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Abstract 

Grid-connected rooftop solar photovoltaic (PV) systems can reduce the energy demand from the grid and significantly increase the 
power available to it. However, rooftop solar PV has not yet been widely adopted in many sub-Saharan African countries, such as 
Sudan, although they are endowed with high solar radiation and in dire need of additional power. This paper investigates risks and 
policies to increase grid-connected rooftop solar PV adoption in Sudan. A simplified United Nations Development Program Derisking 
Renewable Energy Investment framework is adopted to investigate this over three stages. For Stage 1, a list of risks and barriers was 
produced based on a literature review of solar PV studies in Sudan and interviews with nine stakeholders. Affordability was the risk 
most often mentioned (eight times from nine interviewees), followed by concerns about poor utility grid infrastructure. For Stage 2, 
policy de-risking instruments and financial de-risking instruments were listed to overcome the barriers. These include the intro-
duction of net metering, the use of a third-party organization to monitor policy implementation, upgrade of the grid infrastructure, 
public awareness campaigns and energy-saving schemes. For Stage 3, the levelized cost of electricity was estimated for a typical 2-kW 
rooftop PV system without policies (0.11 $/kWh) and with a net-metering policy (0.07 $/kWh).
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Introduction
Solar photovoltaic (PV) systems remain largely underutil-
ized in Africa compared with other world regions [1]. However, 
many African countries, such as Sudan, are now obliged to in-
crease their renewable-energy capacity to comply with the 
United Nations Framework Convention on Climate Change and 
Nationally Determined Contributions (NDC). Sudan’s NDC target 
is to install 796 MW of stand-alone and mini-grid low-emission 
power generation by 2030, covering residential, agricultural and 
industrial areas [2]. One way to contribute to this is to increase 
the presence of rooftop solar PV. The benefit for cash-strapped 
governments is that capital investment would be mostly covered 
by the building owner or solar PV developer. Another benefit is 
that more rooftop solar PV would mean reduced electricity de-
mand from the grid. Also, when the solar panels are connected 
to the grid, then the energy produced by the panels can be sent to 
the grid to meet demand elsewhere. This could help reduce load 
shedding and power cuts, which is still a big issue in Sudan [3]. 
Another major advantage of promoting rooftop solar PV will be 
the reduced dependence on fossil fuel generators (such as diesel 
generators), which means less greenhouse gas emissions and 
noise pollution.

However, the high initial cost of rooftop solar PV systems rela-
tive to fossil fuel generators is a major barrier to adoption. This 
high cost would likely price out most people in sub-Saharan 
Africa and Sudan. As a result, some African countries have intro-
duced financial incentives through energy policies, which include 
feed-in tariffs, net-metering schemes, zero tax on solar PV prod-
ucts and rebates [4].

Sudan has one of the highest solar radiation potentials 
in the world [5]. However, <1% of electricity in Sudan comes 
from solar PV [6]. The government has considered various en-
ergy policies, including net metering and feed-in tariff [7]; 
however, these are only in writing and have not yet been im-
plemented.

Several research papers have examined the potential of solar 
PV in Sudan [8–14] and especially on rooftops [15–17]. These 
studies highlighted the excellent solar PV energy potential the 
country has due to its high solar irradiation rates and long hours 
of sunshine.

The main barriers to the implementation of solar PV in 
Sudan mentioned in the studies were: the high cost of a solar 
PV system for the average citizen, the lack of a government fi-
nancial incentive policy to help homeowners [8, 14] and the need 
for a grid infrastructure upgrade to allow interconnection of 
multiple solar PV systems [11]. However, the study by [17] was 
found to be the only one that specifically focused on the energy 
policy for rooftop solar PV in Sudan. They found that a feed-in 
tariff scheme could cut in half the payback time of the solar PV 
system. To build on this finding, the objectives of this paper will 
be to investigate risks and barriers associated with rooftop solar 
PV uptake in Sudan and then propose energy policy instruments 
to de-risk them.

An energy policy should take into account changes in a nation’s 
environment, socio-economic circumstances and technology de-
velopment to continue to be effective [18, 19]. The United Nations 
Development Program (UNDP) developed a four-stage frame-
work for evaluating policies for renewable energy in developing 
countries. The framework identifies risks and barriers and then 
analyses various public instruments to help mitigate these risks 
[20]. This framework is known as the Derisking Renewable Energy 
Investment (DREI) and has been applied to various developing 

countries [21]. However, the DREI has not been applied to a 
sub-Saharan African country before in the literature.

To realize the objectives of this study, the first three stages of 
a simplified version of the UNDP DREI framework are utilized to 
do the following:

- Stage 1: Perform a risk assessment to identify barriers to 
the adoption of rooftop solar PV in Sudan and implemen-
tation of energy policies. The risks are identified from the 
literature and from stakeholder interviews.

- Stage 2: Investigate ways to de-risk these barriers through 
energy policies and public instruments.

- Stage 3: Levelized cost of electricity (COE)—work out the 
costs per $ to produce 1 kWh of electricity before and after 
the policy implementation.

The findings in this paper are not limited only to Sudan but can 
be of use in other locations too.

1  Literature review of energy policies in 
Sudan
1.1  Energy policy types
Suitable energy policies are well known to increase the adoption 
of renewable-energy systems among citizens. This is particularly 
true for rooftop solar PV systems. Many countries have begun to 
implement policies such as feed-in tariffs and net metering to act 
as a financial incentive and allow consumers to sell to the grid 
any excess energy produced by solar panels [22–24]. For example, 
a feed-in tariff policy was considered a major reason that Vietnam 
increased its solar PV uptake from 86 MW at the end of 2018 to 
4450 MW by the end of June 2019 [25]. Other countries also had 
success with policies, although some are more successful than 
others and this depends on a variety of socio-economic and tech-
nical factors [22].

There are various types of energy policies to boost solar 
rooftop PV uptake. Examples include feed-in tariff, net metering 
and store on grid as described below:

• Feed-in tariff: Electricity exported from the solar panels to 
the grid is sold to the utility company at a predetermined 
rate. The user is compensated for the amount of electricity 
exported.

• Net metering: If the amount of electricity exported to the 
grid by solar panels is higher than that consumed from the 
grid by the building, then this ‘net amount’ is deducted 
from the user’s utility electricity bill [26, 27].

• Store on grid: Several buildings are connected to a central 
battery storage system and each building has its own solar 
panels. Any excess electricity not used by users is then 
sold to the grid. The cost of the battery system is normally 
funded by the government or shared between the building 
owners [28].

An increasing number of African countries have now adopted 
energy policies to increase rooftop PV uptakes, such as feed-in 
tariff and net-metering schemes [24]. However, many other 
countries are still without conducive policies for rooftop solar 
PV. Perhaps the largest barrier to rooftop solar PV in Africa is 
cost. The large start-up cost of the solar PV system and the 
low annual incomes of most of the sub-Saharan African popu-
lation make it difficult for many to afford these systems [29]. 
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The cost of a solar PV system per kW differs by country and 
region but, in general, the global weighted average is $1230 per 
kW [30]. However, the gross domestic product (GDP) per capita 
in sub-Saharan Africa was estimated to be only $1501, as of the 
year 2020 [31].

Demand-side management and energy efficiency were 
found to have a significant impact on the cost of a PV system. 
In a case study in Bamako, Mali, changing appliances to more 
energy-efficient types (light bulbs, refrigerator and computer) re-
duced energy consumption in a household by 76% and solar PV 
cost by 67% [32].

Although most energy policies focus on reducing the financial 
burden of purchasing a rooftop solar PV system, they sometimes 
miss out on other risks. For example, a risk present in Africa 
and Sudan is the quality of imported solar PV products. Since 
most solar PV equipment is imported from overseas, the quality 
is not to the required standard and the product fails soon after 
use [33]. This reduces people’s desire to invest in solar PV and 
can hinder the uptake that the energy policy was intended to 
stimulate.

1.2  Energy policy status in Sudan
1.2.1  Solar PV status
In Sudan, the Ministry of Energy and Mining is now the body re-
sponsible for developing plans and policies related to electricity 
generation, transmission, distribution and pricing, implementing 
renewable-energy technologies and improving the efficiency of 
energy consumption [7].

The electricity usage in Sudan has faced high growing de-
mand: the peak demand reached 3300 MW in 2020 and the energy 
consumption grew from 6026 GWh in 2010 to 14 766.7 GWh in 
2020, showing an average growth of 10% per year. The residential 
sector consumes the largest share of the total generated electri-
city, which is estimated to be 64% [34].

Most of the electricity in Sudan comes from hydropower, but 
this power source is susceptible to drought that can drastically 
reduce its output [35]. Only 5 MW of solar energy was commis-
sioned by the Ministry of Energy and Mining in Al-Fashir in 2019. 
Currently, solar PV contributes <1% of the electricity generation 
in the country, as shown in Fig. 1.

Sudan is endowed with abundant solar resources. 
Unfortunately, these resources are largely untapped. The country 

has an average annual global horizontal irradiation value of be-
tween 2000 and 2500 kWh/m2 [36]. Sudan has been ranked as 
the second-highest country in Africa for the solar PV potential 
[5] (Fig. 2).

The Renewable Energy Master Plan (2019–2033), produced by 
the government, includes an additional generation capacity of 
13,454 MW by 2033, including an aggregate solar capacity of 1920 
MW [7]. Furthermore, the Government of Sudan aims to increase 
electricity access through grid-connected rooftop solar PV and set 
a national target of 9000 units with capacities ranging from 0.7 to 
1.5 kW during the period 2020–24 [7].

Several research papers have looked at the potential of solar 
PV in Sudan [8–14]. Osman and Alsokhiry looked at the poten-
tial of combined wind and solar PV systems in the northern state 
of Sudan. They found both renewable energy sources to be vi-
able, especially with wind more so in the northern areas [38]. 
Some studies specifically looked at rooftop solar PV potential 
in Khartoum [15–17]. Both studies confirmed the payback time 
would be reduced for the system if an energy policy, such as a 
feed-in tariff, were implemented. All these studies mentioned 
the excellent solar PV energy potential the country has due to 
its high solar irradiation rates and long sunshine hours. These 
papers were selected for their relevance to Sudan and solar PV. In 
general, the literature review was limited to this.

There is currently a literature gap related to energy policies 
for solar PV in Sudan. Only one study was found to focus spe-
cifically on energy policy in Sudan [17]. They looked at the po-
tential of a feed-in tariff system for a 5-kW rooftop solar PV 
system in Khartoum. They estimated the payback time for the 
system to be 18 years with no feed-in tariff. With a feed-in 
tariff policy, this dropped to 9 years. This showed the signifi-
cant financial benefit of such a scheme. This study will focus 
specifically on the energy policy for solar PV in Sudan and 
identify all the major barriers that prevent rooftop solar PV 
adoption.

1.2.2  Energy policy plans
In 2010, the Government of Sudan established the Renewable 
Energy Department to introduce renewable-energy policies that 
are appropriate for the country’s context and accelerate the 
dissemination of renewable-energy technologies with a focus 
on solar power. Sudan then committed to implementing the 
2014–2030 Arab Strategy for Sustainable Energy produced by the 
League of Arab States [39], which proposes the following policies 
(among others):

(i) a feed-in tariff for small and medium renewable-energy 
systems;

(ii) a net-metering system whereby consumers generate elec-
tricity via their rooftop solar PV systems and sell their sur-
plus to the national grid; and

(iii) setting standards for connecting renewable-energy plants 
to the national grid while adopting precise specifications 
for renewable-energy equipment and systems.

The government has also considered introducing a net-metering 
programme to encourage and accelerate the installation of 
rooftop solar and solar home systems (SHS) [7]. An SHS plan was 
initiated by the government in 2014, which aimed to install 100-W 
or 200-W solar PV systems in rural off-grid communities. The first 
phase saw the successful installation of 100 SHS systems. The 
target is to install up to 1.1 million by 2031 [7].

0.5%

4% 5%

49%

42%

Hydro Thermal
(Fossil fuel)

Import Solar (PV) Bioenergy

Fig. 1: Energy generation capacity in SudanAdapted from [6].
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Demand-side management and energy efficiency programmes 
can also be effective energy policies to help reduce demand from 
the grid [18]. The energy efficiency regulation in Sudan is con-
tained as part of a draft law on electricity that is awaiting ratifi-
cation. The draft law addresses the following aspects of electrical 
energy efficiency regulatory measures and procedures: (i) the 
conduct of users of energy efficiency licences; (ii) the introduction 
of energy efficiency in government institutions and government 
companies; (iii) the promotion of energy efficiency in buildings; 
(iv) performance of mandatory energy audits; (v) registration of 
energy audit services companies; and (vi) procedures for author-
izing the use of energy efficiency labels [7]. The Ministry of Energy 
and Mining has also launched an energy efficiency plan for the 
period from 2020 to 2035. Some goals include replacing 1.3 mil-
lion tungsten light bulbs with LED ones. This is estimated to save 
87.6 GWh in energy [7].

1.2.3  Current policies
Although the Sudanese government has been planning, drafting 
laws and goal-setting for solar PV energy policy, no feed-in tariff 
or net-metering policy has yet been implemented. Policies and 
laws have been drafted to help enable such a roll-out in the fu-
ture; some of the current ones are:

• Power Purchase Agreement (PPA) law—the renewable-
energy PPA legal basis was issued within the 2010 
Procurement and Contracting Law. This sets the path for 
companies or individuals to sell renewable energy to the 
Ministry of Energy and Mining, although no rates have 
been set or projects implemented.

• Tax exemptions—according to the Sudan Investment 
Promotion Law of 2013, all renewable-energy equipment 
and systems are exempt from customs duties, which apply 
to various pieces of solar PV equipment imported into the 
country.

• Cuts in fuel and electricity subsidies—the government has 
been increasing main grid electricity prices and reducing 
its electricity subsidy from 95% to 69% [40]. This aims to 
save money for the government and encourage people to 
invest in renewable-energy technologies.

Sudan is a signatory to climate change agreements, which 
allows it to finance its development projects through inter-
national funds such as the Green Climate Fund [41]. There 
are also opportunities to finance energy policies such as net 
metering or feed-in tariffs through carbon credit revenues 
based on the amount of greenhouse gas emissions avoided by 
the system [42].
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Fig. 2: Solar photovoltaic power potential in Africa with Sudan circled in blue [37]
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2  Methodology
The DREI framework method was chosen for this paper because 
it was not previously observed in literature other than by UNDP 
itself. The UNDP case studies are limited to a few countries with 
none in sub-Saharan Africa. Therefore, this paper presents an 
opportunity to demonstrate and showcase the potential of this 
framework for Sudan and other similar sub-Saharan African 
countries.

The original framework contains more complex requirements, 
but this paper adopts a more simplified version to simplify the 
assessment. The three stages utilized in this paper are:

- Stage 1—Risk environment

This stage involves identifying the main barriers and risks to 

the uptake of rooftop solar PV and energy policy in the country, 

as well as the underlying causes and impact. These were found 

in the literature and through interviews with stakeholders.

- Stage 2—Public instruments

This stage presents the energy policies, in the form of public in-

struments, to help mitigate the risks identified in Stage 1. They 

are split into two sections: financial de-risking instruments to 

help ease the affordability of the solar PV system and policy 

de-risking instruments to help with the roll-out of the solar PV 

system and policies.

- Stage 3—Levelized COE

This involves estimating the COE in $ per kWh before and after 

the public instruments (policies) are applied. There are two 

COEs compared: one is the rooftop solar PV COE without policy 

implementation and the second is the COE value with policy 

implementation. These are compared to the baseline COE from 

the grid taken from the literature. Equation (1) was used to cal-

culate the COE for the solar PV system [43]. The breakdown of 

the COE calculation is found in Appendix 1 (available in the 

online Supplementary Data). For the COE with policy imple-

mentation, the amount of energy exported to the grid by the 

solar PV system was deducted from the cost of the solar PV 

system. A rate of 0.015 $/kWh was used as the typical cost of 

grid electricity in Sudan based on grid utility prices in January 

2022 and the report on average usage [6]. The parameters for 

COE are shown in Table 1.

Equation (1) is used to calculated the COE [43]:

COE =

∑n
t=1

It+Mt+Ft
(1+r)t∑n

t=1
Et

(1+r)t (1)
where It represents the investment cost (in the year t), Mt repre-

sents the Operation and maintenance costs (in the year t), r rep-
resents the discount rate, Ft represents the fuel cost (in the year 
t), Et represents the annual electricity output and n represents the 
economic life of the system.

Equation (2) provides the potential energy from PV [44]:

Eout = 365 P.r. H (2)
 where Eout  represents the energy generated (kWh), P  repre-

sents the solar power installed (kWp), r  represents the system 
performance ratio (0.9) and H  represents the daily PV power po-
tential (5 kWh/kWp for Khartoum [36]).

Research was conducted in the existing literature and through 
interviews with key stakeholders to help compile the Stage 1 and 
Stage 2 data. The data were used to identify the risks and public 
instruments to be implemented. Nine local stakeholders were 
interviewed in total, as shown in Table 2, including three different 
solar PV contractors based in Sudan. Stakeholders were selected 
to represent the people involved in the various stages of a rooftop 
solar PV project, from installation to end use. A summary of the 
methodology used in this paper is shown in Fig. 3.

The first three interviews were conducted in person and in 
Sudan in January 2020, with open questions. The last six inter-
views were conducted via a questionnaire sent to the stake-
holders through e-mail in early 2022 and 2023. These questions 
consisted of multiple-choice and open questions. In all inter-
views, a question was asked about the barriers to the adoption 
of grid-connected rooftop solar PV and opportunities in Sudan. 
Transcripts of the interviews can be seen in Appendix 3 of the on-
line Supplementary Data, and the interviewee names have been 
kept anonymous to maintain confidentiality.

3  Results and discussion
3.1  Stage 1—Risk environment
Following a review of the literature and stakeholder interviews, 
the main risks and barriers were compiled and are shown in Table 
3. From the literature, the barriers to rooftop PV deployment in 
Sudan mentioned most often were the high capital cost of the 
solar PV system, the lack of public awareness and poor grid infra-
structure. These were mentioned in various studies and are sum-
marized in Fig. 4 and Table 3.

Table 1: COE equation parameters explanation

Parameter Description Reference 

It—investment 
cost (in the 
year t)

$2993 Quote in Appendix 2. The costs 
are derived from the average 
costs of a solar PV contractor 
based in Sudan (light energy ltd). 
See Appendix 1 for a breakdown

Mt—Operation 
and 
maintenance 
costs (in the 
year t)

$60 A value of $30 per kW is 
assigned based on research by 
[43]. Operation and maintenance 
are expected to be minimal 
due to no moving parts in the 
system

r—discount 
rate

10% Average value [43]

Ft—fuel cost 
(in the year t)

$0 No fuel use

Et—annual 
electricity 
output

3523 kWh Expected value from a 2-kW 
system in Khartoum. This was 
calculated using Equation (2)

n—economic 
life of the 
system

20 The expected average life of a 
solar PV system

Appendix 1 and Appendix 2 can be found in the online Supplementary Data.
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A summary of the responses of the stakeholders interviewed 
on the main barriers to rooftop PV in Sudan is shown in Fig. 5. 
As in the literature, most of the respondents mentioned that the 
high cost of rooftop PV is the main barrier. Following this, the low 
cost of grid electricity was the second most often mentioned bar-
rier since it would mean people are less likely to switch to an 
initially more expensive alternative. The lack of awareness of the 
benefits of rooftop solar PV from the public was the third most 
often mentioned barrier.

Regarding the opportunities to increase rooftop solar PV 
adoption in Sudan, most of the respondents recommended a 
financial incentive, such as a feed-in tariff or a net-metering 
policy (Fig. 6). The employee from the Ministry of Electricity 
and Mining recommended a net-metering scheme in which a 
discount is applied to the user’s grid electricity bill, instead of 
direct cash, for any energy exported to the grid from the solar 
PV system. This was due to the lack of funding available to the 
ministry, making it unlikely for them to fulfil direct payments 
to end users.

3.2  Stage 2—Public instruments
Following a review of the risks associated with the adoption of 
rooftop solar PV in Sudan, the public instruments recommended 
to overcome these are listed below and summarized in Table 
4. They have been grouped into two: one is financial de-risking 
instruments to help with the affordability of the rooftop solar 
PV system (financial energy policies) and the other is policy 
de-risking instruments to aid with effective implementation. The 
risks mitigated by each instrument are numbered according to 
Table 3.

3.2.1  Financial de-risking instruments

- Net metering

Risk mitigated: 1 and 2

Net metering allows excess electricity generated from the 
solar PV system to be sent to the grid and then deducted 
from the utility bill. From the interviews, such a system was 
advised would work better than one in which payments are 
sent directly to the customer, such as through feed-in tar-
iff schemes. This is because the government has limited 
funds to make direct payments for electricity to end users.

- Tax incentive

Risk mitigated: 1 and 6
It is recommended that the government maintain the policy in 

which no tax is applied to imported solar PV products. This 
is done to ensure that costs are kept low for the systems and 
to encourage more people to purchase them. Fortunately, 
Sudan already has this policy in place. However, the policy 
should be better advertised so that more building users 
and solar PV contractors are aware of it. Additionally, local 
manufacturing of solar PV products should be encouraged 
to reduce the need for imports.

- Grants and international funding

Risk mitigated: 1, 4 and 7
To reduce the high upfront cost of solar PV systems, cash 

grants can be provided in certain cases. This can be paid 
directly to the supplier once a purchase is agreed upon 
with the building owner or refunded to the building owner 
afterward (rebate). However, the interview with the electri-
city employees of the ministry indicates that direct cash 
would be difficult for the ministry to fund due to a lack 
of capital. Therefore, the government can cooperate with 
international organizations for funding, such as through 
carbon-offset projects [42] or the Green Climate Fund.

3.2.2  Policy de-risking instruments

- Demand-side management
Risk mitigated: 10

Before connecting houses with rooftop solar PV, building resi-
dents or owners should be encouraged and supported to re-
duce energy demand. For example, replacing fluorescent bulbs 
with low-energy LED bulbs could create significant energy sav-
ings and reduce the overall PV system size and cost. Therefore, 
it is recommended that a household survey is conducted to 
identify high-consuming appliances (such as air conditioners 
and lighting) and encourage users to switch to more efficient 
versions before installing the rooftop solar PV system.

- Third-party organization for monitoring
Risk mitigated: 6 and 1

An independent (third-party) organization is recommended to be 
contracted by the government to monitor the implementation 
of the policy and provide feedback. This was strongly advised 
by the interviewee from the Ministry of Energy and Mining. 

Table 2: Stakeholders interviewed and their main 
responsibilities

Stakeholder interviewed Main responsibilities 

Government:
-  Interviewee A—senior electrical 

engineer, Sudanese Electricity 
Holding Company (SEHC), Ministry 
of Energy and Mining

-  Interviewee B—Director Renewable 
Energy, Ministry of Energy and 
Mining

-  Interviewee C—engineer, Ministry  
of Energy and Mining

-  Setting-up of energy policy 
for end users

-  Providing guidance and 
standards to contractors

-  Responsible for 
grid transmission 
infrastructure

Solar PV contractors:
-  Interviewee D: project manager 

(Contractor 1)
-  Interviewee E: CEO (Contractor 2)
-  Interviewee F: project manager 

(Contractor 3)

-  Installation of rooftop 
solar PV systems to end 
user’s building

- Maintenance and repairs
-  Connection of solar PV 

system to the grid network

End users:
-  Interviewee G: solar PV owner and 

researcher
-  Interviewee H: academic lecturer
-  Interviewee I: homeowner, non-

governmental organization

-  Purchase of rooftop solar 
PV system

-  Register on the energy 
policy scheme with the 
government ministry

-  Liaise with the contractor 
to install the system and 
monitor performance
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Furthermore, the literature [14] suggests that a reason for low 
solar power dissemination (particularly in Dongola, Northern 
Sudan) was the lack of monitoring and evaluation of previ-
ous solar PV projects. Furthermore, the third-party organiza-
tion can be used to inspect and monitor imported solar PV 
products to ensure that they meet quality requirements. This 
is done to help reduce defective products and keep end-user 
trust.

- Education and awareness
Risk mitigated: 12

To strengthen the understanding of policy for government bodies 
and end users, workshops and seminars could be held to dem-
onstrate solar PV technology and explain to potential users 
how the system and policy would work.

- Investment in grid infrastructure
Risk mitigated: 5, 9 and 11

Efforts should be made to study the current grid capacity to 
understand its ability to accept new solar PV connections. 
This should then be followed by targeted grid upgrades. This 
is to ensure that if a large number of solar rooftop PV systems 
are installed, the grid can handle the extra power loads (as 
advised by the government ministry employee). Without suf-
ficient grid infrastructure, a new net-metering policy may fail 
to reach its intended goal. Standards and guidance should also 
be provided to contractors informing them of the rules to fol-
low when connecting solar PV systems to the grid.

- Insurance policy
Risk mitigated: 3, 4 and 8

The high number of risks in Sudan makes an insurance policy at-
tractive for end users. This can cover events such as political 
instability, which may disrupt the implementation of the net-
metering scheme. It can also protect end users from losses of 
the solar PV system by theft. Such an insurance policy can be 
provided by an organization separate from the government so 
it is not impacted by political instability.

3.3  Stage 3—COE
The levelized COE for rooftop solar PV in Sudan was calculated, 
with three types considered:

COE 1—Baseline
COE 2—Rooftop PV (with no policy support)
COE 3—Rooftop PV (with net metering)

The system studied is a 2-kW solar PV connected to a building 
and grid. This is expected to produce an energy output of 3523 
kWh per year or 294 kWh per month. Equation (1) was used to 
estimate the COE value and Equation (2) the expected energy 
output from the solar PV system. The main electrical power in 
the building is assumed to come from the grid, with the rooftop 
solar PV acting as a backup power source in case of grid outages 
and exporting generated power to the grid.

The COE was estimated to be 0.11 $/kWh (Appendix 1 in 
the online Supplementary Data). This is much higher than the 
subsidized grid electricity rate in Khartoum, which ranges 
from 0.01 to 0.07 $/kWh depending on the consumption levels. 
However, it is likely cheaper than the unsubsidized rate of elec-
tricity, as subsidies only cover ~10–20% of the total transmission 
and electricity cost in Sudan [6]. With net metering, the COE came 
to 0.069 $/kWh. This decrease in cost is due to the savings made 
by exporting the electricity produced by the solar PV system to 
the grid and this amount is deducted from the utility bill. The 
COE with net metering is much more aligned with the current 

Stage 1 - Risk
environment

Literature review
Interviews
Survey of existing policies

Financial de-risking instruments
Policy de-risking instruments

Stage 2 - Public
instruments

Stage 3 - Levelized
cost of electricity

Recommendations

Fig. 3: Summary of methodology.
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Table 3: Risks for rooftop solar PV adoption and implementation of energy policy in Sudan, as identified from literature review and 
interviews

Risk title Description Reference 

1. Affordability The upfront cost to purchase a solar PV system for a building is high for an average citizen 
in Sudan
Impact: This would be a large barrier to adoption, as confirmed in previous studies (Section 
1.2)
Causes:
- Most solar PV products are imported, which has increased costs from shipping fees 
compared with local manufacturing
- Low purchasing power of citizens

Literature:
[6, 8, 12, 13, 45, 
46]
Interviews:
Interviewees A, B, 
D, E, F, G, H and I

2. Low cost of 
grid electricity

Sudan has the lowest grid electricity rates in sub-Saharan Africa at ~$0.015 per kWh [6], 
although it is currently increasing
Impact: It would discourage people from spending money on alternative electricity 
sources. It also encourages high electricity consumption habits, which would lead to higher 
requirements for the size of the solar PV system
Causes:
- High government subsidies
- Fear of civil upheaval if prices are raised too much
- Some citizens may struggle to afford higher electricity costs

Literature:
[6, 17]
Interviews:
Interviewees A, B, 
D, G and F

3. Political 
stability

Sudan recently witnessed much political upheaval. It is still in the process of transitioning 
to democracy, although there is a risk of sudden changes in government
Impact: This risk could delay the implementation of the policy leading to ineffectiveness 
and a possible reduction in rooftop PV adoption. Also, if the policy is adopted and there 
is a sudden change in government, then there is a risk that the new government will 
significantly amend or cancel it
Causes:
- Weak rule of law and institutions
- Regular civil disturbance

Literature:
[6]
Interviewee:
Interviewee C

4. Currency 
inflation risks

Inflation in Sudan is one of the highest in the world [47], although the currency has been 
more stable towards the end of 2021
Impact: More inflation means higher prices for solar PV systems, making the systems even 
more unaffordable to local citizens than before
Causes:
- Weak national economy and institutions

Literature:
[6]

5. Grid 
infrastructure 
risk

The current grid infrastructure may require further upgrades to allow solar PV to connect 
to it and to ensure grid reliability is maintained
Impact: This may reduce the number of rooftop PV systems allowed to connect to the grid. 
This could delay the implementation of the energy policy
Causes:
- Low level of investment in grid infrastructure over the years

Literature:
[10, 11, 48]
Interview:
Interviewee D

6. Lack of 
energy policy 
implementation

Risk arising from the government’s inability to efficiently administer an energy policy 
design to increase rooftop solar PV adoption
Impact: Low uptake of rooftop solar PV by homeowners
Causes:
- Not enough resources within the ministry
- Lack of staff training/experience in the proper administration of such policies
- Too much bureaucracy, corruption or lack of clear processes to follow

Literature:
[8, 9, 12, 14, 17, 
46]
Interviews:
Interviewees A, 
C, E and F

7. Low 
government 
funds

Not enough money to invest sufficiently in new energy policies
Impact: Delays in the implementation of the policy or poor uptake from weak 
implementation
Causes:
- Not enough budget allocated to the programme
- Low government revenue

Literature:
[14]
Interviews:
Interviewees A, B 
and F

8. Risk of Theft Risk of theft of solar PV systems from homes.
Impact: Reduced number of installed systems. Increased thefts may cause others to reject 
installing it.
Causes:
- Poor security measures in place.
- Increased poverty causing more people to steal.
- Weak rule of law.

Literature:
[49]

9. Lack of codes 
and standards

Lack of standards for integrating solar PV into buildings and the grid not defined
Impact: Potential technical faults when connecting rooftop PV to the grid. Inconsistent 
connections. Poor quality installations.
Causes:
- No specific national standards to guide installations.
- Poor awareness or implementation of standards if they do exist

Interviews:
Interviewees A, 
C, E and F
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grid rates and therefore makes the system more affordable in 
the long run. The added benefit of this system is that during grid 
power outages, the building can still benefit from backup power 
from solar PV, as batteries are considered in the system cost. All 
three COEs are summarized in Table 5.

4  Conclusion and policy implications
In this study, methods to increase rooftop solar PV adoption 
in Sudan were investigated based on the first three stages of a 
simplified UNDP framework for DREI. First, risks and barriers 

Risk title Description Reference 

10. High energy 
consumption

Sudan has high average energy consumption, particularly in urban centres
Impact: This would lead to a large rooftop solar PV size, which adds to costs
Causes:
- High energy consumption from inefficient equipment or air conditioning
- Low grid prices encourage high energy consumption

Literature:
[6]

11. Grid-
connected 
inverter

All grid-connected solar PV systems will require a grid inverter. The cost of this item needs 
to be covered by someone, either the homeowner, the government or installation contractor
Impact: This device will increase the overall cost of the system. If added to the 
homeowner’s scope, it could discourage them from ever getting a rooftop PV system
Causes:
- Lack of clear guidance on who is responsible for the grid-connected inverter

Interview:
Interviewee B

12. Low public 
awareness

Poor marketing and advertising of the rooftop solar PV system and its policy
Impact: Low uptake of solar PV panels and poor policy implementation
Causes:
- Lack of strong marketing and education campaigns

Literature:
[8, 12, 14]
Interviews:
Interviewees C, D, 
H and I

13. Quality 
of solar PV 
products

Some solar PV products imported from abroad may be of poor quality and do not perform 
as required
Impact:
The solar PV system may not work as intended and it can cause bad publicity for the 
system
Causes:
- Lack of quality checks on imported solar PV products
- Difficulty in exercising warranty due to manufacturer being overseas

Literature:
[50]

Table 3. Continued

0 1 2 3 4
Number of mentions

5 6 7

Poor grid infrastructure

Low public awareness

High solar PV cost/affordability

Fig. 4: Literature review: main barriers to uptake of rooftop solar PV in Sudan.

Low government funds

Lack of awareness of benefits

Poor grid infrastructure

Low grid-electricity prices

High solar PV cost/affordability

0 1 2 3 4

Number of mentions

5 6 987

Fig. 5: Stakeholder interviews responses: main barriers to uptake of grid-connected rooftop solar PV in Sudan.
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were identified (Stage 1), then public instruments to overcome 
these were suggested (Stage 2) and then the levelized COE (Stage 
3) was estimated to compare the $/kWh before and after the im-
plementation of the policy.

The literature survey highlighted the great potential of 
grid-connected solar rooftop PV systems in Sudan, almost all 
mentioning the high levels of solar radiation in the country. Such 
systems also bring energy security to buildings in case of grid 
power outages. In addition, the amount of electricity available to 
the grid is increased from the excess electricity sent to the grid by 
the rooftop PV systems.

However, the risk analysis identified the main barriers to 
rooftop PV uptake in Sudan, as highlighted by the nine stake-
holders interviewed and the literature. These were: the high 
cost of the solar PV system/affordability, low grid electricity 
rates and poor grid infrastructure. Eight out of the nine inter-
viewees mentioned high cost and affordability as major risks 
to rooftop solar PV adoption in Sudan. Following analysis of 
these barriers, de-risking public instruments were considered 
from both a financial and a policy implementation perspec-
tive. These public instruments are recommended for the gov-
ernment to form the basis of an energy policy and actions to 
help increase rooftop solar PV in Sudan. In summary, these are 
as follows:

(i) Introduce a net-metering scheme so that grid-connected 
rooftop solar PV users benefit from reduced utility bills.

(ii) Improve the infrastructure of the grid in readiness for the 
scheme and ensure grid stability when rooftop solar PV 
connections increase.

(iii) Form a dedicated government department to administer 
the scheme and allow a third-party agency to monitor the 
progress and quality of the solar PV systems.

(iv) Establish a demand-side management scheme focused on 
energy efficiency to help reduce electricity consumption 

Upfront cash grant

Insurance and free maintenance

Loan (0% interest)

Monthly payment

Feed-in tariff

0 1 2 3 4

Number of mentions

5 6 7 8

Fig. 6: Stakeholders interview responses: opportunities to increase rooftop solar PV uptake in Sudan.

Table 4: De-risking instruments for rooftop solar PV in Sudan

Risk Policy de-risking instrument Financial de-risking instrument 

1. Affordability – Net metering, tax incentives, grants and 
international funding

2. Low cost of grid electricity – Net metering

3. Political stability Insurance policy –

4. Currency inflation risks – Grants and international funding

5. Grid infrastructure risk Investment in grid infrastructure –

6. Lack of energy policy 
implementation

Third-party organization for 
monitoring

–

7. Low government funds – Grants and international funding

8. Risk of theft – –

9. Lack of codes and standards Investment in grid infrastructure –

10. High energy consumption Demand-side management –

11. Grid-connected inverter Investment in grid infrastructure –

12. Low public awareness Education and awareness –

13. Quality of solar PV products Third-party organization for 
monitoring

–

Table 5: Summary of cost of electricity findings

Description Cost of electricity 
(COE) 

Current cost 
of electricity 
(subsidized)—grid

0.01–0.07 $/kWh 
(depending on usage)

COE for rooftop solar 
PV—no policy

0.11 $/kWh

COE for rooftop solar 
PV—with net metering

0.069 $/kWh
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and promote energy-efficient appliances. This can help 
reduce the overall size of the solar PV system and initial 
costs for users.

(v) Start an awareness campaign, through advertisements 
and educational courses, to increase interest in rooftop 
solar PV.

Net metering was considered more suitable than giving direct 
cash grants to end users who install rooftop PV. This was re-
commended by the government employee with the main reason 
being the unlikely ability of the ministry to provide direct cash 
to users due to funding shortages. With net metering, discounts 
can be deducted from the utility bill at the end of each month 
depending on how much electricity was exported to the grid from 
the rooftop PV system.

The levelized COE with net metering was estimated to be 
0.069 $/kWh for a 2-kW system installed in Khartoum, Sudan. 
This was much lower compared with the rate of 0.11 $/kWh 
without net metering. However, this is still higher than the grid 
utility prices, which range from 0.01 to 0.07 $/kWh (depending 
on usage). This suggests that other benefits should be con-
sidered to encourage people to switch to rooftop solar PV. One 
of the interviewees commented that the advantage of having 
power during grid outages is a key reason for people to switch 
to rooftop PV.

Sudan is in a fortunate position in that energy policy 
schemes such as net metering or energy efficiency pro-
grammes have already been drafted into law and planned. So, 
all that remains is implementation. Furthermore, previously 
drafted and implemented policies such as zero tax on solar 
PV products need to be better advertised to raise awareness 
and monitored to ensure that they are being implemented ef-
fectively.

Supplementary data
Supplementary data is available at Clean Energy online.

Acknowledgements
We would like to thank the Sudan Ministry of Energy and Mining, 
the Sudanese Electricity Distribution Company (SEDC) and the 
National Centre for Research (in Sudan) for providing data for this 
paper. No external funding was received for this research.

Conflict of interest statement
None declared.

Author contributions
Tarig Z Ahmed (Introduction, Conclusion, Results and Discussion, 
Editing), Ayah Mohamed (Literature Review), Mawahib Eltayeb 
Ahmed (Results and Discussion review), Ahmed Osman Elamin 
Abdalgader (Literature Review), Mohamed G Hassan-Sayed 
(Conclusion and Writing Review)

References
[1] Masson G, Kaizuka I, Bosch E. IEA PVPS report: Trends in 

Photovoltaic Applications 2020. Paris, France: International 
Energy Agency (IEA), 2021.

[2] Hassan R. Sudan’s updated first NDC, Interim Submission 
2021. https://www4.unfccc.int/sites/ndcstaging/
PublishedDocuments/Sudan%20First/Sudan%20Updated%20
First%20NDC-Interim%20Submission.pdf (3 January 2022, 
date last accessed).

[3] Reuters. Worsening Power Cuts Show Depth of Sudan’s Economic 
Challenge | Reuters 2021. https://www.reuters.com/world/af-
rica/worsening-power-cuts-show-depth-sudans-economic-
challenge-2021-06-30/ (3 January 2022, date last accessed).

[4] Boampong R, Phillips MA. Renewable Energy Incentives in 
Kenya: Feed-in-Tariffs and Rural Expansion. Gainesville, FL, USA: 
University of Florida, 2016.

[5] Prăvălie R, Patriche C, Bandoc G. Spatial assessment of solar 
energy potential at global scale: a geographical approach. J 
Clean Prod, 2019, 18:953–1124. doi:10.1016/j.jclepro.2018.10.239.

[6] The World Bank. From Subsidy to Sustainability: Diagnostic Review 
of Sudan’s Electricity Sector. Khartoum, Sudan: The World Bank, 
2019.

[7] Sudan Ministry of Energy and Mining. Electricity Sector Strategy 
2020–2035. Khartoum, Sudan: Sudan Ministry of Energy and 
Mining, 2020.

[8] El Zein M. Solar Energy Potential in The Sudan. Msc thesis. 
Uppsala University, Uppsala, Sweden, 2017.

[9] Abdeen O, Mourad M, Salim H. A comparison study of PV (5MW) 
based on PVsyst program for evaluation productive energy to 
connect with the grid. Sudan case study. In: Proceedings—2019 
1st International Conference on Sustainable Renewable Energy 
Systems and Applications, ICSRESA 2019, Tebessa, Algeria, 4–5 
December 2019. doi:10.1109/ICSRESA49121.2019.9182520.

[10] Fadlallah SO, Benhadji Serradj DE. Determination of the op-
timal solar photovoltaic (PV) system for Sudan. Sol Energy, 
2020, 208:800–813. doi:10.1016/j.solener.2020.08.041.

[11] Saeed TM, Tayeb EB, Osman G. Sustainable energy potential in 
Sudan. J Eng Comput Sci (JECS), 2020, 20:1–10.

[12] Babiker M. Study on Solar Potential in Sudan - Challenges & 
Implementation Approaches. MSc thesis. University of Warwick, 
Coventry, United Kingdom, 2020.

[13] Omer AM. Renewable energy resources for electricity gener-
ation in Sudan. Renew Sustain Energy Rev, 2007, 11:1481–1497. 
doi:10.1016/j.rser.2005.12.001.

[14] Elzubeir AO. Solar energy in Northern State (Sudan): cur-
rent state and prospects. Am Jo Modern Energy. 2016, 2:31–37. 
doi:10.11648/j.ajme.20160205.12.

[15] Alrawi OF, Al-Ghamdi SG. Economic viability of rooftop photo-
voltaic systems in the middle east and northern African coun-
tries. Energy Rep, 2020, 6:376–380. doi:10.1016/j.egyr.2020.11.175.

[16] Elhassan Z. Design and performance of photovoltaic power 
system as a renewable energy source for residential in 
Khartoum. Int J Physic Sci, 2012, 7:4036–4042. doi:10.5897/
ijps11.346.

[17] Ismail EAl, Hashim SM. An economic evaluation of grid 
connected photovoltaic system for a residential house in 
Khartoum. In: 2018 International Conference on Computer, 
Control, Electrical, and Electronics Engineering, ICCCEEE 2018, 
Khartoum, Sudan, 12–14 August 2018. https://doi.org/10.1109/
ICCCEEE.2018.8515807.

[18] Lu Y, Khan ZA, Alvarez-Alvarado MS, et al. A critical review 
of sustainable energy policies for the promotion of renew-
able energy sources. Sustainability, 2020, 12:5078. doi:10.3390/
SU12125078.

[19] Cox S, Walters T, Esterly S, Booth S. Solar Power: Policy Overview 
and Good Practices. Golden, CO, USA: National Renewable Energy 
Laboratory (NREL), 2015.

D
ow

nloaded from
 https://academ

ic.oup.com
/ce/article/7/5/994/7273023 by Southam

pton O
ceanography C

entre N
ational O

ceanographic Library user on 16 O
ctober 2023

https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Sudan%20First/Sudan%20Updated%20First%20NDC-Interim%20Submission.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Sudan%20First/Sudan%20Updated%20First%20NDC-Interim%20Submission.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Sudan%20First/Sudan%20Updated%20First%20NDC-Interim%20Submission.pdf
https://www.reuters.com/world/africa/worsening-power-cuts-show-depth-sudans-economic-challenge-2021-06-30/
https://www.reuters.com/world/africa/worsening-power-cuts-show-depth-sudans-economic-challenge-2021-06-30/
https://www.reuters.com/world/africa/worsening-power-cuts-show-depth-sudans-economic-challenge-2021-06-30/
https://doi.org/10.1016/j.jclepro.2018.10.239
https://doi.org/10.1109/ICSRESA49121.2019.9182520
https://doi.org/10.1016/j.solener.2020.08.041
https://doi.org/10.1016/j.rser.2005.12.001
https://doi.org/10.11648/j.ajme.20160205.12
https://doi.org/10.1016/j.egyr.2020.11.175
https://doi.org/10.5897/ijps11.346
https://doi.org/10.5897/ijps11.346
https://doi.org/10.1109/ICCCEEE.2018.8515807
https://doi.org/10.1109/ICCCEEE.2018.8515807
https://doi.org/10.3390/SU12125078
https://doi.org/10.3390/SU12125078


1005 | Clean Energy, 2023, Vol. 7, No. 5

[20] UNDP. Derisking Renewable Energy Investment. A Framework to 
Support Policymakers in Selecting Public Instruments to Promote 
Renewable Energy Investment in Developing, Countries, 2013. 
https://www.osti.gov/servlets/purl/22090458 (30 December 
2021, date last accessed).

[21] Waissbein O, Glemarec Y, Bayraktar H, Schmidt TS. Derisking 
Renewable Energy Investment. New York, USA: United Nations 
Development Program (UNDP), 2020.

[22] Roux A, Shanker A. Net Metering and PV Self-consumption in 
Emerging Countries. Paris, France: International Energy Agency 
(IEA), 2018.

[23] Hadush Y, Bhagwat S, Glachant J-M. A Comparative Study of 
Renewable Energy and Electricity Access Policies and Regulatory 
Frameworks in the Indian Ocean Islands: The Case of Mauritius, 
Seychelles, Madagascar and Comoros. Fiesole, Italy: European 
University Institute (EUI), 2019. doi:10.2870/03206.

[24] IRENA. Africa 2030: Roadmap for a Renewable Energy Future. Abu 
Dhabi, UAE: International Renewable Energy Agency (IRENA), 
2015.

[25] Do TN, Burke PJ, Baldwin KGH, et al. Underlying drivers and 
barriers for solar photovoltaics diffusion: the case of Vietnam. 
Energy Policy, 2020, 144:111561. doi:10.1016/j.enpol.2020.111561.

[26] Pacudan R. Feed-in tariff vs incentivized self-consumption: 
options for residential solar PV policy in Brunei 
Darussalam. Renew Energy, 2018, 122:362–374. doi:10.1016/J.
RENENE.2018.01.102.

[27] Alhamad IM. A feasibility study of roof-mounted grid-connected 
PV solar system under Abu Dhabi net metering scheme using 
HOMER. In: 2018 Advances in Science and Engineering Technology 
International Conferences (ASET 2018), Dubai, UAE, 6 February–5 
April 2018. doi:10.1109/ICASET.2018.8376793.

[28] Mukisa N, Zamora R, Lie TT. Viability of the store-on grid 
scheme model for grid-tied rooftop solar photovoltaic systems 
in sub-Saharan African countries. Renew Energy, 2021, 178:845–
863. doi:10.1016/J.RENENE.2021.06.126.

[29] Quansah DA, Adaramola MS, Mensah LD. Solar photovol-
taics in sub-Saharan Africa: addressing barriers, unlocking 
potential. Energy Procedia, 2016, 106:97–110. doi:10.1016/j.
egypro.2016.12.108.

[30] Lighting Global/ESMAP, GOGLA, Efficiency For Access, Open 
Capital Advisors. Off-Grid Solar Market Trends Report 2022: 
Outlook. Washington DC, USA: World Bank, 2022.

[31] The World Bank. GDP Per Capita (Current US$)—Sub-Saharan 
Africa | Data 2022. https://data.worldbank.org/indicator/
NY.GDP.PCAP.CD?locations=ZG (24 May 2022, date last 
accessed).

[32] Koerner L. Solar2World, PV technology transfer by way of 
Corporate Social Responsibility (CSR). SolarWorld AG, Bonn, 
Germany, 10 June 2009.

[33] Rieger T. Generic, Low Quality Solar Products in Africa. What Can 
We All Do to Change this? | LinkedIn 2019. https://www.linkedin.
com/pulse/generic-low-quality-solar-products-africa-what-
can-we-thomas-rieger/ (29 May 2022, date last accessed).

[34] Rabah A, Nimer H, Doud K, et al. Modelling of Sudan’s en-
ergy supply, transformation, and demand. J Energy, 2016, 
2016:5082678. doi:10.1155/2016/5082678.

[35] Falchetta G, Gernaat DEHJ, Hunt J, et al. Hydropower depend-
ency and climate change in sub-Saharan Africa: a nexus 
framework and evidence-based review. J Clean Prod, 2019, 
231:1399–1417. doi:10.1016/j.jclepro.2019.05.263.

[36] SolarGIS. Solar Resource Maps of Sudan 2019. https://solargis.
com/maps-and-gis-data/download/sudan (24 May 2023, date 
last accessed).

[37] SolarGIS. Solar Resource Maps and GIS Data for 200+ Countries | 
Solargis 2022. https://solargis.com/maps-and-gis-data/down-
load/africa (13 June 2022, date last accessed).

[38] Osman AM, Alsokhiry F. Control design and performance eval-
uation of a grid connected PV–wind power system: a case 
study of Dongola, Sudan. Energy Rep, 2022, 8:15629–15653. 
doi:10.1016/J.EGYR.2022.11.145.

[39] UN ESCWA. Renewable Energy Legislations and Policies in the 
Arab Region 2019. https://archive.unescwa.org/publications/
renewable-energy-legislations-policies-arab-region (5 January 
2022, date last accessed).

[40] Thomson Reuters Foundation. Sudan Raises Electricity Prices 
as it Pushes Forward with... 2022. https://news.trust.org/
item/20220124214611-xqo4u/?utm_source=pocket_mylist (5 
February 2022, date last accessed).

[41] Huenteler J. International support for feed-in tariffs in de-
veloping countries: a review and analysis of proposed 
mechanisms. Renew Sustain Energy Rev, 2014, 39:857–873. 
doi:https://doi.org/10.1016/j.rser.2014.07.124.

[42] Okubo Y, Hayashi D, Michaelowa A. NAMA crediting: how to as-
sess offsets from and additionality of policy-based mitigation 
actions in developing countries. Greenh Gas Meas Manag, 2011, 
1:37–46. doi:10.3763/GHGMM.2010.0002.

[43] IRENA. Renewable Power Generation Costs in 2021. Abu Dhabi, 
UAE: International Renewable Energy Agency (IRENA), 2022.

[44] Šúri M, Huld TA, Dunlop ED. PV-GIS: a web-based solar radia-
tion database for the calculation of PV potential in Europe. Int 
J Sustainable Energy, 2007, 24:55–67. doi:10.1080/1478645051233
1329556.

[45] Zubi G, Fracastoro GV, Lujano-Rojas JM, et al. The unlocked po-
tential of solar home systems; an effective way to overcome 
domestic energy poverty in developing regions. Renew Energy, 
2019, 132:1425–1435. doi:10.1016/j.renene.2018.08.093.

[46] Abdeen A. Investigating integrated renewable energy solutions 
to electrical supply issues in a small town in Sudan. Msc thesis. 
University of Strathclyde, 2019.

[47] Statista. Sudan—Inflation Rate 1986-2026 | Statista 2021. https://
www.statista.com/statistics/727148/inflation-rate-in-sudan/ 
(26 May 2022, date last accessed).

[48] World Bank. Adjusted Net National Income Per Capita (Current 
US$) | Data 2019. https://data.worldbank.org/indicator/NY.ADJ.
NNTY.PC.CD?view=map (2 December 2021, date last accessed).

[49] Ikejemba ECX, Schuur PC. Analyzing the impact of theft and 
vandalism in relation to the sustainability of renewable energy 
development projects in sub-Saharan Africa. Sustainability, 
2018, 10:814. doi:10.3390/SU10030814.

[50] Gul M, Kotak Y, Muneer T. Review on recent trend of solar pho-
tovoltaic technology. Energy Explor Exploit, 2016, 34:485–526. 
doi:10.1177/0144598716650552.

D
ow

nloaded from
 https://academ

ic.oup.com
/ce/article/7/5/994/7273023 by Southam

pton O
ceanography C

entre N
ational O

ceanographic Library user on 16 O
ctober 2023

https://www.osti.gov/servlets/purl/22090458
https://doi.org/10.2870/03206
https://doi.org/10.1016/j.enpol.2020.111561
https://doi.org/10.1016/J.RENENE.2018.01.102
https://doi.org/10.1016/J.RENENE.2018.01.102
https://doi.org/10.1109/ICASET.2018.8376793
https://doi.org/10.1016/J.RENENE.2021.06.126
https://doi.org/10.1016/j.egypro.2016.12.108
https://doi.org/10.1016/j.egypro.2016.12.108
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=ZG
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=ZG
https://www.linkedin.com/pulse/generic-low-quality-solar-products-africa-what-can-we-thomas-rieger/
https://www.linkedin.com/pulse/generic-low-quality-solar-products-africa-what-can-we-thomas-rieger/
https://www.linkedin.com/pulse/generic-low-quality-solar-products-africa-what-can-we-thomas-rieger/
https://doi.org/10.1155/2016/5082678
https://doi.org/10.1016/j.jclepro.2019.05.263
https://solargis.com/maps-and-gis-data/download/sudan
https://solargis.com/maps-and-gis-data/download/sudan
https://solargis.com/maps-and-gis-data/download/africa
https://solargis.com/maps-and-gis-data/download/africa
https://doi.org/10.1016/J.EGYR.2022.11.145
https://archive.unescwa.org/publications/renewable-energy-legislations-policies-arab-region
https://archive.unescwa.org/publications/renewable-energy-legislations-policies-arab-region
https://news.trust.org/item/20220124214611-xqo4u/?utm_source=pocket_mylist
https://news.trust.org/item/20220124214611-xqo4u/?utm_source=pocket_mylist
https://doi.org/10.1016/j.rser.2014.07.124
https://doi.org/10.3763/GHGMM.2010.0002
https://doi.org/10.1080/14786450512331329556
https://doi.org/10.1080/14786450512331329556
https://doi.org/10.1016/j.renene.2018.08.093
https://www.statista.com/statistics/727148/inflation-rate-in-sudan/
https://www.statista.com/statistics/727148/inflation-rate-in-sudan/
https://data.worldbank.org/indicator/NY.ADJ.NNTY.PC.CD?view=map
https://data.worldbank.org/indicator/NY.ADJ.NNTY.PC.CD?view=map
https://doi.org/10.3390/SU10030814
https://doi.org/10.1177/0144598716650552

