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ABSTRACT 

The N a t i o n a l  C e n t e r  f o r  A n a l y s i s  of Energy Systems a t  Brookhaven 

h a s  been i n  o p e r a t i o n  s i n c e  J a n u a r y  1976. T h i s  annua l  h i g h l i g h t s  

r e p o r t  o u t l i n e s  t h e  scope of a c t i v i t i e s  of t h e  Cen te r  i n v o l v i n g  t h e  

i n t e g r a t e d  a n a l y s e s  of t e c h n o l o g i c a l ,  economic, env i ronmenta l ,  and 

s o c i a l  a s p e c t s  of energy a t  t h e  r e g i o n a l ,  n a t i o n a l ,  and i n t e r n a t i o n a l  

l e v e l s .  The o b j e c t i v e s  of t h e  Cen te r  and major  accomplishments of  

1978 a r e  d e s c r i b e d  a long  w i t h  a  l i s t  of a c t i v e  p r o j e c t s  and pub l i ca -  

t i o n s .  The energy  d a t a  b a s e s  and a n a l y t i c a l  models used i n  t h e .  c o u r s e  

of p o l i c y  a n a l y s e s  a r e  a l s o  d e s c r i b e d .  

The major  ongoing a c t i v i t e s  of  t h e  Cen te r  i n c l u d e :  

- a n a l y s i s  of energy-economic r e l a t i o n s h i p s ,  

- r e g i o n a l  energy and env i ronmenta l  p o l i c y ,  

- compara t ive  h e a l t h  e f f e c t s  of a l t e r n a t i v e  energy sys tems ,  

- technology assessment  and energy  R&D p r i o r i t i e s ,  

- development of energy-economic-environmental  models and 
d a t a  b a s e s ,  

- R&D s t r a t e g i e s  f o r  I n t e r n a t i o n a l  Energy Agency, and 

- energy t e c h n o l o g i e s  f o r  deve lop ing  c o u n t r i e s .  

The m u l t i d i s c i p l i n a r y  approach  used i n  t h e  Cen te r  and t h e  c l o s e  

i n t e r a c t i o n  w i t h  o t h e r  a n a l y t i c a l  g roups  i n  u n i v e r s i t i e s  and i n d u s t r y  

p r o v i d e  a  un ique  p e r s p e c t i v e  on t h e  e n e r g y  s i t u a t i o n .  T h i s  p e r s p e c t i v e  

i s  g iven  emphasis i n  t h e  1978 h i g h l i g h t s  r e p o r t .  
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INTRODUCTION 

The N a t i o n a l  Cen te r  f o r  A n a l y s i s  of Energy Systems .(NCAES) was 

e s t a b l i s h e d  a t  Brookhaven i n  January  1976. The f o r m a t i o n  of t h e  Center  gave 

r e c o g n i t i o n  . , both t o  t h e  need f o r  d e t a i l e d  i n t e r d i s c i p l i n a r y  s t u d i e s  of t h e  

r e l a t i o n s  between t h e  t e c h n o l o g i c a l ,  economic, s o c i a l ,  . . and env i ronmenta l  
. . 

f a c t o r s  of energy systems and t o  t h e  p r e v i o u s  work done by t h e  Brookhaven 

groups  i n  t h e s e  a r e a s  of energy systems a n a l y s i s . '  The s t a f f  p r o v i d e s  

e x p e r t i s e  i n  t h e  a r e a s .  of s c i e n c e ,  t echnology ,  economics., p lann ing ,  h e a l t h  

and s a f e t y ,  i n f o r m a t i o n  sys tems ,  and q u a n t i t a t i v e  a n a l y s i s .  I n  o r d e r  t o  

r e l a t e  t h e  t e c h n o l o g i c a l  a s p e c t s  of energy t o  o t h e r  p o l i c y  a r e a s  i n c l u d i n g  
. . .  

economics and t h e  environment ,  work i s  performed when a p p r o p r i a t e  f o r  o t h e r  

f e d e r a l  a g e n c i e s  and f o r  s t a t e  and r e g i o n a l  a g e n c i e s , '  r e g u l a t o r y  b o d i e s ,  and 

p lann ing  groups .  

The emphasis of t h e  programs a t  t h e  Cen te r  is on p lann ing  s t u d f e s  a t  t h e  

r e g i o n a l ,  n a t i o n a l ,  and i n t e r i l a t i o n a l  l e v e l s  i n  a r e a s  of: s p e c i a l  impor t  t o  

energy a n a l y s i s .  Th i s  work is  des igned  t o  a s s i s t  s e v e r a l  o f f i c e s  i n  t h e .  

Department of Energy (DOE) i n c l u d i n g :  Energy In format ion  A d m i n i s t r a t i o n ,  

A s s i s t a n t  . . , S e c r e t a r y  f o r  t h e  Environment,  A s s i s t a n t  S e c r e t a r y  f o r  P o l i c y  and 

E v a l u a t i o n ,  A s s i s t a n t  S e c r e t a r y  f o r  Conserva t ion  and S o l a r  Appl ica t , ion ,  . - 

~ s s i s t a n t  S e c r e t a r y  fo'r I n t e r n a t i o n a l  ~ f f a i , k s ,  O f f i c e  of Energy ~ e s e a r c h ,  
. . 

and Economic Regula to ry  Administ .rat iorr .  A p o r t i o n  of t h e  . e f f o r t  i s  
, . 

devoted t o  t h e  development of p lann ing  frameworks, a n a l y t i c a l  models,  and 

d a t a  b a s e s  t h a t  a r e  r e q u i r e d  ' t o  g i v e  a d e q u a t e  suppor t  t o  t h e  energy s t u d i e s .  

Thus t h e  program i n v o l v e s ' b o t h  o p e r a t i o n a l  suppor t  t o  DOE and. o r i g i n a l  

r e s e a r c h  i n  energy systems a n a l y s i s .  I n d i v i d u a l s  associ  a t ~ r l  w i t h  t h e  Ccntcr  

have engaged i n  a  number of major panel  and committee a c t i v i t i e s  i n  t h e  

energy a r e a .  The r e s e a r c h  component of p r e v i o u s  programs on which t h e  Cen te r  

i s  based h a s  l e d  t o  t h e  development of a n a l y t i c a l  methods and d a t a  bases  t h a t  

a r e  widely  used a t  t h e  f e d e r a l  l e v e l  a s  w e l l  as by i n d u s t r y  and u n i v e r s i t i e s .  

These unique a n a l y t i c a l  t e c h n i q u e s  emphasize t e c h n o l o g i c a l  d e t a i l  and a r e  

employed i n  s u p p o r t  of t h e  p lann ing  s t u d i e s .  



OBJECTIVES 

S p e c i a l  o b j e c t i v e s  of t h e  N a t i o n a l  Cen te r  f o r . A n a l y s i s  of Energy Systems 

a r e :  ' . 

1. To perform energy  technology and p o l i c y  assessments  on a  c o n t i n u i n g  

b a s i s  t o  s u p p o r t  DOE. 

2. To deve lop  t e c h n i q u e s  f o r  energy-economic a n a l y s i s .  

3.  'To a n a l y z e  biomedical  and env i ronmenta l  impacts  of energy 

s t r a t e g i e s .  

4. To perform s p e c i a l  r e g i o n a l  'and n a t i o n a l  p o l i c y  s t u d i e s .  

5. To e x p l o r e  i n t e r n a t i o n a l  a s p e c t s  of energy i n  r e l a t i o n  t o  techno- 

l o g y  and po l icy .  

.. . 
. . . 6 .  To deve lop  improved d a t a  bases  and ' a n a l y t i c a l  methods f o r  use  i n  

. ,  . energy  p o l i c y  a n a l y s i s  and technology assessment .  

7. To assist  i n  t h e  c o o r d i n a t i o n  and i n t e g r a t i o n  of energy d a t a  and 

. models th rough  c o l l a b o r a t i v e  e f f o r t s  wi th  u n i v e r s i t i e s  .and i n d u s t r y .  

8. To c o o p e r a t e  w i t h  and assist o t h e r  f e d e r a l  a g e n c i e s ,  r e g i o n a l  

p lann ing  and r e g u l a t o r y  a g e n c i e s ,  u n i v e r s i t i e s ,  and i n d u s t r y  groups  

i n  t h e  a n a l y s i s  of s p e c i a l  problems of mutual  i n t e r e s t  and i n  t h e  

dissemi n a t i o n  o f  i n f o r m a t i o n  and ' a n a l y t i c a l  methods. 

9. To p rov ide  s u p p o r t  and f a c i l i t i e s  f o r  workshops and s p e c i a l  s tudy  

groups  assembled t o  a d d r e s s  impor tan t  t o p i c s .  



HIGHLIGHTS OF 1978 

Completed a s tudy  of decen t r a l i zed  energy technologies  and t h e i r  
' implementation i n  t h e  U.S. energy system. 

Prepared a s e r i e s  of long-term energy p r o j e c t i o n s  f o r  t h e  Energy 
Information Administrat ion.  

I n i t i a t e d  work on a n  Energy Emergency Management Information 
System based on t h e  Reference Energy System. 

Completed, i n  c o l l a b o r a t i o n  wi th  p a r t i c i p a t i n g  IEA member n a t i o n s ,  
t h e  development of a new energy system market a l l o c a t i o n  model, 
MARKAL. The model was app l i ed  t o  a comprehensive mul t iob jec t ive  
assessment of new energy technologies .  

P a r t i c i p a t e d  i n  DOE Developing Count r ies  S tud ie s  of Egypt and Peru 
and completed t h e  a n a l y s i s  of a l t e r n a t i v e  f u t u r e  energy systems 
f o r  t hose  coun t r i e s .  

Performed comparisons of major energy-economic models used f o r  mid- 
and long-term energy p ro j ec t ions .  

Developed indus t ry  process  models f o r  s t e e l ,  aluminum, pulp and ' 
paper ,  and g l a s s  f o r  u s e  i n  p o l i c y  a n a l y s i s .  

Evaluated t r a n s p o r t  of energy p o l l u t a n t s  and h e a l t h  e f f e c t s  of t h e  
product ion and u t i l i z a t i o n  of c o a l  f o r  t h e  Nat iona l  Coal U t i l i z a t i o n  
Assessment. 

The above i s  only  a sampling of t he  work of t he  ~ a t i o n a l  Center  f o r  

Analysis  of Energy Systems during 1978. Although many of t h e s e  achieve- 

ments involve  i n d i v i d u a l  p r o j e c t s  f o r  s p e c i f i c  program o f f i c e s  i n  t h e  

Department of Energy, t h e  range and scope of t h e  assemblage of i n d i v i d u a l  

p r o j e c t s  a r e  extremely broad. The i n t e g r a t i o n  and coord ina t ion  of the 

t e c h n i c a l ,  economic, environmental,  and in t e rna t i . ona1  p r o j e c t s  provide a 

unique pe r spec t ive  on t h e  U.S. and g loba l  energy s i t u a t i o n .  I n  t h i s  r e p o r t  

we have drawn these  r e s u l t s  t oge the r  i n t o  a s e t  of pe r spec t ives  on t h e  

energy s i t u a t i o n .  



Technology Assessment Program 

For s e v e r a l  y e a r s ,  t h e  Technology Assessment Group has  conducted a 

s e r i e s  of ana lyses  of t h e  p r o s p e c t s  f o r  and b e * e f i t s . d £  new tech-  

no log ie s  t h a t  a r e  now i n  t h e  r e sea rch  and development s t age .  The t e c h n i c a l  
. . 

and economic c h a r a c t e r i s t i c s  of new energy technologies  a r e  subj  e c t  t d  
l a r g e  u n c e r t a i n t i e s ;  however, assuming t e c h n i c a l  and economic success  of 

. .  , 

t h e  R&D, c e r t a i n  f e a t u r e s  of t h e  f u t u r e  energy system f o r  t h e  U.S. seem . . 

c l e a r .  
. . 

To ana lyze  long-term supply and conversion op t ions ,  t h r e e  p o s s i b l e  

c a s e s  u t i l i z i n g  technologies  f o r  enhanced' energy supply were examined : 

1.. Large-scale  e l e c t r i f i c a t i o n  based upon c o a l  and nuc lea r  f u e l s .  
. . 

2. Large-scale  enhancement of f o s s i l  s u p p l i e s  ' of convent iona l  o i l  

and gas  a s  w e l l  a s  s y n t h e t i c s  from coa l .  

3 .  Large-scale u s e  of renewable resources- -so lar  energy and biomass, 

. and. process  hea t  from cogenerat ion.  
. . 

These r ep re sen t  a l t e r n a t i v e  boundary c a s e s  i n  t h a t  they  each stress . indi-  

v i d u a l  group's of technology t o  t h e i r  l i m i t s .  The most l i k e l y  f o r e c a s t  would 

comprise a combination of t h e s e  cases .  

Scenar ios  f o r  each qf t h e  above c a s e s  were prepared us ing  t h e  Reference 

Energy System format ,  i n  which c0nstan.t  l e v e l s  of s e rv i cca  r equ i r ed  i n  t h e  

economy were assumed f o r  a l l  c a ses .  J-udgmental estiluates of technol.ogy 

p e n e t r a t i o n  were employed.. P rvspec t s  f o r  improving t h e  e f f i c i e n c y  of 

energy use ,  and changes i n  s ,e rv ice  l e v e l s  a s  a func t ion  of pr ice , ,  a r e  d i s -  

cussed i n  t h e  s e c t i o n  on economic pe r spec t ives .  Technology assessments  

i n d i c a t e  t.hat t h e  o p p o r t u n i t i e s  f o r  t e c h n i c a l  improvements i n .  t h e  e f f i c i e n c y  

of energy u s e  a r e  l a r g e ,  bu t  w i l l  be  governed l a r g e l y  by energy p r i c i n g  and, 

r e g u l a t i o n .  

The maximum e l e c t r i f i c a t i o n  scena r io  assumes t h a t  t h e  r o l e  of e l e c t r i c i t y  

could be increased  from t h e  base c a s e  l e v e l  of 4 3  percent  of primary inpu t s  

i n  t h e  year  2000 t o  47 pe rcen t ,  and r e l i e s  heav i ly  on both  nuc lea r  and coal-  

f i r e d  c e n t r a l  s t a t i o n  p l a n t s  t o  meet t h e  demands of t h e  inc reas ing ly  



e l e c t r i f i e d  economy. Major ar ,eas  of emphasis a r e .  a l l - e l e c t r i c .  homes, 'some- . 

u s e  of. e l e c t r i c i t y  f o r  i n d u s t r i a l  p rocess  h e a t ,  , a v a i l a b i l i t y  of i n d u s t r i a l  

hea t  pumps, and l a rge - sca l e  adopt ion  of r e s i d e n t i a l  h e a t  pumps. 

The maximum f o s s i l  s cena r io  assumes ' the  c o n t i n u a t i o n  of t h e  p re sen t  

end-use consumption p a t t e r n s  dominated by f o s s i l  f u e l s  and emphasizes t h e  

r o l e  of t h e  supply enhancement programs f o r  o i l ,  g a s ,  and s h a l e  o i l  and t h e  

u s e  of coal-based s y n t h e t i c s .  The degree  of e l e c t r i f i c a t i o n  f a l l s  t o  38 

percent  from t h e  base c a s e  l e v e l  of 43 percent  of t o t a l  primary inpu t s .  The 
11 gas  opt ion" i s ,  of course ,  a  r e c e n t l y  red iscovered  long-range opt ion .  I f  

s u b s t a n t i a l  s u p p l i e s  of methane a r e  a v a i l a b l e  a t  p r i c e s  of $3 t o  $5  p e r  

m i l l i o n  Btu, then  t h i s  f u e l  could c a p t u r e  much of t h e  n a t i o n ' s  urban and 

i n d u s a t r i a l  markets wi th  s i g n i f i c a n t  environmental b e n e f i t s .  Th i s  would a l s o  

dampen f u r t h e r  t h e  demand f o r  imported o i l .  

The decen t r a l i zed  scena r io  is  aimed a t  t h e  maximum u s e  of decen- 

t r a l i z e d  and renewable resources  by t h e  year  2000. This  case  emphasizes 

s o l a r ,  geothermal,  biomass, and waste  hea t  recovery t o  reduce dependence 

on convent iona l  f o s s i l  f u e l s ,  and s u b s t i t u t e s  d i r e c t  burning .of f o s s i l  f u e l s  

f o r  e l e c t r i c i t y - i n ' t h e  i n d u s t r i a l  gec tor .  E l e c t r i f i c a t i o n  f a l l s  from t h e  

base c a s e  l e v e l ' o f  . 4 3  percent  t o  .3.7 percent  i n  terms of primary inpu t s .  

Table I summarizes t h e  f u e l  u s e  p a t t e r n s  f o r  t h e  t h r e e  cases .  The 

TABLE I 

. . 
Resource Use su&ary"- 2000 

(Quadr i l l ion  Btu) 

Bast! Elec t  . F o s s i l  Becentr . 
T o t a l  Primary Inpu t s  138.5 141. '3 135.7 129.7 
O i l :  Domestic 18.8 18.8 22.8 18.8 

Imported 26.9 26.6 22.0 28.5 
Shale  3.0 3  .O 5.0 3.0 

Coal 32.6 32.1 33.3 26.3 
Gas: Domestic 17.7 17.9 21.1 17.9 

Imported 1 .3  0 .1  2.7 3.7 
Nuclear 28.5 31.6 20.0 17.8 
Elec t r i c i t y - C e n t r a l  

(Hydro/Geo/Solar) 7.7 9.2 6.8 10.2 
Elec t r ic i ty-Noncent ra l  2.0 2.0 2.0 3.4 

Notes: Coal inc ludes  wood; domestic gas inc ludes  biomass. 



e l e c t r i f i c a t i o n  s c e n a r i o  u ses  t h e  g r e a t e s t  input  f u e l  quan t i t y  because of 

t h e  conversion,  t r ansmis s ion ,  and d i s t r i b u t i o n  l o s s e s  a s soc i a t ed  wi th  t h e  u s e  

of e l e c t r i c i t y .  The lower o i l  impact l e v e l s  of t h e  f o s s i l  c a s e  r e s u l t  from 

increased  domestic s u p p l i e s  obtained from enhanced recovery,  increased  s h a l e  

o i l  product ion,  and c o a l  s y n t h e t i c s .  The decen t r a l i zed  c a s e  uses  t h e  lowest 

t o t a l  f u e l  input  because of t h e  u s e  of renewable r e sou rces  and waste  h e a t .  

I n  summary, d e s p i t e  s i g n i f i c a n t  d i f  f  erenc'es i n  f u e l  mix r e s u l t i n g  from 

t h e  cho ices  of supply o p t i o n s ,  t h e  U.S. energy system w i l l  s t i l l  r e l y  heav i ly  

upon f o s s i l  f u e l s  and n u c l e a r  power through t h e  year  2000. Beyond t h a t  

t ime frame, d e t a i l e d  a n a l y s i s  a t  BNL i n d i c a t e s  t h a t  f u t u r e  energy s u p p l i e s  

w i l l  be  heav i ly  based upon a  t r i a d  c o n s i s t i n g  of f o s s i l  f u e l s  (p r imar i ly  

coal-based) ,  nuc l ea r ,  and renewable r e sou rces  ( s o l a r  and geothermal) .  The 

r e sou rce  base f o r  t h i s  long-eerm t r i a d  supply strategy is  shown i n  

F igure  1. 

The t h r e e  scenar io ' s  dqscr ibed  above have drawn on previous  work per- 

formed involv ing  d e t a i l e d  ana lyses  of i n t e n s i v e  e l e c t r i f i c a t i o n  and t h e  

f u t u r e  r o l e  of c o a l .  A suppor t ing  s tudy of d e c e n t r a l i z e d  systems has a l s o  

been r e c e n t l y  completed. The l a t t e r  s tudy  examines t h e  v i a b i l i t y  of de- 

c e n t r a l i z e d  systems both  a s  t h e  primary sou rce  of t h e  n a t i o n ' s  energy ( i n  

t h e  long term),  and as a component of t h e  e x i s t i n g  energy system ( i n  t h e  

n e a r  and mid term).  . 
The. i s s u e  of d e c e n t r a l i z a t i o n  of t h e  energy system is  a t o p i c  of con- 

s i d e r a b l e  po l i cy  debate .  The i s s u e  is  l a r g e l y  a  ques t ion  of t h e  s t r u c t u r e  

of s o c i e t y  and p a t t e r n s  of urban development, bu t  does have s i g n i f i c a n t  

energy po l i cy  imp l i ca t ions .  C e n t r a l i z a t i o n  of t h e  energy system toward l a r g e  

u t i l i t y  networks and a  g l o b a l  l i q u i d  f u e l  system was d r iven  l a r g e l y  by t h e  

economies of s c a l e ,  increased  r e l i a b i l i t y ,  and,  i n  t h e  c a s e  of u t i l i t i e s ,  

t h e  b e n e f i t s  of load d i v e r s i t y .  While t h e s e  a s p e c t s  of c e n t r a l i z a t i o n  have 

been of g r e a t  b e n e f i t  t o  t h e  cunsumer, t h e r e  i s  another  side ro che c o i n  

t h a t  must be  s tud ied .  C e n t r a l i z a t i o n  has ,  i n  many in s t ances ,  moved t h e  

e a s i l y  perceived r i s k s  and environmental i s s u e s  t o  l o c a t i o n s  remote from 
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t h e  consumers. Thus c e r t a i n  groups of people,  o r  r eg ions ,  s u f f e r  t h e  conse- 

quences of energy use ,  whi le  o t h e r s  r e a l i z e  t h e  b e n e f i t s .  Also, t h e  s c a l e  

of i n f r equen t  f a i l u r e s  is  enlarged.  These a r e  l e g i t i m a t e  problems t h a t  do 

r a i s e  ques t ions  about  t h e  a p p r o p r i a t e  s c a l e  of c e n t r a l i z a t i o n  of t h e  energy 

system. 

NCAES s t u d i e s  i n d i c a t e  t h a t  t h e  a p p r o p r i a t e  degree  of c e n t r a l i z a t i o n  

i s  d i r e c t l y  connected t o  popula t ion  dens i ty .  There a r e  a p p r o p r i a t e  s c a l e  

t echno log ie s  f o r  r u r a l ,  suburban, and urban a p p l i c a t i o n s .  I n  terms of e lec-  

t r i c  gene ra t ion ,  t h e  range  of 10  t o  50 kw seems an a p p r o p r i a t e  op t ion  i n  

r u r a l  a r e a s ,  1 Mw to' 50 Mw i n  suburban a r e a s ,  and 50 t o  hundreds of Mw i n  

i n d ~ i s t r i a l i z e d  o r  i r b a n  a r e a s .  'I'hese scales sf technology are 111usL appro- 

p r i a t e  f o r  t h e  coupled product ion  of h e a t  and power cogenerat ion.  

S e v e r a l  t echnologies  have been i d e n t i f i e d  t h a t  promise a l t e r -  

n a t i v e  opt ions .  For t h e  nea r  t e r m  t h e s e  inc lude  o i l -  and gas- f i red  t o t a l  

energy systems which provide  e l e c t r i c i t y  and hea t  a t  t h e  l o c a l  l e v e l .  For 

t h e  longer  term t h e  f u e l  c e l l  and pho tovo l t a i c  devices  seem t o  promise 
. , 

d e c e n t r a l i z e d  technologies  t h a t  could have r evo lu t iona ry  impact on t h e  

energy system. They a r e  modular i n  c o n s t r u c t i o n  and f r e e  of t h e  economies 

of s c a l e  t h a t  p r e v a i l  i n  o t h e r  technologies .  

Note t h a t  t h i s  d i s c u s s i o n  of d e c e n t r a l i z e d  op t ions  has ,  u n t i l  now, 

avoided t h e  terms "sof t"  o r  "hard." We b e l i e v e  ' t h a t  t h e  i n t r o d u c t i o n  of 

t h e s e  terms r e l a t e s  more t o  s o c i a l  pe r spec t ives  and does l i t t l e  t o  r a i s e  

t h e  l e v e l  of d i cuss ion  of energy po l i cy .  The r e a l  ques t ion  i s  one of t h e  

s c a l e  of technology, and matching t h a t  s ca l e  ' t o  t h e  popula t ion  d e n s i t y  i n  ' 

a reg ion .  The " so f t "  technology d e s c r i p t i o n  has  been app l i ed  t o  s o l a r  tech-  

no log ie s .  I n  t h i s  regard  w e  f i n d  a  need f o r  f u r t h e r  R&D on a wide v a ~ i e ~ y  

of promising s o l a r  technologies .  I n  p a r t i c u l a r ,  che u s e  of p a s s l v e  s u l a ~  

through improved a r c h i t e c t u r a l  des ign  t o  e x p l o i t  and s t o r e  s o l a r  energy 

should be given t h e  h ighes t  p r i o r i t y .  

Economic Analys is  Programs 

It i s  extremely important  t o  p l ace  energy i n  t h e  context  of economic 

and s o c i a l  development. Energy, a f t e r  a l l ,  is  u t i l i z e d  not  f o r  i t s  own 

c h a r a c t e r i s t i c s  bu t  f o r  t h e  comfort,  mob i l i t y ,  employment, and p r o d u c t i v i t y  



t h a t  i t  provides.  A s  t h e  a v a i l a b i l i t y ,  o r  p r i c e ,  of energy changes r e l a t i v e  

t o  o t h e r  i npu t s  t o  t h e  goods and s e r v i c e s  t h a t  a r e  consumed, s u b s t i t u t i o n  of 

t h e s e  o t h e r  i n p u t s  may t a k e  place.  T h e . l a s t  50 yea r s  have s e e n  t h e  s u b s t i -  

t u t i o n  of c a p i t a l  and energy f o r  l a b o r ,  thereby inc reas ing  t h e  "product iv i ty"  

of l abo r .  It appears  t h a t  t h e  f u t u r e  holds  open t h e  p o s s i b l e  s u b s t i t u t i o n  

of c a p i t a l  f o r  energy through t h e  development and implementation of more 

e f f i c i e n t  systems t h a t  u s e  energy t o  produce goods and s e r v i c e s .  

Energy-GNP Rela t ionships :  The r o l e  of energy i n  t h e  U.S. economy was 

explored us ing  t h e  combined Brookhaven Nat iona l  Laboratory/Dale W. Jorgenson 

Assoc ia tes  (BNL/DJA) model system f o r  energy u s e  and energy-economy i n t e r -  

a c t i o n s .  The ~ ~ ~ ' c o m ~ o n e n t  of t h e  system is  a t e chno log ica l  model of energy 

e x t r a c t i o n ,  conversion,  and end use;  and i t  r e p r e s e n t s  t h e  economic and tech- 

n i c a l  c h a r a c t e r i s t i c s  of t h e  f u t u r e  s u b s t i t u t i o n  p o s s i b i l i t i e s  among new 

and convent iona l  energy technologies  and energy sources.  The D J A  model 

d e p i c t s  product ion and spending throughout s e c t o r s  of t h e  economy w i t h i n  

a  f l e x i b l e  framework of t r a n s a c t i o n s  between i n d u s t r i e s  which permi ts  sub- 

s t i t u t ion . among  c a p i t a l ,  energy, l a b o r ,  and product (GNP). Three a l t e r n a -  

t i v e  energy p r o j e c t i o n s  were analyzed wi th in  t h i s  system. These f u t u r e s  

were intended t o  r e f l e c t  t h e  u n c e r t a i n t y  which c h a r a c t e r i z e s  - t h e  planning 

and po l i cy  process  and r e s u l t e d  from t h e  combination of s e v e r a l  energy p r i c e  

f o r e c a s t s  wi th  an i n v a r i a n t  s e t  of energy p o l i c i e s .  The p r i c e  t r a j e c t o r i e s  

were of d i f f e r e n t  i n t e n s i t i e s  and, wi th  no assumed po l i cy  response,  y i e lded  

d i f f e r e n t  l e v e l s  of energy p r i c e s ;  they  a r e  l abe l ed  t h e  Low, Medium, and 

High p r i c e  cases .  

The long-term, equi l ibr ium,  economic impacts of .higher  energy p r i c e s  

a r e  s i g n i f i c a n t ,  though c l e a r l y  n o t  c a t a s t r o p h i c  given s u f f i c i e n t  ad jus t -  

ment t i m e .  Higher energy p r i c e s ,  i r r e s p e c t i v e  of t h e  sources  of t h i s  

e s c a l a t i o n ,  have an  e f f e c t  on t h e  s t r u c t u r e  of economic a c t i v i t y ,  t h e  l e v e l s  

of product ion and income, and t h e  s t u c t u r e  and l e v e l  of p r i c e s .  Increased  

energy p r i c e s  slow t h e  growth of p r o d u c t i v i t y  and of t h e  economy, and 

a c c e l e r a t e  p r i c e  i n f l a t i o n .  The energy p r i c e s ;  energy use,  and GNP impacts 

a r e  summarized i n  Table 11. Fu tu re  r e a l  GNP i s  reduced, implying a  r e a l  



TABLE I1 

Summary of Economic E f f e c t s  of Higher  Energy P r i c e s  

i n  t h e  BNL/DJA Energy-Economy Model 

1985 1990 2000 

Crude O i l  P r i c e s  

(1975 d o l l a r s / b a r r ~ l )  

Tlnw l?~i.r.e. Cnnc. 22 3& & a ,  36 1 7 . 1 1  
PleJlulu P ~ l c e ,  Case 12 .92 ,  16.56 27.14 
High P r i c e  Case 16.69 24.57 35.43 

Average P r i c e s  o f  P r imary  ~ n e r g y  

(1975 d o l l a r s / m i l l i o n  Btu)  

L ~ W  P r i c e  Case ' 

Medium P r i c e  Case 
High P r i c e  Case  

Pr imary  Energy I n p u t :  

( Q u a d r i l l i o n  Btu) 

. Low . P r i c e  Case 
Medium P r i c e  Case 
High P r i m  Case 

R e a l  GNP 

( B i l l i o n s  o f  1972 d o l l a r s )  

Low P r i c e  Case 1779.40 2075.60 2785.80. 
Medium- P r i c e  Case , 1776.50 2039.30 2696.30 
H ig11 Pi. it5.e Case 1757.40 2003.30 2617.70 

Low P r i c e  Case  
Medium P r i c e  Case 
High P r i c e  Case 

* 
The a c t u a l  1976 Energy-GNP R a t i o  i s  58.4 x l o 3  ~ t u / 1 9 7 2 $ .  



economic cost in terms of income and production foregone. By 2000, the 

difference in real GNP between the High and Low price cases is $168 

billion, in constant dollars of 1972 value. The cumulative real income and 

production loss are still more substantial. Over the 1977 to 2000 period, 

the total real GNP foregone in moving from low to high price conditions is 

$1560 billion, in constant 1972 dollars; this total real GNP foregone 

exceeds the entire U.S. real GNP for 1977. Thus, while higher energy,prices 

resulting from policy measures or other causes can be absorbed in the'economy 

without precluding continued positive economic growth, there are real and 

significant economic costs associated with such price increases, even aside 

from balance of trade effects. These results are based on a smooth price 

transition with sufficient warning and time to adjust. The impacts of 

unexpected sharp price changes or curtailment of supply would certainly be 

much more serious and disruptive. 

One indicator of the overall economic efficiency of energy use is given 

by the ratio of totai primary energy consumed annually to the annual flow of 

real gross national product (Figure 2). This ratio is projected to decline 

over time (even in the Low Case) as spending and production patterns move 

away from energy-intensive activities, and as efficiencies in energy conver- 

sion and end use improve. Under the higher energy prices, the decline in 

the energy-GNP ratio is accelerated as the energy input is reduced to a 

greater extent than real GNP. 

. The aggregate energy-GNP relationships outlined above are highly perti- 

nent to energy policy, While the discussion has emphasized aggregate rela- 

tionships, the analysis focuses in great detail on specific energy use 

sectors in industry, and on consumer sectors. These sectors are also examined 

in detail using a serle~ of end-use models, and are discussed below. Future 

work must gZve more attention to impacts on questions of equity among income 

groups and between regions (geographical and urban-suburban-rura1). 

Conservation Opportunities in Buildings: The amount of energy consumed 

in hcnting, cooling, ventilating, and lighting residential and commercial 

buildings makes the bui.1ding sector one of the most important areas for 
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ined  a s  t h e  r a t i o  o f  Btu of primary e n e r g y  ( f o s s i l  e q u i v a l e n t )  
.sumed t o  g r o s s  na t ior ia l  p roduct  (GNP) measured. i n  c o n s t a n t  1972 
l a r s .  

Figure  2. The energy-GhT r a t i o ,  1947-2000: An 
i n d i c a t o r  of energy-economy i n t e r a c t i o n s  i n  the  
BNL/DJA model system. 



conservation programs. A program investigating the use of energy in build- 

ings was designed to provide guidance in program evaluation and management 

to DOE. The effect of energy prices and policy options on energy demand in 

buildings, and on the market penetration of conservation technologies, was 

assessed. Several insights were obtained from the analyses. In the near 

to intermediate term, the potential for net savings is largest in the resi- 

dential retrofit market, and reductions in oil demand can be obtained from 

targeting programs toward the residential retrofit market in the Northeast. 

Since.the residential sector is undercapitalized, new conversion technolo- 

gies for conventional fuels and solar technologies do not reduce aggregate 

demand in the near term significantly? though the savings per unit is large. 

Policy initiatives that address the capital or "first cost" problem, parti- 

cularly tax credits, have a larger near-term impact than energy price in- 

creases. Standards have considerable long-term impact by reducing fuel 

consumption in new construction; but near-to-intermediate-term net effects 

are small. The potential for energy savings in the commercial sector is 

principally in new buildings while energy management and controls are impor- 

tant in existing commercial buildings. 

For the economy, implementing conservation measures in buildings shifts 

household expenditure from energy supply industries to industries producing 

conversion devices. The latter are typically more employment intensive and 

the net employment benefits appear to be positive. 

Conservation Opportunities in Industry: A set of industry-speci'fic 

process models have been developed for technoIogy assessment and policy 

evaluation. As the models are completed, they 'are exercised to demonstrate 

their capabilities and to gain useful insights into industrial energy con- 

servation potentials and pitfalls. 

In exercising models of the steel and paper industries, a number of such 

insights have emerged that dictate the use of comprehensive methods for policy 

analysis. Ffrst, because of process ihterdependenc3es, the energy impact 

on an industry from the introduction of a new technology can be quite dif- 

ferent from that calculated from a piecemeal or micro approach. For example, 

several conservation technologies for the paper industry were found to provide 



two to three timqs the energy reductions found from a simple process .calcu- 

lation. Second, policy stimulants directed t0ward.s only a subgroup of 

conservation options may actually,result in increasing energy demand. Anal- 

ysis of selected investment tax credits for cogeneration in the paper.indus- 

try predicted increased fuel demands due to energy price subsidization and 

the resulting disincentive to purchase.other conservfng technologies. 

Application of industry process- models has also raised issues that 

are, as yet, unresolved. Implications from use of the steel model are that 

the majority of conservation technologies currently under discussion are 

already economic in the postembargo environment. However, technological 

uncertainty will play an important role in their rates of market penetration. 

Kelatlve energy price insensitivity of the steel model infers that there is 

great potential for new inventions and/or more fundamental process changes 

that are on the technology horizon instead of the usual marginal technology 

changes currently under discussion. This indicates a need to direct more 

conservation research and development toward longer-term projects. 

Lastly, a policy option of disallowing corporate income tax deductions for 

energy purchases was found to greatly reduce industrial energy consumption. 

Environmental Programs 

A number of alternative resources and technologies have been discussed 

from the technical and economic perspectives. ' An important, determining 

factor in the implementation of these systems at the regional level is .in 

the environmental problems that they pose. ' In support' of 'the National Coal ' 

Utilization ~ssessment (NCUA) and other DOE policy studies, the environ- ' 
. , 

mental and health effects of coal-intensive scenarios have been explored. 

The environmental assessment techniques developed for these coal-related 

studies have stressed air quality and health impacts, and use a number of 

models developed in the environmental sciences program at Brookhaven to . 

map the transport and conversion of sulfur compounds t.hrough :time and spac,e 

linked to the damage functions developed in the Biomedical Environmental 

Assessment~program. The sequence of analytical steps in this assessment 



methodology is depicted in Figure 3. The study incorporated changes in the 

1977 Clean Air Act, which will likely require universal application of Flue 

Gas Desulfurization (FGD) for new coal-fired facilities beyond 1982, and 

the stringent requirements for solid waste disposal mandated by the Resource 

Conservation and Recovery Act (RCRA). Solid waste disposal problems, there- 

fore, received major attention in these assessments. 

The thrust of the conclusions of the work on the environmental impacts 

of increased coal utilization is illustrated by the major findings. of an 

assessment of a 1985 and 1990 scenario developed for the 1977 National Energy 

Plan: 

. The ability to maintain acceptable levels of air quality, while at 
the same time increasing levels of coal utilization, is vitally 

dependent on meeting state implementation plans,for existing sources 

of pollution, at least over the' next 10 to .15 years. 
> .  

. The geographica1.distribution of changes in SO2 emissions and in 
population-weighted SO2 ,and SO concentrations exhibits consfderable 4 

: variation. Relative to the 1975 base year, 'for example, Federal : 
Region I11 (pennsylvania,-Maryland, Delaware, Virginia, and West Vir- 

ginia) experiences a.10 percent decrease,in 1990 population-weighted 

' SO concentration; whereas ~ e ~ i b n  IX (Arizona; California, and Nevada) 4 
experiences a 46-fold increase. 

. Solid waste disposal problems in the utflity sector are amenable to 
current environmental engineering solutions, although RCRA-imposed 

costs may be significant. In the industrial sector, however, environ- 

mentally acceptable waste disposal.may involve such a significant level 

of engineering and electric difficulty as to represent a real con- 

straint to increased coal use. 

The study utilized an atmospheric transport model developed in the 

environmental sciences program at Brookhaven to map the transport and con- 

version of sulfur compounds. 

An analysis of the impacts on the energy system of various potential 

sulfate air pollution standards was completed by the Biomedical and Environ- 

mental Assessment Division. The form and magnitude of potential standards 
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will..affect the required efficiency of SO removal and, thus, the mix of 
2 

technologies employed. While the least stringent potential standard con- 

sidered would have minimal impact on the energy system beyond that imposed 

by existing and proposed SO standards, the most stringent potential stan- 2 
dards considered could have large impacts. Precombustion treatment of coal 

(such as solvent refining)' may be unable to meet requirements, and both fire- 

and postcombustion 'controls may be necessary. In the extreme case, it may 

not be physically possible to meet potential ambient sulfate requirements, 

resulting in limits on new construction and shifts 'away from coal. Finally; 

the need for emission controls to meet ambient sulfate standards varies 

geographically, creating probl'ems of equity in enforcement. 

The ,probabilistic approach to estimating health effects of air pollution 
.. . 

from coal-fired power plants developed in collaboration with Carn,egie-Mellon 

University was extended to include comparison with control costs,. and an.opti- 

mization analysis was done to find the best pollution control levels under 

different assumptions of risk aversion and life value. 

New relationships linking socioeconomic factors .and air ppllut.ion from 

energy sources to cardiovascular mortality were found using the Medical Data 

Base developed in BEAD over the past several years. Important differences in 

the pattern of occurances of acute myocardial infract2on and chronic ischemic 

heart disease shed new light on effe.cts of air pollution. Associations were 

seen betwee; socioeconomic factors, ,air pollution, and malignant neoplasms, 

but expected differences by anatomical site were not.found. 
. . 

A daca base of 65 water,quality parameters .at the county level was 
' . 

conotructcd for counties eas t  of ~ l l e  Misslsslppi. An analysis of 139 

counties, for which:complete water quality data were available, demonstrated 

that the county aggregation technique does not.'impair the ability of the data 

to describe physical and chemical characteristics of natural waters. Energy 

and economic data were incorpora.ted into the data base and an,analysis was 

conducted in which 25 percent of the variance in water quality was explained . . 

by a postulated model linking water quality with residential and industrial 

factors. 



I n t e r n a t i o n a l  Pe r spec t ive  

Personnel  i n  the  Center  have provided a s s i s t a n c e  t o  energy planning 

groups i n  s e v e r a l  c o u n t r i e s  and i n t e r n a t i o n a l  agenc ies .  Techniques such a s  

t h e  Reference Energy System and the  energy model have been t r a n s f e r r e d  . under 

DOE sponsorship.  I n  a d d i t i o n  major a n a l y t i c a l  e f f o r t s  have been mounted f o r  

t h e  I n t e r n a t i o n a l  Energy Agency and f o r  t h e  DOE s tudy  of energy f u t u r e s  f o r  

developing coun t r i e s .  In  t h e s e  s t u d i e s  t he  p o s s i b i l i t y  of implementing 

s u b s t i t u t e s  f o r  o i l  depends l a r g e l y  on the  indigenous resource  base and the  

a v a i l a b i l i t y  of c a p i t a l  and s p e c i a l i z e d  l a b o r .  Country-specif ic  s t u d i e s  a r e  

c l e a r l y  necessary  t o  a  b e t t e r  understanding of op t ions  t o  r e so lve  rhe world 

o i l  pro'blem of h igh  p r i c e s  and p o s s i b l e  l i m i t e d  s u p p l i e s .  It i s  imposs ib le  t o  

g e n e r a l i z e  about t h e  f e a s i b i l i t y  of r educ t ions  i n  o i l  u se ,  conse rva t ion ,  o r  

n u c l e a r  power wi thout  examining t h e  s p e c i f i c  r e sou rces  and op t ions  a v a i l a b l e  

t o  i n d i v i d u a l  c o u n t r i e s .  
, . 

I n t e r n a t i o n a l  s t u d i e s  of developed c o u n t r i e s  i l l u s t r a t e  t h e  g r e a t  

p o t e n t i a l  f o r  energy conserva t ion .  A few y e a r s  ago, i t  was t h e  convent iona l  

wisdom t h a t  energy was 'used  wi se ly  i n  Europe and Japan because of t h e  h ighe r  

p r i c e s  t h a t  e x i s t e d  i n  t hose  c o u n t r i e s  over  an extended per iod  of t i m e .  Com- 

p a r i s o n s  w i t h  U.S. consumption p a t t e r n s  i n d i c a t e d  t h a t  improvements of perhaps 

20 pe rcen t  i n  t h e  use of energy p e r  u n i t  of GNP could be  made i n  t h e  U.S. by 

adopt ing  some of t h e  technology 'and  p o l i c i e s  of t h e s e  c o u n t r i e s .  The s t u d i e s  

indicate, however, t h a t  o p p o r t u n i t i e s  of t h i s  same magnitude e x i s t  even i n  

o t h e r  developed coun t r i e s . .  This  i n d i c a t e d  an even g r e a t e r  p o s s i b i l i t y  i n  t h e  

long r.un f o r  energy conse rva t ion  i n  t h e  U.S. . t o  reduce t h e  energy r equ i r ed  p e r  

u n i t  of GNP over  t h e  1ong:term when new and more e f f i c i e n t  c a p i t a l  s t o c k  can. 

be  deployed. Many of t h e  p o t e n t i a l  improvements w i l l  r e q u i r e  aggress ive  se- 

s e a r c h  and.development programs on improved p roces se s  and dev ices  t h a t  use 

energy , 

Following i s  a  more d e t a i l e d  review of p rog re s s  i n  the i ~ l t e r l l a t i o n a l  

programs. 

IEA P r o j e c t :  The NCAES s e r v e s  a s  h o s t  t o  a  m u l t i n a t i o n a l  energy systems 

a n a l y s i s  s tudy  conducted under t h e  cognizance of t h e  I n t e r n a t i o n a l  Energy 

Agency (IEA). The primary o b j e c t i v e s  of t h e  program a r e  t o  develop an 



international R&D strategy and to identify new energy technologies which 

merit cooperative research and development effort by the IEA member nations. 

The program is conducted jointly with the Kernforschungsanlage (KFA) in 

JBlich, West Germany. During the past year the participating countries and 

agencies working at BNL have included the Commission of European Communities 

(CEC), Canada, Ireland, Japan, Norway, Sweden, and the United Stat.es. 

For the past year the efforts of the project have concentrated on the 

quantitative characterizations of new' technologies and the development of a 

model with which to assess the market potential of those technologies. The 

technology characterization effort has required the development of a common 

set of economic and technical ground rules, used by all participating 
'. 

countries. More than a hundred new energy technologies have been charac- 

terized. The data have been-subjected to expert review both at BNL and KFA, 

and externally by national experts from government and industry. New tech-' 

nologies in 34 generic categories, both energy supply and end use, are included 

in the assessments, and have been evaluated from the perspective of reducing 

the cost of energy, replacing oil imports, and increasing the use of renewable 

energy sources. 

In order to assess the possible impact of new energy technologies a 

computer model, MARKAL (acronym for "market allocation"), has been-developed. 

MARKAL is a demand-driven multiperiod LP-model of very flexible structure 

which can readily be applied to national or regional energy' systems of di- 

verse complexity and composition. A more detailed'de~cri~tion of MARKAL 
. . 

appears in Appendix B. 
. . 

The analysis employed a series of multiobjective assessments of energy 

options using the MARKAL model. Three principal objectives, as follows, were 

considered with a 45-year time horizon that carries through" the transition 

period from an oil-based energy system to one employing alternative tech- 
. , 

nologies and resources. ' 

. Cost: Minimize total discounted system cost (referred to as the 

"P.indicator"). This is assumed to represent support of economic 

growth. , 



. Security: Minimize total imports of cru'de oil and refined oil pro- 

ducts (referred to as the "S indicator"). 

. Renewables: Maximize the use of renewable energy resources (referred 

to as the "R indicator"). This was done by minimizing net heat re- 

lease to the environment assuming that the net heat burd'en on the 

environment from renewables is zero. 

Clearly all these objectives are desirable and involve trade-offs among 
. . 

security, environmental, and economic goals. Several such trade-off studies 

were performed in which each of the three primary indicators, P, S, and R 

were given varying degrees of emphasis. For example, a PSR scenario empha- 

sized system cost as most imparranr, oil imporrs as s e c u ~ i d  111 ImpurLa~~ce, 

and renewable resources as the least important. The four basic scenarios 

studied were PSR, SPR, SRP, and RSP. To conduct these assessments the 

following procedures were used: 

1. the indicator for the first objective was minimized; 

2. holding that value constant, the second indicator was 

minimized ; and finally, 

3. holding the first two indicators constant, the third 

indicator was minimized. 

The resultant values for the three indicators can be displ.eyed nn a 

3-dimensional graph, Figure 4. The points shown currespond t u  the inter- 

section of a 3-dimensional surface representing feasible and efficient solu- 

tions (Pareto-optimal solutions) with the 3 planes of global minima. Each 

point on the surface has a different mix of technologies in the solution. 

In the figure the Pareto-optimal surface is convex, intersecting the 

three planes of global minima at the six points shown. These six points of 

intersection are generally extreme points not necessarily of pfactical 

interest. However, various trajectories along the Pareto-optimal surface can 

be explored by obtaining additional solutions in which trade-offs are made 

among the three indicators.' For example, the trade-off between cost and oil 

imports can be explored by allowing successive Increases above the global 

minimum for oil imports and minimizing costs at each point. Such a trade-off 



Figure 4. Pareto-optimal surface. 



curve is illustrated in the graph. These parametric runs require minimal 

computer time since they start from an optimal basis. 

The impact of individual technologies for points lying in the three 

planes of global minima can be illustrated on a technology map, Figure 5. 

The map is a 3-dimensional graph on which the marginal values (dual acti- 

vities) for each technology are plotted. Technologies lying the greatest 

distance from the origin have the greatest value for the given objective. 

For example, in the case shown in Figure 5, heat pump and electric auto both 

are effective in reducing cost and oil-imports, but not in reducing heat 

release to the atmosphere. On the other hand, geothermal and wave-generated 

electricity release no heat, but they do not reduce oil imports (inasmuch as 

they replace coal or nuclear-generated electricity) and they produce less 

cost savings. 

The use of multiobjective analysis for the IEA project is still in its 

early stages and much exploration remains to be done. However, the early 

results provide interesting insight into the range of potential benefits to 

the energy system and economy of new energy sources and technologies now 

under development. This information.is being integrated into a research and 

development strategy for IEA' member nations. 

One of the early results of the RD&D strategy analysis w$s the definition 

of a conceptual framework for compa.ring different IEA countrica' incentives and 

abilities to develop and imp1 ~.rn~nt nC1.r technology to rctluce ail f f i ~ p u i L s .  T l ~ l s  

involved the comparison of multiobjective funct.ion trade-offs betwcen Total 

Energy System Cost and New Oil Import using the MARKAL model. 

Figure 6 shows these trade-offs normalized to iinlty for Reference Caoc 

Cost and Oil Import for a range of IEA countries with diff~r!,ng oil depon- 

dencies and breadth of new technology options to reduce oil imports. 

This framework is now being further d ~ . v n l n p ~ d  to use t h e ~ e  multisbjec-  

tive function trade-offs to identify isoincentive points--points of oil import 

saving and the technologies producing these savings where the economic incen- 

tive to produce them is the same in differing IEA countries. One obvini~s s1.1ch 

set of points is the set corresponding to strategic stockpiling under IEA 
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agreements.  However, o t h e r  p o i n t s  w i l l  correspond t o  sets of s p e c i f i c  tech-  

n o l o g i e s  and where a  technology is  common t o  s e v e r a l  c o u n t r i e s  it w i l l  

obvious ly  be  a  prime cand ida t e  f o r  f u r t h e r  I E A  RD&D cooperation--the main 

o b j e c t i v e  of t h e  coope ra t i ve  IEA p r o j e c t .  

Developing Country Energy Program: I n  1974.members of t h e  s t a f f  of t h e  

P o l i c y  Analys i s  D iv i s ion  had i d e n t i f i e d  t h e  energy problems of t h e  o i l -  

impor t ing  developing c o u n t r i e s  a s  s i g n i f i c a n t  t o  U.S. energy and f o r e i g n  

po l i cy .  Pre l iminary  work on t h e s e  i s s u e s  s t a r t e d  i n  1975. I n  l a t e  

1977 and 1978, when energy a s s i s t a n c e  t o  developing c o u n t r i e s  became a  

recognized n a t i o n a l  concern,  t h e  Center  undertook s e v e r a l  major s t u d i e s  i n  

t h i s  a r e a .  

A s tudy  was c a r r i e d  out f o r  t h e  Agency f o r  I n t e r n a t i o n a l  Development 

(AID) of t h e  o v e r a l l  energy s i t u a t i o n  i n  t h e  developing coun t r i e s  and t h e  

range  of s o l u t i o n s  a v a i l a b l e  t o  them. The r epo r t  was submitted t o  Congress 

by A I D  i n  response t o  a  reques t  by t h e ' p r e s i d e n t  i n  t h e  Foreign Ass i s t ance  

A c t .  I n  a  subsequent report ' ,  a  v a r i e t y  of programplatic a r e a s  f o r  U.S. energy 

a s s i s t a n c e  t o  deve lop ing  c o u n t r i e s  were i d e n t i f i e d ,  i nc lud ing  development and 

demons t ra t ion  of new t echno log ie s ,  t r a i n i n g  programs, and a s s i s t a n c e  i n  energy 

planning.  Two o t h e r  programs were i n i t i a t e d  f o r  A I D ,  one s tudying  energy 

a s p e c t s  of food product ion i n  Senegal and t h e  Dominican Republic,  the  o t h e r  

c a r r y i n g  out  a  t r a i n i n g  course i n  energy management f o r  developing country 

p lanners .  The cou r se ,  g iven  i n  t h e  F a l l  of 1978 w i t h  t h e  S t a t e  Un ive r s i t y  

of New York a t  s t o n y  Brook, a t t r a c t e d  27 'from 2 1  d i f f e r e n t  

c o u n t r i e s .  

Thc Nat ional  Center  was a l s o  a  major c o n t r i b u t o r  t o  the Department of 

Energy 's  I n t e r n a t i o n a l  Energy Development Program. That program was 

r eques t ed  by the  P re s iden t  i n  September of 1977 t o  a s s i s t  developing 

c o u n t r i e s  i n  meeting t h e i r  f u t u r e  energy needs with ixidigelious resources  and 

a p p r o p r i a t e  energy a l t e r n a t i v e s .  Two major col1at;orative energy arialysis 

s t u d i e s  were c a r r i e d  ou t  i n  t he  f i r s t  year  of t he  program; one wi th  Egypt, 

and t h e  o t h e r  wi th  Peru. BNL designed the  a n a l y t i c a l  approach t h a t  was used 

f o r  both and played a  major r o l e ,  p a r t i c u l a r l y  i n  t h e  Peru s tudy .  

For Peru,  a  major concern was t o  i d e n t i f y  resource and technology 

a l t e r n a t i v e s  t o  s u b s t i t u t e  f o r  a  marg ina l ly  adequate  f u t u r e  domestic o i l  



production. Figure 7 shows the results of that analysis in whtch oil demand, 

corresponding to various alternative strategies, is compared to the range of 

possible future production estimated by the U.S. Geological Survey (USGS). 

International Model and Data Assistance Activities: The energy resource 

shortages and the spiraling costs of energy in many international communities 

have induced the formation of small energy systems analysis groups charged 

with the task of performing comprehensive energy systems analysis. Since 

the complexity of the energy-economic systems analysis often requires 

the use of an integrated methodology, one of whose components is 

the energy system representation, BNL has repeatedly been requested to 

provide technical support-in the acquisition of the Reference Energy System 

and the Brookhaven Energy System Optimization Model (BESOM) as an important 

starting point. In keeping with the policy of DOE and NCAES of supporting 

cooperative ryearch relationships with other domestic and international 

energy systems analysis groups, a FORTRAN version of BESOM and instruc- 

tions for its use and interpretation were made available to Greek 

personnel at their computing facility in Athens. In addition, they 

requested that BNL provide guidance in the generation of a "Reference Case" 

set of scenarios and recommend long-term courses of action. The scenarios 

were generated, and the inputs and outputs of BESOM carefully analyzed for 

each of the reference year scenarios. The planning group in Greece was 

urged to actively participate in the IEA program either at ~ulich, Germany, 

or BNL. Current energy concerns for Greece focus on the desire for 

accelerated GNP growth through the year 2000 .while recognizing the domestic 

resource shortages. 

The Federal Nuclear Research Institution of Switzerland requested that 

NCAES staff provide technical assistance in the use and in\terpretation of 

BESOM. The FORTRAN BESOM and optimizer package was provided and used for 

the following purposes: 

1.. to provide the Swiss Energy Department (EAEW) with a tool for energy 

policy analysis; 

2. to analyze the potential role of nuclear energy (including district 

heating) in the Swiss energy system; and 
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3 .  t o  a s s e s s  i t s  R&D programs; 

Reg iona l  A c t i v i t i e s  

A n a l y s i s  of r e g i o n a l  energy s y s  tems con t inued  d u r i n g  t h e  p a s t  year  

w i t h  emphasis on t h e  Nor theas t  and s e l e c t e d  u t i l i t i e s .  

The Reference Energy System methodology and a s s o c i a t e d  models were 

t r a n s f e r r e d  t o  t h e  energy p lann ing  group of t h e  Tennessee Val ley  A u t h o r i t y  

(TVA). There ,  t h e  system w i l l  be used t o  p r o j e c t  t h e  demand f o r  e l e c t r i c i t y  

i n  t h e  c o n t e x t  of t h e  o v e r a l l  energy system of t h e  r e g i o n ,  and t o  i n v e s t i g a t e  

a  balanced investment  s t r a t e g y  between supp ly-or ien ted  and end-use-or iented 

o p t i o n s .  

The f i r s t  phase of a  New York S t a t e  Energy I n f o r m a t i o n  A n a l y t i c a l  

System (NYSEIAS) was completed.  The NYSEIAS p r o v i d e s  a  county l e v e l  d a t a  

base  of energy p roduc t ion ,  c o n v e r s i o n ,  d i s t r i b u t i o n ,  and consumption of 
' 

energy.  S t a t e  a g g r e g a t e  d a t a  of energy consumption a t  a  h i g h  level '  of end- 

use  d i s a g g r e g a t i o n  i s  provided f o r  1976 and p r o j e c t e d  t o  1985. I n  a d d i t o n ,  

1976 and 1985 Refe rence  Energy Systems f o r  NYS a r e  provided i n  t h e  Energy 

Systems Network S imula to r  (ESNS) f o r m u l a t i o n .  A shor t - t e rm p r i c e  response  

model f o r  e s t i m a t i n g  energy demand f l u c t u a t i o n s  a s  a  consequence of p r i c e  

changes was i n c l u d e d ,  F i n a l l y ,  a model of energy demand v a r i a t i o n s  w i t h  

changes i n  c l i m a t e  f o r  d i f f e r e n t  r e g i o n s  of t h e  s t a t e  is. g i v e n .  The system,  

based on t h e  BNL computers ,  w i l l  be  a c c e s s i b l e  from t e r m i n a l s  a t  t h e  NYS 

Energy O f f i c e  i n  Albany, New York. 



MAJOR ACTIVITIES PLANNED FOR N 1979 

Technology Assessment 

. Design of t h e  Energy Emergency Information System (EEMIS) based 
on t h e  Reference Energy System. 

. Completion of  technoeconomic s t u d i e s  on t h e  i n t e g r a t i o n  of s o l a r  
energy i n  t h e  U.S .  energy system. 

Economic and Conservat ion Analys is  

. Comparison of model s t r u c t u r e  and behavior  of major energy- 
economic models. 

. Incorpora t ion  of s e l c c t c d  i n d u s t r i a l  p rocess  models i n  gene ra l  
equ i l i b r ium energy-economic model framework. 

Regional  S tud ie s  

. Completion of survey of s i t i n g  ana lyses  employed by e l e c t r i c  u t i l i t i e s .  

. Trans fe r  of. Energy.Information A n a l y t i c a l  System t o  t h e  New York S t a t e  
Energy Of £ice.  

1nte .rnat  i o n a l  Programs 

. Development of a n a l y t i c  methods f o r  energy-economic a n a l y s i s  i n  
developing c o u n t r i e s  and techniques  f o r  e s t ima t ing  t h e  u s e  of 
noncommercial f u e l s .  

. Completion o t  t h e  r e s e a r c h  and development s t r a t e g y  a n a l y s i s  i n  
support  of t h e  I n t e r n a t i o n a l  Energy Agency. 

Biomedical and Environmental Analysis  

. Assessment and development of information base  on h e a l t h  e f f e c t s  
of energy-related emissions.  

. Assessment of a i r  q u a l i t y  and h e a l t h  impact of n a t i o n a l  energy 
strategies.  

Energy Data and Models 

. Completion of eva lua t ion  of f e a t u r e s  of iong range energy models 
employed by DOE-Energy 1nformation.Administration f o r  long term a n a l y s i s .  

. .  I n i t i a t i o n  of energy-economic model eva lua t ion  and v a l i d a t i o n  program. 



ORGANIZATION 

The Cente r  is organ ized  w i t h i n  t h e  Department of Energy and Environment 

a s  shown on t h e  a t t a c h e d  o r g a n i z a t i o n  c h a r t  ( F i g u r e  8 ) .  The Biomedical and ( F i g u r e  8) 

Environmental  Assessment D i v i s i o n ,  a j o i n t  program between t h e  Medical  

Department and t h e  Department. o f ,  Energy and ' ~ n v i r o n m e n t ,  i s  a f f i l i a t e d  w i t h  

t h e  Center .  Working groups  h a v e , b e e n  assembled '  i n  s e v e r a l  a reas '  w i t h  

s p e c i f i c  program r e s p o n s i b i l i t i e s .  T l i e s e . a r e a s  a r e :  

. Regional  S t u d i e s  

2. Economic A n a l y s i s  

3.  Biomedical and E n v i r o n ~ e n t a l  Assessment 

4. Technology Assessment 

5 .  Energy Data and. Models 

6 .  I n t e r n a t i o n a l  P r o j e c t s  

Each of t h e s e  working groups draws on t h e  c o l l e c t i v e  s k i l l s  and cap- 

a b i l i t i e s  of t h e  s t a f f  i n c l u d i n g  chemica l ,  e l e c t r i c a l  and mechan ica l  

e n g i n e e r s ,  p h y s i c i s t s ,  c h e m i s t s ,  p h y s i c i a n s ,  e c o l o g i s t s ,  e p i d e m i o l o g i s t s ,  

economis t s ,  a p p l i e d  mathemat ic ians ,  and compute'r s p e c i a l i s t s .  The s t a f f  h a s  

long-term e x p e r i e n c e  i n  energy r e s e a r c h  and development. Many c o n s u l t a n t s  
. . 

from i n d u s t r y  and t h e  academic community a r e  engaged on a c o n t i n u i n g  b a s i s  

and c o n t r i b u t e  t o  t h e  program as t h e  need a r i s e s .  

RELATIONSHIP TO OTHER ACTIVITIES 

The programs now ' i n c l u d e d  i n  t h e  Cen te r  have provided a n a l y s i s  and 

suppor t  f o r  DOE, t h e  N a t i o n a l  Sc ience  Foundat ion O f f i c e  of Energy R&D P o l i c y ,  

t h e  O f f i c e  of Sc ience  and Technology, and t h e  Counci l  on Environmental  

Q u a l i t y .  C o l l a b o r a t i v e  work is  i n  p r o g r e s s  w i t h  o t h e r  a g e n c i e s ,  f e d e r a l  and 

s t a t e .  

Pe rsonne l  from t h e  Center  have p a r t i c i p a t e d  i n  s p e c i a l  energy p a n e l s  

and s t u d i e s  spnnsored .by  t h e  N a t i o n a l  Academy of S c i c n c c s ,  t h e  NSP Science 

and Technology P o l i c y  Off i c e ,  and t h e  Department of Commerce. A c l o s e  
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I I .  
< 

working r e l a t i o n s h i p  h a s  been e s t a b l i s h e d  w i t h  energy groups  a t  S t a n f o r d ,  

P r i n c e t o n ,  Harvard ,  MIT, t h e  U n i v e r s i t y  o f  I l l i n o i ' s  Cen te r  f o r  Advanced 

Computation,  t h e  E l e c t r i c  Power Resea rch  I n s t i t u t e ,  and s e v e r a l  o t h e r  

u n i v e r s i t i e s  and i n s t i t u t i o n s .  

~ x t e n s i v e  i n t e r a c t i o n s  and c o l l a b o r a t i o n s  have a l s o  been e s t a b l i s h e d  

w i t h  t h e  I n t e r n a t i o n a l  I n s t i t u t e  of Appl ied  Systems A n a l y s i s  i n  A u s t r i a ,  t h e  

I n t e r n a t i o n a l  Energy Agency, t h e  Cominission of European Communities, and t h e  

Environmental  D i r e c t o r a t e  of t h e  OECD. These r e l a t i o n s h i p s  p r o v i d e  u s e f u l  

p o i n t s  of c o n t a c t  f o r  t h e  i n t e r n a t i o n a l  a s p e c t s  of t h e  C e n t e r ' s  programs. 

SCOPE OF ACTIVITIES 

The a c t i v i t i e s  and r e s p o n s i b i l i t i e s  of t h e  major groups  i n  t h e  C e n t e r  

a r e  o u t l i n e d  below. These a c t i v i t i e s  a r e  c l o s e l y  i n t e g r a t e d  and s p e c i f i c  

s t u d i e s  g e n e r a l l y  i n v o l v e  p e r s o n n e l  from s e v e r a l  groups  working under t h e  

d i r e c t i o n  of a  P r i n c i p a l  I n v e s t i g a t o r  o r  Program Manager. 

Regional  S t u d i e s  
4 

The a c t i v i t i e s  i n  t h i s  a r e a  have focused  on r e g i o n a l  s t u d i e s  i n c l u d i n g  

d e t a i l e d  s t u d y  of t h e  u s e o f  energy i n  u rban  a r e a s .  The scope  of t h e  

r e g i o n a l  ene rgy lenv i ronmenta l  s t u d y  h a s  been expanded t o  cover  t h e  N o r t h e a s t  

r e g i o n  of  t h e  U.S. w i t h  p a r t i c u l a r  a t t e n t i o n  t o  t h e  u rban /mega lopo l i s .  The 

e n e r g y l e n v i r o n m e n t a l  s t u d i e s  a r e  performed i n  t h e  c o n t e x t  o f  p l a n n i n g  f o r  t h e  

s o c i a l  and economic development of t h e  r e g i o n  and p r o v i d e  d e t a i l e d  i n s i g h t  

i n t o  probl'ems of implementing t e c h n o l o g i e s  once they  a r e  developed.  

s p e c i k i c  s t u d i e s  i n  t h i s  a c t i v i t y  i n c l u d e :  

. , 

1. Energy demands and env i ronmenta l  i m p l i c a t i o n s  i n  t h e  New York C i t y  

and   or the as t r e g i o n s .  
V 

) .  

2. F o r e c a s t i n g  of r e g i o n a l  energy demands and s t r a t e g i e s .  

3 .  Energy i m p l i c a t i o n s  of r e g i o n a l  development and p a t t e r n s  of l and  

use .  

4 .  Development of a n a l y t i c a l  models f o r  r e g i o n a l  ene rgy /env i ronmenta l  

p l a n n i n g  and l a n d  use.  . 

5. S i t i n g  of major e n e r g y - r e l a t e d  f a c i l i t i e s  w i t h  a n a l y s i s  of 
\ 

env i ronmenta l  i m p l i c a t i o n s .  



Economic A n a l y s i s  
/ 

... Comprehensive energy planning and a n a l y s i s  r e q u i r e s  d e t a i l e d  s t u d y  of 

t h e  economic c h a r a c t e r i s t i c s  of energy t e c h n o l o g i e s  and of t h e  r e l a t i o n s h i p  
,' 

of energy  t o  t h e  s o c i a l  and economic s t r u c t u r e  of t h e  n a t i o n .  The o b j e c t i v e  

o f  t h e  economic a n a l y s i s  a c t i v i t y  is  t o  a n a l y z e  t h e s e  r e l a t i o n s h i p s  e n s u r i n g  

t h a t  t h e  t e c h n o l o g i c a l  r e a l i t i e s  of t h e  energy system a r e  r e f l e c t e d  i n  

economic modeling .and a n a l y s i s .  Support  i s  provided t o  t h e  technology 

assessment  work i n  economic analyses,used f o r  p r o j e c t i o n s  of energy demand 

and  i n  t h e  a n a l y s i s  of t h e  economics of new t e c h n o l o g i e s .  

S p e c i f i c  a c t i v i t i e s  i n  t h e  a r e a  of economic a n a l y s i s  i n c l u d e :  

1. Economic a n a l y s i s  of i n t e r f u e l  c o m p e t i t i o n  and r o l e  o f  energy 

i n  v a r i o u s  s e c t o r s  of t h e  U.S. economy. 

, 2. Modcl development i n v o l v i n g  input-output.  and macroeconomic models 

t h a t  a r e  used f o r . e c o n o m i c  a n a l y s i s  and planning.  

3 .  A n a l y s i s  of shadow p r i c e s  and c o s t - b e n e f i t  c h a r a c t e r i s t i c s  of new 

t e c h n o l o g i e s .  

4. Cost  s t u d i e s  of advanced t e c h n o l o g i e s  under c o n d i t i o n s  of changing 

c o s t  of i n p u t s  t o  product ion.  

5 .  P r o j e c t i o n s  of l e v e l  of ecorlomic a c t i v i t y  and r e l a t e d  energy 

requ i rements .  

6 .  I d e n t i f i c a t i o n  and a n a l y s i s  of n o n t e c h n o l o g i c a l  a l t e r n a t i v e s  t o  

t e c h n i c a l  s o l u t i o n s .  

7.  S t u d i e s  of commerc ia l i za t ion  and t h e  non technolog ica l  a l t e r n a t i v e s  

t o  t e c h n i c a l  s o l u t i o n s .  

8. S p e c i a l  s t u d i e s  i n  a r e a s  of n e t  energy o r  energy account ing.  

Biomedical  and Environmental  Assessment 

The biomedical  and env i ronmenta l  impacts  of energy supply and u t i l i z a -  

t i o n  must be c o n s i d e r e d  e x p l i c i t l y  i n  a n a l y s i s  and p lann ing  a t  both  t h e  

n a t i o n a l  and r e g i o n a l  l e v e l s .  The o b j e c t i v e  of t h i s  assessment  work is  t o  

i d e n t i f y  a l l  of  t h e  e x t e r n a l i t i e s ,  o r  s o c i a l  c o s t s ,  a s s o c i a t e d  w i t h  t h e  
% ,  



e x t r a c t i o n ;  c o n v e r s i o n ,  t r a n s m i s s i o n ,  and use  of a l t e r n a t i v e  f u e l s  and energy 

s o u r c e s .  Some of t h e s e  e x t e r n a l i t i e s  a r e  e a s i l y  i d e n t i f i e d  and q u a n t i f i e d ;  

o t h e r s  a r e  no t  . w e l l  unders tood.  The assessment  p r o v i d e s  i n f o r m a t i o n  on 

b iomedica l  and h e a l t h  e f f e c t s  t o  a n  o v e r a l l  a s sessment  of energy t e c h n o l o g i e s  

and p o l i c i e s  i n  which s o c i a l ,  economic, and env i ronmenta l  f a c t o r s  must be 

ba lanced .  The work a l s o  s e r v e s  t o  i d e n t i f y  i n f o r m a t i o n  gaps  on t h e  s p a t i a l  

t r a n s p o r t ,  c o n v e r s i o n s ,  and b i o l o g i c a l  damage a s s o c i a t e d  w i t h  p o l l u t a n t s  o r  

e x t e r n a l i t i e s  t h a t  must be r e s o l v e d  through r e s e a r c h . i n  such a r e a s  a s  

a tmospher ic  dynamics,  h e a l t h  ' ef f k c t s  , and ecology.  

S p e c i f i c  a c t i v i t i e s  i n  b iomedical  and env i ronmenta l  a s sessment  

i n c l u d e  : 

1. Assembly of q u a n t i t a t i v e  i n f o r m a t i o n  on p o l l u t a n t s  and o t h e r  ex- 

t e r n a l i t i e s  a s s o c i a t e d  w i t h  s p e c i f i c  f u e l  c y c l e s  and energy 

c o n v e r s i o n  t e c h n o l o g i e s .  

2. A n a l y s i s  of t r a n s p o r t  and damage 'assoc . ia ted  w i t h  v a r i o u s  p o l l u t a n t s .  

3.  A n a l y s i s  of m o r b i d i t y  and m o r t a l i t y  i n  a r e a s  of d i f f e r e n t  a i r  . . 

q u a l i t y ,  i n c l u d i n g  i d ' e n t i f i c a t i o n  of l i f e - s h o r t e n i n g  e f f e c t s .  

4. S t u d i e s  of s i t e - s p e c i f i c  impacts  of energy sys tems and of o t h e r  

s p e c i a l  p o l i c y  t o p i c s .  

Technology Assessment 

The a c t i v i t y  of t h i s  a r e a  is  i n t e n d e d  t o  p rov ide  a  con t inuous  assessment  

of  t h e  s t a t e  of development and l i k e l y  impact of new energy t e c h n o l o g i e s  and 

t o  perform s t u d i e s  of i n t e r f u e l  s u b s t i t u t i o n .  The. scope of t h e  a s s e s s m e n t s  

i n c l u d e s  t e c h n o l o g i e s  and p r o c e s s e s  f o r  a l l  f u e l s  and energy forms and a l l  

a c t i v i t i e s  from e x t r a c t i o n  t o  end use  a s  i n d i c a t e d  on Refe rence  Energy 

Systems (RES). The RES i n d i c a t e s  r e f e r e n c e  o r  e x i s t i n g  t e c h n o l o g i e s  w i t h  

which new t e c h n o l o g i e s  must compete. Impacts  of new energy t e c h n o l o g i e s  a r e  

measured a g a i n s t  Refe rence  Energy Systems t h a t  p r o j e c t  t h e  t e c h n i c a l  

s t r u c t u r e  of t h e  energy sys tem a l o n g  w i t h  c o s t s  and env i ronmenta l  impacts  

th rough  t h e  y e a r  2000. A unique feaCure  of t h e  methodology i s  t h e  i n c l u s i o n  

of t h e  l o a d  s t r u c t u r e  of s p e c i f i c  e l e c t r i c a l  demands and t h e  i n c o r p o r a t i o n  of 



end-use technologies  ( a i r  c o n d i t i o n e r s ,  combustion dev ices ,  engines ,  e t c . )  a t  

t h e  same l e v e l  of d e t a i l  a s  energy supply technologies .  The l a t t e r  i s  

f r e q u e n t l y  a  l i m i t i n g  f a c t o r  i n  t h e  r a t e  of implementation of a l t e r n a t i v e  

energy systems and i n  energy conservat ion.  

Future  s cena r io s  of t h e  implementation of groups of t echnologies  and 

new resources  a r e  developed. The socioeconomic and environmental 

consequences a r e  analyzed i n  d e t a i l  and impact ana lyses  a r e  performed. 

S p e c i f i c  r e s p o n s i b i l i t i e s  i n  t h i s  a r e a  inc lude :  

1. P r o j e c t i o n  of f u t u r e  energy demands and f u e l  mix a s  represen ted  

i n  the Raforence Hnorgy Syotcm. 

2. Opt imizat ion s t u d i e s  t o  determine t h e  most e f f e c t i v e  u t i l i z a t i o n ,  

of ncw technologies and t o  eva lua t e  i n t e r f u e l  subsLlLutlon 

s t r a t e g i e s .  

3. Est imates  of l i k e l i h o o d  of success  and implementation of new' 

t echnologies .  

4. Development of t e chno log ica l  s t r a t e g i e s  f o r  the implementation 

o f ,  new energy systems. 

5 .  Process  a n a l y s i s  of new energy technologies  and energy i n t e n s i v e  

product ion  a c t i v i t i e s .  

6. Spec i a l  s t u d i e s  i n  energy i n t e n s i v e  a c t i v i t i e s  such a s  m a t e r i a l s ,  

a g r i c u l t u r e ,  and t r a n s p o r t a t i o n .  
~. 

Energy Data and Models 

The energy d a t a  and models a c t i v i . t y  prnvides a c e n t r a l  c a p a b i l i t y  t o  

c o o r d i n a t e  and i n t e g r a t e  energy d a t a  bases  and a n a l y t i c a l  modeling. C l n s e  
=, 

coord ina t ion  i s  maintained wi th  u n i v e r s i t y  'and i n d u s t r y  groups developing 

d a t a  and models of i n t e r e s t  f o r  energy pol icy.  

A comprehensive d a t a  base,  t h e  Energy Model Data Base (EMDB) , is  

maintained a t  Brookhaven. This  d a t a  base was developed under t he  ausp i ce s  of 

t h e  Counci l  on ~ n v i r o n m e n t a l  Qua l i t y ,  Energy Research and Development 

Adminis t ra t ion ,  Nat iona l  Science Foundation, and Environmental P r o t e c t i o n  



Agency. The EMDB is  a v a i l a b l e  t o  government, i n d u s t r y ,  and u n i v e r s i t y  

groups .  The d i s s e m i n a t i o n  of t h e  d a t a  on energy t e c h n o l o g i e s  con ta ined  i n  

t h e  EMDB prov ides  a  uniform and c o n s i s t e n t  b a s i s  f o r  energy p o l i c y  s t u d i e s  

performed by t h e s e  d i v e r s e  g roups .  It a l s o  e n s u r e s  t h a t  d i f f e r e n c e s  i n  

p o l i c y  recommendations may be a t t r i b u t e d  t o  t h e  viewpoint  of t h e  group and 

n o t  t o  d i f f e r e n c e s  i n  s u p p o r t i n g  d a t a  o b t a i n e d  from t h e  d a t a  base .  The d a t a  

and models a c t i v i t y  a l s o  s u p p o r t s  t h e  s t u d i e s  performed w i t h i n  t h e  Cen te r  a t  

Brookhaven: 

Inc luded  i n  t h e  EMDB a r e :  

1. T e c h n i c a l  e f f i c i e n c i e s  and f u e l  r equ i rements  of 400 energy supply 

p r o c e s s e s  and 200 end uses .  

. 
2. Emissions ( a i r  and w a t e r ) ,  o c c u p a t i o n a l  h a z a r d s ,  w a s t e s ,  and 

c o s t s  of i n d i v i d u a l  p r o c e s s e s  and end use. 

3.  Labor,  m a t e r i a l ,  and wate r  requ i rements  of supp ly  p rocesses .  

I n d i v i d u a l  d a t a  e lements  ( e f f i c i e n c i e s ,  e m i s s i o n s ,  c o s t )  may be 

e x t r a c t e d  from t h e  d a t a  base  f o r  each  p r o c e s s .  Th i s  i n £  ormat ion may be 

aggrega ted  t o  p rov ide  a summation of e lements  a s s o c i a t e d  w i t h  a  g iven  energy 

t r a j e c t o r y  (e .g . ,  c o a l  t o  i r o n  and s t e e l  p r o d u c t i o n ) ,  a  subsystem (e.g. ,  a l l  

u s e s  of c o a l ) ,  o r  t h e  complete Refe rence  Energy System as p r o j e c t e d  f o r  some 

f u t u r e  p lann ing  per iod .  

R e s p o n s i b i l i t i e s  of t h e  energy d a t a  and models a c t i v i t y  i n c l u d e :  

1. Coord ina t ion  and i n t e g r a t i o n  of energy d a t a  and models. 

2 ,  M a b n t ~ n a n c e ,  v e r i f i c a t i o n ,  and update  of t h e  Energy Model 

Data Base. 

3.  Maintenance and development of t h e  energy system models used i n  

t h e  energy programs. 

6 .  A s s i s t a n c e  t o  f e d e r a l ,  state,  and l o c a l  government a g e n c i e s ,  

u n i v e r s i t i e s ,  and i n d u s t r y  i n  t h e  use of d a t a  and models when such 

' a s s i s t a n c e  is  r e l a t e d  t o  a  Brookhaven program, 



5.  Spec ia l  d a t a  and a n a l y s i s  t a s k s  i n  support  of o the r  programs . 

w i t h i n  and e x t e r n a l  t o  the  Center.  

6. Model e v a l u a t i o n  a c t i v i t i e s .  

A t a b u l a t i o n  of energy d a t a  bases and a n a l y t i c a l  models developed by 

o r  a v a i l a b l e  t o  t he .  Center thrdugh c o l l a b o r a t i v e  agreements is  g iven  i n  
' 

Appendix B. ~ h e ' p o l i c y  of t he  c e n t e r  is t o  r e l y  'wherever p o s s i b l e  on the  

deve loper  t o  perform ana lyses  w i t h ' h i s  d a t a  base or  model. This po l i cy  is  

based on the  b e l i e f  t h a t  t h e  group which developed the  model is i n  the  bes t  

p o s i t i o n  t o  understand and i n t e r p r e t  the  po l i cy  imp l i ca t i ons  of a  p a r t i c u l a r  

model. Thus, any r eques t s  f o r  in format ion  and/or  analyses with d a t a  h a s ~ s  or  
. . 

models developed elsewfiere should be made . d i r e c t l y  t o  t he  developing group or  

i n s t i t u t i o n .  

Energy Model Evalua t ion  

The Energy Data and Models Group has been engaged in  . d a t a  and model 

e v a l u a t i o n  and refinement '  programs i n  an e f f o r t  t o  improve the  in format ion  

q u a l i t y  of energy-economic d a t a  f o r  d e c i s i o n  making. The Model and Data 

Assessment program 'was i n i t i a t e d  i n  FY 1978 t o  examine s e l e c t e d  f e a t u r e s  of 

t h e  Decis ion Focus Inc.  (DFI) model being implemented f o r  Energy Information 

Adminis t ra t ion  (EIA). Areas of ' p r i n c i p a l  r e s p o n s i b i l i t y  c o n s i s t  of  ( a )  

e v a l u a t i o n ,  documentation and s t a n d a r i z a t i o n  of the  d a t a  i n  the  DFI model; 

( b )  a n a l y s i s  of t h e  UFI market p e n e t r a t i o n  r e p r e s e n t a t i o n  and ramparison t o  

e x i s t i n g  l i t e r a t u r e ;  ( c )  a n a l y s i s  and rc f inement .of  the  DFI resource  

r e p r e s e n t a t i o n s ;  ( d )  a lgo r i t hmic  a n a l y s i s  t o  speed the  convergence; and ( e )  

demand r e p r e s e n t a t i o n  a n a l y s i s .  BNL i s  a l s o  coord ina t ing  a  modeling e x e r c i s e  

i nvo lv ing  E I A  and non-EIA models f o r  i nco rpo ra t i on  in  the  Ass i s t an t  

Adminis t ra tors  Report (AAR). 

. Technological  Data Assessment: 

The technologi ra  1 13ata validated inc lude  c a p i t a l  cuus LrucCion c o s t s ,  

ope ra t i ng  and maintenance c o s t s ,  conversion e f f i c i e n c e s ,  and tech- 

n o l o g i c a l  change l i m i t s .  The major focus of the da ta  v a l i d a t i o n  

e f f o r t  is on d a t a  used i n  t h e  LEAP r n n d e l ,  A p a r a l l e l  e f f o r t  a s se s sed  

t h e  da t a  used i n  t h e  P r o j e c t  Independence Evalua t ion  System (PIES). 

The v a l i d a t e d  d a t a  f o r  the  two models a r e  presented i n  a  common, wel l -  

documented format.  



. Market P e n e t r a t i o n  A n a l y s i s :  

BNL h a s  performed a  l i t e r a t u r e  su rvey  on market p e n e t r a t i o n  

a n a l y s i s  and i t s  r e l a t i o n  t o  t h a t  implemented i n  t h e  DFI model. 

. Resource Supply Ana lys i s :  

The f i r s t  p a r t  of t h i s  t a s k  focused on t h e  r e s o u r c e  supp ly  repre-  

s e n t a t i o n s  of t h e  PIES model and t h e '  LEAP model. The p r e s e n t a t i o n  of 

t h e  investment  d e c i s i o n s  and t h e i r  consequences on o i l  and gas  

development were addressed .  On t h e  b a s i s  of t h i s  s t u d y ,  BNL has pro- 

posed a  new v e r s i o n  of o i l  and gas  supply models w i t h i n  t h e  c u r r e n t  

LEAP framework. Th is  v e r s i o n  i n c o r p o r a t e d  t h e  d a t a  and r e s o u r c e  

development f o r m u l a t i o n  of t h e  PIES r e s o u r c e  models which emphasized 

t h e  g e o l o g i c a l  su rvey  and e n g i n e e r i n g  judgments on t h e  r e s o u r c e  d i s -  

covery ,  r e s e r v e  a d d i t i o n s ,  and enhanced r e c o v e r y .  The r e s u l t  of 

t h i s  t a s k  is a  more modular r e p r e s e n t a t i o n  t h a n  t h e  c u r r e n t  LEAP o i l  

and gas  supply model i n  t h e  a r e a s  of e x p l o r a t i o n ,  development,  and 

enhanced recovery .  

I n t e r n a t i o n a l  P r o j e c t s  

The a n a l y t i c a l  methods developed a t  NCAES have been a p p l i e d  t o  energy 

p lann ing  and a n a l y s i s  i n  a number of c o u n t r i e s ,  developed and developing.  I n  

t h e s e  programs NCAES c o o p e r a t e s  w i t h  o t h e r  c e n t e r s  of energy a n a l y s i s  

i n  t h e  U.S. and o v e r s e a s .  S p e c i f i c  a c t i v i t i e s  of t h e s e  p r o j e c t s  

i n c l u d e  : 

1. A s s i s t a n c e  t o  i n t e r n a t i o n a l  groups  i n  t h e  use of energy d a t a  and 

models f o r  p lann ing  s t u d i e s .  

2. S p e c i a l  s t u d i e s  d e a l i n g  w i t h  energy technology and s t r a t e g i e s  f o r  

deve lop ing  c o u n t r i e s .  

3.  Systems a n a l y s i s  i n  suppor t  of t h e  development of a  long-term R 6 D  

s t r a t e g y  f o r  t h e  I n t e r n a t i o n a l  Energy Agency. 
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T i t l e :  Assessment of Impacts of Energy Product ion on Local ,  Regional and 
Nat iona l  Sca l e s  
Regional Energy S tud ie s  

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
P. M. Meier 

Sponsor: A s s i s t a n t  Sec re t a ry  
f o r  Environment 

The o b j e c t i v e  of t h i s  program i s  t o  support  energy environmental 

p o l i c y  d e c i s i o n s  of t h e  DOE Ass i s t an t  Sec re t a ry  f o r  Environment. This i s  

accomplished by technology s p e c i f i c  po l i cy  ana lyses ,  environmen'tal 

assessments  of DOE s cena r io s  and r eg iona l  ana lyses  designed t o  h r i n e  t h e  

r e g i o n a l  and S t a t e  pe r spec t ive  t o  n a t i o n a l  energy planning e f f o r t s .  This 

program i s  a j o i n t  e f f o r t  wi th  f i v e  o t h e r  n a t i o n a l  l a b o r a t o r i e s ,  w i th  

Brookhaven ass igned  t h e  Northeas t e r n  U. S. f o r  r eg iona l  a n a l y s i s ,  and lead  

l a b o r a t o r y  r e s p o n s i b i l i t i e s  f o r  a i r  p o l l u t i o n  emission s t u d i e s ,  long range 

, a i r  q u a l i t y  modeling, h e a l t h  e f f e c t s  assessment ,  and s o l i d  waste 

impacts .  

I n  1978 t h r e e  assessments  rece ived  major emphasis. The Nat ional  Coal 

U t i l i z a t i o n  Assessment (NCUA) provided a d e t a i l e d ,  comprehensive assessment 

of t h e  environmental and socioeconomic impacts of increased  coa l  u t i l i z a t i o n  

i n  t h e  U.S., using a s c e n a r i o  based on the  Adminis t ra t ion ' s  1977 Nat iona l  

Energy Plan. The Regional I s sue  I d e n t i f i c a t i o n  Assessment (RIIA),  t o  

con t inue  i n t o  FY 79, w i l l  provide a sys t ema t i c  overview of r eg iona l  and S t a t e  

energy-environmental i s s u e s  t o  be used a s  a b a s i s  f o r  cons ider ing  t h e  

i n t e r r e g i o n a l  e q u i t y  i s s u e s  s o  important  t o  implementing n a t i o n a l  p o l i c y ,  

F i n a l l y  t h e  Regional C h a r a c t e r i z a t i o n  Program, designed t o  suppor t  b a s i c  data 

needs ,  emphasized t h e  p r e p a r a t i o n  of a comprehensive r e g i o n a l  databook f o r  

t h e  Nor theas t .  



T i t l e :  Nuclear S i t i n g  Methodology E v a l u a t i o n  

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
P e t e r  M. Meier 

Sponsor: Nuclear Regula to ry  
Commission 

The BNL Regional  Energy S t u d i e s  Program is deve lop ing  f o r  t h e  Nuclear  

Regula to ry  Commission a procedure  f o r  e v a l u a t i n g  n u c l e a r  power p l a n t  s i t i n g  

methodologies .  .The procedure  w i l l  be based 6n a n a l y s e s  of t h e  t h e o r e t i c a l  

f o u n d a t i o n s  of a v a i l a b l e  methods and t h e  r e s u l t s  of af ip lying t h e s e  methods 

t o  v a r i o u s  r e g i o n a l  and s i t e - s p e c i f i c  d a t a  s e t s  s e l e c t e d  t o  t e s t  them 

under d i f f e r e n t  c o n d i t i o n s .  Analyses w i l l  i n c l u d e  e s t i m a t i o n .  of t h e  r e l a t i v e  

s u c c e s s e s  of d i f f e r e n t  methods under  d i f f e r e n t  c o n d i t i o n s ,  comparison of t h e  

r e s u l t s  o b t a i n e d  by d i f f e r e n t  methods a p p l i e d  t o  t h e  s a m e ' s i t e  i n f o r m a t i o n ,  

and s t u d i e s  of t h e  i n f l u e n c e  o f ' p e r s o n a l  knowledge and b i a s  of d e c i s i o n  .' 

makers on t h e  r e s u l t s  o b t a i n e d  by each method. E v a l u a t i o n  of t h e  methods 

w i l l  be based on t h e  r e s u l t s  of a p p l i c a t i o n s  of t h e  methods by i n d i v i d u a l s  

exper ienced  i n  s i t i n g  d e c i s i o n .  

The o b j e c t i v e  of t h e  a n a l y s i s  i s  t o  de te rmine  some of t h e  problems 

a s s o c i a t e d  w i t h  t h e  methods under s p e c i f i c  c o n d i t i o n s ,  t o  de te rmine  whether  

o r  no t  t h e  methods used i n  f a c t  make a  d i f f e r e n c e  under a l l  c o n d i t i o n s  ( o r  

under any c o n d i t i o n s ) ,  and t o  deve lop  a  s c i e n t i f i c  b a s i s  f o r  e v a l u a t i n g  

r e s u l t s  o b t a i n e d  u s i n g  t h e  d i f f e r e n t  methods and f o r  r e j e c t i n g  those  methods 

t h a t  do no t  a c h i e v e  t h e  d e s i r e d  r e s u l t s .  



T i t l e :  New York S t a t e  Energy-Information 
Analy t ic  System - Second Stage  Implementation 

Fy 79: $60,000 P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
Jack  Allentuck 

Sponsor: New York S t a t e  Energy 
Research and Development Author i ty  

This  work comprises t h e  p repa ra t i on  of a  r e f e r ence  case view of the 

s t a t e ' s  energy supply-demand p i c t u r e  f o r  t he  year  1994, and t h e  e s t ima t ion  of 

energy supply and demand i n  Lhe presence of fou r  a l t e r n a t i v e  po l icy  

c o n s t r a i n t s  prepared by New York SLaLe Eueigg Off i ec  o t a f f .  The transfer nf 

a methodological  approach and d a t a  base t o  the  S t a t e  Energy Of f i ce  is a l s o  

included.  The work w i l l  b u i l d  on the  d a t a  base a d  a n a l y t i c a l  systelu 

developed i n  t he  f i r s t  s t a g e  implementation of an energy informat ion  and 

a n l a y t i c  system f o r  t he  s t a t e  completed i n  1978. 

The e f f o r t  has two primary purposes. The f i r s t .  i s  to  provide New York 

S t a t e  energy p lanners  wi th  an a n a l y t i c a l  framework and accompanying d a t a  base 

a b l e  t o  po r t r ay  t h e  s t a t e ' s  energy supply-demand s i t u a t i o n  i n  1995. The 

r e f e r e n c e  case  i s  not intended t o  be a p r e d i c t i o n  of t h e  f u t u r e ,  but r a t h e r  

t o  provide a  b a s i s  f o r  d i s cus s ing  impending energy problems i n  the s c a t e  a d  

f o r  judging the  impacts of energy pol icy .  The second purpose is t o  t r a n s f e r  

a c a p a h i l i t y  t o  New York Energy Of f i ce  s t a r t  t o  codducc an aaral.ysls ul: s t a t e  

energy p o l i c i e s  employing t h i s  methodology and d a t a  base. 

I n  a d d i t i o n  t o  t h e  r e f e r ence  ca se ,  s c e n a r i o s  t o  be eva lua ted  inc lude :  

A ,  A n ~ l c l e a r  moratorium, i.e., no nuc lear  puwrr p l a n t s  reach  

commercial o p e r a t i o n  beyond those c u r r e n t l y  possessing a con- 

s t r u c t i o n  permit.  

R. Maxim~lm pei l .? t ra t ion of t echnologies  employing renewable energy 

sources .  

C. An increased  a v a i l a b i l i t y  of n a t u r a l  gas. 

D.  Maximum p e n e t r a t i o n  of e l e c l r i c i t y  i n t o  the  spacc and water 

hea t ing  markets.  



I T i t l e :  E l e c t r i c i t y  Demand 
Curtai lment  Study 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
Jack  Al len tuck  

Sponsor: DOE/Economic Regula- 
t o r y  Adminis t ra t ion  

- - - p p p  

The r e g u l a t o r y  a s s i s t a n c e  f u n c t i o n  of t h e  Economic Regulatory Administra- 

t i o n  (ERA) of t h e  Department of Energy embraces p lanning  a t  t h e  f e d e r a l  l e v e l  

t o  m i t i g a t e  t h e  consequences of e l e c t r i c  supply inadequacy of s u b s t a n t i a l  

d u r a t i o n  and/or  e x t e n t  of impact.  I n  t h e  fo rmu la t i on  of a  f e d e r a l  r o l e ,  it  

i s  e s s e n t i a l  t o  a s s e s s  e x i s t i n g  s t a t e  and f e d e r a l  a u t h o r i t i e s  and p l a n s  

r ega rd ing  e l e c t r i c  demand cu r t a i lmen t  du r ing  extended p e r i o d s  of such supply 

inadequacy. 

With t h e  coope ra t i on  of r e p r e s e n t a t i v e s  of s t a t e  government, t h e  

e l e c t r i c  u t i l i t y  i n d u s t r y ,  and p u b l i c  i n t e r e s t s  g roups ,  an  assessment  of 

e x i s t i n g  p l a n s  f o r  e l e c t r i c  demand cu r t a i lmen t  w i l l  be  made. The assessment  

is  t o  be  made i n  t h e  contex t  of s c e n a r i o s  r e p r e s e n t a t i v e  of p o s s i b l e  even t s  

r e s u l t i n g  i n  power supply inadequac ies .  On t h e  b a s i s  of t h e s e  assessments ,  

po l i cy  recommendations a s  t o  t h e  most a p p r o p r i a t e  f e d e r a l  r o l e  w i l l  be  

formulated.  
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T i t l e :  Analysis  of A r c h i t e c t u r a l  and Engineering Systems 

P r i n c i p a l  I n v e s t i g a t o r  ( s )  : 
S. Guterman, W. Marcuse 

Sponsor: O f f i c e  of Conserva- 
t i o n  and So la r  Appl ica t ions  

This  t a s k  i s  d i r e c t e d  toward acqu i r ing  and ana lyz ing  d a t a  f o r  u s e  i n  

improving t h e  process  of s e l e c t i o n  of RD&D p r o j e c t s  f o r  i n c l u s i o n  i n  t h e  

A r c h i t e c t u r a l  and Engineering Systems (AES) program. AES w i l l  be  provided 

w i t h  d a t a  f o r  new p r o j e c t s  a long  wi th  updated d a t a  f o r  c u r r e n t  p r u j s c t s .  

Bui ld ing  inventory  d a t a ,  new col l s t ruc t ion  es t imates ,  and eneitgy use esLlulaLes 

w i l l  be  updated and expanded t o  improve t h e  informat ion  a v a i l a b l e  t o  AES 

management. The a n a l y t i c a l  c a p a b i l i t i e s  devclopcd a t  Brookhaven W ~ t - , l o ~ ~ i i l  

Laboratory w i l l  be  used t o  perform an annual a n a l y s i s  of t h e  AES program. 

The  rookh ha ken Bui ld ing  Energy Conservation Optimizat ion Model (BECOM) w i l l  

be  used t o  i d e n t i f y  opt imal  p o r t f o l i o s .  



T i t l e :  A n a l y s i s  of B u i l d i n g s  and Communi.ty Systems 

FY 79: $ 50,000 . P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
S. Mulherkar 

FY 80: $125,000 Sponsor:  D i v i s i o n  of B u i l d i n g s  
and Community Systems 

T h i s  program i s  des igned  t o  p r o v i d e  guidance f o r  management of c o n s e r v a t i o n  

t echnology  p r o j e c t s  i n  t h e  r e s i d e n t i a l  and commercial b u i l d i n g s  area. Key 

q u e s t i o n s  t o  b e  answered a r e :  What i s  t h e  impact  of n a t i o n a l  energy  l e g i s -  

l a t i o n ?  What n a t i o n a l  and r e g i o n a l  e f f e c t s  do h i g h e r  energy p r 2 c e s  have on 

t h e  p e n e t r a t i o n  of r e t r o f i t  and new b u i l d i n g  t e c h n o l o g i e s ?  What i s  t h e  poten-  

t i a l  s a v i n g s  from implementing c o n s e r v a t i o n  p o l i c y  such  a s  b u i l d i n g  codes  

and s t a n d a r d s ?  What is  t h e  o p t i m a l  p o r t f o l i o  of t o  be  funded,  g i v e n  

a  budget c o n s t r a i n t ?  

The t o o l  used i s  t h e  Brookhaven B u i l d i n g  Energy Conserva t ion  O p t i m i z a t i o n  

Model (BECOM) which i s  t i e d  t o  t h e  Brookhaven Energy System O p t i m i z a t i o n  

Model (BESOM) . Economy-wide and i n t e r i n d u s t r y  e f f e c t s  a r e  o b t a i n e d  by c o u p l i n g  

w i t h  t h e  Brookhaven 1-0 and c a l i b r a t i n g  t o  t h e  Hudson-Jorgenson Long-term 

I n t e r i n d u s t r y  T r a n s a c t i o n s  model. 



Title: .Assessment of Conservation Options for Industry 

Principal Investigator: 
D. Pflati 

Sponsor: Office of Industry 
Conservation 

This program is primarily directed towards developing a set of mathe- 

matical programming (or process) models for each of the energy-intensive 

industries. These models are ro be used to evalua~e Lilt: pu~ell~ial 111arlcet 

penetration of new energy-conserving process rechnofogies, clir ImpacLs ul: 

proposed industrial energy conservation fiscal policies, and the impact of 

industrial conservation on the consumption and mix ot fossil fuels. 

To date, these models have not incorporated the notion of technologi- 

cal, institutional, and commercial risk. As such, they tend to overpredict 

the market penetration of new technologies that are perceived as risky by 

the private sector. This limitation is to be corrected under this program. 

As an adjunct to this effort, additional analyses will be undertaken to 

quantify perceived risks better. 



T i t l e :  Conservation and So la r  Po l i cy  and Program-Analysis  

P r i n c i p a l  1nves t  i g a t o r  ( s )  : 
M. Davi t i an ,  W. Marcuse 

Sponsor : Off i c e  of Conserva- 
t i o n  Po l i cy  and Programs 

I n  t h i s  program, BNL i s  providing and coo rd ina t ing  a broad range  of 

suppor t  a c t i v i t i e s  t o  t h e  ~ s s i s t a n t  Sec re t a ry  f o r  Conservat ion and So la r  

Appl ica t ions  (ASCSA). These a c t i v i t i e s  i nc lude  ana lyses  of t h e  impacts  

on r e sou rce  use  p a t t e r n s ,  t h e  economy, t h e  environment,  n a t i o n a l  s e c u r i t y ,  

employment, and e q u i t y  f o r  e x i s t i n g  and proposed p o l i c i e s  which, a t  

t h e  p o i n t  of end use ,  a f f e c t  energy consumption. The t h r u s t  of t h e  ana lyses  

w i l l  be  t o  i n d i c a t e  how p o l i c y  i n i t i a t i v e s  sponsored by DOE, i n  g e n e r a l ,  and , 

by t h e  ASCSA, i n  p a r t i c u l a r ,  can a i d  i n  encouraging energy conse rva t ion  and 

t h e  u s e  of s o l a r  energy i n  a manner c o n s i s t e n t  w i t h  o t h e r  f e d e r a l  g o a l s .  The 

a n a l y t i c a l  framework of t h e s e  a n a l y s e s  i s  a h i e r a r c h i c a l  system of economic 

and energy models inc lud ing  d e t a i l e d  s e c t o r  models of energy consumption. I n  

a d d i t i o n  t o  t h e s e  a n a l y t i c a l  a c t i v i t i e s ,  t h e  BNL e f f o r t  w i l l  i nc lude  'programmatic 

review and c o n s u l t a t i o n  a c t i v i t  2es.  



T i t l e :  Economic, Po l i cy  and Planning Analys i s ,  Program t o  Assess 
t h e  P o t e n t i a l  f o r  Geothermal D i s t r i c t  Heat ing 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
J .  Karkheck, R. Tessmer, Jr .  

Sponsor: Economic Po l i cy  
and Planning Off i c e ,  Div is ion  
of Geothermal Energy 

The purpose of t h i s .  s tudy  i s ,  f i r s t ,  t o  develop and apply techniques  f o r  

e s t ima t ing  t h e  economic f e a s i b i l i t y  f o r  meeting energy demands w i t h  geothermal 

hea t  sou rces  and t h e  e x t e n t  and n a t u r e  of such markets .  Secondly, t h i s  s tudy  

w i l l  i d e n t i f y  and examine i n s t i t u t i o n a l  f a c t o r s  which might a f f e c t  adopt ion  

of such technology.  .Relevant  f a c t o r s  i nc lude  t h e  monopoly and r e g u l a t i o n  

a s p e c t s .  of e x i s t i n g  p u b l i c  u t i l i t i e s ,  formation and r e g u l a t i b n s  of compet i t ive  

p u b l i c  u t i l i t i e s  ( i .  e . ,  geo thermal ) ,  and behav io ra l  ' . c o n s t r a i n t s  o r  r e a c t i o n s  

t o  such t h i n g s  a s  un fami l i a r  home hea t ing  equipment and p i p e  l ay ing .  

The t e r m  " d i s t r i c t  hea t ing , "  a s  i t  i s  used here ,  r e f e r s  t o  t h e  supply of 

d i r e c t  h e a t  from geothermal s i t e s  by a  u t i l i t y  t o  m u l t i p l e  u s e r s .  P o t e n t i a l  

markets  f o r  d i s t r i c t  h e a t i n g  inc lude  r e s i d e n t i a l  and commercial demand f o r  

water  h e a t  and space cond i t i on ing ,  i n d u s t r i a l  and commercial demand f o r  low 

tempera ture  process  h e a t ,  and a g r i c u l t u r a l / f i s h e r y  demand f o r  low temperature  

p roces s  h e a t  and dry ing .  I n  o r d e r  t o  e v a l u a t e  t h e  economic feasibility and 

e x t e n t  of t h e s e  marke ts ,  t h i s  a c t i v i t y  encompasses supply (b r ing ing  h e a t  t o  

t h e  consumer), demand ( r e t r o f i t t i n g  and/or  end-use c a p i t a l  equipment),  and 

competing convent iona l  t echnologies .  



T i t l e :  I ndus t ry  Process  Models f o r  Energy Use Analys i s  

P r i n c i p a l  I n v e s t i g a t o r :  
D.  P i l a t i  

Sponsor: Energy Use 
Analys i s ,  EIA 

This  program is d i r e c t e d  towards developing a  s e t  of mathematical  

programming ( o r  p rocess )  models f o r  each of t h e  energy- in tens ive  indus- 

tr ies.  Once developed, t h e  models w i l l  be  used t o  ana lyze  t h e  energy 

use  impacts of a l t e r n a t i v e  f u t u r e  energy p r i c e s  and p o l i c y  op t ions .  

Each model is  be ing  developed i n  conjunc t ion  w i t h  suppor t  by 

Indus t ry  Conservat ion.  The f i n a l  p roducts  a r e  u s e r  o r i e n t e d  w i t h  m a t r i x  

gene ra t i on  and r e p o r t  w r i t i n g  c a p a b i l i t i e s .  Each model is  dynamic i n  

n a t u r e  and can a s s e s s  t h e  u se  of  t echnologies ,  energy, l a b o r ,  and mater i -  
' , 

a l s  over  a  25-year t ime hor lzon .  



T i t l e :  Regulatory I s s u e s  Assoc ia ted  w i t h  S o l a r  Energy C.ommercialization 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
W. Marcuse, H. Davi t ian  

Sponsor: B a r r i e r s  I n c e n t i v e s  
Branch, Conservat ion and So la r  
App l i ca t i ons  

Th i s  s tudy  focuses  on r e g u l a t o r y  i s s u e s  r e l a t e d  t o  t h e  u se  of e l e c t r i c i t y  

t o  provide  backup f o r  s o l a r  hea t ing  and ho t  water  systems i n  r e s idences .  A 

method f o r  e s t ima t ing  t h e  long-run marginal  c o s t  of e l e c t r i c i t y  used a s  backup 

i s  .being developed and app l i ed '  t o  s e v e r a i  actual  i i t i l i t i e s .  The r c su lLs  Lave 

important  imp l i ca t i ons  f o r  t h e  r a t e  making process .  I n  a d d i t i o n ,  the i n f o r -  

mat ioh developed can 'be used t o  es f lmare  the impact u f  ~ k g u l a t o i - ~  and tax 

p o l i c i e s  on t h e  economics of s o l a r  systems,  on t h e  energy r e sou rce  u s e . p a t t e r n s ,  

and on environmental  q u a l i t y .  



T i t l e :  Energy S t r a t e g y  and I n t e g r a t e d  Analys i s  

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
R. J .  G o e t t l e  I V  

Sponsor: O f f i c e  of A n a l y t i c a l  
Se rv i ce s  (Pol icy  and Evalua t ion)  

The Energy 'S t ra tegy  and I n t e g r a t e d  Analys i s  Program encompasses a  broad 

range  of s t u d i e s  i n  suppor t  o f . t h e  development of energy po l i cy  p r i o r i t i e s  

and s t r a t e g i e s .  The program involves  t h e  coo rd ina t ion  and i n t e g r a t i o n  of 

n a t i o n a l  and r e g i o n a l  d a t a  and models, and t h e i r  a p p l i c a t i o n  t o  comprehensive 

ana lyses  of t h e  economic, t e c h n i c a l ,  and environmental  e f f e c t s . o f  a l t e r n a t i v e  

energy technology and p o l i c y  op t ions .  Among t h e  a p p l i c a t i o n s  a r e  i n t e g r a t e d  

energy and economic ana lyses  of t h e  consequences of h igher  energy p r i c e s ,  

a l t e r n a t i v e  supply s t r a t e g i e s ,  and conserva t ion  i n i t i a t i v e s ;  p r o b a b i l i s t i c  

bene f i t - cos t  ana lyses  of po l i cy  e f f e c t i v e n e s s  and t h e  va lue  of in format ion ;  

comparative s c e n a r i o  and p r o j e c t i o n  ana lyses ;  s t r a t e g i c ,  mul t iob j  e c t i v e ,  

supply and demand s t u d i e s  r e l a t e d  t o  energy and energy RD&D p o l i c i e s  and 

t echno log ica l  change. These s t u d i e s  employ t h a t  combination. of assumptions,  

d a t a ,  and methodologies which i s  determined t o  be  c o n s i s t e n t  w i t h  t h e  i s s u e ( s )  

under cons ide ra t i on .  

Also under t h i s  program, advanced a n a l y t i c a l  approaches t o  p o l i c y  i s s u e s  

a r e  developed and empioyed w i t h  t h e  a c t i v e  p a r t i c i p a t i o n  of t h e  l a r g e r  

s c i e n t i f i c  community. Such a c t i v i t i e s .  a t  t h e  Center  have r e s u l t e d  i n  t h e  

i n t e g r a t i o n  and a p p l i c a t i o n  of . s e v e r a l  unique energy and economic models 

and d a t a  bases .  Cons i s t en t  wi th  t h e  o b j e c t i v e  of employing on ly  "s ta te-of- the-  

a r t "  methodologies i n  t h e  p o l i c y  s t u d i e s  f o r  t h i s  program, models and d a t a  

bases  developed elsewhere a r e  app l i ed  under c o n t r a c t s  managed by t h e  Center .  



T i t l e :  Spec i a l  Purpose Vehic le  P r o j e c t  

P r i n c i p a l  Inves t i ga to r ( . s )  : 
J .  R .  Wagner 

Sponsor: Div is ion  of Trans- 
p o r t  a t  i on ,  Energy Conservation 

Th i s  program i s  designed t o  a s s i s t  TEC i n  ana lyz ing  p o l i c i e s  which a f f e c t  

s e l e c t e d  components of t h e  n a t i o n ' s  s t o c k  of t r a n s p o r t a t i o n  v e h i c l e s .  Curren t ly  

t h e  program c o n s i s t s  of two s t u d i e s .  

The Highway F l e e t s  Study w i l l  i d e n t i f y ,  q u a n t i f y ,  and p r o j e c t  t h o s e  

c h a r a c t e r i s t i c s  of corporate/governmental  highway f l e e t s  t h a t  a f f e c t  t h e  

market p e n e t r a t i o n  of a l t e r n a t i v e  technologies .  The s tudy  has  t h r e e  b a s i c  

o b j e c t i v e s :  (1) Development of a  s t a t i s t i c a l  p r o f i l e  of f l e e t  v e h i c l e s ,  

and i d e n t i f i c a t i o n  of f a c t o r s  a f f e c t i n g  t echno log ica l  p e n e t r a t i o n  r a t e s ;  ( 2 )  

development of a  sys t ema t i c  framework f o r  e s t ima t ing  t h e  r a t e  a t  which new 

t echno log ie s  can p e n e t r a t e  t h e  f l e e t  v e h i c l e  market;  ( 3 )  gene ra t i on  of a  formal 

s e t  of s c e n a r i o s  t o  i l l u s t r a t e  t h e  r e l a t i o n s h i p s  between t echno log ica l  o p t i o n s ,  

t h e  requirements  of f l e e t  v e h i c l e s ,  and t echno log ica l  p e n e t r a t i o n  r a t e s . '  

The Rec rea t iona l  T ranspo r t a t i on  Study i s  designed t o  develop a  method 

f o r  e s t i m a t i n g  t h e  e q u i t y  and energy consumption impacts of po l i cy  o p t i o n s  

a f f e c t i n g  r e c r e a t i o n a l  t r a n s p o r t a t i o n .  Objec t ives  which have been i d e n t i f i e d  

i nc lude :  (1)  Es t imates  of t h e  number of r e c r e a t i o n a l  v e h i c l e s  ( i nc lud ing  

highway v e h i c l e s ,  a i r p l a n e s ,  and boa t s )  by t y p e  of household; ( 2 )  e s t i m a t e s  

of v e h i c l e  energy i n t e n s i t i e s ;  and ( 3 )  e s t i m a t e s  of  v e h i c l e  u t i l i z a t i o n  r a t e s .  



T i t l e :  Urban Energy P o l i c y  Study 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
W. Marcuse 

Sponsor:  Conserva t ion  and 
S o l a r  ~ ~ ~ l i c a t  i o n s / ~ o l i c ~  and 
E v a l u a t i o n  

T h i s  program r e p r e s e n t s  a p o l i c y - o r i e n t e d  s t u d y  of energy u s e  and f e a s i b l e  

energy system improvements i n  u rban  a r e a s .  It i n c l u d e s  a n  economic e v a l u a t i o n  

of a l t e r n a t i v e  end-use and supp ly  t e c h n o l o g i e s  a s  t h e y  a p p l y  i n  d i f f e r e n t  

community a p p l i c a t i o n s .  I n  a d d i t i o n ,  t h e  s t u d y  i n c l u d e s  t h e  i d e n t i f i c a t i o n  

of i n s t i t u t i o n a l  b a r r i e r s  t o  t h e  implementat ion of energy system improving 

t e c h n o l o g i e s .  The o b j e c t i v e s  of t h i s  s t u d y  are t o :  

1. I d e n t i f y  which s p e c i f i c  t e c h n o l o g i e s ,  b o t h  supp ly  and end-use,  

are a p p r o p r i a t e  t o  d i f f e r e n t  t y p e s  of community a p p l i c a t i o n s .  

2.  I d e n t i f y  i n s t i t u t i o n a l  b a r r i e r s  t o  t h e  implementat  i o n  of 

t e c h n o l o g i c a l  a l t e r n a t i v e s .  

3 .  Recommend p o l i c i e s  t h a t  w i l l  l e a d  t o  t h e  u t i l i z a t i o n  of t echnolo-  

g i e s  which w i l l  d e c r e a s e  energy consumption,  improve environmental  

c o n d i t i o n s ,  and r e d u c e  dependence on imported energy s u p p l i e s .  

The s t u d y  w i l l  c l a s s i f y  d i f f e r e n t  t y p e s  of u rban  env i ronments ,  i d e n t i f y  

energy u s e  t a r g e t s ,  and recommend a p p r o p r i a t e  p o l i c y  i n i t i a t i v e s .  I n  s o  

d o i n g  t h e  s t u d y  w i l l  i d e n t i f y  o p p o r t u n i t i e s  f o r  l i n k i n g  energy i n i t i a t i v e s  

w i t h  u rban  c a p i t a l  p r o j e c t s  and o t h e r  f e d e r a l ,  s t a t e ,  and l o c a l  programs f o r  

c o s t  r e d u c t i o n s .  F i n a l l y ,  t h e  s t u d y  w i l l ,  th rough  conduc t ing  a series of 

c a s e  s t u d i e s ,  deve lop  a set of s p e c i f i c  p o l i c y  o p t i o n s  and recommendations 

d i r e c t e d  toward t h e  r e a l i z a t i o n  of energy o p p o r t u n i t i e s  f o r  c o n s e r v i n g  non- 

renewable  energy r e s o u r c e s ,  r educ ing  env i ronmenta l  e m i s s i o n s ,  and 

improving t h e  economic c l i m a t e  i n  t h e  n a t i o n s  c i t i e s .  

The s t u d y  w i l l  produce sys tems  and methodologies  u s e f u l  t o  b o t h  l o c a l  

community l e a d e r s  and f e d e r a l  p e r s o n u e l .  It w i l l  provTdr l o c a l  



T i t l e :  Urban Energy Po l i cy  Study 

community l e a d e r s  w i th  a  system through which they can i d e n t i f y  c u r r e n t ,  and 

p l a n  f u t u r e ,  energy consumption i n  t h e i r  a r e a s ,  a s  w e l l  as i d e n t i f y  what tech-  

n o l o g i e s  w i l l  be  most e f f e c t i v e  i n  modifying t h a t  consumption. The s tudy  

w i l l  a l s o  provide  t h e  Department of Energy and o t h e r  f e d e r a l  agenc i e s  

w i t h  a  management t o o l  t o  e v a l u a t e  a l t e r n a t i v e  p o l i c y  i n i t i a t i v e s  and provide  

a  r a t i o n a l e  f o r  t h e  most e f f e c t i v e  a l t e r n a t i v e s .  



111. BIOMEDICAL AND ENVIRONMENTAL ASSESSMENT 



T i t l e :  Assessment of H e a l t h  E f f e c t s  of Energy Systems - Assessment 
of Biomedical  and Environmental  Costs  of Energy Systems . 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
L. Hamilton 

Sponsor:  D i v i s i o n  of Techno- 
logy Overview/Environment 

T h i s  program aims a t  deve lop ing  a  s y s t e m a t i c  overview of b iomedical  

and env iornmenta l  c o s t s  of energy p r o d u c t i o n  and use .  A l l  forms of energy  

a r e  being cons idered .  S t a r t i n g  w i t h  a c o m p i l a t i o n  of r e s i d u a l s  from t h e  

energy system, t h e  v a r i o u s  pathways Lo inall a r e  t r a c e d .  This t a c k  e n t a i l s  

d e f i n i t i o n  of t r a n s p o r t  mechanisms i n c l u d i n g  chemical  c o n v e r s i o n s  and v a r i o u s  

l i n k s  throllgh t h e  b i o s p h e r e  t o  ~nau. AII e v a l u a t i o n  is  then  made of effects. 

The i n i t i a l  f o c u s  is on biomedical  and env i ronmenta l  e f f e c t s  on a n i m a l s ,  

c r o p s  and o t h e r  v e g e t a t i o n ,  and on l a n d ,  t h a t  a r e  known t o  a f f e c t  man. T h i s  

e v a l u a t i o n  r e l i e s  on a v a i l a b l e  in format ion :  e p i d e m i o l o g i c a l  d a t a ,  f i e l d  and 

l a b o r a t o r y  s t u d i e s  c a r r i e d  o u t  on a p p r o p r i a t e  animals  and v e g e t a t i o n ,  and 

b a s i c  b iomedica l  r e s e a r c h  des igned  t o  e l u c i d a t e  molecular  and c e l l u l a r  

mechanisms u n d e r l y i n g  b i o l o g i c a l  r esponses  t o  v a r i o u s  r e s i d u a l s .  By t a k i n g  

account  of t h e  magnitude of energy f low through t h e  sys tem and of t h e  

p o p u l a t i o n s  exposed,  t o t a l  e f f e c t s  a r e  c a l c u l a t e d .  The b a s i c  framework of 
5 

t h e  e v a l u a t i o n  is  provided by t h e  r l a t iona l  energy system models and data base 

i n  u s e  and under  development by t h e  N a t i o n a l  Center  f o r  Ana lys i s  of Energy 

Systems (NCAES) a t  Brookhaven. That work provides.  a  s i g n i f i c a n t  r e s o u r c e  f o r  

t h i s  program and a  means of i n t e g r a t i n g  t h e  r e s u l t s  of t h e  program i n t o  

n a t i o n a l  energy p o l i c y  a n a l y s i s .  

I n t e g r a t e d  assessment  a c t i v i t y  i n  thTs a r e a  is des igned  t o  s e r v e  two 

purposes :  ( 1 )  gu ide  t h e  a l l o c a t i o n  of r e s o u r c e s  i n  t h e  biomedical  r e s e a r c h  

program, and ( 2 )  p r o v i d e  i n f o r m a t i o n  on b i o l o g i c a l  and environmental  c o s t s  

r e q u i r e d  t o  make d e c i s i o n s  r e g a r d i n g  a l t e r n a t i v e  energy systems.  



 title: Environmental Policy Analysis - Analysis of Energy and 
Environmental Policy Conditions 

Principal Investigator(s): 
L. Hamilton 

Sponsor: Assistant Secretary 
for Environment 

This program will provide the Department of Energy (DOE) with dissec- 

tions of relationships among technical, environmental, health, economic, and 

societal factors as they affect environmental regulation, energy, and 

environmental R&D policy, or the commercialization of developed energy 

systems. The program entails longer-term policy analyses to diagnose 

incipient energy/environmental problems and short-term studies to meet 

policy-making needs in DOE. 
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T i t l e :  EEMIS - Support  f o r  Energy Emergency Management I n f o r m a t i o n  
Systems Program 

P r i n c i p a l  I n v e s t i g a t o r  ( s )  : 
M. B e l l e r ,  A.S. Kydes, 
R .  J.  G o e t t l e  

Sponsor:  EEMIS Program Energy 
I n f o r m a t i o n  A d m i n i s t r a t i o n  

The o b j e c t i v e  of t h i s  program i s  t o  p r o v i d e  a n a l y t i c a l  s u p p o r t  t o  t h e  

Energy Emergency Management I n f o r m a t i o n  System (EEMIS) P r o j e c t  O f f i c e  i n  t h e  

Energy I n f o r m a t i o n  A d m i n i s t r a t i o n .  T h i s  s u p p o r t  i s  based upon t h e  a p p l i c a t i o n  

and expans ion  of t h e  Refe rence  Energy System, deveioped a t  BNL, t o  meet t h e  

b a s i c  EEMIS o b j e c t i v e s  of d e t e c t i o n ,  p r e v e n t i o n ,  and management of energy  

emergencies .  A d d i t i o n a l l y ,  s p e c i f i c a t i o n s  f o r  a n c i l l a r y  modeling r e q u i r e -  

ments  w i l l  b e  o u t l i n e d ,  drawing upon e x i s t i n g  models o r  as y e t  undeveloped 

t e c h n i q u e s  t o  assist i n  t h e  d a t a  management and a n a l y s i s  p r o c e s s .  

The o p e r a t i o n  of EEMIS i s  conce ived  t o  b e  a real t i m e  sys tem moni to r ing  

energy  u s e .  For example, it cou ld  p r e s e n t  a  month-to-month, s t a t e - b y - s t a t e  . 

view of energy u s e  p a t t e r n s  from t h e  supp ly  s i d e  t o  energy-demand consumption 

s e c t o r s .  It would i n c l u d e  t h e  s t a t u s  o f  energy forms i n  s t o r a g e ,  p r o d u c t i o n ,  

and p o s s i b l y  t r a n s i t .  It would permi t  t h e  d e t e r m i n a t i o n  of t h e  p o s s i b l e  o n s e t  

o f  a n  energy emergency ( s h o r t f a l l ) .  O r ,  i t  cou ld  respond t o  u n p r e d i c t e d  

c r i s e s  (embargo, n a t u r a l  d i s a s t e r )  by p r e s e n t i n g  s u b s t i t u t i o n  o r  r e r o u t i n g  

a l t e r n a t i v e s .  EEMIS would have submodels a s s o c i a t e d  w i t h  it  which would do 

s i m p l e  energy f o r e c a s t s ,  and which might a l s o  p r o v i d e  economic a s s e s s m e n t s  

a s s o c i a t e d  w i t h  energy  p o l i c y  d e c i s i o n s  i n  r e s p o n s e  t o  emergencies .  

To encompass t h i s  c a p a b i l i t y ,  a n  energy management s t r u c t u r e  w i l l  be  

f o r m u l a t e d  which s p e c i f i e s  t h e  t y p e s  of d a t a  and f o r m a t s  r e q u i r e d  t o  meet 

t h e  program ob j  e c t i v e s .  



T i t l e :  Energy Case S t u d i e s  - F o s s i l  Energy 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
J. Lamontagne 

Sponsor:  Off i c e  o f  F o s s i l  
Energy 

The o b j e c t i v e  of t h i s  program i s  t o  p r o v i d e  d a t a  and a n a l y t i c a l  suppor t  

t o  t h e  U.S. Department of Energy ' s  Energy Technology O f f i c e  of F o s s i l  Energy 

Programs' D i v i s i o n  of Program C o n t r o l  and Support .  T h i s  s u p p o r t  i n v o l v e s  

t h e  c o n t i n u i n g  assembly,  q u a l i f i c a t i o n ,  u p d a t i n g ,  and a p p l i c a t i o n  of d a t a  

b a s e s  and a n a l y t i c a l  t o o l s  t h a t  d e s c r i b e  t h e  t e c h n i c a l ,  env i ronmenta l ,  and 

economic c h a r a c t e r i s t i c s  of f o s s i l  energy t e c h n o l o g i e s  and f o s s i l  energy 

r e s o u r c e s  . 
Data s u p p o r t  i n c l u d e s  d e f i n i t i o n  and rev iew of pa ramete rs  f o r  u s e  w i t h  

f o s s i l  energy r e l a t e d  models; t e c h n i c a l  i n f o r m a t i o n  r e g a r d i n g  f o s s i l  energy 

r e s o u r c e s  and convers ion  p r o c e s s e s ;  and r e l a t e d  d a t a  c h a r a c t e r i z i n g  f a c t o r s  

such  a s  water a v a i l a b i l i t y ,  l a n d  u s e ,  and i n s t i t u t i o n a l  c o n s t r a i n t s .  Data 

b a s e  e x t e n s i o n  i n v o l v e s  e x p l o r a t i o n  of c u r r e n t  s o u r c e s  t o  d e f i n e  d a t a  r e s o u r c e s  

a v a i l a b l e  t o  s a t i s f y  p e r c e i v e d  program c o n t r o l  and suppor t  needs .  

A n a l y t i c a l  s u p p o r t  i n c l u d e s  t h e  a n a l y s i s  of t h e  r o l e  of f o s s i l  energy 

systems i n  t h e  c o n t e x t  of t h e  U.S. energy system; and a n a l y s e s  of f o s s i l  

energy e x t r a c t i o n ,  t r a n s p o r t a t i o n ,  c o n v e r s i o n ,  and ut-ilkat ion. Models used 

i n  t h e s e  a n a l y s e s  r a n g e  from e n g i n e e r i n g  d e s c r i p t i o n s  of advanced energy  

c o n v e r s i o n  p r o c e s s e s  and t h e i r  a s s o c i a t e d  t e c h n i c a l  and economic c h a r a c t e r -  

i s t i c s  t o  n a t i o n a l  and regi.ona1. models o i m u l a t i n g  energy supp ly  and demand. 

Computer suppor t  i s  u t i l i z e d  t o  accomplish  t h e  p h y s f c a l  t r a n s f e r  of d a t a  

b a s e s  and a n a l y t i c a l  models from o n e  l o c a t i o n  t o  a n o t h e r  and t o  deve lop  s o f t -  

ware  f o r  any d i r e c t  a c c e s s ,  i n t e r a c t i o n ,  o r  g r a p h i c  d i s p l a y  r e q u i r e d  by DOE, 

BNL, o r  o t h e r  u s e r s  of t h e  d a t a  b a s e  and a n a l y t i c a l  models.  

When r e q u i r e d ,  t h e  r e l a t i o n s h i p  of f o s s i l  energy t o  o t h e r  energy sn i i rces ,  

i n t e r a c t i o n s  w i t h  t h e  U.S. economy aad i n t e r n a t i o n a l  t r a d e ,  and impac t s  of 

i n s t i t u t i o n a l  c o n s t r a i n t s  on f o s s i l  energy supp ly  and u t i l i z a t i o n  are e x p l o r e d .  



T i t l e :  Energy Research  - Technology Assessment f o r  t h e  O f f i c e  of 
Energy Research  

P r i n c i p a l  I n v e s t i g a t o r :  
M .  B e l l e r  

Sponsor:  O f f i c e  of Program 
A n a l y s i s  Energy Research 

. T h e  o b j e c t i v e  of t h i s  program is t o  p r o v i d e  a n a l y t i c a l  s u p p o r t  t o  t h e  

O f f i c e  of Energy Research i n  terms of impact assessments  of s e l e c t e d  RD&D 

programs and a s s i s t a n c e  i n  t h e  development of c o o r d i n a t e d  p l a n s  i n v o l v i n g  

g r o u p s  of t e c h n u l v g i c a l  and p o l i c y  o p t i o n s .  A d d i t i o n a l l y ,  s p e c i f i c .  e v a l u a t i o n  

t a s k s  of i n t e r e s t  to t h e  O f f i c e  of Energy Kesearch w i l l  be  performed as Le- 

q u i r e d .  The program w i l l  a l s o  m a i n t a i n  a n  updated f i l e  of t e c h n o l o g i c a l  

i n f o r m a t i o n  main ta ined  t o  s u p p o r t  t h e  a n a l y s e s  g e n e r a t e d  i n .  t h e s e  assessments .  

The f u n c t i o n s  of t h e  O f f i c e  o f  Program A n a l y s i s  (PA) r e q u i r e  i t  t o  con- 

d u c t  independent  a n a l y s i s ,  e v a l u a t i o n ,  and rev iew of  energy R&D programs, 

p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e i r  r o l e  w i t h i n  n a t i o n a l  energy .supply ,  

as w e l l  a s  t o  conduct  independent  b e n e f i t - c o s t  a n a l y s e s  of s e l e c t e d  t ech-  

n o l o g i e s  i n  0rde.r t o  a d v i s e  t h e  d i r e c t o r  on r e l a t i v e  p r i o r i t i e s  of R&D programs. 

To accompl i sh  t h e s e  t a s k s  PA r e q u i r e s  accecE t n  and u s e  of d a t a  and q u a n t i t a t i v e  

c a p a b i l i t i e s  e x i s t i n g  a t  t h e  N a t i o n a l  Center  f o r  A n a l y s i s  of Energy Systems 

a t  ~roo ichaven  Nat i n n a l  LaburaLo~y which hac ass~p . I ,  I ed and emplvy s a n a l y t i c a l  

models and d a t a  b a s e s  c h a t  tire &xtensivc..ly used  hy f e d e r a l  a g e n c l e s ,  u n i v c r -  

s i t i es ,  i n d u s t r y ,  and i n t e r n a t i o n a l  r e s e a r c h  c e n t e r s .  The t o o l s  a t  BNL are 

u n i q u e l y  s u i t e d  f o r  examining t h e  r o l e  of new technology  i n  t h e  c o n t e x t  of 

economic, tax, and o t h e r  n a t i o n a l  energy p o l i c y  v a r i a b l e s  and f o r  j , n t e g r a t i n g  

t h e  work of i n d i v i d u a l  t echnology  s t u d i e s  i n t o  a n  o v e r a l l  energy sys tems  

a n a l y s i s .  



d 
T i t l e :  Energy S t o r a g e  Systems A n a l y s i s  

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  . 

M. B e l l e r ,  R. Leigh 

Sponsor:  D i v i s i o n  of Energy 
S t o r a g e  A p p l i c a t i o n s  A n a l y s i s  
Branch 

The o b j e c t i v e . o f  t h i s  program is  t o  p r o v i d e  a n a l y t i c a l  s u p p o r t  t o  t h e  

D i v i s i o n  of Energy S t o r a g e  i n  t e rms  of impact a s s e s s m e n t s  of s e l e c t e d  techno-  

l o g i e s  and s p e c i f i c  ass ignments  r e q u e s t e d  as t h e y  p e r t a i n  t o  energy s t o r a g e  

programs. A d d i t i o n a l l y ,  s t u d i e s  of s t o r a g e  a p p l i c a t i o n s ,  w i t h  p a r t i c u l a r  

emphasis on s o l a r  t e c h n o l o g i e s ,  w i l l  b e  performed. The g e n e r a l  approach  i s  

t o  s t u d y  energy s t o r a g e  o p t i o n s  a s  f u n c t i o n s  of f o s s i l  f u e l  p r i c e s  and a v a i l -  

a b i l i t y ,  d e v i c e  c o s t ,  and a v a i l a b i l i t y  of o f f -peak  power supp ly  and c o s t .  The 

n a t i o n a l  impacts  of s t o r a g e  t e c h n o l o g i e s  commerc ia l i za t ion ,  i n  t e rms  of t o t a l  

c o s t ,  e l e c t r i c  and n o n e l e c t r i c  f u e l s  supp ly  mix, e l e c t r i c  load  f a c t o r s ,  and 

environmental  emiss ions ,  w i l l  be  de te rmined .  The r e s u l t s  w i l l  b e  a p p l i c a b l e  

t o  g u i d i n g  DOE RD&D programs and t o  a s s i s t i n g  i n  energy p o l i c y  f o r m u l a t i o n .  

O p p o r t u n i t i e s  f o r  f u e l  s a v i n g s  a t t a i n a b l e  by t h e  u s e  of s t o r a g e  d e v i c e s  i n  

a l l  s e c t o r s  of t h e  energy system w i l l  b e  e x p l o r e d .  

S p e c i f i c  s t u d i e s  completed o r  c u r r e n t l y  under  way i n c l u d e  a n  examina t ion  

of t h e  economical ly  o p t i m a l  s i z i n g  of energy s t o r a g e  sys tems when d e v i c e  l i f e -  

t i m e  depends on d e t a i l e d  n a t u r e  of t h e  l o a d s  be ing  s e r v e d ,  a  s t u d y  o f  t h e  

o p t i m a l  number of g l a z i n g s  t o  be  used i n  Trombe w a l l s  ( a  "pass ive"  energy 

s t o r a g e  d e v i c e ) ,  and an ongoing s t u d y  of breakeven c o s t s  of v a r i o u s  energy 

s t o r a g e  d e v i c e s  i n  t h e  c o n t e x t  of r e s i d e n t i a l  s o l a r  t o t a l  energy systems. 

F u t u r e  s t u d i e s  w i l l  i n c l u d e  f u r t h e r  development of t h e s e  t o p i c s  and s t u d i e s  

of t h e  r o l e  t h a t  energy s t o r a g e  t e c h n i q u e s  c a n  p l a y  i n  commercial and i n d u s t r i a l  

p r o c e s s  h e a t  and i n  s e a s o n a l  and d i u r n a l  r e s i d e n t i a l  t h e r m a l  s t o r a g e  f o r  s p a c e  

h e a t i n g  . 
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T i t l e :  Energy Model E v a l u a t i o n s  S t a n d a r d s  Genera l  Systems S t u d i e s  

P r i n c i p a l  I n v e s t i g a t o r  ( s )  : 
A. S .  Kydes, R. J .  G o e t t l e ,  
L. L.  Juang 

Sponsor:  Energy I n f o r m a t i o n  
A d m i n i s t r a t i o n  

T h i s  p r o j e c t  i s  i n t e n d e d  t o  deve lop  g e n e r i c  s t a n d a r d s ,  d i a g n o s t i c  proce-  

d u r e s ,  and i n f o r m a t i o n  sys tems  f o r  t h e  e v a l u a t i o n  of Energy I n f o r m a t i o n  Admin- 

i s t r a t i o n  (EIA) model sys tems.  The EIA h a s  e s t a b l i s h e d  many l a r g e  s c a l e  

mathemat ica l  and s t a t i s t i c a l  p r o c e d u r e s  f o r  p r o j e c t i n g  and a n a l y z i n g  energy 

p r o d u c t i o n ,  consumption,  p r i c e s ,  and a s s o c i a t e d  impac t s .  The systems,  

hased on complex m a t  h e m a t i c a l ,  t e c h i ~ o l o g i c a l ,  and s t a t  i ~ t  i c a l  t e c h n i q u e s ,  a.re 

t o  b e  s u b j e c t e d  t o  e x t e n s i v e ,  c o n t i n u i n g  rev iews  and c r i t i q u e s  aimed a t  d e t e r -  

minin.g and improving t h e i r  v a l i d i t y ,  a c c u r a c y ,  and a b i l i t i e s .  These sys tems 

w i l l  a lways  be i n  a  s t a t e  of change.  It i s  impor tan t  f o r  t h e  Department of 

Energy t o  s p e c i f y  g e n e r i c  s t a n d a r d s  and p rocedures  t h a t  w i l l  r e g u l a r l y  b e  

a p p l i e d  t o  t h e  l a t e s t  v e r s i o n  of each  system t o  de te rmine  i t s  c u r r e n t  v a l i d i t y  

and a p p l i c a b i l i t y  and t o  s u g g e s t  improvements and s t a t e - o f - t h e - a r t  e x t e n s i o n s .  

The N a t i o n a l  Cen te r  t o r  A n a l y s i s  of Energy SysLaus a L  BNL w i l l  e s t a b l i s h  

a  c o n t i n u i n g  a c t i v i t y  which w i l l  b e  t a s k e d  t o  deve lop  t h e  aforement ioned 

methods f o r  t h e  g e n e r a l  e v a l u a t i o n  a c ~ i v i t i e s  u1 EIA. The u l t i m a t c  tc3t of 

t h e  r e s u l t s  of t h i s  e f f o r t  w i l l  be t h e i r  a p p l i c a t i o n  t o  a s p e c i f i c  a n a l y s i s  

sys tem s e l e c t e d  by EIA. 

The g o a l  of t h i s  r e s e a r c h  i s  t o  deve lop  r i g o r o u s  a r ~ a l y L i c a l  iiiethods f o r  

a s c e r t a i n i n g  t h e  d e g r e e  of cunllclellce i n  i i~odel  r e s u l t s  and che c i rcumsLar l~es  

under  which s y s t e ~ o s  may be u s e d .  Model cvnluntio11, Ll~e p rocedure  by which 

moklel a p p l i c a b i l i t y  and u t i l i t y  is  de te rmined ,  i s  comprised of two components: 

verj . . fr icat  i o n  and v a l i d a t i o n .  The f o c u s  of v e r i f i c a t i o n  a c t i v i t i e s  i s  t h e  con- 

f i r m a t i o n  t h a t  t h e  sys tem behaves and i s  s t r u c t u r e d  a s  i t s  d e v e l o p e r  i n t e n d e d .  

Here ,  t h e  p r o c e d u r a l  approach  i s  t o  s y s t e m a t i c a l l y  assess t h e  scope ,  assump- 

t i o n s ,  s t r u c t u r a l  d e r i v a t i o n s ,  and f u n c t i o n a l  r e p r e s e n t a t i o n s  c o n t a i n e d  i n  

t h e  model sys tem.  



T i t l e :  Energy Model E v a l u a t i o n s  S t a n d a r d s  General  Systems S t u d i e s  

Model v a l i d a t i o n  concerns  t h e  d e t e r m i n a t i o n  o f  t h e  d e g r e e  of accuracy  

and p l a u s i b i l i t y  of t h e  model, and s e r v e s  t o  q u a n t i t a t i v e l y  i d e n t i f y  poten-  ., 

t i a l  l i m i t s  of a p p l i c a b i l i t y  t o  model u s e .  For v a l i d a t i o n ,  t h e p r o c e d u r a l  

approach  s t r e s s e s  model performance,  s e n s i t i v i t y ,  comparison t o  a l t e r n a t i v e  

methodolog ies ,  and o t h e r  f a c t o r s  which s i g n i f i c a n t l y  i n f l u e n c e  c o n f i d e n c e  i n  

t h e  r e s u l t s .  Whether accuracy  o r  p l a u s i b i l i t y  become t h e  v a l i d a t i o n  c r i t e r i o n  

i s  dependent on t h e  model and i t s  s p e c i f i c  a p p l i c a t i o n .  



T i t l e :  Energy Modeling Support 
General  Systems S t u d i e s  

p r i n c i p a l  I n v e s t i g a t o r  ( s )  : 
A. S .  Kydes, R.  J .  G o e t t l e  

Sponsor: Energy Information 
Adminis t ra t  ion  

The a n a l y s i s  and f o r e c a s t i n g  a c t i v i t i e s ,  which a r e  p a r t  of t h e  miss ion  

of t h e  A s s i s t a n t  Adminis t ra tor  f o r  Applied Analys i s  i n  t h e  Energy Information 

Admin i s t r a t i on  (EIA) of t h e  Department of Energy, r e q u i r e  acces s  t o  a  l a r g e  

numbar of m o d e l s  and  methodologies.  The obJecLive of the Encrgy Modeling 

Support Program i s  t o  provide  f o r  t h e o r e t i c a l  InvesCigat ion and p r a c t i c a l  

development of s p e c i a l  f e a t u r e s  f o r  i nco rpu ra t i on  i n t o  EIA models. 

Area 1 - Energy-Economic Coupling -- 

The a n a l y s i s  of U.S. and world energy markets  and economies r e q u i r e s  t h e  

u s e  of e x i s t i n g  models and d a t a  bases  capable  of address ing  t.he i n t e r r e l a t i o n -  

s h i p s  between t h e  n a t i o n ' s  energy system and i ts  economic system. Of p a r t i c u l a r  

i n t e r e s t  a r e  ana lyses  r ega rd ing  t h e  macroeconomic consequences of energy p r i c e /  

a v a i l a b i l i t y  v a r i a t i o n s ,  f e d e r a l  supply s t r a t e g i e s ,  and f e d e r a l  conserva t ion  

i n i t i a t i v e s .  

Area 2 - Mult iobj  e c t i v e  Anal.ys:is - ..... "- 

Ana lys i s  of how good a  p a r t i c u l a r  energy system c o n f i g u r a t i o n  is must be 

done i n  accordance w i t h  c e r t a i n  c r i t e r i a .  Conf igura t ions  may be  judged by 

how w e l l  they  meet s o c i a l ,  economic, o r  environmental o b j e c t i v e s ;  o f t e n  t h e s e  

o b j e c t i v e s  con£ l i c t .  The purpose of m u l t i o b j e c t i v e  a n a l y s i s  is  t o  provide  a  

coheren t  and c o n s i s t e n t  framework f o r  eva lua t ing  energy/economic systems. 

Area 3 - Market Pene t r a t i on  

Fo recas r s  of Llie Luture i nc ludc  ncw technologies  w h i c h  a r e  no t  completely 

developed and whose rate of i n t r o d u c t i o n  i s  unce r t a in .  Market p e n e t r a t i o n  

a n a l y s i s  can he lp  r e s o l v e  some of t h e  u n c e r t a i n t y  and provide  a  b a s i s  f o r  

sstimat i n 8  implementation l e v e l s .  



T i t l e :  Energy Modeling Support  - Genera l  Systems S t u d i e s  

Area 4 - Treatment  of U n c e r t a i n t y  

P r o j e c t i o n s  of t h e  f u t u r e  a r e  by t h e i r  n a t u r e  u n c e r t a i n ;  s y s t e m a t i c  ways 

o f , t r e a t i n g  u n c e r t a i n t i e s  are needed. One a s p e c t  is  t h e  c u r r e n t  behav ior  of 

p r o d u c e r s  and consumers i n  l i g h t  of t h e i r  p e r c e p t i o n  o f  t h e  l i k e l i h o o d  of 

a l t e r n a t e  f u t u r e s ' .  Another a s p e c t  i s  t h e  s e n s i t i v i t y  of model o u t p u t s  t o  

v a r i a t i o n s  i n  i n p u t s .  



T i t l e :  I n t e r n a t i o n a l  Model and-Data  Ass i s t ance  A c t i v i t y  -' 

.. . General Systems S t u d i e s  ,,, 

FY 79: $83,000 P r i n c i p a l :  I n v e s t i g a t o r  ( s )  : 
A. S. Kydes, J.  ~ a b i n o w i t z  

FY 80: $73,000 Sponsor : . I n t e r n a t i o n a l  
Af f a i r s  

-- 

The I n t e r n a t i o n a l  Model and Data Ass i s t ance  Program enables  NCAES t o  

f u r t h e r  i t s  po l i cy  of e s t a b l i s h i n g  coope ra t i ve  r e s e a r c h  r e l a t i o n s h i p s  with 

i n t e r n a t i o n a l  energy system ana lys i s  gr 'oups.  The program's primary piJ.rpnse 

is t o  a s s i ~ t  t h e s e  grnilps i n  ehe i r  enel-gy systeiils ana lyo ia  by p r o v i d i n g  RNX, 

models and d a t a  bases  when r eques t ed ,  and g iv ing  p re l imtna ry  a d v l c e  and 

c o n s u l t a t i o n  i n  model u se  and i n t e r p r e t a t i o n .  A secondary o b j e c t i v e  i s  t h e  

exchange of energy technology and systems informat ion  which may enhance BNL1s 

approach t o  energy systems a n a l y s i s  c a p a b i l i t i e s .  Th i s  a s s i s t a n c e  w i l l  a l s o  

i n c l u d e ,  when a p p r o p r i a t e ,  d i s c u s s i o n s  w i t h  personnel  s e n t  t o  BNL by t h e i r  , 

home count ry  sponsor .  A u s e r s '  gu ide  w i l l  be  developed f o r  t h e  t r a n s p o r t a b l e  

FORTRAN v e r s i o n s  of BESOM and ESNS. An lnformat ion  system w i l l  b e  i n 5 t f a t e d  

and maintain,ed t o  record  a l l  reques t s '  submit ted under t h i s  program. 



T i t l e :  Model and Forecas t ing  - Model Eva lua t i on  Program 

P r i n c i p a l  I n v e s t i g a t o r  ( s )  : 
A. S. Kydes, E. A.  Cherniavsky 

Sponsor: Energy Informat ion 
Adminis t ra t  i on  

The d a t a  and a n a l y s i s  f u n c t i o n s  of D o E / E I A  w i l l  r e q u i r e  a c c e s s  t o  a  wide 

v a r i e t y  of' d a t a  sou rce s  and models d e a l i n g  w i t h  energy,  economic, and environ-  

mental  i s s u e s .  Brookhaven has  been engaged i n  t h e  survey and a n a l y s i s  of 

p e r t i n e n t  d a t a  and models. The o b j e c t i v e  of t h e  Model Eva lua t ion  Program is  

t o  prov ide  f o r  t h e  v a l i d a t i o n  and v e r i f i c a t i o n  of r e l e v a n t  energy d a t a  and 

models. Eva lua t ion  may be  performed on t h e  complete model o r  on c e r t a i n  model 

f e a t u r e s .  

This  program d e a l s  w i t h  t h e  d e t a i l e d  eva lua t i on  of s e l e c t e d  energy models. 

Under t h i s  program, t h e  f i r s t  e f f o r t s  w i l l  focus  on performing a  c r i t i c a l  

e v a l u a t i o n  of t h e  Dec is ion  Focus, Inc .  model, o r  Long-Range Energy Analys i s  

Package (LEAP). 

The purpose of Task 1 is  t o  review t h e  t e chno log i ca l  d a t a  on primary 

energy convers ion ,  d i s t r i b u t i o n ,  and end-use consumption; and t o , c o r r e c t  and 

v e r i f y  them a s  a  b a s i s  f o r  EIA f o r e c a s t i n g .  

The purpose of Task 2 i s  t o  develop an a lgo r i t hm t o  s o l v e  economic 

e q u i l i b r i a  i n  a  computa t iona l ly  more e f f i c i e n t  way than  t h e  c u r r e n t  procedure.  

The purpose of Tasks 4-6 i s  t o  develop supply and demand r e p r e s e n t a t i o n s  

and in ' corpora te  them i n  t h e  Long-Range Energy Analys i s  Package (LEAP). These 

r e p r e s e n t a t i o n s  a r e  t o  b e  c a l i b r a t e d  t o  e x i s t i n g  models t h a t  have been sub- 

j e c t e d  t o  pee r  review and have gained accep tance .  



T i t l e :  Modeling and Fo recas t i ng  - Energy Data Base Program 

P r i n c i p a l  I n v e s t i g a t o r  ( s )  : 
A. Reisman 

Sponsor: Energy Information 
Adminis t ra t ion  

The d a t a  and a n a l y s i s  f u n c t i o n s  of t h e  Energy Informat ion  Adminis t ra t ion  

( E I A )  i n  t h e  Department of Energy w i l l  r e q u i r e  a c c e s s  t o  a  wide v a r i e t y  of 

d a t a  sou rces  i nc lud ing  informat ion  r e l a t i n g  t o  t h e  t echno log ica l ,  economic, 

and environmental a s p e c t s  of energy product ion  and use .  Brookhaven Nat iona l  

Laboratory (BNL) has  been engaged i n  t h e  survey ,  a n a l y s i s ,  and a c q u i s i t i o n  of 

p e r t i n e n t  da ta ;  and has  ga ined  r e l e v a n t  exper ience  i n  making t h e s e  d a t a  

a c c e s s i b l e  t o  bo th  in-house and o u t s i d e  u s e r s .  

The Energy Data Base, developed a t  BNL, c o n t a i n s  d a t a  on over  800 energy 

supply  processes  and over  200 energy u t i l i z a t i o n  processes .  With each process  

i s  a s s o c i a t e d  a  v e c t o r  of environmental  emiss ions ,  s o c i a l  impacts ,  and c o s t s .  

The v e c t o r  c o n t a i n s  7 a i r  p o l l u t a n t s ,  13  water  p o l l u t a n t s ,  45 t o x i c  t r a c e  

p o l l u t a n t s ,  18 t ypes  of r a d i o a c t i v e  e m i t t a n t s ;  h e a l t h  d a t a  on occupa t iona l  

d e a t h s ,  i n j u r i e s ,  days l o s t ;  land use  and makeup water  f i g u r e s ;  c o s t  d a t a ;  

and l a b o r  and m a t e r i a l s  requirements  f o r  c o n s t r u c t i o n  of energy supply 

f a c i l i t i e s .  Each number i n  t h e  d a t a  base  i s  r e f e r enced ,  and f o o t n o t e s  ex- 

p l a i n  t h e  d e r i v a t i o n  of under ly ing  assumptions.  A "hardness" number g i v e s  a  

s u b j e c t i v e  eva lua t ion  of how good each datum i s .  

The Energy Data Base has  provided d a t a  i n p u t s  f o r  a v a r i e t y  of models 

r e q u i r i n g  t e c h n i c a l  d e t a i l .  I n  a d d i t i o n ,  u s e r s  have o f t e n  wished t o  e x t r a c t  

i n d i v i d u a l  d a t a  e lements ,  which i s  f a c i l i t a t e d  by t h e  i n t e r a c t i v e  u s e  of t h e  

System 2000 d a t a  base  management package; o r  t o  i n v e s t i g a t e  t h e  e f f e c t s  a s soc i -  

a t e d  with a s i n g l e  supply t r a j e c t o r y ,  e . g . ,  gas  from c o a l .  I n t e r a c t i v e  sof tware  

has  a l s o  been developed t h a t  permi ts  easy a c c e s s  t o  such informat ion .  

Under t h i s  Program i t  i s  proposed t o  upda te  and extend t h e  Energy Data 

Ra.se, and t o  con t inue  suppor t  u s e r  acces s  t o  t h e  d a t a .  Work w i l l  be  undertaken 



T i t l e :  Modeling and Fo recas t i ng  - Energy ~ a t a  Base Program 
. . 

t o  v e r i f y  and v a l i d a t e  r e l e v a n t  d a t a  and t o  improve t h e  u s e f u l n e s s  of t h e s e  

d a t a  by f i l l i n g  i n  gaps i n  p roces s  c h a r a c t e r i z a t i o n  and by p rov id ing ,  whenever 

p o s s i b l e ,  ranges  of v a l u e s  f o r  each  c o e f f i c e i n t .  A s tudy  w i l l  a l s o  be  done 

of t h e  u t i l i t y  of t h e  Energy Data Base format a s  t h e  framework f o r  a n  Energy 

Informat ion  System. . . 



T i t l e :  Research i n  Applied Mathematical Sc iences  
Bas ic  Research Topics  i n  Modeling Support 

FY 79: $60,000 P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
A .  S. Kydes, R. J .  G o e t t l e  

Sponsor: O f f i c e  of Basic  
Energy Sc iences  

The importance of monitor ing and advancing t h e  s t a t e  of t h e  a r t  i n  mathe- 

m a t i c a l ,  s t a t i s t i c a l ,  and computer s c i e n c e  r e s e a r c h  and i t s  impact on t h e  

in format ion  q u a l i t y  of energy systems a n s l y s i s  ha s  been recognize.d a s  a  - 
l e g i t i m a t e  b a s i c  r e s e a r c h  a c t i v i t y  t o  be supported by t h e  O f f i c e  of Basic '  

Energy Sc iences  i n  t h e  Department of Energy. 

Area 1 - M u l t i o b j e c t i v e  Analys i s  

The scope of energy systems a n a l y s i s  has  broadened t o  i nc lude  no t  only 

energy-economic i n t e r a c t i o n s  and t h e i r  imp l i ca t i ons  f o r  p o l i c y  planning but  

a l s o  s o c i a l  concerns ( e . g . ,  environmental deg rada t ion ) ,  s e c u r i t y  r equ i r e -  

ments (e .g . ,  l e v e l s  of o i l  impor t s ) ,  and i n t e r a c t i o n s  w i t h  energy use  

and t h e  economy. The q u a l i t y  of an  energy system c o n f i g u r a t i o n  can no longer  

be judged s o l e l y  by a  s i n g l e  c r i t e r i o n ;  it has  become e s s e n t i a l  t o  i d e n t i f y  

and employ approaches and a  systems framework which f a c i l i t a t e  t h e  eva lua t ion  

and c h a r a c t e r i z a t i o n  of an energy system by m u l t i p l e  c r i t e r i a .  The n f  

m u i t i o b j e c t i v e  a n a l y s i s  i s  t o  provide  a  coherent  and c o n s i s t e n t  a n a l y t i c a l  

framework f o r  e v a l u a t i n g  energy/economic/environmental systems. 

I n v e s t i g a t i o n  of mu l t i ob j  e c t i v e  a n a l y s i s  t echniques  i s  a  long-standing 

a c t i v i t y  of t h e  Nat iona l  Center f o r  Analys i s  of Energy Systems. I n  t h e  p a s t  

yea r  e f f o r t s  have focused on f o u r  approaches which a r e  employed i n  conjunc t ion  

w i t h  l i n e a r  programming models. 

'!he t i r s t  methodology determines a  "bes t  case" by i n d i r e c t l y  e l i c i t i n g  

t h e  d e c i s i o n  makers' u t i l i t y  f u n c t i o n  through a  s e r i e s  of ques t i ons  about  

p r e f e r r e d  t r ade -o f f s .  

The second approach i s  t h e  automation of m u l t i o b j e c t i v e  a n a l y s i s  by 

e x p l i c i t  s p e c i f i c a t i o n  of a l t e r n a t i v e  u t i l i t y  f u n c t i o n s  (pos s ib ly  n o n l i n e a r ) .  



T i t l e :  Research i n  Applied Mathematical-  Sc iences  
Basic  Research Topics  i n  Modeling Support , 

Experiments were performed wi th  t h r e e  d i f f e r e n t  u t i l i t y  f u n c t i o n  

r e p r e s e n t a t i o n s .  These were found t o  a g r e e  w e l l  w i t h  judgmental "bes t  case" 

s e l e c t  ions .  

A t h i r d  a r e a  i s  t h e  h i e r a r c h i c a l  m u l t i o b j e c t i v e  a n a l y s i s .  I n  t h i s  

framework, t h e  dec i s ion  maker r anks  t h e  o b j e c t i v e s  ( e .g . ,  s e c u r i t y , ' c o s t ,  

environment) which a r e  r ep re sen t ed  by l i n e a r  f u n c t  i d n s  , and g iven  weights  

t o  t h e  subord ina t e  o b j e c t i v e s .  The method a l lows  t h e  d e c i s i o n  maker t o  

look a t  a  v a r i e t y  of s o l u t i o n s  t h a t  main ta in  cons is tency  between d i f f e r e n t  

rankings ,  and t o  examine s e n s i t i v i t y  of t h e  s o l u t i o n  t o  cho ice  of weighing 

f a c t o r s .  

The f o u r t h  approach ("rim ana lys i s " )  involves  a  s t a t i s t i c a l  a n a l y s i s  of 

t h e  c h a r a c t e r i s t i c s  uf a l t e r n a t i v e  s o l u t i o n s  which a r e  "near" a p r e f e r r e d  

s o l u t i o n  by us ing  t h e  model a s  a  d a t a  source  (pseudodata  v i a .  s e n s i t i v i t y  

ana lyses )  t o  gene ra t e  smooth approximations to '  t h e  implied r e l a t i o n s h i p s  

among compet ing  o bj ec  t i v e s  . 
Area 2 - Software and Algori thmic ~ e v e l o ~ m e n t  

The t r a n s l a t i o n  of t h e  perce ived  i n t e r a c t i o n s  between energy,  economy, 

and environment t o  an a p p r o p r i a t e  mathematical  s t r u c t u r e  has  o f t e n  been 
. . .  . 

l i m i t e d  by t h e  q u a l i t y  and a v a i l a b i l i t y  of "off- the-shelf"  sof tware .  For 

example, modelers a r e  r e l u c t a n t  t o  formula te  problems i n  t h e  form of l a r g e -  

s c a l e  non l inea r  op t imiza t ion  problems wi th  (non) l i n e a r  c o n s t r a i n t s  because 

good commercial codes f o r  such l a r g e  non l inea r  op t imiza t ion  problems a r e  no t  

r e a d i l y  a v a i l a b l e .  

F u r t h e r ,  time-phased, r eg iona l i zed  1inear.programming formula t ions  of 

energy systems a r e  of t e n  s eve re ly  l i m i t e d  by e x i s t i n g  LP so f tware  c a p a b i l i t i e s  

and a s s o c i a t e d  computing f a c i l i t i e s .  For example, a  r eg iona l i zed  v e r s i o n  of 

t h e  Brookhaven Time-Stepped Energy System Optimizat ion Model (TESOM), w i th  f i v e  

t ime  pe r iods  and t e n  r eg ions  would r e s u l t  i n  an LP con ta in ing  approximately 

10,000 rows and 12,000 columns. 



T i t l e :  Research i n  Applied Mathematical Sc iences  
Bas ic  Research Topics  i n  Modeling Support 

For g e n e r a l  equ i l i b r ium frameworks, such a s  t h a t  o f , t h e  Long-Run Energy 

Ana lys i s  Package (LEAP) c u r r e n t l y  being implemented f o r  EIA,by Decis ion 

Focus, I nc .  (DFI), t h e  r e g i o n a l i z e d  time-phased formula t ion  f o r  t h e  U.S.A. 

r e s u l t s  i n  a  system of approximately 100,000 equa t ions  t o  h e  solved r epea t ed ly  

u n t i l  equ i l i b r ium p r i c e s  and q u a n t i t i e s  a r e  e s t a b l i s h e d .  The SOR ( succes s ive  
. . 

ove r  r e l a x a t i o n s )  a lgo r i t hm i s  c u r r e n t l y  being used t o  s o l v e  t h i s  problem. 

The s o l u t i o n . p r o c e d u r e  could b e n e f i t  from t h e  u s e  of a l t e r n a t i v e  a lgo r i t hms ,  

such  as Newton-type schemes , (wi th  p a r t i t i o n i n g )  which tend  t o  converge super- 

l i n e a r l y ,  and/or  t h e  e x p l o i t a t i o n  of t h e  s p e c i a l  s t r u c t u r e  of t h e  psohlem. 

F i n a l l y ,  ques t i ons  regard ing  t h e  uniqueness  of gene ra l  equ i l i b r ium s o l u t i o n s  

a r e  o f t e n  t a n g e n t i a l l y  o r  f n s u b s t a n t i a l l y  t r e a t e d .  

Area 3 - Decision Analys i s  Under Uncertainty 

The energy dilemma i s  revea led  a s  a  s i t u a t i o n . i n  which an  imbalance e x i s t s  

among perceived energy s u p p l i e s  and a v a i l a b i l i t i e s ,  f u e l  choices  and behav io ra l  

u s e s ,  energy-using and energy-producing c a p i t a l  s t o c k s ,  energy p r i c e s  .and 

t h e  c o s t s  of energy product ion .  Energy is  r e q u i r e d  (demanded and. consumed) t o  

o b t a i n  t h e  c u r r e n t  mix of goods and s e r v i c e s  a v a i l a b l e  i n  our economy. I n  

t u r n ,  t h e  c u r r e n t  mix of goods and s e r v i c e s  is  determfned by those  p r i v a t e  and 

p u b l i c  d e c i s i o n s  which af f  e c t  t h e  s t r u c t u r a l  and  t e c h n i c a l  o rgan iza t ion  of ' obr 

combined product ion ,  d i s t r i b u t i o n ,  and c o n s u ~ . p t  i on  a c t i v i t i e s .  

The purpose of t h i s  r e s e a r c h  i s  t o  s y s t e m a t i c a l l y  i n v e s t i g a t e  v a r i o u s  

a s p e c t s  of consumer, producer ,  and p u b l i c  p o l i c y  d e c i s i o n  problems ( o b j e c t i v e  

f u n c t i o n s ;  d e c i s i o n  v a r i a b l e s ,  parameters ,  and sequences; e x p e c t a t i o n a l  cons ider -  

a t i o n s ;  r i s k  p re fe r ences ;  e t c . )  so  as t o  e s t a b l i s h  a b e t t e r  unc:lerstanding of 

more a t o m i s t i c  p r i v a t e  and p u b l i c  r e a c t i o n  processes which, i n  t u r n ,   provide^ 

a  c l e a r e r  assessment of t h e  i n t e g r a t e d  t r a n s i t i o n a l  d i r e c t i o n .  
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T i t l e :  Developing Country Energy P r o j e c t  : , 

Technica l  Support of Country S t u d i e s  

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
Vinod Mubayi, A .  Kydes 

Sponsor: Off i c e  of I n t e r n a t i o n a l  
Programs Support ,  S p e c i a l  Regions 
P o l i c y  

I n  t h i s  t a s k ,  Brookhaven Nat iona l  Laboratory (BNL) w i l l  g i v e  t e c h n i c a l  

suppor t  i n  t h e  g e n e r a l  a r e a  of energy supply-demand a n a l y s i s  t o  t h e  Department 

of Energy (DOE) and c o n t r a c t o r s  r e s p o n s i b l e  f o r  ca r ry ing  ou t  count ry  energy 

assessments  i n  i n d i v i d u a l  developing c o u n t r i e s .  BNL w i l l  p rov ide  t e c h n i c a l  

a d v i c e  on t h e  methodology of s t r u c t u r i n g  t h e  assessments  t o  ensu re  cons i s t ency  

among i n d i v i d u a l  approaches,  on energy demand p ro j  e c t i o n  methods, and on i n t e -  

g r a t  ion  of r e s o u r c e  and technology o p t i o n s  w i t h  f u t u r e  deman,d s c e n a r i o s .  

BNL w l l l  a l s o  provide  t r a i n i n g  i n  a n a l y t i c a l  t echniques  and methodologies 

r e l a t e d  t o  energy assessment and i n  t h e  implementation anh u s e  of energy 

system models developed a t  t h e  Laboratory.  ,This t r a i n i n g  w i l l  b e  o f f e r e d  both  

t o  c o n t r a c t o r  personnel  c a r r y l n g  ou t  i n d i v i d u a l  country s t u d i e s  and t o  des igna ted  

a n a l y s t s  from approp r3a t e  l n s t i t u t  i ons  l n  developing count r2es .  

I n  a d d i t i o n ,  under t h i s  t a s k ,  BNL w i l l  con t inue  t o  a s s i s t  DOE i n  o v e r a l l  

program fo rmula t ion  a s  w e l l  a s  e v a l u a t e ,  f o r  DOE,  i t s  i n d i v i d u a l  count ry  

s t u d i e s  c a r r i e d  o u t  by c o n t r a c t o r s .  
B 



T i t l e :  Developing Country Energy P r o j e c t :  
Methodologies Development 

P r i n c i p a l  I n v e s t i g a t o r  ( s )  : 
Vinod Mubayi, S. Kyle 

Sponsor: O f f i c e  of I n t e r n a t i o n a l  
Programs Support ,  Spec i a l  Regions 
P o l i c y  

The development and ex tens ion  of methodologies f o r  Less Developed Count r ies  

(LDCs) energy system a n a l y s i s  w i l l  b e  an important  focus  of work w i t h i n  t h e  

Developing Country ~ n e r ~ ~  P r o j  e c t .  a t  Brookhaven b at i o n a l  Laboratory (BNL) . ' This  

a c t i v i t y  w i l l  p rov ide  u s e f u l  input  t o  f u t u r e  country assessments  and w i l l  a l s o  

g r e a t l y  c o n t r i b u t e  t o  r e f i n i n g  and f u r t h e r  cont inu ing  t h e  ' a n a l y t i c a l  p a r t  of 

t h e  p i l o t  p r o j e c t  i n i t i a t e d  i n  Egypt and Peru.  The main a r e a s  of focus  i n  
. . 

t h i s  t a s k  a r e :  (i) Energy-Economic Model Development: A model framework w i l l  

be developed t o  provide  f o r  a  more a c c u r a t e  and c o n s i s t e n t  i nco rpo ra t i on  of 

economic f a c t o r s  i n t o  energy demand p r o j e c t i o n s .  I n i t i a l l y ,  t h e  model w i l l  be  

t e s t e d  f o r  Peru and Egypt. ( i i )  Noncommercial-Commerci'al Fue l s  T r a n s i t i o n  

Analysis :  .A methodology w i l l  be  developed t o  improve our  understanding of 

t h e  t r a n s i t i o n  from consumption of noncommercial f u e l s  t o  commercial f u e l s ,  

e x p e c i a l l y  petroleum'based ones.  The methodolbgy w i l l  i n c o r p o r a t e  r e g i o n a l  and 

e c o l o g i c a l  f a c t o r s  a£- fec t  ing  f u e l  m i x  p a t t e r n s  and t h e  i n f luence  of a l t e r n a t i v e  

developmental s t r a t e g i e s  on t h e  t r a n s i t i o n .  The methodology w i l l  f i r s t  be  ' 

developed f o r  Peru where some important  work on noncommercial f u e l s  has  been 

done by t h e  United Nat ions Development Program (UNDP), Min i s t ry  of Energy and 

Mines P r o j e c t  on Energy Balances.  ( i i i )  E l e c t r i c  Capaci ty  ~ x p a n s i o n / S i t i n g  

Model: It i s  proposed t o  i n v e s t i g a t e  t h e  p o s s i b i l T t i e s  of l i n k i n g  an e l e c t r i c  

c a p a c i t y  expansion model, such a s  t h e  Wien Automatic Systems Planning (WASP) 

llodel,  w i th  t h e  energy f a c i l i t y  s i t i n g  .model developed a t  BNL ( s e e  BNL r e p o r t  

23388). This  w i l l  p rov ide  a  more a c c u r a t e  d e s c r i p t i o n  of t h e  c o s t s  and b e n e f i t s  

of a l t e r n a t i v e  e l e c t r i f i c a t i o n  s t r a t e g i e s .  



T i t l e :  Deveioping Country Energy P ro j  e c t  : . 

Country Follow-on A c t i v i t i e s  

FY 79: $150,000 

FY 80: $380,000 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
Vinod Mubayi, A. Doernberg 

Sponsor: O f f i c e  of I n t e r n a t i o n a l  
Programs Support,  S p e c i a l  
Regions P o l i c y  

. . 
The o b j e c t i v e  of t h i s  program i s  t o  provide  support  f o r  t h e  ~ e ~ a r t k e n t :  o£ 

Energy's follow-on a c t i v i t i e s  i n  t hose  developing c o u n t r i e s  where energy 

assessments  under t h e  p i l o t  program have been completed. A c t i v i t i e ~  f o r  

follow-on i n  developing c o u n t r i e s  a r e ' i n  f i v e  a r e a s .  . ( i )  ~ r a n s f e r ' e n e r g y  

models developed a t  Brookhaven Nat iona l  Laboratory (Less Developed Country- 

Energy Systems Network Simulator  (LDC-ESNS) , and Brookhaven Energy System 

Opt imiza t ion  Model (BESOM) to .  hos t  count ry ,  inc luding  t r a i n i n g  and model 
' 

v e r i f i c a t i o n  i n  q u a l i f i e d  i n s t i t u t i o n s .  ( i i )  Design t h e  s t ruc tGrk  of a' mul t i -  

r eg ion  n a t i o n a l  a n a l y s i s  and ,comple te  an. a n a l y s i s  f o r  a  des igna ted  r eg ion  of 

Peru t o  be  performed by Peruvians.  ( i i i )  Develop an energy information 

system f o r  Peru. ( i v )  Perform an investment a n a l y s i s  of a l t e r n a t i v e  en.ergy 

s t r a t e g i e s  i d e n t i f i e d  under t h e  p i l o t  program. (v) ~ n a l i z e  the. t r e n d  of 

noncommercial t o  commercial f u e l  consumption i n  r u r a l  a r e a s ,  and i d e n t i f y  

t echno log ie s  which w i l l  enhance t h e  e f f i c i e n c y  of energy uf i l i za t , ian .  



T i t l e :  General Systems S tud ie s  
IEA, Systems Analys i s  Program, Phase I1 

P r i n c i p a l  I n v e s t i g a t o r  ( s )  : 
Vance L. S a i l o r  

Sponsor: U.S. Department of 
Energy 

Brookhaven Nat iona l  Laboratory (BNL) has  been se rv ing  a s  t h e  U.S. s i t e  

f o r  t h e  systems a n a l y s i s  program o f . t h e  I n t e r n a t i o n a l  Energy Agency (IEA). 

The o b j e c t i v e  of t h i s  program i s  t o  develop d a t a  and perform ana lyses  of 

t h e  impact of new energy t echno log ie s  on t h e  energy systems of member I E A  

n a t i o n s  and thereby  e s t a b l i s h  a  b a s i s  f o r  a  coope ra t i ve  I E A  r e s e a r c h  and 

development s t r a t e g y .  The Kernforschungsanlage (KFA), ~ u l i c h ,  has  been 

se rv ing  a s  t h e  European s i t e  f o r  t h i s  program, and c l o s e  coo rd ina t ion  has  

been maintained between t h e  two groups. The d i r e c t o r s  of each group r e p o r t  

t o  t h e  IEA S t e e r i n g  Group f o r  Energy R&D S t r a t e g y  e s t a b l i s h e d  f o r  t h e  Systems 

Analys i s  Program. 

The program budget covers  t h e  BNL appo in t ee  and suppor t  s t a f f  t o  t h e  

program a s  w e l l  a s  m a t e r i a l s ,  s u p p l i e s ,  computing s e r v i c e s ,  overhead,  and 

management expenses a s s o c i a t e d  w i t h  t h e  a c t i v i t y  a t  BNL. A more d e t a i l e d  

work p l an  has  been developed f o r  t h e  a c t i v i t y  by t h e  S t e e r i n g  Group and has  

been reviewed and updated a t  about 3-month i n t e r v a l s .  The work p l an  was ex- 

panded and a c c e l e r a t e d  by a c t i o n s  taken  by t h e  IEA Committee on Research and 

Development and t h e  S t e e r i n g  Group a t  t h e i r  meetings on September 15-16, 1977. 

A number of n a t i o n a l  r e p r e s e n t a t i v e s ,  ass igned  t o  t h e  IEA Systems Analys i s  

s t s f f  by member IEA n a t i o n s ,  a r r i v e d  a t  RNT, I.n May 1976. Th.e s a l a r i e s ,  l i v i n g  

expenses,  and t r a v e l  of t h e s e  r e p r e s e n t a t i v e s  a r e  covered by t h e i r  home 

c o u n t r i e s  and a r e  no t  included i n  t h i s  budget.  
/ 

The RNI.. s t a f f  appoin tee  s e l e c t e d  by t h e  S t e e r i n g  Group s e r v e s  a s  t h e  

program d i r e c t o r .  Two o t h e r  BNL s t a f f  appoin tees  s e r v e  a s  t h e  United S t a t e s  

r e p r e s e n t a t i v e  and h i s  a s s i s t a n t .  An add.i.tiona1 two BNL appoin tees  provide  
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computer modeling and d a t a  base  s e r v i c e s  f o r  t h e  p r o j e c t .  The support  s t a f f  

( a l s o  BNL employees) r e p o r t  t o  t h e  d i r e c t o r  and provide  a s s i s t a n c e  i n  t h e  work 

p l an .  BNL exper t  c o n s u l t a n t s  p rovide  s p e c i a l  t e c h n i c a l  s e r v i c e s .  

During FY 78 a  computer model, MARKAL, was developed and t e s t e d .  MARKAL 

i s  a  mu l t i pe r iod ,  demand-driven, LP model cover ing  t h e  t i m e  span from 1980 

through 2020. The model h a s  been app l i ed  t o  t h e  p a r t i c i p a t i n g  c o u n t r i e s  f o r  

s e v e r a l  a l t e r n a t i v e  sets of assumptions ( s cena r io s )  s p e c i f i e d  by t h e  S t ee r ing  

Groups. A s  r e s u l t s  a r e  ob ta ined ,  t h e  S t e e r i n g  Group w i l l  s e l e c t  s p e c i a l  c a s e s  

f o r  s e n s i t i v i t y  a n a l y s i s  and more i n t e n s i v e  study w i t h  d i f f e r i n g  sets of 

assumptions.  

During FY 79, r e p o r t s  w i l l  b e  prepared summarizing the r e s u l t s  f o r  each 

i n d i v i d u a l  count ry  and f o r  t h e  IEA a s  a  whole. These r e p o r t s  w i l l  p rov ide  a  

q u a n t i t a t i v e  b a s i s  f o r  t h e  development of an  I E A  coope ra t i ve  R&D s t r a t e g y  by 

t h e  IEA Committee on Research and Development. 



T i t l e :  Energy Management Tra in ing  Program 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  
Robert Nathans 

Sponsor :  U.S. Agency f o r  
I n t e r n a t i o n a l  Development 

I n  t h e  course  of developing c o u n t r i e s  work conducted a t  Brookhaven Nat iona l  

Laboratory over  t h e  p a s t  two yea r s  one major i s s u e  was i d e n t i f i e d :  t h e  in-  

a b i l i t y  of developing c o u n t r i e s  t o  acknowledge, understand,  and ana lyze  t h e  

v a r i e t y  of resources ,  t e chno log ie s ,  and p o l i c i e s  which p lay  a  p a r t  i n  energy 

development. Therefore ,  t h e  Agency f o r  I n t e r n a t i o n a l  Development (AID) re- 

quested t h a t  Brookhaven Nat iona l  Laboratory and t h e  I n s t i t u t e  f o r  Energy 

Research a t  t h e  S t a t e  Un ive r s i t y  of New York a t  Stony Brook des ign ,  develop,  

and p re sen t  a  review cou r se  i n  energy p o l i c y  a n a l y s i s  f o r  developing c o u n t r i e s .  

This  course  [ t h e  Energy Management T ra in ing  Program (EMTP)] reviews bo th  

c u r r e n t  and emerging energy t echno log ie s  and r e sou rces ,  a s  w e l l  a s  t h e  regula-  

t o r y . a n d  i n c e n t i v e  p o l i c i e s  which both  i n h i b i t  and encourage t h e i r  u se .  The 

economic and environmental imp l i ca t i ons  of t h e  development of t h e s e  energy 

t echno log ie s  and r e sou rces  a r e  d i scussed ,  a s  a r e  t h e  i n t e r p o l i c y  i m p l i c a t i o n s  

( f o r  example, t h e  r e l a t i o n s h i p  between energy growth and economic development).  

Funding f o r  t h i s  program i s  der ived  through an  agreement (PASA) between t h e  

Agency f o r  I n t e r n a t i o n a l  Development and t h e  U.S. Department of Energy. Its oper- 

a t2on involves  t h e  s o l i c i t a t i o n  of cand ida t e s ,  by m a i l ,  through p a r t i c i p a t i o n  i n  

i n t e r n a t i o n a l  meet ings,  and through i n t e r n a t i o n a l  t r a v e l .  S e l e c t i o n  i s  made by 

EMTP s t a f f  w i t h  concurrence by t h e  EMTP ~ d v i s o r ~  Pane l  and A I D ,  Washington. ' Ira- 

v e l  f o r  t h e  p a r t i c i p a n t s  (wi th  some few except ions)  i s  a t  t h e i r  expense. Housing 

and s t i p e n d  c o s t s  wh i l e  i n  a t t endance  a t  t h e  cou r se  a r e  provided under t h e  

c o n t r a c t .  Management and ope ra t i on  of t t? course  ( f o r  F i s c a l  1978) w e r e  t h e  

r e s p o n s i b i l i t i e s  of t h e  I n s t i t u t e  f o r  Energy Research (under subcon t r ac t  t o  

BNL). Operat ing c o s t s  f o r  t h e  cou r se  a r e  borne p r imar i l y  by t h e  I n s t i t u t e  f o r  

Energy Research. 



T i t l e :  S tud i e s  of Energy Needs i n  Food Systems 

P r i n c i p a l  I n u e s t i g a t o r ( s ) :  
J .  Brainard 

Sponsor: U.S. Agency f o r  
I n t e r n a t i o n a l  Development 

Improvements i n  t h e  a g r i c u l t u r a l  s e c t o r - - p a r t i c u l a r l y  i n  t h e  product ion ,  

p roces s ing ,  d i s t r i b u t i o n ,  and p r e p a r a t i o n  of food--are c e n t r a l  t o  n a t i o n a l  

development and improvement i n  t h e  well-being of t h e  r u r a l  poor.  T r a d i t i o n a l l y  

such improvements have been t i e d  d i r e c t l y  and i n d i r e c t l y  t o  increased  energy 

u s e :  d i r e c t l y  through inc reased  consumption of energy by machinery used i n  t h e  

a g r i c u l t u r a l  and food system; and i n d i r e c t l y  through u s e  of i n p u t s ,  such a s  

f e r t i l i z e r s ,  p e s t i c i d e s , ' a n d  herb ic ide ' s ,  t h a t  r e q u i r e  l a r g e  amounts of energy 

f o r  t h e i r  manufacture.  Recent events  a f f e c t i n g  t h e  cos t  and a v a i l a b i l i t y  of 

energy ,  however, have focused a t t e n t i o n  on t h e  need t o  understand more f u l l y  

t h e  way energy i s  used,  d i r e c t l y  and i n d i r e c t l y ,  i n  t h e  a g r i c u l t i i r a l  and 

food system i n  o r d e r  t o  a s s e s s  t h e  o p p o r t u n i t i e s  f o r  (1) i n c r e a s i n g  t h e  

e f f i c i e n c y  wi th  which energy i s  used ,  and ( 2 )  employing a l t e r n a t i v e  energy 

sou rces  t h a t  a r e  less dependent on high-priced f u e l s .  

I n  response  t o  t h i s  need,  t h e  U.S. Agency f o r  I n t e r n a t i o n a l  Development 

(USAID) i s  suppor t ing  a  number of s t u d i e s  of t h e  r e l a t i o n s h i p s  between.t;he 

a g r i c u l L u r a l ,  food, and energy systems of d e y e l o p i n ~  c o ~ i n t r i e s .  T h i s  nverall 

p r o j e c t  w i l l  c o n s i s t  of two p a r t s .  The f i r s t  i s  a  s e r i e s  of coun t ry - spec i f i c  

s t u d i e s  intended t o  y i e l d  an e x t e n s i v e  in format ion  base  covering t h e  u s e  

of energy i n  a l l  major a g r i c u l t u r a l  a c t i v i t i e s ,  and i n  t h e  product ion ,  

d f s t r l b u t l o n ,  and p r e p a r a t i o n  of s e l e c t e d ,  n u t r i t i o n a l l y  important  foods.  The 

coun t ry - spec i f i c  s t u d i e s  w i l l  a l s o  s eek  t o  i d e n t i f y  f e a s i b l e  and d e s i r a b l e  

i nnova t ions  which could c o n t r i b u t e  i n  t h e  nea r  and long term t o  t h e  a l l e v i a t i o n  

of t h e  most s i g n i f i c a n t  problems a s s o c i a t e d  w i t h  t h e  use  of energy i n  t h e  

a g r i c u l t u r a l  and food system. 

The second p a r t  of t h e  p r o j e c t  w i l l  be  an  overview assessment and 

inLercomparison of a l l  t h e  coun t ry - spec i f i c  s t u d i e s  and r e s u l t s .  A primary 
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purpose of t h a t  assessment i s  t o  improve t h e  b a s i s  on which U.S. a s s i s -  

t a n c e  po l i cy  i s  made. I n  o rde r  t o  make f u l l  u s e  of t h e  r e s u l t s  of each of 

t h e  coun t ry - spec i f i c  s t u d i e s  i n  t h e  overview and comparison e f f e c t ,  A I D  has  

con t r ac t ed  w i th  a  consortium of i n s t i t u t i o n s  l e d  by Brookhaven Na t iona l  

Laboratory and inc luding  T u f t s  and Corne l l  u n i v e r s i t i e s  and t h e  S t a t e  Univer- 

s i t y  of New York a t  Stony Brook t o  provide  t h i s  overview assessment and t h e  

r equ i r ed  coo rd ina t ion  between s t u d i e s .  To t h a t  end, t h e  consortium w i l l  

a s s i s t  A I D  i n  monitor ing and eva lua t ing  t h e  p rog re s s  of t h e  s t u d i e s .  



THIS PAGE 

A INTENTIIONALLY. 

LEFT BLANK 



APPENDIX B 

DATA BASES AND ANALYTICAL MODELS 

DEVELOPED BY AND/OR AVAILABLE TO THE CENTER 



The work performed i n  NCAES inc ludes  t e c h n i c a l ,  economic, environ- 

menta l ,  and po l i cy  a n a l y s i s  of a l l  a s p e c t s  of t he  energy systems. In  t h i s  

work, a  mix of q u a n t i t a t i v e  and nonquan t i t a t i ve  information must be u t i l i z e d .  

Depending on t h e  po l i cy  i s s u e  t o  be addressed ,  the  a n a l y s i s  and i n t e r p r e -  

t a t i o n  of q u a n t i t a t i v e  in format ion  can comprise anywhere from 10% t o  90% of 

t h e  p o l i c y  s tudy.  To a s s i s t  i n  t h i s  po r t i on  of the  work, a  number of d a t a  

bases  and a n a l y t i c a l  models have been assembled a t  the  Center.  

The scope of t he  assemblage of da t a  and models i s  shown i n  Figure B-1. 

This  f i g u r e  i l l u s t r a t e s  t he  r e l a t i o n s h i p s  between the  economy, t he  energy 

system, and i n d i v i d u a l  t echnologies  t h a t  must be addressed i n  a  complete 

a n a l y s i s .  The b a s i c  s t r u c t u r e  of the  Brookhaven energy system models is  

r ep re sen t ed  i n  F igure  B-2, The Reference Energy System. The c a p i t a l ,  l a b o r ,  

energy ,  and m a t e r i a l  resources  on which t h e  energy system and economy a r e  

based must be considered.  Also, environmental and h e a l t h  e f f e c t s  of 

t echnologies  must be addressed  and these  f a c t o r s ,  combined with t he  s t a t e  

of t h e  economy, comprise t he  s o c i e t y  and l i f e  s t y l e s  t h a t  a r e  uppermost i n  t h e  

planning and a n a l y s i s  h i e r a r chy .  The d a t a  bases  and models l i s t e d  below 

addres s  var ious  components of the h i e r a r c h i c a l  system and the  r e l a t i o n s h i p s  

among t h e  components . 
Some of t he  models l i s t e d  were developed by o the r  groups and a r e  

a v a i l a b l e  t o  Brookhaven through c o l l a b o r a t i v e  a c t i v i t i e s .  The po l i cy  of 

NCAES is, whenever p o s s i b l e ,  t o  work with t he  model developer  i n  a  

c o l l a b o r a t i v e  way such t h a t  t he  developer  performs the  a c t u a l  runs  or  

a n a l y s i s  with h i s  model. Therefore ,  anyone i n t e r e s t e d  i n  a  model o r  d a t a  

base l i s t e d  he re  t h a t  was developed elsewhere should con tac t  the  developer  

f o r  any informat ion  o r  p o s s i b l e  a p p l i c a t i o n .  
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ENERGY SYSTEMS 

Models : 

1. Model: Brookhaven Energy System Optimizat ion Model (BESOM) 

Developed By: Brookhaven Nat iona l  Laboratory 

S t a t u s :  Opera t iona l  on CDC 7600 - Brookhaven Nat iona l  Laboratory 

Desc r ip t i on :  A l i n e a r  programming model of t he  n a t i o n a l  energy 

system emphasizing t echno log ica l  d e t a i l  and i n t e r f u e l  s u b s t i t u t i o n  

which focuses  on a  s i n g l e  year  a t  a  time. 

2. Model: Dynamic Energy System Optimizat ion Model (DESOM) 

Developed By: Brookhaven Nat iona l  Laboratory 

S t a t u s :  Opera t iona l  on CDC 7600 - Brookhaven Nat iona l  Laboratory 

Descr ip t ion :  A l i n e a r  programming model of the  n a t i o n a l  energy system 

emphasizing ' t e chno log ica l  d e t a i l  and i n t e r f u e l  s u b s t i t u t i o n  which o p t i -  

mizes over a  t i m e  hor izon ( u s u a l l y  10 f ive-year  per iods) .  

3. Model: Kegional Energy System f o r  t he  Planning and Optimizat ion of 

Nat iona l  Scenar ios  (RESPONS) ( a l s o  known a s  the  Bechtel  Coal Model) 

Developed By: Bechte l  Corporat ion 

S t a t u s  : A v e r s i o n  t h a t  will be o p e r a t i o n a l  ,on the  Brookhaven Nat ional  

Laboratory CDC 7600 i s  under development 

Descr ip t ion :  A l i n e a r  programming model of t he  n a t i o n a l  energy 

system wi th  s p e c i a l  emphasis on the  c o a l  s e c t o r .  

4 .  Iluclttl; MulLl - r rg lo l~a l  Energy Sysrem Oprimlzacion model (M-KESUM) 

Developed By: Brookhaven Nat iona l  Laboratory .. -. 

S t a t u s :  Development i~ complete and the  modcl is being vslid~ted 

Desc r ip t i on :  A mul t i - reg iona l  ( 9  census reg ions)  ve r s ion  of Brookhaven 

Energy System Opt imiza t ion  Model (BESOM). 
/ 



5. Model: CURVE 

Developed By: T. Muench, M. Wooders, R. McLean of SUNY Stony Brook 

S t a t u s :  Opera t iona l  on UNIVAC a t  SUNY Stony Brook 

Descr ip t ion :  Ca lcu l a t e s  demand f o r  f u e l  and f u e l  systems requi red  

t o  hea t  s i n g l e  family dwell ing u n i t s .  

6. .Model: Federa l  Energy Agency Marketing and Mobi l i ty  Model 

Developed By: Jack  Faucet t  Assoc ia tes  

S t a t u s :  Opera t iona l  on U.S. Department of Energy 's  (DOE's) Germantown 

computer 

Descr ip t ion :  Computes s i z e  of au to  f l e e t  t o  year 2000 and i n d i c a t e s  

f u e l  consumed and veh ic l e  mi les  t r ave l ed .  

7. Model: Auto F l e e t  Submodel 

Developed By: Department of Transpora t ion  
. . 

S t a t u s :  Opera t iona l  on U.S. Department of Energy's (DOE'S) Germantown 

computer 

Descr ip t ion :  Computes s i z e  of au to  f l e e t  t o  year 2000, m i l e s  t r a v e l e d ,  

and f u e l  consumption by grade of f u e l .  

8. Model: Brookhaven Energy Transpo r t a t i on  Submodel 

Developed By: Brookhaven.Nationa1 Laboratory 

S t a t u s :  Opera t iona l  on CDC 7600 - Brookhaven Nat iona l  Laboratory 

Descr ip t ion :  Ca lcu l a t e s  energy requirements  f o r  t he  t r a n s p o r t a t i o n  of 

energy. 

9. Model: I ndus t ry  Process  Optimizat ion Models 

Developed By: T. Sparrow a t  Brookhaven Nat iona l  Laboratory 

S t a t u s :  Under development on Brookhaven Nat iona l  Laboratory CDC 7600 

Descr ip t ion :  L inear  progfamming models of t he  i r o n  and s t e e l ,  cement, 

aluminum, and paper and pulp i n d u s t r i e s  have been completed. . - 

S e n s i t i v i t y  of market p e n e t r a t i o n  t o  c a p i t a l  c o s t s  and energy p r i c e s  may 

be examined. 



10. Model: Energy Supply-Demand Scenar io  Model 

Developed By: Brookhaven Nat iona l  Laboratory from Oak Ridge 
. . 

I n t e r n a t i o n a l  Energy Agency (IEA) work 

S t a t u s :  Developed: d e s c r i p t i o n  e x i s t s  sin Northeast  Pe r spec t ives  

Repor t s  

Desc r ip t i on :  Allows matching of independent ly  developed sGpply and 

and demand scena r io s .  Crea tes  an emissions inventory.  . . 

11. Model & Data: Con-Ed Generat ion Model f o r  Load .Management 

Developed By: Consol idated Edison Company, modified by Brookhaven 

Naf l s aa l  ~ a s 6 r a e o r y . ( J .  ~ i l e n t u ~ k j  . . 

S t a t u s :  Ope ra t i ona l  - Brookhaven Nat iona l  Laboratory CDC 7600 

Desc r ip t i on :  S imula tes  economic d i s p a t c h  of Con-Ed e l e c t r i c  genera- 

t i o n .  The model is d r iven  by time-varying load curves  developed on t h e  

b a s i s  of aggrega t ing  e l e c t r i c  demand i n  t he  Con-Ed s e r v i c e  a r e a  by end 

use .  

12. Model: Time-Stepped Energy System Optimizat ion Model (TESOM) 
. . 

Developed By: Brookhaven Nat iona l  Laboratory 

S t a t u s :  Opera t iona l  on CDC 7600 - Brookhaven Nat iona l  Laboratory. 

Report  writer is i n  progress .  

Desc r ip t i on :  A."presen t  t rends"  time-phased model which opt imizes  

.over t he  changes p o s s i b l e  from one time-step t o  the  next .  S i g n i f i -  

c a n t  new f e a t u r e s  inc lude :  ( 1 )  i d e n t i f i c a t i o n  of cap i t a ' l  s t o c k . b y  

d a t e  of i n t r o d u c t i o n ,  (2 )  t e chno log ica l  c h a r a c t e r i z a t i o n s  by d a t e  of 

i n t r o d u c t i o n  ( e f f i c i e n c i e s ,  p l an t  f a c t o r s ,  O&M), ( 3 )  technologic .a l  

decay r a t e s ,  and ( 4 )  a -new market formula t ion  g iv ing  an improved . . 
s imu la t i on  c a p a b i l i t y .  

13. Model: Brookhaven Energy Conservat ion Optimizat ion Model (BECOM) 

Developed By: Brookhaven Nat iona l  Laboratory 

S t a t u s :  Opera t iona l  on CDC 7600 - Brookhaven National Laboratory 

Desc r ip t i on :  Assesses  both new and r e t r o f i t  conserva t ion  technologies  

i n  n ine  bu i ld ing  types  and ' fou r  reg ions .  



14. Model: P repa ra t i on  of Reference Energy.Syst.ems.Through Time (PRESTO) 

Developed By: Brookhaven Nat iona l  Laboratory . . 

S t a t u s :  Completed, o p e r a t i o n a l  on CDC 7600 - Brookhaven Nat iona l  
. . , . . .  . 

Laboratory 
. . 

Descr ip t ion :  I n t e r a c t i v e  computer programs (based on the  Ref-Energy 

System) t h a t  provides  a  convenient  framework f o r  energy flow account ing 
. . . . 

over dime. ' . 
. . 

15. Model: Regional Process  Heat Model (BEPHOM) 

Developed By: Brookhaven Nat iona l  Laboratory 

S t a t u s :  Completed, o p e r a t i o n a l  on CDC 7600 - Brookhaven Nat iona l  
. .  . 

Laboratory'  

Descr ip t ion :  This  ex tens ion  t o  t he  BESOM model was developed t o  permit 

more r e a l i s t i c  Analysis  of.' t he  us& of ko ldr  and geothermal energy 

resources  i n  t h e  process  hea t  s e c t o r .  BEPHOM c a t e g o r i e s  and f i v e  

temperature  regimes were chosen t o  correspond t o  fou r  c o l l e c t o r / f l u i d  

combinations ( a i r ,  low temperature;  a i r ,  h igh  temperature;  steam, low 

temperature;  steam, high '  temperature) . '  p lu s  b k  r e i i d u a l  categ'ory f o r  

which s o l a r  is  not  permit ted t o  compete. A'backup supply is requi red  

i n  a l l  s o l a r  a p p l i c a t i o n s .  The fo l lowing  parameters  can be v a r i e d  . . , .. 
independent ly  f o r  each reg ionl tempera ture  combination: t he  c a p i t a l  

c o s t s  of t h e  c o l l e c t o r s ,  per  square  f o o t ,  t he  e f f i c i e n c i e s  . . of conversion 

of s o l a r  t o  thermal energy,  the  number of square f e e t  requi red  pe r  

m i l l i o n  Btu per year of ou tpu t ,  t he  f r a c t i o n  of s o l a r  t o  backup power. 

Data Base: 
. . 

1. Data Base: Energy Model Data Base 

Developed By: Brookhaven Nat iona l  Laboratory 
. . 

Status: Opera t iona l  on Brookhaven Nat iona l  Laboratory CDC 7600 

Descr ip t ion :  Inc ludes  ( c o s t ,  e f f i c i e n c i e s ,  and environmental e f f e c t s  

o f )  new and o ld  t echno log ica l  p rocesses  f o r  both supply and u t i l i z a t i o n .  



2. Data Base: County Energy Data Base (COENDA) 

Developed By: Brookhaven Nat iona l  Laboratory (C. Calef ,  and F. Drysdale) 
. . 

S t a t u s :  Completed, p e r i o d i c a l l y  updated and r ev i sed ,  computerized, 

manipulated by County Energy Budget (COENBU) Program 

Desc r ip t i on :  Contains  county and s t a t e  l e v e l  energy, economic, and 

- environmental d a t a .  S t a t e  l e v e l  d a t a  a r e  d i saggrega ted  i n  many i n s t a n c e s  

t o  provide e s t i m a t e s  of county l e v e l  parameters.  

3.  Data Base: New York C i ty  Data Base 

Developed By: Brookhaven Nat iona l  Laboratory 

S t a t u s :  Data e x i s t  i n  a  s e r i e s  of Brookhaven Nat iona l  Laboratory 

r e p o r t s  

Descr ip t ion :  Energy and environmental da t a  r e l a t e d  t o  New York City.  

C l i e n t :  New York Ci ty  Government 

4. Data Base: Northeast  Region S t a t e  Level Data Base 

Developed By: Bro.okhaven Nat iona l  Laboratory and Subcont rac tors  

S t a t u s :  Data e x i s t  i n  t h e  Northeast  Pe r spec t ives  Reports  

~ e s c r i p t i o n :  Energy and Environmental Data f o r  a l l '  s t a t e s  i n  the  

C l i e n t :  S t a t e  ~ n e r ~ ~ - ~ n v i r o n m e n t a l  Of f i c e s ,  United S t a t e s  Department 

of Energy. Brookhaven Nat iona l  Laboratory f o r  Po l i cy  Analysis.  

5. Data Base: 100 Power P l a n t s  Data Base 

Deveioped l3y: Sam Morris  and Granger Morgan, Brookhaven Nat ional  

Laboratory 

S t a t u s :  Completed, computerized on CDC 7600 - Brookhaven Nat ional  

Laboratory . . 

Desc r ip t i on :  Demographic d a t a  w i th in  100 m i l e s  of 100 power p l a n t s  

i n  t he  United S t a t e s ,  most ly  i n  Northeast .  



ECONOMY 

1. Model: Data Resources Incorpora ted  Long-Term In te r - Indus t ry  Trans- 

a c t i o n s  Model 

Developed By: Data Resources Incorpora ted  

S t a t u s :  Opera t iona l  i n  conjunc t ion  wi th  Data Resources Incorpora ted  

on t h e i r  computer 

Descr ip t ion :  Combined macroeconomic and in t e r - i ndus t ry  model. 

Contains economically es t imated  product ion and u t i l i t y  func t ions .  

Permi ts  simultaneou's de te rmina t ion  of r e l a t i v e  p r i c e s  and input  pur- 

chase p a t t e r n s  over time. 

2. . Model: I n t e g r a t e d  BNL/DRI Data Base . . 

Developed By: Brookhaven Nat iona l  Laboratory and Data Kesources.  

Incorpora ted  

S t a t u s :  Opera t iona l  on the  CDC 7600 a t  Brookhaven Nat iona l  Laboratory 

v i a  i t e r a t i v e  s o l u t i o n  procedure. Linkage equa t ions  being programmed. 

Descr ip t ion :  The Data Resources Incorpora ted  Long Term In t e r - i ndus t ry  

Transac t ions  Model is coupled wi th  the  Brookhaven Time-Phased Energy 

System Optimizat ion Model (TESOM) and a t t ached  energy supply schedules .  

3.  Model : Input/Output Model 

Developed By: Brookhaven Nat iona l  Laboratory and Center  f o r  Advanced 

Lomputation; Ualversicy of I l l i n o i s  

S t a t u s :  S t a t i c  and Dynamic Prime Versions ope ra t i ons  on CDC. 7600 a t  

Brookhaven Nat iona l  Laboratory;  dua l  p r i c i n g  model 60% complete 

Descr ip t ion :  Energy t r a n s a c t i o n s  a r e  def ined  i n  terms of f u n c t i o n a l  

s e r v i c e  u n i t s .  Engineering-based product ion func t ions  a r e  added f o r  a  

wide v a r i e t y  of energy supply and conversion technologies .  Opera t iona l  

ex tens ions  inc lude  inco rpo ra t i on  of a  c a p i t a l  ma t r ix  f o r  two per iod  

dynamic s o l u t i o n s  and a  balance of payments rou t ine  . 



4. Model: Input /Output  and Energy System Optimizat ion Model 

Developed By: Center f o r  Advanced Computation, Univers i ty  of I l l i n o i s  

and Brookhaven Nat iona l  Laboratory 

s t a t u s  : ~ ~ e r ' a t i o ' n a l  on 'CDC 7 600 ' a t '   rookh haven . ~ a t i o n a l  ~ a b o r a t d r ~  

and a t  Center f o r  Advanced Computation, Univers i ty  of I l l i n o i s  

Desc r ip t i on :  An energy inpu t /ou tpu t  model with 102 producing 

is  coupled with Brookhaven Energy System Optimizat ion Model (BESOM) t o  

permit  i n t e r f u e l  s u b s t i t u t i o n .  Extensions under development . include a  

reduced form, which w i l l  not  r e q u i r e  i t e r a t i o n  between t h e  Input/Output 
, . . I .  . 

and Brookhaven Energy Systems Optimizat ion Model, and a  mult i - regional  . . 

Inpuc/oucpuc model. 

5 .  Model: Model f o r  t he  Assessment of Uncer ta in ty  and Risk 

Developed By: P e t e r  Love f o r  OECD and , I n t e r n a t i o n a l  Energy Agcncy (IEA) 

S t a t u s :  Cou~pleted - . . 

Descr ip t ion :  Uses dec i s ion  a n a l y s i s  and Monte Car lo  methodology' to 

. a s s e s s  t h e  .uncer ta in ty  and r i s k  involved i n . . t h e  assessment of .new 

. t echno log ie s .  . . . . 

6 .  Model: . Analys i s  of the  Impact. of New Energy Technologies i n  an 

. ,Overa l l  System . . 

Developed By: P e t e r  Love ' f o r  'OECD and ~ n t e r n a t i o n ~ l  Energy Agency (IEA) 

S t a t u s :  90% complete 

Descr ip t ion :  A methodology f o r  ranking s p e c i f i c  t echnologies  wi th in  --- 
some given system and wi th  e s t ima ted  upper  and h e r  implementation 

bound s . 
Data Bases: 

1, Data Base: New York S t a t c  Encrgy-Economic Data Basc 

Developed By: SUNY a t  Stony Brook (Owen C a r r o l l  and John Sanborn) and 

Brookhaven Nat ional ,  Laboratory 



S t a t u s :  Under development 

Descrigtion':  Energy .and Economic da t a  ' for  New. York State ' .  Plan. . 

t o  use a  modified Energy System Network .Simulat.or (ESNS) t o  Znter face  

wi th  t h i s  da ta .  . . . .  . 

Cl ien t :  New York S t a t e  Energy Research and Development Adminis t ra t ion ,  

New York S t a t e  Energy ,Of £ i c e  

., . . ENVIRONMENT . . . .. 

. . . . 
Models: 

. . . .. 

1. Model : Energy System Network Simulator (ESNS) 

Developed By: Walter A. Sevian, Brookhaven Nationa.1 Laboratory 

S t a t u s :  Opera t iona l  on Brookhaven Nat ional .  Laboratory CDC 7600 

Descr ip t ion :  A .flow mo-del whidh' is a network . r ep re sen t a t i on  of n a t i o n a l  

o r  r eg iona l  energy systems. Extensions i n c l u d e , a n  o p e r a t i o n a l  model f o r  

nuc lear  f u e l  cyc l e  a n a l y s i s  which r e l i e s  on a  da ta  base on nuc l ea r  

and some nonnuclear t echnologies ,  developed by Teknekron. The c u r r e n t  

working ve r s ion  has 435. shpply  and end use- processes .  
. . .  

2. Model: Radio logica l  and B io log ica l  Generic Atmospheric Dose (RABGAD) 

Developed By: Incorpora ted  . 

Sta tus :  Opera t iona l  on   rook haven ~ a t i o n a 1 ' ~ a b d r a t o r i  CDC 7600 " 

. . 

Descr ip t ion :  Transport  model 

3. Model: Energy Center Water Supply Optimizat ion Model 

Developed By: P e t e r  Meter, Rrookhaven Nat ional  Laboratory 

S t a tu s :  Completed. Resu l t s  e x i s t  i n  Brookhaven Nat iona l  Laboratory 

r e p o r t  

Descr ip t ion :  Developed f o r  Nuclear Regulatory Cpmmission--Department 

of Energy, New J e r s e y  Energy .Center Study. C l a s s i c a l  Legrange Multi-  

p l i e r  0pt imizat ion.Model .  



4. Model: County-Level S i t i n g  Model 

Developed By: P e t e r  Meier, Brookhaven Nat iona l  Laboratory--for 

Nat iona l  Coal U t i l i z a t i o n  Assessment 

S t a t u s :  Ope ra t i ona l  on Brookhaven Nat iona l  Laboratory CDC 7600 f o r  

t h e  t h r e e  power pools of t h e  Nor theas t  

Descr ip t ion :  Performs a  county- level  d i saggrega t ion  o f .  r eg iona l  

(census r eg ion )  s cena r io s .  S i t e s  a l l  power p l a n t s .  Inc ludes  cos t s .  of 

t r a n s p o r t a t i o n ,  e l e c t r i c i t y ,  f u e l s ,  and t ransmission.  Uses Of f i ce  of 

t h e  Bureau of Economic Research Se rv i ce  (OBERS) p r o j e c t i o n s ,  l o c a t i o n  

of e x i s t i n g  f a c i l i t i e s ,  and water resources  da t a  from United S t a t e s  

Geological  Survey (USGS). 

5. Model: Nat iona l  Res idua ls  Discharge Inventory 

Developed By: Consul tan ts  t o  Nat iona l  Research Council 

S t a t u s :  Computerized, e x i s t s  a t  Brookhaven Nat iona l  Laboratory 

CDC 7600 

Desc r ip t i on :  A n  assessment of r e s i d u a l s  genera t ion  and d ischarges  

and of t he  c o s t s  involved i n  c l ean ing  up o r  reducing these  d i scharges .  

Regional d i s agg rega t ion  t o  ASA (aggregated subarea,  o r  r i v e r  bas in) .  

Examines B io log ica l  Oxygen Demand (BOD) and T o t a l  Suspended S o l i d s  (TSS). 

Examined c o s t 8  y f  Best Avai lab le  Technnlngy (HAT) and Best P r a c t i c a b l e  

Technology (BPT) r equ i r ed  t o  c l ean  up these  e f f l u e n t s .  

6. Model: Regional Emissions P r o j e c t i o n s  Systems (REPS) 

Developed By: Booz-Allen f o r  Environmental P r o t e c t i o n  Agency 

S t a t u s :  Opera t iona l  on Brookhaven Nat iona l  Labntatnry CnC 7600 

Desc r ip t i on :  Using the  most r ecen t  Nat iona l  Emissions Data Se rv i ce  

(NEDS) emissions inventory  t o  e s t a b l i s h  baseline emission l e v e l s ,  

Regional Emissions P r o j e c t i o n  Systems (REPS) p r o j e c t s  emissions pro- 

duc t ion  t o  a  s e l e c t e d  f u t u r e  year  by A i r  Qual i ty  Control  Regions 

(AQCR). SEAS economic f o r e c a s t s  a r e  used t o  compute the  growth 

f a c t o r s .  The p ro j ec t ed  emissions a r e  then ad jus t ed  t o  inc lude  the  

e f f e c t s  of p r e sen t  and f u t u r e  c o n t r o l  r egu la t i ons .  Many user  op t ions  

and o v e r r i d e s  a r e  a v a i l a b l e .  



7. Model: Wind Rose Model 

Developed By: Paul Michael, Brookhaven Nat iona l  Laboratory 

S t a t u s :  Under develo.pment. . (Resides  o u t s i d e  NCAES but  is  being 

developed a t  Brookhaven .Nat ional  .Laborat.ory and w i l l  be used e x t e n s i v e l y  

by NCAES pe r sonne l ) .  

Descr ip t ion :  Descr ibes  a  yea r ly  average concen t r a t i on  of a  p o l l u t a n t  

from a  po in t  source up t o  50 m i l e s .  

8. Model: Long-Range Tra j ec to ry  Model 

Developed By: Ron Meyers, Rick Cederwall ,  Brookhaven Nat iona l  

Laboratory 

S t a t u s :  Opera t iona l  on Brookhaven Nat iona l  Laboratory CDC 7600 (Resides  

o u t s i d e  NCAES but is being deve loped ' a t  Brookhaven Nat iona l  'Laboratory 

and w i l l  be used ex t ens ive ly  by NCAES personnel)  

Descr ip t ion :  Traces  t he  pol lut io ,n  from a  po in t  source ,  over  t i m e ,  

us ing  a c t u a l  meteoro logica l  d a t a  i n  3 dimensions.  Allows the  t r a c i n g  

of a  p o l l u t a n t  from a  s p e c i f i c  source over l a r g e  d i s t a n c e s ,  a s  w e l l  a s  

a l lowing t h e  i nco rpo ra t i on  of nonl inear  chemistry e f f e c t s .  

9. Model: SECPOP 

Developed By: Of f i ce  of Radia t ion  Programs, USEPA 

S t a t u s :  On c a r d s ,  but has  not  been used a t  BNL 

Descr ip t ion :  Determines t he  populat ion d i s t r i b u t i o n  around any given 

po in t  i n  t h e  U.S. us ing  mas te r  Enumeration D i s t r i c t ' L i s t  from t h e  

1970 census.  

10. Model: ESNS-BESOM I n t e r f a c e  (EBIP) 

Developed By: Walter A. Sevian, S. Michai le ,  Brookhaven Nat iona l  

Laboratory 

S t a tu s :  Opera t iona l  on Brookhaven Nat iona l  Laboratory CDC 7600 , 



Descr ip t ion :  This  program takes  t he  aggregated BESOM , In te rmedia te  

Energy Foqn (IEF) tou tputs  a long  wi.th o t h e r  t , o t a l s  and, a f t e r  app l i ca -  
. . 

t i o n  of s u i t a b l e  assumptions,  d i s agg rega t e s  t he  IEFs, gene ra t e s  an 

equ iva l en t  ESNS t r a j e c t o r y  ' f i l e ,  ' and execdtes  t h e  ESNS Xodel. The 

o u t p u t s  of t h e  ESNS model a r e  simply the  process-by-process' emissions 

genera ted  by the  aggregated IEF s o l u t i o n s  t o  the  BESOM model. 
. .  . 

11. Model: Energy System' ~ i 'm 'u la tor  (ESS) ' '  

Developed By: Paula  Newhouse, Walter A. Sevian, Brookhaven Nat ional  

Laboratory 

S t a t u s :  o p e r a t i o n a l '  on Brookhaven Nat iona l  Laboratory CDC 7600 

Desc r ip t i on :  An aggregated a c t i v i t y  l e v e l  ve r s ion  of ESNS t h a t  gener- 

a t e s  energy flows and environmental  e f f e c t s  . About- 110 processes  a r e  

i nc luded .  i n  t h i s  network. 

- .  . . 1 2 .  Model: REESNS 

. . 
~ e v k l o ~ e d  By: ~ a l t e l  A. Sev i in ,  ~ f o d k h i v e n  .Nat ional  Laboratory 

. . . . . , 

S t a t u s :  Under deyelopment . . . . 

Desc r ip t i on :  Regional ized ESNS model t o  be developed p r imar i l y  . . 

from BEMIS d a t a  when completed. This  w i l l  be t he  primary v e h i c l e  

through which BEMIS d a t a  w i l l  be a v a i l a b l e .  

13. Model: Air P o l l u t i o n  Linear  Kollback Model 

Developed By: Environmental P r o t e c t i o n  Agency 
. ., 

S t a t u s :  Opera t iona l  on Brookhaven Nat iona l  Laboratory CDC 7600 
- .  

Descr ip t ion :  A l i n e a r  adjustment  model f o r  e s t ima t ing  urban a i r  

q u a l i t y  under va r ious  automobile  emission c o n t r o l  requirements .  Heal th  

impacts  can a l s o  be es t imated ,  g iven  a  s u i t a b l e  s e t  of assumptions about 

s t a t i o n a r y  emission source  growth r a t e s .  . . 



Data Bases : . . . . 

1. Data Base: Committee on A l t e r n a t i v e  Energy S t r a t e g i e s  (C0NA.S) 
. . . . . . 

Developed By: Brookhaven Nat iona l  Laboratory i n  conjunc t ion  with 
, . 

Committee on A l t e r n a t i v e  Energy S t r a t e g i e s  
. . 

S t a t u s :  Under development 
. .  - 

Descr ip t ion :  Environmental in format ion  about nuc lear  and o the r  tech- 
. . 

nologies .  This is  b a s i c a l l y  an  ESNS input  f i l e  which i n c l u d e s ' a l l  of 

t h e  Teknekron new technology d a t a  p lus  a d d i t i o n a l  nuc lear  da t a  from a 
. . . . 

CONAES subgroup. 

2. Data Base: . ~ a t i o n a l  Emissions Data Se rv i ce  (NEDS) 

Developed By: Environmental P r o t e c t i o n  Agency 
. . 

S t a t u s :  Developed, undergoes pe r iod i c  updates.  L a t e s t  ve r s ion  is 
. . . . 

a v a i l a b l e  a t  Brookhaven Nat iona l  Laboratory f o r  use wi th  Regional 

Emissions ' ~ r o j e c t i o n  System (REPS)' ' .  , . 

Descr ip t ion :  A county- level  compilat ion by Environmental Pro tec ton  

Agency (EPA) of a l l  po in t  sources  of a i r  'emissions a s  wel l  as' a r e a  

wide a c t i v i t y  and a s soc i a t ed  a i r  emissions.  These d a t a  a r e  'spotty.  

Also a v a i l a b l e  a s  a  system 2000 d a t a  base from the  Atmospheric Sciences 

Div is ion  inc luding  a d d i t i o n a l  s t a t e  and l o c a l  da t e s .  Qua l i t y  c o n t r o l  . . 

checks a r e  being implemented. 

3.  Data Base: ,S torage  and R e t r i e v a l  of Water Qua l i t y  and Rela ted  Data 

( STORET ) 

Developed' By: Environmental Protect ' ion Agency' 
. . 

. . 

S t a t u s  : Completed, r e s i d e s  on ~ n v i r o n m e n t a l  P r o t e c t i o n  Agency (EPA) 

computer, r e g u l a r l y  updated and added t o  

Descr ip t ion :  Contains d a t a  on "water q u a l i t y ,  municipal  and i n d u s t r i a l  

w a s t e . - f a c i l . i t y  inventory ,  water q u a l i t y  s t a n d a r d s  compliance, f i s h  

k i l l ,  o i l  s p i l l ,  c o n s t r u c t i o n  c o s t ,  and o the r  r e l a t e d  data ."  . . . .  

4 .  Data Base: . Storage a,nd R e t r i e v a l  ,of .Aerome.tri.c Data (s,&oAD), ., . 
. - 

Developed By: Environmental P r o t e c t i o n  Agency 



S t a t u s :  Completed, r e s i d e s  on Environmental P ro t ec t i on  Agency 

computer, r e g u l a r l y  updated and added to .  Also a v a i l a b l e  a t  Brookhaven 

Nat ional  Labora tory ,  Atmospheric Sc iences  Div is ion ,  a s  a  System 2000 

d a t a  base 

Descr ip t ion :  Contains  a i r  q u a l i t y  and meteoro logica l  d a t a  and gene ra t e s  

a i r  q u a l i t y  d a t a  r e p o r t s .  

5 .  Data Base: Edi ted ~ e ; s i o n  of Master Enumeration D i s t r i c t  ~ i s t '  with 

coo rd ina t e s  

Dcvclopcd By: U.E. Census Bupeau 

S t a t u s :  On t ape ,  but kcls LIOL beill used a t  D~00k11ave~l NclLiuudl 

Laboratory \ 

Descr ip t ion :  The popula t ion ,  l o n g i t u d e ,  and l a t i t u d e  of t he  enumeration 

d i s t r i c t  popula t ion  c e n t r o i d ,  from the  1970 census.  

6 .  Data Base: Biomedical and Environmental Modeling Information System 

(BEMIS) 

Developed By: Brookhaven ~ a t i o n a l  Laboratory and Teknekron, 

Incorpora ted  

S t a t u s :  Under development 

Desc r ip t i on :  A c r i t i c a l  review of the  environment c o e f f i c i e n t s  i n  the  

c y r r c n t  Broolchavcn Nat iona l  Laboratory Energy Model Data Base by 

Teknekron, Incorpora ted ,  wi th  a  goal  t o  t h e i r  re formula t ion  f o r  use 

i n  h e a l t h  impact assessment ,  has  r e s u l t e d  i n  a  d e c i s i o n  t o  develop BEMIS. 

With a  rev ised  s e t  of both c o e f f i c i e n t s  and process  r e p r e s e n t a t i o n ,  the  

BEMIS s t r u c t u r e  w i l l  be used t o  develop a  r eg iona l  v e r s i o n  of ESNS, 

R-ESNS . 
7.. .Data Base: -- County Level  Data.Bank of Future  Energy Supply F a c i l i t i e s  

Developed By: Walter A: Sevian, Salvador R. Bozzo, Brookhaven Nat iona l  

Laboratory 

S t a t u s :  Opera t iona l  on Brookhaven Nat iona l  Laboratory CDC 7600 



Desc r ip t i on :  This  da t a  bank con ta in s  a l l  f u t u r e  energy supply 

f a c i l i t i e s  t o  t he  year  1985 and beyond i n  some cases .  The e n t r i e s  

a r e  ' keyed t o  ' the  process  c l a s s i f i c a t i o n s  . i n  the  ESNS' model, ,and ' i t  i s  

planned t o  i n t e r f a c e  t h i s  d a t a  bank wi th  t h e  ESNS model t o  meaningful ly  

a s s i g n  f u t u r e  energy scena r io  emissions i n  space. 

8. Data ~ a s e :  Business P a t t e r n s  Data Bank 

Developed By: Walter A. Sevian,  Regina Hakoopian, Brookhaven Nat iona l  

Laboratory 

S t a t u s :  Under development 

Descr ip t ion :  County l e v e l  c l u s t e r s  of i n d u s t r i a l  f a c i l i t i e s  w i l l  be 

developed i n t o  an in format ion  f i l e  t o  be used wi th  the  MEDABA medical  

d a t a  base and the  ESNS model. This  base year  w i l l  be 1970 and s i t e -  

s p e c i f i c  p r o j e c t i o n s  w i l l  be accepted.  

9. Data Base: WATSTORE 

Developed By: U. S. Geological  Survey 

Stat .us:  Completed, r e s i d e s  on USGS computer, r e g u l a r l y  updated and 

added to.  

Descr ip t ion :  Hydrologic in format ion  on s u r f a c e s  and subsur face  waters,. 

10. Data Base: County Level Water F i l e  

Developed By: E. Kaplan, Brookhaven Nat iona l .Labora tory  

S t a t u s :  . Water Qual i ty  f i l e  completed, hydro logic  f i l e  under development 

Descr ipt ion: .  Water q u a l i t y  and hydrologic  d a t a  aggregated . a t  the  county 

and r i v e r  ba s in  l e v e l .  Data e x t r a c t e d  from EPA, USGS, and o t h e r  

agenc ies .  

11. Data Base: Disaggregated Emission C o e f f i c i e n t s  i n  the  Commercial/ - 
R e s i d e n t i a l ,  I n d u s t r i a l ,  E l e c t r i c  U t i l i t y ,  and Transpo r t a t i on  Sec to r s  

i 

Developed By: P. Raskin, R. Rosen, Energy Systems Research, 

S t a t u s  : Completed, noncomputerized , r e p o r t  t o  be publ ished.  



Desc r ip t i on :  I n  t he  e l e c t r i c a l  s e c t o r ,  emission c o e f f i c i e n t s  .were 

d i saggrega ted  t o  account f o r  v a r i a t i o n s  i n  f u e l  mix ( c o a l ,  ga s ,  o i l . . . . )  

and mix of o ld  and new p l an t s .  . , I n  t he  i n d u s t r i a l  s e c t o r ,  emission co- 

. e f f i c i e n t s  a r e  d i s a g g r e g a t e d . f o r  t h e  f i v e  major energy consuming in- 

d u s t r i e s  p lus  "o thers . "  These c o e f f i c i e n t s  were s p e c i f i c  t o  the  

i ndus t ry ,  f u e l ,  p rocess ,  and age of p l a n t s  i n  s e r v i c e .  I n  t h e  

commerc i a l / r e s iden t i a l  s e c t o r ,  emission c o e f f i c i e n t s  a r e  disaggregated 

by f u e l  t ype  ( o i l ,  ga s  ...) and.end use ( space  h e a t ,  water  hea t ,  and 

coo l ing ) .  In  t h e  t r a n s p o r t a t  i o n  s e c t o r ,  emissions were c a l c u l a t e d  

only f o r  automobiles .  The emission c o e f f i c i e n t s  f o r  t he  t r a n s p o r t a t i o n  

sector a r e  d i saggrega ted  by model year.  

12. Data Base: Emissions Data Base us ing  FPC Form 67 , 

. ~ e v e l o ~ e d  By: Federa l  Powkr ~ o & i s s i o n  

S t a t u s :  A i r  d a t a  v a r i a b l e  a t  Brookhaven Nat ional  Laboratory i n  system 

2K d a t a  base; water  d a t a  a v a i l a b l e  a t  BrookhavenNational  Laboratory 

on tape.  

Desc r ip t i on :  Air q u a l i t y  c o n t r o l  d a t a  f o r  steam e l e c t r i c  power p l an t s .  

MATEKIALS 

Data Bases: . . 

1. Data Base: Reference Ma te r i a l s  System 

Developed By:  rookha haven. Nat iona l  Laboratory 

S t a t u s :  Complete i n  r e p o r t  form,'BNL 50609, not  computerized 

' ~ e s c r i p t i o n :  Informat ion  regard ing  m a t e r i a l s  requirements  f o r .  var ious  

p roces se s , '  e.g. ,  r e sou rce  e x t r a c t i o n ,  p rocess ing ,  t r a n s p o r t a t i ~ n .  etc,  

INTERNATIONAL 
. . 

Models ; 

1. Model: MARKAL-IEA Market A l loca t ion  Model 
. . 

Developed By: Brookhaven Nat iona l  Laboratory ( I n t e r n a t i o n a l  Energy 

~ ~ e n c y ) ,  Kernforschungsanlage 

S t a t u s :  Completed, computerized; d r a f t  documentation i s  a v a i l a b l e  



Desc r ip t i on :  MARKAL i s  a  time-phased,.demand-driven *LP r e p r e s e n t a t i o n  

of a  n a t i o n a l  (o r  r e g i o n a l )  energy system developed through d i r e c t  

p a r t i c i p a t i o n , o f  I E A  systems a n a l y s t s  s t a t i o n e d  a t  BNL and KFA. The 

model is  a  s y n t h e s i s  and embellishment of DESOM and t h e  KFA model and 

r e p r e s e n t s  a  s i g n i f i c a n t  advance i n  dynamic LP r e p r e s e n t a t i o n s  of energy 

systems. New f e a t u r e s  i nc lude  (1 )  country independent model s t r u c t u r e ,  

( 2 )  t h e  programmed f l e x i b i l i t y  i n  t he  d e f i n i t i o n  and a d d i t i o n  of new 

technologies  purely thro'ugh d a t a  i n p u t s ,  ( 3 )  t he  s i g n i f i c a n t l y  improved 

r e s o l u t i o n  of supply and demand conve r s ion ' t echno log ie s  due t o  p a r t i c i -  

pa t i on  by i n t e r n a t i o n a l ' e x p e r t s ,  and the  automation of a  m u l t i c r i t e r i a ,  

trade-off a n a l y s i s  technique f o r  i d e n t i f y i n g  p o t e n t i a l l y  u s e f u l  tech- 

no logies  and t h e i r  impact on f a c t o r s  d e f i n i n g  the  q u a l i t y  of the  energy 
. . , . 

system. 

2. Model: WASP, E l e c t r i c    en era ti on Capaci ty  Expansion Model 

Developed By: I n t e r n a t i o n a l  Atomic Energy Agency 

S t a t u s  : Opera t iona l  ' a t    rook haven Nat ional  Laboratory CDC 7600 

Descr ip t ion :  A group of s i x  i n t e r r e l a t e d  computer code modules 

developed t o  meet t h e  needs of e l e c t r i c  gene ra t i on  capac i ty  expansion i n  

developing coun t r i e s .  WASP accep t s  d a t a  on the  load  c h a r a c t e r i s t i c s ,  

annual  peak demand f o r  each year i n  t he  s tudy ,  and a  d e s c r i p t i o n  of t h e  
. . 

f i x e d  system. It can cons ider  up t o  20 candida te  expansion p l an t s .  

Within user-generated c o n s t r a i n t s ,  WASP cons ide r s  a l l  a ccep tab l e  ex- 

pansion con f igu ra t i ons  and c a r r i e s  out a  dynamic op t imiza t ion  of a l t e r -  

n a t i v e  expansion plans.  . . 

Data Bases: 

1. Data Base: Developing Countr ies  Data Base 

Developed By: Brookhaven Nat ional  Laboratory - LDC Program 

S t a t u s :  Under development, p a r t l y  computerized 

.Desc r ip t i on :  Energy product ion and import da t a  f o r  L U C 1 s  a s  group. 

More d e t a i l e d  energy and economic d a t a  f o r  twelve s e l e c t e d  c o u n t r i e s ,  

enough t o  c r e a t e  a  Reference Energy System (RES). Deta i led  technologi-  

c a l  d a t a  f o r  i r r i g a t i o n ,  us ing  renewable resources  ( e s p e c i a l l y  b iogas) .  



2. , Data Base:' I n t e r n a t i o n a l  Energy Agency, ESNS Input  F i l e  

Developed By: Brookhaven Nat iona l  Laboratory 

S t a t u s :  Opera t iona l  on Brookhaven Nat ional  Laboratory CDC 7600 

Descr ip t ion :  A c o l l e c t i o n  of energy, economic, and environmental d a t a  

f o r  each I n t e r n a t i o n a l  Energy Agency (IEA) p a r t i c i p a t i n g  country,  a s  

w e l l  a s  f o r  cross-country technology c h a r a c t e r i z a t i o n .  The Energy 

Systems Network Simulator  (ESNS) program and i t s  a s soc i a t ed  i n t e r a c t i v e  

program have been adapted t o  i n t e r f a c e  wi th  t h e  I E A  d a t a  base.  Uni t s  

a r e  metr ic .  Energy Supply and demand d a t a  f o r  each country a r e  s to red  

us ing  APL format s o  t h a t  t a b u l a r  in format ion  f o r  r e p o r t s  is  genera ted  

dud easlly . 
3. Data Base: IEA Data Base f o r  MARKAL 

Developed By: Brookhaven Nat iona l  Laboratory 

S t a t u s :  Completed 

Desc r ip t i on :  A l l  d a t a  f o r  MARKAL s p e c i f i e d  by country.  

POPULATION AND HEALTH 

Models : 

1. Model: Popula t ion  P r o j e c t i o n s  by County 

Developed By: Brookhaven Nat iona l  Laboratory 

S t a t u ~ :  Undcr dcvolopmcnt (wol-lcing- papcr K 2 )  

Desc r ip t i on :  Uses n a t u r a l  r a t e  of i nc rease  method with 1950-1970 r a t e s  

and 1960-1970 r a t e s .  Also, a  r a t i o  method, a t rend  method, and a  f i r e d  

r a t e  method. Coded by Federal  Information Process ing  Standard (FIPS) - 
1970 and by In te r -Censa l  Equiva len t  Area Code (ICEAC). 

2. .Mfde.l: Heal th  Impacts Simulat ion Model 

Ueveloped By: S. Morr is ,  Brookhaven Nat ional  Laboratory,  and Granger 

Morgan 

S t a t u s :  Under development 



Descr ip t ion :  A s imu la t i on  model which u s e s - a  p robab i1 i s t i c . app roach  . . 

t o  s tudy h e a l t h  impacts of a i r  p o l l u t i o n  from coa l - f i r ed  power p l a n t s .  

Two ve r s ions  e x i s t : .  i n  one, .each parametr ic  is represen ted  by a  prob- 

a b i l i t y  dens i ty  func t ion  while  i n  t he  o t h e r ,  the mean of the  pdf is  

used. Uses Paul  Michae l ' s  Wind Rose Model a s  a  base. 

3. Model: I n t e r a c t i o n s  Between Income, P o l l u t i o n ,  M o r t a l i t y ,  Sex, Age, 

and Race 

Developed By: Salvador Bozzo, Brookhaven Nat iona l  Laboratory 

S t a t u s :  Completed and o p e r a t i v e  , 

Descr ip t ion :  The model uses  t he  Medical. Data Bank (MEDABA) f i l e s  t o  

compose groups of c o u n t r i e s  which con ta in  enough popula t ion  t o  r e f l e c t  

t h e  impact of d i f f e r e n t  l e v e l s  of p o l l u t i o n  and ,  income i n  the  

populat ion.  For example, compo.se a  group of one m i l l i o n  persons l i v i n g  

i n  low income, high p o l l u t a n t  a r e a  and c o n t r a s t  with s i m i l a r  groups 

l ' iving i n  low income low p o l l u t a n t  a r ea s .  Examines m o r t a l i t y  d a t a  w i t h  

r e s p e c t  t o  demographic c h a r a c t e r i s t i c s .  ' 

Software t o  group c o u n t r i e s  and compute d i s ea se - spec i f i c  m o r t a l i t y  

r a t e s  f o r  each of t h e  groups is opera t ive .  This  output  can be coupled 

t o  a  graphics  package on t h e  DTC 3001s te rmina l .  

4. Model: Comprehensive Model Re la t i ng  Energy, Environment,.Humans, and 

Economics 

Developed By: Salvador Bozzo, Brookhaven Nat iona l  Laboratory 

S t a t u s :  Under development 

Descr ip t ion :  The i n t e r r e l a t i o n s h i p s  among energy, environment,  

human heal . th ,  and economics a r e  descr ibed by the  fo l lowing  chain:  

I Medical. Care I 
I Human 

V Emissions Dosc 
Energy--* Environment -w Heal t-Economics 

t A 
1- Environmental Protect io  

Change i n  Energy Production 
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Desc r ip t i on  (Cont 'd) :  An at tempt  t o  desc r ibe  t he  t r a n s f e r  func t ions  

between the  d i f f e r e n t  segments of t he  model is  being c a r r i e d  ou t .  

Input  d a t a  a r e  from t h e  Medical Data Bank (MEDABA). 

5. Model: CEM Accident Model 

Developed By: The Center  f o r  Environment and Man, Inc. ,  f o r  

Department of T ranspo r t a t i on  

S t a t u s :  Opera t iona l  on Brookhaven Nat iona l  Laboratory CDC 7600 
. . 

Desc r ip t i on :  Es t imates  f u t u r e  a u t o  occupant dea ths  i n  r e l a t i v e  and 

a b s o l u t e  t e r m s ,  u s i n g  a lgo r lL l l l l~~  based on h i s t c r r i r a l  d a t a  which' d e s c r i b e s  

lluw t h e  frequency and n~imber uL autv aecupul~t  dcrathv rhnnge w i t h  a l t e r a -  

, t i o n  i n  t h e  number of a u t o  r e g i s t r a t i o n s  ( f l e e t  s i z e ) ,  and an  acc iden t  

t r e n d  model d e s c r i b i n g  how au to  occupa~l t  dea ths  change i n  rel.ation ro 

v a r i a t i u n s  i n  t h e  mix of sma1.l and l a r g e  c a r s  ( f l e e t  mix). 

. . 
5. Model: Popula t ion  Dynamic ~ o d e l  

Developed By: S. Bozzo, K. Nuvak, Brookhaven Nat iona l  Laboratory 

S t a t u s :  Opera t iona l  on Brookhaven Nat iona l  Laboratory CDC 7600 

Desc r ip t i on :  Using 1970 census d a t a ,  1970 f e r t i l i t y  d a t a ,  1967-1971 

m o r t a l i t y  d a t a ,  and county- level  ne t  migra t ion  daLa between 1960-70 

t h e  interrelated e f f e c t s  of median family income and SOx emissions on 

county- level  populaLio11 dynamicc were e x ~ m  l11rl1. Age, racc, GQX- 

s p e c i f i c  r e s u l t s  a r e  produced. Modit icacions alld iiipravcmcntc t o  t h r  

model and inpu t  d a t a  a r e  under way. 

7. Model: M o r t a l i t y  E f f e c t s  Model 
-- 

. . 
-: S. Bozqo, K. Novak, Brookhaven Nat iona l  Laboratory 

S t a t u s :  Opera t iona l  on Brookhaven Nat iona l  Laboratory CDC 7600 - 
D e s c r i p ~ i u n ;  Using .a lllrvirr rnmhi.nation of d j  seases, the  e f f e c t s  of 

SOx emiss ions  and median family income on t o t a l  m o r t a l i t y  and 

s p e c i f i c  causes  of dea th  can be computed. Age, r ace ,  sex-spec i f ic  

r e s u l t s  are prod~r.ed. ' Modif ica t ions  and improvements t o  the' model and 

inpu t  d a t a  a r e  under way. 



8. Model: H e a l t h  Impacts  Program 

Developed By: J. Nagy, Brookhaven N a t i o n a l  Labora to ry  

S t a t u s :  Under development 

D e s c r i p t i o n :  I n t e g r a t e s  h e a l t h  impacts  wi th  energy networks by 

a s s o c i a t i n g  h e a l t h  impact c o e f f i c i e n t s  i n  t h e  c o r r e c t  u n i t s  w i t h  each 

p r o c e s s  i n  t h e  network. The impacts  of each p rocess  a r e  c a l c u l a t e d  

and t h e s e  can be aggrega ted  t o  any l e v e l  o r  by any c r i t e r i a  d e s i r e d .  

Dea ths ,  i n j u r i e s ,  and i l l n e s s e s  a r e  cons idered .  U n c e r t a i n t y  is 

accounted f o r  by p r o v i d i n g  b e s t  e s t i m a t e  and upper and lower range of 

e s t i m a t e s .  

Data Bases:  

1. Data Base: Medica l .Da ta  Bank (MEDABA) 

Developed By: Salvador ,  Bozzo, Brookhaven N a t i o n a l  Labora to ry  

S t a t u s :  Completed, computer ized 

D e s c r i p t i o n :  P a r t  A: County-level  Data. Each county i n c l u d e s  

F e d e r a l  I n f o r m a t i o n  P r o c e s s i n g  S tandard  (FIPS) code,  S tandard  Metro- 

p o l i t a n  S t a t i s t i c a l  Area (SMSA) code,  S t a t e  Economic Area (SEA) code,  

and N a t i o n a l  Center  f o r  Hea l th  S t a t i s t i c s  (NCHS) code. Geographic 

c h a r a c t e r i s t i c s  , c e n t e r  of p o p u l a t i o n ,  complete  demographic c h a r a c t e r -  

i s t i c s  by a g e ,  s e x  and r a c e ,  complete  m i g r a t i o n  c h a c t e r i s t i c s  by a g e ,  

s e x ,  and r a c e ,  n a t a l i t y  d a t a  (1960-1970), q u a l i t y  of l i f e  d a t a ,  energy 

use  d a t a ,  emiss ion  d a t a .  P a r t  B:  Three magnet ic  t a p e s - s e q u e n t i a l  

h i e r a r c h i c a l  f i l e  w i t h  s i x  m i l l i o n  r e c o r d s .  M o r t a l i t y  data  hy age ,  

s e x ,  r a c e  by 1969-1971. 
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