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ABSTRACT 

The primary objective of this s tudy was to explore the use of 

classical linear mode l s  in Energy Analys i s ;  s o  a s  t o  resolve some o f  

the methodological problems assoc iated with Energy Analysis , and to 

extend the scope and potential of Energy Analys is as a scientific 

discipline . This was undertaken in the form of  two separate yet 

related discourses . 

The first discourse provided a basis for resolving the energy 

quali ty problem encountered in Energy Analysis . A general equation was 

hypothesi zed and tested : 
i=j i=j i=j m, Lt= I (YJ)I + m2 Lt= I (Y2)1 + . . . mn Lt= I (Y,Ji 

i=j i=j i=j 
= nl Li= I (XI)i+ n2 Li= I (X2)i + ... nn Li= I (Xn)i 
where : y = e ffective energy output of an end-use class (6H output ) ,  

known 

x = primary energy input ( 6H input ) ,  known 

m = quality coefficient for an effective energy output ( quality 

equivalents/ 6H output ) ,  unknown 

n = quality coefficient for a primary energy input ( qual ity 

equivalents/ 6H input ) ,  unknown 

i = energy supply use pathways , j = number of pathways . 

The matrix of s imultaneous linear equatiorErepresented by this e quation 

is  usual ly overdetermined . Therefore , an appropriate solution method 

is a fi tting procedure , such as regression . Further ,  in order to solve 

this general equation , one coefficient must arbitrarily be given a 

value e qual to unity . Henc e , all estimated coefficients are expressed 

in terms of mul tiples of that coefficient ( termed quality equivalents ) .  

The general equation was first tested for the 1 97 6  New Zealand 

economy , so as to estimate ' actual ' quality coefficients . 

Subsequently , the general equation was tested for a notional ' energy 

efficient ' New Zealand e conomy , so as to es timate ' long run ' quality 

coefficients , whi ch reflected thermodynamic limits . Generally very 

accurate estimates of the coefficients were obtained . The solutions to 

the equations indicated that hydroelectricity was the h ighes t  quality 
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primary energy sourc e , followed by natural gas , oil , coal and  then 

wood . 

The second dis course examined the ' optimal ' use of  primary energy 

resources in the New Zealand food system , using the formalism of Linear 

Programming . A preliminary dis cussion concluded that the concept o f  

' optimality ' had greater potency than the concept of ' efficiency ' in 

evaluating the use of energy resources , particularly in food systems . 

For each food sector  ( Production , Processing , Export-Import , 

Distribution , Catering and Household ) ,  coefficient matrices were 

assembled , drawing on l i te rature data . Various combinations of  

constraints and objective functions were applied , in different Runs . 

The main obje c tive functions used were minimising energy inputs for 

providing a nutritionally adequate diet , or maximising net energy gain 

from exporting agro-food produc ts . The most  critical const raints were 

found to be land area and market demand constraints .  

Detailed results o f  the Linear Programming runs are presented and 

discussed . An energet ically ' op timal ' diet was found to consist  of 

large amounts of c ereal s ,  s ignifi cant amounts of fresh fruit and 

vegetables and dairy products , and a very small amount of meat . Such a 

diet provided the Recommended Daily Allowances , for all nutritional 

elements , for the New Zealand population . Meat , Fish and Dairy 

products were found to have a particularly important function as 

commodities to be traded for imports of oil and energy intens ive goods . 

A final di scussion reviewed the use of Linear Models in Energy 

Analysis , and future directions for growth and development in Energy 

Analys i s .  
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PREFACE 

This thesis is part of  two research programmes being undertaken in 

the Food Technology Research Centre . The first research programme 

began in the early 1 970 ' s ,  and has attempted to introduce quantita tive 

techniques ( principally Linear Programming and Extensions ) to product 

development and diet planning . This has resulted in a number of  PhD 

d issertations ( Edwardson , 1 9 7 4 ;  Anderson , 1 9 75 ; Chittaporn , 1 977 ; 

Ngarmsak, 1 9 83 ) .  The second research programme was initiated in  1 977 , 

and has at temp ted to quan tify energy use in the food sys tem , and to 

identi fy ene rgy conse rvation measures particularly applicable to the 

food processing secto r .  This research has been funded b y  the New 

Zealand Energy Resea rch and Development Committee . The mate rial for 

this thesis has been drawn from the findings of Contract 3 1 23 " Energy 

Requirements for Food Supply in New Zealand" .  

Much of the details of  surveys undertaken for Contract 3 1 2 3  and 

used in this thesis have been published by the N . Z . E . R . D . C . ,  under the 

author ' s  name . Readers are recommended to refer to these reports  for 

further details : 

( 1 )  Patterson , M . G .  and Earle , M . D .  

Industry . N . Z . E . R . D . C .  R eport P 6 6 .  

1 982 . Energy Use i n  the Cat ering 

( Appendix F ) . 

( 2 )  Patterson , M . G .  and Earle , M . D .  1 982 . Total Energy Requirements 

of  Shopping for Food . N . Z . E . R . D . C .  Report P 6 7 . ( Appendix G ) . 

( 3 )  Patterson , M . G .  and Earle , M . D .  1 982 . Total Energy Requirements 

of the Wholesale Dis tribution of  Foods . N . Z . E . R . D . C .  Report P 6 8 . 

( Appendix H )  • 

( 4 ) Patterson , M . G .  and Earle , M . D .  1 982 . Total Energy Requirements 

of  the Household Preparation and Storage of  Food s . N . Z . E . R . D . C .  

Report P 69 . ( Appendix I ) . 

( 5 ) Patterson , M . G .  

o f  Food Retailing . 

( 6 ) Patterson , M . G .  

Zealand Food System . 

and Earle , M . D .  1 9 82 . Total Energy Requirements 

N . Z . E . R . D . C .  Report P 7 0 .  ( Appendix J ) . 

and Earle , M . D .  1 9 84 . Energy Use i n  the New 

N . Z . E . R . D . C .  Report ( In Press ) .  

Another paper that s ummarises much of  Part A of this thesis , has also 

been published : Patterson , M . G .  1 983 . E stimation o f  the Quality of 

Energy Sources and Use s . Energy Policy 1 1 : 4 3 4 6-359 ( this paper 

appears in Appendix A ) . 
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