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Abstract

Access to energy is essential for resilient health systems; however, strengthening energy infra-

structure in rural health facilities remains a challenge. In 2015–19, ‘Powering Healthcare’ deployed

solar energy solutions to off-grid rural health facilities in Ghana and Uganda to improve the avail-

ability of maternal and child health services. To explore the links between health facility electrifica-

tion and service availability and use, the World Health Organization (WHO), in partnership with

Dodowa Health Research Centre and Makerere University School of Public Health, carried out an

implementation research study. The objectives of this study were to (1) capture changes in service

availability and readiness, (2) describe changes in community satisfaction and use and (3) examine

the implementation factors of sustainable electrification that affect these changes. Data were col-

lected through interviews with over 100 key informants, focus group discussions with over 800

community members and health facility assessment checklist adapted from the WHO’s Service

Availability and Readiness Assessment tool. Implementation factors were organized using

Normalization Process Theory constructs. The study found that access to energy is associated with

increased availability of health services, access to communication technologies, appropriate

storage of vaccines and medicines, enhanced health worker motivation and increased community

satisfaction. Implementation factors associated with improved outcomes include stakeholder en-

gagement activities to promote internalization, provision of materials and information to encour-

age participation, and establishment of relationships to support integration. Barriers to achieving

outcomes are primarily health systems challenges—such as drug stockouts, lack of transportation

and poor amenities—that continue to affect service availability, readiness and use, even where ac-

cess to energy is available. However, through appropriate implementation and integration of sus-

tainable electrification, strengthened energy infrastructure can be leveraged to catalyze investment
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in other components of functioning health systems. Improving access to energy in health facilities

is, therefore, necessary but not sufficient for strengthening health systems.

Keywords: Sustainable energy, implementation research, integration, availability and readiness Low-and Middle-Income

Countries (LMIC), Uganda, Ghana

Introduction

Many primary healthcare facilities in low- and middle-income coun-

tries do not have adequate access to electricity. A 2013 review of na-

tionally representative data in 11 countries in sub-Saharan Africa

found that, on average, one in four healthcare facilities did not have

energy access (Adair-Rohani et al., 2013). Only 28% of healthcare

facilities were found to have reliable (defined as not having pro-

longed interruptions) access to electricity (Adair-Rohani et al.,

2013). This energy gap has clear implications on the functionality of

healthcare facilities and the quality, availability and safety of essen-

tial health services delivered within them (Franco et al., 2017).

The World Health Organization’s (WHO) Service Availability

and Readiness Assessment (SARA) tool identifies access to energy as

a core requirement of functional health facilities, essential for the

operation of basic amenities, including lighting, refrigeration, steril-

ization, ventilation, communications and computer systems (WHO,

2015b). It is also required for the safe management of medical waste

(e.g. non-incineration methods) and access to clean water, as well as

for the operation of essential medical devices, including emergency

surgical, laboratory and diagnostic equipment (WHO, 2015a).

Energy security affects other health system elements such as attrac-

tion and retention of the health workforce, health facility hours of

operation and health service costs (WHO, 2015a). Scaling up sus-

tainable energy infrastructure in health facilities not only improves

service availability and quality but also contributes to ‘greening’ the

health sector by relying on cleaner and more resilient options

(Haines et al., 2007; Franco et al., 2017).

Despite these benefits, strengthening energy infrastructure in rural

areas remains a challenge due to the lack of planning, maintenance,

community participation, sustainable financing and institutional

adaptability (Bhattacharyya, 2013; Feron, 2016). Improved under-

standing of what strategies help to mitigate these challenges is needed

to help reduce health disparities caused by poor energy security.

The intervention
In 2015–19, the United Nations Foundation (UNF), with funding

from the UK Department for International Development, supported

the ‘Powering Healthcare’ programme in deploying solar energy sol-

utions to rural health facilities in Ghana and Uganda. The interven-

tion was implemented under the auspices of ‘Energy for Women’s

and Children’s Health’ and sought to enhance access to reliable elec-

tricity for the delivery of maternal and child health services. To en-

sure the successful implementation and sustainability of the project,

Powering Healthcare and UNF engaged multiple local and inter-

national partners across both the health and energy sectors.

At the national levels, implementation partners included: All in

Trade Ltd. in Uganda and Power World Ltd. in Ghana—both sup-

ported by the Solar Electric Light Fund. African Solar Designs Ltd., a

Kenya-based renewable energy company, provided an initial needs

assessment that informed the intervention. Ghana’s Ministry of

Energy and Uganda’s Rural Electrification Agency were consulted

and engaged in ensuring alignment with current and future

government-led electrification plans. Stakeholders at different levels

of the health system were engaged through Ghana Health Service

and Uganda’s Ministry of Health to define service delivery needs and

support the integration of energy infrastructure in health facilities.

Electricity needs can be categorized into ambient lighting (general

lighting for the facility and health workers), task (lighting for special tasks

and electricity to power essential equipment) and security (outdoor light-

ing for safety) (UNF; ASD, 2015a,b). African Solar Designs’ needs assess-

ments found that decentralized energy infrastructure—particularly small

solar photovoltaic systems—provides critical but insufficient energy access

across all three categories (UNF; ASD, 2015a,b). They determined that

the quality and reliability of energy infrastructure vary from service to ser-

vice but are generally inadequate for maternal and child health services

(UNF; ASD, 2015a,b). Furthermore, they found that many rural health

facilities had pre-existing solar photovoltaic systems that were no longer

maintained or operational due to poor integration, sustainability and scale

up (UNF; ASD, 2015a,b). The key challenges identified were the low

functionality of systems, lack of community ownership and no ongoing

investment in the maintenance of the systems (UNF; ASD, 2015a,b).

Powering Healthcare and UNF aimed to avoid these pitfalls

through following recommendations made in the needs assessments

and by national partners. They planned the installation of solar

KEY MESSAGES

• Improved energy access in rural health facilities is associated with increased availability of services (particularly at night), appropriate

storage of vaccines and medicines, and health workers’ self-assessed ability to carry out maternal and child health-related tasks.
• Availability of sustainable energy in rural health facilities is associated with improved community satisfaction of available health

services.
• Early and continuous engagement of stakeholders at the national, regional and local levels is required to ensure the suitable installa-

tion of energy infrastructure, community buy-in and participation, positive knock-on effects, and sustainability.
• Improving access to energy in health facilities is necessary, but not sufficient, for strengthening health systems and can support the

strengthening of other health system components such as workforce retention, access to medicines and availability of essential

equipment.
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photovoltaic systems based on anticipated future energy load

requirements rather than limiting system capacities to current needs,

allowing for further potential investment in health facility capabil-

ities. They planned community and stakeholder engagement activ-

ities targeted to different stakeholder groups and at various stages of

implementation. And they worked with national implementers who

have the skills and expertise necessary to monitor and maintain solar

photovoltaic systems remotely. In doing all this, the goal of the

intervention was the sustainable implementation of reliable energy

infrastructure in rural health facilities to improve the delivery of ma-

ternal and child health services.

Study rationale and objectives
For the intervention to achieve its goal, the integration of solar

photovoltaic systems (electricity) into the daily operations and con-

texts of rural health facilities and the adoption of energy-dependent

equipment are critical. Therefore, to understand the outcomes of the

intervention, the implementation factors affecting the integration

and adoption of energy capabilities must also be examined. To study

the outcomes and implementation of Powering Healthcare’s ap-

proach to solar electrification of rural health facilities, UNF part-

nered with the WHO’s Alliance for Health Policy and Systems

Research and the Department of Public Health, Environmental, and

Social determinants of health. The objectives of the study were

1. To explore changes in service availability and readiness follow-

ing solar electrification of rural health facilities;

2. To describe whether electrification of health facilities affects de-

mand for, utilization of and satisfaction with maternal and child

health services; and

3. To examine the effect of implementation factors on the adoption

and integration of improved energy capabilities and their roles

in achieving service availability, readiness and use outcomes.

Study context
Ghana

Seventy-nine percent of the general Ghanaian population has

access to electricity, with regional and geographical variations

(Bhattacharyya, 2013; IRENA; IEA; WHO; WB, 2019a). That is,

while 78% of urban dwellers are connected to the national grid,

<30% of rural dwellers have access to electricity (Cosgrove-Davies

and Moussa, 2019). Ghana’s health system includes three adminis-

trative levels: national, regional and district (including sub-district

and community) (UNF; ASD, 2015a). The operationalization of

Ghana Health Service’s Community-based Health Planning and

Services (CHPS) Policy has been a critical element of reform in

improving access to health care by establishing CHPS compounds to

deliver basic services to under-served populations at the village and

community levels. In this study, the focus is on sub-district and

community-level primary healthcare centres—often CHPS com-

pounds—as they are least likely to have access to electricity and are

the point of access to health services for a large portion of the popu-

lation (UNF; ASD, 2015a). Services available at these levels include

preventative, informational, maternal and child health, outreach

and referral (Ghana Health Service, 2002; Johnson et al., 2015).

During a needs assessment to inform the selection of health

facilities for electrification, African Solar Designs carried out 75

audits in six regions across Ghana, 87% of which were on CHPS

compounds (UNF; ASD, 2015a). They assessed both energy demand

and energy supply (UNF; ASD, 2015a). Based on their audit, prior-

ity was given to sites with no existing electrical power, longest dis-

tance from the national grid (and therefore lower potential of being

connected in the future) and serving a larger population (UNF; ASD,

2015a). Electrification activities were implemented in 26 health

facilities across three regions: Brong Ahafo Region (middle),

Northern region (northern savannah) and Western region (coastal)

reflecting the three ecological zones of the country (see Figure 1).

Uganda

Uganda has one of the lowest electricity consumption rates in Africa,

with the electrification rate at 27% nationally and 18% in rural areas

where �83.6% of the population resides (IRENA; IEA; WHO; WB,

2019b). In 2012, the government rolled out the Rural Electricity

Strategy Plan to attain a 22% rural electrification rate by 2022 and

universal access by 2035 (Rural Electrification Agency, 2013).

Health governance in Uganda is decentralized and split across

national and district levels. Health centre I represents the village

level, offering preventative and health promotion services (UNF;

ASD, 2015b). Health centre II represents the parish and offer out-

patient services, antenatal care, emergency deliveries and immuniza-

tions (Namazzi et al., 2015). Health centre III represents the sub-

county and offers acute admissions, maternity and basic laboratory

services (Mijumbi-Deve et al., 2017).

During the needs assessment conducted in Uganda, African Solar

Designs consulted 100 health facilities—48% of which were health

centre II and 42% health centre III—to assess energy demand and supply

. Based on the audit, priority was given to facilities that were off-grid and

government-operated to ensure ownership and sustainability, located in

priority districts with large populations, and providing maternal and

child health services (UNF; ASD, 2015b). Thirty-six facilities across eight

districts in the western region were selected for electrification—all of

which were health centre II or III (see Figure 2).

11 health 
facili�es 

6 health 
facili�es 

9 health 
facili�es 

Figure 1 Map of Ghana showing study regions.
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Methods

The theory of change for the intervention asserts that the availability of

reliable electricity would improve the availability, readiness1 and qual-

ity2 of essential maternal and child health services provided in rural

health facilities, thereby contributing to the increased use of health serv-

ices (see Figure 3). To capture measurable changes in service availability

and readiness (objective 1), an adapted version of the WHO’s SARA

tool in the form of a health facility checklist was used. The SARA tool

is a health facility assessment tool used to generate information on the

availability of crucial infrastructure, staff, basic equipment, amenities,

essential medicines and the capacity of health facilities to deliver serv-

ices (WHO, 2015b). For this study, items relevant to energy infrastruc-

ture, primary care and maternal and child health services were selected

and used as an adapted health facility checklist.

To describe changes in community demand, use and satisfac-

tion (objective 2), health facility records on attendance and

focus group discussions (FGDs) around user perceptions and

satisfaction with health facility infrastructure and service deliv-

ery were used.

Finally, Normalization Process Theory (NPT) constructs were

applied to examine the role of implementation factors in the adop-

tion and integration of improved energy capabilities and their role in

whether (or not) changes to service availability, readiness and use

take place (objective 3). NPT is concerned with implementation (the

original plans and fidelity to these), embedding (when behaviours

and use become routine) and integration (when the intervention is

institutionalized) (May and Finch, 2009). NPT postulates that four

processes are involved in ensuring that an intervention is adopted

and sustainably integrated (i.e. normalized) into a system. Table 1

outlines the four NPT constructs, definitions and relevant imple-

mentation factors. These constructs were used in the development

and analysis of interview and FGD questions concerned with

implementation.

Study design and data collection tools
This was a multi-country case study using mixed qualitative and

quantitative methods to study the outcomes and implementation

process of a rural health facility electrification programme 1-year

post-installation. The in-country study was carried out by local re-

search teams at Makerere University School of Public Health in

Figure 2 Map of Uganda showing study sites.

Figure 3 Theory of change.
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Uganda and Dodowa Health Research Centre in Ghana. Research

teams included research assistants, translators with research training

for local languages and principal investigators. Research teams were

not connected to the villages in which the research was conducted

and had no source of pre-existing bias. Methods of data collection

included key informant interviews, FGDs, administration of a health

facility checklist, a review of facility records and administration of

semi-structured questionnaire interviews. All data collection tools

were tested during a training workshop in both Uganda and Ghana

for the research assistants. Suggested prompts, based on NPT con-

structs, were included in semi-structured interviews. All interviews

and FGDs were audio-recorded and supplemented by hand-written

notes. Table 2 summarizes data collection tools used for each of the

study’s three objectives at both baseline and endline 1 year later.

Data sampling
In Uganda, from the 36 health facilities electrified, a randomly

selected group of 25 Health facilities in the Kyegegwa, Kabarole,

Kyenjojo, Kamwenge, Ibanda, Sheema, Bushenyi and Mitooma districts

were included for study. These were selected using computer-generated

identification numbers for each facility and random sampling. In

Ghana, all 26 electrified primary health facilities—categorized as CHPS

compounds—were included in the study.

In both countries, community members included in the FGDs

were selected using convenience and snowball sampling. Selection

criteria for FGD discussants included: a pregnant or postnatal

woman and/or caregiver of a child under the age of 5, who had

sought maternal and child health services from the selected health-

care facility within a year, and living within 5 km of the facility.

Participants were identified and recruited during antenatal care

visit days at the health facilities, through referral from community

members, and through self-selection. FGDs were conducted in a

private setting and spanned an average of 1 h. All available health

workers were recruited for semi-structured interviews lasting

1–1.5 h and taking place in a private room at the health facility.

Health facility checklists were completed through observation and

Table 1 NPT constructs and related implementation factors

NPT construct Definition Related implementation factors

Collective sense-

making

Promoting coherence of a

practice by users

Stimulating stakeholder awareness and understanding of changes expected through a practice

(differentiation)

Ensuring coherence across users in terms of the value of a practice (internalization)

Cognitive

participation

Users’ legitimization and

adaptation of a practice

Stimulating individual and collective motivation for participation (initiation)

Defining roles and differentiating responsibilities (enrolment)

Generating buy-in based on existing desires and contextual realities (legitimation)

Providing materials and information necessary to carry out roles (activation)

Collective action Supportive or inhibitory

actions by users to enact

a practice

Managing users’ interpretations of roles and their interactions with one another in action

(interactional workability)

Integration of a practice based on users’ skills and actions (skill-set workability)

Monitoring operationalization of a practice in relation to existing structures and procedures

(contextual integration)

Reflexive

monitoring

Enhanced understanding of

the effects of a practice

Ongoing assessment of the process, value and impact (communal appraisal)

Adjustment and adaptation to enhance impact (reconfiguration)

Adapted from ‘Implementing, Embedding, and Integrating Practices: An Outline of Normalization Process Theory’ (May and Finch, 2009).

Table 2 Objectives and data collection tools

Objectives Data collection tools Information provided

1. To explore changes in service avail-

ability and readiness following solar

electrification of rural health facilities

Health facility checklist Changes in availability of essential equipment, basic amenities,

services provided

Semi-structured interviews with health

facility staff

Health worker motivation and self-efficacy in delivering services

Key informant interviews with imple-

menters, district health officers, etc.

Changes in resource allocation and availability from the district

level

FGDs with community members Observed changes in health facility infrastructure

2. To describe whether electrification of

health facilities affects demand for,

utilization of and satisfaction with

maternal and child health services

Health facility records on attendance Utilization of health services (antenatal care and deliveries)

FGD with community members Use patterns and satisfaction with health services

3. To examine the effect of implementa-

tion factors on the adoption and

integration of improved energy capa-

bilities and their roles in achieving ser-

vice availability, readiness and use

outcomes

Key informant interviews with imple-

menters, district health officers, etc.

Implementation factors contributing to successes and challenges,

organized through NPT constructs

Semi-structured interviews with health

facility staff

Assessing sense-making and cognitive participation (e.g. did staff

understand the goal of the intervention and their roles)

FGDs with community members Assessing sense-making, cognitive participation and collective

action
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with input from health workers. Key informants were purposively

sampled based on their roles and connections with the implementa-

tion of the project. They included district and local leaders, minis-

try staff, engineers and implementing partners. Interviews spanned

�1 h and were conducted in person for most participants except

those not living in the countries in which the study took place.

Different individuals were sampled at baseline and endline due to

the turnover of key informants and availability of community

members; however, the stakeholder groups from which they were

sampled remained consistent.

In Uganda, a total of 432 and 500 community members seeking

maternal and child health services participated in 25 FGDs at base-

line and endline phases of the study, respectively. A total of 25

healthcare providers—one available at each facility—were inter-

viewed using the semi-structured questionnaire, and 50 key inform-

ant interviews were conducted at baseline and endline. In Ghana, a

total of 488 and 399 community members seeking maternal and

child health services participated in 29 FGDs at baseline and endline

phases of the study, respectively. A total of 45 and 36 health work-

ers were available for interviews at baseline and endline phases, re-

spectively, and 22 key informant interviews were conducted.

Data analysis
Quantitative data (health facility checklists, health facility records)

were analysed using STATA 14. Qualitative data (key informant

interviews, semi-structured questionnaires and FGDs) were analysed

using the thematic content analysis. All FGDs and key informant

interviews were transcribed verbatim and analysed using

ATLAS.ti.8.0. Two research team members read the transcripts sev-

eral times and independently developed codebooks using elements

of service availability, readiness, use, satisfaction and NPT con-

structs described above to guide the process. The members discussed

any issues and agreed on a final codebook. The transcripts were

coded and categorized into emerging themes and sub-themes.

Preliminary results were discussed with multiple stakeholders, and

final analysis was reviewed and refined based on feedback from

these discussions.

Results

Baseline situation
The baseline health facility assessment in Ghana painted a picture of

understaffed facilities with low capacity for delivering maternal and

child health due to a lack of amenities, communication tools and

equipment such as vaccine refrigerators and foetal dopplers. Only 2

out of the 26 facilities provided services 24 h a day for 7 days. Only

6 facilities had a midwife on staff, though 12 provided delivery

services.

In Uganda, the baseline assessment showed a similar staffing

situation; however, more midwives were available than in Ghana,

and clinical officers were also posted at health centres II and III as

these operate differently to Ghana’s CHPS, which are more reliant

on community health nurses. In Uganda, there were slightly higher

readiness capabilities as more facilities had access to some form of

electricity, albeit unreliable, as well as equipment such as vaccine

refrigerators and autoclaves.

Changes in service availability and readiness
Administration of the health facility checklist in Ghana revealed

statistically significant changes in the availability of 24-h emergency

services, access to a mobile communication device supported by the

facility, access to a reliable source of electricity with no interruptions

and availability of energy-dependent equipment such as vaccine

refrigerators (see Table 3). In Uganda, fewer significant changes

were observed—in part due to existing equipment and electricity at

baseline. However, the functionality and reliability of these amen-

ities and equipment were presented as challenges by health workers.

A statistically significant change in the reliability of electricity with

no interruptions was observed at endline (see Table 4). This change

in reliability could also lead to reviving unused equipment. For ex-

ample, idle equipment observed by study teams, such as microscopes

and vaccine refrigerators, could be converted to solar power. In

both countries, changes to basic amenities, including access to clean

water, sanitation facilities, safe disposal, computers and internet,

were not observed.

Semi-structured interviews with health workers and FGDs with

community members revealed potential for upcoming changes to

Table 3 Availability of communication systems and power at health facilities in Ghana

Period

Baseline N¼ 26 facilities (%) Endline N¼ 23 facilities (%)

Communication systems at the health facility

Offers 24-h emergency services Yes 2 (7.7) 23 (100.0)*

No 24 (92.3) 0

Functioning cellular telephone or a private

cellular phone that is supported by the facility

Yes 0 18 (78.3)*

No 26 (100) 5 (21.7)

Have a functioning computer Yes 4 (15.4) 2 (8.7)

No 22 (84.6) 21 (91.3)

Access to email or internet within the facility Yes 5 (21.7) 5 (21.7)

No 17 (65.4) 18 (78.3)

Power supply

Availability of electricity at the health facility Yes 14 (53.9) 23 (100.0)*

No 12 (46.2) 0

Reliability of electricity Always available with no

Interruptions

0 21 (91.3)*

Often with some interruptions

(interruptions <2h)

10 (38.5) 1 (4.4)

Energy-dependent equipment Vaccine fridge (Solar) 1 (3.8) 11 (47.8)*

*P-value <0.05.
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service availability and readiness. For example, study teams in both

countries noted plans by community members and by local decision-

makers to build additional structures, including operating theatres,

wells and housing for health facility staff (see Table 5,

‘Infrastructure enhancements’).

Similarly, key informant interviews with local and regional

decision-makers in both countries revealed changes in resource allo-

cation plans. This suggests that the availability of electricity at

health facilities made facilities more likely to receive basic energy-

dependent equipment such as autoclaves, centrifuges and vaccine

fridges. Study teams also observed that after electrification, health

facility staff were more likely to demand equipment from district

leaders due to the improved energy infrastructure and capacity (see

Table 5, ‘Resource and equipment allocation’).

In addition to physical infrastructure and equipment, another

important component of service availability and readiness is the

availability of a trained health workforce (WHO, 2015b). At base-

line, interviewed health workers and community members in FGDs

expressed challenges in terms of health worker availability, motiv-

ation, retention and attitudes. Some health workers were described

as having bad attitudes, low motivation and poor living conditions

(see Table 5, ‘Health Worker Quality of Life’).

In this study, no significant changes were observed in the number

of health workers available. However, changes in satisfaction and

self-assessed ability to carry out tasks were articulated in health

worker interviews. In Ghana, there was a statistically significant

change in health workers’ satisfaction with electricity services at the

health facility. All 36 (100%) of those interviewed shared that since

electrification, they have had adequate lighting to conduct tasks in

the maternity department both during the day and at night—a

change from 1 (2%) expressing the same at baseline (see Table 6). In

Uganda, similarly, a statistically significant change in provider satis-

faction was observed, with 24 (96%) of those interviewed stating

that they had adequate lighting to conduct tasks both during the day

and at night—a change from 2 (9%) expressing the same at baseline

(see Table 7).

Emergent themes from health worker interviews, key informant

interviews with district leaders, and FGDs with community mem-

bers include changes in access to health workers, improvements in

the quality of care they can deliver and an enhanced overall quality

of life for staff. Health workers frequently reflected on improve-

ments to their living situation. District leaders emphasized improved

health worker perceptions towards being posted at newly electrified

health facilities as well as full-time accessibility of health workers

within the villages (see Table 5, ‘Health Worker Quality of Life’).

FGDs with community members supported these claims and

reflected improved user satisfaction with the quality and availability

of health services delivered by health workers (see Table 5,

‘Community trust and satisfaction with health workers’).

Changes in use of and satisfaction with services
Community members’ satisfaction with health facilities saw a statis-

tically significant improvement in both countries following electrifi-

cation. In Ghana, 47 (9.6%) of 488 community members claimed

they were satisfied at baseline while 378 (94.7%) of 399 said the

same at endline. In Uganda, 147 (34.0%) of 432 community mem-

bers claimed they were satisfied at baseline, while 477 (95.4%) of

500 said the same at endline.

Emergent themes around the satisfaction of community members

with health facilities include use of the health facility at night,

improved perceptions around safety, cleanliness and quality of care

and a minor theme around pride and trust towards the health facility

as a result of its improved infrastructure (see Table 5, ‘Community

trust and satisfaction with health services’).

Despite improved satisfaction and perceptions of community

members towards quality and availability of services at the health

facilities, statistically significant changes in the use of services, meas-

ured by average number of deliveries and antenatal care visits, were

not observed through review of health facility records at baseline

and endline. Part of this may be explained by other barriers to acces-

sibility. For example, in FGDs at both baseline and endline, commu-

nity members highlighted transportation as the main challenge in

Table 4 Availability of communication systems and power at health facilities in Uganda

Period

Baseline N¼ 25 facilities (%) Endline N¼ 25 facilities (%)

Communication systems at the health facility

Offers 24-h emergency services Yes 9 (36) 10 (40)

No 16 (64) 15 (60)

Functioning cellular telephone or a private

cellular phone supported by the facility

Yes 5 (20) 6 (24)

No 20 (80) 19 (76)

Have a functioning computer Yes 4 (16) 8 (32)

No 21(84) 17 (68)

Access to email or internet within the facility Yes 0 (0) 4 (16)

No 25 (100) 21 (84)

Power supply

Availability of electricity at the health facility Yes 24 (96) 25 (100)

No 1 (4) 0 (0)

Reliability of electricity Always available with no

Interruptions

13 (52) 25 (100)*

Often with some interruptions

(interruptions <2h)

4 (16) 0 (0)

Sometimes available (interrup-

tions >2h)

8 (32) 0 (0)

Energy-dependent equipment Vaccine fridge (solar) 25 (100) 25 (100)

*P-value <0.05.
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Table 5 Illustrative quotes on themes identified in interviews and FGDs

Elements Supporting quotes

Infrastructure

enhancement

The provision of the solar panels has indeed impacted positively on the three health facilities. For community members in Soo

are now more willing to support the health sector in finding decent accommodation for staff who accept posting to their com-

munity. In Soo [CHPs], for example, a midwife has accepted posting to the place. As soon as community members heard this

information, they have volunteered to build a small staff accommodation for the midwife to make her stay more comfortable

(Health staff, Ghana).

You see a hole that has been dug close by (pointing the research team to the dugout pit)? Measures have been taken to dig a well

to supply water to them (staff) up there by tapping into the solar energy to pump water to the facility when it is done. [. . .]. The

MP of the area is the one who has decided to do that for the facility. This would improve water situation in the facility to do

their work and relieve mothers the stress of providing their own water when they seek healthcare, especially during delivery ser-

vice [. . .] (Community member, Aowin district, Ghana).

The electrification of this health facility has opened doors for the construction of a theatre, ward and other equipment in the fu-

ture. In addition, someone can even invest in a canteen to provide cold drink to patients (FGD participant, Swazi health centre

II, Uganda).

Resource and

equipment

allocation

[. . .] Now they are calling for more equipment . . . you see we use the steam broiler now they say they want autoclave. I asked

them if the solar can provide the power for the autoclave. So, we went to ask for the price of a small one for them, so that it

does not consume a lot of energy [. . .] (District Director, Ghana).

Districts and other facilities can now start planning for equipment like centrifuges, oxygen, etc. Even partners may be willing to

provide equipment because they know they will be put to use since there is adequate energy (Key informant, MoH, Uganda).

Health worker

quality of life

In the days when the facility had no electricity, they [providers] did not have any form of entertainment. It was one of the reasons

they decided not to be at post most of the time. . .. For some of them, their spouses have joined them because the facility now

has electricity [. . .] (Health worker, Northern region, Ghana).

Accommodation is bad, because all the staff don’t have accommodation. And the other health workers house has a very big

crack. You can even see it there on the side, it has a very big crack, almost breaking away (Health team member, Uganda).

In fact, a positive thing I have seen with the coming of the solar is that now they (providers) are more stationary in the facility

[. . .] because they can now charge their phones in the facility and to communicate with their families. Therefore, they no longer

travel to the city, often leaving the facility unattended, because they had to charge their phones. [. . .] means that they are now

happy to stay there [facility] and work (District Director, Ghana).

Lighting has really improved service provision. The provision of electricity made life of health workers easy and gave them the

confidence to come and work here. It has also boosted the confidence of the sick people in the health facility. These factors

have, in turn, increased the number of patients accessing care from here (Local council chairperson, Ibanda district, Uganda).

Community trust

and satisfaction

with health

workers

[. . .] The providers have stopped their behaviors of refusing to wake up at night to attend to you or asking you to call the security

man who might be sleeping or might not have come to work due to ill health to confirm your identity to them [. . .] These days

when you knock on their door at night, they would immediately look through the window if they identify you as a community

member immediately they come out to attend to you (Community member, Ghana).

. . . In the past when Kpanashie [healthcare facility] did not have electricity, the healthcare providers stored their vaccines and

medicines in the nearest community and picked them up when they needed them. So, when you go there to vaccinate your

child, they would tell you to return for the vaccination another time. ‘[. . .] Now with that the solar, they [health worker] have

been given a fridge to store their drugs. So, when you take the child there for vaccination, they don’t turn the child away

(Community member, Ghana).

The services related to maternal health at this facility started improving following the coming of this solar because, you would

find the health worker going to help a mother deliver lighting using a torch but when the solar became available the services

have improved and more women are coming to the health facility. The midwives that are here and help the mothers a lot when

the solar services was installed at the facilities, the people have benefited by not traveling long distances looking for other

health facilities (Village health team, Ibanda district).

Community trust

and satisfaction

with health

services

The electricity is important. Some time ago my child was admitted at Mampong the drip on him was not finished because there

was no light. I was even afraid of the unknown when I was sleeping there. So, I told the nurses to discharge us. I went home to

sleep and sent him back for care again the next morning. If the light had been there, like it is now, I could have slept there [. . .]

(Mother, Ghana).

I am attracted to come back to this health care facility since health workers no longer use torches to deliver mothers due to avail-

ability of electricity. Availability of energy has provided enough light to us as mothers to have safe deliveries (Mother,

Uganda).

Health system

barriers

Medications are very essential. When you go to the ‘doctor,’ you know they have to give you medication. But you would go there

and still come home to buy all the medications, so the medicines are our problem, the solar has not changed the situation

(Community member, Ghana).

The other challenge is that the facility is small, especially the maternity ward. The room is so small, congested. If women come

to deliver and they are 2 or 3, they can’t find where to deliver from. It is a small facility. And the midwife cannot do anything,

so she has to get one off the bed and put on another one. That is one of the biggest challenges in the maternal services. And

that makes some of them to go to other places (Village Health Team Member, Uganda).

Sustainable energy will improve service delivery, greatly of course when staffing and drugs are also enough, if we had enough

staff, enough drugs, and then electricity, then water, and transport! (HFMC chairman, Uganda).

You come to the facility, and they tell you that there are no drugs; you are pregnant, and you have to move and go and look for

the drugs. You don’t even find a single drug. A month passes and you come, second month and come back, but there is no drug

available all this time. So, what do we do? (Community Member, Uganda).

(continued)
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accessing health facilities. Key informant interviews with district

leaders and health workers also pointed to other health system ele-

ments affecting use of services. Emergent themes around health sys-

tem barriers affecting demand and use include low availability of

medicines and devices, size and privacy of health facilities, poor

transportation, weak referral networks, poor water and sanitation

services and insufficient human resources (see Table 5, ‘Health

System Barriers’).

The introduction of solar electrification has started to address

some of these barriers. For example, access to functional refrigera-

tors has changed the availability of medicines and vaccines in some

of the health facilities, but this is not yet widespread across all facili-

ties as the new mode of operation takes time to normalize (see

Table 5, ‘Electricity as a catalyst for strengthening access to medi-

cines and medical devices’).

Implementation, adoption and integration
NPT constructs were used to examine factors leading to the integra-

tion of electricity into the daily operations of rural health facilities

and the adoption of energy-dependent equipment at district and

community levels. This section identifies implementation factors, as

relevant to each NPT construct (refer to Table 1), and discusses their

roles in service availability, readiness and use outcomes described in

previous sections.

Collective sense-making of sustainable solar energy

Sense-making across stakeholder groups is critical in establishing a

coherent approach to adopting and using new technologies to

achieve expected outcomes (May and Finch, 2009). In this interven-

tion, stakeholders included leaders in the health and energy sectors,

health workers, implementing partners and community members.

Engagement and mobilization activities were done through continu-

ous consultation, institutional partnerships, identification of point

persons for communication between stakeholder groups and com-

munity mobilization events before and during installation. These

efforts were made to set expectations for the project and the changes

it would initiate, promote adoption of the new technology and cre-

ate favourable attitudes and buy-in.

These efforts were largely successful, as reflected by the enthusi-

asm articulated in key informant interviews, health workers’ inter-

views and FGDs. By sensitizing district leaders and health workers

to the potential for improvement and health system strengthening

created by solar electrification, the implementers enhanced the like-

lihood of electricity use being embedded into daily practice beyond

ambient lighting. For example, staff in some facilities began to use

and transfer health management information systems using available

communication tools (see Table 8.1).

Given the significance of relationship building and long-term en-

gagement in achieving outcomes, the high turnover rate of district

and health facility staff observed by the study team is a barrier to

sense-making and sustainability. Another challenge is that if expect-

ations are not aligned across stakeholders and remain unmet, trust

and, therefore, demand for the technology could be compromised.

This study revealed that despite community mobilization events,

community members articulated expectations beyond the scope of

the project. They had expectations of advanced surgical services, re-

cruitment of specialized health providers, and improved water sup-

ply for the villages. The lack of changes in the use of health facilities

could be partially connected to these higher expectations not yet

being fulfilled by the reality of available services.

Cognitive participation

Cognitive participation was assessed by exploring how the imple-

mentation of the intervention motivated health workers, implement-

ing partners and the community to play an active role in

maintaining sustainable energy systems and leveraging energy infra-

structure to enhance service availability and readiness.

Consultations with health workers during implementation focused

on how electricity can improve readiness and their ability to deliver

care if they work with district health officers to adopt energy-

dependent equipment. They were also connected with national

implementing partners responsible for systems maintenance so that

they had someone to contact in the event of system failures. These

efforts at the enrolment and activation of health workers were suc-

cessful; health workers expressed appreciation that their roles in the

intervention do not infringe on their primary role of providing

health services. They focused instead on how to leverage the tech-

nology to deliver better care.

Community members, however, expressed frustration at the lack

of autonomy in repairing and monitoring solar photovoltaic systems

and shared a desire to receive training within the villages to play a

more active role (see Table 8.2).

By design, and to leverage existing in-country expertise, national

implementing partners in this project have ownership over the moni-

toring, repair and replacement of solar photovoltaic systems. This

was done based on lessons learned from previous failed initiatives. A

means of strengthening this design could be to provide some tech-

nical information to those interested during community mobiliza-

tion activities to facilitate the identification of common system

malfunctions. In some villages, health facility management commit-

tees have taken this role upon themselves and are working to inte-

grate the monitoring of solar photovoltaic systems into their existing

duties.

Collective action

The success of this intervention is dependent on how different stake-

holders work together to integrate stronger energy infrastructure in

rural health facilities. Implementation steps taken in this

Table 5 (continued)

Elements Supporting quotes

Electricity as a

catalyst for

strengthening

access to medi-

cines and med-

ical devices

In the past when they did not have electricity, the providers had to come all the way here (the DHMT) to pick their vaccines for

the day in order to provide immunizations at CWC (child Welfare Clinic) and also vaccinate pregnant women. They also had

to return any unused vaccines at the end of the day because they had no fridges in the facilities. Now that they have the solar,

they have been provided with small fridges to enable them keep vaccines in their facilities. This has minimized the need to

travel all the way to District (District Health Administration) for all these reasons (DHMT member, Ghana).

We used to keep our drugs in Ishongolo (nearby health facility with hydroelectricity), but we now have a fridge. Therefore, we

are able to keep drugs. We are now told by the health care providers that drugs, which require to be kept in cold conditions are

now stored well because of the electricity (Local leader, Uganda).

ii132 Health Policy and Planning, 2020, Vol. 35, Suppl. 2

D
ow

nloaded from
 https://academ

ic.oup.com
/heapol/article/35/Supplem

ent_2/ii124/5959266 by guest on 11 N
ovem

ber 2020



Table 6 Provider satisfaction in Ghana

Indicator Period

Baseline, N¼ 45 (%) Endline, N¼ 36 (%)

Satisfaction with electricity services at the health facility Yes 0 36 (100.00)*

No 42 (100.00) 0

Have adequate lighting for conducting day tasks in the

maternity department

Always 0 36 (100.00)*

Sometimes 0 0

Never 0 0

Have adequate lighting to perform night tasks in the

maternity department

Always 1 (2.22) 36 (100.00)*

Sometimes 18 (40.00) 0

Never 24 (53.33) 0

Not applicable 2 (4.44) 0

*P-value <0.05.

Table 7 Provider satisfaction in Uganda

Indicator Period

Baseline, N¼ 24 (%) Endline, N¼ 25 (%)

Satisfaction with electricity services at the health facility Yes 0 (0) 19 (76)*

No 24 (100) 6 (24)

Have adequate lighting for conducting day tasks in the

maternity department

Always 16 (66.7) 24 (96)

Sometimes 5 (20.8) 0 (0)

Never 3 (12.5) 1 (4)

Have adequate lighting to perform night tasks in the

maternity department (N¼ 22 at baseline, N¼ 23 at

endline)

Always 2 (9.1) 22 (95.7)*

Sometimes 9 (40.9) 1 (4.3)

Never 11 (50) 0 (0)

*P-value <0.05.

Table 8 Illustrative quotes on NPT constructs

NPT construct Supporting quotes

1. Collective

sense-making

The staff can now enter their own data on the DHMIS in the facility. So, as I sit here in my office now, if I turn on my laptop and

at a click of a button, I know what is happening over there (facility) and monitor them so far as they key in into the DHMIS

(District Director, Ghana).

2. Cognitive

participation

They should put regulations on how it will be used. And tell people its use. And maybe they should give us people who trained in

that area to come and educate us and the nurses. So that we know how to keep it well and safe (Community member,

Uganda).

3. Collective

action

LCIII is the leader. Imagine, if you bring it and you don’t involve LCIII, what will happen, who will go talking about the pro-

ject? He will advocate for its repair and maybe find someone who can repair it (Mother, Uganda).

I make sure that I pass at the health facility every evening on my way home from the nearby town center. What I want to make

sure is whether the health facility has been lighted up. Every member is concerned, and we all guard the facility (Local leader,

Uganda).

in a way client’s privacy too has also been compromised because of the impact of the community members charging their phones

in the facility [. . .] Some clients want their privacy but because of the charging, other community members may see them com-

ing for care, especially family planning services, which are private. . . (District Director, Ghana).

That would need a project committee to take care of it, and that would help to sustain it. There needs to be a sub-committee in

the HFMC, including health workers and sub-county members, to ensure project maintenance (HFMC chairman, Uganda).

4. Reflexive

monitoring

[. . .]. Even this PC I have in front of me is part of the things they gave us for expert training . . . it is internet based so that we can

monitor while sitting here in the office what is happening over there in the health facilities in terms of electricity reliability

(Clinical Engineer, Ghana).

We have been monitoring to ensure that everything is working well. I have even noticed that one of the bulbs was showing a sign

that it had developed a problem and so we called the contractor and told him. [. . .] he said it is not a major problem and so

they will be coming into the community in two months to check that (Committee member, Ghana).
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intervention to promote integration and prevent inhibitory actions

include linking stakeholders, communicating roles through targeted

engagement and collectively defining appropriate actions to enhance

the impact of the technology. Themes related to collective action

identified in FGDs and interviews include improvements in commu-

nication channels between different levels of the health system, the

establishment of roles and accountability mechanisms across stake-

holder groups, and challenges related to existing contextual barriers

that inhibit integration or incentivize inhibitory actions.

Respondents described a willingness to adopt new ways of work-

ing together and establishing communication channels across stake-

holder groups to ensure the integration and maintenance of solar

photovoltaic systems. Local leaders and community members

viewed themselves as active participants in protecting the new en-

ergy infrastructure and had willingly taken on the responsibility to

report problems (see Table 8.3).

The rise in accountability extends to district leaders as well, cre-

ating interactional workability. Through implementation consult-

ation activities, district leadership has been encouraged to allocate

resources to health facilities based on their new energy capacity but

within the limits of primary care policy. For example, district health

officers have coordinated with facility health workers to meet the

need for energy-dependent equipment. In turn, health workers are

expected to effectively use this equipment and increase the range of

services available to communities. In select health facilities, district

leaders have also used the opportunity created by electrification to

strengthen water and sanitation infrastructure as well as information

technology capacities. However, without recruitment of additional

staff, health workers expressed feeling unable to take the advantage

of new information technology capabilities.

Similarly, barriers such as lack of access to energy in the sur-

rounding villages also inhibit the appropriate use of health facilities’

energy infrastructure and negatively impact the use of health serv-

ices. For example, district leaders and community members shared

concerns around lowered privacy due to higher use of health facili-

ties for energy access, particularly for charging cell phones.

Creative approaches to contextual integration are necessary to

overcome these challenges. Existing mechanisms in villages can be

adapted to manage the unintended consequences of solar electrifica-

tion. For example, Health Facility Management Committees are

charged with the stewardship of various facility properties against

theft or other potential damages. Committee members can be called

upon to find solutions as they already feel activated to participate in

the integration and sustainment of solar electrification (see

Table 8.3).

Other existing assets identified for collective action include civil

society organizations and funding agencies who operate in the

regions of the study. These partners are more willing to provide

equipment to electrified facilities because they know that the equip-

ment can be used. Uganda’s engagement of partners such as Baylor

and UNICEF since the inception of the project is an example of how

these relationships can be cultivated over time to achieve synergistic

effects on health facility readiness.

Reflexive monitoring

Active monitoring and iterative adaptation are essential in ensuring

the sustainability of this intervention and in driving up demand for

facility-based maternal and child health services. In the previous sec-

tions, we have seen examples of how solar electrification can set off

a chain of knock-on effects that impact health system resilience. A

break in the efficacy and effectiveness of solar electrification can

quickly reverse this chain and lose newly generated demand for

facility-based maternal and child health services. To avoid this feed-

back loop, robust monitoring and accountability by stakeholders

across the different levels of the health system are required.

This intervention employed the use of remote monitoring—an

opportunity for real-time monitoring that facilitates fast response,

feedback and mitigation of overloaded systems.

In addition to remote monitoring, empowered community com-

mittees are required to ensure accountability and trigger adjustment

and reconfiguration as necessary. Maintaining communication

channels between health facility management committees, health

facilities, implementers and district leadership is crucial for the sus-

tainability of this project (see Table 8.4).

In the 1-year timeframe of this study, communication has been

improving as the different stakeholders continue to negotiate and

test roles and responsibilities. The next few years will determine the

success and sustainability of these connections.

Discussion

The research team theorized that strengthening the infrastructure of

rural health facilities by providing reliable electricity would improve

service availability, readiness and, therefore, use of maternal and

child health services. Over 1 year, improvements to certain aspects

of service availability and readiness, such as access to communica-

tion devices, basic equipment and night-time services, were

observed. A shift in health worker satisfaction, motivations and atti-

tudes was also captured, suggesting a potential for increased recruit-

ment and retention of skilled health workers. Community members

displayed increased satisfaction with health facilities; however, sig-

nificant changes in the use of maternal and child health services

were not observed. All respondents voiced concerns around health

system barriers that affected the access to and quality of health

services.

The observed effects in this study are likely smaller than they

would be if other health system elements are also strengthened.

These include elements identified as essential by the WHO

‘Standards for Improving Quality of Maternal and Newborn Care in

Health Facilities’, which requires that ‘the health facility has an ap-

propriate physical environment, with adequate water, sanitation

and energy supplies, medicines, supplies and equipment for routine

maternal and newborn care and management of complications’

(WHO, 2016).

Implementation factors used in this intervention played critical

roles in supporting the adoption and integration of strengthened en-

ergy infrastructure in rural health facilities and in catalyzing invest-

ment in health system components such as medicines, equipment

and workforce. As seen in other health system strengthening initia-

tives, sustainable energy infrastructure is necessary, but not suffi-

cient, in increasing health system resilience (Namazzi et al., 2015;

Sharma et al., 2015). The solar photovoltaic configurations pro-

vided to facilities in this project intentionally overestimated facility

requirements to account for future growth and investment in these

facilities by communities, districts and regional leaders. If the solar

photovoltaic systems are well-maintained and sustained, one can ex-

pect to see a snowballing effect of enhanced resilience at these facili-

ties. The early phases of this effect were captured by the allocation

of energy-dependent essential equipment to electrified health facili-

ties in this study. In certain villages, upgraded energy infrastructure

inspired community members to build housing infrastructure for

health workers. This contrasts with community members expressing
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concern around health worker attitudes at baseline. Health pro-

viders working in resource-limited settings sometimes display nega-

tive attitudes and behaviours as a result of the stress and pressure

they experience (Bohren et al., 2015). Access to electricity and com-

munity efforts to improve staff housing are factors that can contrib-

ute to alleviating stress and improving health worker satisfaction, as

observed in health worker interviews.

To achieve further impact in terms of availability, readiness and

use of maternal and child health services—as well as knock-on

effects in health systems strengthening—sustainable energy solutions

must continue to be integrated into district health systems’ manage-

ment structures and maintained. Through community mobilization

efforts, targeted and asset-based activation strategies, and the estab-

lishment of long-term consultative relationships, this project ensured

that stakeholders had internalized the value of access to energy,

enrolled themselves in its use, and collaborated in integrating its

practice into their respective contexts. However, challenges remain.

For example, community members felt that they had not been given

sufficient information to support the basic maintenance of the

system.

Basic training of a small group of community members to serve

as local solar experts could be one means of addressing this concern.

In other settings, strengthening of local technical capacity has been

identified as a means of better supporting sustainable electrification

initiatives (Palit, 2013). However, a significant barrier here is that

non-authorized individuals can only carry out a limited range of main-

tenance activities to avoid the risk of voiding the warranty on the

main components of the solar system. Any natural product failure

within the warranty period must be responded to by the national con-

tractor. This centralized approach was taken intentionally to support

sustainability and allow for scale up while still providing implementers

with the flexibility to make context-specific adjustments.

Another threat to integration is the high turnover rates among

district and health facility staff. The threat can be mitigated by

establishing a workflow between community-driven Health Facility

Management Committees, health workers, local implementing part-

ners, district officers and regional health officials. This would allow

the maintenance, use and reconfiguration of solar photovoltaic sys-

tems to be systematically integrated into the existing context instead

of relying on a few key stakeholders. Linked stakeholder groups can

more efficiently work together to continue to promote the appropri-

ate use of solar photovoltaic systems and to leverage these systems

to improve health services. Health workers can use their new energy

infrastructure to demand more from district and regional leaders

and to set higher expectations for their facilities. District officers can

showcase electrified facilities as examples for the scale up of sustain-

able energy systems and mobilize donor or government funding.

Health Facility Management Committees can form regional net-

works through local implementing partners for support with main-

tenance, repairs and reflexive monitoring.

Similarities and differences across countries
The streamlined implementation approach created many parallels in

the engagement process and outcomes observed across Ghana and

Uganda. For example, community members and health workers had

similar expectations before and similar levels of satisfaction after in-

stallation. Challenges identified were also similar, including health

system barriers affecting service delivery, uncertainties about the

maintenance, and turnover of staff.

A key difference was the expected service delivery capacities of

the facilities. Uganda’s health centre III should have a maternity

ward and laboratory services; therefore, they are expected to deliver

more services and house more equipment than the CHPS facilities

studied in Ghana (Mijumbi-Deve et al., 2017). As a result, the ap-

proach to strengthening other aspects of health facilities in Uganda,

such as advanced equipment and partnerships with civil society, was

more systematic than in Ghana, where community-driven improve-

ments were more organically observed (e.g. staff housing).

Strengths and limitations
This study uses an adaptation of the WHO SARA tool, a validated and

recommended standard tool for measuring health facility readiness and

availability of services, to assess readiness. An implementation re-

search approach allowed for real-time assessment of implementation

activities and followed a systematic framework using NPT con-

structs. In the design of this study, local implementers and research-

ers established a direct line of communication to support reflexive

monitoring and to feedback learnings from observations and inter-

views into implementation design adjustments (e.g. Placement of

light switches or number of outlets). This process was successful in

mitigating design flaws that may have been more difficult to correct

later. It also allowed implementers to better understand community

expectations so that they could clarify their messaging during check-

in visits.

A major limitation of the study is that the period of observation

post-implementation was too short at 1 year to demonstrate real

change in outcomes and impact as it will take time for service deliv-

ery norms and community perceptions to change. In addition, many

factors contribute to changing health outcomes, and energy is just

one. The facilities selected were often lacking in many of the other

elements of a strong health system, so it was difficult to measure and

observe technical aspects of service delivery where necessary resour-

ces and technical equipment were unavailable.

Conclusion

This study demonstrates that solar electrification of health facilities

can be successfully implemented to achieve positive outcomes in ser-

vice availability, community satisfaction and health facility readi-

ness—specifically, communication capabilities, appropriate storage

of vaccines and medicines and health worker motivation. The health

system barriers identified in the study—such as drug stockouts, lack

of transportation, limited human resources and poor amenities—

demonstrate that improving access to energy is necessary but not

sufficient for strengthening health systems. Through appropriate im-

plementation and integration, energy infrastructure can be leveraged

to stimulate ownership and investment in strengthening other com-

ponents of well-functioning health systems. Implementation factors

associated with improved outcomes include stakeholder engagement

activities to promote the internalization of project aims (sense-mak-

ing), provision of materials and information to encourage active par-

ticipation (cognitive participation), and establishment of

relationships to support integration and sustainment (collective ac-

tion and reflexive monitoring).

Future research studies could explore the impact of solar electri-

fication on more technical aspects of care provision, including the

use of specific equipment, the load required and training needs. This

can facilitate service-specific energy needs assessments.

Furthermore, cost-effectiveness evaluations of sustainable energy

solutions are worth pursuing to provide insight into the financing

implications of implementing similar interventions and negotiating

purchasing, installation and maintenance, roles across sectors.
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This study has explored one comprehensive approach for bring-

ing reliable energy supply to remote health facilities. The lessons

learned here can help other governments, implementers and donors

in designing similar interventions to strengthen health systems.

Notes

1. Readiness is defined here as per WHO SARA and refers to the

capacity of the health facility to provide specific services.

2. Quality is defined here as services having been provided

according to National or WHO standards of care (e.g. WHO

guidelines on essential RMNCAH Interventions). User (patient

and health worker) perspectives on quality of services provided

is also considered here.
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