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[SDG6] CLEAN WATER AND SANITATION

[6.4] Water reuse

6.4.2 - Does your university as a body measure the reuse of water across the university?
ANSWER : YES

EVIDENCE :

Table 6.4.2a: Water recycling implementation at UTHM

1 Lake 240
2 Ablution water 96.34
3 Rainwater 583.5
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Figure 6.4.2a: The water volume usage comparison between 2023 and 2024 for the main campus
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Source of data: PPP UTHM (2024)

Cost of Water Usage
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Figure 6.4.2b: The cost of water usage comparison between 2023 and 2024 for the main campus
Source of data: PPP UTHM (2024)

(1) Eco-Tech Smart System for Handling and Reuse Ablution Greywater at Masjid Sultan Ibrahim, UTHM
for a Sustainable Living

Table 6.4.2b: UTHM Mosque daily attendance (during semester break)

Monday 17 90 46 87 94 334
Tuesday 12 81 65 54 50 262
Wednesday 25 123 69 50 40 307
Thursday 26 127 61 61 37 312
Friday 55 1427 25 45 42 1594
Saturday 41 65 37 61 47 252
Sunday 26 117 53 37 18 251
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Table 6.4.2c: UTHM mosque daily attendance (during semester)

Monday 16 220 69 152 93 549
Tuesday 13 162 57 47 45 322
Wednesday 24 218 63 76 169 550
Thursday 18 116 48 136 99 416
Friday 80 2275 51 57 35 2498
Saturday 37 31 25 39 25 157
Sunday 149 80 48 35 326

Table 6.4.2d: Mean water quality data of ablution water

(1) COoD mg/L 9.00 <25 <50 Yes
(2) TSS mg/L 2.00 <50 <150 Yes
(3) TDS mg/L 102.00 <1000 - Yes
(4) Turbidity NTU 4.46 <50 - Yes
(5) pH - 9.77 6-9 5-9 No
(6) Temperature °C 25.70 Normal +2 °C Normal +2 °C Yes
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Figure 6.4.2c: Aquaponic system design plan view

Figure 6.4.2d: Aquaponic system design back view




Figure 6.4.2e: Aquaponic system progress and demonstration
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Figure 6.4.2f: Design of the filtration system
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Figure 6.4.2g: Installation of solar systems on the roof




Figure 6.4.2h: Motor Pump installation
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Figure 6.4.2i: Panel supplies for

solar system Figure 6.4.2j: Panel supply (with wire mesh cage)

Figure 6.4.2k: Installation of the pipeline for aquaponic system and tank
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Figure 6.4.2l: Pipeline connector

(2) Lake Water Use for Landscape Irrigation in Campus

Table 6.4.2d: Lake water intake and method of collection

(1) | Tasik Kemajuan (G3) Lake water pump to the tank by truck
(2) | Tasik Teknologi (FPTP) Lake water pump to the tank by truck
(3) | Tasik Pembangunan (PPP) Lake water pump to the tank by truck

Table 4.2e: Profile of contractors, the zone of landscape area, tasks and duration of the contract

Services for Landscape Area and 07/01/2024 -
A Maintenance Cleaning Works (Package A) Jaluran Niaga 06/01/2026
2024-2026 in University Tun Hussein Onn Enterprise
Malaysia
Services for Landscape Area and 07/01/2024 -
B Maintenance Cleaning Works (Package B) Agilshah Jaya 06/01/2026
2024-2026 in University Tun Hussein Onn Enterprise
Malaysia

Table 6.4.2f: Irrigation schedule work session and per day

Morning 7.30-10.00

Evening 15.00-16.30
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Figure 6.4.2m: Plan layout of the ponds (pink and light blue colour) around UTHM based on a) package B;
and b) package A




Table 6.4.2g: Volume of lake water used for landscape irrigation according to Zone A to B

A 1500 L 1500 L

B 1500 L 1500 L

Figures 6.4.2n: Lake water collection and irrigation activity by the assigned contractors




JUTHM

7 Universiti Tun Hussein Onn Malaysia

Figure 6.4.20: Concrete mills to do cube testing, and curing cubes use plenty of water in the Materials
Engineering Laboratory.

Figure 6.4.2p: Condition of the roof top




Figure 6.4.2q: (a) The rainwater harvesting system downpipe from the rooftop (b) the set of the following
conveyance pipes towards the first flush and RWH tank.

(4) Rainwater Harvesting System for Building

Figure 6.4.2r: Rainwater harvesting used for toilet flushing

(5) Physical Model Design of Rainwater Harvesting System at UTHM

Figure 6.4.2s: Location of roof catchment area at the Block A1 in UTHM
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Figure 6.4.2t: Model design flowchart
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Figure 6.4.2u: Schematic plan for the design of the rainwater harvesting system used for an irrigation system

Figure 6.4.2v: Model of rainwater harvesting system used for an irrigation system




(6) Small Scale Rainwater Harvesting System towards Green Campus UTHM
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Figure 6.4.2x: The first design for the rainwater harvesting system
(left — front elevation, right-left elevation)
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Figure 6.4.2y: Silver awarded from RISE 2019
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Figure 6.4.2z: Bronze awarded from IFINOG 2019
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Figure 6.4.2ab: Schematic diagram of the combined rainwater harvesting (RWH) and groundwater system

Description:

Water recycling implementation at the UTHM campus has been applied as a water conservation approach.
Water recycled from the lake accounts for 150 m¥month, and ablution water is used at 66.26 m¥month during
the semester break and 96.34 m¥month during the semester. Water recycled from the rainwater harvesting
reached at 583.5 m¥month. With total of 829.84 m¥month water being recycled within UTHM'’s area, this

contributes to about 30% of water recycling on the campus (Table 6.4.2a).

Following Figure 6.4.2a and Figure 6.4.2b, comparison was made between January and August for both year

of 2023 and 2024. Total volume from January 2023 until August 2023 and total volume from January 2024
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until August 2024 are 477,045.00 m® and 335,987.00 m3, respectively; and the water bill for the same period

are RM 1,664,417.229 and RM 1,185,117.20, respectively. This confirmed the almost 30% saving due to water

recycling activities within the UTHM area.

(1) Eco-Tech Smart System for Handling and Reuse Ablution Greywater in Masjid Sultan Ibrahim, UTHM for

a Sustainable Living

Three phases of the project have been completed: site observation, and evaluation of the quality and quantity
of ablution water. Site observation was conducted to identify an appropriate area for the study, considering
factors such as the location of the manhole, discharge point of ablution water, gravity, the pipeline for the
ablution water, and the piping system. During the site observation, coloured water was poured into the drain
at the ablution place to confirm the flow of ablution water. However, the ablution water was not discharged
directly into the drainage system. Instead, the pipeline for ablution water was connected to the nearest toilet
pipeline before being discharged into the manhole. Additionally, there was no separate metre for the mosque
to determine the monthly water usage. Thus, a survey on average daily attendance was conducted to verify
the number of people who pray at the mosque during the semester and semester break, with a focus on

Friday prayer sessions.

Furthermore, the quality and quantity of ablution water were determined to identify the characteristics and
consumption of ablution water at the UTHM mosque. This information was important to identify the
appropriate treatment for ablution water before it can be used for the aquaponic system implemented in this
study. The amount of ablution water used was approximately 66.26 m3¥month during the semester break
(Table 6.4.2a) and 96.34 m¥month during the semester (Table 6.4.2b). Unfortunately, the ablution water was
discharged directly without being recycled or reused. Parameters such as COD, TSS, TDS, temperature, pH, and
turbidity were selected to indicate ablution water quality. Laboratory tests verified that the mean values of
these parameters showed that the ablution water was not highly polluted. The values were lower than the
National Water Quality Standard (NWQS) for Malaysia, except for a pH of 9.77, which was slightly higher than
the standard (Table 6.4.2c).

A new pipeline was installed by an appointed contractor to extract and pump out the ablution water before it
reached the manhole, avoiding a mixture of ablution water and greywater from the toilet. The ablution water
was then stored in a storage tank and used for watering plants around the mosque before being released to
the aquaponic system through gravity. The ablution water was filtered to remove sediments and other fine
particles, and an appropriate treatment method was implemented to ensure its quality. The treated water was

then ready for distribution to the aquaponic activities. The aquaponic system was designed to accommodate
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the constraints of the area and the location for pumping out the ablution water. It was customized by the
appointed supplier, as illustrated in Figures 6.4.2c and 4.2d. The aquaponic block was custom-made from
pallet wood, making it easy to install, re-install, and cost-effective with simple fixtures (Figure 6.4.2e). This
makes it easily replaceable when the system is no longer needed. Additionally, inside the manhole, where
ablution water is collected for both women and men, the water outlet was cemented to hold the water before
it was pumped out and stored in a storage tank. Sensors will be installed to prevent water from flowing out of

the manhole.

The selection of filter media was based on the quality of the ablution water. This design aims to provide input
and information to the audience regarding the types of media used for treatment and how the filter works,
which can be observed throughout the system via the provided door, as shown in Figure 6.4.2f. Currently, the
appointed contractor is preparing the filter before the filter media can be included in the system for the

treatment process.

The solar system was successfully installed from February until March 2021 by the Faculty of Technology
Engineering (FTK) team. The purpose of this solar system is to operate the pump to extract ablution water for

the aquaponic circulation. The installation of the solar system is shown in Figures 6.4.2g — 6.4.2i.

To maintain safety, a wire mesh cage, as shown in Figure 6.4.2j, was installed to prevent the congregation,
especially children, from touching the panel supply and to avoid any unwanted situations that might occur.

The new pipeline was installed by an appointed contractor to extract and pump out the ablution water before
it reached the manhole, preventing it from mixing with greywater from the toilet. This is because the ablution
water does not discharge directly into the drainage. The pipeline for ablution water was connected to the
pipeline from the nearest toilet before discharging into the manhole. The ablution water will be stored in a
storage tank and used for watering plants around the mosque before being released into the aquaponic

system by gravity, as shown in Figure 6.4.2k.

If maintenance work needs to be conducted on the manhole by the Pejabat Pembangunan dan Penyenggaraan

(PPP), a connector was installed to the pipeline, as shown in Figure 6.4.2l, to ensure the manhole cover can be

easily opened during maintenance.

(2) Lake Water Use for Landscape Irrigation in Campus

The use of lake water for landscape irrigation has been implemented at Universiti Tun Hussein Onn Malaysia

(main campus). The main benefit of this system is the reduction of water scheme usage, thus providing an
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economical solution. The main sources of lake water are three lakes: Tasik Kemajuan, Tasik Teknologi, and Tasik
Pembangunan. The method of collecting lake water involves using a pump placed in a tank, which is then

stored in a truck. Table 4.2d shows the locations of the lake water sources and the extraction methods.

The university has appointed four contractors to complete this procedure. Each contractor has its own
landscape zone. Table 6.4.2e shows the contractors' profiles according to zones A to B, their tasks, and the

duration of the contract. (Figure 6.4.2m)

All contractors need to do the landscape irrigation using lake water extraction two (2) times per day according

to the below schedule in Table 6.4.2f.

The capacity of the tank is 1500 Litre (L). The volume of lake water collected for landscape irrigation is as
shown in Table 6.4.2g. Each pakage should irrigate with 1500 L of lake water every morning and evening.
Figure 6.4.2n illustrates the truck's irrigation activity carried out by the assigned contractors and plan layout of

the ponds (pink and light blue colour) around UTHM based on a) package B; and b) package A.

(3) Water Recycle Through the Construction of Rain Catchment System

The water collected through the rain catchment system (RWH) will be reused for water-saving purposes in
learning and research at the Materials Engineering Laboratory. Currently, engineering laboratories, especially
those involving the use of cement and concrete, both in terms of classroom learning and research work,
require water. Water is widely used in making concrete cubes or other concrete structures due to activities
such as cement mixing and concrete curing, as shown in Figure 6.4.20. Additionally, under typical conditions,
without a gutter around the faculty, the floor/slab is often damaged and may cause leakage. The construction
location of the rainwater catchment tank (Rainwater Harvesting, RWH) behind the Materials Engineering

Laboratory is shown in Figure 6.4.2p and Figure 6.4.2q.

(4) Rainwater Harvesting System for Building

The rainwater harvesting system is shown in Figure 6.4.2r at the Faculty of Civil and Environmental

Engineering, Faculty of Technology, Management and Business, and Tanjung Labuh Campus. The collected

rainwater will then be reused for non-potable uses.
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(5) Physical Model Design of Rainwater Harvesting System at UTHM

The physical model is designed according to the rainwater harvesting system. It is produced by designing a
model that describes a functional rainwater harvesting system and application to plants' irrigation systems. A
location has been selected, Block Al of UTHM, as a starting point to design the model, as shown in Figure

6.4.2s.

Figure 6.4.2t shows the model design flowchart. The design is according to the selected location of the roof at
the front of the Block Al. The size of the roof is about 418 m2. The roof design has been scaled to a small ratio
to fit in the suitable model design. The rainwater collected from the roof into the tank is for the irrigation
system controlled by the timer for the watering process automatically. The efficiency of this rainwater

harvesting model is determined only by the irrigation system efficiency.

Figure 6.4.2u shows a schematic plan for designing the rainwater harvesting system used for an irrigation
system. This figure illustrates the flow and the process of the system. The water from the catchment area has
been collected and will go into the gutter. And then the water will be flowing into the tank. Water from the

tank will be pumped using a water pump to distribute it into the landscape area.

The model of proposed rainwater harvesting is shown in Figure 6.4.2v. The building is made of wood, which
shows a multi-storey building like most campus buildings. Next is the roof, and it is an important element for
this system as the roof is the collection of rainwater catchment areas. The roof is made of wood and is
enclosed with aluminium, which acts as a roof of metal-like roofs at the Pagoh campus. In this model, the
water tank uses a plastic container that has been painted black to look like a real tank and is fitted with a lid to
protect the water in the tank so as not to be contaminated. Also enclosed with a base for keeping the water
pump invisible and safe. The landscape area is an area where the automatic watering system will be
functioning to water the plants in the area. Water from the tank will be pumped into the distribution tube and

watering the plants using a timer that has set an appropriate period.

All the components in the rainwater harvesting system for the automatic irrigation system are designed based
on the Department of Meteorology and the selected location, which is Block Al. The analysis made based on
the data obtained shows that the total roof area of the selected Al Block is 418 m?. Based on the roof area
and irrigation area and water demand for the irrigation system, the tank's appropriate size is 3.66 m in
diameter, and 3 m in height with the volume of water is 31.56 m3. This irrigation system has an efficiency of

83%.
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The proposed rainwater harvesting system for automatic irrigation purposes will save the usage of water
supply used for water in the landscape area in the Pagoh campus. Using the drip irrigation system will also
save water as watering this system splashes water out smoothly and reduces the impact of running water on
the ground. Thus, with this preliminary design system of rainwater harvesting, hopefully, it is a start for the

concept of green technology on the campus.

(6) Small Scale Rainwater Harvesting System towards Green Campus UTHM

A suitable rainwater harvesting system can find less polluting water resources. Rainwater harvesting allows
rainwater to be collected and flow to a storage tank before it can be reused for non-potable purposes such as
landscape, recreational use, and car-washing activities. This project aims to build up small-scale rainwater
harvesting at an external building for vehicles wash. It is also easier for maintenance. The rainwater harvesting
system will be built at Block D9 (Figure 6.4.2w), a strategic location because it is located near the garage to

wash official UTHM's vehicles.

The total of official UTHM's vehicles was 185 vehicles. The dependency on water supply in vehicle wash has
increased the water utility bill in UTHM. Thus, rainfall data were collected, and the NAHRIM software was
evaluated to design the efficient rainwater harvesting system to overcome the increasing water utility bill and
implement a water recycling program. This rainwater harvesting system was also designed based on the cost,

material selection, and surrounding factors.

The rainwater harvesting tank capacity has been suggested based on rainfall data and the 3000 L catchment
area, and this amount is exceeding the capacity of rainwater that could be harvested 2286.6L. If one vehicle
needs 100L for each vehicle wash session, 22 of vehicles could be wash by the rainwater collected from this
rainwater harvesting system. So, 12% of the total official UTHM's vehicles may benefit from the rainwater
harvesting design for one week. The cost of this system is RM3162.00 for the first design while RM1438.00 for
the second design (the different design is based on the total of storage tanks but the same total of water
collection). Figure 6.4.2x is the first design with 3000L of the storage tank, while the second design with two of
1500L of the storage tank. The expected water savings per year is up to RM 332.80, which is this cost will give
9.5 years for capital return for the first design and 4.3 years for capital return for the second design. Hence,
installing a rainwater harvesting system, which is sustainable, is significant for reducing water consumption in

UTHM.
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This project got Silver awarded from International Research and Innovation Symposium and Exposition 2019
(RISE 2019) (Figure 6.4.2y) and Bronze at International Festival and Innovation on Green Technology 2019
(IFINOG) and Ideas (Figure 6.4.2z).

(7) Implementation of Combined Rain Harvesting and Groundwater System

Figure 6.4.2aa is the combined rainwater harvesting (RWH) and groundwater system installed at the main

campus and figure 6.4.2ab show a schematic diagram of the combined rainwater harvesting (RWH) and

groundwater system.

Additional evidence link:

(1) Implementation of Combined Rain Harvesting and Groundwater System

(2) N-GET (Nature Groundwater Eco-Treatment) system

http.//www.akademiabaru.com/doc/ARFMTSV9 N1 P19 27.pd


https://link.springer.com/article/10.1007/s42452-019-1862-9?shared-article-renderer
http://www.akademiabaru.com/doc/ARFMTSV9_N1_P19_27.pdf

