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Abstract: The Eight Hundred and Thirty-Second ACT of the Parliament of the Republic of Ghana
entitled: Renewable Energy Act, 2011 has assented to provide for the development, management,
utilization, sustainability and adequate supply of renewable energy for generation of heat and power
for related matters by the year 2020. With the current load shedding and inadequate energy supply in
Ghana, it was essential to examine other options that can be added to the grid installed capacity to
ease the burden on Ghanaians. The study examined the solar energy resources in Ghana and how this
huge potential can be utilized to grow and modernize the Ghanaian economy in order to decrease the
high prevalence of poverty. Access to energy has been proven to directly affect human development,
therefore, an option of the diversified local energy mix for electricity production will be the best
choice to improve an energy economy that would guarantee a safe and consistent supply of
high-quality energy services for all Ghanaian. Evidence from the study shows that Ghana has a good
potential for both concentrating and non-concentrating solar technologies. It is estimated that
50-100 MW solar energy potential are still untapped in Ghana which requires an investment of US
$100-150 million. Developing and harnessing this renewable energy potential will boost the
productivity of businesses, industries, and the transport sector while making a significant
contribution to the export earnings of the country.
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1. Introduction

A country’s energy development is closely linked to climate change variability, economic
development, agricultural productivity, food security and quality of life. Several studies in modern
economics have established the relationship between Ghana’s energy consumption, macroeconomic
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indicators, environmental pollution and population growth [1-3]. Thus, meeting the energy
requirement of the Ghanaian population will directly affect the country’s economic growth. At the end
of 2010, Ghana migrated from a low-income to a middle-income country as energy services became
available and economically accessible [4]. Access to energy plays a critical role in achieving the
Sustainable Development Goals (SDGs) by developed, developing and least developed countries by
2030 [5-7]. Certainly, there is a close connection between energy insufficiency and poverty indicators
like; illiteracy, life expectancy, infant mortality, total fertility rate, and rapid urbanization in
developing countries like Ghana. Rural-urban migration has increased immensely within the last
decades in the quest to search for better living conditions and social amenities in the urban areas [8,9].
Ghana is ranked 140™ (HDI = 0.579) in the Human Index (HDI) Report as a country with a medium
human development index. In addition, 30.5% of her population are in multidimensional poverty while
almost 80% have access to electricity [10]. Nevertheless, the inadequate energy supply to meet the
demand, power outages, and load shedding have been persistent for a decade now [6].

According to the International Energy Agency (IEA), 1.3 billion of the population are
inaccessible to electricity and 2.7 billion people depend on traditional biomass for cooking and heating.
It is estimated that more than one-third of household expenses is reserved for the costs of fuel in many
countries in Sub-Saharan Africa. Even though biomass is of poor quality and very ineffective but
countries in sub-Saharan Africa pays a heavy price for fuel (mainly biomass). Indigenous usage of
biomass has been predicted by IEA to decrease in many countries, except South Asia and sub-Saharan
Africa in addition to population growth by 2030 [11,12].

Many studies have attested that renewable energy sources are more than enough to meet the
current energy demand worldwide, although the estimates of such potential vary in the literature [13].
Aside their enormous potential, renewable energy sources offer further advantages in that, they
—-enhance diversity in energy supply markets, secure long term sustainable energy supplies and
reduce local and atmospheric emissions” [14]. Additionally, under certain conditions such as in
developing countries and rural areas, renewable energy sources are more cost-effective sources of
energy for the provision of energy services while creating new employment opportunities and
possibilities for local manufacturing [13,15].

It has been a challenge for Ghana’s energy sector to increase renewable energy in the national
energy portfolio in a sustainable manner. Ghana’s energy sector seeks to increase the proportion of
renewable energy, particularly solar energy, wind energy, mini hydro and waste-to-energy in the
national energy supply mix while contributing to climate change mitigation [16].

The Government of Ghana is dedicated to improving the cost-effectiveness of certain renewable
energy technologies like; solar energy and wind energy by addressing the technological difficulties,
institutional barriers, along with market restrictions that impede the utilization of solar and wind
energy technologies [17]. Ghana is well endowed with renewable energy resources, particularly
biomass, solar and wind energy [18]. The development and utilization of renewable energy and
waste-to-energy resources have the potential to guarantee Ghana’s energy security while mitigating
climate change and its impacts. The use of waste-to-energy resources have the potential to act as a
significant part of the national sanitation program [19].

In 2013, the total grid electricity generated in the country was 12,870 GWh compared to
12,164 GWhin 2012 and 11,200 GWh in 2011. The 2012 gross electricity generation was made up of
8071 GWh from hydroelectric power and 3639 GWh from thermal power [20]. Though the share of
hydropower generation decreased by 0.5% at the end of 2011 however, energy production increased
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by almost 510 GWh in 2012 due to significant water inflow in the Akosombo dam [5,20]. In 2013, the
industrial, residential, commercial sectors and street lighting system accounted for 45%, 35%, 16%
and 4% of the total electricity end-use in Ghana [5]. Ghana’s Renewable Energy Development
Program aims to assess the availability of renewable energy resources by examining the technical
feasibility and cost-effectiveness of promising renewable energy technologies [21,22], ensuring the
efficient production and use of the country’s renewable energy resources, and developing the
relevant information base that will facilitate the establishment of a planning framework for the
rational development and the use of the country’s renewable energy resources [23].

The Eight Hundred and Thirty-Second ACT of the Parliament of the Republic of Ghana entitled:
Renewable Energy Act, 2011 has assented to provide for the development, management, utilization,
sustainability and adequate supply of renewable energy for generation of heat and power for related
matters by the year 2020 [24].

There is a global paradigm shift in energy and its related studies within the past decades.
Renewable energy research is spearheading in energy and its related studies due to its role as an
alternative to fossil-fuel based energy generation and climate change mitigation. Empirical evidence
shows the relationship between energy consumption, utilization and environmental pollution in many
developing and growing economies [25-31].

Nevertheless, there are limited studies on Ghana’s solar resource analysis. Almost every study
depends on the solar and wind energy resource assessment (SWERA) project in Ghana without any
alternative [32]. The SWERA project provides no information on the solar resources for
concentrating and non-concentrating surfaces nor the losses for the different tracking surfaces.
Against this background, the study reviews Ghana’s solar energy potential and examine the solar
resource potential in some selected locations in Ghana. The study serves as an alternative to the
SWERA project with much information on the solar resources for concentrating and
non-concentrating surfaces and the losses for the different tracking surfaces in the selected locations.
The essence of this research is to serve as a reference material for further academic studies in order to
broaden the scope and frontiers of research in this field. Finally, the study will also inform and support
the work of policymakers, research analysts, project planners and investors in Ghana.

2. Solar energy

According to the energy commission of Ghana, Ghana is endowed with vast solar energy resource
which spreads through the entire country. Daily solar irradiation level ranges from 4 kWh/m® to
6 kWh/m? (Table 1) with an annual sunshine duration ranges between 1800 to 3000 hours per annum
which offers a high potential for grid connection [33,34]. The allocation of solar intensities in Ghana
are as follows: the savannah zone which comprises; Upper East, Upper West, Northern, upper parts of
Brong-Ahafo and Volta Regions experiences 4.0—-6.5 kWh-m *-day ™' of solar radiation; middle forest
zone which consists of, Ashanti, Eastern, Western and parts of Central, Brong-Ahafo, Volta Regions
experiences 3.1-5.8 kWh-m *-day ' of solar intensities whilst the coastal belt consisting of Greater
Accra, coastal parts of Central and Volta Regions experiences 4.0-6.0 kWh-m>-day ' of solar
intensities [34,35]. In Table 1, the monthly averages of solar radiation (kWh-m_z-day_l) at 19 synoptic
stations are given.
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Table 1. Monthly averages of solar radiation (kWh-m™2-day™) at 19 synoptic stations.

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Av.
Kumasi 48 53 53 54 47 40 40 38 40 47 50 46 46
Accra 47 52 53 57 54 46 42 45 51 56 55 49 sl
Axim 49 54 56 56 5.1 30 42 42 44 52 55 50 49

Navrongo 54 54 58 60 59 57 53 5.1 53 57 56 48 55
Saltpond 49 56 55 57 54 44 47 45 50 57 57 52 52
Ada 50 54 56 59 56 50 51 51 55 59 55 54 54
Koforidua 4.7 5.1 53 54 53 46 41 38 44 52 52 49 48
Wenchi 52 55 55 57 55 50 44 41 44 49 51 49 50

Tamale 51 55 56 59 59 55 50 48 50 55 57 52 54
Bekwai 47 51 53 55 53 46 41 38 41 50 50 44 47
Ho 49 52 55 57 56 49 46 42 47 55 56 51 5.1
Wa 55 58 58 59 59 56 51 49 51 56 56 54 55
AkimOda 45 48 49 52 49 43 40 38 42 48 49 45 46
Krachi 51 54 57 60 59 52 47 45 48 53 57 51 53
Yendi 52 55 56 59 59 54 50 46 50 56 57 52 54
Takoradi 48 54 55 57 52 44 44 42 46 55 56 50 5.0
Bole 54 58 58 58 57 51 46 45 48 55 55 53 53
Abetifi 50 55 56 56 54 48 48 46 47 52 56 51 52
Akuse 46 51 52 50 53 46 43 41 47 53 48 48 438

Average 50 54 55 56 55 48 46 44 47 54 54 50 5.1

Source: Energy commission, Ghana

According to Ghana Energy Commission, over 38,200 off-grid solar systems including lanterns
and 25 grid-connected solar systems with a total installed capacity of 8§ MW have been installed in 120
communities (Figure 1) [36-38]. In addition, 100,000 off-grid solar system installation contract has
been awarded to Azuri Technologies, in order to increase access to clean energy in rural Ghana [39].
All over the country, diffuse radiation constitutes over 30% of the total solar radiation and this is not a
good indicator for concentrating collectors used in solar thermal power plants. Solar thermal power
plants use the direct (beam) component of the solar radiation. The direct (beam) solar radiation is
highest in the small parts of the Upper West region. Flat plate solar collectors and PV modules are not
affected by the diffuse fraction, and thus may be used effectively anywhere in the country. In Figure 1,
the solar PV installation in Ghana is given.

The installed systems include: Solar Hospital System for vaccine refrigeration and lighting; Solar
Home System for basic house lighting, radio and TV operation; Solar School System for classroom
lighting and television for Presidential Special Initiative on distance education; Solar Streetlight
System for lighting general meeting points, such as markets, lorry stations, water supply points and
important busy paths/roads requiring visibility; Solar Water Pumping System for the provision of
water and irrigation; Solar Battery Charging System for charging automotive batteries for operating
TV and radios in rural communities; Solar System for communication and centralized solar system for
providing AC power to the grid [42]. Currently, three grid-connected solar panels have been
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positioned at Energy Commission (4.25 kW), Ministry of Energy (50.0 kW) and Kwame Nkrumah
University of Science and Technology (4.25 kW) respectively. The total installed capacity of solar
PV is about 1.0 MW and generates approximately 1.8 GWh of electricity per year (Table 2). Solar
Water Heaters assembled by an indigenous company, Deng Ghana Limited are now installed in health
institutions, residential dwellings, restaurants, hotels, and laundries [42].
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Figure 1. Solar PV installations in Ghana, Adapted from [38,40,41].

Table 2. Solar PV installations in Ghana.

Solar PV systems Installed capacity (kW) Generation (GWh)
Rural home system 450 0.70-0.90
Urban home system 20 0.05-0.06
School system 15 0.01-0,02
System for lighting health centers 6 0.01-0.10
Vaccine refrigeration 42 0.08-0,09
Water pumping 120 0.24-0.25
Telecommunication 100 0.10-0.20
Battery charging system 10 0.01-0.02
Grid connected system 60 0.10-0.12
Solar streetlights 10 0.04-0.06
Total 853 1.34-1.82

Source: Energy Commission, Ghana
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2.1. Methodology

The solar resource assessment is analyzed in 8 stations, namely; Tamale, Bole, Wa, Yendi, Salaga,
Bolgatanga, Navrongo, and Bawku. In Figure 2, a map showing the selected stations in Ghana for the
study is given. In Table 3, the geographical coordinates of the eight locations used to generate the data
are given.

Burkina Faso

Ivory Coast

Yearly sum of global eradiation
Awhin] i a & o
<1800 2000 2200 @ Locations selected for the study

Figure 2. A map showing the 8 stations selected for the study [43].

Table 3. Geographical coordinates of 8 locations selected for the study.

Site Latitude (°) Longitude (°)
Tamale 9.40N 0.90W
Bole 9.00N 2.50W
Wa 10.10N 2.50W
Yendi 9.40N 0.01W
Salaga 8.60N 0.50W
Bolgatanga 10.80N 0.90W
Navrongo 10.90N 1.10W
Bawku 11.10N 0.20W

In order to estimate the solar resources of the aforementioned locations on a surface with arbitrary
orientation based on their direct normal irradiance (DNI) and diffuse horizontal insolation (lg), the
following parameters are considered: the tilt angle (), (¢) which is the surface angle of incidence
based on the earth’s declination angle (0), which is a function of day number (n), solar hour angle ()
based on the hour of the day, latitude (¢#), surface azimuth angle (y), zenith angle (6,), and solar

AIMS Energy Volume 4, Issue 5, 675-696.



681

azimuth angle (ys). For brevity, these angles and set of consistent sign conventions for solar resource
modeling are available in the literature [44,45], nevertheless, a schematic representation of the
research framework is shown in Figure 3. Since the success of all solar energy technologies depends
mainly on the availability of accurate and reliable solar energy data, data for the 8 locations in Ghana
were generated using Meteonorm 7 software and placed in a Typical Meteorological Year 2 (TMY?2)
format. Due to varying atmospheric losses with meteorological conditions, terrestrial solar resources are
always less than the maximum resources. Therefore, the most accurate way to model the atmosphere is
to use a Typical Meteorological Year (TMY). However, due to the absence of TMY, a synthetic TMY?2
developed by National Renewable Energy Laboratory (NREL) is employed in the study.
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Figure 3. A schematic representation of the research framework.
2.2. Solar resource assessment
2.2.1.  Average daily insolation

In Appendix A, the average daily insolation in kWh-m™* for 6-characteristic surfaces at Salaga,
Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa and Yendi are given respectively. In Salaga, the
maximum average daily insolation is 5.90 kWh-m *-day ' which occurs in March at a tilted
characteristic surface p;= ¢ and y,= 0°. The minimum average daily insolation is 1.11 kWh-m *-day ™'
which occurs in December at a vertical characteristic surface facing North and West (Table S1).

In Bawku, the maximum average daily insolation is 6.76 kWh-m *-day ' which occurs in
February at a tilted characteristic surface f;= ¢ and y;= 0°. The minimum average daily insolation is
0.73 kWh-m *-day ' which occurs in December at a vertical wall characteristic surface facing North
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and West (Table S2). In Bole, the maximum average daily insolation is 5.98 kWh-m *-day ' which
occurs in February at a tilted characteristic surface f; = ¢ and y,= 0°. The minimum average daily
insolation is 1.11 kWh-m *-day ' which occurs in November at a vertical characteristic surface facing
North and West (Table S3).

In Bolgatanga, the maximum average daily insolation is 6.85 kWh-m *-day ' which occurs in
February at a tilted characteristic surface f;= ¢ and y;= 0°. The minimum average daily insolation is
0.64 kWh-m *-day ' which occurs in January at a vertical characteristic surface facing North and West
(Table S4).

In Navrongo, the maximum average daily insolation is kWh-m *-day ' which occurs in February
at a tilted characteristic surface P; = tilted y; = 0°. The minimum average daily insolation is
0.62 kWh-m *-day”' which occurs in December at a vertical characteristic surface facing North and
West (Table S5).

In Tamale, the maximum average daily insolation is 5.94 kWh-m *-day ' which occurs in both
February and March at a tilted characteristic surface ;= tilted y;= 0°. The minimum average daily
insolation is 1.11 kWh-m *>-day ' which occurs in November at a vertical wall characteristic surface
facing North and West (Table S6).

In Wa, the maximum average daily insolation is 6.46 kWh-m *-day ' which occurs in February at
a tilted characteristic surface B; = tilted y; = 0°. The minimum average daily insolation is
1.00 kWh-m*-day ' which occurs in both January and December at a vertical characteristic surface
facing North and West (Table S7).

In Yendi, the maximum average daily insolation is 5.77 kWh-m *-day ' which occurs in March at
a tilted characteristic surface B; = tilted y; = 0°. The minimum average daily insolation is
1.06 kWh-m 2-day ' which occurs in December at a vertical wall characteristic surface facing north
and west (Table S8).

2.2.2. Trends in daily insolation

In Figure 4, the trends in daily insolation in kWh-m > for 6-characteristic surfaces for; Salaga,
Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa, and Yendi are given respectively. There is a
constant trend in the daily insolation within the 8 locations, the maximum average daily insolation
occurs in 7 months (January, February, March, September, October, November, and December) at the
tilted characteristic surface B;= tilted y,= 0°, while the rest of the maximum average daily insolation
occurs in 5 months (April, May, June, July, and August) on the horizontal surface. The least average
daily insolation occurs in the vertical walls facing West while the third highest average daily insolation
occurs in vertical wall facing East in all the 8 locations which are useful in housing design. Thus, for
cooling and heating purposes in these locations, the windows can be mounted in the vertical walls
facing West and East.
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Figure 4. Trends in daily insolation for Salaga, Bawku, Bole, Bolgatanga, Tamale,
Navrongo, Wa, and Yendi.
2.2.3. Daily beam normal and diffuse horizontal insolation

In Figure 5, the beam normal and diffuse horizontal insolation in kWh-m 2 for Salaga, Bawku,
Bole, Bolgatanga, Navrongo, Tamale, Wa, and Yendi are given, respectively. From Figure 5, it can be
observed that Salaga, Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa, and Yendi respectively are
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endowed with beam normal insolation ranging from 0-9 kWh-m *-day ', which is a good resource for
concentrating solar technologies and diffuse horizontal ranging from 1-4 kWh-m *-day ', which is a
good resource for non-concentrating solar technologies. Bolgatanga has the highest beam normal
insolation of 0—12 kWh-m *-day .
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Figure 5. Daily beam normal and diffuse horizontal insolation for Salaga, Bawku,
Bole, Bolgatanga, Tamale, Navrongo, Wa, and Yendi.
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2.2.4. Solar resources and losses

In Figure 6, the average daily solar resources and losses for a surface with East-West tracking in
kWh'm ? for; Salaga, Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa, and Yendi are given,
respectively. In Figure 7, the average daily solar resources and losses for a surface with North-South
tracking in kWh'm ? for Salaga, Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa, and Yendi are given.
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Figure 6. Average daily solar resources and losses for a surface with East-West
tracking for Salaga, Bawku, Bole, Bolgatanga, Tamale, Navrongo, Wa, and Yendi.
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Figure 7. Average daily solar resources and losses for a surface with North-South
tracking for Salaga, Bawku, Bole, Bolgatanga, Tamale, Navrongo, Wa, and Yendi.

The total height of the bar chart showed in Figures 67 for Salaga, Bawku, Bole, Bolgatanga,

Navrongo, Tamale, Wa, and Yendi assumes that the sun shines 24-hours-a-day. There is a constant trend
of decreasing in the total height of the bar chart between April and September for all 8 locations in Ghana.
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There are two reasons for this trend; during these months, the Earth moves farther away from the Sun
and there are more precipitations during these months. Therefore, as night losses decrease there is an
increasing atmospheric loss due to moisture as a result of precipitations. In Figure 6, there are fewer
orientation losses than in Figure 7, the reason being that incidence angle tends to reduce between March
and September in Salaga, Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa and Yendi for a surface
with East-West tracking but the opposite happens for a surface with North-South tracking. This is to
show that East-West tracking is far more valuable for concentrating surfaces in Salaga, Bawku, Bole,
Bolgatanga, Navrongo, Tamale, Wa and Yendi than North-South tracking.

2.2.5. Solar resources for concentrating and non-concentrating

In Figure 8, the average monthly solar resources for non-concentrating surfaces with 2-Axis,
North-South and East-West tracking in kWh-m >-day ' for Salaga, Bawku, Bole, Bolgatanga,
Navrongo, Tamale, Wa, and Yendi are given respectively. In Figure 9, the average monthly solar
resources for concentrating surfaces with 2-Axis, North-South and East-West tracking in
kWh-m *-day ' for Salaga, Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa and Yendi are given
respectively.

Non-concentrating and concentrating surfaces with 2-Axis for Salaga, Bawku, Bole, Bolgatanga,
Navrongo, Tamale, Wa, and Yendi have the highest daily insolation throughout the year, this is
because there are no orientation losses (cosd = 1). 2-Axis is the best option for tracking surfaces yet, it
is capital intensive. Non-concentrating solar resources range between 0 to 9 kWh-m >-day ' compared
to 0-6 kWh-mfz-dayf1 for concentrating solar resources. In other words, Salaga, Bawku, Bole,
Bolgatanga, Navrongo, Tamale, Wa and Yendi have better non-concentrating solar resources
compared to concentrating solar resources.

The trend in the decline of solar resources between April and September in Figure 8 shows that
there are problems with intermittent and seasonal variability of solar resources in the 8 locations in
Ghana within these months. This means that, in order to fully harness and utilize these solar resources,
there is the need of storage for concentrating surfaces and backup for non-concentrating surfaces.

2.3. Model verification and validation

To make this study more valid, a verification of the study’s model was done by comparing
average daily insolation (observed) with a third-party software, RETScreen Clean Energy Project
Analysis modeling software (expected) designed by Natural Resources Canada. A Regression analysis
was performed to measure the goodness of fit in order to know how the study’s model fits the
measured solar radiation data by NASA in the RETScreen Clean Energy Project Analysis modeling
software. In Figure 10, the validation of daily insolation in kWh-m ? for; Salaga, Bawku, Bole,
Bolgatanga, Navrongo, Tamale, and Wa are given, respectively. Data for 7 locations were verified
with data from NASA except for Yendi due to data unavailability. R-Square (R”) was analyzed to
ascertain how many points fall on the regression line. R? values for Tamale, Wa, Bolgatanga, Bole,
Bawku, Navrongo and Salaga are: 0.86, 0.87, 0.90, 0.97, 0.86, 0.83 and 0.75, respectively. In addition
to R%, Pearson’s correlation (r) was estimated to examine the strength and direction of the association
between the NASA and the TMY2 data. Evidence from Figure 4 shows a positive monotonic
relationship between the NASA data and the TMY2 data as r approaches 1, with a minimum r in
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Salaga (r = 0.87) and a maximum r Bole (r = 0.99). The TMY?2 data appears closer to the NASA data
since Bole has 97% of the goodness of fit. Nevertheless, inconsistency between the TMY?2 and NASA
data may be due to seasonality changes in measurements which are inconclusive.
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3.  Renewable energy targets and challenges
3.1. Renewable energy targets

The Eight Hundred and Thirty-Second ACT of the Parliament of the Republic of Ghana entitled:
Renewable Energy Act, 2011 has assented to provide for the development, management, utilization,
sustainability and adequate supply of renewable energy for generation of heat and power for related
matters by the year 2020 [16,35]. The strategic objective of the energy sector in Ghana is to
accelerate the development and utilization of renewable energy and energy efficiency technologies to
achieve 10% penetration of national electricity and petroleum demand mix respectively by 2020.
This is because the Government of Ghana identifies the advantages of local and renewable energy
resources to supplement the present conversional and traditional energy mix of the country [16].
Table 4 shows a summary of renewable energy targets by the Ministry of Energy, Ghana. According
to the energy sector, the nation targets 10% of renewables in the electricity supply mix in terms of
installed capacity and 10% of renewables in terms of petroleum fuel supplies by 2020. The Ministry
of Energy states that Ghana’s -exploitable potential of 500 MW from wind, solar, hydro and
biomass/waste-to-energy sources would require an investment of US $640-900 million” [46]. The
exploitable potential of 500 MW from wind is in contrast with RECIPES [47], which says wind energy
is unknown in Ghana and because of the huge potential of solar, hydro and power from waste it is not
expected that wind energy will contribute substantially to the energy supply.

In Figure 11, the projection of the 10% renewable energy in electricity generation mix by 2020
is given. Wind energy is estimated to provide about 48% of the renewable energy targets by 2020. In
addition, Medium and small hydro is estimated to provide about 30% while modern biomass and
solar energy are estimated to provide 18% and 4% respectively in the Electricity Generation Mix by
2020 which requires an investment of US $640-900 million.

Table 4. Summary of renewable energy targets by the ministry of energy, Ghana.

Energy source Exploitable potential (MW) Investment requirement US
§ (Million)

Wind 240 200-300

Solar 20 100-150

Small-Medium hydro 150 200-300

Modern Biomass/ waste to energy 90 90-150

Total 500 640-900

Source: Energy Commission, Ghana
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Figure 11. Projection of the 10% renewable energy in the electricity generation Mix
by 2020.

3.2. Challenges

The fundamental goal of the Government of Ghana’s development agenda as enshrined in the
Growth and Poverty Reduction Strategy (GPRS II) is to grow the economy in order to reduce poverty
among Ghanaians. However, the challenge is how to increase the energy supplies and also expand the
energy infrastructure in order to achieve the development targets. Another challenge facing renewable
energy development in Ghana is the high cost of these energy sources owing to the current state of their
technology. Renewable energy implementation is hindered by the inadequate tariff frameworks, a
challenging investment climate, limited technological advancement and capacity, and the deficiency
of renewable energy experience [38]. Finally, the major challenge in biomass energy supply is how to
reverse the decline in the fuelwood resource base of the country and further sustain its production and
use by improving the efficiency of production and use.

4. Discussion

The solar resource assessment provides evidence that needs further analysis. Ghana is endowed
with solar resource potentials thus, concentrating and non-concentrating which are available across
the country. A recent study by Asumadu-Sarkodie and Owusu [22] examined the potential and
economic feasibility of solar photovoltaic power systems in Ghana. Evidence from their study shows
that 5 MW of grid-connected electricity can be harnessed from 20 strategic locations in Ghana,
which requires an investment capital of US $17,752,179 and a land requirement of 25,313 m? for
photovoltaic power system installation across Ghana. Even though their study highlighted some
location with limited potential for a 5 MW of grid-connected electricity nevertheless, low capacity
photovoltaic power system installations can be utilized in those locations. Currently, a US $ 230
million solar investment deal have been made for a 5-year period, which encompasses: mini-grid and
standalone solar PV systems, solar photovoltaic-based metering with storage, a utility-scale for solar
PV and wind power generation and a rapid technical assistance team for managing renewable energy
projects [38]. The Government of Ghana aims at deploying about 30,000 solar home systems and
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2,000,000 solar lanterns by the end of 2020. In the meantime, Ghana’s energy commission has already

issued permits and licenses for utility-scale solar power projects adding up to 1.84 GW power

generation and a 20 MW solar project under construction by a permitted private company [38].
Against the backdrop, the following policy recommendations are proposed:

e  There is the need for an enhanced foreign collaboration that facilitates access to clean energy
technologies and research while providing investment capital in energy infrastructure and its
related technological advancement.

e  Efforts that promote local and foreign investment in renewable energy technologies should be
encouraged through tax reductions and incentives.

e  Efforts should be aimed at improving energy efficiency through energy saving policies and
strategies that increase awareness on energy saving options.

e  Efforts should be made towards supporting academic and research institutions on technological
advancement in renewable energy options that can contribute to the country’s role in ensuring
universal access to clean, affordable and reliable modern energy services towards achieving
sustainable energy for all.

e The Government should formulate policies that ensure conducive investment environment,
encourage innovations and enhance scientific research as a way of providing job opportunities
for the youth.

5. Conclusion

This study investigated the solar resource potential in Ghana and how this huge potential can be
utilized as an alternative to the hydropower, to grow and modernize the Ghanaian economy in order to
decrease the high prevalence of poverty. With the current load shedding in Ghana, it was essential to
examine other renewable energy sources that can be added to the grid installed capacity to ease the
burden on Ghanaians. Ghana has an exploited hydropower capacity of 1580 MW from Akosombo,
Kpong and Bui dam which represents 67% of energy generation. It is estimated that the potential
usable renewable energy resource for Ghana still untapped consist of 50—-100 MW solar energy which
requires an investment of US $100—150 million.

As part of the study, solar resource assessment and performance were evaluated at 8 locations in
Ghana namely Salaga, Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa and Yendi. The study
employed data from 1991-2010 using the Meteonorm 7 software to generate data in TMY2 format and
validated the model using the RETScreen Clean Energy Project Analysis modeling designed by
Natural Resources Canada. A summary of findings from the study is as follows:

e The maximum average daily insolation in Salaga, Bawku, Bole, Bolgatanga, Navrongo, Tamale,
Wa, and Yendi are 5.90 kWh-mfz-dayfl, 6.76 kWh-mfz-dayfl, 5.98 kWh'mfz'dayfl,
6.85 kWh-m *-day”', 6.86 kWh-m *-day ', 5.94 kWh-m *-day ', 6.46 kWh-m *-day ' and
5.77 kWh-m*-day ' which occurs in February-March at a tilted characteristic surface p;= ¢ and
ve=0°.

e The vertical wall facing west in all the 8 locations has the least average daily insolation and
vertical wall facing east in all the § locations has the third highest average daily insolation which
can be useful in housing design. For building design, windows can be mounted in the vertical
walls facing west and east for cooling and heating in all-weather conditions in Ghana.

e Salaga, Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa, and Yendi are endowed with beam
normal insolation ranging from 0-9 kWh-m *-day ' which is a good resource for concentrating
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solar technologies and diffuse horizontal ranging from 1-4 kWh-m *-day ' which is a good
resource for non-concentrating solar technologies.

e [FEast-West tracking is far more valuable for concentrating surfaces in Salaga, Bawku, Bole,
Bolgatanga, Navrongo, Tamale, Wa and Yendi than North-South tracking.

e The trend in the decline of solar resources between April and September in Salaga, Bawku, Bole,
Bolgatanga, Navrongo, Tamale, Wa, and Yendi shows that there are problems with intermittent
and seasonal variability of solar resources in the 8 locations in Ghana within these months. This
means that, in order to fully harness and utilize these solar resources, there is the need of storage
for concentrating surfaces and backup for non-concentrating surfaces.

The abundance of solar resources in Salaga, Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa
and Yendi, shows that Ghana is endowed with solar energy potentials which are conducive for the
installation and utilization of solar energy technologies and systems. Harnessing the renewable energy
potential and incorporating it into existing energy portfolio of Ghana can help reduce, if not eradicate
the frequent erratic power outages and load shedding that has become a burden to Ghanaians. Investing
in this energy potential will drastically boost the productivity of businesses, industries, and the
transport sector while making a significant contribution to the export earnings of the country.

The study proposes a future research on how to harness the solar energy potentials in Salaga,
Bawku, Bole, Bolgatanga, Navrongo, Tamale, Wa and Yendi in order to serve as a benchmark for
future investment in clean energy potentials in Ghana.
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