
83  africanscholarpublications@gmail.com                                                                               

 2020 

 

 

 

 

 

Rainwater Harvesting RWH to Meet the Potable 

Water Supply of Resident in Tayi Village Minna, 

Niger State 
 

1King, Rabiu 2Prof. Williams, Akanmu Paul 
Department of Building, School of Environmental Technology, Federal 

University of Technology, Minna, Niger State. Nigeria. 

 

 

Abstract 
In semi-arid cities like Tayi-village at Bosso local government area of Niger 

state, facing aridity and shortage of potable water supply to meet the needs 

of increasing population, it is a major challenge to  the residents in the 

studied area. This is due to the lack of conventional or municipal water 

supply systems, there is a need to establish alternatives for an adequate 

water management program. It is against this backdrop that this study is 

aimed at rainwater harvesting RWH to meet the potable water supply of 

residents in the study area. At field survey 358 household which comprises 

of three and two bedroom bungalows were surveyed, this was achieved 

through personal observation on the household head for the study area. The 

monthly volume of rainwater harvestable from roof areas (VR, m3) with 

household roof areas (Hra) of 45 m2, 50 m2, 100 m2 and 200 m2 was 

calculated. From these considerations, the estimations of the harvestable 

rainwater showed that households with Hra of 45 m2 and 50 m2 would 

depend on the water supply system  part of the year. However, households 

with Hra of 100 m2 and 200 m2 could store enough water to meet their water 

demand. Therefore recommended that Rainwater Harvest System has 

proven to be an effective intervention for the perennial water shortage at 

household level in Tayi-village. The study revealed that RWH technology is 
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a viable and reliable water supply option in both urban and rural areas for 

domestic purposes. 

 

Keywords: rainwater harvesting RWH, potable water supply of resident in 

Tayi village Minna, Niger state. 

 

Introduction 
Water is a basic human requirement 

which may be sourced from surface 

water, groundwater, or rainwater 

(Gleick, 1997). Water scarcity is 

recognized as an increasing severe 

problem with global implications. The 

distribution of water reserves is not 

homogeneous both geographically 

and sequentially (Sear Net Briefs, 

2003). Lack of water of adequate 

quality and quantity is a major 

constraint to development in many 

areas of the world. It affects every 

aspect of human life: health, 

agricultural yields, food security, 

technical development, and the 

economy of states. Water scarcity and 

water quality problems are of 

particular concern in the tropical 

regions of the world where many 

countries are less developed (Nelly, 

2010). However, available water 

supply sources are diminishing owing 

to the population rise, climate change, 

and pollution, causing a globally 

acknowledged situation of water 

scarcity, especially in developing 

countries (Wheida & Verhoeven, 

2007; Fang, Bao, & Huang, 2007). 

A recent report by World Health 

Organization and United Nation 

International Education Fund 

WHO/UNICEF and WaterAid (2012) 

shows that about 780 million people in 

the developing world lack access to 

potable water majorly as a result of 

microbiological and chemical 

contamination, which is often termed 

as physical water scarcity, whereas 1.8 

billion people are predicted to live in 

regions with absolute water scarcity 

by 2025 (Website of United Nation 

Water, 2014).  The accessibility of 

adequate and potable water for 

household use is an enormous 

challenge for rural households in 

developing countries (Vilane and 

Mwendera, 2011). 

Rainwater harvesting, henceforth 

RWH, is defined here as the collection 

of water from surfaces on which rain 

falls, and subsequent storage of this 

water for later use (Sustainable Earth 

Technologies, 1999). The practice of 

harvesting rainwater is an old tradition 

adopted in many parts of the world, as 

well as a new technology that is 

growing in popularity. Rooftop 

catchments and cistern storage have 

been used in the Caribbean, and in the 

Middle East, for over three hundred 

years (Global Applied Research 

Network, 2003). 

Review of Related Literature 

Public water supply in Nigeria started 

in the early twentieth century with 
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only a few towns managed at the lowest administrative level. Among the early 

beneficiaries were Lagos, Calabar, Kano, Ibadan, Abeokuta, Ijebu Ode and 

Enugu. The scheme was maintained with revenue from water sales with 

virtually no operational subvention from government. Today, all the 36 states 

and Federal capital Territory in Nigeria have water boards/ corporations or 

public utilities board managing their public water supply. Their efforts are 

supplemented in many cases, by local governments who supply water to small 

villages in their areas of jurisdiction (Nkwocha, 2008; Adeoye & Alatise, 2008). 

The Federal Government got involved in the management of water resources in 

1976 when the Federal Ministry of Water Resources (FMWR) and the 11 river 

Basins Development Authorities (RBDAs) were created. The purpose of the 

(RBDAs) was to provide bulk water primarily for irrigation (Aladenola, 2008; 

Alabi, Oyalowo, & Oke, 2014). 

Following the adoption of the National Water Supply and Sanitation policy in 

January 2000, the Nigeria Government considered the Federal, State and Local 

governments. However, the public sector has not been successful in meeting 

more than a small portion of the residential and commercial demand for water. 

Services are in critically short supply. Thus, out of the 85 million people living 

in urban and semi-urban areas less than half have reasonable access to reliable 

water supply (Federal Ministry of Water Resources Abuja FMWR, 2000). The 

process of water supply in Nigeria has now been focused on construction and 

installation of hand pump boreholes due to their perceived low cost, simple 

technology which can be operated, maintained and financed by poor rural 

household (World Bank, 2000). 

Rainwater harvesting and management (RWHM) can be a practical solution in 

the context of efficient water use and is receiving increased attention worldwide 

as an alternative source of water supply (Amin & Han, 2009b; Ibrahim, 2009). 

This approach can be considered for improved water management due to 

increased world population, urbanization in developing countries, and climate 

change (Murad et al., 2007). RWH is a technology used for collecting and 

storing rainwater from rooftops, the land surfaces, steep slopes, road surfaces 

or rock catchments using simple techniques such as pots, tanks and cisterns as 

well as more complex techniques such as underground check dams (Appan, 

1999; Prinz, 1999). Nowadays, commonly used systems are constructed of three 

principal components; namely, the catchment area, the collection device, and 

the conveyance system. In a roof-top RWH system, rainwater from rooftops, 
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rock catchments and other surfaces is collected using simple technologies, such 

as storage tanks, pipes and gutters (Appan, 1999). A simple rooftop RWH 

system consists of its catchment area, a treatment facility, a storage tank, a 

supply facility and piping (Ryu, Han & Kin, 2008), as shown in Figure 1.  

 
Figure 1: Schematic of a typical rooftop RWH system 

If the system is designed well, it requires little or no electricity, chemicals or 

maintenance. In these small scale and decentralized rooftop RWH systems, 

rainwater is collected from roofs/terraces and other suitable catchments and is 

stored in plastic, steel or concrete storage tanks and is used afterwards for 

potable or non-potable purposes thus providing an alternative water resource 

(Baguma et al., 2010). 

 

Materials and Methods 

Area of study 

Tayi-village is a sub-district of Minna located in Bosso local government area 

of Niger state which has a of 167,717 projected population, land area of 1,606.1 

square meters and density of 92 square meters (National Bureau of Statistics, 

2010). In most places, they have topsoil of loamy sand to sandy loam. The study 

area has a latitude and longitude of 9o39’02”N 6o33’12”E and the area is found 

at an altitude of 259.14 m (850.21 feet). The region is characterized by double 

rainfall maxima.  

This sub-district enjoys a climate typical of the savannah rainforest, the relief 

consists of undulating terrain. It is mainly under agro-climatic zones IV and V, 

which, is classified as semi-arid to arid lands. These soils are well drained, 
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moderately deep to very deep, dark reddish brown to dark yellowish brown, 

friable to firm, sandy clay to clay with high moisture storage capacity and low 

nutrient availability (Kibunja et al., 2010).  

 
Figure 2: Source: Google Earth Map of Tayi-village, (2020) 

 

Climate of the Study Area 

The Minna lies on 247 m above sea level; this city has a tropical climate. The 

summers here have a good deal of rainfall, while the winters have very little. 

According to Köppen-Geiger (1936), this climate is classified as winter dry 

season (Aw). The average annual temperature is 27.5 °C/81.4 °F in Minna. The 

rainfall here is around 1229 mm/48.4 inch per year. The rainy season 

commences most of the time in April and lasts till October, with fluctuations in 

amount of rainfall received per year. The highest mean monthly rainfall is 

September with almost 300mm.  
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Figure 3: Location of Minna in Niger state Source: Niger state Ministry of 

Lands and Housing, Minna (2013) 

 

Simple random sampling technique is adopted to determine the sample size. 

One peri-urban neighborhoods will selected randomly for the study namely; 

Tayi-village 

Simple sampling formula will be adopted 

Using the formula =
N

n
 

Where 

‘N’ is the total population for the study = 16,839 and ‘n’ is the number of Minna 

peripheral neighborhoods. There are 27 peri-urban areas in Minna (Popoola et 

al., 2015). 

Therefore; 

Sample size = 
16,839 

27
= 623.67  residential households per neighborhood. 

Thus, 62424esidential households are the population for this study. In line with 

the recommendation of Nwana (1981) as pointed by Popoola, et al. (2016) states 

that; if a population is in several of thousands, 5% sample of the population or 

less would represent a good sample. 

Therefore, concentrating on Tayi village a total number of six hundred and 

twenty four (62424household comprises of three and two bedroom bungalow 
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will be administered via personal observation/face-to-face view of Tayi village 

for the purpose of this study. 

  
Figure 4: The peri-urban neighbourhoods of Minna 

 

Temporary Distribution of Rainwater 

To study the potential for rainwater harvesting from roof areas, daily, monthly 

and annual average rainfall data for the year 2019 were analyzed (National 

Water Commission-Meteorological National Service, 2014). From this period, 

the rainiest year was selected to estimate monthly rainwater harvesting (volume 

of rainwater (VR). In addition, the main patterns of rain and drought during the 

studied period were identified.  

The intra-annual rainfall variation was determined through the coefficient of 

variation of the monthly rainfall (CVm) according to Aladenola and Adeboye 

(2010) Equation (1):  

CVm =
Sv

Va
Vm=Sv/Va     1 

Where:  

CVm is the coefficient of variation of the monthly rainfall;  

Sv is the standard deviation of the monthly rainfall (mm);  

Va is the mean of the monthly rainfall (mm).  

The annual monthly maximum rainfall data as a normal distribution and 

considered a single-tailed test. This analysis was performed according to the 

methodology proposed (Ahammed et al., 2014). Standardization of data was 

performed in order to eliminate potential data redundancy and inconsistent 

dependencies in a historic record rainfall based on (Ahammed et al., 2014).  
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Potential of Rainwater Harvesting and Water Demand per Household  

The potential of monthly rainwater harvesting from rooftops (VR) at the 

household level was determined using the method proposed by Aladenola and 

Adeboye (2010) (Equation (2):  

VR =
R x Hra x Rc

1000
R=R x Hra x Rc/1000      2 

Where:  

VR is the monthly volume of rainwater harvested per household (m3);  

R is the monthly rainfall depth (mm);  

Hra is the household roof area (m2);  

Rc is the runoff coefficient (without units) = 0.80. This value indicates a 30% 

loss.  

For the design of the systems for rainwater harvesting and storage, United 

Nations Environment Programme (UNEP) (2015) recommends considering the 

“first flush” by subtracting the first 0.50 mm of rainfall. Khastagir and 

Jayasuriya (2010) and Su et al. (2009) suggested subtracting the first 0.33 mm 

of the daily rainfall to improve of the quality of the water stored. For this study, 

the first 0.33 mm of rainfall were subtracted.  

To determine the household roof area available for rainwater harvesting, the 

researcher identified the main types of household pattern prevailing in the study 

area. The National Housing Federal Agency (Secretaria & Territorial, 2014) 

classifies four types of household roof areas according to their socioeconomic 

level: (1) social (45 m2); (2) popular (50 m2); (3) middle residential (100 m2) 

and (4) residential (200 m2); see Table 1. Furthermore, it was taken into account 

that the roof material is usually aluminum roofing sheets. The average water 

consumption required in households (Wnc, m3/month) was calculated from 

Equation (3), according to Khastagir and Jayasuriya (2010):  

Wcn =
Wcpc x  n

1000
 cn=Wcpc x  n/1000      3 

where: Wcpc is the water consumption per person. According to the local water 

administration, this is 125 L/person/day; n is the number of persons per 

household (Secretaria & Territorial, 2014). 

Table 1: Classification of the housing pattern and average water consumption 

required (Wnc) per month. Hra = household roof area, m2; n = number of person 

per household; Wnc = average water consumption required in households per 

month.  

Hra (m2) n Wnc (m3/month) 

45 3.7 14.067 

50 4.1 15.588 

100 4.5 17.109 

200 5.1 19.390 
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Results and Discussion 

During the field survey 358 household out of the 624 household that comprises 

of three and two bedroom bungalow were surveyed from selected households 

in the study area, this was achieved by the researcher through personal 

observation on the household head for the study area. Key elements of the 

Personal observation was the factors affecting rainwater harvesting techniques, 

factors influencing adoption of rainwater harvesting techniques, and the 

influence of climate change on water resources. 

 

Table 2: Precipitation of the Tayi-village 

Month Average 

Precipitation mm 

(in) 

Precipitation 

Litres/m² 

(Gallons/ft²) 

Number of Wet 

Days (probability of 

rain on a day) 

January 1.4 (0.06) 1.4 (0.03) 0.5 (2%) 

February 5.4 (0.2) 5.4 (0.13) 1 (4%) 

March 11.9 (0.5) 11.9 (0.29) 1 (3%) 

April 60.9 (2.4) 60.9 (1.49) 5 (17%) 

May 135.9 (5.4) 135.9 (3.33) 9 (29%) 

June 174.5 (6.9) 174.5 (4.28) 13 (43%) 

July 206.6 (8.1) 206.6 (5.07) 17 (55%) 

August 271.9 (10.7) 271.9 (6.67) 21 (68%) 

September 239.9 (9.4) 239.9 (5.88) 21 (70%) 

October 100 (3.9) 100 (2.45) 12 (39%) 

November 1.2 (0) 1.2 (0.03) 1 (3%) 

December 0.1 (0) 0.1 (0) 0.5 (2%) 

  

 
Figure 5: Monthly rainfall distribution at the studied area 
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http://www.minna.climatemps.com/january.php
http://www.minna.climatemps.com/february.php
http://www.minna.climatemps.com/march.php
http://www.minna.climatemps.com/april.php
http://www.minna.climatemps.com/may.php
http://www.minna.climatemps.com/june.php
http://www.minna.climatemps.com/july.php
http://www.minna.climatemps.com/august.php
http://www.minna.climatemps.com/september.php
http://www.minna.climatemps.com/october.php
http://www.minna.climatemps.com/november.php
http://www.minna.climatemps.com/december.php
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The bimodal rainfall pattern in the study area is shown in Figure 1. The highest 

variability occurs during the rainiest months (May to October), while months 

with the lowest variability are the driest (rainfall from 0 to 24 mm) as shown in 

Table 2. Anaya-Garduño (2011) mentioned that for every 100 mm of rainfall in 

catchment surfaces of 100 m2, it is possible to collect up to 10 m3. These 

observations indicate that the rainwater harvesting practice can be a good option 

to alleviate water supply deficiencies in the study area. 

 

Potential of Rainwater Harvesting and Water Consumption per Household  

The volume of rainwater harvestable from roof areas (VR, in m3) that could be 

collected monthly according to the pattern of household roof area (Hra) is listed 

in Table 3.  

 

Table 3: Monthly volume of rainwater harvestable (VR, in m3) as a function of 

the household roof area (Hra= 45 m2, 50 m2, 100 m2 and 200 m2). 

Month 45 m2 50 m2 100 m2 200 m2 

January 0.0504 0.056 0.112 0.224 

February  0.1944 0.216 0.432 0.864 

March  0.4284 0.476 0.952 1.904 

April  2.1924 2.436 4.872 9.744 

May  4.8924 5.436 10.872 21.744 

June  6.282 0.2792 13.96 27.92 

July  7.4376 8.264 16.528 33.056 

August 9.7884 10.876 21.752 43.504 

September 8.6364 9.596 19.192 38.384 

October 3.6 4 8 16 

November 0.0432 0.048 0.096 0.192 

December 0.0036 0.004 0.008 0.016 

 

Table 3 depicts that even during the months with less rainfall, it is still possible 

to harvest rainwater. For instance, in the month of October, it is possible to store 

a limited water volume (more than 1 m3), even in households with Hra of 45 m2 

and 50 m2. However, this low volume of water harvested can be compensated 

by the water stored during the rainy season. While in the driest months as such 

(January, February, March, November and December) there was no rainfall as 

shown.  
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Plate 1: Reservoir/Storage tanks with pipe and tap at the study area. 

 

With these, it indicates that there should be provision of reservoir for the 

household for the dry period. Although this would not meet the household water 

demand, water from the well will augment the shortage. Rationing and 

economic use of water at the peak of the dry season should also be strictly 

observed. A large underground reservoir could be constructed if there is 

available land space to accommodate the harvesting of the entire roof area. This 

would provide the required water for the household throughout the dry period, 

thereby arresting the perennial water shortage at household level as commonly 

experienced in Tayi-village. 

With the absence of public water in the study area, rooftop Rainwater 

Harvesting System will go a long way in providing water for individual 

households in the areas with provision of adequate storage facilities. The 

average roof area of the household is sufficient to provide the required water 

especially during the dry period. 

 

Conclusions 

This study confirmed that rainwater harvesting on household roof areas is a 

viable option, even in semi-arid areas, such as that studied in this paper, where 

the average annual rainfall is 1229 mm/48.4 inch. Findings have it that the 

average daily requirement of the household per capita was possible via 

estimating the daily and monthly rainfall, to determine the harvestable volumes 

are sufficient to meet the water demand for cooking (10 litres), flushing of toilet 
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(20 litres), washing and bathing (50 litres) and other needs (10 litres), depending 

on the household roof area (Hra).  

However, if daily or hourly rainfall data were used, these results could provide 

more accurate interpretations that would help to quantify the storage tank with 

reliability. However, households with roof areas of (Hra) 45 m2 and 50 m2 still 

depend on the water supply system of the public network during part of the year. 

On the other hand, in households with roof areas (Hra) of 100 m2 and 200 m2, 

besides covering the consumption of flush toilets and washing machines 

throughout the year, harvested rainwater still might be stored to meet other 

needs. Even the drinking use of this water is feasible, but proper treatment 

systems must be installed. 

Rainwater harvest system has proven to be an effective intervention for the 

perennial water shortage at household level in Tayi-village. Therefore, 

advocacy for its adoption will lead to drastic reduction in water-shortage / water 

related diseases and improve standard of living of the people. Government 

support will help in reducing the cost and create enabling environment for the 

adoption of the technology. 
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