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Over 600 million people living in sub-Saharan Africa do not have access to electricity. Modern healthcare services, including vaccine
refrigeration, which require electricity are therefore lacking in such energy-deprived communities. In this work, analysis has been
conducted on how electricity access can help improve healthcare service delivery and rural development, with a case study on 3
different off-grid solar photovoltaic (PV) systems in community-based health planning and services (CHPS) in Ghana. Analysis
from this study showed that for the 3.0 kWp solar PV systems installed at the various sites, the in-house electricity consumptions
are between 4.30 and 7.58 kWh per day. It was found out that excess electricity generation of 148–304 kWh per month is available
and can be used to provide other economic services including phone charging, torchlight battery charging, and small-sized cold
storage services to generate income for the maintenance of the systems, which is critical for sustainability of solar PV installations
in rural poor communities. The study results also showed that electrified health facilities which are able to provide basic healthcare
services have potential impact on community health outcomes and rural development. Assessment conducted at the CHPS
compounds revealed that, generally, there is improvement in healthcare service delivery resulting in time savings of 15-43 hours
per month for the inhabitants which can potentially be used for productive work. The time savings were more significant in
females and children than in males. In many rural agro-based communities in developing countries, female and children are
usually the workforce engaged in various farming activities. This paper concludes that access to electricity in CHPS compounds
helps to improve community health outcomes and increases time availability for women to engage in productive work that can
potentially result in significant socioeconomic activities and rural development.

1. Introduction

It is estimated that, worldwide, over 1 billion people do not
have access to electricity [1]. In sub-Saharan Africa alone,
the number is alarming and stands over 600 million [2], with
more than 60% of them living in rural deprived communi-
ties without any hope of grid electricity in the near future.
A huge leap-frog and an integrated bottom-up approach

with private sector financing [3] is needed in such commu-
nities if universal access to modern energy services by 2030
is to be realized [4].

Access to modern energy services has strong link with
socioeconomic development of communities [5–9] and more
importantly when the energy is put into productive use [10].
In areas where the national electricity grid is not available
(off-grid areas), renewable energy solutions [11] including
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solar energy have been proposed as good options [12–14].
For rural off-grid renewable energy solutions, appropriate
energy storage technologies are critical for their reliability
[15]. A number of research studies have therefore been con-
ducted on standalone solar PV systems with battery-based
energy storage for off-grid electricity access for various appli-
cations including water pumping, quality healthcare service
delivery, and phone charging [14, 16, 17].

In the health sector, access to energy is critical for
delivering and improving healthcare services and lifesaving
interventions [18]. Studies have shown that sustainable
development of communities is affected by the well-being
of its inhabitants which are often predetermined by the type
of energy used [19] and the availability of electrified health
facilities [20]. For example, in the studies of Hernández and
Siegel [21] and Zhang et al. [22], it has been determined that
energy poverty and insecurity has negative impact on peo-
ple’s health and community development [23]. In many
countries in sub-Saharan Africa, community-based health
facilities are either underelectrified or do not have access to
electricity [24, 25]. In cases where some of these remote
health facilities have received donor funding for standalone
renewable electricity generation systems, the systems have
suffered long-term sustainability issues due to poor mainte-
nance practices and ownership responsibilities.

In Ghana, there are a number of community-based
healthcare planning and service (CHPS) compounds, which
are unelectrified [25]. In 2017, United Nations Foundation
(UNF) implemented a pilot project that installed standa-
lone solar PV systems in 3 of these remote off-grid health
facilities/CHPS in the Mamprugu Moagduri District in the
northern region of Ghana. Since then, the potential impact
of the solar PV systems on healthcare service delivery and
community development has not been established. In addi-
tion, studies on innovative ways of ensuring long-term sus-
tainability of the systems are lacking. The objective of this
study is to evaluate how access to electricity in the CHPS
compounds has affected healthcare service delivery and rural
development in the communities where the standalone solar

PV systems have been installed. Further, a novel and practi-
cal approach of using energy service companies (ESCOs) to
manage extra electricity generation from the solar PV sys-
tems and generate revenue that can be used to maintain them
to ensure their long-term sustainability is presented.

2. Methodology

2.1. Setup of CHPS Compounds in Ghana. A CHPS com-
pound in Ghana is a community-based healthcare planning
and service model that addresses gaps in healthcare delivery
for remote rural communities in different districts in the
country. There are over 1410 health facilities or CHPS in
Ghana [26], with over 50% of them not having access to
electricity. The main objective of CHPS compounds is to
achieve universal healthcare coverage, including financial
risk protection, access to quality essential healthcare services,
and access to safe, selective, quality, and affordable essential
medicine and vaccines for all [26].

The CHPS compounds usually deliver healthcare to
remote communities with population between 500 and
1800. It is mainly constructed comprising 3 or 4 rooms in a
building, with one of the rooms used as accommodation for
the community health officer (CHO). The trained CHO is
usually supported by volunteers drawn from the area of ser-
vice. The CHPS compounds provide basic healthcare includ-
ing clinical care for minor ailments, vaccination, antenatal
services, midwifery, preventive and promotive services, and
emergency service deliveries. In situations where a reported
case is beyond their capabilities, the case is referred to the dis-
trict or subdistrict hospitals. Figure 1 shows the levels of pri-
mary healthcare in the districts [26].

2.2. The Study Area. The northern part of Ghana is one of the
deprived areas in terms of social amenities and modern
utility services. There are 27 districts in the three northern
regions which have a total land area of 70,384 km2 with
total population of over 3 million. The indigenes are mainly
farmers cultivating different crops including rice, millet,
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Figure 1: Levels of primary healthcare services in the districts in Ghana.
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maize, sorghum, peanut, and vegetables. Healthcare service
delivery is a challenge in the remote northern part of Ghana
due to unavailability of the national electricity grid, in addi-
tion to low-economic activities in many parts of the region
[26, 27]. It is also important to highlight that ambient tem-
peratures in the northern region are very high and can get
up to 35°C [28], which is not favorable for storage of drugs.
Controlled storage rooms, either ventilated rooms or vac-
cine refrigeration, are a requirement for proper storage of
drugs [29, 30].

Out of the over 185 CHPS compounds in the remote
northern part of Ghana [31], only a few of them have access
to or close to the national electricity grid. In a feasibility study
conducted by United Nations Foundation [25], on electri-
fication of off-grid health facilities in Ghana, the financial
analysis (cost-benefit comparison) revealed that for health
facilities located beyond 5 km from the national grid, stan-
dalone solar PV systems were financially the best options,
whilst for facilities within 5 km reach to the grid, it was finan-
cially viable to connect them to the national grid. In the
Mamprugu Moagduri District, in particular, there are 3
health facilities/CHPS without access to grid electricity and
are over 10 km from the national grid. They are Soo CHPS,
Namoo CHPS, and Yikpabongo health facility. In 2017,
through a pilot project, UNF facilitated the wiring of the
facilities and installation of electrical appliances and stan-
dalone solar PV systems. The solar PV system design and
installations were executed by Solar Electric Light Fund

(SELF), USA, through its local partner, Power World Lim-
ited, in Ghana. The types of electrical appliances installed at
the CHPS compounds are presented in Table 1.

2.3. Standalone Solar PV Systems at the 3 CHPS Compounds.
The standalone solar PV systems were designed and installed
at the three health facilities/CHPS compounds based on
their appliance electrical loads and energy needs. To accom-
modate potential future energy demands, 20% overhead was
factored into the design. Table 2 presents the specifications
of the same-sized solar PV system installations at the 3 sites.
Figure 2 also shows an example of the solar PV installation
at one of the sites. The unit cost of installation of solar PV
system components in Ghana is also presented in Table 3.

2.4. Solar System Configuration. The installed inverter for the
solar system consists of standardized components from Out-
back Power. These systems called “FLEXpower One” consist
of Outback VFXR3048E inverter-chargers with a nominal
capacity of 3000W, 48VDC input, and 230 VAC 50Hz output.

The Outback VFXR3048E is a hybrid inverter-charger
that is capable of being connected to the utility grid as and
when the opportunity arises, making the systems future-
proof and adaptable in a changing energy market. The
built-in AC charger can receive energy from any available
AC power source such as the grid or a generator, to help
charge the batteries via the advanced 4-stage battery charging
system (bulk, absorb, float, and equalization).

Table 1: Electrical appliances at the 3 CHPS in the Mamprugu Moagduri District.

Soo CHPS Namoo CHPS Yikpabongo HF

Inside lights: 16 pieces of 12-watt
LED bulbs
Outside lights: 10 pieces of 12-watt
LED bulbs

Inside lights: 15 pieces of 12-watt
LED bulbs

Outside lights: 10 pieces of 12-watt
LED bulbs

Inside lights: 20 pieces of 12-watt
LED bulbs

Outside lights: 5 pieces of 15-watt
LED bulbs

Ceiling fans: 5 pieces of 50 watts each
Television: 2 pieces of 55-watt 21-inch TV set

Ceiling fans: 6 pieces of 50 watts each
Television: 1 piece of 55-watt 21-inch

TV set

Ceiling fans: 6 pieces of 50 watts each
Television: 2 pieces of 55-watt 21-inch TV set

Fridge: 1 piece of 72-liter 70-watt vaccine
refrigerator

Fridge: no vaccine refrigerator
Fridge: 1 piece of 72-liter 70-watt vaccine

refrigerator

Table 2: Specifications of the standalone solar PV installations at the CHPS compounds.

Solar PV Battery storage Inverter/charger Controller

3.0 kWp installed; tilted at 15° angle
towards the south
Support structure: 8-inch ID (8.63-inch
OD) SCH40 steel pipe with 3.5-feet base
plate; 4.5-feet-deep concrete foundation

48V configuration; 38.4 kWh
total installed capacity; 24 pieces

of 2-V cell, 800 ah, gel-type
battery

3.0 kW; FLEXpower ONE hybrid inverter;
48 VDC input, and 230 VAC 50Hz output;

overload capacity of 5.75 kW (surge)

MPPT 80 amps
max. output
current, 48

VDC
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The FLEXpower systems also come standard with Out-
back’s FLEXnet DC (FNDC) battery monitor that tracks
the inflow and outflow of energy to the battery and provides
monitoring of the battery state of charge, instantaneous and
historical summary data on energy flows, and other battery
assessment parameters such as “Days Since Full” which tracks
the number of days since the battery has received a full charge.

Data obtained from the installations (using the SD mem-
ory card in the FLEXpower inverters) were used to determine
the in-house electricity use and excess electricity that could
potentially be used to create other economic activities to gen-
erate income.

The final energy output (EAC) of the solar PV systems
which is the amount of alternating current (AC) power pro-
duced over a given period of time was computed using the
following equation [32]:

EAC = 〠
N

t=0
EAC,t , ð1Þ

where EAC,t is the AC energy output at time t and N is the
period in this case a one-year period. The results obtained
from the analysis of the standalone solar PV systems at
the 3 health facilities/CHPS compounds are presented in
Section 3.

2.5. Assessing the Impact of the Solar PV System on Healthcare
Service Delivery. In order to ascertain how the installations of
the solar PV systems at the CHPS compounds have impacted
healthcare services delivery and community development,
records of outpatients before and after the system installa-
tion, spanning a 14-month period, were collected and ana-
lyzed. Data on reported cases including malaria, cholera,
and snake bites, which are common in the communities,
were gathered. In addition, through a community survey,
data were collected and analysis conducted on time savings
for productive work, as a result of improved health of the
inhabitants, which otherwise would have been spent caring
for their family members admitted at the CHPS compounds.
Equations (2) and (3) were used to compute the mean values
and the standard errors associated with the outpatient data,
respectively [33].

�X = 1
N

⋅ 〠
N

i=1
Xi, ð2Þ

σs =
tffiffiffiffi
N

p ×

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑N

1 Xi − �X
� �2
N − 1

s
, ð3Þ

where Xi is the i
th data point, �X is the mean value, N is the

number of data points, and t depends on N and the

(a) Solar PV array (b) Battery storage

Figure 2: Standalone solar PV system at the CHPS compounds.

Table 3: Unit cost per component of solar PV system installation in Ghana.

Variable Cost/value

Cost of solar PV modules US$ 0.48–0.55 per Wp of solar panels, based on brand and specific PV technology

Cost of battery US$ 134–152 per kWh, deep cycle, gel-type

Cost of hybrid inverter US$ 210–270 per kW of hybrid inverter, based on brand

Cost of cables for installing PV, inverter,
and battery system

US$ 350–450 per kW system, based on data obtained from licensed PV installers
in Ghana

Mounting poles and accessories
US$ 100–140, per meter length of 8-inch ID pipe, depending on material type

and specifications

Labour cost for installation of solar PV system
US$ 350–480 per kW of solar system installation, including battery and inverter.

Installation cost varies depending on the qualification of the installer

Maintenance cost for solar PV system
(cleaning of panels)

US$ 150–200 per kWp of PV array per year, based on data obtained from
licensed solar companies in Ghana

4 Journal of Energy



confidence level (in this case 95%). A value of t = 2:57 was
used from statistical tables [34].

In the community survey, data were collected on the
gender and age of the respondents and their occupation,
among others. In addition, some relevant questions asked
were as follows:

(i) Have you visited the CHPS compound for treatment
before?

(ii) When was the last time you visited the CHPS com-
pound for treatment?

(iii) How do you rate the service delivery at the CHPS
compound: high, good, adequate, or inadequate?

(iv) Do you think electricity access at the CHPS com-
pound has improved healthcare services delivery in
your community?

(v) How many hours do you think you save because of
improved healthcare that reduces the number of
times you fall sick to go to the CHPS compound?

2.6. Hypothesis Testing. It is generally claimed that in rural
agro-based communities, females and children play pivotal
roles in their community development [35–37], due to their
substantial involvement in both subsistence and commercial
farming activities. It is therefore hypothetically inferred that
better health conditions of females and children lead to more
time availability that can potentially be used for productive
work and socioeconomic development in rural agro-based
communities than men. To test the statistical significance of
this one-tailed hypothesis [38], we formulate the null (H0)
and alternate (Ha) hypotheses as follows:

(i) H0: improved health conditions of females and chil-
dren do not lead to more time savings (availability)
that can potentially be used to undertake productive
activities for socioeconomic development in rural
agro-based communities than males.

(ii) Ha: improved health conditions of females and chil-
dren lead to more time savings (availability) that
can potentially be used to undertake productive
activities for socioeconomic development in rural
agro-based communities than males.

The null and alternate hypotheses are mathematically
expressed as

H0 : μf ≤ μm,
Ha : μf > μm,

ð4Þ

where μf and μm represent the population mean of the
females and males, respectively.

The hypothesis presented in Equation (4) was tested by
computing the Z-score for two means as given by Equation
(5) [38, 39]:

Z = xf − xmð Þ − μf − μmð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
σ2f /N f
� �

+ σ2m/Nmð Þ
q , ð5Þ

where xf and xm are the sample means for the females and
males, respectively. Equations (4) and (5) are also used to
test the hypothesis between children and males by replacing
the population and sample means, as well as the variance
for the females with that of children using μc, xc, and σ2

c ,
respectively. With the population variance (σ2) for the
grouped data unknown, it was estimated using the sample
variance (s2).

s2 = ∑N
i=1 f i mi − �xð Þ2

N − 1 , ð6Þ

where f is the frequency of response, mi is the class mid-
point, �x is the sample mean, and N is the sample size.
The results obtained for this study are presented in the fol-
lowing sections.

3. Results and Discussions

3.1. In-House Electricity Consumption. The daily in-house
(CHPS compounds) solar PV electricity consumption data
were obtained from the SD card data loggers installed in
the inverters from the different sites. Figure 3 shows the daily
solar electricity consumption by the Namoo, Soo, and Yikpa-
bongo CHPS compounds.

From Figure 3, it is observed that on the average, in-
house electricity consumption of 4.30 kWh, 5.52 kWh, and
7.58 kWh exist for Namoo, Soo, and Yikpabongo set 1 instal-
lations, respectively. The variations in the magnitudes of the
in-house electricity consumption at the 3 sites are due to dif-
ferences in quantities of the electrical appliances.

3.2. Sustainability of the Solar PV Systems. In many countries
in Africa, donor-provided community-based projects usually
face the challenge of ownership and system sustainability
responsibilities. In particular, electricity generation systems
in health facilities in rural off-grid areas in many developing
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countries suffer from long-term sustainability issues due to
limited budget for regular maintenance. Failure of minor
parts which could cost less than $10 to replace can render
the whole system unusable when funds are not provided. In
the works of Brew-Hammond [40], it was suggested that
energy systems in rural off-grid areas can be sustained if they
are used to generate productive economic activities that are
able to raise cash flow (income) for maintenance and replace-
ment of faulty parts.

In the case of the solar PV systems installed at the 3
CHPS compounds, analysis was conducted on how energy
service companies (ESCOs) can be used to address this
issue. The use of ESCOs to manage the extra electricity
instead of the healthcare providers presents an advanta-
geous marketplace innovation because they (ESCOs) have
the technical expertise to do proper operation and mainte-
nance of the systems. ESCOs would also have the right
capacity to identify technical problems with the solar sys-
tem, procure parts from the market, and implement appro-
priate maintenance solutions. In addition, the proposal to
use ESCOs to manage the extra electricity for revenue gen-
eration is to avoid distraction to the healthcare workers who
have core mandate of healthcare service delivery at the
CHPS compounds.

Analysis was conducted on the total electricity generation
from the solar PV installations to determine potential excess
electricity that can be sold to generate income. Figure 4 shows
the total electricity generation from the solar PV systems and

the excess generation for each of the sites that could poten-
tially be used to create economic activities.

From the result of Figure 4, it is observed that the total
seasonal electricity generation from the same size (3.0 kWp)
of installed solar PV systems at the sites is between 320 and
437 kWh per month. Based on the current in-house electric-
ity consumption at the various sites (presented in Figure 3),
it is determined that seasonal excess PV electricity gen-
eration of 222–304 kWh/month, 195–266 kWh/month, and
148–203 kWh/month are obtainable for Namoo, Soo, and
Yikpabongo, respectively, and could be explored to create
other economic activities in the communities. Further analy-
sis was therefore conducted on the potential of income gen-
eration from the excess electricity, as presented in the
following section.

3.2.1. Income Generation Potential with the Excess PV
Electricity. In the analysis of the income generation potential
with the excess electricity from the solar PV installations at
the three sites, the electricity tariffs for the residential sector
in Ghana as published by the Public Utilities Regulatory
Commission [41], in Ghana pesewas (GHp), were used
(Table 4).

It is important to note that in Ghana, the electricity tariffs
are different for different customer categories. For the pur-
pose of the financial analysis, the local currency (Ghana
Cedis—GHS) was converted to US$ using Ghana Commer-
cial Bank exchange rates (US cent 1.0 is equivalent to GHp
5.5). Figure 5 shows the potential monthly average income
generation from the excess solar PV electricity generation
at the 3 sites if sold at the current tariff rate for the residential
sector in Ghana.

From the result of Figure 5, it is determined that average
revenues of US$ 34, US$ 29, and US$ 22 per month could be
generated from the Namoo, Soo, and Yikpabongo sites,
respectively. In total, annual revenue generations in the range
of US$ 270-405 are achievable for the sites from the sale of
the excess electricity. It is important to emphasize that this
revenue generation is very substantial considering the fact
that the inhabitants of the communities where the study
was carried out fall below the poverty line of average earnings
of US$1 per day.
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Table 4: End user electricity tariffs.

kWh/month

0-50 GHp/kWh 30.7780

51-300 GHp/kWh 61.7488

301-600 GHp/kWh 80.1380

601+ GHp/kWh 89.0422

Service charges

Lifeline consumers GHp/month 213.0000

Other residential consumers GHp/month 703.8906
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From this analysis, it is argued strongly that for the huge
investment made by UNF on the solar PV systems to be sus-
tainable, private energy service companies (ESCOs) should
be engaged to manage the excess electricity in order to raise
revenue for operation and maintenance of the systems. It is
however recommended that under such arrangements, the
PV systems should incorporate electrical load divider devices
that allow only the excess electricity to be used by the ESCOs,
in order not to overdrain the system to jeopardize the core
operations of the CHPS compounds.

The following section presents the scenarios under which
an ESCO can create an economic activity from the excess PV
electricity generation.

3.2.2. Proposed ESCOModel. In Ghana, under the power sec-
tor regulatory framework [42], two (2) main companies ECG
(Electricity Company of Ghana) and NEDCO (Northern
Electricity Distribution Company) have the mandate to sell
power from the national grid to consumers. However, for
standalone systems for off-grid communities, a potential
consumer can engage an ESCO for electricity power systems
under mutual financial agreement. However, that ESCO has
to be licensed with the Ghana Energy Commission to be able
to operate. Many off-grid households and facilities therefore
have different financing arrangements with ESCOs that
enable them to get access to electricity including the pay-
and-use model.

Indigenes in many remote off-grid areas in Ghana usually
use rechargeable lamps for lighting in the night. In addition,
some of them use phones for communication. The recharge-
able batteries of the lamps and the phones are sent through
local couriers at a fee to have them charged in nearby cities
(with grid electricity) which are usually about 10-25 kilome-
ters away. The fee for charging a phone and the rechargeable

lamps are 80 and 100 Ghana pesewas, respectively, per day
(US cents 14.5 and 18.2 equivalent). From the result pre-
sented in Figure 4 with different available excess PV electric-
ity generation for the 3 sites, a marketplace innovation using
the ESCOs is proposed (Table 5).

The proposed fees for charging the appliances per day by
the ESCOs are lower than the current practice of charging
appliances by the inhabitants when they send them to the cit-
ies. The reduced charging fee (about 31-34% reduction, com-
pared to charging at the cities) is to encourage the inhabitants
to charge their phones and torchlights with the excess solar
PV electricity generation at the CHPS compounds.

As mentioned earlier, one of the objectives of this study is
to find out the nexus between electricity access, health of the
people, and community development. The results obtained
are presented in the following section.

3.3. Impact of Electricity Access on Healthcare Service Delivery
and Community Development. Analysis was conducted
on how access to electricity at the CHPS compounds has
improved healthcare service delivery to the people and
inherently its impact on health outcomes and community
development. Primary data were collected from the number
of cases reported at the CHPS compounds. Improvement in
the healthcare service delivery was measured using the drops
in reported cases at the CHPS compounds. Figure 6 shows
the percentage drops in the common diseases prevalent in
the communities.

From the result of Figure 6, it is observed that there have
been drops (14-45%) in the common ailments in the commu-
nities, which could be ascribed to multiple factors. From the
interactions during the community survey, the indigenes
reported that they have experienced improved health out-
comes due to electricity access at the CHPS compounds.
The improved health outcomes could be attributed to

Table 5: Proposed economic activities for the ESCOs for the 3 sites.

CHPS compound
Excess electricity
(kWh/month)

Excess electricity
(kWh/day)

Proposed economic activities for the 3 sites

Namoo∗ 222–304 7.4–10.1 Charging of phones at a fee of US cents 10.0 per day

Soo 195–266 6.6–8.9 Charging of rechargeable lamp batteries at US cents 12 per day

Yikpabongo 148–203 4.9–6.8 Namoo site can run a small vaccine refrigerator of 50W capacity∗
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improved healthcare service delivery that provides basic ser-
vices including proper ventilation of drug storage rooms for
medications that require storage temperatures below 30°C.
In addition, the electricity access allowed proper refrigera-
tion of vaccines which require temperatures in the range of
3-7°C. Information gathered from the community nurses
was that before the installation of the solar PV systems, they
had to travel long distances (over 10-25 km) to nearby cities
to buy ice to keep the vaccines cooled in food flasks, with
unregulated temperatures. This practice usually rendered
the drugs ineffective resulting in frequent returns of same
attended issues. In particular, vaccines for treating snake
bites were usually ineffective because of the improper refrig-
eration practice.

In order to ascertain how the improved healthcare has
impact on community development, a survey was conducted
with the inhabitants in the communities. The survey results
are reported in terms of time savings spent on health-
related issues as a result of more effective healthcare delivered
by the electrified CHPS compounds. Figure 7 shows the
monthly mean time savings, in hours. It is important to men-
tion that because of lack of record keeping by the inhabitants,
the community survey did not allow for measurement of
desired econometric parameters. However, amidst lack of
econometric information, data on time savings by the inhab-
itants, which otherwise would have been used to take care of
themselves or their family members at the CHPS com-
pounds, were analyzed. This time savings per month could
be translated into time for productive work which has strong
relation with community development.

From the survey results of Figure 7, it is evident that
access to electricity and improved healthcare services have
more significant impact on females and children in rural
agro-based communities than males. Results of this statistical
analysis is presented in Section 3.4. On the average, time sav-
ings of 43 hours and 21 hours per month were reported for
females and children, respectively. The time savings translate
to available time of about 1 week (43 hours) and 3 days
(21 hours) for productive work for the females and children,
respectively, in the communities. It is important to note that
in many rural agro-based communities in developing coun-
tries, female and children are usually the workforce engaged
in various farming activities that results in significant pro-
ductivity and community development [35–37, 43]. It is
therefore argued that access to electricity that helps to
improve healthcare and increases time availability for women
to engage in productive work can result in significant socio-
economic development of societies [23].

3.4. Statistical Analysis of Time Savings due to Electricity
Access in the CHPS Compounds. In order to ascertain the sta-
tistical significance of the time savings for females and chil-
dren compared to that for males, the concept of hypothesis
testing presented above (Section 2.6) was applied to the data
collected on the field. Table 6 summarizes the results of the
statistical analysis at significance level α = 0:05. From statisti-
cal tables, the critical Z value for a right-tailed test under this
significance level is Zc = 1:64. The rejection region for this
right-tailed test is therefore fZ : Z > 1:64g.

From Table 6, since the calculated Z value for females
and males is Z = 33:0 > Zc = 1:64, it is concluded that the null
hypothesis is rejected. Similarly, the calculated Z-score for
children and males is Z = 5:6 > Zc = 1:64, and therefore, the
null hypothesis is rejected. In addition, since the P values
are zeros which are less than 0.05, the null hypothesis is
rejected. From the hypothesis testing, since the null hypoth-
esis is rejected, the alternate hypothesis that “improved health
conditions of females and children lead to more time savings
(availability) that can potentially be used to undertake pro-
ductive activities for socioeconomic development in rural
agro-based communities than males” is accepted.

4. Conclusion

In this study, analysis has been conducted on how access to
electricity can potentially improve community health and
development in rural energy-deprived communities in devel-
oping countries, with a case study in Ghana. From this study,
the following conclusions are made:

(i) For the 3.0 kWp solar systems installed at the study
sites, there are excess electricity in the magnitude
of 148-304 kWh per month that could be used by
ESCOs to generate income for the maintenance
and operations of the systems, which is critical for
their sustainability

(ii) It was determined that electricity access in the CHPS
compounds has improved healthcare service deliv-
ery resulting in positive health outcomes which
translates to a healthier community that is always
needed for community development

(iii) From the results of hypothesis testing, it has been
determined that access to electricity in the CHPS
compounds has more impact on females and chil-
dren than males. Better health conditions of females
and children lead to more time savings that can

Table 6: Results for statistical significance of time savings among females, children, and males.

Females Male Children

Sample size 52 48 45

Sample mean 43.1 15.4 21.3

Standard deviation 2.7 5.2 4.9

Calculated Z-score of females and children compared to males 33.0 5.6

Computed P value P = 0 < 0:05 P = 0 < 0:05
95% confidence interval 26:056 < μf -μm < 29:344 3:847 < μc-μm < 7:953
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potentially be used to undertake productive activities
for socioeconomic development in rural agro-based
communities

4.1. Further Studies. The present study has analyzed electric-
ity access in CHPS compounds and how it can improve
healthcare service delivery in remote off-grid communities
in developing countries, with a case study in Ghana. Inferring
from the data obtained from outpatient records, percentage
drops in reported cases of ailments in the CHPS compounds
were determined. Whilst the authors believe that the electric-
ity access has contributed to these drops in reported ailment
cases, it is important to mention that these positive health
outcomes could be ascribed to multiple factors. Future stud-
ies to decouple these factors and determine the specific corre-
lation between energy access and improved health outcomes
are worth investigating.
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