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1. Executive Summary

k& Overall, the assessment
found that when correctly
sited and dimensioned,
solar powered water
systems are a sustainable
and effective method of
providing safe water to
communitiesyy

41

Over the past few years, UNICEF has been exploring
new and innovative approaches to water supply, placing
an emphasis on systems which are affordable, scalable,
environmentally sustainable and climate smart. Solar
powered water systems have the potential to meet all
of these criteria. The systems can also help provide a
higher quality service to multiple communities through
the use of small piped water schemes and therefore play
a key role in helping to accelerate the achievement of
the Sustainable Development Goal (SDG) on water and
sanitation.

Globally, 35 UNICEF Country Offices are using solar
powered water systems in their programmes. As the
price of solar panels decreases and the systems become
increasingly popular with partners and beneficiaries, it has
become vital to assess the progress made so far.

The Solar Powered Water System assessment was carried
out in four countries; Nigeria, Mauritania, Uganda and
Myanmar and was supported by a global UNICEF country
office survey and literature review. The assessment aims
to take stock of the progress made so far, particularly in
terms of programming and the long-term sustainability
of systems. It will also provide key lessons to consider
when moving forward.

Overall, the assessment found that when correctly sited
and dimensioned, solar powered water systems are a
sustainable and effective method of providing safe water
to communities. Low day-to-day running costs combined
with long-term durability mean that solar powered
systems are now becoming financially competitive,
particularly in comparison to motorised systems. The
systems can also provide an important water storage
buffer for climate adaptation purposes and additionally
help reduce the carbon footprint of the water sector.

Despite the successes, significant challenges remain,
particularly in terms of sector professionalisation and the
strengthening of local markets. Also, because the potential
cost of repairs is higher than for other systems, it is vital
that the collection and management of user fees is made
both affordable and effective for all. If such improvements
can be made, solar powered water schemes have a real
potential to ensure safe and sustainable water access for
millions of people globally.



2. Introduction

Around 663 million people globally still lack access to
safe waterin 2016, despite the Millennium Development
Goal (MDG) target for water being met. Even when
improved drinking water sources exist, ensuring safe
and sustained water services remains a challenge.
Water points can regularly break down and services
are often unreliable, creating major barriers to access.
Reasons for this can include a lack of local capacity,
particularly in terms of repair and maintenance, land
degradation and pollution. Such challenges mean that
the rural water sector has been left with significant
unfinished business.

The new Sustainable Development Goal (SDG) on water
and sanitation agenda is more ambitious and aims to
ensure that everyone has access to a safe and reliable
source of drinking water at home by 2030 (SDG 6.1).
Countries are expected to progressively move up the
drinking water ladder, ensuring communities have access
to safer and more reliable services. In most rural areas,
groundwater remains the most viable and safe source of
water and will continue to play a key role in meeting the
SDG for water supply.

In order to achieve the ambitious task of universal safe
water access, UNICEF is continuing to explore new
and innovative solutions which are affordable, scalable,
environmentally sustainable and climate smart. Solar
powered water systems have the potential to meet all
of these criteria, providing higher quality services to
multiple villages through the use of small piped water
schemes. However, before scaling-up globally, it is vital
that UNICEF learns from existing in-country experiences.

The UNICEF Solar Powered Water System Assessment
is based on a combination of four in-country case
studies, a global survey and literature review. It aims to
take stock of the progress made so far, particularly in
terms of programming and the long-term sustainability
of systems. The assessment will also provide key
lessons to consider when moving forward.

Background

UNICEF first began piloting solar powered water supply
systems in off-grid areas more than 25 years ago. Since
then, the technology has evolved and the reliability and
efficiency of systems has improved significantly. Costs
have also decreased as more brands and technology
options have become available on the market.

According to a 2015 survey carried out among UNICEF
country offices, 35 UNICEF offices are currently using solar
powered water systems in their programming (Map 1).
The majority of systems have so far been installed in rural
communities, schools and health care centres. They are
mostly small in size (less than 2,000 beneficiaries) and are
often being used to replace handpumps and motorised
systems.

Fig. 1 shows the configuration of a typical gravity-fed solar
powered water supply system. Photovoltaic panels use
solar energy to power a submersible pump. Water is then
pumped up into a water storage tank, with gravity then
allowing this water to be piped to tap stands or directly
into households.

FIG.1 | Diagram of typical solar powered water supply
system
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Solar powered systems typically move water over
an extended period of time and are able to operate
autonomously in most cases. This can help reduce the
pressure on boreholes by spreading yield throughout the
day. The tank storage capacity of such systems can also
help provide an important buffer, allowing spare water to
be used during peak demand times, at night or during
periods of intense cloud cover.

Both the literature and UNICEF experience have shown
that solar powered systems have close to zero running
costs, unlike motorised pumps, which are also noisy,
polluting (emitting greenhouse gases which contribute to
climate change) and are highly susceptible to fluctuating
fuel prices. Even though the initial investment for solar
powered systems is still slightly higher than for motorised
systems, solar powered systems are becoming more
competitive in price where strong market competition
exists. Also, because of their durability and low running
costs, they are considered cost effective in the long-term.
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MAP 1 | Countries where UNICEF is supporting solar powered water supply systems
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3. Methodology

The UNICEF Solar Powered Water System Assessment
was carried out in four countries; Nigeria, Mauritania,
Uganda and Myanmar from July 2015 to May 2016. The
selected UNICEF Country Offices have piloted the use
of solar powered water supply systems over the past
few years and were chosen based on an initial broader
online survey sent to all 35 offices implementing solar
water supply programming. Table 1 shows the scale
of implementation in the four selected countries.
The countries covered a range of environmental,
socioeconomic and political contexts. A desk review
was also carried out in order to look at existing literature
and other documentation collected from additional
UNICEF Country Offices including Somalia, Ethiopia, the
Philippines and Afghanistan.

The field assessment was carried out over a total
of eight weeks, in collaboration with local partners
(including government, NGOs and private sector), WASH
Committees and households. Direct observations were
carried out in 35 communities.

Additionally, more than 300 individuals (government, NGO
staff, beneficiaries and private sector representatives)
took part in focus group discussions and key informant
interviews which took place at the community, district
and national levels. Follow up discussions were also
carried out with key informants and staff from the UNICEF
Country Offices following the assessment.

TABLE 1 | Number of UNICEF-supported systems and beneficiaries in each of the 4 assessment countries

Myanmar Nigeria Uganda
No. of solar powered systems
installed since 2011 13 763 38 34
No. of solar pump beneficiaries
since 2011 11,105 1,907,500 105,468 7.000
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4. Results

i) Solar Powered Water Systems:
The Technology

a.Technology overview

Solar powered water pumps have been in mass production
since 1983. Studies have shown that the technology has
improved greatly over the past 30 years, with systems
becoming more efficient, cost-effective and versatile
(Hossain et al 2015 and PS Eau 2015). There are many
types of pumps and systems currently available on the
market, suitable for pumping deep wells, shallow wells,
ponds and streams.

TABLE 2 | Comparison of water pumping technologies

As solar powered systems are relatively simple to install
and transport, the technology is especially suited to off-grid
rural communities, particularly where the groundwater
level may be too low to be reached by traditional
handpumps. The assessment found that solar powered
systems, when correctly dimensioned, are able to reach
depths of up to 250 metres, but are more commonly used
in boreholes less than 150 metres (Table 2).

Durability and minimal day-to-day running costs also make
the technology suitable for low income communities.
Unlike motorised pumps, solar powered systems

Handpumps

Motorised pumps

(diesel or other fuel)

Solar Powered
Water Pump

Initial cost $10-20 $20-50 (varies according to $10-90 (varies according to
(per beneficiary) context and size of system) context and size of system)
Pumping depth Up to 80m Up to 600m’" Up to 250m?

Installation Simple Moderately complex Moderately complex

Popularity with
beneficiaries

Less popular — major effort
required to collect water and
breaks down regularly. Cheap
to maintain.

Less popular — minimal effort
required to collect water

and breaks down regularly.
Expensive to maintain.

More popular — minimal effort
required to collect water and
rarely breaks down. Cheap to
maintain.

considerations

depths and requires time and
physical labour (usually from
women and children).

fuel supply.

Operating None Significant day to day operating | None —unless system is manually
costs costs are required (cost of fuel operated®, in which case a part-
and paying an operator) time operator is necessary
Durability Poor — breaks down frequently Poor — breaks down frequently High — rarely breaks down and
and requires regular and regular maintenance is little maintenance is required.
maintenance. Average lifespan | required. Average lifespan of Average lifespan
of 1-5 years. 5-10 years. of 10+ years.
Pollution No greenhouse gas emissions Significant greenhouse gas No greenhouse gas emissions
emissions
Other Only suitable for shallow water | Noisy, heavily reliant on reliable | Requires consistent sun

exposure throughout the
year, reduced output when
cloudy.

" Riser pipes are the limiting factor for the installation depth — more so than the power of the pump

2 Example: Grundfos SQ Flex 1.2-3

3 Manually operated systems require an operator to switch the system off and on depending to how much water is available in the storage tank. Many of
the newer systems now use automatic control panels in order to manage water flow, so operators are no longer required.
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generate no emissions and when combined with
sufficient water storage facilities, can be considered
a “climate smart investment.” The technology is well
suited to tropical countries (with high levels of solar
irradiation) and provides an important water storage
buffer for climate adaptation purposes. Collecting water
from solar powered systems, unlike handpumps, is also
faster and doesn’t require manual labour.

Table 2 below shows a simple comparison of the benefits
and challenges of three of the most popular water supply
technologies currently being used by UNICEF

The solar powered systems observed during the
assessment had been installed between 1 and 10 years
ago and were located in rural and peri-urban areas.
Around 50% of systems could be classed as hybrid and
utilized a back-up generator system when required. In
all cases, water was being consumed by households or
livestock either via tap stands (Mauritania, Nigeria and
Uganda) or piped directly to the home (Myanmar).

UNICEF-supported solar pump in Anambra State, Nigeria
© UNICEF Nigeria/2016

b. System dimensioning

The assessment found that the effectiveness of solar
powered systems is highly dependent on smart system
design, which must be based on accurate hydrogeological
and demand data. A feasibility study, carried out at the
community level was found to be absolutely vital, not
just to ensure the viability of the physical environment,
but also to determine whether or not the technology can
produce enough water per person to be cost effective for
the community. Unfortunately, this did not always happen
and certain parameters were not being taken into account
when planning installation. The most important parameters
to assess prior to installation are included in Box.1.

kk The assessment found
that the effectiveness of
solar powered systems 1s
highly dependent on smart
system design, which
must be based on accurate
hydrogeological and
demand datags

BOX 1 | Top Solar Pump System Parameters for
Dimensioning

e \Vater consumption per capita per day

e Total population and projected population growth
over the next 15 years

e Maximum vyield of water source (m3/day)

e Expected drawdown

e Distance from source to solar panels

e Distance from source to water tank

e Flevation from source to tank

e Static and dynamic water table

e |nside borehole casing diameter

e Seasonality of water demand (increases and
decreases during the wet and dry seasons)

e Actual solar energy available (insolation averages),
shading and variation over the year (sunny, cloudy,
rainy seasons)



BOX 2 | Solar Powered Systems in extreme climates

Despite being considered a climate resilient technology,
solar pump systems can still be vulnerable to the
impacts of extreme climatic events.

For example, in Mauritania, there were reports of
solar panel connectivity and wiring being sensitive to
extremely high temperatures — which can regularly
reach over 100°F during the dry season. This poses a
particular threat to hybrid systems with inverters, which
must be correctly dimensioned in order to support high
currents and heat.

Also during extreme weather events (such as monsoons
and flooding), unless solar panels are extremely well
protected and secured, they can easily be damaged,
and even worse, be dangerous if they shatter or become
dislodged (UNICEF Philippines 2016).

Interviews with the government and other
partners showed that whilst groundwater resource
assessments usually took place prior to installation,
just 25% of projects had carried out a thorough
feasibility study in order to help determine accurate
system dimensioning.

According to those who were interviewed, for water
depths of more than 200m, some solar water supply
brands struggle to yield sufficient water without also
relying on a back-up generator to provide additional
power. Therefore, in such situations, where initial costs
are so high and “breakeven points” occur much later,
motorized pumps may be more suitable, particularly
when demand is high.

c. Ensuring sufficient, year-round water supply

Of the 35 systems visited during the field assessment,
94% were found to be able to provide sufficient
water to all community members for most, if not
all, days of the year (Fig. 2). Forty-one percent of
systems experienced no issues with seasonality. For
the 53% of systems that did experience issues with
seasonality, water supply was found to be insufficient
for just a few days per year. This was found to be due
to either very heavy cloud cover (during peak rainy
season) or due to very high water demand (during
peak dry season).

Scaling up solar powered water supply systems: a review of experiences | 11

UNICEF-supported solar powered water system in
Uganda. © UNICEF Uganda/2015

FIG. 2 | Is the water produced sufficient year round?
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£€94% of systems were
found to be able to provide
sufficient water to all
community members for
most, if not all, days of the

year”

Just 6% of the communities visited said they struggled
year-round to provide sufficient water for everyone in
the community. In such cases, systems had not been
sufficiently dimensioned to get the most from the
borehole. Most commonly, panels were not sufficient
enough to match pump energy demand, pumps were
not powerful enough to provide sufficient water
at very low depths and storage was not sufficient
enough to provide at least 2 days of buffer storage
for communities. Additionally, in some cases, the
need to reduce costs by procuring in bulk, meant that
a "cookie-cutter approach” was used to dimension
all systems — using the same number of panels,
same sized storage tank etc. for each community.
This meant that systems were often performing
under capacity and were not able to fully meet the
community's demand for water. Similar issues were
also found in Somalia, where “oversizing” (affecting
57% of systems) seemed to be the predominant issue
—i.e. too many panels were installed. Not only did this
inflate the price of installation, it could also lead to the
overexploitation of groundwater sources, threatening
the sustainability of the borehole in the long-term
(UNICEF Somalia 2016).

It is important to note that all the systems which
struggled to meet water demands were solaronly
systems — not hybrids (which also had a back-up
generator). Around 50% of all systems visited could
be classed as hybrid systems with an ability to switch
to a back-up generator if necessary. In many cases
however, the generator was rarely used (only during
very cloudy days or periods of very high demand).
Also, according to those interviewed, the motorised
components in hybrid systems are much more
susceptible to malfunction and generators in particular
often require replacing at least once every five years.
However, in communities experiencing continually high
water demand or heavy and extended rainy seasons,
they remain vital in helping to ensure sustained water

supply.

d. Automated versus unautomated systems

Around 30% of the solar powered systems visited were
manually operated (switched off and on as needed).
These systems were found to malfunction more regularly
than those with automatic controls. Manually operated
systems also led to additional running costs as a pump
operator was required to oversee the day-to-day running
of the system, leaving space for human error. In one case,
a tank was seen visibly overflowing as the pump operator
was not available to switch off the system, leading to
water wastage and safety concerns.

None of the solar water supply systems visited used
batteries. According to those interviewed, trials over
the years had found the use of batteries (to store energy
and allow pumping at night) was not sustainable due
to their limited life span. The need for batteries can be
offset by improved system dimensioning in order to get
the most out of the system during daylight hours. The
need for battery disposal is also avoided, which can lead
to significant environmental hazards when not disposed
of correctly.

ii) The Demand for Solar Powered
Systems

In the four countries studied, solar powered systems were
found to be popular with communities, government and
private sector partners (Fig. 3). The vast majority of key
informants had a highly positive opinion of the systems.

UNICEF staff and implementing partners also favoured
the use of solar powered systems in their programmes
largely due to the low running costs and long-term
durability. Contractors and water service providers also
favoured the technology for the same reasons.

In countries such as Mauritania, Uganda and Nigeria,
which have relatively developed markets, initial
investment costs were found to be highly competitive
with motorised systems. As a result, the demand for
solar powered technology was high. In contrast, in
Myanmar, where the market was still in its infancy,
import tariffs were high and supply chains were
weaker, making the technology much less competitive.
Demand by the government, private sector and
beneficiaries for the technology, outside of UNICEF-
supported projects, was therefore relatively low.

For ministry and local government partners, even though
the vast majority favoured the use of solar powered
systems, most had yet to implement at scale due to the
higher initial investment costs required (compared to
motorised pumps). As one local government official in



FIG. 3 | What is your opinion of solar water supply systems?

End User

Water Management committees
Water service providers (private)
Contractors (private)

NGO Partners

UNICEF Country Office staff

Local Government

KEY INFORMANT GROUP

Ministry of Water Resources

I Highly positive Somewhat positive

Myanmar stated “it's a tough choice — reaching a smaller
number of people with a greener, more sustainable
technology, reaching more with a dirtier technology.”

The technology was popular with households due
to the low running costs and the reliability of water
supply provided by the systems. The main criticism of
the systems, particularly from the community Water
Management Committees, centred on them being unable
to provide sufficient water to meet the full needs of the
population. In such cases, further investigation revealed
that this was almost mostly due to an unusually high water
demand (as a result of large herds of livestock) or poor
dimensioning of systems which had resulted in reduced
capacity (particularly in terms of storage), to cover night
hours and cloudy days.

iii) Initial Investment

a. Procurement

In the case of the 34 UNICEF Country Offices that
implement solar pump programming, around 50% procure
directly from UNICEF’'s Supply Division in Copenhagen,
the other 50% choose to procure locally. This decision
is based on the specific country context (including in-
country pricing, import tariffs and the security situation).
Where it is too expensive or complex to procure locally (as
was the case for Myanmar), UNICEF will procure directly
from Supply Division. Nigeria, Mauritania and Uganda all
procure solar powered water system components locally.

Fig. 4 shows the different brands that are currently
being used by UNICEF in the four assessment countries.

I Neutral

40 50 60 70 80 90 100

PERCENTAGE OF RESPONSES

[l Somewhat negative [l Highly negative

Irrespective of how procurement takes place, it was
found that preference was given to the Grundfos SQ
Flex and Lorentz PS pump models based on their proven
durability, output and cost effectiveness in the long-
term. All government, NGO and private sector partners
interviewed similarly named Grundfos and Lorentz as the

FIG. 4 | The most popular solar pump brands used by
UNICEF in the 4 assessment countries

B Grundfos SQ

Mono Sun-Sub

B Lorenz PS [ Franklin Fhoton
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most desirable brands. The Grundfos SP line was found
to be preferable for larger communities (e.g. peri-urban
settings or refugee settlements). Mono and Franklin
were also rated highly.

One main advantage of DC submersible pumps (such as
the Lorentz PS pumps used in Uganda) is that they do
not require inverters (which were found to be prone to
malfunction), to convert the DC current from the solar
panels to the AC current required for the pump. Grundfos
SQ Flex models are also compatible with both DC and
AC power supply without requiring an external inverter,
which is particularly useful when a pump is powered by
more than one power source (i.e. hybrid systems). This,
combined with their overall efficiency and durability is
another reason why they are being selected for use by
UNICEF Country Offices.

b. Costs and Benefits

Since the 1980s, solar powered systems have increased
in efficiency and durability, with more brands becoming

available on the market (particularly from China) -
increasing competition and reducing costs.

This price decrease can largely be attributed to the rapid
fall in cost of solar panels over the past 40 years. Module
costs have fallen by 99% since 1976 and by 80% since
2008 (Fig. ).

When comparing the costs of programming per country,
the use of larger systems meant overall cost per beneficiary
could be reduced. This, when combined with a relatively
strong market environment meant that cost per beneficiary
was the lowest in Nigeria and Uganda (Table 3). Solar
panels (despite recent price decreases), pipes and storage
remain the most expensive components of a system.

Even though the initial investment for solar powered
systems is still slightly higher than for motorised systems
in many countries, solar powered systems are becoming
more competitive cost-wise with motorised-only pumps
where strong market competition exists (Khan 2013). For

FIG. 5 | The beautiful math of solar power (Bloomberg 2016)

Every time the world’s solar power doubles, the cost of panels falls 26%
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k€ Even though the initial
investment for solar
powered systems 1s still
slightly higher than for
motorised systems in many
countries, solar powered
systems are becoming
more competitive cost-wise
with motorised-only pumps
where strong market
competition existsyy

example, in Mali, the cost of water from a solar powered
system is now b times cheaper than that from a motorised
(diesel) pump — $0.08/m* compared to $0.44/m? or $0.20/
m?3 average for a hybrid system (PS-Eau 2015).

The results of the UNICEF assessment similarly showed
that in Mauritania in particular, solar water system
technology was very competitive. This was largely due
to multiple brands (particularly from China) competing for
market share, soaring fuel prices and popularity of the
technology with the government and general public. In
Uganda and Nigeria, where markets were also relatively
developed, solar powered systems were found to be
10-15% more expensive on average than for motorised
systems (Table 4). In the case of Myanmar, where the
market was still in its infancy (and import taxes are high),
solar remains expensive in comparison motorised pumps.

For most of the countries visited during the assessment,
markets have yet to fully evolve to the point where the
initial cost of solar powered technology is fully comparable
to motorized pumps (Table 3). However, when looking at
the costs over a longer period of time (i.e. several years),
the benefits become much more notable. Operation and
maintenance costs for diesel pumps are higher, despite
initial costs being slightly less than for solar powered
systems. According to those interviewed, diesel pumps
also need to be replaced every five years, whereas most
solar powered systems last more than ten. Maintenance
and operation costs (due to fuel costs) are also much
higher, meaning that over a 20-year period — a motorized
pump costs five times as much to maintain as a solar pump
(Lorentz 2008).

TABLE 3 | Average costs (USD) associated with installing a solar powered system per country in assessed UNICEF

Country Offices
Solar powered system NHEE Uganda Myanmar Mauritania
component

Solar Panels $4368 $11205 $3320 $1500
Solar pump $2195 $7076 $5,725 $1500
Pipes $3900 $19949 $7210 $800
Tank $1245 $12296 $4,504 $11000
Labour $2055 $5156 $555 $2000
Borehole Drilling $3170 $6667 $2,028 $4200
Other $3650 $9360 $3,919 $0
TOTAL $20,583 $71,709 $27,261 $21,000
Average population
supported by the system 2,500 2,500 686 300
Cost per beneficiary (USD) $8 $29 $40 $70

“ In Mauritania, despite solar powered systems being highly competitive with motorised systems (Table.4), the cost per person was still high due to the

small size of systems and high in-country logistical costs.
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TABLE 4 | Comparative installation costs for solar powered and motorised* water pumping systems

Solar Powered Systems

Motorised Water
Supply Systems*

Average (0] 1l Pri
Country e G Average Average Average Average verati rrice
Sk cost per cost per cost per cost per Difference
system person system person
(USD) (USD) (USD) (USD)
Myanmar Solar is 42%
686 $27261 $40 $16,753 $24 more expensive
Nigeria Solar is 14%
2,500 $20,583 $8 $18,298 $7 more expensive
Uganda Solar is 12%
2,500 $71,709 $29 $64,634 $26 more expensive
Mauritania Solar is 29%
300 $21,000 $70 $27,000 $90 cheaper

" Mechanised included those systems using a diesel or generatorbased power source

According to the communities interviewed, motorised
systems can cost around $300-500 a month to run (for an
average community of 1,000 people), depending on the
price of fuel and cost of paying a pump caretaker. This
means each community member would be paying on
average, $0.30-$0.50 per month in additional charges to run
a motorised system. When these figures are also factored
into the Cost Per Person estimates provided in Table.4, in
most cases, it would therefore take only a matter of months
before the “breakeven” point (see Fig. 6) was reached.

Hossain et al (2015) similarly found that the cost benefit
ratio of solar powered systems (1.91) was significantly
higher than diesel-operated pumps (1.31) when looking
at investment beyond the initial five-year period. Several
studies have shown that the payback period for solar
powered systems is around 4-6 years (NetWAS/Water
Aid 2013, Kabade et al 2013, Chandel 2015 and Eau
Solaire 2016). The proportional costs of operating a solar
pump compared to a diesel pump can be seen in Figure
6 below.

FIG. 6 | Proportional costs of operation a solar pump versus a diesel pump (Flow: 15m? 7 day, 30m lift)
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iv) Operation and Maintenance

a. Overall functionality

According to those interviewed, solar powered
systems, when correctly sited and installed, are highly
durable with an average lifespan of more than 10 years.
The pump itself (depending on the brand) can last 5-15
years, solar panels have a life span of approximately
25-30 years and control panels usually have a lifespan
average of about 7 vyears. This is in contrast to
handpumps, which in more than 20% of cases have
been found to become fully non-functional just one
year after installation (Tincani et al 2015). Solar powered
systems also only require minimal maintenance -
for example cleaning solar panels (as required) and
pumping mechanisms (yearly).

kkJust 13% of all solar
powered systems visited
had experienced a major
malfunction since
installationyy

FIG. 7 | Functionality of solar pump since installation

Bl Always functional

B Broken down once or more

For the 36% of pumps which had malfunctioned since
installation, in the majority of cases, this was found to be
due to minor technical issues which, once the technician
arrived, were reportedly easily resolved (Fig.8).

Around 25% of solar pump systems visited during
the assessment were built prior to 2011; the rest were
constructed between 1-5 years ago. Overall, 64% of the
solar powered systems visited had always remained
functional since installation (Fig.7).

Just 13% of all solar powered systems visited had
experienced a major malfunction since installation
(defined as costing more than $500 and taking more
than 1 day's labour to fix). In contrast, for motorised
pumps, private sector, NGO and community
respondents stated breakdowns could occur 2-5 times
a year on average. This is something which was also
confirmed by a recent UNICEF Somalia study (UNICEF
Somalia 2016).

One major concern highlighted by the field visits was
that none of the solar powered systems had undergone
routine scheduled servicing and just 20% had any form
of maintenance plan. Pumps were only being serviced
“when needed.”

FIG. 8 | Severity of solar pump malfunction if solar
pump malfunctioned

M Minor
B Major
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b. Major causes of malfunction

For the 36% of solar powered systems which had
malfunctioned since installation, according to those
interviewed, the most common causes of malfunction
were the failure of wiring and electrical components
or more severe issues relating to motor burnout and
boreholes running dry. This information was also
confirmed by the feedback collected from Community
WASH committees at the village level (Fig. 9). These
results correlate with those collected from other
UNICEF-supported studies of solar powered systems
at the country level (UNICEF Ethiopia 2014 and UNICEF
Somalia 2016).

All the issues listed can be closely linked with a lack
of groundwater assessment, poor borehole siting,
dimensioning and installation. It is important to note that
these issues are not specifically related to solar pump
technology - other types of system also experience the
same challenges which can be overcome by improving
the professionalization of the water sector as a whole.

c. System downtime

Even though malfunction rates were relatively low
(compared to other technologies), when systems did
malfunction, even relatively simple issues could lead

FIG. 9 | Main causes of solar pump malfinction

3%

\B

B Borehole ran dry

Issues with wirring/electrical components
M Motor issues (e.g. silting up)
B Vandelism/theft
[l Lightening
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to significant amounts of system downtime. Figure 10
shows the average amount of time taken to fix repairs.
Across all four countries, just one third of minor repairs
could be fixed within 3 days. This was particularly the
case for Nigeria, Mauritania and Myanmar. Similar findings
have also been found in Ethiopia (UNICEF Ethiopia 2014).
In many cases, an entire system could be disabled for
weeks over a minor issue due to a lack of locally qualified
technicians being available to fix repairs and poor spare
parts supply chains.

For major repairs, across all the four countries, specialist
technicians usually had to be brought in from the capital,
a process that usually took weeks (demand for their
services was high), leaving communities without water.
The results highlight the acute need for improved local
capacity building and spare part supply chain management.

d. Availability of spare parts

Despite markets being relatively developed at the national
level, spare parts were difficult to access at the local level.
Uganda was the only country in which spare parts could
often be found locally (Fig. 11). In the case of Myanmar
and Nigeria in particular, spare parts would often have to
be shipped from the capital, which significantly extended
repair times.

In Nigeria and Mauritania there were also complaints of
imitation spare parts flooding the market, making it difficult
to tell the difference between “official” and "“unofficial”
spare parts for major brands such as Lorentz and Grundfos.
Even barcodes (which can be checked for authenticity
online) were reportedly being forged in some cases.

FIG. 10 | Average length of time taken to fix
malfunctions (minor and major)

ngo
235
Z': 80
=3
L.
OE 60
w
O <
|<_t§ 40
2
3Q 20 |
g
s
o 0

>3days 4-10days 10-30 days > 30 days

TIME

B Minor Rapairs [ | Majors Rapairs



FIG. 11 | Where are spare parts usually sourced?
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e. System Management

Overall community contribution

For the vast majority of UNICEF projects, following an
initial 1-2-year warranty period, the community becomes
responsible for managing and paying for repairs. In around
95% of communities surveyed, the systems were either
fully managed by the community or partially-managed in
collaboration with the local government. In exceptional
circumstances (usually when a serious, expensive
breakdown occurs and community funds are insufficient),
the local government or UNICEF would step in to provide
support.

In Myanmar, communities also contributed to the initial
costs of installing the system — this ranged from 20%-50%
of total costs based on what was financially feasible for the
community. Experience in Myanmar has shown that this
led to an even stronger sense of community ownership
and responsibility for the solar powered system.

Mauritania was the only country where a small
proportion of communities were supported by private

[ Regionally (within the state or province)

[ Nationally (from the capital)

utility companies. In this context, it was reported by
all partners to be a more effective system in terms of
operation, maintenance and the collection of user fees.
However, at this time, the option is only available for larger
communities (more than 2,000 people) in Mauritania, due
to the limited profitability potential of operating in the
smaller and most remote communities.

User fee pricing

As the potential costs of repairing a major solar powered
system malfunction are high (compared to handpumps
for example), it is vital that the community or service
provider collect sufficient user fees to ensure the financial
sustainability of the system. For UNICEF-supported
programmes, this price is determined by the community
WASH Committees, in consultation with households.

Average costs per household were found to vary, from
an average family in Myanmar paying $1.50 a month to
around $4.50 a month being paid in Uganda (Fig. 12). The
majority of households found these prices to be affordable,
particularly considering the increased convenience and
time saving provided by the solar powered systems.

FIG. 12 | Average cost of user fees per household (USD per month)
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k6 In 44% of communities,
the poorest 5% had

to use alternative
(unimproved) water
sources, as water from
solar powered systems was
unaffordableyy

As is the case for other water pumping technologies,
ensuring the absolute poorest were reached was a
challenge. In all of the countries surveyed, communities
would often make a provision for the absolute poorest (in
the form of free or discounted water) but this very much
depended on the strength of community cohesion. In many
communities, provisions were not being made. According
to the WASHComs and households interviewed, on average
around 5% of the population in each community could not
afford to pay the fees for water, whatever the cost. When
this occurred, just 56% of communities were found to
provide in-kind assistance to those in need. The reality was

FIG. 13 | If the poorest cannot afford to pay for water,
what happens?

M They use an alternative unsafe source
of water

They are given free water
B They are given discounted water
Ml Other households donate their water
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that in 44% of communities, the poorest 5% had to use
alternative (unimproved) water sources, as water from solar
powered systems was unaffordable (Fig. 13).

User fee management

For most of the communities visited, collected user
fees were managed by WASH Committees and held in a
Community WASH Fund. In just 33% of cases however,
funds were held in an official bank account. Payment log
books and receipts for users were provided in less than
20% of cases.

Most of the end users interviewed stated they would
like to see more transparency around the collection,
management and disbursement of user fees. For those
WASH Committees with bank accounts, most were able
to provide bank statements showing how much funding
they had available.

Where this community-based management system
worked well (for example in Myanmar) communities had
amassed an average of $500-$3000 depending on how
long the project had been running and if repairs had been

Community in Myanmar displays their user fee payment log
book for the monitoring team
© UNICEF Myanmar/2016



required. Where surplus funds did exist, money was often
being used by communities to support other community-
based initiatives, for example paying emergency medical
expenses or providing low-interest loans to households.
An interesting observation was that surplus funds
(savings) were in general higher in communities which
had solaronly systems. \When hybrid systems were used,
fuel and maintenance costs, combined with a higher rate
of breakdown led to less cumulative funds being available.

v) Professionalisation and Capacity

a. Borehole siting and construction

In all the countries visited, the most common “severe”
causes of malfunction were closely related to poor
borehole siting and construction (Fig. 8). In addition,
several of the water points visited had lower yields than
expected or became “dry” at certain times of the year.
UNICEF Somalia (2016) also found that up to 29% of solar

powered systems had problems with dry boreholes.

The issue of “silting-up” (leading to motor issues and
boreholes running dry) was also a problem in several
cases due to the inadequate positioning of screens,
inappropriate fitting of gravel packs and lack of geotextiles.
In order to save money, it was also found that several
partners would favour the use of existing boreholes, often
without sufficient hydrogeological testing which would
lead to problems post-installation.

It should be noted that the issues mentioned go beyond

solar powered systems and are a serious issue for all other
types of submersible pumping systems (Furey 2014).

k€ In all the countries
visited, the most common
“severe” causes of
malfunction were closely
related to poor borehole
siting and constructionyy

b.Training and Expertise

In each of the four countries visited, there was a significant
need to improve the technical capacities of staff at all
levels. There was found to be a heavy reliance on a small
number of qualified technicians, who often had to travel

long distances to reach communities. Demand for their
services is high, meaning that the fixing of minor repairs
(which could be easily done at the local level) remains
both expensive and slow.

Interviewees stated that UNICEF, NGO, and government
staff at all levels required additional training to allow
them to better oversee the work of the private sector
and monitor systems post-installation. For example, in
Nigeria, local government staff stated that just one staff
member per district was sufficiently trained on solar
powered water systems. In Uganda, due to limited
local government capacity, solar powered projects were
overseen by a specialised local UNICEF consultant. In
this context more emphasis was placed on building the
capacities of WASH Committees to manage the projects
post-installation.

Operation and maintenance plans only existed in a few
communities. System overhauls were also found to be a
rare occurrence, with the vast majority of problems being
fixed as and when they occurred, as opposed to being
routinely scheduled.

Whilst operation and maintenance guidance manuals are
provided by most major brands, the information included
is often complex and not always easy to use at the local
level. UNICEF Uganda and Nigeria were working with the
Government to produce a more simplified, comprehensive
version of this guidance for use by WASH Committees
and other partners.

vi) The Enabling Environment

a. Policy

Three of the four countries visited, Nigeria, Mauritania and
Uganda, had solar pump technology explicitly mentioned
in their national Water and Sanitation strategy. In Nigeria,
solar powered systems are listed as a major technical
option for water supply in the government’s Partnership for
Expanded WASH (PEWASH) Programme. They currently
account for around 7% of all water points nationally. In
Mauritania, solar pump technology is a major priority for
the government and it is currently being used in 24% of
Government-supported projects across the country, with
the aim of ensuring at least 40% of systems are solar
based by 2017.

In Uganda and Myanmar, solar water supply systems,
despite their popularity, account for less than 10% of all water
supply systems. In these contexts, motorised systems and
handpumps are still favoured as they are considered to be
more cost effective to install in the short term.
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In Uganda, the government is beginning to replace
handpumps (which are considered to be low yielding and
unsustainable) with small piped solar water schemes,
using existing boreholes wherever possible. This is
listed as a major priority in their 2016-2020 National
Development Plan and solar powered systems are also
included as one method of achieving this. In order to
strengthen the market, the government has also recently
issued a tax waiver on all renewable energy imports and
has committed a minimum of $1 million/year annually to
invest in solar powered systems. There is talk of similar
incentives also being introduced in Mauritania, but much
more needs to be done in order to improve the supply
and pricing of solar pump technology in all of the four
countries visited.

b. Governance and Accountability

Professionalism and capacity are closely linked with
governance and accountability. In order to overcome the
potential pitfalls of poor borehole siting and installation,
agreements are signed with contractors post-installation
(lasting 1-2 years), stating their responsibility for fixing
repairs. In many cases, up to 5% of the final payment
is withheld until water point functionality had been
guaranteed for the designated time period.

After this initial warranty period ends, communities are
then responsible for all repairs. WASH Committees are
also asked to sign contracts, stating their responsibility
for managing repairs and the transparent collection of
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user fees. Mismanagement of user fees still remains a
common concern and many of the end users interviewed
stated they would like to see more transparency around
the collection, storage and disbursement of funds.

c. Equity

The assessment found that in government-supported solar
projects (including some of those implemented in collaboration
with UNICEF) were found to favour larger communities and
those located close to regional capitals. This was in addition
to giving preference to those communities that already had
a functioning borehole, upgrading their existing handpump
or mechanised system in order to reduce costs. However,
in terms of reaching the poorest (many of whom may never
have had access to a functioning water point), this approach is
not considered optimal.

This was similarly the case for private sector operators who
also favoured larger, easier to access communities, where
the potential for creating a viable business was higher. In
Mauritania, there were also reports of both private and
public water supply providers cutting off water supply
services for those who are unable to pay. This meant that
in many cases, households were forced to resort to using
unprotected sources, which can be considered a major
violation of the human right to water and sanitation. It is
vital that social safety nets are provided, both in the public
and private context, in order to ensure the poorest are
not excluded from accessing new innovative water supply
systems.



5. Conclusion

Results from the assessment have shown that solar
powered water systems perform well in terms of flow
rate and durability, where sunlight is plentiful, boreholes
are well sited and systems are correctly dimensioned to
meet the needs of the population. As such, they provide a
significant opportunity to move up the water supply ladder
and provide a higher level of service to communities in
tropical regions, particularly in off-grid, rural communities.

Solar powered water systems also have the potential to
ensure greater resilience in the poorest communities,
including those who are affected by conflict — leaving
them less dependent on fuel supply, which can be easily
disrupted and vulnerable to corruption.

The vast majority of pumps were able to provide sufficient
water supply throughout the year, the exception being a
few days during the height of the rainy season (due to
excessive cloud cover) or the dry season (where water
demand was very high). It was found that such issues
could be offset by improving the dimensioning of systems
(e.g. increasing storage capacity) or reverting to the use
of a back-up generator.

The systems were popular with communities, government
and private sector partners due to their low day-to-day
running costs and high functionality rates in comparison
to motorised systems and handpumps. In countries such
as Mauritania, Nigeria and Uganda, as markets continue
to develop, initial investment costs are becoming more
competitive with motorised systems. WWhen low running
costs and high functionality rates are also factored in,
solar powered water systems become an economically
sound investment in the long-term.

Despite relatively high rates of functionality, when
breakdowns did occur they could often take weeks to fix,
even for minor repairs, due to weak technical capacity at
the local level and poor availability of spare parts. The most
common causes of malfunction were found to be relatively
minor in nature (including issues with switches, wiring and
invertors), with the more serious malfunctions primarily
being attributed to poor borehole siting and dimensioning
of systems. In addition, spare parts were rarely available
at the local level. It is therefore vital that UNICEF works
to systematically close the gaps in the service chain
and also look to improve service models and the overall
sustainability of services. Efforts should also be made by
the Government and private sector (particularly key brands
such as Grundfos and Lorentz) in order to strengthen local

markets and improve supply chains. Additionally, capacity
building at all levels, particularly for local contractors and
technicians is vital in order to further professionalise the
solar powered water system management model.

The continued financial sustainability of solar powered
systems was found to be highly dependent on the
successful collection and management of user fees by
WASH Committees at the community level. In the case of
solar powered systems, the stakes are high as the repair
costs are potentially greater than for most other water supply
systems. It is therefore vital that sufficient reserve funds
are available to cover the costs of repair. Where community
cohesion and capacity was strong, the community-
based management model was found to be successful
at collecting sufficient reserve funds to cover the cost of
repairs. Where community cohesion and capacity was
weak, limited reserve funds were available. In this context,
a more professional service management model should be
identified and perhaps provides an opportunity to engage
with the private sector. The use of mobile phone payment
systems in particular may be one method of improving the
management and transparency of user fee collection.

For all types of management model, efforts should be
made in order to ensure solar powered technologies are
made accessible and affordable for everyone. In terms
of reaching the absolute poorest, service delivery models
should include significant negotiations around the price
of the water and also include subsidies to support most
marginalised households where required.

Finally, it is important to note that the majority of challenges
highlighted in this assessment are not specific to solar
powered systems — similar issues are also experienced
with  handpumps and motorised systems and are
indicative of the urgent improvements required from the
water sector as whole. Significant investment is required
in order to build both public and private sector capacities
to successfully install and manage systems, strengthen
markets and improve accountability. This is imperative if
solar powered systems and other water supply systems are
to fully meet the needs of the communities they serve. If
these improvements can be made, solar pump technology
provides a significant opportunity to achieve universal and
sustainable water access for millions of people globally.
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Additional Resources

Lorentz dimensioning tool:
http://www.genproenergy.com/genpro-energy-blog/lorentz-compass-3-1-software-update.html

Grundfos dimensioning tool: https://product-selection.grundfos.com/front-page.
htmI? %3Ftime=1461698941877&qcid=53629151

UNICEF WASH Technology Information Packages (TIPS)
http://www.unicef.org/supply/index_54301.html
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