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ABSTRACT 

 

Energy is a basic need for the overall growth and improvements of people’s living standard. 

But around 2 to 3 billion people in the world have no access to electric lighting. Like other 

developing countries the rural electrification in Ethiopia is very low and government takes 

some actions to promote the investment in these areas but due to economic constraints and 

low level of technological advancement the growth is very low.  

 

This study focuses on solar PV based rural electrification, its impact on environment and 

socio-economic development in Rema village. Three cases studies: typical households, 

small scale business center and public services are considered for systematic study. 

Interviews from villagers, existing energy system, literature data and HOMER software are 

used to calculate energy demand and cost of electrification. A comparison between the 

results is carried out. 

  

According to the village survey the existing PV home system has a positive impact on a socio 

economic development of the village of Rema. Solar PV electricity can be used in generating 

incomes. It is also used for climate mitigation by curbing CO2 emission and can be used for 

climate adaptation by reducing the deforestation and facilitate carbon sequestration. PV 

based electrification of health center and schools have played a vital role in improving the 

quality of services. The presence of refrigerator helped to have vaccines and medicines 
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preserved for different types of killer diseases. The teaching-learning process of schools 

improved due the presence of electricity. The solar powered water supply in near areas 

reduced the time required for fetching water and made girls to focus on their education. 

 

 

 Most villagers has positive attitude towards the technology but unsatisfied with the current 

system size. The high level of technical skills required for maintenance and the small number 

of solar technicians’ available in the village is also a problem reported in the village. HOMER 

software is used to model the existing energy system and the required energy demand 

before PV based rural electrification and after PV based rural electrification. A new model is 

developed depending on the villagers demand. . Modeling result shows that 3 kWP and 12 

kWP were found to be enough to fulfill the demand in clinics and schools with an initial 

investment of 18576 and 80704US$, respectively and a PV size of 165 Wp, 250 Wp and 350 

Wp is required for households with agriculture only, mixed and small scale business income, 

respectively.  This led a requirement of initial capital of US$ 654, 1848 and 2339, 

respectively.  However, these initial investments are unaffordable for most of the villagers. 

PV systems required for households with agriculture only, has lower investment per Watt 

than others, while investment per Watt for small scale business has lower than households 

with mixed type. Therefore, the battery size plays an important role in the investment, 

operation and maintenance costs.  

 

The two main problems associated with solar PV in rural electrification are financial capability 

and technical problems. These problems can be curbed by loan arrangement and training 

the villagers. But to make sustainable it must be used for income generating activities. 
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NOMENCLATURE 

AC 

 

AH/Ah 

 

Alternating  current 

 

Ampere Hour 

 
BOS 

 

Balance of Systems 

 
CFL 

 

Compact Florescent  

 

COE 

 

Cost of Energy  

 

  

Є 

 

DC 

Euro 

 

Direct current 

 
DVD Digital Video Disc (Digital Versatile Disc) 

 

  
GHG 

 

GW 

 

Green house gas  

 

Giga watt 

HHV 

 

Higher Heating Value 

 

  

HOMER 

 

Hybrid Optimization for Electric Renewable 

 

Kg Kilogram 

 

KWh 

 

kilo watt hour 

 
L/l 

 

Liter 

 

LED 

 

Light Emitting Diode 

 

LHV 

 

Lower heating Value  

 

MJ 

 

Mega Joule 

 
NMSA 

 

National Metrological Services Agency  
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NPC 

 

Net Present Cost 

 
NREL 

 

National Renewable energy laboratory 

 
PV  Photovoltaic 

 

SHS                              Solar Home System 

  

US$ 
 

United States dollar 

 

Wh 
 

watt hour 

 

Wp 
 

Watt peak 

VA Volt ampere 

ETB                             Ethiopian Birr (currency) (1US$=13.805ETB, Exchange rate according 

to June 2010) 
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1. INTRODUCTION 

 

Energy is a basic need for the development of socio-economic and enhancement of 

people’s living standard.  As the people becomes more developed then the energy 

consumption also increases but the conventional energy have a negative impact in 

our environment and it is also in the way of exhaustion. [Lesourd, 2001; Changa et al 

2003] 

 

Getting an access to electrical energy is one of the basic needs for the civilized 

world. But many villagers in developing nations have no access to electricity 

[Muhopadhyay et al 1993]. At the present time 2 to 3 billion people in the world have 

no access to electricity and this will continue until 2030 due to population growth 

[Hoffmann, 2006]. Among 70% of population living in rural area of sub-Saharan Africa 

region, only less than 10% of these populations have access to electricity [Girona et 

al, 2006; Cambclong et al 2009]. The conventional electricity system for rural 

electrification is not succeeded in satisfying the electricity consumption of the rural 

population because rural villages are most of the time far from the main grid lines. 

The planners (corporations who is responsible for the distribution of electricity) do not 

give a priority for rural electrification since it does not directly lead to economic 

regeneration or increased productivity. [Muhopadhyay et al 1993; Cambclong et al 

2009; Stutenbaumer et al 1999] 

 

Due to the increased energy demand, and the problem of environment such as 

global warming leads to a growth interest of renewable energies which are 

environmentally friendly. Solar energy is one of the main renewable resources which 

can curb the negative impact of fossil fuels [Lesourd, 2001; Zahedi, 2006]. 

 

Even though PV market has shown a 33% growth per year since 1997, in terms of 

global electricity it does not play an important role. In the next years its production will 

grow rapidly and contribute a large amount of electricity without moving parts, 

emissions or noise by converting the abundant sun light to electricity [Hoffmann, 

2006]. Providing electricity to the individual households from a centralized PV power 

plant for lighting has not been successful due to the high initial investment and 

subsequent maintenance problems [Muhopadhyay et al 1993]. Off-grid PV systems 
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can provide electricity to remote located households and villages that are not 

connected to the main grid [Zahedi, 2006; Nieuwenhout, 2004]. But it has a less 

bright picture as the project evaluations shows a significant number of solar PV 

systems are not working or only meet a fraction of the design load. The high costs 

and technical failures will disappoint the solar PV solution and also can result a 

considerable negative publicity for the solar PV rural electrification. [Nieuwenhout, 

2004] 

 

In Ethiopia, off-grid solar PV is a highly attractive energy source for rural population 

due to the scattered rural settlement and abundant solar energy resource.  In recent 

years, non-government organizations are trying to electrify rural villages as a pilot 

project using PV panels. The model project area is Rema village which is located in 

northern-central part of Ethiopia. In this area more than 2,000 solar home systems 

have been installed for free by Solar Energy Foundation (a charitable non-

governmental organization) with a 10 Wp PV module, charge controller and gel lead 

acid battery [Breyer et al 2009]. 

2. OBJECTIVES AND GOALS 

 

The main objective of the thesis work is to evaluate the socio-economic, 

environmental and sustainability of solar PV. The work uses more than 2100 existing 

solar PV modules installed in a rural village called Rema. Modeling is made based on 

the income type and the impact of solar PV on the villagers is evaluated. 

3. METHOD OF ATTACK 

 

-  Literature survey   

Literatures on the experience and models on solar PV electrification are studied. 

Works on PV for solar home systems in rural electrification are more focused. The 

review also includes solar energy resource on study site and household energy 

system in rural Ethiopia. The benefit of PV based electrification on environment and 

socio-economic development are also reviewed  
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-Site Tour and Survey  

 

Site tour was performed as it is important to get information on how the PV systems 

are installed and to know their types and sizes. Information about major economic 

activities in the village was retrieved as it is quite important for modeling. 

Questionnaires were prepared to assess the dwellers attitude and socio-economic 

performance of the installed PV systems. Results from the questionnaires were used 

to know the demand of PV modules based on different economic activities and also 

used in the modeling. Onsite information about rural household energy demand and 

supply was also crucial to evaluate the sustainability and economics of PV systems.    

 

-Modeling for PV solar home system using HOMER software 

 

Based on the information from literature review and site tour and survey, models 

were prepared for the existing and new PV systems using Homer software. Models 

were classified according to the type of electrification (service) required. The new 

models were developed based on the income of the household, type of service and 

economic activities.  

 

-Drawing conclusions and analysis from the modeling 

 

Models are performed before PV electrification, for the existing system and based on 

the demand of the villagers and comparison between all these was made. The impact 

of solar PV is also discussed depending on the modeling results. 

4. ENERGY USE IN ETHIOPIA  

 

The energy consumption of Ethiopians is among the lowest in the world; low quality 

of fuel type and low per capita energy consumption [Mulugetta, 2008]. Ethiopia uses 

biomass as its main energy source for both rural and urban centers and the main 

energy consumer sector is household [Wolde-Ghiorgis 2002;Wolde-Ghiorgis 1999; 

Bekele et al 2010]. Ethiopia gets all of its petroleum supplies from outside and the 

yearly import of these petroleum products took more than one third of the annual 
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export productions [Wolela, 2006]. Still Ethiopia has many indigenous energy 

resources which are not exploited fully. (In Appendix 13.2: Table 13.4, table 13.5 and 

table 13.6 shows the energy supply by the type of fuel, the energy consumption by 

sector and resource respectively.) 

 

4.1. Solar Energy Resource  

 

Ethiopia has a narrow variation in the distribution of global radiation. The yearly mean 

average daily solar radiation reaching to the earth is around 5.2 KWh/m2 with 

minimum being in July 4.55 KWh/m2 and the maximum in February and March 5.55 

KWh/m2 [Stutenbaumer et al, 1999]. According to an investigation made at the capital 

city Addis Ababa (high Plato) and Sodere (rift Valley), the irradiance in Addis Ababa 

is lowered in summer (June and July) while the Sodere’s is not affected that much 

due to metrological phenomena see figure 1.   

 

 
Figure 1: Average daily irradiance on a horizontal surface for Addis Ababa and Sodere [Stutenbaumer 
et al 1999] 

 

4.1.1. Solar energy resource for the study area  
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There is no metrological station that can measure neither sunshine hour nor radiation 

data at the Rema village. The nearby station found is Alem Ketema about 40 

kilometer distance with latitude of 10.08 North and longitude 39.02East. It is common 

not to get the direct measurement of solar radiation in many developing countries.  

The same is true for many stations in Ethiopia. The sunshine hour for Alem Ketema 

was measured and the measured values were taken from National Metrological 

Service Agency (NMSA). With data, it is possible to calculate solar radiation from 

sunshine hours using empirical relations [Duffie et al 1980]. The direct sunshine 

radiation also taken from NASA surface metrology and solar energy web site to 

compare with that of calculated solar radiation by empirical relations. 

 

In order to determine the solar radiation from the measured sunshine hour the 

modified Angstrom linear regression equation and the quadratic Angstrom regression 

equation can be used as we can see in equations 1 and 2 below. 

 

Equation 1 
� ��  � = � + �	
 ���  

 

Equation 2 
 

� ��� = �0 + �1	
 ���  + �2	
 ��� 2 

 

Where: 

H and Ho monthly average of the daily global radiation and the average value of 

extraterrestrial solar radiation on a horizontal surface for each month respectively. n 

is the monthly average of bright sunshine hours per day and Nd is the average of the 

maximum daily hours of sunshine where as  a, b, ao,a1 and a2 are  constants for the  

location and their values is 0.191, 0.622, 0.154, 0.800 and 0.170 respectively [Drake 

et al 1996].  

 

The value of Nd and Ho can be calculated from equation 3 and 4 respectively [Duffie 

et al 1980]. 

 

Equation 3 
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�� = 2
15 ��� − 1�−��
���
�� 

 

Equation 4 

�� = �24 ∗ 3600 ∗ ���
� �  1 + 0.033 cos  360�


365 %% ∗ ����������&
' + �'�
180 �&
��&
�� 

Where: 

Gsc is the solar constant with a value of 1367W/m2, dn is the day number and � is 

altitude of the location.  Whereas δ is the solar declamation and )s the sun rise angle 

can be calculated from equations 5 and 6 [Duffie et al 1980]. 

 

Equation 5 

� = 23.45 sin  360 ∗ 284 + �

365% 

 

Equation 6 
', = ��� − 1�−��
���
�� 

 
After calculation of the solar radiation from the linear and quadratic regression 

equation, the result from the quadratic regression equation is used for the modeling 

as it has a small deviation compared to the linear. 
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Figure 2: Daily average solar radiation for Alem Ketema 
 

 

4.2. Rural Electrification in Ethiopia 

 

In Rural areas women and children spent their time in searching of fire wood and the 

urban poor also spend a large amount of their income to satisfy their energy demand 

[Mulugetta, 2008]. Ethiopia has a very low amount of electricity generation from hydro 

and diesel generator but this generated amount also will not fully operated due to 

constraints on fuel and maintenance costs of diesel generator [Tefera, 2002].  

 

As most of the people live in rural areas, the development of these areas is a key for 

the whole country development. The government is taking actions to promote the 

electrification. For example, in 1996 investment proclamation the private investors 

are allowed to import all types of equipment related to electricity production, 

transmission and distribution free of tax and custom duties [Tefera, 2002]. There are 

two main reasons for the low level of electrification. These are economic resource 

constraints and low level of technological advancements. In the rural area, the 

relatively high cost of transmission and distribution due to the mountainous and 

scattered rural settlements makes it costly and the people are unable to pay for the 
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electricity and installation [Stutenbaumer et al 1999; Wolde-Ghiorgis, 2002]. Rural 

energy problem in Ethiopia will be the cause of slow growth and poverty unless 

actions are taken to overcome this problem. [Wolde-Ghiorgis, 2002]. 

 

Education, health, and rural road building programs are considered the main areas 

for building the necessary infrastructure for poverty mitigation. The development of 

modern energy in Ethiopia has got a considerable finance but the rural energy sector 

does not get a fair share of this allocation. One of the main problems for the national 

energy policy of Ethiopia is there is no organized responsible body for rural 

electrification except grid electricity and petroleum products. Without institutional and 

managerial structures and controls, it is impractical to realize that the stated solutions 

for the problems of rural electrification like mini and micro-hydropower and PV 

systems [Wolde-Ghiorgis, 2002].  

 

4.2.1. Rural Electrification in Ethiopia using Solar PV as an 

Energy Sources 

 

Ethiopia has 15% electricity grid coverage with a production of less than 1000MW of 

power [Bekele et al 2010] and its electricity production is mainly from hydro power 

supplemented with diesel. There is a large demand of electricity in rural areas of 

Ethiopia that could be supplied by small scale PV systems. Even though the power 

requirement for the rural population is mainly for grinding cereals and water pumping 

it plays an important role in lighting of homes and schools, vaccination refrigeration 

and public communication centers and for other small electricity consumer 

appliances. In order to see the performance of solar PV under Ethiopian climatic 

condition two small scale PV stand alone systems were installed at Addis Ababa 

University and it shows PV can be used as energy sources [Stutenbaumer et al 

1999]. An estimate shows that PV power system demand of 2 Wp can be used for 

light, 10 Wp for light and music for 4 hours per day, 50 Wp and 100 Wp can be used 

for little cinema or a health station with refrigerators [Breyer et al 2009]. 
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In most Ethiopian rural areas, PV is unattainable due to the relatively high import 

costs of systems and components in comparison with diesel generator sets [Wolde-

Ghiorgis, 2002] but as the price of diesel is increasing from time to time the PV 

systems will be competitive with the benefit of negligible impact on global and local 

environment [Bekele et al 2010]. Figures that show Ethiopia’s large market for off grid 

PV home system is listed in Table 1. 

 

Table 1: Ethiopia cumulative off grid PV Markets [Breyer et al 2009l] 

PV 

systems 

(Wp) 

Distribution  

 

(%) 

Households 

 

(million) 

PV demand 

 

(MW) 

Market for optimized 

systems 

(million Є) 

2 20 2 4 43 

10 20 2 20 214 

20 30 3 60 643 

50 20 2 100 1,071 

100 10 1 100 1,071 

Total 100 10 284 3,043 

.  

 

5. PV BASED RURAL ELECTRIFICATION  

5.1. The Growth of PV Technology  

 

Solar PV was used for satellites in the 1950s and 1960s. In the 1970s and 1980s the 

PV technology began to be used in remote areas. Following this development, the 

price of PV also lowered. Figure 3 shows the installed capacity of solar PV for OECD 

countries from 1992 to 2008 [IEA, 2009] 
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Figure 3: Installed capacity of Solar PV from 1992 to 2008[IEA, 2009]  

 

PV solar electricity can also be considered one of the green methods for production 

of electricity and have a large role in the growth of global economics. It can provide 

for the growth of industry and it can also give an opportunity of electricity for more 

than 2 billion people living in poor and rural areas [Hoffmann, 2006]. PV electricity 

can be used in four main application areas. These are: 

• For consumer goods like calculators, watches, toys, battery chargers, 

professional sun roofs for automotive applications; 

•  For grid electricity production; 

• Off grid industrial: for more than 15 years PV electricity production shows a 

reliable and most cost effective for remote industrial application like 

telecommunication repeater and transmitter stations [Hoffmann, 2006] and 

• For off grid residential systems it is the best solutions for remote located 

households and villages that are not connected to the main electricity grid. 

They can provide electricity for lighting, refrigeration and other low power 

loads [Zahedi, 2006].  

Solar electricity technology will become one of the main key technologies to drive 

the industrial growth with a growth rate of 25% in the future years [Hoffmann, April 

2006]. Figure 4 shows the world PV market size application and segmentation 

from 1998 to 2004 with a growth rate of off grid and consumer by 18% per annum, 

on grid by 63% per annum and overall growth rates of 40%. 
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  Figure 4: World PV market size and Application segmentation [Hoffmann, 2006]. 

 

In 2004 the world solar PV market was above 1 GW with a whole growth rate of 40% 

due to an annual increase of the conventional energy costs due to higher prices on 

gas, oil and coal. Also external costs for the reduction of carbon dioxide are included. 

[Hoffmann, 2006].PV technology has a significant potential that can serve for a long 

term growth over the entire world. But to achieve this growth, countries must work on 

sustained and consistent frame works and incentives in order to support markets, to 

activate investments and to promote industrial growth. Figure 5 shows the expected 

amount of PV investment by decade from 2010 up to 2050 in USD dollars.  

 

 
Figure 5: PV investment by decade [IEA, 2010] 

 

5.2. PV Based Rural Electrification in Sub-Saharan Africa 

Countries  

 

Investments in rural electrification is crucial to improve social services in rural 

households, farms, business, health clinics, schools and community centers which 

currently have a small fraction of the total amount needed. As in the sub Saharan 

region the grid electricity is very low and also difficult to expand the grid due to high 
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cost, the off grid solar PV is the major choice to satisfy these shortage. There is a 

potential of more than 63 million households for solar home system markets in sub 

Saharan Africa [Girona et al 2006]. Table 2 shows the potential of off grid PV in 

Kenya, Uganda, Tanzania, Somalia, Sudan, Ethiopia and Eritrea. As we can see 

from the table the largest portion of market share is for the off grid solar home 

systems. Ethiopia and Kenya have the largest market potential for the off grid solar 

home system while Tanzania has the largest market potential for off grid schools and 

health facilities.  
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Table 2:  solar market potential in selected African countries [Girona et al 2006] 

Types of PV 

system 

PV(Wp) system 

capacity 

Size of potential market (kWp) 

  Kenya Uganda Tanzania Somalia Sudan Ethiopia Eritrea 

Off grid house holds 

One light and 

radio 

10 7,700 3,840 6,954 436 7,410 5,988 705 

2 light and 

radio 

20 6,600 4,480 3,974 523 2,280 7,186 376 

4 light 50 5,500 1,600 2,484 436 - 8,982 235 

≥6 light >80 5,500 3,200 4,967 872 - 5,988 470 

Total   25,300 13,120 18,379 2,268 9,690 28,145 1,786 

Off grid schools 

Class room 

lighting 

100 189 40 210 20 20 50 45 

Class room 

and dormitory 

lighting 

200 75 20 168 4 4 12 9 

Lighting and 

ICT 

500 50 25 21 - 5 20 16 

Total   314 84 399 24 29 82 70 

Off grid health facilities 

Lighting 

system 

200 14 16 312 8 20 132 6 

Lighting and 

refrigeration 

500 5 6 78 3 8 30 10 

Total   19 22 390 11 28 162 16 
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Off gird community centers, churches, mosques and missions 

Lighting 

system  

100 - - - 10 300 - - 

Lighting and 

public 

addresses/ICT 

200 - - - 100 60 - - 

Lighting, 

entertainment, 

ICT and 

communication 

500 - - - 250 75 - - 

Total      360 435   
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Even though the use of solar PV in sub – Saharan Africa is limited due to the high 

cost of solar PV as they have low income; it is widely promoted in different countries 

and many systems has been built [Karekezi et al 2003].Table 3 shows the number of 

systems for different countries. Kenya and South Africa have the largest number of 

systems. 

 

  Table 3: PV installation in selected sub Saharan Africa countries [Karekezi et al 2003; Girona et al 
2006, Youm et al 2000] 

Country Estimated number of 

systems  

Estimated kWp 

Uganda 538 152 

Botswana 5724 286 

Zambia 5000 400 

Zimbabwe 84,468 1689 

Kenya 150,000 3600 

South Africa 150,000 11,000 

Tanzania  10,000 1,200 

Ethiopia  5,000 2,200 

Eritrea  5,000 500 

Somalia  <100 100 

Sudan  <1000 400 

Senegal >2100 800 

 

Solar PV electricity could be used as a main driving force for the development of rural 

communities. For example in Senegal PV rural electrification is well known and it has 

started for the last 40 years a vast program on solar energy materials that used to 

harness the sun’s energy and also has a huge potential of solar, even though all the 

most important areas are not electrified. Solar PV technology is relatively expensive 

but it is a best choice for remote off-grid areas and the price is decreasing from year 

to year [Cambclong et al 2009]. Senegal has thousands of solar home systems, 

thousands of solar street lights, hundreds of solar pumps and hundreds of solar 

electrified community services [Alzola et al 2009]. 

 

As solar home systems are a self contained technology that means all the processes 

production, conversion and distribution takes place in the house hold [Mala et al 

2009]. Most of the people in remote areas cannot maintain the solar home systems 

themselves and due to lack of communication, they have to wait long times to get the 

proper technical service and maintenance. [Mala et al 2009]. 
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5.3. Benefits of Solar PV Based Rural Electrification  

Solar PV electrification has several advantages for the user and for overall growth of 

a nation especially for the development of developing nations.  

Education: Electrical light is good for students to perform homework at night, 

improve the quality of schools by allowing using electrical appliances and it also 

increase the quality and quantity of teachers [Cambclong et al 2009; World Bank, 

2008] It also makes rural positions more attractive to teachers and this will be the 

main cause for improved school quality and higher level of education [World Bank, 

2008]. 

Health:  It is useful for the improvement of health facilities [Cambclong et al 2009; 

World Bank, 2008]. As the indoor air becomes clean due to reduced use of polluting 

fuels for cooking, lighting, and heating then the people also gets a better health. 

[World Bank, 2008] It also improves health knowledge through access to mass media 

[Cambclong et al 2009, World Bank, 2008].It is possible to get  better nutrition from 

the improved knowledge and from the use refrigeration for food storage. The use of 

traditional fuels like wood fuel, crop residue and dung exposes the inhabitants to air 

pollution [Abdulah et al; World Bank, 2008] which causes health risks like acute lower 

respiratory infections, low birth weight, infant mortality, and pulmonary tuberculosis. 

Using these traditional fuels for cooking will increase the risk of premature death from 

two to five which can result a death of 1.6 to 2 million people each year due to the 

indoor air pollution. Rural electrification can result in a better health conditions even 

though most of the electricity needed by the rural house hold is for lighting [World 

Bank, 2008]. 

 

Access to Water: In many rural villages there is no enough or pure drinking water 

they have to travel a long distance to get water. The solar PV based water pump can 

solve this problem. They can also clean their bodies in a regular basis and wash 

vegetables and dirty dishes [Mala et al 2009; SEF, 2009]. PV based irrigation pumps 

can also employed to increase rural agricultural productivity. 

 

Environmental Benefit and Other Positive Impacts: It displaces the conventional 

energy sources and it preserves and protects our environment [World Bank, 2008; H. 
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Cambclong et al 2009]. Allowing good working conditions for economic or domestic 

activities; give opportunity for the improvement of basic services and increase of 

house hold income [Cambclong et al 2009; World Bank, 2008]. It reduces the 

migration of rural people to the urban areas by creating activities which can generate 

jobs and sources of income [Cambclong et al 2009]. For example, in Bangladesh as 

most of the people (about 81%) lives in rural areas, the markets of these areas are 

seen as a major growth center for the country. In addition they have a big bazaar 

known as “Hat” two times a week. In order to be successful in selling of their product 

they need to have electricity. If they do not have electricity they are forced to sell with 

a lower price. Most of the people use kerosene lamps for lighting and some shop 

owners also use the more expensive mantle lamps and some other rural markets 

have diesel generator but the quality of services is low. Using PV systems become 

successful for these areas and their working hour and income also increase directly. 

[Ibrahim et al 2002] 

5.4. Solar Home Systems (off grid PV) for Rural Electrification 

 

The rural electrification using solar PV can be a micro grid which generates electricity 

centrally and distribute for different users in the same area [Chaurey et al 2010] or  

off grid type which is used for each individual home [Chaurey et al 2010]. It can also 

be solar PV lanterns using central charging system [Muhopadhyay et al 1993]. 

 

A solar home system consists of PV modules, batteries, a charge controller and an 

inverter if AC appliances are used [Chaurey et al 2010]. A battery is required to 

provide reliable electricity services to a single household without shortage or loss of 

peak load at any time of the year. As a result the battery usually designed to give two 

third days of self-sufficiency if there is a possibility of inadequate solar radiation. 

[Chaurey et al 2010]. Most common PV modules have output range of between 

10Wp to 300Wp [Harmon, 2000]. It is possible to use a single PV module if the 
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demand of electricity is low or an array of modules for high electricity demand. 

 

 Figure 6: PV Solar Home System block diagram [Fara et al 1998] 

 

Each component of solar home system technologies are explained in chapters 5.4.1 

to 5.4.4. 

 

5.4.1. Solar PV Module  

 

There are two classes of PV cells that are used in the present commercial PV 

modules. These are crystalline silicon (first generation) and thin film (second 

generation) [Price et al 2010]. The crystalline PV cells produce electricity via 

crystalline silicon semiconductor material derived from highly refined poly silicon feed 

stock. On the other hand thin film cells produce electricity via extremely thin layers of 

semi conductor materials which are made up of amorphous silicon (a-Si), copper 

indium diselenide (CIS), copper indium gallium diselenide (CIGS), or cadmium 

telluride (CdTe) [Price et al 2010]. 

 

The crystalline silicon includes mono crystalline and multi crystalline PV cells and 

these modules are the most efficient PV technology found and cover 84% of PV 

production. Among these two the mono crystalline are more efficient than the multi 

crystalline PV cells but more expensive to manufacture [Price et al 2010].  Even 

though they are the most expensive their durability and efficiency of performance 

figured stupendously in the commercial market [Harmon, 2000]. The multi crystalline 

silicon is less expensive but it is also less efficient due to the presence of grain 

boundary [Harmon, 2000]. 

 



30 
 

Thin film PV is another alternative which uses a very low material requirement 

compared to that of crystalline silicon as a result its cost is lower. The main challenge 

of these types of PV cells is the difficulty to produce consistent cells and commercial 

scale geometries with similar efficiency as that of the crystalline silicon. [Harmon, 

2000] 

5.4.2. Batteries 

 

Different chemicals can be combined to make batteries. The price and storage 

capacity also depends on their combination. Lead acid batteries offers the best 

balance of capacity per dollar and it is the most common type of battery that used in 

standalone power systems. More than 97% of the batteries can be recycled. As an 

electrochemical device, batteries are sensitive to climate, charge or discharge 

history, temperature and age [Solar PV battery, 2010]. 

                                                                                                                                      

The three types of lead acid batteries that can be used for solar electrical systems 

are: the flooded lead acid battery, the absorbed glass sealed lead acid battery (AGM) 

and the gelled electrolyte sealed lead acid battery [Kyocera, 2009].  

 

Flooded lead acid batteries have the longest life and the least cost per ampere hour 

of any types of lead acid batteries. These batteries are also the longest to use in the 

solar electric system and still many solar home systems used them but they need a 

regular maintenance [Kyocera, 2009]. 

 

AGM batteries have been get more use in solar systems as their price is decreasing 

from time to time and many systems are now appear to be maintenance free AGM 

batteries are sealed and did not want periodic watering as well as did not emit 

corrosive fumes. But AGM batteries have a self discharge rate of 2% and can be 

used only for systems which are not used frequently [Kyocera, 2009]. 

 

Gelled type lead acid batteries are charged slower than from AGM and flooded lead 

acid batteries. If these batteries are charged at a high rate then gas pockets will be 

formed and forces the gelled electrolyte so that the capacity of the battery will 

decrease until the gas goes out at the top of the battery. For systems whose 
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discharge rate is not sever the gelled type lead acid batteries will be the best choices. 

[Kyocera, 2009] 

Battery cycles 

Batteries are rated according to their cycle. The depth of discharge (DOD) tells us 

how deep the battery is discharged and if we subtract this value from 100 percent it 

gives the state of charge (SOC). 

Batteries can have shallow cycles if the battery uses the top 20% or less of the 

battery energy is discharged and then recharged, or deep cycles can discharged 

repeatedly up to 80% DOD and recharging without damaging the batteries. [Solar PV 

battery; 2010, Kyocera, 2009] 

 

Shallow cycles cannot be discharged and recharged deeply and it occurs when the 

top 20% or a smaller amount of the battery energy is discharged and then recharged 

again. As these batteries have a large number of thin lead plates to maximize the 

surface area shallow cycle batteries can deliver a large amount of current in a few 

seconds [Solar PV battery; 2010; S.Nemeth, 1999; Kyocera, 2009]. 

Unlike the starting batteries deep cycle batteries made of a thicker solid lead plate 

and are designed to be discharged down as much as 80% [Solar PV battery, 2010; 

S.Nemeth, 1999; Kyocera, 2009]. Deep cycle batteries can deliver a few amperes 

(current) for many hours between charges. These batteries are capable of many 

repeated deep cycles and suitable for PV power systems [Solar PV battery, 2010].  

Capacity of batteries 

The capacity of a battery is defined as the amount of energy that can be withdrawn 

from a fully charged state. The capacity of a battery usually expressed in ampere 

hour (AH) or Watt hour (Wh). To determine how much battery capacity is required to 

run a certain appliance in a given time, the wattage of the appliance should be 

multiplied with the time the battery is intended to be use and divide the result with the 

voltage of the battery [Solar PV battery, 2010]. A capacity curve can be created for 

the battery by measuring a battery's capacity at several different constant discharge 

currents.  
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If we know the battery voltage (V) and specific gravity (ρ) of the lead acid battery then 

it is possible to determine the battery capacity (Ah) using equation 7 [Mahmoud, 

2004].  

Equation 7 

-ℎ = 46.61/ + 279.5732 − 829.069 

As we can see in figure 7 below the capacity of the battery (Ah) decreases with 

increasing discharge current. 

 

 Figure 7: The Ah capacity of a lead acid in function of the discharge current [Mahmoud, 2004] 

 

5.4.3. Charge controller 

 

Charge controller is one of the important parts of solar home systems that controls 

the energy inflow and out flow into and from the battery bank [Chaurey et al 2010]. It 

prevents overcharging and deep discharging so that the life of the battery becomes 

longer. A typical charge controller has an efficiency of 85% for solar home system 

[A.Chaury, 2010]. 

5.4.4. Inverters (converters) 

 

An inverter is used to convert DC electric power to AC [Al-Karaghouli et al 2010, 

Bekele, 2009]. There are three kinds of DC to AC converters. These are square 

wave, modified sin wave and pure sin wave. From these three inverters the square 

wave type is the simplest and least expensive but has a poor quality. The modified 
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sine wave inverter type is suitable for many load types and it also has low cost. The 

pure sine wave inverters produce high quality signals and are used mainly for 

sensitive devices like medical equipment [Bekele, 2009]. The average efficiency of 

an inverter is 95.5% [Price et al 2010]. 

6. PV BASED RURAL ELECTRIFICATION IN REMA VILLAGE 

 

Solar PV based rural electrification is becoming a common phenomenon in Ethiopia, 

where people are settled in a scattered pattern which created problems for grid 

electrification. Both government and non-governmental organization are involved in 

the process. Solar Energy Foundation (Stiftung Solarenergie), a charitable 

nongovernmental organization established in 2006 by Dr. Harald Schützichel, with 

main aims of poverty alleviation in developing countries by promoting the use of 

renewable energy, especially solar energy. This organization is working in rural 

electrification mainly in Ethiopia by using model projects, where Rema village is one 

of the model project [Breyer et al 2009; Tsegaye, 2010]. Stiftung Solarenergie is now 

working in the four regions of Ethiopia: Amhara, Tigray, Southern nations and 

nationalities and Oromia region. It has built more than 3580 PV home systems in 

different parts of Ethiopia. Apart from Rema village there are seven solar villages 

built by this organization. These are: Humera, Yirgalem, Wulkite, Wolliso , Hawasa 

and  Bedelle. A solar center which handles all maintenance and other connected 

services is found in Rema village. In the other villages there are ongoing installations, 

and centers will be built after the installation [Tsegaye, 2010]. 

Rema is a remote rural village found in the north of Addis Ababa. In this remote rural 

village the solar energy foundation has installed over 2000 small solar home systems 

with 10Wp PV module, gel lead acid battery, charge controller and four LED lights 

[Breyer et al 2009]. It provides lighting and power small entertainment devices such 

as radio for not more than two hours. The foundation also installed a solar powered 

water pump to provide fresh drinking water that will save from walking two hours to 

fetch water [Breyer et al 2009]. 
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 Figure 8: Location of Rema Village. The left map shows REMA village as a red circle with the Red 
sea and the Gulf of Aden to the right.  [Google map] 

The Solar Energy Foundation also set up an international solar school to train people 

in the community which is the first professional solar institution in Ethiopia [Breyer et 

al 2009]. The school is found in the Solar Energy Foundation center in Rema. The 

training lasts for six months and it has three parts: solar technology, management of 

a small scale business and practical applications. The students are qualified as 

“Rural Solar Energy Manager”. At the end of the training, the students will have the 

knowledge of installation and maintenance of PV systems. They can also manage 

their own solar business and know how to choose and combine the different 

components of the system [Breyer et al 2009].  

Before the solar foundation begun to install the solar PV the villagers were using 

diesel generator but turned to solar PV due to the increasing cost of diesel. When 

seeing the first cost diesel generator is an interesting option for the buyer. The major 

costs become after it starts operating.  It is also difficult to maintain a diesel generator 

due to lack of spare parts. [Breyer et al 2009] 

In Rema village, the initial PV system is fully funded by Solar Energy Foundation.  

After installation the customers pay for the battery replacement and maintenance 

costs in each month. If a system fails it will be maintained and replaced by 

technicians in solar center. The due will be paid from the collected money. 

Customers pay the monthly fee at 12 stations and a person is employed to take 

control of the payments.  
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For other villages now the foundation stated a loan finance system. The system cost 

is paid by the organization in the form of loan and the user pay it back from 3 to 5 

years. The customers will chose according to their demand and ability to pay cost 

which ranges from 380 to 9100 Ethiopian birr (ETB). According to the foundation, out 

of 700 hundred PV home systems installed by loan, only 3 people are left for paying 

back the loan. The main problem that faced during the installation is that customers 

did not trust the system whether it works or not without failure for the intended life 

time. Though some systems failed soon after their installation, the organization 

succeeded in creating trust on the technology. The solar home systems installed in 

the village can give a four hour light. About 1% of the customers in other villages 

complain the system is not properly working [Tsegaye, 2010]. Mostly the failure is 

due to that customers do not have enough information about how to regulate and use 

the system.  

6.1. Villagers attitude towards PV based electrification 

Villagers were interviewed about their attitude towards the technology. Most of the 

villagers were happy with the technology. Many of them were surprised when 

electricity is coming from solar energy. They feel modernity and solved the main 

problems caused by traditional lighting using kerosene.  They responded that unlike 

kerosene lamp, it gives high quality light and has no smoke that can cause health 

problems. The electricity that comes from the solar PV is also advantageous in terms 

of safety. Fire hazards are a common phenomena using kerosene lamp based 

lighting systems. When performing interviews it was clear that there has been people 

that lost their lives and properties due to such accidents.  

During the survey interviews, people have been asked about their capacities towards 

to have the PV solar home system either in direct payment or through loan. The 

responses have been found different based on the level and type of household 

income, location and level of literacy.  Some households didn’t respond for either of 

them due to the low income level. People who have small business firms showed 

high interest because of the desperate requirement of electricity to grow their 

business. On the other hand, equipment guarantee has been found a problem for 

those using the solar equipments. Concerning the issue one customer has, quoted   
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“When I heard that there is a mobile charger I become happy and buy, but it fails 

within 8 days. I returned it to the solar center but it passed four months and still now it 

is not maintained.  There must be a guarantee when somebody buys any solar 

system”.  

 

Some villagers, who came for maintenance, were interviewed at the solar center 

about their view. According to their response, maintenance is taking longer time than 

it is supposed to be. A maintenance which can be fixed in few days is taking even 

more than 2 months to get the system maintained due to lack of spare and small 

number of technicians. There is also a problem for the distant areas as the 

technicians did not visit them continuously.  

 

In Rema village there are persons whose income is based on small scale business, 

agriculture only (both farming and herding animals) and mixed type of income 

(agriculture and some small scale business activity).  The small scale activity in 

mixed type of income is mostly making local drinks known as “Arekae” and “Tela”. 

Preparation of these drinks is energy intensive and fire wood is used as energy 

source.  Interviews were done for each income type and the following chart is 

developed based on the responses about solar PV. All numbers are in percentage 

where 100% is for total number of villagers interviewed in each income level.   
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 Figure 9: Interview responses about having the solar PV 

 

Small scale business showed high interest towards the technology. 70% of the 

interviewed showed an interest for direct buy option. This is due that they want to 

grow their business and the understood electricity is crucial for expansion. Villagers 

of mixed income households showed an interest for loan based payment. This can 

be due to the lower income compared to villagers who have small scale business. It 

can also be that electric lighting has lower impact on their income level compared to 

small scale business owners.  Households whose incomes depend on 100% 

agriculture showed less interest for the technology compared to others. This can be 

due to the low level of income and their agricultural activities mostly do not depend 

on the electricity.    

6.2. The impact of using PV and its prospective in socio economic 

development of the village 

 

The villagers of Rema were using Kerosene lamps, “fanos” (the fuel used is kerosene 

but it is covered with glass), and fire wood for lighting. The use of solar PV light 

increases the activity of the villagers. People who have children at education, perform 

activities like string a tile, making cultural household dressings and do different 

business activities want to have additional time of lighting. On the other hand, people 
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whose activity is mainly agriculture requires minimum lighting time unless they have 

children who attend education (as the students want the light for performing 

homework and studying).  

 

Figure 10:  Interview responses about lighting time of solar PV 

 

Currently, PV system is mostly used for lighting and sometimes for radio and tape 

due to its power limitation. Villagers with small scale business were interviewed about 

their demand for extra PV modules for their business activity and 35.71% said the 

existing lighting is enough and 64.29% needs an additional lighting time and for other 

services. They were also interviewed about how the system changed their life style 

and economic activity, where 71.42% of them are happy and got a change in the 

level of their economic activity.  

 

Households with mixed income were also interviewed about the impact of PV in their 

life style and economic activity. 42.86% of the interviewed said the current lighting 

level is enough, 57.14% of them want to have additional lighting time and other 

services.  85.71% of the interviewed are happy and got change in their level of 

activities.  66.67% interviewed villagers whose income is agriculture only said the 

lighting time is enough, 33.33% of them want to have an additional lighting time and 

25% of them got the change in their level of activities.     
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Figure 11: Interview responses about level of economic activity due to solar PV lighting 

 

It was also tried to include the awareness of household energy system during field 

survey. From the survey results, the men hardly know the amount of energy 

consumed in the house. This information is best known by women as they usually 

are responsible for cooking. Due to this reason, the advantage of the PV based 

electrification is best applauded by women than men in the house. Women are 

demanding more electricity to have refrigerator, TV and tape. On the other side men 

want to have electricity to perform different commercial activities like welding, bakery, 

barber shop and beauty shop. 

From the interviews data analysis of the three cases, villagers who have small scale 

business for their income showed high interest for extra PV modules for longer 

lighting time and other services such as refrigerators, where as lower positive 

response in households having income from agriculture only. From the interviews, it 

can be concluded that although the PV based electrification has brought positive 

impacts on the villagers, the demand of most villagers is hardly met.  For example, if 

customers want to have 0.50 ETB (50 cents) photocopy, they have to travel a long 

distance which can cost up to 50 ETB. Villagers want to have more modules either by 

direct or loan payment system. However, the size of the PV module need to be 

optimized based on their demand.       
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6.3. The present status of solar PV from the customers and 

technicians  

It has been four years since the Rema PV solar home systems have been installed 

and many of the customers are reporting frequent maintenance and replacement 

requests. Many parts are becoming old and the battery life is around four year. The 

other problem is all the required spares and materials couldn’t reach on time 

especially battery and lamps. To replace the lamps the customers forced to wait 

some time without light and the same is true for the battery replacement. The CFL 

lamp also need frequent change unlike that of LED lights. Other studies also show 

that the CFL lights do not live up to manufacturer’s claim. Its lifetime is a common 

compliant among users. The life spans of CFL also depend on how it is used.  If it is 

turned on for only a short period of time it has been measured that its life span lowers 

significantly [Humpreys, 2008].  There are also complaints about the number of 

technicians and capacity to maintain it properly. On the other hand due to recent 

advancements in optic and improvements in managing the LED chip’s temperature 

contributed to its longer life span [Angelle, 2010; Humpreys, 2008]. 

Two of the technicians use tape for less than two hours and one of them uses radio 

for the same length of time without failure of the systems. According to the 

technicians it can serve good if it is used properly but many villagers complain that it 

is not possible to use tape or radio because the system fails as tape/ radio is plug in. 

According to the village survey the people who has a small scale business activity, 

37.5% of the customer said that it is possible to use tape or radio not more than an 

hour and the rest 62.5% said it is not possible to use the system for the radio or tape.  

Using tape or radio makes the light weak.  The people whose activity is agriculture, 

12.5% said it is possible to use tape or radio for some times; 87.5% of them said it is 

not possible to use tape or radio as the system fails when they try to use tape or 

radio; 50% of them claim that their system is disabled by the solar center in order to 

avoid system failure. Discharging the battery for longer time than recommended was 

found the main issue which shortens the life of the battery. It can also damage the 

battery cells totally. In order to avoid this problem the foundation forced to disable the 

system that used to plug in tape/radio in some villagers. 
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During the survey it became clear that the customers have no idea about the 

systems except to turn on and off the light and plug in the radio/tape. This 

misunderstanding of the systems shortens the life time and a continuous training is 

required for the customers. When asked how it fails the answer of the customers was 

“we do not know how but it shows red light and we ask the solar technician to correct 

it”. 

6.4. Solar PV for Schools   

 

Many of the rural schools in Ethiopia have no access to electricity and an off grid PV 

system can play a good role in changing of these areas as we can see in the Rema 

village. Poor rural people know that education offers an escape from poverty and 

they are eager to work for promotion of it. The solar PV electricity in remote rural 

schools allows children to extend their studies in evening. In Rema village there are 

two schools: Ediget Behibret Secondary school (grade 9 and 10) and Rema higher 

primary school starting from grade 1 up to 8.  Rema Higher primary school is built by 

Menschen für Menschen foundation. The students in this school know about solar 

energy and how it is useful for their community.  When entering to the compound of 

the schools there are billboards that explain about solar PV both in English and 

Amharic languages as shown in figure 12 and 13 and are used for teaching students 

about advantages, system components and operation principles. 

 
  Figure 12: The notice board about solar PV in the compounds of Rema higher primary school 
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 Figure 13: Students at Rema higher primary school during break time in front of the notice board for 
PV 
 

In the primary school, there are 7 PV modules. Six of the modules each with 80Wp 

are used to charge laptops and one 10Wp PV module is used  for minimedia, as an 

intertainmenet during the break and to pass information when ever necessary. The  

school have 500 laptops  given by a charitable organization but only 234 laptops are 

used by grade 6 students and the rest are kept in store due to shortage of charging 

capacity of the solar PV for all laptops. The plan was to teach grade 5 and 6 students 

with laptops but as the PV modules are bought by woreda (district) and the allocated 

money can only buy  these modules,  the teachers are forced to teach only grade 6 

students using laptops. The students have their own password and they used the 

laptops usally for teaching learning processes. Using these laptops give the students 

an inkling towards the modernization and to concentrate on their education and study 

for further success. According to the vice director of the school, the solar PV light 

improves the teaching and learning process. It helps the students to perform their 

homework and study at night. The teachers also get more time to read and get 

prepared themselves for the classes. There is no light for the class rooms because 

night school programe is terminated. The night school students were elder people 

and merchants who wants to learn reading and writing.  
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Figure 14: Charging Laptops with Solar electricity in Rema higher primary school 

6.5. Solar PV for health Clinics  

 

The contribution of off grid solar PV is crucial for public health centers in remote 

villages. The replacement of kerosene lanterns with solar PV can reduce the indoor 

air pollution in health centers.  There is one health clinic and 7 small health centers in 

Rema village. These are Rema health clinic, Azma, Yigobia, Tebabit, Rema-Dre,Afer 

Bayine, Keramajit and Alaburabo health centers. Except Rema-Dre and Aferbaine all 

health centers have fridges powered by solar PV. These two health stations are not 

far from the main clinic and the patients can come to the main clinic for more 

treatment. 

 

Before the solar PV lights the Rema health clinic used candle and kerosene lamps 

for lighting which are not good for health. Even though it does not give light for the 

whole night, the user found the importance PV lighting for their activities in the health 

centers and clinics. The solar PV powered refrigerators for the health centers also 

saves the people to go from far areas in search for medicines and treatment.  

 

In Rema health clinic totally there are 5 solar boxes which are used to give 9 CFL 

bulbs. If there is a mother admitted to give birth, the light is very crucial. The short 

time of lighting is the main complain among the patients, nurses and health officers. 

Many times emergency situations are done without lights. The clinic needs to have 

light for the whole night but it has only a four hour light. The light also does not power 

all the rooms as the number of rooms exceeds that of the number of light bulbs (9 

CFL bulbs for 14 rooms). This clinic uses a fridge which is powered by kerosene. It 

uses four liters of kerosene for three days. But sometimes there may be a problem in 

getting the kerosene as the village is remote and so the interruption of cooling will 
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occurred. In order to get an autonomous cooling without interruption the solar PV 

driven fridges are the best solutions. 

6.6. Solar PV for drinking Water    

 

In Rema village, residents used to travel long distance to fetch water which can take 

more than two hours. The topography is too difficult to travel, the water fetched was 

also not healthy or clean. The problem has been solved using solar PV water 

pumping systems. From the main storage tank after disinfection, the clean water is 

distributed into four stations. In each station four customers can get water at the 

same time as shown in figure 16. The addition of the clean water supply gives the 

villagers health and the time spent for fetching water can be used to perform other 

activities.  Females who usually spent their time for fetching water can have an extra 

time for their education. 

  

 

 

 
 Figure 15:The water tanks at the village of Rema 
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Figure 16:  PV-based rural water supply in Rema Village 

 

For the water pumping purpose from the well to storage tank, 108 modules each 

55Wp are used and to transfer water from the storage tank to each station there are 

28 modules each have 210Wp. All issues about maintenance and services are 

handled by solar center. 

 

6.7. Solar PV for telecommunication  

 

Solar PV produces power to meet the information and communication technology 

needs to the off grid rural communities. In Rema village Solar PV is crucial for 

telecommunication. There is a telecommunication center for the customers owned by 

the Ethiopian Telecommunication Corporation which 100% power by PV electricity. In 

addition to this center there are two privately owned telecommunication centers. 

There are also phones for police station, judiciary office; municipality, school and 

kebele (office of the village chief) all are powered by solar PV. 

 

 

7. ENERGY SYSTEMS IN REMA VILLAGE  

 

The power rating for house hold electrical appliance is taken from Firth et al. 2008, 

Al-Karaghouli et al. 2010 and Kawamoto et al. 2004.  
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Currently, the villagers of Rema use biomass, diesel generators and solar PV.  

Biomass is one of the renewable energy sources which account from 10 to 14% of 

the world energy supply [Mckendry, 2002] and in Ethiopia it accounts about 94% of 

the total energy supply [Wolde-Ghiorgis, 2002].  However, the demand and supply of 

biomass has never to be equal. For example, in 2005 the fuel wood demand in 

Ethiopia was estimated to be 68.5 million m3  while the sustainable fuel wood supply 

was estimated to be 10.4 million m3 which showed a deficit of 58.1 million m3’[ 

Jargstrof, 2004] At Rema village biomass is the main energy source for the 

households. It is also used to build their home, to build a fence and to make house 

hold equipments like bed. The other source of energy for cooking is charcoal which is 

made from a wood material. Solid wood is essentially a material for burning as fire or 

as thermal sources of energy. The amount of this thermal energy can be measured 

through heating value. This heating value can be expressed either in lower heating 

value (LHV) or higher heating value (HHV). HHV is total energy content of the 

biomass when burned in air including water vapor where as in LHV the latent heat in 

the water vapor cannot be used efficiently. The LHV could be considered as the right 

value for subsequent use. [Mckendry, 2002] A solid wood have an average heat 

content of (LHV) 17-21 MJ/kg [Mckendry, 2002; Bhattacharya et al 2002]. The LHV is 

used in this study for calculating the total biomass consumption in case studies. 

 

Diesel generators are good due to their longevity, low fuel and maintenance costs 

and their high efficiency compared to the same size natural gas or propane. It also 

has 30-50% less overall operating cost than the gasoline [Generator Joe, 2010].  

There are various ranges of diesel generators. Different manufacturers and 

distributers give different information that could lead to difficulties in the comparison 

of diesel generators, so a careful attention should be given when choosing diesel 

generator. HOMER can determine the amount of time the generators used in a year 

and calculate the total operating cost on this estimated time. Systems which have 

only diesel generators are rated based on the expected peak demand [Deshmuk, 

2008].  

 

A diesel generator market at Addis Ababa in 2009 100KVA IVECO brand costs 

1326ETB, the Chinese Super Tiger which is the top of the list by the customers  with 

1600ETB and the Japanese Honda brand with 13,000ETB which is not chosen by 
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the customers due to its high cost [Deresse, 2009]. Survey is made in Bahir Dar City 

to know the price of diesel generators and it is 12,000ETB for 3KW diesel generator. 

The price of diesel fuel is 10.58ETB per liter in September 2010. 

7.1. Energy Systems in Mixed and Agriculture Only Households  

7.1.1. Existing Energy system in Mixed and Agriculture only Households 

 

Villagers, whose incomes are mixed, use both charcoal and fire wood for cooking 

whereas Villagers, whose incomes are limited on agriculture, use fire wood as a 

cooking fuel. The light comes from 4 LED (1W each) or 2 CFL (3W each) lamps.  

They also use tape or radio for not more than two hours. The lighting system is the 

same for all the households.  

 

 

Figure 17: existing solar PV for lighting and radio/tape for all households in Rema village 

 

 

 
 Table 4: Energy use from 10Wp solar PV module for each households 

Appliance  Quantity  Amount of 

Energy (W) 
Usage hours per 

day 
Daily use of 

electricity from 

Solar PV(Wh 

per day) 
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Lighting  2 3 4 24 

Radio/ tape  1 14 2 28 

  

 

As biomass stoves that are not 100% efficient are mostly used, it is necessary to 

consider the efficiencies of the stoves for calculation of useful energy. Biomass fired 

stoves can be grouped in to two types: the traditional and the improved stoves. The 

traditional stoves have efficiencies ranges between 9.5 and 11% where as the 

improved stove has efficiency of between 13 and 40. [Bhattacharya et al 2002]. 

During the survey, it was found that the villagers use both types of stoves. According 

to the above information the efficiency used in the calculations for the stove is 15%. 

Using this efficiency the useful thermal load is calculated as 15.8 KWh/day for the 

mixed income houses and agriculture only income. 

 

7.1.2. Energy demand in Mixed and Agriculture Only Income Households  

 

Based on the income level of the two household types the following assumptions are 

considered. Mixed income type household are assumed to have 5 hour light for three 

rooms, Radio/Tape and TV for 4 hours and a mobile charger.  

 
Table 5:  Energy demand for mixed income household 

Appliance  Quantity  Amount of 

energy (W) 
Usage hours per 

day 
Daily use of 

electricity (Wh 

per day) 

Lighting  3 3 5 45 

Radio/ tape   1 14 4 56 

TV set 1  130 4 520 
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Mobile charger  1 4  2 8 

 

 

For household whose income is solely agriculture is assumed as follows: 5 hour 

lighting for two rooms, radio/tape for 6 hours (based on requests in the survey) 

 

Table 6:  Energy demand for villagers whose activity is only agriculture 

Appliance  Quantity  Amount of energy 

(W) 
Usage hours 

per day 
Daily use of 

electricity (Wh 

per day) 

Lighting  2 3 5 30 

Radio/ tape   1 14 6 84 

  

 

 

7.2. Energy Systems in Small Scale Business Centers 

 

7.2.1. Existing Energy Systems in Small Scale Business Centers 

 

The small scale business centers include small restaurants, groceries, supermarkets 

and cafes. As the village is in hot area, refrigerator is the main equipment for 

profitable business. Before the solar PV refrigerator, people were using sand for 

cooling but it does not cool well and it is also tough work getting cooled. Small scale 

business centers use charcoal and fire wood for cooking purpose which is estimated 

to be 18 KWh/day. In addition these groups have refrigerator, TV, tape recorder and 

light. In this group there are people who use diesel generators for their energy 

demand. 
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 Figure 18: solar PV for small scale business holders 
 

 

 Table 7: Energy demand for small scale businesses using solar PV (modules with 10Wp and 55Wp) 

Appliance  Quantity  Amount of 

energy (W) 
Usage hours 

per day 
Daily use of 

electricity from 

Solar PV(Wh 

per day) 

Lighting  2 3 4 24 

 

Radio/ tape  1 14 2 28 

TV  1  12 6 72 

Refrigerator  1 20 24 480 

 

 
Table 8: Energy demand for small scale business who uses diesel generator and 10Wp solar home 
system 

Appliance  Quantity  Amount of 

energy (W) 
Usage hours 

per day 
Daily use of 

electricity from 

Solar PV(Wh 

per day) 

Lighting  2 3 4 24 
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Radio/ tape  1 14 2 28 

TV set  1  130 7 910 

Refrigerator  1 80 7 560 

 

 

7.2.2. Energy Demand in Small Scale Business Centers 

 

According to the result of the survey, the following table is assumed for households 

with small scale business centers. 

 

 Table 9: Energy demand for the small scale business centers 

Appliance  Quantity  Amount of 

energy (W) 
Usage hours per 

day 
Daily use of 

electricity (Wh 

per day) 

Lighting  4 3 6 72 

Radio/ tape   1 14 6 84 

TV set  1  130 8 1040 

Refrigerator 1 80 24 1920 

Mobile charger 1 4 3 12 

 

7.3. Energy Systems for Public Services  
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The two main necessary public services in rural villages are education and health 

centers. As explained in sections 6.4 and 6.5 solar PV plays a vital role but the 

demand is not met and calculated as follows.  

7.3.1. Energy Demand for Rema Higher Primary School 

 

The school needs to charge all the 500 laptops, for the mini media, computers and 

light for the offices and class rooms since there may be a night school in the future as 

the villagers will become more aware of education and light for the compounds of the 

school is also necessary. As the school have six tapes and one TV. It also needs 

electricity for a photocopy machine and printer.  

 

 

 Table 10: Daily energy consumption for Rema higher primary school 

 

Appliance  Quantity  Amount of energy (W) Usage hours per 

day 
Daily use of 

electricity (Wh 

per day) 

Lighting   for the 

class rooms 
28 3 3 252 

Light for the 

compound of the 

school 

4 3 12 144 

Tape   6 14 4 336 

TV set  1 130 8 1040 

Laptops  500 15 3 22500 

 Desk top 

computers  
1 55 8 440 

Photocopy 

machine  
1 185 5 925 

Printer  1 77 4 308 
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7.3.2. Energy Demand for Rema health clinic 

 

Rema health clinic needs to have 12 hour light for all rooms and for the compounds. 

And it also needs to have electricity for major equipments in the clinic as mentioned 

in table 14. TV and DVD player for the patient who wait their turn and for the people 

who come to assist the patients is used as an entertainment and to teach about 

health using different cassette and live health programs from ETV (Ethiopian 

television).  

 
 

 

Table 11: daily energy consumption for Rema Health clinic  

Appliance  Quantity  Amount of 

energy (W) 
Usage hours 

per day 
Daily use of 

electricity (Wh 

per day) 

Lighting for all 

rooms and for 

the compound 

of the clinic  

19 

 

3 12 684 

TV set   1 130 12  1560 

Refrigerator   1 80 24 1920 

Autoclave  1 450 4 1800 

Medical 

Centrifuge  
1 100 3 300 

Computer 1 55 8 440 
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8. HOMER OPTIMIZATION OF ENERGY DEMAND 

 

Hybrid Optimization Model for Electric Renewable (HOMER), developed for the 

National Renewable Energy Laboratory (NREL), is a powerful tool for designing and 

analyzing hybrid power systems that may contain the mix of wind turbines, solar PV, 

biomass, hydro, batteries, conventional generators and the conventional energy 

sources. HOMER also can model systems that are not hybrid like simple solar PV or 

diesel systems.  

 

If the loads, resources and the basic cost and performance of each component used 

are available then HOMER can determine the least cost effective system. It can also 

tell what sizes of component should be, what will happen the project economics if 

cost or loads change and whether the renewable resource are adequate or not for 

the given load. 

 

When estimating the cost of solar PV all the components (sub systems) should be 

considered. The price of PV module for large quantity buyers (from 50MWp to over 

100MWp) per year is US$2.18/Wp, for mid level buyers (from 10MWp to over 

25MWp) a year is US$2.82/Wp and for small quantity buyers it is US$3.68/Wp [P. 

Mints 2010].  

Table 12: costs of the PV sub systems [P. Mints 2010, A. Hassanet al 2010, Belvin 2010; Ashden, 
2009; Solarbuzz, 2010]. 

PV sub system Initial cost of the 

system 
Replacement 

cost  
Operation 

and 

maintenance 

cost  

PV module  2.82US$/Wp 2.82US$/Wp 0 

Battery  0.15 US$/Wh 0.15US$/Wh 4US$/year 

Inverter 0.8US$/W 0.75/W 40US$/year 

Charge controller 5.87US$/Ampere 5.87US$/Ampere 0 

Lamp 6US$/lamp 6US$/lamp 0 

Cable, box, plugs, user box, fixings 

,manufacturing and installation 
25% of the total cost 
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 Figure 19: HOMER modelling for small scale business with PV lighting and diesel generator for TV 
and refrigeration 

 

HOMER software is used to model the existing energy system before solar PV 

installation, after PV installation and depending on the need of the customer it 

models for all cases that means for people with income agriculture, mixed income, for 

small scale business activities and for public services.  

8.1. HOMER Optimization Results  

 

As discussed earlier, the performance of the existing PV system is evaluated for four 

cases: households with income agriculture only, mixed economy, small scale 

business entrepreneurs and public services. The specification PV and its accessories 

are taken from the respective supplier company (see appendix 13.6-13.8).   

 

Even though, the requirement is different, the existing PV system is the same for 

households with income agriculture and mixed. Before, the PV system is installed 

households use kerosene and biomass for lighting. The amount of biomass saved 

due the presence PV lighting is evaluated. The biomass used in rural Ethiopia is 

mostly unsustainable and deforestation is the main problem. For modeling purpose, 

the amount of Kerosene is calculated based on its equivalent to non-renewable 

biomass and to know the amount CO2 that is emitted to the environment an emission 

factor of 2.4 kg of CO2 per liter of kerosene is used. 
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8.1.1. Existing Household energy system before PV system  

 

Case1. Households with income agriculture only 

 

Biomass and Kerosene are used as energy source in the household. Famers will sell 

dry fire wood to buy Kerosene. An equivalent non-renewable biomass is considered 

to substitute Kerosene in the modeling. Considering 0.2 l/hr consumption of 

Kerosene for 4 hour lighting which will give 1.94 KW, the equivalent biomass can be 

used.  

 

 

Case2.Household with mixed income     

 

These types of household consume charcoal, firewood and kerosene. Considering 

the same consumption of Kerosene as case 1, 15% of the cooking is done by 

charcoal and 50% charcoaling efficiency from firewood, the household energy 

system can be modeled based on biomass only. To avoid the complexity of 

calculating the total biomass required for charcoaling and in the direct burning in 

stove, the efficiency of the stove can be comprised. To include the charcoaling 

efficiency, a lower stove efficiency of 13% is considered in the modeling. The daily 

load profile is the same as case1.  

 

Case 3 Households with small scale business  

 

Due to business activities, the demand of biomass required is higher than case 1 and 

2. Based on the interviews and conversions calculations 18 KWh per day is 

considered. Diesel Generator is used for refrigeration and TV with a daily electrical 

demand of 1.7KWh. The diesel generator is used only in the day time and it doesn’t 

contribute for lighting. Therefore, Fuel demand for lighting is considered same as 

case1 and case 2. Averagely 0.5 KW generator is considered for modelling.  

 

Case 4.Public services   
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Prior to the PV installation both schools and clinics did not have neither generators 

nor biomass as energy use.    

 

Table 13: Results for the villagers energy use before the installation of solar PV lighting 

 Agriculture 

Income 

Mixed Income Small scale 

business 

Biomass (Kg) 10766 12422 13539 

Investment Cost 

(US$) 

0 0 145 

Operating cost 

(US$) 

463 534 961 

Total NPC (U$) 5310 6127 11163 

 

 

8.1.2. Existing Household Energy system after PV installation  

 

Case1.Households with income agriculture only 

The main purpose of the installed PV is to replace the lighting and to get additional 

power for radio or tape. Therefore, the cooking demand is not changed.  

 
Case 2.Household with mixed economy  

Like case 1, the PV system is used for lighting for 4 hrs in a day and running radio or 

tape for 2 hrs with capacity shortage of 28% if they used lighting and radio/tape 

simultaneously. When the systems do not run simultaneously the capacity shortage 

decreases to 23%. The same cooking load is considered as without PV system.  

 

Case3. Households with small scale business   

 

In households with small scale business, there are two cases to be considered: 

households who still uses diesel generator for refrigeration and TV and households 

who use PV for lighting, refrigeration, and TV. A homer model is done for the two 

cases. 
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Table 14: Results for the villagers energy use after the installation of solar PV lighting 

 Agriculture 

Income 

Mixed Income Small scale business 

With Solar PV 

for refrigeration 

and TV 

With diesel 

generator for 

refrigeration 

and TV 

PV sizes  10Wp 10Wp 260Wp 10Wp 

Battery number 1 (12V,24Ah) 1 (12V,24Ah) 1 (12V,24Ah): 

2 (12V, 200Ah) 

1 (12V,24Ah) 

 Converter (KW) - - 0.06 - 

Biomass (Kg) 7192 8299 9469 9469 

 Generator (KW) - - - 0.5 

Investment 

cost(US$) 

260 260 1825 405 

Operating cost 

(US$/yr) 

321 369 453 768 

 COE (US$/KWh) 2.265 2.265 0.904 1.455 

Total NPC(US$) 3943 4489 7026 9221 

 

 

 

8.1.3. HOMER Optimization Results for the village energy demand  

Depending on energy demand discussed in section 7, HOMER modeling is done for 

all the four cases: agriculture income households, mixed income households, small 

scale business activities, and public services (school and clinic).  

Table 15: Optimization Results for the villagers energy use depending on their demand 

 Agriculture 

Income 

Mixed Income Small scale  

PV sizes  165Wp 250Wp 350Wp 

Battery number 1 (12V, 24Ah) 2 (12V, 200Ah) 2 (12V, 24Ah) 
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Converter (KW)  - 0.25 0.4 

Biomass (Kg) 7192 8299 9469 

Generator (KW) - - 0.5 

Investment 

cost(US$)   

654 1848 2484 

Operating cost 

(US$/yr) 

325 413 844 

COE (US$/KWh) 1.769 0.96 0.613 

Total NPC(US$) 4384 6588 12161 

 

 Table 16: Optimization results for Rema higher primary school 

PV Size 12KWp 

Battery number 24 (6V, 1156Ah) 

Converter (KW)  14 

Investment cost (US$) 80704 

Operating Cost (US$/yr) 1704 

COE (US$/KWh) 0.966 

Total NPC (US$) 100247 

 

 

 Table 17: Optimization results for Rema health clinic 

PV Size 3KWp 

Battery number 6 (6V, 1156Ah) 

Converter (KW)  1.5 

Investment cost (US$) 18576 

Operating Cost (US$/yr) 319 

COE (US$/KWh) 0.799 

Total NPC (US$) 22230 

 

Tables from 18 to 21 shows that the comparison of the energy systems for the three 

cases: before PV installation, after PV installation and based on the demand. 

 

Table 18: Result comparison for agriculture income house hold 

 Before  PV 

installation 

After PV installation PV system Based on 

Demand  

PV size  - 10Wp 165Wp 

Battery no. - 1(12V,24Ah) 1(12V,24Ah) 
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Biomass (Kg) 10766 7192 7192 

Investment cost (US$)  0 260 654 

 Operating cost 

(US$/yr) 

463 321 325 

COE(US$/KWh) - 2.265 1.769 

Total NPC(US$) 5310 3943 4384 

 

 

 
Table 19: Result comparison for mixed income household 

 Before  PV 

installation 

After PV installation PV system Based on 

Demand  

PV size  - 10Wp  250Wp 

Battery no - 1(12V, 24Ah) 2(12V,200Ah) 

Biomass (Kg) 12422 8299 8299 

Investment cost 

(US$) 

0 260 1848 

 Operating cost 

(US$/yr) 

534 369 413 

COE(US$/KWh) - 2.265 0.96 

Total NPC(US$) 61270 4489 6588 

 

 

For the small scale business after PV installation there are two cases who uses solar 

PV for lighting , TV and refrigerator (case a) and those who use solar PV for lighting 

and diesel generator for TV and refrigeration (case b) as shown in table 20 and 21.  

 

Table 20: Result comparison for small scale household case a 

 Before  PV 

installation 

After PV installation PV system Based on 

Demand  

PV size  - 260Wp  350Wp 

Battery no - 1(12V, 

24Ah),2(12V,200Ah) 

2(12V,200Ah) 

Convertor (KW) - 0.06 0.4 

Biomass (Kg) 

Generator (KW) 

13539 

0.5 

9469 

- 

9469 

0.5 

 Investment cost 145 1825 2484 
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(US$) 

 Operating cost (US$) 961 453 844 

COE(US$/KWh) 0.645 0.904 0.613 

Total NPC(US$)  11163 7026 12161 

 

 

 

 

 

 

Table 21: Result comparison for small scale household case b 

 Before  PV 

installation 

After PV installation PV system Based on 

Demand  

PV size  - 10Wp  350Wp 

Battery no - 1(12V, 24Ah) 2(12V,200Ah) 

Convertor (KW) - - 0.4 

Biomass (Kg) 

Generator (KW) 

13539 

0.5 

9469 

0.5 

9469 

0.5 

 Investment cost 

(US$) 

145 405 2484 

 Operating cost 

(US$/yr) 

961 768 44 

COE(US$/KWh) 0.645 1.455 0.613 

Total NPC(US$) 11163 9221 12161 

 

   

As can be seen in table 18 to 21, the installation of PV system for lighting has 

reduced the consumption of biomass by significant amount in the project life. This 

biomass is the equivalent Kerosene considered during modeling. The Existing 

households found in Rema village which have 10 Wp PV module as lighting can 

reduce 5840 liter of kerosene per life time per house hold which will reduce a total of 

12 264 000 liter of kerosene which will emit about 2943.6 ton of CO2 or 150 108 ton 

of equivalent biomass through the life time of PV systems for all of 2100 households. 

When considering solar PV for lighting only based on the demand for agriculture and 

mixed income 7300 and for small scale business households 8760 liter of kerosene 

can be reduced per household throughout the life time. Using solar PV lighting 
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instead of kerosene reduces the operating cost per year. However, the number of 

batteries in the system has high influence in the operating cost. When large numbers 

of batteries are considered, the annual operating cost increases. Compared to small 

PV sizes for lighting and tape only, higher PV sizes significantly reduce the COE 

which is in line with literatures. In the existing system of the village, the total NPC has 

significantly reduced from the household energy systems without PV systems. 

However, the total NPC increases as the PV size increases due to high capital cost 

and number of batteries.  

 

A household energy system that modeled with hybrid of diesel and solar PV have 

lower COE compared to that of solar PV only system.   

9. DISCUSSION 

 

Rural villages in Ethiopia lack modern energy supply and this creates a challenge for 

sustainable development. The energy source of rural community which accounts 

more than 83% of the country’s population depends on unsustainable biomass 

supply. The use of biomass in traditional way has caused chronic health problems 

such as reparatory and eye diseases. For example the World Bank in 2008 reported 

1.6 to 2 million deaths each year is caused due to poor indoor air quality from fuel 

wood.  

 

Modern energy supply using PV in rural areas helps to meet millennium development 

goals (MDG) by transforming the quality and accessibility of schools, health center, 

communication centers and clean water supply and hence improve the 

socioeconomic status of the livelihood. Apart from socio economic development, PV 

based rural electrification, which is renewable energy source, can mitigate climate 

change by curbing CO2 emission.  

 

This study investigated the multidimensional advantages of rural electrification using 

PV in rural community.  However, technology transfer always requires a detail study 

on the sustainability based on cost feasibility and level of technology for the specific 

literacy level. What makes this study special is that it uses an existing PV electrified 
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rural village called Rema to study the impact of PV based rural electrification on 

socio-economic development, climate change and its sustainability on the study area. 

Different methods of attack have been used to study PV based rural electrification by 

different authors [Stutenbaumer et al 1999; Fara et al 1998; Kaufman et al 2000; A. 

Chaurey et al 2010; Nieuwenhout  et al 2004; K. Muhopadhyay et al 1993]. However, 

these studies lack incorporation of customers view on the technology and its 

sustainability in the specific study area.  The demand of electricity in the village 

depends on the economic activity and villagers are categorized into three groups 

based on their economic activity. Community or public service centers are also 

included in the study. Problems of existing energy systems are identified and new 

improved model is proposed for the village.    

 

 However, there are several limitations of PV for rural electrification which threat the 

sustainability of PV based rural electrification projects. The high investment required 

is the main problem which limits its affordability by most of rural households of 

Ethiopia. The high technical skill required for installation and maintenance is also a 

problem for the PV project for rural electrification. The experience of PV based rural 

electrification in Rema village and it’s socioeconomic and climate impact is discussed 

as follows.    

 

9.1. The impact of PV based electrification for socioeconomic 

development in Rema village 

 House hold level 

 

Apart from government financial limitation, the topographic and settlement of the 

Rema village, were the main problem for grid rural electrification and hence 

decentralized rural electrification using PV was found to be sustainable solution. The 

solar PV based rural electrification in Rema village curbed many problems and 

changed the lifestyle of the villagers. However, these changes depend on the type of 

economic activity of the household. Households with mixed income and small scale 

business have showed more economic activity than agriculture only. The presence of 

lighting increases working hours of residents and be able to use electrical 
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equipments. However, for households with agriculture only activity responded less 

interested on the technology. This indicates that the electrification has little impact on 

agricultural activity which is the main source of income for rural communities. CFL or 

LED lamps have higher luminous and helped students to study and perform their 

homework at night. The electrification also played a great role in expanding 

communication and entertainment services by providing electricity for radio/tape and 

TV. These helped residents to access educational program which can help for their 

life style change.  Some villagers also run their small scale business using a hybrid 

system; using PV and diesel generators. The presence of hybrid system was good to 

evaluate the economic and quality performance of PV compared with conventional 

diesel generators. Hybrid systems are mostly used in households with small scale 

business. Users preferred to use total PV system than the hybrid system due to the 

high running cost of the diesel generators and availability of fuel in nearby area. 

However, they also complain on the high initial capital required for PV system. 

According to the interview result this problem can be solved by providing loan 

system.   

 

Like most rural communities of the country, Rema village had chronic problem on 

clean water supply which forced to spend many hours to find water. The water 

obtained after traveling long distance was not also clean. The long distance required 

to travel to fetch water is shown in figure 20.  .   

 

 Figure 20: the distance between the water well and the village 
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Due to cultural problems, fetching water is also the duty of women especially girls 

which caused high number of school drop out for girls. Currently, clean water supply 

is available for the village by PV based electrification and solved the above 

mentioned problems. This helped for girls to go to school and avoid gender 

inequalities.  

 

Survey results showed that villagers have positive attitude towards the technology 

and felt it as a start of modernization because of its multidimensional socioeconomic 

advantages. However, the survey results have both strengths and limitations. The 

strengths of the survey are:   

- It was possible to survey all information and observe changes due to PV 

based electrification  

- It was possible to notice all the social-economic and technical problems of PV 

based electrification  and the degree of the problems on the eye of the users  

- It  helped to know existing energy system and its positive and negative  effect  

on environment and socio-economic development   

- It helped to know the demand of PV modules based on economic activities   

Limitations: 

- Some villagers were not voluntary for interview  

- It was not possible to interview all households which have PV systems  

- Most of the users have low technical knowledge about the systems and was 

difficult to understand the technical problems on the end users side  

PV size and cost estimation for new energy model  

 

During survey most villagers were unsatisfied with the existing PV size and 

requested extra modules to extend the limited working hours of the system. The 

villagers also asked to increase the capacity so that it can hold other electrical 

appliances such as TV, fridge and others to run simultaneously. However, these PV 

size demand depends on the economic activity of the household and the estimation 

was done based on the three categories mentioned above. Based on the demand, 

new energy models are developed for the three categories. It is also important to 

estimate the cost of investment for the new model. The model includes all household 

energy demand which includes energy from biomass, solar PV and diesel 



66 
 

generators. All electricity demand is to be met by solar PV only or a hybrid system. 

HOMER software gave an optimized result. According to the demand HOMER 

optimization gave PV power size of 165 Wp, 250 Wp and 350 Wp for households 

with agriculture only, mixed and small scale business, respectively. This led a 

requirement of initial capital of USD 654, 1848 and 2339, respectively. Most villagers 

responded that it will be difficult to buy these modules without loan arrangement. The 

initial investment per Watt of PV system decreases when the module size increases. 

However, for small scale module systems, the cost of investment per Watt can be 

smaller due to the small battery size required. PV systems required for households 

with agriculture only, has lower investment per Watt than others, while investment 

per Watt for small scale business has lower than households with mixed type. 

Therefore, the battery size plays an important role in the investment, operation and 

maintenance costs. The cost of electricity (shown in Table 15) decrease as the size 

of PV increased as expected. If the new model is implemented the villagers can get 

enough lighting time, can be used for generating more incomes, villagers can get an 

access for information and entertainment. So the implementation of these new 

models can increase the contribution of PV for socio-economic development in rural 

livelihoods. However the main limitations of PV rural electrification in REMA village 

today are found to be the high investment costs, lack of technology skills and the 

availability of solar technicians. 

 

 Public Services  

 

PV based electrification of health center and schools have played a vital role in 

improving the quality of services. The solar PV also used to power electrical 

appliances that are used for educational purpose such as laptops. The presence of 

these teaching equipments increased the motivation of students towards their 

education. Due to the presence of electricity, telephones and mobiles phones were 

possible to use and increased communication services of the village. However, the 

interview survey showed that demand is higher than the existing capacity of PV. The 

PV power required as initial investment 3 kWP and 12 kWP were found to be enough 

to fulfill the demand in clinics and schools, respectively. However, the cost of 

electricity of schools was found to be higher than the clinics due to the large number 
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of batteries required in the system. As the number of batteries increase the 

maintenance and replacement costs also increase.  

  

9.2. Solar PV for climate mitigation and adaptation in Rema village   

 

Solar home systems in developing countries usually substitute kerosene and mitigate 

environmental changes as well as to improve the quality of life. The same 

phenomenon happened in Rema village.  In Rema village there are 2100 households 

which have 10Wp PV module to substitute the kerosene lamp. Using this solar PV 

can reduce 12 264 000 liter of kerosene which will emit about 2943.6 ton of carbon 

dioxide or 150 108 ton of equivalent of biomass through the life time of the PV 

system. PV electricity supply in the village helped to avoid deforestation and adapt 

climate change. When comparing the new model with that of the existing system, the 

new model can give enough lighting time and have additional electricity to get better 

services for other needs. Using the new model can reduce the amount of kerosene 

for mixed and agriculture income households by 7300 liter and for small scale 

business households by 8760 liter per each household throughout life time which is 

higher than that of the existing system that can reduce by 5840 liter per household. 

This shows the implementation of the new model obtained by HOMER can further 

promote climate mitigation and adaptation.  

 

HOMER program allowed several advantages for modeling of household energy 

especially from renewable energy source. It allows incorporation of different type of 

energy sources such as solar, wind, hydrogen and biomass with possible 

technologies. However, the program has some limitations for home energy design for 

developing countries for example in this study. It was impossible to include kerosene 

and biomass sources for lighting and their equivalent to heat source was taken in the 

modeling. The inconsistency of local cost of biomass which varies daily can also 

bring some discrepancy in the annual cost of energy.  
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9.3. Sustainability of PV based rural electrification in Rema Village  

 

The sustainability of the technology can be measured based on its socio-economic 

feasibility for the village and its environmental benefits. The electrification has 

brought a dramatic change in the life style of the village. Better access to public and 

community services such as schools, health centers, street lighting and clean water 

supply are available due to the presence of electrification. The income of mixed 

economy and small scale business households increased. Health problems due to 

smoke from kerosene or biomass lighting are reduced. Due to these benefits, 

villagers do have positive attitude for the technology and demanding more capacity. 

The PV based electrification has also brought environmental benefits by reducing the 

CO2 emission and climate adaptation by decreasing the deforestation.  However, 

there are two main limitation of the PV based electrification in the village. The first 

problem is the high cost of investment which is a challenge for typical rural 

household. According to the survey, loan mechanisms can curb the problem. 

Villagers have already started monthly saving for maintenance and operating costs. 

The second problem is technical level required for end users. Most villagers are 

illiterate for the technology and during the survey most villagers did not know when 

and how the systems cease working. This has created technical problems which 

caused PV systems out of use. The small number technician available in the village 

also exacerbates the problem. Short term onsite trainings can solve the problem.   

 

10. CONCLUSION  

 

Decentralized PV based rural electrification improved the livelihood of Rema village. 

It improved the socioeconomic activities of villagers and quality of life. Using PV 

electrification, it was possible to supply clean water, improved the quality and 

services in clinics and schools, and decreases deforestation and CO2 emission. The 

existing capacity of PV in the village doesn’t meet to the demand and a new model is 

proposed to meet the demand.  

However, the main limitation of PV rural electrification is the high cost of investment 

which the rural communities cannot afford. Most the villagers reported this problem 
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during interviews. The high level of technical skills required for maintenance and the 

small number of solar technicians available in the village is also a problem reported 

in the village.   

HOMER modeling can be used to know the size of PV module required to fulfill the 

current demand of the village which was obtained during interview. The respective 

initial investment is also calculated. The investment per watt depends on the size of 

the PV and the number of batteries required for the system. However, the cost of 

electricity usually decreases as the PV size increases.  The implementation of the 

new model can give enough lighting time, can increase the amount of income 

generation, provide access for information and entertainment; it also increases the 

quality of services in health clinics and schools so that implementing these models 

can increase the contribution of solar PV in the socio economic development in rural 

livelihoods.   

   

11. RECOMMENDATION AND FUTURE WORKS  

.    

The following points are raised as recommendation and future works  

•   Curb the financing problem of PV projects availability of loan facility can be a 

solution. The involvement of microcredit institutions in the village such as 

Amhara credit and saving institution can solve the problem of loan availability.  

• Technical capacities for installation and maintenance in village can be solved 

by training more villagers in the solar center. This will be a sustainable solution 

where the technicians are available in the nearby.  

• Further studies on the possibility of using single PV system for four to five 

household with similar economic activity is required to reduce the cost of 

investment.  

• Awareness about the technology was also seen a problem in the village and 

different awareness creation method such as billboards, leaflets and special 

trainings can increase the awareness.  

• The long term performance of PV modules in the area is unknown and 

experimental setups to measure the solar radiation, daily temperature and 

module power gauges are required. This will help to design the required size 
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of PV module for the specific purpose. As reported in the result of the 

interview, most systems are disabled for radio/tape application due capacity 

problem though it was designed to run lighting and radio/tape.  

• Further study on the carbon saving and sequestration by PV electrification can 

be a source of income by carbon trading and will make such kind of projects 

more sustainable.  

• Demographic study in the area can help to know the real financial capacity of 

the villagers to have PV technologies.  

• The economy of the rural people is dependent mainly on agriculture. When 

see the population of Rema the income of the majority of the people is 

agriculture but at the present time they show a low response of having solar 

PV compared to the mixed economy based households. While the small scale 

business entrepreneurs show a high response of having solar PV compared to 

the other because it has a large effect on their income. The present solar PV 

lighting plays a great role in giving of pure light but it has no significant 

economic change for agriculture income households.  So in order to make the 

solar PV more sustainable and advantageous for the majority a detailed study 

of the use of solar PV for generating income for the farmers should be made. 

It may be water pumping for irrigation or animals like cows, sheep, goat or any 

related economic activity that can increase their income. 
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10Watt Photovoltaic module

SX 310J
10 4069E-2 01/10

Performance

Rated power 10W 
Tolerance ±10% 
Module efficiency 8.6% 
Nominal voltage 12V 
Warranty* 90% power output over 12 years 
 Free from defects in materials and workmanship for 2 years

*Refer to BP Solar’s Warranty document for terms and conditions.

Qualification test parameters

Temperature cycling range -40ºC to +85ºC for 200 cycles
Damp heat test 85ºC and 85% relative humidity for 1000h 
Front & rear load test (eg: wind) 2400Pa (equivalent to 245kg/m2 load   
 distributed)
Front load test (eg: snow and wind) 5400Pa* (equivalent to 550kg/m2 load   
 distributed)
Hailstone impact test 25mm hail at 23m/s from 1m distance

*When mounted in accordance with BP Solar’s installation instructions.

SX 310J

Efficiency (%)

7 - 8  8 - 9  9 - 10 10 - 11 11 - 13

The SX 310J is part of the BP Solar Poly 3-Series. It is an advanced 10W 

photovoltaic module with 12V nominal power output, making it ideal for battery 

charging applications. It addresses the needs of various battery based applications, 

such as caravan, boats, homes that do not have access to the utility grid and 

rural electrification. Other appliances are in remote industrial applications such 

as telemetry, security sensors and instrumentation systems. The 36 cells are 

connected in series and offer improved efficiency even under low light conditions 

through the use of advanced SiN coating. It has proven performance at high 

temperatures and its robust design makes the product durable in the field in 

almost any climate. This module has undergone the most rigorous testing to 

ensure reliable long term performance. The junction box is prepared with screw 

type terminals for flexible installation. There are two precasted holes for each size 

of cable glands, as ½’’ and M20. 

Quality and safety

• Conforms to European directives.
• Certified according to the IEC 61215 (Crystalline silicon terrestrial photovoltaic modules – 

Design qualification and type approval) and to the IEC 61730 (Photovoltaic module safety 
qualification, requirements for construction and testing).

• Listed  to UL 1703 Standard for Safety by Intertek ETL (Class C fire rating).
• Approved by Intertek ETL for use in Class 1, Division 2, Groups A to D hazardous locations.
• Module electrical measurements are calibrated to world radiometric reference via third 

party international laboratories.
• Manufactured in ISO 9001 and ISO 14001 certified factories.
• This data sheet complies with the requirements of EN 50380.

SX 310J I-V Curves
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JUNCTION BOX DETAIL 

Front view

XXXXXXX

bp solar1234567
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Ground hole
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Junction box

Back view
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Module diagram
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10Watt Photovoltaic module

SX 310J
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Electrical characteristics 1000W/m2 (STC1) 800W/m2 (NOCT2)

Maximum power (Pmax) 10W 7.2W
Voltage at MPP (Vmpp) 16.8V 15.0V
Current at MPP (Impp) 0.59A  0.47A
Short circuit current (Isc) 0.65A 0.53A
Open circuit voltage (Voc) 21.0V 19.1V

Efficiency reduction at 200W/m2 <5% reduction (efficiency 8.3%)
Limiting reverse current 0.65A
Temperature coefficient of Isc (0.065±0.015)%/K 
Temperature coefficient of Voc -(0.36±0.05)%/K 
Temperature coefficient of P -(0.5±0.05)%/K 
NOCT3 47±2°C 
Maximum series fuse rating 1A 
Maximum system  voltage 50V 
Application class (according to IEC 61730) Class C
1STC: Standard test conditions - irradiance of 1000W/m2 at an AM1.5G solar spectrum and a temperature of 25°C.
2800W/m2, NOCT, AM 1.5G solar spectrum.
3NOCT: Nominal Operation Cell Temperature Sun 800W/m2; Air 20°C; wind speed 1m/s.

Your BP Solar distributor:

www.bpsolar.com

Mechanical characteristics

Solar cells 36 polycrystalline cells (38mm x 57mm) connected in series.
Front Cover High transmission 3.2mm tempered glass.
Encapsulant EVA
Back Cover White polyester.
Frame Silver anodised aluminium.
Junction Box BP J-type junction box: IP 65 junction box with 4 terminal
 screw connection block, accepts PG13.5, M20, 13mm
 conduit, or cable fittings accepting 6-12mm diameter
 cable. Terminals accept 2.5-10mm2 wire.
 Certified to meet UL 1703 flammability test.
Dimensions 425 x 273 x 50mm / 16.7 x 10.7 x 2.0in
Weight 1.9kg / 4lbs
All dimensional tolerances within ±1% unless otherwise stated.

This publication summarises product warranty and specifications which are subject to change without notice.
All solar modules are individually tested prior to shipment. During the stabilization process that occurs during
the first few months of deployment, module power may decrease by approx. 1% from typical Pmax.



ET-M53650    50Wp
ET-M53655    55Wp

ET Module

EFFICIENCY

• Low voltage-temperature coefficient ensures 

high-temperature operation

• Exceptional low-light performance combined with  

high sensitivity to light enables excellent energy 

delivery

MATERIALS

• Highest quality, high-transmission tempered glass 

provides enhanced stiffness and impact resistance

• Advanced EVA encapsulation system with 

triple-layer back sheet meets the most stringent 

safety requirements for high-voltage operation

• A sturdy, anodized aluminum frame allows 

modules to be easily roof-mounted with a variety of 

standard mounting systems

• Ultra reliable bypass diodes prevent damage 

through overheating due to shaded or defective cells

BENEFITS

• Manufactured in an ISO 9001:2000 certified plant

• High efficiency, high safety, high reliability

• Output power tolerance of +/-5%

• 25-year limited warranty on power output, 5-year 

limited warranty on materials and workmanship



Please contact Support@etsolar.com for technical support

ET Module
ET-M53650 ET-M53655

Model type

Peak power(Pmax)
Weight

Open circuit voltage (Voc)

Short circuit current (Isc)

Maximum power voltage (Vmp)

Maximum power current (Imp)

Maximum system voltage

Temp. Coeff. of Isc (TK Isc)

Temp. Coeff. of Voc (TK Voc)

Temp. Coeff. of Pmax (TK Pmax)

Dimensions

Normal Operating Cell Temperature

SPECIFICATIONS

ET-M53650

50W
6.0kg (13.2lbs)

445×980×35mm
17.5×38.5×1.37inch

18.22V

2.75A

21.96V

3.04A
DC 1000V

PHYSICAL CHARACTERISTICS

Note: the specifications are obtained under the Standard Test Conditions (STCs): 1000 W/m solar irradiance, 1.5 Air Mass, and cell temperature of 25 C.
o2

0.06 %/ C
o

-0.397 %/ C
o

-0.549 %/ C
o

44.4±2 C
o

6.0kg (13.2lbs)

445×980×35mm
17.5×38.5×1.37inch

DC 1000V

0.06 %/ C
o

-0.397 %/ C
o

-0.549 %/ C
o

44.4±2 C
o

1  Tempered glass
2  EVA
3  Cells
4  EVA
5  Multi-layer back sheet

 Unit:mm

Cell Temperature( )

ELECTRICAL CHARACTERISTICS

Temperature dependence of Isc,
Voc and Pmax

Electrical performance 
(cell temperature:25
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ET-M53685  85Wp
ET-M53680  80Wp
ET-M53675  75Wp
ET-M53670  70Wp

EFFICIENCY

• Low voltage-temperature coefficient allows higher 

power output at high-temperature condition 

• High efficient, high reliable solar cells ensure our 

product output stability

MATERIALS

• Advanced EVA encapsulation system with 

triple-layer back sheet meets the most stringent 

safety requirements for high-voltage operation

• The sturdy, anodized aluminum frame allows the 

modules to be mounted on a variety of standard 

racking systems and to withstand harshest conditions

• Ultra reliable bypass diodes prevent damage 

through overheating due to shaded or defective cells

• Innovative, enviromentally friendly packing method 

using pile-edges ensures modules arrive in perfect 

condition

BENEFITS

• Manufactured in an ISO 9001:2000 certified plant

• High efficiency, high safety, high reliability

• Output power tolerance of +/-3%

• 25-year limited warranty on power output, 5-year 

limited warranty on materials and workmanship



ET Module
ET-M53685  ET-M53680  ET-M53675  ET-M53670

Model type

Peak power (Pmax)

Cell type

Number of cells

Weight

Open circuit voltage (Voc)

Short circuit current (Isc)

Maximum power voltage (Vmp)

Maximum power current (Imp)

Maximum system voltage

Temp. Coeff. of Isc (TK Isc)

Temp. Coeff. of Voc (TK Voc)

Temp. Coeff. of Pmax (TK Pmax)

Dimensions

Normal Operating Cell Temperature

SPECIFICATIONS

ET-M53670ET-M53685 ET-M53680 ET-M53675

70W85W 80W 75W

16.90V18.05V 17.64V 17.40V

4.14A4.71A 4.54A 4.31A

21.45V21.94V 21.88V 21.73V

4.45A5.29A 4.98A 4.72A

MonoCrystalline Silicon, 125mm x 125mm

36 cells in a series

8.2 kg (18.1lbs)
1205×545×35mm(47.44×21.46×1.38inch)

DC 1000V

0.06 %/

-0.397 %/

-0.549 %/

44.4±2

PHYSICAL CHARACTERISTICS

ELECTRICAL CHARACTERISTICS

Please contact support@etsolar.com for technical support.

Note: the specifications are obtained under the Standard Test Conditions (STCs): 1000 W/m2 solar irradiance, 1.5 Air Mass, and cell temperature of 25 C.
o

1  Tempered glass
2  EVA
3  Cells
4  EVA
5  Triple-layer back sheet

 Unit:mm (inch)

Temp.Coeff.of Isc =+0.06%/
Temp.Coeff.of Voc =-0.397%/
Temp.Coeff.of Pmax=-0.549%/

Irradiance dependence of Isc,
Voc and Pmax cell temperature:25
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Electrical Performance 
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125 watt photovoltaic module

BP 3125

BP 3125

BP 3125 I-V Curves
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The BP 3125 is revolutionary in its construction and features IntegraBusTM 

technology. IntegraBusTM  is a printed circuit board with integrated diodes that 

is especially designed to ensure reliability whilst managing the high current 

(over 7 amps) produced by our 156mm x 156mm cells. The silicon nitride 

(SiN) coated multicrystalline cells used in this module are the largest solar 

cells commercially available today. These new features give the BP 3125 the 

highest rated power output of any 12V product. It is especially popular for 

off-grid applications such as telecommunications, water pumping and remote 

residential systems.   

Performance  BP 3125  BP 3115

Rated power  125W  115W 

Power tolerance  5%  5% 

Nominal voltage  12V  12V

Warranty  90% of minimum warranted power output over 12 years

 80% of minimum warranted power output over 25 years  

 Free from defects in materials and workmanship for 5 years

Configuration

BP 3125N  Universal frame, a sealed junction box with output cables 

 and polarised Multicontact (MC) connectors

BP 3125J Universal frame with an accessible junction box for  

 cable connection

Qualification test parameters

Temperature cycling range  -40°C to +85°C
Damp heat test  85°C and 85% relative humidity
Front and rear static load test (eg: wind) 2400 Pa
Front load test (eg: snow)  5400 Pa
Hailstone impact test  25mm hail at 23m/s

Quality and safety

• Manufactured in ISO 9001 and ISO 14001 certified factories 
• Conforms to European Community Directive 89/33/EEC, 73/23/EEC, 93/68/EEC 
• Certified to IEC 61215

Module power measurements calibrated to World Radiometric Reference through ESTI 
(European Solar Test Installation at Ispra, Italy)

Framed modules certified by TÜV Rheinland as Safety Class II (IEC 60364) equipment  
for use in systems up to 1000 VDC

Framed modules listed by Underwriter’s Laboratories for electrical and fire safety  
(Class C fire rating)

Approval by Factory Mutual Research in NEC Class 1, Division 2, Groups C and D 
hazardous locations (BP####J)



125 watt photovoltaic module

BP 3125

This publication summarises product warranty and specifications which are subject to change without notice.
Printed on recyclable paper stock.

Your BP Solar Dealer:

www.bpsolar.com.au

Typical electrical characteristics  BP 3125  BP 31153

Rated power (Pmax)1  125W  115W 
Warranted minimum power  118.75W  109.2W  
Voltage at Pmax (Vmp)  17.4V  17.1V  
 Current at Pmax (Imp)  7.2A  6.7A 
 Short circuit current (Isc)  8.1A  7.5A 
 Open circuit voltage (Voc)  22.0V  21.8V 
 Temperature coefficient of Isc  
 Temperature coefficient of Voc 
 Temperature coefficient of Pmax 
 NOCT2  
Maximum series fuse rating  15A (BP 3125N) / 2  (BP 3125J) 
Maximum system voltage  1000V (IEC 61215 rating) 
 1000V (TÜV Rheinland rating)  
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Module diagram

Mechanical characteristics  BP 3125N / BP 3125J4

Dimensions  1510 x 674 x 50mm
(Overall tolerances +/-3mm)

Weight   12.0kg
Frame   Clear anodised aluminium, alloy type 6063T6.  

Colour: silver.
Solar cells   36 cells (156mm x 156mm) configured geometrically for a 9 x 4 matrix 

connected in series.
Output cables (BP 3125N)   RHW AWG# 12 (4mm²) cable with polarized weatherproof DC rated 

Multicontact (MC) connectors; asymmetrical lengths 900mm (-) and 
800mm (+).

Junction box (BP 3125J)  IP65 junction box with four terminal screw connection block, accepts  
  PG 13.5, M20, 13mm conduit, or cable fittings accepting 6-12mm  
  diameter cable. 
  Terminals accept 2.5 - 10mm² (8 to 14 AWG) wire.
Diodes  IntegraBusTM technology includes Schottky by-pass diode integrated  
  into the printed circuit board.
Construction  Front: high transmission 3mm tempered glass  
  Rear: white Polyester; encapsulant: EVA.

1.Standard test conditions (STC), irradiance of 1000W/m2 at an AM1.5G solar spectrum and a cell temperature of 25OC. 
2. Normal operating cell temperature (NOCT) air temperature of 20OC; irradiance 800W/m2; wind speed 1m/s. 
3.Power of solar cells varies in the normal course of production; the BP 3115 is assembled using cells of slightly lower power.
4.The mechanical characteristics of the BP 3115 and BP 3125 are identical.

4025A-2-02/07

(0.065±0.015)%/°C
-(80±10)mV/°C
-(0.5±0.05)%/°C
47±2°C



CP12240 12V 24Ah(20hr)

The rechargeable batteries are lead-lead dioxide systems. The dilute sulfuric acid 
electrolyte is absorbed by separators and plates and thus immobilized. Should the 
battery be accidentally overcharged producing hydrogen and oxygen, special one-
way valves allow the gases to escape thus avoiding excessive pressure build-up. 
Otherwise, the battery is completely sealed and is, therefore, maintenance-free, 
leak proof and usable in any position. 

Battery Construction

Component Positive plate Negative plate Container Cover Safety valve Terminal Separator Electrolyte
Raw material Lead dioxide Lead ABS ABS Rubber Copper Fiberglass Sulfuric acid

General Features 

● Absorbent Glass Mat (AGM) technology 
for efficient gas recombination of up to 
99% and freedom from electrolyte 
maintenance or water adding.

● Not restricted for air transport-complies 
with IATA/ICAO Special Provision A67.

● UL-recognized component.
● Can be mounted in any orientation.
● Computer designed lead, calcium tin alloy 

grid for high power density.
● Long service life, float or cyclic 

applications.
● Maintenance-free operation.
● Low self discharge.

Dimensions and Weight

Length(mm / inch) 166 / 6.54
Width(mm / inch) 175 / 6.89
Height(mm / inch) 125 / 4.92
Total Height(mm / inch) 125 / 4.92
Approx. Weight(Kg / lbs) 8.6 / 18.96 

Performance Characteristics 

Nominal Voltage 12V
Number of cell 6
Design Life 5  years 
Nominal Capacity 77oF(25oC)

20 hour rate (1.2A, 10.5V) 24Ah
10 hour rate (2.37A, 10.5V) 23.7Ah
5 hour rate (4.1A, 10.5V) 20.5Ah
1 hour rate (16A, 9.6V) 16Ah

Internal Resistance
Fully Charged battery 77oF(25oC) 12mOhms

Self-Discharge
3% of capacity declined per month at 20oC(average)

Operating Temperature Range
Discharge -20~60oC
Charge -10~60oC
Storage -20~60oC

Max. Discharge Current 77oF(25oC) 300A(5s)
Short Circuit Current 1200A
Charge Methods: Constant Voltage Charge 77oF(25oC)

Cycle use 14.5-14.9V
        Maximum charging current 9.6A
        Temperature compensation -30mV/oC
Standby use 13.6-13.8V
        Temperature compensation -20mV/oC

page1 of 2 www.vision-batt.com

(Note)The above characteristics data are average values obtained within 
three charge/discharge cycles not the mimimum values.

Discharge Constant Current (Amperes at 77oF25oC)
End Point 
Volts/Cell 5min 10min 15min 30min 1h 3h 5h 10h 20h

1.60V 95.0 64.0 48.0 28.5 16.0 6.74 4.47 2.52 1.24
1.65V 90.1 60.9 45.9 27.4 15.4 6.53 4.36 2.47 1.23
1.70V 84.9 57.8 43.7 26.2 14.8 6.30 4.24 2.42 1.22
1.75V 79.7 54.5 41.1 24.9 14.2 6.05 4.10 2.37 1.20
1.80V 74.3 51.3 39.1 23.6 13.5 5.78 3.95 2.31 1.18

Discharge Constant Power (Watts at 77oF25oC)
End Point 
Volts/Cell 5min 10min 15min 30min 45min 1h 2h 3h 5h

1.60V 185 121 90.0 55.0 40.0 31.7 19.6 13.4 8.54
1.65V 173 114 85.1 52.3 38.2 30.3 19.0 13.1 8.39
1.70V 161 107 80.2 49.4 36.3 28.9 18.3 12.5 8.22
1.75V 151 99.7 75.2 46.6 34.3 27.5 17.6 12.0 8.03
1.80V 139 92.7 70.3 43.7 32.3 26.0 16.9 11.4 7.83

http://www.vision-batt.com/


Self-discharge characteristic

Life characteristics of Standby use Cycle service life in relation to 
depth of discharge

Temperature effects on float life Temperature effects on capacity

110

100

90

80

70

60

50

40
0         2         4          6         8         10       12       14       16      18       20 

Storage time: months

C
ap

ac
ity

(%
)

C
ap

ac
ity

(%
)

120

100

80

60

40

20

0               1                                  2                                   3            
Life(year) Number of cycles(cycles)

C
ap

ac
ity

(%
)

120

100

80

60

40

20

0 200           400           600          800         1000     1200     1400

10

1

0.1

120

100

80

60

40

20

0
o-20        -10            0          10            20          30          40         50( C)

Li
fe

(y
ea

rs
)

oTemperature( C)

C
ap

ac
ity

 (%
)

CP12240 12V24Ah

10             20             30            40            50             60           

Charging time (hours)

C
ha

rg
ed

Vo
lu

m
e

(%)

C
ur

re
nt

(XCA)

Vo
lta

ge

(V)

15.0

14.0

13.0

12.0

11.0

0.25

0.20

0.15

0.10

0.05

0
0      2      4      6      8     10    12    14    16    18    20

140

120

100

80

60

40

20

0

Constant voltage charging 
ocharacteristic (0.25CA,25 C)

Charging Current

Charge Voltage

Charged Volume

Testing conditions:floating voltage:2.27 to 2.30V Cell
o o                                 ambient temperature: 25 C(77 F)

100% D.O.D. 50% D.O.D. 30% Depth of discharge

Relationship between 
charging voltage and temperature

-10            0            10            20           30            40            50         60
oAmbient temperature( C)

15.6

15.0

14.4

13.8

13.2

Cyc e Usel  

dby Us
Stan  e

Vo
lta

ge
(V

)

oC oC oC

0.05C

0.1C

0 2C.

1.0C

2.0C

3.0C

 2.30V Cell

ODischarge characteristic (25 C)

min h
Discharge time

 V
ol

ta
ge

(v
)

13.0

12.0

11.0

10.0

9.0

8.0

0
1 2 3 5 10 20 30 60 2 3 5 10 20 300

MH25860 G4M19906-9202-E-16
THE INTERNATIONAL CERTIFICATION NETWORK

ISO9001:2000
THE INTERNATIONAL CERTIFICATION NETWORK

www.vision-batt.comShenzhen Center Power Tech. Co., Ltd.
Center Power Industrial Park, Tongfu Industrial District Dapeng Town, 518120  Shenzhen, China 
Tel:  (+86-755) 8431 8088   Fax:  (+86-755) 8431 8038    E-mail: sales@vision-batt.com  

Copy Right Shenzhen Center Power Technology Co., Ltd    (Edition 2003-9)
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SinusMax –

Developed for professional duty, the Phoenix range of inverters is suitable for the 
applications. The design criteria have been to produce a true sine wave inverter with optimized 
efficiency but without compromise in performance. Employing hybrid HF technology, the result is a 
top quality product with compact dimensions, l
problem-free, to any load.
 
Extra start-up power

A unique feature of the SinusMax technology is very high start
frequency technology does not offer such extreme performance. Phoenix
well suited to power up difficult loads such as computers and low power electric tools.
 
To transfer the load to another AC source: the automatic transfer switch

For our lower power models we recommend the use of our Filax Automati
Filax features a very short switchover time (less than 20 miliseconds) so that computers and other 
electronic equipment will continue to operate without disruption.
 
LED diagnosis

Please see manual for a description.
 
Remote on/off 

Connector for remote on off switch available on all models.
 
Remote control panel (750VA model only)

Connects to the inverter with a RJ12 UTP cable (length 3 meter, included).
 
DIP switch for 50/60Hz selection (750VA model only)

 
DIP switches for 

When operating in Power Saving Mode, the 
mode the inverter is switched off in case of no load or very low load, and switches on every two 
seconds for a short period.
operate. If not, the inverter will shut down again. The on/off level can be set from 15W to 85W with 
DIP switches.
 
Available with three different output sockets

Please see pictures
 
 

Phoenix Inverters 
180VA – 750 VA 230V/50Hz and 110V/60Hz 

Phoenix Inverter 

12/750 with Schuko socket 

Phoenix Inverter 

12/750 

Phoenix Inverter 12/350 

with IEC-320 sockets 

Phoenix Inverter 

12/750 

– Superior engineering 

Developed for professional duty, the Phoenix range of inverters is suitable for the 
applications. The design criteria have been to produce a true sine wave inverter with optimized 
efficiency but without compromise in performance. Employing hybrid HF technology, the result is a 
top quality product with compact dimensions, light in weight and capable of supplying power, 

free, to any load. 

up power 

A unique feature of the SinusMax technology is very high start-up power. Conventional high 
frequency technology does not offer such extreme performance. Phoenix
well suited to power up difficult loads such as computers and low power electric tools.

To transfer the load to another AC source: the automatic transfer switch

For our lower power models we recommend the use of our Filax Automati
Filax features a very short switchover time (less than 20 miliseconds) so that computers and other 
electronic equipment will continue to operate without disruption. 

LED diagnosis 

Please see manual for a description. 

Remote on/off switch 

for remote on off switch available on all models. 

Remote control panel (750VA model only) 

Connects to the inverter with a RJ12 UTP cable (length 3 meter, included).

DIP switch for 50/60Hz selection (750VA model only) 

DIP switches for Power Saving Mode (750VA model only) 

When operating in Power Saving Mode, the no-load current is reduced to 1/3 of nominal. In this 
mode the inverter is switched off in case of no load or very low load, and switches on every two 
seconds for a short period. I f the output current exceeds a set lever. The inverter will continue to 
operate. If not, the inverter will shut down again. The on/off level can be set from 15W to 85W with 
DIP switches. 

Available with three different output sockets 

Please see pictures below. 

Phoenix Inverter 12/180 

with Schuko socket 

www.victronenergy.com 

Developed for professional duty, the Phoenix range of inverters is suitable for the widest range of 
applications. The design criteria have been to produce a true sine wave inverter with optimized 
efficiency but without compromise in performance. Employing hybrid HF technology, the result is a 

ight in weight and capable of supplying power, 

up power. Conventional high 
frequency technology does not offer such extreme performance. Phoenix inverters, however, are 
well suited to power up difficult loads such as computers and low power electric tools. 

To transfer the load to another AC source: the automatic transfer switch 

For our lower power models we recommend the use of our Filax Automatic Transfer Switch. The 
Filax features a very short switchover time (less than 20 miliseconds) so that computers and other 

Connects to the inverter with a RJ12 UTP cable (length 3 meter, included). 

load current is reduced to 1/3 of nominal. In this 
mode the inverter is switched off in case of no load or very low load, and switches on every two 

I f the output current exceeds a set lever. The inverter will continue to 
operate. If not, the inverter will shut down again. The on/off level can be set from 15W to 85W with 

Phoenix Inverter 12/180 

with Nema 5-15R sockets 
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Phoenix Inverter 
12 Volt 
24 Volt 
48 Volt 

12/180 
24/180 

 

12/350 
24/350 
48/350 

12/750 
24/750 
48/750 

Cont. AC power at 25 °C (VA)  (3) 180 350 750 

Cont. power at 25 °C / 40 °C (W) 175 / 150 300 / 250 700 / 650 

Peak power (W) 350 700 1400 

Output AC voltage / frequency  (4) 110VAC or 230VAC +/- 3%    50Hz or 60Hz +/- 0,1% 

Input voltage range (V DC) 10,5 - 15,5 / 21,0 - 31,0 / 42,0 - 62,0 

Low battery alarm (V DC) 11,0 / 22 / 44 

Low battery shut down (V DC) 10,5 / 21 / 42 

Low battery auto recovery (V DC) 12,5 / 25 / 50 

Max. efficiency 12 / 24 / 48 V (%) 87 / 88 89 / 89/ 90 91 / 93 / 94 

Zero-load power 12 / 24 / 48 V (W) 2,6 / 3,8 3,1 / 5,0 / 6,0 14 / 14 / 13 

Zero-load power in Power Saving mode n. a. n. a. 3 / 4 / 5 

Protection  (2) a - e 

Operating temperature range -20 to +50°C (fan assisted cooling) 

Humidity (non condensing) max 95% 

ENCLOSURE 

Material & Colour aluminium (blue Ral 5012) 

Battery-connection 1) 1) Screw terminals 

Standard AC outlets IEC-320 (IEC-320 plug included), Schuko, or Nema 5-15R 

Other outlets (at request) United Kingdom, Australia/New Zealand 

Protection category IP 20 

Weight (kg / lbs) 2,7 / 5,4 3,5 / 7,7 2,7 / 5,4 

Dimensions (hxwxd in mm) 
                    (hxwxd in inches) 

72x132x200 
2.8x5.2x7.9 

72x155x237 
2.8x6.1x9.3 

72x180x295 
2.8x7.1x11.6 

ACCESSORIES 

Remote control panel n. a. n. a. Optional 

Remote on-off switch Two pole connector RJ12 plug 

Automatic transfer switch Filax 

STANDARDS 

Safety EN 60335-1 

Emission Immunity EN55014-1 / EN 55014-2 

1) Battery cables of 1.5 meter (12/180 with  
     cigarette plug) 
2) Protection key: 
     a) output short circuit 
     b) overload 
    c) battery voltage too high 

   d) battery voltage too low 

   e) temperature too high 

3) Non linear load, crest factor 3:1 
4) Frequency can be set by DIP switch (750VA models only) 
 
 
 
 
 
 

    

  
 
 
 
 
 
 
 

 

 

Battery Alarm 
An excessively high or low battery voltage is indicated 
by an audible and visual alarm, and a relay for remote 
signalling. 
 

 
Remote Control Panel 
(750VA models only) 
RJ12 UTP cable to connect to the inverter is included 
(length: 3 meter). 

 

BMV-600 Battery Monitor 
The BMV–600 Battery Monitor features an advanced 
microprocessor control system combined with high 
resolution measuring systems for battery voltage and 
charge/discharge current. Besides this, the software 
includes complex calculation algorithms to exactly 
determine the state of charge of the battery. The BMV–
600 selectively displays battery voltage, current, 
consumed Ah or time to go. The monitor also stores a 
host of data regarding performance and use of the 
battery. 
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