
SYSTEMS ANALYSIS FOR DEVELOPMENT OF 
ENERGY CONSERVATION POLICY AND STRATEGY 

IN INDIAN CEMENT INDUSTRY 

BY 
JAGENDRA PRASAD SAXENA 

Thesis submitted in fulfilment of the requirement 
of the degree of 

DOCTOR OF PHILOSOPHY 

lgaTai  LI 

CENTRE FOR MANAGEMENT STUDIES 
INDIAN INSTITUTE OF TECHNOLOGY 

DELHI (INDIA) 
APRIL 1991 



CERTIFICATE 

The thesis entitled Systems Analysis for Develooment of Energy 
Conservation Policy and Strategy in Indian Cement Industry, being submitted 
by Mr J P Saxena to the Indian Institute of Technology, Delhi, for the award 
of the degree of Doctor of Philosophy, is a record of bonafide research 
work carried out by him. He has worked under our guidance and supervision, 
and has fulfilled the requirements for the submission of this thesis which 
has attained the standard required for a Ph D degree of the Institute. The 
results presented in this thesis have not been submited elsewhere for the 
award of any degree or diploma. 

(Dr PREM VRAT) 
Professor of Industrial Engineering 

Department of Mechanical Engineering 
Indian Institute of Technology 

New Delhi 

(Dr SUSHIL) 
Associate Professor 

Centre for Management Studies 
Indian Institute of Technology 

New Delhi 



ACKNOWLEDGEMENTS 

I wish to express my deepest sense of gratitude to Prof Prem 
Vrat, Professor of Industrial Engineering, Department of Mechanical 
Engineering, 1IT Delhi and Dr Sushil, Associate Professor, Centre for 
Management Studies, !IT Delhi for introducing the research methodology, 
identifying the problem areas, finalising the plan of action and monitoring 
the progress. Prof Prem Vrat has immensely contributed in overall 
framework of the research and provided guidance from time to time. Dr 
Sushil has been acting as prime mover, guide and motivator in detailing 
the various aspects of the research. His keen interest and untiring efforts 
in the work has greatly helped in achieving the results available through 
this research work. 1 am extremely indebted to Prof Prem Vrat and Dr 
Sushil for their constant encouragement, help, sincere and timely advice 
and for keeping the spirits high throughout the study to enable its successful 
completion. 

record my sincere gratitude to Dr A K Mullick, Director General 
NCB, for his continuous encouragement which enabled me to complete 
the research work. 

I am extremely grateful to my wife, daughter, and son for their 
extreme patience, understanding, cooperation, tolerance and constant 
inspiration, without which this study could not have been completed. 

Sincere thanks are also to staff of Drawing Office and other 
colleagues in NCB, specially to Shri V Pushkaran for his painstaking efforts, 
and accurate and impressive production in a record time. 

J P SAXENA 

ii 



ABSTRACT 

The primary objective of this thesis is to develop 

energy conservation policy and strategy in Indian cement 

industry by using qualitative techniques of systems analysis; 

followed by the secondary objective : to develop methodology 

for evolving policy and strategy. 

The research study has been divided into three 

phases. The first phase of the research deals with the 

identification of'the problem through literature review and 

efforts made in energy conservation by cement industry in 

foreign economies as well as in India. The scheme of 

literature review comprises of four areas: 	energy 

conservation, energy management and policy, energy modeling 

and qualitative techniques for modeling on policy issues. The 

literature review revealed the need for new dimensions to the 
• 

concept of energy conservation from systems point of view and 

to integrate all aspects in systems planning which would 

result in effective policy frame work and strategy for energy 

conservation at industry level. 

The second phase of the research study deals with the 

systems analysis and scenario building for energy 

conservation. Fuzzy set theory has been integrated with the 

techniques of program planning, interpretive structural 

modeling and MICMAC analysis (the indirect relationship 

analysis) [133]. The focus of the systems analysis is on 

identification of program plan elements, sub-elements, their 

ranks and hierarchy, the key elements and sub-elements, the 

linkage of key sub-elements with other sub-elements, and 
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classification of sub-elements to understand their 

characteristic role in the SyStem. This phase of the research 

contributes in development of the methodologies for ranking 

the sub-elements following different qualitative techniques. 

The problem of feed backs and cycles in interpretive 

structural modeling has been tackled by using driver power of 

the sub-elements in determining the ranks or hierarchy of the 

sub-elements. Application of fuzzy set theory has also been 

demonstrated with case study. Based on the systems analysis 

results, scenario for energy conservation in Indian cement 

industry has been projected and a methodology has been 

developed for building the scenario. 

The third phase of the research deals with 

identification of energy conservation options (ECOs) and 

Energy Performance Indicators (EPIs) using Delphi technique; 

and developing the policy for energy conservation using the 

multi-criteria, multi-persons approach for decision making. 

Appropriateness of the various qualitative techniques used in 

systems analysis to different situations have been discussed. 

The strategy of each actor for energy conservation in Indian 

cement industry, strategy on key sub-elements, strategy at 

industry/government level and at the plant level have been 

developed. Methodologies for development of policy frame work 

and strategy planning have also been covered in this phase. 

The research study concludes with the discussion or, 

significant contributions of the research, limitations of the 

research and futuristic considerations. 
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