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Abstract 
 

Issues of access to drinking water for human use affect the whole world. The most difficult 

challenges to face are in the sub-Saharan Africa countries, with consequences that in recent 

years have been amplified by climate change and population growth.  

The Italian NGO LVIA – Lay Volunteers International Association – has been working in 

Kenya for more than 50 years to improve living conditions of the beneficiary populations, also 

with interventions in the water sector that contribute to the achievement of the No.6 Sustainable 

Development Goals (SDGs) which aims to ensure the availability and sustainable management 

of water and sanitation.  

Since 2012, projects have, as main beneficiaries, the pastoral communities in the rural 

areas of Isiolo County. Isiolo County, like Northern Kenya in general, has been plagued for 

years by severe droughts and floods that put a strain on water sources and the already 

precarious water infrastructure, generating stress among the populations. 

The research that is presented is the result of an internship carried out in Isiolo County 

between March and May 2020, with the aim of collaborating in the international cooperation 

development projects implemented by LVIA in the water sector.  

The collaborative activities results will be presented, concerning the emergency project for 

the rehabilitation of water supply systems in the villages of Duse, Bulesa/Godha, Sericho, 

Gafarsa, Oldonyiro, Kipsing, Kinna affected by floods at the end of 2019 which caused severe 

damage in various areas of the county.  

In addition, rehabilitation of Boji village water supply system will be analysed in detail. 

The project involved the construction of water kiosks as common points for the inhabitants 

water collection, the construction of troughs for livestock which is the main source of income 

for households, the installation of solar pumping system associated with diesel generator 

backup system which draws water from borehole, the establishment of a water service pricing 

system, and the technical and management training of a water management committee. All 

these activities have enabled the inhabitants of the Boji village to solve the main issues 

concerning access to safe water and its model can be proposed as one of the best solutions for 

sustainable water supply in rural areas of Kenya. 
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Chapter 1 

1 Access to Drinking Water in Africa 

and Kenya 
The WASH – Water, Sanitation and Hygiene – situation in sub-Saharan Africa is becoming 

increasingly uncertain over the years. The water demand increases more and more strongly due 

to an exponential population growth and consequent urbanization. On the other hand, climate 

change also affects the drinking water availability. 42% of sub-Saharan African populations do 

not have adequate basic water supply and 72% do not have basic sanitation [1].  

Africa is facing unprecedented urbanization: data show that its urban population could 

increase from 345 million people in 2014 to 1.5 billion people by 2050 [2]. This increase 

implies that only a part of city dwellers will have access to water supply systems. Today, only 

56% of the cities' inhabitants have easier access to water. This value has decreased compared to 

previous years, when it was 67% in 2003. In addition, only 11% of city dwellers have a sewer 

connection [3].  

Unlike other countries, strong urbanization is not balanced by adequate economic growth. 

This also affects infrastructure quality and quantity related to water and hygiene. Therefore, 

action is needed on investments, which must be increased compared to the amounts already 

allocated in order to achieve the objectives set by the Sustainable Development Goals (SDGs)1, 

especially for poverty reduction (No. 1) and water and sanitation (No. 6) [4].  

The inability to achieve the objectives and to overcome the challenges is due to this rapid 

urbanization, unstable social fabric and economic development, further increasing migratory 

flows within and outside Africa. Surely these challenges are great, but water sector reforms 

across Africa over the past two decades have also shown that it is possible to slow down water 

 
1 The 2030 Agenda for Sustainable Development, adopted by all United Nations Member States in 

2015, provides a shared blueprint for people and planet peace and prosperity, now and into the future. At 
its heart there are the 17 Sustainable Development Goals (SDGs). (source SDGs Knowledge Platform) 
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cover reduction, and that it is possible to achieve a water access level in urban areas close to 

human rights standards, even in very poor countries [3]. 

Kenya too, to achieve SDGs No. 6, is committed to reaching by 2030 “universal and 

equitable access to safe and affordable water for all; access to adequate and equitable 

sanitation and hygiene for all and an end to open defecation, paying special attention to the 

needs of women and girls and those in vulnerable situations” [5]. 

Kenya is a chronic water scarcity country with total renewable water resources per capita 

of just over 600 m3/inhab/year (source: AQUASTAT Database, FAO, 2017). This value is lower 

than the UN agencies and World Bank standard of 1,000 m3/inhab/year, below which a country 

is under severe water stress (1,700 m3/inhab/year is the international standard for drinking 

water) [6]. 
 

 

Figure 1: Total annual actual renewable water resources per inhabitant. 

source: AQUASTAT Database, FAO 

Over the past 20 years, there has been a slow improvement in the water supply in Kenya. 

According to 2016 UNICEF/WHO Joint Monitoring Programme (JMP), the Kenyan population 

basic water supply level increased by only 12 % in 15 years, between 2000 and 2015. In 

particular, 46% of the population of Kenya (specifically 88% in urban areas and 36% in rural 

areas) had adequate access to water in 2000, which slightly increased to 58% in 2015 
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(specifically 83% in urban areas and 50% in rural areas) [7]. Extrapolating this trend, it can be 

assumed that this value is not greater than 62 % in 2020, with an annual growth rate of 0.8%. 

This makes us understand that a big portion of the Kenyan population (about 40 %) continues 

to have no improved access to drinking water, that is, uses unsafe and not continuous water 

supply sources such as rivers, dams, pans and ponds, with great risk to their health [8]. These 

issues mostly affect rural populations in arid and semi-arid areas (ASAL), where the 

humanitarian organizations investments are concentrated for this reason. Like many sub-

Saharan countries, Kenya has not achieved the Millennium Development Goals (MDGs)2 

targets set for 2015 [9]. 

In Kenya there are five main river basins that are the country's water resource basis. 

However, water availability is irregular throughout the country and rainfall variability implies 

frequent droughts and severe floods. The solution to this problem is to invest in the large and 

medium-sized dams’ construction for surface water storage associated with controlled 

exploitation of groundwater, the only continuous and safe water source available [10]. 

The Government of Kenya (GoK) issued the Kenya Vision 2030 in 2007, which is the 

country’s new development plan for the period from 2008 to 2030. The Kenya Vision 2030 

aims to transform and improve Kenya into a “middle-income country that provides a high 

quality of life to all its citizens by 2030” [11]. The objectives in the water sector are as follows: 

◦ Water and sanitation - to ensure that improved water and sanitation are available and 

accessible to all by 2030;  

◦ Agriculture - to increase the area under irrigation to 1.2 million ha by 2030 for increase 

of agricultural production;  

◦ Environment - to be a nation that has a clean, secure and sustainable environment by 

2030;   

◦ Energy - to generate more energy and increase efficiency in energy sector. 

A synergistic effort by government and local and international bodies, NGOs and donors is 

necessary in order to achieve these goals. 

In recent years, the whole world has been suffering from the climate change effects. But 

across Africa, water resource is heavily affected by the increasingly harmful effects of ongoing 

climate change. If it does not slow down, climate change will further worsen the risks 

associated with changes in the distribution and availability of water resources [12]. The 

alternation of great droughts and heavy rainfall with increasing variability is putting a strain on 

the hydrology of many African countries, implying changes in the outflow, aquifers and water 
 

2 The eight Millennium Development Goals (MDGs) – which range from halving extreme poverty 
rates to halting the spread of HIV/AIDS and providing universal primary education, all by the target date 
of 2015 – form a blueprint agreed to by all the world’s countries and all the world’s leading development 

institutions (source Unite Nations) 
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quality of each source. In addition, a whole other set of impacts not strictly related to the water 

resource have negative repercussions on the water systems reliability and their operating costs.  

In the case of Kenya, water availability is strongly affected by this alternation of floods 

and droughts because several water infrastructures are damaged or destroyed during floods and 

are overused during droughts, reducing lifetime and increasing maintenance costs. 

Unfortunately, efficient solutions in order to mitigate the impact of climate change on 

environment and water availability have not been found yet. Local institutions and stakeholders 

try to promote awareness and provide support to local communities to reduce environment 

exploitation and introduce renewable energies to increase water infrastructures economic 

sustainability. 
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Chapter 2 

2 Water Resources in the Isiolo County 

2.1 Overview 
Isiolo County is a county of the former eastern province of Kenya. Isiolo County borders 

Marsabit County to the North, Samburu and Laikipia Counties to the West, Garissa County to 

the South-East, Wajir County to the North-East, Tana River and Kitui Counties to the South 

and Meru and Tharaka Nithi Counties to the South-West [13]. Its capital and largest town is 

Isiolo, which is 285 km from Nairobi, the capital city of Kenya. The total area covered by 

Isiolo County is 25,336.7 km2 [14], which corresponds at 4.26% of the total area of Kenya 

(580,367 km2 [15]).  
 

 

Figure 2: Location of Isiolo County in Kenya. 
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Isiolo County is located in a central part of Kenya where the land it is mostly flat (Figure 2). 

The altitude varies gradually within its area, from about 200 m above sea level at Lorian swamp 

(Habaswein) to 300 m above sea level at Merti Plateau and finally to approximately 1100 m 

above the sea level at Isiolo town [16]. 

According to the 2019 Kenya Population and Housing Census, the population counts 

about 268,002 inhabitants (139,516 males and 128,486 females), with a population density of 

only 11 people per km2. The population is made up of 58,072 households with an average size 

of 4.6 people per household. In view of the demographic development from 1979 to 2019, the 

annual growth rate is about 4.45%.  

Table 1: Historical population of Isiolo County. 

Years Pop. ± % 
1979 43,478 - 
1989 70,078 +61.2% 
1999 100,861 +43.9% 
2009 143,294 +42.1% 
2019 268,002 +87.0% 

source: [17] 

The population is divided evenly between urban areas and rural areas. It mainly consists of the 

Borana ethnic group, but there are minorities of Turkana, Samburu, Meru and Somalis. Most of 

rural population lives in semi-nomadic pastoral communities, where cattle is the main source of 

income and also social prestige [18]. Livestock continues to be the dominant economic sector 

in Isiolo County: over 80 % of the inhabitants rely on livestock for their livelihoods.[16] 

The County has two constituencies, three sub-counties and ten wards. [16] 

Table 2: Administrative subdivision. 

Constituency Sub-County Area [Km2] Ward 
Isiolo North Isiolo 3,269 Wabera 

Bulla Pesa 
Burat 
Ngaremara 
Oldonyiro 

Merti 12,612 Chari 
Cherab 

Isiolo South Garbatulla 9,819 Kinna 
Garbatulla 
Sericho 

Total: 2 3 25,700 10 

source: Kenya National Bureau of Statistics, 2009. 
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The county is crisscrossed with six perennial rivers: Ewaso Ng'iro, Isiolo, Bisan-gurach, 

Bisanadhi, Likiundu and Liliaba rivers. The most important among them is Ewaso Ng'iro that 

has its source from the Aberdare ranges and the glaciers on the west side of Mount Kenya, the 

highest peak of Kenya with its 5,199 m above the sea. The river marks the border between 

Isiolo North and Isiolo South Constituency. Also Isiolo River begins at Mount Kenya and with 

Likiundu and Liliaba (that originate from Nyambene hills) flows into the North Ewaso Ngiro 

river. Bisan-gurach and Bisanadi Rivers are found in the southern part of the county and drains 

into the Tana River. There are also a large number of seasonal rivers, in particular in the area of 

Garbatulla, Kinna and in part of Merti and Sericho (see Figure 3). Unlike perennial rivers, 

seasonal rivers are rivers that flow only during the rainy season and the rest of the year are 

usually completely dry. 

The climate of Isiolo County can be classified into three agro-climatic zones (Figure 4) 

that are [19]: 

◦ semi-arid zone (Zone 3) that covers part of Wabera ward, Bulla Pesa, Burat and Ngare 

Mara wards and some portion of Oldonyiro ward in Isiolo North constituency and 

Kinna ward in Isiolo South constituency, where annual rain is about 500 mm; 

◦ arid zone (Zone 2) that covers a portion of Chari and Garbatulla wards, where annual 

rain is between 250 and 500 mm; 

◦ very arid zone (Zone 1) that covers Cherab and Sericho wards, where annual rain is 

between 150 and 250 mm. 

Semi-arid zones occupy 5% of the area, 30% arid and 65% very arid [20]. 
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Figure 3: Spatial distribution of rivers in Isiolo County. 

source:[20] 

 

Figure 4 : Map of agro-climatic zones in Isiolo County. 

source: [19] 
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The county climatic condition is hot and dry most of the year. The county receives annual 

rainfall ranging between 400-650 mm [16] and records mean annual temperatures ranging from 

24oC and 30oC [20]. 

Generally the warmest period is between February-March, while the coolest is July-

August, although seasonal variations in temperature are contained. The temperature and rainfall 

vary according to the prevailing winds that affect the Country, which determine two seasons: 

from October to March prevail hot and dry winds from Arabia, while from April to September 

the coolest and wettest winds from the Indian Ocean prevail. At the beginning of the two 

periods the two rainy periods are determined: the long rain season from March to May with the 

peak in April, and the less intense short rain season from October to December with the peak 

in November. The rains are mainly showers or thunderstorms in the afternoon or in the evening. 

 

 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
LTA 1994-2019 4.9 5.6 46.5 95.2 11.6 0.8 1 0.8 0.5 31.1 98.7 42.7 
Average Rainfall 2018 1.1 1 136.5 180 4.4 0.5 0 0 0 7.3 63.4 47.5 
Average Rainfall 2019 0 0 26.1 56.7 17.7 2.5 0.2 0 0 61.8 191.2 78.2 
Average Rainfall 2020 80.4 37.2 35.5                   

Figure 5: Average rainfall in the last 3 years vs long-term average 1994-2019. 

source: [21] 
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The hours of sunshine per day are more than nine and for that reason, there is high potential for 

harvesting and utilization of solar energy, for instance using a solar pumping system for 

drinking water supplies. Winds blow across the county throughout the year and peak between 

July to August. This leads to a reduction in moisture. Strong winds offer a huge potential for 

wind-generated energy. 

As it has been shown by the studies conducted by the Kenya State of the Environment and 

Outlook 2010 (NEMA 2011), Kenya also records climate change. Weather stations in all 

counties have recorded temperature and rainfall trends that are indicative of climate change.[9] 

Data show that the rains are becoming increasingly irregular and temperatures are rising in 

recent years. In particular, climate variability is implying a different distribution of seasonal 

rainfall during the year and extreme weather events interspersed with severe drought periods. 

This particularly affects rural population of the county which are increasingly affected by the 

lack of water during dry periods, along with damages to water infrastructures due to floods. 

2.2 Water Resources 
Four major drainage basins can be identified in the county area: the Ewaso Ng’iro Basin, which 

occupies 78% of the area and accounts for most of the drainage system in Isiolo County (Figure 

6), Tana River basin to the south which occupies 10%, Galana Gof and Lagh Bogal which 

occupy 7% and 5% respectively [20].  

Ewaso Ng’iro River rises from the Aberdare ranges and north-western slopes of Mount 

Kenya, where the water of its perennial glacier is collected. The Ewaso Ng’iro is a 

transboundary river basin [20]; this is because it originates at 200 km in the west from the 

Nyandarua Mountains (Aberdare ranges) but its flow increases due to contribution of Mount 

Kenya. The stretch upstream of the river flows for about 157 km along the border between 

Isiolo and Samburu Counties and then it runs through the county for 174 km, defining the 

boundary between Isiolo North and Isiolo South constituency. The mean flow recorded at 

Archers Post3 gauge station is 20.29 m3/s with the minimum mean monthly flow being 5.2 m3/s 

and the maximum mean monthly flow at 88.1 m3/s [20]. As it can be seen, the Ewaso Ng’Ro 

River has a variable flow that is affected by seasonal rainfall. 

The availability of surface water sources such as rivers, streams and springs is subject to 

major annual variation as they follow the seasonal rain occurrence. Surface water extraction 

points are mainly located along rivers and streams. For instance, in some areas along the banks 

of Ewaso Ng’Ro it is possible to observe pumping points to fetch water for human use and 

 
3 Archers Post is a small settlement in Kenya's Samburu County, on the border with Isiolo County, 

near the stretch of Ewaso Ng’iro River that flows along the border between two counties. 
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small channels made to funnel off water for nearby fields irrigation, the latter especially in 

Kinna ward. Rivers and streams arise from sources or from the surface runoff during rainy 

seasons. 

The main aquifers for Isiolo County water supply are [16]: the Isiolo-Nyambeni-Mount 

Kenya, which has a high underground water potential; Merti aquifer and Garbatulla-Modagashe 

aquifer, which have a low water potential; Kachuru-Kulamawe-Boji aquifer whose water 

surface is at high depths due to high uptake at the upstream surface water source that feeds it. 

Analyses carried out on these alluvial aquifers have shown good water quality, even if it is 

easily pollutable as they are shallow and not confined aquifers and therefore do not have an 

impermeable layer controlling groundwater chemistry. However, it has been observed that the 

basement4 and volcanic formations may have poor quality water locally, which presents with 

slight salinity at high depths. 

 

Figure 6: Drainage system of Isiolo County. 

source:[20] 

In Isiolo Sub-County there are volcanic areas with soils that have a high water storage 

potential. The water supply technologies used are mainly boreholes, shallow wells and springs 

[16]. According to Isiolo County Integrated Development Plan (CIPD 2018-2022), the 

groundwater quality of the Isiolo town is considered stable. 

 
4 In geology, basement and crystalline basement are the rocks below a sedimentary platform or 

cover. 
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Also in Kinna ward there are volcanic areas with soils that have a good water storage potential. 

Boreholes yields are between 3-8 m3/h and maximum depth up to 250 meters [16]. The 

groundwater potential in Oldonyiro ward is not high. Groundwater accumulates mainly in the 

fractured area of basement rocks. The maximum borehole depth is about 150 meters [16]. In 

Garbatulla ward, groundwater accumulates between sedimentary rock (limestone) and 

basement rock. Boreholes yields are between 15-20 m3/h and boreholes depth is about 70 

meters [16]. Boreholes drilled along the Ewaso Ng’iro River collect water from the river basin 

alluvial aquifer, especially from Malkadaka to Sericho in Garbatulla Sub County and from 

Biliku-Marara to Merti center in Merti Sub County. Boreholes in this area have a maximum 

depth of about 150 meters [16]. The rest of Sericho ward has little groundwater potential and 

quality. Boreholes in Cherab Ward of Merti Sub-County collect water from the Merti aquifer, 

and their yields are between 8-10 m3/h, with good water quality. Boreholes built outside the 

area affected by Merti aquifer, on the contrary, have low yields and poor water quality. 

Boreholes depth in this zone from 250 to 350 meters [16].  

As stated by CIPD 2018-2022, it's easy to think that the technological innovation in 

hydrogeological/geophysical investigative could change the availability and quality of 

groundwater potential within the county. 

2.3 Availability and Access to Water  

2.3.1 Water Availability 

Water supply and availability in Isiolo County are closely linked to the seasons. There are great 

variations between the wet and dry periods. In almost the whole County it is very common to 

record water shortages during the drought.  

Households in the rural areas do not have piped water and only a few of them have access 

to safe water.  

Water supply in Isiolo County is guaranteed by these three types of water source: 

◦ surface water abstractions, such as rivers, streams and springs; 

◦ water infrastructures for surface water diversion, such as sand/subsurface dams, 

infiltration galleries, pans and ponds; 

◦ groundwater supply systems, such as shallow wells and boreholes. 
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2.3.1.1 Surface Water Sources 

Rivers and Streams: Rivers and streams are among the major water sources in Isiolo County, 

for human and livestock use. In this context, Ewaso Ng’Ro is the most important surface water 

source in Isiolo County. In addition, there are many valleys and badlands across the County 

(locally called lagga in Swahili, see Figure 7) which remain without flow during the dry 

season, but they channel a large amount of water during the rains; these are seasonal rivers. 

Generally, rivers and streams are not a sustainable water sources in the county [20].  

 

Springs: Most of the springs are located within natural reserves and parks and they are not 

accessible to local people. Generally, the springs are near the main rivers that cross Isiolo 

County. In the past there were about 24 springs in the county [20], but almost half have 

disappeared today due to overgrazing and mismanagement. However, in some cases the 

community’s commitment has allowed a partial recovery of deteriorated springs. Springs are 

sustainable clean water sources but should be well protected and maintained [20]. 

 

 

Figure 7: An example of "Lagga", during dry periods. The picture was taken near Duse village, in the Isiolo County, 
on the 7th of March 2020. 



30  2    ̶    Water Resources in the Isiolo County 

Pans and Ponds: Pans and ponds are small reservoirs with deep range from 1 to 3 meters, 

which are dug into the streams with raised and compacted banks all around [23] . 

 

 

Figure 8: Pan near Saleti village, Merti Sub-County in the Isiolo County, March 2020. 

They are built to collect and store runoff water from various surfaces. Pans receive water 

entirely from surface runoff while ponds are built where aquifers contribution can feed them. 

Pans and ponds capacity can generally range from 500 to 5,000 m3 [23] but pans size ranges 

from about 10,000 to 50,000 m3 in Isiolo [20]. Pans and ponds are generally built near 

settlements and are located on grazing land because the soil is more compact e less valuable 

than farmlands. In this case, the problem is the water pollution by livestock. 

 

Sand/Subsurface Dams and Infiltration Galleries: Isiolo County, like all ASAL areas of Africa, 

is crossed by several sand rivers. Sand rivers are ephemeral streams (laggas), which remain dry 

during the drought, with the bottom covered by sand, but they channel a large amount of water 

during the rains (as seen above in “Rivers and Streams”). If a dam is built across the river, this 

flood water can be stored in the voids within the sand that settles upstream.  
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Figure 9: Left: sand dam during the rainy season; right: sand dam during the dry season. 

source: [24] 

During the dry season, the water is protected from evaporation, contamination and runoff. 

Water is extracted by digging a shallow well on the sand deposit upstream of the dam, with a 

slotted collector pipe that collects water in a well (Figure 10) or including a pipe or tap on the 

dam wall during construction [24]. It is worth pointing out that sand dam intercepts only a 

small volume of the watercourse, so there is no water shortage in downstream communities. In 

Isiolo County, there are five sand dams in Oldonyiro Ward [20]. 

However, when there are unstable geological formations and flat terrain, sand dams are 

not feasible, for instance in the flatter lower reaches of the river Ewaso Ng’iro beyond Merti 

[20]. It is preferred to build infiltration galleries in these areas (Figure 11). The infiltration 

gallery is a horizontal drain made from open jointed or perforated pipe. In this case, it is used to 

collect sub-surface flow from rivers. Water collected in this way is brought to a collection well 

or sump. 
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Figure 10: Plan of sand dam. 

 

Figure 11: Plan of infiltration gallery. 

source: LVIA  

According to the WRAP project (MoWD 1991), rainwater harvesting and storage in dams and 

pans are appropriate solutions especially for livestock water supply in Isiolo County. Watering 

cattle is as important as water for domestic use, therefore water collection in Isiolo must take 

into account human and livestock water needs [20]. Precisely for this reason it is important to 

increase the use of facilities such as dams, pans and ponds in the county on a large-scale. 
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However, they are very expensive projects for local standards, although the cost of pans and 

ponds is much lower than dam building. 

The main problems of these structures are siltation, contamination, high evaporation 

losses, infiltrations, ownership and community management, but they provide water supply 

opportunities up to the early part of the dry season and reduce the livestock water stress during 

this period. [20].  

2.3.1.2 Groundwater Sources 

Boreholes: Boreholes are the most used water source in the Isiolo County and represent 58 % 

of the total number of sources mapped [20]. Of these, some are operational throughout the year. 

Boreholes failure is generally due to poor community management, in fact a study showed that 

only 24% of the total number of them had an organized community management system [20]. It 

is important to highlight that boreholes may not work properly because local management 

committees do not purchase fuel for pumping or do not make ordinary maintenance. 

The available data reported in [20] show that borehole depths are between about of 50-100 

m, with the deepest at 250 m, and their water yields range between 3-20 m3/h. However, their 

operation varies according to seasons, leaving only 15% of the boreholes operational during the 

dry season [20]. This is because most of them are shallow and therefore influenced by seasonal 

hydrological fluctuations or even by the fact that there is an over-pumping that exceeds the 

source’s rate of aquifer natural recharge. Over-pumping lowers water table and increases 

pumping depth, thus increasing pumping costs. In addition, environmental problems such as 

reduced water quality, subsiding land and saline intrusion into aquifers can also occur [20].  

 

Shallow Wells: A well is considered shallow if it is less than 20 m deep [20]. Generally, they 

are hand-scooped holes that communities usually dig during the rainy season (temporary wells). 

Surface water and rainfall that infiltrates the soil recharge groundwater. Groundwater 

penetrates through permeable soil and settles on top of waterproof layers. Shallow wells are 

deep enough to intercept water table at lower depths.  

In the Boran systems, the water is collected by the women who line up to reach and take 

the water manually with containers, through a "hand-me-up" system [20]. Due to low yield of 

the wells, this is a slow and laborious activity and women and girls spend long hours extracting 

small amounts of water. In this regard, well design and management improvements are needed. 

Prospects should be explored to improve infiltration into sand rivers, for instance through 

sand/subsurface dams to increase the storage capacity of shallow wells [20]. 
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2.3.2 Domestic Water Use 

The amount of water needed for drinking, hygiene and domestic use varies according to the 

context. In accordance with SPHERE5 standards, a value of 15 litres per day per person is used 

as a baseline value to be considered in similar contexts to those present in Kenya. It is never a 

maximum value and may not adapt to the contexts or interventions under consideration. During 

a severe drought, this value drops to 7.5 litres per person per day but only valid for a short 

period [25]. According to Isiolo County SMART Survey Report (January 2019), Isiolo County 

water consumption per capita (drinking, cooking and personal hygiene) is 14.2 l/person/day 

[26]. It is slightly below than the SPHERE standards of 15 l/person/day [25]. This value is an 

average that cuts maximum peaks that are reached in urban areas and the minimum peaks that 

are reached in rural areas. This estimated value is subject to seasonal fluctuations that, during 

wet periods and with normal and regular rains, can bring the average water consumption around 

20-25 l/person/day [27], while during dry periods can drop average water consumption to 

below 10 l/person/day, reaching 5 l/person/day in some rural areas (the latter values being 

strongly below the SPHERE standards). Other data indicate a human water demand for Isiolo 

County of about 40 l/person/day rising for Isiolo Town to about 70 l/person/day and falling to 

7-10 l/person/day in rural areas [28].  

According to Isiolo County Drought Early Warning Bulletin for March 2020 of NDMA, 

the main water sources during the month under review (rainy season) included rivers, 

boreholes, sand dams, roof catchments, shallow wells, water pans and dams (Figure 12). 

Generally, households access water for domestic use from sand dams, distribution points such 

as water kiosks and domestic taps with water from rivers and boreholes.  

 

 
5 The SPHERE Project is an initiative to determine and promote standards by which the global 

community responds to the plight of people affected by disasters. This new edition updates indicators, 
guidance notes, and improves the overall structure and consistency of the text. It is the essential 
handbook for all humanitarian aid. 
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Figure 12: Main water source for Isiolo County in March 2020. 

source: [21] 

It can be observed that during a wet season there is a good water quantity in rivers, springs and 

water pans as a result of a recharge of these water sources due to rain. 

Water availability in semi-permanent sources such as seasonal rivers, sand dams, 

traditional river wells and shallow wells generally decreases in the following months due to the 

end of the long rain season. There is a similar trend for the short rain season. 

Compared to a dry season, according to Isiolo County Drought Early Warning Bulletin for 

July 2019 of NDMA, the main water sources during the month under review (dry season) 

included rivers boreholes, shallow wells and traditional river wells (Figure 13). 

It can be observed that the main water sources in Isiolo County, both in urban areas and in 

arid and semi-arid areas (ASAL), are boreholes and surface water, especially rivers. 

According to SPHERE standards, distance from any household to main water source 

should be 500 meters at most [25], which means less than 15 minutes-walk to reach the closest 

water point. About 80% of households in Isiolo County walk on average less than 15 minutes 

(less than 500 m) to collect water [26]. This estimated value is also subject to fluctuations due 

to rainfall pattern and seasonality. Average water access distance was 2.1 km in March 2020, 

which is a wet month; it increased slightly from 1.0 km in the previous month (Figure 14) [21] .  
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During this time, the longest distance was 4.5 km in the Cherab ward, where households 

traveled to the Ewaso Ng’iro River to collect water. The lowest average distance of about 0.1 

km was in the casual-waged labor livelihood zone [21]. 

 

 

Figure 13: Main water source for Isiolo County in July 2019. 

source: [29] 

It can be seen from Figure 14 that average household water distance increases during dry 

period. 

Average water cost from water kiosks is KSh 5 per 20-liter jerrican while in some 

settlement there is a flat rate payment about of KSh 1,000 per month per household. Generally 

it remains constant throughout the year.  

Waiting time at main sources in a wet season is about 5-10 minutes in all livelihood zones 

and increases to a range of 15 to 30 minutes during a dry period. 
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Figure 14: Average household water distance for March 2020 vs long-term average 2010-2018. 

source: [21]; NDMA, “Isiolo County Drought Early Warning Bulletin for December 2019”, 2020  

Given the above, boreholes are a water source used steadily over time in Isiolo County. The 

comparison between dry and wet seasons shows a slight increase in the use of boreholes during 

the dry season as a result of the decreased availability of another sources, such as rivers whose 

use drops from 28.6% to 14.7% (Figure 12 and Figure 13). Dams and water pans are not 

reliable water sources during the dry season because they are directly fed by the rains. 

Perennial rivers are only suitable for nearby settlement, instead involving a large distance that 

other populations must travel to collect water. In addition, the populations near the rivers, even 

if they have a perennial water availability, have the disadvantage of flood hazard.  

2.3.2.1 Water Quality and Treatment Methods 

In Isiolo County, 59% of households use drinking water from improved sources, but only 12% 

are treating water with improved methods. 88% do not treat their water independently from the 

water sources [16]. Other data show that only 21.8% of the households in Isiolo County treat 

water before drinking [26]. Both data indicate very low values. Chemicals method is the main 

method of treating water in the County (Figure 15). 

According to CIPD data, about 60% of water sources are saline and therefore not suitable 

for human consumption.  
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Figure 15: Water treatment methods in the Isiolo County. 

 source: [26] 

2.4 Water Policy Framework 
Kenya’s water sector has undergone deep reforms through the Water Act No. 8 of 2002. 

Previously, National Water Conservation and Pipeline Corporation was responsible for service 

provision [30]. After the law was passed, the provision of services was decentralized to 91 local 

Water Service Providers (WSPs), coordinated by 8 regional Water Services Boards (WSBs) in 

charge of asset management through Service Provision Agreements (SPAs) with the WSPs. 

[30]. The Act also established the National Regulatory Committee, which performs 

performance benchmarking6 and is responsible for the approval of SPAs and tariff adjustments. 

Following the introduction the Water Bill 2014, powers of the 8 WSBs were transferred to 47 

Water Works Development Boards in each Kenya county [30]. This change is in line with the 

new Constitution of Kenya, which since 2010 has established decentralization in the counties. 

The Water Bill 2014 was published as the Water Act 2016 in October 2016 [31]. 

 
6 Benchmarks are reference points that are used to compare your performance against the 

performance of others. These benchmarks can be comparing processes, products or operations, and the 
comparisons can be against other parts of the business, external companies (such as competitors) or 
industry best practices. Benchmarking is commonly used to compare customer satisfaction, costs and 
quality. (source Bernard Marr, 2019) 
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The introduction of the 2010 Kenya Constitution had important implications for the water 

sector. The new Constitution recognizes access to clean and safe water as a fundamental human 

right and assigns responsibility for water supply and sanitation to 47 new counties [32]. 

One of the most important regulations now in force on water resources is the Water Act 

2016, which technically repeals the Water Act 2002. The Water Act 2016 is an act of 

Parliament that provides for the regulation, management and development of water resources, 

water and sewage services and for other related purposes [33]. The law brings a series of 

changes compared to the previous ones in the water sector with the main purpose of improving 

services. According to the Water Act 2016, “Every water resource is vested in and held by the 

national government in trust for the people of Kenya”. The act claims that the water-related 

responsibilities are with the national government and the county government. And it gives top 

priority to domestic use of extracted water over irrigation and other purposes. Other key points 

of the law relating to the water sector that are in line with the Constitution’s primary objectives 

include: action programs to guarantee water for marginalized groups; the responsibility of the 

national government for international waters and water resources management and the 

definition of national public works [32].  

Consequently, the following institutions have been established: 

 

Figure 16: Redefined roles and responsibilities under Kenya’s 2014 Water Bill (Water Act 2016). 

source: [32] 
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The Water Act 2016 has an institutional framework similar to the Water Act 2002 but it 

replaces some institutions or renaming and redefining their membership and roles [34]. 

In 2018, The Ministry of Water and Sanitation was established by the Organization of the 

Government. Previously, the Ministry of Water Resources and Irrigation was responsible for 

water supply policies and the Ministry of Public Health and Sanitation was responsible for 

policies for sanitation [30]. The Ministry of Water and Sanitation mandate is development and 

management of water resources, transboundary waters, water harvesting & storage and water 

services & sanitation [35]. The Ministry’s action is based on key legal instruments and policies 

such as the Constitution of Kenya, Water Act 2016, KEWI Act 2001, Legal Notice No. 252 of 

2015, Agenda 2063, Sustainable Development Goals (SDGs) No. 6, the Kenya Vision 2030, 

the Third Medium Term Plan (MTP III) 2018-2022, Jubilee Manifesto and ‘Big Four’ agenda 

plan [35]. These legal instruments and policies help the government to improve management in 

the use of natural resources and to achieve its goals regarding economic growth, poverty 

reduction and social stability. The Ministry’s commitment is focused on promoting 

sustainability in water resources and cross-border water management as well as on improving 

water and health services, while mitigating and adapting to the effects of climate change [35].  

The specific functions of the Ministry are [35]:  

◦ water resources management policy;  

◦ water catchment area conservation, control and protection;  

◦ water and sewerage services management policy; 

◦ wastewater treatment and disposal policy; 

◦ water quality and pollution control; 

◦ sanitation management;  

◦ management of public water schemes and community water projects;  

◦ water harvesting and storage for domestic and industrial use;  

◦ flood control management;  

◦ transboundary water policy. 
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Chapter 3 

3 Participation to International 

Cooperation Projects 

3.1 Projects and Background 
The research that is presented in this thesis is the result of an internship carried out in Kenya 

between March and May 2020, with the aim of collaborating in the international cooperation 

development projects implemented by the Non-Governmental Organization (NGO) LVIA – 

Lay Volunteers International Association. Given the area of interest of the course of study, 

focus was on analysis of small community water supply systems, which were implemented in 

rural areas of Isiolo County, where the work of LVIA staff is now consolidated. The main 

objective of these projects is to improve access to drinking water for rural communities in arid 

and semi-arid areas (ASAL) of Isiolo County, where the main problems due to severe droughts 

and floods are concentrated. It should be added that in this context, the LVIA’s interventions 

general objective is to improve the living conditions for pastoral communities. Therefore, 

activities also focus on strengthening and diversifying the income and improving the health and 

hygiene conditions of the beneficiaries.  

All activities that will be presented have been elaborated at LVIA office in Isiolo Town by 

the technical staff under the LVIA Country Representative supervision. Preliminary 

assessments and on-site monitoring were carried out during a few days in the villages affected 

by the interventions. The internship and thesis activities were supported by the LVIA technical 

team. The thesis was carried out in the framework of two international cooperation projects: 

❖ Improving access to safe water and safe hygiene practice to flood emergency affected 

people in Isiolo County. 

❖ Rehabilitation of Boji Village water supply system. 

Below they are treated in detail. 
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3.1.1 Project #1 

The project “Improving access to safe water and safe hygiene practice to flood Emergency 

affected people in Isiolo County” was funded by United Nations Children's Fund (UNICEF) 

and implemented in partnership with Lay Volunteers International Association (LVIA). This 

emergency project aimed to cope with the floods disastrous consequences that had affected 

many villages in Isiolo County at the end of 2019. As reported by LVIA technicians, after 

almost a year of drought, starting from the second week of October 2019 torrential rains have 

hit the entire Isiolo County, creating problems almost greater than those experienced during the 

rest of the year. 

 

 

Figure 17: Damage caused by floods at the end of 2019 in Isiolo County. 

source: LVIA 

 

The 2019 Short Rains received in most parts of the country were above normal and enhanced 

both in terms of intensity and distribution [36]. The enhanced rains received in Isiolo County 

and Central Kenya caused increased water levels in major rivers, streams and drainage channels 

causing flooding in various parts of the County (Oldonyiro, Garbatulla, Cherab, Ngaremara, 

Kinna, Sericho & Bulapesa, Wabera wards). The water levels in Ewaso Ng'iro River in Isiolo 

County increased significantly causing flooding incidences in the lower parts of the County 

(Garbatulla, Merti sub-counties). Massive flooding occurred in several villages of Sericho ward 
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(e.g Gafarsa, Eresaboru, Kombola, Badana & Sericho). The flood impacts spread across most 

of the livelihood zones in the County affecting a population of about 24,024 people [37]. The 

worst hit villages were Eresaboru and Gafarsa where 835 HHs were affected with 73 HHs 

displaced [38]. The borehole that serves Eresaboru was completely submerged and cut off. In 

Gafarsa, Duse, Bulesa Kipsing, Oldonyiro and Sericho villages, 2.8 km of pipeline were 

damaged disrupting access to safe water. Water pumping equipments for Oldonyiro and 

Kipsing water supplies were also damaged. In total this affected a population of 17,384 persons 

(8,969 M, 8,415 F). This programme proposed to replace the damaged pipelines, replace the 

damaged pumping systems, repair and desilt the intakes and install gabion, anchor blocks and 

other ancillary structures to ensure access to safe water for the affected population. In addition, 

it was proposed to install inline chlorine dozers for Kipsing, Oldonyiro which rely on sand 

dams and Kinna water supply which relies on a natural spring. This would ensure access to safe 

water to 10,174 people (5,181 M, 4,993 F) and 1,354 (730 B, 624 G) school children. 

LVIA coordinated the response to flood emergencies in collaboration with county 

governments and other agencies and stakeholders to help make the response efficient. 

Especially, the action was implemented in collaboration with the Isiolo County Departments of 

Water Services and Public Health. Community groups and beneficiaries actively participated in 

the implementation of the action throughout the project cycle. 

The programme was implemented in the wake of the COVID-19 pandemic. In 

consultation with UNICEF some of the activities were aligned to the COVID-19 response 

mainly to support prevention and control awareness through the hygiene promotion activities. 

The expected results are listed below, defined at the beginning of the project and partially 

redefined following the COVID-19 emergency: 

➢ Result 1: by 30th April 2020, 17,384 persons (8,969 male, 8,415 females of which 

6,954 children) access permanent safe water at 7.5 to 15 litres/person/day from repaired 

water sources and water supply systems in the following villages: Duse, Gafarsa and 

Sericho in Garbatulla subcounty, Bulesa in Merti Sub-County and Oldonyiro and 

Kipsing in Isiolo Sub-County. 

 

➢ Result 2: by 30th April 2020, 1,354 (730 girls and 624 boys) school children access 

safe water at 1-2 litres/child/day from repaired water distribution in Oldonyiro and 

Kipsing Primary and secondary schools.  
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➢ Result 3: by 30th April 23,555persons, 12,068 women and 11,487 men including 9,422 

children receive critical WASH related information including hand washing with soap 

and infection prevention, and control awareness for COVID-19. 

 

The first project activity was a technical inspection mission from 4 March to 7 March 2020 in 

the affected villages to define the conditions of the water infrastructures damaged by the flood 

in order to plan activities and items that were included in the tender procurement. Officers of 

the Isiolo County department of Public Health and department of Water services participated in 

the mission. 

The works were divided into three different lots: 

▪ LOT 1: 

◦ Rehabilitation of Duse Water Supply; 

◦ Rehabilitation of Bulesa/Godha Water Supply; 

◦ Rehabilitation of Sericho Water Supply; 

◦ Rehabilitation of Gafarsa Water Supply. 

▪ LOT 2: 

◦ Rehabilitation of Oldonyiro Water Supply; 

◦ Rehabilitation of Kipsing Water Supply. 

▪ LOT 3: 

◦ Rehabilitation of Oldonyiro Water Supply; 

◦ Rehabilitation of Kipsing Water Supply; 

◦ Installation of inline chlorine dosing for Kinna Water Supply System. 

On 13th March 2020, LVIA invited a list of companies to participate in the tender. These 

companies are all operating in Isiolo County and were previously selected to respond in the best 

way and in the shortest time possible to the emergency. They then replied by sending the tender 

quotation and all required documents as a condition for participation in the tender. 

The tenders were opened on the 19th March 2020 at 3.00 pm at LVIA Office in Isiolo, by 

the Evaluation Committee appointed for the purpose. The Evaluation Committee took minutes 

of the meeting. Tenderers participated at the tender dossier opening procedure. The evaluation 

consisted of the following steps:  

▪ Examination of the administrative conformity of the Tenderers.  

▪ Technical evaluation.  

▪ Financial evaluation.  
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The Contracting Authority decided the best offer according to the following criteria:  

▪ Compliance with administrative requirements.  

▪ Eligibility of Tenderers.  

▪ Assessment of the quality of proposals, considering:  

◦ Administrative Requirements: 30 points.  

◦ Technical Compliance: 50 points. 

◦ Price/Quality ratio: 20 points. 

 

After the choice of three contractors (one for each lot), the contract was signed. 

According to the site visit carried out by project team and contractor team from 24th to 29th 

March 2020 and the GoK directive to reduce VAT from 16% to 14% due to the impact of 

COVID19 in Kenya, LVIA decided to amend the contract signed for the works involving the 

water supply systems of the previously defined villages. Following the signing of the 

addendum to the bill of quantity, the contractors mobilised for the work that ended at the end of 

April 2020.  

Below is a brief description of results and activities which occurred during the internship 

at LVIA Kenya, concerning the rehabilitation of Duse, Bulesa / Godha, Sericho, Gafarsa, 

Oldonyiro, Kipsing, Kinna water supply affected by the flood at the end of 2019. 

 

 Rehabilitation of Duse Water Supply Pipeline 
 

A total of 2,151 persons (1,054 males, 1,097 females) from Duse community village benefited 

with access to permanent safe water at 7.5-15 l/p/day through replacement of damaged main 

water pipeline that supplies water to the village. The works involved replacement of damaged 

UPVC pipes7 with HDPE pipes8. The replacement occurred along existing laggas (see section 

2.3.1.1) where the pipeline had frequently been damaged by floods. The installation included 

gabions filled with gravel to act as a barrier preventing the pipeline from being carried away. 

 
7 Unplasticized Polyvinyl Chloride, a rigid, chemically resistant form of PVC used for piping, 

window frames, and other structures. (source Lexico) 
8 HDPE pipe is a type of flexible plastic pipe used for fluid and is often used to replace rigid pipes. 

Made from the thermoplastic HDPE (High-Density Polyethylene), its high level of impermeability and 
strong molecular bond make it suitable for high pressure pipelines. HDPE pipe is used across the globe 
for applications such as water mains, gas mains, sewer mains, slurry transfer lines, rural irrigation, fire 
system supply lines, electrical and communications conduit, and stormwater and drainage pipes.  
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Figure 18: Old pipeline hanging across one of the lagga (above); new pipeline installed with gabion structures 
across the lagga (below). 

 

 Rehabilitation of Bulesa/Godha Water Supply (Rehabilitation of damaged pipeline, 

construction of gabions and anchor blocks, repair of Ground Masonry Tank) 
 

A total of 3,500 persons (1,820 males, 1,680 females) benefited with access to permanent safe 

water at 7.5-15 l/p/day permanent safe water through replacement of damaged rising main 

water pipeline thus ensuring uninterrupted water supply to the community. The work involved 

replacement of damaged UPVC pipes with HDPE pipes which were reinforced with gabions 

and anchor blocks. An existing storage tank was repaired thereby preventing water losses 

before distribution to communities.  
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Figure 19: Damaged UPVC pipes before replacement in Bulesa (left); New installed HDPE pipes in Bulesa (right). 

 

 Rehabilitation of Oldonyiro Water Supply (installation of pump equipment, cleaning 

of intake sump, installation of inline chlorine dosing system, rehabilitation of 

pipeline for primary and secondary school) 
 

A total of 1,200 persons (624 males, 576 females) benefitted with access to permanent safe 

water at 7.5-15 l/p/day permanent safe water through installation of a new solar pumping 

system. The works involved replacement of damaged submersible pump and motor with a new 

solar powered 3 m3/h submersible pump and 1.1 kW motor, cleaning of the borehole and 

installation of a chlorine dosing system at the main distribution tank. 

A total of 941 school children (481 boys, 460 girls) would benefit with access to 1-2 

litres/child/per day of permanent safe water after the re-opening of schools for rehabilitation of 

pipeline for Oldonyiro primary and secondary school. 

 

 

Figure 20: BH site in Oldonyiro using a genset (left); new installed solar panels at Oldonyiro BH site (right). 
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 Rehabilitation of Kipsing Water Supply (installation of pumping equipment, 

construction of gabion structures, cleaning of intake sump, installation of inline 

chlorine dosing system, rehabilitation of pipeline for primary and secondary school) 
 

A total of 2,803 persons (1,458 males, 1,345 females) benefited with access to permanent safe 

water at 7.5-15 l/p/day permanent safe water through installation of a new solar pumping 

system. The works involved replacement of damaged submersible pump and motor with a new 

solar powered 7 m3/h submersible pump and 2.2 kW motor, pipeline rehabilitation and cleaning 

of the borehole and installation of a chlorine dosing system at the main distribution tank. 

A total of 421 school children (249 boys, 172 girls) would benefit with access to 1-2 

litres/child/per day of permanent safe water after the re-opening of schools for rehabilitation of 

pipeline for Kipsing primary and secondary school. 

 

 

Figure 21: Kipsing BH site before (left); new kipsing BH site with added solar panels (right). 

 

 

Figure 22: A section of damaged water pipeline in Kipsing (left); a section of newly installed GI pipes (right). 
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 Rehabilitation of Sericho water supply (Rehabilitation of pipeline, community water 

point) 
 

A total of 4,783 persons (2,575 males, 2,208 females) benefited with access to permanent safe 

water at 7.5-15 l/p/day permanent safe water through pipeline rehabilitation and construction of 

a new community water point. 

 

 

Figure 23: Women fetching water at a community water point in Sericho village. 

 

 Rehabilitation of Gafarsa Water Supply (Rehabilitation of pipeline, supply, and 

installation of 5m3 plastic tank, construction of water kiosk) 
 

A total of 1,438 persons (1,509 males, 2,947 females) benefited with access to permanent safe 

water at 7.5-15 l/p/day permanent safe water through installations of a new pipeline and 

construction of new water kiosk for a settlement of persons displaced by floods. 

 

 

Figure 24: Director of water services during the launch of the new water kiosk in Gafarsa. 
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 Installation of an Inline Chlorine Dosing system for Kinna Water Supply System 
 

A total of 6,175 persons (3,072 males, 3,099 females) benefited with access to permanent safe 

water at 7.5-15 l/p/day permanent safe water through installations of an inline chlorine dosing 

unit for Kinna water supply. The new chlorine dosing equipment will provide a solution to the 

persistent water contamination from the spring especially during heavy rains and flooding. 

Water quality analysis indicated high level of E-coli of 7 per 100ml. The system is automatic 

and doses chlorinated solution depending on the flow rate. 

 

 

Figure 25: Inline chlorine dosing equipment installed for Kinna water supply system. 

The programme activities were completed within the 3 months project lifetime. It was an 

emergency response to the flood consequences and therefore required immediate 

implementation. The programme outcomes/results were tied to the three key result areas. The 

project achieved 100% of the targets set at the baseline which were measured through key 

indicators. Below is a results summary with a comparison of the outcome indicators values 

between the start and end of the activity (see Table 3).  

As mentioned above, the programme was implemented in the wake of the COVID-19 

pandemic. Restriction on movements, closure of schools and ban on social gatherings were put 

in place by the government to prevent spread of the disease. The programme integrated some of 

hygiene promotion activities through creating awareness in line with the hygiene measures 

provided by the government on infection, prevention, and control of the disease. 

There was a delay in movement of construction material especially from Nairobi due to 

restrictions on movement. County government supported the programme with a letter declaring 

the materials as essential services. This way the programme was completed within the 

scheduled timeline. Hygiene messages were conveyed through radio talk shows and vehicle 

mounted public address system.  
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Towards the end of the programme, floods were experienced in some parts of the county where 

some activities were ongoing. Access roads were affected which delayed transportation of 

materials and labour to site especially in Garbatulla sub-County. 

Table 3: Comparison of the outcome indicators values between the start and end of the Project#1. 

Indicator Baseline Targets End of 
project 

Cumulative 
progress 

# of people with access to 
permanent safe water at 7.5 
to 15 litres/person/day 

0 

23,555 persons 
12,068 male, 11,487 
females of which 
9,422 children 

23,555 
persons 100% 

# of school children with 
access to safe water and 
practicing personal hygiene 
including handwashing with 
soap 

0 1,354 children 730 
girls and 624 boys 

1,354 
children 100% 

# of people recalling 3 key 
hygiene messages 0 

23,555 persons 
12,068 male, 11,487 
females of which 
9,422 children 

35,000 
persons  148% 

 

The success of the project and the results achievement could not have been achieved without 

some key aspects. First, community engagement is a key pillar in ensuring the ownership and 

sustainability of donor-funded projects. For this reason, the active participation of the 

beneficiary community in the project planning and in the whole implementation has been 

guaranteed. Collaboration with the relevant county government departments was also very 

important in improving the effectiveness and efficiency of the project. It also provides an 

opportunity to influence government decisions in the budget allocation. 
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3.1.2 Project #2 

The project “Rehabilitation of Boji Village Water Supply System” was funded by Italian 

Government and United Nations Children's Fund (UNICEF) and implemented by Lay 

Volunteers International Association (LVIA) in partnership with National Drought 

Management Authority (NDMA) and in collaboration with the Isiolo County Departments of 

Water Services and Livestock.  
 

 

Figure 26: Explanatory poster at the entrance of Boji village. 

This activity was part of a larger project – “Improving access to water and the resilience of 

pastoral communities in Isiolo County, Kenya”, funded by Italian Government – that had the 

general objective of improving the living conditions of pastoral communities of Isiolo County. 

The specific purpose was to develop climate change resilience and mitigation mechanisms with 

water sources protection and rehabilitation in the most affected villages and, at the same time, 

to support strengthening and diversification of income, such as NTFPs (Non-timber forest 

products - such as resins, honey, rubber). The action was implemented in Merti and Garbatulla 

Sub-counties, Isiolo County (Kenya). Water sector goal was the protection and rehabilitation of 

water infrastructures for human and livestock use to increase water availability in the Isiolo 

County. The sites identification in the two Sub-counties was carried out based on “Wash Need 

Assessment” carried out by LVIA in 2014 and through a final comparison with the competent 

authorities of Isiolo County, in order to update the information collected previously. Among 

these sites was Boji Village. 
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Unlike Project #1 described above, which was an emergency response to the flood 

consequences and therefore required immediate implementation, the project under analysis 

lasted longer than 18 months. During these months, in addition to the design and 

implementation of rehabilitation activities of Boji village water supply system, preliminary 

analysis procedures and data collection necessary for the planning were implemented, as well 

as an ongoing and long-term monitoring; the latter with the aim of verifying the project 

sustainability. Precisely with the aim of ensuring long-term sustainability, an accurate 

infrastructure and water crisis management plan has been developed in the community.  

The internship period took place in the final part of project cycle, involving the final 

monitoring in the village of Boji which took place in parallel to the first field visit of  Project #1 

held from 4th March to 7th March 2020. The visit investigated the infrastructures conditions and 

the Management Committee work. Video interviews and photographic documentation were 

collected with the aim of informing donors about the status of village's water system. 

In this thesis work, it has been chosen to focus on this case. Rehabilitation of the Boji 

water supply system is a comprehensive project and covers all the typical aspects of an 

international cooperation project in the field of rural areas water resources. Through its study it 

is possible to analyse all technological and sometimes managerial aspects that ensure the 

success and sustainability of a project concerning the improvement of access to drinking water 

in rural areas of Kenya, in Isiolo County. About this, in the following chapters we want to talk 

about what are the elements that allow sustainability in the operation of infrastructure and in the 

perception on the beneficiary community. Although the internship period covered only a short 

part of the project, the information obtained from the above-mentioned field visit and the 

information gathered with the help of LVIA’s technical staff, made it possible to understand in 

detail the organization and operation of the project. 
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3.2 Boji Village Water Supply 
Boji Village is among the rural villages located in Isiolo County, Garbatulla Sub-County in 

Garbatulla Ward (see Figure 27). The village is about 100 km from Isiolo town and 30 km from 

Garbatulla town. The village is inhabited mainly by shepherds who have put up permanent and 

semi-permanent houses. The village has a population of about 2,200 persons with 

approximately 300 Households, one primary school and one dispensary.  

The intervention had the main objective to address key persistent challenges of availability 

and accessibility to safe water for domestic and livestock use. In addition, thanks to previous 

lessons learnt, LVIA focused to address these problems in a holistic approach that would have 

an impact to the beneficiaries through construction of climate resilient infrastructure and 

capacity building of the community. 

Community groups and beneficiaries actively participated in the implementation of the 

action throughout the project cycle. 
 

 

 

Figure 27: Location of Boji Village in Isiolo County. 

 

 

 

 

 

Boji Village 
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The total beneficiaries reached through the project implementation are the following: 

▪ Direct beneficiaries9:  

2,175 (Male=1,110, Female=1,065) persons, out of which 236 school children.  

▪ Indirect beneficiaries10:  

4,544 (2,113 males, 2,431 female). 

▪ Livestock population benefiting:  

Shoats=15,000, Cattle=2,600, Camels=4,500. 

3.2.1 Preliminary Survey 

After the Boji village was chosen as an intervention site, a preliminary survey was conducted 

by LVIA technicians among the beneficiary community with the aim of defining a development 

strategy. Knowledge Attitude and Practice Survey (KAP survey) was conducted to provide 

benchmark values for the project outcome indicators and was a useful tool for planning 

interventions in the village. 

The survey population was made up of men, women and children residing in Boji village, 

where LVIA had planned to start operations within the WASH programming. 

The sample unit was determined to be household. A sample size of 165 was calculated 

based on the target survey population of 288 households in Boji village using Roasoft online 

tool (see Figure 28).  The confidence level was determined to be 95%, margin of error 5%, and 

a response distribution of 50%. Random sampling method was used to select households for 

participation in the survey. 

The survey focused on quantitative and qualitative data collection using structured 

questionnaires developed by LVIA (see Appendix A). The questionnaire was based on key 

indicators. Data collection took a period of two days in Boji village. Data checking and 

validation for completeness and consistency was carried out on each day and quality control 

was ensured daily. Data entry was done in the office using a prepared data entry forms in Excel. 

The survey achieved a total of 166 respondents, one HH more than the starting sample. 

Males accounted for 66% while females accounted for 34%. In terms of the level of education 

of the respondents, 60% have no formal education with 25%, 9% and 6% have had a formal 

education at primary, secondary and college level respectively. The response on the age groups 

of the household occupants shows that 51% are under the age of 18, while 49% of the 

occupants are adults. From these data obtained from the analysed sample, it is possible to 

 
9 Direct beneficiaries can be defined as those who will participate directly in the project and 

therefore benefit from its existence. (source FAO) 
10 Indirect beneficiaries are often, but not always, all those living within the zone of influence of the 

project. (source FAO) 
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conclude that the survey and the results allow to represent the conditions of Boji village quite 

reliably, as such data on gender, education and age are representative of the entire population. 

In addition, this clarified the target group of beneficiaries to whom the intervention was aimed 

and therefore allowed to better plan the activities. 

 

 

Figure 28: Raosoft report.  

source: raosoft.com 

3.2.2 Key Findings and Recommendations 

Regarding the access to water sources the most common main water source was “unprotected 

well” whose water is mainly used for drinking, bathing, cooking and washing at 74% and for 

livestock watering 51%. The second most common water sources were the boreholes providing 

water for drinking, cooking, bathing and washing at 24% and livestock watering at 25%. Each 

of the water source and its use is shown in the Figure 29.  The main concern noted for access to 

water sources was that 74% of the respondents used unprotected/spring (dug well). This raised 

a lot of concern on the quality of water for drinking and domestic use. 

The calculated average of water collected per household per day for domestic use was six 

20 litres jerrican equivalent to 120 litres per household per day. Based on the findings, the 

calculated average household size was 5 persons per household. This translated to 24 litres per 
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person per day, which is above the minimum SPHERE standards of 15 litres per person per day 

for drinking, hygiene and domestic use. 

Looking at the Figure 30, 72% of the households reported to cover a round trip distance 

range of 0-1 km to the primary water source. The key concern regarding water access was the 

reported maximum distance of more than 1 km (round trip) to the nearest water point by 28% 

of the respondents (1-2 km 25%, 2-5 km 3%) which is above the minimum SPHERE standards 

of 500 m. For this reason, it was important to focus on this aspect on the activities, to ensure 

intervention activities aiming at minimizing this number to the required standards and 

positioning water points at strategic locations.  

In terms of the time (Figure 31), 87% of the respondents reported to take a range of 0-60 

mins to and from the water source, 11% within a range of 61-120 mins and 1% within a range 

of 121-180 mins (round trip).  

Regarding queuing time at the primary water source (see Figure 32), 37% of the 

respondents reported to spend between 10 to 20 minutes, 29% between 5 to 10 mins, 20% 

between 1 to 5 minutes, and 7% in 1 minute or less and more than 20 mins respectively. 

Queuing time at the water source as reported by almost 100% of the respondents, seems to be 

in line with the minimum SPHERE standards of not more than 30 minutes.  

The survey found that animals shared water points with humans. This implies water 

contamination and very long waiting times for watering livestock or moving towards more 

distant water sources with consequent water stress. 

The responsibility to collect water mainly reported to be undertaken by adult females who 

accounted for 96% of the overall responsibility with female children below 15 years taking 2% 

of the responsibility (see Figure 33). This result proved to be relevant for understanding the 

challenges faced by this group and in order to plan a better support for women. Some key 

concerns were their safety and security during water collection. The use of a Focus Group 

Discussion (FGD) with women and children was useful to better understand their specific 

needs. 

In terms of water reliability (Figure 34 below), water sources were reliable with 62% of 

the respondents indicating that their primary water sources were available throughout. 

However, the result raised attention on the causes of water unavailability reported by 38% of 

the respondents. 

 



58  3    ̶    Participation to International Cooperation Projects 

 

Figure 29: Main water source and use in the Boji village. 

 

 

Figure 30: Distance to primary water source in the Boji village. 
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Figure 31: Time taken to primary water source in the Boji village. 

 

 

 

Figure 32: Queuing time at primary water source in the Boji village. 
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Figure 33: Water collection responsibility in the Boji village. 

 

 

 

Figure 34: Water reliability in the Boji village. 
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100% of households reported to get water for domestic use free of charge. Water charges for 

livestock use ranges between KSh111000 to 2000 per month.  

Respondents were asked to express an opinion on different features related to drinking 

water, such as convenience, stability of service, healthiness, taste, smell, colour, and clarity. 

Regarding the features of clarity, colour, smell and taste, above 50% of respondents replied 

with “good”. In terms of healthiness the reported rate was “fair” at 56%. In terms of 

convenience 43% of the households reported “poor”. 65% of households define “fair” the 

stability of service. A summary of this analysis is provided in the Figure 35 below.   

 

 

Figure 35: Perception on drinking water in the Boji village. 

The key concern on water treatment was that majority of the respondents (34%, see Figure 36) 

reported not to know/do any form of treatment. Quality analysis of water collected by 

population was conducted concurrently with this survey and indicated presence of coliforms12 

in the water. The minimum SPHERE standard recommends zero coliforms in water for 

domestic use. It was important for WASH programmes to focus on creating more awareness 

and trainings towards use of household treatments, protection of water sources from pollution 

and possible treatment at the source. Water safety planning approach was needed. 

 

 
11 Kenyan Shilling. 
12 Coliforms are bacteria that are always present in the digestive tracts of animals, including 

humans, and are found in their wastes. They are also found in plant and soil material. Escherichia coli (E. 
coli) is the major species in the faecal coliform group. (source health.ny.gov) 
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Figure 36: Water treatment methods in the Boji village. 

In terms of water management and governance (see Figure 37), majority of the respondent’s 

(99%) reported not to be aware of any existing Water Users Association bylaws. 96% reported 

to have no knowledge of any Annual General Meeting regarding the water group.   

 

 

Figure 37: Water management and governance in the Boji village. 
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Respondents gave various recommendation on ways of improving their water supply (see 

Figure 38). Majority of the recommendation indicated the need for water kiosks and water by-

laws at 22%, need for household connections at 19%, need for a change of the existing 

management committee at 15%, the need to separate human and livestock water at 14%, the 

need for solar water pumping and capacity building at 6% and 2% respectively.   

 

 

Figure 38: Recommendations to improve Boji water supply. 

 

From results analysis obtained from KAP survey, it was possible to define key 

recommendations for the Boji village water supply system improvement. All following 

interventions planning was based on them. Key recommendations focused on the longer-term 

objective to be achieved through WASH programming interventions implemented by LVIA in 

the area. It was necessary to develop an intervention plan in collaboration with the county 

government and other partners to address the needs identified in the area, as summarized 

below. 

 

➢ Water Supply:  

i. There was a need to establish the total yields of the various primary water 

sources in the village.  

ii. There was a need to separate water for human and livestock use.  
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iii. There was a need to provide water access close to the households by use of 

water kiosks.  

iv. There was a need to provide solar pumping systems to reduce operational 

costs. 

 

➢ Management and Governance:  

i. There was a need to put in place proper water management structures for 

sustainability of the system.  

ii. There was a need for proper awareness creation to the community on the right 

to water. 
 

3.2.3 Baseline Outcome Indicators 

As seen in section 3.2.1, KAP survey aimed to define the baseline values for outcome 

indicators. These indicators allow you to monitor the project progress and to understand if 

objectives set are achieved when activities are completed. Furthermore, by defining the 

indicators and their values, it is possible to understand in advance what are the gaps in the 

water supply system and what is the degree of intervention that must be implemented. 

Following table lists the outcome indicators chosen for Boji project monitoring and respective 

baseline values obtained from survey previously discussed. 

Table 4: Outcome indicators baseline values. 

Indicator Baseline 
% of community using safe water sources 24% 

Average distance covered to primary water source 0-1 km 

Average time taken to primary water source 0-60 minutes 

Average queuing time at primary water source 10-20 minutes 

% water reliability 62% 

Waiting time for livestock >60 mins 

# of water management committees 0 
 

A final survey would allow to derive the values of the indicators at the end of the project and to 

compare them to the values at the beginning of the project to understand the degree of success 

and the possible reasons for failure. 
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3.3 Existing Water Supply System at Boji Village 
During the period in which KAP survey was conducted, LVIA technicians also carried out a 

technical inspection to evaluate the existing water supply scheme and gather information on the 

village's water sources used. 

The existing and still operational water sources in the village are two boreholes - BH 1 and 

BH 2 - and two spring wells close to each other. There is also a third borehole - BH3- close to 

BH2 but not in use for three years. 

The coordinates (latitude, longitude and altitude) of the interest main points (waypoints) 

have been recorded through a Garmin GPS tracker, model eTrex 30. 

 

Figure 39: Garmin eTrex 30 GPS tracker. 

source: garmin.com 
 

These points, in addition to the water sources mentioned above, were also two existing tanks, 

primary school, dispenser, mosque and the points where the existing above-ground pipeline 

passed. The location of these waypoints has been integrated into Google Earth maps to draw a 

blueprint of existing status (Figure 40). An important thing to note is that the GPS tracker has a 

metric accuracy of at most 5 meters. However, the error margin could also be much wider, 

particularly with obstacles to the reception of the satellite signal. Given the survey purpose, it 

was not necessary to use higher precision instruments. The eTrex series can simultaneously 

detect both GPS and GLONASS satellites. GPS + GLONASS mode was activated and this 

allows shorter positioning time and greater waypoint accuracy. 
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Figure 40: Existing Boji water supply system. 
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Pumping tests on existing water sources were conducted to determine their hydraulic 

characteristics. For detailed report see Appendix B. These pumping tests lasted 24 hours. 

During this period, discharge (m3/h) and water level (m) were measured at different time 

intervals, which were gradually increased. Method of discharge measurement used stopwatch 

and 20 litres container to measure flow. The time to fill a 20 litres bucket was measured and 

flow rate was measured (= volume/time). Drawdown monitoring happened with the use of an 

electric dipper. After the end of the pumping, drawdown recovery phase was observed, during 

which the water level returned to the initial value (Water Rest Level - WRL). 

3.3.1 Boji Boreholes 

3.3.1.1  Boji Borehole 1 

The borehole was installed with 4 m3/h submersible pump. The drawdown pipes were 2” dia GI 

(Galvanize Iron) reduced to 1 ¼” at the outlet. Pump was driven by a generator 18.5 kVA and a 

stand-by one 15 kVA which was defective. Water was used for livestock watering only, 

pumped to a 5 m elevated 10 m3 plastic tank. Safe yield13 of the borehole was 18 m3/h. 
 

 

Figure 41: Existing BH 1 situation. 

 

The following table summarizes the BH 1 pumping test. 

 
13 The safe yield of groundwater is the amount of water that can be withdrawn without producing an 

unwanted result (water resource depletion, uneconomical pumping, degradation in water quality, land 
subsidence). 
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Table 5: BH 1 pumping test. 

Method of Discharge Measurement Stopwatch and 20liter Container 

Pump used SP8A25 

Water Rest Level (WRL) 26.3 m 

Dynamic Level 26.55 m 

Safe Yield 18 m3/h. 

Method of Monitoring Drawdown Electric Dipper 

Measured Depth of Source 56 m 

Depth of Pump Intake 50 m 

Size and Type of Drawdown Pipes 2” dia GI Pipes reduced at outlet to 1 ¼” 

Pump Currently Operational SP3A25 – 4 m3/h 

Current Motor size 1.5 kW 

 

3.3.1.2 Boji Borehole 2 

This borehole was drilled to replace the old one of 9 m next to it (BH 3). The existing pump 

was driven by solar pump 2.5 m3/h. The existing solar panels were 6 with a wattage of 100 W 

per panel. There was no near storage tank and water was piped into two existing ground tanks, 

also used to water cattle (see Figure 40). Safe yield of the borehole was 12 m3/h. The following 

table summarizes the BH 2 pumping test. 

Table 6: BH 2 pumping test. 

Method of Discharge Measurement Stopwatch and 20liter Container 

Pump used SP3A-25 

Water Rest Level (WRL) 23.60 m 

Dynamic Level 24.88 m 

Safe Yield 12 m3/h. 

Method of Monitoring Drawdown Electric Dipper 

Measured Depth of Source 46 m 

Depth of Pump Intake 42 m 

Size and Type of Drawdown Pipes 40 mm HDPE 

Pump Currently Operational SQ2-85 - 2.5 m3/h 

Current Motor size SQ using DC 
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3.3.2 Boji Spring Wells 

There were two spring wells close to each other. One spring well had only 0.5 m column of 

water and it was interconnected to another spring well at the base through a perforated GI pipe. 

There was a broken hand pump. The spring wells were open, and the community fetched water 

using a rope and an open bucket. They were also often used as a watering point for small 

livestock through a drinking trough that was filled with water from spring wells. This water 

point shared between humans and animals involved a risk of water contamination. 

 

 

Figure 42: Boji springs well. 
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Figure 43: Borehole details #1. 
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Figure 44: Borehole details #2. 

source: LVIA 
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Chapter 4 

4 Design of the New Boji Water 

Supply System 

4.1 Planning the Intervention 
With the information gathered and presented so far, it was possible to plan the interventions to 

improve the Boji village water supply system. Recalling the key recommendations defined in 

section 3.2.2, we now want to present the planned activities associating them with the issues 

they aimed to solve.  

With the aim to improve water quality for human use, the main objective was to ensure 

that the population's water supply consisted of safe and reliable water sources, mainly from the 

two boreholes (BH 1 and BH 2). This implied the need to increase the yields of the two 

boreholes. As we have seen, a submersible pump was installed in the BH 1 which took 4 m3/h 

of flow rate. From pumping tests, a safe yield of 18 m3/h was recorded. It was therefore decided 

to increase the BH 1 flow rate to 13.5 m3/h with the consequent installation of a new 

submergible pump that could guarantee that flow rate. Note that it was decided to take a flow 

rate lower than that which guaranteed the safe yield, to be on the safe side. Same reasoning was 

made for BH 2, for which it was chosen to increase the flow rate from 2.5 m3/h to 7 m3/h, 

against a safe yield of 12 m3/h. 

Another important issue to be resolved was to separate human water supply from 

livestock. This aimed to ensure adequate access to water for both humans and livestock and to 

avoid human use water points contamination. Previously, animals shared water from existing 

tanks and spring wells with humans. In addition, BH 1 was only used to water animals. 

In this regard, water kiosks as water collection points for the community were necessary. It 

was chosen to build no.4 water kiosks located in different points of the village with the aim of 

providing access to water near households. It was decided to connect 2 water kiosks to BH 1 

and 2 water kiosks to BH 2. This reduced the average distance traveled for collecting water and 
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average queuing time at the water source. It should be pointed out that the position of these 4 

water kiosks was decided in common agreement with the beneficiary community 

representatives. For instance, one of them was placed near a mosque, a community strategic 

point. In this sense, the beneficiary community involvement was also important in these 

decisions.  

For livestock watering, it was chosen to build no.4 drinking troughs, two for cattle/camels 

and two for shoats14 near BH 1. This guaranteed an exclusive water point for animals.  

It was also of great importance to connect two strategic points of the village with the water 

sources: the primary school and the dispensary, previously not equipped with direct water. 

Primary school was supplied with water from BH 1, dispensary from BH 2. 

All these water supplies involved the installation of new GI and UPVC15 pipes and the 

possible reuse of existing ones after a condition exam.  

Going into detail for boreholes, previously water was pumped from the BH1 with a 

submersible pump powered by a diesel generator. It was chosen to power the pumping with 

solar energy to reduce operating costs and ensure system sustainability. Once the pump type 

was chosen to guarantee the required flow rate, an adequate number of solar panels had to be 

installed to provide the power required for pumping. Furthermore, since the water solar 

pumping can only take place in the sunny hours, water storage was necessary. Therefore, it was 

thought to build an elevated tank to allow a water supply to the collection points by gravity. 

Unlike BH 1, there was already a solar pumping system for BH 2. The increased flow rate 

involved adding panels to existing ones to ensure the power required by the new pump. 

However, both systems were integrated with existing diesel generators to ensure pumping even 

when solar system does not generate enough power (on cloudy days) or does not work due to a 

fault. 

As for the two spring wells, it was necessary to protect the well openings to avoid any 

contamination, particularly from surface water. Given the spring wells conditions, general wells 

cleaning was required by removing debris and sterilization. It was also necessary to sensitize 

population to prevalent use of water from boreholes and therefore to collect water from water 

kiosks, as it is safer.  

Below there is a summary table of the proposed interventions associated with the results 

they aimed to address (Table 7). Figure 46 shows the new infrastructures plan.  

 

 
14 Sheep–goat hybrid. 
15 Unplasticized Polyvinyl Chloride. Compared to PVC, the UPVC is rigid. 
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Table 7: Activities summary and expected results. 

  
 

Expected results 
  

Activity Safe water 
sources use 

Distance 
and time 
reduction 
for water 

Water 
reliability 

Separate water 
for human and 
livestock use 

System 
sustainability 

Rehabilitation of 
BH1 

High capacity 
water pump - 
from 4 m3/h to 
13.5 m3/h  

•   •     

Solar pumping 
system with 
elevated tank 

    •   • 
No.2 water 
kiosks • • • • • 
No.4 livestock 
troughs   •   •   
Connection 
with primary 
school 

• •       

Rehabilitation of 
BH2 

High capacity 
water pump -
from 2.5 m3/h 
to 7 m3/h 

•   •     

No.2 water 
kiosks • • • • • 
Connection 
with 
dispensary 

• •       
Rehabilitation of 

spring wells 
Cleaning and 
protection •     •   

 

 

 

 

 

 



 

76 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 45: Existing Boji water supply system. 
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Figure 46: New Boji water supply system. 
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4.2 Boji Water Kiosk System 
The construction of water kiosks in the Boji village was necessary to improve water supply 

system and access to safe water of the beneficiary community. It has been seen how water 

kiosks allow resolution of some important issues related to access to drinking water, which are 

common in almost all rural villages in the ASAL areas of Kenya.  

First, they imply an exclusive community water point, separating human water supply 

from livestock water supply. This leads not only to improved access to water in terms of 

quantity but also in terms of quality. 

In addition, the construction of water kiosks in the village allows a reduction of the 

average distance travelled for water collection. As it has been seen, their placement in the 

village should be chosen by common agreement with the community representatives.  

It is also important to provide the village with an adequate water kiosks number to have an 

acceptable queuing time for the beneficiary. Generally, the number of inhabitants that a single 

water kiosk is able to supply during the day without excessive waiting time is 500. This is an 

estimate obtained from experience in other intervention projects. Therefore, being the Boji 

population of about 2,200 inhabitants, it was chosen to build 4 water kiosks. 

The names given to these 4 water kiosks are (see Figure 46): 

◦ Dibu Wara Water Kiosk, receiving water from BH 1. 

◦ Bula Hatari Water Kiosk, receiving water from BH 1. 

◦ Badole Water Kiosk, receiving water from BH 2. 

◦ Mnanda Water Kiosk, receiving water from BH 2. 
 

 

Figure 47: Mnanda Water Kiosk. 
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4.2.1 Description 

Boji water kiosks are made of reinforced concrete and masonry. They have a plan size of    

2.6m x 2.6m and a height of about 2.8m from ground level. They are equipped with two 

external taps which are managed by a kiosk operator through two internal gate valves.  

Boji network water supply is intermittent as it is powered by a solar pumping system that 

is only operational in sunny hours and days. For this reason, Boji water kiosks have a 5000 

litres water storage tank. It is made of plastic and is placed on the roof of kiosk.  

Dibu Wara Water Kiosk and Bula Hatari Water Kiosk receive water by gravity through a 

pipeline from an elevated tank filled by pumping the BH 1. Badole Water Kiosk and Mnanda 

Water Kiosk receive water through a pipeline directly from pumping the BH 2.  

Inside the plastic tanks there is a float valve that stops water supply when the tank is full 

up to pre-set level and reopens the water flow when the level drops below a minimum (see 

Figure 48 and Figure 49). From the tanks comes a pipeline that brings water to the taps.  

Inlet pipes and delivery pipes are in PPR16. Another material that can be used for these 

pipes is GI, although less resistant to corrosion.  

 

Figure 48: Float valve. 

 
16 PPR pipe is made of Polypropylene Random Copolymer. The PPR pipe is thicker than the PVC 

pipe. In addition, PPR pipe has a higher softening temperature than the PVC pipe and this is useful when 
the pipe is exposed to high temperatures, as in this case. 
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Figure 49: Float valve details. 

source:Indiamart 
 

Outside the water kiosk, at the delivery area, there is a sloping platform that conveys excess 

water to a catchpit where water is collected and then sent into a soakpit where it is disposed 

underground (Figure 50). 
 

 

Figure 50: Soakpit and Catchpit details. 

 

For more details see Figure 51 and the bill of quantities in Appendix C. 
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Figure 51: Boji water kiosk details. 
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4.2.2 Management 

Boji Water Kiosks are managed by the Water Management Committee trained by LVIA. The 

operation of each water kiosks is guaranteed by an operator chosen from the community. Kiosk 

operators can also sell goods at the kiosk to increase their revenue. In other circumstances, 

kiosks may also be operated by utilities employees or by self-employed operators under 

contract with utilities.  

Generally, beneficiaries collect water from the water kiosk with 20 litres Jerrican. In the 

case of Boji, a sale price of 2 KSh per Jerrican (about 2-euro cents) was established. 

Sustainability of water kiosk systems recharged by boreholes is difficult to guarantee 

where free water sources such as shallow wells, ponds/pans, dams and rivers are also available. 

As widely discussed in the previous sections, these water sources have low water quality and 

may not be reliable sources all year round. It is important to create in the beneficiary an 

awareness of the importance of using clean water and paying for water service to keep the 

system active. This reduces the failure risk of water kiosk systems.  

For the water kiosk system to be accepted by the beneficiary population, it is very 

important to involve them in the planning and management choices: the water kiosks location, 

opening hours and kiosk operators. 

Water Management Committee tasks are also to supervise the cleaning of water kiosks, 

compliance with opening hours and prices applied. 

4.2.3 Advantages 

The choice to create a common water supply system such as the water kiosks for Boji is linked 

to the rural context.  

As can be seen from Figure 46, the village of Boji is found along the Isiolo-Mandera 

Road. The houses are built around this road without following an orderly grid and areas with 

high density of houses alternate with areas with very distant houses. Water kiosks are located 

along the path of a single pipeline at a few convenient locations.  

One of the alternatives to water kiosks could be private connection to a pipeline 

distribution system. However, this solution would imply an articulated piping network with 

consequent higher overall system cost. In addition, an articulated distribution network is more 

at risk of breakages and losses, resulting in greater commitment to maintenance which is 

difficult to ensure. 

Another advantage is related to collection of water fee. As seen, water at Boji kiosks is 

provided upon payment. This allows a safe and simple collection of water fee much more 

difficult to do in the case of direct distribution to households. It is very important to ensure 
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water fees collection as total revenues are necessary for each maintenance operation of the 

kiosks and the supply system in general. This approach is requisite for the system 

sustainability.  

The discussions made for Boji can be made for almost all rural areas in Kenya.  

4.3 Solar Pumping System of Boji 
This section will deal with the study of a suitable system for the water supply of small 

communities which involves water pumping from boreholes with solar energy use. Based on 

the conditions in the area under review, this system is a viable alternative to other water supply 

means and, therefore, is increasingly used in projects that provide continuous and sustainable 

access to clean water for rural communities in Kenya. 

The source from which water is extracted through such solar energy systems is borehole. 

As discussed in Chapter 2, particularly in section 2.3.1.2, boreholes are the most used water 

source in the Isiolo County. Unlike other water sources, boreholes guarantee water support over 

the year, even during dry seasons when other sources are not reliable. In addition, boreholes 

water is generally less contaminated. According to its hydrogeological features, Isiolo County 

is rich in boreholes. 

There will be a focus on the engineering and hydraulic aspects of the pumping scheme, on 

the design methods of the various system components, as well as on the right maintenance and 

technological safeguard procedures. A further aim of the chapter will also be to retrace the 

management aspects that allow continuity in the use of solar pumping technology, with the 

main purpose of ensuring sustainability. 

All the information necessary to write this discussion is the result not only of careful 

bibliographical research but also of field visits and discussions with stakeholders, as well as of 

the experience handed down to me by technicians during the internship at NGO L.V.I.A. in 

Kenya, which has been working for years on these systems in Isiolo County. 

4.3.1 Solar-Powered Groundwater Pumping Systems in Kenya 

During the past few years in Kenya, Solar Photovoltaic (PV) Pumping has experienced an 

accelerated technological development concurrently with cost reduction which led to advanced, 

robust, affordable, climate-smart, versatile and low-maintenance equipment systems [39]. In 

addition, governments and donors’ policies in favour of solar pumping have allowed its use in 

many water supplies projects, particularly in rural areas. 
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It is precisely in these remote areas that solar-powered groundwater pumping systems are 

beginning to be the main technological systems for supplying water to populations, livestock 

and crops. Such systems in these areas are the most recommended and preferred choice because 

they are durable and have great long-term economic advantages compared to other technologies 

still in use [40]. 

Moreover, Kenya has abundant solar energy with peak insolation from about 5 to 7 hours 

per day due to its position around the equator [39]. In most areas where humanitarian 

organizations carry out their relief and development work, solar radiation is high enough to 

consider using solar PV pumping solutions, especially in the area between 40 degrees North 

and South, called Solar Belt [39]. Kenya falls in this area, extending over one of the sunniest 

globe areas due to its position around the equator. 

The country can exploit this resource as a cheaper alternative to diesel or electricity for 

groundwater extraction in more remote areas. If a long-term cost assessment is carried out, 

photovoltaic solar pumping would prove now cheaper than diesel systems. In addition, the solar 

panels cost has fallen by 80% in the last 10 years and is 1% of what it was in the early 80’s 

[39]. 

However, humanitarian organizations are still suffering from the lack of technical 

competence and awareness among beneficiaries and this slows down the use of this solution. 

Solar pumping systems record a great deal of consensus among the host communities, but 

aspects related to ownership, operation, maintenance, collection and management of water fees 

generate great complexity. A social approach that involves users is therefore important and 

should come before the technological choices. In this sense, establishing strong social cohesion 

in the community and coordinating approaches with government water offices should be a 

prerequisite.  
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Figure 52: Photovoltaic Power Potential in Kenya. 

source: Solargis 
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4.3.2 Advantages and Disadvantages 

The choice of the solar pumping use should be made after a careful evaluation of the aspects 

that could lead to an inadequate performance, rather than a failure. It is important to understand 

what the negative aspects could be. All these analyses should also be compared with other 

existing pumping technologies to understand if the use of solar energy implies real advantages 

in the specific intervention context. In rural areas of Kenya, as previously mentioned, solar 

water pumping technology is used as a replacement or as an alternative to pumping with diesel 

generator. It should be noted that in such remote contexts, it is unlikely that villages are 

powered by electricity and where it is present is very unreliable. 

Listed below are the main advantages and disadvantages of the use of solar water pumping 

technology for rural communities, also analysing the aspects that differentiate it from the use of 

a diesel genset. 
 

➢ Advantages of solar energy for water pumping 

▪ The operation of the solar pumping system does not require any operating cost 

unlike diesel generator which has high fuel and maintenance costs. 

▪ It does not produce pollutants for the environment, unlike the diesel engine 

exhaust fumes. 

▪ Reliable energy availability even for remote places. A diesel generator in 

remote areas may not guarantee this. 

▪ In warm regions, solar systems are not adversely affected by heat unlike diesel 

engines during operation. 

▪ Easily installed in remote areas with prefabricated solar structure or on-site 

welded structures. Diesel generator are quite heavy to transport, and it is a 

delicate operation considering the bad roads that connect villages in rural areas. 

▪ Overhauling the diesel motor is more difficult and requires skill and equipment 

unlike replacing a broken/defective solar panel. 

▪ Solar systems are becoming cheaper and more convenient every year. Diesel 

gensets and fuel become more expensive every year. 

▪ The solar generator system has a longer lifespan of approximately 25-30 years 

unlike the diesel generator whose average lifespan is less than 10 years due to 

the delicate maintenance required. 
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➢ Disadvantages of solar energy for water pumping 

▪ The solar pumping system has high investment costs compared to diesel 

generators. 

▪ Unlike diesel generators, a large area open to the sky is required for solar 

generators (although this is not a big problem for most remote rural areas). 

▪ Unlike diesel generators, there is no solar energy at night. This could be 

remedied with the use of storage batteries, which, however, involve higher 

costs and additional maintenance. In addition, the operation is strongly 

influenced by solar radiation that varies from morning to evening with the 

maximum at noon. 

▪ On cloudy and rainy days there is little or no pumped water. Therefore, large 

water storage is required, unlike diesel generators where water can be pumped 

on demand. 

▪ The solar panel can be easily vandalized as fragile and the whole system can be 

subject to theft. 
 

Comparing the advantages and disadvantages, it can again be concluded that the use of a solar 

pumping system is certainly preferable to the diesel generator use for rural areas water supply, 

especially in Kenya.  

Despite the high initial investment cost, the reduced life cost of the solar system compared 

to the high life cost of the diesel generator means that solar water pumping technology is much 

more sustainable in low-income rural areas such as Isiolo County. 

The possible intermittent operation linked to unfavourable weather conditions can be 

solved with a water storage system. 

However, it is important to consider that where a diesel generator is already present (as in 

the case of Boji village), it is possible to integrate it into the pumping system. This allows to 

make the supply system more reliable as it is possible to ensure the pump operation even when 

weather conditions or faults would not allow it. In this regard, a diesel-solar hybrid system can 

be considered the best solution for remote rural areas both from an operational and economic 

point of view. 
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4.4 Description of the Water Supply System 
Solar water pumping system is like other pumping systems but the electricity that allows the 

pump operation is generated by photovoltaic panels through solar energy.  

This system is an alternative to using electricity or diesel generators to power the water pumps. 

Solar powered pumps are useful where grid electricity is not available, alternative sources 

(wind) do not provide enough energy or these or other technologies use is complex, very 

expensive or unsustainable. In addition, solar energy pumps operation is generally cheaper 

mainly due to lower operating and maintenance costs and has a lower environmental impact 

than pumping systems powered by an internal combustion engine (ICE), which also have a 

lower reliability.  

A solar energy PV pumping system has the following basic components: photovoltaic (PV) 

array, a pump, a controller, and a water storage tank. 
 

 

Figure 53: Component of Solar Water Pumping System 

source: Home Power Magazine 

4.4.1 PV Array 

PV array is a PV modules system in which modules are connected to each other and function as 

a single electricity-producing unit. The PV array basic unit is the single panel. Solar panels 

make up most of the system costs, up to 80% [41]. The photovoltaic system size depends 

directly on the pump size, the water required amount and the solar radiation available. 
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PV panel is made up of solar cells, which are the elementary component of the PV system. 

Solar cells are a thin sheet of semiconductor material, almost always silicon, with a thickness of 

about 0.3 mm. Figure 54 shows PV cell, Panel (or Module) and Array. 

 

Figure 54: Cell, module, array 

source: Samlexsolar 

Mono and polycrystalline crystalline silicon cells represent about 90% of the PV market; the 

rest is divided between thin film cells or destined to special technologies [42]. Of the two types, 

polycrystalline silicon is the least expensive and has slightly lower yields. To reduce the cost of 

the cell, new technologies using amorphous silicon or other polycrystalline materials are under 

study [43]. 

Photovoltaic (PV) solar panels convert sunlight directly into DC electricity (Direct 

Current) through the photoelectric effect (Figure 55). The silicon that constitutes the cell is 

"doped" by inserting boron atoms on one face (P-positive doping) and phosphorus atoms on the 

other side (N-negative doping). In region N there is an excess of negative charges, in region P 

there are shortcomings of negative charges, called holes. In the contact area between the two 

layers with different doping, called P-N junction, an electric field is determined. When the cell 

is exposed to light, electric charges are generated by the photoelectric effect and, if the two 

faces of the cell are connected to a user (load), there will be a flow of electrons in the form of 

direct electric current.  

PV panels are classified according to their power, which is based on an incoming solar 

irradiation of 1 kW/m2 at a certain cell temperature (generally 25 °C). The panel's output data 

includes rated power (Watt [W]), voltage (Volt [V]) and current (Amp [A]). The common sizes 

of panels are 150 W, 195/200 W, 265/270 W, 315/320/330 W. 
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Figure 55: Photoelectric effect. 

source: [44] 

The panels can be connected in series or in parallel to obtain voltage and current compatible 

with the requirements of controller and pump motor. When the panels are connected in series, 

the total output voltage is the sum of the panels individual voltages while the current is the 

same. Conversely, when the panels are connected in parallel, the voltage is the same while the 

total current is the sum of the current of the individual panels. The total power output [W] from 

PV array is obtained by multiplying the total voltage [V] and the total current [A]: 
 

𝑃𝑉 𝐴𝑟𝑟𝑎𝑦 𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 = 𝑇𝑜𝑡𝑎𝑙 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 ∙   𝑇𝑜𝑡𝑎𝑙 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 

4.4.1.1 Available Solar Energy 

To design a solar pumping system, it is necessary to know the amount of solar energy available 

in the specific area of intervention. For this purpose, the following concepts are introduced: 

solar radiation, solar irradiance and solar insolation. 

▪ Solar radiation is the energy emitted by the Sun. Travel through space until it reaches 

Earth. The average annual solar radiation that reaches the outer layers of the 

atmosphere is about 1361 W/m2 but the mitigating effect of the atmosphere reduces this 

value to about 1000 W/m2 on the Earth's surface [45]. However, the precise value 
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measured through the instruments varies according to location, weather conditions, 

solar activity and time (during the day and throughout the year). 

▪ Solar irradiance is the amount of solar energy that affects one square meter of a 

specific surface (e.g. solar panel). It is also measured in W/m2 and its value can 

consider direct and/or diffuse radiation. 

▪ Solar insolation is the amount of solar irradiance that the surface receives in a given 

time period. The average daily solar insolation in units of kWh/m2 per day is typically 

referred to as "peak sun hours". This term refers to the insolation that a surface would 

receive in a day if the Sun shone at its maximum for a certain number of hours. Being 

the solar radiation of about 1,000 W/m2, the average daily insolation is equal to the 

number of peak hours of the Sun (for example, one can say that a place receiving 

6kWh/m2 per day received 6 hours of Sun per day at 1 kW/m2). It is important to 

specify that even if Sun is above the horizon for 12 hours on a given day, it could 

generate energy equivalent to only 6 peak sun hours.  

From Figure 56 the concept can be better observed. The blue curve represents the solar 

irradiance variation during the day. The area under the blue curve represents the daily 

total solar isolation. Dividing the latter by 1,000 W/m2 gives peak sun hours. Note that 

area under blue curve and area in the white rectangle are the same, according to the 

previous concepts. 
 

It should be noted that in the technical literature there is much confusion about the use of these 

terms. Here, we have chosen to refer to the definitions described above. 
 

 

Figure 56: Peak sun hours. 

source: [44] 
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In addition to the variation in the sunlight intensity during the day, it is also necessary to 

consider the variations that occur in the seasons and in different latitudes. However, Kenya's 

geographical location implies a not great variation in the intensity of the Sun during the 

seasons. In fact, the Sun in Kenya is always very high on the horizon and its elevation varies 

slightly throughout the year, as for all locations with latitudes close to the equator. The situation 

is different further north or south from the equator (see Figure 57).  

Seasonal variation and latitude are important for the choice of panel orientation and tilt 

angle17. The combination of tilt and orientation determines the module exposure. The search for 

the best exposure, to maximize the solar energy received by the modules, is among the first 

concerns of the PV system designer. The most efficient choice is to use a tracking system that 

follows the Sun movement. In general, and also for the case of Boji, due to the complexity of 

tracking mechanisms, solar panel installations for water pumping are stationary. Therefore, 

panels are oriented south in the northern hemisphere and north in the southern hemisphere, 

considering the Sun direction. However, optimal tilt angle is usually related to latitude and aims 

to ensure that panel receives the solar radiation as perpendicular as possible.  

As it will be seen in the design process, PV array was oriented south for Boji as the village 

is still slightly north of the equator. According to studies, optimal tilt angle for Kenya for fixed 

array is about 4° but a slightly greater inclination has been used to allow panels cleaning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17 Inclination means the angle that the module forms with the horizontal. Horizontal modules have 

zero inclination, vertically arranged modules have 90° inclination.  
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Figure 57: Sun path during the day for different periods of the year; above Boji village, Kenya, under Lecce, Italy. 

source: Sun Earth Tool 

4.4.2 Pump 

Pumping system design is based on the calculation of Total Dynamic Head (TDH) and design 

flow rate (Q) to be taken from borehole. By matching these system parameters to the 

manufacturer's pump performance curve, it is possible to determine the suitable pump type. 

Once the pump that meets hydraulic requirements has been defined, it will be possible to size 

solar panel system starting from the power required by the pump motor. Other factors that are 

considered and whose importance is assessed in relation to the case in question are the water 

demand, the borehole conditions, the water scheme type, and pump electrical parameters. 
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4.4.2.1 Pump Type 

First of all, the pumps can be submerged in the pumped fluid or external to the pumped fluid.  

The two main types of hydraulic pumps are: 

◦ Positive-displacement pumps is a pump type that takes advantage of the change in 

volume in a chamber to cause suction or thrust on a fluid. The flow rate is independent 

of the head and is directly proportional to the speed of fluid movement. This pump type 

is already present in nature, in the heart of humans and animals. Positive-displacement 

pumps are divided into two types, reciprocating and rotary. 

 

Figure 58: Type of reciprocating pump (left) and rotary pump (right). 

◦ Rotodynamic pumps is a pump type in which energy is continuously imparted to the 

pumped fluid through a rotation of the impeller, propeller or rotor. The flow rate 

depends on the head at the same rotation speed. They can be classified according to the 

flow in axial, radial or mixed. 

 

Figure 59: Radial, mixed and axial pump flow. 
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The most common type of rotodynamic pump is centrifugal pump. The main feature of the 

centrifugal pump is to convert the energy of a movement source (motor) first into speed (or 

kinetic energy) and then into pressure energy. These pumps use the centrifugal effect to move 

the liquid and increase its pressure. A bladed wheel (impeller) connected to the motor turns 

inside a sealed chamber equipped with inlet and outlet. The impeller is the pump element that 

converts motor energy into kinetic energy. The pump body involves the conversion of kinetic 

energy into pressure energy and the fluid is channelled into the delivery pipe. The centrifugal 

movement simultaneously causes a depression capable of constantly sucking up the fluid to be 

pumped.  

 

Figure 60:Type of centrifugal pump. 

source: FAO 
 

The centrifugal pump impeller can be made according to many construction variants: closed 

impeller, open impeller, vortex impeller, single and double channel impeller, cutter and grinder 

impellers, etc. It is important to select the impeller type and materials according to the pumped 

liquid. Generally, if the water is clean and without suspended solids, a closer impeller is used.  

 

  

 

 

 

 

 
source: Davis and Shirtliff 

Figure 61: From left to right, closer, open, vortex, channel impeller. 
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One can have single-stage centrifugal pumps, equipped with only one impeller. With more 

impellers (the first impeller discharges the liquid on the second and so on), multistage 

centrifugal pumps will be obtained, characterized by the sum of the pressures delivered by each 

impeller.  

For the water supply from boreholes, a typology of centrifugal pumps called submersible 

pumps is used. For their correct operation they must always be totally immersed in the pumped 

fluid. The operating principle is the same as that described for general centrifugal pumps. They 

are powered by a submerged electric motor. The motor can be powered by Direct Current (DC) 

or Alternating Current (AC). For solar pumping systems, when motors powered by AC, there is 

an inverter that transforms the DC generated by photovoltaic panels into AC.  
 

 

Figure 62: Submersible pumps. 

source: KSB 

Check Valve 

Impellers 

Pump Intake 

Pump Shaft 

Rotor 

Motor 



98  4    ̶    Design of the New Boji Water Supply System 

4.4.2.2 Centrifugal Pump Performance 

The bond between flow rate 𝑄 and the total head 𝐻, at constant rpm, is typical of each pump 

and is represented by a curve in the Cartesian plane 𝑄 − 𝐻 which is called characteristic pump 

curve. It is plotted experimentally. Observing the curve trend, the head decreases with 

increasing flow rates and vice versa. 

 

Figure 63: Characteristic pump curve. 

Associated with the characteristic curve, two complementary curves are generally reported in 

the manuals: the yield curve and the power curve. 

The pump yield 𝜂 is the ratio between available power 𝑊𝑢 and absorbed power 𝑊: 

𝜂 =  𝑊𝑢 / 𝑊 

The yield curve has an ascending and then descending trend. At the point of maximum yield (or 

around it) the pump is operating optimally. 

 

Figure 64: Pump yield curve. 

The power W is calculated from the product of the flow rate 𝑄 for the head 𝐻 and for the 

density 𝜌 of the fluid: 

𝑊 = 𝑄 ∙ 𝐻 ∙ 𝜌 
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If the flow rate 𝑄 on the abscissa axis and the absorbed power 𝑊 on the ordinate axis are 

plotted, the flow-power curve is obtained. This curve generally has an upward trend: it rises as 

the flow rate increases. 

 

Figure 65: Pump power curve. 

Although a pump can operate in different conditions, there is a point on the curve on which (or 

around which) it would be appropriate to operate it. This point corresponds to the maximum 

efficiency value of the pump.  

 

Figure 66: Optimal operating point. 
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As it will be discussed in more details in the section dedicated to the system design, the system 

total head is given by the sum of the geodetic head 𝐻𝑔 and the friction head 𝑌(𝑄) in the 

delivery pipe (and eventually in the suction pipe). Unlike the static head 𝐻𝑔, the term 𝑌(𝑄) 

depends on the flow rate and the properties of the liquid and is generally proportional to the 

square of the flow rate. The TDH equation is therefore the following: 

𝑇𝐷𝐻 =  𝐻𝑔  + 𝑌(𝑄)  =  𝐻𝑔  + 𝑘𝑄² 

This equation in the 𝑄 − 𝐻 plane is represented by a parabola and is called characteristic 

system curve. 

 

Figure 67: Characteristic system curve 

 

The intersection in the 𝑄 − 𝐻 plane between the characteristic curve of the pump and that of 

the system is called characteristic operating point. If characteristic system curve changes 

position, for instance due to change in resistance due to the valve opening degree or to an 

increase in the pipe roughness, then the operating point changes. 

 

Figure 68: Characteristic operating point 
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4.4.3 Water Storage Tank 

Solar pumping system allows to collect water from boreholes or other water source and to 

distribute it directly to user or store it in elevated water tank. The latter is the most common 

option.  

The solar panels use may involve the use of batteries that allow to store the energy 

produced and to use it when the panel does not receive enough solar radiation (for example on 

cloudy day). The use of batteries, however, is not recommended. Batteries are expensive and 

may need high maintenance, working temperature problems and operating problems related to 

an incorrect discharge process and for this reason they are often avoided in humanitarian and 

rural uses. 

It is preferred to install a tank that stores water for days when solar radiation is low. 

Pumping water to elevated water tanks is a way to store energy that is preferable to using 

batteries. Solar energy is transformed into potential energy through accumulation in elevated 

tanks, which guarantee the continuous presence of water even without the use of the solar 

pump. However, in these cases it is necessary to oversize the tanks to ensure that water is 

available even if there is a lack of solar energy for several days. 

Tank is elevated and the water distribution system works by gravity.  

The systems hybridization (solar + diesel generators) is an additional solution typically 

used when solar energy cannot meet the minimum water requirements in continuity. With this 

solution, tank can be sized for a smaller volume. 

4.4.4 Controller 

The main controller functions are two. First, to start the system when the power available from 

the PV array is equal to the power needed to start the pump. Secondly, controller also provides 

a system protection: if there are no voltage and current operating conditions suitable for pump 

operation, it turns off the system. This increases pump life thus reducing the need for 

maintenance. 

If the electric pump has a motor that requires alternating current (AC) power, an inverter 

must be present in the controller. The inverter converts the direct current (DC) produced by the 

solar panels into alternating current (AC) needed to power the pump. 

When a hybrid system (solar + diesel generator/electricity grid) is provided, the controller 

must allow the pump to be powered even when the solar panels do not generate enough energy. 

In addition, the controller turns pump operation on or off in relation to the water level in 

the tank and borehole (remember that submerged pumps must always operate below the water 

level in the borehole, preventing dry running). 
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The newer models of controllers also allow additional functions such as remote control 

and data collection. 

The controller is chosen according to the electrical characteristics of the pump motor and 

the PV array. 

Further details on the controller used in the Boji system will be discussed below. 

4.5 System Design 
The purpose of this section is to retrace the design steps of Boji's solar pumping system. This 

allows an indirect verification of the system with particular attention to the hydraulic aspects.  

As seen previously, Boji's water supply system consists of two distribution lines. Each gets 

water from two existing boreholes, BH 1 and BH 2. For completeness it was chosen to treat 

only the case of BH 1, previously not equipped with solar pumping system. This allows to 

describe a new system design. In fact, the BH 2 was already equipped with a solar pumping 

system for which it was necessary an upgrade in order to increase the flow rate taken. However, 

it should be added that the following design considerations related to the BH 1 distribution 

system may similarly be replicated in a possible BH 2 rehabilitation study.  

Sizing of pumping system, elevated tank and PV array will be discussed. 

4.5.1 Daily Water Requirement 

The design first step is to determine the daily water amount to be supplied to the system to meet 

the users water demands. This is in order to select a suitable pump. Please note that BH 1 

supplies water for four animal drinkers located nearby, primary school and two water kiosks. 

Water is fed into the distribution system by gravity thanks to the presence of an elevated tank.  

As seen in section 3.2.2, preliminary survey showed that the average daily water collection 

was 120 litres per day per household. Households of Boji village have an average of 5 people. 

Therefore, daily water amount for drinking, hygiene and domestic use for each inhabitant was 

estimated at around 24 litres. This daily water amount per person adequately respects the 

international minimums and considering the rural context it is possible to choose a water supply 

in line with the previous one. Of course, water supply will now only come from safe water 

sources. Therefore, design water demand of 25 litres per day per person was chosen.  

To define the daily water requirement (DWR) for humans it was necessary to know the 

number of users that would be supplied by the BH1 distribution system. About 2,200 

inhabitants live in the village of Boji. Estimating that each distribution system would provide 
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water for half the population, the users number to be considered for BH 1 was 1,100 

inhabitants.  

From following equation, it is possible to calculate the total water amount that must be fed into 

the system for human use daily: 

𝐷𝑊𝑅 𝑓𝑜𝑟 𝐻𝑢𝑚𝑎𝑛𝑠 = #𝑈𝑠𝑒𝑟𝑠 ∙ 𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑑 = 1,100 𝑖𝑛ℎ𝑎𝑏 ∙ 25 
𝑙 𝑑⁄

𝑖𝑛ℎ𝑎𝑏

= 27,500 
𝑙𝑖𝑡𝑟𝑒𝑠

𝑑𝑎𝑦
 

 

The BH1 also feeds 4 drinking troughs for animals. Therefore, livestock contribution must also 

be included in the total water demand. However, this calculation cannot be done precisely. In 

section 3.2 a livestock population of around 23,100 animals (shoats, cattle, camels, donkeys) 

has been indicated. This number was obtained from the average animal possession values per 

household provided by Isiolo County. However, it is not possible to define precisely the actual 

number of animals that drink from the troughs every day. In addition, it is not possible to define 

precisely the livestock water needs in the Boji area. It varies greatly according to the seasons. 

In the wet season, animals have very little need for water as it is integrated directly with 

feeding in the grazing area. Conversely, during the dry season they have a greater need for 

water due to a lack of liquid feeding. In addition, livestock amount in the Boji area and its 

water demand vary as a result of seasonal migrations. All these factors imply great complexity 

in defining the Boji daily water requirement for livestock. Therefore, a realistic estimate was 

chosen considering that from county data it appears that about 2/3 of the total water demand in 

the Isiolo County concerns to livestock. Then a livestock daily water requirement is considered 

as follows:  

𝐷𝑊𝑅 𝑓𝑜𝑟 𝐿𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 = 2 ∙  𝐷𝑊𝑅 𝑓𝑜𝑟 𝐻𝑢𝑚𝑎𝑛𝑠 = 55,000 
𝑙𝑖𝑡𝑟𝑒𝑠

𝑑𝑎𝑦
 

 

Adding the contributions just obtained, the total daily water requirement for the Boji water 

supply system related to BH 1 is calculated: 

𝐷𝑊𝑅𝐵𝐻1 =  𝐷𝑊𝑅 𝑓𝑜𝑟 𝐻𝑢𝑚𝑎𝑛𝑠 +  𝐷𝑊𝑅 𝑓𝑜𝑟 𝐿𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 = 82,500 
𝑙𝑖𝑡𝑟𝑒𝑠

𝑑𝑎𝑦
= 82.5 

𝑚3

𝑑𝑎𝑦
 

 

This will be used for sizing the elevated tank and for selecting the pump. 

4.5.2 Peak Sun Hours and PV Panels Optimal Tilt Angle 

To calculate the pump design flow rate, the average daily solar insolation (kWh/m2/day) for the 

Boji village is evaluated. As seen in section 4.4.1.1, this value corresponds to the “peak sun 

hours” and allows to understand how many hours per day a surface of 1 m2 receives an average 
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solar energy of 1 kW. The photovoltaic solar modules used are classified for an irradiation of   

1 kW/m2; this data allows to know how many hours per day the panels maintain certain 

performance and provide energy needed for pumping.  

This data for a given location can be easily extracted from numerous databases available 

online. One of the most popular is the NASA database, available at this link: 

https://power.larc.nasa.gov/ 

By accessing the Data Access Viewer and selecting Boji village, the value of the Insolation on 

Horizontal Surface was obtained (Figure 69). 
 

 

Figure 69: Insolation on Horizontal Surface for Boji. 

source: NASA POWER 

 

In addition, Global Horizontal Irradiation map in Kenya was also consulted (see Figure 70) 

available on the Solargis website (https://solargis.com/).  

From the data consulted, it is possible to define the project value of peak sun hours: 
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 𝑆𝑜𝑙𝑎𝑟 𝐼𝑛𝑠𝑜𝑙𝑎𝑡𝑖𝑜𝑛 = 6.1 𝑘𝑊ℎ/𝑚2/𝑑𝑎𝑦 → 

→ 𝑃𝑒𝑎𝑘 𝑆𝑢𝑛 𝐻𝑜𝑢𝑟𝑠 = 6.1 ℎ𝑜𝑢𝑟𝑠/𝑑𝑎𝑦 

In order to maximize the solar powered system's energy production, it is necessary to 

define an optimal tilt angle and panels orientation. From studies also conducted for Kenya, an 

optimal tilt angle of 4° to the horizontal has been found for Nairobi [46]. Being Boji village still 

slightly north of the equator, the optimal tilt angle is facing slightly south.  

However, being the optimal tilt angle between ±10°, it was decided to tilt the panels 10° 

facing south to allow the rain to clean the panel. 

https://power.larc.nasa.gov/
https://solargis.com/
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Figure 70: Global Horizontal Irradiation map in Kenya. 

source: Solargis 

 

Boji Village 
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4.5.3 Pump Design Flow Rate 

The design flow rate for the pump can be calculated by dividing the total daily water 

requirement and the peak sun hours (PSH): 

𝐹𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (𝑄) =
𝐷𝑊𝑅𝐵𝐻1

𝑃𝑆𝐻
=

82.5 
𝑚3

𝑑𝑎𝑦

6.1 
ℎ𝑟

𝑑𝑎𝑦

≅ 13.5 
𝑚3

ℎ𝑟
 

With this flow rate value and the value of the Total Dynamic Head (TDH), whose calculation 

will be treated later, it will be possible to choose the suitable pump for the system. 

It is useful to specify that, considering the proportion between the DWR for humans and 

livestock (section 4.5.1), 4.5 m3/hr are for population water supply and 9 m3/hr are supplied to 

the water troughs for animals. 

4.5.4 Elevated Tank 

The task of the elevated tank is twofold. First of all, it is necessary to ensure a sufficient head 

upstream of the distribution pipe to allow gravity operation. Furthermore, it guarantees a water 

reserve to be used in case the solar pumping system does not work. In fact, solar panels may 

not generate enough energy to allow the pump to operate on cloudy days. Or, solar pumping 

may not work due to a PV system failure.  

Unlike other pumping systems with stand-alone solar, in the case of Boji there are stand-

by diesel generators for both boreholes. This allows to compensate for PV system non-

operations and to activate pump operation. 

4.5.4.1 Storage 

Generally, tank storage volume should guarantee at least 3 days of water supply system 

operation. As mentioned, however, in this case there is an 18.5 kVA diesel genset that 

compensates for the solar non-operating. Of course, the correct operation of the generator must 

be verified and guaranteed through periodic tests, maintenance and fuel reserve.  

Therefore, it is possible to reduce the storage volume by sizing it for 1 day of reserve. 

In the distribution system there are 2 water kiosks each with 5,000 litres plastic tank.  

Therefore, approximately 10,000 litres of reserve are available in the system.  

It is considered that on the reserve day at least the daily water requirement for humans of 

27,500 litres should be guaranteed.  
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By subtracting from the latter the storage volume already in the two water kiosks, it is possible 

to calculate the remaining litres of water that should be guaranteed on the reserve day to meet 

the population water demand.  
 

𝑀𝑖𝑛.  𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝑇𝑎𝑛𝑘 = 27,500 𝑙 − 10,000 𝑙 = 17,500 𝑙 

 

Considering a storage excess to have a minimum water supply for livestock even on the reserve 

day and to have a minimum volume of air in the full tank for inspection, and evaluating the 

availability on the market, it was chosen to use the following tank: 
 

24, 000 𝑙𝑖𝑡𝑟𝑒𝑠 (24 𝑚3) 𝑃𝑟𝑒𝑠𝑠𝑒𝑑 𝑆𝑡𝑒𝑒𝑙 𝑇𝑎𝑛𝑘 

A maximum storage of 34,000 litres are guaranteed in the system. 

If, on the other hand, the fault concerns the pump, a single reserve day may not be sufficient to 

restore the system. If for this emergency situation the water demand is considered reduced to 

the minimum standard of 15 l/d/p and therefore consider that the daily water requirement is 

reduced to 16,500 l/d, there would be 2 reserve days. Therefore, in case the failure of the BH 1 

pumping system should be serious, it is possible to think of reducing water supply to the 

minimum standard SPHERE to recover a day of reserve. There is also to add, that in any case 

there is the BH 2 distribution line which can compensate for the BH 1 shortcomings and vice 

versa. 

A compensation function is also associated with this storage volume. A storage upstream 

of distribution line allows a decoupling of the pump operation from the user demand. 

The pump activation is controlled by a float switch. The purpose of a float switch is to 

open or close the pump circuit when the tank level rises or falls (Figure 71). 
 

 

Figure 71: Float switch. 

source: GXControl 
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If the float switch does not work and the pump does not turn off when the maximum level is 

reached, there is an overflow pipe (2 "dia GI pipe) located just above the maximum level set for 

the tank to drain excess water. 

4.5.4.2 Elevation 

The gravity operation of the BH 1 distribution pipe is allowed with an elevated tank, being the 

altitude of the ground almost constant along the whole pipeline path (615÷618 m above sea 

level). 

The elevation of tank has been sized to ensure a head upstream of the distribution such as 

to make the water overcome the dissipations generated during the flow. In particular, the free 

surface level in the tank must allow water to reach the most unfavourable point by gravity, i.e. 

plastic tank of the Bula Hatari water kiosk located at the end of the distribution pipe. This water 

kiosk is the most unfavourable point because, being at the end of the pipeline, it is the point 

with the greatest pressure drops. The inlet pipe of the plastic tank of the Bula Hatari water 

kiosk is placed at a height of about 4.5 m above ground level. Therefore, to ensure the filling of 

the plastic tank, the water must have a head at this point at least equal to the inlet pipe elevation 

(4.5 m). Adding the friction losses along the pipeline at this height, the free surface of the 

elevated tank will be obtained.  

For this purpose, only the friction losses distributed along the distribution pipe are taken 

into consideration, disregarding concentrated friction losses. Being the pipeline about 700 m 

long, it is admissible to overlook the concentrated friction losses under the hypothesis of “long 

pipelines”, a definition applicable to pipelines at least 1000 times their diameter (l/D> 1000). In 

long pipelines, the concentrated friction losses, whatever the cause, are generally negligible 

compared to those distributed (due to the friction exerted by the pipe wall on the flow) and are 

therefore neglected in the calculations. In addition, the kinetic height of the outflowing currents 

in long pipes is negligible compared to the piezometric differences in height, because the flow 

speed does not exceed the value of a few meters per second. Consequently, it is entirely 

legitimate to consider the hydraulic load line and the piezometric line to be coincident. 

To calculate the distributed friction loss in the pipe downstream of the tank, it is necessary 

to know the flow rates, lengths and diameters. 

As mentioned in section 4.5.3, design flow rate of 4.5 m3/hour is supplied to the 

distribution pipe. Along the pipeline there are 3 water points (primary school and 2 water 

kiosk). It is assumed that each water point takes 1/3 of the total flow introduced into the 

pipeline (1.5 m3/hr). 
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The pipeline sections lengths in which there is a different flow have been obtained from 

the path drawn on Google Earth. 

The choice of diameters is based on speed values and cost. In particular, minimum in-line 

speeds shall not be less than 0.4 m/s in order not to have high lead times and fine material 

deposition, while the maximum speeds should not exceed 2 m/s in order not to have excessive 

vibrations and friction in the pipe and valves.  

All pipeline sections are in UPVC. 

Figure 72 shows the distribution pipeline path. 

Table 8: Description of the BH 1 distribution pipeline. 

Pipe Length 

[m] 

Q  

[m3/hr] 

D  

[mm] 

D  

[inch] 

V  

[m/s] 

From el. tank 
to school 

340 4.5 50 2” 0.64 

From school to 
Dibu Wara 
water kiosk 

171 3 50 2” 0.43 

From Dibu 
Wara to Bula 
Hatari water 
kiosk 

218 1.5 32 1” 1/4 0.52 

 

The flow velocity is calculated with the following formula: 
 

𝑄 = 𝑉 ∙
𝜋𝐷2

4
    →     𝑉 =

4 ∙ 𝑄

𝜋𝐷2
 

with 𝑄 in m3/s, 𝐷 in m and 𝑉 in m/s. 
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Figure 72: BH 1 water supply system. 
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Two methods are used to calculate the friction loss: Colebrook-White formula, Hazen-

Williams formula. 

In fluid dynamics, the Colebrook-White formula is an equation that allows to obtain the 

Darcy λ friction coefficient of a generic fluid in the pipeline. This mathematical link stems 

from the combination of empirical results with laminar and turbulent flow studies in pipes [47]. 

It is defined as follows: 
1

√𝜆
= −2 𝑙𝑜𝑔 ( 

2.51

𝑅𝑒 √𝜆
+

𝜀/𝐷

3.71
 ) 

with: 

◦ 𝜆 Darcy friction coefficient; 

◦ 𝜀/𝐷 is the relative roughness (for the values of 𝜀 see Table 9); 

◦ 𝑅𝑒 =
𝜌𝑉𝐿

𝜇
 is the Reynolds number with 𝜌 density [kg/m3], 𝜇 dynamic viscosity [Pa·s or 

N·s/m2 or kg/(m·s)] (water was assumed as fluid at 20 ° C), 𝐿 =  𝐷 [m], 𝑉 flow 

velocity [m/s]. 

◦ Logarithm is in base 10. 

Table 9: Roughness values. 

𝜺 [mm] 

0.00 – 0.02 New PE, PVC, copper, 
stainless steel pipes 

0.05 – 0.15 New gres, coated cast iron, 
steel pipes 

0.10 – 0.40 Concrete pipes or with 
slight incrustations 

0.60 – 0.80 Pipes with incrustations and 
deposits 

 

In the case under consideration, being the UPVC pipes, a value 𝜀 =  0.02 𝑚𝑚 is used. 

Colebrook equation is represented in the Moody diagram, which allows for its graphical 

solution.  

Once known the friction coefficient 𝜆 it is possible to calculate the distributed friction 

losses with the Darcy - Weisbach formula:  
 

Δ𝐻 = 𝐽 ∙ 𝐿 =
𝜆

𝐷
 
𝑉2

2𝑔
∙ 𝐿 

 

Table 11 shows the results for the three distribution pipeline sections. 
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The Hazen-Williams equation is an empirical relationship that relates the water flow in a pipe 

with certain physical properties and the pressure drop caused by friction. It is used in the sizing 

of water pipeline systems such as fire systems, water supply networks and irrigation systems. It 

is a valid formula for pipes with a diameter of less than 1.8 m (Casey, 1992) with water.  

It is defined as follows: 
 

∆𝐻 = 𝐽 ∙ 𝐿 =
10.675 ∙ 𝑄1.852

𝐶1.852 ∙ 𝐷4.8704
∙ 𝐿 

 

with D in m, Q in m3/s, L in m and where C is a roughness coefficient. 

Table 10: Roughness coefficient for Hazen-Williams equation. 

C 

100 Concrete pipes 

120 Steel pipes 

130 Coated cast iron pipes 

140 Copper, stainless steel pipes 

150 PE, PVC and GRP pipes 
 

In the case under consideration, being the UPVC pipes, a value 𝐶 = 150  is used. 

Table 12 shows the results for the three distribution pipeline sections. 

Table 11: Colebrook-White equation result #1. 

Eq. Colebrook-White 
Pipe 𝑸 

[m3/s] 

𝑫 

[m] 

𝜺

𝑫
 𝑹𝒆 𝝀 𝑱 

[m/m] 

𝑳 

[m] 

𝚫𝑯 

[m] 

From el. tank 
to school 0.00125 0.050 0.0004 31,641.15 0.02427 0.01003 340 3.41 

From school to 
Dibu Wara 
water kiosk 

0.00083 0.050 0.0004 21,009.72 0.02645 0.00482 171 0.82 

From Dibu 
Wara to Bula 
Hatari water 
kiosk 

0.00042 0.032 0.000625 16,611.61 0.02830 0.01230 218 2.70 

Total 6.93 
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Table 12: Hazen-Williams equation result #1. 

Eq. Hazen-Williams 
Pipe 𝑸 

[m3/s] 
𝑫 

[m] 
𝑪 𝑱 

[m/m] 
𝑳 

[m] 
𝚫𝑯 
[m] 

From el. tank to 
school 0.00125 0.050 150 0.00894 340 3.04 

From school to 
Dibu Wara water 
kiosk 

0.00083 0.050 150 0.00419 171 0.72 

From Dibu Wara 
to Bula Hatari 
water kiosk 

0.00042 0.032 150 0.01044 218 2.30 

Total 6.06 
 

Considering friction losses values obtained by the two methods and adding the water kiosk inlet 

pipe elevation (+4.5 m), a free water surface elevation in the elevated tank of 12 m is obtained. 

Considering the 24 m3 pressed steel tank height of about 2.5m, a 10 m high galvanised 

steel U.B. and U.C.18 section tower was used to raise the tank. 
 

 

Figure 73: Boji village elevated tank. 
 

18 U.C. – universal column; U.B. – universal beam. 
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Figure 74: 24 m3 pressed steel tank (front view). 

 

 

Figure 75:Tank tower. 

 

 

Overflow 
2" dia GI  

 

Air Vent 

 

Inlet Pipe 
2" dia GI  

 

10 m high 
galvanised steel 

U.B and U.C 
section tower 
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Figure 76: 24 m3 pressed steel tank (retro view) 

4.5.5 Total Dynamic Head 

Total Dynamic Head (TDH) is necessary, with the design flow rate obtained in section 4.5.3, to 

select the pump type. TDH represents the necessary energy that pump must transfer to water to 

make it overcome the geodesic jump (Static Head) and the pressure drops (Friction Loss). In 

some cases there is also a contribution related to the delivery pressure (Pressure Head) but in 

this case it is zero because the water arrives in a tank with a free surface.  

In the case of a submersible pump in a borehole that sends water to an elevated tank, the 

TDH is calculated with the following equation: 
 

𝑇𝐷𝐻 = 𝑆𝑡𝑎𝑡𝑖𝑐 𝐻𝑒𝑎𝑑 + 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠  

 

Below is discussed how to calculate each input. 

 

 

Outlet Pipe 
2" dia GI 

 Overflow 
2" dia GI 
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4.5.5.1 Static Head 

The Static Head in the case of a pump submerged in a borehole with elevated tank is the 

gravitational energy that must be given to the pumped water to overcome the geodetic jump. It 

is the distance between pumped water level and tank inlet point or tank water level, whichever 

is greater. Note that in the case of a submerged pump, it is evaluated starting from the pumping 

water free surface and not from the pump level. Pump depth does not determine the static head. 

It can be calculated as follows: 
 

𝑆𝑡𝑎𝑡𝑖𝑐 𝐻𝑒𝑎𝑑 = 𝐷𝑟𝑎𝑤𝑑𝑜𝑤𝑛 + 𝑆𝑡𝑎𝑡𝑖𝑐 𝑊𝑎𝑡𝑒𝑟 𝐿𝑒𝑣𝑒𝑙 + 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑇𝑎𝑛𝑘 =

= 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝐿𝑒𝑣𝑒𝑙 + 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑇𝑎𝑛𝑘 = 26.55 𝑚 + 12 𝑚 = 𝟑𝟖. 𝟓𝟓 𝒎 

 

The dynamic level is the sum of the static water level and the drawdown (see Figure 77). This 

information was obtained from pumping test, the results of which are summarised in Table 5.  

4.5.5.2 Friction Loss 

In this case, the hypothesis of “long pipelines” due to the short length is not considered for the 

friction loss calculation. Therefore, the total value is given by the sum of the friction loss in the 

pipe going from pump to tank and the concentrated friction losses due to fittings and valves. 

 

❖ Friction Loss for Pipe Flow 

To calculate the distributed friction loss, it is necessary to know flow rate, diameter and length 

of the pipe. Pump design flow rate calculated in section 4.5.3 is 13.5 m3/hr. The approach pipe 

to tank is a 2" G.I. existing pipe (D = 50 mm). To calculate the length, the pipeline sections 

contributions are added (see Figure 77). In particular, lengths of the pipe that goes from the 

pump delivery to borehole outlet, the pipe that goes from BH 1 to the base of the elevated tank 

and the pipe that introduces the water into the tank are added (Table 13). 

Table 13: Pipe length from BH 1 to elevated tank. 

Pipe Length [m] 

Inside BH 1 50 

From BH 1 to El.Tank 46 

El.Tank Inlet pipe 12 

Total 108 
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Figure 77: Description of Boji solar pumping system. 



118  4    ̶    Design of the New Boji Water Supply System 

The two methods seen in section 4.5.4.2 are used.  

In addition, a new method is used that allows the distributed friction loss calculation 

through a table (Table 17), knowing flow rate, diameter and pipe material (PVC or GI). 

Calculated the head loss value for 100 m (𝐹), the total friction loss (𝐹𝐿) for a pipeline is equal 

to: 

𝐹𝐿 =
𝐹 ∙ 𝐿

100
    𝑤𝑖𝑡ℎ 𝐿 = 𝑝ipe length [m] 

 

Table 14: Colebrook-White equation result #2 

Eq. Colebrook-White 
Pipe 𝑸 

[m3/s] 

𝑫 

[m] 

𝜺

𝑫
 𝑹𝒆 𝝀 𝑱 

[m/m] 

𝑳 

[m] 

𝚫𝑯 

[m] 

Inside BH 1 0.00375 0.050 0.002 94,923.45 0.02517 0.09364 50 4.68 

From BH 1 
to El.Tank 0.00375 0.050 0.002 94,923.45 0.02517 0.09364 46 4.31 

El.Tank 
Inlet pipe 0.00375 0.050 0.002 94,923.45 0.02517 0.09364 12 2.70 

Total 11.70 
 

A value of  𝜀 =  0.10 𝑚𝑚 (0.05 - 0.15, see Table 9) is considered. 
 

Table 15: Hazen-Williams equation result #2 

Eq. Hazen-Williams 
Pipe 𝑸 

[m3/s] 
𝑫 

[m] 
𝑪 𝑱 

[m/m] 
𝑳 

[m] 
𝚫𝑯 
[m] 

Inside BH 1 0.00375 0.050 120 0.1030 50 5.15 

From BH 1 to 
El.Tank 0.00375 0.050 120 0.1030 46 4.74 

El.Tank  
Inlet pipe 0.00375 0.050 120 0.1030 12 1.24 

Total 11.13 
 

For 𝐶 value see Table 10. 
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Table 16: Friction loss table result. 

𝑸 
[m3/hr] 

𝑫 
[inch] 

Material 𝑭 
[m/100m] 

𝑳 
[m] 

𝑭𝑳 
[m] 

13.5 2” G.I. 11.5 108 12.42 

 

Table 17: PVC and GI friction loss table. 

 
source: Davis and Shirtliff 
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❖ Friction Loss for Pipe Fittings 

The concentrated friction losses are due to obstacles such as, for instance, bends, elbows, 

valves, sudden changes in pressure (section changes), which the fluid may encounter as it flows 

inside the pipe. They arise because of the turbulence caused by these obstacles. 

Typically, for piping sizing, a direct method is used in which the concentrated friction 

loss is a portion of the fluid’s kinetic height. In fact, it can be considered that the head loss 

caused by turbulence that occurs at such discontinuities is linked to the kinetic energy loss of 

fluid. With this method, localized head losses can be calculated with the following formula: 
 

∆𝐻 = 𝑘 ∙
𝑉2

2𝑔
 

 

In which 𝑉 [𝑚/𝑠] is the average velocity that occurs at the discontinuity and 𝑘 is a 

dimensionless parameter which mainly depends on the discontinuity geometric configuration. 

Considering the number and type of fittings, valves and outlets of the case in question (see 

Figure 77) and consulting the technical literature to obtain the relative coefficient values, the 

following table is associated with this information: 

Table 18: Fittings, valves and outlets. 

N° Type 𝒌 
4 2" dia Elbows 90° 0.29 
1 2"dia Non-Return Valve 2.7 
1 2" dia Gate Valve 0.2 
1 Tank Inlet 1 

 

 

 

Figure 78:Gate valve. 
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Figure 79: Non-return valve (left) and elbow (right). 

 

The following table summarizes the results obtained from the calculation of concentrated 

friction losses through the direct method. 

Table 19: Direct method result. 

𝑸 
[m3/s] 

𝑫 
[inch - mm] 

𝑽 
[m/s] 

Type 𝒌 ∆𝑯′ 
[m] 

N° ∆𝑯 
[m] 

13.5 2” 50 1.91 2" dia Elbows 90° 0.29 0.054 4 0.216 

13.5 2” 50 1.91 2"dia Non-Return 
Valve 2.7 0.186 1 0.186 

13.5 2” 50 1.91 2" dia Gate Valve 0.2 0.502 1 0.502 

13.5 2” 50 1.91 Tank Inlet 1 0.037 1 0.037 

Total 0.941 
 

Adding the contribution obtained with the previously calculated distributed friction losses, we 

obtain the following results related to the total friction loss: 

Table 20: Total friction loss with direct method. 

Method ∆𝑯𝒇𝒍𝒐𝒘 
[m] 

∆𝑯𝒇𝒊𝒕𝒕𝒊𝒏𝒈𝒔 
[m] 

∆𝑯𝒕𝒐𝒕 
[m] 

Eq. Colebrook-White 11.70 0.941 12.64 

Eq. Hazen-Williams 11.30 0.941 12.24 

Table 17 12.42 0.941 13.36 
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As an alternative to the method just used, it is possible to use an indirect method that uses the 

equivalent lengths, i.e. it replaces each special piece with a linear pipe that generates the same 

pressure drops. It is therefore possible to incorporate the concentrated head losses in the 

calculation of the distributed head losses, by replacing in the methods previously seen a total 

length that is the sum of the real pipe length and the equivalent one. Table 21 indicates the 

equivalent pipe lengths relating to specific diameters and for different hydraulic components or 

parts. This table is valid for a speed flow of 1.0 m/s and for medium roughness components 

(acceptable for the GI pipes of the case in question). If the flow in the pipeline has a speed 

other than 1.0 m/s, the equivalent length will be calculated as follows: 
 

𝐿𝑒
′ = 𝐿𝑒(𝑡𝑎𝑏𝑙𝑒)

∙ 𝑉2 
 

Table 21: Equivalent length for different diameters and components. 

DN 

Elbows Fitting Gate Valve 
Non-

Return 
Valve 45° 90° T  

Junction 90° 

T 
Straight 
Junction 

Open 

100% 50% 

Equivalent Length [m] 

25 0.3 0.6 0.5 1.5 0.3 3.7 1.5 

32 0.3 0.9 0.6 1.8 0.3 3.7 2.1 

40 0.6 1.2 0.8 2.4 0.3 3.7 2.7 

50 0.6 1.5 1.0 3.0 0.3 3.7 3.3 

65 0.9 1.8 1.2 3.6 0.3 3.7 4.2 

80 0.9 2.1 1.5 4.5 0.3 3.7 4.8 

100 1.2 3.0 2.0 6.0 0.6 7.4 6.6 

152 1.5 3.6 2.5 7.5 0.6 7.4 8.3 

150 2.1 4.2 3.0 9.0 0.9 11.1 10.4 

200 2.7 5.4 3.5 10.5 1.2 14.8 13.5 

250 3.3 6.6 5.0 15.0 1.5 18.5 16.5 

300 3.9 8.1 6.0 18 1.8 22.2 19.5 
 
source: Oppo 
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In the present case: 

Table 22:Equivalent length result. 

N° Type 𝑳𝒆 
[m] 

𝑽 
[m/s] 

𝑳𝒆′ 
[m] 

4 2" dia Elbows 90° 1.5 1.91 21.86 
1 2"dia Non-Return Valve 3.3 1.91 12.04 
1 2" dia Gate Valve 0.3 1.91 1.10 
1 Tank Inlet * 1.91 * 

Total 35 
 
* there is no information on the equivalent length therefore the head loss value obtained from the previous method 

(direct method) is considered for the overall calculation. 
 

Considering the equivalent length in the methods for the distributed friction losses calculation 

seen above, the following results are obtained. 

Table 23: Total friction loss with indirect method. 

Method 𝑱 
[m/m] 

𝑳 + 𝑳𝒆 
[m] 

∆𝑯𝑳 
[m] 

∆𝑯𝑳𝒆
 

[m] 
∆𝑯𝒊𝒏𝒍𝒆𝒕 ∗ 

[m] 
∆𝑯𝒕𝒐𝒕 
[m] 

Eq. Colebrook-
White 0.09364 143 11.70 3.28 0.037 15.02 

Eq. Hazen-Williams 0.1030 143 11.30 3.61 0.037 14.95 

Table 17 0.1150 143 12.42 4.03 0.037 16.49 
 

From the result comparison of Table 20 and Table 23, it was chosen to consider the total 

friction loss highest value:  
 

𝑇𝑜𝑡𝑎𝑙 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠 = 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠 𝑓𝑜𝑟 𝑃𝑖𝑝𝑒 𝐹𝑙𝑜𝑤 + 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠 𝑓𝑜𝑟 𝑃𝑖𝑝𝑒 𝐹𝑖𝑡𝑡𝑖𝑛𝑔𝑠 

= 𝟏𝟔. 𝟒𝟗 𝒎 
 

Adding the static head and total friction loss, the TDH value that the pump must guarantee is 

obtained.  
 

𝑇𝐷𝐻 = 𝑆𝑡𝑎𝑡𝑖𝑐 𝐻𝑒𝑎𝑑 + 𝑇𝑜𝑡𝑎𝑙 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠 = 38.55 + 16.49 ≅ 𝟓𝟓 𝒎 
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4.5.6 Pump Characteristics 

Once noted the design flow rate and TDH data, it is possible to select the suitable pump for the 

system through the manufacturer's pump curves. 

Table 24: Design parameters of the pump. 

Design Flow Rate (Q) 13.5 m3/hr 

TDH 55 m 
 

Some manufacturers provide online software to select the most suitable pump. For this 

scenario, the Grundfos online tool is used, available at the following link: 

https://product-selection.grundfos.com/ 

This with the aim of retracing one of the methods used for choosing the pump. In addition, as it 

will be seen, it will allow the choice of the pump actually used for the BH 1. 
 

 

Figure 80: Grundfos online tool. 

source: Grundfos 
 

The sizing parameters can be set via the screen in Figure 80. Furthermore, in the "Advanced 

sizing by application" section it is possible to define additional and detailed system parameters 

(such as the presence of an open tank, see Figure 81). Using the "Start Sizing" command, the 

tool will search for the pump that best suits the needs defined with the input data.  

The result shows how multiple pumps can be suitable for the case under consideration. 

Therefore, further considerations are added for the choice. In this regard, the search results 

tables allow a detailed comparison of the various characteristics. Furthermore, the tool allows 

to set an evaluation criterion (system price, energy consumption, duty point deviation, etc.) 

showing as a solution the pumps types that best respect it. For more details see Appendix D. 

Certainly, the cost of the pump also affects the choice. However, the cheapest pump is not 

necessarily chosen, but a cost-performance evaluation is carried out. For a solar pumping 

https://product-selection.grundfos.com/
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system, pump motor power is linked to the cost of the entire system. Motors with lower rated 

power, imply lower absorbed powers. A photovoltaic system that generates less power and 

therefore less expensive will be needed. 
 

 

Figure 81: Advanced sizing by application. 

source: Grundfos 
 

If there are no specific reasons for a different choice, it is preferable to have a pump with an 

operating point (given by the design flow rate and TDH) close to the optimal operating point, 

given by the “flow rate-total head” that maximizes the pump performance. At the point of 

maximum yield (or close to it) the pump operation is optimal. Keep in mind that if the design 

conditions are very far from the optimal operating point, the functioning could be adversely 

affected. Of course, the choice is also influenced by the value of performance itself, preferring 

pump models to higher yields. 

In this case, having already an existing 2 "dia GI lifting pipe, a pump with an outlet of this 

size is preferred. 
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4.5.6.1 Pump Performance 

The performances of the pump that best suits the system in question and which was actually 

installed in the Boji BH 1 are shown below.  
 

 

Figure 82: Pump specification 
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Figure 83: Performance curve. 
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Figure 84: Motor curve. 
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4.5.6.2 Motor Power Requirement 

Observing the selected pump performance data in the previous section 4.5.6.1, it is possible to 

define two different power values: 
 

▪ P1, induced power to the pump system. This is the power absorbed by pump motor. 

▪ P2, rated power. This is the power that comes to pump from motor. Lower than the 

previous one due to internal motor dissipation. 
 

For the selected pump, rated power – P2 – is 3 kW. But the power P2 required in the duty point 

2.94 kW (Figure 83). Power P1 is 3.894 kW. The latter value is the one that will be used to 

define the number of solar panels needed to power the motor.  

 

Figure 85: Pump electrical scheme. 

4.5.7 PV Panels 

It is necessary to select the type and number of solar panels in order to provide adequate 

electrical power to the motor for pumping system operation. As determined in section 4.5.6.2 

above, the minimum power required is 3.894 kW.  

A common practice is to mark-up this requirement by at least 30% in order to determine 

the solar system required. This mark-up is to cater for power losses and intermittent irradiation 

from the sun due to cloud cover to attain at least 6 full sunshine hours for the pump operation in 

a day. In addition, this increase also considers potential power reductions generated due to high 

head, dust, age. Sometimes the mark-up can be up to 80% in effort of increasing daily water 

output from the system. 

 In this case the panels are sized to provide a minimum output of: 
 

𝑀𝑖𝑛. 𝑂𝑢𝑡𝑝𝑢𝑡 𝑃𝑜𝑤𝑒𝑟 = 𝑃1 + 30% 𝑃1 = 1.3 ∙  3.894 kW = 𝟓. 𝟎𝟔 𝐤𝐖 

 

The selected PV panels are made up of polycrystalline silicon solar cells and have the 

characteristics defined in Table 25 and Table 26. 
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Table 25: Panel electrical data. Data is given at Standard Test Conditions: Irradiance 1000W/m2, spectrum AM 1.5 
and 25°C cell temperature. 

Rated 
power 

[W] 

Nominal 
Voltage 

[V] 

Peak 
Voltage 

[V] 

Open 
Circuit 
Voltage 

[V] 

Short 
Circuit 
Current 

[A] 

Number of 
Cells 

Nominal 
Operating 
Cell Temp. 

270 24 30.8 37.7 9.28 60 46+/-2°C 
 

Table 26:Panel physical data. 

Dimensions [mm] Weight 
[kg] 

A B C D E F 

1650 992 990 948 330 35 18.5 
 

 

Figure 86: Panel physical data. 

source: Davis and Shirtliff 

 

As shown in Table 25, the panel's Short Circuit Current is sufficient for the pump motor 

absorption current of 7.79 𝐴 (see in Figure 82 “reated current at this voltage-400 V”). 

Therefore, parallel connections between panels are not required to increase the output current 

value. 

To obtain the necessary number of panels, divide the minimum output power and the panel 

rated power: 
 

𝑁° 𝑃𝑎𝑛𝑒𝑙𝑠 =  
𝑀𝑖𝑛. 𝑂𝑢𝑡𝑝𝑢𝑡 𝑃𝑜𝑤𝑒𝑟

𝑃𝑎𝑛𝑒𝑙 𝑅𝑎𝑡𝑒𝑑 𝑃𝑜𝑤𝑒𝑟
=

5060 𝑊

270 𝑊
≅ 𝟏𝟗 𝑷𝒂𝒏𝒆𝒍𝒔 

 

Nineteen panels are required to meet the pump power requirement. 
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To obtain the requested voltage of the pump motor (400 V), the 19 panels are connected in 

series. The output voltage for 19 panels wired in series is the sum of their individual voltages 

(19 panels ∙24 V). 

4.5.8 Solar Controller 

Once the solar system size is determined, pump controller is selected. One of the controller’s 

main tasks is to operate the pump when the PV array provides adequate current and voltage 

values. It also protects the system against over and under voltage, over current, system overload 

and module over temperature. In this case, another task is the conversion of the DC current 

produced by the panels into AC current of pump power through an inverter.  

The choice of the controller is based on checking the best correspondence between the 

solar array characteristics and the pump operating requirements. 

The most important requirements of a solar controller will be: 
 

▪ Maximum Power Point (MPP) Voltage VDC–this is determined by the total peak 

voltage of the panels connected in series of each string. It must be within the range 

provided for the controller. In this case: 
 

𝑀𝑃𝑃 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑉𝐷𝐶 = 𝑃𝑎𝑛𝑒𝑙 𝑃𝑒𝑎𝑘 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 ∙ 𝑁° 𝑃𝑎𝑛𝑒𝑙𝑠 𝑖𝑛 𝑆𝑒𝑟𝑖𝑒𝑠 =  30.8 𝑉 ∙ 19 = 585 𝑉 
 

▪ Max DC Input Voltage – this is the maximum open circuit voltage a string can have. 

In this case: 
 

𝑀𝑎𝑥 𝐷𝐶 𝐼𝑛𝑝𝑢𝑡 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 𝑃𝑎𝑛𝑒𝑙 𝑂𝑝𝑒𝑛 𝐶𝑖𝑟𝑐𝑢𝑖𝑡 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 ∙ 𝑁° 𝑃𝑎𝑛𝑒𝑙𝑠 𝑖𝑛 𝑆𝑒𝑟𝑖𝑒𝑠

= 37.7 𝑉 ∙ 19 = 716.3 𝑉 
 

▪ Pump Motor Rated Power: 3 𝑘𝑊 

▪ Solar Input Power: 19∙270 W≅5.1 kW 

▪ Output Current (A) – which must be compatible with the pump motor absorption 

current, in this case equal to 7.79 A. 
 

In the present case, it was also necessary to have a controller with hybrid capacity that allows 

the connection to the diesel generator stand-by power supply. 

 

 

 

 

 



132  4    ̶    Design of the New Boji Water Supply System 

Based on the requirements described, a controller with the following characteristics was 

chosen: 

Table 27: Controller electrical data. 

Motor Rated 
Power 
[kW] 

Rated  
Voltage 

[V] 

Max 
Input Power 

[kW] 

Output 
Current 

[A] 

Max DC Input 
Voltage VDC 

[V] 

MPP Voltage 
VDC 
[V] 

3.7 3x415V 5.0 9 850 500-700 
 

 

Figure 87: Solar controller. 

source: Davis and Shirtliff 
 

As it can be seen from Figure 87, pump operation is also controlled by a float switch in the 

elevated tank (see section 4.5.4.1). The controller activates or deactivates pump operation 

according to the level in the tank. In this controller there is also the possibility of providing a 

switch for low water dry run protection that activates or deactivates the pump according to the 

level in the borehole. In this case, it is not necessary because the pump depth (50 m) is much 

greater than the water depth in the borehole (about 26 m). 

This controller type supports motor soft start. Soft starters are devices that allow a gradual 

start of electric motors, preventing a series of mechanical and electrical problems. A direct and 

immediate motor start – Direct Online Starter (DOL), the entire voltage immediately insists on 

the motor still stopped – implies high initial current absorption which can induce voltage drops. 

The starting current can be from 4 to 8 times the current absorbed during normal operation (for 
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the pump motor in question, as it can be seen from the specifications in Figure 82, the starting 

current can be 500% more). Soft starters, in addition to being used to manage the motors 

starting, can also be useful in the shutdown phase to avoid too abrupt stops. This feature is 

useful in that it prevents damaging water hammers.  

In addition, this controller model uses the innovative MPPT (Maximum Power Point 

Tracking) technology, which through internal algorithms allows to obtain the maximum energy 

produced at varying operating conditions (in particular at varying the irradiation and 

temperature of the panel). 
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4.6 System Summary and Sustainability 
Boji BH1’s solar pumping system design led to the installation of the following devices: 
 

▪ Submersible borehole pump to take a flow rate of about 13.5 m3/hr with a TDH of 55 

m. The pump is fitted with a 3kW motor. 

▪ 24 m3 elevated tank on 10 m high galvanised steel tower (tank head is 12 m from the 

ground level). 

▪ 19 solar panels of 270 W each connected in series (5.1 kW max output power). 

▪ Solar Controller with pump control function, inverter, system protection, hybrid 

capacity, switching. 
 

 

 

Figure 88: Solar pumping system of BH 1. 

PV array is mounted on the ground steel support structure. Solar panels are located in an 

existing fenced area where there is also elevated tank and a room where the controller and the 

stand-by diesel generator are located. The borehole 1 is located about 40 m from the fenced 

area. This high distance is not convenient both for greater hydraulic friction losses in the pipe 

between the BH 1 and the elevated tank and for greater cable electrical dissipations between the 

pump and the controller. However, the existing situation implied this provision. It was in fact a 

priority to place the solar system inside the existing fence to avoid vandalism, theft and animals 

attack. There is still the old unused plastic tank. 
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4.6.1 Technical Sustainability 

In addition to correct design, a further requirement for long-term sustainability of solar 

pumping systems is the guarantee of the application of damage prevention and malfunction 

techniques during the system lifecycle. This benefits the entire water supply system and also 

affects it.  

Generally, a solar pumping system has a long service life, which is on average around 20 

years. According to manufacturers' specifications, it can be considered that a high-quality panel 

has a life cycle of about 25 years, a submersible pump of about 10-15 years and the inverter / 

controller of about 10 years. To understand the effective extension of the solar pumping system 

life cycle, just think that a diesel generator has a life normally between 3 and 5 years in case of 

continuous operation. In hybrid systems, by greatly reducing its use, the life span is up to 20 

years. In addition, solar water pumping systems are advantageous as they can operate without 

supervision and require very little maintenance compared to diesel equipment. 

However, solar pumping system long life can only be guaranteed with adequate periodic 

maintenance and technical measures to reduce the risk of components breakage. 

Although solar panels have a long life, they are easily damaged as they are fragile. For 

instance, in some villages visited there was damage to the PV panels due to children playing. 

To avoid this, most community projects have solar panels that are located at least 4 m above the 

ground and a fence around the system, which protects it from theft, vandalism, wildlife and 

livestock. It is important to periodically check the health of the panels, clean their surfaces, 

check the electrical connections. 

For electronic devices such as the pump controller, unless there are electrical faults such as 

short circuits, damage caused by lightning, water infiltration, accumulation of dust etc., the 

system can operate for a long time without failure. It is therefore necessary to install these 

electrical components in places protected from atmospheric agents and tampering, such as 

technical rooms. 

The components that can more easily break are motor and pump, as they work for a long 

time. Occasional maintenance of the submersible pump would involve annual removal of the 

pump from the borehole, cleaning of the pump, checking the motor condition, replacing the 

defective components on the controller, replacing worn pipes and checking the electrical 

components in general. 

As mentioned, this approach impacts the entire water supply system of the village. It is 

necessary to repair any damaged and worn taps and valves, monitor the correct operation of the 

water points, check the integrity of the tanks and perform periodic cleaning and disinfection, 

monitor the health of the pipes by carrying out immediate repairs where there are leaks. It is 
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preferable to have underground pipes to avoid damage (for example due to livestock). Where 

they are above ground, it is necessary to stabilize them with anchor blocks and/or gabions, the 

latter in particular if the pipes cross a seasonal river.  

In order to ensure this, as it will be seen in the case of Boji, it is important that a water 

management committee is set up to take responsibility for maintenance and repair of the 

community’s water supply system. It is important that the committee members and the 

craftsmen of the village have knowledge on how to access spare parts, on what routine 

maintenance operations to perform and how, and on the technicians to contact in case of need. 

There is also a need for proper economic management of the water supply system. It is 

important to raise awareness about the water fees payment (minimum and in line with the 

economic level of the village) and to have a water committee that knows how to properly 

manage the revenues of fees, exploiting them to ensure the sustainability of the system. 

To this end, it is important that NGOs involve the entire village in the sustainable use of 

the supply system created, otherwise in a few years it will no longer be functional.  
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4.6.2 Economic Assessment 

In conclusion, it is interesting to assess the economic impact that the solar pumping system has 

on the Boji village. In fact, the implementation of these systems in rural areas, in addition to 

technological advantages, has great economic advantages. They are also essential to ensure the 

intervention sustainability. 

In this regard, it is useful to understand how in the Boji village the installation of a solar 

system to power the BH 1 pump has generated long-term economic benefits compared to the 

possibility of using the existing 18.5 kVA genset. However, it is necessary to keep in mind that 

the system is hybrid in the assessment. 
 

The two analysis scenarios are: 

➢ Hybrid System (solar + diesel generator stand-by). 

➢ Diesel Generator System. 
 

The initial investment cost for the two scenarios should be considered first. For hybrid system, 

it corresponds to the cost of building the system including the cost of components, transport 

and installation. For the diesel generator scenario, which already existed in the village, the only 

considered cost are the pumping components that have been renewed. However, the 

rehabilitation of the Boji village is an international cooperation project and the funds allocated 

are not borne by the village, so the initial investment cost for both scenarios is zero. It is 

necessary to consider the operating costs that will be fully covered by villagers through the 

water fees revenues. 

We consider as analysis period 25 years, which is the longest lifespan among the various 

components (solar panels). For diesel generator, typically the life span considered is 

approximately 35,000 hours. Therefore, in a 25-year cost-comparison analysis it is also 

necessary to consider the repair/replacement costs of the diesel generator. In particular, for a 

good quality engine the following general references for maintenance and replacement of 

gensets for Isiolo County can be considered (prices are estimates suggested by sector experts): 

Table 28: General references for maintenance and replacement of gensets for Isiolo County. 

Maintenance and 
Replacement 

Frequency of 
change [h] Price [KSh] Price [€] 

Minor Service 250 2,000 16 
Major Service 1,000 20,000 160 

Overhaul 10,000 30% of new 30% of new 
Replacement 

Cost of new same 
gensets (18.5 kVA) 

35,000 900,000 7,100 

 



138  4    ̶    Design of the New Boji Water Supply System 

Similarly for the inverter/controller of the hybrid system, a replacement is considered every 10 

years, considering that the cost of the controller model used for the BH 1 is about KSh 110,000 

(about € 900).  

For solar system, one maintenance per year is taken into account, including panels 

cleaning. The average cost of the intervention is around KSh 10,000 (about € 80).  

With regard to the diesel generator operating hours, for the stand-alone system an average 

of 9 hours per day – 3,285 hr/year – is calculated, and for the hybrid system a genset operation 

of 540 hr/year, which is equivalent to 60 days of 9 hours per day of operation during the year, 

in days when solar does not generate enough energy for pumping or has faults. 

For both scenarios, pump replacement should be considered. A life span of 15 years and 

an average cost of KSh 250,000 (approximately € 2000) are taken into account.  

A fuel cost for diesel generator of 110 KSh/litres (approximately 0.90 €/litres) is 

considered, obtained as an average over 5 years of the fuel price in Kenya (source Trading 

Economics). Generator fuel consumption is estimated at 4 litres/hour. 

Comparative analysis results of the two scenarios are shown in Figure 89 and in Appendix E. 

 

 

Figure 89: Comparative analysis results of the two scenarios: Hybrid System vs. Generator System.

 

 

Ksh 0

Ksh 5,000,000

Ksh 10,000,000

Ksh 15,000,000

Ksh 20,000,000

Ksh 25,000,000

Ksh 30,000,000

Ksh 35,000,000

Ksh 40,000,000

Ksh 45,000,000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

C
os

t

Years

Hybrid System vs. Generator System

Generator System Hybrid System

83% 



 4.6    ̶    System Summary and Sustainability 139 

From the graph in Figure 89, it is possible to note the great economic advantage over time that 

there is in using a hybrid system instead of a diesel generator in the Boji village. Comparing 

operating costs to the 25th year of analysis, an economic saving of 83% is observed. This value 

is in line with the literature data which record savings for the use of solar energy ranging 

between 40% and 90% in 25 years compared to the diesel generator use [39].  

It is possible to understand the advantage of solar pumping system use for Boji village, 

which over the years will have to face reduced management costs and this will result in a lower 

water supply system taxation and therefore easier to sustain from this low-income population. 

The probability of success of the intervention will therefore be greater in the long term.  

Thinking from the donors' side, if the economic assessment was based only on life cycle 

costs, high cost reduction that solar photovoltaic technology offers in many cases compared to 

the use of other pumping systems would in any case favour its use. The choice would be 

different if only the capital costs of the installations were analysed. Solar pumping system 

investment cost is much higher than diesel generation system. However, these non-profit 

interventions imply mainly a long-term vision that aims at the sustainability of the projects. 
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Chapter 5 

5 Activities Results 

5.1 Results of Water Sources Rehabilitation. 
The rehabilitation activities of the Boji water supply system were completed within the 18 

months project lifetime. The project achieved 100% of the targets set at the baseline which 

were measured through key indicators. This implies that the project achieved the overall 

objective of strengthening drought resilience of the agro-pastoral communities of Isiolo 

County. The rehabilitation of the village's water sources has made it possible to improve the 

availability of safe water, while the construction of pipelines and four water kiosks has 

improved the accessibility to safe water at household level. 

The project was implemented through a participatory approach with active community 

engagement throughout the period. The community members were involved in the project 

design and clearly described the kind of interventions to be carried out to address persistent 

water challenges in the village. 

The activities carried out in the Boji village brought the following results. 

 

 Rehabilitation of BH 1 
 

First, a test pump was carried out on the borehole with which a safe yield of 18 m3/hr was 

recorded. The borehole was equipped with a submersible water pump with a capacity of      

13.5 m3/hr and an electrical motor 3 kW. A total of 19 solar panels of 270 W were installed to 

power the pump. The system was integrated with the existing 18 kVA genset to complement 

the solar system during low sunshine hours or breakdowns. The borehole was connected to the 

24 m3 steel elevated tank from where it serves by gravity two of the new water kiosks each 

equipped with 5,000 litres plastic water tank, the school and also provides water for livestock 

through the constructed four cattle troughs.  
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A total of four troughs were constructed, two for cattle/camels and two for shoats. The troughs 

were constructed to separate human water and livestock water, unlike the situation before 

where animals were sharing water points with humans. Now human water supply takes place 

only at water kiosks. Water kiosks were constructed at strategic locations to provide access to 

water near the households. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 90: Rehabilitation of BH 1, before (left) and after (right). 

Figure 91: New water kiosk (left), new livestock troughs (right). 
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 Rehabilitation of BH 2 
 

The pumping tests carried out on this borehole recorded a safe yield of 12 m3/hr. A 7m3/hr 

submersible pump with a 2.2 kW motor was installed, together with 14 solar panels 195 kW. 

Note that the BH 2 was already equipped with a solar pumping system and therefore it was 

necessary to update the system only by adding new panels. The borehole was connected to two 

constructed water kiosks each equipped with 5,000 litres plastic water tank and the dispensary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Rehabilitation of Spring Wells 
 

Two springs were rehabilitated through renovation and cleaning of the sump tanks. The sumps 

were protected to prevent contamination from surface water. The springs are mainly used for 

watering small stock livestock that grazes near the homesteads. 

 

 

 

 

 

 

 

 

 

 

 

Figure 92: Upgrade of BH 2 solar pumping system. 
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5.2 Exit Strategy and Sustainability 
In addition to the rehabilitation of the village's water sources and the construction of new 

infrastructures, it was necessary to guarantee the long-term sustainability of the water supply 

system through an exit strategy. In fact, in rural contexts of this type it is important to develop 

an adequate management system in the community that allows over time to operate all that has 

been achieved by the project implementation. Underlying all this is the NGO's ability to create 

a sense of ownership and acceptance of the project in the community, through the involvement 

and training of the villagers and in particular their representatives.  

Very important for the sustainable management of Boji water supply system was to set up 

a water management committee. The water management committee was trained by LVIA on 

governance, group dynamics, financial management, operations and maintenance. The 

committee consists of 12 members from the community. The members were chosen from 

among the inhabitants and suggested by the village representatives based on their skills. The 

task of the water management committee is the proper management and operation of the entire 

village water supply system. They are responsible for the maintenance and repair of the water 

infrastructure. In this regard, the members were trained to carry out small repairs and 

maintenance also with the help of village craftsmen and have the task of contacting the 

competent technicians in case of need. They have the task of ensuring the water supply from 

the water kiosks at scheduled times, their cleaning and the collection of water fees. Committee 

members will contact the Isiolo County Water Offices if there are any important issues to be 

resolved. They are required to take an interest in any conflicts between the population regarding 

water resources. LVIA technicians will periodically visits the village to monitor the correct 

management by the committee. 

As said several times during the discussion, it was necessary to collect water fees with the 

aim of creating an economic fund for the system management. Water users pay for the water 

through a newly established tariff system where a 20 litres Jerrican is charged at KSh 2. Based 

on the water demand defined in section 4.5.1, each household on average collects 6 Jerricans 

per day. Water use for livestock is also charged as follows: Cattle KSh 10 per head, shoats KSh 

2 per head, Camels KSh 10 per head. The revenues are collected by the treasurer and put in a 

bank account. The operational expenses mainly include repairs costs and staff wages. The 

installation of the solar system was a major reprieve as fuel costs were drastically reduced, 

since water pumping system is fully solarized except for the days when the stand-by diesel 

generator is required to operate. 
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Table 29:Average water charges - household use. 

 Daily Monthly Yearly 
 Per HH Total village 

(300 HHs) 
Per HH Total village 

(300 HHs) 
Per HH Total village  

(300 HHs) 

Average water 
charges - 
household use  
(6 Jerrycans per 
day per HH) 

KSh  
12 

KSh  
3,600 

KSh  
360 

KSh  
108,000 

KSh  
4,320 

KSh 
1,296,000 

 

Table 30: Average water charges - livestock use. 

 Monthly Total Monthly Yearly Total Yearly 

Average water 
charges –  
livestock use  

2,600 
Cattle 

KSh 
26,000 

KSh 
101,000 

KSh  
312,000 

KSh 
1,212,000 

15,000 
Shoats 

KSh 
30,000 

KSh  
360,000 

4,500 
Camels 

KSh 
45,000 

KSh  
540,000 

 
 

It was important to eliminate the assumption that drinking water is free. This way of thinking 

absolutely does not guarantee the sustainability of the project. All the infrastructures built, and 

the equipment installed to ensure drinking water for all had no initial costs for the village. 

However, it is important to make it clear that they need maintenance, repair and management 

over time to allow operation. All this implies management costs that must be constantly 

sustained by the village itself. Once the project has been successfully completed in all its 

aspects, it is up to the inhabitants to make the system work. Obviously, in order for the payment 

to be accepted by the population and therefore the taxes collected correctly, it is necessary that 

they are adapted to the village economic level in order to be sustained without efforts. This will 

allow for a complete fees collection and a population that supplies itself entirely from safe 

water sources. 
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5.3 Achievements 
As seen in section 3.2.3, outcome indicators were defined through the information collected 

with the preliminary surveys. The baseline values gave important information about the 

challenges to be faced and the goals to be achieved with the aim of improving access to water 

in the Boji village.  

At the end of the project, final monitoring and evaluation were carried out in order to 

understand the results and improvements achieved. The final evaluation took place a few 

months after the conclusion of the project through a visit by the LVIA technicians to the 

village. During this visit, the operations of the works and the impact they had on Boji water 

supply were observed. Surveys have also been carried out among the population with the aim 

of understanding their perception of the functionality and management of the water supply 

system and the improvement of living conditions that involved the intervention as well as 

possible problems encountered. On the basis of this it was possible to define the outcome 

indicators values at the end of the project and compare them with the values at the beginning of 

the project to understand the results obtained. 

The project was able to realize its objectives with a positive impact on the community. 

This is demonstrated by a comparison between the initial baseline survey key indicators at the 

start of the project and after the project completion (see Table 31). 

Access to safe water for the community improved by 76% through the two rehabilitated 

borehole water sources. The average distance covered per household to collect water was 

reduced to between 0-100m. This was achieved through the construction of four water kiosks, 

strategically located to serve about 300 households. In addition, the average time taken to the 

primary water source reduced to less than 30 minutes, while queuing is now taking less than 5 

minutes. The community management was strengthened to improve the management of the 

water scheme and ensure its sustainability. This was achieved through trainings and 

engagements during the implementation period. Under this result area a total of 2,175 (1,110 

males, 1,065 female) people benefited from the rehabilitated water sources, out of which 236 

(127 boys, 109 girls) are school children. 
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Table 31: Baseline outcome indicators after project completion 

Indicator Baseline End of Project Remarks 

% of community using 
safe water sources 24% 100% 

Safe water sources 
were improved through 
rehabilitation of 2 
boreholes. 

Average distance 
covered to primary 
water source 

0-1km 0-100m 

The distance was 
reduced through 
construction of water 
kiosks. 

Average time taken to 
primary water source 0-60 minutes < 30 minutes 

The distance was 
reduced through 
construction of water 
kiosks at convenient 
distances. 

Average queuing time at 
primary water source  10-20 minutes < 5minutes 

The time was reduced 
through construction of 
water kiosks at 
strategic locations with 
the village. 

% water reliability 62% 100% 

High capacity water 
pumps and solarization 
of the pumping systems 
were installed. 

Waiting time for 
livestock >60mins 0mins 

All livestock categories 
are able to water from 
the new constructed 
water troughs. 

# of water management 
committees 0 1 

Training of 
management 
committee. 
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Chapter 6 

6 Conclusions 
Participation in the activities carried out by LVIA technicians during the internship in Isiolo 

County in Kenya allowed me to relate to a different approach to the water infrastructure 

construction compared to the one commonly adopted in high-income countries. Although 

technical notions and technologies are roughly the same in all circumstances, their 

implementation is strongly affected by the social context. The objectives underlying the 

implementation are different and therefore different challenges need to be addressed for the 

success of the projects. It is possible to conclude that direct experience in the country is 

necessary to understand them better. 

The main issues identified during the collaboration in the activities concern water 

infrastructure management. Technical problems can be easily solved by a technical team. In 

addition, in most villages where the projects studied were implemented, water is sufficient to 

ensure compliance with LVIA objectives and international standards. On the other hand, 

ensuring a correct management proved to be difficult. Local village water management 

committees do not usually have adequate skills in water infrastructure management. 

Furthermore, there is a widespread misunderstanding that in case of problems they can ask for 

funds and support from NGOs or the County Government. This management approach greatly 

reduces the reliability of the water supply. According to the above, the main improvements to 

be achieved and key future challenges relate to water management. 

Regarding the construction/rehabilitation of water supply systems in rural areas of Kenya, 

it is essential to focus on the following aspects: 
 

➢ Technical 

o Water sources. Water supply from boreholes should be preferred to other water 

sources due to their reliability and low level of contamination. 

o Energy with integrated systems. The use of renewable energy as a source of 

energy for pumping is convenient both from a technological and an economic 
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and management point of view. In this discussion it has been shown how the 

use of a solar pumping system is preferable. It has also been illustrated that 

solar panels are not enough, and therefore it is important to consider backup 

systems (e.g. diesel generator set).  

o Distribution. The installation of water kiosks in strategic places is preferable, 

more manageable compared with direct connection to the households.  

o Storage. It is important to include in each project a storage component that can 

guarantee the availability of water even in case of power failure or 

interruptions of pumping systems. 
 

➢ Managing 

o Water fees. The beneficiary community needs to be aware that it is important 

to pay a water fee in order to ensure the sustainability of the water supply 

system. Obviously, fee must be affordable for the community.  

o Water management committee should be established in the village and trained 

with technical and business skills for managing the water system. It is 

important that members are salaried with income from water fee collection and 

not from an NGO (welfare) or County Government (unreliable). This increases 

the possibility of proper tax collection. Each water committee should develop a 

business plan in order to anticipate future investments, equipment replacement, 

maintenance, etc. In addition, water committees should report revenue, costs 

and activities to communities for transparency and trust building. 
 

Unlike other contexts, technological choices are as important as social aspects; both 

aspects are critical and interrelated. The implementation in these contexts of improved water 

schemes from a technological point of view may not allow successful management by local 

committees. At the same time, a traditional water scheme may not be efficient or may be 

useless, especially considering logistical issues or climate change. It is important to consider 

social and technical issues together. As it has been seen, installing a solar pumping system in a 

rural area of Isiolo County can be the best technical solution both for the availability of solar 

energy and for fuel supply difficulties for the diesel generator use. On the other hand, the 

population is convinced that a solar pumping system has no running costs and therefore can 

refuse to pay water fees, affecting the long-term sustainability of the water program. When 

choosing to use this type of technology, one must also consider implementing activities to 

explain their operational costs in detail.  

Therefore, an assessment of the life-cycle cost of water supply system equipment is also 

essential. If the best water scheme is constructed using equipment that has a high cost of 
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replacement or maintenance, it will not be affordable for management committees and in the 

medium to long term the water scheme will not be working. Furthermore, a water scheme with 

a long-life cycle can allow the water management committee to raise sufficient funds for 

maintenance and repairs and to test the sustainability of the business model they have chosen.  
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8 Appendix A 

Guidelines for Questions and 

Household Questionnaire 
 

8.1 Guidelines for Questions and Household Questionnaire 
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“Rehabilitation of Boji Village Water Supply System” 
 

INTRODUCTION 
I am assisting LVIA to collect information on “Rehabilitation of Boji Village 

Water Supply System”. All the information you provide will be kept 
confidential and will not be linked to you without your approval. If you feel 
uncomfortable you are free to stop the discussion at any time. I will take notes 
during the discussion for purposes of documentation and the session may take 
about 30 minutes or less. I am also ready to answer any questions that you may 
have. With your permission, I hope I can now start the discussion. 

 
SECTION 100: GENERAL INFORMATION 
 
101: Date of interview 
……………………………………………………………………………………. 
 
102: Name of 
interviewee………………………………………………………………………………

… 
Contact………………………………………………… 
 
103: Interview duration………………………Start: ………………………End: ...........  
Duration: ……………………………………..…… 
 
104: Study Area/Sub county: (Circle appropriate one)  

1. Isiolo    2. Merti    3. Garbatulla 
 

SECTION 200: DEMOGRAPHIC INFORMATION 
 
201: Sex of respondent (Circle where appropriate) 

1. Male            2. Female 
 

202. Livelihood:  
1. Pastoralist  2. Agro-pastoralist  

 
202a: Category: 

 1. Urban 2. Rural 

203: Age of respondent (Circle where appropriate) 
1. 15 -19 years  
2. 20-24 years  
3. 25-29 years  
4. 30-34 years  
5. 35-39 years  
6. 40-44 years 
7. 45 years and above 
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203b: Marital status (Circle where appropriate) 
8. Single (Never married)  
9. Widow  
10. Widower  
11. Divorced  
12. Married with children  
13. Married with no children  

 
204: What is the highest level of education that you have attained? (Circle where 
applicable) 

1. Primary    
2. Secondary   
3. College  
4. University  
5. None (Never went to school) 

 

205: Size of household: How many children do you have? (Circle all responses that 
apply) 
 
S/N Own children Circle here 
205 0-1 1 
205 2-4 2 
205 5-7 3 
205 Above 7 4 

 
206. Family status: How many dependants do you have? (Circle all responses that 

apply) 
 

S/N Dependant(s) Circle here 
206a 0-1 1 
206b 2-4 2 
206c 5-7 3 
206d Above 7 4 

 
207. Housing/shelter: What kind of housing/shelter do you live in with your family? 

(One answer only) 
 

S/N Housing/Shelter Circle here 
207a Traditional houses 1 
207b Grass roof/mud walled 2 
207c Iron roof/mud walled 3 
207d Permanent/public house 4 
207e Iron roof/iron walled 5 
207f Other (specify) 6 
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SECTION 300: SOCIAL ECONOMIC INDICATORS 
 

301. Employment status (Circle responses that apply) 
 

S/N Type of employment Circle here 
301a Employed in informal sector 1 
301b Informal sector and self-employed 2 
301c Employed in formal sector 3 
301d Unemployed 5 

 
 

302. Sector of employment/engagement (Circle responses that apply) 
 

S/N Sector Circle here 
302a Commercial/Trade 1 
302b Livestock 2 
302c Agriculture 3 
302d Environment 4 
302e Other 5 
302f Not applicable 7 

 
 

303.  What is your main source of livelihood/income? (Circle responses that apply) 
 

S/N Source of livelihood/income Circle here 
303a Farming 1 
303b Petty trade 2 
303c Charcoal burning 3 
303d Livestock 4 
303e Other (specify) 7 

 
 

304. What is your monthly income? (One answer only) 
 

S/N Income Circle here 
304a 1000 – 5000 ksh 1 
304b 5000 – 10000 ksh 2 
304c 10000 – 20000 ksh 3 
304d Above 20000 ksh 4 
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305. What are your monthly expenses? (One answer only) 

 
S/N Expenses Circle here 
305a 1000 – 5000 ksh 1 
305b 5000 – 10000 ksh 2 
305c 10000 – 20000 ksh 3 
305d Above 20000 ksh 4 

 
 

306. In which areas are you most vulnerable? (Circle responses that apply) 
 

S/N Constraints Circle here 
306a Health 1 
306b Food insecurity 2 
306c Education 3 
306d Employment 4 
306e Security 5 
306f Other (specify) 6 

 
 
 

SECTION 400: WASH (WATER) 
 

401. What are the main sources of water? (Circle responses that apply) 
 

S/N Water sources Circle here 
401a Piped water 1 
401b Shallow well/spring 2 
401c Borehole 3 
401d Dam (earth dam/sand dam) 4 
401h Rainwater harvesting 5 

 
 

401i.      Is water available at all times?  
1. Yes  
2. No  
 
Explain: 
……………………… 
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402. What do you use water for? (Circle responses that apply) 
 

S/N Water uses Circle here 
402a Domestic 1 
402b Livestock 2 
402c Farming 3 
402d Other 4 

 
 

403. What is the distance covered to the nearest water point? 
 

S/N Distance Circle here 
403a 0-1 km 1 
403b 1-2 km 2 
403c 2-3 km 3 
403d 3-4 km 4 
403e 4-5 km 5 
403f Over 5 km 6 

 
 

404. How do you transport water from water points? 
 

S/N Transportation of water Circle here 
404a Jerry cans 1 
404b Donkey carts 2 
404c Other specify 3 

 
 

405. How long does it take to collect water (including travel to and from, waiting)? 
 

S/N Time taken to collect water Circle here 
405a Less than 30 minutes 1 
405b 1 hour 2 
405c 2 hours 3 
405d 3 hours 4 
405e 4 hours 5 
405f More than 4 hours 6 
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406. How much water do you consume per day? 
 

S/N Water consumption Circle here 
406a 0-5 litres 1 
406b 5-10 litres 2 
406c 10-20 litres 3 
406d 20-30 litres 4 
406e Over 30 litres 5 

 
 

407. How do you store water in the house? 
 

S/N Water consumption Circle here 
407a Jerry can 1 
407b Container without lid 2 
407c Container with lid 3 
407d Other (specify) 4 

 
 

408. Is the water treated?  
1. Yes  
2. No 

 
 

409. Do you boil water for drinking?  
1. Yes  
2. No 

 
 
 

SECTION 500: HYGIENE AND SANITATION 
 

501. What type of toilet do you use? (Multiple answers apply) 
 

S/N Type of toilets Circle here 
501a Uncovered pit 1 
501b Covered pit 2 
501c VIP latrine 3 
501d Open air (bush) 4 
501e Other (specify) 5 

 
502. Do you wash hands before and after eating/visiting toilet?  

3. Yes  
4. No  
Give reason: 
…………………………………………………

………………………… 
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503. How do you wash your hands? 
 
S/N Hand washing Circle here 
503a Using soap 1 
503b Using ash 2 
503c Other (specify) 3 

 
 

504.  How do you dispose of garbage? 
 

S/N Garbage disposal Circle here 
504a Garbage pit/Burning 1 
504b Throw in the garden 2 
504c Other (specify) 3 

 
 

505.  Which common water borne diseases exist in the village? 
 

S/N Water borne diseases Circle here 
505a  1 
505b  2 
505c  3 

 
 

508.  What other challenges do you face in the household? 
……………………………………………………………………………………………. 

 
 

508a. How have you managed the challenges? 
……………………………………………………………………………………………. 

 
 

509.  Is there anything you would want to tell me in relation to what I have been 
asking you on WASH? 
…………………………………………………………………………………………………

………………………… 
 
 
THANK YOU. 
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Boji Water Sources Test Pumping 

Reports 
 

 

9.1  Boji Water Sources Test Pumping Reports 
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Water Kiosks Bill of Quantities 

10.1 Water Kiosks Bill of Quantities 
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 DESCRIPTION UNIT QTY MERTI G 
HARDWARE 

3 WATER KIOSKS (See detailed drawing 
provided) 

    

1 Sub Structure & Pavement      

1.1 Fillings      

1.1.1 Provide and use Hardcore Ton 4                    
1,300  

                 
5,200  

1.1.2 Provide and use Quarry dust/murram Ton 4                    
1,300  

                 
5,200  

1.1.3 Provide and use Damp proof membrane (1000 
gauge) 

SM 12                        
317  

                 
3,804  

1.2 Concrete & Mortar    - 

1.2.1 Provide and use Ballast Ton 7                    
1,500  

               
10,500  

1.2.2 Provide and use Building sand Ton 5                    
1,500  

                 
7,500  

1.2.3 Provide and use Ordinary Portland cement (50kg 
bags) 

No. 15                        
750  

               
11,250  

1.3 Reinforcement Steel (12m lengths)     - 

1.3.1 Provide and use Y12 (in columns) No. 3                    
1,850  

                 
5,550  

1.3.2 Provide and use Y10 (in strip footing) No. 11                    
1,550  

               
17,050  

1.3.3 Provide and use R8 (in columns) No. 2                    
1,250  

                 
2,500  

1.3.4 Provide and use BRC A142 (in floor slab) SM 7                    
3,500  

               
24,500  

1.3.5 Provide and use 50 x 50 x 3 mm thick angle 
sections (per 6 m) 

No. 2                        
550  

                 
1,100  

1.3.6 Provide and use Binding wire Rolls 1                        
750  

                     
750  

1.4 Sawn Formwork    - 

1.4.1 Provide and use 150x25mm (in columns & floor 
slab edges) 

LM 20                          
50  

                 
1,000  

1.4.2 Provide and use 50mm diameter props (in columns) 
(3 m) 

No. 10                        
450  

                 
4,500  

1.5 Sub - wall     

1.5.1 Provide and use 9inch hard stone SM 11                        
245  

                 
2,695  

1.6 Super Wall     

1.6.1 Provide and use 200mm wide under wall D.P.C LM 10                        
250  

                 
2,500  

1.6.2 Provide and use 200mm thick masonry or 
equivalent 

SM 10                        
245  

                 
2,450  

1.6.3 Provide and use Hoop iron Kg 10                        
280  

                 
2,800  
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 DESCRIPTION UNIT QTY MERTI G 
HARDWARE 

1.7 Reinforcement Steel (Columns, Beams & Roof 
Slab)  

   - 

1.7.1 Provide and use Y12 No. 14                    
1,850  

               
25,900  

1.7.2 Provide and use Y10 No. 20                    
1,550  

               
31,000  

1.7.3 Provide and use R8 No. 9                    
1,250  

               
11,250  

1.7.4 Provide and use Binding wire Rolls 1                        
750  

                     
750  

1.8 Sawn Formwork (Columns, Beams & Slab)     - 
1.8.1 Provide and use 150 x 25mm (in columns & floor 

slab edges) 
LM 200                          

50  
               

10,000  
1.8.2 Provide and use 50mm diameter props (in columns) 

(3 metres) 
No. 10                        

450  
                 

4,500  
1.9 Concrete (Columns, Beams & Slab) Mix 1:2:4     - 

1.9.1 Provide and use Ordinary Portland cement No. 12                        
750  

                 
9,000  

1.9.2 Provide and use Building sand Ton 4                    
1,500  

                 
6,000  

1.9.3 Provide and use Ballast Ton 5                    
1,500  

                 
7,500  

2 Door, Window & Shelves                             
-    

2.1.1 Provide and fix 1800mm x 900mm steel door and 
frame to detail 

No. 1                    
8,333  

                 
8,333  

2.1.2 Provide and fix 1100mm x 800mm double leaf 
window to detail 

No. 1                    
6,500  

                 
6,500  

2.1.3 Provide and fix Shelves to detail No. 3                  
10,000  

               
30,000  

3 Plaster, screed & keying     - 

3.1 Provide and use Ordinary Portland cement No. 15                        
750  

               
11,250  

3.1 Provide and use Building Sand Ton 7                    
1,500  

               
10,500  

4 Painting (inside walls, doors, windows etc.)     - 
4.1 Provide and use Assorted materials to prepare 

surface & brushes 
Sum 1                    

1,000  
                 

1,000  
4.1 Provide and use Undercoat paint Lit 5                        

150  
                     

750  
4.1 Provide and use Emulsion paint Lit 5                        

500  
                 

2,500  
5 Plumbing (all GI)     

 Provide Reducing Bush 1" to 3/4" dia   1                          
60  

                       
60  
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 DESCRIPTION UNIT QTY MERTI G 
HARDWARE 

5.1 Provide Pipe 25mm diameter class B (6m lengths) No. 3                    
1,500  

                 
4,500  

5.1 Provide Gate valve 25mm diameter (peglar) No. 2                        
650  

                 
1,300  

5.1 Provide Water meter 25mm diameter No. 1                    
2,300  

                 
2,300  

5.1 Provide Heavy duty taps 25mm diameter No. 3                    
1,200  

                 
3,600  

5.1 Provide Non-return valve 25mm diameter No. 1                    
3,500  

                 
3,500  

5.1 Provide Union 25mm diameter No. 3                          
95  

                     
285  

5.1 Provide Nipple 25mm diameter No. 11                          
95  

                 
1,045  

5.1 Provide Equal tee 25 mm diameter No. 5                          
95  

                     
475  

5.1 Provide Elbows 25 mm diameter No. 3                          
95  

                     
285  

5.1 Provide Bend 25 mm diameter No. 4                          
95  

                     
380  

5.1 Provide Long threaded nipple 25 mm diameter No. 2                          
95  

                     
190  

5.1 Provide Back nut 25 mm diameter No. 4                          
60  

                     
240  

5.1 Provide jute hemp thread LM 2                        
100  

                     
200  

 Total Superstructure     
6  Storage tanks    - 

6.1 Provide and fix Metal grill to detail No. 1                  
25,000  

               
25,000  

6.2 Provide and fix Metal platform to receive the tank 
to detail 

No. 1                  
50,000  

               
50,000  

 Sub - Total     

7  Soak Pit    - 

7.1 Provide and fix Heavy gauge PVC waste pipe 
100mm diameter 

No. 1                        
500  

                     
500  

7.1 Provide and fix Precast concrete cover No. 1                    
5,000  

                 
5,000  

7.1 Provide and use Ordinary Portland cement No. 2                        
750  

                 
1,500  

7.1 Provide and use Building sand Ton 0.5                    
1,500  

                     
750  

7.1 Provide and use Ballast Ton 0.25                    
1,500  

                     
375  
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 DESCRIPTION UNIT QTY MERTI G 
HARDWARE 

7.1 Provide and use Hardcore Ton 0.5                    
1,300  

                     
650  

7.1 Provide and use masonry stone 150mm thick or 
equivalent 

SM 4                        
245  

                     
980  

 Sub-Total for 1 Kiosk                  
386,647  

             
390,697  

 Total 4 No. water kiosk              
1,546,588  

         
1,562,788  
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Grundfos Tool Result 

11.1 Grundfos Tool Result 
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Solar Pumping System  

Economic Assessment 
 

12.1 Solar Pumping System Economic Assessment 
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Interviews 
 

13.1 Interviews  
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