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Abstract: Rapid urbanization induced by population
growth will face water shortages due to increase
demand of water and it is expected to be more sever
in the future. According to the National Water
Resources Report 2000-2050 by the Economic
Planning Unit, the demand for treated water would
grow between 2% and 3.5% annually for Selangor,
Kuala Lumpur and Putrajaya, thus the major cities i
Malaysia possibly will face a water crisis situatidt
was also mentioned that in 2014, these citiesfadé

an expected water deficit of 476 m/l/d when demand
exceeds supply. Rainwater harvesting (RHW) is one
of the promising, but challenging system and its
approach into a building as an effective way to
minimize the use of treated water can help to cope
with water deficit. Due to limited knowledge and
promotion on this system, the RWH practice is
unpopular in this country despite the high total
rainfall amount in MalaysiaA proper design with
economic impact characteristic will significantlivg
good effect not only to a project, but also the
opportunity it representd.his paper is to identify the
importance of RWH system in sustainable
development and its potential of utilization betgefi
for new development. The significant of RWH on
environmental and economic impacts are also
discussed.
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INTRODUCTION

alf of the world’s population lives in urban

areas today with additional urban dwellers

coming in the world every day. According to
study done by the United Nations, 1997 stated that
two third of the world’s population is likely tovig in
countries with moderate or severe water shortages b
2025.Water has become critical values as it covers
approximately three quarter of the earth’s surfaoe
has changed from one of the relative abundance to
one of the relative scarcity since there are irgirep
of water demand as well as a risk of water polhutio
(United Nation, 2002).

Malaysia is on it way reaching the status of
developed nation by the year 2020 following the
swift socio-economic growth in several years before
It is estimated that between 65 to 75 percent @2
million population live in the urban areas and wate
stress is fast developing due to high demandsfooth
domestic and non-domestic uses (Bernama, 2011).
This country is blessed with plentiful water resmas
with an average annual rainfall of 3000 mm or 990
billion m® over the Malaysian land mass amounts, of
which 566 billion ni becomes surface runoff, 64
billion m® recharges the aquifer and 360 billiof m
returns to atmosphere (Abdullah & Mohamed, 1998).
With a present estimated total of 28 million peogple
the Malaysian population is expected to exceed
higher number in 2020 and, cities and towns may
reach 55-60% of the total population.
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Figure 1: Annual Precipitation of Malaysigource:RainwaterTechnology.grg

Table 1: Water supply- demand and projection for Selangdri&uala Lumpur $ubramaniam, 2004

Demand Suppl

Year (Mid) (M?g)y

2002 3,326 3,628
2003 3,519 4,028
2004 3,723 4,028
2005 3,940 4,428
2006 4,170 4,424
2007 4,413 4,553
2008 4,671 4,553
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Figure 2: Water usage by household
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Figure 3: Fundamental process of d

Table 1 outlined the water supply and demand study
on water resources for Selangor and Kuala Lumpur
(Subramaniam, 2004)

Even though Malaysia received abundant of rain
annually, it is not excepted to be expected to
encounter acute water crisis such as flooding and
water shortage. Year 1998 in history has seerthigat
hub of Malaysia, the Klang Valley has faced the
water scarcity culminating the water crisis. The
current variation of rainfall in time and spaceves|

as the sustainable resources failed to meet the
urbanization request are the factors that seemed to
cause water deficit to happen. On the other hanel, d
to the abundance of rainfall are not fully utilizekis
country experiencing frequent flood which is grown
with the development. Also, due to rapid population
growth, it has lead to increasing of demand onrclea
water thus caused insufficient to supply.

emonstrating rainwateelsting

There are various techniques to be applied in daler
overcome urban water crisis such desalination,ereus
water or water recycling, channel reservoirs, amfa
reservoirs, infiltration ditches, infiltration welldams
and many more.

However, among all the techniques existed, one of
the economical solutions to the urban water ciisis
also rainwater harvesting. This approach can help
capturing the runoff and reduce flooding. It also
capable to store water for future use thus redtlees
reliance on treated water from main supply. In orde
to avoid water crisis in 1998 to happen again, a
proactive step must be taken to evade acute water
shortage in future.

This paper aims to identify the potential of raiteva
harvesting implementation in Malaysia especially to
the urban area with multiple economic impacts in
both monetary and environmental saving taking into
account
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With no rivers or lakes to tap for freshwater, Sipgre relies on rainfall collected in its fourteeservoirs and on
imports from Malaysia; in the future it will increiagly depend on desalination. Because of this midgm@ce on
outside sources, the Public Utilities Board has enad effort in recent years to improve efficienayd aeduce
waste, especially in the area of Unaccounted-foteM@Jfw).

UfW is the difference between the water deliveredhte distribution system and the water sold. & tveo basic
components: physical losses, such as water lost fripes and overflows from tanks, and commercisdés, which
include water used but not paid for. Through a test monitoring programme, Singapore has achi¢gvedJfW
rate of an impressive 6 percent. Singapore’s Ufdicdon programme is based on metering, audit®ofroercial
water use and leak detection. The metering programs to achieve universal metering with high aacyion all
meters by replacing domestic meters every severs y@al industrial meters every four years, and basuring
and billing for water used for firefighting. Singae has implemented programmes to identify consiomgtatterns
and notify customers of excessive consumption,tifieimconsistent meter readings, replace faultyere and set
average water rates close to the marginal cost aterwto encourage careful inspection and evaluatibn
unaccounted-for and inefficient use of water. Theme also substantial efforts to detect and stakslethe system
are tested annually and the surface pipes quarteny these are replaced if more than three braajsar are
reported.

12

As a result of this programme, the number of pipaks has decreased from twelve per 100 km/yeE85 to less
than four per 100 km/year in 1992 (Yepes, 1995)haugh the annual cost of these investments oveirtg-year
period works out to US$5.8 million, the programnas lproven to be cost-effective when consideringctireent
and long-term marginal cost of water to Singapore.

Source: Prepared for the World Water Assessmemgriarome (WWAP) by V. Srinivasan, P.-H. Gleick an#iant

at the Pacific Institute, 2002

Box 1: Singapore Public Utilities Board: reducing Unaauiea-for-Water

RAINWATER HARVESTING

Although climate change is expected to have a major
effect on the global environment in its broadessse
one of its earliest and most direct impacts willdre
earth’s freshwater system. Although 70% of theleart
is covered with water, only 3% of this water isshie
water and out of this, 2% is locked in the formias
that makes the balance left 1%. This percentageis
only amount of water that recycles through the
evaporation, condensation cycle that flow into réve
and lakes, to be used mankind (Jitender Dev Sehgal,
2005). Along with rapid growth in global population
there is challenge for countries all around thelavor
of how to acquire an adequate supply of potable
water. For those areas having plentiful rainfale t
rainwater harvesting system can be adopted asea wis
solution.

In Malaysia, the only economically viable solutitmn
have treated and non-treated supplies of wateo is t
collect rainwater. This collection of rainwater lbe

used as untreated water for flushing toilets caly on
be viably applied to new housing projects and
commercial developments as it involved having the
necessary changes to the infrastructure to collect,
store and distribute this second source of untdeate
water. Figure 2 shows the percentage of water
consumption by household in Malaysia generally. As
referred to the chart, Those activities such d¢tegn
outdoor activities and gardening, toilet flush asllw

as leakage from taps that happens to for sure ngasti
the clean water are unnecessarily needed treated
water for the implementation, thus supplied porabl
water for the purpose activities are truly wasting.
Rainwater harvesting can best be substitutes as its
water quality level were already ensured safe tichs
uses.

The rainwater harvesting is the simple collectidn o
storing water through scientific techniques frone th

areas where the rain falls. It is refers to thetwags

of precipitation to meet human needs. It involves
utilization of rainwater for the domestic or the
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agricultural purpose. The method of rainwater
harvesting has been into practice since ancient of
time. In order to effectively harvest rainwater, a
simple collection system can be used. The simple
system consists of a tank, the first flush diverter
rough mesh that functions as a leaf screen andea fi
mesh to strain particles from entering the tank,
downspouts, gutters and a catchment surface.

All rainwater harvesting systems share a number of
common components (Gould & Nissen-Peterson,
1999): (a) A catchment surface from which runoff is

collected (b) A system for transporting water from

the catchment surface to reservoir (c) A reservoir
where water is stored until needed. (d) A deviae fo

extracting water from reservoir

Fewkes (2006) identifies beside the main uses for
harvested rainwater as the main and supplementary
source of potable (drinking) water, it can alsoae
supplementary source of non-potable water (e.g for
WC flushing).

The use of RWH systems to supply non-potable
water to building in urban area has increased in
popularity in the last 15-20 years (Fewkes, 2006).
Example of non-potable end uses include WC
flushing, urinal flushing, laundry cleaning (washin
machine), hot water systems, garden/landscape
irrigation, car washing and fire fighting.

Systems have been installed in a wide range of
building types including domestic properties, high
rise building, schools, offices, sports stadiums,
garden centres, airports and exhibition centerk asc

the Millennium Dome in Londons. In urban location,
rainwater catchment surfaces tend to be restrited
roofs although runoff can also be collected frotmeot
impermeable area such as pavements, road and car
parks.

INTERNATIONAL EXPERIENCE WITH RAINWATER
HARVESTING IN URBAN AREAS

The international experience with rainwater
harvesting in urban area is on the learning cumve b
growing at a rapid pace. Singapore, the islancbnati

in the Indian Ocean, is a case in point. Appan and
Seng (2001) reported “about 48% of the land area of
Singapore is being utilized as water catchment. The
water abstracted is not sufficient for the incregsi
demands in a rapidly growing industry society.
Consequently, about 60% of the water imported.
Hence ways and means are being are being locked
into to harness more water from the rest of thel lan
area in which 86% of the urban population live in
high rise buildings. The potential catchments being
looked into are the high rise buildings wherein the
water collected on the roofs is of a high order”.
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According to Che Wu, Wang Huizhen, Li Junqi, Liu
Hong, Meng Guanghui report, Beijing is faced with
dual pressure brought on by the shortage of water
resources and water environment pollution. In order
to cope with the situation, it was important todstu
the quality of the average annual runoff of abd@ 2
million cubic metres in the urban area.

In India, Bangalore and Chennai, both in Southdndi
developed a master plan for rainwater harvestimg fo
its entire Comprehensive Development Plan area of
1279 square kilometers and also has made RWH
compulsory for all building in the city each. Chann
claimed that 98% buildings have complied with the
requirement which seeks to wither store rainwater o
to recharge it to be underground aquifer. Howewer i
Bangalore, the report suggested that up to 25%eof t
city’'s requirement by 2011 cold be met through
rainwater harvesting and in the optimistic scenario
that 592.90 million litres per day equivalent coblel
harvested in the city.

In Sweden, analysis carried out on a rainwater
collection system for domestic water supply reveale
that a significant measure of potable water can be
saved if rainwater tanks are included as part adia
water supply solution (Villarreal and Dixon, 2005).
In Brazil, a study indicated that the potential figsing
rainwater for saving potable water in residential
sectors situated in varied geographic regions mange
from 48% to 100% (Ghisi, 2006).

In the UK, a study revealed that the average water
saving efficiency because of the use of rainwater f
toilet flushing was approximately 57% (Fewkes,
1999a). In Taiwan, 32% of potable water used in the
residential sector could be replaced by rainwater,
mostly for toilet flushing, cleaning, and gardening
(Chenget al, 2006).

RwH FoOR SUSTAINABLE DEVELOPMENT ,
ENVIRONMENTAL AND ECONOMICAL BENEFIT

Rainwater  harvesting reduces pressure on
groundwater supplies and results in a surprisingly
large decrease in volume and rate of storm water
runoff from the property. Incorporation of rainwate
harvesting into “sustainable house” is consisteitit w
the purpose of the project.

Rainwater harvesting is also considered as onbeof t
most promising alternatives for supplying water in
the face of increasing water scarcity and escaatin
demand. The pressure on water supplies, increased
environmental impact from large projects and
deteriorating water quality, constraint the ability
meet the demand for freshwater from traditional
sources. Rainwater harvesting presents an
opportunity for the augmentation of water supplies
allowing the same time for self-reliance and
sustainability.
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Using rainwater can reduce the water consumption
especially for irrigation. Besides, if native and
dessert-adapted plants are used for landscaping,
rainwater harvesting becomes an effective tool for
water conservation. Usage of rainwater harvesting
means the provided irrigation water is not takemr
storage allocated for municipal water supply
(R.Waterfall, 1998). There are many benefits ohgsi
rainwater harvesting for irrigation, and these ligne
are to reduce groundwater exploitation, to reduce
flooding, to control erosion and to improve water
quality by holding storm runoff on the site (onesit
detention), and cost reduction. Rainwater is arclea
source of water for plants (free from salt). Azauit,
rainwater harvesting can reduce salt accumulation
and contribute in a good soil environment for root
growth. The salt concentration in root zone of fdan
is reduced when collected rainwater percolates deep
into the soil and diluting available salt in thisne.
This will result in greater root growth and water
uptake, which increases the drought tolerance of
plants. Limitations of water harvesting are few and
are easily met by good planning and design (A.M.
Thamer et.al, 2007)

Economic impact analysis (EIA) examines the effect
of a policy, program, project, activity or event thre
economy of a given area. The analysis typically
measures or estimates the level of economic agtivit
occurring at a given time with the project or pylic
occurring, and calculating the difference from what
would otherwise be expected if the project or polic
did not occur (which is referred to as the counter
factual case). This analysis can be done eitharbef
or after the fact (ex ante or ex post). The term
economic impact can be applied to analysis of the
economic contribution of a given activity or induyst

to the existing local economy.

EIA is one element of anenvironmental impact

assessment, which is required to examine impacts of
proposed development projects. It is also commonly
conducted when there is public concern about
potential economic impacts of a proposed project or

policy.
CONCLUSION

To achieve a developed country for a better living,
the most precious environment is scarified for
urbanization and industrialization. Unfortunately,
development has generated adverse impact to the
environment, economy and social. People are aware
of this effect and the importance of sustainability
Rainwater harvesting has the potential to be
implemented in Malaysia as we have seen a high

amount of rainwater sources (exceeding 2000mm per
year). With the approach of this system into pragti

it will help to reduce environmental loading and
controlling the rainwater input in the drainage
system. Not only that, rainwater harvesting can
minimizing the dependence on public water supply,
thus avoiding waste of natural resources.

However a systematic and structure procedural
approach is required to ensure that the maximum
benefits are drawn from this technique. Great @are
also required to ensure that negative externalies
not generated by the adoption of this techniquéd suc
as pollution of groundwater or flooding damage to
structures, or weakening of foundations etcetera.
Therefore, with the economic impact measure study,
we can foresee the potential of this system resuiltls
determine it sustainability in various aspects.
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