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Introduction

Underutilisation of health clinics can increase morbidity and mortality both in developed and in developing
countries. During a health crisis, such as the ongoing COVID-19 pandemic, people might become more
reluctant to use health clinics. Consequently, utilisation rates of health clinics might decrease, risking both an
increase in morbidity as well as slowing down the transmission of information relevant to the containment
of the pandemic — the majority of which is disseminated through clinics.

Increasing clinic utilisation has been high on the policy agenda in many developing countries. A key strategy
for improving health systems is through strengthening the health infrastructure itself, by upgrading buildings
and equipment, staffing, ICT and transport (Olatomiwa et al., 2016; Chib et al., 2008; Adorno-Williams et
al., 2015; Finan et al., 2017). A fundamental component of this is providing access to electricity, which can
improve healthcare quality (Brenneman & Kerf, 2002; World Bank, 2008) and increase health seeking
behaviour (Lenz et al., 2017; Akeju et al., 2016). This may be especially important during crisis times, when
people may shy away from clinics fearing nosocomial transmission (Lowes and Montero, 2018).

Universal access to electricity is now considered a primary goal for sustainable development and significant
resources have been invested by domestic governments and international institutions to achieve this goal.
Access to affordable and clean energy is a Sustainable Development Goal, and the United Nations supports
“expanding infrastructure and upgrading technology to provide clean energy in all developing countries”.
Several of the major donors have earmarked significant funding to this cause. The World Bank “Lighting Africa
Initiative” aims to provide 250 million Africans with access to energy by 2030 (World Bank 2007). USAID
launched “Power Africa” with a main goal of adding 60 million new electricity connections across the
continent in the upcoming years.

We focus on Sierra Leone, where just 2.5% of the rural population have access to electricity. The country has
high levels of child and maternal mortality. In 2020, maternal mortality was 1,360 deaths per 100,000 live
births. Sierra Leone also has the 4™ highest under-five mortality rate in the world. To achieve universal
access and increase clinic quality, the new government calls improving the supply of energy “an imperative
for any meaningful development and poverty reduction”. With international donor support, the Government
of Sierra Leone (GoSL) has embarked on a large-scale programme to boost access to electrification through
the Rural Renewable Energy Project (RREP). We evaluate the impact of the RREP on clinic quality and health
seeking behaviour just before the COVID-19 outbreak and assess health seeking behaviour during the crisis.

We find that, in Spring 2021, electrified clinics had on average 53% more working appliances and 34% more
types of vaccines and drugs in cold storage than clinics in un-electrified communities. This increase in clinic
quality however, does not translate to increases in health-seeking behaviour.

Sierra Leone recorded its first COVID-19 case on 30 March 2020, and has since seen a steady increase in
cases. Using data on patient visits collected from health clinic registers, we see that, over time, reported
health seeking increases, both in electrified and non-electrified clinics. In addition, the pre-COVID-19
utilization gap almost disappears for diverse types of visits. In all, the data suggests that electrification
increases clinic quality and thus utilisation.



Health in Sierra Leone

Sierra Leone ranks 182th out of 189 countries in the Human Development Index (UNDP 2020). Preventable
diseases are a major challenge: about 25% of deaths in the country are related to malaria (SSL, et al 2016).
The maternal mortality rate is 1,360 deaths per 100,000 live births and infant mortality rates are amongst
the highest in the world with 68 deaths per 1,000 live births. A key factor explaining these high mortality rates
is the lack of resources at clinics (WHO, 2018).

Rural electrification programme

We focus on the RREP, implemented by the GoSL in collaboration with the United Nations Office for Project
Services (UNOPS) and international donors including the UK Foreign, Commonwealth & Development Office
(FCDO). In its first wave, the project provides stand-alone solar-powered mini-grids to 54 Community Health
Centres (CHCs) across the country. Engineers construct solar mini-grids with between 6kW and 36kW of
generation capacity to provide reliable power to clinics year-round. CHCs receive electricity for free while
residential users can pay to be connected. In total, the country has 231 CHCs, each serving populations of
between 10,000 and 30,000 people (Robinson, 2019). Typically, a CHC has 2 beds and 5 full-time staff. The
54 clinics with mini-grids in our sample report to have an average of 15 hours of electricity per day. In
comparison, 66% of clinics without mini-grids report to have no electricity at all (Table Al). Of the clinics
without mini-grids, some receive electricity from stand-alone solar systems.

COVID-19 in Sierra Leone

As of September 2021, Sierra Leone had confirmed more than 6,000 cases of COVID-19 and 121 deaths (WHO,
2021). Due to low testing infrastructure and the large rural population, there is likely large underreporting of
both cases and deaths. Clinics have continued to operate during the COVID-19 crisis.

Materials and methods

Our data comes from 108 clinics in rural Sierra Leone, 54 of which have solar mini-grids constructed through
the RREP. The communities were selected to ensure they are comparable and representative of rural
communities in Sierra Leone. First, in 2016, a steering committee led by the Ministry of Energy selected half
of the communities from a nationwide list of communities with Community Health Centres to receive a stand-
alone mini-grid. This selection was based on demographic and facility criteria. The remaining communities
were selected using propensity score matching on data from the 2015 national Census, to be similar to the
communities selected by the Ministry of Energy.

Data sources

We collected data from 108 clinics in 14 of the 16 districts of Sierra Leone. The data collected from the clinics
come from two sources: first, enumerators conducted a 45-minute survey with the clinic in-charge during
their visit. This survey covered staff training and availability, clinic operations, equipment, drugs, and
cleanliness. Second, we digitized data from the patient registers at the same health facilities. These registers
are standardized by the Sierra Leone Ministry of Health and Sanitation (MoHS), and provide details on the
demographics and purposes of all patient encounters. We collected and digitized the monthly records from
the health facilities for 2019 through to February 2021.



Results
Clinic quality

In surveys with nurses, we asked about energy access, opening hours, average waiting times, the presence
of staff and the number of working appliances and vaccines/drugs in cold storage. Figure 1 provides summary
data on energy access in CHCs which did receive RREP mini-grids and CHCs in our comparison communities.
In RREP communities, the average facility has 15 hours of electricity per day, and 90% have at least fifteen
hours of electricity per day. In the comparison communities, a majority (69%) have no electricity on an
average day, and just 37% have at least 10 hours of electricity per day.
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Figure 1: Electrification of RREP and comparison clinics

Figure 2 compares electrified appliances in RREP facilities (those with mini-grids) and comparison
communities. This figure presents only the appliances which are working: because all appliances require
electricity to operate, some facilities own appliances which they are often unable to operate due to a lack of
electricity. Electrified clinics are more likely to own appliances (see also Table 1 below). This gap is apparent
for the most common appliances: refrigerators, freezers, and sterilizers. Fridges and freezers are vital for
storing vaccines and medication; without an operational cold storage unit, many of the central tasks of a CHC
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are impossible. Sterilizers enable everyday medical procedures to be conducted in a sanitary environment,
and are especially important for invasive procedures.

Electricity Use by Clinics

RREP CHC Comparison
Fridge 75.93 Fridge 49.02
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Figure 2: Electricity use at RREP and comparison clinics

Table 1 shows that on average the head nurse was present 11 hours per day, and the average waiting time
was about 11 minutes in comparison clinics. There are no differences in these outcomes for clinics with
mini-grids. As highlighted in Table 1, there is a marked difference with respect to clinic conditions: on
average, clinics in towns with mini-grids have 0.9 more electrified appliances (e.g., freezer, fridge, blood
bank, see Figure 2), an increase of 50%. In addition, there is a significant increase of 34% in the number of
types of vaccines or drugs in cold storage. RREP clinics are also 17% more likely keep any vaccines or drugs
in cold storage than comparison clinics. In sum, these results suggest that clinics with RREP mini-grids are
somewhat more able to benefit from reliable electricity year-round, increasing the cost-benefit calculation
of investing in equipment and storage.



Table 1: Electrification and clinic quality

% open Hours per day  Average No. of No. of types of % with ANY
at night head nurse patient wait working drugs in cold drugs in cold
works (minutes) appliances storage storage
Mean for 34.0 11.5 11.5 1.7 16.0 84
comparison clinics
Standard 47.8 6.7 10.3 1.2 9.9 37

deviation for
comparison clinics

Difference for 1.2 -0.3 -2.0 0.9%** 5.5%** 14.2%**

clinics with access

to mini-grid
Standard error (8.9) (1.3) (1.9) (0.2) (1.8) 0.5
Sample size 108 103 103 108 108 103

Notes: Data are from interviews with staff at 108 CHCs during fall 2019. The first and second row report the average and standard deviation
for the variable for CHCs in a comparison community. The third row represents the change for a CHC in an RREP community, compared to
one without. The fourth row adds the standard error in parentheses. Regressions at clinic level including district fixed effects. * p <0.10, **

p <0.05, *** p<0.01.

Focus groups

During qualitative interviews and focus groups at clinics with mini-grids with clinic staff, respondents
echo these findings. The increased availability of light is the most important impact of electrification
mentioned. Prior to electrification, staff used torches or phone lights to diagnose and treat patients after
dark. With constant electric light, from a mini-grid or other sort, treatment can routinely continue after
dark. This is especially important in emergent situations, such as for patients with traumatic injuries and
for child deliveries. One respondent told stories of torch batteries expiring in the middle of a delivery,
forcing medical staff to conduct the remainder in the dark. With constant light, nurses can detect
complicates earlier and more often, allowing staff to take prompt action or refer the case to the regional
hospital.

As one Community Health Officer (CHO) said, “Electricity is necessary to have safe deliveries for babies.
There was one time where we had no light, we were using a torch light, and when it came to snip the
umbilical cord for the baby we cut too close and had to treat the baby to ensure they didn’t die. Thankfully
the baby was okay, but if we had light, this would have never happened.”

Electrification also increases staff retention and safety: some staff members reported that having light
makes their quarters more comfortable, and they feel more secure and protected at night. Clinic staff
express concerns about the reliability of light from mini-grids: if the light is not constant, staff members
are still prone to injuries and security concerns. As a different CHO related, “There are only two of us who
work here, and patients are coming 24/7 where they knock on our doors if they need to be seen. This
would be fine if there was light all the time, but what happens is the light goes off the same time as it does



in the community, and we cannot see unless we purchase torch lights. This means we can hurt ourselves
on accident very easily. We as staff should be taken care of first, that way we can properly take care of
everyone else in the community.”

CHC utilization

Next, we present data from standardized monthly patient registers, in which clinic staff record patient
visits. Figure 3 and 4 show utilisation rates for the number of acute-care visits for patients under and above
five years old, respectively, for clinics in RREP communities (in red) and the comparison clinics (in blue).
Confidence intervals (95%) are included for the utilisation trend lines. These figures use a regression
analysis to assess the difference of electrification on utilisation at clinics. Specifically, we estimate a linear
model regressing clinic utilisation on whether a community has a solar powered mini-grid, and district
fixed effects to control for differences between districts. The vertical axis shows the number of patients
per month. The dashed vertical line indicates the initial COVID-19 lockdown period of 5-7 April 2020.
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Figure 3: New visits for children under 5 to RREP and comparison clinics



Figure 3 presents monthly register data for the number of visits for children under 5. A new patient is
classified as a person coming into the clinic for the first time for a new symptom. Prior to COVID, CHCs in
RREP communities tended to have slightly higher utilization rates than facilities in the comparison
communities. In January 2019, for instance, RREP facilities received an average of 102 and comparison
facilities received 68 new visits from under-five patients. Utilization of RREP and comparison communities
is similar over time: the difference is never so large as in the first month of our sample. Leading up to the
initial COVID-19 lockdown, we find a dip in utilisation among both RREP and comparison facilities, and
utilization rebounds in the months after. There is some suggestion that the post-COVID rebound is larger
in electrified clinics, and the trends for RREP and comparison facilities match each other during summer
2020.

We find a similar pattern for patients above five years old. Figure 4 shows that utilisation rates in clinics
with access to mini-grids are consistently higher than rates in comparison facilities: at the beginning of our
study period, January 2019, RREP clinics had an average of 113 new visits from above-five patients, while
comparison clinics had only 76. This holds across both pre- and post-COVID-19 lockdown. The gap between
RREP and comparison facilities is smallest at the beginning of the COVID period. In April 2020, RREP
facilities received an average of 87 new under-five patients each months, while comparison facilities
received an average of 73. While there is a slight decrease in utilization across all facilities in the period
around the lockdown, overall utilization levels remain depressed.
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Figure 4: New visits for children above 5 to clinics with and without mini-grids

Discussion

We present evidence on the role clinic electrification plays in clinic quality and levels of clinic utilization
both pre-COVID-19 and during COVID-19.

Electrified clinics have more appliances (freezer, fridge, blood bank, etc) which are important for providing
routine health services. This suggests clinics with RREP mini-grids are able to increase service quality as
they benefit from reliable electricity year-round, increasing the cost-benefit calculation of investing in
equipment and storage. The increase in clinic quality did not translate into a clear increase in new patient
utilization. Pre- and post-electrification, there is not a substantial change in the number of new patients
seen by clinics. While electrification may not have increased the quantity of treatment provided at RREP
clinics, the quality may have increased, due to improved equipment. This may have potential benefits for
e.g. vaccine distribution campaigns. Arce et al (2021) estimate that vaccine acceptability in Sierra Leone is
75-80 percent.

We assessed whether utilisation changed during the COVID-19 crisis. The London School of Hygiene and
Tropical Medicine (LSHTM, 2020) estimates that COVID-19 related restrictions (and possibly the fear of
contracting the disease at health facilities) sharply reduced visits to health facilities, and expect in Africa
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140 people will die for every COVID-19 death prevented. For the clinics in our sample, we find that during
COVID-19, clinic utilisation remained close to pre-COVID-19 levels. Notably, the gap in utilization between
electrified and un-electrified communities decreased. This is encouraging, as during epidemics,
containment efforts critically rely on people coming to clinics to be tested and receive treatment.
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