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ABSTRACT 

Up till now design was taught purely on engineering factors, performance, requirement of the product, 
physical properties of the material and the machining and treatment procedures. Lately the concept of 
cost is considered as well. With the passage of time environmental aspects have to be considered. Just 
like ISO 9000 covers ‘quality’ ISO 14000 covers environmental aspects of design and production. The 
design requires that engineering students be acquainted with heat transfer, mechanical design, and 
principals of radiation, shock and vibration in addition to special technologies etc. They should also 
be able to make a holistic environmental view of the product from raw materials through production to 
distribution and final disposal. 

An undergraduate course titled Natural Resources Management was developed jointly by the Faculty 
of Mechanical Engineering, Ghulam Ishaq Khan Institute of Science and Technology, Pakistan and by 
Faculty of Environment, University of Waterloo, Canada under the sponsorship of Canadian 
International Development Agency. The purpose of this course is to provide engineering students with 
a broad and comprehensive introduction to the background and issues involved in Natural Resources 
Management and Engineering Design. 

This paper presents the salient objectives of the course, a detailed course outline of and its relation to 
design related courses as offered by different engineering faculties. 

Keywords: Engineering design, system, design, manufacturing and environment relationship, natural 
resources management course outline 

 الملخص

 ، احتياجات المنتج ،فقظ على العوامل الهنسية مثل الأداء " حتى هذه اللحظة ما زال تعليم  التصميم الهنسي مرتكزا
 و لكن مع  ،تم اعتبار عامل آخر الا و هو الكلفة" مؤخرا .لخام و متطلبات عمليات التصنيع الخواص الفيزيائية للمواد ا

كما هو الحال في مواصفة  ، وأهمها الجوانب البيئية للمنتج بالإعتبار ل أخرى عوامأخذ يتم  يجب أن  مرور الزمن
عادة ما يتطلب التصميم من طلاب الهنسة معرفة عدة أمور من بينها التبادل  . ١٤٠٠٠ و الأيزو ٩٠٠٠الأيزو 

عض التكنولوجيا  الديناميكا و الإهتزازات بالإضافة لب، و مباديء الإشعاع ، التصميم الميكانيكي ،الحراري 
ن ينظروا للمنتج نظرة بيئية شمولية  من بدايته كمواد أبالإضافة الى ما سبق يجب على طلاب التصميم . المتخصصة

 . كمواد تالفة منه و حتى لحظة التخلص" جاهزا" كخام وحتى خلال التصنيع و عند كونه منتجا
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عنوانها إدارة الموارد الطبيعية ندسة المكانيكية ه قسم ال فيو لهذا الغرض تم استحداث مادة تدرس لطلاب البكالوريوس
لة ا تحت رعاية وك، كندا – جامعة واترلو ، باكستان و كلية البيئة –معهد غلام اسحق خان  مع  المشترك بالتعاون

مور المتعلقة   الأحيالالهدف من هذه المادة هو تزويد طلاب الهدنسة بمعرفة عامة و شاملة . التنمية العالمية الكندية 
 .بإدارة الموراد الطبيعية و التصمصم الهندسي 

 ومن ثم وصف مفصل للأمور المطروحة فيها و علاقتها مع مواد ،هذه الورقة البحثية تقدم عن اهداف هذه المادة
 .التصميم التي تطرح عادة في كليات الهندسة الأخرى

1.  INTRODUCTION 

Environmental pressures are beginning to change the course of business, at all levels of 
management and across all industry sectors. The pressures come from a variety of sources. 
These sources can be grouped as legislation, market forces, stakeholders and financial 
pressures. The companies are required to respond in a positive manner to these pressures and 
yet to produce product of adequate quality and cost that is acceptable to customers. 

The pressure exerted by legislations is evident as new and demanding environmental laws are 
increasingly affecting all business sectors. The range and scope of legislations and regulations 
have extended very quickly throughout the world. Failure to comply with legislations and 
regulations can affect a company’s profitability not through fines but also through potential 
clean up cost if action results in causing pollution. 

Companies have to respond to environmental forces, which comes from the market place. 
Customers expect increasingly higher quality products and environmental requirements can be 
a part of quality expectations. 

In addition to customers pressure a company must respond to the requirements of other 
stakeholders, which includes investors, lenders, shareholders, employees and neighbors. Poor 
environmental performance can also be seen in terms of general poor management. It is 
obvious that environmental considerations can have a negative effect on a company’s bottom 
line. A good environmental management which can be termed as Natural Resources 
Management can reduce energy consumption, minimize waste, optimize transport operations 
thus making production more efficient and results in increased profitability for the company. 
Design is an essential component of basic engineering education. At Ghulam Ishaq Khan 
Institute of Science and Technology design forms a component of different courses taken by 
students in different disciplines. A list of such courses covering aspects of design is shown in 
Appendix 1. 

It was considered necessary that undergraduate students at GIKI be exposed to the nexus that 
exist between design and environment. Under the sponsorship of the Canadian International 
Development Agency and in collaboration with University of Waterloo a course on Natural 
Resources Management was developed. 
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In this paper a system for design, design-manufacturing-environment relationship along with 
the approach taken to cover Natural Resources Management for developing a course is 
presented. A course manual, which includes a course guide for the preparation of and teaching 
of the course is presented as well. 

2. SYSTEM FOR DESIGN 

Engineering design is predominantly concerned with wealth creation. Every design can be 
‘design to manufacture’. It necessitates a holistic approach, including effective cost. 
It involves the use of scientific principle, the technical information, numeracy, synthesis, 
analysis, creativity and decision-making. It requires the consideration of human and 
environmental factors with the maximum practicable economy and efficiency (Schwartz, 1). 
A model of overall system for design is shown in Figure-1. 

The mainstream of design is from wealth creation, via process needed to effective cost. The 
other streams go in parallel from process needed to environmental requirements with a field 
feedback loop; the basic design runs in parallel with safety design. 

Every design problem aims at a solution, which balances the costs of different aspects and is 
technically and economically viable. 

3. DESIGN – MANUFACTURING – ENVIRONMENT RELATIONSHIP 

Until now design was taught purely on engineering factors; performance requirement, 
requirement of the product, physical properties of the material and the machining and 
treatment process. [Dhillon, 1996] These factors are necessary for designing a product but not 
sufficient. A process to evaluate the environmental burden associated with a particular design 
and the process selected for manufacturing, which identifies and quantifies energy and 
material usage and environmental releases has to be developed. The design and the process 
selected should be the one which minimize environmental burden. A diagrammatical 
illustration of design-manufacturing-environment relationship is shown in Figure-2. 

One of the required characteristics of good design of a product can be employed to reduce 
environmental burden by changing the amount and type of material used. More efficient 
manufacturing operations can be selected which reduce energy and material consumptions. 

This aspect of designing process is not adequately presented to engineering undergraduate 
students. Although students in all the engineering disciplines have to study design. A list 
showing courses involving design and related areas taken by all the all the students at GIKI is 
shown in Appendix-1. 
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FIGURE 1 Model of system for design 
 

 

 

 

 

 
 

 

 

 

 

 

FIGURE 2 Design – Manufacturing – Environment Relationship 
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4. NATURAL RESOURCE MANAGEMENT 

It was considered necessary that a comprehensive introduction to the background and issues 
involved in natural resource management be provided to students. Environment management, 
environment protection and technology application to environment were involved in this 
course. Topics to be covered under each of these groups are shown in Figure 3. 

 

 

 

 

 

 

 

 

 

 

FIGURE  3 Natural Resource Management  

5. MANUAL 

This manual is intended to provide a complete resource guide for the preparation and teaching 
of a modularized course introducing the concept of Natural Resource Management (NMR) to 
students at the Ghulam Ishaq Khan Institute (GIKI) of Engineering Science and Technology. 
As well as setting out the description, objects and teaching approaches for the course the 
Manual also includes a detailed time table for classes, outlines for the instructors to use in 
preparing and presenting lectures, suggested reading assignments and a set tests, written 
assignments and quizzes for the evaluation of students’ achievement in understanding the 
material presented. 

5.1. Course Outline 

5.1.1. General Course Description 

The purpose of this course is to provide engineering students at GIKI with a broad and 
comprehensive introduction to the background and issues involved in Natural Resources 
Management. This is done in keeping with the Institute’s stated objectives and orientation in 
terms of business and industry. The course is intended to equip GIKI graduates to take their 
place in the management of Pakistan’s growing economy while protecting the natural 
resources on which the country depends. 
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5.1.2. Course Objectives 

Those successfully completing the course will have mastered the following objectives: 

• They will be able to recognize the environmental impact of various engineering 
initiatives/designs 

• They will be equipped to analyze potential problems resulting from human 
interventions in the environment 

• They will be able to incorporate the principles and acceptable practices of Natural 
resources Management in their problem solving efforts 

• They will have a firm context and background for future learning in the field of NMR 
 
5.1.3. Learning Approaches 

The course comprises of lectures, field trips, laboratory exercises, written assignments and 
projects. 

5.2. Schedule 

When taught as an undergraduate course all the lectures would be given in sequence as shown 
below. When offered as a set of modules for professional upgrading the course could be 
broken into three sections as indicated. 

 
Class 
Date 

Preparatory 
Readings Lecture Topics Lab Assignment 

Due 
Section 1 
Week 1 

 Perspectives on Natural Resources 
Management 

  

Week 2  Sustainability-Integrating 
Economics/Society/Environment 

  

Week 3  Key Environmental and Resource Issues in 
Pakistan 

  

Week 4  Integrated Approach/Watershed Management   
Week 5  Field Trip-IUCN and Muree Hills   
Section 2 
Week 6 

 The Role of Engineer in Natural Resource 
Management. 

  

Week 7  Selected Case Studies of the Role of Engineers 
in Natural Resource Management 

FIELD 
TRIP 

 

Week 8  Hazards   
Week 9  Environmental Monitoring and assessment   
Section 3 
Week 10 

 Methods and Tools for Natural Resource 
Management 

  

Week 11  Application of the Tools-Cost Benefit Analysis. 
Resource Surveys/Mapping Techniques 

FIELD 
TRIP 

 

Week 12  GIS (Introduction)   
Week 13  Remote Sensing (Introduction)   
Week 14  Application of the Tools-GIS/Remote Sensing   

Note: The titles of lectures, amount covered and exact sequencing might change somewhat when 
detailed lecture outlines emerge in their final form. 
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6. INSTRUCTION MANUAL AND SUGGESTED READINGS 

Required pre-course reading for instructors is required and a guide to preparation for teaching 
"Introduction to Natural Resource Management in Pakistan" should be developed. A list of 
reference material and suggested reading is provided. This is not an exhaustive list by any 
means. 

6.1. Outlines for Individual Lectures 

6.1.1. Section 1 

6.1.1.1. Perspectives on natural Resource Management 

6.1.1.2. Key Themes: 

 Sustainability/Integration  Technology/Social Systems 

 Monitoring/Assessment  Global/Local 

6.1.1.3. Sustainability 

 The concept of acting today in ways that will not compromise the ability of 
future generations to live 

 Integrating economics/society/environment 

 The requirement to better manage the use of natural resources 

6.1.1.4. Key Environmental Issues in Pakistan identified in National Conservation Strategy:  

 Water  Supply for drinking and industry 

 Flooding  Health of stream ecology and fishery' 

 Wetlands  

6.1.1.5. Land degradation 

 Desertification  Salinity 

 Erosion  Wildlife 

6.1.1.6. Pollution 

 Air  Water sewage 

 Pesticides  

6.1.1.7. Waste 

 Industrial  Municipal 

 Landfill sites  
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6.1.1.8. Integrated Approach 

 Need for a cross disciplinary and cross sectoral approach 

 Integration of law. regulation, policy, assessment, training and professional 
practice in producing better outcomes 

 Watershed management 
 

6.1.2. Section 2 

6.1.2.1. The Role of Engineers 

 Why engineers need to be aware about natural resources management 

 The potential roles and contribution that engineers can make 

6.1.2.2. Examining the Particular Ways in Which Engineering is Involved in Selected Cases 
(GIKI experience) 

6.1.2.3. Hazards 

 Hazard is the result of interaction between humans and the environment 

 Engineers can focus on the understanding of and management of potential 
environmental hazards 

6.1.2.4. Environmental Assessment and Monitoring 

EA is the most useful tool in Natural Resource Management, the steps of EA are 
 Identifying potential problems 
 Measuring the results of various development options 
 Planning for the mitigation of negative aspects 
 Developing strategic plans 
 Monitoring outcomes 
 Adjusting future actions to compensate for problems 

 
6.1.3. Section 3 

6.1.3.1. Tools that Assist in Natural Resource Management 

 Resource and environmental surveys and mapping 
 Remote sensing 
 Satellite imaging 
 Geographical information systems GIS 
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6.1.3.2. Application of the Tools 

6.1.3.3. Notes on Specific Points Covered in the Outlines 

In addition to the slides outlining each lectures there should be a set of annotations, detailed 
enough to provide the final user with all the references and background they need to 
familiarize themselves with the topic-to the extent they can lecture confidently and respond to 
questions. The annotation should include references to background material that can be read 
to provide lecturer with the requisite knowledge. 

 
6.1.4. Course Organization 

6.1.4.1. Field Trips 

 Logistics, transportation  Student preparation 

 Objectives of field trips and 
recording of observations 

 

6.1.4.2. In-Class Exercises, Quizzes, Assignments, Projects and Exams 
6.1.4.3. Visual Aids 
6.1.4.4. Timing 
6.1.4.5. Computer Resources and Other Technical Requirements 

7. STUDENT EVALUATION 

7.1. In-Class Exercises 
7.2. Quizzes 
7.3. Assignments and Lab Reports 
7.4. Projects 
7.5. Examinations 

8. REFERENCE SOURCES 

8.1. General (International) 

 Natural Environment and Ecological Theory and Practice 
 Resource Management 
 Environmental Hazards 

8.2. Official Documents 

 International Agreements, Conventions, Protocols 
 Government Studies (Other Countries) 
 Government Studies (Pakistan) 
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8.3. Case Studies (International) 

8.4. Pakistani Sources 

 General Environmental Studies 
 Case Studies, Regional Reports or Site Specific Research 

8.5. Technical Resources 

 Maps 
 GIS Data 
 Remote Sensing Data 

8.6. Internet Resources (Websites) 

http://www.business.com 
http://www.nrm.or.id 
http://www.g7.fed.us/enrm 
http://www.oecsnrmu.org 
http://www.massey.ac.nz/changelinks 
http://ag.udel.edu/academicprograms/majors/natural_resource_management.htm 
http://www.iupr.20m.com 
http://www.utexas.edu/courses/resource/ 

9. CONCLUDING REMARKS 

This course aims at demonstrating the engineering students the environmental problems, 
suggests a way while designing alternate material and processes should be considered. For 
choosing the material and process, efforts should be made to minimize environmental burden. 
This course is ideal for classes that have a mix of students from different engineering 
disciplines. We have seen that students are very creative about the products they choose as 
class exercise. 

10. ACKNOWLEDGEMENT 

The assistance provided by Canadian International Development Agency, University of 
Waterloo, Ont. Canada and IUCN is gratefully acknowledged. The facilities provided by the 
Institute of Leadership and Management for preparing this manuscript are acknowledged as 
well. 



Engineering Design and Natural Resources Management Vol. 4.  471 

 

REFERNCES 
 

1. Schwartz, 1990, “K.K Design and Wealth Creation”, Peter Peregrines. 

2. Dhillon, B.S., 1996,” Engineering Design, Richard D. Irwin. 

3. Baland, J.M. and J.P. Platteau,1996, Halting Degradation of Natural Resources: Is There a 
Role for Rural Communities?, FAO and Clarendon Press, Oxford (UK). 

4. Berkes, F. (ed.), 1988, Common Property Resources, Belhaven Press, London. 

5. Berkes, F., P. George and R..J. Preston, 1991, “Co-management”, Alternatives, 18, 2:12-18. 

6. Blomley, T. and P. Mundy, 1997, “Integrated Conservation and Development: a Review of 
Project Experience from CARE”, CARE Denmark, Copenhagen. 

7. Bromley, D.W. and M. Cernea, 1898, “The Management of Common Property Natural 
Resources: Some Conceptual Fallacies”, World Bank Discussion Paper 57, Washington D.C. 

8. Drijver, C., 1990, “People’s participation in environmental projects in developing countries”, 
IIED Dryland Networks Programme Papers , n. 17. 

9. Farvar, M. T. and J. P. Milton (eds.), 1972, “The Careless Technology: Ecology and 
International Development”, Doubleday Natural History Press, New York (USA). 

10. Gadgil, M., F. Berkes and C. Folke, 1993, “Indigenous knowledge for biodiversity 
conservation”, Ambio, 22: 2-3. 

11. GTZ, 1997, “Resource Use Planning in the Development of Transition Zones around Tropical 
Forest Areas” ,GTZ: LISTRA Project, Eschborn (Germany). 

12. IUCN, 1996, World Conservation, special issue on collaborative management, N.2. 

13. Holling, C. S. (ed.), 1978, Adaptive Environmental Assessment and Management, John Wiley 
and Sons, London. 

14. Long, F.J. and M.B. Arnold, 1995, The Power of Environmental Partnerships, The Dryden 
Press, Fort Worth (Texas, USA). 

15. Murphree, M.W.,1991, Communities as Institutions for Resource Management, Center for 
Applied Social Sciences (CASS), University of Zimbabwe, Harare. 

16. Walters, C. J., 1986, Adaptive Management of Renewable Resources, McGraw-Hill, 
New York (USA). 

 
 
 
 
 
 
 
 
 
 
 
 



Vol. 4.  472 Abdul Raouf 

 

APPENDIX  1: Courses needing NRM Awareness 

Courses Selection of 
Material 

Material 
Recycling 

Product Design Manufacturing Disposal 

Metallurgy MM 101: 
Introduction to 
Engineering 
Material 

MM 221: 
Meterial 
Evaluation 
Techniques 

MM 212: 
Iron and Steel 
Production 

MM 471: 
Application & 
Selection of 
Engineering 
Materials 

MM 472: 
Design 
Standards 

MM 323: 
Manufacturing 
Processing 

MM 314: 
Non Ferrous 
Metallurgy 

MM 332: 
Heat Treatment 
& Processing 

MM 452: 
Surface 
Engineering 

Mechanical ME 361: 
Design of 
Machine 
Elements 

ME 453: 
Advanced 
Material 
Processing 

ME 465: 
Introduction to 
Automobile 
Engineering 

ME 362: 
Mechanical 
Engineering 
Design 

ME 494: 
Total Quality 
Management 

ME 352: 
Manufacturing 
Technology II 

ME 492: 
Operation 
Management 

ME 471: 
Power Plant 

ME 291: 
Engineering 
Economy 

ME 493: 
Industrial Safety 

ME 474: 
IC Engine 

Electronics  EE 416: 
Power System 
Design 

EE 333: 
Solid State 
Electronics 

EE 443: 
Industrial 
Process Control 

 

Computer 
Science 

 CSE 434: 
Project 
Management & 
Operation 
Research 

  CS 418: 
Digital Image 
Processing 

CS 413: 
Computer 
Communication 
& Networking 
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