IOP Conference Series: Earth and Environmental Science

PAPER » OPEN ACCESS You may also like

Water demand management at rural area using Eansiions ninda, for NG5 “C-and wel

below 2 °C scenarios

Micro-Component Analysis: a case study at Kenyir  saita sudhamma vishwanatnan, Amit

Garg, Vineet Tiwari et al.

La ke, MalayS|a - Synergistic Combination of TiO, and S-

PAN for Li-S Batteries with Long-Term
Cyclability at High C-Rates

To cite this article: N N | M Azlan et al 2022 IOP Conf. Ser.: Earth Environ. Sci. 955 012027 Ana L. Paez IJerez, Lilian E. Davies, Alvaro
Y. Tesio et al.

- Will water scarcity in semiarid regions limit
hydraulic fracturing of shale plays?
Bridget R Scanlon, Robert C Reedy and
View the article online for updates and enhancements. Jean Philippe Nicot

April 2-9

Accelerating discovery through

@ www.ecsdl.org Discover more!

This content was downloaded from IP address 103.219.236.12 on 30/03/2023 at 04:47



https://doi.org/10.1088/1755-1315/955/1/012027
/article/10.1088/1748-9326/ac08bf
/article/10.1088/1748-9326/ac08bf
/article/10.1088/1748-9326/ac08bf
/article/10.1149/1945-7111/ac42a3
/article/10.1149/1945-7111/ac42a3
/article/10.1149/1945-7111/ac42a3
/article/10.1149/1945-7111/ac42a3
/article/10.1149/1945-7111/ac42a3
/article/10.1088/1748-9326/9/12/124011
/article/10.1088/1748-9326/9/12/124011
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuuTvv1zo5A9xWKSYQQCWUybA9Y2vI3hI1LwxoY5udYNnzNee18Gl7QxLyaj9VIT5qVsfNqKWI9ah8vvvp37xmp4RAkGLTX7lB733nZlebf1KeECbj_xl6M5zYfpewoJ_ZNYvVTS7jMPqTu3YUlekIrxoiHarcGHOr5ZgtqEgwB8_0ILnmC3cwOnD9ZSLdyppkF39ha5sBNphjaOHxkxtLeX2Lc_QNF-GBlRa3BDyu_Prz-w7mFSrJJ6TkTUzYrjHo31di0FtcS_vkzMOctA-xLPesOpu7zU5M7RuI9rcR1qg&sai=AMfl-YSVKRGqBexNM6D6F0gzL42LDYoTuPdFYVxbc7eHtC1ItqGK8TjArz0l7BS2dz2e4wehYd5WJvbumD-hIjc&sig=Cg0ArKJSzEpM2_JMuckf&fbs_aeid=[gw_fbsaeid]&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOPArticle%26utm_medium%3DNativeArticle%26utm_campaign%3DFTS2023

4th International Conference on Coastal and Delta Areas (ICCDA 4 2021) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 955 (2022) 012027  doi:10.1088/1755-1315/955/1/012027

Water demand management at rural area using Micro-
Component Analysis: a case study at Kenyir Lake, Malaysia

N NIM Azlan', N M Saad>’, S Norhisham'>*, M A Malek', N S M Shkuri*’*, M
Zolkepli‘, L W Ean’and A M Mohamad®

! Department of Civil Engineering, College of Engineering, Universiti Tenaga
Nasional, 43000 Kajang, Selangor, Malaysia

ZInstitute of Energy Infrastructures (IEI), Universiti Tenaga Nasional, 43000 Kajang,
Selangor, Malaysia

3 College of Energy Economics & Social Sciences, Universiti Tenaga Nasional, 43000
Kajang, Selangor, Malaysia

* Faculty of Computer Science and Information Technology, Universiti Putra
Malaysia, 43400 UPM Serdang, Selangor, Malaysia

3 Institute of Sustainable Energy, Universiti Tenaga Nasional, 43000 Kajang, Selangor,
Malaysia

6School of Law and Centre for Testing, Measurement and Appraisal (CeTMA),
Universiti Utara Malaysia, 06010 Bukit Kayu Hitam, Kedah

"College of Computing & Informatics, Universiti Tenaga Nasional, 43000 Kajang,
Selangor, Malaysia.

*Email: shuhairy@uniten.edu.my

Abstract. Water is one of the cornerstones in human survival and a necessity for socio-
economic development. Due to that, effective management of water demand especially in the
rural area becomes vital. The objective of this study is to conduct a water demand study at
Kenyir Lake, Terengganu using Micro-Component Analysis (MCA). Water demand is also
being assessed using National Water Services Commissions (SPAN) Guidelines, parallel to
water guidelines applied for Malaysia’s building and comparison purposes. MCA considers
detailed parameters of water use activities of the respective study area, whereas SPAN
Guidelines use the fixed values of average daily water demand according to the type of
building. The available dataset was interpreted using MCA and SPAN Guidelines, resulting in
total daily water demand at Kenyir Lake of 1249.8 m® and 1254.1 m? respectively. Estimated
water demand using SPAN Guidelines is found to be higher than MCA. The value differences
occur due to the average water demand value in the guideline that is limited to a specific type
of premises and does not comply with premises there. The estimated water demand can be
adopted as a baseline for water companies and the government to improve the demand and
supply of water.

1. Introduction

Living things such as humans, animals and plants in the world need water to live and survive. Rising
population and globalisation cause improper water demand management. Nevertheless, water is a
finite and irreplaceable source that can be renewed if it is controlled effectively [1]-[5]. Currently,
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more than 1.7 billion people are living around lakes and rivers and they utilise the water recklessly [6].
Water resources either from surface water or groundwater are depleting each day by the human act.
Conserving and managing water is the main strategy for future water planning and portrays one of the
most important environmentalist acts [7]-[9]. This study manages the water resources at Kenyir Lake
thoroughly by estimating the water demand using two techniques: Micro-Component Analysis (MCA)
and SPAN Guidelines.

A rural area is an area away from the cities with a low density of population. Now, there is over 44
percent of the people globally living in rural areas [10]. Kenyir Lake is considered a rural area that its
development and economy need to be taken care of in the national development plan [11]. The stable
state of rural communities from the evolution of agriculture, water resources, services of public health,
infrastructure and tourism of rural areas need to be promoted through campaigns and programs [12].
By estimating water demand, the supply and demand at Kenyir Lake will be maintained as well as
ensuring the continuity of life for rural communities there.

Predicting and forecasting water demand is significant for design and operational demand. The
estimated water demand will be provided data of present and future water consumption of a fixed
period [13]. The accuracy of water demand forecasting depends on the data availability including
population and water consumption data within the community. There are unpredictable factors
affecting water demand which makes it more challenging to project the water demand [14]. The type
of water forecasting models also has been a notable discussion among researchers and developers as
the output model proved their efficiency [15], [16]. Choosing a reliable water estimation model with a
good set of available data increases the accuracy of the result. There is extensive literature regarding
water forecasting models featured in studies of Kozlowski et al. [17], Donkor et al. [18] and House-
Peters and Chang [19].

Micro-Component Analysis (MCA) or also known as the End-Use model is a recognized method in
urban and regional modelling. In Britain and Australia, a large volume of research applied MCA in
analysing small areas using survey data [20]. According to [21], the model allows a designed survey to
apply at the large area and produce significant estimates on micro-component (households or
individuals), also no requirement to increase the sample size. For example, MCA has been practiced
for hydraulic network modelling (leakage detection), water quality modelling, an adaptation of water
supply systems for drinking, future water demand projection and more related water resources
investigations [22], [23]. The model also makes it possible to predict the effect of technology
advancement, socictal change and water regulation in the coming 25 years [24].

To improve the water demand management of the study area, MCA is applied by considering end-
use water activities, maximum capacity, and per capita residual (pcr) at each premise for water
demand estimate. End-use activities include proportion, frequency, and volume of water usage per
water appliance used at a premise. The maximum capacity of a premise is a multiplying factor and per
capita residual is emergency water demand to be applied in MCA, together with the proportion,
frequency and volume of water usage [25], [26]. Application of MCA resulting in water demand
values of each premise at Kenyir Lake.

In addition, following Malaysia’s water requisite, water demand is also estimated using Uniform
Technical Guidelines (UTG) Water Reticulation and Plumbing by National Water Services
Commission (SPAN). The SPAN Guidelines standardise the planning and design of water distribution
systems aligned with Water Services Industry Act 2006 and Water Reticulation and Plumbing Rules
2014 [27]. The water demand is calculated using SPAN Guidelines by multiplying the average daily
water demand established in the guideline with multiplying factors collected at each premise.

This paper gives an overview of the water demand study at Kenyir Lake using two different
techniques, MCA, and SPAN Guidelines. Firstly, water demand at each operating premises is
computed using MCA. The methodology continues with evaluating water demand at each premises
using SPAN Guidelines. Difference between the results will be discussed accordingly. Apart from
that, a few useful recommendations of the study are proposed for the government, water companies
and communities.
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2. Materials and methods

2.1. Case study

Kenyir Lake is the largest lake in Malaysia and this captivating lake is located in the state of
Terengganu. The lake covers an area of 260,000 hectares was developed to generate hydroelectric
power to provide electricity all over Peninsular Malaysia [28]. The hydropower dam within Kenyir
Lake was constructed in the year 1978 and completed in the year 1985. Water in the lake restores
every now and then from nine rivers (Lasir, Belimbing, Ketiar, Tembat, Leper, Pertang, Kerbat,
Terenggan and Kenyir rivers) directing to the lake [29]. The man-made lake is a famous ecotourism
destination and is widely known for its valuable flora and fauna species. The area is concise of more
than 8000 species of flowers, 2500 species of plants and trees, 8000 species of orchids, 370 species of
birds and 300 species of freshwater fish [30]. There are various activities available at Kenyir Lake
such as sport-fishing, visiting attraction parks, camping and jungle trekking [31]. The lake is also
equipped with an aquaculture hub for freshwater fish farming, particularly at Como River [32].

The water level in the lake varies from time to time similar to a reservoir. High and low level of
lake water was recorded during wet and dry season respectively [33]. To serve the inclination number
of local and international tourists to Kenyir Lake from 507,502 tourists in the year 2016 to 808,336
tourists in the year 2017 [34], greater infrastructure and amenities around the lake need to be improved
immediately [35]. Improved infrastructure and amenities include maintaining the water availability
and sustainability of the lake by estimating the water demand.

2.2. Data description

2.2.1. Micro-Component Analysis (MCA). Water demand estimation can be done with a complete set
of data to comply with the chosen method. For Micro-Component Analysis, the data needed to
estimate water demand are the proportion for each water appliance used, frequency of water use, the
volume of water use and multiplying factor for each premise.

The proportion of households using appliances or activities represents all the activities at each
premise in the study area. These proportions are set based on their highest to lowest water usage at
Kenyir Lake. Rinaudo [24] explained that water demand is reduced by replacing inefficient appliances
with newer ones and counterbalanced the usage of water. It is proven that the proportion of appliances
affects the pattern of water demand of an area.

Table 1 presents the proportion of each appliance used (Oi) at Kenyir Lake. The highest proportion
of water-consuming appliances is sink followed by other appliances. Most tourists and local
communities used the sink primarily for washing hands after using the toilet. Besides that, the study
area, which is Kenyir Lake, well-known as a tourist attraction’s place showed greater water usage for
sink and cleaning in contrast to other appliances.

Table 1. Ownership level or proportion of
each appliance for the whole Kenyir Lake.

Proportion (Oi); -
Toilet 0.91
Shower 0.65
Sink 1.00
Kitchen 0.43
Gardening 0.65
Cleaning 0.91

Each premise has a different frequency of the appliance used (Fi), the volume of water consumed
for each activity (Vi) and multiplying factor. However, data of the frequency, the volume of water
used and multiplying factor to evaluate the water demand only provided for premises at Pengkalan
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Gawi, Kenyir Lake. This is to ensure that the water demand calculation can be pictured precisely and
act as an example calculation for other premises.

The frequency of an activity is determined through data collected from interviews conducted with
the communities at Kenyir Lake on their water usage. Frequency of use is an important parameter
because of differences in overall water consumption primarily from differences of it [36]. The
volumes of water consumed at each activity are determined based on past studies or guidelines set by
water companies. The most relevant reference on the volume of water used to be applied in the
proposed study is Syarikat Air Terengganu (SATU) Guideline [37]. The frequency (Fi) and volume of
water consumed (Vi) are expressed in Table 2.

Table 2. Frequency (Fi) and volume (Vi) of water used for an appliance at Pengkalan Gawi,

Kenyir Lake.
Type of Premises
Offices of Kenyir Elephant KECV ~ Food  Public Prayer
KETENGAH & Conservation (Stay Stalls  Toilets Rooms
Tourist Village (KECV) in)
Information
Parameter Centre
Frequency (F)); -
Toilet 3.0 2.0 6.0 1.0
Shower 2.0 1.0
Sink 0 1.0 1.0 1.0 1.0
Kitchen .0 2.0 3.0
Gardening 1.0 1.0 1.0
Cleaning 0 1.0 1.0 1.0
Volume (V) in litre; -
Toilet 13.5 13.5 13.5 9.0
Shower 75.0 75.0
Sink 12.0 12.0 29.0 29.0 12
Kitchen 12.0 180.0 360.0
Gardening 240.0 960.0 960.0
Cleaning 67.0 200.0 200.0 800.0

The multiplying factor means the maximum number of people for each premise at Pengkalan Gawi,
Kenyir Lake is established in Table 3. Public toilets recorded as the highest number of people at 2215
people while Lawit Lodge has the lowest number of people at 24 people only. Usually, tourists that
come to Kenyir Lake will stop by at Pengkalan Gawi and uses the public toilets there. It is proven by
the study of Gossling et al. [38] that tourists utilise water upon using the toilet and related activities.
The rooms available at Lawit Lodge are very limited, so only 24 people can fit at the respective
accommodation. Development Authority Terengganu Tengah (KETENGAH) has confirmed the
maximum capacity of people can fit at each premise.

Table 3. Multiplying factors at Pengkalan Gawi, Kenyir Lake.

Type of Premises Multiplying Factor
Lawit Lodge 24 people
KETENGAH and Kenyir Information Center 69 people
Office

Kenyir Elephant Conservation Village (KECV) 139 people
Food Stalls 11 unit
Public Toilets 2215 people
Prayer Rooms 554 people
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2.2.2. SPAN Guidelines. The average daily water demand referring to the Uniform Technical
Guidelines for Water Reticulation and Plumbing by SPAN ranges from 50 to 1500 litres per unit
(room, person, stall) [27]. The chosen values of average daily water demand suited the premises in the
study area.

The types of premises or buildings investigated at the study area were resorts, houseboats,
attraction parks, national parks, camping sites, offices of KETENGAH and Tourist Information
Center, public toilets, prayer rooms, food stalls, and aquaculture sites at Sungai Como. Based on the
guidelines, the recommended types of premises or buildings that suit the study area are a hotel, wet
market, education institutions, a fully residential school with hostel facilities, a mosque or place of
worship and a stadium. The suitable average daily water demand from the guidelines for this study as
discussed with SPAN’s officers are hotel (1500/room), wet market (1500/stall), education institutions
(100/person), a fully residential school with hostel facilities (250/person), mosque (50/person) and
stadium (55/person).

The type of premises in the guideline and the study are different from one another. But, as agreed
by SPAN officers, those are the values similar to the study. In estimating water demand using SPAN
Guidelines at Lawit Lodge, 10 rooms are used as the multiplying factor instead of 24 people. Only
average daily water demand and multiplying factor for premises at Pengkalan Gawi, Kenyir Lake are
included as they have the same flow of calculation.

3. Model description

Two techniques of MCA and SPAN Guidelines are used to estimate water demand. These methods
have a distinctive way of getting water demand value. The parameters involved are the proportion of
appliance used, frequency of water used, the volume of water used, average daily water demand (from
SPAN Guidelines) and multiplying factor.

3.1. Micro-Component Analysis (MCA)

Micro-Component Analysis (MCA) is the method applied for this study following the United
Kingdom Water Industry Report (UKWIR) [39]. MCA model focuses on water follow at ‘micro’
outputs such as toilet, kitchen and sinks in a premise relative to its demographic until climate data
[40]. Factors influencing daily water consumption (habits and patterns of water usage) are explored in
MCA to enhance the understanding of the method.

The information of proportion, frequency and volume of water use for each appliance were
implemented in water demand estimation. The information on the water usage for each appliance was
collected by on-site investigation at Kenyir Lake. In MCA, the water demand is calculated by per
capita consumption. The parameters of water usage in each appliance portray the water demand of a
premise. The formula used to estimate water demand following UKWIR [39] is as in Equation (1).

pec =% (0; - Fi- V) + pcr (1

where pcc is per capita consumption, Oi is the proportion of households using appliance or activity, Fi
is the average frequency of use of appliance or activity, Vi is the volume of water consumed by
appliance or activity per use, and pcr is per capita residual demand. In the proposed study, the total per
capita consumption is the total water demand of an area per person.

On the other hand, the value of per capita residual (pcr) demand is pertinent in the calculations of
water demand since it acts as emergency water demand required at the premise when an interruption in
water supply occurs. For purpose of water demand calculation, the value of per capita residual (pcr) is
kept at a constant value [39]. In the proposed study, pcr is assumed as a fraction of per capita
consumption (pcc) as recommended by Butler [41]. The value of per capita residual (pcr) demand in
the proposed study is assumed as 0.5 of per capita consumption (pcc) at each activity.

Estimation of the total water demand of each premise is then completed by considering the
multiplying factor. Therefore, Equation (2) is established by making Equation (1) the basis. The
parameters included in Equation (2) are included in the data description section. Kame’enui [42] stated
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that steps of gathering information and choosing the flow of investigation are crucial to the expansion
of a valid and feasible framework.

Total pcc = [y, (O; - F; - Vi) x Multiplying Factor] + pcr (2)

3.2. National Water Services Commission (SPAN) Guidelines

National Water Services Commission (SPAN) is introduced by the government of Malaysia to
supervise water and sewerage services. Also, SPAN is in charge of tracking the water tariffs, setting
up the management framework and licensing for the water industry. One part of the SPAN Guidelines
used was the Uniform Technical Guidelines (UTG) for Water Reticulation and Plumbing. Equation (3)
displaced the water demand calculation using SPAN Guidelines. Referring to the factors used in the
SPAN Guidelines, the number of rooms is used rather than the number of people. The water demand is
estimated using Equation (3).

Water demand = Average daily water demand from SPAN Guidelines x Multiplying
Factor

A3)

Water demand values using SPAN Guidelines are calculated by multiplication of average daily
water demand and multiplying factors for each premise. The selected average daily water demand is
included in the data description section as it is the parameter. For another parameter of multiplying
factor, follows Table 3 with only one difference. The difference is for Lawit Lodge premise uses 10
rooms instead of a maximum capacity of 24 people.

4. Results and discussion

4.1. Micro-Component Analysis

Table 4 present a water demand calculation using MCA for offices of KETENGAH and Tourist
Information Centre. The offices of KETENGAH and Tourist Information Center (TIC) resulted in 5.4
m® of daily water demand. A similar calculation is done for other premises to find their daily water
demand and was established in Table 5. The total daily water demand at Kenyir Lake was estimated to
be at 1249.8 m®. The topmost daily water demand is for the houseboat (662.0 m®) followed by the
public toilet at Pengkalan Gawi (291.0 m®), Rumah Rehat Persekutuan (42.8 m*) and Kenyir Water
Park (34.5 m®), while other premises are calculated to be at a very low daily water demand of less than
30 m’.

Table 4. Water demand calculation at the office of KETENGAH
and Tourist Information Centre.

Per Capita Per Capita Final Per Capita
Consumption, Residual, Consumption,
pce = (0; - F;i - Vy) per=0.5 pcc Final pcc =pcc +
x Multiplying (litre) per
Factor (Equation 1)
(litre) (litre)
Toilet 2543.0 1271.5 3814.5
Shower
Sink 828.0 414.0 1242.0
Kitchen 5.2 2.6 7.8
Gardening 156.0 78.0 234.0
Cleaning 60.7 30.4 91.1
5389.4 litre /
Total Water Consumption (per day) 54m’
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Table 5. Daily water demand estimated using Micro-Component Analysis at Kenyir Lake.
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Type of Buildings/Premises Daily Water Consumption (m?)

Lake Land Resort 20.3
Musang Kenyir Resort 17.9
Surya Rakit Resort 15.5
Kenyir Eco Resort 22.7
Petang Island Resort 24.5
Tanjung Mentong Resort 22.7
Rumah Rehat Persekutuan 42.8
Lawit Lodge 9.5
Houseboats 662.0
Herb Park 9.3
Orchid Park 3.4
Butterfly Park 7.8
Tropical Park 2.0
Kenyir Water Park 345
Kenyir Elephant Conservation Village (KECV) 12.0
Kelah Sanctuary Park 10.6
National Park 4.1
Camping Sites 1.9
Offices of KETENGAH and Tourist Information Centre 54
Public Toilets at Pengkalan Gawi 291.0
Prayer Rooms at Pengkalan Gawi 10.0
Food Stalls at Pengkalan Gawi 7.7
Aquaculture sites at Como River 12.2
Total Water Demand (per day) 1249.8

It was found that the camping site has the lowest daily water demand at Kenyir Lake. This is
because no appropriate facilities or toilets were built at the camping site area. In addition, most of the
camping sites are in the National Park where complete facilities are provided there. Campers also
prefer to use lake and stream water over water from public toilets for their camping activity. In Spain,
water use per guest in tourist accommodation is only 84 litres for campsites compared to the hotel
[38]. It is proven that camping sites have the lowest water demand compared to other tourist
accommodations. The downside of the camping sites that they have an off-season (wet season) where
they are closed and out of reach [43].

Houseboats showed the highest water demand in contrast to other premises. Of late, it becomes
more challenging for houseboat operators and local authorities in meeting the growing visitor's
demand and ensuring convenient service for them [44]. Houseboats have become a famous mode of
water transportation among tourists. Furthermore, in Amsterdam, the surface waters are broadly used
as accommodation for houseboats and other floating buildings [45]. The major ecotourism business at
Kenyir Lake goes to houseboat operators (74%) followed by speedboat operators (24%) and resorts
(2%) [46]. Usually, tourists and local communities are attracted to complete equipment installed in the
houseboats and exclusive package activities prepared by the houseboat operators [44]. Eventually,
water demand for houseboats keeps rising each day if the houseboat operators fulfil customer’s
preferences and satisfaction.

4.2. National Water Services Commission (SPAN) Guidelines

Water demand at Kenyir Lake applied SPAN Guidelines by using average daily water demand
multiplied by multiplying factors as shown in Equation (3). For instance, water demand value using
SPAN Guidelines at Lawit Lodge is obtained from average daily water demand for hotel x multiplying
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factor for Lawit Lodge at 1500 litres/room x 10 room = 15000 litres/ 15.0 m? per day. Procedures for
forecasting water demand using SPAN Guidelines for other premises at Kenyir Lake are alike. The
values of average daily water demand and multiplying factors are chosen according to the type of
premise.

Table 6 presents daily water demand accessed using SPAN Guidelines for all buildings at Kenyir
Lake. The range of water demand values is from 0.8 to 810.0m>. The highest and lowest water demand
recorded are houseboats at 810.0 m*® and Tropical Park at 0.8 m® respectively. Both estimation
techniques showed highest water demand at Kenyir Lake is houseboats. Tropical Park recorded as the
lowest water demand when calculated using SPAN Guidelines. The reason for this may cause by its
short service of operation which is from the year 2015 to 2017 only. Therefore, only a few tourists
have the chance to explore the park.

Table 6. Daily water demand estimated using SPAN Guidelines at Kenyir Lake.

Type of Buildings/Premises Daily Water Consumption (m?)

Lake Land Resort 22.5
Musang Kenyir Resort 19.5
Surya Rakit Resort 16.5
Kenyir Eco Resort 255
Petang Island Resort 37.5
Tanjung Mentong Resort 25.5
Rumah Rehat Persekutuan 49.5
Lawit Lodge 15.0
Houseboats 810.0
Herb Park 8.1
Orchid Park 1.4
Butterfly Park 6.6
Tropical Park 0.8
Kenyir Water Park 9.2
Kenyir Elephant Conservation Village (KECV) 10.0
Kelah Sanctuary Park 3.4
National Park 8.3
Camping Sites 2.0
Offices of KETENGAH and Tourist Information Centre 6.9
Public Toilets at Pengkalan Gawi 121.8
Prayer Rooms at Pengkalan Gawi 27.7
Food Stalls at Pengkalan Gawi 16.5
Aquaculture sites at Como River 10.0
Total Water Demand (per day) 1254.1

The value of calculated water demand implementing the National Water Services Commission
(SPAN) Guidelines is 1254.1 m* (Table 6), with a small disparity to the calculated water demand
using MCA which is 1249.8 m? (Table 5). Water demand estimation using MCA is more accurate
because it considers all water appliances used as well as the water activity and the number of tourists.
As indicated by Parker and Wilby [47], the micro-component data let water used to be accessed at its
microscale. The variation is due to a slight disparity in multiplying factor values and parameters.

It is also supported by Carragher et al. [48] that the MCA method provides strong fundamentals in
investigating the usefulness of water demand methods. Implementation of water end-use data has
become a basis for water demand evaluations across the world [49]. MCA or End-Use studies aid
water demand estimations by including the design of water service infrastructure and reticulation [50].
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The findings of this study will help Terengganu improve its water security. The definition of water
security is enough quantities and good quality of water for living, non-living things as well as its
surrounding [51]. Water security also refers to the ability to meet long-term water demand while
stabilising human and environmental existence. The projected water demand value in this study
expresses the definition of water security to yield sustainable water demand.

Aside from that, water consumption at Kenyir can improve its efficiencies by the detailed
calculations of water demand and increase water prices to allow consumers to reduce their water
consumption. Ways of conserving water resources include rainwater harvesting, greywater recycling,
and the use of water-efficient fixtures. Also, the adoption of high-efficiency water fixtures in
residential households or premises is one of the pertinent strategies for water demand management
[48].

5. Conclusion

The summation of daily water demand for Kenyir Lake is estimated to be within 1250 m® with a small
difference between the two forecasting techniques. Both low and high levels of water demand at some
premises at Kenyir Lake should get attention from the authorities. This is because immediate action
can be taken by the authorities to balance the water demand at each premise within Kenyir Lake.
Communities should receive the right amount of water supply to ensure continuous water resources for
the future generation.

Estimating water demand at Kenyir Lake, Terengganu is a good example for other countries to also
identify the water supply and demand at their lakes, to ensure balance needs of water for human and
the ecosystem there. The Micro-Component Analysis method used in this study also showed that this
method is applicable for other lakes that have limited data of water supply. This study is one important
way in making sure the sustainability of water in lakes and its surrounding.

This research can be expanded by exploring the forecasted water demand using appropriate
analysis including fuzzy logic or statistical analysis. The exploration can be focused on the connection
between the variables of water consumption. Besides that, the application of fuzzy logic is suggested
to classify water demand into low, medium, and high to ensure straightforward decision making in
water management. Water protection for houseboat users should also be addressed by the authorities
to ensure long-term tourism in Kenyir Lake. Although there is no shortage of water at Kenyir Lake,
the users' and tourists' health should be a top focus. This will ensure that the tourist sector remains
Terengganu's and Malaysia's primary source of revenue.
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