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Executive Summary
This report summarizes the findings of an energy needs assessment conducted for 75 healthcare facilities
in Ghana. It is one of a series of assessments commissioned by the United Nations Foundation (UN
Foundation), with financial support from the Norwegian Ministry of Foreign Affairs, to evaluate the
electrification status and power needs of un-electrified and under-electrified health facilities in Africa and
to provide recommendations – including proposed energy system designs – for addressing those needs.
The assessment was undertaken under the United Nations (UN) Sustainable Energy for All (SE4All)
initiative and more specifically under an effort, led by the UN Foundation, the World Health Organization
(WHO) and UN Women, to enable universal energy access in health facilities by 2030.
The energy needs assessment carried out in Ghana involved undertaking a “stock-take” of all public health
facilities and their electrification status followed by energy audits conducted at 75 Community-based
Health Planning and Services (CHPS) compounds, health centers and clinics spread across six districts. All
three activities were designed to address issues particularly relevant to women and their newborns and
to help answer the following questions:





Do healthcare facilities in Ghana have adequate access to modern energy services? Are gender
considerations being sufficiently included in the design of power solutions in healthcare settings,
not only in terms of maternal delivery, but also ensuring safety for women to access the health
clinic in the evening/night (if open)?
If not, which facilities warrant priority/attention?
In those facilities, what power solutions are best suited to meet the current and future energy
needs of the facility?

Based on the assessment, the report’s key findings are:






There is a lack of easily accessible and reliable data on the availability of energy in healthcare
facilities.
o Health facility energy systems had not been documented for the majority of health
facilities in Ghana, which made it difficult to map out off- and on-grid facilities.
o Even where energy sources were known, it was not well understood what the
operational status of the source was (this applied to both off-grid systems and the
national grid).
Decentralized energy sources (particularly solar PV) provide critical, yet insufficient, energy
services to surveyed health facilities not currently connected to the grid
o Solar PV systems were found in 42% of surveyed facilities, and 80% of audited solar PV
systems were functional, mainly due to the fact that most of the PV systems were
installed less than five years ago.
o Across the 32 facilities with solar PV systems, there was a total installed capacity of 9.6
kW. Of this, 76% was currently working. The average installed size of a PV system was
150 Watts (W).
Ambitious grid extension programmes often install wiring hardware in facilities before stable
electric supplies have arrived, leaving many facilities without reliable power.
o Eleven of the 75 audited sites (14.6%) were already connected to the grid, but suffer
frequent power outages that affect overall health center performance. According to those
surveyed, six to twelve hours a day of outage is common.
6

o





Surveyors found many sites that had been fully pre-wired for 240 VAC more than six
months earlier, but had yet to be connected to the grid.
There are many CHPS compounds that are not connected to the grid and do not have an
acceptable electricity supply.
o Dry cell batteries were the most common source of energy, highlighting the low level of
electricity availability at many facilities.
o Workers in many CHPS compounds still rely on dry cell battery-powered torches and even
mobile-phone lights as their primary lighting source.
o These same compounds do not have refrigeration services.
The accessibility, quality and reliability of energy-dependent health services varies from service
to service and is generally inadequate for maternal and child health service provision.
o Ambient lighting was found in most facilities while specialized task lighting (e.g. for
maternity, operations) and security lighting was rarely found.
o Fifty-one percent (51%) of surveyed facilities had at least one refrigerator, however there
were issues around their functionality due to energy supply issues; most grid-powered
refrigerators were operational however frequent power outages reduced their
availability, as were solar PV fridges as they were relatively new. However half of the eight
LPG-powered fridges were non-operational due to a lack of funding for refilling gas
cylinders.
o Forty-five percent (45%) of staff houses were electrified and of these 62% used solar PV
systems. This has important implications for attracting and retaining qualified health staff,
including mid-wives.

Based on its findings, this reports recommends:



Those surveyed facilities currently connected to the grid (11 in total) should remain on the grid.
Twenty (20) “off-grid” facilities should be connected to the national grid, given their close
proximity to the grid (typically less than 5 km).





Four (4) facilities should adopt a new, a stand-alone solar PV systems.
Forty (40) facilities should adopt a new, facility-wide solar PV micro-grid.
The rationale for recommending new power solutions in facilities with existing, decentralized
power systems is based on the fact that: (i) most existing systems – even where they were
functional – were not sufficient to meet the critical power needs of the facility; (ii) adding another
system to a facility (to ensure it has enough capacity) could make maintaining the systems
extremely difficult.

The recommended solar PV system designs have been carefully tailored to each health facilities’ power
needs, including several essential medical devices critical to the provision of maternal and child health
services, such as suction machines, vaccine refrigerators and task lights, as well as outdoor security
lighting, which is particularly important to ensuring women and children feel safe to visit a health facility
at night. The systems have also been “standardized” so that they can be rolled out at scale. Recommended
system sizes range from 1.25 kWp to 6 kWp with optionally diesel back-up generators in some cases. The
proposed solutions represent approximately USD 1.03 million in upfront costs including both procurement
of equipment and installation costs, with additional optional costs for diesel generators and/or remote
monitoring systems (both recommended).
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Finally, to ensure the sustainability of the proposed solutions, the following considerations should be
taken into account when deploying the solar PV solutions recommended in this report:








Business model: The business model should focus on service provision rather than sales of
equipment.
Ownership: There should be clear ownership of the systems, including roles and responsibilities
for operation and maintenance. Health facility staff should know who is responsible for repairing
and maintaining the system and should know who to call when there is a problem. Preferably,
this person should be located near the site.
Operations and maintenance: The cost of keeping the systems operational should be realistically
budgeted for. Funds should be made available either at the facility-level or through district health
budgets to cover repairs, fuels (where applicable) and spare parts.
User training and system management: Health facility staff should be trained in the basic
operation and management of the systems.
Service, maintenance and spare part provision in contracts: Service contracts should be put in
place with specialists/suppliers/service providers for more technical and in-depth system
maintenance and repairs.
Remote monitoring and reporting: Remote monitoring should be adopted where feasible. Online
monitoring enables providers and managers to track the status of multiple facilities remotely1. It
allows those monitoring the site to be aware and take action when systems are used beyond the
design parameters. Wherever there is a cell phone signal, remote monitoring of PV systems can
assist in management and maintenance. If the right technology is used, a manager should be able
to know exactly what is happening in real time with a solar system2.

1

Virtually all modern PV charge regulators and inverters are equipped with sophisticated control equipment that allow them to
monitor, communicate and manage various aspects of energy delivery.
2 M-Kopa Solar tracks the real time performance of hundreds of thousands of systems in Kenya and Uganda.
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1 Introduction
1.1 Objective of the Document
This report summarizes the findings of an energy needs assessment conducted for 75 public healthcare
facilities in Ghana from July 2014 to July 2015. It is one of a series of assessments commissioned by the
United Nations Foundation (UN Foundation), under the auspices of the UN’s Sustainable Energy for All
initiative (SE4All), to evaluate the electrification status and power needs of un-electrified and underelectrified health facilities in several African countries and to provide recommendations – including
proposed energy system designs – for addressing those needs.
The report has been prepared by African Solar Designs (ASD) – a Nairobi-based consulting firm – for the
UN Foundation and its partners, including the Government of Ghana, and other relevant decision-makers
and stakeholders in the health and energy sectors.
The report complements 75 individual, facility-specific needs assessment reports, which provide more
detailed information/analysis about the sites studied in Ghana.

1.2 Background
Sustainable Energy for All (SE4All) is a global initiative co-led by the United Nations and the World Bank
to achieve universal energy access, improve energy efficiency and increase use of renewable energy. The
initiative mobilizes action from all sectors of society in support of three inter-linked objectives:




Providing universal access to modern energy services;
Doubling the global rate of improvement in energy efficiency; and
Doubling the share of renewable energy in the global energy mix.

Both developed countries and more than 85 developing countries – including Ghana - have partnered with
SE4All to advance the three objectives at a country level. SE4All is set up as a multi-stakeholder
partnership between governments, the private sector and civil society.
At the request of the Director-General of the SE4All initiative, the UN Foundation, the World Health
Organization (WHO) and UN Women are jointly leading an effort focused on the nexus of energy and
health, with a particular focus on increasing energy access in health facilities, particularly in support of
improved maternal and child health services. The effort, known as Energy for Women’s and Children’s
Health, is one of SE4All’s multi-stakeholder partnerships, otherwise known as a “High-Impact
Opportunity” (HIO) area.
Formally launched at the SE4All Advisory Board meeting in April 2013, Energy for Women’s and Children’s
Health uses the international framework of SE4All to further accelerate and coordinate efforts to expand
access to energy in health facilities, with a strong emphasis on gender aspects of service delivery. The HIO
galvanizes action on the barriers facing health facility electrification, through a consortium of public,
private and civil society partners, expertise and resources, with a view to ensuring universal access to, and
sustained use of, modern energy services in health facilities by 2030.
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1.3 Scope of Work
Under the auspices of the Energy for Women’s and Children’s Health HIO and with initial support from the
Government of Norway, the UN Foundation has been working for the past year to evaluate the
electrification status and power needs of health facilities in several African countries and providing
recommendations – including proposed energy system designs – for addressing these needs, with a strong
gender focus. These energy needs assessments have been designed with the help of ASD who worked, in
the case of Ghana, with the Government of Ghana and Samuel Adu-Asare, a Ghanaian-based consultant,
in the implementation of the assessment. The ASD team provided core project management, quality
control and energy expertise, while Samuel and his team offered country-specific technical (energy and
health sector), logistical and political support. A female engineer was among the site auditors.
The energy needs assessment carried out in Ghana involved the following key activities:





The development of a comprehensive list of Ghana’s government-owned/managed health
facilities with information on their size/level (e.g. hospital v. dispensary), electrification status
and other important features (e.g. proximity to the national grid) for the purpose of identifying
and prioritizing facilities for subsequent energy audits.
Conducting energy audits at 75 health facilities.
Making recommendations - including proposed power system designs – for each facility for how
best to meet its power needs, particularly those related to maternal and child health services.

Together, these activities were designed to:




Highlight the importance of energy access to a well-functioning health system and the need for
further prioritization of sustainable energy access within healthcare facilities.
Demonstrate the benefits of an integrated approach to assessing the power needs of primary
healthcare facilities, particularly those services relevant to women’s and children’s health.
Attract additional investments in the provision of reliable, affordable and sustainable power
systems in un-electrified and under-electrified healthcare facilities.

1.4 Overall Approach
This section describes the overall approach ASD took in carrying out the energy needs assessment in
Ghana.
The assessment began with a series of stakeholder consultations, including several bilateral meetings and
an inception meeting held in Accra in September, 2014 (see Annex 1 for a list of stakeholders consulted).
Throughout the project ASD consulted with the head of maternal and child health at the United Nations
Population Fund (UNFPA) in Accra, for additional perspective on choosing sites and in order to gather
perspectives on issues specific to these vulnerable groups.
Following stakeholder consultations, ASD began a process of identifying which health facilities to include
in the study. A “mapping” exercise of all of Ghana’s public health facilities was undertaken, with the goal
of documenting their electrification status and other important features relevant to the study (e.g.
proximity to the national grid). From the mapping data, 75 healthcare facilities were chosen following a
consultative process with key energy and health sector stakeholders in Ghana. Priority was given to
facilities that were:
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Off-grid;
Government managed/operated;
Located in “priority” districts, as determined by the Ministry of Health (MoH), the Ministry of
Power (MoP), other government agencies, the UN, donors or NGOs;
Located in districts/areas unlikely to be grid-electrified in the near future
Actively providing maternal services (e.g. birthing).

The Government of Ghana, through the MoH, was involved in the identification of facilities to be assessed
in this initiative. Figure 1.1 shows the distribution of the 75 Community-based Health Planning and
Services (CHPS) compounds, health centers and clinics that were chosen for the assessment. All the
facilities chosen provide primary healthcare services.
Figure 1.1 Geographical Distribution of Surveyed Health Facilities

Once the facilities were chosen, ASD conducted on-site energy audits at each facility between January 1st
and June 4th, 2015. Prior to site visits, ASD conducted a six-day training of auditors, which included
modules on gender-related issues such as conducting research on traditionally private or sensitive
reproductive topics, engaging women patients in a culturally appropriate and effective manner, and more.
The team of auditors, which included one woman, used a survey tool designed by ASD and UN Foundation
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specifically for this work. The tool is based on the United States Agency for International Development
(USAID) Powering Health energy audit tool but adapted to the specific needs of this project. This included
integrating questions on maternal and child health services and challenges, energy use in the surrounding
community, and a detailed evaluation of any existing power systems on site. The tool was also informed
by the WHO/World Bank report, entitled “Modern Energy Services for Health Facilities in ResourceConstrained Settings”.
Following the audits, ASD carried out a comprehensive analysis of the data collected on site and provided
site-specific recommendations for energy solutions, including off-grid system designs for 44 healthcare
facilities. ASD used international best practices to evaluate the most cost effective, sustainable systems
to meet the power needs of the facilities. The methodology for calculating loads and sizing systems is
included in Annex 2.

1.5 Report Structure
The remainder of this document is divided into the following three chapters:




Chapter 2 provides a general overview of Ghana’s energy and health sectors.
Chapter 3 summarizes the findings of the energy audits.
Chapter 4 provides recommendations for how to improve the provision of modern energy
services in the healthcare facilities studied, particularly as it relates to women’s and children’s
healthcare provision.

Following these chapters are Annexes with supporting information.
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2 Country Overview
Ghana is located in western Africa along the Gulf of Guinea and the Atlantic Ocean. It is bordered by Ivory
Coast in the west, Burkina Faso in the north, Togo in the east and the Gulf of Guinea and Atlantic Ocean
in the south. The country is divided into 10 administrative regions and Accra is the capital city. A summary
of key statistics can be found in Table 2.1.
Table 2.1 Key Ghana Country Facts
Ghana

Sub-Saharan Africa

Land area (km)

227,540

23,589,136

Population (2014)

26.4 million

961.4 million

Population density (people per sq. km - 2014)

116

41

Rural population (% of total population - 2014)

47

63

Total GDP (USD PPP - 2014)

109.5 billion

3,449.9 billion

Per capita GDP (USD PPP - 2014)

4,143

3,588

Human Development Index rank (2014)

138

N/A

Rural electrification rate* (2014)

52%

16%

Maternal mortality (ratio per 100k live births - 2013)

380

510

Sources: World Bank Development Indicators; UNDP; International Energy Agency, WHO; UNICEF
*Includes both on- and off-grid sources.

2.1 Energy Access Overview3
Ghana has a grid-based electrification rate of 66%. However, access is not evenly distributed throughout
the country, with some regions experiencing less than 30% connectivity (Ministry of Petroleum).
Geographically, the distribution system covers most parts of the country, but faces numerous system
challenges including infrastructure deterioration, overloaded transformer sub-stations and high system
losses. These issues have led to frequent interruptions in power supply.
The country has set itself the target of achieving universal access to electricity by the year 2020, in line
with its National Energy Strategy of 2010. The strategy also includes targets on the renewable energy
contribution to the energy mix, set to more than double within this timeframe. This is a follow-up to the
National Electrification Scheme (NES), which was initiated in 1989 as a principal policy to extend the reach
of reliable electricity supply to all parts of the country over a 30-year period from 1990 to 2020. The SelfHelp Electrification Project (SHEP), is a complementary electrification programme initiated in 1989 to
support NES, and supports communities living within 20km from the transmission line to connect to grid
electricity. Currently the country is also implementing the Ghana Energy Development and Access project
(GEDAP), a multi-donor funded project supporting Ghana to improve electricity access and operational
efficiency.
3

Data is sourced from the Ministry of Petroleum.
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Ghana is endowed with ample renewable energy resource potential particularly in biomass, solar, wind
and hydro. An estimated 853 kWp of solar photovoltaic (PV) capacity had been installed as of 2011, the
majority of which was in rural home systems, telecommunication systems and water pumping systems. A
number of large grid-scale solar PV projects are in the pipeline.
2.1.1 Solar PV Projects in Ghana
Though it is not as developed as in East Africa, there is a growing solar industry in Ghana that has been
expanding to rural areas. The government has been a major supporter of solar PV projects in Ghana,
encouraging businesses, households and communities to make more use of renewable energy.
Government-backed solar projects have been implemented mostly in the Northern regions (Brong Ahafo)
and in some parts of the Volta region. These projects have focused mainly on public institutions such as
health facilities and schools.
The Ghanaian government has encouraged the use of solar PV technology through initiatives such as:






A government initiated solar street lighting project for rural off-grid communities.
The establishment of a Feed-in-Tariff (FiT) scheme for grid-tied renewable energy projects (GHS
0.43/kWh = USD 0.20/kWh). The FiT came into force on 1 September 2013 and was gazetted by
Ghana’s Public Utilities Regulatory Commission in November 2014.
A power purchase agreement (PPA) for the Nzema project, the biggest PV and largest solar energy
plant in Africa (155 MW). The project will provide electricity to more than 100,000 homes and will
increase Ghana's electricity generating capacity by 6%. The project was enabled by the FiT.
The introduction of subsidies to cover the high initial cost of renewable energy technologies,
particularly those located in rural communities.
Removal of import duty and VAT on renewable energy technologies.

A number of donor-driven projects are also assisting in the deployment of solar PV technology:





The Ghana Energy Development and Access Project: This is a multi-donor funded project involving
the World Bank-International Development Agency (IDA), Global Environment Facility (GEF),
African Development Bank (AfDB), Global Partnership on Output-based Aid (GPOBA), Africa
Catalytic Growth Fund (ACGF) and the Swiss Agency for Development and Cooperation (SECO).
The project aims to increase electricity access and renewable energy development. Two
components of this project include providing grid-connected renewable energy, mini-grids and
off-grid electrification through distributed solar PV systems.
An off-grid solar PV electrification project supported by the Spanish government.
The Renewable Energy Services Project (RESPRO), supported by UNDP.

2.2 Health Sector Overview
Ghana has made steady progress in the health status of its population over the last decades with life
expectancy improving from 50 years in 1960 to 62 years for females and 64 for males in 2013. Maternal
health is improving as evidenced by a decrease from 760 to 380 maternal deaths per 100,000 live births
from 1990 to 2013. Child health has also improved with under-5 child mortality rates dropping from 128
in 1990 to 72 in 2013. Between 2007 and 2014, 67% of births were attended by a skilled health-care
14

professional. Despite this progress, Ghana is not on track to achieve its Millennium Development Goals
(MDG) 4 and 5 targets to reduce child mortality and improve maternal health.
The country has set out policies, plans and innovative reforms to continue improving the health sector.
Policies are beginning to incorporate the private sector and communities in health care provision as seen
through the Ghana Health Service’s CHPS Operational Policy. Some other relevant policies and initiatives
include:






The National Health Policy developed in 2007.
The Health Sector Medium Term Development Plan (HSMTDP), which links the National
Development Plan of 2010 with the MDGs and other development and health sector strategies.
Ongoing health sector reforms that aim to restructure the institutional arrangements of the
health sector. They seek to separate the policy-making, service delivery, financing, and regulation
functions of the MoH and re-allocate them to autonomous local agencies. This has brought about
decentralization of the health sector (e.g. CHPS initiative).
Close-to-client service delivery initiative, adopted in 2000 by placing community health nurses in
communities to offer public health, outreach and limited clinical service and serve as the first
point of contact and referral.

The CHPS operational policy document notes that the reforms and policy changes are still being faced
with bottlenecks. While the “quantity” and “overall access” to health care has improved, in many cases
quality of service remains problematic.
In terms of institutional structure, Ghana has three administrative levels that govern the functional
aspects of health care facilities (see Figure 2.1). However, the level of care expected at the different facility
types are not clearly defined, particularly at the district and sub-district functional levels. For example, the
difference between clinics, polyclinics and health centers at the sub-district level has not been clearly
established; their structures, medical services and on-site equipment may overlap.
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Figure 2.1 Institutional Structure of Ghana’s Healthcare System

This needs assessment focused on primary healthcare at the sub-district and community-level, which are
at the front line of Ghana’s health system, consisting of predominantly CHPS compounds (see Figure 2.2).
Figure 2.2 Surveyed Health Facilities by Type of Facility
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3 Key Findings
This section summarizes the findings of the data “mapping” exercise and energy audits carried out in
Ghana4. Section 3.1 provides several overall findings while Section 3.2 and Section 3.3 provide findings
relevant to the data “mapping” exercise and energy audits, respectively.

3.1 Summary
1. There is a lack of easily accessible and reliable data on the availability of energy in healthcare
facilities.



Health facility energy systems had not been documented for the majority of health facilities in
Ghana, which made it difficult to map out off- and on-grid facilities.
Even where energy sources were known, it was not well understood what the operational status
of the source was (this applied to both off-grid systems and the national grid). Additionally, the
MoH and MoP sources did not always align – for example, some sites on the GEDAP list were not
included in the larger MoH list, and neither of these lists were aligned with the MoH’s online
datasets that include GPS coordinates.

2. Decentralized energy sources provide critical, yet insufficient, energy services to surveyed health
facilities not currently connected to the grid





Between the SREP rollout, GEDAP institutional installations and upcoming solar PV regulations,
including tax credits to encourage more medium and large scale solar energy production, the
government is taking a bullish stance on solar, however its availability is still insufficient for those
surveyed clinics not yet connected to the grid. Solar PV systems and solar lanterns are important
contributors for health power systems, playing a role in particular for lighting and refrigeration.
Solar PV systems were found in 42% of surveyed facilities, and 80% of solar PV systems assessed
were functional, mainly due to the fact that most of the PV systems were installed less than five
years ago.
The total assessed solar PV generating capacity found at 32 sites was 9.6 kW. Of this, 76% was
currently working. The installed average size of a PV system was 150 Watts.

3. Ambitious grid extension programmes often install wiring hardware in facilities before stable
electric supplies have arrived, leaving many facilities without reliable power.



Eleven of the 75 audited sites (14.6%) were already connected to the grid, but suffered frequent
power outages that affect overall health center performance. According to those surveyed, six to
twelve hours a day of outage is common.
Surveyors found many sites that had been fully pre-wired for 240V AC more than six months
earlier, but had yet to be connected to the grid.

4

The project focused on smaller, off-grid sites (i.e. CHPS sites). It should be noted that, because the choice of audit sites was not
“random”, the findings of this study are not statistically representative of the entire country --- they present a “snapshot” of
energy supply in remote, off-grid facilities. The specific findings also provide lessons in the success of current energy solutions.
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4.

There are many CHPS compounds that are not connected to the grid and do not have an acceptable
electricity supply.




Dry cell batteries were the most common source of energy, highlighting the low level of electricity
availability in many sites.
Workers in many CHPS compounds still rely on dry cell battery-powered torches and even mobilephone lights as their primary lighting source.
These same compounds do not have refrigeration services.

5. The accessibility, quality and reliability of energy-dependent health services varies from service to
service and is generally inadequate for maternal and child health service provision.





Ambient lighting was found in most facilities while specialized task lighting (e.g. for maternity,
operations) and security lighting was rarely found.
Fifty-one percent (51%) of surveyed facilities had at least one refrigerator, however there were
issues around functionality due to energy supply issues; most grid-powered refrigerators were
operational however frequent power outages reduced their availability, as were solar PV fridges
as they were relatively new. However half of the eight LPG-powered fridges were nonoperational due to a lack of funding for refilling gas cylinders.
Forty-five percent (45%) of staff houses were electrified and of these 62% used solar PV
systems.

3.2 Data Mapping
The ASD team assembled available information for both off-grid and on-grid health facilities in Ghana in
the form of a country database. The database includes information about each facility, including some
basic descriptive information (e.g. facility level, GPS coordinates if available) as well as information on the
type of health services provided and the type of modern energy services, if any, available at the facility.
The MoH’s “National Assessment for Emergency Obstetric and Newborn Care” report and data supplied
by the MoP’s Ghana Energy Development and Access Project (GEDAP) programme served as the primary
sources of data.
The main results of the data mapping exercise are:
1. There is a lack of easily accessible and reliable data on the availability of energy in healthcare
facilities. Health facility energy systems had not been documented for the majority of health facilities in
Ghana, which made it difficult for ASD to map out off- and on-grid facilities. Even where energy sources
were known, it was not well understood what the operational status of the source was (this applied to
both off-grid systems and the national grid). Additionally, the MoH and MoP sources did not always align
– for example, some sites on the GEDAP list were not included in the larger MoH list, and neither of these
lists were aligned with the MoH’s online datasets that include GPS coordinates.
2. A lack of easily categorized facility levels makes assumptions about health and energy services
difficult. The organization of Ghana’s health sector is such that facilities called “clinic”, “polyclinic” or
“health center” do not have clear definitions of services on offer, making it difficult to know whether all
facilities with the same title (e.g. all clinics) offer, for example, staff housing or C-sections.
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3. Grid electrification is a high government priority and grid extensions are moving quickly, however
issues around reliable supply remain. A large number of health facilities in Ghana (especially those above
the sub-district level) are already connected to the grid (55%). There are, however, a number of sites
where the health facility has been connected to the grid but the grid is either not yet operational or supply
is intermittent and unreliable. According to government data, many off-grid health facilities are located
under five km from the grid, though some of this information has since been updated based on this
project’s field work.5
4. Non-electric energy data is not captured by surveys. Data on thermal power and heat uses and needs
at health facilities remains limited. Little information was available from any data source (including onsite interviews) on the use of biomass on-site or fuel for transport. Information on kerosene and LPG use
was available only at audited sites.

3.3 Energy Audits
The ASD team conducted 75 audits in six regions across Ghana. Of these sites, 64 were off-grid and 11
were grid-connected (see Figure 3.1).
Figure 3.1 Proximity of Surveyed Facilities to Grid by Region

This section presents the findings of these audits as follows:



First, a discussion of energy demand at health facilities – including an evaluation of the typical
energy-dependent health services found at the sites; and
Next, an assessment of the energy supply found at these facilities (both on-grid and off-grid
systems).

5

Note that data specifying distances of facilities from the grid (or information on grid location and extension by the power
company) was not always available, so many of the off-grid sites have estimated distances (or no information at all).
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3.3.1 Energy Demand
The energy needs of the audited health facilities can be understood, in part, by examining their existing,
energy-dependent medical services.
3.3.1.1 Health Facility Medical Services
The surveyed health facilities typically had one main health facility block in which various services were
offered in different rooms (See Table 3.1). Staff quarters were usually located in this same building.
Table 3.1 Ghana Health Facilities - Current Services and Energy Supply
Facility/Building
Main health facility building:
1. OPD
2. Consultation room
3. Examination room
4. Dispensary
5. Labor/delivery room
6. Family planning and
Antenatal care (ANC)
7. Dressing room
8. Store and records room
9. Cold room
10. Prevention of mother-tochild transmission
(PMTCT) room
11. Child welfare clinic (CWC)
12. Staff quarters
Latrines

Dug-out pits
Water storage tanks

Function, energy
requirement
Holds the various
departments offering
different medical services.
Energy requirement
includes: Vaccine
refrigerators, lighting,
sterilization and staff
houses electrification.

Comments on current energy
supply and needs
Has one power source that is used
for the medical equipment and
staff houses. Current equipment
observed is: Vaccine refrigerators
and fans (both requiring
electricity), and blood pressure
apparatus, thermometers and
scales (usually manual).

Provide services for all Most
commonly
Kumasi
visitors. Lighting is the only ventilated-improved pit (KVIP)
energy need.
latrines. No latrines visited had
lighting for night visits.
Burning of both bio-medical Commonly use biomass to burn
and organic waste.
wastes.
Water is stored in tanks of
3,000 to 5,000 liters.

Gravity flow from rainwater tank
taps. No observed internal piping
delivery in the facilities.

3.3.1.2 Key Appliances & Medical Equipment
After conducting audits of all equipment used in the surveyed health facilities, ASD divided the key, powerdependent appliances/services into the six categories below6:
6

A detailed description of these categories is provided in Annex 2.
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Lighting;
Refrigeration;
Water supply;
Staff housing;
Sterilization; and
Information and communication technology (ICT).

Additionally, all energy-dependent medical equipment was considered. Findings on these categories are
described below.
3.3.1.2.1 Lighting
In the context of healthcare facilities, lighting is generally categorized as ambient (general space lighting),
task (lighting for special tasks which is generally focused and brighter) or security (outdoor space lighting
around buildings and pathways). Battery torches are the main source of lighting in the audited facilities
(see Figure 3.2).
Figure 3.2 Lighting Sources at Surveyed Facilities

Key findings include:
1. Battery-powered torches were found to be the most common lighting source in off-grid facilities
– they are used in 41 facilities (in 25 sites they are the only source of lighting).
2. Solar PV is a lighting power source in 32 sites (43% of total), of which 25 use PV systems and
seven use solar lanterns. The PV systems often have multiple uses in addition to lighting (i.e.
lighting and vaccine refrigerators). Other less common sources of lighting include: kerosene lamps
(3 sites), diesel generators (3 sites) and gas lanterns (2 sites).
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3. Four of the facilities assessed have no source of energy for lighting. Staff use mobile phones for
lighting when needed.
4. A number of lighting solutions were non-operational (See Figure 3.3):
 One grid-connected facility had been disconnected due to unpaid electrical bills.
 Three of seven (43%) generators were not functional at the time of the audit (two were faulty
and one was unable to purchase fuel).
 Twenty-one percent (21%) of PV lighting systems were not working, many of which were
due to poor energy management resulting in flat batteries.
Figure 3.3 Operational Status of Lighting Sources at Surveyed Facilities

3.3.1.2.2 Refrigeration
Key findings on refrigeration include:
1. Of the 75 surveyed health facilities, 51% had refrigeration for preserving medicines and vaccines,
with an average of one refrigerator per facility. The remaining facilities did not have refrigerators
at all.
2. Lower-level facilities had lower prevalence of refrigerators (See Table 3.2).
Table 3.2 Availability of Refrigeration at Surveyed Facilities
Type of Facility
CHPS compounds
Health center
Clinic

Presence of Refrigerators
33 (50% of the CHPS compounds assessed)
4 (67% of the health centers assessed)
3 (75% of the clinics assessed)

3. In the health facilities that had refrigeration, solar PV was the main source of power for the
refrigerators (see Figure 3.4).
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Figure 3.4 Refrigeration Sources at Surveyed Facilities by Facility Type

4. Despite a number of facilities having refrigeration capabilities, some were not operational due
to energy supply issues (see Figure 3.5). While all national grid powered vaccine fridges were
operational, frequent power outages reduced their availability. Twenty (20) of the 28 solar PV
powered refrigerators were operational as they were relatively new (installed less than five years
ago). Only half of the eight LPG-powered fridges were operating. The rest were not operating
due a lack of funding for refilling gas cylinders. Those working were refilled using the health
facilities’ internally generated funds (IGF)7.

7

Government-run health facilities such as those audited receive funds as allocated from the District Health Office,
which manages a range of funding sources coming from central government, donations, etc. At site level the only
potential source of revenue, aside from donations, is basic fees for services and medicines charged to uninsured
patients. Uninsured patients are relatively uncommon and as such site-specific discretionary spending is limited.
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Figure 3.5 Operational Status of Refrigeration Sources at Surveyed Facilities

3.3.1.2.3 Water Supply
Water sources for the surveyed clinics included boreholes/wells, rivers, municipal water supply, rainwater
and lakes (see Figure 3.6). The on-site boreholes/wells observed were used only by the health facility and
its staff; off-site community boreholes/wells were managed by the community and were accessible to
everyone, including the health facility. Water was stored on-site in 3,000 to 5,000 liter tanks.
Figure 3.6 Water Sources in Surveyed Health Facilities
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Photo 3.1 Rainwater Harvesting System at a Staff House

Key findings on water supply include:
1. Hand pumps were the most common method for delivering water to the sites (mostly for
borehole/well supplied facilities). The facilities with municipal water supply and rainwater
harvesting received water through gravity fed, elevated storage tanks (see Figure 3.7). Hand
fetching was used to get water from surface remote sources (i.e. river and lakes). No site was
found to be using solar PV pumps.
2. The health facilities generally did not have piped water.
3. Heating water was predominantly done with charcoal. 57% of the audited sites were found to be
using charcoal. 2.7% of the visited sites were found to be using firewood, but this is mostly as
backup to charcoal. No solar water heating was observed.
Figure 3.7 Water Sources at Surveyed Facilities
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3.3.1.2.4 Staff Housing
Key findings on staff housing include:
1. Most health facilities surveyed (87%) offered housing for their staff (see Figure 3.8). Staff
quarters were typically located in the health facility itself.
2. CHPS compounds had an average of two staff houses; health centers had an average of five
while clinics had an average of three houses.
Figure 3.8 Availability of Staff Housing at Surveyed Facilities

3. Fifty-seven percent (57%) of the staff are housed on-site while the rest live off-site (see Figure
3.9).
Figure 3.9 Number of Staff at Surveyed Facilities
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4. The majority of staff houses (55%) did not have electricity. Those that did were often using the
same power source as the health facility, as they were usually located in the same building.
5. Eighteen (62%) staff houses with electricity were found to use solar PV systems; nine (31%) were
connected to the national grid while two (7%) used petrol generators. Non-electrified staff houses
used dry cell torches for lighting.
Figure 3.10 Electricity Sources in Staff Housing Units at Surveyed Facilities

3.3.1.2.5 Sterilization
In the health facilities assessed, heat-based sterilization was not used. Chemical sterilization (i.e. bleach
solutions) was assumed to be the primary method of cleaning apparatus.
3.3.1.2.6 Information & Computer Technology
Key findings on ICT include:
1. Computers and ICT devices were rarely found, with the exception of cell phones (see Figure
3.11). Only two of the health facilities surveyed had computers.
2. Most health facilities had poor mobile phone network coverage, with the network accessible
only from specific places in the health facility compound.
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Figure 3.11 Availability of Computers in Surveyed Facilities

3.3.1.3 Thermal Energy Demand
This report is focused on electric energy systems. However, it is important to note that thermal systems particularly biomass-energy for heat - play an extremely large role in the operation of health facilities.
Thermal power sources play an important role in two of the six priority energy areas.



Refrigeration: Off-grid refrigeration can be powered either by PV electricity, LPG or kerosene
fuels. Compressor-type PV fridges were far more common than absorption LPG fridges (and half
of the LPG fridges were not working because of a lack of gas supply).
Sterilization: Sterilization is a high priority for health centers. The audit team found that chemicalbased sterilization (i.e. bleach-based cleaning of equipment) was most common. It would be
useful to study this sector, especially considering the heightened needs in light of the Ebola
outbreak.

Other energy needs that were observed (but whose use was not easily quantified) in the audits include:




Cooking for staff, patients food and drinks in guardian shelters and staff houses. Biomass was the
primary fuel source.
Water heating for cleaning wards and for in-patient bathing. Again, biomass was the primary fuel
source.
Transport for moving patients to other sites.

3.3.2 Energy Supply
In addition to evaluating the facilities’ energy demands, ASD also examined the energy sources or systems
available at the sites. Figure 3.12 shows the various energy sources found in the 75 health facilities
surveyed.

28

Figure 3.12 Energy Sources in Surveyed Facilities

The key findings on energy supply from the audits include:







Dry cell batteries were the most common source of energy, highlighting the low level of
electricity availability in many sites.
Of the total assessed solar PV generating capacity found at 32 sites where PV was observed (9.6
kW), 76% was currently working. The installed average size of a PV system was 150 Watts. Most
of the PV systems have been donated by individuals or NGOs. The MoP has donated fewer than
five of the PV systems.
LPG (40%) and charcoal (36%) were the main thermal fuels for water heating and cooking.
Eight sites had a petrol generator, of which six were operational. Four of these were privately
owned or hired by staff members. The rest of the sites used them on an ad hoc basis due to the
high cost of fuel.
Most (80%) of the off-grid PV systems were operational. This was largely attributed to the age
of the PV systems as most were installed less than five years ago. Also, in some health facilities
the administrator uses internally generated funds to repair the systems. This is because most PV
systems were donated by NGOs and local health systems do not follow up on the system
operation. Non-operating systems were either old or the batteries were faulty.

3.3.2.1 Grid Connected and "Grid-Ready” Sites
Of the 11 grid-connected health facilities, six had challenges with the power supply (see Table 3.3).
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Table 3.3 Challenges with Grid-connected Systems
District

Facility Name

Health
Facility
Level

Current
Grid
status

Comments

Western

Newtown

Clinic

On-grid

Western

Ahobre

CHPS

On-grid

Western

Dawurampong

CHPS

On-grid

Western

NsuaemNo2

CHPS

On-grid

Western

Japa

CHPS

On-grid

Brong
Ahafo

Adadiem

Health
Facility

On-grid

Had been disconnected for 2 months due to unpaid
electricity bills. Also the facility experienced frequent
power outage of lasting up to 6hrs daily.
The facility experienced power outages lasting about
12hrs every day.
The facility experienced power outages lasting about
3hrs every day.
The facility experienced power outages lasting about
2hrs every day.
The facility experienced power outages lasting about
2hrs every day.
The facility experienced power outages twice a week
and lasting about 3 hrs.

An interesting feature in the health facilities assessed is that many sites were fully wired at the time of
construction in preparation for eventual grid extension (see Figure 3.13). Thus, even if the grid was still
some distance away, such sites had electrical installations already done – including lighting fixtures,
sockets and fans in anticipation of eventual connection to the national grid. For the most part these
appliances remain unused.
Figure 3.13 Pre-wired Status of Surveyed Facilities and their Distance from the Grid

Five of the health facilities had grid infrastructure in the community but the lines were yet to be energized.
Twenty-seven (27) off-grid sites had completed electrical installations (which include lighting, sockets,
fans) in anticipation of eventual connection to grid.
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Box 3.1 Existing Energy System Capital and Operating Costs8
During the survey, it was not possible to collect data for energy equipment and recurring costs, as no
such records were kept at the surveyed facilities. Also equipment was usually purchased centrally,
either by the government and/or NGOs.
In Ghana, PV prices are several times that of the global market (and have been over the last 5-10 years,
when most of the existing systems would have been installed). Informal surveys indicate costs may
have ranged from USD 8 to 15 per watt for delivered systems (including batteries).
Ghana’s government-run health facility operating costs are almost entirely covered by central and
district government sources. A limited amount of revenue may be received at site level from uninsured
patients. This suggests that without earmarked district level funding any ongoing operational
expenditures such as fuel, spare parts and system maintenance are difficult to meet.
For a typical off-grid facility with a 0.3 kW solar PV system (which is the average installed capacity in
the surveyed health centers) the investment cost is estimated between USD 2,400 and USD 4,500 as
shown below:
Investment Cost
Energy source
Solar PV

Description
0.3 kW system (at USD 8-15/Watt)

USD (Lower value)
2,400

USD (Higher
value)
4,500

For the same sample facility, the monthly costs are estimated to be approximately USD 38.53 for the
energy sources given in the table below:
Monthly/Maintenance Costs
Energy source
Description
Solar PV system
USD 30/kW/year
Dry cells
5 pairs per month
LPG refrigeration
48 kg for 3 months
LPG water heating/cooking
6 kg per month
Kerosene
1 liter per month
Charcoal
2 bags per month
Petrol
3 gallons per month
Total

8

USD
0.75
1.94
12.44
4.66
0.86
6.22
11.66
38.53

These figures represent indicative estimates, not actual prices, and are meant only to illustrate the general value
of equipment currently found on-site.
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3.3.2.2 Off-grid Electricity Systems – Management and Maintenance
Key findings include:
In the health facilities assessed, government funds were not generally allocated for purchase or
maintenance of energy systems. A number of observations confirmed this:





Broken generators in two sites had not been repaired despite the respective health facility
administrator reporting the issue to the district health office.
Several generators in use were owned and run by staff members (the district health office was
unable to provide support for power)
Half of the 8 LPG fridges found in the facilities were not operating due to a lack of funds to
purchase the fuel. Some staff members purchased their own gas cylinders to use onsite.
Most solar PV systems were donated to the health facilities – there was no central government
program for this.

Despite funding issues, the largely donated solar PV systems have been a success in the assessed sites.
This can be attributed to the following:






Eighty percent (80%) of systems were less than five years old.
The systems were relatively small (average installed capacity of 150 W).
The solar PV systems powered a few loads; mainly lights and fridges (and lights were only switched
on when needed).
Health facility administrator was responsible for maintaining systems by reporting any system
fault to district health officials for funding (but they rarely responded) and internally generated
funds were used to repair systems when the district officials delayed releasing funds.
Security guards were employed to guard against theft.

Though solar PV systems have had success in Ghana, problems are still evident in the audited sites:




The maintenance of these systems were entirely the responsibility of the beneficiary institutions,
leading to challenges around the sustainability of the systems.
The cost of maintaining and replacing batteries on many small systems is quite expensive, which
strains the budget of the respective health facilities.
It is still common to see one small power system (about 150 W on average) power both the
medical building and the staff quarters, which strains and shortens the life of the battery system
by over discharging. Low levels of training in energy management, lack of load limiting
technologies and insufficient power availability for various uses make this arrangement
unsustainable. Recommendations for incorporating these considerations in a new system are
found in Section 4.
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4 Recommendations
This section provides recommendations based on the findings of the data mapping exercise and the
energy audits conducted at 75 health facilities in Ghana. Further, it recommends solutions based on best
practice in rural energy system provision and based on emerging business models for operation of
decentralized power systems.

4.1 Approach for Evaluating Design Solutions
African Solar Designs used a standard process for evaluating what, if any, interventions are required at
the surveyed facilities. The figure below shows the decision tree used by ASD to arrive at the most
appropriate solution per facility.
Figure 4.1 Decision Tree for Evaluating Solutions
Mini-grid
designs

HC is not near
the
grid(>5km
away)

YES

No exis ng
system

Mini-grid
Poten al?

Design a
system

Simple fix

Poorly
performing
system

Health
Centre

HC is near
the grid
(<5km away)

Category

Adequate
system

Connect to
the Grid

Design a
new
system
Upgrade
or expand
the system
No
altera on

Decision Point

Outcome

As can be seen above, if a facility was within five km of the grid, a grid connection was recommended9.
Where there was no system, a poorly performing system(s) or need for system growth, the ASD team
designed a new, facility-level centralized power system. Based on the results of the site audits, the ASD
team found that with load growth taken into consideration, all facilities where a grid connection was
not viable would require a new solution. This is even true for facilities that were found to have an
existing system(s) because:
9

Five km was chosen as the cut-off for this study following discussions with stakeholders.
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Most existing systems – even where they were functional – were not sufficient to meet the
critical power needs of the facility. In no case will an existing system(s) at a site be able to meet
future modelled load requirements.
Adding yet another system to the facility (to ensure it has enough capacity) could make
maintaining the systems extremely difficult. Modern technology enables PV (and other electric
systems) to more reliably share power onto a grid. Although redundancy of systems at a given site
served a useful purpose when PV and balance of system costs were very high, the lowered cost
of PV means that over-sizing systems is less costly than five years ago – meaning that larger, more
flexible centralized facility-level systems are increasingly viable. Load limiting and remote
monitoring technologies further enhance the attractiveness of these types of systems.

For a more detailed explanation of ASD’s approach to evaluating design solution, please refer to Annex 2.

4.2 Proposed Solutions
Of the 75 facilities audited by ASD, it is recommended that 11 sites continue to use the national grid, 20
sites be connected to the national grid, four sites use new, stand-alone solar PV solutions and 40 sites use
new, facility-wide solar PV-powered micro-grids (see Table 4.1).10
Table 4.1 System Recommendation Summary

Northern

Upper East

Eastern

Estimated
cost per
system
(USD)11

Volta

Total number of systems per
region

Brong Ahafo

System description

Western

Recommendation

Continue using the national grid

8

3

0

0

0

0

Connect to the national grid

4

6

2

5

0

3

1.25kW Stand-alone
system
2kW Stand-alone
System
2kW Facility-level
Micro-grid
3kW Facility-level
Micro-grid

24V PV system, 521Ah

1

0

0

0

0

1

24V PV system, 833Ah

1

0

1

0

0

0

48V PV system and 573Ah
battery storage
48V PV system, 981Ah battery
storage, and 4.5kVA back-up
generator
48V PV system, 1302Ah battery
storage, and 7.5kVA back-up
generator

0

0

0

1

0

0

5

8

7

10

1

1

0

0

0

3

0

1

5kW Facility-level
Micro-grid

10

6,413 10,750
10,260 17,240
10,460 18,440
15,690 27,660
26,150 46,100

Because of the grid stability issues, this set of twenty facilities that are recommended to be connected to the grid should be
assessed carefully.
11 Does not include optional diesel generator or remove monitoring system costs.
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6kW Facility-level
Micro-grid

48V PV system, 1458Ah battery
storage, and 9kVA back-up
generator

1

1

0

1

0

0

31,380 55,320

For facilities at which the recommendation is for continued or new use of the national grid, it may be
worth considering one or more off-grid systems as an alternative power source during power outages.
The design of a grid-tied power backup system, onto which facilities would plug typical grid loads, would
require site-specific feasibility and design (this may involve solar PV, a battery or both, depending on the
site conditions).
4.2.1 Technical Solution Designs
As outlined in the table above, a set of standardized off-grid power solutions has been designed, and one
of these recommended for each site for which an off-grid solution has been deemed appropriate. These
consist of two sizes of stand-alone solar PV systems and four sizes of solar PV plus battery facility-level
micro-grid systems.
The proposed off-grid solutions consist of a solar PV array generating DC electricity, which is converted
into AC for use by the health facility. The individual Needs Assessment reports outline the proposed
technical parameters for the installation12. Electrical installations in Ghana are subject to guidelines of the
Ghana Standards Authority, which is affiliated with the International Electrotechnical Commission, the
global entity overseeing International Standards and Conformity Assessment for all electrical, electronic
and related technologies.
These stand-alone and facility-level micro-grid system designs, and the methodology used to evaluate the
right system for each site, are described in more detail in Annex 2.
In considering the system recommendations, it is important to note that:





Before installation of centralized PV systems, health centers should be fully wired for standard AC
equipment. The PV system should connect this system through a circuit board in the same way a
grid power system would.
Modern PV, control and storage technology offer many advantages for service provision. It is
important that the solutions provided make use of recent developments in energy technology,
appliance efficiency (i.e. LED lighting), remote monitoring and communication, and even billing
and metering.
Petrol generators are recommended on systems above 3kW to increase system flexibility and
lifetime. Fuel availability is not a challenge as it might be in other markets. The recommended PV
systems have been oversized, and two days’ autonomy provided in the battery bank sizing –
meaning that a generator would be used rarely and consume a relatively limited amount of fuel.
Moreover it could be used to recharge batteries during long cloudy periods and thus greatly
extend the service life of batteries. Though the facilities surveyed had little in the way of high

12

Parameters specified for each system include the solar array peak capacity in Watts, the total capacity of the
inverter in Watts, the battery bank capacity (in Amp-hours) for 2.5 days of autonomy (continued use without
additional solar input) and the DC system voltage. The charge controller size (Amps) should be 25% greater than the
current coming from the solar array to allow potential overcurrent flows while protecting the equipment.
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power loads (e.g. water pumps, electric autoclaves) an on-site generator backup would enable
occasional use if they are needed in future.
There may be a need to review the types of appliances for sites according to the electricity system
provided. Where DC appliances are used now, they will have to be replaced with 240V AC
appliances. In some sites, existing stand-alone PV systems can continue to power water pumps
and vaccine refrigerators alongside new 240V AC systems.

4.2.2 Solution Cost Requirements
The proposed solutions represent approximately USD 1.03 million in upfront costs including both
procurement of equipment and installation costs, with additional optional costs for diesel generators
and/or remote monitoring systems (both recommended).
A costing estimate for the procurement and installation of the power system solution has been included
in each facility-level needs assessment report. Low and high per-Watt costs in USD have been used to
generate an investment range for each system that takes into account national tax regimes, component
costs, and transport and installation fees.
Depending on the implementation model chosen, it will be important to consider what actor (e.g. donor,
government, private operator) will meet the ongoing maintenance costs – battery replacement, fuel (if a
generator is included) and spare parts. Where public-sector support is required for system maintenance,
the system’s long-term sustainability may be subject to budgetary constraints or the longevity of a donorfunded program. Whereas a ‘commercial’ (private sector based) maintenance solution may offer
advantages in longevity, efficiency and other areas, a sustainable financing mechanism must be in place
(e.g. community fund, non-core revenue source on site).

4.3 Implementation Considerations
This section outlines several key considerations and options for the implementation of the solutions
recommended in this report.
4.3.1 Prioritization of Facilities
ASD recommends using the following criteria to prioritize facilities for the deployment of solutions
(particularly off-grid solutions):






Number of patients/size of facility: Sites with more activity enable solutions to impact a larger
number of patients than at less busy facilities.
Distance from the grid: Solutions that are further from the grid will be less likely to become
redundant over time.
Within a specific focus region: This will help operators/technicians serve multiple sites more
effectively and efficiently.
Government priority: This may include priority from a health service perspective, grid extension
plans (or lack thereof), or other rationale.
Existing electrical power: Sites without any electrical power should be given a higher priority.
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4.3.2 Sustainability
Experience has shown that one of the key determinants of the sustainability of an off-grid power solution
is its management (the arrangements for owning, operating, maintaining, and funding a system after its
installation). Without an appropriate management model, off-grid technologies, although increasingly
robust in technology terms, can be at risk of failure within a relatively short period. The primary reasons
for this can be that the initial solution design and installation are poor, that no actor who is capable of
understanding and fixing (sometimes even very minor) problems attends to the fault, and that the funds
for any necessary replacement parts/work (or the parts themselves) are not available. There is typically
no ongoing revenue stream associated with the installation of these solutions (given that healthcare
facilities – especially public ones – typically do not generate revenue) that would support both technical
capacity and replacements.
To ensure the sustainability of the proposed solutions, it is recommended that the following
considerations be taken into account when deploying the solutions recommended in this report:










Ownership: There should be clear ownership of the system, including roles and responsibilities
for operation and maintenance.
Economical and financial: The cost of keeping the systems operational should be realistically
budgeted for. Funds should be made available either at the facility-level or through district health
budgets to cover repairs, fuels (where applicable) and spare parts.
Technical: The systems should supply power as designed. They should be as simple and durable
as possible.
Equipment supplier/maintenance person and health center staff relationship: Health facility
staff should know who is responsible for repairing and maintaining the system and should know
who to call when there is a problem. Preferably, this person should be located near the site.
User education and system management: Health facility staff should be trained in the basic
operation and management of the system. Training may have to be repeated with new staff and
it may have to be “enforced” when equipment is misused. Staff should also know what they can
do, what they cannot do and which appliances are and aren’t allowed. They need to know how to
tell when something is wrong and what to do.
Ensure that spare parts are budgeted into solutions. All technologies have lifetimes and can fail
for a number of reasons. Allowances should be made to ensure that equipment can be quickly
replaced when it reaches the end of its life.
Service, maintenance, spare part provision contracts: Service contracts should be put in place
and suppliers/service providers should fulfill their obligations to ensure the systems work.
System monitoring and reporting: Online monitoring enables providers and managers to track
the status of systems remotely13. It allows those monitoring the site to be aware and take action
when systems are used beyond the design parameters. Wherever there is a cell phone signal,
remote monitoring of PV systems can assist in management and maintenance. If the right
technology is used, a manager should be able to know exactly what is happening in real time with
a solar system14.

13

Virtually all modern PV charge regulators and inverters are equipped with sophisticated control equipment that allow them to
monitor, communicate and manage various aspects of energy delivery.
14 M-Kopa Solar tracks the real time performance of hundreds of thousands of systems in Kenya and Uganda.
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Box 4.1 Private Sector-led Implementation Model
Procurement-driven models for equipment supply, which focus on the up-front purchase of systems but
not necessarily the supply of the service, have been found to be unsustainable at times due to a lack of
ownership and ongoing investment in the long-term operation and maintenance of the systems. An
alternative approach worth considering, provided the policy/regulatory environment allows for it in
Ghana, is a private sector-led model (or a public-private partnership model), whereby rather than
solutions being procured, an experienced enterprise provides energy services to a health facility on a feefor-service basis. Examples of this model in other sectors include:
•

•

•

Mobile solar PV system payments (“pay-as-you-go”): M-Kopa (Kenya), Mobisol and Off-Grid
Electric (Tanzania) have hundreds of thousands of customers that pay for their electricity services
on a daily basis. They maintain close links with customers, offer an affordable service and are able
to disconnect customers if they don’t pay.
Telecom base station power: Telecom base stations achieve a high level of reliability in tens of
thousands of African sites by contractually obligating tower operators to provide power according
to carefully agreed terms. If the power is not provided, payment is not made from the telecom
company to the operator.
Off-grid tourism: Hundreds of lodges keep energy supplies up and running for customers that pay
a premium to be comfortable. Dedicated staff maintain the power systems and the costs are
covered as part of the business.

These three business models have a number of things in common:
•
•
•
•
•
•

They are commercial and private sector driven;
They have been able to innovate and introduce new technology quickly;
They have strong management and maintenance element at the level of the consumer;
They are able to control the use of the energy systems and limit misuse;
The size of the operation has achieved scale. A minimum size of business and number of systems
is required for profitability; and
Payments are made according to the delivery of service, not delivery of equipment.

If such a model is adopted, ASD recommends the following:
1. Where possible, implementation and installation of energy equipment should be based on
performance contracts that meet a clear standard of energy delivery.
2. A single enterprise should be hired to own and manage a minimum number of installed systems
(perhaps in trust for the government and communities).
3. Ideally, a number of sites should be clustered together to achieve scale within a given geographic
region.
4. Use of remote monitoring and reporting as well as state-of-art technology should be encouraged.
Mobile metering, billing and monitoring platforms should be required, where feasible.
5. The operators should be required to involve locally-based, appropriately trained technicians, where
available, in the management and operation of the systems they install.
6. Operators should have clear responsibilities to work with staff of health centers to manage use of
electricity. They should be responsible for training staff.
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7. In addition to providing electricity to health centers at agreed terms, operators should also be
required to provide electricity to staffing quarters according to standard terms (because different staff
require different amounts of electricity, they can provide various levels of service at different rates).
8. Ideally, operators should be allowed to sell excess off-grid electricity in neighboring communities
(with load regulation and monitoring in place to ensure the clinic has primary access to the power).
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5 Annexes
Annex 1: Stakeholders Consulted
The following stakeholders were involved in the Inception Workshop. Various others were consulted
throughout the course of the project.
No.

Name/Title

Institution

Email

1

Samuel Adu Asare

AFD Consultants Ltd

saduasare@gmail.com

2

Twumasi Sakeena

3

Efua Amissah Arthur

Atlas Business &Energy
System Ltd
African Development Bank

ade@abesafrica.com
info@abesafrica.com
e.emissaharthur@afelb.org

4

Agyerim Boateng

WILKINS

agyerim@wilkinengineering.com

5

Kenneth Cornelius

DENG

kkc@dengltd.com

6

Richard Arthur

DSTC Solar

richard@dstc@gmail.com

7

Charles Kofi Owusu

KITE

ckowusu@kiteonline.net

8

Dr. Nicholas Adjabu

Ghana Health Service

Adjabu95@yahoo.com

9

Yolanda Adusa - Poku

Ghana Health Service

Yollie.adusa@gmail.com

10

Seth Mahu

MOP

smagbewe@yahoo.com

11

Karin Sosis

ASD

ksosis@africansolardesigns.com

12

Agyenim Boateng

Wilkins Engineering

agyenim@wilkinsengineering.com
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Annex 2: Site Analysis and System Design Methodology
System Designs
A standard process was used to design power solutions. The figure below shows the design decision tree
used by ASD to arrive at the most appropriate solution.
Mini-grid
designs

HC is not near
the
grid(>5km
away)

YES

No exis ng
system

Mini-grid
Poten al?

Design a
system

Simple fix

Poorly
performing
system

Health
Centre

HC is near
the grid
(<5km away)

Category

Adequate
system

Connect to
the Grid

Design a
new
system
Upgrade
or expand
the system
No
altera on

Decision Point

Outcome

As can be seen, if a system was within 5 km of the grid, a grid connection was recommended15. Where
there was no system, a poorly performing system or need for system growth, the ASD team designed a
new system. Based on the site audits, the team found that with load growth taken into consideration, all
sites where grid connection was not viable would require a new solution.
Future Load Requirements
Information from a large sample of sites was reviewed and analysed in order to develop a model of the
essential energy needs for rural health facilities. Site information was used to define the type and quantity
of electrical appliances used at all different types of health facilities as well as their associated power and
usage schedule.
The following six categories were identified as the essential energy demands that need to be taken into
account for the future energy requirements.

15

Five km was chosen as the cut-off for this study following discussions with stakeholders.
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1.
2.
3.
4.
5.
6.

Lighting – Interior, Security and Medical
Refrigeration
Water pumping
ICT – Mobile phone charging and computer access
Staff housing
Medical equipment – requirement decisions were based audit information, government advice
and industry standards

Electric sterilizers are not recommended for use on off-grid power systems due to the high instantaneous
power requirements as well as the lower inefficiency of electricity as an energy carrier for thermal
applications compared to thermal fuels. Therefore, thermal fuel powered steam sterilizers are
recommended for off-grid facilities.
The following site specific characteristics were determined for each site, (and used in conjunction with
the above essential needs) to determine the future energy requirements:
The health facility is assigned to a category depending on its country and level. This allows for
generalizing about the typical or prescribed type and number of medical appliances and staff energy
requirements at a given site.
Country – Uganda, Malawi or Ghana
Health Facility Level – This definition depends on the country. In Uganda, the equipment and
services offered at each level are relatively consistent. In Ghana and Malawi, less so. Further
explanation of health facility levels are included in each country report.
Uganda health facility levels are clearly defined (HC II, HC III, and HC IV).
Malawi health facilities included in this study are all Tier 1 and therefore a decision informed by
the services offered was made to break them into sub-categories of Tier 1 – Basic (resembling
Ugandan HC II and Ghanaian CHPS / Clinics) or Tier 1 – Advanced (resembling Ugandan HC III and
Ghanaian Health Centers)
Ghana health facility levels are Community-based Health Planning and Services (CHPS) posts, Clinics
and Health Centers. From survey information and communication with the Ghana Health services,
it was decided that CHPS and Clinics have similar energy needs, whereas Health Centers have higher
energy needs.

Numerical parameters individual to each facility were taken in order to calculate the required energy
for certain energy applications.
Number of Buildings – this determines the lighting energy requirements at the facility. Medical
buildings, guardian shelters and toilet blocks were included. Where possible, the number of rooms
and size of each building was considered and where more lighting was required, the number of
building was increased appropriately.
Number of Staff Units - this determines the staff housing energy requirements. A base staff unit
energy requirement was calculated on the assumption of 2 lights bulbs, 1 TV and 2 mobile phones
per unit. This value has been increased or decreased depending on the country and health center
level as differences in staff housing energy requirements is seen.
Number of Staff – this determines the mobile phone charging energy requirement. It is assumed
that one out of two staff members charged their phone every day.
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Water Storage Capacity – this determines the water pumping energy requirements. Where the onsite water storage capacity was given, this was taken as the daily pumping requirement. If the
storage capacity seems too large for the daily demand or if there is no on-site storage at present,
an assumption of future needs was made. Standard assumption = 10m3/day.

The table below details the appliances associated with the six essential energy demands outlined above,
and details on how the site specific parameters are incorporated to calculate the future energy demand.
Energy
Demand
Category

Appliance

Lighting

Interior
lights
Security
lights
Operation
lights
Refrigerat
or
Mobile
phone
Computers
Printer
Microscop
e
Oxygen
concentrat
or
Air
conditione
r
Centrifuge
CD
4
machine
Suction
Machine
Anesthesia
machine
Staff unit

Refrigerati
on
ICT

Medical
equipment

Staff
housing

Daily
energy
requireme
nt
[kWh/day
]

Uganda
HC 2

Malawi
HC3

HC4

Ghana

0.16

Tier 1
CHPS
advanc
and
ed
Clinic
Number of lights/appliances required
3 interior lights per building

0.36

2 security lights per building

0.48

0

1

3

0

1

0

1

1.14

1

1.5

2

1

1.5

1

2

0.02

1 phone per 2 staff members each day

0.96
0.20
0.16

1
1
1

2
2
2

4
4
3

1
1
1

2
2
2

1
1
0

2
2
2

1.05

0

1

2

0

1

1

2

3.00

0

0

1

0

0

0

0

0.40
0.30

0
1

1
2

2
4

0
1

1
2

0
0

1
0

0.75

0

1

2

0

1

1

2

2.00

0

0

1

0

0

0

0

0.5
kWh/d
ay

0.6
kWh/da
y

0.6
kWh/d
ay

0.8
kWh/d
ay

0.6
0.7
0.9
kWh/d kWh/d kWh/d
ay
ay
ay
0.14 kWh/day per m3

Tier 1
basic

Health
Center

Water
Water
supply
pumping
NOTE: The system has been sized as to account for all loads. For example, where there is an existing solar water
pump, this has not been removed from the modelled energy loads. The aim of the system sizing is to account for all
possible future energy demands. Sterilization has not been modeled as it is too electricity-intensive for a stand-alone
or facility-level micro-grid system to power.
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System Sizing
Once the future electric load requirement is determined from the table above and the site specific
parameters, the system size is determined according to the following steps:







Twenty percent (20%) is added to future load in order to capture any unseen growth or energy
requirements.
A further 25% is added to account for inefficiencies and losses in the power system generation,
storage and distribution. The kWh obtained from here is the final future energy demand used to
size the systems.
The number of equivalent hours of peak insolation is calculated for that sub-national region using
industry standard online databases. The European PV GIS radiation database system is used and
both databases are considered (Climate-SAF and Helioclim) and the minimum value is taken in
order to be conservative.
The system size requirement is determined from the final projected future energy demand and
the equivalent hours of peak insolation for that region. It is then rounded up to the nearest size
category which has already been assigned (i.e 2.7 kWp system would fall in the 3 kWp category)
For sites where the system size is marginally greater than a system category, an objective decision
is made whether to round it down or up (i.e 3.08 kWp would be rounded down to 3 kWp rather
than up to 5 kWp). This is to avoid over-sizing systems as the 20% electricity growth allocated
ensures that the size will account the sites basis needs in any case.

The systems have been sized according to appliance total kWh usage, with inefficiency factors and storage
included in the overall design.
System Configuration
Designing, supplying and installing individual systems for scores of sites would be extremely timeconsuming (and impractical to tender and procure). Instead the team designed six standard systems which
can solve general needs of a site. In order to address the varying supply and demand needs of the audited
sites, the team has designed and recommended a number of “standard systems” that allow for load
growth and have the capability to power a number of standard appliances.
Two possible configurations are proposed:



Stand Alone Systems – For scenarios where only one building is required to be connected to the
Solar PV power unit. This occurs rarely, for example when there is only one medical building.
Facility-wide System (clinic level micro-grid) – One centralized solar PV power unit with all
buildings connected in a micro-grid configuration. Appropriate for facilities were there are more
than one building and all building are close. On-site distribution costs are assumed to be USD
14/m accounting for distribution cable and poles. Where the site dimensions are available from
satellite imagery, distances between buildings are calculated. If the price of on-site distribution is
greater than 15% of the approximate system cost (country dependent), the micro-grid
configuration is not considered financially appropriate.
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Decentralized vs Centralized Power Delivery
When considering the implementation of power solutions in off-grid health centers (and rural sites in
general), there are two general engineering solutions for supply of power. The first is to independently
power devices (and/or buildings) with separate systems that are independently operated and designed.
The second approach is to design a facility-wide power system that powers all equipment on site with a
single power source and distribute power to each of the appliances/buildings. Both approaches can and
do work - and there is considerable debate among practitioners about which approach is more desirable.







The consultants have, in a large majority of the sites surveys, opted to recommend centralized
240 VAC “facility-wide micro-grids because these systems:
Enable HC administrators to use standard 240VAC lights and appliances (which are lower cost and
widely available) rather than non-standard DC devices (which are more expensive and harder to
replace).
Are easier to manage and maintain than multiple small systems.
Are more economical with regard to electricity cost.
Are easier for PV system suppliers to quote for because most PV equipment is designed for AC
supply.
Prepare the site for eventual connection to the grid. Appliances in centralized systems will not
become redundant when the grid arrives.

We note that smaller low voltage decentralized systems are more appropriate in certain applications. For
example:





Very small clinics and dispensaries are often best served by pico-lighting systems and dedicated
vaccine fridges.
In extremely remote sites where central technical capacity is extremely limited, smaller, more
simple systems may be better.
When there is a need for portable power, or
Where demand is limited to lighting only and buildings are far apart.

However, in Ghana centralized systems were almost universally selected because of the large average
number of systems on each facility site and because of the rapidly growing electricity demands.
Grid Connection, Off-Grid Power Systems and Power Back-Ups
Even though it is recognized that sometimes the grid performs poorly, grid connection for grid-proximate
sites was recommended for the following reasons:





All governments prioritize grid connection for rural electrification;
Grid electricity is much lower cost than off-grid solutions – between half and one-third the cost in
most cases;
It is a more flexible supply option and allows more appliances to be powered (i.e. electric
sterilizers);
Even poor grid solutions are generally better than poorly managed off-grid solutions.
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Instability of the grid in different regions of Ghana needs to be considered where choosing between grid
connection and off-grid power systems. This study supports the general aggressive grid expansion but, at
the same time, recognizes that properly run off-grid systems may be a better short and medium term
solution if the overall power supply problems are not resolved.
For small demand (less than 1-2 kWh/day) solar solutions may be viable and actual designs can be reassessed on a case by case basis. The cost of grid connection is not estimated in this study as it is very
difficult to gauge without on-the-ground assessment. A rough estimate of USD 10,000-20,000 per
kilometer, plus transformer costs, may be used – but the actual distance to a site versus the “as the crow
flies” distance must be taken into account. A grid connection, of course, benefits an entire community –
and its costs are borne by the larger community – and not only the health facility.
Because of the confusion between the two, it is important to distinguish between off-grid power systems
(which supply primary power) and back-up power solutions (which provide power when the grid fails).
Either battery-back-ups or generators are used as power back up equipment, but not usually solar. Backups present a different technical solution than remote off-grid solar power supply. Because of varying
power sources and voltages, there are numerous issues with back-up systems (safety, maintenance, grid
connect issues, net-metering). In this solution set back-up power systems have not been designed.
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Annex 3: Design Recommendations by District & Facility
Region
Western
Western
Western
Western

Newtown
Ahobre
Mpataba
Aidoosuazo

Health Center
Level
Clinic
CHPS
CHPS
CHPS

5 Western

Kwasikrom

CHPS

6 Western
7 Western

Ananekrom
Asomase

CHPS
CHPS

Dawurampong
Appiah Nkwanta
Akontonbra
Nkwanta
Amanshia
Nanako
Beposo
Domeabra
Nkonya

CHPS
CHPS
Health Center

16 Western
17 Western

NsuaemNo2
New Somanya

CHPS
CHPS

18
19
20
21

Marfo
Pewuako
Japa
Abease

CHPS
CHPS
CHPS
Health Center

22 Brong Ahafo
23 Brong Ahafo
24 Brong Ahafo

Adadiem
Asempanaye
Beposo

Health Center
CHPS
CHPS

25 Brong Ahafo
26 Brong Ahafo
27 Brong Ahafo

Cherembo
Dumso
Duruwakrom

CHPS
CHPS
CHPS

28
29
30
31
32

Gyasikrom
Jamera
Kamampa
Kokooso
Kumfia

CHPS
CHPS
CHPS
Clinic
Clinic

1
2
3
4

8 Western
9 Western
10 Western
11
12
13
14
15

Western
Western
Western
Western
Western

Western
Western
Western
Brong Ahafo

Brong Ahafo
Brong Ahafo
Brong Ahafo
Brong Ahafo
Brong Ahafo

Facility Name

CHPS
CHPS
CHPS
CHPS
CHPS
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Distance from the
grid
On-grid
On-grid
On-grid
Off-grid within
5km
Off-grid within
5km
Off-grid over 5km
Off-grid within
5km
On-grid
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
On-grid
Off-grid over 5km
Off-grid over 5km
Off-grid within
5km
On-grid
Off-grid within
5km
Off-grid over 5km
On-grid
On-grid
Off-grid within
5km
On-grid
Off-grid over 5km
Off-grid within
5km
Off-grid over 5km
On-grid
Off-grid within
5km
Off-grid over 5km
On-grid
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km

Recommendation
Continue grid
Continue grid
Continue grid
Connect to grid
Connect to grid
Micro grid 3kW
Connect to grid
Continue grid
Micro-grid 3kW
Micro-grid 6kW
Micro-grid 3kW
Continue grid
Micro-grid 3kW
Micro-grid 3kW
Connect to grid
Continue grid
SAS 2kW
SAS 1.25kW
Continue grid
Continue grid
Connect to grid
Continue grid
Micro-grid 3kW
Connect to grid
Micro-grid 3kW
Continue grid
Connect to grid
Micro-grid 3kW
Continue grid
Micro-grid 3kW
Connect to grid
Micro-grid 3kW

33 Brong Ahafo
34 Brong Ahafo

Kunsu
Oppongkrom

Health Center
CHPS

35 Brong Ahafo

Zambrama

Clinic

36
37
38
39
40

Brong Ahafo
Brong Ahafo
Brong Ahafo
Volta
Volta

Asuosu
TatoBattor
Devakope
Matamanu
Nanso

CHPS
CHPS
CHPS
CHPS
CHPS

41
42
43
44
45
46

Volta
Volta
Volta
Volta
Volta
Volta

Gyatokura
Ngewe
Injare
Alokpatsa
Dainkope
Nyanbong

CHPS
CHPS
CHPS
CHPS
CHPS
CHPS

47 Volta
48 Volta
49 Northern

Nabu
Aveti kope
Chache

CHPS
CHPS
CHPS

50
51
52
53
54

Bouchipe
Achan Yire Goayie
Chama
Damankung
Gaa

CHPS
CHPS
CHPS
CHPS
CHPS

55 Northern

Katani

CHPS

56
57
58
59

Northern
Northern
Northern
Northern

Kori
Kotinto
Kpanashe
Langantire

CHPS
CHPS
Health Center
CHPS

60
61
62
63
64
65
66

Northern
Northern
Northern
Northern
Northern
Northern
Northern

Lito
Mepeasem
Nabuli
Namoo
Soo
Tanatala
Yipala

CHPS
CHPS
CHPS
CHPS
CHPS
CHPS
CHPS

67 Northern
68 Northern

Yikpabongo
Tuluwe

Health Center
CHPS

Northern
Northern
Northern
Northern
Northern
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Off-grid over 5km
Off-grid within
5km
Off-grid within
5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid within
5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid within
5km
Off-grid over 5km
Off-grid over 5km
Off-grid within
5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid within
5km
Off-grid within
5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid within
5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid within
5km
Off-grid over 5km
Off-grid over 5km

Micro-grid 6kW
Connect to grid
Connect to grid
Micro-grid 3kW
Micro-grid 3kW
Micro-grid 3kW
Micro-grid 3kW
Connect to grid
Micro-grid 3kW
SAS 2kW
Micro-grid 3kW
Micro-grid 3kW
Micro-grid 3kW
Connect to grid
Micro-grid 3kW
Micro-grid 3kW
Connect to grid
Micro-grid 2kW
Micro-grid 3kW
Micro-grid 5kW
Micro-grid 3kW
Connect to grid
Connect to grid
Micro-grid 3kW
Micro-grid 3kW
Micro-grid 5kW
Connect to grid
Micro-grid 3kW
Micro-grid 3kW
Micro-grid 6kW
Micro-grid 3kW
Micro-grid 3kW
Micro-grid 3kW
Connect to grid
Micro-grid 5kW
Micro-grid 3kW

69 Upper East
70 Eastern

Yipaala
Samlesi

CHPS
CHPS

71
72
73
74

Bukonor
Akpamu
Ahinkwa
Akyeremateng

CHPS
CHPS
CHPS
CHPS

Obenyemi

CHPS

Eastern
Eastern
Eastern
Eastern

75 Eastern

Off-grid over 5km
Off-grid within
5km
Off-grid over 5km
Off-grid over 5km
Off-grid over 5km
Off-grid within
5km
Off-grid over 5km
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Micro-grid 3kW
Connect to grid
Connect to grid
Micro-grid 3kW
SAS 1.25kW
Connect to grid
Micro-grid 5kW

