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ABSTRACT

In terms of the significance of the role of Architects in resolving mega problems in the Engineering
practice in the various fields, this study was initiated to investigate the implementation of architectural
practice to restrict fresh water abuse by reducing surplus water consumption in new urban communities,
where New Cairo was taken as a case study. Primarily, literature was reviewed in the field of water
consumption and water resources. In addition, objectives were set, upon which a research methodology
was planned. The planned methodology is based on a descriptive analytical approach, where an
electronic questionnaire was designed and distributed among a random sample in New Cairo in order to
survey their perception to water consumption. Moreover, a statistical analysis was achieved to the
random population answers, where graphs and tables were produced using SPSS software. Finally,
conclusions were deduced that proposed simple affordable tools in new cities in order to ensure efficient
water consumption and reduce the surplus water misuse in new urban communities. This would most
probably ensure reliable water supply to the present generation and safeguard it to the future ones. In
addition, recommendations for future research and Engineering practice were suggested.

Keywords: Saving water, Water security, Flow rate, New Cairo.

1. Introduction

The role of Architects is of great significance in the Engineering Practice, as they resolve
mega problems in various fields, especially in the fields of energy and water consumption so
as heat transfer, by introducing simple affordable or tools. Reducing water consumption, as a
core of sustainable development integrating ecosystem to human survival, is of great
significance. It is one of the most important global challenges and sustainable development,
which could be achieved by improving water consumption efficiency.

In the same framework, water misuse created an unprecedented pressure on water
resources, as estimates reflected that if practices remain unchanged, the world will face
water shortage. (i.e. Estimates pointed out to 40% by 2030. Foreseen is that nine billion are
required to be nourished by 2050 by increasing the agricultural productivity by 60%),
which consumes 70% of water cycle, globally; meanwhile, groundwater is depleting at a
faster rate than recharge, which signposts that by 2025 1.8 billion will suffer scarcity [1].
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In terms of the importance of Architects contribution in the Engineering practice, this
study was commenced in order to investigate architectural role to reduce surplus water
consumption in New Cairo, as a case study representing new urban communities.

The research methodology was designed to be based on a descriptive analytical
approach, where data was assembled via a theoretical study by reviewing the previous
studies in that field. In addition, it was assembled via an electronic questionnaire that was
distributed among a random sample in order to survey water consumption awareness.
Moreover, statistical analysis was carried out and graphs so as tables were produced. This
paper elaborates the achieved investigation under the subsequent headlines, as follows:

2. Literature review

Many studies were achieved to signpost the importance of the Architect role in
contributing in resolving mega problems in the Engineering Practice, in the global,
regional and local zones, are involved in water studies. Among these studies are [1-5, 7-
13]. This is elaborated as follows:

Regarding the Global Studies [1] , the World Bank published a report in July 2016
about water scarcity impaired by climate change, which would most probably lead to land
loss that would mount to 6% of Gross Domestic Product GDP. This will stimulate
migration and fuel conflicts. In addition, the combined effects of population growth, rising
income and urbanization will lead to an increase in water demand, while supply will
remain irregular and uncertain.

e As for the Regional Studies, the 2015 World Economic Forum reflected that the
Middle East and North Africa (MENA) [2], Middle East and Egypt in particular, are
least prepared to water crises; Fig.1. In addition, the Figure. Indicated that over 60%
of the region's population lives in areas of water stress, which is very high,
compared to the average world of 35%. This indicates the water stress threatening
the region. However, the main challenge to the region development is to take
necessary actions in order to navigate in sustainable paths towards safe water.
Despite water scarcity, the Middle East and North Africa have the lowest water
tariffs in the world; Fig. 2 and the average service cost is twice the average service
charge. This might lead to excessive use of scarce water resources. Moreover,
economic losses of 4 to 16% of Gross Domestic Product GDP are evident by 2050.

¢ Concerning the Local Studies, some investigations elaborated that the Nile supplies 80%
of water resources, in Egypt, followed by ground water, rain and floods. Agriculture
consumes 78% of this water, then drinking water and then industry; Fig.3,4. Such
studies emphasized that water scarcity declines the per capita Gross Domestic Product
GDP to reach 860 cubic meters by 2002, while it was 1712 m® in 1970, 2604 m® in
1940. This indicated that Egypt relocated itself from water abundance to sufficient water
in 1970. Then it turned to water scarcity at the beginning of 1996 [3]. It is expected to
increase its scarcity with upstream dam projects that would influence future local
production per capita. World Health Organization documented that basic drinking water
services distribution was 99.30% urban and rural 97.64%, in 2015 [4] . However,
Cairo’s fresh water tariff was 0.05 dollars, while 2% of GDP is expended on other
services. This might lead to an excessive water misuse.
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Fig. 1. Water problem is the major risk in the Middle East and North Africa [2]
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¢ An investigation designated for 2 years ago, the consumption of the city with 4
million inhabitants was 1 billion m3/day and now it reached 550 million m3, which
is less than 50 L/day after the announcement of Zero Day in Cape Town [5].

¢ A study signposted that Canada and United States reduced domestic consumption in
1999-2013 to 22% by using water-saving devices [8].

o WordPress investigated the effective measures that can be implemented in the
American households to reduce water use in the kitchen and bathroom to replace
conventional units with higher wastage modern units or additions easy installation.
This decreased water consumption by 45.1%, while savings as a result of the
adjustment of certain practices reduced 30.2% [10].
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¢ The Environment Agency of Abu Dhabi with a similar study designated the ratio of
59% of water by changing some practices and tools to save 410 billion L/year [11].

After reviewing the literature, it was obvious that awareness is an important factor in water-
saving. Also, many appliances reduced fresh water waste. This would effectively modify the
consumption habits and will contribute effectively to achieve water security in countries.

3. Problem definition

The United Nations estimated, in its report [6] on the 11 cities most vulnerable to water disasters,
that there is a severe shortage that could be similar to Cape Town by 2025. It further documented
that Cairo was the fourth among other countries due to its increased demand, agricultural waste and
household waste, where the Nile River is its main fresh water source. Another study was
investigating water sufficiency in the Mediterranean countries “Portuguese experience” designated
that the use of water-saving devices in bathrooms and kitchens rationalized the consumption to
45%. These devices are influential in addressing water problems [7] .

This encouraged this study to be commenced in order to investigate the implementation
of architectural role if any to restrict fresh water abuse by reducing surplus water
consumption in new urban communities.

4. Objectives

In recent studies the Arab Forum for Environment and Sustainable Development [13],
designated that 75% of a questionnaire tested sample were aware that the per capita
consumption rate of Arab countries are the maximum, worldwide. This is attributed to their
excessive consumption and lack of rationalization principles [13]. However, no serious
effort was initiated. This study was initiated with the main objective of presenting simple
and affordable tools to reduce water consumption in new urban communities through the
role of architect to restrict fresh water abuse by simple easy adjustments or replacements.

As for the sequential objectives, they are as follows:

e Investigate the role of architects, as community guide that implement the 5R strategy
as shown in Fig.5.

e Survey the perception of water problem awareness via a questionnaire; analyze its
results to perceive a mental image to the problem and to evaluate the impact of water
saving devices and replacements.

¢ Evaluate behavior changes and replacement of devices to reduce water consumption
and preserve them for future generations.

—

Fig. 5. 5R, Consumption Efficiency in houses [7]
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5. Hypothesis
The study put forward some hypothesis, such as:

¢ Architectures guidance in purchasing taps/mixers in kitchens and bathrooms in new
cities contribute in water rationalization.

o New city dwellers have high awareness in choosing taps mixers units due to their
high educational level, cultural, economic and lifestyle compared to urban residents.

6. Methodology

This study adopts a descriptive analytical methodology to measure and analyze the role
of architectural design mechanisms and community awareness in water consumption
rationalization for residents in New Cairo.

6.1. Methods and tools
The implemented tools were:

o A theoretical study to assemble data in the field of water consumption.
¢ A questionnaire to survey the awareness of a randomly selected population.

Domestic fresh water is distributed into 2 main portions (i.e. Indoor and outdoor), where
this study is restricted to the taps and mixers in kitchen and bathroom; Fig.7. On the other hand,
domestic consumption is divided into several parts and is represented by water consumption of
taps (i.e. washing hands, shower, kitchen, leaks). This mounts up to 46% of daily domestic
consumption [14]; Fig.8. In case of manipulating these units through a set of habits and
alternatives, they can achieve from 22% to 59% consumption reduction [8-12], [13].

Domestic fresh water use

Bathroom

-Car washing

Personal hygin . .
-Swimming pools

-Cooking
-Dish washing|

-Fire fighting
Bathing

Fig. 7. Uses and distribution of domestic freshwater [15]

Leaks Showers

-Irigation

* Source: EPA 22%

Fig. 8. The proportions of indoor domestic freshwater use [14]
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6.2. Investigated units

Mixers and taps were, architecturally, designed to operate with simple smart mechanisms
(i.e. units), where their prices range depend on the implemented technology in manufacturing.

Accordingly, this study is focused on investigating a variety of taps that are available on
Egyptian market. This is attributed to the fact that the questionnaire will target these units;
Fig.9. Tables 1, 2 are provided to compare these types, in terms of operation, cost,

advantages and disadvantages.
Investigated taps and
mixers

-

f T
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Fig. 9. Investigated taps and mixers [15]

Table 1.
The basic differences of mixers [15]

Traditional’ Senszor’ Motion sense/ Timed tum off
conventional taps. Hands-free taps.
Traditional wumnits are Units eguipped -with Operated by pressing a
used in homes forewver SEensors "infra-red" button {or senior) to get
for ewery design and | electronic cut water | running water.
manufacture, but | directly to just keep | Automatically stop
Operating materials flow control | wour hands or anyvbodsy after a short period is
Descnption method which is camied . Where Or disable the progranumned and
out manually . tap is activated within adjusted.
0.5 seconds, no drp,
which i= a common
problem with taps.
Rationalization in | ©oorin8 20%% 65%%
water compared to dishes s =
conventional [16] teeth 15%8 80°%%
Hands 1024 T0%%
- In the long ternm. the cost would be less by up to
Cost 20% compared to conventional. Unlike the initial
purchase price.
Maintenance - 40%g less than Maintenance of traditional mixers.
Flow 10 I/min average flow 6 IL/min average flow
Least Unit price in the Starts from 6000 Starting from 24 TSD
5 . . local market starts from Egyvptian ounds ie. 430 LE.
Unit price in local 100 LE. aioprdj.ng F to l;accord.i.ng to}
market manufacture and used | manufacture and
materials. materials used.
Avrailability in | awvailable awvailable TUnawvailable but by
market shipping
L= i \
- III
L )
Examples \é:
- L 7 \
« f
Economic in terms of » Hywgenic as it work without touching
Additional initial cost o Ensure the closure in the case of self-
adwantages forgetfulness
» Longer hifespan than traditional
» Ieakage s MNeed for maintenance units for IEtemp
. i s Could flood the place. » Easy for pets to open
Disadwvantages » Priced higher than conventional in terms of
initial cost
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Table 2.

Differences between complementary units fitted to mixers [15]

Aerator Faucet

Separated sensors

Omne touch umts

&

Operation

Air filters are pressure
small attachment
ventilation flow regulators
placed at tap end or
introduced into ventilation
dewice. It is an orfice that
separates flow into small
streams to entrain air into
water to reduce water
supply with water
pIessure, unnoticeably.
Howewver, tub fill takes
longer time. Its pnce 1is
small compared to the
rationalized water cost.

[17]

It is similar to sensor. The
only difference iz that it
comes in 1 umnit separate
from the mixer. It is
installed at the end of the
tap to operate sensor and
then open or close the
water.

It works in a simple
manner to  sensor
unit, but without any
additional links.
When the amm is
mowved, water flows
and stops when left.

hiaimtenance

Itiz easy tomaintain and
needs periodic cleaning to
awvoidits blockage. Itneeds
seconds to be fixed.

Its maintenance is
relatively complicate, like
sensors dueto the
electrical part (battery) in
it

Itis easy tomaintain;
easy to replace spare
parts and more
econoric.

Average it
price [18]

Its price starts from4 % (70
L.E). according to the used
material.

Its price starts from 35 %
(600 L.E), accordingto
the usedmateral.

Its price starts from &
F(130LE)
according to the used
material.

Arvailability in
the local Market

Asrailable in the market

Awailable by shipping

Installation

- \
~ = |
g -\
The unit features consist of
. Gyro ball joint to
allow tilting. o Al units are
* Nozzle with a dual received upon | «  Easytouse
function with normal shipping » Do mnot mneed
Advantages airflow or pull-down |  INo leakage. eXperts or
spray pattem  to - Useable by pets technicians.
provide stronger . Eeep the tap
Spray. perfectly clean.
¢  DMaximum flow rate
iz 7 l'nun.

General
adwvantages

+ Don't specialists asit is easy to replace n nunutes.
»  Electrical connectionsthat do notneed special maintenance.

Easyto use
Feduces waste

Fits kitchens and bathrooms

Suitable for children and seniors

Itis economic due to cinging toused mixers.
Fit most designs and forms of available mixers on the market

Disadwvantage

Mot available onthe market and the altemativeis shipping from

international markets with all its consequences.
» Lackofinformation or advertising.
# IR unit needs an energy source or battery.
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The rate of using tap water in Kitchens and bathrooms depends on several factors that
were considered in the questionnaire. These factors encompass the following:

¢ The more the number of living individuals in the unit, the more the consumption rate
and dishwashers reduce water consumption up to 25% [19]

¢ Seasonal consumption varies. Winter consumption increases due to the waiting of warmer
water to wash face, hands, ablution, bathing and dish washing. Accordingly, the
guestionnaire encompassed an inquiry about utilization rates from March to June 2018 [20]

¢ Receiving advice from an architect/ecosystem consultant during the construction
process might affect the consumption rate.

¢ The economic level of the residence will affect their purchasing power to modern saving units.

The present study focused on the role of architect, the economic level and education
level in selecting mixers and taps to raise their performance with/without being replaced.
In addition, a statistical analysis was performed to survey the random population
perception to water saving units and the role of architects to implement design mechanisms
to enhance the water consumption behavior.

The electronic forms were distributed among a random population in the different
segments of society. After receiving the answers, a statistical analysis was carried out
using SPSS 22 "'Statistical Package for the Social Sciences".

7. Results and discussion

The questionnaire was received from the random sample (100 participants) within 3
months. Responses were analyzed, in terms of three key phases:

¢ During the First Phase, the participants were categorized into categories.

o All through the Second Phase, calculations were achieved to determine the rates of
flow, based on the received questionnaire responses.

¢ Throughout the Third Phase, a statistical analysis was achieved by implementing
SPSS "Statistical Package for the Social Sciences" to study the effect of the
variables.

7.1. Phase 1: categorizing the participants
The participants were categorized to find out the following:

e The age of 30 to 40 and 20 to 30 recorded the major portion of participants (i.e.
60%), which indicated that it is evident that their unawareness is doubtful, and their
experience is questionable.

o Academic level (i.e. Bachelor) designated 75% of the participants, Lower education
designated 1.5%.

Fig.10 provides the proportions of age groups, housing category, average family
members and educational level of participants.
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Fig. 10. Participants’ distribution [15]
Based on the results, it was clear that:

¢ The traditional taps or mixers with manual flow control were 98% of all devices in
services area for the tested sample.

¢ 60% of the sample confirmed the absence of any consultant architect or interior
designer in selecting or advising of water saving mixers.

e The sample indicated that the cost then shape dominates their choice. Only 10%
were concerned about water consumption.

¢ With the aid of the electronic questionnaire responses, videos and info graphs, the
importance of water conservation was elaborated to indicate:

¢ 90% of the participants confirmed the importance of water scarcity problem data
which covered in the form, and the importance of architectural advice to reduce the
consumption rates.

¢ 48% of the sample willing to replace traditional mixers with water-saving types (i.e.
restoration and replacement (higher cost).

¢ 60% agreed to buy peripherals to upgrade existing mixers without replacement, in
case of availability on market with reasonable cost (lower cost); Fig.11.

¢ Only 34% of the professional so as architects were aware of water rationalization
and sometimes they provided assistance, in that direction, to their clients.

& =

Nutral 15.2
1-Selecting mixers 2- The Architect role

Water saving

MNeutral 40.9
MNeutral 36.4

3-Acceptance to purchase complementarv 4-Acceptance to replace traditional
units. mixers.

Fig. 11. Perception of participant in the questionnaire [15]

7.2. phase 2: calculate of flow rates

A rough measurement process was achieved before and after replacement or adjustment
with the architecture design mechanisms. This was achieved to determine the flow rate and
the water consumption in the area of study, where the number of family members and age
were considered.

The results were tabulated in Table 3. It indicated that the daily water loss rate decreased.
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technique to determine variable indicators. It was designated that a

Table 3.

Random sample consumption rates based on the questionnaire [15]

Pates of using taps in houses
minutes’ individual/day

an on o oo
Fate of using taps -5 é B 5 = = =
min/ individual’dawy H = E 2 = = =
= & = 2
2 3 2 3
Average usage rate =3 20 ol s 3IE 57
tirne - — 30
3:03 4 3 17 44 40
5:10 2 33 o 10 g
=10 10 15 41 2 3
Total minutes’ tirme 3 40 27 o0 190 171
mdividual 4 66 51 sg 245 S0
Mumber of times of ==
use * Number of g 64 o9 12 30 =
individuals 10 30 123 4 15 12
hlinutes
Total number of 3 120 81 270 370 313
daily sessions = 4 264 204 352 080 360
MNumber of people x — — 516
MNumber of titmes x B 512 7O 144 400 24
Awerage usage tirme 10 300 1230 40 150 120
Consumption in minutes 1196 2307 206 2100 1209
minutes S daw

Asrerage daily consumptionin kitchen and
bathroom
min / person:

76 minutes per person (Equivalent to 304 minutes
or ¥ howurs daily consumption of the average family
of 4 individuals

Aczzuming the flow rate of conventional
taps as is not less than 10 liters / min. the
daily average loss of fresh water per

household:

304 x 10 = 3040 L/ household or housing unit with
an awverage of 4 individuals. Or 760 liters / person
This iz similar to the wvalie documented in the
Central Agency for Public Mobilization and
Statistics report (le. average per capita daily
consumption of fresh water in Cairo is 898 liters
day) [21]

daily loss decreased.

In case oftapsreplacement, the flow rate
decreasesto 61'day. This denotesthat the

304x6=1824 L‘'d denotes 40% saving (ie. 1216
Liday — 443840 Liyear), from each fanuly.

7.3. Phase Ill: statistical analysis

“SPSS”

Data was analyzed statistically by SPSS 22 software, by implementing the Chi-Square

relationship exists at

P<0.05. In addition, a analysis was performed to determine data —variables correlation. The
variables were age, type of housing, education, the role of the architect, selection criteria,
selection of mixers, mixers replacement, adding supplementary units (architecture
mechanism) to rationalize water. The software indicated that certain variables were of
obvious influence; Table 4, Fig.12.
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Table 4.
The results of Chi square among variables [15]

Sig <0.05
. . using
“arables =T =T additional
selection replacement ite
ouse twy e
P Walue=E 17331 6974 g.541
Ed ) Sig. 0605 0.302 0873
cation
“Walue=F. 10.130 7323 3.820
Sig. 0214 0283
F.ole of Architect
“Walue=F. 16906 1573 1168
Sig. 0291 0232
e category
As B “Walue=F. 24 221 o646 10492
1
- m Mixer
o selection
0.6 | Mixer
replacement
o Additiona
0 | R —
Housetype Educaion level Architect roke Agegroup
Fig. 12. Chi square test for selected variables [15]
Table 5.
Linear relations between tested variables and their dominancy [15]
i er mimer using
Linear Coloration Strength . additional
selection replacement .
ouse type
¥E Strength Moderate linear - -
Sig. 0796 0.589 0938
Education Stronail
. Sig. 0.799 0937
Foole of Architect Strensih Moderate inear B -
Sig. 0440 0399
Ape catepory Strength Strong linear - -
1
m Mixer
0.8 selection
- m Miner
' replacement
o Additiona
0.2 I unis
0 | J— J—
Housetype Educaion leve Architect roke Agegroup

Fig. 13. linear coloration for selected variables [15]

The chi square test indicated that:
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¢ The housing type and selection of mixer was found to the strongest at a Residual>1.96
between over-average house type and choosing mixers that saves water to reduce
water bills, While, it was clear that their price was the choice factor for luxury housing

for social look without considering saving water or money Table6.
Table 6.

Crosstab for housing type

Mixer selection
Shape Price Saving water AICh.l-tE <
choice
20-30 0.2 -0.3 0.9 0.0
3140 0.7 1.1 -14 -14
Adjusted Fesiduall 4150 -5 0s 13 0o
51-60 -1.1 -1.1 0.4 09
260 0.6 BRI T TR

e The role of architect and selection of mixers was found to the strongest at a
Residual>1.96 for the shape of mixer not its functionality or saving features and tis
reflect the negative role of architecture practice in the water saving section in this

case study Table7.
Table 7.
Crosstab for the architect role
Mixer selection
) Saving Architect
Shape Price )
water choice
Youth housing 01 1.1 05 09
Adjusted Crver-average housing 09 10 14
Fesidual [uxury housing buildings 0.9
luxury housingvillas 16

e The age category and selection of mixer was found to the strongest at a Residual>1.96,

where the selection, at ages of (higher than 50) considered the mixer functionality and

water saving and this reflect the water consumption awareness Table 8.
Table 8.

Crosstab for Age group
Mlixer selection
Architect
Shape Price Sawving water )
choice
ves 0.3 1.2 3.3
Adjusted ResidualfNe 0.6 0.7 0.0
peutral 0.5 0.6 0.6 0.9

o Although there was no clear correlation between other factors, but some remarks were
common among them Table 5, Fig.13. These were:
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- The effect of over-average house type accepted change to water saving units and to
replace them entirely with least waste units, indicated their awareness and desire
for rationalization at this category.

- Educational level had a great influence on the replacement of mixers, which
indicated their thinking pattern to realize facts and analyze results.

- Older age group agreed quickly to the replacement idea due to their longer experience.
They recognized the magnitude of the problem and need for rapid intervention.

e As for the coloration indicator, it was found to be a linear correlation, where a strong
correlation was evident between the effects of age on mixer selection, moderate coloration
between housing type/ the architect role on mixer selection, while no obvious correlation
was found among other variables. This emphasized Chi- Square results; table (5).

Hence, these factors did not affect properly the understanding of the depth of the
problem, which calls for raising the level of alert in the development of the field of
environmental awareness at all levels and in all disciplines.

8. Conclusions and recommendations

The relation between the architect and mechanical engineer or any other expert in
building field is a well-known relationship and does not diminish the role of any of them,
each has his own tasks and challenges within the team to ensure the success for the project.
But remains the architect is the general coordinator of all specialists and the team's
Maestro, he/she is the link between other’s work and the end user. Hence, the interior
configuration will remain the task of the architect, his/her role is the most important and
explained here in the paper to achieve sustainability, beauty and reduce fresh water abuse
especially in new urban communities. But as shown in the paper there was no significant
role of the architect to save water in new communities neither policies nor architectural
practice. This role must be supported and activated in planning, making polices, building
regulations, and dealing with end users by sustainable waters saving advices, which is
marginalized due to lack of expertise in the planning system or lack of knowledge and
awareness of the water problem at user level.

In order to reduce the water consumption, government should invest in water
infrastructure, information systems and institutions to go beyond the traditional approach
in managing scarcity. City government offices and localities should also encourage policies
related to water conservation and efficient use as used in Abu Dhabi (i.e. Pearl rating
system and landscaping to reduce water consumption to a minimum) and awards citizens
and institution who achieved maximum saving [22].

In brief, it is worthy to mention that water conservation is the most cost-effective way
to environmental safety by reducing pressure on lakes, rivers, reservoirs, wastewater
treatment facilities. Additionally, this would help in protecting the environment by
reducing thermal emission and saving more country resources to the future generation.

For future studies, related ideas could be investigated:

o Adopt using central heaters in new communities which designed with HWRS “Hot
Water Recirculation Systems” by mechanical engineer with cooperation with
architects to save more water and energy.
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¢ On large scale, evaluate local products in terms of water saving and launch initiatives in
collaboration with local bodies and institutions with different engineering specialists to
provide trademarks and franchise programs could be more significate in the next years.
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