
PROCESS IMPROVEMENT AND ENERGY SAVING MEASURES FOR

SEWAGE TREATMENT PLANT

MOHD NORFADHLI BIN M USTAFA KAMAL

UNIVERSITI TEKNOLOGI MALAYSIA



PROCESS IMPROVEMENT AND ENERGY SAVING MEASURES FOR

SEWAGE TREATMENT PLANT

MOHD NORFADHLI BIN M USTAFA KAMAL

A project report submitted in fulfilment o f the 

requirements for the award o f the degree of 

M aster o f Philosophy

Faculty o f Chemical and Energy Engineering 

Universiti Teknologi M alaysia

FEBRUARY 2023



ACKNOWLEDGEMENT

Alhamdulillah, praise be to Allah the Al-Mighty. I wish to express my 

gratitude to my supervisor, Assoc. Prof. Dr. Zarina Bt Ab M uis for her strong 

support, constant comments, suggestion, guidance, and encouragement throughout 

this work.

I would like to express my sincere thanks to my wife, my parent, family, in ­

law and friends for their infinite support, love, patience and understanding 

throughout my entire education. The love and support that they have shown me 

throughout my life has been incredible, and they have always had the wisdom to 

know when I still needed a helping hand.

I am also indebted to Universiti Teknologi Malaysia (UTM) for the facilities 

and environment for this hybrid online and physical o f study. M y gratitude for 

SIRIM Berhad as my employer for sponsored me to pursue this postgraduate level 

and hoping that this will be not the last.

For all o f that, I am very thankful to the co-operation and contribution from 

everyone that has driven me to accomplish o f this project. There is no such 

meaningful word then. May Allah Bless you all

v



ABSTRACT

Energy in sewage treatment plant (STP) show the differential energy 

consumption on various stages which it depends on the indicator o f the findings. To 

do comparison and benchmarking, the suitable key energy consumption indicator 

need to identify, and the suitable method need to formulate in performing the energy. 

This study is to perform energy saving measures (ESM) and process improvement 

for the STP. The study started with planning to select the STP and study on the 

potential o f method to use. Sites visit then conducted to make an overall overview of 

STP and the related data was collected to do analysis. The propose ESM  and process 

improvement analyzed in term o f results feasibility, findings, and economic analysis. 

Introducing the Solar PV systems by do comparison type o f panel and area available 

will determine the potential o f savings. Retrofitting the lighting for existing 36W 

fluorescent to LED T8 14W and for 300W spotlight to 150W LED spotlight also 

help the STP to reduce the energy consumption. Retrofitting the Sequencing Batch 

Reactor (SBR) to produce biogas and the development o f Combine Heat and Power 

(CHP) plant to generate electricity will reduce the demand o f electricity from the 

grid. The waste heat produced later can be used for sludge dewatering process. 

Sludge utilization will help the STP to generate yearly income rather than allocate 

budget for the sludge removal from the STP. The overall result which is categorized 

according to the options will the analyzed to perform the best selected option. The 

best option is to utilize all the available potential area o f Solar PV installation along 

with another ESM  and utilization to obtain the best result. The combination of 

proposed improvement being analyzed according to the selected option, economic 

feasibility, energy savings, CO2 reduction and simple payback period with expected 

reducing the energy consumption and cost at the STP. As conclusion, the 

implementation o f all the propose ESM  and utilization will lead the savings in many 

aspects o f area to the STP.
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ABSTRAK

Tenaga di loji rawatan kumbahan menunjukkan perbezaan pada pelbagai 
peringkat yang mana ianya bergantung kepada penunjuk aras penggunaan tenaga. 
Untuk membuat perbandingan dan penanda aras, penunjuk aras penggunaan tenaga 
yang utama hendaklah dikenalpasti dan kaedah yang sesuai hendaklah digunakan 
untuk merumuskan pengunaan keseluruhan tenaga. Kajian ini adalah untuk 
mencadangkan langkah penjimatan tenaga (ESM) dan penambahbaikan kepada 
proses pada loji kumbahan ini. Kajian bermula dengan merancang untuk memilih loji 
kumbahan dan kaedah yang sesuai untuk digunakan. Lawatan tapak telah dijalankan 
untuk mendapatkan gambaran keseluruhan berkaitan loji kumbahan dan pengambilan 
data yang diperlukan juga direkodkan untuk analisa lanjut. Cadangan langkah 
penjimatan dan penambahbaikan proses dianalisa meliputi skop kebolehlaksanaan, 
jum paan analisis dan juga analisa dari sudut ekonomi. Sistem solar PV dicadangkan 
dengan membuat perbanding pada jenis panel yang digunakan dan juga 
mengenalpasti kawasan yang berpotensi untuk dibangunan sistem ini. 
Pengubahsuaian ke atas sistem lampu sediaada dengan menukar lampu jenis 36W 
pendarflor kepada jenis LED T8 14W dan lampu tumpu sediaada 300W kepada jenis 
LED 150W dapat membantu kepada pengurangan tenaga di loji ini. Pengubahsuaian 
ke atas tangki Sequencing Batch Reactor (SBR) adalah untuk penghasilan biogas dan 
pembangunan loji Combine Heat and Power (CHP) adalah untuk penjanaan elektrik 
dan dapat mengurangkan kebergantungan kepada grid. Haba yang dijana boleh 
digunakan untuk proses penyahairan enapcemar. Penggunaan optimum enapcemar 
dapat membantu loji untuk mengurangkan kos pengurusan sediaada dengan menjual 
enapcemar yang terhasil untuk proses lain dan dapat menjana pendapatan kepada 
loji. Keputusan kajian secara keseluruhan dibahagikan mengikut pilihan dan analisa 
dijalankan untuk menentukan pilihan terbaik yang mana adalah dengan 
menggabungkan semua langkah penjimatan yang dicadangkan. Kombinasi pilihan 
dianalisa mengikut kategori pilihan, kebolehlaksanaan, penjimatan tenaga, 
pengurangan CO2 dan tempoh bayaran balik dengan jangkaan pengurangan 
penggunaan tenaga dan penjimatan kos kepada loji. Kesimpulannya perlaksanaan 
semua langkah penjimatan akan menghasilkan penjimatan dari sudut pelbagai aspek 
pada loji rawatan kumbahan ini.
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C H A PT E R  1

IN TR O D U C TIO N

1.1 R esearch B ackground

Climate change has become a global concern over the decade and resulted 

aggressive commitments in energy integration to reduce greenhouse gas (GHG) 

emission. There are variety of effect on life on the planet due to climatic variation. 

The available technologies and emissions reduction options shall include to reach 

net-zero emission by 2050. By 2030, low-emission energy sources expected to rise to 

50% as shown in below:

Unabated com busted fossil fuels Low emissions

400

300

200

100

2010 2020 2030 2010 2020 2030

IEA. All rights reserved.

Figure 1.1 Low Emission Energy Supplies Sources Displaces Unabated Fossil 
Fuel by 2030 (IEA,2021)
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Sewage treatment is the process of converting sewage into bilge water that 

can be discharged back to environment to prevent wasted. It is a facility with 

combination of processes that are used to treat the sewage and remove pollutant. It 

contains of high amount of chemical, hydrodynamic, and thermal energy that have 

potentially exploited for several uses. Sewage treatment plant (STP) are consuming 

high electricity consumption and it has locally potential to produces renewable 

energy by having high potential for heat generation, capability to produce biogas in 

the anaerobic digestion (AD) process. The overall process of the STP as shown in 

figure below

Figure 1.2 STP Process Flow Overview

STP energy consumption in a standard STP reported with mean value of 

0.25-0.33 kWh/m3 (Pietro Elia, 2021) mainly consumed during the aeration process 

estimated 60% from total energy consumption. The pumping process estimated 13% 

of energy consumption while the sludge treatment contributes of 15% energy usage. 

Figure below shows the percentages of the energy consumption in standard or 

common STP.
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Figure 1.3 Energy Consumption in Standard STP

1.2 Problem  S tatem ent

Rapid urbanization and industrial growth for last 50 years have brought high 

standard of living, exhaustion of resources, loss of biodiversity, degradation of 

environment, pollution, and the threat of climatic agitation through greenhouse 

effect. The demand of treating STP led to development the number of processes in 

order to allow to minimize the pollution and to ensure the maximum or large 

quantities of water to be recirculated for various purpose. There is the surge of 

electricity demand when installation of new STP, increasing the cost for 

development and increase the energy demand. In other words, it will contribute to the 

high carbon emission directly. This study focusing on the sewage treatment plant at 

the residential area.

The STP result in large amount of indirect carbon dioxide emission by 

consuming a lot of power during the process. There is typical energy conservation 

and emission reduction technology available in the market in order to reduce the 

energy such as photovoltaic power generation, and sludge anaerobic digestion 

technology with a biogas cogeneration system.
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Potential energy saving and process improvement with suitable methodology 

is important to identifying the suitable key energy consumption indicators for 

benchmarking and to compare with different STP. Current used treatment method is 

more to removing potential energy rather than recovered the energy for the potential 

o f use even though there are 10 times amount o f potential energy as the energy used 

to treat the sewage (Ele Greenberg,CEM). The economic, energy and carbon neutral 

analysis were established in order to propose the most potential improvement 

measures that can be apply in the STP.

1.3 Research Objective

The main purpose o f the research is to evaluate the STP process and to 

propose the energy improvement measures and to optimizing the overall process of 

the STP. The objective that has been identified to attend as follows: -

• To analyze the profile for the STP process and proposed process

improvement

• To propose the energy saving measures (ESM)

• To perform economic analysis for STP for all proposed improvement

measured or method

1.4 Research Scopes

The research scope shall include:

Perform literature review on the STP process and energy usage

Carry out the improvement measured and the method to optimizing the

overall process.

Analyze the optimal improvement and solution in term o f technical, 

commercial, and environmental aspects.
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1.5 Significance of the study

Aeration process in the STP consumed the highest electricity consumption. 

Optimizing the overall process o f the STP will lead to reducing energy consumption 

form the grid and contribute to reducing GHG emission. Installation o f solar PV and 

re-used other waste to perform renewable energy is important to reduce electricity 

consumption from the grid. It will reduce fossil fuel consumption and ultimately 

mitigate the effects o f climate change and global warming.

Sludge and gas produce from the STP also being re used back by doing 

analysis and process to produce as RE. Installation o f solar PV is the best option to 

reducing electricity demand from the grid along with other ESM  proposed in this 

research.

Hence, this study is to provide the energy saving measures, proposed the RE, 

and optimizing the overall STP. The feasibility study also being conduct and review.
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