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Abstract: The objective of this work  is  to   evaluate the potential of  alternative energy technologies to  

increase electricity access in rural areas of Sudan .  one of these   alternative energy technologies  is 
renewable energy mini-grids  .One of the rural areas in Sudan is Arquit village, Sinkat area, Red Sea 

state; we suggest building 7.5 MW solar system minigrids at Arquit village. In Arquit village, the 

maximum and minimum electricity productions of from solar energy are expected during March, and 
December respectively. In Summer the days are longer for solar electricity  production , while in the 

winter months, October to February, production of solar electricity does not take place after 5 a.m. 

Therefore, energy storage is needed to fill the gap in supply during the summer and winter months, or 

using wind energy for electricity production. 
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1. Introduction 

The key of economic growth and development of any society is the energy. The 

rural electrification over much of the developing world is slow. Many countries  in 

Africa are lower than rural population growth [1]. Many difficulties faced   Rural 

electrification programs , which : 

1. The low population densities in rural areas result in high capital and 

operating costs for electricity companies. 

2. People in rural areas are poor and their electricity consumption is low. 

3.  Most of the local populations are farmers which  cause difficulties over 

rights of way for the construction and maintenance of electricity lines [2]. 

In Sudan around 37% of household houses connected to electricity national 

grid. 66.4% of population they don`t have access to electricity [3]  , most of them 

are in rural , whereas  the rest depend  on diesel generators source of electricity 

[4],In Red Sea State 18.4% of household houses connected to electricity national 

grid,,  and 13.6% the source of electricity comes from diesel generators  [3]. 

1.2. MINI-GRID 

Is village electrical distribution system severed by generators. Power in Mini-

Grid is provided by diesel generator. The benefits of using  a mini-grid are: Minimal 

contribution to global warming [5], [6], improved environmental quality  and public  

health [7], renewable energy resource [8], economic benefits [9], [10], more stable 

energy market [11], [12]. Mini-grid operator models describe the organizational 

structure of mini-grid implementation and operation. The four main mini-grid 

operator are the utility, private sector, community and hybrid models. 

We have selected Arquit village, Sinkat locality, Red Sea state as case study. 

The objective of this research is to investigate the potential of using solar 

system Mini-Grid, in rural areas in Sudan. 

 

2. Technical Analysis 

2.1.  Study Area 

Arquit is a  village in Sinkat locality, red sea state southwest to Port-Sudan city. The 

coordinates of the village are:  36° 06' 39" E, 18° 46' 41" N. It lies about 160 km 

from Port Sudan city, the capital of the state. The population is estimated to be 6947 

people according to the Sudan census of 2008 [13] . Most of people activities  is in  

agriculture, even the women in the houses they cultivate fruits (grapes, prickly 

pears, citrus and pomegranate). IN  the village there are  : two primary schools, one 

for boys and one for girls, mixed Secondary School, Health center, two hotels, four 

mosques Table .1, one well (Donky) for different purposes (drinking, irrigation, 
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etc.),  and private farms planted with citrus fruits such as grapes and pomegranates 

in small and medium scales. 

The source of electricity in the village consists of 30 diesel Generators, with 

capacities 3, 5 and 7 KW. 

TABLE I Main   Institutes in Arquit Village 

No. Institute No. Institute 

2 Primary schools (girls, boys) 1 Youth club 

1 Secondary school (mixed) 1 Well (drinking and irrigation purposes) 

1 Kindergarten 1 Market 

2 Khalwa 2 Bakery 

6 Mosques 2 Mills 

1 Health center   

 

 

Fig(1) : location of Airquait village 
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2.2.  Current Installed Capacity  

The current installed capacity in of Airquait  now is  300KW, most  of which 

from diesel, and there  no access of electricity   in the village , however, there are 

two standalone  solar system in ,and one solar  vaccination Refrigerator in  the 

village  the systems are not in use since batteries are no longer work But solar  

vaccination Refrigerator is operate, According to, the  real  Capacity needed  of 

Airquait village in 7.5 MW. Table (2) 

2.3.  Solar Generation 

Arquit village one of the villages where electricity is not access, they depend 

on diesel generators as a source of electricity. the solar radiation had a mean annual 

value of 225 W /m2,[14], [15].) give an estimate of 263 W/ m2, which was favored  

by for their calculation of the heat balance of the Mediterranean and Red seas. [16],  

its suitable area to implement (solar) mini grid to provide electricity to whole 

community included institutes and schools in the village .Table (1I). . 

There are no any  challenges involved in the implementation of solar 

minigrids in Sudan , This is first  Proposal.  For quality of solar resource data , 

Currently, there is satellite data available on all the regions in Sudan, but there is a 

lack of ground data that validates actual resource data. 

Resource assessment such as : resource assessment such as : locations and the 

amount of renewable power generation potential for those locations must  provided. 

The most importat data is  renewable resource assessment which  participation  the 

impact  of renewable energy project. [17] . 

2.4.  Energy Needs 

As mentioned earlier, the current installed capacity of 0.3 MW mostly from 

diesel generators, all of it  meets basic power demand such as lighting for a period of 

five hours a day year round, mostly during the evening hours of 6–10 p.m. .The 

typical usage of electricity in the village households are for lighting, operation of 

televisions and, and charging of cell phones. A few households also use fans, 

refrigerators, and computers, among other electrical appliances . The capacity of the 

energy needed 7.5MW . Table(2), for growth range more renewable may integrating 

into the grid especially wind energy. The village power -Minigrid distribution is 

showmen in figure (2) . 

 

3. Methodology 

To carry out the results for  study, we visits  the site .collecting data from the 

village's population.   networks, modeling and simulation of the mini grid network 

using software cost optimization using HOMER Energy software was performed 
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Table II. Capacity needed  of Airquait village 

Appliance Number Wattage Working 

Hours 

Energy 

(kWh/day) 

Read more 

light 10000 30 5 1500 

Fans 6100 50 5 1525 

TV 3000 120 5 1800 

Computers 100 100 3 30 

Refrigerators 1000 100 12 1200 

Charging  point 3100 100 3 930 

Receivers 3000 30 5 450 

Total    7435 

The annual  solar radiation in the area is 6.76 ( kWh / m2 / day To determine 

the total kilowatt-hour output of solar PV, a customized weather file was created 

from Clima Temps.com Fig.(3) [15].The total kilowatt-hour output from standard 

PV crystalline silicon panels for Arquit village shown in table (2)below. 

 

Table III. Site Details and PV System Specifications 

Site location Arquit village 

Latitude 18° 46' 41" N 

Longitude 36° 06' 39" E 

System size/capacity 7500 KW 

Number of panels 

(14.5 ft2 each) 

1119 

Mounting surface Ground 

Rated panel power 130 

Panel efficiency 96% 

Panel tilt 33 

 

  

https://www.yr.no/place/Sudan/Red_Sea/Sinkat
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4. Suggested Technical Configuration 

As illustrated in Figure 4, a Mini-Grid  of 7.MW system can be built to address the 

electrification needs of Arquit  villages 

8  

Figure(2)  Arquit  village power -Minigrid distribution 

 

Arquit village  needed for energy is about 7.5MW  , which needed for 

households and commercial establishments  [18]. 

 Mini grids systems system 7.5  MW  builds in outside the  village in 

1119 panels. 

 

5. Results 

The Hybrid Optimization Model for Electric Renewable (HOMER) : HOMER is an 

optimization model for designing hybrid electric power systems. HOMER has been 

in development at NREL since 1994. Assessing the least cost mix of supply 

technologies is a difficult analytical problem. This depends on the quality of the 

various resources, the costs of  equipment, labor and fuel, and the site-specific 

description of the daily and seasonal variations in the loads, as well as the options 

for simple load management. The HOMER is a screening model that is useful for 

feasibility and sensitivity analysis. HOMER can model any combination of: • wind 

turbines • photovoltaic panels • diesel generation • battery storage Comparisons can 

also be made between the optimal hybrid system and grid extension. HOMER 

provides hourly energy flows through each component, the impact of several simple 

load management strategies, and economic information such as the cost of energy 

and net cost of the system (Figure (3)).  
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Figure (3) Monthly Average Solar Global Horizontal Irradiance(GHI data) 

 

 

Figure (4) the cost of the hybrid  system 

 

From figure (4) ,  it is best use hybrid system ( solar – wind) for three reasons 

:economically, the location of Arquit in  high area which  , and the speed of wind up 

to 4.5m/s [13]. 

This paper has considered the village-level electrification in Arquit village  

and analyzed the viability a solar  mini-grid system for the Arquit  village Sinkat 

locality, red sea state southwest to Port-Sudan city. The analysis the possibility of 

using  solar minigrids 

In Sudan around 37% of household houses connected to electricity national 

grid. While 66.4% of population they don`t have access to electricity , most of them 

in rural , whereas  the rest are still depend on traditional source of electricity such as 

diesel generators 

In Red Sea State 18.4% of household houses connected to electricity national 

grid, where 13.6% the source of electricity comes from diesel generators. solar 

minigrids have the potential of   development of rural communities in Sudan such as 
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north's Sudan and red sea . many studies  shows that using solar mini-grid 

technology can yield solid returns for the investor and provide villages with 

inexpensive, reliable electricity. 

Recommendation 

To e encourage and developing  solar energy project there are many 

important things must be done : land banks , the location , financial, and costs  for  

the companies  

We need to with NERC to identify villages and regions that would be 

suitable for mini-grid development Gathering data on the energy demand and load 

variances in each region 

Developing a land bank for identifying land that is available for renewable 

energy development . 

Because the location of Arquit in  high area considered a mountainous area, 

altitudes 2200 meters above sea level, beside the speed of wind up to 4.5m/s (13) 

From the data there is a possibility to implement RE mini grid in this area because 

the source of wind; Strong wind regimes appear especially in the mountainous areas 

at the north eastern border of the country.  
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