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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 
of the requirement for the Degree of Doctor of Engineering 

A FRAMEWORK FOR EFFECTIVE ENERGY MANAGEMENT IN A
CHEMICAL COMPOUND PLANT

By

JAYASEELAN NADARAJAH 

February 2017 

Chairman : Faieza Abdul Aziz, PhD 
Faculty : Engineering 

The electrical energy requirements by industry has increased tremendously as 
reported by the Malaysian electrical energy utility company, Tenaga Nasional 
Berhad. This increase has forced engineers to devise initiatives to overcome the 
possible shortages. Emphasis should thus be given to alter the consumption patterns. 
The impact to the environment and the conservation of energy should also be 
addressed. Effective energy management reduces operating costs of industries. In 
Malaysia, industries have already been advised, some two decades ago to perform 
energy saving measures. This exercise should be performed with the intention of 
becoming more competitive, apart from lowering operating costs and conserving the 
environment. This is very important for economic growth in a country. Resources 
utilizing low cost options are being utilized to ensure adequate electrical energy 
supplies. Awareness programs are being implemented in industry to discourage 
wastage, but to encourage efficient and cost effective operations. This research also 
discovered that currently the chemical compound industry lacked a well-structured 
and a systematic method for analysis of energy consumption.  The demand for 
energy in this industry continues to grow at a staggering 7% per annum, according to 
the Ministry of International Trade and Industry of Malaysia.  This is 
notwithstanding the expected increase in tariff, by approximately 10% before the 
year 2020. Moreover, the current ISO 50001 Standards on Energy Management were 
deemed as only a guide but not a complete reference for the said industry.  
Therefore, this research embarked to rank the parameters that contributed to energy 
efficiency in industry and subsequently to develop a framework and to validate it 
upon implementation in industry.  The methodology used in this research involved 
data collection and analysis, which utilized graphical methods, tables and charts and 
a questionnaire design.  The major findings of this research are, amongst others, the 
said industry’s acceptance of the proposed framework and the reduction of electrical 
energy consumption, and hence greenhouse gas (GHG) emission upon 
implementation of the recommended projects. The results of this research also 
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indicate very clearly that the integration between maintenance, human resources and 
production. are vital for improved and optimized consumption of energy. This 
research will encourage industrialists to consider the various opportunities available 
to manage energy in industry utilizing a well-structured and engineered methodology 
and to consider energy management initiatives seriously.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Kejuruteraan 

RANGKA KERJA UNTUK PENGURUSAN TENAGA BERKESAN UNTUK 
INDUSTRI CAMPURAN KIMIA 

Oleh 

JAYASEELAN NADARAJAH 

Februari  2017 

Pengerusi : Faieza Abdul Aziz, PhD 
Faculti : Kejuruteraan 

Keperluan tenaga elektrik dalam industri telah meningkat dengan ketara seperti yang 
dilapurkan oleh syarikat utility tenaga elektrik Malaysia, Tenaga Nasional Berhad. 
Peningkatan ini telah memaksa jurutera untuk merangka inisiatif untuk mengatasi 
kebarangkalian pengurangan tenaga. Penekanan itu perlu diberikan untuk mengubah 
corak penggunaan. Kesan kepada alam sekitar dan pemeliharaan tenaga juga perlu 
diberi perhatian.  Pengurusan tenaga yang berkesan dapat mengurangkan kos operasi 
industri. Di Malaysia, industri telah disarankan kira-kira dua dekad yang lalu, untuk 
melaksanakan langkah-langkah penjimatan tenaga.  Ini perlu dilakukan agar menjadi 
lebih berdaya saing, selain mengurangkan kos operasi dan pemeliharaan alam 
sekitar.  Ini amat penting bagi pertumbuhan ekonomi negara. Pilihan menggunakan 
sumber kos rendah ini adalah untuk memastikan bekalan tenaga elektrik yang 
mencukupi.  Program kesedaran dilaksanakan dalam industri untuk mengelakkan 
pembaziran dan menggalakkan penggunaan kos operasi yang cekap dan efektif. 
Kajian ini juga mendapati bahawa kini industri pemprosesan sebatian kimia masa ini 
tidak mempunyai kaedah yang berstruktur, sistematik dan inovatif untuk mengkaji
penggunaan tenaga. Menurut Kementerian Perdagangan Antarabangsa dan Industri 
Malaysia, permintaan tenaga dalam industri ini terus meningkat 7% setahun.  Ini 
adalah jangkaan peningkatan tarif kira-kira 10% sebelum tahun 2020. Piawaian ISO 
50001 semasa mengenai Pengurusan Tenaga dianggap sebagai satu-satunya panduan 
tetapi bukan rujukan lengkap untuk industri tersebut. Oleh itu, kajian ini telah 
dimulakan untuk merumuskan kaedah yang sistematik dan inovatif untuk proses 
mengkaji dan seterusnya untuk membangunkan rangka kerja dan untuk 
mengesahkannya apabila dilaksanakan dalam industri. Kaedah yang digunakan 
dalam kajian ini melibatkan pengumpulan data dan analisa, kaedah grafik, jadual dan 
carta serta reka bentuk soal selidik. Penemuan utama kajian ini adalah antara lain, 
penerimaan industri tersebut, rangka kerja yang dicadangkan dan pengurangan 
penggunaan tenaga elektrik, dan dengan itu gas rumah hijau (GHG) kepada 
pelaksanaan projek-projek yang dicadangkan.  Hasil kajian ini juga menunjukkan 
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dengan jelas bahawa integrasi antara penyelenggaraan, sumber manusia dan 
pengeluaran adalah penting untuk memastikan penggunaan tenaga yang lebih baik 
dan memaksimumkan penggunaan tenaga. Kajian ini akan menggalakkan jurutera di 
dalam industri untuk menilai, menyiasat, menemui dan membincangkan pelbagai 
peluang yang ada untuk menguruskan tenaga dalam industri menggunakan kaedah 
yang berstruktur dan kejuruteraan dan mempertimbangkan inisiatif pengurusan 
tenaga dengan serius.   
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

The energy policy of Malaysia is determined by the Malaysian Government, which 
addresses issues of energy production, distribution, and consumption. The Energy 
Commission acts as the regulator while other players in the energy sector include 
energy supply and service companies, research and development institutions and 
consumers. Government-linked companies, Petronas and Tenaga Nasional Berhad
are major players in Malaysia's energy sector. Governmental agencies that contribute 
to the policy are the Ministry of Energy, Green Technology and Water, the Energy 
Commission (Suruhanjaya Tenaga), and the Malaysia Energy Centre (Pusat Tenaga 
Malaysia). Among the documents that the policy is based on are the 1974 Petroleum 
Development Act, 1975 National Petroleum Policy, 1980 National Depletion Policy, 
1990 Electricity Supply Act, 1993 Gas Supply Acts, 1994 Electricity Regulations, 
1997 Gas Supply Regulations and the 2001 Energy Commission Act (“National 
Energy Policy"; Ministry of Energy, Green Technology and Water, 2013). 

The Energy Commission was created under the Energy Commission Act 2001 as a 
new regulator for the energy industry in Peninsular Malaysia and Sabah. The 
Commission was established to ensure that the energy industry is developed in an 
efficient manner so that Malaysia will be ready to meet the new challenges of 
globalization and liberalization, particularly in the energy supply industry. The 
commission regulates and promotes all matters relating to the electricity and gas
supply industry within the scope of applicable legislation namely the Electricity 
Supply Act 1990, License Supply Regulation 1990, Gas Supply Act 1993, Electricity 
Regulation 1994, and Gas Supply Regulation 1997. In performing its role the 
commission takes the self-regulation approach (The Energy Commission of 
Malaysia, 2009). 

The electrical energy consumption in Malaysia has increased sharply in the past few 
years, and modern energy efficient technologies are desperately needed for the 
national energy policy to increase public awareness. Figure 1.1 indicates the energy 
consumption by fuel type in Malaysia. It is very clear that electrical energy 
consumption is the highest and the increase during the 35 year period (1978-2013) is 
about ten times (increasing from about 5,000 KTOE (Kilo Tons of Oil Equivalent) to
about 50,000 KTOE). Notwithstanding this, Figure 1.2 indicates the world energy 
consumption by fuel type. It is very clear that electrical energy consumption has 
increased during the 40 year period (1971-2014) by more than two fold, i.e. from 
about 4,000 GTOE (Giga Tons of Oil Equivalent) to about 9,000 GTOE. Surveys are 
continuously being performed to assess the consumption pattern and the existing 
techniques for energy efficiency. Based on past surveys, the extent of the feasibility 
of improving the available systems and adopting new programs in different sectors 
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was not investigated in depth. Studies reveals the fact that the energy conservation 
policy of Malaysia has been fairly improved in the last ten years. However the 
country has to pay more attention to this area and make urgent measures to adopt 
more energy efficient technologies in various sectors (Anwar, 2009).

Response to the increase in energy consumption significantly amongst the various 
industries has been tremendous because the increase in production did not keep up  

  
Figure 1.1 : Energy Consumption by Fuel Type in Malaysia 

(Source:- Annual Report, Tenaga Nasional Berhad, 2013)

Figure 1.2 : World Energy Consumption by Fuel Type  
(Source:-WEC, Energy Efficiency: A Worldwide Report Indicators, Policies, 
Evaluation, World Energy Council, London, 2014)
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with the increase in consumption and the production/consumption ratios differ 
(National Energy Policy, 2013).

Energy efficiency improvements can always be performed in large, medium and 
small industries. A range of energy conservation methodologies have already and are 
still being developed for industrial applications throughout industry. Effective 
systems have been devised and energy conservation measures have been 
implemented successfully (Tanaka, 2011; World Energy Council WEC, 2008). 

In Malaysia, industries have already been advised, some 2 decades ago to perform 
energy saving measures. This exercise should be performed with the intention of 
becoming more competitive, apart from lowering operating costs and conserving the 
environment. This is very important for economic growth in a country (Zhao, 2011; 
Bassi et al., 2009; Demailly and Quirion, 2008). Of course, it is agreed that different 
countries will have a different approach but all with a single goal. It is also accepted 
that the measures will depend on a variety of factors inter-alia, barriers, availability 
of funds and technology etc. Engineers have thus become aware and critical of 
operations for an extremely competitive manufacturing fraternity. Energy, like 
manpower, is being treated as a resource which can be altered to maintain product 
quality and to ensure competitive product costs. It is therefore essential that 
information on which monitoring methodology is based is of relevance and 
conveniently processed. An example of an energy intensive chemical processing 
industry is that of the calcium compound processing industry. The chain of 
production of these processes are thus derived from many individual process routes, 
using a combination of energy sources. The typical process route for the industry is 
superimposed by the range of specific energy consumptions for the various sections. 
Energy is largely used for operating their kilns, hydration, precipitated calcium 
carbonate (PCC) and waste-water treatment plants. The energy cost is about 20 to 35
per cent of the total production cost, and therefore prices and availability of the 
various energy sources are important to maintain a very competitive edge. Energy 
sources used within this industry are of course, electricity, natural gas and water.

This research evaluated the current energy management system (EnMS) in the 
chemical compound processing industry. It indicates the success of the measures 
taken so far and also the how the steps and policy will affect the energy efficiency 
improvements in industry. 

1.2  Problem Statement 

The demand for energy in this chemical compound processing industry continues to 
grow at a staggering 7% per annum, according to the Ministry of International Trade 
and Industry of Malaysia (IMP3, 2012).  This is notwithstanding the expected 
increase in tariff, by approximately 10% before the year 2020, according to the 
Malaysian electricity utility company, Tenaga Nasional Berhad (TNB, 2013). This 
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expected demand has resulted in several initiatives aimed at overcoming potential 
shortages. Influencing the energy consumption patterns is of prime importance in 
this industry especially during peak times when energy supplies are strained. 
Moreover, industries are more sensitive to the impact on the environment. The 
current problems faced by the said industry are numerous, as far as managing energy 
is concerned.  Optimizing maintenance programs and manufacturing plans are not 
easy because of the number of possibilities to assess.  The investigated problem 
comprised two important fields of concern-preventive maintenance scheduling and 
manufacturing planning. 

There are currently about 500 actively registered energy managers with the Energy 
Commission of Malaysia, who come from various industries and not necessarily 
from the chemical compound sector. It can therefore be concluded that a workable 
framework is required for an effective energy management system in industry. 

The other pressing problems faced by industry also include, amongst others, to 
improve energy management significantly, to optimize their energy use and to 
introduce a framework of incremental energy management improvement to attain a 
much higher state of energy management maturity. The suggested model allows a 
formulation of other issues like, health, safety, environment, availability of staff and 
tools, as well as legal restrictions.  The knowledge gap that needs to be filled will 
therefore be to develop a formal energy management model to provide a method to 
understand the energy management challenges in industry and then address them in a 
way that provides continuous improvement and allows for fine tuning and the ability 
to address new challenges.   

The current ISO 50001 Standards on Energy Management Systems does not 
emphasize much on certain practical and application aspects, such as the Roles and 
Responsibilities of industries, trends, significant energy users, maintenance criteria, 
critical operating parameters, technical audits, training etc.  These are deemed vital 
for systematic energy management in industry.   

At the commencement of this research, energy management was not practiced at the 
designated plant. However, there will come a point in time when the plant may face 
difficulties in managing its business due to an increase in operating costs. 

In order for industry to implement effective energy management, a comprehensive 
framework needs to be developed. At the moment there is no comprehensive 
framework in place which considers and ranks not only energy management, but also 
considers other areas, such as, maintenance, quality, human resource etc. 
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Therefore it is wise for industry to begin considering energy management when the 
current tariff is relatively lower and the overall maintenance program cost is also 
lower due to relatively new plant and equipment. 

This research will encourage engineers to evaluate, investigate, discover and discuss 
the various opportunities available to manage energy, particularly in the chemical 
compound processing industry, utilizing a well-structured and engineered 
methodology and to consider energy management initiatives seriously. 

1.3  Objectives  

The objectives of this thesis are-: 

1. To rank the parameters that contributed to energy efficiency at a chemical 
compound plant. 

2. To develop a framework for total energy management system in industry 
3. To validate the framework upon implementation in industry. 

1.4  Scope of Studies  

The author has selected a local calcium compound processing plant for the case 
study. The scope of the project is to, amongst others, to study the current energy 
management and energy conservation initiatives at the said industry, and to propose 
tailor made suggestions for improvement as far as energy management and energy 
conservation are concerned.

This will be followed by the development of a very comprehensive framework for 
the plant. The key factors involved in developing the framework, amongst others, 
will include data collection, data analysis, identifying and quantifying the SEUs, 
identification of the drivers, developing baselines and performance indicators, 
reviewing the operational control for all relevant SEUs, performing energy audits 
and finally identification of opportunities for improved performance, review and 
decision on action plans. However, these factors are common to most industries, and
hence the framework can be adapted by them as well.

Upon completion on the development of this framework, it will be validated by 
practicing engineers from industry. This framework will then be dedicated to this 
specific industry. 

The constraints encountered throughout this project amongst others, included, lack 
of manpower, time, and specialist measuring/logging equipment. Another limitation 
was that this research focused only on the manufacturing/processing plants PCC 1 
and PCC 3 where there was a disparity in the electrical energy consumption. 
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Although this study met its aim and objectives, it had limitations as well. This study 
only managed to draw conclusions on the PCC 1 and PCC 3 plants due to the 
constraints stated above. This study, therefore, is considered a pilot project only and 
to obtain a general overview of the plant. 
As a conclusion, this study, however, is suggested be used as a guide for future 
related works in other similar plants. Further analysis should be carried out in order 
to determine whether all the recommended elements are suitable for adoption.  

1.5  Thesis Layout 

The first chapter of the thesis introduces the objectives, scope and outline of the 
study.  The second chapter presents an overview of the background literature for 
energy management in the chemical compound processing industry.  Chapter three 
depicts the research methodology used in this work.  It also explains various 
assumptions and criteria of the research. 

Chapter four presents the results of the research by questionnaire survey, discusses 
the data gathered and provides analysis of the data.  This chapter also discusses 
about developing the framework for implementing an energy management system in 
industry.  It will assist policy makers, managers, designers, engineers and researchers 
to make decisions more easily and efficiently for energy management system 
implementation.  Validation of the developed framework has also been argued in this 
chapter.  Chapter five highlights the conclusions drawn from the questionnaire 
survey. The recommendations are made along with the limitations of the research 
and directions for future work. 



© C
OP

UPM

144

REFERENCES 

A.J. Griffiths (1988), “Monitoring, Targeting and the Use of Statistical Process 
Control within the Energy Profile of the Iron Foundry Industry", 
International Journal of Quality & Reliability Management, Vol. 5 Iss: 3.  

Agassy Manoukian Hassan R. HassabElnaby Vahe Odabashian, (2015)," A proposed 
framework for energy technology commercialization and partnership 
synergy: A case study approach:- " American Journal of Business”.

Ambrus, S. (2008), “The century’s environmental leaders”, NEWSWEEK, Special 
Report, July 7-14.  

Ang, B.W. and Zhang, F.Q. (2000), “Survey of index decomposition analysis in 
energy and environmental studies”, Energy, Vol. 25, pp. 1149-76. 

Angela Lewis, Abbas Elmualim, David Riley, (2011),"Linking energy and 
maintenance management for sustainability through three American case 
studies", Facilities, Vol. 29 Iss: 5. 

Anstett, M. and Kreider, J. F., 1993, “Application of neural networking models to 
predict energy use”,ASHRAE Transactions, Part 1; pp. 505-517.

Anwar Al-Mofleh; Analysis of sectoral energy conservation in Malaysia; Energy; 
Elsevier; Volume 34, Issue 6 (June 2009). 

Arrow, K., Chenery, H., Minhas, B. and Solow, R. (1961), “Capital-labour 
substitution and economic efficiency”, The Review of Economics and 
Statistics, Vol. 43, pp. 225-50.

Baksi, S. and Chris, G. (2007), “Calculating economy-wide energy intensity decline 
rate: the role of sectoral output and energy shares”, Energy Policy, Vol. 35, 
pp. 6457-66.

Banga, J., Alonso, A., Perez, R. and Singh, P. (1994), “Optimal control of heat and 
mass transfer in food and bioproducts processing”, Computers & Chemical 
Engineering, Vol. 18, pp. S699-S705.

Belik, W. and Dos Santos, R. (2002), “Regional market strategies of supermarkets 
and food processors in extended Mercosur”, Development Policy Review, 
Vol. 20 No. 4, pp. 515-28. 

Bernauer, T. and Caduff, L. (2004), “European food safety: multilevel governance,
             renationalization, or centralization?”, Centre for Comparative and 

International Studies Working Paper No. 3, Centre for Comparative and 
International Studies, Zurich. 



© C
OP

UPM

145

Boyd, G.A., Hanson, D.A. and Sterner, T. (1988), “Decomposition of changes in 
energy intensity: a comparison of the Divisia index and other methods”, 
Energy Economics, Vol. 10, pp. 309-12. 

Bhattacharyya, S.C. and Timilsina, G.R. (2009), “Energy demand models for policy 
formulation: energy models”, World Bank Policy Research Paper No. 4866, 
World Bank, Washington, DC.  

Bickle, L.W. (1994), Energy Audits and Energy Management. Retrofitting Buildings 
for Energy Conservation, The Fairmont Press, Inc., Lilburn, GA. 

Boyd, G., Tolley, G., Pang, J., 2002, “Plant Level Productivity, Efficiency, and 
Environmental Performance of the Container Glass Industry”, Environmental 
and Resource Economics, Volume 23, Number 1, September, Pages: 29 – 43. 

BRECSU, Reviewing Energy Management, (GIR 13), January 1993; Enquiries   
Bureau, Building Research Energy Conservation Support Unit (BRECSU), 
Building Research Establishment, Garston, Watford WD2 7JR. 

Burfoot, D., Reavell, S., Wilkinson, D. and Duke, N. (2004), “Localised air delivery 
to reduce energy use in the food industry”, Journal of Food Engineering, Vol. 
62, pp. 23-8. CAEEDAC (2000), “A descriptive analysis of energy 
consumption in the agriculture and food sector in Canada”, Final Report, 
Canadian Agricultural Energy End-use Data and Analysis Centre, available 
at: www.usask.ca/agriculture/caedac/pubs/processing.PDF Collard, F., Feve, 
P. and Portier, F. (2005), “Electricity consumption and ICT in the French 
service sector”, Energy Economics, Vol. 27, pp. 541-550. 

Carpenter, K. and Kissock, K., 2005, “Quantifying Energy Savings From Improved 
Boiler Operation”, Industrial Energy Technology Conference, 2005 New
Orleans, Louisiana, May 11-12.

Chandler, C. and Gwin, H. (2008), Financing Energy Efficiency in China, Carnegie 
Endowment for International Peace, Washington, DC. 

Cynthia Putnam, Stan Price, (2005),"High-performance facilities engineering: 
Preparing the team for the sustainable workplace", Journal of Facilities 
Management, Vol. 3 Iss: 2.  

Dale, J.C. and Kluga, T. (1992), Energy Conservation: More than a Good Idea, 
ABI/Inform, UMI, Article Clearinghouse number: 12801.00. 

De Groot, H.L.F., Verhoef, E., and Nijkamp, P., 2001, “Energy Savings by Firms:  
Decision-making, Barriers, and Policies”, Energy Economics, Vol. 23, Issue 
6, pp. 717-740.  

Department for Environment, Food and Rural Affairs (2006), Policy Options to 
Encourage Energy Efficiency in the SME and Public Sectors, Department for 



© C
OP

UPM

146

Environment, Food and Rural Affairs, London, available at: 
www.defra.gov.uk 

Diekmann, J., Eichhammer, W., Neubert, A., Rieke, H., Schlomann, B. and Ziesing, 
H.-J. (1999), Energie-Effizienz-Indikatoren. Statistische Grundlagen, 
theoretische Fundierung und Orientierungsbasis fur die politische Praxis, 
Physica, Heidelberg (in German).

EC (2006), “A European strategy for sustainable, competitive and secure energy”, 
Green Paper, European Commission, Brussels, available at: 
http://ec.europa.eu/energy/green-paperenergy/doc/2006-03-08-gp-document-
en.pdf 

EC (2009), “Key information for small to medium enterprises (SMEs)”, Directorate-
General for Energy and Transport, European Commission, Brussels, 
available at: www.managenergy.net/smes.html 

Efficiency Valuation Organization, 2002, “International Performance Measurement 
and Verification Protocol: Concepts and Options for Determining Energy and 
Water Savings: Volume 1”, www.ipmvp.org.

Enerdata, Fraunhofer ISI, ADEME (2003), “Energy efficiency in the European union 
1990-2001”, SAVE-ODYSSEE Project on Energy Efficiency Indicators, 
Energy Efficiency Indicators, Paris, June. 

Energie Effizienz Indikatoren (2003), Statistische Grundlagen, theoretische 
Fundierung und Orientierungsbasis fu¨r die politische Praxis, Physica, 
Heidelberg. 

Eugene Kozlovski Umar Bawah, (2015)," A financial decision support framework for 
the appraisal of energy infrastructures in developing economies", 
International Journal of Energy Sector Management, Vol. 9 Iss 2 pp. 176 - 
203. 

Fels, M. and Keating, K.,1993, “Measurement of Energy Savings from Demand-Side 
Management Programs in US Electric Utilities”, Annual Review of Energy 
and Environment, 18:57-88.  

Ferreira, A. (1996), ``Performance-based contracting: achieving projected energy cost 
reductions'', Facility Management Journal, May/June, pp. 11-14. 

Freeman,S.L., Niefer, M.J. and Roop, J.M. (1997), “ Measuring Industrial Energy 
Intensity”: Practical Issues and Problems, Vol.25 No.6-7.  

Fritzson, A. and Berntsson, T. (2005), “Efficient energy use in a slaughter and meat 
processing plant-opportunities for process integration”, Journal of Food 
Engineering, Vol. 76, pp. 594-604. 

Ghaith Warkozek, Stéphane Ploix, Frédéric Wurtz, Mireille Jacomino, Benoit 
Delinchant (2012), “Problem formulation and analysis for optimal energy 



© C
OP

UPM

147

management in multisource systems”, The International Journal for 
Computation and Mathematics in Electrical and Electronic Engineering, Vol. 
31 No. 3, 2012.  

Goldemberg, J., Johansson Thomas, B., Reddy Amulya, K.N. and Williams Robert, 
H. (1994), “Energy efficiency from the perspective of developing countries”, 
Energy for Sustainable Development, Vol. I No. 2, pp. 28-34. 

Gopinath, M. (2000), Foreign Direct Investment in Food and Agricultural Sectors, 
available at:www.oregonstate.edu/dept/IIFET/2000/papers/gopinath.pdf 

GTZ (2003), “Relationship between energy efficiency and economic development”, 
Deutsche Gesellschaft fu¨r Technische Zusammenarbeit, available at: 
www.prien.cl/documentos/GTZ_Eficiencia (in Spanish). 

       
Haberl. J., Sreshthaputra, A., Claridge, D.E. and Kissock, J.K., 2003. “Inverse 

Modelling Toolkit (1050RP): Application and Testing”, ASHRAE 
Transactions, Vol. 109, Part 2.

Hall, C., Cleveland, C. and Kaufmann, R. (1986), The Ecology of the Economic 
Process: Energy and Resource Quality, Wiley, New York, NY.  

Hansen, S.J. (1993), Performance Contracting for Energy and Environmental 
Systems, The Fairmont Press, Inc., Lilburn, GA. 

Hanson, D. and Laitner, J. (2004), “An integrated analysis of policies that increase 
investments in advanced energy-efficient/low-carbon technologies”, Energy 
Economics, Vol. 26, pp. 739-55. 

Henningsson, S., Smith, A. and Hyde, K. (2001), “Minimizing material flows and 
utility use to increase profitability in the food and drink industry”, Trends in 
Food Science & Technology, Vol. 12, pp. 75-82. 

Hyde, K., Smith, A., Smith, M. and Henningsson, S. (2001), “The challenge of waste 
minimization in the food and drink industry: a demonstration project in East 
Anglia, UK”, Journal of Cleaner Production, Vol. 9, pp. 57-64.

IEA (2002), Improving Energy Efficiency, International Energy Agency, Paris. 

IEA (2005), The Experience with Energy Efficiency Policies and Programs in IEA 
Countries: Learning from The Critics, International Energy Agency, Paris. 

IEA (2007), World Energy Outlook; China and India Insights (Executive Summary), 
International Energy Agency, Paris. 

Information on http://www.st.gov.my

Information on http://www.schaeferkalk.com.de



© C
OP

UPM

148

International Chamber of Commerce (2007), “Energy efficiency: a world business 
perspective”, The Commission on Environment & Energy, Document No. 
213/40 rev.4. 

International Energy Agency (1997), Indicators of Energy Use and Efficiency: 
Understanding the Link between Energy and Human Activity, OECD/IEA, 
Paris. 

International Panel for Climate Change (2001), Mitigation, The Third Assessment 
Report of the Intergovernmental Panel on Climate Change, Cambridge 
University Press, Cambridge.  

Iregui, A., Melo, L. and Ramirez, M. (2006), “Regional and sectoral productivity in 
Colombia: an analysis using panel data”, Essays about Economic Policy, 
Vol. 25, pp. 18-65 (special edition productivity and growth (in Spanish)). 

ISO 50001 (2011), “Energy Management Systems-Requirements with Guidance for 
use.  

Jacques, J.K., Lesourd, J.B (1988), Modern Applied Energy Conservation: New 
Directions in Energy Conservation and Management, Ellis Horwood 
Publishing Company, Chichester. 

John S. Edwards, (2008),"Knowledge management in the energy sector: review and 
future directions", International Journal of Energy Sector Management, Vol. 
2 Iss: 2. 

Julia Oberschmidt, Jutta Geldermann, Jens Ludwig, Meike Schmehl, 
(2010),"Modified approach for assessing energy technologies", International 
Journal of Energy Sector Management, Vol. 4 Iss: 2. 

Kalogirou S.A., 2000, “Applications of artificial neural-networks for energy 
systems”, Applied Energy, Vol. 67, No. 1, September, pp. 17-35(19).  

Kander, A. and Scho¨n, L. (2007), “The energy-capital relation – Sweden 1870-
2000”, Structural Change and Economic Dynamics, Vol. 18, pp. 291-305.  

Karrir, N. (2007), Final Report for Energy Efficiency Gaps and Strategy Study, Risoe 
National Laboratory for Sustainable Energy, URC, Roskilde.  

Katipamula, S., Reddy, T.A., Claridge, D.E., 1998, “Multivariate regression 
modelling”, Journal of Solar Energy Engineering, Vol. 120, Issue: 3. 

Kissock, J.K., 1994. "Modelling Commercial Building Energy Use with Artificial 
Neural Networks", Intersociety Energy Conversion Engineering Conference, 
Vol. 3, pp. 1290-1295, Monterey, CA, August.



© C
OP

UPM

149

Klemes, J. and Stehlik, P. (2007), “Heat integration, energy management, CO2 
capture and heat transfer enhancement”, Applied Thermal Engineering, Vol. 
27, pp. 2627-32.

Klessmann, C., Graus, W., Harmelink, M. and Geurts, F. (2007), Making Energy-
Efficiency Happen: From Potential to Reality, Ecofys International BV, 
Utrecht. 

Kramer, K., Moll, H., Nonhebel, S. and Wilting, H. (1999), “Greenhouse gas 
emissions related to Dutch food consumption”, Energy Policy, Vol. 27, pp. 
203-16. 

Kumar, S., Senanayake, G., Visvanathan, C. and Basu, B. (2003), “Desiccated 
coconut industry of Sri Lanka: opportunities for energy efficiency and 
environmental protection”, Energy Conversion and Management, Vol. 44, 
pp. 2205-15.  

Lam, J.C. (1995), ``Building envelope loads and commercial sector electricity use in 
Hong Kong'', Energy, Vol. 20 No. 3, pp. 189-94. 

Liga Ozolina and Marika Rosa. (2012) “A review of energy efficiency policy and 
measures for industries in Latvia”, Management of Environmental Quality: 
An International Journal, Vol. 23 No. 5, 2012.  

Maxime, D., Marcotte, M. and Arcand, Y. (2006), “Development of eco-efficiency 
indicators for the Canadian food and beverage industry”, Journal of Cleaner 
Production, Vol. 14, pp. 636-48. 

Ministry of Energy, Green Technology and Water, Malaysia (2013), “National  
            Energy Policy”, Annual Report, pp. 22-27. 

Ministry of International Trade and Industry, Malaysia (2012), “3rd Industrial Master  
             Plan-IMP3”, IMP3 Report, pp. 3-14. 

Mirza, S. (2008), “Reduction of energy consumption in process plants using nano-
filtration and reverse osmosis”, Desalination, Vol. 24, pp. 132-42. 

Monir Zaman Mir, Abu Shiraz Rahaman, (2011),"In pursuit of environmental 
excellence: A stakeholder analysis of the environmental management
strategies and performance of an Australian energy company", Accounting, 
Auditing & Accountability Journal, Vol. 24 Issue: 7.  

Morel, A. (2008), Terminal Evaluation of Project on “Developing Financial 
Intermediation Mechanisms for Energy Efficiency Projects in Brazil, China 
and India”, UNEP, Paris.

Morris D., Stewart F. and Gilmore C.(2000), “Comparative analysis of the 
consumption of energy of two wood pulping processes”, Energy 
Conservation and Management, Vol.41 No.14.  



© C
OP

UPM

150

Mozzo, M.A. (1998), "The state of the energy service company today'', Energy 
Engineering Journal, Vol. 95 No. 4, pp. 67-77. 

Muller, D., Marechal, F., Wolewinski, T. and Roux, P. (2007), “An energy 
management method for the food industry”, Applied Thermal Engineering, 
Vol. 27, pp. 2677-2686. 

Munasinghe, M. and Meier, P. (1988), “Integrated energy planning and 
management:methodology and application ”, World Bank Paper No. 86, 
World Bank, Washington, DC. 

“National Energy Policy"; Ministry of Energy, Green Technology and Water (2013).

Okos, M., Rao, N., Drecher, S., Rode, M. and Kozak, J. (1998), A Review of Energy 
Use in the Food Industry, American Council for an Energy-Efficient 
Economy No. IE.981, Washington, DC, available at: www.aceee.org. 

Painuly, J.P., Park, H., Lee, M.-K. and Noh, J. (2003), “Promoting energy efficiency 
financing and ESCOs in developing countries: mechanisms and barriers”, 
Journal of Cleaner Production, Vol. 11, pp. 659-665. 

Pardo Martı´nez, C.I. (2009), “Energy efficiency developments in the manufacturing 
industries of Germany and Colombia, 1998-2005”, Energy for Sustainable 
Development, Vol. 13, pp. 189-201.  

Paul I., Saberwal S. and Kaushik S. (1996), “Optimum efficiency in energy 
consumption during start-up and shut down”, Energy Conservation and 
Management, Vol.37 No.4. 

Phylipsen, G., Nyboer, J., Oliver, J., Pape, A., Worrell, E. and Blok, K. (1996), 
“Methodologies for international comparisons of industrial energy 
efficiency”, Proceedings of the Workshop, Department of Science, 
Technology and Society, 1-2 April, Utrecht University, Utrecht. 

Poole, R., Clarke, G. and Clarke, D. (2002), “Growth, concentration and regulation 
in European food retailing”, European Urban and Regional Studies, Vol. 9, 
pp. 167-186.  

Ramestohl, S., Clases, C., and Prose, F., 1997, “Duplicatingthe Success – From 
Positive Examples to Socio-economic Marketing Strategies for Greater 
Energy Efficiency in Industry.”, Proceedings of the European Council for an 
Energy Efficient Economy (ECEEE) Summer Study, SpindleruvMlýn, 
Czechia, June 9-14.   

Ramos, J. and Ortege, M. (2003), “Non-linear relationship between energy intensity 
and economic growth”, paper presented at the ESEE Conference Frontiers 2, 
Tenerife. 



© C
OP

UPM

151

Reardon, T., Barret, C., Berdegue, J. and Swinnen, J. (2008), “Agri-food industry 
transformation and small farmers in developing countries”, working paper, 
available at: www.aem.cornell.edu/faculty_sites/cbb2/workingpapers.htm  

Sandberg, P. and Söderström, M., 2003, “Industrial Energy Efficiency:  The Need for 
Investment Decision Support from a Manager Perspective”, Energy Policy, 
Vol. 31, No. 15, pp. 1623-1634.

Sathaye, J., Gadgil, A. and Mukhopadhyay, M. (1999), “Role of development banks 
in promoting industrial energy efficiency: India case studies”, Report, 
LBNL-4391, LBL, available at: http://ies.lbl.gov/iespubs/43191.pdf 

Schipper, L. and Grubb, M. (2000), “On the rebound? Feedback between energy 
intensities and energy uses in IEA countries”, Energy Policy, Vol. 28, pp. 
367-88. 

Sieberger, B., Meyer, J., Kuhn, H., Bonczeck, P. and Kruska, M. (2001), “Rationale 
use of energy in food industry”, Energy Agency. NRW – Initiative on 
Renewable Energy. The Federation of German Food and Drink Industries, 
Berlin (in German).

Stern, D. (2003), Energy and Economic Growth, Rensselaer Polytechnic Institute, 
Troy, NY, available at: www.localenergy.org.

Tait, J. (2000), “Energy efficiency and improved profitability”, Food Industry and the
              Environment in the European Union: Practical Issues and Cost Implications, 

2nd ed., Ch. 3, Springer, New York, NY.  

Taylor, R.P., Govindarajalu, C., Levin, J., Meyer, A.S. and Ward, W.A. (2008), 
Financing Energy Efficiency: Lessons from Brazil, China, India, and 
Beyond, The World Bank, Paris. 

Tenaga Nasional Berhad (2013); Annual Report, pp. 67-82.
  
The Energy Commission of Malaysia (2009); Information on http://www.st.gov.my
  
Thumann, P.E. and Mehta, D.P. (1997), Handbook of Energy Engineering, The 

Fairmont Press, Inc., Lilburn, GA. 

Turner W.C. and Parker S.A. (1984), “Energy accounting: a new field develops”, IIE 
Transaction Vol.16 No.3.  

United Nations Industrial Development Organization (2007), Policies for Promoting 
Industrial Energy Efficiency in Developing Countries and Transition 
Economies, Commission for Sustainable Development (CSD-15), United 
Nations Industrial Development Organization, Vienna. 

       



© C
OP

UPM

152

United States Department of Energy, 1996a."North American Energy Measurement 
and Verification Protocol", DOE/EE-0081, U.S. Department of Energy, 
Washington, D.C.

UPME (2003), “Comparative analysis of international electricity prices”, Industrial 
Sector, Unit of Mines and Energy Planning, National Association of 
Industry, Bogota (in Spanish). 

US Department of Energy (2004), “Energy efficiency and renewable energy”, 
Industrial Technologies Program, Industrial Energy Systems: Food and 
Beverage Energy Footprint, US Department of Energy, Washington, DC, 
available at: www.eere.energy.gov/industry/energy-systems/footprints.html 

Vittorio Cesarotti, Bruna Di Silvio, Vito Introna, (2009),"Energy budgeting and 
control: a new approach for an industrial plant", International Journal of 
Energy Sector Management, Vol. 3 Issue: 2. 

Waltz, J.P. (1994), Demand-side Management and Energy Services Industry: 
Retrofitting Building for Energy Conservation, The Fairmont Press, Inc., 
Lilburn, GA. 

WEC (2001), Energy Efficiency Policies and Indicators – A Report by the World 
Energy Council, World Energy Council, London. 

WEC (2014), Energy Efficiency: A Worldwide Report Indicators, Policies, 
Evaluation, World Energy Council, London, available at: 
www.worldenergy.com (in Spanish).  

Woodruff, E.A. and Turner, W.C. (1998), ``Financial arrangement for energy 
management projects'', Energy Engineering Journal, Vol. 95 No. 3, pp. 23-
66. 

Worrell,E., Price,L., Martin,N., and Schaeffer.R, (1997), “Energy intensity in the 
iron and steel industry: a comparison of physical and economic indicators”, 
Energy Policy, Vol25 No.6-7. 

 Zhao., Bassi., Demailly and Quirion, (2011), "World Energy Consumption", 
International Journal of Energy Sector Management, Vol. 3 Issue: 2. 




