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Abstract
Although solar energy is abundant, accessible, affordable, and ecologically and environmentally friendly, in rural Ethiopia, the
majority of Households are still using pollutant kerosene for lighting. The researcher assess factors that in�uence
dissemination activities, like solar PV installation practices, house and institutional system distribution strategies, system
failures, and their causes. Additionally, The researcher analyzed the impact of PV orientation, comparing the simulation results
currently performed by the PVsyst software with different angles observed during the sphere survey. This made it possible to
in�uence the dissemination activity factors and, therefore, the best orientation. The study also assessed how access to alter,
maintenance, lack of public awareness building, institutional problems, tariffs, and lack of a market could affect PV system
access and large-scale distribution. To distribute a su�cient amount of solar PV across the country, this study recommends
that consideration of distribution impact factors be considered in the most negligible levels to realize maximum results. The
PV system could be a tilt at angles of 160 and 00 azimuths; supported by this method, the PV system can collect a mean of
5.36 kW/m2daily, which implies 1929.6 kW/m2/year. This was the vision that the researcher wish to possess a sustainable
supply of energy within the country and reduce emissions from biomass.

Thus, adapting standard design practices of mathematical formulas, experimental and PVsyst methods through numerical
simulation is critical to identifying ways to enhance the e�ciency and reliability of stand-alone PV power systems for further
practicality within the region.

1. Introduction
Solar Photovoltaic is one of the fastest-growing renewable energy technologies and will probably play a severe role in global
electricity generation within the future [12, 17]. Ethiopia's energy demand is overgrowing; this is often mainly thanks to an
increase, high economic activity, and social life changes, which implies enormous electricity generation, distributed to any or
all households and industries. Most Ethiopians board rural areas and have little or no access to electricity [40]. Electricity for
those that have access comes from renewable energy. But most of the agricultural community's energy resources and even the
energy needs of the suburban population are supplied by biomass, which traditionally serves the farming community as fuel
preparation, heating, and mains lighting [3]. Ethiopia introduced solar electricity within the mid-1980s. At the time of GTP-1
(2011), over 3 million solar photovoltaic systems were planned to be distributed by the top of 2015 [18]. However, the target
has not yet been achieved through the efforts of the agricultural Electri�cation Fund, private solar companies, NGOs, and,
therefore, the aid mission.

Solar photovoltaic energy is renewable, healthy, and environmentally sustainable, with numerous bene�ts for women's health,
children's education, jobs, and income generation. PV was not used on a large scale for system maintenance due to high costs,
unreliable technical e�ciency, and a lack of quali�ed staff [36]. It's also been shown that poor technical performance is usually
the result of improper selection of PV systems and isn't correctly maintained [6, 30]. This study explores the prevailing social
and technical challenges in deploying a small-scale PV system around Bahir Dar. Accordingly, this study provides important
lessons regarding its distribution, installation, and access to and use of the system component. The signi�cant common
health effects related to biomass preparation are eye and respiratory problems.

Increased household energy demand has resulted in extensive deforestation on the town's outskirts. As a result, there are
severe shortages of fuelwood supplies, resulting in an energy crisis. This could signi�cantly negatively affect the household's
health, climate, and economic growth, impeding their attempts to improve their living conditions[26]. Therefore, for the bulk of
urban households, meeting the energy requirement sustainably still are a severe challenge.

There is the initial opportunity cost of buying photovoltaic, charge controller, transportation of materials, labor charge,
expertise charge, operation and maintenance fee, etc. in keeping with Jack T Chow, (2010) [9], Both the government and
international organizations are promoting SHS as a viable and cost-effective option for essential electri�cation of rural
households (Neuwenhout, 2002) [33]. Sukatani in Indonesia (Surya, 1992) [29] is one of the popular SHS pilot projects that has
earned widespread attention. Solar home systems have steadily gained acceptance as a viable alternative for rural
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electri�cation due to these success stories. The majority of Ethiopians live in rural areas where modern energy resources are
scarce. With the support of NGOs and the private sector, the agricultural electri�cation fund was able to gain access to lighting.
The Ethiopian government founded the Agricultural Electri�cation Fund as a permanent �nancial source through a
proclamation (No.317/ 2003) [34]. To provide loans and technical assistance for rural electri�cation projects allocated by
private operators, cooperatives, and native commonalities, focusing on renewable energy projects.

The government's budget, loans and grants from other countries, loans and grants from international �nancial agencies,
grants from non-governmental organizations, and income from other sources are all sources of the fund. (EREPDC 2010) [35]
(Source: EREPDC 2010). The most critical challenge is that most rural areas rely on cheap kerosene lamps for lighting,
�rewood and coal, and kitchen needs. As for installation problems, it was noted that some installations appear to be too high
at an angle of inclination and face the incorrect panel. In contrast, others are located within the shade. At the same time,
several users complain about the shortage of frequent maintenance [5]. While the renewed national energy policy's most goal
is to push the expansion and popularization of small-scale renewable energy technologies and grid electricity, there's also
attention on improving ready-made stoves for rural household use [15, 39]. With this structure in mind, Ethiopia aspires to
become a renewable energy hub by 2025, with the energy sector playing a critical role in the country's socio-economic growth
and transformation by delivering safe, dependable, accessible, high-quality energy services in an environmentally friendly
manner to all sectors [36]. Mainly, it requires technical standards to facilitate the further development of the small-scale solar
technology market.

The rate of electricity consumption in rural Ethiopia is far under urban coverage. This is often mainly because the agricultural
population living in isolated villages is connected to the centralized electricity network [10, 21, and 22]. Photovoltaic system
installations have seen rapid growth around the world. However, to achieve parity with electricity supply, most PV markets
would need government assistance. Several essential success factors in rural electri�cation must be considered for such calls'
long-term growth, dominated mainly by small-network PV solutions. Around the world, evaluations of the operation and
reliability of effective models of solar PV systems in Ethiopia have been observed: good system design, installer and end-user
training, �nancing, service, institutional collaboration, and so on.

The primary purpose is to check solar power Orientation and evaluation activity of the spread of solar photovoltaic
technologies around Bahir Dar. Speci�c objectives are to assess the challenges of distribution and installation, model the solar
PV orientation around the districts of Bahir Dar, optimize energy production throughout the year, and get free and
environmentally friendly electricity with green gas.

2. Methodology
The methodology followed within the study consists of Site identi�cation, Data collection, and Survey, additionally as data
analysis.

2.1 Location of the study area
The study area around Bahir Dar is found within the northwest part, Amhara Regional State, Ethiopia, at 2070m. The
geographical coordinates around Bahir Dar lie between the 11.60 N latitudes and 39.50 E longitudes. Together, these two
geographical conditions provided the most straightforward sites for photovoltaic technology development within the study
area and located as shown in (Fig. 1).

2.2 Description of the data
The study had used both primary and secondary data. The �rst data were collected and observed from �eld surveys. In
contrast, secondary data for the research were acquired from the web, reports, books, newspapers, government institutions,
and other documents. The collected data were analyzed due to a descriptive survey, theoretical, experimental models, analysis
of PVsyst software. The study uses meteorological data obtained from the Ethiopian and NASA National Weather Service to
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assess solar power potential. Data analysis and interpretation are made in keeping with HOMER (Hybrid Optimization Model
for Electrical Renewable) software [20].

Several aspects have to be considered and evaluated about mixing PV cells into an of doors building envelope. These include
location restriction, inclination and orientation, shading, partial shading, temperature effects, and so on. The idea for access to
training solar resources because Ethiopia is found near the equator, solar resources' potential is critical, and the annual
average daily radiation reaches 5.2kWh/m2 [30]. HOMER is employed for optimization and sensitivity analysis of various
possible hybrid systems [13]. This can be because of the component's likely failure and, therefore, the availability of the
mandatory spare parts and, therefore, the short battery lifetime of about four years. However, the proliferation of small solar
systems is understood to bring several bene�ts to rural communities. Advantages include the villagers' chance to own evening
training, movable charging services, access to information through the possible use of radio, television, and mobile
applications [16]. This study examines the character of the PV diffusion process to see the factors in�uencing its uptake.
Similarly, it also wants to �nd out issues that may optimize its bene�ts through technical evaluation, likewise as compared to
the experience of other countries in local practice.

The potential of solar power studies indicates that in Ethiopia as a full, the typical annual radiation reaching the planet is
5.26kWh/m2 [2]. The house system (SHS), which is distributed in Bahir Dar, falls into two main categories, namely, electrical
energy (AC) (which has an inverter for DC to AC conversion) and electrical energy (DC) sort of supply systems [28]. One
diagram of both methods is given in (Figs. 2 and 3). These systems were distributed in rural areas where mains electricity is
unavailable.

As shown in (Fig. 2), the DC system has no inverter; it only features a crystal module whose complete module features
amounting structure and adjustment, an in�uence controller, and electric battery gel with a well-ventilated box. The DC circuit is
installed between the PV module, the charging controller, and the electronic devices. On the other hand, (Fig. 3) of the AC
system may be a vital component of the crystal module with complete module mounting structure and tilt adjustment, gel
battery with well-ventilated box, charge controller, clean wave inverters, DC LED lamp holder, and on. Switch off, various
electrical fuse sizes, dc to dc voltage converter, from 12V DC, within the setting, use 3, 4.5, 6, 7.5 and 9 V DC, AC socket stool,
DC mobile charger and socket with different pin plug [37].

3. Results And Discussion
3.1 Solar PV system around Bahir Dar

In Ethiopia, currently, small-scale solar technologies are mainly involved within the distribution of solar home systems, mainly
in creating, informing, and providing technical assistance to consumers (and especially women groups that play a vital role at
the household level), developers, business and �nancial intermediaries (micro-�nance institutions).

Stakeholders emphasize the critical role that the Ethiopian Customs Bureau, importers, distributors, and retailers must play
together to ensure that substandard products reach consumers and strengthen market integrity [4]. Lack of awareness is
exacerbated in some rural communities by the shortage of TVs and radio stations inaccessible to those advertising channels.
Public awareness campaigns must be carefully designed and targeted to beat these barriers the maximum amount possible.
Additionally, market actors, especially solar panels and system suppliers, are experiencing an absence of support in marketing
and promoting rural energy technologies. Thus, improving access to �nance should be a top priority to strengthen network
electri�cation. Factors that affect a PV system's performance are irradiation, shading, sorting, array orientation, array
asymmetry angle, array angle, roof structure and condition, the balance of system locations, latitude. During the rapid change
in atmospheric climate, the cold, rainy summers from June to August and the hot, dry winters from December to February are
divided into autumn (September-November) and spring (March-May). Thus, this study mainly attempts to look at the practice
of alternative energy dissipation. In this way, it's possible to optimize the energy supply's orientation effects to induce the most
energy from the systems.
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Solar insulation data are given in Figure 4. The clearance index is low from mid-June to mid-September, thanks to those
months' rainy and cloudy days. The expected annual solar insulation is 6.23kWh/m2 per day. From (Figure 4) shown below
Solar Radiation input: Monthly Averaged radiation (kW/m2/day). 

3.2 Impact of PV-based electri�cation and its social bene�ts

A community-based specializes in PV-based rural electri�cation, and its social bene�ts were conducted through community
elders, students, and women. Additionally, critical informative interviews and observations were made about these four-speci�c
training kebeles [14, 31]. The results show that almost all of the main target group participants were satis�ed with the system
because they'd charge their mobile phones, watch TV, worship, and lightly clean the electricity; we saw that many were
surprised by the electricity. They were satis�ed that their lifestyle is becoming modern and grounded within the system as their
major problems are reduced, especially their disease caused by traditional lighting using oil. They also replied that, unlike a
kerosene lamp, it provides high-quality light. Electricity from solar PV is also bene�cial in terms of safety because it avoids the
�replace hazard caused by kerosene lamps [27]. The interview results also showed that the solar PV's electricity-based
electri�cation solved many problems within the network altogether four villages and altered the agricultural population. It's
also said that a current lighting system increases the residents' working hours and can use electrical appliances like CFL or
LED lamps with higher brightness and help the scholars check and do their homework at the hours of darkness. This creates
access to an academic program that will improve their lifestyle. The supply of a rural PV system increases children's learning
opportunities, increases household well-being through better care of kids and the home, and increases income opportunities. In
households and enterprises, there's improved communication (mobile phone) and access to information (audio-visual) [7].
During the sector survey, the shadow effect could are avoided if the installer had known about the shadow effect. Like the
MoWIE Field Report, data collected from other sources show that the PV orientation problem is familiar to any other site.
Speci�cally, these systems have hurt modulus energy e�ciency.

The system size installed all told training areas; the result shows that two sorts of systems are established: 40Wp and 130Wp
systems. The 40Wp system is meant for 1 * 7W LED power, 3 * 2W dc LED light, 1 * 15W hair clipper or black and white TV,
small tape or radio, and mobile charging, but all told �ve families. Serves just for lighting and mobile charging. Although the
system can power TV or radio, end users are forced to use the system just for lighting and mobile charging thanks to low
economic capacity. The opposite system type observed in �eld visits to �fteen households was the 130 Wp AC/DC type
system. This technique has power 2 * 7W LED, 3 * 2W, 3 * 1W dc LED lamp, ribbon and radio, mobile charge, 12 "or 14" TV (low
power AC / DC TV, mainly utilized in the bus) long-distance passenger), DC operates on a refrigerator (with low power
consumption, commonly mentioned as a solar refrigerator). Accordingly, the device installed in 15 families could be a 3 * 1w
dc LED light bulb, mobile charge, and a 14" �at-screen TV. As for the support, the structures were traditional trees that aren't
even spoiled and inspected by an expert structural engineer; the molding of local houses was random and irregular in shape,
making installation very di�cult, especially in household systems. The auxiliary structures used weren't strong; all told four
kebeles other problems observed during the location visit, whether system components like cabinet and PV panel were unclean
and covered for an extended time with dust particles. PV modules are very reliable; however,  they will collect grime and mud
over time in contaminated environments. Photovoltaic cells have already got low conversion e�ciency; the accumulation of
sand and dirt particles from the external environment further reduces the generated output energy [19]. This is often caused by
a discount within the incidence of sunlight on the photovoltaic cell. Uncertain and polluted sky by dust particles can reduce the
sun's incoming rays before reaching the solar cells and facilitate the work of the scheme to scale back the effect that
photovoltaic panels must be protected, especially in areas susceptible to low rainfall and deserts. Therefore, creating user
awareness about how dust particles can reduce sunlight and system performance should be a compulsory daily activity for
end users.

3.3 PV Orientation Analysis and Best Orientation Evaluation

The PVsyst software was accustomed to support further and evaluates the orientation �ndings regarding solar orientation.
The orientation of the PV system within the areas of Bahir-Dar was analyzed in keeping with the software.
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Table 1. NASA Surface Meteorology and Solar Energy: RETScreen Data Ethiopia, Latitude 8, Longitude 38 and Altitude 2324 m.

 

Month

 

Air

temperature

(°C)

 

Relative

humidity

(%)

Daily solar

radiation

horizontal

(kWh/m2/d)

 

Atmospheric pressure

(kPa)

 

Wind

speed

(m/s)

 

Earth

temperature

(°C)

Heating degree

days

(°C-d)

Cooling degree

days

(°C-d)

January 18.0 42.0% 5.97 79.4 3.5 22.4 18 241

February 19.4 37.7% 6.38 79.3 3.2 24.4 3 257

March 20.5 41.9% 6.26 79.3 3.0 25.6 1 315

April 19.8 54.8% 6.12 79.2 3.1 24.1 5 288

May 18.6 65.5% 6.05 79.3 2.9 21.8 8 266

June 16.9 76.8% 5.41 79.4 3.0 18.6 29 213

July 15.8 79.5% 4.75 79.4 2.6 16.9 59 187

August 15.8 79.5% 4.87 79.4 2.3 16.8 54 192

September 16.1 76.1% 5.54 79.4 2.3 17.3 41 197

October 16.3 63.0% 6.17 79.4 2.8 17.8 49 197

November 16.9 48.4% 6.20 79.4 3.2 19.3 38 202

December 17.2 46.0% 6.02 79.4 3.4 20.5 33 215

Annual

Average

measured

 

17.6

 

 

42.0%

 

5.97

 

79.4

 

3.5

 

22.4

 

18

 

241
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NASA data show that the sun's rays are low in June-September (Table 1). The rationale is that it's the season,
and also the sunshine time is a smaller amount than average. In Ethiopia, the sun's angle and the vertical line
when the sun is on the tropical Capricorn (south) are more extensive than when the sun is on common cancer
(north). If we consider only the sun's position, the worth of the sun's rays on the land of Ethiopia on Dec 21
(tropical Capricorn) should be but the value of the radiation on Jun 21 (common cancer). In contrast, with
actual observations and surveys of local residences, Ethiopia's season runs from June to September. The time
of year is from September to March, with longer sunny seasons during this season. Thus, this information
obtained from NASA will be compared with the program's results, actual observations, and local people's
surveys. Accordingly, the irradiation results obtained in Bahir-Dar are analyzed about NASA and native
residents' statements and presented.

3.4 Results of Bahir Dar orientation

The PVsyst program is employed to stimulate optimal orientation. The simulation behavior of a solar PV
system depends on the angle of the lean of the PV system, the rise of the azimuth, and

Therefore the environmental condition of the positioning, like radiation [11]. The meteorological site selected for this analysis
is Bahir Dar in Ethiopia, as most solar PV systems are installed during this region. The results of the Bahir-Dar optimization
shown in Figure 5 of the simulation results described that in the orientation of this technique, the PV system could collect a
mean of 5.36 kWh/m2 per day, implies that 1929.6 

kWh/m2/year. This amount of energy can even be converted into a usable sort of electricity, betting on the conversion
e�ciency's property nature.

http://www.retscreen.com/
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PVsyst Orientation Simulation Result around Bahir Dar from (Figure 5). In addition to the inadequacy of the distribution amount,
there are other problems for successful dissemination [24]. These are:

A project-based approach to distribution, involving one-off, large-scale tender procurement as an endless critical supply of
solar lighting products;

It is impossible to convince local banks to borrow PV solar products. As a result, insu�cient capital and funding wasn't
available for local private companies to retort to large tenders (due to their limited involvement); 

There isn't any established market link between importers and rural distributors and installers, leaving consumers with the
matter of spare parts maintenance and availability;

Limited efforts to market the advantages of solar PV systems and, therefore, the lack of local component manufacturers
have made the system's price very high.

Lack of regulatory and legal framework supported national standards, rural awareness campaign. 

Consequently, small amounts of solar PV are distributed throughout the country, leaving most agricultural households
without electricity, making them keen on fuel-covered lighting, including fossil and solid biomass fuels. This
may contribute to gas emissions, air, and outdoor pollution, and native environmental degradation and in�uences in-house
companies to not compete with them as they're characterized by low resources. 

The purchased equipment is shipped to the regions for installation performed by one company under a contract with the
national [14, 31]. 

This created signi�cant problems in an interview with end-users of the four study periods; it was reported that users have
di�culty �nding technicians; replacement components (e.g., a liability controller) may cause signi�cant features, like batteries,
because of replacement duration.

Other problems observed during this study are associated with the shortage of national standards for PV orientation
installation. The examination shows that the installation orientation doesn't contain speci�c guidelines, as evidenced by the
observed tilt angles [38]. Supported this study, it had been found that the performance and reliability of independent PV
electrical systems were in�uenced by various factors like component failure, system con�guration, maximum power tracking,
system orientation, electrical device tracking, and environmental conditions then on [23]. Moreover, the loss of PV systems was
observed everywhere, within the sample areas, because of dust accumulation, lack of system design, extreme temperature, and
shading. Thus, it's crucial to adapt the quality design practice of mathematical formulation, experimental and PVsyst methods
to numerical simulation to see ways to boost the performance and reliability of individual PV power systems for further
practicality within the country. It's also been observed that the general public has different views about technology. Users with
functional systems express positive views about technology [26]. Conversely, in cases where some components failed, users
showed a negative attitude towards technology. SHS is perfect, environmentally friendly, and sustainable thanks to secure
such scattered rural villages. The practice of distributing PV and installing and maintaining it within the instance faces many
challenges [8].

4. Conclusion
As a rustic which will become a middle-income country within the next ten years, Ethiopia's electricity demand and
consumption will increase signi�cantly. More industry, commercial buildings, and residential apartments will must be inbuilt
the near future, which needs high electricity. This text discusses the prevalence of solar PV around Bahir Dar. Additionally,
distributed solar home systems have improved the socio-economic activities and quality of lifetime of off-grid people. Solar
energy is among the cleanest, accessed with low prices and abundant sources of energy with a minimum ecological and
environmental hazard.

If the orientation is established, it's assumed that the inclination angle is 150 in all parts of the country except Bahir-Dar.
Around Bahir- Dar, which is 160 angles and its azimuth angle is 00 (towards the north). For its part, Ethiopia may be a country
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rich not only in large rivers but also in high levels of sunlight, the majority year-round. The simulation of this scenario gave an
annual energy yield of 1929.6kWh/m2. For its part, the economic assessment showed that photovoltaic technology's energy
value isn't competitive with the retail price of Ethiopian electricity. Currently, Ethiopia's standard electricity tariff is $0.03/kWh,
which is way not up to the energy cost system for the scenarios as estimated by the PVsyst program. This shows that a
signi�cant amount of energy may be generated even from a tiny low array �eld area if the PV arrays are at an optimal
orientation. Finally, optimally designed energy quantity, a signi�cant amount of energy, and �nancial savings are achieved.

Based on the study results, the subsequent recommendations are given to introduce a national regulatory and legislative
framework for rural solar PV technology and stimulate the popularization of the agricultural population. Strengthening and
comparative advantage of enterprises involved within the supply of solar PV technologies to rural communities is gained
through an area PV module assembly. Policies that support the networking of PV systems facilitate the utilization of the
proposed tariff and create tax incentives. The govt should subsidize such investments within the energy sector and the source
of revenue from the carbon trade.

Future work will specialize in hardware implementation to demonstrate that the solar can optimize the ability of the PV
panel in real-environment experiments and is capable of adapting to varied installation locations and PV device
con�guration.

Provision of coaching on maintenance to local end-users. This may be a sustainable solution where the technicians are
available within the system to be distributed.

The panel orientation also should be at 160 tilt angles to the north to urge the optimum irradiance around Bahir Dar, which
is for any system type.

Further study on the carbon saving and sequestration by solar PV electri�cation is often a source of income by carbon
trading and can make such projects more sustainable.
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Figure 1

Location map of the study area

Figure 2

Circuit diagram of the DC system type
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Figure 3

Circuit diagram of AC system type

Figure 4

Solar Radiation input: Monthly Averaged radiation (kW/m2/day)
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Figure 5

Graph of wind speed, relative humidity, atmospheric pressure, earth, and atmospheric air

Figure 6

Heating and colling in degree celsius - days

Figure 7

PVsyst Orientation Simulation Result around Bahir Dar


