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By

SALMI BIN SAMSUDIN 

January 2018 

Chairman :  Nuraini bt Abdul Aziz, PhD 
Faculty :  Engineering 

In Malaysia, coal-fired generation represents about one-third of the installed power 

generation capacity and accounted for nearly 43% of the electricity produced in 2014. 

Due to low cost in power generation, most of the developing countries use coal as the 

main fuel at power generation plants. During commissioning stage, boiler operation 

will be designed and tuned as per coal specification and environmental requirement 

factors. With limited source of coal for sub-critical boiler, this study measure the 

available coal that can be used. However, coal with different characteristic will affect 

the boiler performance and parameters. The objective of the study is to analyze the 

boiler operation performance, boiler efficiency, energy losses which is accomplished 

during combustion process which used from sub-bituminous coal as the main fuel. 

The best coal will be determined during the study and can be chosen to replace the 

existing coal by considering the results. The study was performing at a thermal coal 

power plant which has sub-critical boiler, reheat and coal fired boilers with a nominal 

rated power output of 700MW. The technical specification of the boiler includes the 

specification of main-steam piping, cold reheat steam piping and hot reheat steam 

piping. The boiler concepts are two-pass type boiler and drum with control circulation. 

During the study, numerical plant performance data was extracted from the data 

logging system for the whole period and presented in graphical view showing the 

pattern. Boiler efficiency was measured using direct method and indirect method, was 

found that coal with different Calorific Value (CV) and properties give different 

efficiency values to the boiler. The results show the sub-bituminous coal with CV 

5013 kcal/kg similarly perform similar to designated coal with CV 4852 kcal/kg.

Besides that, the superheated steam and reheater steam for coal CV 5013kcal/kg 

perform at normal value which is close to 540°C setting point. The desuperheater 

spray water flows operate between 18-25 t/h with minimal operational to achieve the 

target value, 540°C. The metal temperatures for superheated and reheater tube still 

within limit value, 550°C.  In addition, the results convey the properties of coal 

contribute to the major energy losses during the combustion process in the furnace.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

KESAN ARANG BATU JENIS SUB-BITUMIN KEPADA PRESTASI 
DANDANG 

Oleh  

SALMI BIN SAMSUDIN 

Januari 2018 

Pengerusi : Nuraini bt Abdul Aziz, PhD 
Fakulti      : Kejuruteraan 

Di Malaysia, penjanaan arang batu mewakili kira-kira satu pertiga daripada kapasiti 

penjanaan kuasa yang dipasang dan menyumbang hampir 43% daripada tenaga 

elektrik yang dihasilkan pada tahun 2014. Berikutan kos yang rendah dalam penjanaan 

tenaga, sebahagian besar negara-negara membangun menggunakan arang batu sebagai 

bahan api utama di loji penjanaan kuasa. Semasa sesi mula tugas, operasi dandang 

akan direka dan mengikut spesifikasi arang batu tertentu dan juga keperluan faktor 

alam sekitar. Dengan sumber arang batu yang terhad,  untuk dandang separa kritikal, 

kajian untuk penggantian arang batu alternatif perlu dilakukan. Namun begitu, arang 

batu dengan ciri-ciri yang berbeza akan memberi kesan kepada prestasi dandang dan 

parameter. Justeru, objektif kajian ini adalah untuk menganalisis prestasi operasi 

dandang, kecekapan dandang, dan pengauditan tenaga yang dicapai semasa proses 

pembakaran yang menggunakan arang batu jenis sub-bitumen sebagai bahan api 

utama. Jenis arang batu terbaik akan diketahui selepas melihat kepada hasil kajian dan 

arang batu terbaik ini boleh menggantikan jenis arang batu sedia ada. Kajian ini telah 

dijalankan di loji kuasa arang batu termal dengan dandang subkritikal, bersama proses 

pemanasan semula dan arang batu dandang dengan nilai output kuasa sebanyak 

700MW. Spesifikasi teknikal dandang juga diberikan termasuk spesifikasi paip utama 

stim, paip panas semula wap sejuk dan paip stim panas semula panas. Dalam kajian 

ini, semua data berangka  prestasi loji diekstrak daripada sistem historian bagi 

sepanjang tempoh ujikaji. Data kemudian dibentangkan dalam bentuk paparan grafik 

untuk melihat pattern keseluruhan. Seterusnya, kecekapan dandang diukur dengan 

menggunakan kaedah langsung dan kaedah tidak langsung pada akhir kajian. Selain 

itu, kajian turut dijalankan kepada faktor sususan kongfigurasi pengisar dalam proses 

pembakaran dan kesannya kepada dandang dan pengoperasian dandang. Hasil kajian 

mendapati bahawa arang batu dengan berbeza Nilai Kalori (CV) dan ciri memberikan 

kecekapan yang berbeza untuk dandang. Keputusan juga menunjukkan arang batu 

sub-bitumen dengan CV 5013 kcal/kg memberi ciri-ciri dan impak yang hampir sama 
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seperti arang batu CV 4852 kcal/kg yang digunakan semasa loji mula tugas. Selain 

itu, wap panas lampau dan wap pemanas semula untuk arang batu CV 5013kcal/kg 

juga memberi nilai ketetapan yang sama iaitu 540°C. Aliran air semburan beroperasi 

antara 18-25 t/h yang mana melibatkan minimum operasi untuk mencapai nilai 

sasaran, 540°C. Selain itu,bacaan suhu tiub untuk panas lampau dan tiub pemanas 

semula masih dalam had nilai, 550°C. Di samping itu, keputusan kajian juga telah 

mengenalpasti faktor yang menyumbang kepada kehilangan tenaga utama semasa 

proses pembakaran dalam dandang.
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

In Malaysia, coal-fired generation represents about one-third of the installed power 

generation capacity and accounts for nearly 43 percent of the electricity produced in 

2014. Due to low cost in power generation, most of the developing countries use coal 

as the main fuel at power generation plants (Energy Commission Bulletin, 2014). Coal 

as main fuel combust in the furnace and heat up the water at high temperature and 

pressure in the boiler. Boiler is one of the main device in power generation plant 

especially for thermal power plant plants functioned to separate the water and steam 

phase. In order to fulfil government laws and rules, boiler operation was designed and 

tuned as per coal specification and environmental requirement during the 

commissioning stage. In line with that, the boiler design must be of a good standard, 

at optimum quality and with high capability for continuous operation.   

The term of boiler in a power plant as a device to generate steam by producing power 

which involves processing or heating purposes. The function of the boiler also is to 

produce hot water for heating purposes or hot water supply during operation. 

According to Berry and Clyde (1983), the heat transmitted to the boiler was transferred 

through conduction, convection and radiation whereby producing the high pressure of 

steam. The purpose of the boiler in power generation is to commendably recover the 

heat generated by combustion of the coal in order to produce steam. Steam forms as 

superheated steam before entering the high pressure stage of the turbine and reheats 

the steam before it returns to the later stages of the turbine. Steam which enters the 

turbine system also preheats the feed water in the economizer as well as the 

combustion air in the air heater. In a nutshell, the boiler acts as a medium separating 

two phases between water and vapor. According to American Standard for Testing 

and Materials (ASTM) 2010, a boiler was classified based on the capacity of boiler 

pressure during operation. To ensure that a boiler operates in a safe condition, all 

insurable equipment must be constructed in accordance to the design code. 

Subcritical boiler operation is the instrument that has the purpose of separating the 

molecule phase between water and vapour at the subcritical point which forms the 

superheated steam. Superheated steam performs at 540°C with 175 bar boiler pressure. 

The operation of the subcritical boiler in a thermal plant is aligned with the Rankine 

Cycle thermodynamic process flow (Woodruff, Bowman, Herbert and Thomas, 1998).  

Superheated steam comes out of the boiler drum as steam generator. Steam generator 

was equipped with an economiser, superheater and reheater section and circulating 

water pumps. The Rankine Cycle process or namely as thermal plant process involves 

four phases which were isentropic compression process, isobaric heat process, 
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isentropic expansion process, and isobaric heat rejection process (Wei et al., 2007; 

Murehwa, et al., 2012; Liu et al., 2004).

Due to its low cost, coal is selected as the main fuel for combustion purposes in the 

boiler furnace (TNB Fuel Report, 2015). The sub-bituminous coal is used as the main 

fuel. Sub-bituminous coal is the lowest cost coal but has high moisture content 

compared to the bituminous coal. The other criteria and specifications of sub-

bituminous coal similar to the bituminous coal such as, low sulphur content which 

results in low SOx emission, high volatile matter and low ash content. Sub-bituminous 

coal has high moisture and lower Hard Grove Index (HG1) and affects poor coal 

fineness. High volatile matter of sub-bituminous coal can lead to spontaneous 

combustion and even explode in the pulveriser. However, there are disadvantages 

using sub-bituminous coal. For example, sub-bituminous coal has low ash fusion 

temperature (AFT) which can cause slagging and fouling (IHI Boiler Performance 

Report, 2015). 

The type of coal refers to the coal characteristics. Coal with different characteristics 

will perform differently during the combustion process. Due to that, there is an 

importance on the selection on the type of coal for firing as the main fuel in the boiler. 

For example, slagging and fouling form from the ash product of coal combustion in 

the furnace. Chemical reactions take place and create ash accumulation. Slagging and 

fouling can cause poor heat transfers and affects the boiler efficiency. Slagging and 

fouling can lead to boiler tube failure and degrade the tube metal integrity and 

performance (Ahmad, et al., 2015).  

By looking at the boiler performance, the boiler parameters were corresponding to the 

combustion process in the furnace. The combustion process involves rapid chemical 

combination of a substance with oxygen, comprising the production of heat source 

and fuel. Coal as the main fuel contributing to the combustion presentation pointedly 

affect boiler performance. Thus, there is an importance to analyze and identify the 

boiler performance parameters during the combustion process which involves coal as 

the main fuel. Furthermore, a mitigation plan must be establishing to maintain and 

sustain the boiler performance (IHI Boiler Performance Report, 2015). In line with 

that, the study carried out an energy assessment for the power plant in order to measure 

the operational boiler performance towards energy consumption.  

1.2 Problem Statement  

Malaysia’s energy supply conventionally depends on four resources, namely oil, gas, 
coal and hydro for fuel and for power generation (Khalid & Audrey, 2012). Coal

resource is the issue still being discussed in the utilities industry especially for coal 

thermal power plants. In fact, in certain countries such as China, Japan, and Australia, 

coal is still the main fuel used in generating electricity (TNB Fuel Report, 2015). 
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However, due to limited stock of applicable coal in the market, the organization must 

look alternative coal types to ensure continuous power generation (Eberhard, 2011).

Furthermore, different types of coal give different results to the boiler performance. 

During commissioning stage of the boiler in power plant, the boiler tuning process is 

referring to the coal characteristic (Power Purchase Agreement, 2000). The right coal 

must be used to sustain the boiler performance in order to optimize the power 

generation. Due to that, the best coal must be determined to meet the boiler 

performance. The boiler performance such as efficiency, heat rate and other boiler 

parameters which consist of superheated steam temperature, reheater temperature, 

furnace rear path temperature, consumption of water spray, must be closely monitored 

to ensure the parameters are operating are within the set limits (Alstom O&M Training 

Note, 2010).

Driving to optimum the operation process in thermal plant, it is an important element 

to indicate the energy losses during the combustion process. Energy losses 

consequently affect the boiler efficiency and boiler heat rate (Campbell, 2013).

Different types of coal used during combustion process will result in different rates 

and amounts of energy losses. By identifying the type of coal which contributes to the 

major energy losses, a mitigation plan during operation can be develop to minimise 

such losses (Clarke & Sloss, 1992; Kiga et al., 1997; Van, 2003; Tan, et al., 2006;

Peng, 2008; Smoot & Smith 2013; Kimi, 2015).

Besides ensuring the power generation operating at optimum level, other parameters 

should be closely monitored to ensure minimum heat losses. Identification and 

assessment on the plant availability and reliability will help the operators improve the 

plant operations. Justification on the energy losses could be needed to mitigate the 

occurrence. Therefore, the energy audit activity was required to identify and monitor 

the important parameters to the plants. Numerous study on energy audit had been 

conducted in the power plant (Ahamed and Masjuki, 2009; Umar and Javed, 2015; 

Kuryika and Chaudhary, 2012; Kumar and Rao, 2013; Varpe and Kathwate, 2016; 

Mitra and Ghosh, 2015).  

Therefore, the ideal boiler performance should be referred by making a comparison 

and have a clear understanding of the actual boiler performance (IHI Performance 

Report, March 2010). Optimizing the boiler performance with firing corrected sub-

bituminous coal is for better availability to the grid system which can impact to the 

financial business to the company. Consequently, an evaluation of boiler parameters 

between the ideal performance and actual performance of the boiler was made and the 

problems were identified and analysed. Recommendations will then be made for 

further improvement on handling the boiler operation.  
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1.3 Objective  

Analysing of the boiler operation performance, boiler efficiency and energy losses 

which was accomplished during the combustion process which uses sub-bituminous 

coal as the main fuel. In order to resolve the problem statement, the research aim has 

been established. Objectives of this study had been develop and which related to meet 

the research proposal.  

Listed below are the research objectives to be achieved: 

1. To determine the boiler efficiency with different types of sub-bituminous coal. 

2. To identify the effect of boiler parameters with different types of sub-bituminous

coal.

3. To identify the effect of plant performance through energy audit with different 

types of sub-bituminous coal.

1.4 Scope and Limitation 

The study was conducted at a coal power plant located in Manjung Perak with 

maximum load generation, 700 megawatt net capacity and connected to the Perak 

substation which supplies to the Grid System, Malaysia. The plant was commissioned 

in 2003. It was designed with sub-critical boiler, installed with reheats process. It is 

considered for continuous operation at 105% TMCR over 48.5 Hz to 51 Hz frequency 

range.  

For the purpose of objective, only one boiler will be used during the study. Looking 

forward to the boiler design main characteristics, the boiler tube specification indicates 

the operational regime of the thermal plant. For this study, detail of the boiler 

capability such as boiler arrangement for main-steam piping and capability, the boiler 

cold reheat steam piping measurement and hot reheat steam piping measurement was 

discussed in Chapter 3. The boiler operational mechanism concepts are two-pass type 

boiler. This power plant was installed with boiler drum with Boiler Circulation Pump 

(BCP) for the purpose of control circulation. In facts, the entire component of the 

boiler was designed following the ASTM specification (ASTM, 1998).  

For the types of fuel, the plant was designed to fire with sub-bituminous coal. Only 

one type of sub-bituminous coal was commissioned and tuned during the design stage 

(Alstom O&M Training Note, 2010). In fact, the coal in use was limited to sub-

bituminous coal which is achieve the minimum coal specification requirement stated 

in the Power Plant Agreement (PPA) of the power plant. For this study the four types 

sub-bituminous coal have been used. The properties of the coal were referred to the 

coal certification delivery from the coal supplier.  The lab test had been done to verify 

the coal specification to meet the coal specification mentioned in the certification.  
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Furthermore, the numerical data collection was triggered and recorded through the PI 

Process Book system. The data collected was transferred to Microsoft Excel and 

analyzed through the selected method. To ensure no interruption during the plant 

operation, the period of research study and data collection was in accordance with the 

power plant operation instruction by National Load Dispatch Centre (NLDC).    

1.5 Significance of Study  

This study contributed to significant savings to the country in terms of boiler 

performance and cost savings on sub-bituminous coal supply. In addition, the 

developed checklist allows top management and technicians to handle situations in 

having new type of coal.   

This study gives an advantage to the industry whereby the thermal power plant can 

predict the boiler performance. Thus, the life cycle of the power plant should be 

considered as well. The assessment, experiment, testing and research carried out will 

improve the existing system for a better future.  

1.6 Thesis Outline  

There were five chapters in this thesis. Chapter 1 explains the general introduction of 

the study, significance of the research work, problem statement, research objectives, 

scope and limitation of the study and this sub chapter; thesis outline. Literature review 

related to the thesis was covered in Chapter 2. This chapter delivers the general 

knowledge and research that has been done before. Important key words in this 

research; thermal power plant process, boiler, sub-bituminous coal, boiler parameters, 

and boiler efficiency are highlighted as well. The related theories and findings from 

previous literature was used as a guide and reference while conducting the study. 

Chapter 3 briefly gives the methodologies involved in order to achieve the objectives 

of this thesis. The method used was thoroughly discussed in Chapter 3 which involves 

experimental research. The materials specifications and equipment specifications 

related to this study was also mentioned.  

Next, the results and discussions carried out in Chapter 4 provides detailed 

explanations to the phenomena. The researcher discusses the results from the data 

collected for each of the research objectives. The data collected, results and 

observations during the study was discussed and presented in table and graphical chart 

form in Chapter 4. Finally, Chapter 5 discourses about the general conclusion and 

highlights the potential for future research.  



© C
OP

UPM

100

REFERENCES 

Abbi, Y. P. (2012). Energy audit: Thermal power, combined cycle, and cogeneration 

plants. The Energy and Resources Institute (TERI). 

Abou-elazm, A. S., El Mahallawi, I., Abdel-Karim, R., & Rashad, R. (2009). Failure 

investigation of secondary super-heater tubes in a power boiler. Engineering 

Failure Analysis, 16(1), 433-448.

Abdelmalek, F. T. (1999). U.S. Patent No. 5,937,652. Washington, DC: U.S. Patent 

and Trademark Office. 

Aljundi, I. H. (2009). Energy and exergy analysis of a steam power plant in 

Jordan. Applied Thermal Engineering, 29(2), 324-328. 

Anderson, S. T., & Newell, R. G. (2004). Information programs for technology 

adoption: the case of energy-efficiency audits. Resource and Energy 

Economics, 26(1), 27 50. 

Basu, S., & Miglani, A. (2016). Combustion and heat transfer characteristics of 

nanofluid fuel droplets: A short review. International Journal of Heat and Mass 

Transfer, 96, 482-503. 

Boiler, A. S. M. E., & Code, P. V. (1998). section III. 

Behr-Andres, C. B., Parish, G. K., & Hutzler, N. J. (1994). Strategy for beneficial use 

of stoker-boiler coal ash. Journal of environmental engineering, 120(2), 401-415.

Bueters, K. A., & Andersen, M. S. (1984). U.S. Patent No. 4,488,516. Washington, 

DC: U.S. Patent and Trademark Office. 

Bureau of Energy Efficiency, 1. Energy Performance Assessment of Boilers. 

Campbell,  

R. (2013). Increasing the efficiency of existing coal-fired power plants. Congressional 

Research Service (December 20, 2013), available at http://www. fas. 

org/sgp/crs/misc, 43343.

CEA, 2005. Technical Standard on Operation Norms for Coal/Lignite Fired Thermal 

Power Stations. Central Electricity Authority, Government of India. 

Chikkatur, A. P., Sagar, A. D., Abhyankar, N., & Sreekumar, N. (2007). Tariff-based 

incentives for improving coal-power-plant efficiencies in India. Energy 

Policy, 35(7), 3744-3758. 

Chetan T. Patel, Dr.Bhavesh K. Patel,  Vijay K. Patel. “Effiecency with Different GCV 
of Coal and Effircency Improvement Opportunity in Boiler”. International 



© C
OP

UPM

101

Journal of Innovative Research in Science, Engineering and Technology. Vol. 2, 

Issue 5, May 2013. 

Ganapathy, T., Alagumurthi, N., Gakkhar, R. P., & Murugesan, K. (2009). Exergy 

analysis of operating lignite fired thermal power plant. Journal of Engineering 

Science and Technology Review, 2(1), 123-130. 

Genesis Murehwa, Davison Zimwara, Wellington Tumbudzuku, Samson Mhlanga. 

“Energy Efficiency Improvement in Thermal Power Plants”. International Journal 
of Innovative Technology and Exploring Engineering (IJITEE) ISSN: 2278-3075, 

Volume-2, Issue-1, December 2012. 

Ge, S., Bai, Z., Liu, W., Zhu, T., Wang, T., Qing, S., & Zhang, J. (2001). Boiler 

briquette coal versus raw coal: Part I—Stack gas emissions. Journal of the Air & 

Waste Management Association, 51(4), 524-533. 

Goswami, D. Y., & Kreith, F. (Eds.). (2007). Handbook of energy efficiency and 

renewable energy. Crc Press. 

Gupta, M. K., & Kaushik, S. C. (2010). Exergy analysis and investigation for various 

feed water heaters of direct steam generation solar–thermal power 

plant. Renewable Energy, 35(6), 1228-1235. 

Habib, M. A., & Zubair, S. M. (1992). Second-law-based thermodynamic analysis of 

regenerative-reheat Rankine-cycle power plants. Energy, 17(3), 295-301. 

Hatt, R. M. (1990). Fireside deposits in coal-fired utility boilers. Progress in Energy 

and Combustion Science, 16(4), 235-241. 

Jones, D. R. H. (2004). Creep failures of overheated boiler, superheater and reformer 

tubes. Engineering failure analysis, 11(6), 873-893. 

J. Spisak, M. Cehlar, V. Jakao, Z. Jurkasova, M. Paskova. “Technical and Economical 
Aspects of the Optimization of the Steam Boiler”. Acta Metallurgica. Vol 18. 
2012. No 2-3, page 133-142. 

J.W. Smith. “Supercritical (Once Through) Boiler Technology”. Babcock & Wilcox, 
Power Generation Group, Inc. Barberton, Ohio, U.S.A. May 1998. 

Kabir, G., Abubakar, A. I., & El-Nafaty, U. A. (2010). Energy audit and conservation 

opportunities for pyroprocessing unit of a typical dry process cement 

plant. Energy, 35(3), 1237-1243.

Kalisz, S., & Pronobis, M. (2005). Investigations on fouling rate in convective bundles 

of coal-fired boilers in relation to optimization of sootblower 

operation.Fuel, 84(7), 927-937.



© C
OP

UPM

102

Karri, V. S. K. (2012). A Theoretical Investigation of Efficiency Enhancement in 

Thermal Power Plants. 

Kevin Carpenter, Chris Schmidt and Kelly Kissock. “Common Boiler Excess Air 
Tends and Strategies to Optimized Efficiency”. ACEEE Sumer Study On Energy 
Efficiency In Buildings. 2008, 3, page 52-63. 

Khajavi, M. R., Abdolmaleki, A. R., Adibi, N., & Mirfendereski, S. (2007). Failure 

analysis of bank front boiler tubes. Engineering Failure Analysis, 14(4), 731-738. 

Khanna, M., Zilberman, D., 1999. Barriers to energyefficiency in electricity 

generation in India. Energy Journal 20, 25. 

Kuo, K. K. (1986). Principles of combustion. 

Lamping, G. A., & Arrowood Jr, R. M. (1985). Manual for investigation and 

correction of boiler tube failures. Final report (No. EPRI-CS-3945). Southwest 

Research Inst., San Antonio, TX (USA). 

Mobin, M., Malik, A. U., & Al-Hajri, M. (2008). Investigations on the failure of 

economizer tubes in a high-pressure boiler. Journal of Failure Analysis and 

Prevention, 8(1), 69-74. 

Mular, A. L., Halbe, D. N., & Barratt, D. J. (Eds.). (2002). Mineral processing plant 

design, practice, and control proceedings. SME. 

Nakano, Y., Amano, K., Kudo, J., Kobayashi, E., Ogawa, T., Kaihara, S., & Sato, A. 

(1988). Preheat-and PWHT-Free 150mm Thick API 2W Grade 60 Steel Plate for 

Offshore Structures. In Proc. 7th Int. Conf. OMAE, Houston (Vol. 3, pp. 89-94). 

Park, T. W., & Kang, C. Y. (2000). The effects of PWHT on the toughness of weld 

HAZ in Cu-containing HSLA-100 steel. ISIJ International, 40(Suppl), S49-S53. 

Oh, T. H., Pang, S. Y., & Chua, S. C. (2010). Energy policy and alternative energy in 

Malaysia: issues and challenges for sustainable growth. Renewable and 

Sustainable Energy Reviews, 14(4), 1241-1252. 

Pan, Y. S., Bellas, G. T., Mathur, M. P., & Bienstock, D. (1979). Combustion of coal-
oil mixtures in a 700-HP watertube boiler(No. DOE/NBM-3008448). 

Department of Energy, Pittsburgh, PA (USA). Pittsburgh Energy Technology 

Center.

Perrone, P. E. (2001). U.S. Patent No. 6,325,025. Washington, DC: U.S. Patent and 

Trademark Office. 

Querol, X., Fernández-Turiel, J., & López-Soler, A. (1995). Trace elements in coal 

and their behaviour during combustion in a large power station. Fuel,74(3), 331-

343.



© C
OP

UPM

103

Raask, E. (1969). Tube erosion by ash impaction. Wear, 13(4), 301-315. 

Rahmani, A., Bouchami, T., Bélaïd, S., Bousbia-Salah, A., & Boulheouchat, M. H. 

(2009). Assessment of boiler tubes overheating mechanisms during a postulated 

loss of feedwater accident. Applied Thermal Engineering, 29(2), 501-508. 

Rahul Dev Gupta, SudhirGhai, Ajai Jain. “Energy Efficiency Improvement Strategies 
for Industrial Boilers: A Case Study”. Journal of Engineering and Technology. 
Vol 1. Issue 1. Jan-June 2011. 

Ravi, S., Balasubramanian, V., Babu, S., & Nasser, S. N. (2004). Influences of MMR, 

PWHT and notch location on fatigue life of HSLA steel welds. Engineering 

Failure Analysis, 11(4), 619-634.

Razali, N. M., Boosroh, M. H., Hasini, H., & Shuaib, N. H. (2009, December). Impact 

of tangential burner firing angle on combustion characteristics of large scale coal-

fired boiler. In Energy and Environment, 2009. ICEE 2009. 3rd International 

Conference on (pp. 177-183). IEEE. 

Regulagadda, P., Dincer, I., & Naterer, G. F. (2010). Exergy analysis of a thermal 

power plant with measured boiler and turbine losses. Applied Thermal 

Engineering, 30(8), 970-976. 

Rini, M. J., Jennings, P. L., & McGowan, J. G. (1993). Demonstration of a high 

efficiency advanced coal combustor for an industrial boiler (No. CONF-930413). 

Coal & Slurry Technology Association, Washington, DC (United States). 

Rosen, M. A., & Dincer, I. (2003). Exergy–cost–energy–mass analysis of thermal 

systems and processes. Energy Conversion and Management, 44(10), 1633-1651. 

Rosen, M. A. (2001). Energy-and exergy-based comparison of coal-fired and nuclear 

steam power plants. Exergy, An International Journal, 1(3), 180-192. 

Saidur, R., Ahamed, J. U., & Masjuki, H. H. (2010). Energy, exergy and economic 

analysis of industrial boilers. Energy policy, 38(5), 2188-2197.

Saxena, A., Han, J., & Banerji, K. (1988). Creep crack growth behavior in power plant 

boiler and steam pipe steels. Journal of Pressure Vessel Technology,110(2), 137-

146.

Sengupta, S., Datta, A., & Duttagupta, S. (2007). Exergy analysis of a coal based 210 

MW thermal power plant. International Journal of Energy Research, 31(1), 14-

28.

Shah, V. N., Ward, L. W., & Ellison, P. G. (1996). Steam generator tube failures. 

Safety Programs Division, Office for Analysis and Evaluation of Operational 

Data, US Nuclear Regulatory Commission. 



© C
OP

UPM

104

Shida, Y., & Fujikawa, H. (1985). Particle erosion behaviour of boiler tube materials 

at elevated temperature. Wear, 103(4), 281-296. 

Shukla, P.R., Biswas, D., Nag, T., Yajnik, A., Heller, T., Victor, D.G., 2004. Impact 

of power sector reforms on technology, efficiency and emissions: case study of 

Gujarat, India. Working Paper, Center for Environmental Science and Policy, 

Stanford University, Stanford, CA. 

Smith, I. (1982, December). The combustion rates of coal chars: a review. In 

Symposium (International) on combustion (Vol. 19, No. 1, pp. 1045-1065). 

Elsevier. 

Smith, J. W. (1998). Babcock & Wilcox Company Supercritical (Once Through) 

Boiler Technology. Technical paper published by Babcock & Wilcox. 

Sohail, M. A., Mustafa, A. I., & Gafur, M. A. (2009). Boiler tube failures (BTFs) in 

natural circulation high pressure drum boiler of a power station. Bangladesh. 

Journal of Scientific and Industrial Research, 68, 61-65.

Srivastava, B. K., Tewari, S. P., & Prakash, J. (2010). A review on effect of preheating 

and/or post weld heat treatment (PWHT) on mechanical behavior of ferrous 

metals. International Journal of Engineering Science and Technology, 2(4), 625-

631.

Stesen Janakuasa Sultan Azlan Shah, TNB Berhad.(2000). Operation & Maintenance 
(O&M) Manual. Manjung. Alstom Berhad Stesen Janakuasa Sultan Azlan Shah. 

TNB Berhad. (2000). System Operation Instruction (SOI) Manual. Manjung. 

Alstom Berhad 

Stesen Janakuasa Sultan Azlan Shah. TNB Berhad. (2015) Second Edition. System  

Operation Instruction (SOI) Manual. Manjung. Alstom Berhad 

Stesen Janakuasa Sultan Azlan Shah. Alstom Operation & Maintenance Manual, HMI 

Configuration, 2012. 

Stesen Janakuasa Sultan Azlan Shah. Alstom Operation & Maintenance Manual, HMI 

Configuration, Second Edition 2015. 

Sun, Z. G., Wang, R. Z., & Sun, W. Z. (2004). Energetic efficiency of a gas-engine-

driven cooling and heating system. Applied Thermal Engineering, 24(5-6), 941-

947.

T.E. Hicks, W.R. Stirgwolt, J.E. Monacelli. “Recovery Boiler Reheat Steam Cycle”. 
Babcock & Wilcox, Power Generation Group, Inc. Barberton, Ohio, U.S.A. 

October 11-14, 2009 

TNB Fuel Sdn Bhd. (2015) Coal Monthly Market Report August. Tenaga Nasional 

Berhad (TNB): TNB Fuel Sdn Berhad. 



© C
OP

UPM

105

Todd, P. C. (1993, May). Snubber circuits: theory, design and application. InUnitrode 

Switching Regulated Power Supply Design Seminar Manual, SEM-900. 

Unitrode.

Training material of coal-fired power plant operation and maintenance, Taiwan (28 

September to 9 October 2015). 

Viswanathan, R., Sarver, J., & Tanzosh, J. M. (2006). Boiler materials for ultra-

supercritical coal power plants—steamside oxidation. Journal of Materials 

Engineering and Performance, 15(3), 255-274.

V. K. Gaudani, Energy Efficiency in Thermal System. Vol. III. IECC Press. Delhi 

2009.

Vuthaluru, H. B., Brooke, R. J., Zhang, D. K., & Yan, H. M. (2003). Effects of 

moisture and coal blending on Hardgrove Grindability Index of Western 

Australian coal. Fuel Processing Technology, 81(1), 67-76. 

Wang, J., Lu, H., & Murakawa, H. (1998). Mechanical Behavior in Local Post Weld 

Heat Treatment (Report I): Visco-Elastic-Plastic FEM Analysis of Local PWHT 

(Mechanics, Strength & Structure Design). Transactions of JWRI, 27(1), 83-88. 

Wei, J. L., Wang, J., & Wu, Q. H. (2007). Development of a multisegment coal mill 

model using an evolutionary computation technique. Energy Conversion, IEEE 

Transactions on, 22(3), 718-727.

Wen, X., Wang, P. D., & Zhang, H. Y. (2010). Design of Complex Controller for Ball 

Coal-milling [J]. Journal of Harbin University of Science and Technology, 2, 015. 

Wieck-Hansen, K., Overgaard, P., & Larsen, O. H. (2000). Cofiring coal and straw in 

a 150 MWe power boiler experiences. Biomass and bioenergy,19(6), 395-409. 

Yin, C., Caillat, S., Harion, J. L., Baudoin, B., & Perez, E. (2002). Investigation of the 

flow, combustion, heat-transfer and emissions from a 609MW utility tangentially 

fired pulverized-coal boiler. Fuel, 81(8), 997-1006. 

Zaleta-Aguilar, A., Correas-Uson, L., Kubiak-Szyszka, J., & Sierra-Espinosa, F. Z. 

(2007). Concept on thermoeconomic evaluation of steam turbines. Applied 

thermal engineering, 27(2), 457-466. 

Zarrabi, K. (1993). Estimation of boiler tube life in presence of corrosion and erosion 

processes. International journal of pressure vessels and piping, 53(2), 351-358. 

Zhang, J., Ge, S., & Bai, Z. (2001). Boiler briquette coal versus raw coal: part II—
energy, greenhouse gas, and air quality implications. Journal of the Air & Waste 

Management Association, 51(4), 534-541. 



© C
OP

UPM

106

Zhang, L., Sazonov, V., Kent, J., Dixon, T., & Novozhilov, V. (2001). Analysis of 

boiler-tube erosion by the technique of acoustic emission: Part I. Mechanical 

erosion. Wear, 250(1), 762-769.

Zhou, H. C., Lou, C., Cheng, Q., Jiang, Z., He, J., Huang, B., ... & Lu, C. (2005). 

Experimental investigations on visualization of three-dimensional temperature 

distributions in a large-scale pulverized-coal-fired boiler furnace. Proceedings of 

the Combustion Institute, 30(1), 1699-1706. 


