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SYNOPSIS 

The Atkinson Committee for Teroteclu1olog:y found 

that it ,.,as hampered in its task of making recommendations 

to the Secretary of State for Industry due to the lack 
·-

of research and information regarding the application, 

by manufacturing industry, of terotechnological practices. 

It ,.,as this lack of research and information 'l'rhich 

provided a major justification for pursuing this research 

work. 

This research has attempted to provide a · 

contribution to our kno\'lledge in the fields of terotechnology 

and life-cycle costing. This has been achieved by 

investigating the historical development of terotechnology, 

examining the way in which the concept should be interpreted, 

developing a 'levels-of-care' model and, by industrial 

field research, examining the extent to ,.,hich . 

terotechnological practices, as defined within this 

dissertation, have been applied by manufacturing industry. 

The field work was based on a sample of six manufacturing 

organisations in which detailed research was undertaken. 

A further sixteen organisations were visited to obtain 

a more general and wider view of application. The 

comparative organisational analysis ,.,as based on the 

differences observed due to differing levels of production 



system mechanisation. The results of the field research 

are presented and comparisons made, to the limited extent 

possible, with the findings of other work. 

A major part of the terotechnological approach 

to physical asset life-cycle management is based o~ 

the comparative economic evaluation of assets over their 

life-cycles. Life-cycle costing is a quantitative economic 

evaluation technique which can be used for such comparisons. 

The historical development of life-cycle costing has 

been determined. A postal questionnaire survey,of 

experienced practitioners in the United States and Sweden, 

was undertaken to determine the general body of knowledge 

and experience required to utilise the technique.The 

results of the survey are presented. One of the major 

constraints on the application of life-cycle costing 

has been the lack of any procedural model to facilitate 

such application within manufacturing industry. This 

research has conceived and developed such a procedural 

model. An example of the application of the model,based 

on real data, is presented. 

Future developments in the concept and practice 

of terotechnology and life-cycle costing are postulated. 

Suggestions for fUrther research work are outlined. 



TABLE OF CONTENTS 

./ TITLE PAGE. 

v ACKNO\IlLEDGEMENTS 

,/SYNOPSIS 

CHAPTER 

· 1 • INTRODUCTION 

/ 

/ 

·/ 

1.The 
2.The 

· 3.The 

General Purpose of this Dissertation 
Justification for this Dissertation 
Setting and Limitations of this 

Dissertation 
4.Dissertation Structure 
5.SUmmary 

PART 1 - TEROTECHNOLOGY 

/ 2.THE HISTORICAL DEVELOPMENT 

1.The Initial Growth of Interest 
2.The Findings of the Working Party on 

Maintenance Engineering 
3. The Study of Engineering :1-!aintenance 
· in Manufacturing Industry 

PAGE 

1 

9 

4.Terotechnology - The Evolution of the Word 
5.Terotechnology - The Definition 
6.Summary 



CHAPTER 

3. A REVIEW OF THE LITERATURE 

1.Terotechnology:Multi-Disciplinary or 
Inter-Disciplinary ? 

17 

2.Terotechnology:How has it been Interpreted? 
3.Summary 

4.A DEVELOPMENTAL INTERPRETATION OF 
TEROTECHNOLOGY 

1.Examination of the Definition 
2.A Generalised Interpretative Model 
3.Summary 

5.TEROTECHNOLOGICAL PRACTICE -
A 'LEVEL-OF::.CARE' MODEL 

1~Introduction 

2.The Concept of 'Caring-For' Physical 
Assets 

3.Macro or Micro Levels ? 
4.Defining the Terotechnological 

Life-Cycle 
5.A 'Level-of-Care' Continuum 
6.Describing the 'Levels-of-Care' 
7.What are Terotechnological Practices? 
S.Terotechnological Practice in Maintenance 
9.Summary 

30 

6.INDUSTRIAL RESEARCH:OBJECTIVES AND DESIGN 52 

1.Introduction 
2.Industrial Research Objectives 
3.A Review of Alternative Research 

Methodologies 
4.Research Design 
5.Summary 



CHAPTER 

7.TEROTECHNOLOGICAL PRACTICE IN 
SPECIFYING PHYSICAL ASSETS 

1.-Introduction 
2.Employees Interviewed 
3.Terotechnological Practices 
4.Summary 

8.TEROTECHNOLOGICAL PRACTICE IN 
THE DESIGN OF PHYSICAL ASSETS 

1.Introduction 
2.Employees Interviewed 
3.Terotechnological Practices 
4.Summary 

9.TEROTECHNOLOGICAL PRACTICE IN 

71 

·-

81 

THE FINANCIAL EVALUATION OF PHYSICAL ASSETS 89 

.1.Introduction 
2.Employees Interviewed 
3.Terotechnological Practices 
4.Summary 

10.TEROTECHNOLOGICAL PRACTICE IN THE 
PROCUREMENT OF PHYSICAL ASSETS 

1.Introduction 
2.Employees Interviewed 
3.Terotechnological Practices 
4.Summary 

11.TEROTECHNOLOGICAL PRACTICE IN THE 
INSTALLATION OF PHYSICAL ASSETS 

1.Introduction 
2.Employees Interviewed 
3.Terotechnological Practices 
4.Summary 

96 

102 



CHAPTER 

12.TEROTECHNOLOGICAL PRACTICE IN THE 
COMMISSIONING OF PHYSICAL ASSETS 

1.Introduction 
2.Employees Interviewed 
3.Terotechnological Practices 
4.Summary 

13.TEROTECHNOLOGICAL PRACTICES IN THE 
MAINTENANCE OF PHYSICAL ASSETS 

1.Introduction 
2.Employees Interviewed 
3.Terotechnological Practices 
4.Summary 

14.TEROTECHNOLOGICAL PRACTICE IN THE 
REl.WVAL OF PHYSICAL ASSETS 

1.Introduction 
2.Employees Interviewed 
3.Terotechnological Practices 
4.Summary 

15.SUMMARY AND CONCLUSIONS 

1.Introduction 
2.0Verview of the Research Work 
;.conclusions 
4.Summary 

16.COMPARISONS WITH OTHER WORK 

1.Introduction 
2.Identification of Other Work 
3.Some Comparisons 
4.Summary 

.. 

109 

117 

128 

135 

149 



PART 2 - LIFE-CYCLE COSTING 

CHAPTER. 

17.LIFE-CYCLE COSTING - AN OVERVIEW 

1.Introduction 
2.The Definition 

3.The Historical Development 
4.The Benefits from Application 
5.The Problems and Limitations 

of Application 
6.Summary 

18.LIFE-CYCLE COSTING - ESTABLISHING 
SOME FUNDAMENTAL PRECEPTS 

1.Introduction 
2.Research Objectives 
3.Research Design 
4.Survey Findings 
5.Summary 

160 

176 

19.A PROCEDURAL MODEL FOR LIFE-CYCLE COSTING 200 

1.Introduction 

2.The Objectives of Developing a 
Procedural Model 

3.The Assumptions Made in the Development 
of the Model 

4.Development of Model Characteristics 
5.Summary 



CHAPTER 

20. THE LCC PROCEDURAL MODEL:AN EXAJ.iPLE 
OF APPLICATION 

1.Introduction 
2.The Limitations of this Case-Study 
3.Background and Data Sources · 
4.Applying the Procedural l'Iodel 
5.Summary 

21.SUI'IMARY AND CONCLUSIONS ON RESEARCH 
INTO LIFE-CYCLE COSTING 

.1.Introduction 
2.An Overview of the Research \•fork 
3.Conclusions 
4.Summary 

PART 3 - FUTURE DEVELOPMENTS 

22. FUTURE DEVELOPMENTS IN THE CONCEPT 
AND PRACTICE OF TEROTECHN.OLOGY 

1.Introduction 
2.Some Possible Developments 
3.Summary 

23.FUTURE DEVELOPMENTS IN THE APFLICATION 
OF LIFE-CYCLE COSTING 

1.Introduction 
2.Some Possible Developments 
3.Summary 

226 

·-·· 

239 

250 

262 



CHAPTER 

24.SUGGESTIONS FOR FURTHER WORK 

... 

1.Introduction 
2•S~ggestions for ~rther Research 

in Terotechnology 
3.Suggestions for Further Research 

into Life-Cycle Costing 
4.Summary 

APPENDICES 

APPENDIX 1 • INDUSTRIAL RESEARCH LETTER AND 

269 

BROCHURE 274 

APPENDIX 2.INDUSTRIAL RESEARCH QUESTIONNAIRES 279 

APPENDIX 3.BRIGHT 1S MECHANISATION PROFILE AND 
THE SIX RESEARCH PROFILES 297 

APPENDIX 4.EXAMPLES OF DOCUMENTATION COLLECTED 307 

APPENDIX 5.THE PRINTOUT FROM THE 1MULREG 1 

COMPUTER PROG~1E(FIELD DATA) 316 
APPENDIX 6.POSTAL QUESTIONNAIRE AND LETTER OF 

INTRODUCTION 

APPENDIX 7.THE-HISTORICAL DATA COLLECTED FROM 
COMPANY E 

APPENDIX 8. THE PRINTOUT FROH THE 1MULREG 1 

COMPUTER PROGRM~(LCC DATA) 
APPENDIX 9. THE i'lORKING SHEETS FOR THE ESTHUTION 

OF THE LIFE-CYCLE COST 

LIST OF REFERENCES 

318 

329 

331 

337 

347 



• 

LIST OF FIGURES 

FIGURE 1, The Terotechnological Life-Cycle 34 

FIGURE 2. An Idealised Level-Of-Care Continuum 36 

FIGURE 3. A Realistic Level-Of-Care Continuum 

FIGURE 4. Maintenance:The Levels of 

Terotechnological Practice 

FIGURE 5. An Idealised Representation of 
Committed/Incurred Life-Cycle Cost 

38 

47 

Showing the Overall Percentage·Application of 
.Terotechnological Practice found during 
Each Phase of the· Life-Cycle · 144 · 

FIGURE 6, The Fluctuation of Opinion on 
Life~Cycle Costing 169 

FIGURE 7. Organisation Structure'G' Showing 
Location of LCC Staff 192. 

FIGURE 8, Organisation Structure 'H' Shm-ring 
Location of LCC Staff 192 

FIGURE 9. Organisation 'I 1 Sho\ting __ Location 
of LCC Staff 193 

FIGURE 10,0rganisation Structure 1J 1Showing 
Location of LCC Staff 193 

FIGURE 11,0rganisation Structure 'K' Showing 
Location of LCC Staff 194 

FIGURE 12,0rganisation Structure 'L' Showing 
Location of LCC Staff 194 



FIGURE 13.0rganisation Structure 1J:.i' Showing 

Location of LCC Staff 195 

FIGURE 14.0rganisation Structure 'N' ·Showing 
Location of LCC Staff 195 

FIGURE 15.A Life-Cycle Cost Element Check List 
For Manufacturing Plant 

FIGURE 16.An Example of.a Life-Cycle Cost 
Structure 

FIGURE 17.An Example of a Life-Cycle Cost 
Structure 

FIGURE 18.An Example of a Life-Cycle Cost 
Structure 

FIGURE 19.An Example of a Life-Cycle Cost 
Structure 

FIGURE 20.An Example of a Life-Cycle Cost 
Structure 

FIGURE 21.An Example of Specific Analogy 
Cost Estimating 

FIGURE 22.A Generalised Procedural Model 
For Life-Cycle Costing 

FIGURE 23.An LCC Cost Structure Appropriate 
to the Company 

FIGURE 24.The Life-Cycle Cost Structure 

FIGURE 25.A Comparison of Work-Up Rates for 
Recent Bar Mill Installations 

··- 204 

210 

210 

210 

212 

212 

216 

225 

229 

234 

253 



LIST OF TABLES 

TABLE 1. A Level-Of-Care/Life-Cycle Hanagement I-1atrix 49 

TABLE 2. Response Pattern of Companies Asked to 
Participate with the Research 61 

TABLE 3. Basic Details of the Companies that 
Agreed to Participate 63 

TABLE 4. Employees Interviewed with respect to 
Specification Practices 72 

TABLE 5. The Application of Terotechnological 
Practices ~then Specifying Plant Related to 
the Average level of Production Hechanisation 79 

TABLE 6. Employees Interviewed with respect·to 
Design Practices 

TABLE 7. The Application of Terotechnological 
Practices when Designing Plant Related to 

82 

the Average level of Production r·1echa"YJ.isation 87 

TABLE a. Employees Interviewed with respect to 
Financial Evaluation Practices 

TABLE 9. The Application of Terotechnological Practices 
when performing the Financial Evaluation of 
Plant related to the Average level of 
Production Hechanisation 

TABLE 10.Employees Interviewed with respect to 
Procurement Practices 

TABLE 11.The Application of Terotechnological 
Practices when Pro~uring Plant related to 

90 

94 

97 

the Average level of Production Mechanisation 101 



TABLE 12.Employees Interviewed with respect to 
Installation Practices 

TABLE 13.The Application of Terotechnological 
Practic.es when Installing Plant related 
to the Average level of Production 
Mechanisation 

TABLE 14.Employees Interviewed with resepct to 
Commissioning Practices 

TABLE 15.The Application of Terotechnological 
Practices when Commissioning Plant related 
·to the Average level of Production 

103 

108 

110 

I>Iechanisation 116 

TABLE 16.Employees Interviewed with respect to 
Maintenance Practices 

TABLE 17.The Application of Terotechnological 
Practices when Haintaining Plant related 
to the Average level of Production 
Mechanisation 

TABLE 18.Employees Intervie\'/ed \'li th respect to 
Removal Practices 

TABLE 19.The Application of Terotechnological 
Practices when Removing Plant related 
to the Average level of Production 
Mechanisation 

TABLE 20.Summary of the Findings of the Research 
into the Application of Terotechnological 
Practices 

TABLE 21.Comparisons Between Average Levels of 
Production System Mechanisation 

118 

126 

129 

134 

147 

153 



TABLE 22.Response Pattern to Postal Questionnaire 178 

TABLE 23.Details of Respondents 179 
TABLE 24.An LCC Cost-Element Check List Suitable 

For Studies in Company E 230 
TABLE 25.Cost Estimating Relationships Developed 

From Company Data 232 
TABLE 26.Summary of Estimated LCC 236 



CHAPTER 1 

INTRODUCTION 

· This chapter sets out the general purpose of this 

dissertation. It states the objectives of the work, the 
·._..-

justification for pursuing such research work, the 

limitations and setting of the research and the chapter 

then previews the organisation of the dissertation. 

1.1 The General Purpose of this Dissertation. 

The general purpose of this research work was to 

investigate the concept and practice of terotechnology and 

life-cycle costing within manufacturing industry. 

Specifically, the research work had the following objectives:

(a) To investigate the historical development of 

terotechnology and to examine the way in which the 

concept should be interpreted. 

(b) To investigate the extent to which terotechnological 

practices,as identified within this dissertation,have 

been applied by manufacturing industry. 

(c) To investigate the historical development of life-cycle 

costing. 

(d) To investigate some of the fundamental precepts 

surrounding life-cycle costing.In particular.the 

qualifications and experience,the use of quantitative··,arid 

accounting techniques,the management and organisational 

considerations and the limitations associated with the 

application of the technique. 

1 
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(e)To develop a generalised procedural model to ~acilitate 

the use o~ l·i~e-cycle costing as an. economic evaluation 

technique ~or manufacturing systems. 

1.2 The Justi~ication ~or this Dissertation. 

The Atkinson Report on Terotechnology(1),presented to 

the Secretary o~ State for Trade and Industry in June 1973
1 

states,under the heading of1 Research ProjectsJthat:-

In planning a programme of action the committee 
have been hampered by lack of data on the extent 
to '"hich terotechnology is being applied in the 
various sectors of industry,and the adverse effects 
of not doing so.Information on the practices 
adopted by industry is also required to indicate 
those areas '"here special emphasis should be 
placed.(Atkinson Report,I973,p.10) 

In summarising the findings of the Committee on Terotechnology 

the report states:-. 

Lack of information on the extent to which 
terotechnological principles are being practised 
in industry, ••• has led the committee to recommend 
that a number of investigations be carried out. 
It is expected that the i~ormation resulting 
from these researches will assist in the identification 
of the main problem areas and will enable a . 
further programme of action to be pla,nned.(ibid.p.2) 

Hence,the need for exploratory research of the type mentioned 

in the Atkinson report represented a major justification 

for pursuing this work at this time.In addition,the dearth 

of knowledge and understanding in this field of physical 

asset management presented another justification for such an 

exploratory and generalised research project. 



·Another justification was found in the desire- to assist·. 

ll'i th the solving ·o~ some of industry's many problems. · 

Not least of these problem areas is that of the management 

of plant and equipment.However,before techniques can be 

developed or existing ones applied,it is necessary-to 

understand the current level of awareness of these 

techniques and to understand what the problems of industry · 

are.The Atkinson Report(ibid,p.3),states that:-

••• despite a growing awareness of the need to 
protect and look after capital invested in plant, 
machinery and equipment,there is serious lack of 
knowledge in industry regarding techniques which 
are already available to assist decision making 
in this area. (Atkinson Report,1973,p.3) 

Hence,another justification for this work is seen in 

the contribution that it can make to furthering our 

understanding of the problems of industry and the extent 

to which scientific management techniques are applied to 

the management of physical assets. In recent years 

there has been a growing awareness of the considerable 

impact that on-going maintenance expenditure has on the total 

operating costs of plant and equipment.This has led to 

a desire to examine investment in capital equipment in 

greater depth than has hitherto been the case.One technique 

which could be utilised is life-cycle costj,!l_~_.Ho\.,rever,li ttle 
l . 
!work has been done on the application of life-cycle costing 
1 

ito the comparative evaluation of manufacturing systems. I . 
. Consequently,the dearth of knowledge in this field was 
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a fUrther justification for this research work.One of the 

major constraints on the application of life-cycle costing 

is the lack of any generalised procedural model to enable 

industry to adopt the technique .. There·fore,the objective of 

devel·oping· such a.model was regarded as another justification 

for pursuing the research. 

Hence,the problems associated with physical asset management, 

the desire to understand and pursue solutions to these 

problems,the need for an appropriate economic evaluation 

technique and the general dearth of research focusing on 

t·erotechnology and l.ife-cycle costing have been the primary 

justifications for pursuing this research work. 

1.3 The Setting and Limitations of this.Dissertation. 

Exploratory research effort,such as that presented in this 

dissertation,has many inherent limitations.The recognition 

of these limitations by a researcher is of paramount 

importance if objectivity and the· search for truth is to 

be maintained.The industrial field research was carried out 

during a period of high inflation and industrial depression. 

As a result ,the degree··of industrial co-opera'ti'on was· limited· 
~-------- ----- . -·--------------------- ----- -----·-·---- --,---.--

and comparative analysis on the .basis of financial_I!!'lr:fo:t'IIIance 
...... -- --- . -.. ----···-------------------------·---" ·- -·---·---~----" . ----.-----

...:w.:.caccs::._v:_e.:_:ry~-d=i:::f::::f:.:i:.c::_u~l=-t.:.......t::_o~pu!'sl:l~. ~-th_<:~~!i: denc_~, Indeed, some of 

the companies.visited were engaged in the development 

of redundancy plans or were experiencing a decline in business 

activity.The research work began in January 1975~At this 

time the Department of Industry had not published any of 
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the explanatory brochures and manuals that are available 

in 1978.Hence,the interpretation that this research has 

placed on the concept of terotechnology was that formed 

before the Department of Industry's publicity campaign was 

undert~en.and descript.tve m'3ter.ial ·bet:arle available.Henc~, 

it should be understoodcthat the interpretation placed on 

the concept of terotechnology within this dissertation,was 

that of the authors and it may not· coincide \l!'i th the official 

view expressed by the Department of.Industry or the National 

Terotechnology Centre. 

The field research was based on companies within the 

manufacturing industry classification. The rese8:;t:<:::ll."'Cl.~ __ l':o). 

intended to include service,distribution or building sectors ----. -- . --- . -----------~- ____________ , ____ ·-·--···· --- ---- .... - ... --------------- .. --.--- ., - - '- -- ·---------' --- . 

of' in~ustry. 

It is recognised that the process of management is a 

dynamic one.Nevertheless,the 'photograph' of this process, 

which results from industrial field research of' the type 

undertaken ,is considered to be of considerable value ·· 

as a contribution to our knowledge.The primary source of' 
-.... .... ._. __ ~-----' _ •. , ..... -- .... ·-"" •'" .. ' .... --

_9,_?-ta collection was the interview supported by questionnaires. 
---····-·-------··••··-·~·-----~--··•••-'""_,_,.,_,~--·"·-··---· --- ·-· '• • • '- -- ,••- r•• ,,. ., 

The weaknesses of' the interview, as a means of data collection, 

were recognised and steps taken to minimise their impact. 

However,the accuracy of the results were governed by the 

inherent limitations associated with the collection of 

descriptive data. 
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Further limitations were recognised due to the limited . •"""~...-----

num"be~ of organisati.ons_ that agreed to participate with -----·--· -~----··" '' - -------- '--"·--~--,..-,- ·-·-----~---····- -------·---------------.. ·~-----· 

the. research.The inclusion of six organisations cannot 
..____,.,..__,..,,.............-~---~ . 

"be said to represent the whole of manufacturing industry. 

As a consequence,the results and conclusions presented in 

this dissertation are formulated on the "basis of the data 

collected in the six organisations.However,a section of this 

work has concerned itself with making some speculative 

statements a"bout the application of terotechnology and 

life-cycle costing.Wherever these speculations have "been 

·made, they were formulated "by consideration of the approach 

to t'erotechnology which had "been o"bserved in a further 

sixteen organisations which had "been visiteu during the 

course of this research work. 

1.4 Dissertation Structure. 

This dissertation nas "been arranged on the "basis of a 

three part structure.This was considered necessary in 

order to present this work in a logical and reada"ble 

manner.Part I is concerned with terotechnology.Part 2 with 

life-cycle costing and Part 3 presents some general statements 

regarding future developments and suggestions for further 

work. 



~/Part 1. Terotechnology. Part 1 of this dissertation 

deals with the concept and practice of t~rotechnology. 

It covers the definition,the historical development, 

the interpretation placed on the concept and develops 

a 'level-of-care' model of terotechnological practice 

7 

over the life-cycle of an asset. It then covers the industrial 

research design, states the objectives of the field research, 

details the response rate,the data collection techniques 

and the selection of an appropriate research methodology. 

The results of the research are presented in a life-cycle 

manner. That is,each phase in the life-cycle of an asset 

is surveyed for all the companies included in the research. 

The findings are given and conclusions drawn from these 

findings. Comparisons with other work are made to the 

limited extent possible. 

Part 2. Life-Cycle Costing. This part of the dissertation· 

covers the concept and practice of life-cycle costing. 

It presents an overview of the technique, it establishes 

the historical development and presents s·ome ·of' the 

definitions. The justifications for adopting the technique 

are established. A postal questionnaire was designed and a 

survey of experienced practitioners was undertaken. The 

survey design, questionnaire design, response rate, approach 

to participants and the findings of the survey are presented. 
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A generalised procedural model for the implementation 

of life-cycle costing is developed and the model 

characteristics described. An example of the application 

of the model is presented. The.findings of the research 

are presented and conclusions drawn from these findings. 

No comparisons with other work were.possible in this 

part of the research. 

Part 3. Future Developments and Further \'fork. This part 

of the research work was concerned with presenting some 
·. 

speculative ideas for the future development of 

terotechnology as a discipline within the general field 

of industrial management. In addition, some speculative 

ideas are postulated regarding the possible future 

development of life-cycle costing as a technique within 

the general field of economic evaluation and analysis for 

engineered systems. Some suggestions for further research 

work are also made. 

1 • 5 Summary. 

This chapter has introduced the research work presented 

in this dissertation. The objectives.of the research have 

been stated,the justification for pursuing the \'lork 

outlined, the setting and limitations explained and the 

general organisation of the work has been described. 

Part 1 of this dissertation follows this introductory 

chapter. 



·-

PART1 

TEROTECHNOLOGY 



CHAPTER 2 

THE HISTORICAL DEVELOPMENT 
' . 

This chapter provides insight into the historical 

development of terotechnology.It states some of the milestones 

in the growth of interest in maintenance engineering 

over the twenty year period from 1946 to 1966.From 1967 omrards 

the analysis is deepened to examine,in d·atail, the emergence 

of terotechnology.This chapter establishes why and how the 

word terotechnology was coined.Finally,the definition is 

stated. 

2.1 The .Initial:Growth of Interest. 

This section outlines some of the milestones in the 

development of plant engineering as a profession •. 

In· 1946 the first Insti tU.tion of Plant Engineers was 

set up.in the United Kingdom.In 1949 the first national 

maintenance conference was held in the United States and in 1952 

an Institution of Plant Engineers was set up in the United 

States.In 1957 the.first maintenance engineering joun:tal 

appeared in the U.nited Kingdom and in 1959 the Japanese formed·. 

an Institution of Plant Engineers.In 1961 the first U.K. 

national maintenance conference was held .. and in 1963 the 

first international maintenance conference was held again 

in the United Kingdom.Also in 1963 the first maintenance 

association was established and-in 1964 the first glossary of 

9 



terms for maintenance engineering was published •. In 

1965 the Eastern European Countries held a conference 

in Budapest.In I967 the BI:itish Council of Maintenance 

10. 

Associations was set up.Considerable interest in maintenance 

engineering was now being shown and it was in 1967 that · 
-... --

~ll~ -,e ~~-tor~~- thEl_j_()~rn~; ~_ain t:_~anc: e_ -~g~:n~:ri:n~~ B.:PPE~B..?_lled __ 

the.l-1inister of Technology regarding a ·proposal that. · 
". ·--- ·~ -- -------------~----- -- ---- ---· "·----- .,._______ ---·--------- ------ ---···------

the l-1inister should commission a survey into the cost 
----------- ---------- -· ----- ------·-····· .. ·~------------------------------··-

of _Elngineering mainten~ce _!~_1;h_e __ !J:ni tec~_}Cing~<:>_m.More 
·---.. --"----------···- . -- ---

specifically ~r.Parkes, the editor of•'Maintenance Engineering', 

suggested that a committee or other body be set up to 

consider the following:-

(a)How small firms can be encouraged to undertake planned 

maintenance. . 

(b)The setting of standards for maintenance and the 

dissemination of maintenance information •. 

(c)Support for research into the cost of maintenance work 

and the consequential effect of do\vntime,whether planned 

or caused by breakdo\vn. 

As a result of this approach by Mr.Pa!!.'kes,a w·orking party 

on Maintenance Engineering (2) was set up. 

2.2 The Findings of the '1/orking Party on Maintenance Engineering. 

The working party was established under the Chairmanship 

of Hr.I.r·laddock,Controller Industrial Technology,in the 

Ministry of Technology.The working party met seven times and 

their report \1as published in 1970.A summary of the findings 

I 

j 
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~:f this working party is presented below:-

1.A Steering Committee should be set up to guide :future 

activities. 

2.Maintenance education and traini!i_g as a whole must be 

examined and action taken to ensure adequate education and 

training.A Joint Committee o:f Industrial Training Boards, 

augmented by other organisations having major interests , 

. should be set up to pursue this on an urgent basis. 

3.A National Maintenance Centre should be set up. 

4.The possibilities o:f using grouped maintenance resources 

should be explored •. 

~5.Research into all aspects o:f maintenance engineering is 

required and should be started soon,now that the 

results of the survey into the national cost o:f 

maintenance are known. 

This last recommendation,based on the knowledge of the 

national cost of maintenance,was the most important as far 

as this research work was concerned.The national cost of 

maintenance was determined by a :firm of management 

consultants who were commissioned by the Ministry of Technology 

Working Party.The survey th~t they carried out will be 

described brie:fly.in the next section. 

2.3 The Study o:f Engineering Maintenance in Manufacturing Industry. 

--In September 1968,P.A.Management Co~sultants Limited were 

commissioned by the Ministry o:f Technology to carry out a 

a study o:f engineering maintenance in British manufacturing 

industry.The study was published in April 1969 (3)., 

:J 
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The study surveyed 515 companies,each of which was requested 

to complete a questionnaire.From this sample 283 questionnaires 

were returned.In addition,the consultants then visited 80 

companies in order to carry out an in-depth study of 

maintenance practice.Decause.the_ findings of the survey were 

central to the development of terotechmology,they are quoted 

below,almost verbatim et literatim,from the consultants1 report 

(ibid.p.3):-

1.The total .direct costs of engineering maintenance 
in Dritish'Manufacturing Industry are approximately 

2. (a) 
£1,100 million p.a. 

There is available an increase in productivity of 
maintenance staff of_about 60% which would facilitate 
the release of up to 200,000 maintenance personnel. 
This could lead to a reduction in Direct Maintenance 
~enditure of around: 

(b) 
£200 ~ £250 million p.a. 

Inadequate maintenance appeared to have an adverse 
effect on production in at least 20% of the firms 
visited,mainly as. a result of loss of output from 
plant which could otherwise have.been productive. 
We estimate that the savings available from this 
source are in the region of 

£200 - £300 million p.a. 
·' 

[Autho:z.1s note:All costs quoted were at 1968 values.] . 
. I 

A summary of the P .-A~Consul tants Report is included in the 

Maddock Report on Maintenance Engineering(op.cit~p.13). 
2.4 Terotechnology-The Evolution of the Word• 

Of the many conclusions dra~m by the Maddock Report,the 

most significant in the development of terotechnolo~,was 

concerned with three important plant characteristics and 

management functions.Thatis,reliability,maintainability and - ---~-··-··----· -
the~eedback of informatibn to designers. ------· ~---- ---



Again,because this finding was central to the development 

of terotechnology,it is quoted below:-

We considered that there was a need for the results 
of maintenance investigations to be fedback to 

. engineering designers.The engineering designer has 
to take into account many aspects of his product: 
the problems posed by production techniques and the 
.skills of labour,the user's needs,the cost,the need 
for reliability and the need for easy maintenance . 
[maintainability]. ••• Reliability and ease of 
maintenance have so far not been given the importance 
they deserve.{Maddock,ibid.p.4) · 

This ·statement was one of the first to break a\'lay from 

considering maintenance as an isolated discipline.It 

started the move towards an awareness of the broader 

implications of maintenance engineering.That is,th~ 

conf1i.deration __ of.reliabUi ty ,maintainability. and_ --
information feedback as impor:tant. eJ,en1ents in the management .---·------·· -----~-"-·-······. ·---------·- ---··· ,_,__ ----- __ , --~-~-~-~----

The awareness of these \'tider ·:. implications led to the 

setting up of a Steering Committee to examine the broader 

findings of the Maddock Report.However,Parkes{4)suggests that 

even as the Steering Committee was being established,suggestions 

were made that· 'maintenance' was no longer the right word to 

use.He suggests .that even 1Plant Engineeringrwas not regarded 

favourably. Parkeswent on to state :-

There was too,the undeniable fact that few practising 
maintenance engineers or plant engineers had been 
really successful in finding the link. between economic 
design,efficient operation and effective maintenance. 
(Parkes,ibid.) · · · , 

This point was extended by Jost{5), who commenting on the 



Maddock.Report,stated that:-

It became quite obvious that the designing~ out 
of maintenance and minimisation of maintenance 

· was as important as thE! management of maintenance • 
••• to the maintenance functions were added non
manufacturin~ functions such as installation, 
removal etc.(Jost,ibid.) 

Jost went on to say:-

. Hence,after many letters with the Editor of the 
Oxford English Dictionary,the late Sir Richard 
Clarke and myself [Dr.H.P.Jost] ,one Sunday after 
dinner,in my sitting room,decided on the word 
T~rotechnology. (Jost,ibid.) ·. 

Therefore, when the Steering Committee '"as established in 

April 1970 it became the Committee on Terotechnology. 

14 

This is confirmed in the Atkinson Report(op.cit.p.5) which 

covers the activities of the Committee for Terotechnology 

between April 1970 and September 1972.The report states:-

Consider&tion of the Working Party's [Maddoc~ 
findings indicated that the whole nature of 
maintenance activity was determined by the manner 
in which plant and equipment was designed,selected, · 
installed,commissioned,operated,removed and replaced. 
It was concluded that major benefits could accrue 
to British Industry f~om the adoption of a broadly 
based technology which embraces all these areas, 
and because no suitable word existed to describe 
such a multi-disciplinary concept the name 

1 Terotechnolo~y 1 based on the Greek word 1 terein 1 , 

was adopted.tAtkinson Report,op.cit.,p.5) 

In September 1972,the Co~ttee on Terotechnology was 

reconstituted to form part of a new committee structure 

dealing w·i th the four industrial technologies that were to 

receive Government support.The four industrial technologies 

were;Terotechnology,Materials Handling,Tribology and 
. - ·····---·~----~----·.--·---·~-------- ·----~--.. --.. ·-··· __ ,. ____________ ,_~ 

Corrosion and Protection. 
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2.5 Terotechnology-The Definition. 

The definition of terotechnology evolved between 1972 

and 1974.At the time of thP. Atkinson Report of the Committee 

on Terotechnology(ibid.,p.5)the definition of terotechnology 

.was stated as:-

The technology of installation,commissioning, 
replacement and removal of plant,machinery and 
equipment,of feedback to design and operation 
thereof,and of related subjects and practices. 
(Atkinson Report,ibid.) . 

One of the working party sub-committees,responsible for 

the definition of ferotechnology,took account of opinions 

that had been expressed at conferences and in the press. 

- As a result of this,a wider definition evolved.This 

definition appeared in a Department of Industry booklet(6) 

published in July 1974.The definition was then stated as:-

Terotechnology is a combination of management, 
· financial 1 engineering and other practices applied 
to physical assets in pursuit of economic life
cycle costs;it is concerned with the specification, 

l and design for reliability and maintainability of 

1

1 plant,machinery,equipment,buildings and structures, 
with their installation,commissioning,maintenance, I modification and replacement,and with feedback of 

1 information on design performance and costs. 
·1 (Terotechnology:Concept and Practice,H.M.s.o., 

ibid.,p.3) . - . . 

Further refinement to this definition took place and in 

November 1975 a new booklet (7),pnblished by the Committee. 

· on Terotechnology,defined terotechnology as follows:

A COMBINATION OF MANAGEMENT,FINANCIAL,ENGINEERING 
AND OTHER PRACTICES APPLIED TO PHYSICAL ASSETS IN . 
PURSUIT OF ECONOMIC LIFE - CYCLE COSTS. 

The remainder of the definition was then added,as a note, 
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as follows:

\ Note: 
lrts practice is concerned with the specification and 
!design for reliability and maintainability of plant, 

! machinery, equipment, buildings and structures, with 

1 
their installation, commissioning,maintenance, · 

;modification and replacement,and with feedback of 
!information on design,performance and costs. 

· ! ( Terotechnology:.An Introduction to the I>1anagement···-
J of Physical Resources,H.M.s.o.,ibid.,p.2) 

This format received wider approval and is·still 

the accepted way of presenting the definition of 

terotechnology. 

2.6 Summary. 

, This chapter has examined the historical development 

of terotechnology.It has been see·n that t·erotechnology 

emerged out of the considerable growth of interest in 

maintenance engineering.Frl!lm the findings of the !-1addock 

\'forking Party on Haintenance Enginee;r-ing, there was a 

demand for a new approach to the care of physical assets. 

This ne\'/ approach \'/as found in the word terotechnology, the 

technology of 1 caring for 1 .The concept has evolved into 
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a new approach ~o the way in which industry manages .Phy~ical .. 

assets in pursuit of economic life-cycle costs.The definition 

has been stated and its evolution described.The next chapter 

will. examine the literature in an attempt to understand the 

way in which this new word has been interpreted. : 



CHAPTER 3 

A REVIE\i OF THE LITERATURE 

This chapter reviews some of the literature on terotechnology. 

The revie\'1 is confined to two aspects of the concept and 

practice of terotechnology.That.is,attempting to understand 

what is meant by the definit~on and how.that understanding 

has been interpreted within the literature.This was considered 

essential in order to establish answers to two questions, 

hitherto not examined by a literature survey. 

Firstly, was terotechnology viewed as a mul ti-disciplinar;z:_ 

or inter-dis_~J:P..~in~E[_~e~~~~.?gy or has no clear understanding· 

yet been arrived at?. Secondly:,;'lhat interpretation, if any,has 

been placed on the concept and practice of terotechnology? 

It was considered that with these t>vo fundamental questions 

answered,a clearer understanding of the role of terotechnology 

\1i thin manufacturing industry could follow. 

3.1 Terotechnology:Hulti-Disciplinary or Inter-Disciplinary?. 

This section examines the literature in an attempt .to 

ans1ver the confusion which surrounds the problem of defining 

terotechnology as multi-disciplinary or inter-disciplinary. 

The Atkinson Report on Terotechnology(op.cit.),published in 

June 1973,does not assist in this matter.For example,on page 1, 

it stated "The inter-disciplinary nature of terotechnology" 

17 
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yet on page 5 it stated that "••• because no suitable word 

existed to describe such a multi-disciplinary concept the 

na.me'Terotechnology'was adopted".The Department of Industry 

booklet(a) stated that one of the main requirements :for the 

implementation of t·erotechnology is 11 · an acceptance of the 

multi-disciplinary approach to the running of an enterprise~. 

Another Government Report,TT139,(9) of the Committee :for 

Terotechnology stated that:-

It was realised that improvements in life-cycle 
performance could only be achieved by the 
co~ordinated application of several disciplines 
which had not before been brought together in 
such a way and because no existing word. 
adequately described the new multi-disciplinary 
approach • • • Terotechnology \'ras chosen. 
(Committee on Terotechnology,TT139,p.3). 

Other Department of Industry booklets such as T.T103 (10) 

and·a later publication 'Terotechnology:.lm Introduction 

to . the Nanagement of .Physical Resources ·1 

(op.ci t.p~2),described terotechnology asnmulti-disciplinary". 

However,another Department of Industry publication, 

'Terotechnology-Education and Training 1 (11hused both the terms 

inter-disciplinary (p.1)and multi-disciplinary(p.4). 

Partington(12)suggested that "taking care of plant items 

throughout their li:fe-cycle,is the business of terotechnology 

••• this illust~ates the multi-disciplinary aspect of what is 

involved11 .Westlake(13)described terotechnology as a "multi

disciplined science 11 .Venton(14)also took the view that 

terotechnology is a "multi-disciplinary concept11 .Husband(15) . . 

described terotechnology as a "multi-disciplinary approach 

to maintenance engineering". 



However,I>TcCallum(16 )stated that11 Terotechnology is an 

inter-disciplinary subject" and Atkinson(17)described 

terotechnology as an 11inter-disciplinary subject,involving 

interplay bet\'/een electrical and electronic engineering, 

mechanical engineering,civil engineering etc .. " -

19 

The initial confusion expressed in the Department of 

Industry booklets seems to have led to some confusion in the 

li terature.However, this revie\'/has,indicated that the ma.jori ty 

of authors take the view that terotechnology is a multi

disciplinary technology.Therefore,this is the view \'lhich 

will be expressed throughout this research work.The next 

section will examine ho>'l terotechnology has been interpreted 

in the literature. 

3.2 Terotechnology:How has it been Interpreted.? 

This section examines the >'lay :tn which the concept of 

terotechnology has been interpreted within the literature. 

That is ,is it considered to be merely an_~j;ti tuc1JL-Of_mind, 

a con.cep1;, a science, or just ano.ther_\'lcrci.to-.describe .. some.thing_ ----- -- -------::.-.-_.:_ ___ , _________ ~-------- . 

which it is felt has been practised for many years._? .•. _______ , __ --- - .--- "" " " .... . -- - ,. .. "" 

The literature takes many viewpoints on terotechnology.It 

is the. purpose of this section to arrive at a consensus,if 

this· is possible, in order to develop the interpretation 

further to facilitate the research design.The first 

interpretation is that given in the Department of Industry 

. booklet,Terotechnology:Concept and Practice(op.cit.~which 

describes terotechnology as being"con_cer:t'J)'ld· wi_t_h_:i.:g!P:t'_C>_V:ing_. 

industrial _ef~~ciemcY_ _t~rc:~g-~_()-~~i_llli~~~-ion ~£.the \'lhole 
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~ lift:l::cycle_<>_f_p_!lysical as_~et~?" .Another Department of Industry 

booklet(18) used the following alternative descriptions 

of terotechnology:-

(a) Resource r1anagemen~ 

-(b) Vlhole-Life Costing· 

(c) Costs in Use 

(d) Total Cost of ~tnership 

(e) Cradle. to Grave Management 

(f) Physical Assets' Nanagement 

-(g) Life-Long Care 

A later booklet (19)published by the Department of Industry 

replaced (b),(c) and (d) above with the term "Cost of 

OWnership". 

In 1975,the Duke of Kent,when opening a conference,said of 

t.erotechnology 11 i t is more of a managem~Il_i;_technique_t.l:l§:!L 

3.!rictl~-t~e.G:hr!,Qlogy11 • Finniston( 20) stated,"Terotechnology 

~ views plant as requiring integrated treatment from first 

~ ~ conc:§!pt to final shu tdo~at _ the _c:_z:i!__;f ~ t~· life'~-· Dam ell ( 21 ) 

w/ lp_has interpreted :t:erotechnology 11as a system of an organisation 
_../ ~\ ' 

/ r. er~ which interacts with the General J.1anagement System • • •. with r;.-

the Design and Hanufacturing System • • • and \ri th the 

Operational I.Yanagement System 11 • vlhi te (22) stated, "what the 

definition of terotechnology really_means is that .. we.must 
. --~~---- . 

look at physical assets in terms of whol_e-life economics". 
~--------------.------------ . . .... -- ··--·--·----- "·-··-

Perry (23) stated that 11 Terotechnology can be thought of as 

an attempt to optimise the life-cycle cost of a ••• physical 

asset11 • 



De la Hare (24) stated that "Terotechnology means a t.otal 

systems approach to maintenance problems 11 .McCallum(25) said 

of the definition of terotechnology"it is an absurdly naive 

description11
1 but he didnot suggest an alternative • 
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.Answering criticism in the literature that terotechnology . . 
was just another word for maintenance engineering,Atkinson 

(26) suggested that "maintenance engineering is to Terotechnology 

as lubrication is to Tribology11 .The Chartered Hechanical 

Engineer(27)in an editorial,considered terotechnology 11 to be 

a systems1 approach to the non-operational management of 

plant11 .Jost(28) stated that11 Terotechnoil..ogy is not only a 

product,but a requirement of modern technological development. 

It has been forecast to become one of the great technological. 

movements of our age". \'liege] (29 ),when describing the model of 

his 'functional maintenance system 1 ,said of his model:-

The model must be developed into an expanded 
external system.Planning,design,assembly, 
manufacture and maintenance must be integrated 
to form the basis of a new technical thinking 
which is covered by the concept of terotechnology 
(\'/iegel ,Functional Maintenance-A Systems Approach, 
Metals Technology,January 1974 pp.6-12) . 

Darnell and Smith (30) stated that:-

Terotechnology ••• concerns the application of the 
business objectives of an enterprise to the 
management of its permanent physical resources. ••• 
As such Terotechnology can be considered to be one 
of a number of sub-systems ••• which taken together 
comprise the business. 
(Darnell,H.and Smith,H.Management Aspects of 
Terotechnology.University of Durham,S?ptember 1975) 
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A later booklet published by the Department of Industry(op,cit,) 

suggested the follo\ting alternative interpretations can be 

placed on the word terotechnology:-

. (a)Resource Hanagement 

(b)Cost of Ownership 

(c)Life-Cycle Management 

( d)Physical Assets' Nanagement 

(e)Life-Long Care 

It is interesting to note that the descriptions given in · 

(b) and (c) above replaced the earlier four descriptions, · 

given on page20 ,This is an illustration of the maturing 

in the interpretation that has tak~n place over a fairly 

short period of time, 

3,3 Summary 

This chapter has reviewed the literature on terotechnology 

in two specific areas of concern,That is,whether the concept 

is multi-disciplinary or inter-disciplinary and in what way 

had. the concept been interpreted within the literature. 

The review has shown that despite early confusion over 

terotechnology the literature has tended to interpret the 

. concept and practice of terotechnology as multi-disciplinary, 

Furthermore,the interpretations· that have been placed on the 

definition of terotechnology have been very varied and it 

has not been possible to arrive at a consensus of views 

merely on the basis of a literature revie'tr,Hence, these 

interpretations \'fill be examined in greater depth in the 

next chapter ·which 'irill be concerned \ti th developing a 



generalised interpretatxve modei for the definition of 

terotechnology., 

1 
The definition used by the author,throughout this 
dissertation,for the noun "model" is as follows:-

"a framework or structure to describe a system" 
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CHAPTER 4 

A DEVELOPMENTAL INTERPRETATION OF 

TEROTECHNOLOGY. 

4.1 Examination of the Definition. 

This chapter examines the definition of terotechnology 

in order to develop a generalised interpretative model of 

the definition ,This model will then be.used as a foundation 

for the development of a more detailed understanding of the 

nature of terotechnological practice within industry. 

·The analysis takes the form of an examination of.the 

meaning of certain words which the author has perceived to be 

important tn the development of a generalised and wider 

understanding of the definition of terotechnology. To 

facilitate such an analysis account is taken of the use of 

~~yms to replace -~he :~~r~~-~-c,tually __ ~3Jed _in the ~efini ~-~o~! .. 

Such synonyms have been selected because thei are commonly used 

terms in organisational and economic analysis.As a result,the 

use of these terms facilitates the logical development .of. a 

generalised interpretation of the definitinn. 

The definition of terotechnology states that it is:

A combination of management,engineering,financial 
and other practices applied to physical assets in 
pursuit of economic life-cycle costs. 
Note: 
Its practice is concerned \'i'i th the specification 
and design for reliability and maintainability of 
plant ••• , with their installation,commissioning, 
maintenance,modification and replacement and ,.,i th 
feedback of information on design performance and 
costs.(Terotechnology:An Introduction to the 
Manangement of Physical Resources,H.M.S.O.,ibid,p,.2) 
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·In other words,it is suggested here that the definition of 

terotechnology is allocating a responsiblity to the terotechnology 

subsystem to pursue the goal of economic life-cycle costs in 
' . the same way as,for example,the operations subsystem would be 

required to pursue a given level of output and the marketing 

subsystem a certain level of sales. 

Another word considered in this analysis is the adjective 

'economic' meaning 'the efficient use of something'.The \'lord _...,.,.,.,........ .,...,......,__~--,--------

1efficient'is an adjective of the noun 'effective' meaning 

'successful in producing a result or effect1.The word 'effective' 

is a commonly used term within management,financial and 

engineering literature.For example the terms 'management

effectiveness 1, 1cost-effectiveness 1 and 'systems-effectiveness' 

are typical.This 1eads to.the conc~pt of 'effective life~cycle 

cost'as a more meaningful term than 1economic life-cycle cost•. 

The use of quantitative techniques in the field of life-cycle 

costing and the requirement to pursue the'efficient use of 

physical assets• leads to the development of a measure of 

the degree to which terotechnology is 'cost-effective' in 

a life-cycle cost sense.That is,the author suggests,there is 

a requirement for the use of 'life-cycle cost-effectiveness 

analysis',as a quantitative economic evaluation technique to 

measure the performance of the t.'erotechnology subsystem. 

In addition,the technique could be used for investment 

appraisal and as a management decision making tool. 

Further analysis of the definition sho,.rs that the functions 

over which terotechnology is said to be concerned in the life 

. . 
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of a physical asset are:- specifying,designing,installing, 

commissioning,maintenance,modification,replacement and 

feedback of information on del'!j.gn,performal}}:"Lan.!l_g_o.§_i;§... -·.:"

The ftmction~ncit included \'li thin the direct life - cycle 

~ a physical asset, is ~~-o~_'oR~fatioll!..· Consequently, it 1 
iss~gg~~-t~d-that t~~chnology is intended to embrace l· 
the non-operational management,engineering,financial and I 
other practices over the life-cycle of a physical asset. 

4.2 A Generalised Interpretative Hodel 

The analysis in the previous-section has enabled the 

follmving general statements to be postulated:-

a)That terotechnology can be consinered as a subsystem 

of the total organisational system. 

b)That the subsys_tem is charged with the responsibility 

for pursuing cost-effective life-cycle costs for an 

organisatioris physical assets. 

\ c)That the su~:~.~~~-~~ _ _::_:~?-~~s~-~~e __ for -~-~e _ _l2;~~=~pera!~o;:~ 
I management,engineering,financial and other practices over I the life~:~:~es_?f ~;~i~ic;Js _:&'.~-;sets. 
Superimposing these three postulates into the definition 

of terotechnology the follovring interpretative model of the 

definition is proposed:-· 

j Terotechnology can be considered to operate as a 

subsystem of an organisation responsible for the 

non-operational life-cycle management,engineering, 

financial and other practices applied to that 

organisation~ physical assets in order to pursue 

cost-effective life-cycle costs for those assets. 
~'V 



lit. exists as one of a number of subsystems in a 

\

total organisational system,which when combined, 

are responsible for pursuing the business 

(objectives of that organisatibn. 
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It is suggested that this generalised interpretation could 

be applicable to any organisational system which manages 

physical assets.That is,it could apply to government 

organisations,transport and distribution organisations, 

rental and leasing organisations and so on. However,within 

~on~t of this work, it is :l~:t-~~CJ.ed to a:e:ply to 

manufacturing organisations only. 

4. 3 Summary. 

This chapter has developed a generalised interpretation 

to be placed on the definition of terotechnology in terms 

of its perceived role as part of a total organisational 

system.The fact that terotechnology has been interpreted 

as a subsystem of an organisation with responsibility 

for the non-operational life-cycle management of an · 

organisatiotis physical assets could have far reaching 

implications. For example,what is meant by a terotechnological 

practice or principle ?_What consequences could such. an 

interpretation have on organisation design ?. \fuat consequences 

could·it have for the communication requirements between 

professional disciplines and functional groups ? \fuat 

consequences could. it have for the existing use of the 

'low-bid' as a means of plant selection? What ·· .· 

consequences could it have for the approach-to the education 



and training of engineers,managers,accountants and others1 

Whilst it would be desirable to seek answers to all 

of these questions most of them are outside the scope 

of this work. The question which must be answered in 

order to pursue this research further is the first one. 

That is,what is meant by a terotechnological practice? It 

is this problem which.is the subject of the next chapter. 
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CHAPTER 5 

TEROTECHNOLOGICAL PRACTICE: A1LEVEL-OF-CARE 1MODEL 

5.1 Introduction. 
,_, 

In Chapter 4 the concept of terotechnology was 

analysed and a generalised interpretation of the concept 

was developed.However,the problem of describing what is meant.by . . ...._____ ___ _ 
so called· 'terotechnological practices'still remains.It is the 

purpose of this chapter to attempt to identify these practices· 

over the life-cycle of a physical asset. 

5.2 The Concept of'Caring-For'Physical Assets. 

Terotechnology is the technology of 'caring-for' plant ---·-·----------- _...,;--·---~-,.--_.~---·-·-·· .. "-~-- . -- -· 

and ·eq~ipE:~ent ~~--~=der to pursue economic life-cycl~ costs. 

The term _'caring-:-_:! or' is synoilYJl!~:':l:s with the nursing_ 

profession.Hence,the author examined the literature to 
. --o ·- - '" -- ..• ,. 

determine what attempts had been made at defining or, at 

least,describing what is meant by 1caring-for'sick patients.· 

rlahll._l'l• et al. (31) stc:~:-~--~hat there ar~- ~-~:r.ee 'levels 1 of 

patient care. These are identified as 'light-care'.! 
-~ 

'intermediary-care' and 'intensive-care' with specific 
----··--·~---·-·•·' '-----·-· -··o' ~.<.=•.o·o -"'-~-OH•oMoo.- '' ''' • _ _,_,,,,"~"o>'•'--.,...··- , ___ ,.' ~ 

practices being associated with each level.For example,light

care could include treatment of minor cuts and bruises ana the 
--------------- .. --···--------· .... ----------------------

administration of medicines at regular intervals. 

30 
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Intermediary-care could include the care associated with pre

or post-operative situations of a less serious nature.Whilst 

intensive-care involves the continuous an·a detailed monitoring 

and treatment of a patien~s condition,when suffering from 

critical injuries or a very serious illness. 

These 1levels-of-care 1are most useful to the nursing. 

profession in the identification of the necessary resources 

that must be available to deal with different numbers of 

patients re~uiring treatment at the various levels.Stephenson1, 

for example,mentioned ·their application in manpower planning 

and in the determination of the degree of patient dependency 

.on staff and e~uipment. 

This type of application is just the sort that such a 

scale of care could be used for in an industrial situation. 

If such a scale could be developed for the care of physical 

assets,based on the identification of terotechnological 

practices,then it could be used in·the identification of 

resources re~uired to operate at a given 1 level-of-care 1 • 

Furthermore,it c9uld be applied as a tool for the comparative 

analysis of ter~,>t.echnological practices within the industrial 

field research. 

5.3 Nacro or Micro Levels ?. 

In order to develop some form of conceptual framework 

for terotechnological practices in terms of 'levels-of-care' 

two alternatives were considered.Firstly,the concept of there 
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being overall or macro level. practices applicable throughout 
---'· - - .. --· ------·- ----·-

all phases of a plant's life-cycle.However,this would require 
~------"""""""~"'··'...,.-.... --"-~.,....__..._.._.,.,"-=-""'"'""'''' -~---·· 

identification of practices that were equally applicable to 

say, the. design phase as they were'. to the installation or 

maintenance phases.Several attempts were made to develop such 

a model but the resulting scales were too generalised and 

ambiguous to withstand application. 

The second alternative was to consider separately each 

phase in, an asset's life-cycle and to attempt. to develop a 

specific or micro level model of terotechnological practice 

for each phase.This would facilitate closer examination of 

possible practices and would be a more meaningful methodology 

in the light of t'he overall research objectives stated in 

Chapter 1.As a consequence,it was the second alternative 

that was chosen and developed. 

5.4 Defining the Terotechnological Life-Cycle. 

In order to develop levels-of-care within each phase.of 

of a plant's life-cycle it is firstly necessary to define 

the terotechnological life-cycle through which a plant will 

progress.The definition of.terotechnology states some of. these 

phases.These are specification,design,installation, 

commissioning,maintenance,modification and replacement,together 

with feedback of information on design,performance and cost. 

However, this definition would be inadequate ,.,hen applied 

in conjunction ,.,i th the generalised interpretation of what 



is meant by the definition of terotechnology as developed 

in Chapter 4. That analysis concluded that the 

. interpretation to be placed on terotechnology, \'li thin this 

dissertationr would be·as follows·:-

Terotechnology can be considered to operate as a 
subsystem of an organisation responsible for the 
non-operational life-cycle management,engineering, 
financial and other practices applied to that 
organisations physical assets in order to pursue 
cost-effective life-cycle costs for those assets. 
It exists as one of a~~umber of subsystems in the 
total organisational system,which when · . 
combined,are responsible for pursuing the business 
obJec~ives of that organisation. 

As this. interpretation differed ·in emphasis from the . 

definition,it was necessary to consider how this affected 
. . . 

the definition of the terotechnological life-cycle. 
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In almost all engineeering projects the first phase is 

concernad with defining what is actually required.That is, 

writing the specifications.The next stage would be to.design 

the plant according to-that specification.Having laid down 

one or more design scheme.s,it is then necessary to carry out 

the costing and general financial evaluation of the design(s). 

From this phase follows the procurement of bought-out items 

together with_ their installation and commissioning.After 

commissioning the plant comes into fUll scale operational 

use during which time it. must be maintained. At the 

end of its life the plant must be removed and replaced. 

Throughout the life there shoUld be feedback of information 

on design,performance and cost characteristics.From this 
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rationale a definition of the terotechnological life-cycle 

was derived.It is seen to be a cyclic process during which 

a plant is prepared for operational use,put into use and 

maintained such that it remains in an.operational condition 

and is finally removed from use at the end of its life. 

This life-cycle is depicted schematically by Figure 1. 

9.5 A 'Level-of-Care'Continuum •. 

vli thin the literature several examples exist of attempts 

to develop levels, scales. :ii.."l.ct. degrees of practice.For example, 
'. 

Wahlin·' s levels-of..:.care in nursing, Amber and Amber's degrees 

of automaticity,Eright~s levels of mechanisation and the scales 

of yarn quality within the textile industry.These attempts,· 

although subjective,do provide a framework for analysis, 

understanding and development within the·particular subject 
. 

area. 

If a combination of management,engineering,financial 

and other practices.are to be applied to physical assets 

then it conceivable that such practices could vary along 

some form of continuum from .the very simple level to.· one which is 

very complex or intensive.This concept is depicted 

schematically by Figure 2. This figure is an attempt to 

illustrate the proposition that increasing the degree of 

application of terotechnological practices will,by definition, 

increase the 'level-of-care'applied to an asset.This idealised 
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representation is however an incomplete picrture. 

Figure 2 is' inadequate because it has not taken'account 

of that aspect of management policy which facilitates such an 

increase in terotechnological practice,that is the commitment 

of resources to a particular endeavour.Figure 3 is intended 

to provide for this factor.In this figure the 'level-of-care' 

is shown as depending on both the degree of application of 

terotechnological practices and the commitment of resources 

within an organisation.Further consideration of the way in 

\'lhich resources are commi ted leads to a more realistic model 

of the continuum.That is to say,capital is usually allocated 

-in discrete sums.Furthermore,the application of particular 

practices does not usually tar.e the form of a smooth transition 

from one level of practice to another.It is more appropriate 

to consider changes of practice again as discrete events 

often occurring at a specific time as a result of new 

personnel or equipment entering the organisational system. 

Therefore, Figure 3 illustrates these concepts by showing 

the increases as steps in which each step ~epresents a 

discrete change in practice,commitment of resources and a 

consequential change in the 1level-of-care 1 .-

From this concept of step-l-rise increases in 

terotechnological practice,commitment of resources and hence, 

levels-of-care,it was thought feasible to consider the 

application of terotechnology in terms of different levels 
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of sophistication.These levels could vary from the most 

generally applicable practices to those which are very 

advanced and require considerable resources •. 

The next section considers the problem of describing 

such levels-of-care when· applied to physical assets. 

5.6 Describing the 'Levels-Of-Care'. 

The literature shows that attempts have been made by 
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the nursing profession to describe levels of patient care. 

For example,vlahlin et al (op.cit.) described three levels 

of patient care as 'light-care', 'intermediary-care' and 

'intensive-care 1 .In addition,Norton et al (32) have'described 

the levels as 1basic-care 1 , 1 technical-care 1 and 'total-care'. 

Other work has also been carried out by the profession to 

describe levels of patient dependency and capability. 

Such subjective scales are also found in \'food ward 1 s (33) 

scales of technical complexity and other work on automation 

mentioned earlier.Considerable thought was given to the 

possibility of developing detailed and rigorous definitions 

for levels of physical asset care.However,as this task had 

not even been attempted within the discipline of the nursing 

profession,it uas considered an unworkable method to adopt, 

at this point in time,for research within manufacturing 

industry.As a consequence,i t \'/as thought to be more appropriate 

to attempt to formulate generalised descriptions of the 

forms of care that could be envisaged.Such levels could then 
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be more closely described by the identification of specific 

practices that could be associated with each 'level-of-care'. 

The first level proposed is a level of. 'general-care' • 

The second level is that of 'moderate-care'.with the third 

level being described as 1advanced-care'.The fourth and 

highest level will be described as 1 intensive-care'.Each of 

these levels are described below:-

5.61 General-Care: The adjective,general,is ·defined as :

not restricted or specialised,relating 

to the whole or most,nearly universal, 

prevalent, widespread. 

Hence,the word has. been chosen to describe 

a level-of-care \'lhich encompasses a group 

- . of simple practic;:es,_ that. could be 

applied in almost ail manufacturing . 

' organisations at each phase of an assets 

terotechnological life~cycle. 

5.62 Moderate-Care: The adjective,moderate,is defined as :

not excessive or extreme,characterised by 

temperance,not rigorous,of middle rate. 

Hence,the word has been chosen to describe 

a level-of-care which is intended to encompass 

those practices which would require a 

reasonable commitment of resources in order 

to apply terotechnological practices during 

an asset.'s life-cycle. 
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5.63 Advanced-Care :_The adjective,advanced,is defined as:

a far-on stage in any course of ideas 

or actions. 

Hence,this word was chosen to describe a 

level-of-care in vrhich the practices 
--

adopted could be associated vri th a 

considerable degree of development in the 

application of terotechnology •. 

Such practices could be expected to provide 

,a comprehensive life-cycle management 

system for an organisatiods physical assets. 

To operate at this level-of-care would 

require a further commitment of resources 

over and above those employed at the 

'moderate' level-of-care. 

5.64 Intensive-Care: The adjective,intensive,is defined as.:

concentrated,unremitting,of a very high 

degree of depth or fullness. 

Consequently,the word has been chosen to 

describe a level-of-care in which 

terotechnological practices are applied 

to an organisation~ physical assets in 

order to provide a system of detailed 

monitoring and observation of plant 

performance \.,i th subsequent intensive 

analysis and treatment.This could be 

•. 
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considered as the level at \~hich an 

organisation has developed a complete 

terotechnologically ba~ed physical asset 

life-cycle management system.This level 

would require a further commitment of 

resources to supplement those employed at 

the advanced level-of-care, 

The generalised levels-of-care,described above,provide 

a frame\·rork around which specific terotechnological practices 

can be proposed as being representative of each level-of~care, 

The next section considers the problem of determining \'That · 

these terotechnological practices should be. 

5,7 Vlhat are Terotechnological Practices?~ 

The problem o:f determining \'That constitutes a 

terotechnological practice had not been considered in the 

literature.As a result the identification of practices,within 

the terotechnological life-cycle,are entirely those considered 

appropriate by the author, 

The method adopted was to consider each phase in the 

life-cycle and to identify representative practices that 

could be adopted within each phase,These practices were then 

considered in greater detail and subsequently allocated to 

a particular level-of-care.Several alternative schemes were 

drawn-up and analysed,The resulting scheme is presented in 

matrix form in Table1 ,This table shows the :four levels-o:f

·care described earlier,with the representative practices to be 

associated with each level :for each phase in the life-cycle, 
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The rationale behind. the allocation of a particular 

practice to a given level-of-care, whilst subj.ective,is 

praxeologicaf in nature. In order to illustrate this it was 

thought appropriate to describe here the ,~ay in which 

terotechnological practices were identified and associated 

with a given level-of-care.for one of the phases of the 

terotechnological life-cycle~ As maintenance is the major 

phase in the life-cycle of most physical assets, the . · 

rationale adopted for this phase is described in the next 

section. 

5.8 Terotechnological Practice in Maintenance. 

In developing a scale of terotechnological practice 

from the 1simplest 1 to the most 1 complex 1 ,the posture.taken. 
-

was to consider what practices should be adopted,in the 

authors view,by an organisation if it is to progressively 

apply terotechnologically (caring) orientated practices to 

the life-cycle management of its physical assets. 

Within the maintenance phase the first practice thought 

necessary was that of providing a breakdown maintenance 

service.This was thoughtto be the minimum level at which 

a maintenance system should operate.Hence,breakdown 

· maintenance \~as considered a practice applicable to 

the level of 1general-care'.Further consideration of 

practices appropriate to 'general-care' indicated that the 

next provision of resources should be directed towards 
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a system of regular lubrication for plant and equipment~ 

From this stage,the provision of a supply of spare parts, 

for those i terns known to need regular replac.ement, ,.,as 

considered as the next most appropriate practice.Having 

provided the resources for breakdo;...ns,lubrication and spare 

parts the next stage of development i'las thought to be in 

terms of the provision of a system of priority allocation 

for '1'/0rk. This 'l'ras considered as the minimum level of control 

that could be envisaged at the level of 'general-care'. 

Hence, i'li thin the frame\'rork of the level of 1 general-care 1 

the practices of breakdmm maintenance,lubrication,spare 

parts_and priority allocation were identified as 

representative of those \'l'hich could be expected to be almost 

universally applied. 

The next stage in the rationale was to identify those 

practices thought to be within the level of 'moderate-care'. 

The first practice considered appropriate to this level was 

that of overhauls.A system of regular plant overhaula~was 

considered to be a moderately sophisticated practice i'Thich 

would not necessarily be universally applied.From this, 

the need to adopt a form of maintenance budgetary control 

was thought to be the next stage of development. 

The maintenance system has novr reached a stage of development 

in i·rhich breakd01...ns, lubrication, spare parts, priority 

allocation,overhaUls and buggets are all catered for. 

':"1111111 



The next stage of 1moderate-care' \'fas considered to be the 

use of preventive maintenance inspections carried out at 

regular intervals.From this stage it would then be possible 

to introduce a formalised system of· job recording \fi th the 
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use of job cards designed to produce a range of control 

information.The consideration of moderate practices(ie.the 

practices considered to be non-rigorous,but more sophisticated 

than the'general-care' ones) ended at thetjob cards•stage 

of development. 

The next level-of-care to consider was the· 'advanced' 

level.The first practice considered to be applicable at this 

level was that of standard costing. The use of standard costi~g, 

as a planning and budgeting tool,was considered to be an 

advanced practice within a maintenance system.This would 

enable more detailed management information to be produced 

and create the need for some form of data management.Hence, 

it. was data management that \1as considered as the next most 

desirable practice to employ.This would facilitate the 

collection,mani:pulation,reporting,analysis,feedback and 

storage of management information.Having established a system 

of data management then the next practice was considered to 

.be the use of some form of maintenance performance measurement. 

The use of this 'advanced' practice ,.,ould enable management 

to identify those aspects of the maintenance system that were 

not functioning effectively and to take action 
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accordingly .As a system of data management \tould exist, then 

the next development v1as thought to be the use of an in

company data feedback system. This practice \tould ensure 

that relevant information on plant design,performance and 

cost characteristics was fedback to the functional groups 

\1i th responsibility for those characteristics. 

l'/ith a system of information feedbaCk in operation ,:,.i thin 

the organisation then the next development in 

terotechnological practice was thought to be the adoption 

of a system of information feedbaclc_ to suppliers, contractors,· 

equipment designers ,and other external organisations.Hence, 

__ a system of ex-company data feedback is seen as the first 

practice that could be associated with an-'intensive' 

level-of-care.Further consideration of intensive-care for 

plant and equipment led to the use of fault diagnosis as 

-the next most appropriate practice to adopt.Fault diagnosis 

·systems \·Tould provide a very rapid and systematic approach to 

the location and subsequent treatment of a plant failure or 

malfunction •. The next development over and above the use 

of fault diagnosis aids 1rras seen to be the use of condition 

monitoring· systems. This 1r1ould enable intensive observation 

of a plant's health in order that early signs of 

deterioration could be detected and corrective action taken 

before any disruption to production is experienced.The use 

of data gathered from the condition monitoring systems 'l'lOuld 

then enable further intensive management of the plant.This 

could take the form of simulating the operating,reliability, 
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maintainability and cost characteristics,performing 

1 trade-off 1 studies and optimisation techniques in order 
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to develop an optimum terotechnologically based maintenance 

policy. This level of practice was considered to be the most 

intensive level that could be envisaged in relation to the 

current level of knowledge within physical asset life-cycle 

management.As a consequence this·was the final level_of 

practice considered. 

The foregoing section has described the way in which the 

various terotechnological practices were identified and 

associated with a particular 1level-of-care'. The rationale 

for the maintenance phase has been described.In the model 

shown in Figure 4 this analysis is depicted schematically. 

The figure is an attempt to illustrate the step-wise nature 

of advancement in practice from one stage to the next.Each 

stage requiring an increase in the resources employed.The 

figure shows each practice that was identified within the 

maintenance phase together with the levels-of-care.The figure 

illustrates the increasing depth and breadth of resources 

needed to operate a terotechnological system of maintenance· 

management as the level-of-care increases. 

A similar procedure was adopted to analyse all of the 

terotechnological life-cycle phases in order to identify 

practices and associate them with a particular level-of-care. 

The resulting matrix is shown in Table 1. 
' 



TABLE 1 

A LEVEL-OF-CARE/LIFE-CYCLE MANAGEMENT MATRIX 

LEVEL-OF- THE PROPOSED TEROTECHNOLOGICAL PRACTICES EMPLOYED-TO 1C.uq;l - FOR' A PHYSICAL ASSET DURING ITS LIFE-CYCLE 
·CARE FINANCIAL Cctim:SSIONING SPECIFYING DESIGNING 

EVALUATION 
PROCURmENT INSTALLATION MAINTENANCE REMOVAL 

-
life-cycle trade~o:C:C 

trade-of:C .. costing studies - -rellabili ty optlmisation studies & 
life-cycle cost-erf'ec. optimlsatlon review and testing studies assess 

estimation analys a incentive inf'ormatlon condition 
reliability 

Life-cycle 
contracting :feedback maintain- monitoring of' new 

M.T.B.F •. life-cycle costing ability fault 
plant .. 

INTENSIVE, costing recording testing 
anticipated 

approved or problems diagnosis recording 

reliability Post supplier with maintenance· ex-company and 
component completion listings services fitter data feedback 
li:Ce and 

maintain- auditing training feedback of 

M.T.1'.R. ability .. experience 

analysiS 
.. . ' . design data . . 

:rault bank assess 
recording maintenance life of 

diagnosis performance . problems 
in-company 

new plant historical late management data 
systems. 

information 
analysis . . delivery with 

/ training feedback 
use ot .on M,T,B,F, · penalties plant assess 

' formal performance maintain-
historical hlsted.~a1 use o! reviews &. measurement ability data 

ADVANCED infomatlon :formal network information ot new 
' .~n-I:(.T.T.R. use of analysis feedback data plant 

training quantitative supplier management 
schemes· condition techniques vetting manpower recording of review 

" 
monitoring planning auxiliary standard reliability. modular ln!ormlition equipment coating of old construction :feedback to faults plant 

·design 

preventive analysis"of 
. 

recording 
job cards review maintenance breakdown plant faults 

schedules data & job task maintain-
cards 

planning training of preventive ability of 
' overhaul 

analysis of 
investment receipt ·budgeting 

production maintenance old plant ,. 
MODERATE·· schedules appraisal management inspections 

maintenance inspection formal plans - ' training of 
ease ot costs . equipment· budgets , for removal 

- ·planning operators ·,.' access discussions - fOrmal ·budget :Cor 
ease or with acceptance overhauls removal 
control maintenance -procedure -. 

scheduling evaluation 
of work work or operation priority assess residual 

maintenance reviews .of scheduling ·against spec. allocation value of plant 
manual reports, ' production assess operating 

budgets services• spare 
GENERAL journals etc progressing . ot comps. parts requirements for 

list ot layouts plant spare plant · tests of lubrication parts ' modi.fication site performance assess market 
systeiJI layouts breakdowns for product 

. commissioning 
schedule 

. 
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5. 9 Summary. 

This chapter has explored the concept of 'caring-for' 

plant and equipment.It has attempted to dev~lop a model 

based on 'levels-of-care' in which each level is associated 

with the employment of particular practices and commitment 

of resources. The literature .showed that similar models·· had 

been attempted by the nursing profession. 

Four 'levels-of-care' were derived.These were,general

care, moderate-care, advanced-care and intensive-care.The 

terotechnological practices associated with each level were 

identified and are shown in matrix form,for all the phases 

in the life-cycle,in Table t. This identification has 

provided a description of what is meant by the use of 

terotechnological practices within the context of this 

dissertation.Furthermore,it has provided a framework for 

the comparison of organisations within the industrial 

field research. 

The next chapter describes the formulation of the research 

objectives,the field research design and the method of 

presentation adopted to show the results of the field 

research. 



1 Miss C.Stephenson,Principal Lecturer in Nursing, 
Leeds Polytechnic ,r1arch 1978. Discussions held with the 
author regarding research into levels of patient care 
and their value to the nursing profession. 
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2 The word 11 praxeological11 used in this chapter requires 
some explanation because a wider meaning is placed on it 
than the dictionary suggests.The dictionary defines. 
praxeology as "the study of human action and conduct". 
However,the word is used here in its wider context as 
described by Nottage,H.B. in Praxeology and Subjective 
Values in Project Jl7anagement.School of Engineering and 
Applied Science,University of California,October 1974. 
Quoting Nottage: 

••• Praxeology is an individual.~s intelligent, 
aprioristic and subjective values encompassing a 
think-search-predict and decide prelude to his 
purposive human action ••• The personal decision 
choice procedure requires the person's comparative 
evaluation between alternatives in terms of their 
predicted future pers·onal-meaning consequences, 
with subjective values entirely dominant •••• 
Praxeology is a personalised and inherently non
quantitative procedure --- only an individual 
can think praxeologically · ••• 



6.1 Introduction. 

CHAPTER 6 

INDUSTRIAL RESEARCH 

OBJECTIVES .AUD DESIGN 

This chapter describes the objectives of the industrial 

field research and the way in which those objectives were 

determined.The field research design methodolggies available 

are then_examined and the most appropriate is selected.The 

research design and presentation of results is then explained 

in detail. 

6.2 Industrial Research Objectives~ 

The .Atkinson Report (op.cit.page 10) stated,under the 

sub-heading of Research Projects that:-

In planning a programme of action the committee have 
been hampered by lack of data on the extent to which 
terotechnology is being applied in the various sectors 
of industry,and the adverse effects of not doing so. 
Information on the practices adopted by industry is 
also required to indicate those areas where special 
emphasis should be placed.(.Atkinson Report,1973,.' 
page 10) · ·. 

A further statement from the .Atkinson Report of the Committee 

on Terotechnology states that:-

Lack of information on the extent to which 
terotechnological principles are being practised 
in industry ••• has led the committee to recommend 
that a number of investigations be carried out. 
It is expected that information resulting from 
these researches will assist in the identification 
of the main problem areas and "'ill enable a 
further programme of action to be planned.(ibid.p.2) 

·These two statements provided the initial focus for 
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determining the objectives of an industrial research 

project into the practice of terotechnology. In order to 

limit the research focus it was found useful to concentrate 

on two statements contained \d thin the Atkinson Report, 

(ibid.p.10)these were:-

and 

11Lack of data on the extent to which terotechnology 
is being applied in thevarious sectors of industry". 

"Information on the practices adopted by industry 
is also required to indic.ate those areas where 
special emphasis should be placed." 

However,these extracts use global terms such as 

"various sectors of industry 11 which was too wide an 

objective for the basis of a: research project to be 

carried out by a single researcher. Hence,ta:king this 

factor into account, the following objectives '"ere defined:-

1. To investigate the extent to which terotechnological 

practices,as identified ·within this dissertation, 

were applied in a small.sample of companies within 

the manufacturing industry classification. 

2. To suggest,as a result of the above investigation,. 

those areas of management practice where special 

emphasis should be placed in order to improve the 

'level-of-care' applied to industrial plant and 

equipment. 



3. To employ frameworks for the comparative analysis 

of industrial practice that were considered to be 

independent of the economic factors that were 

affecting company performance at the time of the 

research programme. 

In order to further limit the focus of these objectives 

the follo•dng specific practices were considered for 

investigation :-

a. ~lliat terotechnological practices were included when 

specifying plant ? 

b. \ihat terotechnological practices were included when 

designing plant ? 

c. ~lliat terotechnological practices were included when 

carrying out the financial evaluation of plant ? 

c. vlliat terotechnological practices were included when 

procuring plant ? 

d. \ihat terotechnological practices were included when 

installing plant ? 

e. vlliat terotechnological practic~s were included when 

commissioning plant ? 

f. ~at terotechnological practices were included when 

maintaining plant ? 

g. ~at terotechnological practices were included when 

removing plant ? 

Operational practice was excluded from the research 

focus because of the conclusions drawn as ~ result of 
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the analysis carried out in Chapter 4 • Having · 

stated the specific objectives of the industrial field 

research it was necessary to examine the alternative research 

methodologies available arid to determine which would be the 

most appropriate to use for this work.Once the correct 

methodology had been determined the field research 

could then follow.Areview of some alternative research 

methodologies follO\'/S in 6. 3 below. 

6.3 A Review of Alternative Research Methodologies~ 

This section revie\'IS fou;r basic forms of research 

methodology in relation to their applicability to the research 

objectives defined earlier.The four methodologies described by 

Leedy (34) are :-

and 

(a) The historical method. 

(b)The analytical method. 

(c)The experimental method. 

(d)The descriptive survey method. 

(.a)The historical method.This methodology relies on data that 

are derived primarily from documentary sources.These sources 

are generally documentary remains,written records and artifacts 

that man has left behind him.The intention of this type of 

research would be to study the events of past time and to 

try to comprehend the meaning of these events.Such a study 

might be conducted into the history of technology or management 

science.However,the purpose of this research work is to 

investigate industrial activity as it is happening.Therefore, 



it is suggested that the historical methodology is 

inappropriate to this ,.,ork. 
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(b)The analytical method.The purpose of the analytical 

methodology is to collect and analyse data that are essentially 

quantitative in nature(numerical)and then to analyse this 

data using analytical techniques~In the analytical methodology 

the ... researcher \'1TOUld be concerned primarily with the testing 

of a statistically based hypothesis.Such a research effort 

may be to examine a relationship between the number of 

production operators against the number of units of output 

per unit time.In this case all the data would be numerical, 

hypotheses could be set-up and tested for significance by the 

use of analytical techniques.applied to the numerical data. 

This met~odology is inappropriate also for the research 

envisaged because it is to be concerned with establishing 

'practices' which are essentially activities in which numerical 

data is not expected to be available.Furthermore,the objective 

· of the \'lOrk is not to test a specific hypothesis about the 

practice of terotechnology,but to determine what that practice 

actually is.Hence, the analytical methodology \'las considered 

to be inappropriate. 

(c)The experimental method.This methodology is often referred 

to as the laboratory method.The essential characteristic is 

one of control.The experimental method attempts to control 

the research situation,except for those input variables under 

study.Such a methodology would be appropriate to a laboratory 

experiment say to determine the breaking point of a steel bar 



or to test the reliability. characteristics. of electronic 

components.Clearly,this methodology would have been 

inappropriate to this research ~10rk. 
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(d)The descriptive survey metho·d.This methodology is designed 

to facilitate the observation of human activity and other 

complex processes. The \'lord' survey' is composed of two elements 

.from the Latin 'super' meaning'above' 'over' or 'beyond' and 

the word 'videre'. meaning 'to look' or 'to see'.Thus the 

word survey mean~ 'to .look over or beyond'.The word 

'descriptive' is derived also .from. the Latin word elements 

'de'meaning '.from' and 'scribere' meaning 'to 'l>rrite'.Hence, 

the essential characteristic of this methodology is to look 

or observe and to record what is seen.In research terms the 

·interpretation of this activity is to utilise questionnaire, 

interview,discussion,observation and data recording 

techniques.The data then being presented,generally speaking, 

in the .form of tables,charts,figures and descriptive text. 

Oppenheim (35) says of the descriptive survey:-

Descriptive surveys are \'/ell lmown and 
inportant ••• The job of such surveys is 
essentially fact-finding ••• they are not 
deJ;Jigned to 11 explain"anything or to show 
relationships be~1een one. variable and 
another.(Oppenheim,1966,page 8) 

Leedy (op.cit~p.114) says o.f the descriptive survey:

Descriptive studies deal with questionnaire 
data,intervie\'1 data and simple observational 
information •••• Case-studies,Community Surveys 
and opinion polls are all typical studies in 
the descriptive survey category.(Leedy,1974, 
page 114) · 

It has already been stated .that the objective of the 

industrial field research was to investigate the extent 
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to \thich 'teroteclmological practices.•vtere applied 

to the non-operational management,engineering,financial 

and other practices over the life-cycles of physical 

assets.These practices \'i'ere seen as essentially activities 

which \'i'ould be descriptive in nature.The most appropriate 

method of collecting data was thought to be the questionnaire 

and interview teclmique. Hence,the descriptive survey 

methodology was considered to be the most appropriate 

technique for conducting the industrial field research 

defined in section 6.2. 

The determination of the most appropriate research 

methodology led on to examining and recognising the 

limitations that it would impose.These are examined in detail 

later in this chapter.However,the author was particularly 

conscious of the problem of 'researcher role' when carrying 

out research within an industrial organisation.Barnes(36) 

recognises this problem when he states that:-

Organisational research also differs from 
laboratory experiments \'li th regard to researcher 
status.The experimenter is typically master 
within the laboratory ••• The organisational 
researcher,however,is typically a guest in 
someone else's establishment.The various 
organisational parts and persons may all 
choose to ignore him,or they may all demand 
attention simultaneously. \men they demand 
attention it may not be for purposes of 
cooperating.They may only be suspicious or 
curious about "whats going on?".At times the 
organisational researcher will feel that he 
has absolutely no control over his "subjects". 
He can only cross his fingers and hope that 
natural events. and some skill will permit him 
to carry out his worko(Barnes,1971,pages 77-78) 



Perhaps Barnes \'las quoting from bitter experience or 

exaggerating to make a point,it is not clear from his 

book.However,it is certainly true that this author did 

experience some of the problems'that .Barnes highlights 

in that quotation. 

The next section deals with the detailed design of the 

field research.project. 

6.4 Research Design. 

This section covers the design of the research effort. 
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It explains the methods used to se+ect companies,to approach 

these companies for theirco-operation,the response rate, 

data colleation methods,the problems of error and bias 

and the method of data presentation that was adopted in 

order to present the results of the field research. 

6.41 The Selection of Companies.A list of possible 

companies,which would be prepared to co-operate with:the 

research project,was drawn up from the Kelly Trade Directory 

of Company Information (37).The Central Office of Information 

Business Monitor,PA 1003,(38) was used to identify the 

manufacturing industry classifications.The counties of 

Leicestershire,Derbyshire and Nottinghamshire were surveyed. 

One company·was chosen from Yorkshire.Thirty companies 

were selected on the basis of the expected type of 

production system and size.It was understood that the 

University of Aston,Small Business Centre,\'lere engaged on 

a survey of companies employing less than 200 employees. 
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Consequently,the size range chosen was that of 200 

employees and over,but up to a maximum of 10,000 employees. 

It was considered that a company larger than 10,000 

employees would be too large a tinit to be researched 

adequately by a single researcher.In total,31 companies 

were approached. 

6.42 Approach to Companies.· The formal approach to each 

company was in the form of an introductory letter and a 

detailed brochure.The letter explained the objectives of 

the research and requested thecc-operation of the ~ompany 

to carry out the work within the company's premises. 

The brochure included a brief introduction to terotechnology, 

a brief account of the objectives of the research, 

a description of the data that would need to be collected, 

how the data >'l'ere to be collected~ how confidential the 

study would be,what assistance would be required from the 

host company,a brief description of the benefits the host 

company may expect from the study and those which the 

university may expect.In addition,a brief curriculum vitae 

of the researcher was included together with a summary of 

the P.A.Management Consultants'Report.The covering letter 

and brochure are to be found in Appendix 1 • 

6.43 Response Rate. As mentioned earlier 31 companies 

were approached to co-operate with the research. The response 

was as shown ·in Table 2 over • . From the table it can be 

seen that 16 companies did not reply,? companies replied 

but were unable toc~operate,2 companies replied that they 



TABLE 2. 

RESPONSE PATTERN OF COHPANIES 

ASKED TO PARTICIPATE WITH 

THE RESEARCH 
.. 

Response Number of 
Companies 

No r.eply 16 

Replied but not 
wishing to 7 
participate 

Replied but required 2 
further discussions 

Replied and '"illing 6 
to participate 

Total number of 
companies approached 31 

Response rate 19% 
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\fished to have fUrther discussions. The remaining 6 companies 

agreed to participate.Of the 2 companies that wished to have 

further discussions,one company was visited· but showed 

no further interest. The other company '~as visited, but on 

mutual agreement it was decided not to use the company as 

part of the sample. 

6. 44 Research Period. The research vri thin the six 

companies was carried out between September 1975 and 

December 1976.The details of the companies are given in 

Table 3. · 

6.45 The Companies. The 6 companies that agreed to· 

. co-operate vli th · th~ research ranged in size from 2QO 

employees to 6,000 employees.All of the companies operated 

1.flow1 type production systems as defined by Lockyer(39). 

Table 3 shows the details of each company in terms of size, 

type of product,production system and the alphabetical 

letter which '~as allocated to it. 

6.46 Data Collection. The methods of data collection 

adopted were questionnaires,intervie\"IS and documentary 

evidence. 

Qgestionnaires. Questionnaires were designed to cover 

each of the life-cycle functions that were defined in section 

6. 2 page 54-. Hence, eight questionnaires ,.,ere drawn up and 

are shown in Appendix 2 .Each questionnaire contained a 

mixture of open-ended and closed questions.Because of the 

inherent difficulties in interpretating open-ended question 

responses1 the majority of questions were of the closed type. 



TABLE 3 

BASIC DETAILS OF THE COHP.ANIES 

THAT AGREED TO PARTICIPATE 

Company Size(1) Product(2) Production(3) 

A 350 Textile/ 
Resin based 

B 200 Chemicals 

c 800 Fine 
Chemicals 

D 500 Plastics/ 
Electronics 

E 2,200 Foodstuffs 

F 6,000 Metal 
Processing 

(1)Size relates to the nUmber of employees 
at the location visited. 

System 

Flow 

Flow 

Flo\'l 

Flow 

Flow 

Flow 

(2)Product is that description felt to most 
accurately describe the companys'products 
without disclosing the identity of the company. 

(3)Type of production system was determined using 
the description given by Lockyer(39). 
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That is,required 1yes' or 'no' answers only. The questionnaires 

remained under the control of the researcher.A space was 

left at the end of each question in order to allow for any 
. , ' . 

expansion of the respondents answer.If a respondent was 

not sure of the accurate answer to a question he was asked 

to say so arid to refer the researcher to the most appropriate 

employee.In general,the questionnaires were used to form 

. the basis of an interviewing schedule.The questionnaires are 

to be found in Appendix 2 • 

Interviews. The interviews were held with each person 

who had been allocated the responsiblity for each of the 
. I 

life-cycle functions defined earlier.In every case interviews 

were arranged by appointment and \'lere always held on the 
--

companys'' premises.Du.ring the research a total of 90 interviews 

were conducted lti th directors,managers and engineers 

responsible for the life-cycle management of physical assets. 

The length of interview varied from approximately 40 minutes 

to 2 hours.\ 

Documentary Evidence~ In all cases documentary evidence 

was asked for in order to provide further evidence of a 

company's practices.However,in many cases individuals were 

reluctant to provide documentation,or it was not available 

at all.Nevertheless,whenever it was available it was collected 

and the evidence that it provided was examined.As a 

consequence of the limited documentation available to the 

researcher it must be recognised that some of the results 

presented in this dissertation are based only on interview 



responses.Some of the documentary evidence collected during 

the field research has been included in this dissertation 

and can be found in Appendix 4 • 
Errors and Biases. The descriptive survey methodology, 
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by its very nature,is particularly susceptible to distortion 

from error.and bias.It is an important function of the 

researcher to remain severely ·critical in- the control 

and elimination of error and to avoid statements of . 

'exactness' when presenting results.Leedy (op.cit.,page 107) 

states,"Bias is,of course,in~genous to all research projects." 

Oppenheim (op.cit.,page 21) states, 11it behoves the research 

worker to remain severely critical,to search out biases in 

others and himself and to avoid giving the appearance of 

spurious exactitude". 

Therefore,it is recognised that statements prescribing. 

absolutely certain practices cannot reasonably be made 

with the certainty ascribed to many physical laws and 

relationships.Hence, the statements and conclusions made in 

this dissertation have been bound as formulations in terms 

of •tendencies' when dealing with a general population of 

companies and in terms of an 'indication towards' when 

dealing with an individual company.The various techniques 

for control of error and bias,which are outlined by Leedy 

and Oppenheim,have been incorporated,whenever applicable, 

into this research \'Tork. 
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6.47 A basis for comparative analysis. The research,as 

has already been explained,was performed during a period 

when industrial performance was affected severely by high 

inflation and a decline in world. trade.As a result,it was 

considered.important that from the inception. of the research, 

a basis for comparative analysis should be found that could 

reasonably be expected to be independent of these infUences. 

Several alternatives suggested themselves.For example, 

comparison on the basis of number of employees,or size of 

turnover,or type of product,or by :type of industry.However, 

one other basis for comparison on which little work had been 

performed was that of the level of mechanisation of the 

production system.This comparative analysis method could 

allow the researcher to assess the level of mechanisation of 

the company's production system and to compare the "<ray in· 

which the life-cycle of the plant is managed in relation 

to its mechanisation level.A reasonable premise being that 

the higher the level of mechanisation,the higher would be 

the need to employ terotechnological practices in order 

to 'care for' the plant adequately.Three alternatives 

presented themselves with respect to defining mechanisation. 

Firstly,the definition offered by Bright (40).Secondly,the 

definition offered by Amber and Amber(41).Thirdly,to devise 

a framework for the definition of mechanisation as part 

of this research work. The third alternative '"as considered 

inappropriate as this task could probably form the basis 



-,g. 
of a single research project.The~ore,the use of Bright 

· or Amber and Amber was considered more appropriate.On 

analysis of the two types of mechanisation frameworks,it 

\'ras found that the Amber and Amber framework was more 

suited to classifying individual types of machinery such 

as lathes or milling machines etc.In addi:tion,it was 

found to be fairly insensitive because of the low number 
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. of scales that were included.Bright 1 s 'levels of mechanisation'.· 

were,on the other hand,more appropriate for defining 

mechanisation in process plants.Indeed all of his applications 

of the technique \•re re in ·process plants. Furthermore, it 

was considered to be much more sensitive to changes in 

mechanisation from one plant to another.Hence,it was considered· 

to be a more accurate measure of mechanisation.A further 

justification for the use of the Bright method came from the 

fact that it was well explained and an appendix on its use 

was included in Bright's book.The advice given in this 

appendix was considered to be extremely valuable in the 

application of the technique and in avoiding errors and 

biases.Hence,the Bright 'mechanisation profile' technique 

vras adopted as a basis for comparative organisational analysis. 

The •mechanisation profile•is described,together with the' 

six profiles obtained from the research,in Appendix 3. 

6. 48 Presentation of results. The results of the 

industrial field research provided the researcher \ii th a 

considerable volume of descriptive data,documentary evidence 

and interview responses.The method of presentation of this 
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data required considerable thought and planning.Two methods 

were considered.Firstly,the use of individual case-studies 

of the companies visited.This would take the .form of· 

describing the life-cycle management,engineering,financial 

and other practices adopted by each company.Ho\V'ever,.because 

of the volume of information involved and the .fact that 

there were 6 companies to analyse,it was considered that this 

method would not be appropriate.Firstly,because it would be 

difficult to present as many as 6 companies on a case-study 

basis that would enable the reader to absorb all of the 

data collected.It would then become difficult to read and 

to examine the .findings.Secondly,it was considered more 

meaningful i.f the data were presented and analysed at each 

· stage of the life-cycle management process.· because one o.f 

the objectives o.f the research was to indentify areas o.f 

management practicewhe~e more emphasis needs to be placed 

.for the application of terotechnology.The case-study method 

woUld make this objective more difficult to achieve. 

The second method of presentation of the results could 

be the'survey!.This would entail describing the practices 

of all the companies visited .for each . .function in the 

life-cycle.That is,describing specification practices or 

maintenance practices and comparing these against the 

mechanisation o.f the production system for all o.f the 

·comP,anies visited. Using this method would also be more 

meaningful and immediate to the reader and would .facilitate 



the identification of those practices that were lacking 

from a terotechnology vie\'ipoint. This method would also 

enable as many as 6 companies to be analysed more 

constructively and economically.Consequently,the survey 

method was chosen and it is on this basis that the results 

are presented.That is t.6 say that each function in the 

life-cycle is presented and analysed in relation to the 

application of terotechnological practices. These 

practices are compared against the level of mechanisation 

of the production system.~ne practices that were examined 

are given in Chapter 5 Table 1. 
• > 

6.5. Summary. 
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This chapter has stated the objectives of the industrial 

field research. It has stated the practices that. \'lere to be 

investigated in the companies that agreed to participate 

\'li th the work. The chapter has reviewed s?me of the alternative 

research methodologies which could have been utilised.The 

most appropriate was selected.The research design has been 

described in detail.This included analysis of the method 

adopted to select and approach the companies,the response 

to these approaches,the research period,the details of the 

participating·companies,the method of data collection and 

the problem of error and bias. In addition, this 'chapter has 



covered the basis of the method of comparative analysis 

which was considered to be most appropriate for this 

work. The chapter has described also the way in which 

the findings of the research have been presented. 

The findings of the industrial field research are 

given in Chapters 7 to 14 • 

• 
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CHAPTER 7 

TEROTECHNOLOGICAL PRACTICE IN SPECIFYING 

PHYSICAL ASSETS 

7.1 Introduction. 

This chapter presents the ~indings o~ the industrial 

research into the application o~ terotechnological 

practices when specifying plant. In order to maintain 

confidentiality the companies are re~erred to by their 

alphabetical code only. The results are presented by 

grouping the terotechnological practices according to 

their associated 1evel-o·~-care. The findings are 

summarised in tabular form using the average level 

of production system mechanisation as the basis for 

comparative analysis. 

7.2 Employees Interviewed. 

Within each company a person responsible for 

specifying plant and equipment was interviewed. Table 4 

shows the title of the position held by each employee 

within each company. 

7.3 Terotechnological Practices. 

7.31 General Care. All of the companies surveyed were 

found to carry out the practices associated with the level 

of 'general-care' as given in Table 1 Chapter 5. 
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TABLE 4 

El1PLOYEES INTERVIEWED \'l!TH RESPECT 

TO SPECIFICATION PRACTICES 

COMPANY TITLE OF INTERVIEWEE 

A ENGINEERING MANAGER 

B 'WORKS' MANAGER 

c CHEMICAL PROCESS ENGINEER 

D CHIEF PRODUCTION ENGINEER 

E SENIOR PROJECT ENGINEER 

F DEPARTMENTAL ENGINEER 
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7.32 Moderate Care. In Chapter 5 four practices were 

proposed at the level of 'moderate-care' in the specifying 

of physical assets.These were;ease of control for operators, 

ease of access for maintenance,the supply of overhaul 

schedules and the supply of preventive maintenance schedules. 

Only company D did not consider the need for ease of 

operator control.In the case of company A the engineering 

manager commented that .''" often it would not be a formal 

requirement but would be expected to have been considered". 

In company E the project engineers and control engineers 

planned the positions of controls using 3D models of the 

plant.In company F a method of 'functional systems 

documentation' had been adopted.This required additional 

instrumentation and control systems which also had to be 

c~sidered.In this case the operator was located in an 

ergonomically designed control cabin fitted ·with television 

monitors,computer printout terminals,instrumentation, 

telephones and visual observation of the process.Company 

F also built 3D models for use in operator familiarisation. 

Company C made use of mock-up panel layouts for planning the 

positions of controls. 

Ease of access for maintenance was not considered by 

company C or company D. In company E ease of access for 

maintenance was considered by project engineers using 3D 

models.Company F regarded ease of access for maintenance 



as a very important consideration.The interviewee stated, 

11 This is a very strict requirement on which great emphasis 

is placed and finance allocated to facilitate any necessary 

modi!ications "• 

The-specifying of overhaul schedules was not considered 

by company C or company D.All other companies included this 

practice. 

Preventive maintenance schedules were .considered by all 

companies except C and D. 
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7.33 Advanced Care. Four practices were proposed at this level 

of-care.They were;modular construction,training schemes, 

use of historical data to evaluate specifications and the 

use of fault diagnosis systems. 
-

Companies B,C and D did not consider modular construction. 

In company B the interviewee commented," This is not considered 

at "the moment but may be in the future".In company C the 

interviewee commented," we do not specify it but if the 

plant supplier has it designed-in then we accept it "• 

In company A the concern was more for modular construction to 

facilitate plant modifications rather than for ease of 

maintenance.In company E use was made of plug-in control 

circuit boards.In company F modular construction was widely 

used to facilitate maintenance.It was incorporated into the 

maintenance system by the use of "module change-avers" in which 

a new module of the plant would be fitted rather than trying to 

repair a fault on the line. The faulty module would then be 

repaired at the central workshops. 
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Training schemes were not specified by companies A, 

B,C and D.However, in company A the plant manager,concerned 
. 

with the asset being specified,would be involved from the 

start of the project. In company B the interviewee stated, 

"the plant is not sophisticated enough for this". In company 

E training for operators was carried out during commissioning 

and management 

first selected 

training began when the project team was 
l . 

to investigate the feas~ility of a particular 

project. In company F training for operators and mainte~ance 

fitters was organised on a formal basis.Specialist courses 

were run at the company's training school.In total, sixty one 

days of training were c.onducted for each· fitter and 

electrician.Management training was started during the 

feasability study stage of design.Training of operators was 

considered very important.Operators were selected and then 

attached to an experienced operator for a period of three 

months prior to the commissioning of the· new plant.In company 

F both production and maintenance personnel were trained in 

the·use of 'functional-systems-documentation'. 

The third practice associated with advanced-care was the 

use of historical information on plant reliability and 

maintainability in order to provide a basis for decision 

making regarding the plant being specified.This practice was 

not adopted in companies A,B,C and D. In company E historical 

records existed and would be examined on an informal basis 

by project engineers.In addition,visits to other companies 



and members of the parent group would be made in order to 

gain information to assist in the development of a plant 

specification.In company F historical records were also 

available. Managers,engineers and designers also made 

visits to Japan,Europe and the u.s.A. in order to gain 

information about the performance of similar plant. 

The fourth practice associated \~i th advanced-care was 

the use of fault diagnosis systems 'specified-in' to the 

design of the plant.This practice was not adopted by 

companies A,B,C,D and·E .. In company Fit was adopted.This 

took the form of specifying the need for functional systems 

documentation to be an integral part of the plant design 

concept.Indeed,two suppliers to company F had to establish 

ne\~ departments in order to meet this requirement. 

7.34 Intensive Care. Five practices were identified as 

being intensive in nature when specifying new plant. 

The first of these was the specifying of a mean time 

to repair (MTTR) for a breakdown maintenance activity. _This 

was not adopted by companies A,B,C,D and E. In company F an 

"average job length of 1.75 hours" was specified. 

The second practice was the need to be supplied with 

information on anticipated component lives. This was· not 

carried out by companies A,B,C,D and E. In company F use 

was made of data from H.Q. laboratories regarding material 

specifications and tests. From this and using engineering 

experience, expected lives were given to components in order 
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to facilitate the forward planning and budgeting of 

replacement parts. 
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The third practice was the specifying .of a mean time 

between failure (MTBF) for the plant or specific components. 

None of the companies surveyed adopted this practice.However, 

in· company Fa standard for "engineering delays" was 

specifi~d as 5.4% of total operating time. 

The fourth practice was the specifying of an anticipated 

life-cycle for the plant.This was not adopted by any of the 

companies surveyed.A comment made by the Works' Manager of 

company B was, 11 we are quite prepared to use it. until it 

collapses 11 .All companies used an accounting life for 

depreciation purposes. 

The fifth practice of specifying a life-cycle cost 

for the plant was not adopted by any of the companies 

surveyed. 

7. 4 Summary. 

This chapter has presented the. findings of the 

industrial research into the application of terotechnological 

practices when specifying plant. Company D had the lowest 

level of mechanisation and the lowest level of application 

of terotechnological practices as proposed by this 

dissertation.All the companies surveyed specified plant 

to the 'general-care' level. However,company D did not 

exceed this level and company C included only one additional 



practice at the level of moderate-care. Companies A,B,E 

and Fall adopted the four practices included within the 

level of moderate-care,but company B did not exceed this 

level. 

At the advanced-care level company A adopted the 

first practice,company E included three of the practices 

and company F utilised all of the practices associated 

with this level. 

At the intensive-care level only two practices were 

adopted by company F. No other company operated at this 

level-of-care. 
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Table 5 summarises the findings of the research described 

in this chapter.The findings have shown that the company 

with the lowest level of production system mechanisation 

also has the lowest level of application of the 

terotechnological practices postulated in Chapter 5 Table 1. 

With the exception of company B,as the level of mechanisation 

increases so does the level of application of. terotechnological 

practices.In the case of company B,the divergence from this 

trend was thought to be due to the fact that the Works' 

Manager himself set plant specifications.In this situation 

it is likely that he is more conscious of the need to set 

high quality specifications as he is also ultimately 

responsible for the performance of the plant.when in use. 



Ul!LE 5 

THE APPLIOATION OF ~ROTECHNOLOGICAL 

PRACTICES WHEN SPEOIFYING PLAJ!l! RELATED TO THE AVERAGE 

·LEVEL OF l'RODll'CUON SYSmi MECHANISATION 

THE PROPOSED COMP AllY CODE LETTER 

LEVEL-OF- ~ROrECHNOLOGICALlf--A-VERA,--G_E_LE,-VEL __ o"TF_MEC...;....l!AIII.,..--S-A_TI,-O_N_-J 

CARE PRACl!IOES 

INTENSIVE 

ADVANOED 

SPECIFYING 

life-cycle 
costing 

life-cycle 
estimation · .. 

D B c A E 

3.2 3.5 3.8 5.2 7.4 10.3 

anticipated 11 component , 

11-__;;:;li::.;f;.:e;..._ ___ ll---f---1--+--+--1 I 

.. M.T.T.R. 

fault 
diagnosis 
systems 

Fa~!~~ical HIJ .. 
n-.;__--ll---+---1---+---1 I 1_1_. 

training 
schemes . I 

modular 11.1./; J IJ· 
J-------lt--c-o_n_s_tru_c_t_io_n_jf----1.,...,..,...,-t----l~~ li, 'I I· 

preventive · 
maintenance 1 1,/i.jl 

MODERATE 

GENERAL 

schedules I 
ll--o;....ve;....r;....h..;:au;....l:.__~l---- I J,l I i J 

schedules 

11--------JI--- I --· 
ease ot 
access 

ease ot 
control 

maintenance 
manual 

list of spare 
parts 

I 

I I 
111 
·' ! 

I I b...,.,.-! I 

I I 11 I 
11 I 
jl 

.. !I) 1 I 
' 
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From the findings of the research it can be seen that 

five of the six companies surveyed exhibit a trend towards 

increased application of terotechnological practices with 

increasing mechanisation. Table 5 summarises the findings 

and illustrates this trend. The next chapter presents the 

findings of the research into the application of 

terotechnological practices during the next phase,that of 

design of a physical asset's life-cycle. 
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CHAPTER 8 

TEROTECHNOLOGICAL PRACTICE IN THE DESIGN OF 

PHYSICAL ASSETS. 

8.1 Introduction. 

This chapter presents the findings of the industrial 

research into the application of terotechnological practices 

during the design phase of a physical asset's life-cycle. 

The results are presented in the same manner as the previous 

chapter. 

8.2 Employees Interviewed. 

Within each company a person responsible for designing 

plant and equipment was interviewed. Table 6 shows the·title 

of each employee within each company. 

8.3 Terotechnological Practices. 

8.31 General Care. In Chapter 5 it was proposed that three 

terotechnological design practices could be associated with 

a level of general-care.They were stated as; a system to allow 

plant modifications,-the use of' journals and conferences etc. 

to keep up to date with design practice and developments and 

the scheduling of the work load to be completed during the 

project. 

All companies surveyed operated a system whereby plant 

could be modified in use.In the case of' companies B and D 

this practice was carried out by the writing of a memo to 
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TABLE 6 

EMPLOYEES INTERVIEWED WITH RESPECT :' .~ 

TO DESIGN PRACTICES 

COMPANY TITLE OF INTERVIEWEE 

A . ENGINEERING MANAGER 

B DESIGN ENGINEER 

c DESIGN ENGINEER 

D ENGINEERING MANAGER 

E CHIEF DESIGN DRAUGHTSMAN 

F CHIEF DEVELOPMENT ENGINEER 
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the engineering managers which would then be considered at 

a meeting. In the case of company A the design department 

had to charge the production and maintenance departments 

for their services. Commenting on this system of internal 

accounting, the engineering manager stated, " this system 
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hinders the performance of the plant and departmental 

cooperation "• In company E the system for plant modifications 

was the responsiblity of the area engineers within each 

factory zone. A formal "plant improvement" document was 

submitted to the chief development engineer and a project 

team would then be designated to examine the suggested 

improvement. In company C a project team would also be 

established to examine a proposed modification.Theinterviewees 

in companies A and c commented that product changes or 

developments caused the majority of modifications to 

plant. 

All companies except company D made use of reports, 

journals and conferences to keep up to date with design 

developments.In all the other·companies there was a 

regular circulation of several engineering journals. 

Only company F had its own 'house journal'. 

:~. ,, The .. third practice at the level of general-care was the 

formal scheduling of work to facilitate project planning.This 

practice was adopted by all the companies surveyed except 

company D. In company E a draughtsman was responsible for this 

task. In all cases the 'bar-chart• was the most frequently 

used technique. 
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8.32 Moderate Care. Three practices were proposed at this 

level-of-care.The first of these practices,that of designers 

discussing problems with maintenance engineers ,did not occttr 

in companies A,B,C and D. In company E discussions would 

be held between designers and the area maintenance enginears 

responsible for the zone of the factory in which the plant 

would·be located.·In company Fa maintenance engineer formed 

part of .the project design team and all design drawings were 

examined by the maintenance engineer. In addition,the 

maintenance engineer was given responsibility for designing 

the layout of the maintenance workshops. 

The second practice proposed was the analysis of 

maintenance costs in order to identify the high cost items 

or characteristics. This practice was not found in companies 

A,B,C and D • In company E this practice was carried out by 

an industrial engineer.who then submitted the findings of 

his analysis to the designers and project engineers. In 

company Fit was stated that"no major plant would be 

selected without an investigation into its maintenance 

characteristics either from cost data within the company or 

as a result of visits to other companies.". 

The third practice at the level ·of moderate-care was the 

analysis of breakdown data and information given by fitters 

on job cards.and other primary information sources •. This 

practice was not adopted by companies A,B,C and D. In company E 



-------------------

85 

this practice was carried out by the secondment of a 

maintenance fitter to the project team. The fitter then 

examined breakdown data,from the historical records, in 

order to establish weak points in the design of the existing 

plant. This practice \'fas found also in company F. 

8. 33 Advanced Care. Company F ,.,as the only company found 

tp utilise any of the practices associated with advanced

care .. in the design of plant. 
t\. 

The first practice, that of using~ system of information 

feedback to design,,.,as operated both \'fi thin the company 

and to major suppliers of plant. A1 complaints procedure•was 

used also by designers in order to gain information about 

the •on-going' problems of operating the plant. 

The second practice of designing-in condition monitoring 

equipment was also found. Equipment such as load-cells, 
;z. . 

oil analy~ers and vibration monitors were designed-in to 

major plant in the production process. The information 

generated by this equipment was fedback to a central control 

panel in the plant control room.· 

The third practice,that of utilising historical information 

on plant repair times,was used. The company had detailed 

plant history· records which \vere analysed in order to produce 

a standard for 11 average job length". This was stated as 

1. 75 hours .• In addition, designers visited other companies 

in order to gain further information about maintenance 

problems,repair times and other characteristics. 
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The fourth practice proposed at the level of advanced

care was the use of a data bank of information for designers. 

Again this was only found in company F. The system relied 

on manual input and record keeping,but the information was 

stored on computer, 

8.34 Intensive Care. In Chapter 5,four practices ~1ere proposed 

at the level of intensive-care when designing physical assets. 

Ho~rever,i t was found that none of the companies surveyed 

adopted any of the four practices proposed. 

8. 4 Summary. 

This chapter has presented the findings of the industrial 

research into the use ?f terotechnological practices during 

the design of physical assets. It has been found that 

company D utilised ·only one of the fifteen practi.ces and 

consequently.cannot be described as even reaching a level 

of general-care "'hen designing its plant,Companies A,B and C 

adopted all of the practices associated with general-care. 

Company E adopted all the practices proposed at the level of 

moderate-care. Company F was the only company surveyed which 

was found to practice at the level of advanced-care. None 

of the companies surveyed utilised the practices proposed 

at the level of intensive-care. 

Table 7 summarises the findings of the research described 

in this chapter. The findings have shown that the companies 

with the lowest and highest levels of production system 
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mechanisation have the lowest and highest levels of 

application of terotechnological practices respectively. 
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It has been found that design practice in four of the six 

companies vras operating at the level of general-care or 

lower. However, the findings show that there is a 'tendency' 

towards the increasing application of terotechnological 

practices during design being mechanisation dependent. 

The next chapte·r presents the findings of the research 

into the application of terotechnological practices during 

the financial evaluation of physical assets. 



CHAPTER 9 

TEROTECHNOLOGICAL PRACTICE IN THE 

FINANCIAL EVALUATION OF PHYSICAL ASSETS 

9.1 Introduction. 

This chapter presents the findings of the industrial 

research into the application of terotechnological practices 

during the financial evaluation of physical assets. 

9.2 Employees Interviewed. 

vli thin each company a person reponsi ble for the 

financial evaluation of plant was interviewed. Table 8 

shows the title of the position held by each interviewee 

-in each company. 

9.3 The Terotechnological Practices. 

9.31 General-Care. In Chapter 5 it was proposed that the 

practice of budgeting for a procurement should be associated 

with this level-of-care. All the companies surveyed adopted 

this practice. However, company D did not extend its 

practices beyond this level. 

9.32 Moderate-Care. The practice proposed at this level 

was that of carrying out an investment appraisal of the 

plant under consideration. All companies,except company D, 

utilise.d investment ap·praisal techniques. In company C the 

r.eturn-on-investment method. was used for plant up to £100,000. 

For·plant up to £1,000,000,then discounted cash flow was 
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TABLE 8 

EMPLOYEES INTERVIEVIED \HTH RESPECT 

TO FINANCIAL EVALUATION PRACTICES 

COMPANY TITLE OF INTERVIEWEE 

A DIVISIONAL ACCOUNTANT 

B COST ACCOUNTANT 

c COMPANY ACCOUNTANT 

D COMPANY SECRETARY 

E COST & MANAGEMENT ACCOUNTANT 

F PROJECT ACCOUNTANT 

. 
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adopted also. In company A the discounted cash flow 

method was adopted also.Additionally,company A used the 

pay-back_period method on occasions •• Company E used the 

discounted cash flow method and in company F the discounted. 

cash flow, pay-back period and return-on-investment methods 

were all used as required. 

9.33 Advanced-Care. ~~o practices were proposed at the level 

of advanced-care. The first practice was the use of 

quantitative techniques to predict future cost trends. 

Only companies B,E and F used this practice. In company B 

~inear regression analysis was used to predict costs. In 

company E a firm of forecasting specialists was used to 

supply regular reports on cost trends in their sector of 

manufacturing industry. Company F had a headquarters 

team of specialists to supply cost indices for labour and 

materials. These \vere further analysed into different 

industry sectors. Companies_E and F made use also of risk 

analysis ·when evaluating projects. 

The second practice 1vas the use of plant performance 

analysis using financial criteria. This practice was only 

found in companies E and F • In company E a measure of plant 

!.efficiency' was used,expressed as a percentage of actual 

operating time against the budgeted operating time. Actual 

against budget comparisons were made for plant running costs 

and maintenance costs. In company F a similar procedure was 
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found. In addition,company F analysed plant stoppages by 

nature of stoppage and amount.of lost-time attributable to 

that cause. 
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9.34 Intensive-Care. Only companies E and F operated at this 

level. Furthermore,of the three practices proposed in 

Chapter 5 only the first was used by the t1~0 companies. 

The first practice was the use of post-completion-auditing 

in order to evaluate the performance of the plant and assess 

the· success of the decisions made at the time of the initial 

evaluation. In company E post-completion-auditing was a 

formal requirement with a manual provided to show the method to 

adopt and points to be covered when'submitting the audit. 

The post-completion-audit was usually carried out at the end 

of the second.or third year of the plant's life. The.actual 

timing being dependent on the type of plant under review. 

The post-completion-audit was carried out by an industrial 

engineer together with other members of the project team 

as required. The audit was then submitted to the highest 

level of engineering management in the company. 

In company F the post-completion-audit was also a 

formal requirement. In this company it was called a 'post

completion-review•. Three such reviews were stipulated. 

The first review had to be submitted after the plant had 

been installed. The second after twelve months running 

experience and the third after two years running experience. 
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Each member of the project team submitted a section of 

the post-completion-revie\1 and one such review, examined by 

the researcher,extended to over 100 pages in length. As with 

company E,company F also submitted the post-completion-review 

to the highest level of engineering management in the company. 

The other two practices proposed at the level of 

intensive-care were not applied by any of the companies 

surveyed. 

9.4 Summary. 

This chapter has presented the findings of the industrial 

research into the application of terotechnological practices 

during the financial evaluation of a physical asset. 

All the companies surveyed,practised, at the level of 

general-care. Company D did not exceed the level of general 

care. Companies A and C did not practise beyond the level 

of moderate-care and company B used one of the practices 

proposed at the level of advanced-care. Companies E and F 

used both practices at the level of advanced-care and the 

first practice at the level of intensive-care.None of the 

six companies surveyed operated beyond the first practice 

at the level of intensive-care. 

Table 9 summarises the findings of this part of 

the industrial research. It can be seen from this table 

that financial practice is slightly more·standardised 
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across the sample than other practices performed during 

a plant's life-cycle. Again the company with the lowest· 

level of terotechnological practice also has the lowest 

level of production system mechanisation.The companies 

with the highest levels of practice have also the highest 

levels of mechanisation.However,company F with ·a level 

of mechanisation nearly three points higher than company E 

had not adopted any more intensive a level of practice. 

With the exception of·company B the findings again 

indicate the 'tendency towards' the level of application 
• 

of terotechnological practice being dependent upon the 

average level of production system mechanisation within 

a company. The reason for the accelerated level of practice 

found in company B is again attributed to the fact that 
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as a small company, the accountant was responsible directly 

to the owner of the company and this had tended to 'promote' 

the application of higher level techniques in order to assist 

in the decision making process. 

The next chapter presents the findings of the research 

into the application of terotechnological practices during 

the procurement of physical assets. 



CHAPTER 10 

TEROTECHNOLOGICAL PRACTICE IN THE 

PROCUREMENT OF PaYSICAL ASSETS 

10.1 Introduction. 

This chapter presents the findings of the industrial 

research into the application of terotechnological practices 
• 

during the procurement of physical assets. 

10.2 Employees Interviewed. 

Within each company a person responsible for the : 

procurement o.f plant was interviewed. Table 10 shows the 

title of the position held-by each interviewee within 

each company. 

10.3 The Terotechnological Practices. 

10.31 General-Care.In Chapter 5 it was proposed that the 

practice of progressing purchases should be associated 

with the level of general-care. All the companies surveyed 

adopted this practice. In the case o.f company A an 

escalation system .for progressing late deliveries was in 

use. In this case a buyer would refer a supplie~s poor 

performance to a senior buyer,who in turn would escalate 

the problem to the assistant chief buyer and finally to 

the chief buyer. A formal 'exception report' was produced 
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TABLE 10 

EMPLOYEES INTERVIEWED WITH RESPECT 

TO PROCUREHENT PRACTICES 

COMPANY TITLE OF INTERVIEWEE 

A CHIEF BUYER 

B WORKS I !1ANAGER 

c PURCHASING OFFICER 

D PURCHASING OFFICER 

E SENIOR PROJECT ENGINEER . 

F PROGRESS & INSPECTION ENGINEER 
' 



on a regular basis. In company B the system was not as 

formal, the interviewee commented,," most companies keep 

us informed "• In company C suppliers were progressed 

approXimately every t~ro weeks until delivery took place. 

In company D progressing was carried out by clerks. Any 

problems were then referred to the purchasing officer •. 

In company E the project engineer was responsible for 

ensuring that suppliers met the required delivery dates. 

In company F progress chasers reported to planning 

engineers who in turn were required to report information 

to the interviewee. Formal progress sheets were written 

for all orders. 

10.32 Moderate-Care. The practice proposed at the level 

of moderate-care.was that of using a system of receipt 

inspection to ensure that procured items were delivered 

according to the specification required. All the companies 

surveyed operated a system of receipt inspection as a 

standard practice • 

10.33 Advanced-Care. TWo practices were proposed at the 

level of advanced-care. 

The first practice was the use of a system of supplier 

·vetting in order to ensure that.only reputable and 

efficient suppliers were used by a company.This practice 

was not adopted by companies B and D. In company C 

references \'fere asked for as a means of assessment.: 

In company A an assessment of a supplier was made on the 

basis of the buyer's experience. In addition, an analysis 
. ' 

of the suppliers viability was also carried out using the 
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basis of the buyer's experience. In addition, an analysis 

of a company's viability was also carried out using the 

'Telegraph E~change' company information service. Other 

considerations,such as a willingness to negotiate on the 

price and the method of payment, \tere also taken in to 

account. Furthermore, within company A,for large 

procurements the company's accountants would also review . ; 
the suppliers profit and loss accounts and balance sh'eets. 

For overseas suppliers the vetting took the forms described 

above but in addition personal-visits would be made to 

undertake a general "approval investigation". 

In companies E and F an assessment was made also on the 

basis of reputation and viability. The interviewee in 

company F commented that " some companies are black-listed". 

-The second practice.proposed at the advanced level-of

care was that of using penalty clauses for late delivery 

of plant:-.because of the di.sruption that this could cause. 

This practice was not found in companies A,B,C and D. 

In company E a percentage of the value of the contract 

was withheld until delivery took place. In company Fa 

penalty oft 96 of the capital value of the plant per week 

·, of'late delivery was imposed on the supplier. 
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10.34 Intensive-Care. Tl~o practices were proposed at the 

level of intensive-care. These were the use of approved 

supplier listings such as those used for government 

contracting and the use of incentive contracting to 

promulgate increased reliability and maintainability 

in procured plant. None of the companies surveyed adopted 

these practices. 

10.4 Summary. 

This chapter has presented the findings of the research 

into the use of terotechnologfcal practices during the 

procurement of plant • All of the companies surveyed 

operated up to the level of moderate-care. However, 

companies B and D did not exceed this level. Companies A 

-and C adopted the first practice· at the level of advanced-

care and companies E and F were found to use both practices 

at this level. None of the companies surveyed were fo.und 

to operate at the level of intensive-care. 

The findings show a trend towards an.increased 

application of terotechnological practice with increasing 

mechanisation. 

Table 11 summarises the findings of this work. The next 

chapter presents the findings of the research into the 

application of·terotechnological practices during the 

installation phase of a physical asset's life-cycle. 
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11.1 Introduction. 

CHAPTER·11 

TEROTECHNOLOGICAL PRACTICE IN THE 

INSTALLATION OF PHYSICAL ASSETS 

This chapter presents the findings ·of the industrial 

research into the application of terotechnological practices 

during the installation of physical assets. 

11.2 Employees Interviewed. 

Within each company a person responsible for the 

installation of plant was interviewed~ Table 12 shows 

the title of the position held by each employee within 

each company. 

11.3 The Terotechnological Practices. 

11.31 General-Care. At this level-of-care three practices 

were proposed. These were,the use of site layouts,services' 

·layouts and the scheduling of~the installation project in 

order that an assessment could be made of the time required 

to·complete the installation. All of these practices were 

adopted by each company surveyed. 

11.32 Moderate-Care. The first practice proposed at this 

level-of-care was the forward planning for equipment needed 

during the installation phase. All of the companies surveyed 
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TABLE 12 

EMPLOYEES INTERVIEWED WITH RESPECT TO 

INSTALLATION PRACTICES 

COMPANY TITLE OF INTERVIE\VEE 
-··----

A ENGINEERING MANAGER 

B MAINTENANCE FOREMAN 

c INSTALLATION ENGINEER 

D WORKS' ENGINEER 

E INSTALLATION MANAGER 

. 

F PROJECT PLANNING ENGINEER 
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were found to adopt this practice. 

The second practice "tas that of budgeting for the cost 

of the installation phase. This was carried out by all 

companies except company D. In the case of company C the 

interviewee commented ," installation budgets are established 

in great detail even down to each nut & bolt and \oreld ".-

The third practice was that of planning the work load 

required in each task during the installation. Companies 

D and B did not adopt this practice.A11 the other companies 

in the survey did utilise this practice. In company C a 

general procedure for carrying out a task was laid down. .. 

In company A the task planning was generally carried out 

by the plant designer. In company E the installation manager 

drew up procedures and instructions for the project and in 

company F a detailed card system was used. This operated 

in such a way that as each item of equipment was delivered 

an installation card was issued. As each item was subsequently 

installed the card was completed by a site engineer or 

contractor. 

11.33 Advanced-Care. _The first practice proposed at this 

level-of-care was the forward planning of manpower 

requirements during the installation phase. This was found 

to be in use by all companies except D.and B. 

The second practice was the use of network analysis 

to facilitate installation planning. Only companies D & B · 

did not adopt this technique. In company C a planning 
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assistant was employed to prepare networks together with 

detailed bar-charts and flow sheets. In company A bar-charts 

were more often used than networks. In company E the initial 

network was drawn-up by a project engineer,the installation 

. manager and a project technician. The network would then 

be computerised and the critical path established. In company 

F the network was also computer based with regular up-dating 

and re-issuing of the installation plan. 

The third practice was that of recording installation 

problems relating to the.plant. This practice was only 

found in companies E and F. In both cases the reporting was 

carried out via regular meetings during installation. 

In company E these were termed 11 project control meetings" 

-whilst in company F they were termed "co-ordination meetings". 

11.34 Intensive~care. Two practices were proposed at the 

level of intensive-care. 

The first practice was that of recording the problems 

encountered when installing the services. Companies E and 

F both adopted this practice. In the case of company E this 

was carried out using formal reports to the " project control -

meetings". In the case of company F the problems \'/ould be 

recorded and reported to the regular "co-ordination meetings "• 

The second practice associated with intensive-care was 

that of carrying out a formal review of the installation 

phase and feeding back information to facilitate improvements 



'to future installation projects. This practice was only 

found in companies E and F. In company E this was done 

in a formal manner •. At the end of the installation project 

the I~stallation Manager of company E would be responsible 

for writing a report to the project control committee. In 
' •: . 

addition, all the points raised during the installation 
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phase would be recorded in the formal minutes of each 

meeting. In company F a similar procedure was found. However,· 

in this case further meetings were held with consultants, 

contract~rs and between design,installation,production and 

maintenance personnel. In addition, a noteworthy practice 

was found,also in that the installation engineers appointed 

were appointed with their suitability to become subsequently 

- maintenance engineers on the plant. Hence,feedback was 

directly achieved. 

11.35 Summary. 

' This chapter has presented the findings of the industrial 

research into the extent to which terotechnological practices 
• 

were found to be applied when installing physical assets. 

The findings are summarised in Table 13. All. the companies 

surveyed were found to operate above the level .of general

care. Company D was found to use one practice at the level 

of.moderate-care and.company B two practices at this level. 

Companies C,A,E and F adopted all the practices associated 

with moderate-care.Companies C and A were found to use. two 

practices at the level of advanced-care whilst companies 
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E and F were found to adopt all of the practices at this 

.level. ·Companies E and. F were the only companies found to 

be operating at the level of intensive-care and both of the 

practices proposed at this level were in use. 

The findings as shown by .Table 13 ·indicate a tendency 

towards an increasing application of terotechnological 

practice during the installation of plant with increasing 

mechanisation of the production system. 

The following chapter presents the findings of the 

reserach into the application of terotechnological practices 
• 

during the commissioning phase of the life-cycle. 
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CHAPTER 12 

TEROTECHNOLOGICAL PRACTICE IN THE 

COMMISSIONING OF PHYSICAL ASSETS 

12.1 Introduction. 
' 

This chapter presents the findings of the industrial 

research into the application of terotechnological practices 

during the commissioning phase of the life-cycle. 

12.2 Employees Interviewed. 

Within each company a person responsible for the 

commissioning of plant was interviewed. Table 14 shows 

the title of the position held by each interviewee within 

each company. 

12.3 The Terotechnological Practices. 

12.31 General-Care. In Qhapter 5 Table 1, four practices 

were proposed at this level. They were,the use of a formal 

commissioning schedule,tests of performance of the plant 

to ensure that it functions, the production of actual 

components to determine·.the plant's capability to produce . 

and finally a detailed evaluation of .the operation of the 

plant against the specification laid down for it. The survey 

found that all companies adopted these practices. 

12.32 Moderate-Care. ~our practices were proposed at this 

level-of-care. 

The first practice was the use of a formal acceptance 
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'!'ABLE 14 

EMPLOYEES INTERVIEWED WI'l'H RESPECT '1'0 

COMMISSIONING PRACTICES 

COMPANY '!'I TLE OF INTERVIEWEE 

A. ENGINEERING MANAGER 

B MAINTENANCE FORE!1.AN 

c PROCESS ENGINEER 

D CHIEF PRODUCTION ENGINEER 

.E INS'l'ALLA'l'ION MANAGER 

F PROJEC'l' PLANNING ENGINEER 
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procedure.This was found to be in use in all. of the companies 

surveyed. In the case of company C the acceptance sheets 

were signed by each engineer in the project team. In addition, 

plant and process data \'/ere written up and· handed over to· the 

process engineers and plant managers. In company E a 40 shift 

commissioning run would be carried out and if production · 

were then satisfied .,;i th the plant it would be accepted 

formally by the company. 

The second practice was that of training plant operators 

during the commissioning period • Only company B did not 

adopt.this practice, the interviewee commentingr" the plant 

is not complicated enough to justify it "· In the case of 

company A detailed operating instructions were given to 

operators prior to starting on a plant • In.company 

C operators attended training lectures and 'on-plant' 

training. In company F the operators were attached to 

experienced operators of similar plant for up to 3 months 

prior to working on the new plant.· In addition, courses 

were held at the company's mm training schools, .and 

residential weekend seminars. ·were used also to establish a 

rapj?ort bet\'!een management and· operators. 

The third practice proposed at this level-of-care was 

the training of production management.This was carried ·out 

by compani~s D,C,A,E and F • In company A the production 

manager would be involved in a plant project from its 

initial conception and would follow the project through 

until he became responsible for the plant when put into 

full operational use. In company C management attended 



a series of lectures on the new plant and examined flow 

process sheets and ·other layouts of the.new plant complex. 

In companies E and F a production manager '.,rould be seconded 

to the project team. 

The fourth practice was the recording of plant faults 

during the commissioning period. This practice was found,· 

in companies C,A,E and F. In company C formal commissioning 

data sheets were completed together with daily meetings 

to discuss the performance of the plant. In company F a 

" commissioning card" system was used in the same way as 

the "installation card" system. As each plant became 

available to commission,a card was drawn-up with the 

commissioning procedure laid dmm. As each procedure was 

completed,the card was signed· and comments made in the 

space adjacent to the task. 

12.33 Advanced-Care. The first practice proposed at this 

level-of-care was that of recording faults that occur on 

auxiliary equipment. This practice was found in companies 

C,A,E and F • 
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The second practice was the adoption of formal reviews 

and information feedback during commissioning. This was 

found in companies C,A,E and F. In company A formal meetings 
-· 

were held between design and production. In company C regular 

meetings of the project team were held with contractors, 

consultants ·and designers. This type of procedure was also 

adopted by companies E and F. 
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The third practice at the level of advanced-care was the 

adoption of a training programme for maintenance management 

in order to familiarise them with the new plant. This 

practice was only found in companies E and F. As with 

production management,the maintenance engineer,who would 

· be ultimately responsible for the plant, would be a member 

of the project team and would have been familiar with the 

plant almost from its conception. In company F the departmental 

engineer was responsible for vetting designs,approving 

installation and commissioning procedures and for recruiting 

installation and commissioning engineers to.be subsequently 

transferred to posts in maintenance supervision. 

12.34 Intensive-Care. Three practices were proposed at the 

·level of intensive-care. 

The first practice was the training of maintenance fitters 

and electricans during the commissioning period. This practice 

. was only found in companies E and F • In company E 

maintenance craftsmen were given an appreciation of the 

plant during its initial design stages. Subsequently,the 

craftsmen would be involved in 'on-the-job' training 

during the commissioning period. In addition,the maintenance 

craftsmen carried out a two day check of the plant during 

\·rhich time notes of possible modifications would be made. 

Further. training took place because the craftsmen assisted 

the supplier in·the task of completing the commissioning 

schedule and generally 'de-bugging' the plant. In company F 



114 

the training of maintenance craftsmen was conducted in a · 

slightly different way. Initially,specific skill requirements 

\'lere identified using a "skills matrix". Training programmes 

were then devised to provide the craftsmen with these skills, 

Training extended over a 61 day period for eac~ fitter, 

Specialised courses were run on fault location,fault diagnosis, 

use of documentation and reporting systems,condition 

monitoring equipment and computerised data systems. 

The two remaining practices at the level of intensive

care were not found in any of the companies surveyed, 

12.4 Summary. 

This chapter has presented the findings of the industrial 

research into the application of terotechnological practices 

····during the commissioning of plant. The findings are ·summarised 

in Table 15 • It is notable from these findings that·the 

position of companies D and B has been reversed from that 

which might be expected if the proposition stated in Ghapter 

6 was to be true in all cases. Mo~e detailed analysis of the 

reasons for the enhanced level of practice in company D or 

conversly the depressed level of practice found in company 

B reveal that in company B managemenfs attitude towards the 

production process was that it was "unsophisticated" and 

simple in nature. They regarded the operation of the plant 

as a straightforward task. However,in company D the 

management regarded the process as quite complex and "fiddily" 

and consequently felt that training for operatives and 

supervision was required in order to ensure satisfactory 
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operation and quality. This finding led to another possible 

factor affecting the level of management practice being 

applied in a particular company. That is the perception of 

the complexity or sophistication of the production process 

in the minds of management • 

. All ·the companies surveyed operated above the level of 

general-care. Company B adopted only one practice at the 

level of moderate-cai-e whilst company D \'ras found to adopt 

three of the practices at this level. Companies C,A,E and F 

all operated above the level of moderate-care. Companies 

C and A were found ·.to adopt two practices at advanced-care 

and companies E and F utilised all the advanced practices. 

Only companies E and F were found to be pract1sing at the 

level of intensive-care ,.both adopting the first practice 

only. The findings summarised in Table 15 show that there 

is an indication towards the application of 

terotechnological practice being dependent on the attitude 

of management towards the complexity of the process. For 

the remaining four companies the findings show that there 

was a tendency towards the application of terotechnological 

practices increasing with. increasing mechanisation of the 

production process. The following chapter presents.the 

findings of the industrial research into the application 

of terotechnological practices when maintaining plant. 
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CHAPTER 13 

TEROTECHNOLOGICAL PRACTICE IN THE 

MAINTENANCE OF PHYSICAL ASSETS 

13.1 Introduction. 

This chapter presents the findings of the industrial 

research,-into the application of terotechnological practices 

when maintaining physical assets. 

13.2 Employees Interviewed. 

v/i thin each company a person responsible for the 

maintenance of plant was interviewed. Table 16 ·shows the 

title of the position held by each employee within each 

company. 

13.3 The Terotechnological Practices. 

13.31 General-Care. Four practices were proposed at this 

· level-of-care. They were breakdown maintenance,lubrication 

maintenance,the stocking of spare parts and the allocation 

of priorities to different types of maintenance work and 

plant. All of the companies surveyed_were found to adopt 

these practices. In companies D and B the maintenance 

workforce was found to be centralised \'l'hereas in companies 

C,A,E and F the workforces were found to be decentralised 

but supported by central workshops •. In companies D and B 

lubrication-schedules were decided upon by the maintenance 
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TABLE 16 

ENPLOYEES INTERVIEWED WITH RESPECT TO 

HAINTENANCE PitACTICES 

COMPANY TITLE OF INTERVIIDY.EE 
. 

A ASSISTANT FACTORY MANAGER 

B MAINTENANCE FOREMAN 

c \'lORXS1 ENGINEER 

' D WORKS ENGINEER 

. ' . 
E MAINTENANCE SYSTH1S MANAGER 

F DEPARTMENTAL ENGINEER 
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crews. In company C the work~ engineer was in the process 

of arranging for an oil company to examine the lubrication 

requirements of the plant,. In companies A,E and F oil

companies were already used to determine the lubrication 

schedules and select the oils. 

In companies A and C priorities were decided upon by 

the plant managers. In company B by the works manager and 
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in company D by the production supervisor. Orily in companies· 

E ·and F were the priori ties determined by the . _:, -~-

maintenance engin~ers • In company F a lubrication-engineer 

was on the site permanently and company E had recently 

started discussions with the National Tribology Centre at 

·Leeds University in order to further develop the company's 

-knowledge of lubrication. 

13.32 Moderate-Care. Four practices were proposed at the 

level of moderate-care, 

The first of these practices was the overhauling of 

plant. This practice was found in all the companies surveyed, 

Overhauls weJ;e carried out either on a time .scale basis( every~ 

one or two years) or on a production-run basis(after x million 

units of production). 

The second practice was that of using a system of 

budgetary control for maintenance. This practice was not 

found in companies D and· B. In company A the assistant factory 
• • manager derived the budget, in company C the works engineer,. 

in company E the area engineers laid down their own area 

. ' 



budgets and in company F the departmental engineer was 

responsible for the setting of the maintenance budget. 

The third practice was that of carrying out preventive 

maintenance inspections on a .regular basis. This practice 

was not found in companies D,B and c. In company A 
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preventive maintenance was the task of t\'lo semi-skilled 

fitters. They used a formal checking and inspection schedule 

derived by the maintenance foreman. The schedules were updated, 

at intervals,in order to take account of changes in the plant 

inventory or other circumstances. In fact,at the time of the 

visit to this company, the maintenance foreman was in the 

process of re-writing all the preventive maintenance schedules. 

In company E preventive maintenance was carried out by the 

"day shift crews only, each ere\'/ reporting to an area engineer. 

The schedules were derived on the basis of experience and 0at 

the time of the researcher$ visit,were in the process of 

being put onto computer. In company F the preventive 

.maintenance schedules were written initially by the 

maintenance staff and were then put onto computer and issued 

as required on a daily,weekly,monthly or half yearly basi.s. 

Some examples of the preventive maintenance schedules,used 

by company F, are given in Appendix 4 • 

The fourth practice at the level of moderate-care was 

the use of job cards to record information during maintenance 

work. This practice was found only in companies E and F. 

In both companies clerical staff were employed to check 

·job cards and to transfer informationfrom them to plant· 
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hlstory cards.In addition to job cards both companies were 

found to use shift reports and maintenance record sheets. 

These were used by the maintenance engineers to enter detailed. 

information of any task that was carried out during their 

shift. Examples of these documents are given in Appendix 4. 

13.33 Advanced-Care. At this level-of-care four practices 

were proposed in Chapter 5 Table 1. 

The first of these practices \'las the use of a standard 

costing system in order to establish more accurate budgets 
. 

and cost estimates. This practice was found only in-companies 

E and F. In company E industrial engineers derived standard 

costs for labour,materials and overheads. In company F they' 

-were derived by a cost accountant. 

The second practice proposed was the use of a system of 

data management to collect,collate,analyse and report 

maintenance data. Again this. practice was .found only in 

companies E and F. In·both cases the source documents were 

job cards and shift reports. These were fed-back to 

administration departments for detailed recording,collation 

and analysis. In company E clerical staff entered the 

information onto plant history cards, technicians and.a cost 

analyst were employed .to examine· the data and 

issue reports. At the 'time of the research visit company E 

was in the process of designing a computer based data 

management system. In company F the administration staff 

transferred information onto a computer for storage. · • · ·· .... · · 
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The third practice was the use of performance 

measurement for the plant. This was found only in companies 

E and F. In company E a.standard .for production efficiency 

was established as actual production per shift over possible 

production per shift expressed as a percentage. If· this 

target was not achieved then the reasons for the shortfall 

in performance were examined in detail. In addition~the 

company operated a " Management Performance Improvement 

. Programme - MPIP ", in which short and long term performance 

targets for general increases in efficiency would be set. 

In company F performance was measured in .terms of " Engineering 

. Delays ". In this case a standard \vas set for engineering 

delays of 5.4% • The engineering delays were plotted on a 

wall chart and " design attributed delays " were also 

identified and plotted s~parately. The availability of 

major plant was .measured also and recorded on a ivall chart 

displayed in the departmental engineer's office. In addition, 

both companies used variance analysis for comparison of 

actual/budget cost and material consumption. Examples of some 

the documentation used to record performance are shown in 

· Appendix 4 . • 

The fourth practice at the level of advanced-care was 

the use of a system of in-company data feedback to ensure that 

data were fed-back to production,design and development 

and to top management. This practice was found only in 

companies E and F. In company E a formal " Plant Services 

Report " was issued on a· regular basis.· In this re.port each 

( 
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engineer contributed a section about the plant for which 

he was responsible. The report had seven sections dealing 

with personnel,training,developments in systems and procedures, 

plant modifications,projects,general comments and equipment 

causing concern,together with major breakdowns and the 

resulting delay times. This report was circulated to all 

levels of management. In company F 11 Period Reports 11 were 

issued giving summaries of engineering performance. The 

reports covered engineering delays,availability,safety,accidents 
-

and they analysed trends in performance. Detailed reports 

would be issued as-required. . For example,design attributed 

delays were identified and the cause of these faults would 

be repprted to design engineering or to the supplier. 

In addition, company· F operated \'l'hat was termed a "follow-on" 

book. This was used to define the responsibility for 

solving a particular problem and then ensuring that the 

problem had been followed up and action taken. Shift report 

sheets were examined by management on a daily basis in both 

companies. Furthermore both companies used post-completion

reviews as a means ·of information feedback. Examples of some 

documentation mentioned here are given in Appendix 4. 

-13.34 Intensive-Care. Four practices were proposed at this 

level-of-care. They were a system of ex-company data feedback , 

use of fault diagnosis systems,condition monitoring systems 

and maintenance optimisation studies. Only company F was 

found to operate at the level-of intensive-care. 
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· The first practice was found to be in use with several 

of the company's suppliers. A formal system of data feedback 

had been set up between the departmental engineer and major 

plant manufacturers. An additional source of ex-company 

data :feedback was that the company published regularly in 

the professional journals for the industry. 

The second practice was the use of fault diagnosis 

systems. In this case company F had developed its own type 

of system known as, 11 Functional Systems Documentation-FSD11 .

this being an adaptation of a system in use by the Royal 

Navy. A department was established within the company in 

order to develop the FSD documentation and procedures and 

the two major suppliers of plant also .set up new departments 

1n order to incorporate the FSD into the new plant designs. 

Detailed training was given to fitters,electricians,technicians, 

supervisors and.managers in order to familiarise them with 

the use of fault diagnosis systems. 

The third practice at the level of intensive-care was 

the use of condition monitoring systems. Here again company F 

had designed-in condition monitoring equipment which included 

oil analysers,vibration monitors and load cells. Information 

.from the condition monitoring equipment was fedback to the 

central control room where instruments recorded the condition 

of the plant. If a fault was detected by the monitoring 

• systems then the fault was relayed to a 11 faults computer 11 
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attached to a visual display unit-VDU. For example,if a fault 

occurred then the control room engineer would type-in 

the plant number and the readings from the monitoring 

equipment. The computer would then display on the VDU a 

list of possible remedies which the fitter or electrican 

could then try out. The purpose of this system \'/as to increase 

the speed of location of.a fault,its diagnosis and repair 

so that production could be resumed as soon as possible. 

The fourth practice at the level of intensive-care was 

not found in any of the companies surveyed. 

13.4 Summary. 

This chapter has presented the findings of the 

_ industrial research into the application of terotechnological 

practices when maintaining plant. The findings which are 

.summarised inTable 17, show that all the companies surveyed 

operated above the level of general-care. However, companies 

D and B were found to adopt only one practice at the level 

of moderate-care, whilst company C adopted two practices 

and company A three practices at this level-of-care. 

Only companies E and F operated at the level of 'advanced-care. 

Company F was the only company in the survey to operate at 

---the level of intensive care when maintaining its physical 

assets. 

The findings indicate that there is a tendency towards 

the level of application of terotechnological practices 

increasing with increasing mechanisation of the production 
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system. The next chapter presents the findings of the 

industrial research into the application of terotechnological 

practices during the removal of plant at the end of its 

life-cycle. 

• 



CHAPTER 14 

TEROTECHNOLOGICAL PRACTICE IN. THE 

REMOVAL OF PHYSICAL ASSETS 

14.1 Introduction. 

This chapter presents the findings of the industrial 

research into the application of_terotechnolpgical practices 

when removing physical assets at the end of their life. 

14.2 Employees Interviewed. 

Within each company a person responsible for the 

removal of plant was interviewed. Table 18 shows the 

position held by each interviewee within each company. 

14.3 The Terotechnological Practices. 

14.31 General-Care. Three practices were proposed at this 

level-of-care. 

The first of these practices was the assessment of 
' 

the market potential for the new product which is to be 

manufactured by the new machine. All the companies in the 

survey were found to adopt this practice when considering 

the removal of an old plant for replacement by a new one. 

The second practice proposed was to carry out an 

assessment of the operational performance requirements 

{ie.speed,feed,capacity etc.) for the new plant. Again all 

the companies in the survey were found to adopt this practice. 
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TABLE-18 · 

EMPLOYEES INTERVIEWED \'/ITH RESPECT TO 

REMOVAL PRACTICES 

COMPANY TITLE OF INTERVIE\'lEE 

A TECHNICAL &.PLANT ENGINEER 

' B \'/ORKS MANAGER 
' 

c CHIEF ENGINEER 

' D WORKS ENGINEER 

E INSTALLATION MANAGER 

F CHIEF DEVELOPMENT ENGINEER 
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The third practice was that of making an assessment of 

the residual value of the old plant. This was found in all 

the companies surveyed. In company B-the plant was usually

scrapped off. In company F the plant would be advertised 

internally to other divisions of the company,otherwise 
, 

the accountants book value or the scrap value would be .used. 

This was also the method used in companies A,C,D and E. 

14.32 Moderate-Care. Three practices were proposed at this 

level-of-care. 

· The first of these was the preparation of a budget for 

the removal project. This was found to be adopted by all 

of the companies surveyed. In all cases it \'Tas found that 

the interviewees were responsible for preparing the budget. 

The second practice was the formal planning of the removal 

project. This was not found in companies D and B. In companies 

C and F network analysis was used as well as bar-charting. 

In companies A and E bar-charting was the only technique 

adopted. 

The third practice was to review the maintainability 

problems of the plant being removed in order to ensure that 

they were not carried on into the new plant design. This 

practice was found only in companies E and F. In company 

E,prior to the design of a new plant, the poor maintainability 

features of the existing plant were highlighted and fed~back 
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to the designers. One example was quoted in which some 60 

points had been raised by the maintenance engineers which 

added several months ·to the design time of the new plant. 

In company F _a similar procedure was found in which the 

maintenance engineer would highlight the poor aspects of 
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the old plant to ensure that these features were not repeated 

in the new plant.wherever possible. 

14.33 Advanced-Care. The first practice proposed at this 

level-of-care was to carry out a review of the reliability 

problems associated with the old plant. This practice was 

only found in companies E and F. In both companies a similar 

procedure was adopted to that for assessing maintainability 

problems. 

~e second practice was to assess the maintainability 

requirements of the new plant. This was found only in 

companies E and F. In company E this was carried out by 

the area engineers who were responsible for highlighting 

the featu~es that they wished to be incorporated in a new 

plant. For example,one case was given in which a specific 

number of preventive maintenance hours were stipulated by 

the area engineers. It was mentioned also that several new 

maintainabi~ity ideas were tried out on development plant 

before being incorporated into new plant designs. In company 

F the departmental engineer estimated the"average job length11 
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• 
for a maintenance task and reviewed also other characteristics 

such as fault location aids,fault diagnosis aids,condition 
. . 

· monitoring equipment, workshop ·layouts and· speciar·eqttlpllien t·. 

The third practice was to assess the life of the new 

plant. This was found only. in companies E and F. In company 

E this was assessed as ten years and in company F as fifteen 

years. However,in both cases the interviewees admitted that 

these lives were arbitrary and based more on accounting 

convenience than on engineering estimates. 

14.34 Intensive-Care. Two practices were proposed at the 

level of intensive care. The first was the recording and 

feed~ack of experience gained during the life of a plant 

to the plant manufacturer. This was not found as a practice 

in any of the companies surveyed. However, company F had 

established a system of feed·-back of' information which they 

hoped would still be in existence at the end of the plant's 

life. Because this practice was established recently it has 

not been credited to the company because it has not existed 

long enough to apply to any plant that they are considering 

removing from operation. 

The second practice was to carry out an assessment of 

the reliability required of a new plant. This practice was 

not found in any of the companies surveyed. 

14.4 Surrunary. . 

· This chapter has presented the findings of the research 
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into the application of terotechnological practices when 

removing plant from operational use and replacing it with 

. a new plant. All the companies surveyed- were· found to adopt

the practices associated with general-care. The first practice 
r 

at the level of moderate-care was utilised also by all 

companies in the survey. However, companies D and B did not 

exceed this level of practice. Companies C and A adopted 

two practices at the level of moderate-care and companies 

E and F adopted all of the practices at this level. Only 

companies ~ and F were found to adopt practices associated 

with advanced-care of their physical assets. Table 19 

summarises the findings presented in this chapter. The table 

indicates that the findings show a tendency towards the 

·-increasing application of terotechnology being dependent 

on the increasing level of mechanisation of the produotio~ 

system. 

The next chapter presents a summary and draws some 

conclusions from the research findings which have been 

presented in the foregoing chapters. 



Ul!LE 19 

THE Al'PLICATION OP TEROTECHNOLOGICAL 

PRACTICES 'Al!EN IUMOVING PLANT RELATED TO THE 

AVERAGE LEVEL OP PRODUCTION SYSTEM MECHANISATION 

LEVEL-OF• 
CARE 

INTENSIVE 

ADVANCED 

THE PROPOSED CCMP AII'Y CODE LETn:R 

TEROTECl!NOLOGICAL . AVERAGE LEVEL OF )1EC!WIISATIO!I' 

PRACTICES 

REMOVAL 

assess 
reliability 
of new plant 

D :a c 
;s.a 

A E J1 

5,Z 10,, 

lr------------4~--~---+----!~---~----~--~ 
recording and 

feedback 
ot experience 
·assess 
life of 
_new plant 

11------4~--1---t---+---1.; .... 
assess · · ·· 
maintain ability , ·:~c ~--- ·· 
of new plant .. ·.·. · · ';·:;,' 

.. ~ .. ' 
review 
reliability 
of old plant ,·, 

t-------+----------11---t--__,...-J:------!---1(:; 
review ~. 

; j: .· 

MODERATE 

. GENERAL 

maintain ab1li ty 
of old plant 

formal plans 
for removal 

assess market 
tor product 

; ' ' . , . 

134 



CHAPTER 15 

SUMMARY AND CONCLUSIONS 

15.1 Introduction. 

This chapter presents an overview of the research . 
work detailed in the foregoi~g chapters. It then draws 

some conclusions based on the findings of this work into 

the concept and practice of terotechnology. 

15.2 Overview of the Research Work. 

Chapter 1 of this dissertation set out the broad 

objectives of the work. It outlined the justifications for 

pursuing the work, it described the setting and limitations 

· -·surrounding both the conceptual and field research work and 

finally it described the structure.of the.dissertation. 
' . '· " 

Chapter 2 was concerned ~1i th establishing the historical 

development of terotechnology as a concept and the evolution 

of the formal definition. 
I 

Chapter 3 examined the literature in two areas of 

concern to the development of this research. These areas 

were.· examined and conclusions arrived at as a result of 

the analysis of the literature. However,because the literature 

presented a confused picture of the way terotechnology should 

be interpreted,Chapter 4 presented a detailed examination 
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of the definition in order to develop a generalised 

interpretation of the role that terotechnology should adopt 

within a manufacturing organisational system. 

Chapter 5 was concerned with developing a conceptual 

model based on the concept of 1caring-for' physical assets. 

The chapter developed a 1level-of-care 1 framework for each 

of the eight phases in the terotechnological life-cycle. 

This model facilitated a praxeological description of the 

nature of 1 terotechnological practices'. In total 95 such· 

practices were identified and associated with levels of care 

described as general , moderate, advanced and intensive. 

Chapter 6 examined the objectives of the industrial 

field research, it described the alternative research 

methodologies available and the reasons for selecting the 

.descriptive survey methodology~ The research design was 

then described in detail together with details of the 

response rate and participating companies. The basis for 

comparative analysis was given and the method adopted to 

present the findings of the industrial research was stated. 

Chapters 7 to 14 presented the findings of the industrial 

research into the application of terotechnological practices 

·over the life-cycle of physical assets. That is, '~hen 

specifying,designing,financially evaluating,procuring, 

installing,commissioning,maintaining and finally removing 

physical assets. The following section presents the 

conclusions drawn from this .research work. 
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15.3 Conclusions. 

This section presents the conclusions that the author 

considers justifiable as a result. of this research into _ 

the concept and practice of terotechnology, The first part 

considers the conclusions drawn as a result of the work 

which examined the concept of terotechnology and the second 

part deals with the practice of terotechnology, 
-

15.-31 The Concept of Terotechnology. 

In Chapter 1, page 1 the objective for this part of 

-the research was stated as follows:-

To investigate the historical development of 
terotechnology and to examine the way i~ which the 
concept should be interpreted, 

As a.result of the work carried out in Chapters 2 to 5 

-this dissertation draws the following conclusions:-

.1) It concludes that to the author's knO\'Iledge,until this 

research '"as undertaken,no single work had attempted 

to establish the historical development of terotechnology, 

The concept was evolved as.:.a result of two government 

reports which attempted to establish how maintenance 

engineering ,.,as being practised and the cost to the 

country of those practices, 

2) It concludes that despite the attention given to 

maintenance,the government working party interestingly 

omitted the word maintenance from the first definition 

given in 1972 and it was not until 1974 that this omission 

was rectified. 



3) It concludes that the word terotechnology was chosen 

by Dr.H.P.Jost and the late Sir Richard Clarke one · 

Sunday after dinner in Dr.Jost•s sitting room and that 

as a result of· this the government. set up a \~orking 

party to investigate how the concept of terotechnology 

could be disseminated to industry,education,research 

and the media. 

4) It concludes that early \~ork in the literature on· 

terotechnology was confused about the concept,some 

describing it as inter-disciplinary and others as 

multi-disciplinary. This work.suggests that the correct 

interpretation should be that terotechnology is a 

multi-disciplinary concept •. 

5) It concludes that again the literature was confused 

about the possible role that terotechnology could adopt 

in manufacturing industry. The descriptions ranging from 

"absurdly naive" t() "multi-disciplined science". This 

work has developed a generalised interpretation of the 

role of terotechnology as follows:-

Terotechnology can be considered to operate as 
a subsystem of an organisation responsible for 
the non-operational life-cycle management, 
engineering,financial and other practices applied 
to that organisation's physical assets in order 
to pursue cost-effective life-cycle costs for 
those assets. It exists as one of a number of 
subsystems in a total organisational system, 
which when combined,are responsible for pursuing 
the business objectives of that organisation. 
(Chapter 4,pages 27 and 28) 
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6) It concludes that whilst the literature frequently 

referred tothe application of 'terotechnological 

practices' no attempt had been made to identify what 

these practices were. This research has developed a 

conceptual model based on proeressive development of 

·a 'caring' attitude towards the life-cycle management 

of physical assets. This has resulted in a model which 

describes four levels-of-care.These being; general-care, 

moderate-care, advanced-care and intensive-care. The 

model then identified_95,separateterotechnological 

practices over the eight phases of the life-cycle. 

These 95 practice.s formed the basis around which the 

industrial field research could be conducted. 

~his section has stated the conclusions drawn from the work 

present"ed in Chapters 2 to 5. The following section states 

the conclusi.ons drawn from the industrial research. 

15.32 The Practice of Terotechnology. 

In Chapter 6, page 53 and 54 the objectives for this 

part of the research were stated and are summarised as 

follows:-
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1. To investigate the extent to ''~hich terotechnological 
practices,as identified within this dissertation,were 
applied in a small sample of manufacturing organisations. 

2. To suggest,as a result of this investigation,those 
areas of management practice where special emphasis 
should be placed in order to improve the level-of
care applied to industrial plant and equipment. 

These objectives were applied to each of the eight phases 
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in the life-cycle that were identified in Chapter 5. As 

stated in Chapter 6,page 65 the conclusions have been 
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bound as formulations in terms of 'tendencies' when dealing 

with all the companies in the survey and in terms of an 

'indication towards' when dealing with an individual company. 

In Chapter 6, page 66 the method of comparative 

organisational analysis was stated. This was the use of 

Bright's (op.cit) mechanisation profile. The average level 

of production system mechanisation was determined for each 

company and the results of the research were presented in 

Chapters 7 to 14.from which the following conclusions about 

t~e application of terotechnology are drawn. 

1) This research conclude.s that when specifying plant 

there is. a tendency towards an increasing application 

of terotechnological practices with increasing 

mechanisation of the production system. On average 43% 

of practices,proposed in Chapter 5, Table 1,were found 

to be in use. 

2) This research concludes that when designing plant 

there is a tendency towards an increasing application 

of terotechnological practices with increasing 

mechanisation of the production system. On average, 

30% of the practices,proposed in Chapter 5, Table 1 , 

were found to be in ~se. 



3) This research concludes that when performing the 

financial evaluation of plant there is a tendency 

towards an increasing-application of terotechnological 

practices with increasing mechanisation of the 

production system. On average 43% of the practices , 

proposed in Chapter 5, Table 1,were found to be in use 

in the companies surveyed. 

4) This research concludes that when procuring plant 

there is a tendency towards an increasing application 

of terotechnological practices with increasing 

mechanisation of the production system. On average 

50% of the practices,proposed in Chapter 5, Table 1, 

were found to be in use in the companies surveyed. 

5) This research concludes that when installing plant 

there is a tendency towards an increasing application 

of terotechnological practices with increasing 

mechanisation of the production system. On average 

71% of the practices,proposed in Chapter 5, Table 1 , 

were found to be in use in the companies surveyed. 

6) This research concludes that .when commissioning plant 

there is a.tendency towards an increasing application 

-- of terotechnological practices with increasing 

mechanisation of the production system. On average 

67% of the practices,proposed in Chapter 5, Table 1, 

were found in use in the companies surveyed. 
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7) This research concludes that when maintaining plant 

there is a tendency towards an increasing application 

of terotechnological practices with increasing 

mechanisation of the production system. On average, 

. 52% of the practices, proposed in Chapter 5, Table 1, 

were found in use in the companies surveyed. 

8) This research concludes that when removing plant 

there is a tendency towards an increasing application 

of terotechnological practices with increasing 

·mechanisation of the production system. On average, 

54% of the practices,proposed in Chapter 5, Table 1, 

were found in use in the companies surveyed. 

9) This research concludes that there is an indication 
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towards other factors affecting the application of 

terotechnological practices.For example,it was found that in 

companies D and B,whilst they had the lowest levels 

of mechanisation in the survey,they could adopt higher 

level practices • In company B the indications were 

that because it was owner managed the senior management 

who reported directly ta the owner tended to take more 

'care' over the setting of specifications and the 

financial evaluation of possible plant procurements. 

In company D, which had the lovrest level of mechanisation, 

the management regarded their plant as sophisticated and 

1fiddily' to use. As a consequence they adopted higher 



· level practices when commissioning plant than might 

have been expected if variations in the application 

of terotechnological practices could be entirely 

explained by the mechanisation of the production system. 

10) This research concludes that it was notic.eable that 

during·the early phases in the life-cycle,that is when 

specifying,designing and carrying out the financial 

evaluation,the lowest levels of practice were fqund. 

This, it is suggested,is a most significant finding 

in that during these phases of the life-cycle 

approximately 70% of the total life-cycle cost of the 

plant could already have been commi tte~, but perhaps· 
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only as much as 5% will have been incurred. This finding 

is depicted in Figure 5. In this figure the life-cycle is the . . 
horizontal axis and··the percentage life-cycle cost· is the 

vertical axis. It can be seen that it is most important 

to adopt terotecmlological practices to a very high level 

as early in the project as possible, because the cost 

incurred in doing so is small in comparison to the cost 

committed during the early stages in the life-cycle • 

. 11) As a result of the conclusion drawn in 10 above,it is 

further concluded that emphasis needs to be placed on 

the development of a wider and deeper understanding of 

the importance of setting specifications to include as 

.I 
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54% 

~~==~===L-----~_j------1---------~------+--~ specify design evaluate procure install comm, operate and maintain 1remove 

_.__ Life-Cycle Phases ----. 

Figure 5 - An Idealised Representation of Committed/Incurred 
Life-Czcle Cost showing the Overall % Application of 

Terotechnological Practice found during each Phase of the 
Life-Crcle 

*Thl_ s figure ha~ been adapted frgm a)similar one proposed 
-by Brigadier General J,O,Arman_\74. 
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many terotechnological features as justifiable in order 

to pursue cost-effective life•cycle costs. 

12) This research concludes that special emphasis should 

be placed on the design' of physical assets. In particular 

the development of a wider and deeper understanding of 

terotechnological aspects of design such as those 

suggested in Chapter 5, Ta.ble--1~-

13) This research concludes that special emphasis should 

be placed on financial evaluation as an important and 

distinct phase in the life-cycle of a physical asset. 

It was found that none of the c.ompanies surveyed had 

heard of life-cycle costing. Further attention should 

be given to this technique if the application of 

terotechnological practice is to improve and to be seen 

to be cost-effective. 

14) This research concludes that the level of application 

of terotechnological practice during the maintenance 

phase was also at a low level when compared to the 

other post-procurement phases. Yet maintenance is 

probably_ the greatest cost incurring phase during an 
• assets life-cycle. Special.emphasis should be placed 

on improving the application of terotechnological 

practices during maintenance. 



15) This researc~ concludes that on the. basis o£ the 

£indings,which are summarised in Table 20, over 

the six companies surveyed in this work £or all 
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the phases in the life-cycle of plant the application 

of terotechnological practices was found to increase 

with increasing mechanisation o£ the production 

system. The application o£ linear multiple regression 

analysis indicated that there was an overall correlation 

coef£icient (r) o£ 0.976 between the average level of 

production system mechanisation and the overallpercentage 

of terotechnological practices £ouud.in each o£ the 

six companies. This result gave a coefficient· o£ 

determination (r2) o£ 0.955 • This suggests that 95% 

of the variation between the application o£ 

terotechnological practices and the mechanisation of 

the production system could be explained by a linear 

relationship between the two variables. The print - out 

£rom the multiple regression ~orrelation package 

( MULREG ·) is given in Appendix 5 • 

15~·4 ·summary. 

This chapter has presented an overview o£ the \~ork 

... carried out in this section of the dissertation. The 

conclusions drawn,as a result of the research carried out 

into .the concept and practice of terotechnology,have been 
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UllLE 20 

SUMMARY OF TII!l FiliDINGS OF TII!l RESEARCH 

IN~O TII!l APPLICA~ON OF ~RO~CHNOLOGICAL PRAC~CES 

LIFE~CYCLE PHASE ~HE Nlll1BER OF MECHANISA~ION INCREASING~ 

- ~ERO~HNOLOGICAL TII!l No.OF PRAC~ICES IN USE Tml% 
PRAC~CES PROPOSED TII!l % OP PRAC~ICES IN USE OVERALL llY ~HE MODEL IN AVERAGE 
C~~ER 5 ~ABLE 1 DJ3CAEIF IN USE 

3.2 3.5 3.8 5.2 7.4-\10,3 

SPECiil'ING 15 2 6 3 7 9 112 
13% 4-0% 20% 4-7% 60% 81)% 43% 

DESIGNING 15 1 3 3 ' 6 11 
6% 20% 20% 20% 40% 73% 30% 

FINANCIAL '1 ' 1 3 2 2 5 5 
EVALUAUON 14% 43% 28% 28% 72% 72% 43% 

PROCURING 6 2 '2 3 ' 4 4 
33% 33% 50% 50% 67% 67% 50% 

Il!S~AILING 11 4 5 8 8 11 11 
36% 45% 1?% 72% 100 100 71% 

COMMISSIONING . 14 7 5 10 10 12 12 
50% 36% 72% 72% 86% 86% 67% 

MAIN~AINING 16 5 5 6 7 12 15 
31% 31% 37% 44% 75% 94% 52% 

REMOVING 11 4 4 5 5 9 9 
36% 36% 45% 45% 82% 82% 54% 

~OTAL NUMBER OF I 
PRAC~ICES PROPOSED 95 95 95 95 95 95 95 
DURING ~HE LIFE-QYCLE 

~O~AL N1ll1BER OF PRAC~CES 
FOUND IN USE IN EACH COMPANY 26 33 40 45 68 79 

TII!l OVERALL % OF PRAC~CES 
FOUND IN USE IN EACH COMPANY 29% 35% 42% 47% 72% 83% . 51% 
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stated. The next chapter examines other work which has 

been carried out in this field in order to establish if 
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any comparisons can be made between them and the conclusirnns 

drawn in this chapter. 



CHAPTER 16 

COI'!PARISONS WITH OTHER \'fORK 

16.1 Introduction. 

This chapter examines the comparisons which can be 

made with other research work that has been pursued in 

the area covered by the work presented in this dissertation. 

' However, it should be understood that to the authors 

knowledge no directly comparable research.has ever been 

conducted. Therefore, directly relevant comparisons cannot 

be made and the comparisons presented in this chapter 

are of a general nature only. 

16.2 Identification of Other Work. 

No other research work has been identified which 

· investigated the extent of application of terotechnological 

practice in relation to the level of production system 

mechanisation. However, Bright (op.cit.) in 1954 carried 

out research in the United States to examine the general 

impact of automation on management within 13 manufacturing 

organisations •. In addition, between 1973 and 1975,the 

Small Business Centre of.the University of Aston carried 

out a survey of companies employing less than 200 people. 

The survey was conducted in order to determine 
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the terotechnological practices adopted by small companies. 

116 companies were surveyed and the findings of the work' 

were published in March 1976,(42 ). In 1968 the 

Ministry of Technology commissioned P.A.Management 

Consultants Limited to carry out a survey of maintenance 

practices.in manufacturing industry. Some of the findings 

of these three works can be compared, but only in the 

most general way. The next section describes some of 

the comparisons which can be made.with the findings of 

the research presented within this dissertation. 

16.3 Some Comparisons. 

The first comparison which can be drawn is with the 

Aston Survey. The survey found that 53% of the firms in 

the sample used investment appraisal techniques. In this 

re'Search S4% of the sample used such techniques. The Aston 

Survey found that 52% of the companies bought second-hand 

plant. In this 'survey only 17% were found to adopt this 

practice. The Aston Survey found that 27% of the companies 

visited used historical records to assist in plant · 

purchasing decisions, whereas in this survey 33% of the 

companies used this practice. 

Bright found that automation brought considerable 

planning problems during installation and that manpower 

planning,equipment planning and task planning were all . . 
' carried out in detail. In this survey equipment planning 
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was found in all companies, whilst task planning and 

manpower planning were found only in companies C,A,E and F. 

So that the more highly mechanised plants were found to 

carry out more planning. Bright found also that considerable 

use was made of the commissioning phase as a training 

tool. This practice was found ·also in five of the companies 

surveyed by this work. 

Bright found that " no meaningful records 11 existed 

to enable him to judge how routine maintenance was affected 

by automation. However, in this study .it was found that 

routine maintenance .. work was organised· inore formally in 

the more mechanised plants. For example job cards were used 

and maintenance was decentralised with groups of engineers 

responsible for maintaining zones or areas of plant. 

Automatic lubrication systems were found in both studies. 

Bright found that organised preventive maintenance was 

strongly advised by experienced maintainers of automated 

plant. This was found also in this survey in which the 

three more mechanised companies operated detailed 

preventive maintenance systems. Bright found also one 

company in his survey that had a separate housekeeping 

organisation.Coincidentally, only one company(E) was· found 

to have a separate housekeeping department in this survey. 

Another interesting finding,which compares with this work, 



was that Bright found decentralisation of the maintenance 

force was a desirable feature in,automated plants. This 

was also noticeable in this work. All the companies 

in the survey, except D and B,used decentralised 

maintenance organisations. Bright comments on the · 

rising level of automaticity by saying that " there is 

a strong economic spur to raise activities off levels 

1,2 and 3 "·He goes on to say" But in·many cases there 

, is literally neither necessity nor economic advantage in 
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. achieving mechanisation above,say.level 6,with an occasional.·./ 

use of levels 8,9 and 10 where needed." This conclusion 

may well be the one which most dates the findings of 

Bright 1 s work. As can be seen from Table 21., the average 

level of production system mechanisation observed in the 

seven mechanisationprofiles given in Chapter 4 of his 

book show that they ranged from 3.5 up to 6.8. Whereas, 

in this survey the range was from 3.2 up to 10.3 despite 

the fact that most of the companies in this survey were 

much smaller than those in Bright's survey. Certainly, 

the management of companies C,E and F saw no halt in the 

desire to increase the mechanisation of their production 

. systems still further. However, it was noticeable that 

the management of companies B and D could see no incentive 

for.further increasing the mechanisation of their 

production systems. This leads to the proposition that it 

could be a function of size and management attitudes towards. 



l!ABLE 21 

COMPAI!ISONS BE~t/EEN AVERAGE 

LEVELS Oi' PRODUCTION SYSn:M MEClLl.l!ISATION 

:BRIGHT SURVEY(1954-55) HARVEY SURVEY(1975-76) 

eomp!Uil" average level ot company average level 
production 1 mechanisation 

production 
mechanisation 

llurton 011 
Seals 3.5 D 3.2 

Rubbertoam 4.2 B 3.5 

Oven.tlow 4.6 
Growmore 4.6 c 3.8 
Queens A 5.2 
Motors ·4.7 
Ford Motor 
Comp!Uil" . 6.1 E 7.4 

lrorthland 01J 
Ret1nery 6.8 l' 10.3 

Range 3.5 to 6,8 3.2 to 10.3 

Overall Average 4.9 5.6 

1 com~uted trom the mechanisation protiles given 1n 
exhibits 4,3 to 4.10 chapter 4. 

153 

ot 



154 

the plant which could affect the desire to increase 

the mechanisation of production. 

Another note~worthy comparison between this work and 

the findings of Bright are the conclusions he draws 

regarding the need for integrated organisational systems. 

Bright states:-

••• under automation it becomes a job of management 
to create superior teamwork.Automation is literally 
integration of the physical plant. Its counterpart 
for management is integration of the organisation. 
The plant and its people may no longer be Unrelated 
elements,each proceeding with little regard to the 
others actions. An effective automation design team 
that knits together the requirements,plans and 
adaptations of marketing, sales, product design, 
process design, purchasing and manufacturing ~ar1~ 
personnel to the total business goals is the first 
management step towards successful automation. 
(Bright,ibid,page 234) 

It.was found in this survey that companies E and F 

paid particular attention to the integration of their 

organisation structures when setting up plant projects. 

In company E project teams consisted of .m~rketing, 

· product research and development, process development, 

project engineering, design engineering, industrial 

engineering, maintenance engineering, production 

management and other specialist disciplines as were 

considered necessary by the project manager. In company 

:/ 

F new plant project teams were designed also to fulfil 

the needs of an integrated approach to the consideration 

of new proposals. They consisted of accounting, production, 

·I 
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personnel, safety, site engineering, maintenance, 

progress and inspection, electrical engineering, design 

engineering, process control, planning,- installations,· 

and many other support functions • This form of 

organisational integration was not found in any of the 

other companies \11th much lower levels of mechanisation. . . 

The need for a terotechnological approach to the 

management of plant is highlighted also by Bright when 

he concludes:-. 

I1anagers must become "machine designers". • • • No 
longer can management simply "run" the plant to 
make whatever it is selling. Now management must 
decide well in advance exactly what it \vants to 
make,how much it wants to make,at what rate it is 
to be made and over what period. This is a far cry 
from traditional practice ••• Therefore, an 
extremely careful planning job, which means laying 
down a clear set of requirements of input,output, 
and operating characteristics for the supermachine 
must be done. Only management can do this. 
(Bright,ibid,page 234) . 

This conclusion must be as true in 1978 as it was in 

1955. The importance of planning·and determining the 

detailed characteristics of the production system are 

central to the terotechnological approach to the life

cycle management of physical assets. Bright makes 

a further comment on the need for terotechnological 

characteristics in the management of plant when he 

concludes:-

Management must provide the "feedback" from market 
to supermachine,from technological frontiers to the 
plant ..... Once management has collected data and 



identified trends,it must make a realistic and 
hard-boiled decision about scrapping or changing 
the supermachine.How can management do this 
sensing,balancing,data-relating and interpreting 
job ? The complexities of the relationships are 
so much greater and more significant under 
automation· that all facets of the organisation · 
must be intimately conscious of what is happening 
in other parts of the business. 
(Bright,ibid,page 234) 

It could be argued that Bright was suggesting that 

· ~/hat is needed to cope with automation is a 

terotechnological approach to plant management although 

of course the concept did not exist at the time he 

carried out his work. 

Returning to some of the findings of the Aston 

survey, it found that 24% of companies carried out 

regular lubrication of plant. In this survey 100% of 

the companies adopted this practice• Regular preventive 

maintenance inspection was found in32% of the Aston 

survey and 50% of the companies in this survey. 86% 
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of the companies surveyed in the Aston study kept spare 

parts, whereas all the companies in this survey were found 

to hold stocks of spares. OVerhauls were carried out 

in 22% of the Aston survey and 100% in this survey. In 

the Aston survey 23% of companies had records of machine 

breakdowns whereas 33% of companies in this survey kept 

such records. Only 11% of the companies in the Aston 

survey had heard of terotechnology whereas 50% of the 

companies in this survey had done so. 
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The P,A, Management Consultant's report(op.-cit,) 

found that 41% of the respondents used buqgetary control 

-in-maintenance whereas in· this study ·67% or--the companiE!i:r 

adopted this practice, The P.A. study found that on 

average,throughout manufacturing industry,?% of all 

employees were employed on maintenance work. In this 

study the overall average for all six companies was 10%. 

It must be clearly stated again·. that the comparisons 

that have been made -in this chapter are formulated in 

the most general ~lay because as was stated at the 

introduction to this chapter no directly comparable work 

has ever been conducted. 

Having reiterated-the limitations on these comparisons, 

some general statements can be postulated regarding the 

application of terotechnology and its relationship to 

mechanisation,based on the comparisons of the four 

studies noted in this chapter. 

1). It would appear that in comparison to the findings 

of the Aston survey in 1973 to 1975 and the P.A. 

survey in 1968, that terotechnological practices 

are applied to a greater extent than these surveys 

might suggest-f' 

2). Based on the findings of .the Aston survey into · 

comp~nies employing up to 200 people,it could be 

suggested that the enhanced levels of practice 

*This-conclusion was seen to 
be doubtful in the eyes of 
the thesis examiners 



found to be in use in the six companies surveyed 

by this research existed for reasons other than 

simply the mechanisation .of.the production system.· 

(~or example,size,management attitudes and so on) . 
3). r-!ore than twenty years ago com;panies in the U.S.A. 

were approaching the challenge of managing 

production systems with ever increasing·levels of 

mechanisation by adopting what are now described 

as terotechnological practices. 

4). If the management of a company are considering 

further mechanisation then they·would be strongly 

advised to consider a terotechnological approach if 

their move towards increased mechanisation is to be 

successful. 

16.4 Summary. 

This chapter has presented some .comparisons with 

other work that has been carried out in the field of 

terotechnology and automation •. It has been pointed out 

that the connection between the three studies mentioned 

and this work is very loose and that the comparisons 

are made in a most general way. The comparisons have 

not enabled any definitive validation of the. findings of 

the \~ork presented in the foregoing chapters of this 

dissertation but nevertheless were interesting to note. 

This chapter concludes the work on the concept and 

practice of terotechnology. Part 2. follows this chapter. 
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This deals with the concept and practice of life-cycle 

costing,a technique which is central to the development 

and application of a terotechnological approach to · 

physical asset management. 

' 
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PART 2 

LIFE-CYCLE COSTING 



CHAPTER 17 

LIFE-CYCLE COSTING-AN OVERVIEW 

17.1 Introduction. 

This chapter presents on overview of the technique 

of life-cycle costing. It states the definition of a 

life-cycle cost and it reviews the literature in order 

to establish the historical development of the technique 

on an international basis. In addition, the literature 

is examined in order to establish what benefits and 

limitations have been associated with the application 

of life-cycle costing to the economic evaluation of 

engineered systems. 

17.2 The Definition. 

Several authors have chosen to plaqe slightly 

different interpretations on the definition of a life-

cycle cost. For example, Kaufman( .43), Ebenf.elt and Ogren(44), 

White and Oswald(45) ,Hurden(46) and Brode(47) •. Hov1ever, 

the majority of writers have chosen to adopt the definition 

given by the Logistics Management Institute of the U.S.A. 

It is the total cost of ownership of·a system during 
its operational life.It embraces all the costs 
associated with the feasibility studies,research, 
development,design and production, and all support 
training and operating costs generated by acquisition 
of the. equipment. (Life-Cycle Costing in Equipment 
Procurement,LMI,April 1965) 
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1'/i thin the United Kingdom some \'lri ters have chosen 

to use the definition offered by the Department of Industry. 

This is stated as follows:-

It includes the costs associated with acquiring, 
using, caring for and disposing of physical assets, 
including the feasibility studies, research, design, 
development, production, maintenance, replacement 
and disposal, as well as support, training and 
operating costs generated by the acquisition, use, 
maintenance and replacement of permanent physical 
assets. ( Terotechnology-An Introduction to -.the 
Management of Physical Resources,Dept.of Industry, 
1975,page 3.) · 

It is this definition which has been adopted throughout 

this dissertation~ 

17.3 The Historical Development. 

The origin of the life-cycle costing (LCC) technique 

c~ be traced back to the early. 1960's. At this time the 

United States' Department of Defense became concerned 

about the implications for on-going expenditure incurred 

by the government if it continued to award contracts on 

the basis of lowest purchase price only. As a result of 

. this concern, in 1963 the then Assistant Secretary for 

Defense(Installations and Logistics) contracted the 

-- Logistics Management Institute (LMI) of the U.S.A. to 

investigate the consequences and feasibility of a change 

in procu~ement policy from the use of the 1 low-bid 1 to a 

policy which took account of the on-going costs of 

ownership and their impact on government expenditure. 

' 
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The Logistics Management Institute reported in April 

1965 (48 ). The report stated that 11 operating and support 

costs were often a substantial part of the total cost of 

a piece of equipment over its expected life". The report 

found that," those operating and support costs, as well 

as the.purchase price, can vary significantly among 

various suppliers." The report concluded that techniques 

could be devised to allow the government to predict and · 

measure operating an~ support costs to a degree that 

would allow their use in evaluating alternative 

procurements. 

On the 10th.July 1965, the Assistant Secretary for 

Defense issued a memorandum to his assistant secretaries 

of the military departments. The memorandum stated that:

It is important that we develop an improved 
capability to identify and evaluate logistics 
costs,other than price,in awarding contracts for 
equipment. There is general agreement that a well 
organised approach should be undertaken 
particularly to ensure communication of information 
and experience between organisational elements 
in the departments engaged in this work.Co-ordination 
with industry is desirable especially to familiarise 
defense contractors with the general concept and 
our intentions to develop procedures to exploit it •. 
(taken from Peratino,G.S.,Air Force Approach to 
Life-Cycle Costing, Procs.1968 Reliability Symposium 
Boston,Mass. Jan.16-18th.1968.) 

In addition,the Secretary proposed the setting up of a 

Department of Defense life-cycle costing steering group 

together with several life-cycle costing task groups. 

The task groups were composedof representatives from 
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procurement, engineering, maintenance, supply and 

training. As the work of the task .groups continued,it 

became .evident that the role of engineering personnel 

was critical. In a letter dated the 4th.June 1966, to_ 

the Director of Defense Research and Engineering(ODDR&E), 

the Assistant Secretary of Defense(Installations and 

Logistics},(49) .stated:-

It is clear ••• much of the initiative for employing 
this concept [life-cycle costing] rests with 
personnel representing engineering. In fact, it is 
likely that criteria for evaluation of logistics 
factors should be written into equipment 
specifications. 
(taken from L.c.c. in Equipment Procurement,LMI., 
Feb.1967,page 8) 

The Director of Defense Research and Engineering replied:;.;; 

I believe there is considerable promise in the .. 
concept of life-cycle costing in equipment 
12rocurement and that participation is desirable. 
{ibid,page 8) · 

At this time doubts still existed about the compatibility 

of financial procedures to the application of life-cycle 

costing. However, on the 30th.June 1966 the Assistant 

Secretary for Defense(Comptroller) said:-

Life-cycle costing ••• is certainly a concept that 
should be fully exploited in the interest of 
providing for more complete evaluations of the 
economic impact of defense programs before they 
are approved for programming and execution. I do 
not forsee that our current program/budget 
procedures should interfere with the execution 
of decisions reached as the result of application 
of life-cycle costing analyses ••• 
(ibid.page 9) 



164 

Peratino.( 50) , has suggested that the level of 

acceptance gained by the Department of Defense 1 s 

efforts to promote life-cycle costing can_be judged 

from a statement issued by the Deputy Assistant 

Secretary of Defense(Procurement), on the 21st.June 1966. 

The statement read:-

The ccncept of life-cycle costing in equipment 
procurement has the endorsement of top level 
Department of Defense management. Some of our 
defense contractors and many representatives 
of Department of Defense technical disciplines 
have urged this course of action for some time 
••• The logic of this concept·is so compelling 
that we intend to make whatever investment is 
necessary to exploit it to the fullest possible 
extent. (ibid). . · · 

Following these initiatives the Department of ~efense 

conducted several trial procurements and from this 

experience an initial life-cycle costing policy evolved. 

Several examples of the application of life-cycl~ 

costing to equipment procurements were performed by each 

of the armed forces. For ·example, Sternlight( 51 ) has 

described the application of' LCC to the design and economic 

analysis of a Fast Deployment Logistics Ship. However, 

Pedrick( 52) has suggested that the progress made in the 

use of reliability and maintainability analysis had been 

disappointing. He suggests that at .this time most of the 

emphasis \'/as placed. on inventory mangement costs and on 

estimating the useful life of non-repairable equipment •. 

,, 



· Further work was carried out by the Department o:f 

De:fense and in 1970 an interim report was issued( 53 ). 

This guide represented the :first attempt··to ·establish 

procedures :for employing the LCC concept to military 

procurements. The guide stated that:-
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Implementation o:f life-cycle costing involves the 
application o:f knowledge :from a broad range.:·o:f . 
disciplines. ••• Included in the assigned responsiblity 
should be the effective utilisation o:f personnel 
operating in teams, who collectively possess the -
material management, engineering, cost analysis, 
procurement and legal expertise needed in the 
execution of life-cycle costing procurements •••• 
(Department of De:fense Guide,LCC 1,July 1970, 
page 1.) . · . -

Bince the publication o:f this procedural guide,li:fe-cycle 

costing has become a common evaluation technique within 

_ the United States Armed Forces. For example, Boren( 54), 

Fiorello( 55 ) , Nelson( 56 ) , Balaban and Nomer( 57 ) , 

Brode (58),, Dixon and Anderson{ 59 ) , Duhan and Catlin 

( 60 ) , Fagan( 61 ) , Fiorello and Konoske-Dey( 62 ) , 

Fragola and Spahn( 63 ) , Gansler( 64 ) , Giordano and Sacks 

( 65 ), Harty( 66 ); Langwost(67 ), Rush et al( 68 ), 

Sadler( 69); Stehle et al( 70 ) and vlatts( 71 ) all describe 

the application o:f LCC to the evaluation o:f military 

systems. 

From the literature it is clear that the Swedish 

government have also· used life-cycle costing. For example, 

Eben:fel t and Ogren( 72), Eben:fel t and \'/aak( 73 ) , Arman 

(74) ',and Dahlberg and \'/estlund(75 ) all describe the 

application o:f life-cycle costing to Swedish military 
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systems. 

In ·the United Kingdom, the origins of life-cycle 

.costing stem from work carried out by the ·admiralty 

department1in late 1967. At this time the admiralty 

were becoming increasingly concerned with the impact 
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that on-going costs of operating and logistics support 

were making on the total costs of vessels in the 

operational fleet. In addition, it was recognised that 

somevessels were suffering from down-tijne of unacceptable 

proportions. Hence, in late 1967 a \'forking. party of four 

·admiralty staff( three engineers and one accountant ) 

was set-up to investigate ways of.reducing expenditure 

incurred as a result of the on-going operation and 

support of the fleet.· The working party analysed 

maintenance coats, logistics costs, reliability and 

maintainability characteristics and so on. 

Further work continued in the late 1960's and early 

1970's within what is now termed the. Navy Department. 

In apllroximately 1971 the Army and Air Force began to 

take an interest in. the use of life-cycle costing. In the 

same year the Management and Technical Information Service2 

· -~- (!-1ANTIS) department of the Procurement Executive set-up 

a working party to develop a procedural guide to the use 

of life-cycle costing in the Ministry of Defence. In 1974 

they produced a guide entitled 11 Defence Life-Cycle 

Costing-Introduction and Guide" ( 76 ) • In 1973 the Army 
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commissioned a firm of consultants to investigate the 

feasibility of using life-cycle costing on army equipment. 

In 1973 the Air. Force established a working party 1-1hich 

looked at the use of trade-off analyses, particularly 
• for aero-engine performance against cost characteristics. 

In. December 1975 the Navy Department produc~d a report 

outlining the procedure for application of LCC to · . 

naval equipment. Other work, particularly in the fields 

· of parametric cost estimating, trade-off and simulation 

work is being carried out by the Defence Operational 

Analysis Department. In 1977 three case studies were 

presented at a conference in London in which members 

of the Procurement Executive gave detailed accounts of 

the work that has been pursued by them., ( 77 )·. 

In.1976 the Department of Industry set-up a life

cycle costing working party with the task of promoting 

the general level of awareness and encouragi-ng application 

of life-cycle costing within manufacturing industry 
. . ' 

generally. The working party commissioned a firm of . . 

• I . . . • 

consultants to produce an accountants guide to life-

cycle costing and this was published in 1977 ( 78). 

The concept of terotechnology allied to life-cycle 

costing,as a means of economic evaluation for manufacturing 

plant,has received more and more interest from industry. 
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The author has held discussions with several senior 

.managers in manufacturing industry including Hart 3, 

Clarke4 , Sharrock5 , Powell6 , Moss7 , SadlerB , Riddell9 , 

Hodgkinson11, Blunn12, Davies13, Thi.rne1114 .and Fenwick15. 

These discussions have indicated that there is considerable 

interest in ~esting·the feasibility of.life-cycle costing. 

However, they all have one problem which is tending to 

·prevent implementation. That is, no procedural model has 

been developed to enable industry to pick-up the technique 

and understand how to proceed with its application. However, 

opinion on the value of the technique does seem to have 

. ·.increased , .with many manufacturing organisations 

expressing interest in the technique, research being 

- conducted and the literature becoming more expansive. In 

1977 the 2nd.International Conference on Life-Cycle Costing 

was held in London and early in 1978 the third conference 

was held in the Netherlands. Arman(op.cit.) expressed 

the· current situation well in his pap"er and his figure is 

reproduced inFigure 6 • The figure attempts to illustrate 

the initial extreme fluctuations when a new technique is 

introduced and as time passes the level of opinion settles 

do~m to a steady state. Arman is suggesting that in 1978 

the technique has reached a stage where it is regarded as 

a useful tool for application in many cases. 



OPINION ON A NEW TECHNIQUE 

OPINION ON THE 
NEW TECHNIQUE 
OFLCC 

THE LCC·TECHNIOUE 
WILL SOLVE ALL r OUR PROBlEMS 

66 

THE LCC·TECHNIOUE IS 

r A USEFUL TOOL IN MANY 
CASES 

THE LCC-TECHNIOUE 
WOULDN'T SOLVE ANYTHING 

70 77 liME 

THE FLUCTUATION OF OPINION ON LIFE-CYCLE 
COSTING 

Figure 6 

(taken from Arman,J.0.(74)) 
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17.4 The Benefits from Application. 

The application of life-cycle costing could produce 

man~ desirable benefits to industry. However, little work 

has been carried out to establish what those benefits 

are in relation to the application of life-cycle costing 

as an economic evaluation technique for manufacturing 

plant and equipment. The literature expounding the 

benefits which have accrued to the military sector is 

considerable. In this--section those benefits, which the 

author perceives as being relevant to manufacturing 

industry,are brought together from the wide ranging 

military orientated literature. 

Peace ( 79 ) says of life-cycle costing "it is a 

valuable tool in all phases of program development and 

operations ••• and it has the highest pay-off early in 

the program". Kau.fman(op.cit.}who is'one of the few writers 

to have examined the application of LCC to manufacturin3 

plant says 11 life-cycle costing reinforces the point 

that profits are maximised by minimising overall or 

life-cycle costs and not just initial costs". 

McCullough( 80) says. "The use of life-cycle costing 

highlights the distinctions that can be made in the 

allocation of reso1,1rces over the life-cycle of the asset". 

Earles( 81) suggests that life-cycle costing can be used 

as four things "••• a costing discipline, a procurement 

technique, an acquisition consideration and a design 



trade-off tool" •. Ryan( 82 ) says, "The objective of 

LCC procurement is to avoid the so called "low-bid 

fallacy". Ryan goes on to state," LCC represents a 

more scientific approach to the source selection process 

than those predicated upon acquisition price alone." 

Bryson( 83) says that 11 designing to life-cycle cost 

brings improved management. 11 Harrison (84.) says, IILCC 

is a valuable tool in reducing support costs".· 

More detailed analyses of the value of life-cycle 

costing are found in work by Sternlight,(op.cit), 

Ebenfelt(85) and the Logistics Management Institute. 

For example,Ebenfelt states:-
' 

Life-cycle costing has three roles; the first 
in budgeting and planning, the second in 
communicating priorities and the third as a 
basis to support trade-offs. The life-cycle 
costing technique is a trademark implying 
that a decision has, been supported by relevant 
user orientated uti~ity and cost concepts. 
'(Ebenfelt,H.2nd.Int.Conf.oli Design-to-Cost
Life-Cycle Cost,London,1977,pages 94-95) 

The Logistics Management Institute (op.cit.)says·of 

life-cycle costing:-

Life-Cycle Costing • • • encourages a more . ·. · 
advantageous distribution of technical effort 
among ••• equipment design, support equipment 
design and operation and support precepts. 
Since LCC award criteria are more comprehensive 
than acquisition cost criterion, a better 

. balance of • • • innovative effort should result. 
(Life-Cycle Costing in Equipment ~rocurement
Supplemen tal Report • Task 66-3 • LMI • '\'lashing ton 
D.C.,Feb.1967) 
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Perhaps the most comprehensive analysis of the value 

of life-cycle costing has come from Sternlight(op.cit.) 

He dt!scri bes, in detail, the· way· in which life-cycle 
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costing was of value to the design and economic evaluation 

of the Fast Deployment Logistic Ship project.Because his 

analysis is so detailed and central to arguments for 

encouraging the use of life-cycle costing within 

manufacturing industry,two long quotations are included 

here for completeness of this section.Sternlight states:-

As a result of the complete,coherent application 
of life~cycle cost analysis as an engineering 
decision making tool from system to component 
a step-by-step economic justification of the 
entire system and the rationale for its selection 
exists. It is possible to see how decisions at 
any stage affect and are affected by previous and 
subsequent decisions. It is also possible to 
explore the decision. chain,.when.changes to the 
system are contemplated in order to provide an 
efficient metho.d for the analysis ·of the 
economic affect of these changes.(Sternlight,D. 
Fast Deployment Logistics Ship Project:Economic 
Design and Decision Technique, NRLQ,Vol.17 1970, 
pages 374-375) . 

When summarising the application of life-cycle costing 

.to this project Sternlight goes on to say:-

The benefits from life-cycle cost and economic 
analysis integrated into major physical system 
planning and design are so significant that we 
have adopted these same techniques for many 
other systems which are currently under in-house 

. study and design • • • The technique of .formally 
applied,integrated life-cycle cost analysis is 
being applied ••• from the design of resistors to 
that of major systems, substantial savings are 
possible in overall life-cycle costs.At the same time 



more reliable, more maintainable systems will be 
produced, with the higher investment costs fully 
justified by the reduction in total life-cycle 
costs. To assure these benefits, contractors 
must rise to the responsibility of developing 
data bases on their products' costs and 
performance,(ibid,page 387) 

The benefits then are thought to be considerable, if 
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it is possible to transfer experience from the military 

sector of industry to manufacturing industry in general. 

However, several problems exist with respect to 

establishing the technique within manufacturing industry, 

It is suggested that the first requirement in order to 

commence the application of life~cycle costing should be to 

develop a procedural methodolpgy, Indeed this was the 

first step taken by both the United States Department 

of Defense and the British Ministry of Defence, To the 

author's kno\·rledge no procedural model exists to 

facilitate the wider dissemination and application of 

the technique at the time of writing. It is the objective 

of later chapters to attempt to develop such a model. 

17,5 .The Problems and Limitations of Appiication. 

The· first problem,which \'ras highlighted above,is 

the lack of any procedural model at the present time, 

·· ·Another problem associated with attempting to apply the 

LCC.technique in manufacturing industry is that not 

enough is yet known about the actual mechanics of 

performing a life-cycle costing analysis, For example, 



is LCC performed by engineers or accountants or are 

LCC analysts required who are specially trained? Is 

inflation included in the analyses? Is discounting · 

included? Axe computers required? '\'That combinations 

of knowledge and experience are desirable? What 

management and organisational implications stem from 

the use of life-cycle costing?. '\'lliat limitations do 

experienced practitioners see in the application of 

the technique ? and so on. Before any meaningful detailed 

analysis of the technique can begin,it was considered 

necessa~ to seek answers to these fundamental questions • 

. Therefore a survey of experienced practitioners was 

conducted and this work is described in·.detail in 

the next chapter. 

1 7. 6 Summary. 

This chapter has presented an overview of the 

174 

the technique of life-cycle costing. The definitions used 

in the u.s.A and the U.K. have been stated. The historical 

development of the technique has been established and the 

advantages and limitations t~at can be associated with 

the application of the technique within manufacturing 

industry have been stated. The next chapter presents the 

research design,objectives,survey response and the :findings 

of the :field research conducted in order to provide some 

base of :fundamental information so that·a procedural model 

can then be designed. 
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1This w~s d~te~ned after a visit to the Procurement 
Execu"~ve ~n l~'tb. 

2This was determined after a further visit to the 
Procurement Executive in which the manager of HANTIS 
was interviewed. 

3Discussions held with Hr.-J .Hart,Manager Maintenance and 
Operations Division,Greater London Council. 

4Discussions with Mr.D~Clarke,Manager,Vehicle Maintenance 
Costing,National Bus uompany. · 

5Discussione with Hr.G.Sharrock, Chief Engineer,Pearl 
Assurance uompany. . 

6Discussions with Mr.Powell,Chief Development Engineer, 
Pedigree Petfoods Limited. 

?Discussions with Mr.R.Moss,Manager,Systems Reliability 
Service Data Bank,UKAEA. 
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8 
Discussions with Mr.J.Sadler; Head of Engineering Economics, 
British Steel Corporation. 

9Discussions with Mr.H.Riddell, Maintenance Adviser, 
ICI Organics Division,l1anchester. 

10 . h A . Discuss~ons "'it Hr •• Hodgkinson,Plant Serv~ces Manager, 
· Pedigree Petfoods Limited. 

11 
Discussions with Hr.M.Blunn, l1anager,Value Engineering, 
Pilkingtons Glass Limited. 

12Discussions with l1r.D.Davies, Chief l1aintenance Engineer, · 
Pilkingtons Glass Limited. 

13Discussions with f1r~H.Darnell, Director of Engineering, 
British Steel Corporation • 

'
14

Discussions with ~1r.Fenwick, Production Manager, 
Ferodo Limited. 



CHAPTER 18 

LIFE-CYCLE COSTING: 

ESTABLISHING SOME FUNDAMENTAL PRECEPTS 

18.1 Introduction. 

This chapter presents the field research design, 

'objectives and findings. The field research into the practice 

of life-cycle costing was carried out in order ·to establish . 

answers to·important questions regarding some of the 

fundamental aspects of life-cycle costing. Some of these 

questions were listed in Chapter 17. It was considered 

essentialto attempt to establish a base of fundamental 

knowledge before any realistic attempt could be made to 

design a procedural model of the' life-cycle costing process. 

18.2 Research Objectives. 

The field research was designed with the following 

four areas of concern in mind. The research objectives 

were to determine:-

1)What qualifications and experience are sought of 

personnel employed on life-cycle costing analyses? . 

2)What quantitative and accounting techniques are 

utilised t~i thin' life-cycle costing. analyses? 

3)\</hat management and organisational considerations 

stem from the application of life-cycle costing? 
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4)What limitations and other important issues 

do existing practitioners associate with the 

use of life-cycle costing?' · · 

18.3 Research Design. 
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This research was intended to seek the views of 

experienced practitioners in life-cycle costing. The 

literature showed that the vast majority of experienced 

professionals were located in the United States and Sweden. 

Consequently, a postal questionnaire survey was· considered 

the most appropriate method to adopt. Analysis of the writers 

who had published papers in 1975 and 1976 showed that 

twenty eight had done so and given a correspondence address. 

It was felt that to send a questionnaire to writers who 

had published earlier than 1975 would probably result in 

a lot of returns as "address unknown" and would be a waste 

of time and resources. 

18.31 Questionnaire Design. 

The questionnaire was designed to cover the four 

objectives stated earlier. It included both open and closed 

questions. Thirty seven questions were asked and the 

questionnaire can be found in Appendix 6 • To introduce 

--the research an introductory letter was enclosed together 

with an international reply coupon and self addressed 

envelope •. 

., 



18.32 Response Rate. 

The twenty eight companies selected were all located 

in Sweden or the united States. The response pattern is 

given in Table 22 below. Table 23 gives details of the 

respondents. 
TABLE 22 

RESPONSE PATTERN 

178 

UNITED STATES SI'/EDEN TOTALS 

QUESTIONNAIRES . 22 6 28 
POSTED 

RESPONSE 7 1 8 

RETURNED ADDRESS 
( 1) 1 

UNKNO'.ffl 

RESPONSE RATE 30% 

As cah be seen from the table a total of eight completed 

·questionnaires \'/ere returned,giving a 30% response rate. 

18.33 Limitations of Results. 

The following limitations on the findings of the postal 

survey are recognised:- . 

1) The sample was very small. 

2) The experience of the respondents is very specialised 

and there may be limitations on the degree to which 

their experiences are applicable to the use of life-· 

cycle costing as an economic evaluation technique 

for manufacturing plant. 
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TABLE 23 

DETAILS OF RESPONDENTS 

RESPONDENT NAME/COMPANY/COUNTRY 

R.A.Eberhard 
.Chief Technology Engineer, 
Operations Analysis, 
Me Donnell Aircraft,. 
u.s.A. 
Start Engineer, 
u.;s.A. 
(asked ·to remain anonymous) 

S.O.Nilsson, 
Manager,Reliability Group, 
Sweden. 
(asked for compan) to 
remain anonymous 

D.R.Earles, . 
Manager of Life-Cycle 
Analysis, 
Raytheon Company, 
u.s.A. 

Director of SUpport 
Technology, 
u.s.A. 
(asked to remain anonymous) 

J.H.W!tti 
Principa Engineer, 
ARINC Research 
u.s.A. 

Corporation, 

D.D.Gregor, 
Manager System SUpport, 
Northrop Corporation, 
u.s.A. 
H;A.:Brode, 
Coat Analyst, 
Hughes Aircraft Company, 
u.s.A. 

ORGANISATIO!! .. 
CODE 

G 

H 

I 

J 

:s: 

L 

M 

N 

Used to re~er to each respondent within the text. 
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3)There may be misunderstandings with language used 

in the questionnaire and.-in the replies. 
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4)All--the respondents worked-: for very large international 

organisations \'li th considerable resources at their 

disposal. Hence,some of the replies may exaggerate 

the degree of depth or breadth actually necessary 

. to adopt the practice at a minimum level of sophistication. 

Despite these inherent limitations on the findings of the 

survey, the results· give-- some interesting insights- into 

the fundamental knowledge and. skills required in order to 

adopt the life-cycle costing techntque. The findings of the 

survey are given in the next section. 

18.4 survey Findings. 

The findings of the survey are divided into four 

groups under the same headings as the objectives were 

stated. That is,the survey findings are presented below 

under (1) Qualifications and Experience,(2) Quantitative 

and Accounting Techniques,(3) Management and Organisational 

Considerations and (4) Limitations and Other Important Issues. 

18.41 Qualifications and Experience. 

Four questions were asked in this section dealing with 

·academic qualifications,industrial experience,the ideal 

combination of knowledge and skills and at what academic 

level did respondents think that life-cycle costing should 

be introduced. 
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Academic Qualifications. Respondent G required a 

Bachelor~of Science degree in maths.,physics or engineering. 

Respo~~ent H state~,~-an engineering degree with a masters 

in business is desirable but not mandatory •"• Respondent I 

did not specifY any-qualifications and respondent J required 

"industrial engineering". Respondent K required a " good 

engineering· background" an_d respondent M required"advanced 

degrees in economics,accounting,business administration or 

equivalent". Respondent L replied,"staff ••• generally have 

engineering,mathematics or operations research backgroimds". 

Respondent N replied simply," a university degree "• From 

these findings it would appear that_the most frequently 

required qualification is a degree in engineering with 

-additional qualifications in economics, business, operational 

research and accounting being-generally desirable. 

Industrial Experience. Respondent G replied that experience 

is required in "design,maintenance engineering and reliability" •' 

Respondent H stated, 11 design,government requirements_.and 

cost estimating". Respondent I replied," lmowledge of_product 

cost,manufacturing cost and calculating principles, 

lmowledge of product users cost principles,specific lmowledge 

of maintenance costs and related subjects". Respondent J 

required experience in " design engineering,product assurance 

and support engineerin'g". Respondent K stated that 11mili tary 
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systems experience" was required.and ~experience in cost 

analysis was required by respondent M. Respondent L required 

"general knowledge of DoD procedures,procurement,costing

categories and operating and-support philosophies". 

Respondent N required "experience in the use of computer 

programs and ability to work with systems engineers". 

From these findings it would appear that experience in 

design engineering,cost estimating,maintenance engineering 

and computing would be-most relevant to the needs of the 

life-cycle costing analyst. 

The Ideal Combination of Knowledge and Skills.Respondent 

G replied that the following "rould be ideal:-

1. Familiarity with system design and fUnction. 
2. Experience with system operational characteristics. 
3. Knowledge of customers planned utilisation of system. 
4. Experience in maintenance and reliability. 
5. Manufacturing/production cost estimation and support 

concepts. 
6. Ability to explain LCC methodology and results to 

the customer. 

Respondent H gave the following reply:-

The best combination is an engineer with design and 
test experience with either a knowledge of cost 
estimating or an interest therein. A "value engineer" 
makes an excellent life-cycle cost analyst. 

The respondent I suggested two alternatives. Firstly a 

-- team consisting of:-

1. Leader- with an academic degree in technology 
combined with knowledge of economics. 

2. Economist- maybe with a bachelors degree,with 
· practical experience of product use and 

knowledge of computer programming. 



3.Engineer- with practical experience of maintaining 
and using the products. 

4.Engineer- with experience from production and or 
design of the products. 

The respondent suggested a second alternative in that 
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an individual LCC analyst should be "an engineer with 

some.practical experience combined with knoweldge of 

economics". Respondent J suggested:•accounting and engineering 

is ideal" .and respondent K suggested, "engineers with some 

operational research knowledge". Respondent M suggested 

that 11 an engineering degree and. advanced de.gree:.in economics 

·.·or- business administration with experience in computer 

sciences and operation of systems.". Respondent L suggested 

that " a basic education in engineering or mathematics 

and operational research is all that is required" and 

respondent N s_tated," an engineering backgroun'd,or anyone 

with an analytical mind has the potential to be an LCC 

analyst.". 

---·-From these replies the 'ideal' combination of 

knowledge and experience can be summarised as engineering 

experience,particularly design and maintenance,with 

knowledge of the product and its operational environment. 

Further experience in economics,cost estimating and computing 

would also be desirable. A team of LCC analysts would also 

provide a very comp~ehensive range of abilities and skills 

if the combination of disciplines suggested by respondent 

'r' could be integrated effectively. 

\ 



--- -----------------------

At What Academic Level Should LCC be Taught? Respondents 

G,H,I ,J ,M and N all replied--that ·LCC should be taught at 

bachelors degree level. Re-spondent G commented ,"LCC should 

be treated with more depth and the practical or engineering 

aspects incorporated". Respondent H replied :-

The undergraduate must be exposed to LCC to be certain 
that the student will consider systematically,all 
parameters in decision making,once employed.Students 
naturally have a tendency to over emphasise their own 
speciality. LCC tends to neutralise this tendency. 

Respondent J suggested that " a general introduction to 
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the subject at undergraduate level work ••• more sp-ecialised 

considerations at graduate level". Respondent M replied 

that n The introduction to the methodology should be at 

an early level11 ,and respondent N replied,"it may be 

appropriate to·introduce LCC as a concept as part of a 

bachelors degree in engineering or finance". However, 

respondent L suggested that "LCC should be taught on 

post-experience short courses or as part of an MBA11 .and 

respondent K thought that it should be taught at the masters' 

degree level. From these findings the majority view was 

found to be that LCC should be introduced at bachelor degree 

level and that it is important that exposure to the concepts 

of life~cycle costing should be introduced as early as 

possible. In addition,the view was expressed that LCC could 

fit also into masters and post-experience courses as 

appropriate. 

, 
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18.42 Quantitative and Accounting Techniques. 

This section presents the findings relating to the 

application of various quantitative and accounting techniques 

when performing life-cycle costing analyses. The questionnaire 

covered the topics of post-completion auditing, discounting, 

inflation, risk and sensitivity analysis, cost estimating 

relationships, cost-effectiveness analysis.and trade-off 

analysis. 

Post Completion Auditing(PCA).Respondents G,L~J,K&N did not 

use PCA in conjunction with life-cycle costing studies, 

whereas respondents H,I and M were found to adopt PCA. 

Respondent H applied PCA analysis after 2 to 4 years of 

an asset's life and respondent M commented that PCA was 

applied 11during a major portion of the asset's life". 

Discounting. Discounting was not used by respondents 

N and G. Respondent I did not answer the question. 

Respondents L,M,K,J,and H were all found to use discounting 

when performing LCC analyses. The discount rate chosen at 

the time of the survey was found to be between 7% and 10%. 

Inflation. Allowance for inflation was included in 

LCC analyses by respondents G,H,J,L,M,and N. It was not 

included by respondents I and K. Respondent G stated 

that "all costs are. inflated" and respondent H stated tl:i.at 

"labour and materials are inflated".Respondent K.stated 
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that "a general across-the-board inflation factor was 

used" and respondent L commente.d that 11 generally inflation 

is included at different rates for RDT&E, procurement, 

labour, materials and construction'! Respondent M replied 
. . 

that "an overall inflation factor was used of 10%11 and 

respondent N stated that "all cost elements are inflated". 

Risk and Sensitivity Analysis. All respondents except 

I were found to use risk &nd sensitivity analysis in 

conjunction \1i th life-cycle costing. studies. 

Cost Estimating Relationships (CERs). All respondents 

except I were found to apply cost estimating relationships 

within their LCC analyses. Respondent J stated, "all costs 

are calculated using CERs 11 ?.nd respondent K replied that 

11 only R&D costs use CERs". In the case of respondent L 

the reply was," CERs are used for acquisition costs, 

and the prediction of !1TBF and MTTR l1hich in turn are then 

used in Eupport cost equations to predict future support 

costs". Responc1ent r1 used GERs for "fuel consumption, 

installation costs, equipment costs, spares costs, 

support equipment costs and manpovrer requirements" and 

respondent N used CERa to calculate diJ:ect labour and 

material costs. 

The cost esti.rnating rela.tionships were generally 

derived from multiple linear regression analysis of 
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historical data. In addition, where historical data 

did not exist,respondents stated that information and . 
estimates,derived by experts in each field,would be used, 

Cost-Effectiveness Analysis, The. use of cost-effectiveness 

analysis in conjunction with LCC analysis was found to 

be used by all respondents except N, Typical· measures 

of cost-effectiveness found to be used by the respondents 

were :-

1)Cost to achieve a given level of effectiveness. 

2)Cost per unit of reliability, 

3)Cost per pound of pay-load, 

4)Cost per risk unit, 

5)Cost per performance unit, 

6)Reiationship between on-going maintenance cost and 

manufacturing cost, 

?)Probability of survival v production cost, 

8)Reliability v operating and support costs, 

9)Availability v operating and support costs, 

10)Availability v life-cycle cost, 

Hore respondents were found to use measures 8,9 and 10 

than any of the oth8r rnore specialised ones, 

Trade-Off Analy<::~ All respondents except I l'fere 

found to apply tracle-olf analyses in conjunction with 

life-cycle costing studies, Typical trade~offs mentioned 

by the respondents t.) the survey were bet\'feen the 



following :.-

1)Reliability and cost 
• 

2)Performance and production cost 

3)Acquisition cost and operating and support costs 

4)Cost and availability 

5)Reliability and performance 

6)MTBF and acquisition and support costs. 

7)Acquisition costs and suppo~t costs 

S)Design costs and manufacturing costs 

9)What design will meet performance requirements at 

minimum cost.; 

. Trade.,offs · were carried out using both manual ?..nalysis, 

as in the case of respondents G,H,J and K,and computer 

based analysis,as in the case of respondents M and N •. 

Respondents G,H,J,K, and L used both manual and computer 

based methods of analysis. 

From the findings given in this section on quantitative 

and accounting techniques it has been fo~d that most 

respondents use discounting,inflation allownaces,risk 

and sensitivity analyees,cost estimating relationohips 

and cost-effectiven~ss analysis. Only three respondents 

were found to use :post·-completion-audi ting whereas most 

respondents applied trEde-off analyses to their LCC 

studies. 
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18.43 Management and Organisational Considerations. 

This section presents the findings of the survey which 
• 

are related to some of the management and organisational 

considerations which should be recognised when adopting 

life-cycle costing. The survey covered; the use of computers, 

the use of LCC as a contractual requirement, the'basis 

used for decision making, the work performed by life-
.. 

cycle costing analysts or staff, the use of data b~~s, 

and organisational design. 

Use of Computers. All respondents except I used 

computers in order to perform LCC analyses. All of the 

respondents had computer systems which facilitated cost 

summations and calculations. Some of the respondents 

had also systems '1hich allowed optimisation studies to 

be carried out. 

LCC as a Contractual Requirement. . -. Respondents G,H, 

I,K,L and M all required LCC analyses to be carried out, 

as a contractual requirement,on a percentage of projects. 

For respondent G it '1/as 50%, for H 75%, for I less than 

10%, for K 100%, fm.• JJ 100% and for respondent :H 50% of pro-

jects were I~quircd to perform LCC analyses as part of 

the contract for the ~ystem under study. 

T'.ne Basis for Decicd_on l1akinK. It vras thought that 

j_t would be of interest to determine \rhether or not the 

use of life-cycle co:;ting determines the way in which 

decisions are made regarding particular projects. It was 

{' 
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found that when using life-cycle eosting analyses 

respondents H,M and N used minimum life-cycle cost as the . 
basis for determining which system ·~o procure or 

manufacture, Respondent G used maximum cost effectiveness 

and respondent L stated that each method was used in about 

equal proportions depending on the project under study, 

In addition, respondent L stated that many projects are 

now using Design-:-to-Cost or Design-to-Life-Cycle Cost 

(DTC and DTLCC) as a decision making requirement. 

Work Performed.by LCC Analysts and Staff, Respondents 

G,H,J and M all replied that their LCC analysts worked 

entirely on life-cycle costing projects, ·Respondent I· 

stated that in his organisation they are employed also 

on reliability studies and follow-up \'lork on maintenru1ce 

costs,Respondent K commented that his LCC staff work 

.also on systems' engineering, whi.lst respondent L replied 

that they were employed also on operations research, 

operations analysis and engineering analyses projects. 

In the case of respondent N the LCC analysts were also 

employed on ,5 year budget planning, 

Use of Data Ba."lks. All the respondents uere found to 

hav:e. data b<J.rlks of historical information. Th.;, data banks· 

'"ere both computer and maxlUally based. Respund'Olnts 

H and N use manual data baxlks only, \<Thilst respondents 



G,I,J,K and L used both manual and computer based 

data banks, In all cases respondents stated that data 
• 

banks were .updated regularly, 

Organisation Design, In all cases life-cycle costing 

staff were located in engineering organisations and 

functions, In organisation G,the LCC staff reported to 

the 11Chief Technology Engineer-Operations Analaysis 11 and 
.. 

in organisation H,the LCC staff reported to the 11 Sy:;tems 

Engineering Manager", In organisation I,LCC analysts 
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formed part of the "Product Planning Department" and in 

organisation J, they were part of the "Industrial Engineering 

Department", In organisation K,LCC staff were par-t of 

"Support Technology" and in organisation L, they \'lere part 

of "Project Engineering", In organisation N, they l'iere 

part of the cost analysis staff reporting to the "Assistant 

Engineering Program Manager", Each respondent was asked 

to sketch the organisation structure in which the life

cycle costing staff were situated and these organisation 

structures are shown in Figures 7 to 14 , 

· ., ... The :findings ,from this section of the survey ,indicate 

that in the majority of cases computers "\'/ere used to 

perform LCC analysei:l awl all respondents utilised some 

form of formal data b2.::'.lt of historical information. Jllany 

of the respondents were required to carry out LCC analyses 
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as a condition of the project on which they were employed. 

Decision making was found to be based on a mixture of 
. 

criteria. Minimum LCC, Maximum cost-effectiveness and 

more recently design-to-cost and design-to-life-cycle 

cost criteria were now being applied. The majority of 

respondents stated that LCC analysts were employed 

entirely on life-cycle costing work.Other work performed 

by LCC staff included long term plann~ng,operations analysis 

and operations' research, together with reliability studies, 

maintenance cost analysis and engineering analyses. 

LCC analysts were found to be employed in engineering 

departments and several examples of organisation structures 

are given in Figures 7 to 14. 

18.44 Limitations and Other Important Issues. 

This section presents the findings of the survey 

in which the respondents were invited to make any comments 

based on their experience in the use of LCC which would 

be of value to the successful application of the technique. 

No comments were offered by respondents G and N. Ho'lrever, 

respondent H commented:-

Visibility is the key to successful application 
of life-cycle costing effort.· The program personnel 
must knO\~ their cost goals once they have been 
established by trade-off studies. 
Goals and predicted/actual performance must be 
compared periodically and corrective action 
taken if necessary. 

Respondent I coiDI!lented:-

Design cn~ineers must have an understanding of 
economic design criteria. 



Respondent K commented:-

The most important thing is to realise that current 
tools are good enough for "ball-park" estimates for 
comparison of alternative systems and logistics 
systems. They do not give "exact" answers. 

Respondent L commented:-

I believe that no "general" life-cycle cost analysis 
model can be developed which is truly meaningful.· 
The analysis model must be tailored to the specific 
system and its users, reflecting the peculiarities 

.of its operation and support within the using 
environment as well as the users1 policies and 
procedures. 
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Respondent M made ;:several detailed and. valuable comments:

In our experience,life-cycle costing remains an 
art relying upon the experience of the analyst 
rather than a strict scientific discipline. 
There are three observations I would like to 
make concerning the ability of the analyst to 
produce an accurate and useful ·product. They are:-

1.Familiarity with the hardware is of prime 
importance. Any cost is associated with some 
task and some set of resources. Unless the 
analyst has an intimate knowledge of what is 
being accomplished and what resources are 
required,the analyses may become no more than 
an accounting exercise. 

2.Familiarity with the using organisation is also 
required. The objectives,policies and structure 
of the using organisation may have as much impact 
upon life-cycle cost as the equipment being 
provided. 

3.The life-cycle cost analysis model must be 
compatible with the accounting procedures of the 
producer and user. Too many models require 
estimates to be made at a detailed level for which 
no cost or resource requirements records are 
available. Such estimates are subject to gross 
errors.which are seldom detected and cannot be 
verified. 



The general comments made by the 1·espondents indicate 

that despite many years of exp~rience in the application 

of' life-cycle costing it is regarded still as an "art". 

Its primary value is in giving "ball-park" comparisons 

for mutually exclusive systems in order that a decision 

can be made on the basis of some visibility of fu~~re 

cost flows. It would seem also that familiarity with the 

system under study and the organisation,in which the 

system will operate,is also of considerable importance 

in developing meaningful LCC analyses. 

18.5 Summary. 

This chapter has presented the findings of the 
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postal questionnaire survey of experienced LCC practitioners 

in the United States and Sweden. The objectives of the 

survey were stated,the survey design and response rate 

were discussed. The response was found to be 30% which 

whilst lo1'1 was acceptable for the purposes of this wo:dc. 

The kno\'lledge gained as a result of this survey enabled 

the second part of the research '"ork into life-cycle 

costing to be carried out. The findings -.,rerr>. presented 

under the he.<:,dings of qualifications and exp·~:t·:l.ence, 

quanti tati Vt'l ·and accounting techniques, mar1.$ge;-1ont and 

organisation and limitations and other issues. Considera1Jle 

insight has been gained into the practice of life-cycle 

costing as a cunsequence of this survey. Tlw follol.,ing 

chapter is concerned '<li th the development of a generalised 



procedural model in order to facilitate the conducting 

of a life-cycle costing study ~ithin a manufacturing 

organisation. 
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CHAPTER 19 

A PROCEDURAL MODEL FOR LIFE-CYCLE COSTING 

19.1 Introduction. 

This chapter develops a procedural model intended 

to facilitate the application of life-cycle costing as 
' an economic evaluation tec~~ique for manufacturing plant 

and equipment. The objectives in developing a procedural 
/ 

model are stated, the assumptions made in order to develop 

the model are described, the model itself·is developed 

and the limitations of such a model are outlined. 

19.2 The Objectives of De~~loping a Procedural Model. 

The considerable number of industrial visits and 

discussions held \'li th d.5.rectors ,managers, engineers and 

accountants,which had been carried ~ut .whilst pursuing 

this research work,indi.cated that one of the biggest . ~ . 

problems facing applicatioa of life-cycle costing was the 

lack of any ~~ide to inuicate how LCC could .be adopted • 
. 

Further evidence of the need to develop firstly px·c·cedural 

models, before analytical models, is fr..und in the work 

of the United States Department of Do:!:ense and the Hlnistry 

of Defence in the United Kingdom. In both cases the :first 

reports that these organisations issued were concen1ed 
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with establishing procedures for adopting the LCC technique, 

as an evaluation tool,for military equipment. Numerous . 
analytical models then followed· • The specific objectives 

in developing a generalised procedural nodel are stated 

below :-

1. To facilitate the application, by manufacturing 

industry,of the LCC technique by providing a 
... 

procedural model which can be adapted to suit 

specific company environments. 

2. To provide a check list of cost elements that could 

be used by an LCC analyst when evaluating an item 

of manufacturing plant. 

3. To identify and give some examples of the types 

of cost structure that could be utilised 'llhen 

performing life-cycle costing analys~s. 

4. To describe some of the cost estimating relationships 

that could be adopted according to the nature of the 

estimating situation. 

-5. To develop a generalised procedural-flow chart 

to describe .the methodology which should be adopted 

in order to eYetJ.uo.te ·finally the life-cycle cost 

of the systems un1er study. 

19.3 The Assumptions Ftade in the Development of the Model. 

In order to deY~lop any type of model of a l'lystem it 

is necessary to est2.hlish what assum-ptions or 1 start-points 1 

' . r 



have been made. In the case of this model,the following 

assumptions were made in order to proceed further:-. 
1. That the organisation understands the concept of 

terotechnology and wishes to apply the life-cycle 

costing technique to the economic evaluation of its 

manufacturing plant. 

2. That the type of experienced and qualified personnel, 
.. · 

as described in Chapter 18,are available 1·ri thin the 

company or will .be recruited. 
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3. That senior company management are sufficiently 

committed to the application of life-cycle costing 

that there would be little or no restrictions imposed 

on the inves~ent of resources required in order to 

develop and implement the necessary procedures. 

4. The procedural model is intended only to facilitate 

the analysis of life-cycle costs of those assets 

under study. It is not intended to be a 'profitability' 

or'industrial dynamics'type of model in which sales 

revenue,profit and other variables are considered:ulso. 

(This type of model is mentioned later in suggestions· 

for :further work) 

19.4 Deve~?_p:nent of Jllodel Characteristics. 

The types of models that have been devr,lnped by 

the military u:::ers of life-cycle costing have been very 



detailed extending in some ca!'les to over two hundred 

pages of description. To develoP, such a detailed type 

of model for use by manufacturing industry was thought 
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to be unnecessary and would probably be counter-productive. 

Consequently, the characteristics of the model were 

developed in order.to ensure that the model would be 

simple' to understand yet general enough to be modified 

to suit individual company environments and objectives. 

The model has twenty two procedural stages and· these 

are described below:-

Stage 1. Identify Cost Elements of Interest. 

This is the first stage in the proceduraL model. The 

individual cost elem~nts that are important to a particular 

organisation must be identified in detail. This task is 

carried out most ef.fecti vely using "cost element checlc lists" 

Initial screening of the cost elements is no~ necessary. 

The important point is to list as many cost elements as 

can be thought of. Kaufman(cp.cit) suggests "every 

conceivable cost" should be identified only then can 

discrimination bet\veen significant and insignificant cost 

elements take place. A life-cycle cost element check list 

is given in Figure 15. This check lifl"G consists of 92 

cost elementz ,.,lJ.iCh could· be considered when evaluating 

the life-cycle cost of 1nanufacturing plant. The check list 

is not exhaustive but is intended to be representative o.f 

! 
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the type of check list that should be aimed at, 

Stage 2. Commence the Collection of Historical Data. 

The technique of life-cycle costing relies heavily 

on the availability of historical information, This is 

required in order· to identify the signi'ficant cost elements, 

to design appropriate cost structures and to establish 

the cost estimating relationships. ·Consequently, once the 

organisation has derived au initial cost element check list, 

it is then necessary to collect data on each cost element. 

· The collection of historical data is most effectively 

carried out by using standard source documents that already 

exist in the organisation. In this way less inertia should 

be experienced in the coilcction of detailed information:;· 

Typically, the source documents could be maintenance job 

cards, project cost control cards, materials' consumption 

records, time sheets ,invoices, overhead cost records, 

_general accounting records, plant history records and so on. 

~1e important point about all these source documents is 

that life-cycle costing requires that they become 'plant 

specific' w1d not department or factory specific a3 is 

generally the case with r.J.any data colle<:tion systems. 

Therefore, the dl•sign. and implementatlml of a system of 

data co1lec7.:!.on in order to establish historical information 

.on the cost eJ.ements,identified as important to the 

organiaati.on,i.s an essent:i.al part of the proecdure. to 

bring life-cycle costing into use in an organisation, 
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Stage 3. Establish a Data Ea-~ of Historical Information. 

Having installed a system,of data collection using 

standard source documentation,the next stage is to develop 

a data bank of historical information. Efforts to develop 

such a data bank must begin long before it becomes 

necessary to use the data for LCC studies. For example, 

it took the British Army Data Centre three years in 
... · 

order to establish an adequate base of historical 

information~ The data bank must be established in order 

to fulfil the needs of a range of investigative procedures 

allied to the application of a terotechnological approach 

to physical asset management. For example,life-cycle 

costing analyses, level-of-care studies, cost effectiveness 

analysis and trade-off ru1alyses. 

A data bank .should have the following minimum 

characteristics:-

1. Well pla.nned source do'cumentation. 

2.A system of regular data collection. 

3.A system of indexing and classifying cost infor;H'ttion, 

and other operational and design info:r.mation. 

4.A facility for storage of the historical' information 

\·ri th sufficient capacity to hold e.ata for many years. 

5.A system which allows simple and qu:iclc access to data 

by data users. 



6.A i'acility for updating the data base to take account 

of recently acquired data. _ 
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7.A facility for storage of cost-estimating relationships, 

cost indices and other standard costing data as used 

within the organisatiods accounting system. 

a.A system of data analysis and periodic or ad-hoc 

reporting. · 

These basic characteristics oi'·'a data bank for life-

cycle costing should then be integrated with the needs 

of users in terms of both data retrieval and data analysis 

which form the next stages of the procedure~ 

Stage 4. Establish a Data Retrieval and Update Procedure. 

This is a very important stage in the procedural 

model. If data is difficult to obtain and becomes out 

of date then the system falls into disuse and the process 

of implementing life-cycle costing will be very difficult 

to pursue. Therefore, it is important that access to the 

data by the LCC analyst and other users is efficient, 

regular and simple. The updating of data should be 

carried out on a regular basis so that the latest information 

is ah•ays av()ilable to a user. The frequency of updating 

will depend ·-.:;1. the frequency of data collectiO!\, the uses 

to which data are put and the nature qf the de;::a. 

For example, maintenance cost data could be updated monti1ly, 

whereas the updattng of a cost estimating re1<.1.tionship 

may only take place once a year. 
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Stage 5. Establish a Data Analysis and Reporting Procedure. 

In addition ta the need for regular updating and . 
slmplicity of data retrieval,there is another feature 

which should be incorporated into the procedure. That is, 

.data analysls and reporting. Because of the nature of the 

tasR,life-cycle costing analyses will require many smaller 

or lo\'ler level analyses to be· carried out. Therefore, 
... 

provision should be made in order to facilitate small 

amounts of data analysis outside the main life-cycle 

·costing analysis. For example, a user may wish to examine 

the trend of maintenance labour costs against operator 

labour costs over several years in order to give some 

further detail. Therefore the user should be able to 

request this type of lo\'/ level analysis from the data 

bank without a long and detailed search of the data. Such 

an analysis should then be forwarded to the user as an 

output report from the data baru(. Additionally, regular 

reports should also be a desirable feature of the LCC 

procedural model • Such reports may take the form of 

monthly digests of information such as cost indices, 

lists of refArences, research data and ini'o::."!lla tidn 

about work of other departments which may aff,.,.~t the 

work of the -LCC analysts (ie. design change~> ,~::,~.terial 

changes, performance changes etc.) • The important 

point to malre here is that the organisation :nust consider 

if this aspect of the model is required in ord.er to satisfy 



the objectives of the particular ,;yste:n that is being 

established. 

Stage 6. Identi~y the Cost Strubture~~ Interest. · 

The procedural model has now reached a stage where 
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the cost elements have been identified, a system of data 

management has been established in order to collect, 

store,update,access, analyse and report on.the characteristics 

of these cost elements. The ne:X't stage is to identify the 

~orms of LCC cost structure .which are appropriate to 

the organisatio~s objectives. The purpose of establishing 

a cost structure is to enable trade-~ffs to be carried 

' out between the di~~erent phases in an assets li~e--cycle. 

It ensures also that comparisons between alternative 

plant systems are compared on.an equal basis and ensures 

that cost elements are positioned correctly within a 

particular phase of the plant's li~e. This separation 

of cost elements into an·aggregated cost structure enables 

system level,subsystem level and component level trade-oi'fs 

and detailed life-cycle costing analyses to be performed. 

The opecific nature o~ an LCC cost structure will dcpen.d 

on the object! ves c•f the study, the organisation, the plant 

itself and the availa'o~.li ty of historical information. 

Several types of life-vycle cost structure can be envisaged 

and some examples are given in Figures 16 to 20. 

The structure shov.:1 in Figure 16 is a generalised one, 

* The term "cost structure" 
used throughout this section 
of the thesis could be more 
accurately described as 
"cost breakdown structure". 
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in which an organisation would be concerned with identifying 

the cost impact of •one-time' costs of initial engineering . 
and development and acquisltion·costs against the 

cost impact of 'on-going' costs which in this case have 

been identified as operating and maintenance costs. 

Figure 17 shows the cost structure used by Blunn ( 86 ) , 

in his LCC work. Figure 18 shows the cost structure 

adopted within Jeffrey's organisation ( 87 }. Figure 19 

shows the LCC cost structure used by Stordahl and Short(88 ); 

and Figure 20 provides a further variation in the·stucture 

used by Ste=nlight(op.cit.). An important consideration 

in the design of the life-cycle cost structure is that 

it must be designed to suit the objectives of the study 

and once defined the cost elements must be allocated to 

each branch of the structure as necessary. 

Stage 7. Develop Cost Estimating Relationships (CERS). 

This stage is dependent largely on the availability 

of historical information e:,ld the quality of that information. 

It is one of the primary objectives,in holding considerable 

historical data,to facilitate the development of cost

estimating relationships. There are mal'ty ·types of cost 

estimating relationships and the literature gives several 

descriptions of these types. For ex::cnple, HcCullough(op.cit,) 

Sternlight(op.cit.) and Seiler(89) describe two types 

whilst Jones ( 90) describes five diffn'·':lnt types. Hovever, 

for us<~ on the evaluation of manufacturing plant six 

' •' 
! 

i 
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forms of \JER can be identified as being useful to the 

LCC analyst. 
• 

1, Cost Factor Estimating Relationshi~ 

Here the item to be costed is identified as a specific 
t t 

type·and quantity from an off-the-shelf catalogue , or 

other source. Therefore, the analyst simply multiplies 

the catalogue price by the required quantity; adding 
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delivery, insurance etc. to obtain a total cost. For example, 

the cost of 100 litres of ~ubricating oil might be 

expressed as :-

Where 
L0 = cost per litre 
D = delivery charge 

c· 
I

0 
= insurance cost 

TC = total cost 

2. Cost-To-Cost Estimating Relationships. 

In this method cost is estimated as a function(eg.a 

percentage) of another cost. For example a delivery charge 

may be expressed as a% of the purchase price, Many other· 

examples of this type of CER are given in EaxJ.0s(op,cit 

page 78).For example:-

Program :.ranagement Costs = 1.04( Test Har(hv.ore Fab, Cost) 

System F~gineering Costs = 2.2 il 

Design Costs = 5.5 " 
Data Costn = 0.20 11 

Another example could be that maintenance costs are 
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expressed as a percentage of total production costs,eg,.,:

Maintenance Costs= 0.15(Production Costs) 

3. Parametric Estimating Relationships. 

In this method cost is estimated as a function of one 

or more non-cost parameters.of the plant. For example, 

age,capacity,,>'eight,output rate,etc •• They describe the 

relationship bet\'leen elements of cost and plant 
:, 

characteristics. Sternlight(op.cit.) gives an example 

of such a CER in which installation labour costs for 

plant type G are stated as:-
c 

=A.B.(SHPG) 

where A = Cost factor per man hour 

B~C = Historical data regression coefficients 

SHP = Design horsepower,plant type G. 

Many other examples of this type of CER are given in 

Rush et al( op. ci t.), Levenson ( 91 ) and ~latts ( op. ci t.). 

Statistical correlation analysis is required to develop 

this type of estimating relationship. For example,Sternlight , 

U.tied liJ?.ear regression, Rush used a \\'eighted linear· 

regression technigy_:l and Levenson used multiple regression 

analysis. 

4. Specific .Analogy Ps~imating Relationships. 

In this method costs are estimated by means of an analogy 

to some specific prc'1·i.ous item of plant. The new and 

analogous plants a:;:"" compared on the basis of their 



performance, design, intended use, operating environm&nt 

and so on. This type of estimating relationship could 

have wide application in LCC analyses of manufacturing 

plant. For example, for estimating routine lubrication 

maintenance tasks on comparable plant, for estimating 

design costs and for estimating material and labour 
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costs for the design and manuf~cture of analogous plant. 

Figure 21 gives an example of a specific analogy cost 

estimating relationship taken from Earles(op.cit.page 80). 

5.Expert Opinion. 

In the absence of historical information or specifically 

analogous plant,a company can derive cost estimates 

for use in the LCC analysis by consulting expert opinion~ 

Such estimates may be made by maintenance engineers, 

production engineers, designers, cost estimators, l-ife

cycle cost analysts, .consulta..'lts and so on. For example, 

such an estimate may be derived :for the cost of tha first 

overhaul of a plant or for the cost of a modificat~on. 

In both of these cases it could be that historical information 

and analogous plan·7. do not exist. 

6. Accounting Rela·t:~s·nc~hips. 

In this method the cos·i: of an element mey be determined 

by mathematical surr~~tion of the various lower level 

elements in the cost structure so that all su=ary 

eleroents(mechanica1 ·~:"ltals) are identified properly. 

; .. 

' I 



For example, research and development costs could be 

expressed by the CER:-

Where 

. 
R&D = (Es+ Ea + Er + Em + Ed + Et) 

E = ~lgineering,specification costs s 
Ea = 

Er = 
E = m 

Ed = 

Et "' 

11 

11 

11 

11 

11 

,administration costs 

,reliability costs 

,maintainability costs 

,design costs 

,testing costs 

From the six methods of developing cost-estimating 
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relationships described above,it is clear that historical 

information is essential if the relationships are .to be 

developed with confidence. It ls necessary also to 

establish a correlation between the parameters of a 

CER before the relationship is put. to use, Therefore, 

'trhen establishing a linear regression equation;it should 

be tested alsci for correlation and significance. If 

a reasonable correlation is not obtained then further 

data must be collected until the CER is acceptable, Once 

acceptable CERS have been derived the next stage in the 

procedure can follow. 

Stage 8 , Decide on Plants to be StuJied. 

Stages 1 to 7 have provided the organisation v1i th 

a method of c"!cta collection,storage,a-:talysis,reporting 

and updatiaz, In additicn, the appropriate cost structures 

have been :i.dentified and the cost elements of interest 



to the organisation have been selected. From this base 

the cost-estimating relationships have been established 

and tested for reliability. The organisation is now in 

a position to begin to adopt life-cycle costing as an 

economic evaluation technique for manufacturing plant. 

Consequently, stage 8 is concerned with the selection of 

the particular project(s) to which an LCC analysis is 

to be applied. It is necessary to establish that the 

plants,under study,are comparable in terms of their 

basic performance characteristics and intended use. 

It is then necessary to ensure that the LCC analysts 

are familiar with the characteristics of the plants and 

that they gain as much information about their operating 

conditions and maintenance problems as possible. Having 

selected.the plants to be studied the next stage can 

follO'I'/o 

Stage 9. Select Appropriate Cost Elements. 
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From the original list of-cost elements,derived at 

stage 1 ,a 1 plant 1 or 1 study-specific 'list can novr be derived 

which identifi~s those cost elements considered appropriate 

to the plant under study. 

Stage 10. iJesi_gn an Appropriate Cost Structurt'l .. 

Again,f:rc:.n an earlier stage in the procedure(stage 6) 

a cost struc':m~e can be selected \ihich sui tc t.he specific 

objectives to be met in the study. 
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Stage 11. Allocate Cost Ele~ents to Cost Structure. 

At this stage is it nece:;fsary to identify within 

each branch of the cost structure all those cost elements 

that should be allocated to it. At this stage in the 

analysis,the analyst should now have a structure established 

similar to that shown in Figure 15. This figure gives 

an example of a cost structure with cost elements allocated 

to each branch within the structure. 

Stage 12. Select Appropriate CERS From Data Bank. 

Having identified the cost elements of interest, 

and designed the appropriate cost structure it is now 

possible to begin evaluating the magnitude of each cost 

element. This can be carried out using one of the cost 

estimating methods described at stage 7. If historical 

information has been built-up then cost estimating 

relatlonships may already exist on ·file in the data bank. 

In which case it will be necessary to establish \·Thich 

ones are the most appropriate for the plant under study. 

Stage 13. Estlmate the Value of each Cost Element. 

At this stage alJ. the cost elements are evaluated. 

This can be done using computer based analytical models 

or by manual analysis. :b'rom the findings of the field 

survey pre:;ented in Chapter 18 it \'lould seem that 

discou."lting and inflation should be included in the 
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evaluations. 

stage 14. Aggregate Cost Elements to Cost Structure. 

Having estimated the value of. each cost element 

within the cost structure,each of these estimates can 

now be summated to obtain each sub-total for each branch 

of the cost structure. This would result,for example 

taking Figure 15,in the summation of 92 cost elements 

into a 4 phase cost structure of "Initial Engineering 

and Development Costs", "Acquisition Costs", "Operating 

Costs" and "!llaintenance Costs". In this particular case 

maintenance costs were sub-di-vided also. into breakdO\m 

maintenance costs, preventive maintenance costs and 

overhaul maintenance costs. This would be a desirable 

feature of a cost structure vrhen lower level policy 

decisions are being determined or when trade-offs 

be~1een different types of maintainability characteristics 

are being considered. 

Stage 15.·Evaluate Each Cost Structure Sub-Total. 

The life-cycle costing procedure has now .reached 

a.."'l. advanced stage in the analysis of a particular plant 

under study. This wtage is included in order to emphasise 

the need to examin<J the implications to the company of 

the particular levels of resources whlch "rill need to be 

commltted to each phase in the life-cycle of the plant. 
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It is at this stage where decisions about plant 

performance characteristics an~ company policy can be 

seen in terms of the amount of capital the company requires 

and the on-going commitment that it will incur if a decision 

is taken to proceed \'li th the project. If the company is 

satisfied with the estimated value of each phase of the cost 

structure then the next stage can follow • 
.. · 

Stage 16. Evaluate Total Llfe-Cycle Cost. 

This is performed simply by summating each of the 

cost structure sub-totals in order to determine the total 

life-cycle cost of the plant under study. 

Stage 17. Repeat Stages ~2 to 16 for Each Plant Under Study. 

·The procedure has no'.~ enabled the analyst to estimate 

the life-cycle cost of the first plant under study. As 

the LCC technique has its greatest value as a comparative 

tool, it will now be necessary to repeat the evaluaUon 

procedure £rem stage 12 through to stage 16 for each 

plant or plant configuration that is under consideration. 

Stage 18. Compa!!'e The Life-Cycle Costs. 

Having no~ evaluated the life-cycle costs for several 

plants, each of these can be compared <md a decision taken. 

It is importP.nt at this stage of the I•rocedure to take 

account of the assumptiona that ,.,.ere made in the analyses. 

These should he examined to ensure that these assumptions 

J, 
:I 

I 
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still hold and that radical changes in the market for 

the product or in the .availability of finance and other 

variables have not taken place. This procedure then leads 

to a decision to proceed as the next stage. 

Stage 19. Select Plant With Lowest Life-Cycle Cost. 

This stage is concerned with actually making a decision 

to proceed with the project. T~e findings of the field 

survey indicate that this is generally carried out on the 

basis of the 'lowest. life-cycle. cost' cri terio~. HO\'Iever, 

this may not be the only criterion for a plant project 

within a commercial manufacturing organisation. The 

procedure described in this chapter has been concerned 

only with the evaluation of the life-cycle cost. It may 

now be necessary to evaluate revenue and carry out 

profitability analyses of each of the plants studied. A 

decision could then be taken on the· basis of mru~imum 

cost-ef'feoti veness, ~rhere ef:fecti veness is measured in 

terms· of profit or saled revenue or some other variable. 

However, for the purpor;os of this ,,rork, the decisio:a criterion 

has been assumed to be '(;hat of lowest J..ife-cycle cost. 

Stage 20. Acquire Plant and Operate. 

Once the decision has been taken then the plant can 

be acquired and installed, commissione~ and put into full 

scale operational use. The plant should then enter a system 
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of on-going terotechnologically based management, · 

Stage 21, Collect Operational Information, 

As part of the system of terotechnologically based 

management,the plant should enter a regular and detailed 

system of source data collection, This data will be derived 

from the standard documentation used by production and 

maintenance personnel and shou~d be designed to continue 

throughout the life of the plant, 

Stage .22. Feed·.- back Operational Information, 

This is the final stage in the procedural model. 

At this stage the plant is in use and dataare-being·collected 

on a regular basis, . The data should then be fed-back to 

the data bank via stage 2 of the procedure described 
I 

earlier, In this way the process of life-cycle costing 

b,ecomes a cyclical and iterative procedure in which data are 

being built - up and used to improve the characteristics 

of future plant and as a consequence to improve the 

life-cycle cost effectiveness of those plants. 

·19,5 Summary, 

This chapter has developed a procedural ffiGQel for 

li.fe-cycle costing. The objectives o.f develo::;in.G such a 

model were f!tated and the assumptions made, i.n oJ:cl.er to 

develop the moclel,were described, The charaet8ristics of 

the procedural model \iere then described. Th" procedure 

consisted o.f t\tenty two different stages in ,.,:,_tch the _ 
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company is required firstly to identify those cost 

elements that are important to it, then to set-up a data . 
collection system and progress ·through the procedure until 

the life-cycle cost of a particular plant can be estimated 
' 

using the base of historical information ~n order to 

provide more reliable estimates, From this,several plants 

can be studied and a decision taken to acquire a plant 
·' and operate it, Qn":'going information regarding the plant's 

design,performance and cost character.istics is then fed-back 

to a data bank and used to estimate the characteristics 

of future plant systems, 

The procedural model is summarised by Figure 22 which 

illustrates'the path of the procedure from stage 1 through 

to stage 22, From stage 22 the procedure then feeds into 

stage 2 for the second and subsequent cycles, 

The follovting chapter presents ~ example of the 

application of this procedural model, 

1rnformation obtained during a visit to the Rll1E Data 
Centre, ~loolwich, 1976. 
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CIL'l.PTER 20 

THE LCC PROCEDURAL MODEL 

P.N EXAMPLE OF ITS APPLICATION 

20.1 Introduction.· 

This chapter presents a case-study in the use of 

the procedural model developed in the last-chapter. The 

case-study is based on data collected from company E 

of the industrial research into ·the application of 

terotechnological practices described in Part 1 of this 

dissertation. 

20.2 The Limitations of this Case-Study. 

The case-study developed in this chapter is based 

on real data collected from the historical records made 

available to the author. Some cost data \vere not available 

for examination by the author. For example, management 

salaries, the contribution to income per unit of output 

and the general fixed ov·erheads. Therefore, this case-study 

is not exhaustive and is intended only, to indicate the 

\vay in which the procedural model could be applied. 

It ;-ras considered to be important to m'e real data, despite 

5.ts limitations,because the data could then be subjected 

to analysis in order to determine if it was feasible to 
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develop cost estimating relationships on the basis of 

raw data collected from the records available within the . 
company. Further limitations are seen in that it was not 
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possible to obtain an engineering estimate of the plant's 

life. Hence, from data available in Je_len ( 92 ).,an average 

life of plant within manufacturing industry was found to 

be twelve years and this life was assumed here. Inflation 

~{aS assumed to be at 5% per annum (merely for simplicity) 

and the discounting rate was assumed to be 10%,again 

chosen only for simplicity in this hypothetical example. 

20,3 Background and Data Sources. 

The company was experiencing increased demar.d for 

its products and wished to establish a new manufacturing 

facility. The major item of capital expenditure was 

the sterilising plant and its associated·secondary plant 

such as water treatment and conveyors. The company was 

anxious not to repeat a mistake made somfl years ·ago when 

a plant was procured which has given consistently poor 

performance. For the type of plant under consideration 

two manufacturers \~er'-! available, The company had experience 

with both makes of plant, The company wished to evaluate 

these two makes on "the· basis of life-cycle cost rather 

than adopting the co:.np:;my 1 s conventional practice of 

conoidering capi t<,.l costs only. It ~tas assumed that both 

makes of plant would !7leet thP- minimum operational 



performance requirements. 

The data sources available to the researcher wer'e 

plant history .record cards, computer files on maintenance 

man-hours for breakdown maintenance and preventive 

maintenance, computer files for maintenance materials' 

expenditure, shift data, operator costs per annum by 
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grade of operator, the hourly cost of maintenance craftsmen, 
·' 

the capital costs of each plant and an industrial engineering 

report which included data on project engineering costs, 

• delivery costs, initial spares costs, installation and 

commissioning costs and an estimate for a half-life 

·overhaul. 

20.4 Applying the Procedural Model. 

~nis particular company had an established data 

.management system for the collection of operational 

information. A maintenance administration manager was 

employed together with a staff of three clerks, two 

technical assistants and a cost analyst. Data ·were collected 

at the end.of each shift and then entered onto the plant 

history cards and inputted to the computer data base. 

Regular reports l'lere issued from the corJputer giving 

details of maintenance man-hours expcmded by plant number 

and maintenance materials' costs by pli:.nt number. Hence, 

stages t~ro up to five of the procedural model were already 



in existence. For stage one a check list was derived 

which identified the cost elements of interest to the 

company. This is shown in Table 24. Stage 6 was the next 

item of the procedure; This stage required the 

identification of the cost structure of interest to the 
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company in order to facilitate analysis between different 

phases of the life-cycle. In this case a three phase cost 

structure was chosen,consisting of"acquisition cost 11 , 11 on-going 

maintenance costs" and "on-going operating costs". 

This structure is shown in· Figure 23 below. 

Total Life-Cycle Cost 
I 

Acquisition 

Costs 

: 
I 

Haintenance I; 
Costs 

I 
I 
I 

Operating 1 
Costs 

An LCC Cost-Structure ~opriate 

To The Company 

Figure 23 

The cost elements JC:entified earlier could then be allocated 

to each branch of th'.' structure. The structure used here 

involved only the t'l.i.r.:-ct costs associated with the plant 

under study. As ~ms mentioned eu.rlier,indirect costs and 

overheads could not be considered due to the la.ck of data. 
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TABLE 24 

AN. LCC COST-ELE!1EUT CHECK LIST SUITABLE 

FOR STUDIES IN COMPANY E 

COST-ELE!1ENT 
Initial Engineering & Development 
Purchase Price 
Delivery 
Initial Spares 
Training. 
Information Processing 
Manuals 
Installation 
Commissioning 
Removal 
Contingency 
OVerhauls 
Hanagement Costs 
Preventive Maintenance Labour Cost 
Breakdown Maintenance I,abour Cost 
Maintenance Material Cost 
r.rain tenance Stock Holding Cost 
Electricity Cost 
Steam Conm<.'!lption Cost 
Operator Jjabour Cost 
Water ~!r~atr.tent Cost 
Maintenance Administration Cost 

~------~'-----------------------------------~ 
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Having identified the cost-elements of interest and 

an appropriate cost-structure for use in an LCC study,the 

next stage could .follm·r. This was stage 7 in which the 

cost estimating relationships should be derived and tested, 

In order to derive the CERS data was collected over a 

six year period in the case of plant A and a five year 

period in the case of plant B, This was the maximum amount 

of historical data available. Unfortunately, because the 

company was not practising .life-cycle costing,historical 

· · data was kept only on a year-end basis. Therefore, the 

CERS were derived using six data points for plant A and 

five data points .for plant B. Data were available .for 

maintenance man-hours per year on preventive maintenance 

aud breakdO\m maintenance, maintenance material costs per 

year, operator labour costs per year at 1975 values only 

and electricity and steam costs per year at 19?5 values 

only. The data collected are shO\vn in· Appendix 7, From 

this data,multiple regression analysis was carried out 

using a standard computer paclwge (MULREG) which gave 

the regression equation and its correlation ()(,efficient, 

The resulting cost estimating relationship[~J.rP shown 

in Table 25 a.:nd the print out of the MULREG pr<l;:,ramme 

is given in A:ppendix 8 • 

* rh~ cost estillUlting relation
ships derived using the Mulreg 
program data, were, in some 
cases, not found to be statistic
ally significant. Therefore it 
should be understood that the 
cost estimating relationship 
shown in table 25 merely 
illustrates the types of CER 
which could be derived if 
historical data were available. 



COST ELEMENT 

Preventive 
Maintenance 
Labour Cost 
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TABLE 25 

COST ESTIMATING RELATIONSHIPS 

DEVELOPED FR0!1 COMPANY DATA 

COST-ESTH1ATING RELATIONSHIP 

PLANT A PLANT B 

d.£ [(19'3 ;-it:s:) c, P.J "<:-"['''3 -t24-~a.) c 1 ~ .::::: -
a.~ 1 ( l+r) · ( l+r )C\. 

~, 

~-< {\ ct,.-: (\ 

Breakdown ~ c(~ol ~-IS"-~ c._~] 2_ [ ( S3o + 2.4-2..,)~~ Maintenance 
Labour Cost (1-t-r) ·'-~- I l 1-t-r-.:Y'.\. <\..,, . 

-
o.~/1.. - 1,~-:.('\. 

Maintenance ~ [ ( ·z.&~'2..•L -l~n)J ~ [( lo, of.2. "--111 '6>;~ ~ Material 
Costs «~I . ( l+r-) . t' . )''-

~~ t 1-t-r 

Maintenance .:~.~ 1\. 

~-(\ -~ i [(:<.(,3i2"-- 1,4:n~ ~ Qlc1 ~bt.<\-.ii 1:U,.) o•l Logistics . 0 ·1 
Costs (l+r )"-

<L-:f ( l-\-1"' J "-:.I 
"-~ (\ 

[ C.3 • N. q>,l ~·~c·c3. N. <P.] Operating 
~ Labour Cost i - <"\... 

"-"'I 
( 1--tr)"-- _, ...._,, \. \+r-) -

Cl-::. n. 
cl·:.(\ . ~1 Electricity .?: [Ctt, si>,] ~ c.~.cpL .s [:lH--r )''- -Costs ( l+r)"---· 

1 (\_,...-,..: ~ 
-.,...·-~--· l J n~'" [Cs .. 9, J ~-i' [ Cs . <?f 1,~-~ Steam Costs ' _, ... 
I> 

"'here:-

i 
' ""--.. ( 1-t ,-) Oo. ,, __ 

1 
( l·t-r) - • I (1..-:", I ' ' ' . ·----· 

a~ plant life in years 1,2 ••• n 
Ci= prev;mtive maintenancn labour co:;t factor(£:/hr) 
C2"' bre<t.kdown mainten:mce labour cost factor(;C/hr) 
C)= opc-"~e..-~or labour cont.o_/shlft/ycar(<C) 
C4= anrr.1al cost of electricity at base year( a:) 
C5= anmlal cost of steam at base year(£) . 
p, = assum.ed inflation factor(%/year) 
r ~ assumed di.sco1mt factor(%/year) 
N "' number of shifts/year 
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Stage 8 of the procedural model could now follow. 

In this particular case-study two different makes of 

hydrostatic sterilisers were to be.analysed. Each plant 

was'manufactured overseas and the company had six years 

operating experience with plant A and five years operating 

experience with plant B. As stated at the introduction to 

this case-study, the purpose of the new procurement is 

for expansion of the production facility and the choice 

is between plant A or B on the basis of lowest life-cycle 

cost. 

Stage 9 involved the selection of the appropriate cost 

elements for the study. From the check list derived at 

. stage 1, cost elements 1f2t3,4,8,9,10,.11,12,13,14,15, 

16, and 17 were selected. In addition training, information 

processing and manuals (cost elements 5,6 and 7) were 

combined into one ccst element as insufficient data 1tere 

available to justify separating them. Cost elements 18, 

19,20,21 and 22 l'/ere considered to be equal for both 

plants and \Tere therefore not included in the comparative 

LCC analyses •. As a consequence of this,the LCC case-study 

became a differential LCC case-study in which only those 

cost elements, thought to be different between the t110 

mutually exclusive plants,were considered. 

Stage 10 · lfas concerned 11i th the dl?~'lign of an appropriate 

cos-t strncr.~re to faciUtate comparison of the alternatives. 



For this particular study a four phase cost structur3 , 

as shown in Figure 24,was chose~. 

Differential 

Life-Cycle Cost 
I __. 

---r----~~.~~~ .. ---, r I 
Acquisition 
Costs 

: 
I 

Breakdown 
Maintenance 
Costs 

: 
I 

Preventive· 
Maintenance 
Costs 

I 
I 

The Life-Cycle Cost Structure 

Figure 24 

r.raintenance 
Materials 
Costs 

Having selected an appropriate cost structure to suit 

the objectives of the study and the limitations of the 

available data,the next stage was to allocate the cost 

elements to each branch of the structure. Cost eleme"1ts 

\'/ere allocated to· each branch and these are detailed in 

the working sheets shown in Appendix 9 • 

Stage 12 consisted of selecting the appropriate cost 

esti.matlng relationships from the data bank. From the 

qank of CERS deri vcd '3arlier in this chapter and given 

in ~able 25,four appropriate CERS were chosen. T.h.ese were 

CERS to estimate preventive maintenance labour costs, 

breal~down maintenanc::; labour costs. maintenance material 
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costs and ~.;hat has been described as maintenance logistics 

costs, This CER was derived in order to estimate the 

stock holding costs together w~th the costs associated 

with holding small stocks of parts on the· plant .itself · 

in order to improve repair times for simple tasks such as 

changing drive belts, replacing filters etc. 

Stage 13 vms concerned with the actual calculation of 

the value of each cost element~· The working sheets for 

these· calculations are given in Appendix 9 , Each cost 

element was estimated either from company data for capital 

costs or from the CERS using company data for labour rates 

at 1975 levels, Table 26 presents a summary of the results 

of this LCC case-study, 

The study has now re8.ched stage 18 of the procedural 

model. At this stage :a cooparison bet .... ·een the plants under 

study should take place, This compar~sori indicates that 

plant B has an initial capital cost \·Fhich represents only 

7896 of the capital cost of' plant A, Ho\'Fever, because plant 

B has poorer reliabiJ.i ty and maintainabili ty charD.cteristics, 

it has a total di::.•ect maintenance cost some 2. 30 times 

greater than plant A, Table 26 shows tb~,t plant B is 

estimated to have over 5 times more br:':akil.own hours than 

plant A and to require approximately twice as many 

maintenance craftsmen to be employed to maintain it. 
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TABLE 26 

Sill1MARY OF ESTIMATED LCC 

COST ELEMF.lrT PLANT A PLANT B B/A 

ACQUISITION COSTS 808,150 632,500 .78 

t LH'E OVERHAUL COST . 50,000 80,000 1.60 . 
REI•WVAL COSTS 50,000 60,000 1.20 

llREAKDO\ffl MAil'TT. COST 33,860 169,663 5.00 

PREVENTIVE MAINT.COST 148,117 178,889 . 1. 21 

IWNT .MATERIALS· COST 88,777 291,639 3.30 

MAINT.LOGISTICS COST 8,877 29,164 3.30 

TOTAL DIRECT HAINT.COST 329,631 759,355 2.30 

TOTAL LIFE-CYCLE COST 1,187,781 1,441,855 1.25 ( as cons1de:red .here) 

Sill<Wu\.llY OF OTHER DATA 
--

TOTAL BREAKDO\'lH HOURS 4,812 25,236 5.24 

TOTAL PREV'ZNTIVE TV".AIN'T• 23,280 27,520 1.20 
HOURS 

MAIN1'ENA.NCE HANPOi'lER YR. 1 .5 man 1.0 man 2.00 

MAINTEUANCJ!; HANPOWER YR. 12 2.3 men 4.2 men 1.83 

RATIO LIFE-CYCLE COST 
1.47 2.26 . 1.40 

ACQUI3ITIOl'T COSTS 
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The procedural model has been followed in this case-stud~· 

and as a consequence the life-?ycle cost analysis has been 

reduced rationally to a consideration between capital costs 

and ono..going direct maintenance costs. Vlhilst this· case-study 

has been extensively simplified it illustrates the 

impact that reliability and maintainability characteristics 

can have on the cost of O\m:ing plant and the potential .. · 
losses in revenue which.stem from owning plant with many 

thousands of hours of brea.)l:dovm time during i:ts 'life-cycle. 

Stage 19 would require that plant A be procured despite 

its higher capital cost. As a result of this type of 

analysis it can be seen that the company would probably 

never again procure plant type B • In this \1ay, · .. -· ... "''· ... ,'') 

the company will be reducing its future on-going costs 

·· ....... :'·. ' 

of operating and maintaining its production plant. Experience 

gained in operating plant A can now.be fed-baclc'to"the 

manufacturer and improvements in reliability and 

maintainability could be introduced into the plant.Thereby 

further reducing the levels of brealcdmms and preventive 

maintenance activities. Future plant desigrw ~~ould therefore 

benefit from this data feedback thus indicaiJng the 

cyclic and iterative nature of the procedural F.odel 

proposed in Chapter 19. 



20.5 Summary. 

This chapter has presented an example of the 

application of the procedural model developed in the 

previous chapter. The .example. was· hypothe:bicaLin .. tl'Iat 

the situation described did not actually take place 

within the company. However, actual historical data 

collected from company records,were used in order to .. · 
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estimate the magnitude of.the cost elements• Furthermore, 

the example is realistic in the sense that the type 

of situation described is not untypical of the type.of 

decision which faces xhe managements of manufacturing 

companies. The application of. the procedural model 

facilitates a step-by-step analysis and justification 

for the selection of a particular item of plant. 

The example has many limitations ,as '~ere des cri bed 

in the text,and such considerations as investment allowances 

and grants, taxation, depreciatio~ ~•d of course the 

estimated revenue must now be taken into account in o:::·der 



CHAPTER 21 

SUMMARY AND CONCLUSIONS ON RESEARCH 

INTO LIFE-CYCLE COSTING 

21.1 Introduction. 

This chapter presents firstly a summary of the 

research work carried out into,the technique of life-cycle 

costing. It then draws some conclusions that can be 

made regarding the application of life-cyole costing 

within manufacturing industry. Conclusions are also 

dra~~ from the findings of the postal questionnaire 

survey of experienced practitioners in the United States 

and Sweden. 

21.2 An OVerview of the Research \vork. 

The research work carried out into the concept 

and practice of life-cycle costing has been presented 

in Chapters 17,18,19 and 20 of this dissertation. 

Chapter 17 ~ras concerned wi.th establishing the historical 

development of life-cycle costing on an international 

basis. This chapter stated also some of the definitions 

of life-cycle costing. The definition offered by the 

Department of Industry is the one which was assumed 

throughout thi::: research \'lork. The advantages and problems 
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associated with the use of life-cycle costing were 

outlined also. . 
Chapter 18 presented the industrial research. This 

240 

chapter covered the objectives of the research,the approach 

to the participants, the response from the postal 

questionnaire and then described the findings of the 

research in detail. 

Chapter 19 was concerned with the development of 

a procedural model to facilitate the application of life• 

cycle costing as an economic· evaluation technique for 

manufacturing plant and equipment. The objectives of 

developing such a model were described together with the 

assumptions made. The model \>ras then described in detail 

as a "b.1enty two stage procedural model which was both 

cyclical and iterative in nature. Cost element check 

lists, examples of cost structures ~d cost estimating 

relationships were given, A general schema of the 

procedural model vras presented in Figure 22. 

Chapter 20 presented a brief case-study in the use 

of the procedural model. In this case-study data v;c:rc 

acquired from source documentation \'li th::.n company E of 

the industrial research described in r~rt 1 of this 

~issertation. The case-study was hypothetical in nature 

because company E had not in fact even heard of life-cycle 

costing at the time of the research visit. Therefore, 



the case-study gives only an indication of the way in 

which the model could be applied. 

21.3 Conclusions. 

This section presents the conclusions drawn from 

the work described in the foregoing chapters • The 

conclusions are presented in three sections. The first 

considers the conclusions relating to the development of 

the technique of life-cycle costing. The second section 

deals with the findings of the survey of practitioners 

in the USA and Sweden and the third section draws some 

conclusions regarding the development of the procedural 

model and its applications. 

21.31 flle Development of Life-Cycle Costing. 

In Chapter 1 page 1 the objective of this part of 
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the research into life-cycle costing was stated as follows:

To investigate the historical deyelopment of life-
cycle costing. 

As a result of the work presented in Chapter 17 of this 

. dissertation, the follo1dng conclusions are drawn. 

1) That life-cycle costing developed due to an increasing 

concern expressed by the military a"J.thor1 ties that the 

on-going costs of supporting military equipment were 

becoming excessive and that a more effective method 

than the 'low-bid' must be developed as a means of 

equipment selection. 

2) The mil:i. tary autho:r:i tie:J \·/ere concerned also that 
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the availability of some items of equipment was 

poor in relation to its desired level and that more 

attention needed to be given to reliability and 

maintainability characteristics as important parameters 

_in system design. 

3) The technique of life-cycle costing should be developed 

within manufacturing industry for the same reasons 

that it was developed within the military environment. 

This author concludes that the justifications for 

developing life-cycle costing a·s· -an· inte·gral part of 

the appraisal of equipment procurement and design is 

applicable equl:'llY to· the procedures \'fhich should be 

adopted to evaluate manufacturing plant and equipment. 

4) Life-cycle costing has developed into a standard 

evaluation technique within the American~S"wedish and British 

Defence industries and that this level of commitment to 

the technique should reinforce the view that the tec~~ique 

should be considered seriously by those engineers, 

managers, accountants and directors who are responsible 

for the e:f.fective allocation of resouroen \lithin their 

organisations. 

5) The application of the· technique has certa:!.Yl limitations 

which must be understood by users and its greatest value 

is in the compa.rati ve evaluation of mutuE::' .. ly excluBi ve 



assets and when great accuracy is not required. 

21.32 Establishing Some Fundamental Precepts. 
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In Chapter 1 page 1 the objective for this part of the 

research into life-cycle costing was stated as follows:-

To investigate some of the .fundamental precepts surrounding 
the technique of life-cycle costing. In particular the 
qualifications and experience required,the use of 
accounting and quantitative techniques,the management 
and organisational considerations and the limitations 
and other important issues which are associated with· 
application of life-cycle costing. 

In order to achieve this objective a postal survey of 

experienced practitioners was conducted. The survey obtained 

the experiences of eight life-cycle costing practitioners 

seven of \'lhom were from the United States and one from· 

Sweden. As a result of this survey the following 

conclusions are drawn. 

1) That life-cycle costing is performed by engineers 

as a tool for the evaluation of ~he engineering 

characteristics of a system • 

2) That life-cycle costing analysts do exist, most of 

\"lhom have bachelor degrees in engineering ,with some 

analysts having higher degrees in business, economics 

operations research and mathematicc. 

3) That within the context of manufad;uring industry, 

a:value engineer or industrial engineer would have 

a sui table combination of knowledge and skill to ··:: 

become a life-cycle costing analyst. 
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4) That experience of the user organisation and 

familiarity with the plant.under study is of vital 

importance to the successful application of life

cycle costing. 
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5) That life-cycle costing should be introduced into the 

curriculum of bachelor degrees in eng.i,neering and 

finance. It should be introduced also. at master's degree 
·' 

level and where appropJ:iate on short courses as part 

of post-experience development within companies. 

6) That ideally life-cycle costing should not be 

pe_rfcrmed by a single 1expert 1 but that a combination 

of skills is required if the technique is to be exploited 

to the full. 

7) That as a result of the opinions expressed in the 

questionnaires,the following quantitative and accounting 

techniques ,.,ere found to be used in conjunction with 

life··cycle costing:-

(a) three respondents used post-completion auditing. 

(b) five respondents used discounting. 

(c) six respondents used inflation .i.ndices. 

(d) all t•espondents used risk and sensitivity analyses. 

(e) sevP.n :r.·espondents used cost estimating relationships. 

(f) sev-en J.·espondents used cost-effectiveness analysis. 

·(g) seven respondents used trade':"off analyses. 

These findings indicate the complexity and depth of 

analysP-s carried ou·!; •~hen using life-cycle costing 



as an evaluation procedure for engineered systems. 

8) That as a result of the findings from the postal 

questionnaire survey the following management,and 

organisational considerations stemmed from the use 

of life-cycle costing:-

(a) seven respondents used computers to pe:i-form 

life-cycle costing analyses. 

(b) six respondents required life-cycle costing to 
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be carried out as part of a contractual commitment 

(c) four. respondentc used minimum life-cycle cost 

. as a basis for decision making. 

(d) one respondent used maximUm cost effectiveness 

and one respondent nsed design-to-cost and design

to-life-cycle cost as a basis for decision making. 

(e) £our respondents employed LCC analysts ~1ho worked 

entirely on life-cycle costing studies. 

(f) the remaining four respondents stated that LCC 

analysts were employed on a variety of other 1r10rk 

such as reliability studies,maintenance cost analysis, 

operations research, operations al:':;..lysis, engineering 

projects and five year budget planning. 

(g) All respondents were found to use data banlcs of 

historical information which were regularly updated. 



(h) In all the organisations in ~;hich the 

respondents were emplo~ed the LCC analysts 

were located in engineering departments. 
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(i) That an important feature of life-cycle costing 

is to recognise that the technique only produces 

'ball-park' estimates for comparison of alternative 

systems under study. 

(j) That familiarity with the user organisation and 

the policies,proce4ures-and structure of the 

organisation are important~_ 

(k) That familiarity '~i th the plant is of prime 

importance. 

(1) That the life-cycle cost model must be compatible 

with the accounting procedures of the user 

organisation. 

(m) That life-cycle cost analysis models .of a generaHsed 

nature are unlikely to be meaningful. Analytical 

models must be tailored to the specific type of 

study under consideration. 

{n) That the develop:nent of procedural ;rcti.delines 

should. be the first stage in an,orga.nlsatio:n's 

strategy for the implementation of li.t\;-cycle 

costing as an integrated economic evaluation 

technique for manufacturing plant a..'1•l equipment. 



20.33 The Development of a Procedural Model. 

In Chapter 1 page 2 the ~bjective for this part 

of the research was stated as follows:-

To develop a generalised procedural model to 
facilitate the use of life-cycle costing as an 
economic evaluation technique for manufacturing 
systems. 

This objective was met by the work carried out 1n · 

Chapter 19 of this dissertation. As a re.sul t of this 

research work the following conclusions are drawn:-
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1) That no procedural model existed to facilitate the 

application of life-cycle costing 'I'Ti thin manufacturing 

industry. This dissertation is to the author's 

lmowledge the first attempt at such a procedural model. 

2) That a procedural model should be the first task of 

any organisation 'I'Tishing to implement life-cycle 

costing. 

3) That once a procedural system has been introduced 

then specific analytical models can be developed in 

order to evaluate life-cycle costs, perform trade-off 

analyses, cost-effectiveness analyses and so on. 

4) That a pro~edu:r.·e of the type developed in Chapter 19 

can be regardecl us ·sufficiently comprehensive to enable 

manufacturing orgr.:cisations to adopt the life-cycle 

costing technique as an integrated. part of their 

evaluation procedures for nev1 plant designs a."1d 

procurements. 
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5) The example given in Chapter 20 of this dissertation 

illustrates the way in which the technique of life

cycle costing could be applied to the evaluation of 

manufacturing plant. It is concluded here that this 

type of application could improve greatly the decision 

making ability,·of those engineers,managers and directors 

responsible for the allocation of resources within 

manufacturing organisations. The technique should be 

of particular value when attempting to justify the 

increased allocation of resources to improve the 

reliability and maintainability characteristics of 

plant. 

6) The application of the• procedural model should 

provide a complete, coherent and step-by-step econo~ic 

justification for an item of manufacturing plant. 

Furthermore, it should be possible to identify and 

examine the \·:ay in \':hich decisions were arrived at 

and to explore the decision chain in order to ensure 

that all the relevant parameters,concerning the plant 

under s~ldy,have been considered. 

20.4 Summary. 

This chapter has presented an overvie\'1 of the \'tork 

carried out in this section of the dissertation. The 

conclusions ciravn as a result of the r'e;;earch carried out 



in Chapters 17 to 20 have been stated. 

This. chapter concludes the research work carried . 
out into the concept and practice of terotechnology and 

life-cycle costing. The next chapter is the first of the 

three chapters under part 3-of this dissertation. This 
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part is concerned with postulating some future developments 

for terotechnology and life-cycle costing and with outlining 
·' some suggestions for further research work. 



CHAPTJ?R 22 

FUTURE DEVELOnlENTS IN THE CONCEPT AND 

PRACTICE OF TEROTECHNOLOGY 

22.1 Introduction • 

. This chapter attempts to outline some of the 

possible future developments in the concept and practice 

of terotechnology. These speculations have been based 

firstly on a consideration of the current state-of-the

art within those companies that the researcher :perceived 

to be leaders in the application of terotechnological 

practices. Secondly, they have been based on the findings 

of one day visits to 16 organisations \~i thin manufacturing 

industry, local government, the armed forces. and passenger 

vehicle operators. Thi.rdly, they have been based purely 

on the author's ev"aluation of the way in which the 

concept and practice of terotechnology may develop in 

the future. Therefore, the background to these s:peculatlons 

has consisted of interviews with over 90 dtrectors,managers. 

engineers and accountants in 22 organisations within the 

United Kingdom. 

22.2 Some :Possible Dev-elopments 

These developments are outlined in the t\vo follo\ting 

sections. Th<::· first considers the concept oi' t.erotechnology 

and the second deals with the practice of ;,;;:c·otechnology. 
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22.21 Developments in the Concept. 

Discussions with many personnel in the organisations 

visited,revealed that the word terotechnology was disliked. 

Many felt that the development of a new word was counter

productive. The understanding of the definition of the 

word varied considerably. From these findings it is 

postulated here that the \~ord terotechnology will fall 

into disuse. The researcher's view is that the term 'life-

cycle management' is much preferred within industi7 and 

the services. It was fotmd also that using this term 

enabled-discussion of life-cycle costing to. take place 

directly and naturally as an associated concept to that 

of life-cycle management. 

The concept of 1caring-for 1 plant and equipment was 

found to be well received. The interpretation placed on 

the word terotechnology was -~ery varied and only, one --· 

organisation was found to hav-e developed·its own ideas 

on the way in which the concept could be interpreted. 

In general, .it \1as foUlld that industry preferred self 

defining terms such as life-cycle management and physical 

asset m~~agement to the word terotechnology. It is 

suggested here that it \'fill be the term life-cycle 

management which supercedes eventually the word 

terotechnology. 

I 
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The \'fay in which the concept of terotechnology is 

interpreted will be subject to.considerable change over 

.the next few years. One organisation is knovl!l to have 

formulated a view on the vray in which the concept applies 

to their particular requirements. This view has been 
- . 

expressed by the the organisation~ director of engineering, 

Mr.H.Darnell,in two papers referred to in Chapter 3 of ... 
this dissertation. The British Steel Corporation have, 

under Mr. Darnell's leadership,developed comprehensive 

terotechnological procedures based on his concept that 

.terotechnology can be considered as a subsystem of an 

organisation concerned \d th the application of business 

objectives to the management of its permanent physical 

resources. British Steel have formed a special depa~tment 

of terotechnology at the London headquaters with the tusk 

of developing a terotechnological approach to the management 

of the organisation's plant and eg_uipment. One result of 

this worlc has been described by Harvey( 93 ). This wus 

the Thybergh Bar r-1111 project \'{hich was designed with 

many terotechnologica1 features and at the time of the 

author'S visit had ':U:C[)assed all previously recorded. 

performance figure~1 for• steel plant throughout the vrorld. 

Figure 25 shows the wu:ck-up performance of the Thrybergh 

Bar ~till in comparison to other recent installations, 
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Other examples of the application of terotechnological 

concepts ~~d the benefits accrued.from such application 

· are described by \•feigel (94 } and .. Rappini (. 95 ) •. 

What is clear in the author's view, from these ex~~ples, 

is that there needs to be an integrated organisational 

system established to ensure that terotechnologically 

orientated ideas can be considered and put into practice 

within the organisation. ~1at is to say that the 

interpretation of terotechnology,developed in Chapter 4 

of this dissertation,is likely to became the accepted 

way in which a detailed,integrated and conscious attempt 

to develop terotechnolog:i.cal practices within an organisation 

could be achieved. 

Further development of the concept is seen in the 

education and training of engineers and acqount~~ts and 

so on. Educational establishments have been actively 

encourageQ to introduce terotechnology into courses and 

this effort is resulting sl01'rly in several new courses 

and modifications to existing ones. This effort will 

continue to develop but once again it i.s the author's 

vie\'/" that the word terotechnology is J.:ikely to be replaced 

by more widely acceptable terms such as those mentioned 

earlier. 

The author ls a member of a working party o:f 

the Chemical and Allied Produc~s Industry Training Board 
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This \rorking par"ty has the task of developing training 

recommendations :for the introd~ction of terotechnological 

concepts and practices within the industry. Such developments 

as these will continue but their impact is of course 

long term. 

!n the author's: view one of the most significant 

contributions that the development of the new .\'lord has 

made is in terms of awareness. This awareness has been 

demonstrated by the high levels of attendance at conferences, 

the interest shown by government and educational 

establishments and by the level of interest shown by 

the personnel that have been interviewed during the 

course of this research \'lork. In particular; industry 

seems to have become more aware of the need to increase 

the reliability and maintainability charateristics of 

plant and to consider on-going costs of operating and 

maintaining plant in greater depth than has hitherto been 

the practice. It is felt that this increasing awareness 

~rill continue and in particUlar there will be a demand 

to integrate engineering considerations with "'conomic 

analysis to a much greater extent than is th:; uurrent 

practice. 

To summarise the possible future develop~e.r1ts in 

the concept of terotechnology, the author· coYl.siders 
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that firstly,the word terotechnology will be replaced 

by the term 'life-cycle manage~ent'. Secondly,that whilst 

organisations will need to develop their own interpretation 

of' terotechnology, the l~ind of interpretation developed 

in this dissertation .. should be considered as one possible 

way to move forv1ard. Thirdly, that there will be greater 

integration amongst those disciplines concerned vli th 

the life-cycle management of plant and equipment. 

Further developments ~1ill take place in education and 

training which will provide a medium and long term 

development of the concept which will become eventually 

an accepted and integral part of industrial life. 

Finally, the level of awareness for reliability and 

maintainability as important plant characteristics will 

continue. Furthermore, it may well be the case that 

'directives' or 'codes of practice' may be introduced 

which will promote the detailed consideration of 

reliability and malntainabili ty together \'Ti th the . 

. pusui t of econmiilic life-c;)rcle costs within equipment 

procurement contracts and ·so:·on. 

22.22 Developments in Practice·. 

The fi~st development that is needed in ihc 

practice of terotechnology is in the collection,analysis, 
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reporting and use of data on plant design,performance and 

cost characteristics. Some of the organisations visited 

are carrying out projects in this field. For example,one · 

organisation was·developing a rationalised data collection 

system for the 40 locations throughout the U.K. in which 

maintenance work was carried out. Another.organisation 

had developed a system of data _,feedback to its plant 

suppliers and two other organisations.were investigating 

the· nature of data collection which ~rould be most 

appropriate to their needs. 

Improved maintenance practices are seen also. as vi tal 

fUture developments. Again several companies were examining 

their existing practices very closely and at the t:i.Jnu of 

one visit a firm of management consultants ha.d been called 

in to make a presentation to the company's engineering 

staff, Another company had set up a project team to 

examine the maintenance characteri3tics of majcr pl~~t 

As a result of this study, 64 maintenance problems '"ere 

highlighted, 

Within manufacturirJ;>; industry, the role of the 

production engineer ;;ho~tld be given more attention in the 

development of terotec:l;nological practices. This possible 

role vras des cri bed b3>· narvey( 96) in which the production 

engineer is seen as o. central figure in the design,selection, 



technical and economic appraisal and on-going use of 

manufacturing plant. It is suggested that this role 

be examined more closely in the future and resources 

allocated in ord.er to allow the production engineer to 

avoid the 'low-bid' procurement practice. 
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Further developments shoulu be pursued in the design 

of manufacturing plant. Design for reliability and design 

for maintainabili ty \'lere found to be little lmovm te=s. 

Currently, these expressions seem to have meaning only in 

the military sectors of industry. It is suggested that 

these practices must be developed if significant 

improvements in operational perfo=ance are to be obtained 

from manufacturing plant. It \'las found that,. in general, 

the pressure to purchase or design to a low initial cost 

far ou~deighed the desirability of increasing the initial 

costs in order to reduce the life-cycle cost. 

This leads to the need for a further important future 

development. That is the d.i~Velopment of attitudes. Top 

management must change their attitude towards cap.i.tal 

expendi tv.re if the prectice of terotechnology in to be 

successful. Designers and plant selectors must be prepared 

to propose plant procurements on the basis of life-cycle 

cost rather th::o.n purchase price. ana \·rhat is more important 

they must be able to defend the logic of this approach. 



A further important development is seen in the need 

to establish much better plant specifications and 

contractual commitments. Specified reliability and 

maintainability characteristics, specified functional 

systems documentation, specified condition monitoring 

equipment and so on would soon make plant designers and 

manufacturers take some notice of industry 1·s commitment 
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to the application of terotecru1ological practices. This 

was again highlighted by the British Steel CorporaUon 

when they decided to incorporate functional systems' 

documentation as a designed-in feature of the plant for 

Thrybergh Bar Mill. As a result of their action tvm major 

suppliers had to se·t-up ne~r departments in order to supply 

the fault diagnosis systems specified by BSC. Specified 

reliability and maintainability is again now a common 

practice in the military sector of industry. ~~rthermore, 

some military procurements are no·,., based on ., incentive 

contracting' in \'fhich incentives are offered to GUPI'liers 

to exceed the specified minimum level of performance • 

.Hovrever, if the spe~i:fied level of perfo:emance is not met 

then the suppl1er fact:s penalties. It is suggested that 

these types of practicrs should be examined and if they 

can be applied to general manufacturing industry then 

they should be encouraged as desirable improvements in 

the way i.n which crm·i:racts and specif.i.cations are laid do\m. 



To summarise the developments in the practice of 

terotechnology as perceived by ~he author • Firstly, 

data management \·till need to be improved greatly before 

terotechnology can even begin to have an effect on plant 

performance.Secondly, maintenance pracUces will need to 

be improved and the role of the maintenance engineer , 
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in the decision making process,needs. to be recognised. 

Thirdly, the role of other disciplines needs to be examined 

and consideration given to the contribution that they 

could make to the successful application of terotechnological 

practices. In addition, the need to improve .design for 

reliability and design for maintainability is of paramount 

importance in the future development of terotechnology. 

Emphasis on low initial costs must be shifted tm·rards 

lo'l"t life-cycle costs. However, this task is largely 

dependent on the commitment to terotechnology by top 

management who issue policy directives and sanct.i on 

procurement decisions. Lower levels of managemen·t a.1:.d 

cmgineering must be provided with the skills and knOi'lledge 

to adopt and defend d.:'lcisions based on life-cycle cost. 

Plant contracts an;:l. el"~cifications must be improved ?..n<l 

techniques current.l.y i:a use by the !!!ili tary establishment 

should be examined &"la applied to mnnufacturing plant , 

wherever applicable. 



2 2 • 3 Suro:r:ary. 

This chapter has outlined s~me of the possible 

future developments in the concept and practice of 

terotechnology. Some of these developments that have 
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been suggested are in fact already in use in the military 

sector of industry or in the major manufacturing 

organisations of the U.K. It is the author's opinion 
·' 

that practices adopted by the defence organisations 

have often been applied successfully in general 

manufacturing industry a~d g~ven time the same ~ill be 

true of advanced life-cycle management practices of 

the types suggested in :thie chapter. 

The following chapter considers some possible future 

developments in the application of life-cycle costing 

within manufacturing industry. 

: 



CHAPTER 23 

FUTURE DEVELOPl1ENTS IN THE APPLICATION 

OF LIFE-CYCLE. COSTING 

23.1 Introduction. 

This chapter attempts to outline some of the 
_, 

possible future developments in the technique of life

cycle costing as applied to the evaluation of manufacturing 

plant and equipment. As with the speculation~'! regarding 

terotechnology, the developments proposed in this 

chapter have been based on the research within a total 

of 22 organisations. In addition, the views expressed 

by the eight respondents to the postal questionnaire 

on life-cycle costing have also been taken into account. 

23.2 Some Possible Developments. 

These developments are outlined in the following 

. three sections. The first deals with the need to have 

a transference of exper1ence from the experienced mili tc.r;,r 

users of the technique to the perhaps scepti~al industrial 

users. The :::econd considers the need to -te~:t the teclmique 

thoroughly before it can become standard I•rae·~ice and the 

third section outlines some of the attemp"!:1J ;)1at are 

already being made by major comrlanies to uti.:tise .. 
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the technique. 

23.21 The Need to Transfer Experience • 

. A major development which the author suggests 

as vital to the successful development of life-cycle 

costing is that the considerable amount of experie~ce1 

within the defence industries and armed forces,should be 

transferred to manufacturing industry •. The armed forces 

now have over twenty years experience in the use of 

life-cycle costi):lg. To some .extent this transfer of 

knowledge is taking place .already in that two major 

international conferences were held in late 1977 and 

early 1978. In both cases all the speakers were from 

the defence industries :?,!ld armed forces. The author 
' 

has visited senior members of the M.inistry of Defence 

Procure;nent Executive and members of the army's data 

management centre at \'Tool\'li.cb.. The experience held \1i thin 

these· o:..•ganisations and others should be disseminated 

so that .. inanufacturing industry may learn from the 

experience of the defence industries and thereby accelerate 

_the detailed appraisal of the techniq•~') necessary before 

it can become standard practice within manufacturing 

industry. Knowledge is building ur also in the airline 

operating companies and in some rental based organisations 

' such as Rar~ Xerox. The experience of the author 

indicatf~s that these organisati.ons are very willing to 
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discuss their experiences in the use of life-cycle 

costing. However what is needed is· some form of central 

or governmental incentive to disseminate .their knowledge 

on a wider scale. 

The educational and research establishments have 

a major role to play in this transference of knowledge 

and it is the author's vie'" 'that· further resources 
.. 

need to be allocated to enable research, short courses, 

publications and so on to be mounted. 

23.22 Establishing the Validity of ~he Technique. 

Another important development,which needs to take 

place,is that of validating the.applicability of the 

technique to the environment in which investments must 

be made within manufacturing industry. The author 

has heard often the c'onplaint that the defence industries 

have a 'bottomless pot of gold' an~ that such sophisticated 

techniques as life-cycle costing, cost-effectiveness 

analysis and trade-off analyses would be too expensive 

for most manufacturing organisations •.. However, ac has 

already been pointed out in Chapter 19 ;v1hat is needed in 

manufacturing industry are simplifiet procedures which 

facilitate :the same process of analysis but at a level 

of depth whicb is appropriate to the needs of the 

particular study being ~!dertaken. The professional 

institutions should establish their policies rcgardine 



the validity of life-cycle costing as a method of 

economic analysis for manufacturing plant. 
. . 

The validity of the technique should also be tested 

by conducting case-studies and developing and testing 

_analytical models of life-cycle costing, OVer 200 

analytical models have been developed by the military 

organisations and some which the author has seen 

extend to over 200 pages of expl·anation, . computer 

programmes and eventually the ·printouts of the results 

of the evaluation, Such models would in the author's 

vie\~ be cotmter-productive for manufacturing industry, 

23,23 Puture Developments in Industry, 

Of the 22 organisations visited during the course 
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of this research(between 1975 and 1976) six orga~isations 

are known to be using life-cycle costing or examining 

the applicability of the technique, In one company 

internal seminars and lectures have been held in order 

to introduce life-cycle costing to project engineers, 

accountants, maintenance engineers and other members 

of the management structure. In another company an 

on-going project has been-established to create a data 

collection system, test out life-cyele costing on a 

pilot basis and several internal courses have been run, 

In another company case-studies have been conducted 

an.d exarnples of the ....-ork that this c:cr:!:pany has carried out 



266 

were pr.3sented at the Tero 77 C:onference( 97 ) by 

f>!r.s.E.Kay. This development should continue to gather 

momentum.and other companies.will almost certainly 

begin to investigate the.use of the technique. 

However, the author has serious·doubts about 

the way in which the technique is being taken up by 

industXy before standardised procedures and definitions 
.< 

have been developed arrd published • What appears to be 

happening at the moment is that each companyis adopting 
• 

its own definitions and procedures so that numerous 

varieties of life-cycle costing techniques may become 

established. \mat is considered to be a more deairable 

course is for a standardised procedure to be· developed 

and supported by the institutions SO that it C8..'1. then 

be applied to each ccmpany environment as their needs 

dictate. The need for a standardised approach is 

p?-rticularly important of cour:::e if the technique becomes 

part of a contractual requirement as is the ca.se in 

many defence contracts. If each supplier submits a 

proposal for the c1.Goign and manufacture of a:r.. :l. tem of 

ma..--iufacturing plant 1Jased on life-cycle costing_ ,then 

i"t .is. escwntial that they are all using the same 

procedure, defini ti~11ts and assumptions. 

To summarise the developments S()en to be required by 

the author. The n.rst develop:~ent should be in the 
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field of wider dissemination of lmowledge and experience 

in the use of life-cycle costing. The second is seen 

in terms of encouraging more detailed research into the· 

use of the technique as a means of appraisal for 

manufacturing plant. The third is seen in terms of 

a need to establish the validity of the technique and 

the feasibility of adopting ~~eh in-depth procedures 

within a commercial industrial environment. The fourt~ 

and perhaps most important development should be in 

the development of simple standardised procedures for 

the implementation of the technique. The fifth development 

seen as important by the author is to ensure that' 

the technique has the support of the institutions and 

that this leads to wider use of i·rhat should become a 

standard evaluation procedure for manufacturing plant 

and equipment. 

23.3 Summary. 

This chapter has described some of the future 

developments considered to be desirable by the author. 

Some of these developments are already under way within 

industry and most .;!' them are ·standard practice in the 

defence industrie~>. lr: the potential benefits, as described 

in Chapter 17 ,are t.o ·oe realised then these 
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speculative ideas must become ree.li ty. The teclmique 

has a long 'iray to go but the extent of the interest shown 

by industry has been remarkable for such a ne,., technique. 

The follm'ling chapter outlines some suggestions 

for further research work in terotecr.nology and life-cycle 

costing. 



CHAPTER 24 

SUGGESTIONS FOR FURTHER WORK 

24.1 Introduction. 

This chapter describes some suggestions for carrying 

out further research \'/Ork in the fields of terotechnology 

and life-cycle costing, The findings of the research , 

presented in this dissertation, leave many unans\'rered 

questions about the way in \'rhich terotechnology and life

cycle costing should be applied to manufacturing industry, 

~ne suggestions are presented in two sections, The first 

considers further work in terotechqology and the second 

describes some suggestions for further work in life

cycle costing. 

24,2 Suggestions for Further Research in Terotechnology, 

The findings of this research highlighted the 

following ideas for further research endeavour, 

1) To carry out industrial research to establish the 

\'lay in \'lhich the concept of terotechnology has been 

interpreted by engineers,managers and ac:oountants, 

2) To carry out industrial research to esto.:.>lish if 

the word terotechnology is actually in :reg;c~lar use 
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as a managerial or engineering tem. 

3) To carry out industrial research into the application 

of terotechnology to detemine what effect such 

application has on the financial performance of 

a company. 

4) To carry out industrial research to establish the 

value of using the terote_chnology concept as a 
"· 

product marketing tool. 

5) To carry out research which will provide detailed 

case-studies in the application of terotechnological 

practices and their subsequent effect on the 

perfomance of the product, 

6) To carry out research into methods of assessing 

the. 1pay-off 1 to be gained from applying terotechnology 

to a plant design(ie, increasing its reliability and 

maintainability characteristics) against the cost 

and time involved in applying techniques to improve 

these characteristics. 

7) To carry out resea.rch into the way in which the 

application of terotechnological practices varies 

according to the industrial sector,(ie. what differences 

exist between practices adopte~ by the chemical 

industry and sa:y the vehicle manufacturing inclustry) 

8) To carry out research into the training implications 

of introducing terotechnology into an organisation, 
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9) To perform a replication of the research work 

carried out in this dissertation in order to 

determine if the findings of this 1'rork hold true 

for a different sample of organisations. 

10) To carry out research into the sociological problems 

associated with the need to have greater interaction 

benreen professional disciplines "'i thin an 
.~·. 

organisation and methods of breaking down specialist 

barriers to communication. 

These suggestions are not exhaustive in nature, but 

do indicate those areas which should receive attention 

from researchers endeavouring to advance our knm·rledge 

about the concept and practice of terotechnology. 

24.3 Suggestions for Further Research into Life:-cycle Costing. 

The findings of this research work into life-cycle 

costing highlighted the following ideas for further 

research endeavour. 

1) Industrial research to establish, in detail, the 

>tray in which those companies who. are applying LCC 

have done so &'ld the reasons >trhy they decided to 

utilise the tec:'b..;.1ique. 

2) Research intc' the ';ray in which the Ministry of 

Defence have app~ied life-cycle costing and their 

experiences in the use of the technique. This worlc 

should then be <lisseminatcd to industry in general 

in order to stimulate interest and application of LCC. 



3) Research,on a case-study basis,to investigate 

the cost of implementatio~ of a life-cycle costing 

procedure within a manufacturing organisation. 
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4) Research into the possible application of life

cycle costing to other environments such as local 

·government, hospital equipment,· buildings services' 

plant and buildings. 

5) Research into the problem of applying discounting 

techniques to long-life systems and the way in which 

such systems should be treated from a life-cycle 

cost viewpoint. 

6) Research t'o carry out long term 1follov1-up 1 analyses 

of projects,selected on the basis of their low 

life-cycle cost,to determine the accuracy of the 

forecasting ability of cost-estimating relationships 

and predicted reliability ~~d maintainability 

characteristics. 

7) Research to establish how life-cycle costing can 

be integrated \'li th conventional investment appraisal 

techniques for manufacturing plant. 

Research to establish how to cost for Iost production 

from b:r.·eakdo~ms and the validity of i:r,chvling such 

a cost element in an LCC analysis. 

Research to develop specific analytical models for 

, the evalu.a tion of a lii'e-cycle cost fol~ particul<J.r 

types of m"nufe.ctui~i.ng plant. 
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10) Research to establish the most effective way of 

introducing life-pycle costing·into an organisation. 

(ie. should one engineer or accountant be trained in 

the technique or should it be performed by a team?) 

11) Research to develop a range of life-cycle costing 

case-studies for wide dissemination within industry 

and education. 
.J 

Again these suggestions are.not intended as an 

·. exhaustive list but as an indicati9n of the 

direction in which research should be developed. 

24.4 Summary. 

This chapter has outlined some of the suggestions 

for further research ·that this work has highlighted. 

Inevitably all the ideas pr0posed in this chapter 1~ould 

require considerable time and commitment of resources. 

Nevertheless, the effort would be \yell rewarded by 

·wider understanding and a.pplication of life-cycle 

costing as a technique for the economic evaluation of 

engineered sysrtems. The suggestions for further research 

into the concept and practice of terotechnology 1·rculd 

probably be even more difficult to pt:.:::-sue but again 

the rewards could be substantial if :::uch research led 

to a wider un6.erstanding and application of 

terotechnological practices. 

This chapter conclucl.cs the work presented in this 

dissertation. The appendices and list of worlcs ci tecl 

follow this chapter. · 
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APPENDIX 1 

(a) Industrial research letter of introduction 

(b) The research brochure. 
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Professor T. M. HUSUAND, Ph. D., Urit.ish Unit~·d Shoe MachincryProf~-,sor ofM:mufacturins Org:anis.ation 

I.am currently engaged on postgraduate research vhich is being D~nded 

by the Science Research Council.My research is aimed at investig~ting 

hov .companies manage the life - cycles of their plant and equip~ent. 
That is,hov plant is specified,designed,installed,commissioned,used 
and maintained~The objective is to dete"r:nine Yhat relationships exist 

bet~..reen various physical asset management practices and plant perfor.nance. 

I run •Titing to nsk if you vould be villing to assist ~e in this 

research work.I would very much like to use your company as one of my 

case studics.This vi11 simply involve me in visiting your company for 

a short per:i.od of time to co).lect data and interviev zeveral of your 
management personnel. 

Plear.e find enclosed a short brochure vhich outlines the objectives 

or my research and covers some other points that you may be i.:rterested 

in having clarified at this stage. 

If you vould like to assist me in this rczearch work and would like 

to discuss it further,please let me knov. I look fo~ard to hearing 
from you. 

Yours faithfully 

Graham Harvey. 
Postgr3duate Research Studeut. 
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These notes are for the information and guidance of potential 'host' companies. 

I·hopc that manazers a"l.d engineers who rea~ these noted Yill be encouraged to 
collaborate vith the university in this research vork. Hopefully, the project 

well as providing . ' should produce results of value to the host companies as 

essential knowledge about the general nature of physical 

practices within rnanufacturiP..$ ind":stry. 

asset management 

The managerncnt of industry's physical asse~s has recently begun to receive 

a great deal of attention from government departments,institutions,consultants 

and educational establisho;cnts as .:ell.as from industry itself. 

The grouth in interest in this 1 cinderella' area of ma1-;.agement was sparked off 

by a government report vhic:h \Tas published in 1970. This repo1 .. t Yas centred 

around an investigation into the maintcnan~e practices of Dri tish manufacturin& 

industry.HoYeYer the repo1.•t aloo highlighted the fact that an asset requires 

managing fror:t its initial specification .o.nd design, to its installation, com:nissionir::g ~ 

operation,maintcnance aud ev('ntual removal and replacec.ent.A copy of ·t~~ 
report su:nmary is included on page 5 -.• This whole - life management approach 

has been ej.von the ne!:!.e Terote.chi10logy.It is suggested that Sritish industr-1 

could save approx.£500 million by the adoption of improved maintenance and 

life - cycle management practices (at I970 cost levels). 

Houever very little is kno\m ab·.:ntt the whOle - life physical asset r.mnage;nent 

techniques that are ewployvd by companies in order to ensure that their plent 

and equip::aent is \Jerking effectlvely throughout its economic life. 

THr.; 03.TF:CTI'!ES OF ~·IT P::~.EAH::tt. 

i) To invest:.gate the whole-life physical asset management p!"actices of 

rc.anufactur!ng industr:r. 

ii) To investlz~te the relationships that exist (if any) bet"ecn various 

physical asset mnnage:n.ent practices, plant perfor.nanc.;: and 

the Overall co:r.pany performance. 

iii) To investigate hrm the 'need' for whole - life physical asset man~,gcmcnt 

varie.s according to the co:ilplexity of the production procc~s • 

. • 

I 



~IHAT D!.n lHLL !m COLLECT,:D.? 

I vould like to collect data on the folloPing aspects of the company's 

orge.ni.s2.tion. (a) the gen~!'~l org!!..nisation st.!'Ucture, (b)ho,.,r the company 

specifies,dcoigns,installs,com:nissions,oper~tes,maintains and replaces 

.27'7 

its plant and equip:nent.(c )data relatinr; to the compary's. performance, eg. 

sales,profit,assets employed etc. (d)data relating to the plant's perfonnance 

eg.no.of breakdowns,operating costs,scrap levels etc. (e)a general description 

of the production process. 

HOH HILL TilE DATA BE COLLECTeD ? 

I shall collect the data within the. host c~mpany.I shall visit the host 

company at any time convenient to it.: I would iike td'tolk to 

several "onagers and other personnel <:ho held the date. that I wbh to 

collect.Data will be entered onto coded data collection sheets,or 

onto qnestionnaii'es. ~··· 

1!0>1 COc!FUl,'';,lm;\l, >!ILL THY: Sl'UDY B'l_? 

No documents or records of any kind will be removed by me from the host 

company's premises. No pubJJ.cation of the results of my study will proceed 

\.'ithout the written con:3en~; of the company concerned.How~~er it is desirable 

that the company vill t~.llot.l me. to use the data, in an anonymqus fom;wi thin 

the content of my thcsis.Such a referenc~ will take the form of the following 

example:-

Data collected from company'X' Small batch production. 

\o.'H~~T ASSISTA~~r.F, IS RE?UIP.~D }i'P.O!-f TIHLBQ1T r,ol_~TL? 

I would like to be able to :..nterview,quite brj.efly, various man.:1gcrs and 

engineers. who are associated with the manage:nent of the comp:·w:-'" 's phy3ical 

assets, e:g.Chir;;f designer, Production manager,~·faintenance mo.nat;cr~ Accountant, 

etc.! would also !'equii·e initial guidance in tl'e interpretation of co:npnny 

data. 

'l'here Yill be no cost to the coopany. '!'.he project is fir..:.tnced by the Science 

Research Cou.!'lcil. 

·' 
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\o.rHAT B'fo:iffii'!TS CAN THE H01T CO:,f?J\:IT. EJCP~T FRO\f TiiJS STQPY? 

}fuen I have collected and analysed the data from several different 

co::tpanit:s I. should then be able to co.rr"J cut s-ovc!":tl CC!!!p~rati\·e c.n:llyses. 

These vill probably take the form of comparing the practices of each company 

Yith the other co:npanies,and relating this t.o the success of the company's 

financial and operational performance,This should enable conclusions to be 

dra.wn regarding those m::mo.gcment practices that can be associated with 

high levelS of' ple.nt pcrform~nce and company success. 

From this and other forms of an:1lysis,I shall prepare a report for each 

company.'l'his 1.-.ri.ll outline the findings of my research,in general terns 

and as related to your p~rticular co~pany.It may also be possible to 
suggest improvements or modifications to e;isting practice "Which.have 

been shown to be successfully applied in other companies. 

)'niA'£ BEl~,SI_T_S l!ILL THE UUTI.f:R3ITY G·'.IN? 

I am. carrying out this research work :tn order to sub:ni t a thesis for 

the degree of Ph.D,In addition the university will gain a mur.'l clearer 

understanding of the practical problems that have to be solved when 

managing a companY's physical asscts.It is hoped that information regarding 

the problems that face those managers concerned W'i th asset mansgeraent 

will er..<tble future teachin11 and training coursns to be i!l.Odif.ied. to 

include this knowledge, 

·' 

3 
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!.UDUSTRIA~EARCJ:!.Jll!~L'fl!I~ rHYSICAL ASS~T LIFE - CYCLF. MAUr.GE~$Nt 

PRACTiffiS OF !·!Afil.WACTU:tJ.lTI IJ:iJUS'i'ClY. (BY CASE-.".iTl,illX} 

GElEM.L OUF:STIOm!A.InF.. CCNPA • .ciLL-------"- LOG/o.TIO:f. 

This que~ti.;->!'.naire is to be used to colloct general information 

about tne pnrticipdinr; eompaniee.T!us inCludes the r.n.turo o1' products, type o.I' 

production system,A.nalysis o1' the production procoss,riU:Jber of c::Jpl~oyce::; 3.n.d other 

general orr~nisationnl iniormation. 

I) Classification o!' industry 

2) M.ture ot· products 
J 

))Type or production systea (see opG:-a.tion sequenee and mechanisation protiln) 

'4)Typo or organisation 

5}Total number of employees at tho locat~on under study 

6)Comp~ey organisation etnrcturc(see seperate sheets) 

?)Tne number of levels of hierurchy in the organisation. 

8)The number ol' excc-..J.tiucs :roponsiblo(directly reporti1'1--C)to the 
chict' executive. 

9)'1'he operational and financial pcrformanco of the CO:::tpany(see separate sheet) 

.IO)The tunctioMl responsiblitles 1'or the lire- cycle management o:1: plc...."'lt ·and 
equlpo.ant. 

a)Responsible 1'or t.he specification o:f plant, 

b)Responsiblo for the desi~n of plant 

c)Responsiblc for the installation or plant 

d)Responsible for tne commissioning o1' plant 

e)Responsible. 1'or the manufacture of ula..'!t 
(i1" 1in rouse') · 

f)Responsible for the operation o1' the plant 

g)Responstblc 1'or the roa~ntenancc <;>I. p.lant 

h) Respon::;ible fer .th;} removal of plant 

1)Resoonsib!e fo.!" tno financial evaluation 
of ine plant 

j)P..csponsible fer iho d•)cision to invest in 
plant 

k)Respo_nsiblo fol" t,he F::'r"'IC'J.re:nent of plant 

!)Responsible for: oo!'sonnel selection 
rocr..ti tm.ent unti h·ai:) !.r.g, 

m)Rcsuonsible ror th.:~ t~:rovt:'lion or 
maMgcn:cnt il.d'o!',j[at!O.'l. 

_____ .,...:...----'-"'' .-,, ... 
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----------------------------------------------------------------------------, 

FI~:I.D I":E~1:f\1'.C:T : .ill~'IT.IOi:!~UW. rQ.J~·d 

Tm; SPRCWYI:Il OF Pl!YSICU, ASSF.TS(PT.ANr AND i'QUIPHENP OJlf,X)_ 

Im'~:RVIE~rr:r.S POSITION:-
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llO~.§. .• 'l'his questionnaire looks at the factors that could bo included wnen attempting 

to vet cpeci1'ic11tions terotoctmoloeica.lly·.Hou.ld YOl;l ploo.ce cont'ino your nm~wers to 
those practices that you adopt Vi th reDpcct to the .spcci1y:'.':lg o1' mo.jor 1 toms ot· 

capital equip~ent. 'l"'ni~ do~ a uot. inClude build:t113s and structul•es.Ii' you feel unable 

. to answer any que~tion accurately or !'eel it. is not relevant please say oo rather than 

just gl ving o. l:\0 e.ns\ler. 

Are any of the 1'ollowing 1'act::.rs included when laying down the speci!·ication for ·an 

asset against '\Jhich it ViLt be subsequently deaiened or procured7 

I )The working spcods nnd feec!s of the plant ? 

2 )Th~ c:apacity or the plant(siza· oi' work piece etc.)? 

. 3 )A t\easuro of tb6 product quo.li ty that is required? 

4·)The degree or plant accuracy required ? 

5 )The degree of' plant rcpeat~bility required? 

a a DD ___ _ 

DD ___ _ 
DO ___ _ 
DD ___ _ 

6 )The skUl level required or the oporator(ie.skillcd,a/s,u/s)O 0 -----
7 )Tho approXimate cost ot· the plant ? 00 ___ _ 

·. 8 )Th~ operating proUlC_of' the plant(ie.hrs.~n uoe/week. etc.)? DO 
-----~ 

9 )The utilisation factors of' the plant(ie.pumps etc. that only DO 
. need to operate oocasr.:ional!y)? · . -

IO)Tha r;eoeraphic location oi' tne plant? 

II)Tne workine cnvironr!lent Ot· the pls.nt? 

I2)Tne sal'ety requirements of ·the plant(ie,must supply t"ully. 
guarded etc.? )? · . 

I3)'I"ne mean time to repair a !'o.ilure that is required? 

I4)The delivery dato? 

I5)The mean time bet~cen failures of the plant? 

I6)Thc need to bo cupplied \.1.tn pl~eventi;.zo m£dnte:ru.llce 
SChCd.uJ.,.,c'] 

I7)'lho no~od to bo provided with plant overhaul schedules? 

IS}T'no l~•~J;d to be zupplied vith a maintt:lns.nco marn.tnl"/ 

19)'l'IH, nc('.d t,...., be cupplicd vith a list of rcco::'l!lel!dcd spar-:;o:s? 

20)Tno r.l)cd to bc:-:suppJ.icd l.'itt1 ra,llt dio.r;no:;io do.tn? 

2I)'fJw nct•d to provid~ train:tr~ p:-o[l:T<\..':Ules foL· lil!ltf!tonnnco . 
and p!''O~t..cticll opcro.to:r:J? 

:DD 
DD 
OD 
oo:-----'~-

oo 
DC\ --,----
DD, ___ _ 

8 8=--=--=-----=---· __ [JD ___ . 
DO :-----DU 
--



22)'£ho need to proVide trn.inin.z prog!'rul.lao:.~ 1'or l!aint\ll'laiJCe 
nnd prod1~ct1on suporvi:::1•J4 'l 

YES m 

0[] 
2J)The nP.Ct;\ to prcnc'l.e inst~-ue~!lt·!! C!).1. ~r:.trols t!lr.t o.ro 0 0 

readily accoi::ssiblo . to the ,:~perator e.11d rnainteMnoo 1'i tter? 

24)The ·nood to cnsuro thni; there 1s cooa access to !nt.-'!rr~'ll 
pa..-ts ol thll plru1t th.:1.t -.:ill roqU1l'C mointonance ? 

25)A }>t'ual.ty Cl.ausc l.Ol'•..Late delivery'! 

DD 
DD 
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2b).A penalty clau::Je fo:..~ plant reliability 1::t:1ne below the 
· spcci.Iicd level ror a given pcl"ioct 01.' time(ic.r;uarantce 

pe.!1.od or ngr:-ced !ltt~::.r o:: opc.:ro:ting hour.:>) '! 

2'/)Tr.e nor:-:t to b~ proVided 'Wl. th 'expected ·111'e' data l'or 
spect.fied plant co:npun~uts'l · 

DD DD--
28)Do J'OU have aey histo:nc:U data wmc.u you use l.n order to DD 

tnnkc decisions on plnnt rell.ubJ.li ty and rnaintainabJ.li ty . 
Yhcn you c.re spcc11)'ing a rmv 1 tem OJ.. plant? -------,.,----

29)Do y~u ape city the need to be supplied "t.tith data or DD. ::;· 
inromation on tne transports.ticn,paeka.ging and 
storage requirements oi' thu plant? 

30)Do you specil'y the ant1c1pate1 lin:l - cycle ot' the plant? DD __ _ 
JI)Do Y9U speCJ.1Y the need for codular cvnstruction o1· plant o D 

to u.cilitate case o1· ma.J.ntor.ance ana l'Cplacement'l 
----~--

.32)Do JOU use netvork t.l"'..alysi:J to plan a nc"W plant project"! 

33)Do you over specify oert.'lin rcqtlirements in order to give 
· you margins oi' sat'ety'l 

34)Is a reView of the plants 'erformance spec carried out'l 

00 
DD 
0[1 -----

35)Is a reviev ot: the plants roliabiJ.ity spec ca.:cried out? 0 [] 
30)Is a reviev o1· the plants me,inta!nability spec t:arried out'lO 0 

DO--'----:----3'/)Is a revicv Ol the plants final specification carried out 
in the lig.at o:r Aistor.Lcal dat:l and informa:tiG~n 1 

.. 
.38)In \lhfcn department is th.a intcrvie·~·ce locatca? 

J9)At what leve:l or man&gt:tLcnt is the ihtervie\rce situated? 

40)\..'hat quaJ.il'ication.J dne; the interViel."ee hold1 

4I)\P.'"1at do you t'iud. t.fV<>;1 i<•U t."le biggest problems 
'When developing a pLs.t"it· ~r~cilic'lt!on? 

---------

;: 
~: 
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NOTES.Th.ie quos"tionr..r.dre looks e.t the t·actors th:lt could .be included Yhen ·atter.tpting 
to deSign plant uystc.,s teTotechnoloeically.HouJd you rleMe confJ.no your atlSur:rs ~ 
thos~ pra.ct1cos that you adopt 1-.'!tn rcopect to tho der.igning of' majo:t•items ot' C!lpital 

equip::nent. This does not include ouildi.n3s and stru.Cturcs.I!' you l'ccl un~.\hlo to anslJE!r · 

.n..n,y question nccuratcly or .feel. it is not rc.leve.nt please sny so rather thtl.n just giving 

a IJO aaswr. • 
Are any or the follotling !'actors included vhf!n desiguine a ne1.1 i tern o1' plant. 1 

. Tiili u' CC\'fl rrmrs I )T!te uao oi' historical data on plant peri'otmance · o 
(ie,specds,fecds,qu!llity,accurncy,rcpeatn.bility etc.)? . · I -----

2 )The i·.se o1' .historic.al data 't9 dctemine a plants HTrll? 0 0 
.3 )The use of bistoriea.l. datn to detcr:::ine a plnnts IITBF? 0 0 _-_· _____ _ 
4 )The use of historJeal data. to dotcrmino the degree or D 0_ --- ______ · _ 

preventive uaintcnaneo applied to c. plant? ___ _ _ 

5 )Th~ examination oi' brcakdo...,.n :reports oto. to aeter.Jina 0 0 
the OO:D!!lents mado by the operator or mnintenance i'itter 
at the time of a breakdown? 

6 )The noi.ditl;:! o1: discussions vith maintenance personnel 
to deter:nino tneir &uggestion3 £or improvements in the 
:plants mainto.inabili ty? 

7 )The analysis of mo.inte:n.ance costs,dotmti!:te records, spares 
uaee.ge records t. locate hieh coct arcns? 

S )The use oi' network analysis to plan tne <:esign Project? 

9 )The use ot· value engineering studies? 

IO}The use of st,_tbi!!al ~n~ly'sls on .f'.i::;toricaJ. data? 

II)The use o.r trade - offs Deh-teen plant cost end oncrational. 
performance(io.speed to cost, capacity to cost etC.)? 

I2)The use of tradE,...off"s betuecn di11"crcr..t toms of control 
eys~ms (io.mech/elect/nyd/pzme etc.) 1 

I3)Do you use any form Of cost effectiveness Cl'iter-la to 
evaluate alternative desi"gns'l 

II~)Do you use Life - Cycle Costin:; to evaluate designs? 

-DD ' 

DD ____ __;;_ 
DD DCJ:-----
00 00:--____ .--=-_ 

DD :------

BQ ------
I!>)Do> you use trade - ,offs Det\..'WCn the different eler:er..ts oi' DD 

cost in the life of the plant? ~--------

I6)Do you use relia.b!.i.ity and ma.intaimbility criteria to evaluate DD 
nltcrnativc plant designs? . . . --------

I7)Do you o.erivc n detailed operatine pr~file for the plo.nt7 [][] --------
IS)Do you derive util"i.:::ction factors for the plant? .LlO 
l'))Do you id~mt.i1'y crtt~t-:<>1 cost para.'::lctc.rs in the ple.l".t C.osign? 

20)Do you make use ~.u· repo::.·ts,journals 1 con1'erences ctc to keep up 
to date 'Vi t.n el1f_:.iH<'f;I'j r·~: deVclop:ncnts'l 

?.I)Do you "Write sclt~du.lClt.· ):or the manu!"acturo,lnstallation, 
and corx.dssion:tn .. .:; ot pl~.1nt? 

22)Do you urite J.ulJr:t.t..J.t·~o;t !!laintcmancH schedules fOl' plant? 

23)Do you vr1te overnr,tU sc.Jwdulcs !'or pl3nt? 

DO uo 
DO-
oo 
DD 

21.)Do you Ytito 

25)Do you ''rite 
flCJh:duleo ror p!'eVt>nt1ve rauintemnce ol' plant? OD-------
f!cncc!ui nn 1.or preventive replric~."lt:J'.t. ,:.1' co:nponentfl'i[]Q 

-----------··-
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26)Do you \rritG out 1'ault dingnosia nnd repair flhoots? 0 0-----------
27)ID thcl'o n tor.::al dnt.!:. r:::w:!bac!c doC'..l!'Jcnt to t~1c dcsi~;n doptQ 0 

. 1'ro:n the otJ1er phases in tho plants li!'o? --------

?-S)Do you receive an;; 1·om ot' tccdbacJc inl'o:mntion Guril16 0 0 
e. plants l1.fo - cyC!O l!h:lch rrovideS you \.If th SO!!lf'J Cl..'lt~. 

on plant perfot':llan~,r~llio.bility,,r.nin~inability and cost:J? .

0 
D:-----------

2<J)Do you have a. <lnt'l bank of hiatoricnJ. info:rmatioh ou plant 
perfomanco vit!liu·tno dcr.icn dept.? 

;30)If yes is 1t a computerised system? 

)l)Who.t :-cporte ~nd trt;ce of infol"'".Jati:m ~n you obtoin 
from_the system? 

:32)\llia.t delay is there bob.JC\en requestine ar.~.·:· receiVing 
int'ormation? 

33)Do you design in condJ.tion nonitoring equipment? 

;;4)Is thoro a system for modii'yi~ plant \.Thilst in 
serv!ce.(ie.fnm 01-Zggestion ·acheml!l.s etc.)? 

35)Ir yes how dot":J the syotcm upero.t~? 

.3b)Ho.., cany dc~len aLturmtives nre token to tho finaJ. 
stnge:3 of ovo.luation bol·orc a ~ecision is mado? 

.3't)mlo deeidcs uh.icl1 design is the 1best'? 

.33)Hho.t cri.tcrla is used to dctennine the best desir;n~ 

.39)~.'h.at particular aspect ol' plant. design gives you thtJ 
greatest pl'Oblems? 

40)Wfiat do you .consider to be the most irapo1·tant 
consideration in the desir,n of a nev item oi' plant? 

. :I)Pleaoe l'll.l~ tne Iollowinz dcr.ign'm.iterio.'ln order of 
impor-Ulnce to you as th!'J CO=<lpany 1a plant designer 

a)Dosign 1'or longest plant life 

b)Design for c~se ot operational use 

e)Dcsign j.'or ease of maintennnce 

d)Design 1'or InaY..irr.~ rcliabili ty 

e)Design i'or mnx.imum product quality 

!)Design t·or maximura cneinccr.ine qunl.i ty 
o!' the p) a:-lt 

g)Design for lo\;est initiv.l invest!ncnt co3t 

lt)Desicn 1'or max.i.::num plant availability 

i)De~ign for lowset ongoing operating costS 

j )Dosign for lo-.,;est li1'c - cycle costs 

.k)DCsign 1·or o.n opti::.-tu::t mix betvecn plant 
pel'foraatlcc, costs,quali ty ,n.vailtr.bHi ty 
and lire. 

Th6 use or CJ,tlantitative techniques in the design of plant 

42)Do you' ur.l! critical pntn nn:Llysis? 

4.3)Do you v.sa r.!.zk and sensitivity aru:Uyuis? 

4J~)Do YOi.1 US'] O.R.tccr..;ti_(!UCS to predict reliability? 

/~5)Do you use O.R.tochniques to predict muinto.inc.tTllity? 
4b)D.:> you ur-3 cost ci'foctivons::s analyDi:::? 

47)Do you use discounted cn:oh flou an'l.ly:::is? 

DO ____ _ 

DD o o---'--· 

--,---~----. 

no 
i' t.., .__J _ _J 
r--1,-] 
L-. L_ 

Of] 
r-·· r-1 _, l-1 
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/ 
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48)Do you una O.R.tcchniquee to prodici. optimwn inspoction froquoncosO 0 

· 49)Do you use O.R.techniques to pr€-dict optimum ovcrll.aul frcqs? 

50)Do You use O.R.tt:~chniqucs to predict optimum mnirit.cl'C'W' t:ir.es? 

5I)Do you use rec:rcssion analysis on·historicaJ. data? 

52)Do you use l1nco.r p:"ogr~:"'.-1 :-.g? 

53)Do you use 111'o - cycle coating? 

5/.)Do you use co:.:~.po:nent ot!"'ss n:--.3.lyDis? 

S~)Do you use vibration analysis? 
56)Do: yo1..:. use simulation? 

!i7)Do you use any rules ot' thUl'Jb for designers? 

58)Do ·you use a lo\ICflt cost only dcciflion rulo? 

!i9)Do you uso erconomicz? 

60)In llhich. department is the intervieuee located? 

.. 

6I)A~ l1hat love! ot· mo.ll'J.eemont is the intervicucc situated? 

62)'\olha.t qualifications does the j_ntcrvievee hold? 

~3)\-lhnt is the organiaation structure or the design department? 

.· 

DD 
DD 
DP 
DD 
OD 
DD 
DI=:J 
DD 
DD 
CID 
DD 

284 
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FIEI.O~B:Q!! : SYESTimiNAIM No. 3. 

THE HDTAI,IATIO~I OF PIIYSIG,\L ASSr:T,')(P_MNT A!W Y::QQJ.rl·:JillLQ.tlL_'()_ 

I:OTES .This qucstlonnnira looks a.t the factors that could-be included v~en attempting 

to instnll plant ~.:.el•otcchnolocically.,;ould you pleise confinl.'l your answers to th:Jse 

practices that you adopt \litn respect to _insto...lling major items of capital equipment. 

This does not 1nelude4_buildinga and stmctures.li' _vou i'eeJ. unable to answer any question 

·accurately of l'e-21 it i:J not. relevant please-flay ao rather thsn juot e;iving a NO answer. 

Are aey of the 1'o.Uo..,1.nG includ,cd when installing- a new 1 tem o1· plant.? 

I )Do you have·a forma.J. l.o.yout of the site whel"' the 
the plant is to be installed? .. · 

2 )Do y01.1 nave a forma.L lnyout of the site services? 

)'~ )~~'t~~~~ d:~;s~~? insWlntion Project pl~n usine 

'" )Do yoU develop , jvb descriptions !"or each installation 
ta.sk? . 

5 )I?o you use contractors to install plant? 

6 )Do yo~ use contractors to install the services? 

1 )Do you carry out o.ny t·oruard planning oz' mnnpO\·Ter 
requirements,? 

8 )Do you r.arry out any :t"orward plnnriing o1· auxiliary 
equipment requirements? 

9 )Do you record tne p:-oblems t:lncountered -when installing 
the plant? 

IO)Do- you record the problems encount"cred when installing 
the services? -

·II)Do you have any fonnal reporting docur::tents for recording 
installation problems? 

12)Do you establish an installation budgeU 

I3)_DOo you establish an ins~nllo.tion project tioe schedule? 

!4)0n completion of plant insta.llatiou aro ther·e any fol,!lal 
, mcetinsd between dcsi.r;n,prod. ,mtintenance, commissioning, 
accountinz: etc. to revi('W problems.( costs \11th you,? 

YES 1'0 

DD 
DD ___ _ 
OD ., D 0.,.--:..--___ ;;r-

DD o o:---'-----'-
OIJ oo.--ooc----
0 ll_~--'---'-
00 ___ _ 
DCl 
0 D :=;IJ----,---

I5)Hnat particular aspects ot" plant installation give you the 
biggest problems?· 

!6)V~nat do yo'l conside:r to be the most imporb.nt nspoct i.n 
the inst!i.llation O.L a mn.r i te:a ot plant'/ 

I?)l.n. '..'hich clrJ;>artmcnt is tne ~ntcrvicweo locntect? 

IS)At Ynnt l~Yol or mnna~cment ir. the interviewee situa.toa? 

19)\-lhat. qu.H:tfica.tions doos tn<1 intcrvie\lee hold? 



:FlELD RESF.~HQ[ : JlLltSTIOin!'!IRP. th_.L. 

!l'HE C0-7.0:~;sro::rm .QF ·rnY::JICAL .MJSETS(PI.A!.T AI.'D EClUIPl·i~~ill' Ol.'LYl 

.1 rm~!~.E~l10~~_tmlt~Q!i_:_~ 
r:CYl'ES.Tni~ quo3t.iomUl..irc .looks at tho l'a.ctorn tha.t CoUl.d be included '.lilen. attcmptl.ng 

to COm!:li:Jr.ion n pln.nt ~crotcohnologi<:-.o...U.y.t·!ouJ.d you pi~.:o.ce conflne your nnnuers to 

tnuse _p1•ncticos t.tte _you -o.dC!pt ul th respect to com:niscioning lllajor i tc>as of capital 

-.equ.ip~unt.This .c.iva& .1lot~nr.:lu.da buildings and st~ctures.If you fe~l Ull!lblo to answer 

any 'QUestion accurately :or :reel it :is ·not relevant please any so rather thnn juft 

.g!VirJg a m answer. 

J..ro .nny ol'."tho follo-..'ing included vhan Cormnission!ng. a new item ol· pln.nt? 

can-mrrrs 
·•' 
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.l )T.ue .USO -or A .far:nal ·co:;Jr.~ioSiOidr.g ach~duJ.e? a ~ 
2 .)Fonnnl ·tests .for plant ·Pcrfomo.nc.e:(ie positionine, ·· O 0------'-----,----

Terieatabili ty ,qn!l.li t.y. o.t output etc.)? 

, )Form_n.l tests·.for pla.nt:relic.bilii;:y(ie.deter:ni~tion or 0 0 
:H;x .• s;F_,).? · ---------

.Ji ,)Fonnal tests of plant:maintaino.bllity(ie.carryi.ng out 0 0 
::prcv ... ma~nt.-routincs to :spe.ciriod time& etc.)? ;==;------

:5 )A ·formal_ ·training pro&ramma for plant operators? 0 D----,---------
·6 )A ·form.dl trniniP.Z procramme for production supervision? 0 n 
? )A fonaal trainine; proeraln:ne tor rn~ntena.nce 1"i tters? 0 o------'---------
8 )A fol'lllcl training prozr.o.r.1:;10 1'or maintenance suporvi:Jion? 0 0 
9 )l'he production at· actual com.poner.ts ? 0 0 o o'-------'---l.D)Tho:~ -evO:lU$:tion ·at· ·co.::n.poncnts :lbr rm:::.plinn~c l.'itb. 

:specification? 

J."I)Tno ova1.u<ttion ·or ·plant ·perfo:nnnnce against that 
.spccil"icd? 

I2)The l't=:::c>rding or nJ.l·plant faults duri~ the 
.comminsioning period? 

the 

• 

l3}1'he :recording or ·all aUXiliary equipo.e:nt ans services 
:fc.u1. ts .durine ·the C?i..'lnliscioning period'? 

l4)Are ll.rJ7 lorrn.al· r~portingdoc-..unents u.sed? 

lS)Is there a f"onnD.l accoptD.nce or the plant as 
vl th tne specitication? 

DD~----,-
DD_-':-_ 
D Di--_.~,._ 
D 0;-----------

complying D 0 
D 0:--------------·-.I6)Is thore ar..y formal diecttssion between design, prod., 

lilaint. ,inf::taJ .• , C()~""Jlssion.lng, ::upplier c"Cc to discuss 
"Proble.."i!O th:1.t ht~vc o?curr'lt. during co:m.tt;cionine? 

l?)Hhnt clo you .con3ider ·to .bo ihc lil09t important activity 
.carried out vnon you .CoJ:mllooion a new i tern of plB..nt? 

It)~!Ju~.t particu.tnr comt.ti.r..tioning activity gives the 
..bigr;cst problcm5? · 

l9)!n vhich clcpmtmcnt ·is ·tne interviewee located? 

20)At t-mnt 1c·;cl ·Jf r.:anage:•.ent is tno ~ntcrvi.e\..'CC si bated? 

"2I)~lhat qudliltca.ticns dooa -the j_ntorviouco .hold? 
--------· 

. j_: 

~ 

f 
1. 
I 

•···. 
1--,, 

I""<·· 

. I 
I 



. \ . . 
I • 

FIELD. l!ESio:ARCl! :QUJ.:sTIOm:A.IRE No. 6, 

TI!IUJAili..'F.1~U[QLQLE!!Y!HCAr .. AS~_ILttLAlll' ALID_j·:;Wil'!-:Em' O!W 

II:I'E;wTEll8~3 PCGITIOii. 

~.This quefltionnnire looks a.t tho J:t>.ctol'S that could be included \!hen !1-ttcmpting 

to maintain plant and equlp.:tent tcrotcchn(Jlogicully.Uould you please com·ino your answers 

to those practices that you adopt \.'itJ1 respect to mnj~r itc:ao of capital. equipment. 

Thlc dcc::: not ir.cl\!dc t:".!~ld.i::;:;n nn d:-~cbrce.!!' you feel un~u!e t.o e....."lswer ~ny qy.e~tion 

acetu·ately or reel that 1 t is not relevant pleaao r-vy so rathel" than just r;i ";"ing a. 

rro nnm .. :cr. 

Are any ot" the followtne included .1-mon mulnta.'lninz the plant and equipment used within 

the manu.fncturinz process. 

I )Do you carry out any training of r~nintenance 
fitters V.'lCn a nc\1 item or plant ~.D installed? 

YES ~ro· OO,rME~ll'S oo· __ _ 
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2 ·)Do you C:ll'l7 out any training or maintenance 0 0 
supervision when a nev item oi· -plant is instcl.led? --------~-----

:; )Are any data recordlne documents used by the 
maintenance dept.? 

If ycs,vhat data is 1~corded on these 
do~ents? 

00 
4 )Al·e aey production operatorS used on maintenance 0 D 

York? 

If yes,in what capacity? 

5 )le thero a maintcne.nee !'itters incentive ec..tl.eme? 

6 )Do you allocate pr1011.ty to maintenance, jobs? 

7 )What is the basis ot· the prioritt allocation? 

8 )Is there a lubrication maintenance sche:iu.le? 

9 )Is the schedule supplied cy an oil co:npan,y? 

IO)Is there a preventive maintenance programme 
in use'Z 

Il' yes ho'\.1 does it operate? 

II)ls there a bciorc-la.ilurc parts roplncomont 
progra~e in use? 

It' ytts,how doos it opt:.ra.te? 

I2)Aro any !"or:na! repel'\,$ ~:ri.tttln wnen a. 
plant break dovu · cc~.i.:"J'Z 

Ir yca,do you use for.J.n. ;..'Cporting C.ocu.'Dcnts? 

!3) Du you u~:) l!lainlcM:'lCG job caras? 

88-·-·--
DD:-----.oc:J 
DD:-------
00 

OD 

DD 

·DD 

I""" 



I4)Ir yoa,vnnt information is colloctod on the job card? 

I5)To \t'ha.t use ia this info.nnation put? 

I6)Hov do }'OU upd.1.1to the !>revontlvo maintenanc.n 
schedules? 

I7)Aro fo.ul t tl.Jnenosia lJ!~ots used oy the i:laintenanca 
1'itter? 

IS)If yes,vno creates these dia~nosis sheets? 

YES IJO 

DD 
I9)Is tnoro a co:npute...-i:Jcd system of: maintena:1cc data D 0 

manipulation and reporting'/ 

If' yes ,how does 1 t operate? 

20)Uow.1s the data. interpreted? 

2I)\olho interp1ets the da.ta? 

22)\-fne.t rep•n-ts ere i~sued on the b~s:!.s of revieuing tbe 
mainteno.nce data? 

• 

23)Do you ha'Va cost recovery rates l'or maintenance \-!Ork? D 0 
Ir yes, does the' maintenance aept calculate t.~e,~? 

24)Is there a standard costinz systel'l. in use in the 
muntenanoo depart::~ent? 

25)Is thel'e a bude;eta.ry control. r.yflte:n in use in tno 
mllintennMce dcpartne"nt? 

If yes,do }-~il :Jet your own budgets? 

26)Do _vou oet perforen.mnce standards l'or the mu.intenanco 
dcpnrtu.::- ... 1t'l 

rr yos I ho•J clo you do this ar.d. \-mat !llt:3.Sltl'C:t:ents dO 
you U~t!? 

DD 

DD 

Del, 
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YES NO 

27)1G th1.n-u t~-ny ;;y!.itc;n vi' n.aiuti:.lnnncu Gat.3. icoctbnc1:: 
to otr-.cr cle!Jart:~cnb in the comp.'l•JY or to tno 
plo.nt lannufncturcro? DD 
If' yos,how is this doue1 

2B)Is nctvorK anal~~i& u:icd v~thln t~10 maintii'na:lce 
department? 01] 
li' yes 1 Wila t is it uoed fo~:? 

29)Do .)'OU O''{eJ:HtlUl pJ.A.nt? 

11' yea 1 do you use contractors~ 

~O)Bo'IJ' do ycu dCcide that a plant needs to bo 
overh:1ulcd 'I 

DD 
·' 

;ii)Have you· heard of' terotecunology(before my a1·riveJ. o 0 
•t the comparzy-)? 

If' yes, what is you1· understJ.nd!ne o1' the word? 

32)Do you hold sp3Te parts t'or ph.nt and equipment? DO 
11" yes 1 on vnat basis do you dec:t.do ii a part snould 
be nr.ld in inventory? • 

3J)Do ycu knoll ho~ nucr.. ::taintenancc co~ts your comp3.ny?DO 

34)VJM.t prnctiee-s do you thirJ!c ;;ould ha-ve an adverse 
cfi'oct(decrease)on the expected Ulo. 01· planti 

35)Wnat prnct.ic~.3 do you thir.k YoRld h.<J.V'-'l n favourable 
ei'fect(increase)on the expected lile· o:r plant? 

36)Vhlat types o!.' plant sut'i'or Ltost 1'o.ilurcs'1 

3't)Hnat o.ro the ::l•1jOl' cuusi:Jo of 1'ailurc? 

3S);,.;'no.t d·:- you wnsidcr to be. tho r.:ost. illlportant 
activity CJ.rricU. cut by .)'CIUl" mointcnancc dept.? 

.3'!)'r1:1nt. pn!·~iC'llnr n~rcct of t:~o.H;tmwncc gives yo11 the 
bir:.ecr.t pl'<',o.i.eu~sz 

2(19 



! 
40)Arc nny or tlm folltJ.,.inc; t(:C}lll.i.q'.ICS U!iCd by the I~O.ill'l.C'n:l,tlCO dept. 

I)Crilie~.l p!llh n:-~:.Llyds. 

2)Sci1Ditiv\ty nn!lly:;i:l. 

3)Prccllction of plant availnhilit.y. 

' 4)PrNliction of plnnt rcliabilit;:r. 

6 )Simulr. t.ion. 

7)Dctermin..'ttion of optimwn in:;pcction fri:lq. 

" • • overhUul " 

YES NO 
[][] 
DD 
[][] 

DD 
CJTJ 
LJ [J 
LJD 
DD 8) 

9) " " " mai.nt.crew dzcs. "'0 0 
' lO)Cost effcctivcnc:cs_ analysis. · 

II)Ratio &n3lysis.(ic.avail./co~t4) 

I2)Discountcd cash flow analysis. 

l3)Ev~luation of a plunt.rigurc of merit. 

I4)Dcvelo;:7:lcnt of relation::-h:i.p::; bett.:ccn 

maint. eo.st nnd plar,t per!'orr.:.,1ncc. 

I5)J~incnr program~ing. 

. l6)Rcr;ressioa nnr..lyr.is. 

I7)Probo.bili t7 e.n~ly~is. 

lS)Analysis of risk end 1.mcerta!.nt]. 

19)StsnC~rd costinb• 

20)0pti::t.:=!. stoc~t hold'.r,g levels. 

2I)Opti:nt;m re - ordr>r lcvelr.. 

22)0pt.h,u~ or::lerinz CJ.U'l.nti ti.::s. 

23)Dcterrr~ir.ntior>. of an optimu:n spares mix. 

2/,.)P.vc.lu:~.tlvn of life - cycle ~u!"Jport ~or.ts. 

25)Lifc - eyclc -::oct.in;;. 

OD. 
OD 
DD 
DD 

DD 
DD 
.oo 
DD 
·oo 
DD 
DO 
DO 
DO 
DU 
[][] 
LJLl 

DIJ 

I 
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FlE:.D ru::./EA~l.fll :C;tr:".:~'l'IO:::~\!IfLlb. 7 ·~ 

THE lllll·lOVAL A!!l RF.P!.AQ:lfr:N'l! OF' PHYSir.AL ASSETS(Pl,A_!!LA!:D F.QU,W!Wl' o:rr,Y) 

INI'ER)'I!i!~!~S POSITION. 

JlQ:ffi§..Tnis questiormairc looks u.t the fc.ctora that c~uld be irr luded when ~-PPiying 

terotectmology to the removaL and replacement o::t' p!c.nt and equipment. TJ11s does not 

inoludo baild.i.JlGS and atructur~s.~oul~ )'oU pli.:ase e:on.a.~no your a.i.sw.w.-s to those 

practices that you adopt v.ith respect to majoJ: items of capital cqui.pm(mt.If you 1'eel 

unable to enswer any question accurately or feel that it j_s not rc~evant p·l~-ase say so 

rather than just g1Vil18: a l!O &ns;.:er. 

Are arry of tne t'olloYint: included \lhon removing and_.replacing an item of plant? 

I )An aseess:nent oi' the residuel value ot' the 
old ,plant? 

2 )A reView of the life-cycle costs or the old 
plant? 

:3 )A revlev of the ma.tnten'lnce problen!S associated 
v.l. th the old plant? 

YF.S NO r.CX·ll·IENJ:S 

DD 
DD 
DD 
DD 
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4 }A review or the rOliability proble~s associated 
\ll th t.'le old plant? __ .:..__ __ _ 

5 )An af:sessment ot· tne t"ut,Jre m:-... '!'~~et requirements 
ror the product that is to bo produced from the 
new pla.'lt? DD 

--· 
6 )An assessment of the operational· pcrfomnnce D 0 

require::;.ents ot tha ncv plant(~pe~ds,fecds,capacity etc)? 
------'· 

7 )An assessnent of the' life- cycle that the new 
. plant must be selected for? 

8 }An assessment of the maintainability requirements 
:requirementfl of tne nev plant.?(H~I'TR,FH,GH,etc) 

9 )An asseso1:1ent of tne reliability requirements 
of the new plant? (HTBF,:=!ysteu:,s/s etc) 

IO)If a r.ew itoo of plc.nt !s to be pu:oc."J.e.sed 
1oi'.f the she11' 1do you c~u.-ry out e.ny invcst.ment 
appraiscl. rul.'ll~rsi:i? 

It" yes, what method do you use? 

li)Do you USQ r.ctwor~~: anlysis to plan a removal. 
projE'ct.? 

I2}Do you derive a budget Ior the ro:.;,ovo.l p.1:oject? 

I3)Do 3ou uso cont.r:ucto1·s to t·er.:ovc plant? 

·oo :..__ ____ _ 
DO ____ .... 
0[] 

'--------

DD 

DD 
------

00 

DD 



----

• .U)In vnicn department is tr.o interviowee situated'? 

1.2).At vhat lovol c.f r.JIHUl.e;cment is the 1nte1'Viewee located? 

43)Wnat qualifications does the interviewee no!d? 

.. · 

• 

<92 

. ... 



I NTEH\'lgl.ft!:£S NBITIOU. 

NOI'ES.This questionnnire look!! e.t the fRctors that ccwld .be inc.h\dod vi1cn ap'plying 

t.erotcehnology to the Hnancial management ul' plant nnd equipment.~!ould you please 

eorUin · yottr unsw~::~rd to tdt>su practices that yo·w adopt vi t.'l respect to wajcJ: J. toms o.r 

c:ap1.tnl equipment OIUy. This does not include buildines and str.Icturcs.If you 1·eel unable 

to answer any question accurately Ol" !'eel 1 t 1s not relevant please ssy so rather than 

just c;ivinc a NO answer. 

Al-e e:ny ot· the follovine included "\o'i thin the Unancinl management ol" the comp3JlYS . ... 
plant ar.d equipment? YES llO 

I )Do you' establish· budgets 1·or r..ny ol the follo\ling:- · 

a)The ~etting ot' the plant specification? 

b)The design or the plant ? 
c}The cost of purchas~ng the plant? 

.d)The cost of 1nstall1ne the plant? 

e)'l'he cost of cO!ll.rnlsssloning tht~: plant? 

f)The cost ot' operatine the p!ant? 

g)The cost or maintaining tho plant'/ 

h)T"ne cost of remo,..i.ng tne plant?. 

i)T.ue cost of inJ-4-..:ial spares nr the plant? 

j )T"no training or production and maintenance 
perso:1.nol 'l 

.. 

k)The cost ol' providing mane.~t:!ment 1nfo:nation 
relating to the t>lc.nt throughout its lire? 

2)Are actua.t coats recorded? 

))If yos,do you produce any marw.gel!"!ent i!lf'omation 
from them? 
Il" ycs,vhat for.n does this take? 

4)Do you ca.tcula."t.c the ~He cycle cost cf tho plant? 

5)~1nat mQthoO.s. of tnvcst:r.ent appraisal. aro used to 
evaluate plo.ut investoent dec!siona? 

DD 
DD 
DD 
DD 
DD 
DD 
DD 

DD 
DD 
OD 
OD 
DD 

OD 

·cro 

001HEllrS 

/ 
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14)Do you ll'ri te ~ formal. report rega.rd.1ng tho problem a 
that Vor1) encountered iu the re:~~oval of t.he plant? .: 

I:>)\·rnat d9.ta do you colloct ctuX'l.ng the rc::zoval ol' a 
a pl.E!c.e· 01.· plant.? .c 

16)\:nat particuJ.nr act.ivity ~ives you the biegest 
protllenr l:htm remoVing plnnt? 

I?)ln vnicn dcpart:ne1;.t 1s tna :J.nt.e:.71evec located? 

IS)At what level o1· management is "t:he intervieuee aituaWd'1 

19)Wnat quaiif1cations does tho 1ntemewee nold? 

·~· 
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YES !10 

DO ------



------ ------------------------

FIE;Jl P.ESEARCH:QUES'l'IO:m\Inr: lb .9. 

Tlffi PRCCU!F.a:·;:JT OF fl!YZICAL ASSI'lS(P~\111' A!ID E:"lUif:t~:.T Oll,"l) 

INTi~FVIEi,'EF.S tmiTIOII. 

llm:f.S.l'nis questio&..cd.ra looks at the !·actors that could oa included '!.'non o.pplying 

tarotechnolor;y to tha procurc::~ent ol' phy~ic.:tl assets. T!lis does not include buildings 

_and structurcs.Hould you plcnse confine your ans\lers,unle.ss othcrt.tise requested, to 

thozo prnctioec t.i1at JO".!-td~pt. "t"it.h re~p~ct t.<;> !:l~jor it~rns o1' c~.r,oi.t.a.l eqltj.pr.tP.nt.If 

.. .you i'EX!l unable to ans:.:~r any q-,;.ostion acc-..tratcly .or !c"e.t it iz not" relevant please 

ecy so rntner than t;i'l'ing a !-:0 nn::m')r. 

Ara any or the follm!ing included -when procurinG pJant and cquipm6nt? 
YES JiO 

I )Do you include penalty clauses 1'or late delivery 
ol.' ,plant7 

CO:;.r·lENTS 
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2 )Do you progress suppLiers befcre the delivery 
date ro:pires'i' 

DD 
D·D :___ ___ . __ _ 

' 3 )Do you progress suppliers l.>hen deiive:ry is 
overdUe 1 

4 ).Arc 1J.'1'I1 part! cular criteria used to 
.uupp_liers o1' plant? 

select 

5 )Is there ncy system o1' supplier vettill{; in 
operation? 

Il: yes~llow does this operate? 

6 )Do you earzy out a receipt itispection? 

7 )Do )'OU calcu.J.ate economic ordering quanti tics 
t·or large u~cage i te::~.~? 

B )How do you plan your 1'on~ard stock requirc;:~.cnts? 

9 )Wnat do ~ou consider·to bo t!'l.e most i:::mortant 
. nc:tiv:i.ty performed ey the p.A:OC"..I'!"cment. department? 

IO)Hllat. par1:,tc>ller acti,"ity eivcs ycu tha bieecst 
probleru~>"t 

II)In vr:.icn d::!parb:cnt io tn•.} ir.tervie\!ce situated? 

DD:___ __ _ 
DD 

OD 

......... · 

DD,__ ___ . 
DD __ _ 

---·-·--· 
l2)At \.'ilnt lc~;el ol· ruonn(;c:ncnt J.S the trrt.orvic'..'ee located': 

I3)Wnat qu~HfiC.ntiotJD does tho ini.-cr'liot.~ell hold? 



7 )Ir yes,Yiant acountinc r~Jutines are on tho co:np~tcr? 

8))Is there a oystem ot' plant porforco.nco roport!ng? 

If yec 1 vna.t criteria oro uc~d to moa:~•.tro &.r..d evr-.lunto 
pl.an'b pol.·~ormo.nce7 

9 )If !'l.Ono nro uced \.'h:!.t e!'ite!'in wo!l.!.d you consider to 
be good measures or plant porfomance? 

IO)Do you carry out a post-completion-audit oi' a plants 
lifo - cycle? · 

If :yos,w.a.t fo:m does this take? 

II)Are any quo.ntt"l.o3.tive techniques usod to predict future 
cost trends? 

I2)When a new 1 t.em or plant ls being f'lpecified do you 
perfo..-.n nny financio..L nnnlysis to detQnnine t.'le 
optimum speci!'ication? 

13 )Wnen a noe1l 1 tem of plant is beine, des'!.gr.ed do you 
perform any financial a.nnJ.ysis to ctcter:nine an 
optimu.o. design confiet!ration? 

• 

14)Wnat do you consider to be the most L~portant actiVity 
carried out Yitnin the financin.l manageloent of plant 
and equipment? 

I5)Vna.t particular aspect ot' the financla.L management of 
plant and cquipmont give you th(J bir,gno;t problems? 

16 )In whiel! departme':l t is. the intcrvie\.J'cc located? 

YES NO 

DD 

DD 

DD 

DD 
OD 

I7)At what leYel or :narJaaement is tho interviewee situated? 

IS)Hhat qunlifico.tions c!oos the intcrvie\.J'ee hold? 
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APPENDIX 3 

(a) Bri~ht's mechanication profile 

(b) The mechanisation profiles of each company 
in the field recearch survey. 



THE rmCHANISATION PROFILE. 

In 1954 Professor J,R,Bright initiated a project 

to investigate the effect of automation on the 

management of several manufacturing organisations 

in the United States, As part of this research he 

devised the concept of a 'mechanisation profile' 

as a means by which the mechanisation of a production 

system could be assessed, 

Seventeen levels of mechanisation \vere identified 

in ascending ()rder from level 1 (hand) to level 17 

v1hen a machine would be able to"anticipate action 

required and adjust to provide it11 • The table over 

is taken from page 45 of his book 'Automation and 

l·Tanagement'. Bright applied this profile technique to 

thirteen manufacturing compe~ies and the resulting 

~echanisation profiles are given on pages 47 to 56 
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of his book. The profile is really only of use in 

assessing the level of m·~chanisation. Bri:;h·l: also 

identified the characteri.stics of 'spanlc."'J.d tpenetration 1 

a..'l.d these arc defined on pages. 40 and 41 :::.f .llts book. 

HO\·Jever, for the purposes of the research 11r•;sented in 

this dissertatjon only the level of mechani.sation was 

assessedo 



-

~ . 
~ 

~ ., 
- u ~ -s ·"- g ·.::: 0 c o.S g 

~ .~!:: ~ &"5 ~ <n LEVEL Oi.' MECHANIZATION 
-~ g ~ " ;..."~ ~ " ~u~ e-.-"' ""- • > 

~ .!1 
~· 

. 

<:~- 17 Anticipates act!on- required and > 0 

0 ~ ~ adjusts to provide it. 

~ 
g.,E;c:c:: 

16 Corrects performance whi!e operat-

" 'B :.5 a e._g in~. ~ s c<;l -g.g.g.g 
15 ~vnect? performance after opcrat-" .::; -,..( u ·~ ~ 

0 ·- ,.,.. l;lj ;:: ;> 

·" ~ l:lg'. 
;.. 

" ~ No~ 14 Identifies .and sebcts approp;i:::.te 
" ~ as ~a~ set of a-:t:oPs. .., ~ E ~~.s ~ !7: Segrcga tes or rejects ::.ccording to . !l ;:) - 1-o_D ...... 

" 
~ ~"B-~:; '"' mc:~.surcment. 

:;; v ..... o"' 
~-;:: Q,...., 

12 Chi:!.r::g~s speed, pos:tion, C.ir.ccticn 
-~ .:.> c:- :.. 

lf):.:::, 0~ 

""" 
<!CC~rd!r!g to :r.c:J.scr:;,_ment S!!!nal. 

" ,. ~ 

" g 11 Records performanc~. 
a ., s 

"' " 0 " 10 Signals pre£electcd values of mcas-~ 0 c 
0.,.:::-; e. urement. (Inch..:des error detection) 
~-~ fo 
~ >·- " ~ ., u 9 Measures characteristic of work. "2 

" -. " . -5 Actuated by introdu.:tion of work -fiUI~ 0 8 
V- P, ::0 piece or material. Eg ,5 V 

Power Tool Syste:m, Rem.:::te Con-'0 .=.: '"0 2:a 7 o-o"'uc trolled 'E ..... s.~. > u 
~ ~ 

s-5 E ~ 1lS 6 
Power Tool, Program Control 

"' o_ ~ " (sei"Juence of_ .fixed functions). 
ss~c ~-5 

Power Tool, Fixed Cycle (single 8·i§] E s 
~ ro :::...5:: function). 

4 Power Tool, 1-b.nd Control. 

--
" "' " 3 Powered Hand Tool. s :0 

" E -~ 
0 "' " 2 Hand Tool. 
~ ;>- g 

I ~I :jnand. 

Bright 1 c Seventeen L~v€ls of 

Eechanisation 

I 

(tal~ en from 1 Au toma ti on and Hanagel:!en t' 
page 45) 
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Hcthod of Application of the Hechanisation Profile. 

One of the reasons given,in Chapter 6 of this 

dissertation for the selection of Bright's mechanisation 

profile technig_ue 11as that he gave detailed instructions 

on the 'i'Tay in which the profile should be used, Taking 

these factors into account the following method was 

adopted within the six companies included in this 

research, 

1.The operation seg_uence was identified and listed, 

This was done with the assistance of an experienced 

member of the production management of the comr,any. 

2, The method adopted by Bright \vas used to evaluate 

the level of mech:misation, That is, all 1 pri:nary 1 

actions vri thin the production process \vere plotted, 

~lhat was considered 'primary' was essentially a 

subjective assessment but was left to the production 

manager to determine, This method was used on a 

consistent basis thro~!ghout the six companies. 

3. The mechanisation profile \'o'as then plotted a."l.d. a 

simple average of all.the primary actions was 

computed, This 1 simple average level of mechanisation' 

was then used as the basis for the subsequent 

comparative analyses of the teroteclmo1ogical 

pr~ctices found in use in the six companies, 

The resulting mechanisation profiles for companies 

A,B,C,D,B and Fare shown in this appendix. 
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The Jvlechanisation Profilefl. 

Company A. This company operated tvro equally 

important production lines for the. manufacture of 

its product lines. Consequently, in order to assess 

the level of mechanisation of the company's production 

system, both production lines >~ere examined and an 

average of the t1·ro profiles was taken, For production _, 

line 1, the· average level of mechanisation vras 4. 76 

and for line 2, the average 1-ras 5. 61. Therefore, the 

overall average 11as 5.2. 

Company B. The same ni tuation >·ras found in this company 

as vras found in compa.'ly A. Therefore t1'1'0 profiles were 

plotted. The first averaged 3.45 a.'fld the second 3.55. 

Therefore the overall average 1'/'as 3.5. 

Company c. This company operated. a single production 

line,as shown in profile c. The overall average level 

of mechanisation \'fas found to be 3.8. 

Compa.'1y D. Th.is company operated three production lines 

all considered of equal importance. Therefore,three 

·profiles were plotted with averages of 4.6,1.4 cmd 3.5 

with the overall average being 3.2. 

Company E. This company operated a single production 

line,as sho•vn in profile E. The overall average level 

of mechanisation was found to be 7.4. 

Compa.'ly F. This company operated a single production 

line,ao shovm in profile F,giving an overall average of 10,3, 
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APPENDIX 4 

Exar.Qples of doctunentatio!l. collected 



Engineering Delays(dovnttme)ao a percentage ot 

OperoUng llou_,. 
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-----·~------~~----~-----------------·--;-----,.------~------------------------------
1 I :.· A c T \0 R y I . . AllJ.LYSIS OF IDL!: l!OURS r·rA;?-!lDS i 
j T~r.:l 1 1 % 1· J(cchan,l -rp;;on ts fC.le !!c-.,::-5 \ 8" 
\ 1/ork::r.e I >!orkin(; l?;~d\ Idle 1 Idle 1 Prep, ll: BrMk- Supply a>Oc\ J.:Ml !'.llc,;o~ i:: i <1l 

1-F-.!.-J,:--:T---l---· +i -5-:-:-~-":-0-. ;~-'-e-:-~-:-:c-1·:1 ~5-6!1-8 o-.:-"0_"-1·-:-:0-Ul-::-5:.. \-1·:--:--~;~~-?~~ ~~::~ ~;-;; ~~~~?- :;:: -::~: I ::~: . I i ! ! 
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I I I d>o<ll'< 
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l .I . 'I '· ... !i:t..., 
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1
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1 
2.25 17.00 10 .. 7 !i 

0
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-~~----r---+---~----1---~~---r----+----r--·---·11 ~ 

PL.A2\T 10 \\367.50 I 2.25 

1
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DATE:• 
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Horn!n& !M~t..,, i 
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JOB CARD JOB TIME ... 
91!594 5.809 

c.e. 
JOB CHARGE No. R.,t. ~~ Repair 

, '3 " 17 19 Oepr. 
Name Clock No. Oat• Time Start Hourt 

• I I 
Allowed Hrt, Time Taken Oelay Hours Origin crus Feult 

·~· 

DELAY HOURS 

. 
Code 1 Code 2 Code 3 Code 4 Code !5 

Code 6 Code 7 Codo 8 
-··- -
-r:annn•t S1gl'lature ~='oremans Signature 

Plant History Required YES NO 

Job: OuentltY 

Total Hours 

Operations, 

DELAY TIME 
'· 

oarav ••• Date Time Start Hour1 

Production 01 

Crane 02 

Other Treda 
Common•.s: 

03 

Transport 04 

Tools I Materials 05 

Instructions 06 

07 

OB 
. 

W()F,:~ SM'ELV AS PF.R WOFlKS RUl.E BOOK 
Total Delay Time 



'. PLANN~ MAINTENANCE TASK SHEET 

Job' Charge No. 
Job Job Description Allowed Hours Oete Completed Craftmans Signature 
Ref. 

17542419 001 INSPECT CROP & COBBLE SHEAR DRIVE MOTOR 12 V 2,00 "Z. /tz /7 ~ t? 
' 
Plant 

""· T"k Operation/Task Description Ramarks(Oetaits of Work Oone History 
·No. No. 1/X 

1 DRIVE MOTOR · 
1 C~ECK FOR SECURlTV,WEAR,DAMAG~ ···-·,.;·-
2 CHECK FOR CLEANLINESS,OVERHATING 
3 C"ECK WIRING,TER~!NAT!ONS ' 
4 C"ECK 8RU5HES,BqUSHGEAR,C0MMUTATOR 
5 C"ANG€ OR A~JUST BRUSHES & BRUSHGEAR 
6 C"ECK C~UPL!Nr. . . 
7 C"ECK BEA~tNG~ 

2 TAC"O GENERATOR 
1 REPEAT TASII:S , TO 7 OPEATIO~ 1 

3 C~OLING MOTOR 
1 C~ECK FOR SECUR!TY,WEAR,DAMAGE 
2 CHECK FOR CLEANLINESS,OVERHATING 
3 CHECK WIRING ~ TE~MINATIO'!S /\ . 
4 CHECI( BEAP.I~GS 1 \ o' ! : -'~ ..• 

4 COOLING MOTOR FILTER I 
i \~. 

1 C"ECK FOR SECURtTY,WEAR,DAMAGE I .• I ,, / 
2 CHECK FOR CLEANLI'lESS J ,.-' • 

' a Q\ 1 .• "' !)• 
f" ..... 

. .· / ...._~"V""-'' . 

.· \ -
/ 

I',· . ,;;,.' p· ( :', 
·/ ... 

X'·, ~ ' ... . .£ 

·.:1 
I • 

; 

-.. .. . . .. 
.... . . 

. ·-----··--- ··-. -

~···•~ "., o "''.'~w "''") 



In-company data feed-back report 
Company E. 

nr-t:ONTI!LY r.~~ronT PEnron~~ 

312 
~Pt\ ~~~:.:.:_ -·---··--·-

~~Ar.F.n '--------·---- __ 

1. Pc~ncl (Vacancios 1 transfers, rccrui tm~nt, promotions). 

2. Training (Cour!;es completed, familiarisation with new equipment) 
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. '''iF 



5. Statu3 of J•l<lir:rtcnH:.r;o p:rcpr~rat.iull fo1· :forthcor.ri:1g p:rojccts, 
pxocross on instnll~Jcl 'projr..:cts. 

314 
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7. F.quil"'0nt c.ausbg "~ncc.1·n (invc.stlr<e.tio~<s, auUon pl.r;n.,,) - .!\reo f>nginc;cL 
on )l!rtjor hreali.dt:·,yns, b)'' l\l't!i.l~ G<.ilO cir;.>i.C.i)' tbJ~S - ShL(t tng'inccr. 



APPEHDIX 5 

The printout from the r.mJ,JillG programme 



Variable Identification 

The variables inputted to the correlation programme 

were given the follo1~ing identifications:-
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x = average level of production system mechanisation. 

~ = the percentage application of terotechnological 
practices found in use when specifying plant 

Y2 = as Y1 but for design practice 

y3 = as 

Y4= as 

y5 = as 

y
6 

= as 

y1 but 

y1 but 

y1 but 

y
1 

but 

for financial evaluation practices 

for procurement practices. 

for installation practices. 

for commissioning practices. 

y
7 

= as y
1 

but for reaintenance practices. 

y
8 

= as y
1 

but for remov-al practices. 

y;
9 

= the overall aver2.ge percentage application of 
terotechnological practices found in each 
company. 

VAR OBS = 1,2,3,4,5,6 these refer to each company 
fr~m company A to F respectively. 

ThG data were taken from Table 20 page ·14 7. 
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APPENDIX 6 

(a)The letter of introduction for 
the postal survey of life-cycle 
costing practitioners. 

(b)~he life-cycle costing questionnaire 



26th July 1976 

Dear Sir 

Research into Life-Cycle Costing 

I am carrying out research into the theory and practice of life-cycle 
costing ( L C C ). Since you have worthwhile experience in this 
field I would be very grateful if you could find time to assist me by 
answering the enclosed questionnaire. This information is intended 
to.provide some insight into the basic knowledge and expertise 
required for the application of L C C in practical situations. 

All information you provide will, of course, be treated in the strictest 
con)"fdence and no publication of the information will proceed without 
your prior written approval. The research is being sponsored by the 
Science Research Council of Great Britain. 

Could you please return the completed questionnaire in the en,·elope. 
provided, The internationctl reply coupon is also enclosed to enable 
you to. obtain a refund of th~ postage charge. 

With many thanks for your help. 

Yours faithfully 

~7;L~/. 
Professor T M Husband 
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.• 



LIFE - CYCJ,E COSTING ('UES1'IONNAiltE, 

1) Do you carry out Lifo Cycle costing analy5cs on all capital investment 

projects and feasibility studies? 

YES 

NO 

2) If NO, on what basis do you select projects that will be subjected 

to L.c.c. analyses? 

3) If NO~ on what % of projects do you carry out ·an L.C.C. analysis? 

4) At what stage in the life of the project is L.C.C. analysis carried out? 

a) The specification stage 

b) The design stage 

c> The procurement stage 

d) The oparation and support stage 

e) At any other stage in the life - cycle 

(please specify) 

319 

5) Do you employ L.C.C. analysts who work sol,cly on Life-Cycle Costing stu~ie5? 

Y'~s 
NO 

6) If NO, on what other work are they employed? 

7) What academic qualifications do you require of an TJ.c.~. f•nalyst? 

.. 
~· 



------- -----

320 

8) What industrinl/comm::n·cial/othcr experience do you require of an L.C.C. analyst? 

J 

9) Do you feel that L.C.C. analysts should be accountants or economists Or 

engineers or technologists or 0. R. scientists or some combination of these? 

Please specify and comment on your view of the ideal combination Of knowledge 

and skill that would best serve the needs of an L.C.c. analyst I team • 

• 

·-



321 

10) At what academic level do you tninlt it is appropriate to introduce the 

teaching of Life-Cycle Co5ting? 

• 

a) Bachelors degree 

b) Masters degree 

c) Post-experience short courses 

d) Professional accounting examiilations 

c) Doctoral research only 

f) Any other level (please specify) 

These courses are, of course, not necessarily mutually exclusive. Hence, 

would you please expand on the reasons for your choice. If you do not feel 

strongly towards any one l~v~l of course then please indicate your order 

of preference by ranld.ng from first to last. 

11) Do you ha-u~ a 'data bank' of inform~tion on rcliability/maintainn.bility/co:st -

e~itimatji•C rclationshi!1s/ cost factors and funct.ions etc. that the L.C.C. 

analyst employs? 

YES 

NO 



12) If NO to question (11), how does the L.C.C .. analyst collate the necessary 

information nnd data to perform the L.C.C. an~tlysi,s? 

322 

13) If YES to question (11) is the data-bank created and managed using a compJ.Jtcr 

~ manually-based creating, updating, storing: and retrieval system? 

a) cor,lputer 

b) manual 

c) mixture (please specify what is computerised) 

'•. 
// 

14). Do you carry out l?ost-Completion-Audits on the capital projects where J .. ife-Cycle 

· Cost::ing waS carriE'd out? 



15) If YES at what stage in the life.- cycle is the Post-Completion-Audit 

carried out? 

first 2 yea.rs 

2 to 4 years 

4 to 6 years 

6 to 8 years 

8 to 10 years 

any other time (please specify) 

16) Do you use D.C.F. within an L.c.c. analysis? 

... 

17) ·If YES what discount rate do you use and why? 

YES 

NO 

:32:3 

------'---'----:r-s)J)o you use any other forms or investment appraisal techniques in conjunction 

with L.C.C.? (i.e. payback per:iod, rate of return, N.P.V. etc.) • 

• 

19) Do you take inflation into account in an L.c.c. analysis? 

YES 

NO 

20) If YES which cost~ C.~ you inflate and what % rate or other basis do you use 

·to escalate cost~? 



21) Do you use risk and .sensitivity analysis within the L.c.c. analysis? 

YF.S 

NO 

324 

22) Do Y?U use t;Ost-estimating relationships (C.E.R.s) within the L.c.c. analysis? 

23) If YES which costs do you calculate using C.E.R.s? 

24) How.-are the C.E.R.s clerivcd? 

YES 

NO 

25) Do you produce control information during the operational phase in the 

life - cycle? 

YES 

NO 

'' i 



26) If YES what form does this tal>.e nnd to what use is it put? 325 

27) Do you use cost effectiveness criteria (i·~·e. figures of merit, ratios etc.) 

in association with an J .. c.c. Analysis? 

YES 

NO 

28) If YES please give some examples of the types of cost effectiv~ness criteria 

you employ. 

29) On what basis do you make the deci.sion to select a particular project 

submissj.on? 

a) ?U nimum Life-Cycle Cost 

h) r1:1.ximum Cost Effectiveness 

c) MR.t.imum Life - Cycle profit 

d) Oi:hcr (please specify) 

If more than one IHPtr.c-d is used please specify the % distribution and the 

reasons for employinr, different criteria. 



30) Do you cal~ry out 'tl·adc-off' studies? 

31) If YES which parameters and/or costs do you trade-off? 

YES 

NO 

326 

32) If YES how are the trade-off studies carried out? (i.e. do you use computer 
simulation, manual, analysis, s~ste~/subsystem/component level 'trade-off~' etc.) 

• 

33) Do you usa a computerised model for evaluating L.C.C.? 

YES 

·No 

·34) If YES is this a 'ntrn1her crunching' ~omputo:-.· pro:;ram for cost swnmations and 

calculations .m: is it a simulation program which enables optimisation studies 

·to be carri&d out? 



35) Wct!ld you be kind enough to skotch the organisation structure for the 327 
der'!nrtmont within which Life - Cycle Costing analyses Arc carried out. 

Plcnsc indicate the breakdown of any special responsibilities carried out 

by m(!mbers of the department. Please indicate tho line or command from 

your departmont to the senior levels of management ·within the orr;an:i.sation. 

(titles should be given, not individual's names). 

36) Do you h.'lve any projects in which Life-Cycle Costin~ is a contractual requirement'? 

If YES v:hat % arc these~ of your t.otal L.C.C. analyses? 

YBS 

NO 



37) Plensl3 malw any further conunonts on the theory antl practice of Lif'o-Cycl\:t 328 

Cos-tin~ that you fool are important to tho successful application of the 

technique. 

/ ~· 

/ 

'l'hank you very nmch inde~d for your valuable cooperation and t:ime. When completed 

would Y?U please return the questionnaire in the stamped addressed envelope providf~'1 .. 

NOO'E: ACKNOWLEDQf.}•!·.~{['S. If you would prefer your response to remain 

anonymous please tick the box. J J 
Otherwise please c;ivo Y<-''..:..:r name, position, quali ficat1. ons, company and add res~ 

in order that a full acknowledgement can be made. 



APPENDIX 7 

The historical data collected from 

company E 
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APPEUDIX 8 

The printout from the MULREG programme 

for the derivation of the LCC cost

estimating relatlcnships. 
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