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The United States energy system permits a wide range of sub- 

stitutability among alternate energy forms because of the incor- 

poration of many resources and conversion technologies. 

although closely coupled to the overall economy and environment, 

does not contain any institution with sole planning responsibilities 

that encompass it. In this context, the importance of a consistent 

basis to examine specific sectors of the energy system is clear and 

This System8 I 
! 

it follows that a program is required which is specifically designed 

to provide a unified and comprehensive planning network which meets 

the need for consistency. 

were designed to meet this need. 

The analytical techniques to be described 

The Reference Energy Systems were 

initially developed for use in Assessment of Energy Technologies 

carried out by the Office of Science and Technology (OST) and were 

used in the development of a national R&D plan by the Chairman of 

the Atomic Energy Commission (AEC). 

Commerce Technical Advisory Board in formulating recommendations for 

a National Energy Program, (*) and by ERDA in their development of 

an energy R&D plan. 

They were also used by the 

( 3 )  

The Reference Energy System is a network representation of all 

of the technical activities required to supply various forms of en- 

ergy to end-use activities. Technologies are defined for all op- 

erations involving specific fuels including their extraction, 

refinement, conversion, transport, distribution, and utilization. 

Each of these activities is represented by a link in the network 

for which efficiency, environmental impact, and cost coefficients 

may be specified. 

the level of energy demands and the energy flows through the supply 

activities that are required to serve those demands. The total en- 

vironmental effects, resource consumption, and costs for the energy 

The network is quantified for a given year with 

system are tabulated for each planning year . Reference Energy sys- 
tems were developed for the years 1980, 1985, 1990, 2000,  and 2020. 
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These are  designed t o  permit the assessment of a broad set of tech- 

nologies ranging from solar  energy t o  coal and involving extraction 

processes as w e l l  a s  u t i l i za t ion  devices, 

tems w e r e  formulated w i t h  minimal introduction of new technologies 
and w e r e  based on forecasts t ha t  w e r e  available i n  various sectors,  

A Reference Energy System for 1972 is  shown i n  Figure 1. This 

The Reference Energy Sys- 

i s  of h i s tor ica l  in te res t ,  but provides a s ta r t ing  point for the  de- 

velopment of such systems for  future years, based on anticipated 

growth r a t e s  i n  population, energy use in business and industry, and 

assuming moderate conservation e f fec ts  caused by some technological 

efficiency increases i n  end use devices, such a s  autos, and demand 

curtailment resu l t ing  from higher energy prices. 

. 

The Reference Energy Systems are  used i n  an assessment t o  
evaluate new technologies by the technique of perturbation analysis. 

A new technology t o  be evaluated may involve simple replacement of 
an individual process or  may dictate an en t i re ly  new path i n  the en- 
ergy system network. In e i ther  case, the appropriate links repre- 

senting the new technology are inserted into the Reference Energy 

System t o  produce a Perturbed Energy System (PES) .  Technical judg- 

ments a re  required t o  specify the efficiency, cost ,  and environmental 

parameters t ha t  describe the  technology and the degree tha t  it may 

be implemented i n  the  planning year t o  serve specif ic  demands, 

these determinations have been made and the appropriate technology 

i s  replaced i n  the Reference Energy System, the procedure simply 

involves a recalculation of t o t a l  resource consumption, cost ,  and 

environmental e f fec ts .  

evident by comparing the  outputs for  the Perturbed Energy System 
with those of the Reference Energy System. 

technologies may be introduced i n  a single Perturbed Energy System 
and oolicv analvses may be performed by the same technique. 

Once 

The impact of the new technologies a re  

Combinations of new 

In 
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general, additional analyses must be performed t o  determine the 

implications of new pol ic ies  i n  terms of the parameters included 

i n  the  model. 

Examples of the  Reference Energy Systems for  1985 and 2000 are  

shown i n  Figures 2 and 3. A markedly d i f fe ren t  future for 2000 i s  

i l l u s t r a t ed  i n  Figure 4, t i t l e d  Future Energy System. In contrast  

t o  Figure 3 ,  the  Future Energy System contains a host of new tech- 

nologies ranging from solar  energy t o  u t i l i za t ion  of shale o i l  and 

synthetic gases and l iqu ids  derived from coal. Should t h i s  scenario 

prove feasible,  it is  seen tha t  the U.S. could become a petroleum 
exporter t o  a moderate degree. 

demonstrate the  usefulness of the  Reference Energy System Format t o  

provide a common baseline for  analysis of technological and policy 

options . 

The point of t h i s  comparison is  t o  

The Brookhaven Energy System Optimization Model (BESOM) in- 

cludes the same input parameters t h a t  a re  used i n  the Reference 

Energy System and is  used for  more extensive analyses where opti-  

mization i s  desired. The model encompasses the  en t i re  energy system 

and r e f l ec t s  the  f u l l  feasible  range of in te r fue l  subs t i tu tab i l i ty .  

It includes both electric and nonelectric energy forms and focuses 

on the  technical, economic, and environmental charac te r i s t ics  of 
the  energy conversion, delivery, and u t i l i za t ion  devices t h a t  make 
up the  energy system. The analyt ical  approach, i n  i t s  general form, 

considers n a l te rna te  supply categories, and a set of m demand cate- 

gories,  providing n x m possible supply-demand combinations or  paths 

(Figure 5). The solutions obtained indicate the optimal supply- 

demand configuration of the energy system within the constraints 

on resources, d a ~ ~ ~ l d S ,  and environmental impacts t h a t  a re  specified 

exogenously. The model may be fomulated on a regional or  national 

leve l  for some future planning year by specifying, along with the 

appropriate constraints,  a cost  coeff ic ient ,  supply efficiency, 

I 
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utilization efficiency, and set of environmental impacts for each 

feasible supply-demand combination, The load-duration characteris- 

tics of electrical demands are also incorporated in the model. The 

optimization may be performed with respect to Cost, or alternatively, 
with respect to an environmental effect or some arbitrary combina- 

tion of such effects. 

incorporated in the model through constraint equations. 

Other objectives and policy issues may be 

. 
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RESOURCE I EXTRACTION 

REFERENCE ENERGY SYSTEM, YEAR 2000 
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FUTURE ENERGY SYSTEM, YEAR 2000 
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