2013; 
Sapkota, 2013) The life expectancy of micro hydro power is 25 years (HOMER Energy, 2012). 

8.1.3 Grid 
The main costs within a grid are the electrical wires and the poles. However, in an electricity system 
in general, it is the generating side and not the distributing side that is costly (Lagerström et al, 2013). 
In Nepal the approximate cost for a service wire is 0.2 $/m and the approximate cost for the main 
wiring (35 mm2 aluminum wire) is 3 $/m. For a wooden or concrete pole the cost is 3 $/piece 
(Devkota, 2013), and for a steel pole the cost is generally six times higher than that (PEEDA, 2007).  

The life expectancy for the grid is usually 40 years. However, due to the rain season there is a greater 
risk of deterioration of the poles, which might lead to a slight reduction of the life expectancy. 
(Lagerström et al, 2013) 

8.1.4 Lamps 
During phase 2, described in Section 2.2, information was gathered regarding some of the different 
types of lamps found in the Nepalese market. From this information it was found that a traditional, 
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normal light bulb costs $ 0.2-0.4, a LED lamp imported from China or India costs about $ 7-8, and a 
LED lamp imported from Korea costs about $ 15. The LED lamp from Korea also comes with a one 
year guarantee (Sapkota, 2013).  

 Operating and Maintenance Cost 8.2
In this section the general operating and maintenance costs during a life cycle of 25 years will be 
presented for solar power and micro hydro power plants, as well as for a grid. 

8.2.1 Solar Power 
Solar power systems have very low operating and maintenance costs, which can be negligible 
(Ericsson, 2013). The main maintenance needed is cleaning of the solar panels, and can be performed 
by the villagers themselves, as long as they are informed on how to do it and why (Sapkota, 2013). 
However, since solar power has a life expectancy of 20 years, a reinvestment needs to be done 
during the life cycle of 25 years. In order to make the calculations for the life cycle adequate, the 
entire reinvestment cost has not been added. Instead an annual depreciation expense has been 
calculated, by using the straight line depreciation method, as seen in Equation 8.1. 

 𝐴𝑛𝑛𝑢𝑎𝑙 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝐸𝑥𝑝𝑒𝑛𝑠𝑒 =  𝑅𝑒𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡
𝐿𝑖𝑓𝑒 𝐸𝑥𝑝𝑒𝑐𝑡𝑎𝑛𝑐𝑦

       (8.1) 

The annual depreciation expense has then been multiplied with the remaining 5 years of the life 
cycle, resulting in a more appropriate reinvestment cost. When dividing this more appropriate 
reinvestment cost on the entire life cycle, by using Equation 8.2, it would correspond to an annual 
fictional operating cost of 15 $/kW and year.  

𝐹𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝐴𝑛𝑛𝑢𝑎𝑙 =  𝑅𝑒𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡
𝐿𝑖𝑓𝑒 𝐶𝑦𝑐𝑙𝑒

      (8.2) 

The life expectancy for batteries is difficult to determine in advance since it is dependent on the 
usage. However, from the observation studies in Rayal, it could be seen that the lifetime of their 
batteries were significantly shorter than 25 years. Therefore, it can be assumed that reinvestment 
costs of batteries will occur during a 25 year life cycle, where the total reinvestment cost can be 
calculated by using Equation 8.3.  

𝑅𝑒𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡𝐵𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 = 𝑛𝑅𝑒𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠 × 𝑃𝑟𝑖𝑐𝑒𝐵𝑎𝑡𝑡𝑒𝑟𝑦 × 𝑛𝐵𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠   (8.3)  

The number of reinvestments, used in Equation 8.3, is calculated by dividing the life cycle with the 
life expectancy of the batteries. This results in the total number of investments needed during the 
life cycle. By then subtracting the initial investment, a number of reinvestments is achieved, which 
can be seen in Equation 8.4.  

𝑛𝑅𝑒𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠 = 𝐿𝑖𝑓𝑒 𝐶𝑦𝑐𝑙𝑒
𝐿𝑖𝑓𝑒 𝐸𝑥𝑝𝑒𝑐𝑡𝑎𝑛𝑐𝑦 𝐵𝑎𝑡𝑡𝑒𝑟𝑦

− 1       (8.4) 

By dividing the reinvestment cost, generated from Equation 8.3, on the entire life cycle, by using 
Equation 8.2, an annual fictional operating cost for the batteries would be given. 
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8.2.2 Micro Hydro Power 
The operating and maintenance costs related to micro hydro power correspond to the salaries for 
the operators working with the plant. The salary for an operator is around 1 $/day, and the operators 
are preferably local labor from the village (Devkota, 2013; Sapkota, 2013). The operating cost for 
micro hydro power is calculated by using Equation 8.5. 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝐴𝑛𝑛𝑢𝑎𝑙 = 𝑆𝑎𝑙𝑎𝑟𝑦𝐷𝑎𝑖𝑙𝑦  × 𝑛𝐸𝑚𝑝𝑙𝑜𝑦𝑒𝑠 × 𝑛𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐷𝑎𝑦𝑠 𝑃𝑒𝑟 𝑌𝑒𝑎𝑟   (8.5) 

This results in an annual operating cost of 800 $/year for micro hydro power. 

8.2.3 Grid 
The operating and maintenance costs for a grid are very low. Since the only maintenance needed is 
clearing the wires from vegetation and other objects, as well as changing fuses, this can be done by 
the operator or other local labor. The cost for new fuses is usually not that expensive and could be 
neglected. The operating and maintenance costs for the grid can therefore be negligible. (Lagerström 
et al, 2013)  

 Regulations and Subsidies  8.3
The government of Nepal has taken a high interest in increasing the access to electricity in rural areas 
of the country by using renewable energy resources, as mentioned in Section 4.3. Since electricity 
projects are very expensive, the government has started different subsidy programs that villages can 
apply for. However, in order to do the electrification sustainable there are certain requirements 
regarding subsidies and building permits. General information about some of these building permits 
and subsidies is presented in this section. 

8.3.1 Building permits 
When installing solar power systems for households, there is no need of any building permits. 
However, in order to build a micro hydro power plant, it is necessary to first get permission from the 
District Water Source Committee (DWSC), which is a part of the DDC. There are two reasons to why a 
building permit is needed. Firstly, the water is a common property and usually more than one village 
is depending on this water. The DWSC therefore needs to make sure that when a micro hydro power 
plant is constructed, the water supply should not get disrupted for any of the villages affected 
(Prashad Dhital, 2013). Secondly, the ecology around the water stream should not be damaged or 
overexploited. The DWSC therefore controls that at least 10 % of the water stream is left unexploited 
(Bhandari, 2013).  

In order to get a building permit a village has to fill in an application, which all the villagers first need 
to sign. The application is first sent to the VDC for approval, and then to the DWSC. If the DWSC gives 
their approval as well, the village gets a building permit certificate. This certificate is also needed 
before the village can start to apply for any subsidies from AEPC or loans from the banks (Prasad 
Dhital, 2013). 

8.3.2 Subsidies from the AEPC 
In order to increase the access to electricity in rural areas of Nepal, the AEPC has many different 
types of subsidies that villages can apply for. There are for example subsidies for implementing solar 
power, for implementing micro hydro power and for performing feasibility studies needed for micro 
hydro power. To be able to get a subsidy there are a couple of criteria that must be fulfilled. One of 
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these criteria is that all imported material and skilled labor has to be delivered by companies 
recommended by the AEPC. (Devkota, 2013)  

The size of the subsidies is given as a percentage of the total investment cost. A bigger project costs 
more and therefore gets a larger subsidy. How large this percentage is depends on two different 
factors; the accessibility to the area and the economic wealth in the village. It is more difficult to 
build anything in remote areas due to poor accessibility, and therefore the subsidies in these projects 
have a larger percentage level. Poor people also get an increased size of the subsidy, even if they are 
living in accessible areas. However, the subsidy from AEPC never covers more than 50 % of the 
investment cost, the remaining cost the villagers have to be able to pay themselves. (Prasad Dhital, 
2013) 

The subsidies are not distributed directly to the villages. Instead, the subsidies from AEPC are 
distributed to the VDC and the DDC, which in turn are responsible for distributing the subsidies to the 
villages. The subsidies are distributed in two stages. The first part will be given during the project and 
the second part will be given when the project is completed. How the subsidy is divided between the 
two stages, varies between different projects. Since the number of applicants for this type of 
subsidies is large, far from all of the villages applying will get an approval. (Devkota, 2013) 
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9 RESULTS AND DISCUSSION 
The results that are presented and discussed in this section are based on the scenarios presented in 
Section 6. By providing input data to HOMER (HOMER Energy, 2012), simulations have been done for 
the different scenarios. In order to find the optimal solution for each scenario, cost comparisons have 
been made between different solutions. Since wind power was determined to not be a feasible 
solution, as discussed in Section 7.1, it was excluded from the simulations. Following is an analysis 
and validation of the results, as well as a discussion regarding other aspects important for sustainable 
electrification. The plots used to present different results given by HOMER, is shown for the first 
week of January as well as the first week of July if no other information is given. The chosen weeks 
represent two average weeks of the year. 

 Input Data 9.1
The technical input data for micro hydro power has been selected with regards to the measurements 
and observations performed during the field study in Rayal. From measurement tests of the three 
different water streams found in the village, as seen in Appendix C, the water stream found to have 
the biggest flow had a value of 70 L/s as well as an estimated head of 25 meters. Since the other two 
water streams were significantly smaller, they were not considered as feasible and therefore 
excluded from the simulations. A number of constraints concerning efficiency, flow ratio and pipe 
head loss have also been added. The solar data used for the simulation of solar power, was obtained 
directly through HOMER by entering the coordinates of Rayal. The battery chosen was a Vision 
6FM55D (HOMER Energy, 2012), and had a capacity similar to the batteries observed in the village. 
The battery had a lifetime throughput of 256 kWh. In all simulations a capacity shortage of up to 5 % 
has been allowed. Together with the technical input, the costs presented in Section 8 were also 
added. A full report of input data for each scenario can be found in Appendix D. 

 Scenario 1 9.2
The demand in Scenario 1 corresponds to a load in the system of 8.6 kWh/day with a peak of 1.9 kW, 
which can be seen in Appendix D.1. According to the simulations in HOMER, both solar power and 
micro hydro power are suitable options for this scenario. A micro hydro power plant option would 
only need to use 25 % of the water stream to cover the demand. This would give a nominal capacity 
of 2.4 kW and an average electrical power output of 3.1 kW. The capacity of a micro hydro power 
plant of this size, relative to the load in the system, is shown in Figure 21. 

 

Figure 21: The capacity (black) of a micro hydro power plant using 25 % of the water stream, relative to load (blue) and 
excess electricity (red) in the system.  

In Figure 21 the excess electricity of the system is also shown, clearly showing that there is still much 
unused capacity in this system. 
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For an optimized solar power system, solar panels with the capacity of 3 kW and 40 batteries would 
be needed in order to cover the demand of Scenario 1. For a Vision 6FM55D battery this usage and 
dimensioning would correspond to an expected lifetime of 2.8 years. Figure 22 presents how the 
capacity of such a solar power system corresponds to the load of the system and also how much 
excess electricity is generated.  

Figure 22 shows that the total amount of excess electricity generated by solar power is considerably 
lower than that generated by hydro power. In Figure 22 there are also some traces of capacity 
shortage, which can be seen in the plot where the primary load is not covered by the load served. 
However, this capacity shortage is still within the allowed 5 % boundary. 

According to the simulations in HOMER, solar power would be a more adapted solution than micro 
hydro power in respect of the total cost, as seen in Table 1. As mentioned in Section 8.2.1, the 
operating cost for solar power is negligible, but since reinvestments are needed for both new solar 
panels and new batteries during a life cycle of 25 years, a fictional operating cost is shown for the 
solar power alternative in Table 1. This fictional operating cost has been calculated based on the 
equations presented in Section 8.2.1, which for Scenario 1 gives a fictional operating cost at 45 
$/year for solar panels and a fictional operating cost at 1 150 $/year for batteries. 

Table 1: The two different technical solutions for Scenario 1 with respect to the total cost. (* includes reinvestment costs) 

Pri. Load 
(kWh/d) 

Solar 
(kW) 

Hydro 
(kW) 

6FM55D Converter 
(kW) 

Initial 
capital ($) 

Operating 
cost* ($/yr) 

Total 
NPC ($) 

Capacity 
shortage 

8.6 3.0  40 2.0 8 000 1 200 23 600 0.04 
8.6  2.4   13 400 800 23 700 0.00 

 
The difference in total cost between the solar power and hydro power alternatives presented in 
Table 1, is not significant. Therefore, in order to determine the sensitivity of this result, an analysis 
was made by changing the value of the daily load. Table 2 presents the optimal solution with respect 
to the total cost for each of these values.  

Table 2: Cost comparison between micro hydro power and solar power. (* includes reinvestment costs) 

Pri. Load 
(kWh/d) 

Solar 
(kW) 

Hydro 
(kW) 

6FM55D Converter 
(kW) 

Initial 
capital ($) 

Operating 
cost* ($/yr) 

Total 
NPC ($) 

Capacity 
shortage 

8.5 3.0  40 2.0 8 000 1 200 23 400 0.04 
8.6 3.0  40 2.0 8 000 1 200 23 600 0.04 
8.7  2.4   13 400 800 23 700 0.00 
8.8  2.4   13 400 800 23 700 0.00 

Figure 22: The load (blue), relative to the load served (dark green) in an optimized solar power system, and the excess 
electricity (red) in the system. 
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The total cost of both solar and micro hydro power delivers the same results when looking at a 25 
year long perspective, which could be seen in Table 2. Therefore, it would seem as both solar and 
micro hydro power are good solutions, for covering the basic demand of 8.6 kWh/day. In this 
simulation however, the micro hydro power plant still has some excess electricity over the peak load. 
It can therefore be assumed that the micro hydro power plant could be designed even smaller and 
for a lower cost. Also, as the demand increases, micro hydro power tends to be a more economical 
option. Micro hydro power is also a more community based solution, encouraging the community to 
work together. This increases the possibility of a sustainable system in a long term perspective, as 
mentioned in Section 3.4, especially since electricity would be seen as an important part of their 
livelihood. Solar power on the other hand, which is more of an individually based solution, has been 
observed to not be as sustainable, as seen in Section 5.3.2 from the observations made in Rayal.  

Independent of which technical solution is chosen, the operating cost for electricity is still lower than 
the cost for kerosene and batteries needed to cover the demand in Scenario 1. The operating cost 
associated with solar power, including reinvestment costs, is equivalent to 1.4 $/month, and the 
operating cost for micro hydro power is equivalent to the salary of the operators needed. An 
operator is normally paid approximately 30 $/month, as seen in Section 8.2.2, which divided 
between all households in Rayal, would result in a monthly fee of $ 0.8 per household for two 
working operators. The cost of kerosene and batteries is $ 1.7 per household, as seen in Section 
5.3.2, which is a higher cost. These costs for micro hydro power, also seem to correspond to the 
study performed through REDP, in Section 3.1, which showed that the households with access to 
electricity spend approximately 50 % less money on energy than non-electrified households. 

 Scenario 2 9.3
The demand in Scenario 2 corresponds to a load in the system of 40 kWh/day. The size of solar 
power or micro hydro power plant needed depends on how the electrical appliances are utilized. If 
the agro processing machine and irrigation pump are not used simultaneously, the peak load will be 
4.9 kW. If they are used simultaneously, the peak load will be 9.9 kW. This can also be seen in 
Appendix D.2 and D.3.  

According to HOMER, a micro hydro power plant is the optimal solution with regards to cost, in order 
to meet this demand. This can be seen in Table 3, where the optimal solution using a micro hydro 
power plant is compared with the optimal solution using a solar power system, with a peak load of 
4.9 kW. 

Table 3: Cost comparison between micro hydro power and solar power at a peak load of 4.9 kW. (* includes 
reinvestment costs) 

Pri. Load 
(kWh/d) 

Peak 
Load 
(kW) 

Solar 
(kW) 

Hydro 
(kW) 

6FM55D Converter 
(kW) 

Initial 
capital 
($) 

Operating 
cost* 
($/yr) 

Total 
NPC 
($) 

Capacity 
shortage 

40 4.9 13.0  70 5.0 25 400 1 400 43 700 0.05 
40 4.9  4.8   26 800 800 37 100 0.00 

As can be seen in Table 3, the total cost for solar power is significantly more expensive than the total 
cost for micro hydro power, compared with the results in Scenario 1. HOMER showed similar results 
also with a peak load of 9.9 kW. It can therefore be deduced that as the load increases, the more 
expensive solar power becomes per kW compared to micro hydro power. However, the operating 
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cost for solar power has not increased significantly compared to Scenario 1. This is due to the usage 
and the dimensioning of the solar power system, which has led to that the expected lifetime of the 
Vision 6FM55D battery has increased to 4.3 years. Due to the increased costs, solar power will 
further on not be considered as an option if the load is significantly larger than the basic demand in 
Scenario 1. 

When the agro processing machine and irrigation pump are not used simultaneously, a micro hydro 
power plant, using only 50 % of the water stream, is sufficient to cover the demand. A plant of this 
reduced size has a nominal capacity of 4.8 kW and an average electrical power output of 6.1 kW. The 
capacity, relative to the load in the system, is shown in Figure 23.  

 

Figure 23: The capacity (black) of a micro hydro power plant using 50 % of the water stream, relative to load (blue) and 
excess electricity (red) in the system, when the agro processing machine and irrigation pump are not used 
simultaneously. 

The excess electricity in Figure 23 shows that, if an agro processing machine and an irrigation pump 
are not operated simultaneously, there is still much unused capacity in the system. This excess 
electricity seems to be enough to cover the basic demand simultaneously with any of the agricultural 
machines running. This could be an advantage since no time restrictions would be needed regarding 
the usage of household electricity. 

Alternatively, if an agro processing machine and an irrigation pump were to be used simultaneously, 
the result would look like Figure 24. 

 
Figure 24: The capacity (black) of a micro hydro power plant using 50 % of the water stream, relative to load (blue) in the 
system, when the agro processing machine and irrigation pump are used simultaneously. 

In Figure 24 it can be seen that the capacity of a micro hydro power plant using 50 % of the water 
stream, will not be sufficient to cover the load at all times during the day. 

In order to cover the higher peak of 9.9 kW, the size of the micro hydro power plant would have to 
be increased. The results for a plant, which uses the entire water stream and has a nominal capacity 
of 9.8 kW and an average output of 8.3 kW, can be seen in Figure 25. 
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Figure 25: The capacity (black) of a micro hydro power plant using the entire water stream, relative to load (blue) in the 
system, when the agro processing machine and irrigation pump are used simultaneously. 

As seen in Figure 25, even a micro hydro power plant, which uses the entire water stream, still would 
not cover the entire load of the simultaneously used machines. However, it has a capacity shortage 
of 6 %, which is only slightly over the set limit of 5 %. Therefore there might be a possibility to use 
two agricultural machines at the same time, if an increased capacity shortage can be allowed.  

The costs for the two different sizes of micro hydro power plants, as well as for the smaller micro 
hydro power plant presented in Scenario 1, are shown in Table 4. 

Table 4: Cost comparison between different sizes of micro hydro power plants. 

 Hydro 
(kW) 

Initial capital 
($) 

Operating cost 
($/yr) 

Total NPC 
($) 

Cost/kW 
($) 

Capacity Shortage 

2.4 13 400 800 23 700 9 900 0.00 
4.8 26 800 800 37 100 7 800 0.00 
9.8 54 600 800 65 000 6 700 0.06 

Table 4 shows that the initial capital increases almost proportionally between the three different 
sizes of micro hydro power plants. What is also interesting is that the operating cost is constant for 
all of the three different sizes. This means that if there is a possibility to put in a higher investment in 
the beginning, it will not result in higher operating costs. Therefore, as also can be seen in Table 4, 
the larger the system gets, the lower the cost/kW is. 

Even though the operating cost is the same for the different sizes of micro hydro power plants, the 
reinvestment cost if anything malfunctions, both in terms of the plant and in terms of any additional 
electrical appliances, increases with the size of the system. So in order for a new system to be 
sustainable and function in a long term perspective, it is also important to focus on income 
generating activities in order to increase the village financial situation compared to the situation 
today. As mentioned in Section 3.1, by increasing the agricultural productivity, the economic growth 
in the village is also expected to increase. This could be done by irrigation pumps, stabilizing and 
improving the output of the yield and by reducing the uncertainty that comes with rain-fed 
agricultural production. It could also be achieved by making the agricultural operations and 
appliances more effective, leaving time for either more work on the farm or for new, income 
generating activities.  

 Scenario 3 9.4
The demand in Scenario 3 corresponds to a load in the system of 680 kWh/day. However, since the 
total load in Scenario 3 is more than 15 times larger than the total load in Scenario 2, the simulations 
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in HOMER were made with only adding a few of the extra appliances in Scenario 3. More specifically 
a refrigerator and a radio for each household were added to the load in Scenario 2. This corresponds 
to a new load in the system of 174 kWh/day, with a peak of 11.9 kW, which can be seen in Appendix 
D.4. Without having to add the rest of the appliances mentioned in Scenario 3, in Section 6.2.3, it was 
found that a load of 174 kWh/day is higher than what can be produced by the micro hydro power 
plant. This is illustrated in Figure 26 below, showing the capacity of the 9.8 kW micro hydro power 
plant, which uses the entire water stream, together with the load during one year. 

 

Figure 26: The capacity (black) of a micro hydro power plant using the entire water stream, relative to load (blue) in the 
system, where the load is based on Scenario 2 plus the load from a radio and a refrigerator per household. This is shown 
for each month during one year. 

This confirms that it is not possible to use all the appliances mentioned in Scenario 3 unless adding 
solar power. However, the extra costs that an additional solar power system would imply, does not 
seem arguable in an initial state when looking at a sustainable solution, and is therefore not 
considered. 

 Scenario 3 – Optimized utilization 9.5
As seen in the previous section it is not possible to use all the appliances mentioned in Scenario 3, 
Section 6.2.3. However, as seen in the result of Scenario 2, there is still excess electricity in the 
system when running a micro hydro power plant, which only uses 50 % of the water stream. If 
running a micro hydro power plant using the entire water stream this amount of excess electricity 
would evidently be even higher. It could therefore be interesting to more precisely observe the 
amount of unused capacity these two different sizes of micro hydro power plants have. This has been 
done by adding a fixed amount of extra load for each hour of the day. During the simulations, extra 
attention has been given to the hours with peak load, since this is considered to be the limitation of 
the system. Figure 27 shows the maximum load that can be added to a micro hydro power plant 
using 50 % of the water stream, without having a capacity shortage of more than 5 %.  

 

Figure 27: The capacity (black) of a micro hydro power plant using 50 % of the water stream, relative to maximum 
possible load (blue) in the system without having a capacity shortage of more than 5 %.  
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As seen in Figure 27, when adding this extra load to the micro hydro power plant using 50% of the 
water stream, it was found to be capable of an extra 1.9 kW/h, in addition to the peak load in 
Scenario 2. 

When adding extra load to a micro hydro power plant using the entire water stream, this value is 
even higher. Figure 28 shows the maximum load that can be added, without having a capacity 
shortage of more than 5 %.  

 

Figure 28: The capacity (black) of a micro hydro power plant using the entire water stream, relative to maximum possible 
load (blue) in the system without having a capacity shortage of more than 5 %.  

As seen in Figure 28, when adding this extra load to the micro hydro power plant using the entire 
water stream, it was found to be capable of an extra 4.2 kW/h, in addition to the peak load in 
Scenario 2. It also seems possible to optimize the utilization even further by increasing the usage 
during hours of the day, which in Scenario 2 have a lower demand. The optimal exploitation would 
be to schedule the usage to a maximum load at all times during the day. 

According to these results, there is a potential to add both productivity increasing appliances as well 
as household appliances, at the same costs for the micro hydro power plants presented in the results 
in Scenario 2. If the increased number of kWh would be used for household appliances, such as a 
refrigerator, freezer or TV, which all demand a high load on the system, not everyone would be able 
to benefit. However, the limitation of capacity in the system would not be a problem in an initial 
state, since at first only a few villagers in Rayal would be able to afford household appliances. 
Therefore it would probably not be necessary to establish any regulations to limit the usage at the 
beginning.  

Another usage of this excess electricity could be to implement something that the entire community 
would benefit from. This could be a refrigerator for the health center, used for vaccines and 
medicine, or a computer center used for educational purpose during school hours and available for 
the community during the rest of the day. For a micro hydro power plant using 50% of the water 
stream, the extra load of 1.9 kW/h, could, for example, be used to install a refrigerator or a smaller 
type of computer center. For a micro hydro power plant using the entire water stream, the extra load 
of 4.2 kW/h, could be used to install both a refrigerator and a computer center, and still have some 
excess electricity left for other appliances. Both a computer center and an improved health center 
would increase the education and the health care level in Rayal, thereby improving the social 
welfare. 
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 Grid 9.6
If choosing a micro hydro power alternative, it is necessary to build a grid between the households 
and the generator. The grid design and calculations have been generated by E.ON, using the 
estimated full capacity of the entire water stream at a value of 9.8 kW, as well as the map over the 
village, found in Appendix A. For the calculations of the grid, a generator already existing in the 
market was selected, with dimensions corresponding to the capability to exploit the full capacity of 
the water stream. It has a frequency of 50 Hz, a voltage of 400 V and generates 10 kW. For more 
details, see the data sheet in Appendix E.1. 

In order to design the grid, E.ON created a fictional scenario with a load of 100 W/household as well 
as a load of 2 kW from a productivity increasing appliance located close to the generator. In this 
fictional scenario the grid should also be able to manage additional productivity increasing appliances 
of up to 5 kW, as long as they are not in use at the same time as the load from the households. 
E.ON’s scenario should be seen more as a tool in order to design the grid model, rather than a 
recommendation of how the electricity should be utilized.  

The grid design is constructed in a system of nodes. Figure 29 shows a schematic diagram of such a 
system. 

Figure 29 shows that from the generator, represented by the largest circle, a main line is drawn. The 
main line is divided by a number of nodes, into different branches. Each branch leads to new nodes, 
where they are divided again into service lines going to each household. A more precise calculation 
of the node system together with all the nodes, branches and distances can be found in Appendix 
E.3, starting from the households closest to the generator. The grid design is not optimized, but 
instead it has been simulated with margins in order to handle any voltage peaks that might occur. 
This compensates for any minor deviations existing in the topographical survey of Rayal made during 
the field study. 

The wires in the grid were chosen based on the grid design and the fictional scenario. The wire used 
for the entire grid, except for in the houses, was ALUS 50. In the houses, a thinner wire of model EKLK 
1.5 mm2 was used. These wires have a thicker design than what is needed, in order to have some 
margins and a more flexible model. More details regarding the wires can be found in Appendix E.2. 

From the grid design, an estimation of the amount of material needed could be calculated. Since the 
most costly materials are the wires and poles (Lagerström et al, 2013), these are the only costs 

Figure 29: Schematic diagram of the node system in the grid design. (Lagerström et al, 2013) 
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included in the calculations presented in Table 5. Since ALUS 50 and EKLK are not readily available in 
Nepal, these were replaced by similar wires. ALUS 50 mm2 was replaced with a 35 mm2 aluminum 
wire and EKLK by a service wire. Both substitutes can be found in the Nepalese market and have 
been used for similar purpose in previous electrification projects in Nepal. Steel poles have been 
chosen since it seems to be the most suitable option in Rayal, as explained in Section 7.4. The unit 
price for each wire and pole can be found in Section 8.1.3.  

Table 5: Cost estimation of the most costly material in the grid design for a full capacity system of 9.8 kW. 

Material Unit Amount Price ($) Total price ($) 
Aluminum wire, 35mm2 Rm 3 525 3 10 600 
Service wire Rm 1 480 0.2 300 
Steel pole, approx. 6 m No 70 20 1 400 

The total amount of all the costs presented in Table 5 is $ 12 300. The grid costs are already included 
in the simulations for the different sizes of micro hydro power plants presented in Section 9.3. 

The results from E.ON show that the biggest voltage drop will occur for the households located 
furthest away from the generator. This voltage drop is however still at an acceptable level of 221 V. 
The results also show that the time-delay, before the fuse at the generator side blows, is 
unacceptably long at some points in the node system. The longest time-delay is calculated to be 42 s, 
and occurs for the households located furthest away. This problem can easily be improved to more 
acceptable values under 7 s, by placing 6 A fuses at the service lines connected to each household. 
More detailed results of the designed system can be found in Appendix E.5.  

The grid system has been made assuming a micro hydro power plant using the entire water stream. 
With a smaller size of a micro hydro power plant, the grid design would have to be modified, even 
though the required amount of wires and poles would still be constant. The major changes in the 
system would be thinner wires and smaller fuses, but also increased time-delays. 

 Validation of results 9.7
The field study in Nepal has been conducted in order to obtain an overall picture of the technical, 
economic and social aspects in Rayal. The purpose of the measurements performed in the village was 
to get an indication of technical possibilities. Likewise, the purpose of compiling costs from previous 
electrification projects in Nepal was to provide an idea of actual costs. None of these figures should 
therefore be seen as exact numbers, and before an actual electrification of Rayal could be realized, a 
more detailed feasibility study needs to be performed. However, the results shown in this study can 
still be considered to give a general picture of the possibilities and issues that exist in Rayal, 
concerning electrification. Parts of these results may also be of interest for other electrification 
projects, mostly in Nepal, but to some extent also in other countries with similar conditions. In order 
to ensure the reliability of the general picture presented, sensitivity analyses have been made as well 
as discussions regarding validity of the results. 

9.7.1 Financial input values 
The results from HOMER, showing which solution is the most suitable, are dependent on the financial 
inputs. Although the costs for the different technologies could both increase and decrease, the 
values used for the simulations are assumed to be sufficiently accurate. This assumption is made 
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since the prices are based on a comparison of prices between similar projects, implemented in Nepal 
during the last couple of years. 

9.7.2 Technical input values 
The results from HOMER regarding capacity for the different micro hydro power plants have been 
based on a number of technical input values in order to calculate the electrical power output. A 
variation of these input values would modify the design of the systems and hence affect their 
capacities. This implies that the output could be either higher or lower than what has been presented 
in the results. However the technical input values used in the simulations are assumed to be realistic, 
since they have been set based on the observations made during the field study as well as the 
recommendations given by HOMER. Still, in order to see how the different technical input values 
would affect the results, analyses regarding validity and sensitivity have been made for the flow rate, 
the head and the capacity shortage.  

The flow of the water stream has been calculated based on the minimum water level in the water 
stream, since a micro hydro power plant is usually designed for the minimum water flow in a 
resource. The measurements of the flow rate were conducted in a built canal, where most of the 
water was led through. However, just above the point for the measurements, the water stream was 
divided into a few smaller streams and the slightly bigger canal. Due to the difficult terrain it was not 
possible to make any measurements in the smaller streams, but it implies that the total capacity of 
the water stream might be slightly higher than the capacity calculated, if the different streams could 
be led into one. Another aspect which also could have an impact on the flow rate, and hence the 
capacity of a micro hydro power plant, is the estimated decrease of the water in the stream. The 
measurements in the stream were made in March, which is a season with low water levels in the 
region. An estimation made by the villagers was that the stream would in total decrease an 
additional 25 %, all within a month. This has led to that, instead of the measured flow rate of 71 l/s 
for the entire water stream, a flow rate of 53 l/s has been used in the simulations. It is however 
difficult for the villagers to make a precise estimation of a decrease of flow rate without any 
equipment. Further on, since no measurements have been done in the stream at the point when the 
water level is said to be at its lowest, this value should not be seen as an exact number but more as 
an indication. Also, 25 % is a quite large amount of decrease for such a short time period. Therefore, 
since the calculated flow is based on rough measurements as well as an estimated decrease, it is 
possible that there is a slightly higher potential in the water stream than what has been calculated. 
When doing a sensitivity analysis of the flow rate it is noticeable that the output of the capacity 
seems to change proportionally to the input value of the flow rate, as seen in Table 6. 

Table 6: Percentage change of flow rate compared to capacity. 

53 l/s Flow Rate (l/s)  Flow Rate Change (%) Capacity (kW) Capacity Change (%) 
 42 -20 7.8 -20 
 48 -10 8.8 -10 
 50 -5 9.3 -5 
 53 0 9.8 0 
 56 5 10.2 5 
 58 10 10.7 9 
 64 20 11.7 20 
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This proportional relationship between input and output, seen in Table 6, shows that even if the 
value of the flow rate would be up to 20 % less than the one used in the simulations, the capacity for 
a micro hydro power plant using the entire water stream, would still be enough to cover the demand 
in Scenario 2, and still have an additional capacity of approximately 70 kWh/day. 

The head has been estimated to 20-30 meters by observations, where 25 meters has been used in 
the simulations. Due to the significant difference between 20 and 30 meters, the value used in the 
simulations, might either need to increase or decrease in order to obtain a more accurate head. 
When doing a sensitivity analysis of the head it is noticeable that the output of the capacity seems to 
change proportionally to how the input value of height changes, as seen in Table 7. 

Table 7: Percentage change of height of head compared to capacity. 

53 l/s Head (m) Head Change (%) Capacity (kW) Capacity Change (%) 
 20 -20 7.8 -20 
 23 -10 9.0 -8 
 24 -5 9.3 -5 
 25 0 9.8 0 
 26 5 10.2 5 
 28 10 10.9 12 
 30 20 11.7 20 

 
This proportional relationship between input and output, seen in Table 7, generates almost the same 
result as the sensitivity analysis for the flow rate in Table 6. This implies that even if the head was up 
to 20 % less than the one used in the simulations, the capacity for a micro hydro power plant using 
the entire water stream, would still be enough to cover the demand in Scenario 2, and still have an 
additional capacity of approximately 70 kWh/day. For a worst case scenario where both the head 
and the flow rate would be 20 % less than their original values, the micro hydro power plant would 
have a capacity 6.2 kW, and a total capacity change of -36 %. 

The values for both flow rate and head are based on measurements, observations and estimations. 
The capacity shortage on the other hand is based on how much load shedding that should be allowed 
in the system. In the simulations a capacity shortage of up to 5 % has been allowed. Since Nepal has a 
big problem with load shedding, 5 % can be seen as a very good value compared with many other 
parts of the country. When doing a sensitivity analysis of the capacity shortage, as seen in Table 8, 
the result look a bit different than the sensitivity analyses of flow rate and height of head. 

Table 8: Percentage change of possible load compared to capacity shortage. 

Capacity Shortage (%) Possible Load (kWh/day) Load Change (%) 
0  105 0 
5 145 38 
10  170 62 
15  190 81 
20  210 100 
25  230 119 

 
In Table 8, it can be observed that if no capacity shortage is allowed, the capacity for a micro hydro 
power plant using the entire water stream, would still be enough to cover the demand in Scenario 2, 
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plus have an additional capacity of approximately 60 kWh/day. Furthermore if a capacity shortage of 
up to 25 % is allowed, the capacity for a micro hydro power plant using the entire water stream, 
would still be enough to cover the demand in Scenario 2, plus have an additional capacity of 
approximately 200 kWh/day. 

 Sustainable utilization 9.8
For a new electricity system to be sustainable in a long term perspective, it is important that it has an 
appropriate size, as mentioned in Section 3.3. Furthermore, it is also of great importance that the 
implementation, operation and maintenance of the electricity system are performed in a sustainable 
way. In previous electrification projects it has been seen that a project executed in a non-sustainable 
way might worsen the situation for the villagers instead of helping them. One example is by creating 
a new, excessively large demand, which in time may result in an inability to pay for all the electricity 
used. Hence, the villagers end up in energy poverty. Another example is that the system malfunctions 
or breaks. With no payment ability or knowledge on how to repair it in the community, and with no 
distinct feeling of ownership, the villagers will stop using the system. This will lead to the 
development regressing to the state before the electrification.  

In order to reduce the risk of not having a payment capacity, it is necessary to undertake risk 
analyses on the payment abilities of the villagers before any investments are made. For example, 
even if there is a technical potential to add multiple agricultural productivity improvement 
appliances, it might not be advisable to purchase more than one machine in an initial state. The 
investment cost, as well as reparation costs for unexpectedly malfunctioning machines, should be the 
villagers’ responsibility to pay, instead of assuming it to be covered by subsidies. Therefore, if several 
machines are to be purchased simultaneously, an increased part of the households’ income would be 
tied up in investments and reparations, hence also increasing the risk of ending up in energy poverty. 
However, if a slower process were to be chosen, where the villagers’ payment abilities are taken into 
account, and where only one machine at a time is purchased, it would give a greater control over the 
economic development. Also, with this process, the villagers decrease the risk ending up in energy 
poverty if the investment is found less profitable. 

Likewise, it is important to ensure that the entire community feels an ownership over the system, 
already from the implementation phase. As a result the system chosen will benefit everyone in the 
long term. It also creates a feeling of solidarity within the community, as mentioned in Section 3.4, 
which is important in order for the electricity system to remain well managed and maintained. In 
addition, if the system does break down, there should be an increased willingness as a community to 
solve the problem.  

It is also of great importance to educate the villagers on the costs related to usage, as well as how to 
use and maintain the new installations. Educating the villagers also decreases the risk of ending up in 
energy poverty, since they can better understand the relationship between their usage and the costs 
related to it. An education regarding how to handle an electricity system would also decrease the risk 
of accidents, as well as increasing the possibility of the system to remaining well maintained, as the 
villagers, to a greater extent, can repair the system themselves.  

Another significant aspect is to, from the beginning, establish rules and restrictions that include 
everyone, and that the entire community can agree upon these rules. This kind of framework has to 
include a payment system, explaining the costs as well as how and when payments shall be done. It 
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also needs to include restrictions on the allowed usage, specifying what kinds of appliances are 
allowed to connect and when. Further, the required maintenance needs to be specified, including 
whose responsibility it is to perform which tasks, and if there are any special tasks, which only 
operators or managers are allowed to perform. What types of penalties the regulations have if not 
followed, also needs to be specified. A more detailed analysis on how these different regulations 
should be formulated is not performed here, since it needs a more detailed study of the village in 
order to adapt the regulations to their situation.  

The importance of community feeling, education, and a well regulated framework, is clearly shown 
by the observations made in previous projects, as presented in Section 4, as well as in Ostrom’s 
research, presented in Section 3.4. In Jhota there were no regulations except for the payment 
system, hence they also had problems with people that could not pay for their usage anymore. In 
Jyamrung the electricity system was significantly smaller, but they had a community feeling as well as 
a well-developed framework with regulations, which eliminated the kind of problems that existed in 
Jhota. However, even though it is very important to develop a framework with regulations, it should 
not be made too complex, especially regarding the rules concerning the utilization. Rather, the fewer 
rules there are, the easier it is for people to follow them. According to Ostrom (1999), this lowers the 
perceived costs for the users, which in turn decreases the risk that the rules get violated. 
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10 CONCLUSIONS 
From a technical point of view, the results show that there is the potential to give Rayal access to 
electricity. The renewable energy resources in the village have the capacity to meet both the existing 
demand as well as providing for an increased demand in the future. If a solar power solution or the 
smallest micro hydro power plant simulated were to be used, their capacity would be enough to 
cover the same demand as the village has today. If, instead, a larger micro hydro power plant were to 
be used, an increased private consumption as well as the usage of agricultural productivity 
improvement appliances would be possible.  

This study simulated three different demand scenarios using the computer software HOMER, 
corresponding to different levels of need within the village. For the purpose of this study, the 
scenario that has the most positive impact on the community is the one to be preferred, both in a 
short term and a long term perspective. In Rayal, one step in the social and economic development 
of the village would be to get an increased agricultural production and/or other income generating 
businesses, and thereby increase the cash flow. This economic increase is vital in order to enable a 
stable development of the village. Based on this, and given that it is economically feasible, Scenario 2 
and Scenario 3 are considered to be better solutions than Scenario 1, since they both have a greater 
potential for a sustainable development in a long term perspective. However, for both Scenario 2 and 
Scenario 3, there is a risk of ending up in energy poverty if the usage is not managed from the start. 
As mentioned earlier in the case of Jhota, where there was unlimited access to electricity, people had 
difficulty understanding how costs were connected to usage, both regarding the time used and the 
sort of appliance used. This in turn led to a growing problem of people not being able to pay their 
electricity bill.  

In terms of the development of education and health levels in the village, Scenario 3 is considered to 
be a better solution than Scenario 2, since Scenario 3 has the potential to include community based 
products such as a computer center and a health center refrigerator. The advantages with creating a 
computer center would be an improved education in the school as well as an increased level of 
knowledge in the society. The access to computers in the school would not only be beneficial for 
Rayal, but also the surrounding villages, whose children attend school in Rayal. The advantages with 
a refrigerator would be an improved health care as well as more accessible medicines.  

However, even if it is only economically feasible to implement Scenario 1, it would still be beneficial 
for Rayal, since the operating cost for electricity provided by renewable energy resources, needed to 
cover a basic demand is lower than the opportunity cost for kerosene and batteries. Even though it 
would only be a small amount of electricity generated, it is an important difference from today, since 
currently not all the villagers have access to electricity. There are also other means to improve the 
present living conditions without any need of electricity. One example of this is to use the ICS 
technology, which would improve the villagers’ health. It would also reduce the time to gather 
firewood and decrease the negative impact the usage of firewood has on the surrounding 
vegetation. The ICS is also a good alternative from an economic point of view, since a hot plate, 
which is the electrical alternative for cooking, is a very high electricity consuming device. Another 
example would be to mechanically improve the agricultural appliances used today, in order to make 
the agricultural work more efficient.  
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Regarding the choice between the medium sized or full sized micro hydro power plant simulated, 
which could be used for both Scenario 2 and Scenario 3, there are advantages and disadvantages 
with both alternatives. If the larger plant were to be installed, it is possible that the entire capacity 
would not be needed from the beginning. However, it enables a potentially increased demand to be 
met in a long term perspective. At the same time it is of great importance to not build a system 
which is too expensive or too large for the needs of Rayal. Therefore, in order to determine which 
size is the most suitable, more detailed analyses are needed. An important aspect to consider when 
analyzing which size is the most suitable is how the electricity utilization can be optimized. With an 
optimized utilization a village can get significantly more out of a system. This also implies that a 
smaller system than initially proposed may be sufficient to cover the demand.  

Independent of which electrical system is chosen, both regarding technology and size, it is important 
to make the electrification sustainable. In order to do so, it is recommended to found some kind of 
community based management group. This sort of group would manage the electricity system based 
on the community’s interest, which would increase the chances of a successful electrification from a 
long term perspective. A community based ownership would also benefit the society in other 
aspects. By noticing that there is a positive outcome from good collaborations between members of 
the community, the solidarity and communication will increase. 

In addition, to make the electricity system sustainable, it is important for the villagers to understand 
the relation between usage and cost, which could be achieved by educating the villagers. For the 
management group, it is beneficial to understand the payment abilities of the villagers. These two 
precautions can help prevent a situation where people have too much debt. It can also be a good 
idea to set up a financial buffer, to handle unexpected repair costs of the electricity system. A 
financial buffer makes the system less sensitive, since it reduces the risk for the village to end up in a 
situation where they have a non-working electricity system due to an inability to pay. 

Before choosing which electricity system to install, it is necessary to do an in-depth analysis of the 
payment capabilities of the villagers. It is important to look into the initial investment: what Rayal can 
contribute with and how much the village can get from different subsidies. In order to create a 
sustainable system from a long term perspective it is also necessary to look at the payment ability 
per month for each household. This type of analysis can be difficult to perform, and considering the 
challenges in communication during the field study, this analysis has been left outside the scope of 
this study. Equally important, it is necessary to do an in-depth analysis of which specific options Rayal 
has, in terms of new income generating activities, as well as improvement options of present income 
generating activities. Since this analysis also has been left outside the scope of this study, it is not 
possible to give any detailed recommendations for Rayal. However, this study gives an approximate 
idea of the order of magnitude regarding size and cost of the different possible solutions. Since this 
study gives a general picture of the technical, economic and social possibilities and issues with an 
electrification of Rayal, many parts of the result are easily applicable to other electrification projects. 
Regarding the technical findings, some of the data is very specific to Rayal, such as measurements 
and mapping of the village, but findings concerning different possible technologies are applicable in 
other rural villages of similar size, both in Nepal and other countries. The general economic findings 
are applicable for any other project in Nepal within the near future. Regarding the social findings, 
almost all are applicable on any other small rural agricultural village, with no access to electricity. For 
example, the importance of creating a feeling of ownership in the village, to start a management 
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group, to educate the villagers and to set up regulations, are equally important in other 
electrification projects. The different demand scenarios can also easily be adapted to other rural 
villages.  
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11 FURTHER RESEARCH 
In order to limit the amount of work to a suitable size for a Master’s thesis but still be able to give a 
comprehensive picture of a possible implementation of electricity in Rayal, some areas of study have 
been left for further research, before an actual implementation could be undertaken. 

Some of the areas found to be reasonable subjects for further research are more detailed analyses 
than given in this study. This should include more precise tests and calculations of the capacity of the 
water stream and better cost evaluations of what the project will cost, through better price quotes 
for labor, materials and transportation. This should also include analyses on how a payment system, 
rules and regulations should be designed, managed and maintained for Rayal. 

What has also been left outside of the scope of this study, but still would be a vital aspect to do 
further research on, are investigating the payment ability of the villagers. This should be done both 
for the investment cost as well as for the operating cost in a long term perspective, in order to 
determine which size of electricity system would be the most sustainable.  

In order for the economic growth in the village to increase, it is also important to do more profound 
cost and demand analyses. These analyses enables a better understanding of which type of business 
would be most relevant and profitable to start or to improve in the area, and thereby also be 
beneficial for the development in the village. This needs to be done in order to collect knowledge of 
which electrical machines might contribute with the highest revenues and thereby be the most 
profitable to invest in.  

The different technical options investigated have been limited to wind, solar and micro hydro power. 
No focus has been left on trying to find the best technical option or to investigate if any newer 
technologies would be more suitable. This could also be an interesting focus point for further 
research. 

There is also a possibility to do similar research in other villages where some of the research 
presented here can be applied. This can be done both in order to help more villages but also to 
obtain a broader picture of the situation in the area and Nepal regarding rural electrification.  
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Index: Map over Rayal 
Red square = house without solar panel 

Yellow square = house with solar panel 

Yellow/Black line = road 

Blue line = water resource 

1. 965 m 
2. 3 small water mills 
3. Water resource, including drop of 30 m, passes the road at 965 m. For measurements see 

Appendix C.1. 
4. 830 m 
5. 900 m 
6. 935 m, uncertain whether they have solar panels or not 
7. Water fall of 20-30 m, passes the road at 930 m.  
8. 910 m 
9. 870 m  
10. Water resource, passes the road at 920 m. For measurements see Appendix C.2 
11. 935 m 
12. 905 m 
13. 925 m, 11 houses of which 9 have solar panels but their batteries aren’t working 
14. 930 m 
15. 915 m 
16. 3 houses at 885 m and 3 houses at 890 m 
17. 880 m 
18. 2 houses at 875 m and 1 house at 885 m 
19. 840 m, one house has the size of two houses 
20. School, 840 m.  
21. 915 m 
22. 910 m 
23. 910 m 
24. 905 m 
25. Water resource; upper part situated at 975 m and the middle part is situated at 965 m. In 

between, the water is led in the ground. For measurements see Appendix C.2. 
26. Very small water resource situated at 995 m. Not usable if there are not more water in the 

ground. 
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APPENDIX B: Weather data Rayal 
  



B.1 Solar irradiation in Rayal

Solar irradiation/week Solar irradiation/year
Week Wh/m2 No of weeks kWh/m2

1 13045 53 1453
2 17830
3 24567
4 24257
5 24345
6 23027
7 21221
8 19639
9 31150

10 21451
11 26908
12 29785
13 19690
14 20043
15 25209
16 26868
17 28016
18 26850
19 33023
20 32891
21 34891
22 39812
23 29339
24 35587
25 30223
26 25986
27 31672
28 26875
29 25507
30 40091
31 35328
32 18808
33 18576
34 36513
35 34660
36 30656
37 30790
38 25667
39 26976
40 43754
41 39704
42 33538
43 38308
44 30157
45 31746
46 28395
47 25793
48 26410
49 20049
50 23077
51 21883
52 18409
53 3953
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B.2 Wind speed in Rayal

Wind speed Highest wind speed
Week Mean m/s Week Mean m/s per week

1 1,274404762 15 3,3125
2 1,779166667
3 2,32202381 Average wind speed
4 1,558928571 No of weeks Mean m/s
5 1,573809524 52 1,9480
6 1,786904762
7 2,996428571
8 1,682738095
9 1,941071429

10 2,220238095
11 2,31547619
12 2,674404762
13 3,078571429
14 1,8875
15 3,3125
16 1,485714286
17 2,557142857
18 1,461904762
19 2,24047619
20 3,24047619
21 2,908333333
22 2,138095238
23 2,282738095
24 1,85
25 1,756547619
26 2,779166667
27 2,138690476
28 1,722619048
29 1,973809524
30 2,279761905
31 2,035119048
32 2,19702381
33 1,59047619
34 1,545833333
35 1,914880952
36 1,648214286
37 2,002380952
38 1,435119048
39 2,055952381
40 2,02797619
41 1,55297619
42 1,536309524
43 1,833928571
44 1,516071429
45 1,294047619
46 1,485714286
47 1,410714286
48 1,210714286
49 1,085119048
50 1,798809524
51 1,52797619
52 1,368452381
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APPENDIX C: Experiments for flow measurements 
  



 
 

C.1 Flow estimation of the main water resource 

Aim of the test 
The purpose with the test is to evaluate whether the water in the channel, which is the main water 
stream, is enough to run a micro hydro power plant. In order to evaluate this, the water flow in the 
channel is required. The flow is calculated based on measurements of the width, depth and surface 
velocity of the stream.   

Equipment and rig 
• 3 Wooden sticks 
• Water stream 
• Watch 
• Camera to film the experiments 
• Cecilia’s feet to pace out a distance for the test and measure the width of the water stream 
• Cecilia’s hand to measure the depth of the stream 

A distance of 30 feet (approximately 8 m) was paced out. The time it took for the wooden sticks to 
float the distance were then measured, both by using a watch and a camera. 

Method 
The test was performed in three different steps, where the third step is repeated three times. The 
different steps are presented in Table 1 below. The test was performed on the 28th of February 2013, 
which was during a period of low water levels. According to a local source, the water level can still 
decrease with 25 % but during the rain season the hydro resource will be flooded. 

Table 1: The execution of the test 

What was tested? Status Comments 
How deep is the water 
stream? 

From the fingertips to above the 
knuckles 

The length is equivalent to 
approximately 10 cm. 
The main error is that the depth 
of the stream was only 
measured at one point. The rest 
of the stream was estimated to 
have approximately the same 
depth.  

How wide is the water 
stream? 

3 feet The value is equivalent to 
approximately 80 cm. 
The main error is that the width 
was only measured at one 
point. This width was estimated 
to be representative for the 
whole stream.  
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How long does it take for the 
wooden sticks to float 30 feet? 

Trial 1: 9 s according to the camera, 
12 s according to the watch 
Trial 2: 8 s according to the camera, 
12 s according to the watch 
Trial 3: 10 s according to the camera, 
13 s according to the watch 

The possible errors are that the 
wooden sticks might not have 
landed in the water and passed 
the end point at the same time 
as the timing was started and 
ended. Due to a short distance 
this might have a significant 
impact on the result. Further on 
the wooden sticks might have 
gotten stuck in the side of the 
stream along the way, and this 
would prolong the travel time 
for the sticks. 

 

Calculation of the flow 
The water flow, Qwater, in the stream was determined as follows: 

secwater tion surfaceQ A v= ×   (1) 

sectionA b h= ×   (2) 

surfacev x t= ÷   (3) 

where sectionA is the sectional area and surfacev is the surface velocity. b is the width and h is the depth 

of the stream. x  is the paced out distance and t  is the time it took for the wooden sticks to float the 
distance x . After the calculations were executed, this resulted in a water flow in the stream of 71,1 
l/s.  

   

  



 
 

C.2 Flow estimation of the smaller water resources 

Aim of the test 
The purpose with the test is to evaluate the applicability to install micro hydro power in two smaller 
water resources.  To be able to evaluate this, the water flow in each of the streams is needed. The 
water flows are measured by filling up a 1 liter bottle.   

Equipment and rig 
• 1 liter plastic bottle 
• 2 Water streams 
• Watch 
• Camera to film the experiments 

The time acquired for the water streams to fill up the bottle was measured, both by using a watch 
and a camera. During the test of the first stream, stream A (corresponding to no. 3 in the map in 
Appendix A), only half of the bottleneck was covered when the bottle was filled up. During the test of 
the second stream, stream B, the whole bottleneck was used.   

Method 
The test was performed in two steps, and each of the steps consists of three trials. The different 
steps are presented in Table 2. 

Table 2: The execution of the test 

What was tested? Status Comments 
Stream A: How long does it take for 
the water to fill up the bottle? 

Trial 1. 2 s 
Trial 2. 2 s 
Trial 3. 4 s 

A possible error is that the timing of the 
performance was not started and ended at the 
same time as the bottle was put under the water 
as well as became completely filled up. Another 
error is that since the bottleneck was quite small 
compared to the water flow, a large amount of 
water was just bouncing on the bottle, which 
made it more difficult to fill it up.  

Stream B: How long does it take for 
the water to fill up the bottle? 

Trial 1. 7 s 
Trial 2. 6 s 
Trial 3. 5 s 

A possible error is that the timing of the 
performance was not started and ended at the 
same time as the bottle was put under the water 
as well as became completely filled up. Another 
error is that since the bottleneck was quite small 
compared to the water flow, a large amount of 
water was just bouncing on the bottle, which 
made it more difficult to fill it up. Further on, 
since the total bottleneck was covered by water, 
there was no possibility for the air to leave the 
bottle, hence the process of filling up the bottle 
became even longer. 

 

 



 
 

Calculation of the flows 
The water flows in the streams, waterQ , were determined as follows: 

water bottleQ V t= ÷   (4) 

where bottleV is the volume of the plastic bottle used, and t  is the time that it took to fill up the bottle.  

For stream A the calculated flow, waterQ , was then multiplied with six. This was done because the 

measurements of stream A were executed at a point of the stream where it was divided into six 
equally small streams. 

For stream B there is a possibility that the flow could be a bit higher because it was difficult to make 
the measurements and therefore the whole bottleneck was covered during the test. After the 
calculations were made, this resulted in a water flow of 2,25 l/s for stream A and of 0,17 l/s for 
stream B. 
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APPENDIX D: Input data reports from HOMER 
  



 
 

D.1 Scenario 1 

File name: Rayal_scenario1.hmr 

File version: 2.68 beta 

 
AC Load: Primary Load 1 
Data source: Synthetic 

Daily noise: 5% 

Hourly noise: 5% 

Scaled annual average: 8.57, 8.50, 8.60, 8.70, 8.80 kWh/d 

Scaled peak load: 1.88, 1.87, 1.89, 1.91, 1.93 kW 

Load factor: 0.190 

 
 
PV 

Size (kW) Capital ($) Replacement ($) O&M ($/yr) 

1.000 1,465 1,465 0 

 

Sizes to consider: 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 kW 

Lifetime: 20 yr 

Derating factor: 80% 

Tracking system: No Tracking 

Slope: 29.5 deg 

Azimuth: 0 deg 

Ground reflectance: 20% 

 
 
 



 
 
Solar Resource 
Latitude: 29 degrees 27 minutes North 

Longitude: 80 degrees 57 minutes East 

Time zone: GMT +5:45 

Data source: Synthetic 

Month 
Clearness Index Average Radiation 

 
(kWh/m2/day) 

Jan 0.661 3.971 

Feb 0.648 4.681 

Mar 0.655 5.772 

Apr 0.665 6.809 

May 0.643 7.145 

Jun 0.566 6.451 

Jul 0.455 5.105 

Aug 0.461 4.854 

Sep 0.568 5.273 

Oct 0.710 5.449 

Nov 0.701 4.390 

Dec 0.659 3.699 

 

Scaled annual average: 5.3 kWh/m²/d 

  

 
 
 
 



 
 
AC Hydro 
Capital cost: $ 13,384 

Replacement cost: $ 13,384 

O&M cost: $ 810/yr 

Lifetime: 25 yr 

Available head: 25 m 

Design flow rate: 13 L/s 

Min. flow ratio: 50% 

Max. flow ratio: 150% 

Turbine efficiency: 75% 

Pipe head loss: 15% 

Consider systems without hydro: Yes 
 

Hydro Resource 
Data source: Synthetic 

Month 
Stream Flow 

(L/s) 

Jan 53 

Feb 53 

Mar 53 

Apr 53 

May 53 

Jun 53 

Jul 53 

Aug 53 

Sep 53 

Oct 53 

Nov 53 

Dec 53 

 
 



 
 

Residual flow: 0 L/s 

Scaled annual average: 53 L/s 

 
Battery: Vision 6FM55D 
Quantity Capital ($) Replacement ($) O&M ($/yr) 

1 90 90 0.00 

 

Quantities to consider: 0, 10, 20, 30, 40, 50 

Voltage: 12 V 

Nominal capacity: 55 Ah 

Lifetime throughput: 256 kWh 

 
Converter 
Size (kW) Capital ($) Replacement ($) O&M ($/yr) 

1.000 1 1 0 

 

Sizes to consider: 0.0, 0.5, 1.0, 1.5, 2.0, 2.5 kW 

Lifetime: 15 yr 

Inverter efficiency: 90% 

Inverter can parallel with AC generator: Yes 

Rectifier relative capacity: 100% 

Rectifier efficiency: 85% 

 
Economics 
Annual real interest rate: 6% 

Project lifetime: 25 yr 

Capacity shortage penalty: $ 0/kWh 

System fixed capital cost: $ 0 

System fixed O&M cost: $ 0/yr 

 
 
 
 



 
 
Generator control 
Check load following: No 

Check cycle charging: Yes 

Setpoint state of charge: 80% 

 

Allow systems with multiple generators: Yes 

Allow multiple generators to operate simultaneously: Yes 

Allow systems with generator capacity less than peak load: Yes 

 
Emissions 
Carbon dioxide penalty: $ 0/t 

Carbon monoxide penalty: $ 0/t 

Unburned hydrocarbons penalty: $ 0/t 

Particulate matter penalty: $ 0/t 

Sulfur dioxide penalty: $ 0/t 

Nitrogen oxides penalty: $ 0/t 

 
Constraints 
Maximum annual capacity shortage: 5% 

Minimum renewable fraction: 0% 

 

Operating reserve as percentage of hourly load: 10% 

Operating reserve as percentage of peak load: 0% 

Operating reserve as percentage of solar power output: 25% 

Operating reserve as percentage of wind power output: 50% 

 
  



 
 

D.2 Scenario 2 a 

File name: Rayal_scenario2.hmr 

File version: 2.68 beta 

 
AC Load: Primary Load 1 
Data source: Synthetic 

Daily noise: 5% 

Hourly noise: 5% 

Scaled annual average: 40.2 kWh/d 

Scaled peak load: 4.93 kW 

Load factor: 0.340 

 
PV 
Size (kW) Capital ($) Replacement ($) O&M ($/yr) 

1.000 1,465 1,465 0 

 

Sizes to consider: 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 kW 

Lifetime: 20 yr 

Derating factor: 80% 

Tracking system: No Tracking 

Slope: 29.5 deg 

Azimuth: 0 deg 

Ground reflectance: 20% 

 
 
 
 



 
 
Solar Resource 
Latitude: 29 degrees 27 minutes North 

Longitude: 80 degrees 57 minutes East 

Time zone: GMT +5:45 

Data source: Synthetic 

Month 
Clearness Index Average Radiation 

 
(kWh/m2/day) 

Jan 0.661 3.971 

Feb 0.648 4.681 

Mar 0.655 5.772 

Apr 0.665 6.809 

May 0.643 7.145 

Jun 0.566 6.451 

Jul 0.455 5.105 

Aug 0.461 4.854 

Sep 0.568 5.273 

Oct 0.710 5.449 

Nov 0.701 4.390 

Dec 0.659 3.699 

 

Scaled annual average: 5.3 kWh/m²/d 

 
 
 
 
 



 
 
AC Hydro 
Capital cost: $ 54,600, 26,768 

Replacement cost: $ 54,600, 26,768 

O&M cost: $ 810/yr 

Lifetime: 25 yr 

Available head: 25 m 

Design flow rate: 53, 26 L/s 

Min. flow ratio: 50% 

Max. flow ratio: 150% 

Turbine efficiency: 75% 

Pipe head loss: 15% 

Consider systems without hydro: Yes 
 

 
Hydro Resource 
Data source: Synthetic 

Month 
Stream Flow 

(L/s) 

Jan 53 

Feb 53 

Mar 53 

Apr 53 

May 53 

Jun 53 

Jul 53 

Aug 53 

Sep 53 

Oct 53 

Nov 53 

Dec 53 

 



 
 

Residual flow: 0 L/s 

Scaled annual average: 53 L/s 

 
Battery: Vision 6FM55D 
Quantity Capital ($) Replacement ($) O&M ($/yr) 

1 90 90 0.00 

 

Quantities to consider: 0, 10, 20, 30, 40, 50, 60 

Voltage: 12 V 

Nominal capacity: 55 Ah 

Lifetime throughput: 256 kWh 

 
Converter 
Size (kW) Capital ($) Replacement ($) O&M ($/yr) 

1.000 1 1 0 

 

Sizes to consider: 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 kW 

Lifetime: 15 yr 

Inverter efficiency: 90% 

Inverter can parallel with AC generator: Yes 

Rectifier relative capacity: 100% 

Rectifier efficiency: 85% 

 
Economics 
Annual real interest rate: 6% 

Project lifetime: 25 yr 

Capacity shortage penalty: $ 0/kWh 

System fixed capital cost: $ 0 

System fixed O&M cost: $ 0/yr 

 
 
 
 



 
 
Generator control 
Check load following: No 

Check cycle charging: Yes 

Setpoint state of charge: 80% 

 

Allow systems with multiple generators: Yes 

Allow multiple generators to operate simultaneously: Yes 

Allow systems with generator capacity less than peak load: Yes 

 
Emissions 
Carbon dioxide penalty: $ 0/t 

Carbon monoxide penalty: $ 0/t 

Unburned hydrocarbons penalty: $ 0/t 

Particulate matter penalty: $ 0/t 

Sulfur dioxide penalty: $ 0/t 

Nitrogen oxides penalty: $ 0/t 

 
Constraints 
Maximum annual capacity shortage: 5% 

Minimum renewable fraction: 0% 

 

Operating reserve as percentage of hourly load: 10% 

Operating reserve as percentage of peak load: 0% 

Operating reserve as percentage of solar power output: 25% 

Operating reserve as percentage of wind power output: 50% 

 
  



 
 

D.3 Scenario 2 b 

 

 
AC Load: Primary Load 1 
Data source: Synthetic 

Daily noise: 5% 

Hourly noise: 5% 

Scaled annual average: 40.5 kWh/d 

Scaled peak load: 9.89 kW 

Load factor: 0.171 

 
 
PV 
Size (kW) Capital ($) Replacement ($) O&M ($/yr) 

1.000 1,465 1,465 0 

Sizes to consider: 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 kW 

Lifetime: 20 yr 

Derating factor: 80% 

Tracking system: No Tracking 

Slope: 29.5 deg 

Azimuth: 0 deg 

Ground reflectance: 20% 

 
 
 
 

File name: Rayal_scenario2.hmr 

File version: 2.68 beta 



 
 
Solar Resource 
Latitude: 29 degrees 27 minutes North 

Longitude: 80 degrees 57 minutes East 

Time zone: GMT +5:45 

Data source: Synthetic 

Month 
Clearness Index Average Radiation 

 
(kWh/m2/day) 

Jan 0.661 3.971 

Feb 0.648 4.681 

Mar 0.655 5.772 

Apr 0.665 6.809 

May 0.643 7.145 

Jun 0.566 6.451 

Jul 0.455 5.105 

Aug 0.461 4.854 

Sep 0.568 5.273 

Oct 0.710 5.449 

Nov 0.701 4.390 

Dec 0.659 3.699 

Scaled annual average: 5.3 kWh/m²/d 

  

 
 
 
 
 
 
 



 
 
AC Hydro 
Capital cost: $ 54,600, 26,768 

Replacement cost: $ 54,600, 26,768 

O&M cost: $ 810/yr 

Lifetime: 25 yr 

Available head: 25 m 

Design flow rate: 53, 26 L/s 

Min. flow ratio: 50% 

Max. flow ratio: 150% 

Turbine efficiency: 75% 

Pipe head loss: 15% 

Consider systems without hydro: Yes 

 
Hydro Resource 
Data source: Synthetic 

Month 
Stream Flow 

(L/s) 

Jan 53 

Feb 53 

Mar 53 

Apr 53 

May 53 

Jun 53 

Jul 53 

Aug 53 

Sep 53 

Oct 53 

Nov 53 

Dec 53 

Residual flow: 0 L/s 

Scaled annual average: 53 L/s 

 



 
 
Battery: Vision 6FM55D 
Quantity Capital ($) Replacement ($) O&M ($/yr) 

1 90 90 0.00 

Quantities to consider: 0, 10, 20, 30, 40, 50, 60 

Voltage: 12 V 

Nominal capacity: 55 Ah 

Lifetime throughput: 256 kWh 

 
Converter 
Size (kW) Capital ($) Replacement ($) O&M ($/yr) 

1.000 1 1 0 

Sizes to consider: 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 kW 

Lifetime: 15 yr 

Inverter efficiency: 90% 

Inverter can parallel with AC generator: Yes 

Rectifier relative capacity: 100% 

Rectifier efficiency: 85% 

 
Economics 
Annual real interest rate: 6% 

Project lifetime: 25 yr 

Capacity shortage penalty: $ 0/kWh 

System fixed capital cost: $ 0 

System fixed O&M cost: $ 0/yr 

 
Generator control 
Check load following: No 

Check cycle charging: Yes 

Setpoint state of charge: 80% 

Allow systems with multiple generators: Yes 

Allow multiple generators to operate simultaneously: Yes 

Allow systems with generator capacity less than peak load: Yes 



 
 
Emissions 
Carbon dioxide penalty: $ 0/t 

Carbon monoxide penalty: $ 0/t 

Unburned hydrocarbons penalty: $ 0/t 

Particulate matter penalty: $ 0/t 

Sulfur dioxide penalty: $ 0/t 

Nitrogen oxides penalty: $ 0/t 

 
Constraints 
Maximum annual capacity shortage: 5% 

Minimum renewable fraction: 0% 

Operating reserve as percentage of hourly load: 10% 

Operating reserve as percentage of peak load: 0% 

Operating reserve as percentage of solar power output: 25% 

Operating reserve as percentage of wind power output: 50% 

 
  



 
 

D.4 Scenario 3 

File name: Rayal_scenario3a.hmr 

File version: 2.68 beta 

 
AC Load: Primary Load 1 
Data source: Synthetic 

Daily noise: 5% 

Hourly noise: 5% 

Scaled annual average: 40.2 kWh/d 

Scaled peak load: 4.85 kW 

Load factor: 0.345 

 
 
AC Load: Primary Load 2 
Data source: Synthetic 

Daily noise: 5% 

Hourly noise: 5% 

Scaled annual average: 67, 40, 45, 50, 85, 90, 100 kWh/d 

Scaled peak load: 3.52, 2.10, 2.37, 2.63, 4.47, 4.73 kW 

Load factor: 0.792 

 



 
 
PV 
Size (kW) Capital ($) Replacement ($) O&M ($/yr) 

1.000 1,465 1,465 0 

Sizes to consider: 0.0, 0.5, 1.0, 1.5, 2.0, 2.5 kW 

Lifetime: 20 yr 

Derating factor: 80% 

Tracking system: No Tracking 

Slope: 29.5 deg 

Azimuth: 0 deg 

Ground reflectance: 20% 

 
Solar Resource 
Latitude: 29 degrees 27 minutes North 

Longitude: 80 degrees 57 minutes East 

Time zone: GMT +5:45 

 
 

Data source: Synthetic 

Month 
Clearness Index Average Radiation 

 
(kWh/m2/day) 

Jan 0.661 3.971 

Feb 0.648 4.681 

Mar 0.655 5.772 

Apr 0.665 6.809 

May 0.643 7.145 

Jun 0.566 6.451 

Jul 0.455 5.105 

Aug 0.461 4.854 

Sep 0.568 5.273 

Oct 0.710 5.449 

Nov 0.701 4.390 

Dec 0.659 3.699 



 
 

Scaled annual average: 5.3 kWh/m²/d 

  

 
 
AC Hydro 
Capital cost: $ 54,600, 26,768 

Replacement cost: $ 54,600, 26,768 

O&M cost: $ 810/yr 

Lifetime: 25 yr 

Available head: 25 m 

Design flow rate: 53, 26 L/s 

Min. flow ratio: 50% 

Max. flow ratio: 150% 

Turbine efficiency: 75% 

Pipe head loss: 15% 

Consider systems without hydro: Yes 

 
Hydro Resource 
Data source: Synthetic 

Month 
Stream Flow 

(L/s) 

Jan 53 

Feb 53 

Mar 53 

Apr 53 

May 53 

Jun 53 



 
 

Jul 53 

Aug 53 

Sep 53 

Oct 53 

Nov 53 

Dec 53 

Residual flow: 0 L/s 

Scaled annual average: 53 L/s 

 
Battery: Vision 6FM55D 
Quantity Capital ($) Replacement ($) O&M ($/yr) 

1 90 90 0.00 

Quantities to consider: 0, 10, 20 

Voltage: 12 V 

Nominal capacity: 55 Ah 

Lifetime throughput: 256 kWh 

 
Converter 
Size (kW) Capital ($) Replacement ($) O&M ($/yr) 

1.000 1 1 0 

Sizes to consider: 0.0, 0.5, 1.0, 1.5 kW 

Lifetime: 15 yr 

Inverter efficiency: 90% 

Inverter can parallel with AC generator: Yes 

Rectifier relative capacity: 100% 

Rectifier efficiency: 85% 

 
 
 
 
 
 
 
 



 
 
Economics 
Annual real interest rate: 6% 

Project lifetime: 25 yr 

Capacity shortage penalty: $ 0/kWh 

System fixed capital cost: $ 0 

System fixed O&M cost: $ 0/yr 

 
Generator control 
Check load following: No 

Check cycle charging: Yes 

Setpoint state of charge: 80% 

Allow systems with multiple generators: Yes 

Allow multiple generators to operate simultaneously: Yes 

Allow systems with generator capacity less than peak load: Yes 

 
Emissions 
Carbon dioxide penalty: $ 0/t 

Carbon monoxide penalty: $ 0/t 

Unburned hydrocarbons penalty: $ 0/t 

Particulate matter penalty: $ 0/t 

Sulfur dioxide penalty: $ 0/t 

Nitrogen oxides penalty: $ 0/t 

 
Constraints 
Maximum annual capacity shortage: 5% 

Minimum renewable fraction: 0% 

Operating reserve as percentage of hourly load: 10% 

Operating reserve as percentage of peak load: 0% 

Operating reserve as percentage of solar power output: 25% 

Operating reserve as percentage of wind power output: 50% 
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APPENDIX E: Grid specifications 
 



Document : DS176A/1
issue 000 date 20/07/2011

Electrical Characteristics
Frequency Hz
Voltage (series star) V 380 400 415 440 415 440 460 480

Rated power class H kVA 13,5 13,5 13,5 / 14 15 16,2 16,2

kW 10,8 10,8 10,8 / 11 12 13 13

Rated power class F kVA 12,5 12,5 12,5 / 13 13,5 15 15

kW 10 10 10 / 10,4 11 12 12

Regulation with DSR
Insulation class
Execution 
Stator winding
Rotor
Efficiencies class H 4/4  % 86,5 86,6 86,3 / 87 87,5 87,6 87,7

(see graph. for details) 3/4  % 86,6 86,9 86,8 / 87,4 87,6 87,8 88

2/4  % 84,3 84,4 84,4 / 85,2 85,3 85,4 85,5

1/4  % 81,6 81,5 81,3 / 82,3 82,1 82,2 82,5

Reactances (f. l.cl. F) Xd  % 203,9 184 170,9 / 212,7 202,8 200,3 184

Xd'  % 17,95 16,2 15,05 / 18,73 17,85 17,64 16,2

Xd"  % 11,52 10,4 9,66 / 12,02 11,46 11,32 10,4

Xq  % 69,8 63 58,5 / 72,8 69,4 68,6 63

Xq'  % 69,8 63 58,5 / 72,8 69,4 68,6 63

Xq"  % 24,4 22 20,4 / 25,4 24,2 24,0 22

X2  % 15,62 14,1 13,10 / 16,30 15,54 15,35 14,1

X0  % 3,43 3,1 2,88 / 3,58 3,42 3,38 3,1

Short Circuit Ratio Kcc 0,55 0,60 0,66 / 0,41 0,50 0,55 0,60

Time Constants Td' sec.
Td" sec.
Tdo' sec.
Tα sec.

Short Circuit Current Capacity %
Excitation at no load Amp. 0,6 0,7 0,8 / 0,4 0,45 0,5 0,6

Excitation at full load Amp. 2,6 2,7 2,8 / 2,4 2,5 2,6 2,7

Overload (long-term) %
Overload per 20 sec. %
Stator Winding Resistance (20°C) Ω

Rotor Winding Resistance (20°C) Ω

Exciter Resistance (20 °C) Ω

Heat dissipation at f.l.cl.H W 1686 1671 1714 / 1674 1714 1835 1818

Telephone Interference
Radio interference
Waveform Distors.(THD) at f. load LL/LN %
Waveform Distors.(THD) at no load LL/LN %
Mechanical characteristics
Protection
DE bearing
NDE bearing
Weight of wound stator assembly kg
Weight of wound rotor assembly kg
Weight of complete generator kg
Maximun overspeed rpm
Unbalanced magnetic pull at f.l.cl.F kN/mm
Cooling air requirement m³/min
Inertia Constant (H) sec.
Noise level at 1m/7m dB(A)

This document is a propriety of Mecc Alte S.p.a..All rights reserved.
All technical data are to be considered as a reference and they can be modified without any notice

0,06

0,025

0,98

0,019

68 / 57 71 / 61

0,099

5,8

0,083

5,3

3

2250

99

15,4

28,4

6207-2RS

6309-2RS

IP 23 (other protection on request)

3,7 / 3,7

2 / 2

EN61000-6-3 EN61000-6-1. For others standards apply to factory

THF < 2 % TIF < 45

Rotor : 0,417 Stator : 10,60
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1 hour in a 6 hours period 110% rated load

>300 >320

without damping cage

12 ends

GENERATOR TYPE ECP 28-0S/4

Brushless
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±1% with any power factor and speed variations between -5% +30%

50 60
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E.2 Grid calculation

Rayal enklare nätberäkning

Generator 10KW
Tot Kundlast Primär Spg [kV] 0,4
P last[kW] 7,428835196
Q last [KVar) 2,08 Xd ' % 17,1
Cosδ 0,9

SN (KVA) 13

OBS Denna beräkning inkluderar inte C-faktor Alus25 1,200 0,079 1,203
Alus50 0,641 0,075 0,645

Generator impedans Antal kunder 74 st Alus95 0,320 0,075 0,329
R (G) Ω Antagen 3-fasig kundlast 0,161 A           ger 100,389665 W/Kund N1XV10 3,080 0,091 3,081
X (G) 2,1046E+00 Ω 33,4632216 W/fas N1XV16 1,910 0,085 1,912

N1XV50 0,641 0,075 0,645
N1XV95 0,320 0,075 0,329

Z1 2,1046E+00 Ω lj1 [kA] 0,1097 lk2 [kA] 0,0950 lk3 [kA] 0,1097 N1XV150 0,206 0,069 0,217
N1XV240 0,125 0,069 0,143

1-1 1-2 1-3
1 Matarledning Z 2,121 Avgreningsledning Z 2,169 Serviceledning Z 2,185 Ledning i hus Z 2,740

L (längd) 25 m Summa R 0,016 L (längd) 75 m Summa R 0,064 L (längd) 25 m Summa R 0,080 L (längd) 20 m Summa R 0,320
R för L/m 6,410E-04 Ω/m Summa X 2,106 R för L/m 6,410E-04 Ω/m Summa X 2,112 R för L/m 6,410E-04 Ω/m Summa X 2,114 R för L/m 1,200E-02 Ω/m Summa X 2,614
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,108 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,103 X för L/m 7,538E-05 Ω/m lj1 [A] 0,102 X för L/m 2,500E-02 Ω/m lj1 [A] 0,068
Z för L längd 0,0161 Ω lk2 [kA] 0,094 Z för L längd 0,0484 Ω lk2 [kA] 0,092 Z för L Längd 0,0161 Ω lk2 [kA] 0,092 Z för L Läng 0,5546 Ω lk2 [kA] 0,073
Last 11,914 A lk3 [kA] 0,109 Last 0,161 A lk3 [kA] 0,106 Last 0,161 A lk3 [kA] 0,106 Last 0,161 A lk3 [kA] 0,000

ΔU [V] ΔU [V] Antal 1 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U

2 Matarledning Z 2,137 Avgreningsledning Z 2,185 Serviceledning Z 2,201 Ledning i hus Z 2,756
L (längd) 25 m Summa R 0,032 L (längd) 75 m Summa R 0,080 L (längd) 25 m Summa R 0,096 L (längd) 20 m Summa R 0,336
R för L/m 6,410E-04 Ω/m Summa X 2,108 R för L/m 6,410E-04 Ω/m Summa X 2,114 R för L/m 6,410E-04 Ω/m Summa X 2,116 R för L/m 1,200E-02 Ω/m Summa X 2,616
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,107 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,103 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,100 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,068
Z för L längd 0,0161 Ω lk2 [kA] 0,094 Z för L längd 0,0484 Ω lk2 [kA] 0,092 Z för L Längd 0,0161 Ω lk2 [kA] 0,091 Z för L Läng 0,5546 Ω lk2 [kA] 0,073
Last 11,753 A lk3 [kA] 0,108 Last 0,322 A lk3 [kA] 0,106 Last 0,161 A lk3 [kA] 0,105 Last 0,161 A lk3 [kA] 0,084

ΔU [V] ΔU [V] Antal 2 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

3 Matarledning Z 2,266 Avgreningsledning Z 2,282 Serviceledning Z 2,298 Ledning i hus Z 2,853
L (längd) 200 m Summa R 0,160 L (längd) 25 m Summa R 0,176 L (längd) 25 m Summa R 0,192 L (längd) 20 m Summa R 0,432
R för L/m 6,410E-04 Ω/m Summa X 2,123 R för L/m 6,410E-04 Ω/m Summa X 2,125 R för L/m 6,410E-04 Ω/m Summa X 2,127 R för L/m 1,200E-02 Ω/m Summa X 2,627
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,096 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,095 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,093 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,064
Z för L längd 0,1291 Ω lk2 [kA] 0,088 Z för L längd 0,0161 Ω lk2 [kA] 0,088 Z för L Längd 0,0161 Ω lk2 [kA] 0,087 Z för L Läng 0,5546 Ω lk2 [kA] 0,070
Last 11,431 A lk3 [kA] 0,102 Last 0,322 A lk3 [kA] 0,101 Last 0,161 A lk3 [kA] 0,100 Last 0,161 A lk3 [kA] 0,081

ΔU [V] ΔU [V] Antal 2 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

4 Matarledning Z 2,314 Avgreningsledning Z 2,331 Serviceledning Z 2,347 Ledning i hus Z 2,901
L (längd) 75 m Summa R 0,208 L (längd) 25 m Summa R 0,224 L (längd) 25 m Summa R 0,240 L (längd) 20 m Summa R 0,480
R för L/m 6,410E-04 Ω/m Summa X 2,129 R för L/m 6,410E-04 Ω/m Summa X 2,131 R för L/m 6,410E-04 Ω/m Summa X 2,133 R för L/m 1,200E-02 Ω/m Summa X 2,633
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,098 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,096 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,089 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,062
Z för L längd 0,0484 Ω lk2 [kA] 0,086 Z för L längd 0,0161 Ω lk2 [kA] 0,086 Z för L Längd 0,0161 Ω lk2 [kA] 0,085 Z för L Läng 0,5546 Ω lk2 [kA] 0,069
Last 11,109 A lk3 [kA] 0,100 Last 0,161 A lk3 [kA] 0,099 Last 0,161 A lk3 [kA] 0,098 Last 0,161 A lk3 [kA] 0,080

ΔU [V] ΔU [V] Antal 1 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

5 Matarledning Z 2,411 Avgreningsledning Z 2,508 Serviceledning Z 2,524 Ledning i hus Z 3,079
L (längd) 150 m Summa R 0,304 L (längd) 150 m Summa R 0,401 L (längd) 25 m Summa R 0,417 L (längd) 20 m Summa R 0,657
R för L/m 6,410E-04 Ω/m Summa X 2,140 R för L/m 6,410E-04 Ω/m Summa X 2,152 R för L/m 6,410E-04 Ω/m Summa X 2,154 R för L/m 1,200E-02 Ω/m Summa X 2,654
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,092 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,085 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,078 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,059
Z för L längd 0,0968 Ω lk2 [kA] 0,083 Z för L längd 0,0968 Ω lk2 [kA] 0,080 Z för L Längd 0,0161 Ω lk2 [kA] 0,079 Z för L Läng 0,5546 Ω lk2 [kA] 0,065
Last 10,948 A lk3 [kA] 0,096 Last 0,805 A lk3 [kA] 0,092 Last 0,161 A lk3 [kA] 0,091 Last 0,161 A lk3 [kA] 0,075

ΔU [V] ΔU [V] Antal 5 st ΔU [kV] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

Ledningstyp R Ω /km X Ω /km Z Ω /km



E.2 Grid calculation

6 Matarledning Z 2,492 Avgreningsledning Z 2,508 Serviceledning Z 2,524 Ledning i hus Z 3,079
L (längd) 125 m Summa R 0,385 L (längd) 25 m Summa R 0,401 L (längd) 25 m Summa R 0,417 L (längd) 20 m Summa R 0,657
R för L/m 6,410E-04 Ω/m Summa X 2,150 R för L/m 6,410E-04 Ω/m Summa X 2,152 R för L/m 6,410E-04 Ω/m Summa X 2,154 R för L/m 1,200E-02 Ω/m Summa X 2,654
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,090 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,089 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,078 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,057
Z för L längd 0,0807 Ω lk2 [kA] 0,080 Z för L längd 0,0161 Ω lk2 [kA] 0,080 Z för L Längd 0,0161 Ω lk2 [kA] 0,079 Z för L Läng 0,5546 Ω lk2 [kA] 0,065
Last 10,143 A lk3 [kA] 0,093 Last 0,805 A lk3 [kA] 0,092 Last 0,161 A lk3 [kA] 0,091 Last 0,161 A lk3 [kA] 0,075

ΔU [V] ΔU [V] Antal 5 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

7 Matarledning Z 2,540 Avgreningsledning Z 2,589 Serviceledning Z 2,605 Ledning i hus Z 3,159
L (längd) 75 m Summa R 0,433 L (längd) 75 m Summa R 0,481 L (längd) 25 m Summa R 0,497 L (längd) 20 m Summa R 0,737
R för L/m 6,410E-04 Ω/m Summa X 2,155 R för L/m 6,410E-04 Ω/m Summa X 2,161 R för L/m 6,410E-04 Ω/m Summa X 2,163 R för L/m 1,200E-02 Ω/m Summa X 2,663
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,089 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,086 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,085 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,055
Z för L längd 0,0484 Ω lk2 [kA] 0,079 Z för L längd 0,0484 Ω lk2 [kA] 0,077 Z för L Längd 0,0161 Ω lk2 [kA] 0,077 Z för L Läng 0,5546 Ω lk2 [kA] 0,063
Last 9,338 A lk3 [kA] 0,091 Last 0,322 A lk3 [kA] 0,089 Last 0,161 A lk3 [kA] 0,089 Last 0,161 A lk3 [kA] 0,073

ΔU [V] ΔU [V] Antal 2 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

8 Matarledning Z 2,766 Avgreningsledning Z 2,782 Serviceledning Z 2,798 Ledning i hus Z 3,353
L (längd) 350 m Summa R 0,657 L (längd) 25 m Summa R 0,673 L (längd) 25 m Summa R 0,689 L (längd) 20 m Summa R 0,929
R för L/m 6,410E-04 Ω/m Summa X 2,182 R för L/m 6,410E-04 Ω/m Summa X 2,184 R för L/m 6,410E-04 Ω/m Summa X 2,186 R för L/m 1,200E-02 Ω/m Summa X 2,686
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,077 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,076 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,066 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,050
Z för L längd 0,2259 Ω lk2 [kA] 0,072 Z för L längd 0,0161 Ω lk2 [kA] 0,072 Z för L Längd 0,0161 Ω lk2 [kA] 0,071 Z för L Läng 0,5546 Ω lk2 [kA] 0,060
Last 9,016 A lk3 [kA] 0,083 Last 0,805 A lk3 [kA] 0,083 Last 0,161 A lk3 [kA] 0,083 Last 0,161 A lk3 [kA] 0,069

ΔU [V] ΔU [V] Antal 5 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

9 Matarledning Z 2,879 Avgreningsledning Z1 2,911 Serviceledning Z1 2,928 Ledning i hus Z 3,482
L (längd) 175 m Summa R 0,769 L (längd) 50 m Summa R 0,801 L (längd) 25 m Summa R 0,817 L (längd) 20 m Summa R 1,057
R för L/m 6,410E-04 Ω/m Summa X 2,195 R för L/m 6,410E-04 Ω/m Summa X 2,199 R för L/m 6,410E-04 Ω/m Summa X 2,201 R för L/m 1,200E-02 Ω/m Summa X 2,701
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,077 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,076 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,062 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,048
Z för L längd 0,1129 Ω lk2 [kA] 0,069 Z för L längd 0,0323 Ω lk2 [kA] 0,069 Z för L Längd 0,0161 Ω lk2 [kA] 0,068 Z för L Läng 0,5546 Ω lk2 [kA] 0,057
Last 8,211 A lk3 [kA] 0,080 Last 1,771 A lk3 [kA] 0,079 Last 0,161 A lk3 [kA] 0,079 Last 0,161 A lk3 [kA] 0,066

ΔU [V] ΔU [V] Antal 11 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

10 Matarledning Z 3,008 Avgreningsledning Z1 3,040 Serviceledning Z1 3,057 Ledning i hus Z 3,611
L (längd) 200 m Summa R 0,897 L (längd) 50 m Summa R 0,929 L (längd) 25 m Summa R 0,945 L (längd) 20 m Summa R 1,185
R för L/m 6,410E-04 Ω/m Summa X 2,210 R för L/m 6,410E-04 Ω/m Summa X 2,214 R för L/m 6,410E-04 Ω/m Summa X 2,216 R för L/m 1,200E-02 Ω/m Summa X 2,716
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,074 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,072 X för L/m 7,538E-05 Ω/m lj1 [A] 0,071 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,045
Z för L längd 0,1291 Ω lk2 [kA] 0,066 Z för L längd 0,0323 Ω lk2 [kA] 0,066 Z för L Längd 0,0161 Ω lk2 [A] 0,065 Z för L Läng 0,5546 Ω lk2 [kA] 0,055
Last 6,44 A lk3 [kA] 0,077 Last 0,322 A lk3 [kA] 0,076 Last 0,161 A lk3 [A] 0,076 Last 0,161 A lk3 [kA] 0,064

ΔU [V] ΔU [V] Antal 2 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

11 Matarledning Z 3,09 Avgreningsledning Z 3,11 Serviceledning Z 3,12 Ledning i hus Z 3,676
L (längd) 125 m Summa R 0,98 L (längd) 25 m Summa R 0,99 L (längd) 25 m Summa R 1,01 L (längd) 20 m Summa R 1,250
R för L/m 6,410E-04 Ω/m Summa X 2,22 R för L/m 6,410E-04 Ω/m Summa X 2,22 R för L/m 6,410E-04 Ω/m Summa X 2,22 R för L/m 1,200E-02 Ω/m Summa X 2,723
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,07 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,07 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,06 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,044
Z för L längd 0,0807 Ω lk2 [kA] 0,06 Z för L längd 0,0161 Ω lk2 [kA] 0,06 Z för L Längd 0,0161 Ω lk2 [kA] 0,06 Z för L Läng 0,5546 Ω lk2 [kA] 0,054
Last 6,118 A lk3 [kA] 0,07 Last 0,644 A lk3 [kA] 0,07 Last 0,161 A lk3 [kA] 0,07 Last 0,161 A lk3 [kA] 0,063

ΔU [V] ΔU [V] Antal 4 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

12 Matarledning Z 3,121 Avgreningsledning Z 3,170 Serviceledning Z 3,186 Ledning i hus Z 3,740
L (längd) 50 m Summa R 1,010 L (längd) 75 m Summa R 1,058 L (längd) 25 m Summa R 1,074 L (längd) 20 m Summa R 1,314
R för L/m 6,410E-04 Ω/m Summa X 2,223 R för L/m 6,410E-04 Ω/m Summa X 2,229 R för L/m 6,410E-04 Ω/m Summa X 2,231 R för L/m 1,200E-02 Ω/m Summa X 2,731
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,073 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,071 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,054 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,043
Z för L längd 0,0323 Ω lk2 [kA] 0,064 Z för L längd 0,0484 Ω lk2 [kA] 0,063 Z för L Längd 0,0161 Ω lk2 [kA] 0,063 Z för L Läng 0,5546 Ω lk2 [kA] 0,053
Last 5,474 A lk3 [kA] 0,074 Last 0,644 A lk3 [kA] 0,073 Last 0,161 A lk3 [kA] 0,072 Last 0,161 A lk3 [kA] 0,062

ΔU [V] ΔU [V] Antal 4 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

13 Matarledning Z 3,153 Avgreningsledning Z 3,170 Serviceledning Z 3,186 Ledning i hus Z 3,740
L (längd) 50 m Summa R 1,042 L (längd) 25 m Summa R 1,058 L (längd) 25 m Summa R 1,074 L (längd) 20 m Summa R 1,314
R för L/m 6,410E-04 Ω/m Summa X 2,227 R för L/m 6,410E-04 Ω/m Summa X 2,229 R för L/m 6,410E-04 Ω/m Summa X 2,231 R för L/m 1,200E-02 Ω/m Summa X 2,731
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,072 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,072 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,054 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,043
Z för L längd 0,0323 Ω lk2 [kA] 0,063 Z för L längd 0,0161 Ω lk2 [kA] 0,063 Z för L Längd 0,0161 Ω lk2 [kA] 0,063 Z för L Läng 0,5546 Ω lk2 [kA] 0,053
Last 4,83 A lk3 [kA] 0,073 Last 0,966 A lk3 [kA] 0,073 Last 0,161 A lk3 [kA] 0,072 Last 0,161 A lk3 [kA] 0,062

ΔU [V] ΔU [V] Antal 6 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U



E.2 Grid calculation

14 Matarledning Z 3,170 Avgreningsledning Z 3,218 Serviceledning Z 3,234 Ledning i hus Z 3,789
L (längd) 25 m Summa R 1,058 L (längd) 75 m Summa R 1,106 L (längd) 25 m Summa R 1,122 L (längd) 20 m Summa R 1,362
R för L/m 6,410E-04 Ω/m Summa X 2,229 R för L/m 6,410E-04 Ω/m Summa X 2,235 R för L/m 6,410E-04 Ω/m Summa X 2,237 R för L/m 1,200E-02 Ω/m Summa X 2,737
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,072 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,070 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,054 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,042
Z för L längd 0,0161 Ω lk2 [kA] 0,063 Z för L längd 0,0484 Ω lk2 [kA] 0,062 Z för L Längd 0,0161 Ω lk2 [kA] 0,062 Z för L Läng 0,5546 Ω lk2 [kA] 0,053
Last 3,864 A lk3 [kA] 0,073 Last 0,322 A lk3 [kA] 0,072 Last 0,161 A lk3 [kA] 0,071 Last 0,161 A lk3 [kA] 0,061

ΔU [V] ΔU [V] Antal 2 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

15 Matarledning Z 3,186 Avgreningsledning Z 3,202 Serviceledning Z 3,218 Ledning i hus Z 3,773
L (längd) 25 m Summa R 1,074 L (längd) 25 m Summa R 1,090 L (längd) 25 m Summa R 1,106 L (längd) 20 m Summa R 1,346
R för L/m 6,410E-04 Ω/m Summa X 2,231 R för L/m 6,410E-04 Ω/m Summa X 2,233 R för L/m 6,410E-04 Ω/m Summa X 2,235 R för L/m 1,200E-02 Ω/m Summa X 2,735
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,072 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,071 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,053 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,042
Z för L längd 0,0161 Ω lk2 [kA] 0,063 Z för L längd 0,0161 Ω lk2 [kA] 0,062 Z för L Längd 0,0161 Ω lk2 [kA] 0,062 Z för L Läng 0,5546 Ω lk2 [kA] 0,053
Last 3,542 A lk3 [kA] 0,072 Last 0,483 A lk3 [kA] 0,072 Last 0,161 A lk3 [kA] 0,072 Last 0,161 A lk3 [kA] 0,061

ΔU [V] ΔU [V] Antal 3 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

16 Matarledning Z 3,202 Avgreningsledning Z 3,234 Serviceledning Z 3,250 Ledning i hus Z 3,805
L (längd) 25 m Summa R 1,090 L (längd) 50 m Summa R 1,122 L (längd) 25 m Summa R 1,138 L (längd) 20 m Summa R 1,378
R för L/m 6,410E-04 Ω/m Summa X 2,233 R för L/m 6,410E-04 Ω/m Summa X 2,237 R för L/m 6,410E-04 Ω/m Summa X 2,238 R för L/m 1,200E-02 Ω/m Summa X 2,738
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,072 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,070 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,053 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,042
Z för L längd 0,0161 Ω lk2 [kA] 0,062 Z för L längd 0,0323 Ω lk2 [kA] 0,062 Z för L Längd 0,0161 Ω lk2 [kA] 0,062 Z för L Läng 0,5546 Ω lk2 [kA] 0,053
Last 3,059 A lk3 [kA] 0,072 Last 0,483 A lk3 [kA] 0,071 Last 0,161 A lk3 [kA] 0,071 Last 0,161 A lk3 [kA] 0,061

ΔU [V] ΔU [V] Antal 3 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

17 Matarledning Z 3,234 Avgreningsledning Z 3,250 Serviceledning Z 3,266 Ledning i hus Z 3,821
L (längd) 50 m Summa R 1,122 L (längd) 25 m Summa R 1,138 L (längd) 25 m Summa R 1,154 L (längd) 20 m Summa R 1,394
R för L/m 6,410E-04 Ω/m Summa X 2,237 R för L/m 6,410E-04 Ω/m Summa X 2,238 R för L/m 6,410E-04 Ω/m Summa X 2,240 R för L/m 1,200E-02 Ω/m Summa X 2,740
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,071 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,070 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,052 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,042
Z för L längd 0,0323 Ω lk2 [kA] 0,062 Z för L längd 0,0161 Ω lk2 [kA] 0,062 Z för L Längd 0,0161 Ω lk2 [kA] 0,061 Z för L Läng 0,5546 Ω lk2 [kA] 0,052
Last 2,576 A lk3 [kA] 0,071 Last 0,322 A lk3 [kA] 0,071 Last 0,161 A lk3 [kA] 0,071 Last 0,161 A lk3 [kA] 0,060

ΔU [V] ΔU [V] Antal 2 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

18 Matarledning Z 3,283 Avgreningsledning Z 3,299 Serviceledning Z 3,315 Ledning i hus Z 3,869
L (längd) 75 m Summa R 1,170 L (längd) 25 m Summa R 1,186 L (längd) 25 m Summa R 1,202 L (längd) 20 m Summa R 1,442
R för L/m 6,410E-04 Ω/m Summa X 2,242 R för L/m 6,410E-04 Ω/m Summa X 2,244 R för L/m 6,410E-04 Ω/m Summa X 2,246 R för L/m 1,200E-02 Ω/m Summa X 2,746
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,069 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,069 X för L/m 7,538E-05 Ω/m lj1 [A] 0,051 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,041
Z för L längd 0,0484 Ω lk2 [kA] 0,061 Z för L längd 0,0161 Ω lk2 [kA] 0,061 Z för L Längd 0,0161 Ω lk2 [A] 0,060 Z för L Läng 0,5546 Ω lk2 [kA] 0,052
Last 2,254 A lk3 [kA] 0,070 Last 0,483 A lk3 [kA] 0,070 Last 0,161 A lk3 [A] 0,070 Last 0,161 A lk3 [kA] 0,060

ΔU [V] ΔU [V] Antal 3 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

19 Matarledning Z 3,347 Avgreningsledning Z 3,428 Serviceledning Z 3,460 Ledning i hus Z 4,015
L (längd) 100 m Summa R 1,234 L (längd) 125 m Summa R 1,314 L (längd) 50 m Summa R 1,346 L (längd) 20 m Summa R 1,586
R för L/m 6,410E-04 Ω/m Summa X 2,250 R för L/m 6,410E-04 Ω/m Summa X 2,259 R för L/m 6,410E-04 Ω/m Summa X 2,263 R för L/m 1,200E-02 Ω/m Summa X 2,763
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,068 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,065 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,048 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,039
Z för L längd 0,0645 Ω lk2 [kA] 0,060 Z för L längd 0,0807 Ω lk2 [kA] 0,058 Z för L Längd 0,0323 Ω lk2 [kA] 0,058 Z för L Läng 0,5546 Ω lk2 [kA] 0,050
Last 1,771 A lk3 [kA] 0,069 Last 1,127 A lk3 [kA] 0,067 Last 0,161 A lk3 [kA] 0,067 Last 0,161 A lk3 [kA] 0,058

ΔU [V] ΔU [V] Antal 7 st ΔU [V] ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U

20 Matarledning Z 3,395 Avgreningsledning Z 3,492 Serviceledning Z 3,508 Ledning i hus Z 4,063
L (längd) 75 m Summa R 1,282 L (längd) 150 m Summa R 1,378 L (längd) 25 m Summa R 1,394 L (längd) 20 m Summa R 1,634
R för L/m 6,410E-04 Ω/m Summa X 2,255 R för L/m 6,410E-04 Ω/m Summa X 2,267 R för L/m 6,410E-04 Ω/m Summa X 2,269 R för L/m 1,200E-02 Ω/m Summa X 2,769
X för L/m 7,538E-05 Ω/m lj1 [kA] 0,067 X för L /m 7,538E-05 Ω/m lj1 [kA] 0,063 X för L/m 7,538E-05 Ω/m lj1 [kA] 0,047 X för L/m 2,500E-02 Ω/m lj1 [kA] 0,038
Z för L längd 0,0484 Ω lk2 [kA] 0,059 Z för L längd 0,0968 Ω lk2 [kA] 0,057 Z för L Längd 0,0161 Ω lk2 [kA] 0,057 Z för L Läng 0,5546 Ω lk2 [kA] 0,049
Last 0,644 A lk3 [kA] 0,068 Last 0,644 A lk3 [kA] 0,066 Last 0,161 A lk3 [kA] 0,066 Last 0,161 A lk3 [kA] 0,057

ΔU [V] ΔU [V] Antal 4 st ΔU [V] Avsäkring 6A ΔU [V]
ΔU [%] ΔU [%] ΔU [%] ΔU [%]

U U U U



E.3 Grid design

25m  50mm2

1-1 1-2 1-3
1 75m  50mm2 25m  50mm2 20m  1,5mm2 Noder som slutar -3 är alltid kundens last .

25m  50mm2

25m  50mm2 20m  1,5mm2 

2 75m  50mm2 20m  1,5mm2 

200m  50mm2

25m  50mm2 20m  1,5mm2 

3 25m  50mm2 20m  1,5mm2 

75m  50mm2

25m  50mm2 20m  1,5mm2 

4 25m  50mm2

20m  1,5mm2 

150m  50mm2

20m  1,5mm2 

25m  50mm2 20m  1,5mm2 

5 150m  50mm2 20m  1,5mm2 

125m  50mm2 20m  1,5mm2 

25m  50mm2 20m  1,5mm2 

20m  1,5mm2 

6 25m  50mm2

20m  1,5mm2 

75m  50mm2

20m  1,5mm2 

20m  1,5mm2 

7 75m  50mm2 25m  50mm2 20m  1,5mm2 

350m  50mm2 20m  1,5mm2 

25m  50mm2 20m  1,5mm2 

20m  1,5mm2 

8 25m  50mm2 20m  1,5mm2 

20m  1,5mm2 20m  1,5mm2 

175m  50mm2 20m  1,5mm2 

25m  50mm2 OBS 11 st  kunde med 20m  1,5mm2 

9 50m  50mm2

200m  50mm2

25m  50mm2

20m  1,5mm2 

10 50m  50mm2

20m  1,5mm2 

125m  50mm2

25m  50mm2 20m  1,5mm2 

20m  1,5mm2 

11 25m  50mm2 20m  1,5mm2 

50m  50mm2 20m  1,5mm2 

25m  50mm2 20m  1,5mm2 

20m  1,5mm2 

12 75m  50mm2 20m  1,5mm2 

50m  50mm2 20m  1,5mm2 



E.3 Grid design

25m  50mm2 20m  1,5mm2 20m  1,5mm2 

20m  1,5mm2 

13 25m  50mm2 20m  1,5mm2 

20m  1,5mm2 

25m  50mm2 20m  1,5mm2 

25m  50mm2 20m  1,5mm2 

14 75m  50mm2 20m  1,5mm2 

25m  50mm2

25m  50mm2 20m  1,5mm2 

15 25m  50mm2 20m  1,5mm2 

25m  50mm2 20m  1,5mm2 

25m  50mm2 20m  1,5mm2 

16 50m  50mm2 20m  1,5mm2 

50m  50mm2 20m  1,5mm2 

25m  50mm2 20m  1,5mm2 

17 25m  50mm2 20m  1,5mm2 

75m  50mm2

25m  50mm2 20m  1,5mm2 

18 25m  50mm2 20m  1,5mm2 

100m  50mm2 20m  1,5mm2 

50m  50mm2 20m  1,5mm2 20m  1,5mm2 

20m  1,5mm2 

19 125m  50mm2

20m  1,5mm2 

75m  50mm2 20m  1,5mm2 

20m  1,5mm2 

25m  50mm2

20m  1,5mm2 

20 50m  50mm2

20m  1,5mm2 

20m  1,5mm2 

20m  1,5mm2 



E.4 Grid Material 

Ledning 50 mm2 Alus 3525 m 3525 m 
EKLK 1,5 mm2 1480 m 20m per kund 
Stolpar 71 st 50m spann
Säkringslådor matarledning 5 st
DZ säkring 16A 2 st
DZ säkring 10A 5 st
Normcentral (liten) 75 st 74 kunder  + pump
Säkringar  enpolig 74 st
Säkringar  trepolig 1 st
Skarvar sats 20 st
Avgreningsskarv sats 100 st
Strömströmställare 74 st
Armatur 280 st
Motorströmställare 1 st
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