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ABSTRACT

Malaysia is still working on continuing its economic growth especially in the industrial sector in order 
to achieve vision 2020. The rapid industrialization process has caused increment in the energy 
demand, which simultaneously increases carbon dioxide (C02) emissions. Therefore, energy efficient 
is needed in order to avoid the depleting o f energy resources and at the same time reduces C02 
emissions. This paper focused on the application o f integrated resource planning (IRP) in industrial 
sector using Combined Heat and Power (CHP), as a strategy for Demand Side Management (DSM). 
Scope o f research was limited to pulp and paper industrial sub sector. The research data were 
extracted from Energy Audit Reports conducted by Malaysia Energy Center (PTM). The effectiveness 
o f the proposed method is simulated using Comparative Model for Projects o f Engineering Economics 
and Energy Environmental Development (COMPEED) analysis. It was found CHP be able to save fuel 
by 30.2% and GHG emissions reduced by 24% compared to the reference case.
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ABSTRAK

Malaysia sedang berusaha meneruskan pembangunan ekonomi, khasnya di dalam sektor industri 
dalam usaha mencapai wawasan 2020. Proses pengindustrian yang pesat telah menyebabkan 
peningkatan dalam permintaan tenaga, sekaligus meningkatkan pembebasan karbon dioksida (CO2). 
Teknologi cekap tenaga amat diperlukan untuk mengurangkan keperluan, bagi mengelakkan kehabisan 
sumber tenaga di samping itu mengurangkan pembebasan CO2. Kajian ini memfokus kepada 
pengaplikasian Perancangan Tenaga Bersepadu (IRP) dalam sektor industri dan menggunakan sistem 
kombinasi Haba dan Kuasa (CHP) sebagai strategi untuk Pengurusan Permintaan Bahagian Beban 
(DSM). Skop kajian dihadkan kepada sub sektor industri pulpa dan kertas sahaja. Data kajian telah 
diekstrak daripada Laporan Audit Tenaga, Pusat Tenaga Malaysia (PTM). Keberkesanan kaedah yang 
dicadangkan akan diuji dengan menggunakan analisis COMPEED. Didapati sistem ini berupaya 
menjimatkan bahan bakar sebanyak 30.2% dan juga Pembebasan gas rumah hijau (GHG) juga 
berkurang sebanyak 24% berbanding kes rujukan.

Katakunci: Sistem kombinasi Haba dan Kuasa; Perancangan Tenaga Bersepadu; Pengurusan 
Permintaan Bahagian Beban; COMPEED
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INTRODUCTION

Nowadays in the era o f globalization, developing countries face the need to compete 
in order to move forward and not fall behind. In this perspective, injecting economy profile is 
one of the main foundations to develop the country by means o f the rapid development in 
several sectors especially in the industrials sector. As for example, Malaysia has work on 
continuing development and growth o f industrial sector in order to achieve vision 2020 which 
stated that by the end o f 2020 Malaysia will become an industrialized, fully developed nation 
and has stronger economy growth.Consequently, the energy consumption in Malaysia has 
been considerably increased due to those reasons. In short, increasing demand o f energy is 
related towards the rapid growth o f Malaysia’s economy.

Based on past energy patterns, Malaysia, industrial sector is the second largest 
consumer which uses 40% o f overall energy consumption. As for electricity, industrial sector 
contribute to 50% of total electricity consumption and all at once, this will create an 
increment of C 02 emission released from the burning fuel. As the largest, compared to other 
sectors in Malaysia, industrial is the best candidate, suitable for energy savings program. 
Besides, with 6000 boilers installed in the country indicating that heat in addition to 
electricity are extensively needed in the sector. Recognizing this, the government of Malaysia 
emphasizes efficient energy utilization for all sectors in order to meet the increasing demand 
o f energy in Malaysia, depleting o f energy resources and inefficient use o f energy which is a 
major challenge facing the power industry [1].

There has been growing concern about energy consumption and its adverse impact on 
the environment. In the presence awareness o f the increases growth in energy consumption 
and the health consequences o f the air emissions, a few researchers have worked on various 
aspects on Integrated Resource Planning (IRP) including energy efficiency programs and 
demand side management programs (DSM) as part o f it in industrial sector. IRP is planning 
process to meet the demand o f energy services by improving energy efficiency at least cost 
planning and taking consideration of emission factor too for instance, Yusriet.al. had studied 
on energy efficient motor in industries sector [3], Saidure/.a/ focused on energy analysis in 
Malaysia industrial sector[4], and Mark Hinnells presented emissions reduction and energy 
saving by CHP utilization [5].

Combined heat and power (CHP) is one o f the demand side management programs 
available that promises huge potential o f increment in energy efficiency in power production 
and consumption. CHP promotes the multiple highest benefits on annual savings (MWh) 
compared to other programs offered [2]. CHP are being increasingly utilized in many 
electrical power systems due to its ability in generating both electricity and heat for industries 
that need both form o f energy in one single process. This scenario is in contrast with 
conventional system, as only one third o f electricity generated, while the remainder is lost as 
wasted heat. Thus, CHP technology can be used to reduce the energy usage and hence 
reduction in C 02 emission.

APPLICATION OF CHP SYSTEMS IN INDUSTRIES

Combined heat and power, also known as cogeneration is the simultaneous 
production of electric and thermal energy from a single energy source. It has become a very 
attractive option for providing industrial energy need in more economically and efficiently in 
several reasons. CHP systems are more efficient when compared to the conventional plant 
due to its effective use o f otherwise wasted thermal energy. Conventional electricity 
generation lost about 70% of its thermal energy and therefore is much more inefficient. This 
plant may suffer heat losses which are otherwise recovered by CHP systems. With CHP, 
electricity and heat energy is produced simultaneously. Efficiency o f up to 75% compared to 
separate production can be achieved.



CHP in Malaysia

CHP technologies have captured the interest o f local industries. In 2003, 34 licenses 
were issued under the preview of Ministry of Energy, Water and communication for installing 
CHP. Typical uses o f cogeneration in Malaysia are cogeneration for industrial, fully 
integrated cogeneration and district cooling heating. Industrial cogeneration was installed in 
pulp & paper, cement, steel and etc industries for example Perwaja steel and 350 palm oil 
mills. District cooling generation was installed in large commercial building in Malaysia such 
as Kula Lumpur ConventionCentre (KLCC), Kuala Lumpur International airport, Kuala 
Lumpur Central and etc.

MODELING OF CHP IN MALAYSIA INDUSTRIAL SECTOR

One out o f eight energy intensive industries listed by Pusat Tenaga Malaysia (PTM) 
was selected as the sample industry, which are pulp and paper sub sector. Among three 
selected samples industry; Factory A, Factory B and Factory C. FactoryA was selected as it 
suited the purpose of this research, as not only the electricity on assumption is high but it also 
consumes primary energy in high digits. The annual operating hours for this factory is 6240 
hours and net total production output is 5950 tons production per year.

Usage of heat in Pulp and paper sub sector

Pulp and paper industry generally uses heat in the form o f steam for various purposes 
such as heating, sterilization, drying, boiling water, dyeing and etc. Process heat required for 
pulp and paper factory comes in the form of medium fuel oil used for fired boiler. Table 1 
shows the heating base case study of a Factory A.

Table 1: Heating Demand

Item Factory
Fuel Type MFO

Equivalent full load hours 6240 hrs

Process heating demand 11,880,633 kWh
Peak process heating demand 1200 kW

Average boiler efficicncy 85,6%

Annual fuel consumption 13,766,667kWh

Usage of electricity in Pulp and paper sub sector

Electricity rate for the base case year o f electricity demand is represented in table 2. 
Basically, the electricity were used in this factory are for driving electric motor, process 
machines and etc.



Table 2: Annual Electricity Consumption

Month
Production

(t)
MD

(kW)
Off peak 

(kWh)
On peak 
(kWh)

Jan 626 676 96390 263550
Feb 817 672 91250 249050

March 540 m 88690 245 J. 48
April 527 572 98050 239400
May 535 532 76980 190490
Jun 487 586 96920 247920
July 599 632 107710 259030
Aug 538 636 119000 304440
Sep 506 632 101440 271640
Oct 629 652 102330 259460
Nov 501 624 88550 240770
Dec 342 616 65780 190590

Cogeneration Performance

The characteristic o f different CHP system depends on the choice of technology that 
will correspond with the end use application. Basically CHP by definition is a process where 
two products are generated. The typical parameters used in measuring the performances of 
CHP plant were the efficiency of two products generated and power to heat ratio.

CHP design based on sizing

Basically the CHP system can be configured either to produce more heat or more 
power. In this study the capacity of the system should first match with the actual heat 
demand. The second options of applying the CHP plant which is the CHP sizing will be 
according to the process o f heat requirement. The power or heat produced is taken as the by 
product o f the system. Engineering calculation was performed using the data extracted from 
the energy audit report to estimate the production and related parameters of CHP and 
conventional system.The CHP system consists o f natural gas fired. The installation o f CHP in 
pulp and paper sector is proposed as part o f DSM programs according to the size of CHP 
which gives high potential in terms of energy saving and C 02 reduction. The chosen CHP is 
simulated in COMPEED analysis in order to evaluate the specific project in terms of potential 
impacts.

CHP sized on heating load

For the CHP design on electricity load, the factory’s heat requirement is fullymet by a 
CHP system. Thus the electricity produced is the by product o f CHP. This means that the 
amount o f by product produced will depends on how much the main products run and not 
depends on electricity requirement. As for that, CHP may produce more or less electricity 
than actually needed. If  more electricity is produced, there will be excess of electricity 
production and it can be sold to the grid if  the system is grid connected.



CHP sized on electricity

CHP is designed so that it meets the electricity requirement o f the factory with heat as 
the by product. Hence, if  heat is produced more than needed, the excess heat is considered as 
wasted. On the other hands, i f  heat is produced less than needed, extra heat generation will be 
needed to supply the remaining.

RESULTS AND DISCUSSIONS

CHP options have been investigated using COMPEED analysis as the evaluation tool 
to perform analysis o f specific project in terms of potential impacts. Prior to the analysis, 
engineering calculation has been performed in designing CHP system based on electricity and 
heating demand.

CHP implementation

It is important for any factory to calculate whether CHP implementation is suitable or 
not for that factory. Therefore in this paper, using Microsoft Excel to calculate engineering 
calculation process heat rate and power demand requirement for interested factory has 
developed. Based on basic engineering calculation, a summary of heat and power demand for 
pulp and paper factory is shown in Figure 1. It can be clearly seen that the process heat 
demand is 4.01 times larger than the power demand. This means that the heat consumption is 
higher compared to the usage o f electricity. The total fuel rate used was 23.979 GWh that is 
about 42.6 % of total energy used, and 57.4% o f the share was recorded for process heat 
generations. Although the percentage share of fuel used is quite balanced, it indicates that 
heat in addition with electricity is extensively needed in pulp and paper factory. Therefore 
CHP is proposed for this industry and the analysis will follow next.
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Figure 1: Primary Power Demand without CHP Application

The ratio of electricity consumption to primary energy consumption for process heat 
was found to be 0.25. Hence, the steam turbine is proposed as the mostsuitable CHP 
technology for pulp and paper factory.

CHP Design system

There are two options o f applying the CHP plant. The first option requires the CHP 
sizing to be made according to electricity needs of factory A and the second options represent 
CHP sizing based on the process heat requirement. In this paper, only CHP based on heat 
requirement is consider.



CHP sized on heating load

Figure 2 depicts a summary o f CHP application based on satisfying heat load 
demand. If  the CHP system is sized according to the process heat requirement, which is
11,880,633 kWh, there will be excess o f electricity production to the grid at 3,261,709 kWh. 
From table 4, this CHP application (sized according to heating load) requires 52.5% less 
primary energy than generating the same amount ofelectricity by the utility and producing the 
required heat at the on side boiler. Notice that, if  the CHP system is sized according to the 
process heat, there will be excess of electricity production.

Factory
Fuel Supply 2,961,480.00 kwh

Factory
11,880,633.00 kwh

Figure 2: CHP Application Based on Satisfying Heat Load

Table 3: Summary of Comparison between Reference and Satisfying Heat Load

Current Heat Requirement Proposed Heat Requirement

Fuel Used by 
Utilities

Fuel Used to 
Process Heat

Total

Energy Saving 
Potential

10,212,000.00 kwh

13.766.666.66 kwh

23.978.666.66 kwh 

52.5%

Fuel required for 
CHP

Additional Fuel

Saving Fuel 
consumption at 
Utilities

Total

22.629.778 kwh

-8,863,111 kwh

21,459,272 kwh 

12,595,161 kwh

Proposed DSM program

Based from previous results, CHP sizing according to heat requirement gave the 
m ax im um  percentage o f energy saving and C 02 emission reduction. Therefore the specific 
analysis o f CHP sizing on heating demand is further carried out using COMPEED in



CHP sized on electricity

CHP is designed so that it meets the electricity requirement o f the factory with heat as 
the by product. Hence, if  heat is produced more than needed, the excess heat is considered as 
wasted. On the other hands, i f  heat is produced less than needed, extra heat generation will be 
needed to supply the remaining.

RESULTS AND DISCUSSIONS

CHP options have been investigated using COMPEED analysis as the evaluation tool 
to perform analysis o f specific project in terms o f potential impacts. Prior to the analysis, 
engineering calculation has been performed in designing CHP system based on electricity and 
heating demand.

CHP implementation

It is important for any factory to calculate whether CHP implementation is suitable or 
not for that factory. Therefore in this paper, using Microsoft Excel to calculate engineering 
calculation process heat rate and power demand requirement for interested factory has 
developed. Based on basic engineering calculation, a summary of heat and power demand for 
pulp and paper factory is shown in Figure 1. It can be clearly seen that the process heat 
demand is 4.01 times larger than the power demand. This means that the heat consumption is 
higher compared to the usage of electricity. The total fuel rate used was 23.979 GWh that is 
about 42.6 % o f total energy used, and 57.4% of the share was recorded for process heat 
generations. Although the percentage share o f fuel used is quite balanced, it indicates that 
heat in addition with electricity is extensively needed in pulp and paper factory. Therefore 
CHP is proposed for this industry and the analysis will follow next.
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Figure 1: Primary Power Demand without CHP Application

The ratio o f electricity consumption to primary energy consumption for process heat 
was found to be 0.25. Hence, the steam turbine is proposed as the mostsuitable CHP 
technology for pulp and paper factory.

CHP Design system

There are two options o f applying the CHP plant. The first option requires the CHP 
sizing to be made according to electricity needs of factory A and the second options represent 
CHP sizing based on the process heat requirement. In this paper, only CHP based on heat 
requirement is consider.



Figure 2 depicts a summary o f CHP application based on satisfying heat load 
demand. If  the CHP system is sized according to the process heat requirement, which is
11,880,633 kWh, there will be excess o f electricity production to the grid at 3,261,709 kWh. 
From table 4, this CHP application (sized according to heating load) requires 52.5% less 
primary energy than generating the same amount ofelectricity by the utility and producing the 
required heat at the on side boiler. Notice that, if  the CHP system is sized according to the 
process heat, there will be excess o f electricity production.

CHP sized on heating load
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Figure 2: CHP Application Based on Satisfying Heat Load

Table 3: Summary of Comparison between Reference and Satisfying Heat Load

Current Heat Requirement Proposed Heat Requirement

Fuel Used by 
Utilities

Fuel Used to 
Process Heat

Total

Energy Saving 
Potential

10,212,000.00 kwh

13.766.666.66 kwh

23.978.666.66 kwh 

52.5%

Fuel required for 
CHP

Additional Fuel

Saving Fuel 
consumption at 
Utilities

Total

22.629.778 U h

-8,863,111 kwh

21,459,272 kwh 

12,595,161 kwh

Proposed DSM program

Based from previous results, CHP sizing according to heat requirement gave the 
maximum percentage o f energy saving and C 0 2 emission reduction. Therefore the specific 
analysis o f CHP sizing on heating demand is further carried out using COMPEED in



evaluating primary energy demand and C 02 impacts specifically. From the COMPEED 
analysis, Figures 3 and 4 shows a comparison for primary energy demand annual GHG 
emissions. The direct fuel energy saving o f the total primary energy demand during the 
simulation period is 30.2% compared to the reference case can be seen in Figure 3.The 
percentage o f energy savings obtained from COMPEED analysis is differ from engineering 
calculation done previously.

This may be due to the basic calculation, which only considered parameters one time 
o f circumstances. Conversely, COMPEED analysis can be viewed as specific analysis 
because it considers more parameters for instances the base load, peak load and etc. 
Furthermore, Figure 4 shows that GHG emission is reduced by 24% compared to the 
reference case. The reasons behind this is due to higher utilization rate o f natural gas as the 
‘green fuel’ in CHP application compared to the oil used asa main resource of conventional 
plant.
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Figure 3: Primary energy demand of simulated sectors with and without CHP
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Figure 4: Annual GHG emission of simulated sectors with and without CHP

Another important result was the comparison between CHP applications with 
reference case for the projected primary energy demand consumed by the pulp andpaper 
factory during the simulation period. Figure 5 shows that the trends ofprimary energy demand 
for reference case and CHP application increases gradually in the future. However, it is 
clearly observed that a significant energy saving potentialcan be achieved by introducing 
CHP system to the factory A and beneficial far intothe future.



Figure 5: Trends of Primary energy demand

FINAL CONCLUSION

The concept and theory of demand side management are reviewed together with 
combined heat and power in order to implement it in Malaysia pulp and paper sector. A 
methodology to implement this CHP in pulp and paper sector is presented and the 
performance o f the system with CHP and the conventional one is compared in terms of 
primary energy demand as well as C 02 emissions. The capacity of CHP system that can be 
sized based on heating demand is also explained. Based from the results obtained, its proof 
that CHP can give maximum energy saving and highest number o f C 02 reduction.
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