
Water Utility Journal 11: 63-72, 2015.  
© 2015 E.W. Publications 

Wastewater reclamation, recycling and reuse potential: A case study for 
Kuching city, Sarawak 

K.K. Kuok1*, P.C. Chiu2, D.Y.S. Mah3 

1 Faculty of Engineering, Computing and Science, Swinburne University of Technology Sarawak Campus,  
  93350 Kuching, Sarawak, Malaysia, e-mail: kelvinkuok100@gmail.com 
2 Department of Informtion Science, Faculty of Computer Science and Information Technology, Universiti Malaysia Sarawak,  
  94300 Kota Samarahan, Sarawak, Malaysia, e-mail: chiupochan@yahoo.com 
3 Department of Civil Engineering, Faculty of Engineering, Universiti Malaysia Sarawak,  
  94300 Kota Samarahan, Sarawak, Malaysia, e-mail: ysmah@feng.unimas.my 

Abstract:  Kuching, the capital of Sarawak, has been experiencing rapid population growth in recent years. In the past, the 
wastewater was discharged directly into Sarawak River without any further treatment. This had badly affected the 
physical, chemical and biological characteristics of the Sarawak river ecosystem until it was classified as Class III and 
the lowest Disolved Oxygen measured is only 0.5mg/L. Hence, a sustainable centralised wastewater treatment system 
was constructed to offer a practical and long term solution to the issue. Currently, the Class A treated water is 
discharged directly into Sarawak River, whereby class A treated water can be reused for many activities such as 
irrigation and industry applications (cooling, rinsing, etc.). In line with this, it is proposed to channelize treated water 
to Sejingkat industrial area for cooling down the machineries, rinsing and also for daily used. The design life of this 
project is expected to be 20 years. With the implementation of this reclaimed water supply project, the cost analysis 
show that it is going to generate an income of RM101,954,707.20 to Sarawak State Government in next 20 years 
based on the current water rate charged by Kuching Water board. Therefore, this project needs to be implemented 
immediately to avoid further wastage and to ensure a sustainable living in Kuching City. 
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1. INTRODUCTION 

The sewerage industry in Malaysia has evolved at a rapid pace over the last 2 decades. The 
sewage treatment trend has changed from basic system such as septic tanks in the 60’s to 
mechanized treatment plants in present days. This evolution has taken place largely due to 
stakeholder’s demand for cleaner and safer environment for the public as well as increased 
awareness for sustainable future. Ever since then, the sewerage industry, has been facing customer 
and regulatory requirement that are increasingly more stringent as civil society becomes more 
sophisticated and demand for a healthier environment to live in. Besides, the sewerage industry also 
needs to keep abreast with the general environmental issues that may arise directly or indirectly 
from its day to day activities. This includes river pollution, waste management problems, sewage 
flooding, water borne diseases, soil contamination, groundwater contamination, global warming and 
climate change (Water Malaysia, 2012). 

Like most towns and cities in Malaysia, Kuching, the capital of the state of Sarawak, is 
experiencing explosive growth. The city is rapidly expanding and the population has grown from 
496,000 in 2001 to 681,901 in 2010 (Department of Statistics Malaysia 2010). It is anticipated 
that the rapid expansion will continue in coming 10 to 20 years. In the past, most of the black water 
are flushed and treated at individual septic tanks that are only able to remove about 40% of the 
pollutants excluding nutrients and bacteria. Grey water, together with stormwater, were discharged 
directly into Sarawak River without any further treatment. Such careless disposal of untreated 
wastewater had affected the physical, chemical and biological characteristics of river ecosystem. 
With increasing population and economic growth, alternative treatment and safe disposal of 
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wastewater is essential to preserve public health and reduce intolerable levels of environmental 
degradation. 

Currently, part of the wastewater in Kuching is treated at Kuching Centralised Wastewater 
Treatment Plant. According to Environmental Quality Industrial Effluent Regulations (2009), the 
Class A treated water is currently discharged into the Sarawak River, which is a waste as Class A 
treated water can be reused for many activities such as irrigation and industry applications (cooling, 
rinsing, etc.). In line with this, a feasibility study is conducted to channelize treated water to 
Sejingkat industrial area for cooling down the machineries, rinsing and also for daily used.  

Sejingkat industrial area is the main hub of light and medium industries which specialized in 
wood processing, metal fabrication and shipbuilding services. Heavy machineries are widely used 
during normal operation within the vicinity location. However, these machineries are subjected 
to high heating and long operating hours, the manufacturer usually used water as the cooling 
agent for the continuous operation. Thus, reclamation of wastewater is an alternative in achieving 
sustainable and cost effective solution for cooling process. 

In this feasibility study, the design standards adopted are referring to Malaysia Water 
Association (MWA) guidelines (1994) and Malaysian Standard Code of Practice 1228 (1991). The 
design process covered determination of elevated storage tank location, pipeline route selection, 
estimation of water demand and supply, calculation of pipeline flow rate, head losses, pumping 
power, pressure and design of thrust block. 

1.1 Conceptual Design of Reclaimed Water Supply System 

The treated water from the wastewater treatment plant will be sent to a pumping station, 
where high pressure will be exerted to further carry it to an elevated storage tank located at higher 
elevation. The storage tank is considered to be placed at a higher ground level as treated water will 
be reticulated to end users through true gravity flow. Fig. 1 illustrates the conceptual design of 
reclaimed water supply system from Kuching wastewater treatment plant to the industrial area. 

 

Fig. 1. Conceptual Design of Reclaimed Water Supply System. 

2. STUDY AREA 

Kuching is the capital and the most populous city in the state of Sarawak, Malaysia with an area 
of 431km2. It is located at the banks of the Sarawak River on the southwestern part of Borneo Island 
(refer to Fig. 2). The Sarawak River generally splits Kuching into North and South. The city is 
considered one of the cleanest cities in Malaysia and was recognized as one of the world's healthiest 
cities by United Nations (UN), World Health Organization (WHO) and by the Alliance for Healthy 
Cities (AFHC) in Suzhou, China. Kuching city also commemorates the 14th anniversary of Healthy 
City Kuching that originally began in July 1994 when it joined the WHO’s Healthy Cities project.  
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Fig. 2. Locality Map of Kuching City.  

Before year 2008, Kuching does not have a modern wastewater management system in place. 
Most of the black water was treated at individual septic tank that removes only about 40% of the 
pollutants excluding nutrients and bacteria. Besides, grey water was discharged directly into the 
natural waterways. This partially treated and untreated water have polluted Sarawak River. Hence, 
the project of Kuching Centralized Wastewater Management System (KCWMS) was commenced in 
year 2008 to collect wastewater within Sarawak River catchment and treat it before discharging into 
the natural waterways. This treated effluent shall comply with Standard A of the Environmental 
Quality Act requirement, that is equivalent with drinking water quality standard before discharging 
into Sarawak River. 

Due to the growing population and developing industry in Kuching, the water demand in 
Kuching and its surrounding area has increased rapidly for the past few years. The current water 
demand in Kuching is 388 million litres per day (MLD), while 16MLD comes from the Matang 
Water Treatment Plant and the remaining is supplied from Batu Kitang Water Treatment Plant. 
With the average annual growth rate of 7.32%, the water demand in Kuching will increase to 
1383MLD by year 2030, while the current water supply capacity is only 580MLD. The huge hike of 
water demand from year 2014 to year 2030 has become a major concern and it is proposed to reuse 
the standard A quality treated water from Kuching Centralized Wastewater Treatment Plant (refer 
to Fig. 3) to be supplied to the industrial area for achieving sustainable water management 
system in Kuching City and its surrounding areas. 

3. AN OVERVIEW OF KUCHING CENTRALIZED SEWERAGE SYSTEM 
PACKAGE 1 

Kuching produces about 175 million litres of wastewater daily, consists of 80% grey water and 
20% black water. Kuching Centralised Sewerage System (KCWS) Package 1 had been constructed 
to collect the wastewater especially the areas in south of Sarawak River, which are fully developed 
and densely populated (refer to Fig. 3). The works of KCWS Package 1 involve collecting black 
and grey water from residential houses, shop houses, shopping complexes, hotels using reticulation 
sewer and channel it to centralized Wastewater Treatment Plant (WWTP). Currently, the total 
number of properties to be connected under package I are around 2,830. Package 1 is designed to 
cater 100,000 Population Equivalent (PE), and it will last until 2030 (Kuok et al., 2011). The overall 

 



66 K.K. Kuok et al. 

 

length of the sewer network under Package 1 is approximately 64.5km. The wastewater influent 
load to the WWTP is tabulated in Table 1. 

 

 

Fig. 3. Areas covered by Kuching Centralized Sewerage System Package 1. 

Table 1. Wastewater influent load to the WWTP (Ekolog et al., 2002) 

Design Parameter Influent Criteria 
Average Dry Weather Flow (ADWF) 250 L/EP/d 
Maximum Month Average Daily Flow (MMDF) - Design Flow 1.3 x ADWF 
Maximum Daily Flow (MXDF) 1.7 x ADWF 
Maximum Hour Flow (MXHF) 2.7 x ADWF 
BOD5per capita load 50 g/EP/d 
BOD5 200 mg/L 
TSS per capita load 60 mg/L 
TSS 240 mg/L 
Total Nitrogen 48 mg/L 
Total Phosphorus (TP) 8.8 mg/L 

 

WWTP composed of 27m depth pumping station, activated sludge system, secondary clarifier, 
dewatering system, SCADA control room, and a wetland. The wastewater will be primary treated 
by head works for removing solids, sands, oil and grease that will damage the treatment plant by 
clogging or causing mechanical failure of the equipment. Thereafter, wastewater will be channelled 
to activated sludge reactors for secondary treatment. The activated sludge reactors will be aerated to 
enhance the biodegradation process. The wastewater will then channel to secondary clarifier. Solid 
materials will be settled at the bottom of secondary clarifier tank and treated wastewater will be 
further polished in constructed wetland before discharging into Sarawak River. Concurrently, solid 
sludge will be channelled to dewatering/thickening building for waste disposal.  

Effluent from WWTP shall comply with Standard A of Environmental Quality Act requirement 
as tabulated in Table 2, that is equivalent with drinking water quality standard before discharging 
into Sarawak River. The treated water can be used by domestic, industries and irrigation purposes 
and thus increases the water resources in Sarawak River catchment. Treated Sludge that composed 
of 20% of dry solids will be disposed at Mambong Sanitary landfill (Kuok et al., 2011). 
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Table 2. Standard A Effluent Criteria according to Environmental Quality Act (Ekolog et al., 2002) 

Parameters Standard A Effluent Criteria 
BOD5 - Design Average Value ≤ 10 mg/L 
BOD5 - Design Absolute Value ≤ 20 mg/L 
TSS - Design Average Value ≤ 20 mg/L 
TSS - Design Absolute Value ≤ 50 mg/L 
TN - Design Average Value ≤ 15 mg/L 
NH3-N - Design Average Value ≤ 1 mg/L 
pH 6.0 – 9.0 

4. WATER DEMAND ESTIMATION 

  
The methodology for designing recycle water pipeline is summarized in Figure 4 and the 

design guideline referred is MS1228: Malaysian Standard Code of Practice. 

 

Fig. 4. Design Methodology. 

The designed life of the project is 20 years. Google Earth is used to determine the possible 
route from Kuching Wastewater Treatment Plant to Sejingkat Industrial Area. Google earth was 
used as the information available is more update and reliable than most other mapping sources 
(Menon, 1978). The key principles (Henley, 2012) to be considered for determining route 
selection are: 

(a) Safety of the Public and Personnel during construction and operation  
(b) Economic - ideally the shortest distance between pipeline start and end points. 
(c) Land Ownership – try to avoid private lands that required compensation  
(d) Minimum negative impact to the environmental 
(e) Follow existing linear disturbances especially the roads 
(f) Other consideration includes avoid regions of swamps and wetlands, rocky areas, Unstable 

soil, populated areas, historical areas, environmentally sensitive areas such as reserve forest, 
religious sensitive areas include mosque, graveyard, temple, etc. 

 

The estimation of water demand shall take into consideration on the demand from industry as 
well as fire hydrant (Jones & Bartlett, 2012). Water demand estimation is important to check 
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whether the wastewater generated is sufficient for supplying to the industry and fire hydrants. 
Guidelines provided by Malaysian Water Association (MWA) (1994) for estimating industrial 
demand is tabulated in Table 3. 

 
Table 3. Industrial Water Demand Guideline (MWA, 1994). 

Type of Industries Water Demand (l/hectare/day) 
Light 22,000 
Heavy 45,000 

 
Referring to MWA Guidelines, the water demand of the fire hydrant should be sufficient to 

allow at least 30 minutes of fire department hose stream use. The design flow according to risk 
categories is indicated in Table 4 . 

 
Table 4. Design Flow according to Risk Categories (MWA, 1994). 

Risk Category Design Flow (l/minute) 
Class A -Complex, Industrial Estate, Port 4,100 

Class B - Congested Buildings up to 5 floors 2,700 
Class C- Shophouses, Light Commercial Area 1,370 

Class D - Residential Area 1,140 
Class E - Others as the Followings 680 

 
Sejingkat is considered as light industry as it is famous for light and medium industries which 

specialized in wood processing, food based metal fabrication and shipping services. However, to be 
conservative, the industrial area is classified as heavy industrial to account for the future 
development within the vicinity area throughout its design life of 20 years. Hence, water demand 
of 45,000 l/hectare/day will be used to determine the maximum daily demand. For water demand of 
fire hydrant, the risk is categorized as Class A with a design flow of 4,100 l/min. 

5. RESULTS AND DISCUSSION 

The selected route for laying the reclaimed water supply piping system is presented in Fig. 5. 
This route was chosen as it is the shortest, and it is located within the road and river reserves. Thus, 
no land compensation is needed. From the wastewater treatment plant, the pipes will be laid along 
Sungai Santubong, thereafter Jalan Bako, passing Demak Laut Commercial Centre before reaching 
Sejingkat Industrial Area (refer to Fig. 5), with a total length of 10.5km.  

 

Fig. 5. Route for laying the reclaimed water supply piping system. 
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Total area to be supplied with the reclaimed water is 172.31 Hectare (Ha) as indicated by the red 
clusters in Fig. 6. As the industrial water demand selected is 45,000 L/Ha/day, the water demand for 
Sejingkat industrial area is 7.754ML/day. Meanwhile, water demand of fire hydrant is 
0.369ML/day. Thus the maximum demand (MD) for this project is 8.123ML/day. 

It was estimated that the industry area exhibits a linear growth rate of 5% per year over the next 
20 years. Thus, the forecasted total MD after 20 years later is 20.526ML/day. In contrast, total 
wastewater generation is about 40ML/day. Based on the theoretical calculation, the utilization ratio 
of water supply over water demand is only 53%. This means that the recycled water supply to the 
industrial area is much more than sufficient throughout the life span of the project. 

 

Fig. 6. Areas to be supplied with the reclaimed water (indicated by the red clusters). 

As designated flow rate (Q) is 0.238m3/s and the desirable velocity of the pipe system is 1.3m/s. 
Utilizing continuity equation, a nominal diameter of 600mm DICL pipes was found to be the 
optimum size.  

5.1 Cost Analysis 

Cost analysis was also performed to evaluate the worthy of implementation of this project. Table 
5 presents the current commercial water rates charged by Kuching Water board effective since 1st 
January 1992. The water demand of this project is growing linearly starting from 0.369ML/day at 
1st year of the project implementation to 0.977ML/day at 20th year. Water cost saving per day by 
using reclaimed water throughout the life span of the project is tabulated in Table 6. 

Monthly and yearly cost saving using the reclaimed water throughout the project lifespan are 
tabulated in Table 7. It was found that the total amount of cost saving by using the reclaimed water 
might reach up to RM101,954,707.20 throughout the lifespan of this project. This proved that there 
is a great potential in Sarawak to reuse the reclaim water in the industries even though the state is 
blessed with abundant rainfall. 

 
Table 5. Water Rates effective since 1st January 1992. 

Commercial Rate Per 1,000 litre or 1 m3 
Minimum Charge in any one month RM22.00 

1,000 to 25,000 litres in any one month RM0.97 
The excess over 25,000 litres in any one month RM1.06 
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Table 6. Daily water cost saving from year 1 to year 20.  

Year Increase in Water 
Demand (ML/day) 

Rate of Growth Total Water Demand 
(ML/day) 

Amount Saved (RM) per 
day 

1  0.05 8.123 7,879.31 
2 0.406 0.05 8.529 8,273.13 
3 0.426 0.05 8.956 8,687.32 
4 0.448 0.05 9.403 9,120.91 
5 0.470 0.05 9.873 9,576.81 
6 0.494 0.05 10.367 10,055.99 
7 0.518 0.05 10.886 10,559.42 
8 0.544 0.05 11.430 11,087.1 
9 0.571 0.05 12.001 11,640.97 

10 0.600 0.05 12.601 12,222.97 
11 0.630 0.05 13.231 12,834.07 
12 0.662 0.05 13.893 13,476.21 
13 0.695 0.05 14.588 14,150.36 
14 0.729 0.05 15.317 14,857.49 
15 0.766 0.05 16.083 15,600.51 
16 0.804 0.05 16.887 16,380.39 
17 0.844 0.05 17.731 17,199.07 
18 0.887 0.05 18.618 18,059.46 
19 0.931 0.05 19.549 18,962.53 
20 0.977 0.05 20.526 19,910.22 

 
Table 7. Total water cost saving throughout the lifespan of the project.  

Year Total Water 
Demand (ML/day) 

Amount Saved (RM) 
per day 

Amount Saved 
(RM) per Month 

Amount Saved (RM) 
per Year 

1 8.123 7,879.31 256,061.40 3,072,736.80 
2 8.529 8,273.13 268,972.20 3,227,666.40 
3 8.956 8,687.32 282,550.80 3,390,609.60 
4 9.403 9,120.91 296,765.40 3,561,184.80 
5 9.873 9,576.81 311,711.40 3,740,536.80 
6 10.367 10,055.99 327,420.60 3,929,047.20 
7 10.886 10,559.42 343,924.80 4,127,097.60 
8 11.430 11,087.1 361,224.00 4,334,688.00 
9 12.001 11,640.97 379,381.80 4,552,581.60 

10 12.601 12,222.97 398,461.80 4,781,541.60 
11 13.231 12,834.07 418,495.80 5,021,949.60 
12 13.893 13,476.21 439,547.40 5,274,568.80 
13 14.588 14,150.36 461,648.40 5,539,780.80 
14 15.317 14,857.49 484,830.60 5,817,967.20 
15 16.083 15,600.51 509,189.40 6,110,272.80 
16 16.887 16,380.39 534,756.60 6,417,079.20 
17 17.731 17,199.07 561,595.80 6,739,149.60 
18 18.618 18,059.46 589,802.40 7,077,628.80 
19 19.549 18,962.53 619,408.20 7,432,898.40 
20 20.526 19,910.22 650,476.80 7,805,721.60 

Total amount Saved 101,954,707.20 

5.2 Challenges 

Reclaimed water is particular important for areas that are facing severe drought or limited 
availability of fresh water source. However, there are a few challenges for using the reclaimed 
water in Kuching, Sarawak as listed below: 

a) Guideline and Policy: Currently, there is no guideline and policy for managing the reclaimed 
water in Sarawak, Malaysia. Besides, none of the Government authorities has been assigned 
to take care of reclaimed water.  

b) Cost: The cost for building and operating of wastewater treatment plants is rather expensive 
compare to conventional water treatment plant. In addition, reclaimed water pipeline need to 
be constructed to reticulate the reclaimed water from wastewater treatment plant to the end 
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users. Thus, the cost for supplying reclaimed water might be more expensive than treated 
water supplied by Kuching Water Board (KWB).  

c) Public perception: Public acceptance on using the recycle water is less prevalent as Kuching 
town is blessed with abundant rainfall currently. The reason behind could largely due to many 
people repelled by the thought of water that’s been in the toilet going back to their water taps. 
Therefore, more campaigns needed to be launched to change the mindset of the end users. 

d) Heath concerns: Even though the reclaimed water is treated through a series of intense 
treatment processes, some contaminants may still exist due to fouling mechanism. Therefore, 
the treatment process has to undergone stringent purification using advance dual membranes 
microfiltration-reverse osmosis and ultraviolet technologies (Public Utilities Board of 
Singapore, 2013) to ensure that reclaimed water is really free from any contaminant and safe 
for potable used. 

 
Among all the challenges, public perception is the main barrier to the wide scale uptake 

reclaimed water. Three main strategies had been identified to change public perception on reuse of 
reclaimed water. The details of the strategies are: 

a) Education and Awareness: It plays an important role to educate public for improving the 
water usage efficiency and minimizing water wastage, in order to overcome water shortage 
problem in nearest future. This can be done through public talk, political campaign, social 
media, distributing education and awareness pamphlets to public, etc.  

b) Community Engagement: It is a key strategy to build up public acceptance in using reclaimed 
water by involving various communities in designing, developing and implementation of the 
projects. The communities members engaged might include non-government organizations 
(NGOs), government officials, researchers from universities and institutions. The 
communities shall publish scientific data to prove that reclaimed water is safe to be reused. 

c) Government policies: Government shall offer subsidies, provide incentives and rebates for 
reusing the reclaimed water. In addition, government may raises up the treated water tariff 
supplied by KWB to encourage the usage of reclaimed water. 

6. CONCLUSION 

Reclamation, recycling and reuse of wastewater in Kuching city and its surrounding areas had 
provided adequate water quantity and appropriate water quality for a given need. It has fulfilled the 
three-fold goal of water supply sustainability features, including economic feasibility, social 
responsibility and environmental integrity.  

In this study, it was found that by supplying the reclaimed water to industrial areas, it is able to 
generate an income to Sarawak State Government up to RM101,954,707.20 in next 20 years. This 
project need to be implemented immediately as the treated water was discharged directly into 
Sarawak River currently, which is a great wastage. Besides bringing some extra income to Sarawak 
State Government, this project will also able to alleviate water stress and secure a sustainable water 
supply to Kuching city and the surrounding areas. 
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