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ABSTRACT 

 

 

  

Pinch analysis techniques have been widely used as systematic design tools in 

the chemical process industry over the past decades. However, there has been very 

limited work on the use of pinch analysis in the area of production planning. Some of 

the common problems encountered by Malaysian small and medium enterprises 

(SMEs) are fluctuation of demand and supply of goods, inadequate warehouse, 

machine allocation problem, and the lack of factory space. With the application of 

systematic production planning techniques based on pinch analysis, these problems 

can now be resolved. The research objective of this dissertation is to develop novel 

graphical tools for production planning for the SMEs. In this dissertation, new pinch 

targeting techniques known as production planning pinch diagram and production 

planning grand composite curve (PPGCC) are presented to assist production 

planning in the SMEs. The research methodology adopted was from similar graphical 

tools utilized for the recovery of energy, material resources, carbon capture and 

storage, production supply chain and human resource planning in the chemical 

process industry. The targeting techniques are graphical in nature where pinch point 

that acts as production bottleneck can be identified and opportunities for operational 

changes can be explored easily. Four illustrative examples and four industrial case 

studies were done to demonstrate how pinch analysis could be used to solve the 

various production planning problems faced by the SMEs. The case studies show that 

pinch analysis is practical for the manufacturing industries and provides tangible 

benefits such as cost savings from reduction of outsourcing and lead time, as well as 

better cash flow management. The developed methodology in this dissertation can 

also be extended to a broad range of applications, such as large scale manufacturing, 

logistics, agriculture, aquaculture, livestock, infrastructure development, forestry, 

medical, automotive, immigration, town planning and construction. 
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ABSTRAK 

 

 

  

Teknik-teknik analisa jepitan (pinch analysis) telah digunakan secara meluas 

sebagai alat rekabentuk yang sistematik dalam industri proses kimia sejak beberapa 

dekad yang lalu. Namun begitu, penggunaan analisa jepitan dalam bidang 

perancangan pengeluaran didapati sangat terhad. Antara masalah umum yang 

dihadapi oleh indusri kecil dan sederhana (IKS) di Malaysia  adalah melibatkan 

permintaan dan bekalan barangan yang tidak menentu, gudang yang tidak 

mencukupi, masalah peruntukan mesin dan juga dari segi kekurangan ruang kilang. 

Masalah-masalah ini boleh diselesaikan dengan menggunakan aplikasi jepitan 

sistematik yang berasaskan perancangan pengeluaran. Objektif penyelidikan bagi 

disertasi ini adalah untuk membangunkan alat grafik novel bagi perancangan 

pengeluaran buat kegunaan IKS. Di dalam disertasi ini, teknik menyasar jepitan baru  

dan keluk komposit utama perancangan pengeluaran (PPGCC) telah dibentangkan 

untuk membantu perancangan pengeluaran di syarikat IKS. Metodologi penyelidikan 

yang digunapakai adalah dari alat grafik yang serupa digunakan untuk proses 

mendapatkan tenaga, sumber bahan, pengumpulan dan penyimpanan karbon, rantaian 

bekalan pengeluaran dan perancangan sumber manusia di dalam industri proses 

kimia. Teknik-teknik yang menyasar adalah berbentuk grafik secara amnya di mana 

titik jepitan yang bertindak selaku kejejalan pengeluaran dapat dikenalpasti dan 

peluang untuk perubahan operasi boleh diterokai dengan mudah. Empat contoh 

ilustrasi dan empat kajian kes industri telah dilakukan untuk menunjukkan 

bagaimana jepitan perancangan pengeluaran ini dapat menyelesaikan masalah yang 

dihadapi oleh syarikat-syarikat IKS. Kajian kes telah menunjukkan bahawa analisa 

jepitan adalah pendekatan yang praktikal untuk industri pembuatan dan dapat 

memberi faedah yang ketara seperti penjimatan kos dari pengurangan penyumberan 

luar, pengurangan masa penghasilan dan juga pengurusan aliran tunai secara lebih 

baik. Kaedah yang dibangunkan untuk IKS ini boleh diperluaskan buat pelbagai 

aplikasi lain seperti di dalam proses pembuatan pada skala yang besar, logistik, 

pertanian, akuakultur, ternakan, pembangunan infrastruktur, perhutanan, perubatan, 

automotif, imigrasi, perancangan bandar dan juga pembinaan. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 Background Problem 
 

 

 

Most companies especially small medium enterprises (SMEs), face seasonal 

demand and production problem, which lead to the emergence of lean and peak 

periods. Such variation in demand and supply is normally beyond the 

manufacturer’s control. In current practise, the approach to the problem is to plan 

on production capacity or storage space, in order to accommodate the varying 

demand. Production planning issues are often addressed through the use of 

mathematical model or systematic quantitative decision support techniques. For 

example, linear optimization models are used for multi-site production environment 

(Kanyalkar et al., 2005, Kanyalkar and Adil, 2007); while Gunther et al. (2006) 

integrates production planning and worker training considering machine and 

worker availability, operation sequence and multi-period planning horizon. Besides, 

analytical approaches where uncertainties are described as probability distributions 

have also been presented (Feng et al., 2011). Various models and techniques for 

production and distribution are recently reviewed by Fahimnia et al. (2013). 

However, most of these techniques require specialized technical knowledge that 

may not always be possible for the staffs of SMEs. Therefore, simple and 

intuitively appealing techniques are required to aid in production planning and 

coordination especially in SMEs. 
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Pinch analysis techniques have been widely used as systematic design tools 

in the chemical process industry over the past decades. The techniques were 

initially developed for the design of heat-recovery systems for industrial energy 

conservation (Linnhoff et al., 1982). This methodology was later extended into 

various mass integration techniques (El-Halwagi and Manousiouthakis, 1989; El-

Halwagi, 1997, 2006) for efficient use of mass separating agents for pollution 

prevention. Later, pinch analysis techniques were developed for material recovery 

systems, focussing on the efficient use of process water (Wang and Smith, 1994; 

El-Halwagi et al., 2003; Manan et al., 2004; Prakash and Shenoy, 2005; Agrawal 

and Shenoy, 2006; Foo, 2009, 2012), as well as industrial gases (Alves and Towler, 

2002; El-Halwagi et al., 2003; Agrawal and Shenoy, 2006;  Foo and Manan, 2006; 

Foo, 2012). Aside from the traditional applications, pinch analysis has also been 

extended into a variety of non-conventional areas such as financial management 

(Zhelev, 2005), supply chain management (Singhvi and Shenoy, 2002; Singhvi et 

al., 2004; Foo et al., 2008), emergy analysis (Zhelev and Ridolfi, 2006), carbon-

constrained energy planning (Tan and Foo., 2007;  Lee et al., 2009), carbon capture 

and storage (Tan and Foo, 2009; Sahu et al., 2013; Ooi et al., 2013, 2014), short-

term scheduling of batch processes (Foo et al., 2007) and human resource planning 

(Foo et al., 2010). However, there has been very limited work on the use of pinch 

analysis for the area of production planning. 

 

An earlier attempt to use pinch analysis approach for production supply chain 

has been reported by Singhvi and Shenoy (2002). The authors later extended the 

work to cover for multiple products manufacturing (Singhvi et al., 2004). In these 

earlier works, graphical targeting tools were proposed to determine the minimum 

production rate for known customer demand across a given planning horizon. 

Subsequently. Ludwig et al. (2009) extended the techniques for production with 

seasonal demand, where different production strategies were evaluated based on 

cost parameters. An algebraic-equivalent tool to determine the minimum production 

rate was reported by Foo et al., (2008), which incorporated the consideration of 

maximum and minimum inventory limits. In these previous works, the main 

objective is to determine the production rate based on the seasonal forecast for the 

planning horizon. However, all the above techniques do not address the 
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minimization of outsourcing resources, neither do they explore opportunities for 

operational changes. 

 

 

 

1.2 Importance of the Study 

 

Due to global changes in economic, globalization of the markets, change in 

customer needs and competition increase, new businesses have been developed and 

are rapidly expanding (Javadi et al., 2012). Under the prevailing rapid change trend, 

manufacturers today are subjected to constant change and ever increasing 

complexity. This confronts manufacturers with various threats and challenges. As 

such, keeping an efficient operation in order to keep up with the competition is no 

longer an initiative, but a crucial survival means to ensure a manufacturer’s 

continuous existence 

 

Manufacturers often struggle to increase their productivity and capacity to 

keep up with demand. As such, they need to continually change their work 

processes to support growth, especially when there are resource constraints. Process 

integration strategies such as pinch analysis can help manufacturer to apply 

efficient production planning through a systematic approach to identify and 

improve efficiency, eliminate waste, integrate their work processes and by 

instituting a philosophy of optimization (Foo et al., 2010). 

 

Process integration particularly pinch analysis focuses on operational 

efficiency and optimization that add value from timeliness and volume perspective 

which form the basic principle of operational excellence in manufacturing. There is 

no question that operational efficiency is an essential ingredient for survival in 

today’s manufacturing world. Companies must strive to create high quality and low 

cost products that can get to customer in the shortest time. In this research, the 

author has strongly recommended the application of pinch analysis for better 

production planning which can enhance the operational efficiency of 

manufacturing. 
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In this dissertation, novel graphical tools for production planning for SMEs 

are proposed. These newly proposed tools can be used to optimize warehouse space 

and production capacity for production machinery, which are common challenges 

in most SMEs. In addition to that, it also helps to minimize their outsourcing 

problem and to explore opportunities for operational changes. As a result, the 

manufacturing plant is able to reduce idle space and/or excess machines capacity, to 

integrate its existing operation, and to improve its operational efficiency leading to 

higher profits.   

 

 

 

1.3 Problem Statements 

   

Supply and demand of goods are usually beyond the manufacturers’ control. 

However, to certain extent, control of time and capacity adaptation is still possible. 

Note that machine capacity and warehouse space can either be fixed or variable in 

most cases. For instance, if factory or warehouse is a standard industrial lot with 

fixed dimension; or packaging machine is available in standardized capacities, this 

is classified as fixed-capacity with variable time problem. On the other hand, in 

case where factory, warehouse or packaging machines are available at a continuous 

range of capacities; i.e. manufacturer could acquire them according to their exact 

requirement, those units can then be classified as a variable-capacity and variable 

time problem. For example, such cases usually occur in pharmaceutical and allied 

industries (herbaceutical, cosmeceutical, bioceutical, cosmetic, herbal and 

traditional medicine). These problems have grown in term of their importance in 

recent years due to the recognition of SMEs as the generative engine behind 

economic growth, its substantial contribution to the country’s GDP and one of the 

main sources of employment. 

 

In this dissertation, novel graphical tools for production planning are 

proposed. These newly proposed tools are demonstrated with case studies based on 

Malaysian SME factories. The following are some specific problems that are 

commonly encountered by most Malaysian SMEs and these two companies. 
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i) Fluctuation of demand and supply of goods 

 

Fluctuation of product demand and supply of raw materials are common 

challenges faced by Malaysian SMEs. Thus, it creates a peak and lean 

periods in the planning horizon. The peak may occur once or even twice 

in the case of seasonal demand for instance during summer or winter 

depending on the nature of the product (see Figure 1). 

 

 
(a) (b)  

 

Figure 1: Product Demand with (a) Single peak (b) Double peak 

 

 

ii)   Inadequate warehouse allocation problem 

 

The problem arises when a company/facility seeks to maximize its 

internal resources such as storage space while minimizing outsourcing 

requirements. The goal of the company is to reduce idle space or 

outsourcing when internal space is inadequate to meet its increasing 

demand.  

 

iii) Inadequate machine allocation problem 

 

As demand of goods increase, SME seeks to maximize the use of its 

machineries while minimizing their outsourcing requirements. The main 
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objective of the SME is to reduce idling or excess machine capacity and 

outsourcing wherever possible. As a result, this will improve the 

operational efficiency of the factory thus increasing its profits. 

 

iv) Lack of factory space optimization 

 

This problem arises when a company/facility seeks to maximize use of its 

internal resources, such as production capacity, due to increase in 

demand of goods; while minimizing outsourcing requirements. Note that 

the problem is more serious in Malaysian SMEs due to the typical lack of 

access of such firms to adequate financing for expansion of facilities. 

Thus Malaysian SMEs will often simply rent readily available industrial 

space for storage, or expansion of new production lines. Therefore, 

proper production planning in the Malaysian SMEs presents unique 

challenges. 

 

 

 

1.4    Research Objective 

 

The goal of this research is to develop novel graphical tools for production 

planning for SMEs.  The research hypothesizes that there are big opportunities for 

improvement in production planning, operational efficiency and profitability, if 

these graphical tools for production planning are used. These tools should be user 

friendly and do not require specialized technical knowledge that may not always be 

available in Malaysian SMEs. 

 

The objective of this dissertation is to develop graphical tools, and to 

demonstrate their uses for production planning in the SMEs for production and 

operation improvement. This will ensure a better use of various production 

resources such as warehouse space, machine, workers, and production time. 

 

The objectives of this study include the following: 
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i) Development of new graphical tools for production planning in SMEs. 

ii) To optimize the use of internal resources such as warehouse space, sachet 

-filling machines, workers, finances, in order to minimize outsource 

requirements.   

 

iii) To explore opportunities for operational changes using the newly 

developed graphical tools. 

 

iv) To demonstrate the practicability of these graphical models for 

production planning in two local SME plants, i.e. nutraceutical and 

cosmeceutical factories. 

 

 

 

1.5 Scope of Study 

 

The main aim of this dissertation is to improve the overall production 

planning and the operational efficiency of Malaysian SMEs. Therefore, the 

proposed process integration techniques were applied to solve the following 

problems:- 

 

a) Improving fermentation tanks availability, toothpaste tube filling 

machine usage, warehouse usage, sachet-filling machines usage, packing 

workers allocation and renovation time. 

b) Exploring opportunities for operational changes 

c) Determination of exact timing when external resources are needed. 

d) Minimizing outsourcing thus improving profit margins of the company. 

 

These operations are considered to be the important characteristics which 

would enable the company to show improvement in term of operational efficiency 

and profitability.  

 

This research, however, does have some limitations and constraints. Firstly, 

the scope has been focused on two industries which the author is familiar and 
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currently working there. This was used as a sample of the study which is supposed 

to represent the Malaysian SME particularly the nutraceutical and cosmeceutical 

sector. The other aspects such as aggregate supply chain, financial pinch, 

equipment pinch and human resource pinch was not covered at all, as these aspects 

have been explored in previous studies (Singhvi et al., 2004; Zhelev, 2005;  Foo et 

al., 2007 and Foo et al., 2010). 

 

The other limitation is that when applying production planning pinch, a finite 

time planning horizon is required. The sink and source sources are non-renewable 

or reusable during the planning horizon. Should there be any outsourcing, it has to 

be from external sources. Internal sinks are considered to be fully utilized and non-

recycle able during the planning horizon.  

 

 

1.6 Structure of this Dissertation 

 

This dissertation is divided into six chapters.  

 

Chapter 1 highlights the seasonal demand and production problems faced by 

the SMEs which lead to lean and peak periods. These problems are beyond the 

manufacturer’s control. The development of pinch analysis techniques over the 

years has been explained. Importance of this study emphasizes the need for 

manufacturer to be highly efficient to be able to survive in today’s globalized 

market. 

 

Literature review presented in Chapter 2 covers the development and use of 

pinch analysis as systematic design tools in the chemical process industry over the 

past decades. The techniques were initially developed for the design of heat 

recovery system, was later extended into various mass integration techniques. The 

technique was later developed for general resource conservation networks extended 

into a variety of non-conventional areas such as financial management, supply 

chain management, carbon-constrained energy planning, carbon capture and 

storage, short-term scheduling of batch processes and human resource planning. 
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Chapter 3 describes the methodology of the research, which is development 

of graphical tools for production planning. These newly proposed tools can be used 

to optimize internal resources such as warehouse space, production capacity for 

production machinery, which are common challenges in most SMEs. 

 

Chapter 4 describes four illustrative examples. The first two examples 

describe the production planning for warehouse allocation with fixed capacity and 

variable time problem and production planning for sachet-filling machines with 

variable capacity and variable time problem. The third and fourth examples 

illustrate production planning for a Chia seed powder factory and financial planning 

for a nutritional food processing factory. 

 

Chapter 5 outlines four industrial case studies using the newly developed 

techniques in Chapter 4 at Life Science Corporation and Cosmescience Sdn. Bhd. 

This chapter discusses how the application of these techniques has improved the 

efficiency of the manufacturing processes. Two examples were used for each 

factory. For Life Science Corporation, the allocation of fermentation tanks and 

packing workers were demonstrated.  On the other hand, construction of a new 

plant and toothpaste tube filling machine allocation problems were demonstrated 

for Cosmescience Sdn. Bhd. 

 

The research is concluded in Chapter 6. Possible future works and extensions 

to other areas of application are suggested.  These include manufacturing, service, 

logistic, agriculture, veterinary, aquaculture, fisheries, forestry, contract farming, 

infrastructure development and even construction industries.   



 84 
 

 

 

 

 

REFERENCES 

 

 

 

Agrawal, V. and Shenoy, U. V. (2006). Unified conceptual approach to targeting and 

design of water and hydrogen networks. AlChE Journal, 52(3): 1071 - 1081. 

 

Alves, J. J. and Towler G. P. (2002). Analysis of refinery hydrogen distribution 

systems. Industrial & Engineering Chemistry and Research, 41: 5759-5769. 

 

Dankbaar (1998). Technology management in technology-contingent SMIs. 

International Journal of Technology Management, Vol. 15: pp. 1-12. 

 

Davenport, T. H. and Short, J. E. (1990). “The New Industrial Engineering: 

Information Technology and Business Process Redesign.” Sloan Management 

Review, Vol. 31, No. 4: pp. 11 – 27. 

 

Eden, M. R., Jorgensen, S. B., Gani, R. and El-Halwagi, M. M. (2004). A novel 

framework for simultaneous separation process and product design. Chemical 

Engineering and Processing, 43(5): 595 – 608. 

 

El-Halwagi, M. M., Manousiouthakis V. (1989). Synthesis of mass exchange 

networks. AlChE  Journal, 35(8): 1233-1244. 

 

El-Halwagi, M. M. (1997). Pollution prevention through process integration : 

Systematic design tools. San Diego: Academic Press. 

 

El-Halwagi,  M. M. (2006). Process integration. San Diego, CA, USA: Elsevier Inc. 

 



 85 
 

El-Halwagi, M. M., Gabriel, F. and Harell, D. (2003). Rigorous graphical targeting 

for resource conservation via material recycle/reuse networks. Industrial and 

Engineering Chemistry Research. 42: 4319 - 4328. 

 

El-Halwagi, M. M., Hamad, A. A., and Garrison, G. W. (1996). Synthesis of waste 

interception and allocation networks. AIChE Journal, 35(8): 1233 – 1244. 

 

El-Halwagi, M. M. and Manousiouthakis,V. (1989). Synthesis of mass exchange 

networks. AlChE Journal, 35(8): 1233-1244. 

 

Fahimnia B., Farahani R.Z., Marian R., Lee Luong (2013). A review and critique on 

integrated production-distribution planning models and techniques. Journal of 

Manufacturing Systems, 32: 1- 19. 

 

Fan, L., Rajib, M.S.U.R., Alam, M. S. (2012). Business Process Re-engineering in 

the SMEs: Critical Success Factors Perspective of an Emerging Economy. 

International Journal of Contemporary Business Studies. Vol. 3, No. 6: pp 6 – 

18. 

 

Feng, P. F., Zhang, J. F., Wu, Z. J., Yu, D. W. (2011). An improved production 

planning method for process industries. International Journal of Production 

Research, 49; 14: 4223-4243. 

 

Foo, D. C. Y. (2009). A State-of-the-art Review of Pinch Analysis Techniques for 

Water Network Synthesis. Industrial & Engineering Chemistry Research, 48 

(11): 5125-5159. 

 

Foo, D. C. Y. (2012). Process Integration for Resource Conservation. CRC Press, 

Boca Raton, Florida, US.  

Foo, D. C. Y., Hallale, H. and Tan R. R. (2007). Pinch Analysis to Short-Term 

Scheduling of Batch Reactors in Multi-Purpose Plants. International Journal of 

Chemical Reactor Engineering .Vol. 5, Article A94. 

 



 86 
 

Foo, D. C. Y., Hallale, N. and Tan R. R. (2010) Optimize shift scheduling using 

pinch analysis. Chemical Engineering, July 2010: 48 - 52. 

 

Foo, D. C. Y., Kazantzi, V., El-Halwagi, M. M., and Manan, Z. A. (2006). Cascade 

analysis for targeting property-based material reuse networks. Chemical 

Engineering Science, 61: 2626 - 2642. 

 

Foo, D. C. Y. and Manan, Z. A. (2006). Setting the minimum flowrate targets for 

utility gases using cascade analysis technique. Industrial and Engineering 

Chemistry Research, 45(17): 5986-5995. 

 

Foo, D. C. Y. (2007a). Water Cascade Analysis for Single and Multiple Impure 

Fresh Water Feed. Chem. Eng. Res. Des., 85(A8): 1169 – 1177. 

 

Foo, D. C. Y. (2007b).  Flowrate Targeting for Threshold Problems and Plant-Wide 

Integration for Water Network Synthesis. J. Environ. Manage. 2007, 88 (2): 

253 - 274. 

 

Foo, D. C. Y., Ooi, M. B. L., Tan R. R. and Tan, J. S (2008). A heuristic-based 

algebraic targeting technique for aggregate planning in supply chains. Comput 

Chem  Eng., 32 (10): 2217 – 2232. 

 

Foo, D. C. Y. (2012). Process integration for resource conservation. CRC Press. 

 

Gates, B. (1999). Business @ The Speed Of Thought. Warner Books Inc., New York. 

NY. 

 

Gunther H. O., Grunow M., Neuhaus U. (2006). Realizing block planning concepts 

in make – and – pack production using MILP modelling and SAP APO©
. 

International Journal of Production Research, 45, (22): 5329-5353 (25). 

 

Hallale, N. (2002). A new graphical targeting method for water minimisation. 

Advances  in Environmental Research, 6(3): 377-390. 



 87 
 

 

Hallale, N. and Liu, F. (2001). Refinery hydrogen management for clean fuels 

production. Advances in Environmental Research, 6: 81 – 98 

 

Javadi, M. H. M., Rabbanimehr, M., and Foruzan, M. (2012). Designing a Model for 

Processes Reengineering through Applying Agility Enterprise Architecture 

Framework and Priority of its Implementation Phases. International Journal of 

Human Resources : Vol. 2, No. 4. 

 

Kanyalkar, A. O., Adil, G. K. (2005). An integrated aggregate and detailed planning 

in a multi-site production environment using linear programming. International 

Journal of Production Research, 43, (20): 4431-4454(24). 

 

Kanyalkar, A.P., Adil, G.K. (2007). Aggregate and detailed production planning 

integrating procurement and distribution plans in a multi-site environment. 

International Journal of Production Research, 45, (22): 5329-5353(25). 

 

Kazantzi, V., and El-Halwagi, M. M. (2005). Targeting material reuse via property 

integration. Chemical Engineering Progress, 101(8): 28 – 37. 

 

Kemp, I. C. (2006). Pinch Analysis and Process Integration : A User Guide on 

Process Integration for the Efficient Use of Energy, 2
nd

 edition, Butterworth – 

Heinemann ISBN 0750682604. 

 

Lee G. L. and Oakes I. (1995). “The Pros and Cons of TQM for small firms in 

manufacturing : some experiences down the supply chain”. Total Quality 

Management, Vol. 14, No. 2: pp 165 – 181. 

 

Lee C. S., Ng D. K. S., Foo D. C. Y., Tan R. R. (2009). Extended Pinch Targeting 

Techniques for Carbon-Constrained Energy Sector Planning. Applied Energy, 

86(1): 60-67. 

 



 88 
 

Linnhoff, B., Townsend, D. W., Boland, D. Hewitt, G. F., Thomas, B. E. A., Guy, A. 

R. (1982). A user guide on process integration for the efficient use of energy, 

Rugby; I ChemE. 

 

Ludwig J., Treitz M., Rentz O. and Geldermann J. Production planning by pinch 

analysis for biomass use in dynamic and seasonal markets. International 

Journal of Operational Research, 47 (8): 2079-2090. 

 

Manan, Z. A., Tan, Y. L. and Foo, D. C. Y. (2004). Targeting the minimum water 

flowrate using water cascade analysis technique. AlChE Journal, 50 (12): 

3169-3183. 

 

Moreno and Luzon. (1993). “Can total quality management make small firm 

competitive?”, Total Quality Management,14,( 2) :165 – 181. 

 

Ng, D. K. S., Foo, D. C. Y., and Tan, R. R. (2007a). Ultimate Flowrate Targeting 

with Regeneration Placement. Chemical Engineering Research and Design, 

85(A9): 1253 - 1267. 

 

Ng, D. K. S., Foo, D. C. Y., and Tan, R. R. (2007a). Targeting for Total Water 

Network – Part 1: Waste Stream Identification, Industrial and Engineering 

Chemistry Research, 46: 9107 – 9113. 

 

Ng, D. K. S., Foo, D. C. Y., and Tan, R. R. (2007b). Targeting for Total Water 

Network – Part 2 : Waste treatment targeting and interactions with water 

systems elements. Industrial and Engineering Chemistry Research, 46: 9114 – 

9125. 

 

Ohno, T. (1997). The Toyota Production System: Beyond Large Scale Production. 

Productivity Press, Cambridge, MA. 

 

Ooi, R. E. H., Foo  D. C. Y., Ng,  D. K. S. and Tan, R. R. (2013). Planning of carbon 

capture and storage with pinch analysis techniques Chemical Engineering 

Research and Design, 91: 2721 – 2731. 



 89 
 

 

Ooi R. E. H., Foo D. C. Y. and Tan, R. R. (2014).  Targeting for Carbon 

Sequestration Retrofit Planning in the Power Generation Sector for Multi-

Period Problems. Applied Energy, 113 : 477 – 487. 

Prakash, R. and Shenoy, U. V. (2005). Targeting and design of water networks for 

fixed flowrate and fixed contaminant load operations. Chemical Engineering 

Science, 60(1): 255-268. 

 

Qin, X., Gabriel, F., Harell, D., and El-Halwagi, M. M. (2004). Algebraic techniques 

for property integration via componentless design. Industrial & Engineering 

Chemistry Research, 43: 3792 – 3798. 

 

Sahu G. C., Bandyopadhyay S., Foo D. C. Y., Ng D. K. S. and Tan R. R. (2014. 

Targeting for Optimal Grid-Wide Deployment of Carbon Capture and Storage 

(CCS) Technology. Process Safety and Environmental Protection, 92: 835 – 

848. 

Shelley, M. D., and El-Halwagi, M. M. (2000). Componentless design of recovery 

and allocation systems: A functionality-based clustering approach. Computers 

and Chemical Engineering, 24: 2081 – 2091. 

 

Shenoy, U. V. (1995). : Heat exchanger network synthesis : Process optimization by 

energy and resource analysis. Houston : Gulf  Publishing Co. 

 

Singhvi, A., Madhavan, K. P. and Shenoy, U. V. (2004). Pinch analysis for 

aggregated production planning in supply chains. Computers and Chemical 

Engineering, 28: 993 - 999. 

 

Singhvi, A. and Shenoy, U. V. (2002). Aggregate planning in supply chains by pinch 

analysis. Transactions of the Institute of Chemical Engineers, Part A, 80: 597-

605. 

 

Smith, R. (1995). Chemical process design. New York : McGraw Hill. 

 



 90 
 

Smith, R. (2005). Chemical process design and integration. New York : John Wiley 

and Sons. 

 

Srinivas, B. K., and El-Halwagi, M. M. (1994a). Synthesis of reactive mass exchange 

networks with general bon-linear equilibrium functions. AIChE Journal, 40(3): 

463 – 472. 

 

Srinivas, B. K., and El-Halwagi, M. M. (1994b). Synthesis of combined heat and 

reactive mass exchange networks. Chemical Engineering Science, 49(13): 2059 

– 2074. 

 

Tan, R. R. and Foo, D. C. Y. (2007). Pinch Analysis Approach to Carbon-

Constrained Energy Sector Planning. Energy, 32(8): 142-1429. 

 

Tan, R. R., Ng, D. K. S. and Foo, D. C. Y. (2009). Pinch Analysis Approach to 

Carbon-Constrained Planning for Sustainable Power generation. Journal of 

Cleaner Production, 17: 940 - 944. 

 

Towler, G. P., Mann, R., Serriere, A. J. L., and Gabaude, C. M. D. (1996). Refinery 

hydrogen management : Cost analysis of chemically integrated facilities. 

Industrial and Engineering Chemistry Research, 35(7): 2378 – 2388. 

 

Wang, Y. P. and Smith, R. (1994). Wastewater minimisation. Chemical Engineering 

Science. 49: 981-1006. 

 

Wang, Y. P. and Smith, R. (1995). Wastewater minimisation with flowrate 

constraints. Transactions of the Institute of Chemical Engineers, Part A, 

73:889 - 904. 

 

Womack, J. P., Jones D. T. and Ross D. (1990). The machine that changed the world, 

Harper Collins, New York. 

 



 91 
 

Womack, J. P. and Jones D. T. (1994). “From lean production to lean enterprise”, 

Harvard Business Review, USA, March – April: 33 – 103. 

 

Zhelev, T. K. (2005). On the integrated management of industrial resources 

incorporating finances. Journal of Cleaner Production, 13: 469-474. 

 

Zhelev, T. K., and Bhaw, N. (2000). Combined water-oxygen pinch analysis for 

better wastewater treatment management. Waste Management, 20: 665 – 670. 

 

Zhelev, T. K. and Ntlhakana, J. L. (1999). Energy-environment closed-loop through 

oxygen pinch. Computers and Chemical Engineering., 23: S79 – S83. 

 

Zhelev, T. K. and Ridolfi, R. (2006). Energy recovery and environmental concerns 

addressed through emergy-pinch analysis. Energy, 31 (13): 2150-2162. 

  


	1. Declaration of Thesis - signed
	2.Supervisors Validation Form -signed
	3 -Borangpengesahankerjasama
	4-Title page
	5-Declaration form
	6b-Thesis for final revision March 2015 full text
	7a-PPPD in Chem Eng Magazine
	7b-Journal of Manufacturing -Graphical tools for PP in SMIs(1)



