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Abstract

Water conservation measures are rapidly becoming a necessity in urban en-
vironments all over Africa and the world. There is little innovation and
available information for homeowners, building professionals and practition-
ers to guide towards water conservation. Water scarcity has progressively in-
creased over periods of time in Eastleigh due to increased population density
from increased high-rise apartments. The study tries to establish how water
usage patterns and water conservation devices can potentially reduce water
consumption levels. In the study area, 96% of the families are faced with prob-
lems related to water supply and hence are forced to come up with water con-
servation and adaptation strategies due to the scarcity of water. The study used
survey and descriptive research design, and collected data on water usage pat-
terns and water conservation devices from a total of 230 households in Biafra
and Sewage estates in the Eastleigh neighbourhood. The results indicated that
76% of the households did not have water saving devices while the other 24%
had water saving devices such as the dual flush toilets, low flow high-efficiency
faucet aerators, low flow plumbing fixtures and automatic shut-off nozzles. A
unit increase in water saving devices will lead to a 0.512 decrease in water con-
sumption level. The study recommends that low-income households use water
saving devices and develop water management strategies such as water-saving
plumbing fixtures, rainwater harvesting, and grey water reuse.
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1. Introduction

Developing efficient strategies to reduce water consumption is linked to the
characterization of water end-uses. From this knowledge it is possible to evaluate
the main devices responsible for water [1]. To date, water-saving has been the
subject of research and patents. The increase in urban water users as reported by
[2] and the per capita growth in water consumption of urban residents [3] all
lead to substantial increases in water demand. In 2012, 40% of the world’s popu-
lation suffered water shortage problems, and most cities in the world were seek-
ing a more efficient management of water resources to relieve water scarcity is-
sues [4].

Water Saving Devices sustain demands for potable water, soften impacts on
supply systems and have a positive effect on wastewater treatment systems [2].
Water scarcity is one of the most challenging issues in the world [3]. Demand
for potable water is rising because of factors such as the increase in population,
improvements in living standards, and increased protection of surrounding
ecosystems [5]. As reported by [6] that aerators (taps with air devices) and taps
with thermostats could save up to 50% water, those equipped with infrared sen-
sors could save up to 80%. Devices that limit shower flow could lead to water
savings of 10% - 40%. Toilets are the biggest water-guzzling appliances in homes
(13 - 16 liters per flush).

With the development of new public housing policies, the rational use of wa-
ter in low-income houses has the potential to reduce demand on public water
systems and sewage. Thus, the characterization of water consumption in these
dwellings can be an important step to promote potable water savings at the ur-
ban scale [7].

Water conservation campaigns have often been presented in terms of aver-
ages. However, as explained by [8] customised feedback can provide a more ac-
curate basis for assessment and action, thereby enabling progress towards a
(conservation) goal. Therefore, disaggregated water-use feedback may promote
conservation at the individual and household levels. Many developers and
homeowners have installed systems that attempt to address the problems of wa-
ter consumption and drinking water including rainwater collection tanks, but
most of the systems installed are highly ineffective due to poor design or require

tedious and impractical user involvement [9].

2. Water Usage Patterns

Water usage pattern refers to the way water is used within a given household
during different times. In this regard, various past studies by [10] have estab-
lished that water usage during the day is higher compared to night times. This
has been attributed to the fact that there are many water consumption activities
during the day such as laundry, car wash, house cleaning, among others, com-
pared to night times [10]. Residential dwellings are considered to be moderate

water consumers overall, in comparison to commercial buildings and institu-
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tions since they are normally hold only a few individuals [10].

The water consumption trends are explained by linking the different types of
housing, the socio-economic factors, and demand and supply of houses. When
different levels of drinking water consumption are analysed, it should be taken
into account that there is a very broad range of building types in the city [11].
Thus, different systems and devices should be taken into consideration depend-
ing on the number of people in a household.

Water demand management on the other hand focuses on key social and
economic characteristics that may influence domestic water use [12]. Under-
standing both water use and consumption is critical to evaluating water stress on
the municipality. As reported by [13] water consumption estimates, on the other
hand, help gauge the impact of water use on downstream water availability and
are essential to evaluating water shortages and scarcity at the watershed level, in-
cluding impacts on aquatic ecosystems [14]. Therefore, a holistic understanding
of water stress requires analysis of both the amount of water used from the
sources and the domestic consumption.

Decisions regarding the most appropriate level at which to manage different
aspects of water service delivery need to be based on a realistic assessment of ex-
isting capacity and resources, rather than idealized models of democratic decen-
tralization [15]. The pressure on limited water resources is likely to intensify in
the future. The global population is expected to reach 9.6 billion by 2050, adding
over 2 billion mouths to feed to the current population [9]. The water consump-
tion patterns place the most pressure on the world’s diminishing freshwater re-
sources [16], households can also make a significant contribution in reducing
overall water demands.

On a global scale, most domestic water consuming activities are related to hy-
giene purposes such as showering, bathing, toilets, and washing machines [14].
Watering lawns and gardens is a water-demanding activity too, particularly in
warm and dry conditions [11]. In the face of rapid urbanisation, climate change,
and increasing affluence [17], water crises such as Australia’s struggle with the
millennjum droughts or Cape Town’s 2018 threat of day zero, when supplies
would be fully depleted, are likely to unfold more frequently, with far-reaching
consequences. In parallel, supply side technologies such as waste water recycling
and the use of alternative sources (e.g. rainwater harvesting and desalination) are

increasingly viewed as necessary measures [15].

3. Water Saving Devices

Developing efficient strategies to reduce water consumption is linked to the
characterization of water end-uses. From this it is possible to evaluate the main
devices responsible for water use and prioritize the development of technologies
to generate more effective water savings [1]. A survey carried out in 1188
households in the United States and Canada verified the consumption and water
end-uses for a period of three years. It was noticed that more than half of the
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consumption of the surveyed households (58% of total consumption) was
used in external activities. As for the domestic consumption in homes with
conventional water fixtures, the highest consumption was found for toilets (76.1
L/capita-day), followed by washing machines (56.8 L/capita-day) and showers
(50.3 L/capita-day). In homes with water saving appliances, washing machines
had the highest consumption (56.8 L/capita-day), followed by taps (41.3
L/capita-day), showers (37.9 L/capita-day), and toilet flushing (36.3 L/capita-day)
[18].

Equipments/fixtures to conserve water

As reported by [19] analysed the amount of water used by all possible ap-
pliances in single-family households from different municipalities in the US and
Canada. Their results show that households with low-flow shower-heads in-
crease their shower times. [14] estimated a reduction in water use of about 3.5%
due to a regulation imposing the installation of low-flow fixtures and devices in
Arizona. However, they found increases of about 3.8% to 4.6% in water use after
the installation of free retrofit device kits. In contrast, water savings of between
2.4% and 6.4% were achieved from the installation of similar devices after per-
sonal in-house visits with person-to-person communication.

As reported by [6], from research in North Carolina, USA, water savings at-
tributable to the rebate program were less than one-half the expected savings
associated with that installation of water saving devices such as aerators. [20]
uses data from a field trial, in which randomly selected households received
high-efficiency washing machines free of charge. Households increased the use
of washing machines by 5.6% on average after obtaining the high-efficiency ap-
pliance, that is, part of the efficiency gains were offset by increased usage.

[21] also showed that water savings obtained by using efficient water-using
technologies may differ depending on the kind of device or appliance analysed.
Households may invest in a particular efficient appliance or demonstrate a spe-
cific water conservation habit because of the resulting energy savings rather than
the decrease in water use, due to the lower relative price of water versus the price
of energy. Thus, aggregate indices such as those found in [21] may not fully
capture the relationship between efficient water-using technologies and habits,
and their respective determinants. Based on the aspects of water-saving, three

strategies are summarized, as illustrated in Figure 1, according to [21].

4. Methodology

A descriptive research design was used with a research survey undertaken for
water usage patterns and conservation methods in the study areas of Biafra es-
tate and Sewage estate in the Eastleigh neighborhood in Nairobi County. Ques-
tionnaires, observation checklists and interview guides were used. 230 question-
naires were distributed to the households in which the questionnaire was de-
signed to get information on the water saving devices, knowledge about water
saving devices and willingness to install water saving devices in the households,

and other related information concerning water usage patterns. Through simple
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Figure 1. Factors affecting water saving source: Developing a strategic framework for
adopting water-saving measures in construction projects [21].

random sampling, a sample size of 100 households was established in Biafra Es-
tate. The households of the neighborhood were of the same layout but have var-
ious socio-economic status, nevertheless, a good representation was obtained for
the whole study area. Stratified probability sampling was used in Sewage Estate
as the area had different house layouts with 130 households being sampled. The
second part of the study was carried out by use of interview guides by visiting
seven local hardware shops, two of which were in the Biafra estate, four in the
Sewage Estate, while one was located neighbouring the study area to find out
water fixtures that were being sold and their availability in the different hard-

ware stores.

5. Study Area

This study was carried out in Nairobi County (—1.286648°S, 36.851048°E) in Bi-
afra and Sewage Estates in Eastleigh, Kamukunji Sub County in Nairobi, Kenya.
It is located approximately 11 km from the City Centre and measures approx-
imately 60 hectares. The two estates are separated by a 15 m wide road known as
Eastleigh First Avenue, accessed through Jogoo Road and General Wariunge
Street as shown in Figure 2.

The study areas are situated in the middle of the Eastlands of Nairobi, which
are characterized by overcrowding settlements that exert a lot of pressure on the
water supplied by Nairobi City Water and Sewerage Company. This leads to se-
vere water shortages with water rationing as many times as 3 - 5 days in a week.
Hence, residents in these areas have turned to water storage tanks, water vendors

and illegal connections as sources of water as shown in Figure 3.
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Figure 3. Water storage tanks and water vendors as sources of water.

6. Results and Analysis
6.1. Water Usage Patterns

The knowledge of water usage patterns in terms of the end uses in dwellings is
key for water planning. The water end-uses are useful in order to evaluate ac-
tions to reduce water demand and waste generated in households, as well as
possible alternative sources of water [22]. The study established the different
sizes of households as this was critical in determining the amount of water usage.

It was revealed that, in Biafra 57% of the household consisted of more than five
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people, 20% consisted of four people, and 16% consisted of three people, while
7% consisted of two people or less than two people as shown in Figure 4. Water
end-uses are also essential to identify the portion of total demand that can be
saved through alternative sources of water [22].

According to the guidelines for drinking-water quality mentioned in Volume
3 of the publication surveillance and control of community supplies by [23], a
minimum of 15 litres per capita per day is required. A higher quantity of about
20 litres per capita per day which was noted in some households should be as-
sured to take care of basic hygiene needs and basic food hygiene. Laundry and

bathing might require higher amounts, unless carried out at the source.

6.2. Household Water Uses

In Biafra, 52% of water usage inside the house is for washing, 34% for bathing,
4% for toilet, 6% for cooking and 4% for drinking. In Sewage, it was found that
58% of the water usage inside the house is for washing, 29% for toilet, 5% for
bathing, 8% for cooking and 10% for drinking, as shown in Figure 5. Washing
was consuming most water in the house, while drinking the least.

The study also sought to establish household water usage outside the house
and it was revealed that in Biafra estate 60% of water usage outside the house
was for car wash, 35% for washing verandas and 5% for watering the lawn, while
in Sewage estate, 53% of outside-of-the house water consumption was for car
wash and 2% for watering the lawn, as the study area had only few houses with

lawns, as shown in Figure 6.

Water Usage
3000
-=® 1
= 2500 — 500
€ o = =@ 1200
S 2000 e 000"
5 1500
2 @ 750 e 1200
© 1000 _ 1000
£ 00—
= 500
0
less than 2 people 3 people 4 people more than 5 people
household size
==@-=Biafra Estate = ==®==Sewage Estate
Figure 4. Showing water usage in different types of households.
Water usage in the house
=@ Biafra estate  --+®-- Sewage estate
Drinking
60
40
Washing g . Cooking
Bathing Toilet
Figure 5. Distribution of water uses inside the house.
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o)}
o

percentage
B
o

]
o

.

Watering lawn Car wash Washing Verandah

water uses
Biafra estate  iiSewage estate

Figure 6. Distribution of household water uses outside the house.

6.3. Water Consumption and Water Reliability

The daily water consumption per person in a household in the study areas was
investigated so as to account for water usage and what devices can help in re-
ducing the water usage per person. The study results established that in Biafra,
45% of households’ per person average daily water consumption is 20 - 50 litres,
In Sewage, it was found out that 52% of the households’ per person daily water
consumption is less than 20 litres, The study found out that no single person in
Sewage estate was found to consume more than 100 litres of water per day as
shown in Figure 7.

It was also established that 75% of the respondents from Biafra and Sewage
estates indicated that they normally experience water rationing, while 25% indi-
cated that they do not experience water rationing. The study looked at the aspect
of water reliability and found out that 49% of respondents indicated that they
receive county connected water three days a week, 31% four days a week, 14%
less than two days a week, while 6% receive county water for more than five days

a week as shown in Figure 8.

6.4. Current Water-Conservation Techniques and Devices

In the Eastleigh neighborhood, 73.7% of respondents engaged in at least one
water conservation technique. 84% of the households reported in engaging in
the conservation behavior of turning the faucet off when brushing teeth or
washing dishes. Water-conservation techniques that require some level of ef-
fort but no financial cost, such as reusing wastewater from filtration systems,
were at 16%. A total of 73.7% of participants reported having some form of wa-
ter-treatment system at home for treating drinking water.

The study also found out that 78% of residents reported reusing waste water
in various ways: watering plants, mopping, laundry, and flushing toilets. Con-
servation technology, which requires financial costs but no added effort after in-
stallation, is less popular than measures that require effort but no financial costs.
Only 36% of households interviewed had installed water-conserving dual flush
toilets. Of those participants who answered about why they had installed dual
flush toilet systems, 32% said they had installed them to conserve water, 35%
said they did so based on advice, and 33% said they had installed them during
renovations, because it was a new technology. Many participants were not fa-

miliar with the technology at all. The following behaviors can help conserve
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Figure 8. Percentages of water rationing.

water by reducing the amount of water a person uses and save money too: turn-
ing the water off during brushing teeth; turning off the tap while washing vege-
tables; turning the shower off while soaping in; starting the washing machine
only when it is full to save water, and repairing leaks or reporting them to lan-
dlords [21].

6.4.1. Devices to Minimize Water Usage

The findings of this study have several implications for residential water usage in
Kenya and the developing world. However, the results from this study suggest
that households having limited supplies of water (those that received less than
three days of water supply per week and those that supplement their municipal
supply with water from an alternate source) were having water storage tanks as
storage facilities. Yet, these households were actually engaging in water conser-
vation techniques and devices less frequently than the average respondent.

It was found out that 76% of respondents did not have water saving devices,
while 24% had devices that reduced water usage in their houses. In addition,
respondents who indicated that they had water saving devices in their houses
named the following as the devices they had in place: low flow high-efficiency
faucet aerators (7% in Biafra estate and 19% in Sewage estate), low flow plumb-
ing fixtures (2% in Biafra estate and 28% in Sewage estate), dual flush toilets
(32% in Biafra estate and 49% in Sewage estate), and automatic shut-off nozzles
taps (6% in Biafra estate and 12% in Sewage estate).

On the other hand, the study suggests that water saving devices such as aera-
tors, dual flush toilets may be effective in encouraging water-conservation beha-
viour. Nevertheless, survey responses indicated that 64% of the participants were

unconcerned with water saving devices and techniques, and thus ended up
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Figure 9. Availability of water-saving devices.

consuming more water.

6.4.2. Willingness to Purchase Water Reduction Gadgets

In Eastleigh neighborhood 72% of respondents indicated that they were willing
to buy appliances/gadgets that could help them reduce water usage, while 28%
indicated that they could not buy them. Out of the 28%, 46% of respondents in-
dicated that they could not buy appliances/gadgets to help them reduce water
usage because they are expensive, 30% indicated that these gadgets/appliances
are not easily found, while 18% indicated that these appliances/gadgets are both
expensive and also not easy to find while the remaining 6% said they do not have
the knowledge of water saving devices.

The effectiveness of water-saving can be gauged intuitively by water-saving
devices and practices, as it is easy to enhance the residents’ awareness of wa-
ter-saving and encourage them to increase water-saving. [24] indicated that in
North Carolina, USA, social information and appeals to norm-based behaviour
reduce water use by up to 6.8% in households directly targeted by the campaign
and households that were not targeted by the campaign reduced water use by

5.8% in the first 6 months following the intervention.

6.4.3. Availability of the Devices

Seven hardware shops within the study area were visited to check on the availa-
bility of the devices which could help in saving water by reducing the amount of
water usage. Of the shops, 100% had dual flush toilets, while 28.5% had aerators,
57% had automatic shut off taps and 42.8% had low flow plumbing fixtures with
them as depicted in Figure 9.

7. Conclusions

This study sought to investigate patterns and practices in water usage and con-
servation in Eastleigh neighbourhood and to explore with the influence of water
saving devices. The study found out that water saving devices such as aerators,
dual flush toilets may be effective in encouraging water-conservation behaviour,
however, with 64% of the participants unconcerned with water saving devices
and techniques thus ending up consuming more water. These results indicate a
lack of proper water saving practices together with a lack of water saving devices

being used leading to more water consumption. Thus, a local awareness to the
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home owners and developers on water-conservation practices in terms of tech-
niques and devices will be a potential way to encourage water-conservation, by
demonstrating that the households have invested in improving water conserva-
tion. Educational campaigns that teach easy ways to conserve water may increase
awareness, and this study indicates awareness correlates with a willingness to
reduce water consumption in the households as increasing usage of water saving
devices leads to a decrease in water consumption level.

The results of this study can be used to develop integrated water management
strategies, e.g. water-saving plumbing fixtures, rainwater harvesting, and grey-water
reuse, in low income developments in Eastlands. Knowledge about water con-
sumption patterns is key for awareness campaigns about water conservation

practices among households.
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