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. , 
FOREWORD . 

This repor t  i s  one of a number of' i s sue  papers prepared a s  

p a r t  of the Brookhaven National Laboratory Northeast Energy 

Perspectives Study. The analyses i n  these papers were performed 

spec i f i ca l l y  t o  a s s i s t  us i n  our f i r s t  in tegrated study of the  

energy future  of the  northeastern united S ta tes .  

Topics covered by the i s sue  papers include the po t en t i a l  

-supply.of energy t o  the Northeast from coa l ,  o i l ,  na tura l  gas ,  

l iquef ied na tura l  gas ( L N G ) ,  nuclear power, municipal waste, so la r  '1 

energy, and wind power, and the demand for  energy 'in the North- 

e a s t  from the i n d u s t r i a l ,  t r anspor ta t ion ,  and r e s i d e n t i a l  and 

commercial sec tors .  In ' each  case a range of est imates of energy 

supply o r  demand was constructed t o ' r e f l e c t -  not only a . v a r i e t y  of 

policy and technological developments, but  a l s o - t h e , '  

bas ic  uncer ta in t ies  of a l l  such fu ture  projections,.  The i n t e -  

g r a t i ve  analysis.which r e l a t e s  the supply and demand p ic tu re  i s  

presented i n  "A Perspective on the Energy Future o f , t h e  Northeast 
, , 

United Sta tes ."  

The issue  papers prepared for  . the Northeast Energy Perspectives 

Study and the' summary r e p o r t s w i l l  be avai lable  from: 

National Technical Information Service 
U.S .  Department of Commerce 
5285 Port Royal Road 
Spr ingf ie ld ,  VA 22161 

The issue papers and summary repor t  a r e  l i s t e d  below. 
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I .  

ABSTRACT 

In 1972 the ,Northeast consumed 5.02 quadrillion Btu' s '(quads) 

or 44% of its energy use in the residential and commercial sectors, 

Of this total, about two-thirds (3.30 quads) was consumed in 
. . . . 

residential households and. the balance (1.72 quads) in commercial ' 

buildings. By end use, space heating is dominant in both sectors, 

accounting for about 71% of the energy used in the residential 

sector and 76% in the ~ommercial sector. In terms of fuel distri- 

bution, both sectors are highly dependent on oil, with more than 

half of their energy supplied from petroleum products. 

Based on existing demographic projections and.considering 

different levels of change in technology, government policy, 

consumer behavior, and related factors, three alternative energy 

consumption patterns were constructed for 1985 and 2000. The Base 

Case projections, which assume a continuation of the consumption 
I 

patterns which have developed since the "energy crisis" of 1973-74, 

indicate a total residential energy use in the region that 

remains roughly at the 1972 level until 1985. This consumption is 

projected to increase at an annually compounded growth rate of 

0.6% from 1985 to 2000. The commercial energy demand is projected 

to grow at an annual rate of 2.7% between 1972 and 1985 and 4.1% 

between 1985 and 2000. 

The conservation scenarios indicate that there is a tremendous 

potential for energy conservation in the two sectors. Universal . 
application of technology which is currently available at reasonable 

cost and slight alterations of life style would reduce the average 

energy growth in the combined residential and commercial sectors 

from an annual rate of 1.7% to almost zero growth between 1972 



and 2000. ,A more severe conservation case which assumed direct 

governmental intervention, maximum utilization of current 
. . 

technology, . . and some public sacrifice of convenience and 

changes in lifestyle could reduce the energy consumption in 

2000 to about the 1972 level. 
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I. SUMMARY . . . . . . 

A .  I n t r o d u c t i o n  . . . .  

. . 
The purpose of t h i s '  r e p o r t  i s  twofo ld .  . F i r s t ' ,  i t  p r e s e n t s  a 

. < ' , .  
rang'e of energy  demand p r o j e c t i o n s  ' i n  t h e  ' r e s i d e n t i a l  and ?=ommer- 

c i a 1  s e c t o r s  f o r  t h e  ~ o r t h e a s t  United S t a t e s .  These 'pr6-j$et 'ions 

'are  an i n t e g r a l  p a r t  of t h e  Nor theas t  ~ n e r ~ y ' ~ e r ' s ~ e c t i v e s ' ~ t u d ' ~ '  
' . 

. . . 
b e i n g  c a r r i e d  by  t h e ' E n e r g y ' . P o l i c y  Ana lys i s  ~ = v i ' s i d n  a t  . 

. .. . . 
  rook haven ~ a t ~ o n a l  Labora tory  (BNL) t o  a n a l y s e  t h e  major ene rgy  

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

r e q u i r e  a  r e g i o n a l  s c a l e  of ana lys i s . .  Second, . t h e .  p r o j e c t i o n s  

and t h e ' i r  underlying.  d a t a  and a n a l y s i s  p rov ide  a  framework F o r .  .; 

a s s e s s i n g  t h e  r e g i o n a l  impact of  p o s s i b l e  po. l icy changes,, t e c h n o - .  

l o g i c a l  innovat i .ons  , and energy  conserva t5on  st.r.ategies:. .. , . .  . .  . ,  

- . . . .  . - 
The r e g i o n  'under s tudy  cove r s  t h e  ~ e w - ~ n ~ l a n d  S t a t e s  ' (Reg ion  ' 

. . 
I ) ,  New York (Region 1 1 ) ,  ~ e n n s y l v a n i a ,  N e w  J e r s e y ,     el aware, ' ' 

. . . . 
Maryland, and t h e  D i s t r i c t  of  ~ o l u m b i a  (Region 111). I n  most 

c a s e s ,  . . ' p ro j ec t ions  w e r e  made ' a t  . . the  s u b r e g i o n a l  l e v e i  and t h e n  ' I '  

. . .  
aggrega ted  t o  t h e  t o t a l  Nor theas t .  ' ~ i n ' c e  1972 i s  t h e  most r e c e n t  

yea r  - f o r  which f a i , r l y  complete and c o n s i s t e n t  d a t a  a r e . , a v a i l a b l e ,  

it w a s  chosen a s  t h e  b a s e  yea r  i n  o r d e r  t o  p rqv ide  a  r e f e r e n c e  

p o i n t  f o r  deve lop ing  t h e  energy  d e m a n d . f o r e c a s t s  f o r x t h e  y e a r s  . . 

1985 and 2000. F o r e c a s t s  of r e g i o n a l  economic a c t i v i t i e s  are: ..., 

1 
,based on t h e  1972 OBERS p ro j ec t ion . -  . Other  pr imary sou rces  of  , . . 

i n fo rma t ion  a r e  publ i shed  r e p o r t s  and doc,uments from government, .  ... 

a g e n c i e s ,  b u s i n e s s  a s s o c i a t i o n s ,  and p r i v a t e ,  i n s t i t u t i o n s .  . . I n  
. . . .  

t h e  absence of adequate  recorded in fo rma t ion !  d a t a  have been 

e s t i m a t e d  ~ r ' e x t r a ~ o l a t e d .  . The . methods and s o u r c e s  of  d a t a  . used . 
, . ., . 

i n  making such e s t i m a t e s  a r e  g iven  l a t e r  i n  t h i s  r e p o r t .  
: I .  



The b a s i c  methodology employed f o r  p r o j e c t i n g  f u t u r e  r e s i d e n -  

t i a l  and commercial energy  demands involved  t w o '  magor s t e p s .  F i r s t ,  

t h e  d e t e r m i n a t i v e  f a c t o r s  such a s  hous ing  s t o c k  by t y p e  and v a r i o u s  

c a t e g o r i e s  of  commercial f l o o r  space  were p r o j e c t e d  f o r  t h e  f u t u r e  

r e f e r e n c e  y e a r s .  These p r o j e c t i o n s  were t h e n  combined w i t h  p r o j e c t e d  

u n i t  energy  demands, s a t u r a t i p n  r a t e s ,  and f u e l  mixes i n  terms 

of d i s a g g r e g a t e d  end use  t o  e s t a b l i s h  t h e  t o t a l  energy  requi rements  

f o r  each  demand c a t e g o r y  (e. g. , r e s i d e n t i a l  s p a c e  h e a t i n g )  . D e t a i l e d  

d i s c u s s i o n s  of t h e  methodologies  and d a t a  s o u r c e s  used i n  d e r i v i n g  

va lues  Los these factors are p r e s e ~ ~ t e i l  ill SecL io i i s  11 and 111. 

.No s i n g l e  p r o j e c t i o n  of  demand can  i n d i c a t e  w i t h  c e r t a i n t y  

what w i l l  occur  i n  t h e  f u t u r e .  T h e r e f o r e ,  i n  t h i s  s t u d y  s e v e r a l  

p r o j e c t i o n s  .were c o n s t r u c t e d ,  cove r ing  a  wide b u t  i n t e r e s t i n g  

r ange  of  demand p o s s i b i l i t i e s .  The t h r e e  p r o j e c t i b n s  Included i n  

t h i s  r epo r t - - t he  b a s e  c a s e ,  a  moderate c o n s e r v a t i o n  c a s e ,  and a  

s t r o n g  c o n s e r v a t i o n  case--were des igned  t o  r e f l e c t  d i f f e r e n t  

l e v e l s  of  change i n  t echno logy ,  government po , l icy ,  consumer b e h a v i o r ,  

and r e l a t e d  f a c t o r s .  S e c t i o n  I V  d e s c r i b e s  t h e  d e t a i l e d  assumptions 

on which t h e s e  c a s e s  were c o n s t r u c t e d .  

~ p p e n d i x  A c u r i t a i ~ ~ s  CI seL of f u e l  mix t a b l c o  f o r  each  sub- 

r e g i o n .  These a r e  workshee ts  t h a t  use  t h e  f a c t o r s  gene ra t ed  i n  

S e c t i o n s  I1 and I11 t o  e s t a b l i s h  t h e  demand p r o j e c t i o n s  a t  t h e  

s u b r e g i o n a l  l e v e l .  The d i s a g g r e g a t e d  format o t  t h e  f u e l  mix 

t a b l e s  i s  r e q u i r e d  i n  o r d e r  t o  e v a l u a t e  t e c h n o l o g i e s  o r  c o n s e r v a t i o n  

measures t h a t  may apply  t o  v e r y  s p e c i f i c  end uses .  

Inc luded  i n  Appendix B a r e  summary t a b l e s  of energy  demand 

by  f u e l  t y p e ,  developed by  assuming some mode s h i f t s  between f u e l s .  

These mode s h i f t  c a s e s  were c o n s t r u c t e d  p r i m a r i l y  f o r  use  i n  supply-  

demand a n a l y s i s  i n  t h e  Nor theas t  Energy P e r s p e c t i v e s  Study and a r e  

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



Thi s  s t u d y  r e p r e s e n t s  an i n i t i a l ,  e x p l o r a t o r y  e f f o r t  t o  

deve lop  a  r e g i o n a l  model f o r  p r o j e c t i n g  r e s i d e n t i a l  and commercial 

energy  demands: Much of  t h e  work d e s c r i b e d  i n  t h i s  r e p o r t  i s  

t h e r e f o r e  p r e l i m i n a r y  and s u b l e c t  t o  r e f inemen t  o r  m o d i f i c a t i o n .  

T h i s  s t u d y  should  b e  expanded t o  i n c l u d e  in-depth a n a l y s e s  of t h e  

v a r i o u s  p o l i c y  o p t i o n s  a v a i l a b l e  t o  b r i n g  about  implementa t ion  

o f  t h e  c o n s e r v a t i o n  measures  cons ide red  i n  t h i s  s t u d y  and t h e  c o s t s  

and b e n e f i t s  o f  t h e s e  measures .  A thorough examina t ion  i n  t h i s  a r e a  

i s  c u r r e n t l y  under way i n  t h e  BNL Regiona l  Energy S t u d i e s  Program, 

of which t h e  BNL Nor theas t  Energy P e r s p e c t i v e s  S tudy  i s  a  p a r t .  

B. R e s i d e n t i a l  and Commercial Enerqy Consumption: Base Year ,  1972. 

I n  1972 t h e  Nor theas t  Uni ted S t a t e s  consumed 5.02 q u a d r i l l i o n ,  

o r  1015, Btu (quad) of energy  i n  t h e  r e s i d e n t i a l  and' commercial  

s e c t o r s .  O f  t h i s  t o t a l ,  about  66% (3 .30  quads)  was consumed 

i n  r e s i d e n t i a l  households  and 34% (1.72 quads)  i n  commerci.al 

b u i l d i n g s .  The d e t a i l e d  end use  and. f u e l  d i s t r i b u t i o n  by  r e g i o n  

a r e  shown i n  T a b l e s  1 and 2,  from which s e v e r a l  s i g n i f i c a n t  con- 

c l u s i o n s  c a n  b e  drawn. The combined r e s i d e n t i a l  and commercial  
* 

s e c t o r ,  w i t h  44% of t h e  t o t a l  energy  use  i n  t h e  N o r t h e a s t ,  i s  

dominant a s  compared w i t h  i n d u s t r i a l ,  t r a n s p o r t a t i o n ,  and e l e c t r i c  

u t i l i t y  energy  consumption.  By end use; space  h e a t i n g  i s  dominant 

i n  b o t h  s e c t o r s ,  a ccoun t ing  f o r  about  71% of t h e  t o t a l  energy  

used i n  t h e  r e s i d e n t i a l  s e c t o r  and 76% i n  t h e  commercial  s e c t o r .  

I n  terms of  f u e l  d i s t r i b u t i o n ,  b o t h  s e c t o r s  a r e  h i g h l y  dependent  

on o i l ,  w i t h  54% of t h e  combined t o t a l  energy  s u p p l i e d  from 

pe t ro l eum p r o d u c t s .  The d a t a  s o u r c e s  and methodologies  used t o  
Z 

d e r i v e  t h e s e  f i g u r e s  a r e  d i s c u s s e d  i n  d e t a i l  by Lee. . . .  

* 
T o t a l  r e g i o n a l  energy  consnmpt.ion, i n c l u d i n g  fuel used by  e l e c t r i c  
u t i l i t i e s ,  was e s t i m a t e d  a t  14.4. x  1015 Btu i n  1972. 



., . 
. . . . TABLE .1 

SUMMARY 'OF RESIDENTIAL AND COMMERCIAL END USE .0k .ENERGY, ( 1012 Btu) 1972 
2 

RESIDENTIAL 

Space  h e a t i n g  
A i r  c o n d i t i o n i n g  
Water h e a t i n g  , 

Cooking 
Lighti-nq & misc.  

a p p l i a n c e s  

T o t a l  -' 

Reqion I*: . 
% of 

Consumption. Total . - 

Reqion 11* 

Consumption 

Reqion 111' . N o r t h e a s t  Reqion 
% of  

Consumption Total 

COMMERCIAL 

Space  h e a t i n g  321 .00 ' I f 3  446.05 76 537.74 75 1 ,304.03 7 G 
A i r  c o n d i t i o n i n g  .7 .67  2 16.59 3 22.30 3 46.65 3 
Water h e a t i n g .  .31..11 - . 0' . .. 48 i20  8 62'. 38 8 141.69 8 
L i y h t i n y  & Misc. 

a p p l i a n c e s  48.65 a 12 76.62 1 3  . 97.68 14 222.95 .. 13  

*Region I: New England; Region 11: New York; Reqion 111: Pennsyl,vania,  New J e r s e y ,  Delaware, 
Maryland and the .  D i s t r i c t  o f  Columbia; . 

TABLE '2 " 

. SUMMARY OF RESIDENTIAL AND COMMERCIAL ENERGY CONSUMPTION (1012 Btu) 
BY FUEL TYPE, 1 ' 3 7 ~ ~  

RESIDENTIAL 
Region I 

Region I1 

Regi'on 111, . '  . .., . 
T o t a l  Nor theas t  1 ,185 .68  . . 1,646.55 97.52 . , . . .  

COMMERCIAL 

Region i 54.02 294.05 

Reglon I1 112.58 366.65 

Region 111 205.68 380.00 

TOC.a4NOfthcaot ' 3 7 2 . 2 0  1,046.90 

Note: The number o f  f i g u r e s  o b t a i n e d  d o  n o t  r e p r e s e n t  b a s j c  p r e c i s i o n  b u t  a r e  r e t a i n e d  
tOr consistency and c a l c u l a t i o n a l  purposes .  



C .  1985 and 2000 Enerqy Demand - Base Case 

The b a s e  c a s e  p r o j e c t i o n s  ( l i k e  a l l  o t h e r s )  a r e  c o n d i t i o n a l  

f o r e c a s t s ,  based  on an e x t e n s i o n  of  p a s t  and p r e s e n t  r e l a t i o n -  

s h i p s  b e l i e v e d  t o  have f u t u r e  r e l e v a n c e  f o r  t h e ' r e g i o n a l  energy  

u s e  p a t t e r n s .  The assumptions on which t h e s e  r e l a t i o n s h i p s  a r e  

fo rmula t ed  i n  t h e  b a s e  c a s e  r e f l e c t  a  long-run g r o w t h ' s ' i t u a t i o n  
e .  

wi thou t  major government p o l i c y  and economic changes'. . . These 

assumptions (w i th  no p r o b a b i l i t y  of  r e a l i z a t i o n  a t t , ached  t o  them) 

a r e  d e s c r i b e d  i n  d e t a i l .  i n  S e b t i o n  IV. 

The r e s i d e n t i a l  and commercial b a s e  c a s e  demands.5i.1 t h e  r e g i o n  

a r e  p r o j e c t e d  t o  g r o w , , r e s p e c t i v e l y ,  from 3.30 quads . . and 1.72 

quads i n  1972 t o  3.35 quads and 2 .41  quads i n  '198Cand t o  reach  

3.65 quads and 4 .41  quads by t h e  y e a r  2000. These p r o j e c t i o n s  

d o  n o t  i n c l u d e  l o s s e s  i n c u r r e d  by t h e  power p l a n t s  i n  c o n v e r t i n g  

pr imary f u e l s  t o  e l e c t r i c i t y  and o t h e r  d i s t r i b u t i o n  l o s s e s .  

The p r o j e c t e d  demand by  end use  i s  d e t a i l e d  i n  Tab le s  3  and 4.  

1. R e s i d e n t i a l  Growth Rate . '  
.- . 

T o t a l  r e s i d e n t i a l  energy  'use i n  t h e  r e g i o n  .is expec ted  

t o  s t a y  a t  t h e  1972 le"&l u n t i l  1985 and t o  i n c r e a s e  sl .owly a t  
. , 

an a n n u a l l y  compounded'growth r a t e  of O.G%"from 1985 t o . 2 0 0 0 .  

The low r a t e  of  growth i s  due t o  t h e . s l i g h t  d e c l i n e  i n  energy  

use  p r o j e c t e d  f o r  space  h e a t i n g .  Although space  h e a t i n g  w i l l  
. . 

c o n t i n u e  t o  b e  t h e  pr imary energy  u s e r ,  t h e  a v e r a g e - p e r  u n i t  
* 

consumption i s  expec ted  t o  d e c l i n e  21% by  1985 and' 35% 'by 2000. 

These r e d u c t i o n s  o f f s e t  , t h e  e f f e c t  o f .  household grow.th p r o j e c t e d  

(19.7% by 1985 and 47.6% by  2000) .  The major c o n t r i b u t o r s  t o  

t h i s  d e c r e a s e  i n  pe r  u n i t  h e a t i n g  demand a r e  summarized below: 

*Calcu la ted  a s  t h e  r a t i o  of  t o t a l  d i r e c t  energy  use  f o r  space  
h e a t i n g  t o  t h e  number o f  households  i n  t h e  r e g i o n ,  Average p e r  
u n i t  demand i s  e s t i m a t e d  a t  133 ( l o 6  ~ t u / h o u s e h o l d )  i n  1972, 105 
i n  1985, and 86 i n  2000. I f  l o s s e s  i n c u r r e d  by power p l a n t s  a r e  
i n c l u d e d ,  r e d u c t i o n  i n  p e r  u n i t  energy  r e s o u r c e  consumption would 
b e  16% by  1985 and 23% by 2000. 



TABLE 3 

1985 NORTHEAST RESIDENTIAL AND COMMERCIAL ENERGY DEMAND Btu) 

BASE CASE 

RESIDENTIAL 
Gas 011 Electricity Total ' % of Total - - 

Space heating 690 1405 108 2203 66 
Air conditioning - - 6 1 6 1 2 
Water heating 286 230 109 625 19 
Cooking 97 - 34 131 4 
Lighting & misc. 

appliances - - - - 329 - - 329 - 19 

TOTAL 1173 1635 641 3349 100 

COMMERCIAL 
Space heating 255 1414 74 1743 7 2 
Air conditioning 3 - 84 86 4 
Water l~eatir~y 110 - 104 215 9 
Lighting & misc. 

appliances - - - - 366 ' 366 15 - 
TOTAL . 368 1414 628 2410 100 

TABLE 4 

2000 NORTHEAST RESIDENTIAL AND COMMERCIAL ENERGY DEMAND (1012 B ~ U )  
DASE CASE . 

 as Oil Electricity Total % of Total 
RESIDENTIAL 
Space heating 597 1384 248 2229 61 
Air ~ondi tiurli~ly . ' - A 101 101 3 
Water heating 2'79 235 Cub 68U 19 
Cooking 90 - 51 142 4 
Lighting & misc. 

L .  

appliances - - - - .  482 - 482 - 13 - 
. . .  

TOTAL 966 16'20 1067 3654 100 

COMMERCIAL 
Space heating 255 2664 265 3183 'I I 
Air conditioning. 3 - 177 180 4 
Water heating 113 - 26 1 373 8 
Lighting & misc. 

appiiances - - - - 671 071 16 - 
TOTAL 370 2664 1374 -4407 10 0 



System e f f i c i e n c y :  Th i s  i n c l u d e s  home d e s i g n  e f f i c i e n c y .  and 

mechanica l  e f f i c i e n c y  of  t h e  h e a t i n g  d e v i c e s .  Under t h e  b a s e  

assumpt ions ,  t h e  ave rage  sys tem e f f i c i e n c y  w i l l  improve s i g n i f i -  

c a n t l y  f o r  b o t h  e x i s t i n g  and new hous ing  u n i t s  ( ~ p p e n d i x  A )  . 
T h i s  improvement r e f l e c t s  t h e . i m p a c t  o f  r e t r o f i t  i n  e x i s t i n g  homes, 

rep lacement  of o l d  h e a t i n g  d e v i c e s ,  b e t t e r  s t a n d a r d s  f o r  new 

c o n s t r u c t i o n ,  and improved equipment d e s i g n .  

F u e l  mix: The i n c r e a s e  i n  p e n e t r a t i o n  o f  e l e c t r i c  h e a t  from 
. . 

1% t o  5% i n  1985 and 11% i n  2000 would mean a  s i g n i f i c a n t  reduc-  

t i o n  i n  p e r  u n i t  consumption ( a t  p o i n t  o f  e n t r y )  because  of  t h e  
* 

g r e a t e r  e f f i c i e n c y  of  e l e c t r i c  systems ( i n c l u d i n g  h e a t  pumps) . 
Consumer energy  e t h i c :  The b a s e  c a s e  assumes a  c o n t i n u a t i o n  

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

( e . g . ,  t h e r m o s t a t  s e t b a c k  from 7 2 ' ~  t o  70°F). T h i s  would r e s u l t  

i n  a  s a v i n g  of  7% t o  10% i n  u n i t  consumption ove r  t h e  1972-2000 

p e r i o d  f o r  a l l  households .  S i n c e  t h e  b a s e  c a s e  does  n o t  assume 

any major changes  i n  l i f e s t y l e  o r  a l t e r a t i o n  of t h e  consumer ' s  

s t a n d a r d  of  l i v i n g ,  t h e  c o n s e r v a t i o n  impact i s  s i g n i f i c a n t l y  below 

i t s  f u l l  p o t e n t i a l .  

Housing mix: The p r e s e n t  hous ing  s t o c k  i n  t h e  r e g i o n  c o n s i s t s  

p redominant ly  of  s i n g l e - f a m i l y  homes. C u r r e n t  t r e n d s ,  however, 

a r e  toward v a r i o u s  forms of  m u l t i f a m i l y  hous ing  and mobi le  homes. 

T h i s  s h i f t  toward s m a l l e r  hous ing  u n i t s  t e n d s  t o  d e c r e a s e  energy  

r equ i r emen t s  f o r  space  h e a t i n g . '  

* 
I n c l u s i o n  of  energy  l o s s e s  a t  power p l a n t s  (assuming an ave rage  
e f f i c i e n c y  of  33%) would i n c r e a s e  t h e  o v e r a l l  annua l  growth r a t e ,  - 

to 0.6% between' 1972 and 1985 and 1.3~: between 1385 and 2000. 
However, t h e  i n c l u s i o n  of  such l o s s e s  i n  a  demand a n a l y s i s .  
seems i n a p p r o p r i a t e  because  i t  r a i s e s  t h e  i s s u e  o f  power p l a n t  
f u e l  o r  e f f i c i e n c y ,  which p r o p e r l y  be longs  i n  a  supp ly  a n a l y s i s , .  



- D e s p i t e  t h e  low o v e r a l l  growth r a t e  f o r  t h e  p r o j e c t i o n  p e r i o d ,  

ene rgy  use by  a i r  c o n d i t i o n i n g  and misce l l aneous  e l e c t r i c  a p p l i -  

ances  i s  p r o j e c t e d  t o  i n c r e a s e  a t  a  f a s t  r a t e ' o f  2.7% annua l ly  

between 1972 and 2000, i n  l i n e  w i t h  t h e  p r o j e c t e d  h i g h  . r a t e s  of  

growth i n  a i r - c o n d i t i o n i n g  and a p p l i a n c e  s a t u r a t i o n s .  

2 .  Commercial ~ n e r q y  Growth 

Energy use  i n  t h e  commercial s e c t o r  i s  expec ted  t o  i n c r e a s e  

a t  a  much f a s t e r  pace t h a n  i n  t h e  r e s i d e n t i a l  s e c t o r  w i t h  a  

p r o j e c t e d  annua l  growth r a t e  o'f 2.7% between 1972 and 1985 and 4.1% 

between 1985 and 2000. Th i s  i s  a  d i r e c t  consequence of t h e  
, . * 

i m p l i c i t  assumption i n  our  p r o j e c t i o n  b a s i s  t h a t  t h e  r e g i o n a l  

economy w i l l  become more s ' e rv i ce  o r i e n t e d .  The p r o j e c t i o n  b a s i s  

and methodology f o r  t h i s  s e c t o r  a r e  d i s c u s s e d  i n  S e c t i o n  111. 

From t h e  s t a n d p o i n t  of  end u s e ,  a l though space  h e a t i n g  w i l l  

con t inue  t o  b e  t h e  pr imary energy  use ,  i t s  r e l a t i v e  s h a r e  i n  t h e  

t o t a l  i s  expec ted  t o  d r o p  somewhat between 1972 and 2000. T h i s  

i s  due t o  t h e  h i g h  growth r a t e s  of energy  use  i n  l i g h t i n g  and 

a p p l i a n c e s  and i n  a i r  c o n d i t i o n i n g ,  w i t h  annual  growth r a t e s  of  

4 . 1  and 4.8% r e s p e c t i v e l y  from 1972 t o  t h e  y e a r  2000. The s h a r e  

O f  enerqy  use  by w a t e r  h e a t i n g  i s  expected t o  remain  at. t h e  pre- 

s e n t  l e v e l  o f  8% o f  t h e  commercial t o t a l .  

The p o t e n t i a l  f o r . ~ n e r q y  Conserva t ion  

The b a s e  c a s e  p r o j e c t i o n  d i s c u s s e d  above q u a n t i f i e s  t h e  

r e s i d e n t i a l  and commercial energy  demand by  end use  and f u e l  

t y p e  under t h e  c u r r e n t  energy  use  p a t t e r n s -  I n  t h i s  s e c t i o n ,  

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

commercial s e c t o r s  i s  summarized by  p r e s e n t i n g  t h e  energy  

demands e s t i m a t e d  under two d i f f e r e n t  conservat i0 .n  s c e n a r i o s .  

* 1 
OBERS p r o j e c t i o n s  show t h e  dominance o f  commercial a c t i v i t i e s  
( s e r v i c e s ,  t r a d e ,  f i n a n c e ,  government, e t c . )  i n  t h e  growth of  
t h e  r e g i o n a l  economy over  t h e  nex t  2 5  y e a r s .  



These s c e n a r i o s  assume d i f f e r e n t  implementat ion l e v e l s  of  t h e  

c o n s e r v a t i o n  measures inc luded  i n  t h e  b a s e  c a s e  ( s e e  S e c t i o n  IV). 

These l e v e l s  were developed t o  r e f l e c t  d i f f e r e n t  deg rees  of  change 
" .  

i n  government , po l i cy  and technology  wi thou t  e x p l i c i t  r e f e r e n c e  t o  

q u a n t i t a t i v e .  response  f u n c t i o n s  f o r  energy  demand. Arl . a n a l y s i s  

of  t h e  response  of  t h e  energy  consumer t o  pol , i&- o r  economic 

changes i s  d i f f i c u l t  t o  perform a t  t h e  r e g i o n a l  l e v e l  and i s  no t  

t h e  pr imary  i n t e n t i o n  of  t h i s  s t u d y .  

The growth r a t e s  shown i n  F i g u r e  1 i n d i c a t e  t h a t  i t  i s  p o s s i b l e ,  

w i th  some t e c h n o l o g i c a l  improvements and s l i g h t  a l t e r i n g  of l i f e -  

s t y l e ,  t o  reduce  energy  growth i n  t h e  combined r e s i d e n t i a l  and 

commercial s e c t o r s  from an annua l  r a t e  o f ' 1 .72% t o  a lmost  z e r o  

growth between 1972 and 2000 (0.3% i n  t h e  s t r o n g  c o n s e r v a t i o n  c a s e ) .  

Note t h a t  z e r o  energy  growth does n o t  mean z e r o  economic growth. 
1 

I n  t h i s  s t u d y ,  OBERS p r o j e c t i o n s  of  economic growth w e r e  used a s  

a  b a s i s  f o r  a l l  t h r e e  energy  demand s c e n a r i o s .  The 0.3% growth r a t e  

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

ene rgy  demand of  32% from t h a t  c a l c u l a t e d  i n  t h e  b a s e  c a s e .  The 

moderate c o n s e r v a t i o n  c a s e  would reduce  t h e  annual  growth t o  1.1% 

and t h e  t o t a l  energy  demand i n  2000 by 16% from t h e  b a s e  c a s e  

p r o j e c t i o n .  It might b e  noted t h a t ,  on t h e  ave rage ,  r e s i d e n t i a l  

and commercial demand i n  t h e  U.S. h a s  been fo l lowing  a  t r e n d  

s i n c e  1973 t h a t  i s  c l o s e  t o  t h e  moderate c o n s e r v a t i o n  c a s e .  Tab le s  

5 t o  8 p r e s e n t  t h e  energy  demand by f u e l  t y p e  f o r  t h e  t h r e e  c a s e s  

i n  t h e  sub reg ions  and' t h e  e n t i r e  Nor theas t .  



ANNUAL GROWTH RATES ,,(O/o) 

1972- 1985 1985-2000 

BASE CASE 1 . 1  2.3 
MODERATE 

7 CONSERVATION 0.2 1.8 
STRONG CONSERVATION - I .  I 1.6 

BASE CASE. 
7 

. . 

MODERATE 
CONSERVATION 

STRONG 
CONSERVATION 

- 

YEAR 

Figure  1. Energy growth i n  t h e  r e s i d e n t i a l  and 
commercial s e c t o r  (1972-2000) - base  c a s e  and 
conservat ion scenar ios .  



TABLE 5 

1 2  
SUMMARY OF NEW ENGLAND RESIDENTIAL AND COMMERCIAL ENERGY DEMANDS ( 1 0  ~ t u )  

BY FUEL TYPE, 1 9 8 5  and  2 0 0 0  

1 9 8 5  2000  
B a s e  C o n s e r v a t i o n  C a s e s  B a s e  c o n s e r v a t i o n  C a s e s  

Case M o d e r a t e  S t r o n q  Case M o d e r a t e  S t r o n q  

RESIDENTIAL 

O i l  5 1 3  4 7 7  3 6 3  4 8 9  4 2 4  297 

G a s  

E l e c t r i c i t y  

S o l a r  

TOTAL 

COMMERCIAL 

O i l  

G a s  

E l e c t r i c i t y  

S o l a r  

TOTAL 5 9 3  4 9 0  4 2 6  1 0 8 7  8 2  1 6 6 9  

TABLE 6 1 

SUMMARY OF NEW YORK RESIDENTIAL AND COMMERCIAL ENERGY DEMAN~)s (lo1' ~ t u )  
BY FUEL TYPE. 1 9 8 5  a n d  2000  

1 9 8 5  
B a s e  C o n s e r v a t i o n  C a s e s  
C a s e  M o d e r a t e  S t  r o n q  

RESTnENTTAT, 
O i l  5 4 9  514 3 9 9  

G a s  344  3 1 1  2 4 8  

E l e c t r i c i t y  1 9 2  181 1 6 2  

S o l a r  - - 9 

TOTAL 1 0 8 5  1 0 0 6  818 

2 0 0 0 '  
B a s e  C o n s e r v a t i o n  C a s e s  
Case M o d e r a t e  S t r o n q  

COMMERCIAL 
O i  1 4 7 7  3 9 6  344  8 6 0  6 3 0  4 6 1  

G a s  9 9 82  7 1 109 74 54'  

E l e c t r i c i t y  2 2 8  1 8 9  1 6 4  4 8 3  3 54 2 5 9  

S o l a r  - - - - 6 8  1 0 6  

TOTAL 8 0 4  667  5 7 9  1 4 5 2  1 1 2 6  8 8 0  



TABLE 7 

12 SUMMARY OF REGION I11 RESIDENTIAL AND COMMERCIAL ENERGY DEMANDS ( L O  Btu) 
BY FUEL TYPE, 1985 and 2000 

RESIDENTIAL 
011' 

Gas , 

E l e c t r i c i t y  

S o l a r  

TOTAL 

1985 
Base Conservat ion  Cases-  
Case - Moderate S t r o n q  

COMMERCIAL 

Oi 1 546 

Gas 220 

E l e c t r i c i t y  280 

S o l a r  - 

2000 
Base Conservat ion  Cases 
Case Moderate S t r o n q  

TOTAL 1046 864 748 1937 1489 1180 

*New J e r s e y ,  Pennsylvania ,  Delaware,  Maryland and D.C. 

TABLE 8 

SUMMARY OF NORTHEAST REGION RESIDENTIAL AND COMMERCIAL ENERGY DEMANDS ( l O l d ~ t u )  
BY FUEL TYPE, 1985 and 2000 

1985 
R a s c  Cnn~ervatinn Casmfl 
Case Moderate S t r o n q  

RESIDENTIAL 

O i l  1652 1542 1204 

Gas 1073 99 3 809 

E l e c t r i c i t y  64 1 607. 543 

Oolar  - 3 6 

TOTAL 3366 . 3142 2581 

2000 
Ra R A  Conservation Cases 
Case - Moderate S t r o n q  

COMMERCIAL 

O i l  144 3 1194 1037 2691 1971 1459 

Gas. . 368 305 2 64 . 370 27 2 199 

E l e c t r i c i t y  630 521 452 1374 1006 742 

S o l a r  . - - - - . 207 438 

TOTAL 2441 2020 ' ' 1753 4435 3456 2838 



11. RESIDENTIAL ENERGY DEMAND PROJECTIONS 

A .  Methodoloqy 

The r e s i d e n t i a l  energy  demand p r o j e c t i o n s  a r e  de te rmined  by  

t h e  prime energy  consuming u n i t ,  t h e  household.  The number of 

households  f o r  t h e  f u t u r e  r e f e r e n c e  y e a r s  i s  d e r i v e d  from two 

pr imary  f a c t o r s :  p o p u l a t i o n  and f a m i l y  s i z e .  T h e i r  r e l a t i o n s h i p  

i s  g i v e n  by: 

P r o j e c t e d  households  = p r o j e c t e d  p o p u l a t i o n  I p e r s o n s  p e r  
household 

Housing t y p e ,  s a t u r a t i o n  of  u t i l i z i n g  d e v i c e s ,  and u n i t  

demand by end use  a r e  a l s o  i nc luded  i n  e s t a b l i s h i n g  t h e  energy  

p r o j e c t i o n s .  Housing i s  c l a s s i f i e d  i n t o  s i n g l e - f a m i l y  d e t a c h e d ,  

low-dens i ty ,  l o w - r i s e ,  and h i g h - r i s e  u n i t s ,  and mobi le  homes. 

~ n d - u s ;  s a t u r a t i o n  i s  c a t e g o r i z e d  by  space  h e a t i n g ,  w a t e r  h e a t i n g ,  

a i r  c o n d i t i o n i n g ,  cooking ,  and l i g h t i n g  and mi sce l l aneous  a p p l i -  

ances .  The c a l c u l a t i o n  of annua l  ene rgy  demand i n v o l v e s  m u l t i -  

p l y i n g  t h e  t o t a l  number of  hous ing  u n i t s  hav ing  each  end u s e  by  

t h e  annua l  u n i t  demand developed i n  t h i s  s t u d y .  F i g u r e  2  i s  a  

schemat ic  r e p r e s e n t a t i o n  of  t h e  i n p u t s  and methodology used i n  

p r o j e c t i n g  r e s i d e n t i a l  energy  demand. 

B.  R e s i d e n t i a l  I n v e n t o r y  and P r o j e c t i o n s  

1. Base-Year (1972  I n v e n t o r y  The hous ing  i n v e n t o r y  f o r  

1972 was e s c a l a t e d  from t h a t  g i v e n  i n  t h e  1970 Census of  Housing 
3 

by  u s i n g  t h e  ave rage  y e a r l y  growth r a t e  between 1960 and 1970 

g i v e n  i n  t h e  1972 U.S. S t a t i s t i c a l  ~ b s t r a c t . ~  These d a t e  were 
* 

t h e n  c a t e g o r i z e d  i n t o  f o u r  hous ing  t y p e s  : 
. . * 

The 1970 hous ing  mix was assumed i n  c a t e g o r i z i n g  t h e  1972 
hous ing  t y p e s .  A f i f t h  t y p e ,  t h e  mobi le  home, i s  i n t roduced  
i n  f u t u r e  y e a r s  a s  it becomes more s i g n i f i c a n t  i n  number. 



DEVELOP BASE YE.4R 
HOUSING STOCK BY 
T Y P E  (STRUCTURE, 

CALCULATE NET 

REMOVALS BY TYPE 

FORECASE TOTAL 
HOUSING FOR THE 
PROJECTED YEAR 

CALCULATE TOTAL NEW 
HOUSING U N I T S  
REQUIRED OVER THE 

CALCULATE NEW 
CONSTRUCTION BY 
T Y P E  OVER THE 

P R O J E C T  D I S T R I B U -  
T I O N  O F  FUEL U S E  

t 
DEVELOP TOTAL HOUSING STOCK BY 
STRUCTURE AND F U E L  T Y P E  FOR THE 
P R O J E C T E D  YEAR 

SATURATION BY END USE .4ND 
HOUSING T Y P E  FOR T H E  

PRO.TECT TOTAT. 

ENERGY DEMAND BY 
ENll IlSE 

F i g u r e  2 .  Schematic  d e s c r i p t i o n  of methodology 
f o r  p r o j e c t i n g  f u t u r e  r e s i d e n t i a l  energy demand. 



Sing le - f ami ly  - one-uni t  de t ached  s t r u c t u r e s  

Low-density - one-uni t  a t t a c h e d  s t r u c t u r e s  and 2  t o  4 

u n i t  s t r u c t u r e s  

Low-rise - s t r u c t u r e s  w i t h  5  t o  19  hous ing  u n i t s  

H igh - r i s e  - s t r u c t u r e s  w i t h  20 o r  more u n i t s  

Tab le  9 p r e s e n t s  t h e  base-year  hous ing  s t o c k  by  t y p e  and f u e l  

mix by  end use .  

2 .  P o p u l a t i o n  and Households.  A s  a l r e a d y  s t a t e d ,  p r o j e c t i o n s  

of  t h e  t o t a l  hous ing  s t o c k  a r e  based  o n ' t h e  p r o j e c t e d  p o p u l a t i o n  

and pe r sons  p e r  household.  They a r e  t h e r e f o r e  long-term hous ing  

demand p r o j e c t i o n s  and a r e  independent  o f  sho r t - t e rm  f l u c t u a t i o n s  

o f  new hous ing  c o n s t r u c t i o n  r a t e s .  The p o p u l a t i o n . f i g u r e s  f o r  

1985 and 2000 w e r e  t a k e n  from t h e  Bureau o f ' t h e  Census S e r i e s  E -. 
1 

p o p u l a t i o n  p r o j e c t i o n  and a r e . p r e s e n t e d  i n  Table  10.  

E s t i m a t e s  of t h e  average  number o f  pe r sons  p e r  household 

f o r  t h e  f u t u r e  r e f e r e n c e  y e a r s  w e r e  based  on t h e  h i s t o r i c a l  

t r e n d  i n  t h e  t h r e e  s u b r e g i o n s .  The s i g n i f i c a n t  d e c l i n e  shown f o r  

t h e  f u t u r e  i s  due t o  t h e  e f f e c t s  o f  a  long-term reduced b i r t h  

r a t e .  Tab le  11 shows p r o j e c t e d  household s i z e  by  r e g i o n  and t h e  

n a t i o n  a s  a  whole.  

3 .  198.5 and 2000 Inven to ry .  The d i s a g g r e g a t i o n  of  t o t a l  

p r o j e c t e d  households  i n t o  hous ing  u n i t s  by s t r u c t u r e  t y p e  ( i n d i -  

c a t e d  by s u b s c r i p t  K) i s  based  on 

where 

HEK = hous ing  s t o c k  a t  end of  p r o j e c t i o n  p e r i o d ,  

HBK = hous ing  s t o c k  a t  beg inn ing  of  p r o j e c t i o n  . 

p e r i o d  

C~ 
= number of  new u n i t s  c o n s t r u c t e d  d u r i n g  

p r o j e c t i o n  p e r i o d ,  and 



TABLE 9 

I S i n g l e - f a m i l y  
d e t a c h e d  
Low d e n s i t y  
Low r i s e  
High r i s e  

I I S i n g l e - f a m i l y  
d e t a c h e d  

Low d e n s i t y  
Low r i s e  
High r i s e  

I11 S i n g l e - f a m i l y  
deLdulted 

Low d e n s i t y  
Low r i c e  
nigh r i m  

SLWlMARY OF RESIDENTIAL E m  USE BY HOUSING TYPE AND FUEL. 19723 
(10' h o u s e h o l d s )  

S ~ a c e  h e a t i n q  w a t e r  h e a t i n q  Cook ina  

Q= E l e c t r i c i t y  Other rn E l e c t r i c i t y  Q= rn E l e c t r i c i t y  

TABLE 1 0  

POPULRTION BY REGION' 

(Thousands)  

Reqion - 1972 1985  - 2000 - 
I 1 2 . 1 0 5 . 0  1 3 , 5 2 8 . 3  15 , ' 226 .3  

I I 1 8 , 3 6 7 . 0  2 0 , 1 3 2 . 9  . 22 ,438 .4  

I11 24 ,625 .0  2 7 , 7 9 1 . 3  31 ,164 .7  

T o t a l  N o r t h e a s t  55 .097 .0  61 .452 .5  68 .829 .4  

HISTORICAL AND PROJECTED~ 

Reqion 1 9 5 0  1 9 6 0  1970  1972 1985  2000 - - - - - -  
I 3 .56  3 .37  3 .25  3 . 2 3  3 . 0 3 ~  2 . 8 0 ~  

I I J .42  3.20 3.09 3.U3 2 . 8 0 ~  2 . 5 . ~ ~  

I11 3 . 5 3  3 .39  3 .35  3 .17  2.96a 2 . 7 0 ~  

V.S. 3.37 3 .33  3 . 1 4  3 .06  2.95b 2 . 6 ~ ~  

A i r  c o n d i t i o n i n q  

E l e c t r i c i t y  

%ased  o n  t h e  a v e r a g e  r e d u c t i o n  r a t e  be tween  1950  and 1970.  

b ~ o r d  Pounda t  i o n  p r o j e c t i o n .  ' 



R~ 
= n e t  removals from hous ing  s t o c k  d u r i n g  p r o j e c t i o n  

p e r i o d .  

The n e t  removal r a t e s  w e r e  t aken  from a  P r o j e c t  Independence 

Task Force  8epor t . '  These r a t e s  have been developed by A.D: ' 

L i t t l e ,  I n c . ,  from t h e  Nor theas t  r e g i o n a l  d a t a  on hous ing  i n v e n t o r y  

change from 1950 t o  1960 and 1960 t o  1970. The n e t  removal r a t e s  

have been  examined w i t h  r e s p e c t  t o  t h e  impl ied  l i f e  of  each  type 

of  s t r u c t u r e  and t h e  g e n e r a l  age  c h a r a c t e r i s t i c s  o f  t h e  r ' e g i o n ' s  

hous ing  inven to ry .  These r a t e s  were a p p l i e d  t o  t h e  base -yea r .  

hous ing  s t o c k  t o  g e n e r a t e  t h e  n e t  removals by s t r u c t u r e , , t y p e  f o r  
. . 

t h e  r eg ion .  

The agg rega te  new c o n s t r u c t i o n  i n  t h e  r e g i o n  over  t h e  p r o j e c t i o n  

p e r i o d  was ob ta ined  by s u b t r a c t i n g  t h e  base-year  i n v e n t o r y  ( l e s s  
. . . . 

removals)  from t h e  t o t a l  p r o j e c t e d  households  a t  t h e  end of  t h e  
. . 

p e r i o d .  T o t a l  new c o n s t r u c t i o n  was d i s t r i b u t e d  among s t r u c t u r e  . . . 

t y p e s  on t h e  b a s i s  of  t h e  d i s t r i b u t i o n  of  new u n i t s  p r o j e c t e d  . . i n  
'. . 

r e f .  6.  The d i s t r i b u t i o n  i m p l i e s  t h a t  t h e  c o n s t r u c t i o n  t r e n d  i s  

s h i f t i n g  from s i n g l e - f a m i l y  s t r u c t u r e s  t o  v a r i o u s  forms o f '  m u l t i -  
. . 

f ami ly  hous ing  and i n c r e a s i n g  numbers o f  mobi le  homes. The new " 

u n i t s  by s t r u c t u r e  t y p e  (C ) ,  p l u s  t h e  base-year   inventory''.''(^^ ') , 
K K 

less t h e  removals (RK),  e q u a l  t h e  p r o j e c t e d  i n v e n t o r y  (HE '1 .  ;able  
K 

12 p r e s e n t s  t h e  hous ing  i n v e n t o r y  by t y p e  and r e g i o n  based on t h e s e  

c a l c u l a t i o n s .  
2 '  

I . I  

C. Uni t  Demand and S a t u r a t i o n  by End U s e  

I n  g e n e r a l ,  u n i t  demands a r e  a  f u n c t i o n  of  b u i l d i n g  t y p e ,  

l o c a t i o n ,  f u e l  t y p e ,  and end-use e f f i c i e n c y .  For space  h e a t i n g ,  . . 

u n i t  demands f o r  e x i s t i n g  hous ing  u n i t s  ( b u i l d i n g s  e x i s t . i n g , . i n  

1972) were d e r i v e d  from t h e  average  u n i t  demands i n  ref . .  6  based . . . 

on v a l u e s  of  h e a t i n g  deg ree  day and average  house s i z e . .  U n i t .  . . . . .  

demands f o r  new hous ing  u n i t s  were d e r i v e d  i n  a BNL r e p ~ r t . . ~ . .  . .  . U n i t .  . 

demands f o r  wa te r  h e a t i n g ,  a i r  c o n d i t i o n i n g ,  and l i g h t i n g  and 



TABLE 12 

RESIDEmIAL INVEhTORY (lo3 housing units) 

REGION I 
Single-f amily 
Low-density 
Low-rise 
High-rise 
nobile home 

REGION I1 
Single-family 
Low-density 
Low-rise 
High-rise 
nobile home 

REGION I11 
(Single-family 

Ny-deng i fy  
Low-rise 
High-rise 
nobile home 

NORTHEAST REGION 
Single-family 
Low-density 
Low-rise 
High-rise 
Mobile home 

1972 
Inventory 

3,740 
2,023 
1.140 

368 
148 
61 

6,057 
2.272 
1,434 

777 
1.497 

77 

7.781 

New 
construction 
(1972-85). 

1,440 
670 
344 
192 
46 
188 

2,385 
753 
432 
406 

Removals 
11972-85). 

715 - 
221 
326 
91 
37 
40 

1975 
Inventory 

4.465 
2.472 
1,158 
469 
157 
209 

7,190 
2.777 
1.474 
991 

New 
construction 
U975-20001 

1.952 
1,040 

420 
232 
60 

200 

3,510 

Removals 
(1975-2000) 

979 

2000 
Inventory 

5,438 

miscellaneous appliances were obtained from r e f s .  2 and 6.  Table 

13 shows the average annual un i t  demand by end use and fue l  type 

fo r  the  exis t ing  housing uni t s .  U n i t  demands f o r  r e t r o f i t t e d  homes 

and new construction can be found i n  Appendix A. 

Saturation r a t e s  for  space heating, water heating, and cooking 

were assumed t o  be uni ty f o r  a l l  reference years. The saturat ion 

i s  defined as  the f rac t ion  of the  potent ia l  demand for  a  pa r t i cu la r  

energy use t h a t  i s  ac tua l ly  being f u l f i l l e d  a t  a  given time. For 

example, i f  95% of a l l  households have re f r ige ra to r s  and the poten- 

t i a l  demand for  r e f r ige ra to r s  i s  taken t o  be one per house, the 

saturat ion i s  0.95. For a i r  conditioning and miscellaneous e l e c t r i c  

appliances, sa tura t ion  r a t e s  were derived from a  census of housing 
8 

and saturat ion growth r a t e s  given i n  r e f .  6. For most appliances, 

thc saturat ion i s  cxpcctcd t o  incrcacc oignif icant ly.  However, 

u n i t  demand for  some of these appliances i s  projected t o  decrease 

somewhat because of design improvements. Table 14 summarizes the 

saturat ion r a t e s  and un i t  demands for  l ight ing  and miscellaneous 

appliances. 



E n d  use H o u s i n q  t v p e  

S p a c e  h e a t i n g  S i n g l e - f a m i l y  
d e t a c h e d  

Low d e n s i t y  
Low r ise 
H i g h  r ise 

W a t e r  h e a t i n g  S i n g l e - f a m i l y  
d e t a c h e d  

Low d e n s i t y  
. Low r i s e  

H i g h  r ise 

C o o k i n g  S i n g l e - f a m i l y  
d e t a c h e d  

Low d e n s i t y  
Low r ise 
H i g h  r i s e  

A i r  c o n d i -  
t i o n i n g  Room 

C e n t r a l  

TABLE 1 3  

ANNUAL UNIT DEMAND l o 6  8 t u  FOR RESIDENTIAL END USES EXCEPT 
LIGHTING A d  MISCELkNEOUS APPLIANCES, 1 ~ 7 2 ~ -  

G a s  O i l  E l e c t r i c i t v  
R e q i o n  I R e s i o n  11 R e s i o n  I11 R e q i o n  L R e a i o n  I1 R e a i o n  111 R e a i o n  I ~eqion. R e q i o n  111 

TABLE 1 4  

ANNUAL UNIT DEMAND AND SATURATION FOR 
LIGHTING AND MISCELLANEOUS ELECTRIC A P P L I A N C E S ~ ' ~ ' ~  

S a t u r a t i o n  U n i t  Demand ( l o 6  B t u L  
End-Use D e v i c e  1 9 7 2  1 9 8 5  2 0 0 0  1 9 7 2  1 9 8 5  2 0 0 0  - - - - - -  
L i g h t i n g  

D i s h w a s h e r  

w a s h i n g  m a c h i n e  

D r y e r  

C o l o r  TV 

BhW TV 

F r e e z e r  

R e f r i g e r a t o r  , 
M i s c .  s m a l l  

a p p l i a n c o o  

A v e r a g e  



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



111. COMMERCIAL ENERGY DEMAND PROJECTIONS \ 

A .  Methodoloqy 

The commercial s e c t o r  a s  d e f i n e d  i n  t h i s  s t u d y  i s  an agglomer- 

a t i o n  of  d i v e r s e  a c t i v i t i e s  i n c l u d i n g  who le sa l e  and r e t a i l  t r a d e ,  

f i n a n c e  and i n s u r a n c e ,  s e r v i c e s ,  s c h o o l s ,  h o s p i t a l s ,  c u l t u r a l  and 

r e c r e a t i o n a l  e s t a b l i s h m e n t s ,  and government i n s t i t u t i o n s .  The , 

b a s i c  approach used t o  p r o j e c t  t h e  d i s a g g r e g a t e d  energy  demand 

f o r  f u t u r e  r e f e r e n c e  years i  i s  s i m i l a r  t o  t h a t  used i n  t h e  r e s i d e n -  

t i a l  a r e a ,  F i r s t ,  t h e  f l o o r - s p a c e  i n v e n t o r i e s  a s s o c i a t e d  w i t h  t h e  

commercial a c t i v i t i e s  l i s t e d  above a r e  f o r e c a s t  b y .  b u i l d i n g  type: 

The b u i l d i n g  c a t e g o r i e s  i n c l u d e  o f f i c e s ,  r e t a i l  e s t a b l i s h m e n t s ,  

s c h o o l s ,  h o s p i t a l s ,  and m i s c e l l a n e o u s  b u i l d i n g s . *  Then 

t h e  end-use demand p e r  u n i t  a r e a  i s  d-eveloped by  b u i l d i n g  t y p e .  

The d i s a g g r e g a t e d  energy  dema.nds are t h e  p roduc t  o f  t h e s e  two 

f a c t o r s .  F igu re ,  3 i s  a  s chema t i c  r e p r e s e n t a t i o n  of  t h e  methodology 

used.  

B. Commercial I n v e n t o r y  P r o j e c t i o n s  

1, Base-Year Inven to ry .  s i n c e  few h i s t o r i c a l  and c u r r e n t  

r e g i o n a l  d a t a  have been  pub l i shed  on commercial  f l o o r  s p a c e ,  t h e  

1972 commercial  i n v e n t o r y  was deveAoped by r . e g i o n a l i z i n g  a  n a t i o n a l  

i n v e n t o r y  developed i n  r e f .  6. The o f f i c e  bu i ' l d ing  i n v e n t o r y  was 

r e g i o n a l i z e d  by u s i n g  t o t a l  number o f  employees i n  s e r v i c e s ,  

f i n a n c e ,  i n s u r a n c e ,  r e a l  e s t a t e ,  and government.  Regiona l  d i s -  

t r i b u t i o n  of  r e t a i l  i n v e n t o r y  was based  on employment i n  who le sa l e  

and r e t a i l  t r a d e .  Schoo l  i n v e n t o r y  was d i s t r i b u t e d  acco rd ing  t o  

* 
Misce l l aneous  b u i l d i n g s  i n c l u d e  pas senge r  and f r e i g h t  t e r m i n a l  
b u i l d i n g s ,  r e l i g i o u s  b u i l d i n g s ,  s o c i a l  and r e c r e a t i o n a l  b u i l d i n g s ,  . , 

e t c .  



DEVELOP BASE YEAR FLOOR SPACE INVENTORY 1 
1 

I D E N T I F Y  KEY VARIABLES AFFECTION HISTORICAL 
GROWTH OF COMMERCIAL FLOOR SPACE 

BUILDING TYPE KEY VARIABLE 

O F F I C E  BUILDING EMPLOYMENT I N  S E R V I C E S  AND 
GOVT., REAL PERSONAL INCOME 

R E T A I L  EMPLOYMENT AND EARNINGS I N  
ESTABLISHMENT WHOLESALE AND R E T A I L  TRADES 

I SCHOOLS SCHOOL AGE POPULATION I 
H O S P I T A L S  # OF H O S P I T A L  BEDS, POPULATION 

1 MISC. POPULATION, TIME TREND I 
1 

LFORECASTING NEW COMMERCIAL BUILDING CONSTRUCTION ( 
t 

FORECASTING NET REMOVAL RATES BASED ON H I S T O R I C A L  
R E S I D E N T I A L  REMOVAL RATES 

I 

DEVELOP U N I T  ENERGY DEMAND BY BUILDING 
, T Y P E  FOR VARIOUS USES 

1 
ESTIMATE FUTURE FUEL MIX FOR END USES 

CALCULATE ENERGY DEMAND 
BY BUILDING TYPE FOR END 

TYPE FOR THE PROJECTED YEAR 

--I--- 
Figure  3 .  Schematic d e s c r i p t i o n  of methodology 
f o r  p r o j  e c t i n g  f u t u r e  commercial ,energy demand. 



school-age p o p u l a t i o n ,  h o s p i t a l s  by number of h o s p i t a l .  beds ,  and 

misce l l aneous  b u i l d i n g s  by t o t a l  p o p u l a t i o n  i n  t h e  region. '  

2. Commercial F l o o r  Space P r o i e c t i o n s .  Accura te  p r o j e c t i o n s  

of  commercial f l o o r  space  on t h e  r e g i o n a l  l e v e l  a r e  d i f f i c u l t  

t o  make s i n c e  t h e r e  i s  l i t t l e  i n fo rma t ion  on f u t u r e  comm&rcial 

b u i l d i n g  c o n s t r u c t i o n .  The method used h e r e  t o  f o r e c a s t  commercial 

i n v e n t o r y  i n v o l v e s  f o u r  b a s i c  s t e p s :  (1) F o r e c a s t  new c o n s t r u c t i o n  

by b u i l d i n g  t y p e  on t h e  n a t i o n a l  l e v e l  f o r  t h e  p e r i o d s  1972-1985 and 

1985-2000, (2 )  r e g i o n a l i z e  new c o n s t r u c t i o n  .es t imated  i n  (1) , / 

( 3 )  f o r e c a s t  r e g i o n a l  removal r a t e s  f o r  t h e  same p e r i o d ,  and ( 4 )  

c a l c u l a t e  t h e  t o t a l  i n v e n t o r y  b y  b u i l d i n g  t y p e  f o r  t h e  f u t u r e  

r e f e r e n c e  y e a r s .  

I n  t h e  a b s e n c e , o f  a  r e g i o n a l  model, n a t i o n a l  e s t i m a t e s  of 

commercial f l o o r  space  w e r e  d e r i v e d  on t h e  b a s i s  of  t h e  r e g r e s s i o n  

a n a l y s i s  p r e s e n t e d  i n  r e f .  6. The n e t  a d d i t i o n  o f  commercial f l o o r -  

space  i n  one yea r  over  a  p rev ious  y e a r ' s  i n v e n t o r y  i s  

- - 
Nn+ 1 'n+ I. - s ~ R ~ ~  

where 

= new c o n s t r u c t i o n  i n  y e a r  n+ l ;  S = t o t a l  
'n+l n  

i n v e n t o r y  i n  y e a r  n ,  and R = d e m o l i t i o n  r a t e  in '  yea r  n. The 
n  

inven to ry  i n  yea r  n + l  i s  S = S  
n+ 1 + Nn+l 

. S u b s t i t u t i n g ,  w e  n  
have 

where S i s  t h e  base-year inver l tory.  
0 



, 

I n  p r o j e c t i n g  new c o n s t r u c t i o n  i n  t h e  y e a r s  1985 and 2000, 

r e a l  p e r s o n a l  income v a l u e s  and p o p u l a t i o n  from t h e  OBERS p ro j ec -  
1 

t i o n  were used. Yea r ly  new c o n s t r u c t i o n  between 1972 and f u t u r e  

r e f e r e n c e  y e a r s  was d e r i v e d  by assuming l i n e a r  growth i n  new 

c o n s t r u c t i o n  between p r o j e c t i o n  peri 'ods.  The cumula t ive  t o t a l  

of  new f l o o r  space  by b u i l d i n g  t y p e  i s  summarized in .Tab le  15.  

A s  w i t h  t h e  base-year  i n v e n t o r y ,  new c o n s t r u c t i o n  was 

r e g i o n a l i z e d  by a p p o r t i o n i n g  t h e  t o t a l  acco rd ing  t o  r e g i o n a l  

p e r s o n a l  income f o r e c a s t s ,  e a r n i n g s  i n  who le sa l e  and r e t a i l  t r a d e  
1 

from OBERS p r o j e c t i o n s ,  a n d ' t h e  Bureau o f ' t h e  Census S e r i e s  E 
1 

p o p u l a t i o n  p r o j e c t i o n .  

TABLE 1 5  

NEW COMMERCIAL FLOORSPACE CONSTRUCTION -.~ 

( l o 6  1 ~ ~ )  ii" the  U.6. 

B u i l d i n s  t v ~ e  1 9 7 2 - 1 9 8 5  1 9 8 5 - 2 0 0 0  

Of  £ i c e  3 , 9 8 4  

R e t a i l  5 , 7 4 0  

S c h o o l  3 , 2 3 4  

H o s p i t a l  1 , 1 3 2  

~ i s c e i i a n e o u s  4 ,445  

F o r e c a s t i n g  removals from the coiili'i~crcial inventory i s  d . i . f f i c u l t  

because  of  t h e  l a c k  of  d a t a  on c u r r e n t  and h i s t o r i c a l  removal rates 

and t h e  age  d i s t r i b u t i o n  o f  t h e  b u i l d i n g s .  I n  t h i s  r e p o r t ,  we 

have used t h e  r e g i o n a l  removal r a t e s  e s t i m a t e d  i n  r e f .  6 ,  which were 

assumed t o  be the sdlile as residential removal rates  in the r eg ion  

fnr t h e  1960-1970 pe r iod .  

~ h c  b a s e ~ y e a r  i n v e n t o r y  and t h e  r e s u l t s  of t h e  f o r e c a s t  a r e  

summarized i n  Tab le  16.  



TABLE 16 

I Off ice 
Retail 
School 
Hospital 
Miscellaneous 

I1 Off ice 
Retail 
School 
Hospital 

. Miscellaneous 

I11 Off ice 
Retail 
School 
Hospital 
Miscellaneous 

OR PACE INVENTORY 9 4  
(10 ft ) 

New New 
Construction Removals Construction 

1972-85 1972-85 - 1985 1985-2000 

gortheast Office 1134 1160 126 2168 2497 
Retail 1293 1538 141 2690 3667 
School 1358 821 150 2029 973 
HDspital 537 296 60 773 441 
Miscellaneous 2115 1164 2 34 3045 2266 

Removals 
1985-2000 

. . 31 . . 
35 
3 6 
15 
59 . 

' 53 
57 
58 
25 
90 

61 
6 9 
80 

28 . 
121 

C .  Uni t  Demand by End Use 
L 

The u n i t  demands ( ~ t u / f t  ) i n  t h i s  s e c t o r  w e r e  o r i g i n a l l y  

d e r i v e d  i n  r e f .  6 . f o r  t h e  Nor theas t  and were based  on s p e c i f i c  

assumptions about  t h e  b u i l d i n g  d e s i g n  and energy  system c h a r a c t e r -  
* 

i s t i c s .  They a r e  probably  b e s t  regarded a's p r o t o t y p i c a l ,  n o t  

ave rage ,  va lues .  P r o j e c t i o n s  based on t h e s e  u n i t  demands a r e  f a r  

less c e r t a i n  t h a n  t h o s e  i n  t h e  r e s i d e n t i a l  s e c t o r  because  of t h e  

wide v a r i a n c e  i n  energy  consumption p e r  squa re  f o o t  between 

s i m i l a r  b u i l d i n g s  w i t h  comparable u t i l i z i n g  d e v i c e s .  However, 

i n  e s t a b l i s h i n g  t h e  1972 commercial energy  consumption i n  t h e  

r e g i o n ,  t h e s e  u n i t  demands have produced r e s u l t s  t h a t  a r e  i n  
2  

e x c e l l e n t  .agreement w i t h  o t h e r  independent ly  r e p o r t e d  d a t a .  T h i s  

h a s  l e d ' t o  t h e  conc lus ion  t h a t  t h e y  a r e  r e p r e s e n t a t i v e  of  t h e  

c o n s t r u c t i o n  and d e s i g n  s t anda rd  w i t h i n  each r e g i o n .  Table  17 

shows the  u n i t  dcmaiids by e r ~ d  use f o r  1972 coiiiiiiercial b u i l d i n g s .  

I n  f o r e c a s t i n g  t h e  f u t u r e  energy  demand, some o f  these f i g l ~ r e s  

have been reduced t,o r e f l e c t  c o n s e r v a t i o n  impacts .  These reduc- 

t i o n s ,  wh i l e  s i g n i f i c a n t ,  irnply no major changes i n  technology  

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

i n  Sectj o n  I V .  



TABLE 17 

1972 COMMERCIAL UNIT DEMAND ( l o 6  Btu) BY END USE. NORTHEAST REGION' 

L iqh t inq  and 
Space  h e a t i n q  A i r  c o n d i t i o n i n q  - Misce l l aneous  Appl iances  

Reqion p u i l d i n q  t v ~ e  Qg E l e c t r i c i t y  E l e c t r i c i t y  Q= E l e c t r i c i t y  

\ 
I Off i c e  310 313 165 345 9.6 16.0  

R e t a i l  172 174 92 1 9 1  10.8  17.9 
Schoo l  275 278 146 306 8 . 5  1 4 . 1  
H o s p i t a l  333 336 176 370 12.0  20.0 
Othe r  172 174 9 2 1 9 1  10.8  17.9 

. I1 Off i c e  267 270 142 297 12.2 20.3 
R e t a i l  148 150 79 165 13.6 22.7 
School  237 240 126 264 10.7 17.9 
H o s p i t a l  287 290 152 319 15.2 25.4 
Othe r  148 150 79 165  13.6 22.7 

111 Off i c e  249 252 133 277 13.7 22.8 31.6 
R e t a i l  138 ' 140 74 154 15.3 25.5 34.0 
School  . 221 224 118 247 12.0  20.1  27.2 . . H o s p i t a l  268 271 142 2 98 17 .1  28.6 71.3  
Other  138  140 74 154 15 .3  25.5 31.6 

* 
The v a l u e s  of  u n i t  demands were a d j u s t e d  f o r  t h e  t h r e e  Nor theas t  
sub reg ions  on t h e  b a s i s  of t h e . a v e r a g e  annua l  h e a t i n g  deg ree  
days  i n  each  a r e a .  Populat ion-weighted annua l  h e a t i n g  deg ree  days 
were e s t i m a t e d  a t  6320 f o r  Region I ,  5480 f o r  ~ e g i o n  11, and 5090 
f o r  ~ e g i o n  111. 



IV. ENERGY IMPACTS OF CONSERVATION MEASURES 

Section I demonstrated the significance of conservation measures 

in reducing the region's energy demand in the residential and commer- 

cial sectors. The purpose of this Section is to evaluate the conser- 

vation measures included in this study9 and to provide a detailed 

description of the three levels of implementation of each measure on 

which the three scenarios--the base case, the moderate conservation 

case, and the strong conservation case--were constructed. 

A. Conservation and Demand Projection 

1. Base Case. The energy demands for the base case were calcu- 

lated under the assumption of no major technological, price, or 

government policy changes. Some conservation measures were included 

because current market forces alone are expected to bring about their 

implementation, although certain market imperfections are assumed to 

remain. This means that gradual improvements in efficiency can be 

expected for most elements of the energy system in new construction 

and some reduction in unit energy demand for existing structures. 

It is assumed that some existing structures will be retrofitted with 

better insulation and that their heating units will receive better 

maintenance. All buildings are assumed to be operated in a less 

energy intensive fashion; e-g., residences will have their thermostats 
6 o set back from 72 F to 70 F for heating. The fuel mix for the resi- 

dential sector was estimated on the basis of the fuel mix in existing 

housing units and the following assumptions about new housing units: 

(a).The number of new gas-heated homes will equal the number 

nf remnval s frnm t.he ?xi st.i ng gas-heated h~lisi ng stock, 

(b) Thirty percent of the new stryctures built between 1972 

and 1985 will be electrically heated, and 50%-thereafter.. 



( c )  The remain ing  new hous ing  u n i t s  w i l l  b e  hea t ed  by  o i l .  

For  t h e  commercial s e c t o r ,  t h e  amount o f  n a t u r a l  g a s  used 

and t h e  r e l a t i v e  market s h a r e  of o i l  w e r e  k e p t  c o n s t a n t  a t  t h e  

1972 l e v e l s ,  t h e  remain ing  demand b e i n g  m e t  by e l e c t r i c i t y .  The 

use  of o t h e r  f u e l s  and s o l a r  energy  was assumed t o  b e  n e g l i g i b l e .  

2..  Moderate Conse rva t ion  Case.  The energy  demands f o r  t h i s  

c a s e  w e r e  p r o j e c t e d  under t h e  assumption o f  a  h i g h e r  implementat ion 

l e v e l  of  t h e  c o n s e r v a t i o n  measures, cons ide red  i n  t h e  b a s e  ca se .  

It i s  assumed t h a t  government p o l i c i e s  t o  improve t h e  o p e r a t i o n  

of  t h e  market system w i l l  b e  implemented. I n  t h i s  c a s e ,  t h e  p u b l i c  

i s  n o t  g e n e r a l l y  asked t o  s a c r i f i c e  convenienck o r  t o  change 

l i f e s t y l e .  

A l l  t h e  measures a r e  assumed t o  b e  i n  t h e  economic s e l f -  
i 

i n t e r e s t  of t h e  consumer. The f u e l  mix i s  a l t e r e d  from t h a t  i n  

the b a s e  c a s e  by t h e  assumption t h a t  25% of t h e  s t r u c t u r e s  b u i l t  

between 1985 and 2000 w i l l  r e c e i v e  50% of  t h e i r  space  h e a t  demand 

from s o l a r  d e v i c e s .  Fo r  w a t e r  h e a t i n g ,  s o l a r  energy  i s  assumed t o  

s u p p l y  35% of  t h e  demand f o r  t h e s e  s t r u c t u r e s .  The amount of  

s o l a r  energy  used r educes  t h e  t o t a l  demand f o r  o i l ,  g a s ,  and 

e l e c t r i c i t y ,  compared w i t h  b a s e  c a s e  r equ i r emen t s .  

3 .  - S t r o n q  Conse rva t ion  Case. For  t h i s  c a s e ,  it i s  assumed 

t h a t  government p o l i c i e s  s t r o n g l y  a f f e c t  c o n s e r v a t i o n  measures 

fh rough  d i r e c t  r e q u l a t i o n  and a l t e r a t i o n  of p r i c e s .  Some p u b l i c  

s a c r i f i c e . o f  convenience and changes i n  l i f e s t y l e  a r e  expec ted .  

I n  t h e  r e s i d e n t i a l  s e c t o r ,  a l l  new f o s s i l - f u e l  h e a t e d  homes a r e  

assumed t o  be b u i l t  i n  accordance w i t h  ASHRAE-90 s t a n d a r d s .  It 

i s  assumed t h a t  40% of t h e  new e l e c t r i c  homes b u i l t  between 1972 

and 1985 w i l l .  use  h e a t  pumps, and 100% t h e r e a f t e r .  R e t r o f i t s  o f  

e x i s t i n g  homes ' a r e  implemented a t  '5%/yr. t o  1985, compared w i t h  2% 

i n  t h e  moderate c o n s e r v a t i o n  c a s e  and 1% i n  t h e  b a s e  c a s e .  



E x i s t i n g  commercial  b u i l d i n g s  a r e  expec ted  t o  r educe  t h e i r  u n i t  

e n e r g y  demands by 2 5  t o  35% th rough  advances  i n  t echno logy  and 

changes  i n  o p e r a t i n g  procedures .  For  new commercial  b u i l d i n g s ,  

r e d u c t i o n s  a r e  expec ted  t o  r each  50%. 

Tab le  18 summarizes t h e  l e v e l s  o f  implementa t ion  and t h e  

e s t i m a t e d  impac ts  o f  e a c h  measure under  t h e  t h r e e  s c e n a r i o s .  

B . ~ e a s u r e s  f o r .  ~ e d u c i n ' ~  Energy ~ o n s u k i ~ t i o n  

The a s se s smen t s  and j u s t i f i c a t i o n s  behind some of  t h e  conser -  

v a t i o n  measures  i n  Tab le  1 8  t h a t  have  s i g n i f i c a n t  impact  on 

r e g i o n a l  energy  use  a r e  d i s c u s s e d  below. 

Conse rva t ion  measure: Improved i n s u l a t i o n  o f  e x i s t i n g  homes 

t h rough  r e t r o f i t s  o f  i n s u l a t i o n ,  s t o rm windows, and s to rm d o o r s  

and th rough  r e c a u l k i n g .  

Backwound: The F e d e r a l  Power commissionlo e s t i m a t e s  t h a t  

t h e  a d d i t i o n  of  c e i l i n g  i n s u l a t i o n  t o  an e x i s t i n g  f a m i l y  home can  

reduce  t h e  annua l  ene rgy  r equ i r emen t s  f o r  space  h e a t i n g  by 1 0  

t o  37%: The s p e c i f i c  s a v i n g s  r e a l i z e d  i n  any p a r t i c u l a r  home would 

depend on t h e  amount of  i n s u l a t i o n  a l r e a d y  i n s t a l l e d - - t h e  b e t t e r  t h e  

o r i g i n a l  i n s u l a t i o n ,  t h e  less e f f e c t i v e  t h e  a d d i t i o n a l  c e i l i n g  

i n s u l a t i o n .  The FPC e s t i m a t e s  t h a t  f u r t h e r  s a v i n g s ,  up t o  ano the r  

20%, cou ld  b e  r e a l i z e d  by w e a t h e r - s t r i p p i n g ,  r e c a u l k i n g ,  and t h e  
, 

a d d i t i o n ' o f  s t o rm windows and d e o r s  where t h e s e  do n o t  a l r e a d y  

e x i s t .  

7 
BNL c a l c u l a t i o n s  i n d i c a t e  t h a t  an  average  s a v i n g  of  30"k 

p e r  u n i t  cou ld  b e  ach ieved  i n  s i n g l e  f a m i l y h o m e s  i n  t h e  North- 

east  by  r e t r o f i t t i n 4  i n s u l a t i o n ,  s t o rm windows, and s to rm d o o r s  

and by  r e c a u l k i n g .  To be c o n s e r v a t i v e , '  h a l f  t h i s  amount (15%) 

i s  assumed a s  t h e  ave rage  s a v i n g  p e r  u n i t ,  on t h e  premise  t h a t  n o t  

everyone  w i l l  pe r form complete  r e t r o f i t s  (some w i l l  perform o n l y  



TABLE 18 

SUMI\RY OP CONSERVATION SCENARIOS 

CONSERVATION MEASURES LE - 
BASE 

pSxDENTIAL - space fieatinq 
1. Improved i n a u l e t i o n  i n  e x i s t i n g  homes - 12% t o  15% savings  per 

r e t r o f i t s  of i n s u l a t i o n ,  storm windcue, u n i t  (depending on 
storm doors ,  e t c .  i n  e x i s t i n g  s i n g l e -  housing type)  implemn- 
family  homes. ted  a t  1% of  housing 

s t o c k  per year  t o  1985. 

same as bdse case but  
implemented a t  2% per  
year t o  1985. 

:L OF 1WLE.KEWATION 

S a m  as base case except  
implemented a t  5% per 
per year t o  1985. 

MODERATE 

2. Improved i n s u l a t i o n  i n  new homes - ' 

adopt ion  of energy conservation 
b u i l d i n g  codes. 

STRONG 

ASHME 9C-standards on 
10% Of f o s s i l  f u e l  
heated homes beginning 
i n  1977. A11 e l e c t r i c  
homes b u i l t  t o  s tandards  
t h a t  r e s u l t  i n  40% sav- 
inge over e x i s t i n g  u n i t s  

Avorago off io ien-y  up.5X 
implemented a t  1% of 
housing s t o c k  per year 
+o 1 9 R 4 .  

I 

RSHPAE 90-standards on 
50% of f o s s i l  f u e l  
homes beginning in-1977. 
E l e c t r i c  homes same as 
base case. 

ASHRAE 90-standard0 on 
100% Of f o s s i l  f u d  
homes beginning i n  1977. 
E 1 e c f f . i ~  homee same as 
base case. 

Av013go o f f i c i o n ~ y  up 5% 
implemented a t  2% per 
year t o  1985. 

Avorag0 o f f i o i o n c y  up 6% 
implemented a t  5% p e r  
year t o  1985. 

3. Improvod maintonanoo of existing o i l  
and g a s  furnaces .  

4. Improved design of new g a s  and o i l  New u n i t  e f f i c i e n c i e s  
heat ing  systems. up  10% over e x i s t i n g  

1972 "" i t s .  

Same as b a s e  case ' Same aa base caee. 

40% of  e l e , c t r i c  
h-8 b u i l t  between 
1972 and 1985 heated 
by heat  pumps end 
100% from 1985 t o  
2000. 

Percentage of home8 
i # r c ~ s o s o d  uvel m o d  
e r s t e  case t o  50%. 

5. Use of e l e c t r i c  h e a t  pumps i n s t e a d  of  50% of e l e c t r i c  
r e s i s t a n c e  heat ing .  homes b u i l t  betwe& 

1985 and 2000 heated 
by h e a t  pumpa. 

6. Solar  space heat ing  i n  new homes NONE 

7. Lowered thermosta ts  7 0 ' ~  day m d  night .  

I 

1 68OF dsy/55OF night .  

20% Of e l e c t r i c  
homes b u i l t  between 
1972 and 1985 heated 
by h e a t  pumps and 70% 
of new c l c c t r i c  hmco 
f r m  1985 t o  2000. 

25% Of homes b u k l t  
UBLWB~I I  i.82 ~ I I U  PO00 
r e c e i v e  50% of apace 
h e a t  demand from s o l a r  
devices .  

70°F day/68°~.night .  

Biz Conditioninq 

1. Improved i n a u l e t i o n  

2. Improvod off  ic ioncy - now a i r  
C U ~ ~ ~ L ~ O I I C I S  

iU1 f a c t o r s  r e s u l t  i n  
46% asvings  f o r  1905 
and 2000. 

Savinge i n c r e a s e  t o  
56% f o r  1985 and 
61% f o r  2000. 

savings  increase  t o  
61% f o r  1985 and 
71% f o r  2000. 

5% more e f f i c i e n t  i n  
l q R 5  and 109: {n  2000 
t ~ r  468 and o i l  hes tern .  
5% improvement i n  e l e c -  
t r i c  h e a t e r s  i n  2690. 

Suypliea .JS% u i  ltuL wile 
demand f o r  housing 
b u i l t  between 1985 and 
2UUU. 

- water Heatinq 

1. Improved e f f i c i e n c y  and i n s u l a t i o n  of 
nf new r a t e r  hoators .  

NONE 10% more e f f i c i e n t  i n .  
1985 and 15% i n  2000 
f o r  qan and o i l  hearers .  
E l e c t r i c  h e a t e r s  name as 
. "a*r l t~  Can*. 

f o r  housing b u i l t  
between 1972 and 19R5 
and 7W tor housrng b u l l t  
between 1985 and 2000. 

2. u s e . 0 ~  s o l a r  energy f o r  water  heat ing  

- W s h t i n a  and Miscellaneous E l e c t r i c  I I 

1. Improved e f f i c i e n c y  of ovens - micrarave , NONE 
ovens, e t c .  

1. Improved e f f i c i e n c y  - f l u o r e s c e n t  l i g h t s .  NUNB I 5% f o r  1985 end 2000. 1 10% Cul 1985 all4 200b. 

COnMERcIffi - soace Heetinq, Coolinri and L I q h t i n q  

10% s l v i n g s  i n  1985 and 
2000. 

25% savings  i n  1985 and 
2000. 

1. Reduced demand i n  e x i s t i n g  b u i l d i n g s  - 
lowcrcd thcrmoats to ,  im rovcd operating 
procedures, reduced l i g f t i n g  levels. 

. 
15% r e d u c t i o n  i n  average 
domand of a l l  e x i s t i n g  
b u i l d i n g s  f o r  1985 and 
2000 f o r  heat ing  end 
10% f o r  c m l i n a .  

25% reduct ion  i n  demand 
for ?'.a5 and 75% rridncrinn 
ror ZUUU. 

. 
20% reduct ion  i n  demand 
f o r  1985 and 7 m 0 .  

. -----.- "" --,.-. 
50% reduct ion  i n  demkd 
f o r  1985 and 2000. 

Same as f o r  e x i s t i n g  I 35% reduct ion  i n  demand 
b u i l d i n g s  above. f o r  1985 and 2000. 

1. Improved e f f i c i e n c i e s  i n  new bui ld inge  - 
a i r  condi t ioning,  t o t a l  energy eyetems, 
l i q h t i n q  l e v e l s ,  e t c .  

Same c r i t e r i a  as f o r  
re01denZI-I a ~ r r n r  

3. Space heat ing  and water h e a t i n g  frcm 
o o l a r  o n o w .  

None p r i o r  t o  1985. 
A f t r r  l q R 5 .  same 
c r i t e r i a  as f o r  r e s i d e n t i a l  ' 
s e c t o r .  . 



~ a r t i a l  r e t r o f i t s ,  n e g l e c t  t c  r e c a u l k ,  e t c . )  and t h a t  i m p e r f e c t  

workmanship w i l l  deny  t h e  homeowner some o f  t h e  s a v i n g s  t h a t  a r e  

t h e o r e t i c a l l y  p o s s i b l e .  

S m a l l e r  s a v i n g s  a r e  a v a i l a b l e  i n  h i g h - r i s e  r e s i d e n t i a l  b u i l d i n g s  

t h r o u g h  r e t r o f i t s  o f  i n s u l a t i o n  b e c a u s e  o f  t h e i r  l o w e r  s u r f a c e - t o -  

volume r a t i o s  compared w i t h  s i n g l e - f a m i l y  d w e l l i n g s .  F o r  t h e s e  

s t r u c t u r e s ,  i t  i s  assumed t h a t  r e t r o f i t s  o f  i n s u l a t i o n  w i l l  r e d u c e  

f u e l  consumpt ion  f o r  s p a c e  h e a t i n g  b y  a n - a v e r a g e  d f  12%. 

S c e n a r i o s :  1. Base  C a s e .  1% o f  t h e  e x i s t i n g  r e s i d e n t i a l  

s t r u c t u r e s  a r e  r e t r o f i t t e d  p e r  y e a r  t h r o u g h  1985:  No f u r t h e r  

r e t r o f i t s  a r e  pe r fo rmed  t h e r e a f t e r .  Average sav . ings  p e r  u n i t  

( i - e . ,  d e c r e a s e s  i n  u n i t  e n e r g y  demand) a r e  15% f o r  s i n g l e - f a m i l y  

homes and 12% f o r  h i g h - r i s e  a p a r t m e n t  b u i l d i n g s .  

2 .  Modera te  C a s e .  2% o f  t h e  e x i s t i n s  r e s i d e n t i a l  

s t r u c t u r e s  are r e t r o f i t t e d  p e r  y e a r  t h r o u g h  1985 .  

3 .  S t r o n g  C a s e .  5 %  of  the e x i s t i n q  r e s i d e n t i a l  

s t r u c t u r e s  are r e t r o f i t t e d  p e r  y e a r .  A l l  h o u s e s  n o t  demol i shed  

a r e  e v e n t u a l l y  r e t r o f i t t e d .  . . 

C o n s e r v a t i o n  measure :  Improved i n s u l a t i o n  i n  nkw homes-- 

adop'$ion o f  e n e r g y - c o n s e r v i n g  b u i l d i n g  c o d e s .  

Backqround:  The Board o f  D i r e c t o r s  o f  ASHRAE r e c e n t l y  (Aug. 
,' 

1 1 ,  1375)  dpproved Lhe long-debdLed ABHRAE 90-P (now 30-75) 

' s t a n d a r d s  f o r  c o n s t r u c t i o n . ' '  These  a r e  model  b u i l d i n g  c o d e s  

d e s i g n e d  t o  s a v e  e n e r g y  used i n  home h e a t i n g .  ASHRAE e s t i m a t e s  

t h a t  t h e s e  s t a n d a r d s  w i l l  " s a v e  a t  l e a s t  10-20076 o f  t h e  e n e r g y  now 

used i n  r e s i d e n t i a l  s t r u c t u r e s  and p o s s i b l y  t w i c e  a s  ,much i n  

i n d u s t r i a l ,  commerc ia l ,  g o v e r n m e n t a l ,  and i n s t i t u t i o n a l  b u i l d i n g s . "  
11 



Scena r ios :  1. Base Case.  Beginning i n  1977, 10"A of a l l  

new homes a r e  c o n s t r u c t e d  i n  accordance w i t h  ASHRAE 90-75. An 

average  r e d u c t i o n  i n  u n i t  demand of  15% compared w i t h  t h e  1972 

l e v e l  i s  ach ieved .  

2. Mpderate Case.  50% o f  a l l  new homes a r e  

c o n s t r u c t e d  i n  accordance w i t h  ASHRAE 90-75 s t a r t i n g  i n  1977. 

T h i s  l e v e l  of implementat ion w i l l  depend on adop t ion  of  t h e  code 

by FHA and some s t a t e  and l o c a l  governments i n  t h e  Nor theas t  

( s e rg l*  h a s  e s t i m a t e d  t h a t  FHA s t a n d a r d s  have a  d i r e c t  e f f e c t  on 

- 35% of n@w conotruction) . 

' 3 .  S t r o n g  Case.  A l l  new homes a r e  c o n s t r u c t e d  

i n  accordance w i t h  ASHRAE 90-75 s t a r t i n g  i n  1977. Th i s  l e v e l  of 

implementat ion w i l l  p robab ly  depend on n a t i o n a l  adop t ion  of t h e  

cude. 

Conse rva t ion  measure: Improved maintenance of  e x i s t i n g  o i l  

and g a s  f u r n a c e s .  

Backsround: A l i m i t e d  f i e l d  s tudy13 inc l i ca t e s  that t h e  

average  e f f i c i e n c y  o f  o i l - f i r e d  f u r n a c e s  could be  r a i s e d  by 10 

t o  15% through improved maintenance.  S i m i l a r  d a t a  have no t  been 

found f o r  g a s - f i r e d  f u r n a c e s ,  b u t  r e s e a r c h  on energy  use  i n  a  

new community i n  N e w  JerSey14 h a s  r evea l ed  a  25% spread  i n  * 

e f f i c i e n c i e s  i n  g a s  h e a t i n g  i n  a l m o s t . i d e n t i c a 1  dwel- l ings .  The 

o p e r a t i o n  of  t h e  l e s s  e f f i c i e n t  u n i t s  could probably be  improved 

through b e t t e r  maintenance.  

S c e n a r i o s :  1. Base Case.  Market f o r c e s  r e s u l t  i n  b e t t e r  

maintenance of  space  h e a t i n g  f u r n a c e s .  Average e f f i c i e n c i e s  i n  

1985 improve by 5% f o r  g a s  and o i l  f u r n a c e s ,  implemented a t  1% 

of e x i s t i n g  hous ing  s t o c k  p e r  yea r  t o  1985. 

2. Moderate Case.  F e d e r a l ,  s t a t e ,  and l o c a l  



governments encourage improved maintenance by  ( a )  p rov id ing  .more 

comprehensive f i e l d  d a t a  on t y p i c a l  i n s t a l l a t i o n s ,  (b )  deve loping  

a s e t  of "approved" maintenance schedu le s  and p rocedures ,  and 

( c )  p rov id ing  in fo rma t ion  t o  t h e  p u b l i c .  Under t h e s e  ass.umpkions, , .  

average e f f i c i e n c i e s  o f  r e n t i n g  u n i t s  improve by.-5% implemented . . . 

a t  2% pe r  yea r  t o  1985. . . 

3 .  S t r o n g  Case. I n  a d d i t i o n  t o  t h e  'above,  'some s t - a t e  . 
governments r e q u i r e  an annual  e f f i c i e n c y  i n s p e c t i o n  s i m i l a r  t o  

a u t o  s a f e t y  i n s p e c t i o n s .  '~mplementat ' ion r a t e  f o r  improved main- 

t enance  i n c r e a s e s  t o  5% pe r  y e a r  t o  1985. 

Conserva t ion  measure: Improved d e s i g n  of  new gas  and o i l  

h e a t i n g  systems.  

Backqround: Convent iona l  home h e a t i n g  systems a r e  c o n s t r u c t e d  

from components made by d i f f e r e n t  manufac turers  which a r e  ass6mbied ... 

b y  t h e  c o n t r a c t o r  w i t h  l i t t l e  o r  no a t tempt  t o  o b t a i n  an o$tirnized 
- .  

system. A u n i f i e d  system f e a t u r i n g  improved b u r n e r  d e s i g n s  t h a t '  .. 

l o s e  less h e a t  o u t  t h e  f l u e ,  bu rn  more of t h e  f u e l ,  ' i n c l u d e  h e a t  

s t o r a g e  t a n k s ,  more f l e x i b l e  c o n t r o l s ,  e t c . ,  h a s  t h e  p o t e n t i a l  

of impr0vin.g t h e  o v e r a l l  e f f i c i e n c y  of  h e a t i n g  systems by an . . . : . .. . . 
1 5  

a d d i t i o n a l  20%. , -_ 1 

Scena r ios :  For  a l l  t h r e e  c a s e s ,  new u n i t  e f f i c i e n c ' i e s  improve ' .  

by  10% over  c u r r e n t  e f f i c i e n c i e s  by 1985. No improvements t h e r e -  

Conserva t ion  measure: S o l a r  energy  f o r  space  and 'water  h e a t i n g .  
. .. . . 

Backqround: A s t u d y  by  W e s t  inghouse S p e c i a l  systems16 shows 

t h a t  s o l a r  energy  f o r  space  and w a t e r  h e a t i n g  can become compe t i t i ve  
, 

: 8 

i n  most r e g i o n s  o f  t h e  coun t ry  i n  t h e  1985-2000 p e r i o d .  The ~ o r t h -  

e a s t  i s  i d e n t i f i e d  a s - a  pr imary market because  of  i t s  h i g h  p o p u l a t i o n  

d e n s i t y  and annual  h e a t i n g  requi rements .  It i s  economical ly '  . '  : '". 



i m p r a c t i c a l ,  however, t o  d e s i g n  s o l a r  systems t o  p rov ide  100% 

of  t h e  h e a t i n g  r equ i r emen t s  of b u i l d i n g s .  The s i z e  of  a  s o l a r  

c o l l e c t o r  t o  abso rb ,  and a  s t o r a g e  subsystem t o  h o l d ,  enough 

ene rgy  t o  c a r r y  t h e  b u i l d i n g  through p r o t r a c t e d ' p e r i o d s  of  c loudy 

days  would b e  s o  g r e a t  t h a t  t h e  c o s t  would b e  p r o h i b i t i v e .  S o l a r  

sys tems  t h e r e f o r e  r e q u i r e  c o n v e n t i o n a l  components such a s  gas-  

o r  o i l -b ,urn ing  f u r n a c e s  a s  a u x i l i a r y  systems.  It was e s t i m a t e d  

t h a t  s o l a r  systems p r o v i d i n g  50% of t h e  space  h e a t  and 95% of  t h e  

w a t e r  h e a t  would b e  economica l ly  f e a s i b l e  f o r  t h e  Nor theas t  r eg ion .  

Scena r io s :  1. Base Case.  S o l a r  energy  i s  n o t  used on a  

s i g n i f i c a n t  s c a l e  t o  r e p l a c e  c o n v e n t i o n a l  f u e l  f o r  space  and wa te r  

h e a t i n g  . 

2. Moderate Case. 25% of  new homes and commercial 

b u i l d i n g s  b u i i t  between 1985 and 2UUU r e c e i v e  5U% o t  t h e i r  space  

h e a t i n g  r equ i r emen t s  from s o l a r  systems.  For w a t e r  h e a t i n g ,  s o l a r  

ene rgy  s u p p l i e s  35%. Th i s  l e v e l  o f  implementat ion c a l l s  f o r  

t e c h n o l o g i c a l  improvements t o  reduce  s o l a r  system equipment c o s t s .  

3. S t r o n g  case .  The pe rcen tage  of  new homes 

and commercial b u i l d i n g s  u t i l i z i n g  s o l a r  systems f o r  space  h e a t i n g  

i n c r e a s e s  t o  50%. For  wa te r  h e a t i n g ,  s o l a r  energy  s u p p l i e s  20% 

o f  t h e  requi rement  f o r  homes b u i l t  between 1972 and 1985 and 70% 

f o r  homes and commercial b u i l d i n g s  b u i l t  between 1985 and 2000. 

T h i s  l e v e l  o f  implementa t ion  would r e q u i r e  government a c t i o n  t o  

p r o v i d e  i n c e n t i v e s  such a s  income t a x  c r e d i t s  o r  r e d u c t i o n s ,  low- 

c o s t  i n s u r e d  l o a n s ,  o r  government-guaranteed l o a n s .  

Conse rva t ion  . . measure: Use of e l e c t r i c  h e a t  pumps i n s t e a d  of. 

r e s i s t a n c e  h e a t i n g .  

Backqround: A h e a t  pump i s  b a s i c a l l y  a  modif ied a i r - c o n d i t i o n i n g  

sys tem i n  which f u n c t i o n s  of t h e  e v a p o r a t o r  and t h e  condenser  can  

b e  in t e r changed  t o  i t  t o  h e a t  o r  c o o l  t h e  d e s i r e d  space .  The 



c o e f f i c i e n t  of  performance of c u r r e n t  h e a t  pumps v a r i e s  between 

2  and 3 .  
5 / 1 7  

That  i s ,  f o r  eve ry  Btu a  h e a t  pump consumes i n  

e l e c t r i c i t y ,  it produces  t w o ' o r  t h r e e  i n  h e a t i n g .  I t  was assumed 

i n  t h i s  s t u d y  t h a t  a  new home w i t h  a  h e a t  pump would b e  2 .8  t i m e s  

a s  e f f i c i e n t  a s  e x i s t i n g  r e s i s t a n c e - h e a t e d  homes. I f  problems 

of  r e l i a b i l i t y  a r e  s o l v e d ,  h e a t  pumps could b e  h i g h l y  compe t i t i ve  

w i t h  e l e c t r i c  r e s i s t a n c e  systems i n  l i f e - c y c l e  c o s t  e f f e c t i v e n e s s  

and minimum energy  consumption. 

Scena r io s :  1. Base Case.  50% of  new e l e c t r i c  homes b u i l t  

between 1985 and 2000 use h e a t  pumps. 

2. Moderate Case.  20% of n&w e l e c t r i c  homes 

b u i l t  between 1972 and 1985 and 70% of  t h o s e  b u i l t  from 1985 t o  

2000 use  h e a t  pumps. 

3. 40% o f  new e l e c t r i c  homes b u i l t  between 1972 

and 1985 and 100% of  t h o s e  b u i l t  from 1985 t o  2000 use h e a t  pumps. 

S i g n i f i c a n t  improvements i n  heat-pump compressor r e l i a b i l i t y  

would occur .  

Conserva t ion  measure: Reduced h e a t i n g  and c o o l i n g  l e v e l s ,  

improveh o p e r a t i n g  p rocedures ,  improved e f f i c i e n c i e s  i n  new 

commercial b u i l d i n g s .  

Backqround: I n  t h e  commercial s e c t o r ,  t h e  more compl ica ted  

i n t e r r e l a t i o n s h i p s  between energy  demands and b u i l d i n g  s t r u c t u r e s  

do  no t  permi t  e a s y  a n a l y s i s  of  t h e  e f f e c t  of  t h e  v a r i o u s  conse r -  
6 

v a t i o n  measures a p p l i c a b l e  t o  t h i s  s e c t o r .  A.D. ~ i t t l e  e s t i m a t e s  

t h a t  r e d u c t i o n s  of 1 5  t o  35% i n  energy  r equ i r emen t s  of  e x i s t i n g  

commercial b u i l d i n g s  and 15  to 50% in new c o n s t r u c t i o n  can be 

achieved by  employing such energy  c o n s e r v a t i o n  measures a s  reduced - 
h e a t i n g  and c o o l i n g  l e v e l s ,  improved o p e r a t i n g  p rocedures ,  r e t r o f i t s ,  

and improved d e s i g n  of new b u i l d i n g s  and u t i l i z i n g  d e v i c e s .  Improved 



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

b e t t e r  b u i l d i n g  o r i e n t a t i o n ,  s o l a r  shading  schemes, and inco rpo r -  

a t i o n  o f . h e a t  r ecove ry  schemes. Improved o p e r a t i n g  procedures  

can  b e  ach ieved  through a  p e r i o d i c  maintenance program, minimized 

p a r t i a l  load o p e r a t i o n , .  and n i g h t t i m e  s e t b a c k s .  

'Scenar ios :  1. .Base Case.  Average demand i s  reduced by 

15% i n  a l l  commercial. b u i l d i n g s  in -  1985 and 2000 f o r  space  h e a t i n g  
. , 

and 10% f o r  c o o l i n g .  

2. Moderate Case.  20% r e d u c t i ~ n  i n  h e a t i n g  

demand i s  ach ieved  i n  e x i s t i n g  b u i l d i n g s  and 35% i n  new b u i l d i n g s  

f o r  1985 and 2000; 10% f o r  c o o l i n g .  

3. S t r o n g  case ' .  25% r e d u c t i o n  i n  h e a t i n g  demand 

f o r  e x i s t i n g  b u i l d i n g s  i s  achieved f o r  1985 and 35% r e d u c t i o n  f o r  

2000; 50°/, i n  new b u i l d i n g s  f o r  1985 and 2000. Cool ing demand 

i s  reduced by  10% f o r  1985 and 2000 i n  a l l  commercial b u i l d i n g s .  



APPENDIX A 

FUEL MIX TABLES 

P r o l e c t i o n s  of  energy  demands i n  t h i s  r e p o r t  have been made 

on a  d e t a i l e d  end-use,  o r  d i s a g g r e g a t e d ,  b a s i s  i n  o r d e r  t o  e v a l u a t e  

t e c h n o l o g i e s  o r  energy  p o l i c i e s  t h a t  may app ly  t o  s p e c i f i c  end 

u s e s .  To e v a l u a t e  t h e  use o f  h e a t  pumps f o r  space  h e a t i n g ,  f o r  

example, t h e  system e f f i c i e n c y  of  an electric-resistance.heated 

home may b e  upgraded and t h e  r e d u c t i o n  of  f u e l  demand c a l c u l a t e d  

th rough t h i s  framework. P r o j e c t i o n s  made i n  t h i s  d i s a g g r e g a t e d  

manner may unde res t ima te  t h e  t o t a l  energy  demand i n  t h e  f u t u r e  

because  of  u n a n t i c i p a t e d  new uses  of  energy .  However, such 

a d d i t i o n a l  demands, a s  t h e y  become known, can  r e a d i l y  b e  i n c o r -  

po ra t ed  i n t o  t h e  demand p r o l e c t i o n  by upgrading t h e  u n i t  b a s i c  

demand of mi sce l l aneous  end use i n  . t he  r e s i d e n t i a l  and commercial 

s e c t o r s .  

The p r o j e c t i o n s  of energy  demands and t h e  f u e l  mix f o r  t h e  

r e f e r e n c e  y e a r s  a r e  developed i n  t h e  f u e l  mix t a b l e s  i nc luded  

i n  t h i s  appendix.  Before  d e s c r i b i n g  t h e  methodology used t o  

deve lop  t h e  p r o j e c t i o n s ,  it i s  u s e f u l  t o  d e f i n e  s e v e r a l  pa ra -  

meters: 
* 

1. F u e l  demand, D . ,  i s  t h e  q u a n t i t y  of  a  f u e l ,  i t  a c t u a l l y  
1 

consumed i n  a  s p e c i f i c  demand c a t e g o r y ,  such a s  r e s i d e n t i a l  space  

h e a t i n g  o r  commercial a i r  c o n d i t i o n i n g .  

2 .  T o t a l  f u e l  demand, D i s  t h e  t o t a l  f u e l  r e q u i r e d  t o  
S 

s a t i s f y  t h e  r equ i r emen t s  of a  s p e c i f i c  demand c a t e g o r y .  E l e c t r i -  

c i t y  i s  cons ide red  a s  a  f u e l  i n  t h i s  s ense  and D = x u i .  s 
i 

*"Fuel t '  a s  used i n  t h i s  s e n s e  i n c l u d e s  e l e c t r i c i t y .  



3 .  Relative system ef f ic iency,  e  i s  the r e l a t i v e  effect ive-  
i '  

ness with which f u e l ,  i, i s  used i n  a  demand category. This 

parameter depends on the u t i l i z a t i o n  technology employed.. For 

space heating, e i s  defined a s  1 for  ex is t ing  e l e c t r i c a l l y  heated 
i 

homes. The values of e  for  other s t ruc tures  a re  given i n  the fue l  
i 

mix tables .  

4.  Degree of sa tura t ion ,  S ,  i s  the f rac t ion  of the potent ia l  

demand for  a , p a r t i c u l a r  energy use ac tua l ly  being f u l f i l l e d  a t  a  

given time, h'or example, i f  95% of a l l  households have re f r ige r -  

a t o r s  and the  potent ia l  demand for  r e f r ige ra to r s  i s  taken t o  be one 

per house, S = 0.95. 

5 .  Unlt Energy Demand, 
EU , 1s the amount ok energy per u n l t  

t h a t  would be required for  a  spec i f ic  end use,  assuming a  r e l a t i v e  

system ef f ic iency,  e  of 100% fo r  each fue l  employed. Thus, 
i ' 

for  a  given end use, the ac tua l  fue l  demand per un i t  i s  Eu/ei, 

where ei i s  the ac tua l  r e l a t i v e  system effi6iency. 

6. Fuel f ract ion, ,  f i ,  i s  the f rac t ion  of the t o t a l  number 

of energy consuming u n i t s  (bas is )  ' t h a t  i s  s a t i s f i e d  by using the 

i - t h  fuel .  

The un i t  basic  demand derived for  each end use.is independent 

of ei and i s  projected on the bas i s  outl ined i n  Table 18. By . 

specifying the  fue l  f rac t ion ,  f i ,  and r e l a t i v e  systemc . . eff ic iency.  

e  the fue l  demands, Di ,  can be derived by the equation: 
i '  

i 
= E x S x b x f i  e .  

11 1, The apepi f j c ass1.1mptions 

made i n  each demand category and the bas is  for  the base-case 

projection a re  de'scribed on the  worksheets t h a t  follow. 



' 'FUEL ElIX TABLE A-1 
Rcgi.o,,: 1 
Scc t o r  : I:I:S'LDI:S'I'T.AL 
Ca l:c[;?~-y: SIIGGLE FAMIL'I DETAC3ED 
End u s e ;  SPACE HEATING 

TOTAL FUEL DEMAND, D, 
1012 Btu 

B A S I S  , 
1 0 3 ~ o u s e h o l d s  

DATA SOURCES: D f i ,  e i ,  and EU f o r  1972 were o b t a i n e d  from r e f .  2 .  
i '  . . 

S.4TUMTION , S 1 .00  

UXIT BASIC DEMAND, E,, 

83.00 ~ O ~ B  t u / h o u s e h o l d  E x i s t i n g  

 ASI IS OF PROJECTION S: The .basic. u n i t  demand f o r  dl housing u n i t s  was reduced by' 7% through 
the rmos ta t  s e t b a c k  from 72' F t o  70°F. - F o r  new hous ing  u n i t s  e s t i m a t e  
o f  b a s i c  u n i t  demand was based on a n  average  house s i z e  o f  1600 f t . 2  
Improved system e f f i c i e n c i e s  were ob ta ined  from r e f .  7.  It  was assumed 
t h a t  30% o f  a l l  new houses between 1972-1985 w i l l  he e l e c t r i c a l l y  heated 
and 50% t h e r e a f t e r .  I t  was a l s o  assumed t h a t  50% of  the  new e l e c t r i c a l l y  
heated homes b u i l t  a f t e r  1955 w i l l  use  hea t  pumps. N a t l ~ r a l  ?a< I I S P  

was k e p t  a t  t h e  1972 consumption l e v e l ,  w i t h  t h e  remaining demand met 
b y  o i l .  Coal use  and s o l a r  energy were assumed t o  b e  n e g l i g i b l e .  

New 88.46 88.46 . . 
REFERENCE TECHNOLOGIES: F o s s i l  f u e l  b u r n e r s ,  e l e c t r i c  r e s i s t a n c e  h e a t  ' and  h e a t  pump. 

1 .OOO 
- 

. 76.36 

1.000 
. .  . . 

76.36 ' 



FUEL M I X  TABLEA-2 

DIKECT FUEL USE 

PlETlIASE 
I?vi s t i . ~ i g  
R e t r o f i  t t e d  
New-irnp.rovcc1. . 
New -FLU->IPS ' 

FUEL OIL 
E x i s t i n g  
K c t r n f i r t e d  
~ < e v - i c ; ~ r o v e a  

-FHA -:PS 

ELECTRICITY 
E x i s t i n g  
New-'improved . 
H e a t  pump , 

OTllER 

TOTAL 1WEL DEMAND, D ,  
1 u l 2  B tu  

BASIS ,: 
l o 3  households 

SZ4TVFd'.'.XCli\l , S 
UXIT BASIC DENAND, E,, 

1 0 6 ~  t u / h o u s e l ~ o l d  

REFERENCE TECHNOLOGIES: 

DilTA SOUPCES : 

BASIS OF PKOJECTIOX: 

Region: I 
S e c t o r  : KESIDEKTIAL 
Ca t e ~ o r ~ :  LOW DENSITY 
End use :  SPACE HEATING 

See T a b l e  A-1. 

1.00 

E x i s t i n g  59.00 
New 

S e e  T a b l e  A-1. 

Same a s  i n  T a b l e  A-1 e x c e p t  t h a t  a v e r a g e  u n i t  s i z e  was assumed 
t o  b e  1100 f t  2 .  

1 .000  , 

54.28  
59 .37  

1.000 
? .  . .  . 

5 4 . 2 8 .  ' 

59 ..37 . , 



DIRECT FUEL USE 

PLETHANE 
E x i s t i n g  
R e t r o f i t t e d  
N e w - i m p r o v e d  
New-FHA-MPS . 

FUEL O I L  
E x i s t i n g  '. 

R e t r o f i t t e d  
Rew-'!&nproved 
~ e r ~  -FHA.->IPS 

ELECTRICITY 
E x i s t i n g  
N e w - i m p r o v e d  . , - 

H e a t  pump 

OTHER 
- .. 

TOTAL FUEL DEMAND, D, 
1012 B t u  

B A S I S '  
l o 3  h o u s e h o l d s  

SATURATION, S 

U S I T  BASIC DEEIAND, E u ,  

REFERENCE TECHNOLOGIES: 

DATA SOURCES: 

. . .  . . .  
FUEL M& T ~ L E  A-3 

R e g i o n :  I 
S c c t o r  : KESiUEKTIAL 
C a t e ~ a r y :  LOW RISE 

. . E n d  u s e :  SPACE HEATING 

. ::I 

. . 
S e e  T a b l e  A-1. 

- 

. . . . .  . . .  - .  
B A S I S  OF  PR0JECTIoX: Same  as i n  . T a b l e  A-1, e x c e p t  that  &erige unit s f z e  w a s  a s s u m e d  

t o  be 900 f t 2 .  

f i  

0.22 . .  . 

0 . 7 3 .  

0 . 0 4  
, . . . 

0 .01  
,.,. 

.35.19 

. > 

374 

.1.00 

. . 40.00 

1972 

e .  

0.480. 

0 .400  

1 . 0 0 0  

0.350 
. -  

33.33 

469 

1.00 

Di , 

6.86 . 

. .  

27:30 

, 
' '.. " ' 

0160 

0.43 

. . . .  . . . . - . ' . . . . . .  . . . . . .  
. , I .  ' -. . 

30.20 . ; .  . . 
:. . . . .  . . .  . , 

575 
. . . . . . . .  , . 3 : .' ' 

. . . . .  
. ,. : . . ::;.: 

. . . % 

. 

36.80 36.80 
. . . . .  

t . .  , . . ,;. . . . . . .  ..>. 

. . .  

f i  . 

q .  136 . 
- - - -  

0'.035 
0.002 

0 ' . 4 3 1 0 . 4 0 0  
- - - - -  
0.233 
0.015 

~ : O O O  
."1:302 

. . 

1 ~ 8 5 '  . . 

' e :  
.I . . 

0.480 
- - - -  

0.719 
0.922 

- - - - -  
0.604 

- 1 
f . :  

'0.054 _ _ _ _  
0.071 
0.007 

0 i i 8 8  _ _ _ _ _  
0.329 
0.023 

0.310 
0.201 
0.?-?1 

D: 
I.; . . -. 

. . . . . .  
4.89" 

- - - _  
0.86 
Oi.04 

i8 .00  
- - - -_  
0'.66 

2000 

e .  

0.528 
- - - -  

0.713 
0.922 

0 . 4 4 0 ,  _ _ _ _ _  
. 

0.604 
0.774 

1.000: 
1.392- 
2.800 

i 
, . 

1. '.. 

........... . . : .  - 
. . .  . . . . .  

2.56.-: . .  . . .  
. _ _ 2 _  . :  . 

. . . .  , .2 .09  
0.16 

. . .  . , :J .: 

. . . . 
9; 'oC, ,  ::;. 

. . .  _ _ _ _  . . . . .  P . . . l  . 
: 1;.,53.. - .:, 

0.79 
. . . . 

. . . . .  . . .  
. . . . .  . . . .  . . .  

, ,  $ 2 1 . . ,  ,. ' 
3.;06 : ,- .  

0.76 
. . .  .... . . ,  

% 

0.774 

1.000 
1.392 

i 

OZ.34 

0.40 
1;.54 

. . .  



FUEL MIX TABLE A-4 

R e g i o n :  I 
S e c t o r :  RJZSIDENTIAL 

. . 
C a t e g o r y :  HIGH RISE 

.. , . E n d  use: SPACE HEATING 

DIRECT FUEL USE 

METHANE 
E x i s r i l . l g  . 

R e t r o f  i t . t c d  
N e w - i ~ p r o v e d  
New-F tU-KPS 

FUEL O I L  
E x i s t i n g  
R e t r o f l  t t e d  
N e w - i m p r o v e d  
NEW -FHA->P? 

:ECECTRICITY 
Exi-s  tiqg 

'.New -imp:r.o.ved 
H e a t  pimp 

OTHER 

TOTAL FUEL DEMAND, D,  
10IZ B t u  

BASIS , - 
1 i)J' hni iceb ldc  

SATUPATION , 3 

U N I T  BASIC DEMAND, E u ,  

~ O ~ B  t u - ~ h o u s e h o l d .  

REFERENCE TECHNOLOGIES : 

DATA SOURCES: S e e  T a b l e  A-1. 

B A S I S  O F  l'ROJECTIOH: S a m e  as in T a b l e  A-3. 



DIRECT FUEL USE 

METHANE ' 

E x i s t i n g  
R e t r o f i t t e d  
New-improved 
New-FHA-MI'S 

FUEL OIL 
E x i s t i n g  
R e t r o f i t t e d  

ELECTRICITY 
E x i s t i n g  
New-improved 
Heat  pump 

OTHER 

TOTAL FUEL DEMAND, D,  
1012 Btu 

BASIS 
103' househo lds  

SATURATION, S 

USIT BASIC DEMAND, Eu , 

DATA SOURCES : 

BASIS OF PROJECTION : 

1tcyi.on: I 
S c c t o r  : l ~ E S : l . r ) l : ; ~ ' ~ ~ . ~ \ l ,  
C a t ~ g o r y :  MOBILE HOMES 
End u s e :  SPACE HEATING 

F o s s i l  f u l e  b u r n e r s ,  e l e c t r i c  r e s i s t a n c e  h e a t .  

fi, r e f .  6 ;  e .  r e f .  7 .  
1' 

E s t i m a t e s  of f u t u r e  f . ' s  were  based  o n  c u r r e n t  f u e l  mix.. 



DIRECT FUEL USE 

EIETHIAN E 
E x i s t i n g  
Fcerrofi t t e d  
New-improved 
New -FHA -MPS 

FUEL OIL . 
Exi.s t j . ng  
R e t r o f i t t e d  
New-improved 
New -FHA-EPS 

ELECTRICITY , , 

ROOM 
CENTRAL 

OTHER 

TOTAL FUEL. DEMAND, D, 
1012 Btu  

B A S I S ,  , 

103 househo lds  

SATURATION, S 

UXIT BASIC DENAND, E, 

(1CJ6d;u/househoJ.dj 

REFERENCE TECHNOLOGIES 

DATA SOURCES : 

BASIS 'OF PROJECTION : 

Rcgion: I 
Secl:o~: : RF:ST1)13N'j:.IAI, 
Ca tegory :  ALL HOUSING TYPES 
End u s e :  A I R  COXDITIONIKG 

Vapor compress ion c y c l e  o p e r a t i n g  on e l e c t r i c i t y .  

0: 20 

Room 7.63 
~ e n i r a l  11.38 

S f o r  1972 and  EU were  o b t a i n e d  from r e f .  .2 .  
. . . .  

E, f o r  1985 and 2000 were  k e ~ t  a t  t h e  same l e v e l  a s  i n  1972. 
Sarurat i .on were ~ ~ p g r a d o d  an the b a ~ i a  o f  p r o j ~ . r . t i n . n s  g.i.\rell In 
' r e f s .  2 and 6.' 

0 .40  

7 . 6 3  

17.38 

0 . 6 0  ' 

. . 7 . 6 3  
17 .35  



FUEL' P I I X  TABLE 

METIblt4E ' 

E x i s t  i n 6  
K e t r o f i t t c d  
Ne7.d- improved 
New -FHA -?IPS 

FUEL OIL 
Exi.s tin:: 
Re t r o f i r  t e d  
Nerd - improved 
N e w  -FHA-PIPS 

ELECTRICITY 
E x i s  t i n s  
h'ew- improved 

Heat  DUmD 

OTHER 

TOTAL FUEL DDWKD, D, 
1012  Btu  

BASIS , 
103  h o u s e h o l d s  

SATUP.\TION, S 

USIT EASIC DENAND, Eu 

1 0 6 ~ t t l / h o u s c h o l d  

Kcgior~:  T 
Scc l:o r : J~l~:;:l:J)l:;N:~:~A1, 
(:a 1:cgory : sIi.!;;i.~ YAHIJ.;~ D E E T A C ~ E D  
J31)d use :  WATER HEATING 

REFERZSCE TECHXOLOCIES: Gas and o i i  bc : r i~e r s ,  e i e c t r i c  resls. ia;:ce h e a t .  
. . . . 

DATA SOUI<CES : f i ,  e i ,  Di, aild Eu f o r  1972 were  o b t a i n e d  from r e f .  2 .  

BASIS OF PEOJECTIOS : U n i t  b a s i c  demand was r educed  by 5% f o r  1985 and 10% f o r  2000 
b e c a u s e  of  t h e  r e d u c t i o n  i n  p e r s o n s  p e r  househo ld .  System e f f i c i e n c i e s  ' 

were assumed t o  be t h e  same a s  ~n i 9 7 2 .  f i r s  f o r  gas  and o i l  
were  assumed t o  d e c r e a s e  a t  t h e  same r a t e  f o r  s p a c e  h e a t ~ n g .  

' 



. . .  

D I R E C T  l'l!EL USI: 

PIETILi\.NE 
Exis l : i .ng  
Retrofitted , 

N e w -  improved 
N e w  -xll-4 -i+YS 

FUEL 0x1; 
Exi.s tin:: 
K e t r o f i T t ' e d  . 
N e w -  improved . 
Rew -F&) -1G'S 

ELECTKI CITY 
Exis t i n r .  
X~IJ - ' improved  
Heat pump' 

TOTAL PUISL UDUiI.:I), 13, 
1 0 ' ~  Btu  

SATUPL4TIOS, S 

UNIT BASIC DEEWNT), Eu 

1 0 6 ~ t u / h o u s e h o l d  

BASIS 0': p.ROJECTIOZI' : 

Kcgj.011: I \. 
Sector  : I~13!;:Cl)I:i.I:CI/~J, 
C n  I:e[:ox y :. LOW DENSITY 

End use :  WATER HEATING 

S e e  T a b l e  A - 7 .  



1 :  I 
Sec: t o r : J ~ I ~ : ; : r . J ) l i ? ~ : r : ~ ~ ~ ~ ,  
Cal:c:gory: LOW RISE 
End Use: WATER FlEATING 

DIRECT FUEL USE 

M%TlblNE 
E x i s t i n g  
R e t r o f i t t e d  
New- improved 
N~~J-JHA-PPS 

FUEL O I L  
E x i s t i n g  
R e t r o f i t t e d  
New- improved 
New -FHA-I.PS 

ELECTRICITY 
E x i s t i n g  
Net*- improved 
H e a t  Pump 

OTHER 

TOTAL FUEL DENAND, D, 
1012 Btu  

B A S I S  

f h o u s e h o l d s  

SATURdTION , S 

U N I T  EASIC DEMAND, E,, 

REFEREXCE TECHNOLOGIES: 

B A S I S  OF PROJECTIOX : S e e  T a b l e  A-7. 



FUEL M I X  TABLE 

A-10 

DIRECT FUEL USE 

METlWEiE , 

E x i s t i n g  
R e t r o f i t t e d  

FUEL OIL 
E x i s t i n g  
R e t r o f i t t e d  
New- improved 
N e.rq -FHA-kWS 

ELECTRICITY 
E x i s t i n g  
N ~ x J -  improved 
Ilea t pump 

TOTAL .FUEL .DENAND, D ,  
1012 Btu  

DASIC 
lo3. househo lds  

SATUP?TION, S  

UNIT BASIC DENAND, E,, 

1 0 ~ ~ c u / 1 l u u s e 1 l u l c 1 .  

DATA SOURCES: 

R.4SIS OF PROJECTTOX : 

Kcgi.on: I 
Secl:or: lU~S:f.J)~;i9:~J.Al~ 
Cntceory :  HIGH RISE 
Fad use: WATER HEATING 

See Table A-7.  



FUEL MIX TABLE 

D I R E C T  FUEL USE 

METHANE 
E x i s t i n g  
R e t r o f i t t e d  
New - i m p r o v e d  
New-FHA-MPS 

F U E L  O I L  
E x i s t i n g  
R e t r o f i t t e d  
New - i m p r o v e d  
New-FHA-MPS 

E L E C T R I C I T Y  
E x i s t i n g  
New-  i m p r o v e d  
H e a t  p u m p  

OTHER 

TOTAL FUEL DEMAND, D, 
1 0 1 2 .  B t u  

B A S I S  
10'' h o u s e h o l d s  

SATURATION, S 

U N I T  B A S I C  DEMAND, Eu 

REFERENCE TECHNOLOGIES: 

DATA SOURCES : 

B A S I S  O F  PROJECTION:  

R e g i o n :  I 
S e c t o r :  R E S I D E N T I A L  
C a t e g o r y  : MOBILE HOME 
E n d .  u s e :  WATER HEATING 

. . 
E l e c t r i ' c  resistance h e a t i n g  . . 

e i  w a s  o b t a i n e d  f r o m  r e f .  2 .  ' 

Eu w a s  a s s u m e d  t o  b e  t h e  s a m e  as i n  T a b l e  A-10; f i  w a s  a s s u m e d  
t o  b e  a l l  e l e c t r i c .  



FUEL MIX TABLE 
A-12 

DIRECT FUEL USE 

ElETMNE 
Existing 
Retrofitted 
New- improved 
New-FHA-MPS 

mTEL OIL 
Existing 
Retrofitted 
New- improved 
New -FHA-MPS 

ELECTRICITY 
Existing 
New- improved 
Heat pump 

TOTAL FUEL DEMAND, D, 
1012 Btu 

SATURATION, S 

UNIT BASIC DEMAND, E, 

REFERENCE TECHNOLOGIES 

Region: I 
Sector: RESIDENTIAL 
Category: ALL HOUSING TYPES 
End use: 

DATA., ZOIJRCES I fi, ei, alidEu tor 1912 were obtained f-ron~ ref. 2. 

BASIS OF PROJECTION: E and e were assumed to be the same as in 1972. fiVfor gas 
w#s assuked to decrease at the same rate as for space heating. 
O i l .  ~ .nnk i l~g  tuns i t u v ~ . ~ t ~ ~ u ~ J  Lu Lu ~ ~ ~ g l l g l b l c  b y  1985. 



FUEL M I X  TABLE 

DIRECT FUEL USE 

METHANE 
E x i s t i n g  
R e t r o f i t t e d  
New-' improved  
New-FHT -.MF'S 

FUEL OIL 
E x i s t i n g  . 
R e t r o f i t t e d  
New - improved 
New-FHA-MPS 

ELECTRICITY 
E x i s t i n g  
New- improved 
H e a t  pump 

u OTHER 

TOTAL FUEL DEMAND, D, 
. 1012 B t u  

BASIS 
1 0 3  h o u s e h o l d s  

SATURATION, S 

UNIT BASIC DEMAND, Eu 

lo6B t u / h o u s e h o l d '  

REFERENCE TECHNOLOGIES: 

DATA SOURCES: 

BASIS OF PROJECTION : 

Reg ion :  I 
S e c t o r :  RESIDENTIAL 
C a t e z o r y :  ALL HOUSING TYPES 
~~d use: LIGHTING a n d  MISC. 

ELECTRIC APPLIANCES 

C o n v e n t i o n a l  l i g h t i n g  t e c h n o l o g y ,  AC i n d u c t i o n  m o t o r ,  a n d  
o t h e r  u n d e f i n e d  u s e s  o f  e l e c t r i c  e n e r g y .  

S a n d E u  f o x  1972 w e r e  o b t a i n e d  f rom r e f .  2. 

S a n d E u  f o r  1985  a n d  2000 w e r e  d e v e l o p e d  i n  T a b l e  1 4 .  



FUEL O I L  

ELECTRICITY 

6 2 RASIS 10 f  t. 

1 c ! ; . 1 :  I 
Sec to). : C ~ ~ ~ ~ 1 1 ~ l l ~ l ~ ( ; l . ~ l .  
Cnl:c:;ory: OFFICE 
Entl-11nc: : SPACE :?EATIp;; 

F o s s i l  f u e l  b u r n e r s ,  e :  Leceric r e s i s t a n c e  h e a t .  

JXATA SOURCES : S ,  D i ,  f i ,  e i ,  and EU f o r  1972 were der ived  i n  LeE. 2. 

B-ASIS OF PROJECTIONS : 
, . The b a s i c  u n i t  demand f o r  a l l  b u i l d i n g  types  was reduced by 15% 

because of lowered thermos ta t s  and improved o p e r a t i n g  procedures.  
System e f f i c i e n c i e s  were k e p t  c o n s t a n t .  It was assumed t h a t  n a t u r a l  
gas demand and t h e  r e l a t i v e  market s h a r e  of  o i l  would no t  change, 
w i t h  t h e  remaining demand be ing  met by e l e c t r i c i t y .  The use of  
o t h e r  f u e l s  and s o l a r  energy was assumed t o  be n e g l i g i b l e .  F loor  
opnao p r o j  aaciono voro.  obta ined  f rom Tablc 14 .  



I I 2 E C T  FUEL USE 

l.!ETLLANE 

FUEL . O I L  

ELECTRICITY 

IOTAL FUEL DE4!iWD, 

1012 B t u  

BASIS ,  l o6  f t2  

:i::IT BASIC DGsL\ND, 

l o3  ~ t u l f t  
2  

KZFZKMCE TECHNOLOGIES: 

c ! ; . c  I : I 
S ec l:o 1. : CO;.lNI:I:CIAL 
Cal:egory: RETAIL 
F n d - u s c :  SPACE HEATING 

!).iT.4 SOIIRCES : 

G.ASIS OF  PKOJECTIOWS: see T a b l e  A-14 .  



3I.RECT FUEL USE 

E!ETI!ANE 

FUEL O I L  

ELECTRICITY 

OTHEP, 

TOTAL FUEL D2t,V\KI) ,  D ,  

1012n t u  

DATA SOURCES: 

1 . 0  I : I 
s c c  r o  1- : co;~ll'l~~l:~:l /\Id 
Ca t c:;;n r y : SCHOOL 
End-r1:;c:: SPACE ; + ~ A T I M ~  

E. \S IS  OF  Y1:OJECTIONS : See Table A-14. 



! ; . ! I  : I 
s e c t o r :  ~ : ~ ~ ~ ~ 1 ~ l l ~ l : ~ : l . / \ l ~  
<:aVclcory: HOSPITAL 
End-us(! : SPACE HEATIIL'S 

D I R E C T  F U E L  USE 

l.!rrl!llNE 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

TOTAL F U E L  D Z U N D ,  D ,  

1 0 l . 2 ~  t u  

SXTURATIOX,  S 

ij?:;.IT B A S I C  DD.i\ND, El, ,  

1 0 3 y , t u / f  t 2  

RZFEKMCE "LECMNOLOGI13S : 

DATA SOURCES : 

B A S I S  O F  P1:OJECTIONS : See Table A-14. 



I ! .  : I 
Scc l:c) 1. : COi.l>f 1; l :C l .A l~  
Ca I:c;:o r y  : MISCELLANEOUS 
End-t~sc!: SPACE HEATL,~;;  

3 I 2 E C T  FUEL USE ? 

:.I ETlIAi<E 

FUEL O I L  . 

2ZFEKJiXCE TECHNOLOGIES : . 

DA'J'A SUUKCES:  

EASIS O F  YKOJECTIONS : See Table A-14.  



DIRECT FUEL USE 

PIETIIANE . 

FUEL OIL 

ELECTRICITY 

OTHER 

TOTAL FUEL D L A N D ,  D ,  

1 0 1 2 ~ t u  

6 2 BASIS, 1 0  f t 

SATURATION, S 

UNIT BASIC DEMAND, Eu, 

1 0 3 ~ t u / f  t2  

FUEL M I X  'I'AI1LE 

A-19 

Ref:i.o!l : I 
S e c t o r  : COZiYE1:CIAL 
Ca tegory :  OFFICE 
E n d - u s e  : A I R  CONDITIONING 

REFERENCE TECHN0LOGIES:Vapor compress ion c y c l e ,  g a s  a b s o r p t i o n .  

. DATA SOURCES:. Di, ei, f i ,  and EU f o r  1972 were  o b t a i n e d  f rom r e f .  2 .  

BASIS OF PROJECTIONS: The b a s i c  u n i t  demand was reduced by 10% f o r  1985 and 2000 because  
o f  improved e f f i c i e n c y  and  o p e r a t i n g  p r o c e d u r e s .  N a t u r a l  g a s  usage  
was k e p t  a t  t h e  1972 l e v e l ,  w i t h  t h e  r emain ing  &emand s u p p l i e d  by 
e l e c t r i c i t y .  S a t u r a t i o n ,  8 ,  was nssumcd t o  b c  u n i t y .  



FUEL M I X  TAIILE 

A720 

DIRECT FUEL USE 

FUEL OIL 

ELECTRICITY 

OTHER 

TOTAL FUEL DDiAND, D ,  

101213tu 

6 2 BASIS, 1 0  f t  

UNIT BASIC DMAND, Eu, 

1u3Lltu/f r 2  

REFERENCE TECHNOLOGIES : 

Regi.on : I 
S e c t o r :  CONIYERCIAL 
Ca tegory :  RETAIL 
End-use : AIR CONDITIONING 

DATA SOURCE3 : 

3 .03  

274 

1 .oo 

32.40 

BASIS OF PROJECTIONS: see ~ ~ b l ~  A-19. 

. . 

5 .71  

580 

1 . 0 0  

29.16 

12.88 

1317 

I.. 00  

29.16 



D I R E C T  FUEL USE 

PlETHANE 

F U E L  O I L  

E L E C T R I C I T Y  

T O T A L  F U E L  DfiHAND, D ,  . . 1 0 1 2 ~ t l l  

6 2 B A S I S ,  10 f t  

SATURATION,  S 

U K I T  B A S I C  DEMAND, E, ,  

R E F E R M C E  TECHNOLOGIES : 

DATA SOURCES: 

B A S I S  O F  P R O J E C T I O N S :  

S f i .  : I 
Scc l:or : CO>l>lL1<CIAl~ 
C n t c : g o r y  : SCHOOL 
Iintl-use. : AII: CONDITION:[NC 

1 9 8 5  2 0 0 0  

S e e  T a b l e  A-19. 

S a m e  as i n  T a b l e  A - 1 9 ,  e x c e p t  that s a t u r a t i o n ,  S ,  w a s  
a s s u m e d  t o  b e  30% b y  1 9 8 5  a n d  4 0 %  b y  2 0 0 0 .  



FUEL 141>: 'I'AIjLE 

A-22 

Regi.o!!: I 
Sector: CO:.i>lJ"I~C%/iL 
Cat  c:gory : HOSPITAL 
End-11r;cl: AIR CONDITIONING 

DIRECT FUEL USE 

l.lETi Lt,i< 1; 

FUEL O I L  

ELECT!IICITY 

6 2 BASIS, 10 ft 

BASIS OF PROJECTIONS: See Table A-19. 



FUEL PIIX TACI,E 
A-23 ' 

D I R E C T  FUEL USE 

PIETHANE 

F U E L  O I L  

TOTAL F U E L  DnNND1 D l  

1 0 l ' ~ t u  

SATURATION, S 

U S I T  B A S I C  DEXAND, E u ,  

1 0 3 a t u / f  t2 

)<c.:[;i.on : I 
Scc l o r  : CO?I;.lEIXCI/iL , 

C a t e g o r y :  MISCELLANEOUS 
1:nd .-\IS(? : AIR (;ONI)ITIO~<\'~NG 

REFERESCE TECHNOLOGIES: . . 
. . . . 

D j T A  SOURCES : See Table A-19.  

R.;SIS O F  P R O J E C T I O X S :  Same as i n  Table A-21. . . . 5 



FUEL M I X  TABLE 

A- 24 

DIRECT FUEL ,USE 

METHANE 

FUEL OIL 

ELECTRICITY 

TOTAL FUEL DENhND, D, 

1 0 1 2 ~ t u  

BASIS, 1 0 6 f t 2  

SATURATION, S  

UNIT BASIC DDAND, Eu,  

1 0 3 ~ t u / f t 2  

Reg ion :  I 
S e c t o r  : COEIMERCIAL 

Category:ALL BLILDINGS 
End-use : WATER HEATING 

REFERENCE Gas b u r n e r s ,  e l e c t r i c  r e s i s t a n c e  h e a t i n g .  

DATA SOURCES: f  e i , ,  D,, ondE  w e r e  o b t a i n e d  f r o m  r e f .  2 .  
i '  11 

Or r ~ J E C T I O N S :  U n i t  b a s i c  demand and  s y s t e m  e f f i c i e n c i e s  w e r e  h e l d  c o n s t a n t  
f o r  a l l  com merc i a l  b u i l d i n g s .  N a c u r a l  g a s  u s a g e  was  k e p t  a t  t h e  
1972  l e v e l ,  w i t h  t h e  r e m a i n i n g  demand b e i n g  me t  by  e l e c t r i c i t y .  



FUEL M I X  TABLE 
A-25 

DIRECT FUEL USE 

FUEL OIL 

ELECTRICITY 

OTHER 

TOTAL FUEL DEMAND, D, 

1 0 1 2 ~ t u  

BASIS, 1o6 f  t2 

SATURATION, S 

UNIT BASIC DEPIAND, Eu,  

1 0 3 ~ t u / f t 2  

Reg ion :  I 
S e c t o r :  CONblERCIAL 

: OFFICE 
End-use:  LIGHTING AND K S C .  

APPLICANCES 
1985  2000 

REFERENCE TECHNOLOGIES: C o n v e n t i o n a l  commerc i a l  l i g h t i n g  s y s t e m s ,  i n d u c t i o n  m o t o r s  

DATA SOURCES : ei, fi, Di, a n d  E f o r  1 9 7 2  w e r e  o b t a i n e d  f r o m  ref .  2 .  
u 

BASIS OF PROJECTIONS: The u n i t  b a s i c  demand was h e l d  a t  the 1 9 7 2  l eve l  f o r  a l l  commerc i a l  
b u i l d i n g s .  



FUEL N I X  TABLE 
A-26 

F:f!gi.o! : I 
S e c t o r :  C ~ ; ~ I ~ ~ l ; ~ ~ ~ ; ~ A L  
Ca tegory :  B~~~~~ 
End-rise : LIGHTING A N D  M r  sc 

APPLICANCES 
1985 2000 

DIRECT FUEL USE 

PIETHAN E 

FUEL OIL 

ELECTRICITY 

OTHER 

TOTAL FUEL DEMAND, D, 

1012Bt" 

BASIS, 106f  t2 

SATURATION, S 

UNIT BASIC DEirlAND, E,, 

I . ~ ~ ~ t u / f  t 2  

REFERENCE 'CECIINOLOGIES 

DATA SOURCES : 

BASIS UI: PKUJECTIONS: For  r e f e r e n c e  t e c h n o l o g i e s ,  d a t a  s o u r c e s ,  and basis o f  p r n j ~ ~ t i n n s ,  
s e e  T a b l e  A-25. 



D I R E C T  FUEL USE 

EIETHANE 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

TOTAL FUEL DEMAND, D ,  

1 0 ~ 2 ~  t1: 

SATURATION,  S 

U N I T  B A S I C  DENAND, E,, 

REFERENCE TECHNOLOGIES : 

FUEL MIX TABLE 

A-27 

? e o l l  : I 
Sector  : COX>IERCIAL 
C a t e g o r y  : SCHOOLS 

-use : L I G H T I N G  AND W S C  . 
APPLICANCES 

1 9 8 5  2 0 0 0  

B A S I S  O F  P R O J E C T I O N S :  S e e  Table A-25. 



FUEL MIX TAI:LE 

A-28 

D I R E C T  F U E L  USE 

PIETHANE 

F U E L  O I L  

E L E C T R I C I T Y  

T O T A L  F U E L  DEMAND, D ,  

1 0 ~ 2 ~ t u  

6 2 B A S I S ,  10 f t  

S A T U P A T I O N ,  S 

U N I T  B A S I C  DDlAND, E,, 

10'J3tv/ft2 

R E F E R M C E  TECHNOLOGIES: 

DATA SOURCES:  

C n t c ; ; o r y :  
HOSPITAT; Ei'('-lisc : LT Gll'CT NG A N D  W! S C .  

B A S I S  O F  P R O J E C T I O N S :  S e e  T a b l e  A-25. 

8 . b 1  

118 

1.00 

7 1 . 3 0  

1 2 . 1 2  

17 0 

1 .00  

7 1 . 3 0  

17.47 

2 5 2  

I.. 00 

7 1 . 3 0  



FUEL N I X  TABLE 

A-29 

D I R E C T  FUEL USE 

PIETHANE 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

TOTAL F U E L  DEMAND, D, 

1 0 l 2 ~ t u  

6 2 B A S I S ,  10 f t  

SATURATION,  S 

U N I T  B A S I C  DENAND, E,, 

1 0 ~ B t u / f t ~  

REFERENCE TECHNOLOGIES: 

DATA SOURCES: 

I?egj .on:  I 
S c c  t o r  : CO:h\lERCIAL 
C a t e g o r y :  MISCELLANEOUS 
lSntl'-rlsc : L I  GHTTNG AND MT. S C .  

APPLICANCES 

1985 2000 

B A S I S  O F  P R O J E C T I O N S :  See Table  A-25.  



DIRECT FUEL USE 

PLETHAXE 
E x i s t i n g  
K e t r o f i  t t e d  
New- improved 
New -FH.A-HF'S 

FUEL OIL 
E x i s t i n g  
R e t r o f i t t e d  
New. improved 
New -FHA->PS 

ELECTRICITY 
E x i s t i n g  

New- improved 
H e a t  pump 

TOTAL FUEL D W N D ,  D, 
101213 t u  

BASIS 
~ 0 3 ~ o u c c h o l d o  

SATURATION, S 

UNIT BASIC DEMAND, EU 

KEYE!!EKCE TECHNOLOGIES : 

DATA SOURCES: 

FUEL MIX TABLE Rcgj.on: I1 

A- 30 Scc t o r  : RJ;SIDJ;XTIAL 
Ca te i r .?ry:  SINGLE FAMILY DETACHED 

End u s e :  SPACE HEATING 

Note:  FQS a l l  Region T T .  tables f o r  the rcoidcntinl s ~ 1 . 1  ,.,I, suu c~rrcopoxid lng  
Region I t a b l e s  f o r  r e f e r e n c e  t echno log%es ,  d a t a  s o u r c e s  and bas i s  
of p r o j e c t i o n .  

2 3 0 2  

1. uuu 

E x i s  t i n e  71.00 
New 

7 7 7 7  

1 .ooo 

65 .32  
75.67 

1 .ooo 

65.32 
75.67 



DIRECT FUEL USE 

N.?2THAKE 
E x i s t i n g  
R e t r o f i t t e d  

"  improved 
New-FHA-ME'S 

FUEL OIL 
E x i s t i n g  
R e t r o f i t t e d  
New -improved 
New -FHA -mS 

ELECTRICITY 
E x i s t i n g  
 imp improved 

H e a t  pump 

OTHER (Coa l ,  Steam) 

TOTAL FUEL DEMAND, D, 
l0 l2I3 t u  

FUEL M I X  TABLE Region:  11 

. A-31 S e c t o r :  RESIDENTIAL 
Catec;>ry: L O W  DENSITY 
End use :  SPACE HEATING 

REFERENCE TECHNOLOGIES: 

BASIS 
1 0 3 ~ o u s e h o l d s  1454 

SATURATION, S 1.000 

UNIT BASIC DEMAND, Eu E x i s t i n g  50 

l ~ ~ ~ t u ~ h o u s e h o l d  N~~ 

DATA SOURCES: 

BASIS OF PROJECTION : 

1474 

1.000 

46 .OO 
50 .31  

1704 

1.000 

4 6 . 0 0  
50.31 



FUEL MIX TABLE 
A-32 

Region:  I1 
S e c t o r  : RESIDESTIAL 
Ca tci:.?ry: LOW RISE 
End use : SPACE HEATING 

DIRECT FUEL USE 

PIETHANE 
E x i s t i n g  
R e t r o f i t t e d  
New-i  mproved 
New -FHA-bPS 

FUEL OIL 
E x i s t i n g  
R e t r o f i t t e d  
New-  improved 
New -FHA -1.fP.S 

ELECTRICITY 
E x i s t i n g  
New-improved 
Meat  pump 

OTHER (Coal, S t  earn) 

TOTAL FUEL DEMAND, D, 
1 0 1 2 u t u  

BASIS 
1 0 ~ ~ o u s e h o l d s  

SATURATION, S 

UNIT BASIC DEMAND, EU 

REFERENCE TECHNOLOGIES 

DATA SOURCES : 

EASIS OF PROJECTION : 



DIRECT FUEL USE 

PlETtLZNE 
E x i s t i n g  
R e t r o f i t t e d  
New-improved  
New-FHA-MPS 

FUEL O I L  
E x i s t i n g  
R e t r o f i t t e d  
New-improved  
New -FM--WS 

' .ELECTRICITY 
E x i s t i n g  . New-improved 
H e a t  p m p  

OTHER ( C o a l ,  S t e a m )  

TOTAL FUEL DFiYAND, D, 
1 0 1 2 ~  t u  

FUEL MIX TABLE 1Ic:gion: I1 
A-33 s e c t o r :  . RESIDESTIAL 

Ca tet: '>ry: HIGH RISE 
End u s e  - : SPACE H E A ~ ~ I G .  

REFERENCE TECHNOLOGIES: 

BASIS 
1 0 ~ ~ o u s e h o l d s  1 5 1 4  

S.4TUR4TIONY S 1 .COO 

U S I T  BASIC DDIAND, E, 
3 1 

~ O ~ B  t u  / h o u s e h o l d  

DATA SOURTES : 

BASIS OF PROJECTIOX : 

. 

1 5 9 0  

1 . 0 0 0  

2 8 . 5 2  

1 7 3 4  

1 . 0 0 0  

2 8 . 5 2  



DIRECT FUEL USE 

METHANE 
E x i s t i n g  
R e t r o f i t t e d  
New-frnp r o v e d  
New-FHA-MPS 

FIlET. OIL 
E x i s t i n g  . 
R e t r o f i t t e d  . 
N e w - i m p r o v e d  
New -FHA -MF'S 

ELECTRICITY 
E x i s t i n g  
N e w - i m p r o v e d  
H e a t  Pump 

nT!l ER. 

TOTAL FUEL DEMAND, D, 
1 . 0 ~ 2 ~  t l .1  

B A S I S  
10~110Ll~ell13 l d s  

SA'I'UKATION, S 

UNIT  BASIC DEMAND, Eu 

REFERENCE TECHNOLOGIES: 

DATA SOURCES : 

B A S I S  OF  PROJECTION: 

FUEL MIX TABLE 

A- 34 

R e g i o n :  11 
S e c t o r :  RESIDENTIAL 
C a t e g 0 r y : M O B I L ~  HOME 
E n d - u s e :  SPACE HEATING 



FUEL M I X  TABLE 

DIRECT FUEL USE 

rnTHANE 
E x i s t i n g  
R e t r o f i t t e d  
M e w - i . 3 ~  r o v e d  
New-FHA-MPS 

FUEL O I L  
E x i s t i n g  
R e t r o f i t t e d  
N e w - i m p r o v e d  
NEW -FHA-MPS 

ELECTRICITY 
E x i s t i n g  
N e w - i m p r o v e d  
H e a t  .pump 

OTHER 

TOTAL FUEL DENAND, D ,  
1 0 1 2 B t u  

B A S I S  
1 0 ~ ~ o u s e h o l d s  

SATURATION, S 

U N I T  BASIC DEMAKD, E,, ' 

( 1 0 6 ~ t u / h o u s e h o l d )  

REFERENCE TECHNOLOGIES: 

DATA SOURCES: 

B A S I S  OF PROJECTION: 

A-35 

R e g i o n :  'I 
S e c t o r :  RISSIJ1ENT:I:AJ. 

Ca ry  : SINGLE-FAMILY DETACHED. 
E n d u s e  : WATER HEATING 



DIRECT FUEL USE 

PIETlbiE\'E 
E x i s t i n g  
R e t r o f i t t e d  
Mew-.improved 
New -FHA-PPS 

FUEL OIL 
E x i s t i n g  
Rctsofi t t e d  
New-icnproved 
New-FHA-I.PS 

ELECTRICITY 
E x i s t i n g  
New-improved 
Hca t ' p i ~ m p  

OTHER 

TOTAL FLIF.1. DENAND, D, 
101.2~ L" 

SATURATION, S 

UNIT EASIC DEMAND, B, 

( 1 0 6 ~ t u / h o u s e h o l d )  

REFEREKCE TECllN,'nT,flGT,FS - 
DATA SOURCES: 

Ret;j.o~l: .I1 
Sector: l ~ ) ~ S l . ~ ) l ; ~ ~ : l . ~ ~ ,  

Category:  LOW DENSITY 
End use : IJATFR HEATING 



DIRECT FUEL USE 

FIETHANE 
E s i s  tilie 
R e t r o f i t t e d  
Hew-i nlproved 
New-FHA->IPS 

FUEL O I L  
E x i s  t i n e  
R e t r o f i t t e d  
New-i3proved  
New-FHA-XPS 

ELECTRICITY 
E x i s t i n : :  
New-improved 
H e a t  pump 

OTHER 

TOTAL FUEL DEtiANi?, D, 
l 0 l 2 ~ t u  

BASIS 
103t louse l1olds  

ShTUR4TION, S 

UNIT EASIC DENAND, E,, 

DATA SOURCES: 

DASIS OF PROJECTIOX : 

l<ei;i.on: 11 
Scc: I:clr : 1 i 1 ~ S ~ ~ 1 ~ 1 ~ X ~ ~ ~ l . A ~ .  
(:atcgory: LOW RISE 
Elld-use : I.IAT.ER HEATING 



DIRECT FUEL USE 

PlETtWNE 
E x i s t i n g  
R e t r ~ f i t t e d  
Kcw- hupruved 
Ner+-FHA-FlF'S 

FUEL 011, 
* E x i s t i n g  

R e t r o f i t t e d  
New jmproved 
New -FIN -MFS 

ELECTRICITY 
E x i s t i n g  
New-improved 
Heat pump 

OTHER 

TOTAL FUEL DENAND, D ,  
1 0 ~ ~ ~ c u  

BASIS , 
lo~l1ou.%~:l~~~lLls 

SkTUR4TION, S 

- UNIT EASIC DuENAND, E, 

XEFEFZWCE TECHNOLOGIES: 

DATA SOURCES: 

Region: I1 
Sccl-or: 10:I;II>I:NTIAJ2 
C a t e g o r y :  ' HIGH RISE 
Elld-use: WATER HEATING 



FUEL MIX TABLE 
A-39 

D I R E C T  F U E L  USE 

METHANE 
E x i s t i n g  
R e t r o f i t t e d  
New- i m p r o v e d  
New -FHA-MPS 

F U E L  O I L  
E x i s t i n g  
R e t r o f i t t e d  
N e w - i m p r o v e d  
New -FHA-MPS 

E L E C T R I C I T Y  
E x i s t i n g  
N e w - i m p r o v e d  
H e a t  P u m p  

OTHER 

TOTAL F U E L  DEMAND, D', 
1 0 1 2 ~  t u  

B A S I S  
1 0 ~ ~ 0 u s e h o l d s  

SATURATION, S 

U N I T  B A S I C  DEMAND, Eu 

REFERENCE TECHNOLOGIES: 

R e g i o n :  I1 
S e c t o r :  R E S I D E N T I A L  
C a t e g 0 r y : M O B I L E  HOME 
End-use : WATER HEATING 

DATA SOURCES : 

b l e  358 . 5 3 6  

B A S I S  O F  PROJECTICN:  

1 .oo 

1 5 . 2 0  

1.00 

14.40 



FUEL MIX TABLE 
A-40 

D I R E C T  F U E L  USE 

I v ~ ~ ~ ~ ~  E 
E x i s t i n g  
R e t r o f i t t e d  
N e w -  i m p r o v e d  
New-FHA-MPS 

F U E L  O I L  
E x i s t i n g  
R e t r o f i t t e d  
New - i m p r o v e d  
N e w - F H A - I P S  

E L E C T R I C I T Y  

ROOM 
CENTRAL 

OTHER 

T O T A L  F U E L  DEMAND, D ,  
1 0 1 2 ~ t u  

SATURATION,  S 

U N I T  B A S I C  DEMAND, E, 

REFERENCE TECHMOLOGIES: 

R e g i o n :  11 
S e c t o r :  RESIDENTIAL 
C a t e g o r y  : ALL HOUSING TYPES 
E n d -  'use A I R  CONDITIONING 

D.4TA SOURCES ! 

11.33 , 

6057 

0.33 

R o o m  10.44 

C e n t r a l  22.23 

RASTS OF PRfl.1ECTION : 

18.78 

7 130 

0.66 

10.44 

22.29 

32.31 

8375 

0 . 9 1  

10.44 

22.29 



DIRECT FUEL USE 

NETHANE 
E x i s t i n g  
R e t r o f i t t e d  
h 'ev-&proved  
New-FHA-MPS 

FUEL O I L  
E x i s t  i t i g  * 

R e t r o f i t t e d  
New- i m p r o v e d  
N ~ w - ~ ~ ~ A - M P S  

ELECTRICITY 
E x i s  t i  ng  
New-.improved 
H e a t  pump 

OTHES 

TOTAL FUEL DEMAND, D, 
1 0 1 2 ~ ~ ~ '  - 

BASIS 
1 0 3 ~ o u s e h o l d s  

SATURATION, S 

UNIT BASIC DEMAND, Eu 

1 0 6 ~  t u  / h o u s e h o l d  

FUEL E i l X  1:ACLE 
A-41 

R e g i o n :  I1 
S c c t o r  : I<ESII)I:NT%AI, 
C a t e g o r y :  ALL HOUSING TYPES 
end use : COOKING 

REFERENCE TECHNOLOGIES : 

DATA SOURCES : 

BASIS OF PROJECTION : 



FUEL M I X '  ThliL,E 

Regi.0;~: I1 
S e c t o r :  KESII)EXTIAL 
Ca tegory :  ALL HOUSING TYPES 
Enduse  : LIGHTING & MISC. 

ELECTRIC APPLIANCES 

DIRECT FUEL USE 

NETtIANE 
E x i s t i n g  
R e t r o f i t t e d  
New-imp roved  
New-FH: -MPS 

FUEL OIL 
E x i s t i n g  
R e t r o f i t t e d  
New-lmproved 
New -FHA-blPS 

ELECTRICITY 
E x i s t i n g  
New-improved 
H e a t  pump 

OTHER 

TOTAL FUEL DENAND, D, 
1 0 1 2 ~  t u  

SATUlUTION, S 

UNIT BASIC DEMAND, E, 

REFERENCE TECHNOLOGIES : 

DATA SOURCES: 

BASIS OF PROJECTION : 



l?cj;i.orl: 11 
S e c t o r  : CO>I~lEl:CXI\I~ 
Ca l:c!j;ory : OFFICE 
End-use : SPACE MEATIXG 

DIRECT FUEL USE 

FUEL OIL 

ELECTRICITY 

OTllER (Steam) 

TOTAL FUEL DEEIAND, D, 

1 0 1 2 ~ t u  

6 2 BASIS ,  1 0  f t  

SATURATIOX, S 

UXET BASIC D D I A N D ,  Eu,  

1 0 3 ~ t u / f  t2 

REFERWCE TECHNOLOGIES : 

DATA SOURCES: 

BASIS OF PROJECTIONS : 

Note: F o r  a l l  Region I1 t a b l e s  f o r  t h e  commercial s e c t o r ,  see 
c o r r e s p o n d i n g  Region I t a b l e s  f o r  r e f e r e n c e  t e c h n o l o g i e s ,  
d a t a  s o u r c e s ,  and b a s i s - o f  p r o j e c t i o n .  



DIRECT FUEL USE 

bIETIIl.r.NE 

FUEL OIL 

ELECTRICITY 

TOTAL FUEJ.. D W i N D ,  D ,  

1o1*~t.\* 
6 2 BASIS, 10 ft 

U S I T  BASIC D D i A N D ,  E,,, 

REFEREXCE TECHNOLOGIES: 

Rc;;i.on: 11 
Sector: COZI~.IERCXAJ~ 
C a  tc:gory : RETAIL 
End -use : SFACE HEATING 

DATA SOIIRCES : 

B A S I S  01: PROJECTIONS : 



F U E L  O I L  

E L E C T R I C I T Y  

OTHER ( s t e a m )  

TOTAL F U E L  D W i N D ,  D ,  

lo1 2~ t u  

6 2 B A S I S ? ,  10 f t 

S A T U R A T I O S ,  S 

.USIT B A S I C  DDIAND, E,,, 

1 o 3 ~ t u / f  t2  

Rei;j.o!.~ : 11 
Sectol:: CO:.PlEKCIAL 
(;;I L r:t;c'> r y : SCHOOL 
End-11:;c : SPACE llEATIMG 

R E F E R F C E  TECHNOLOGIES:  

DATA SOURCES:  



I<c;;~.o?I: 11 
S e c t o r :  COZIPIECCIAL 
C;I I: c:j;nr : HOSPITAL 
End-LISC : SPACE llEATING 

b1ETHARE 

FUEL O I L  

' ELECTRICITY 

OTllER ( S t e a m )  

TOTAL FUEL DENAND, .D, 

1 0 1 2 ~ t u  

6 2 B A S I S ,  10 f t  

SATURATION, S 

USLT BASIC DENAND, Eu , 

~ O ~ D L O / T  t7 

REFERn 'CE TECHNOLOGIES : 

DATA SOl~RCFS : 

B A S I S  OF PROJECTIONS : 



DIRECT FUEL  US^ 

FUEL O I L  

ELECTRICITY 

OTllER ( S t e a m )  

TOTAL FUEL DENAND, D ,  

1 0 1 2 ~ t u  

6 2 B A S I S  10 f t  

UXIT BASIC DENAND, E,, 

103F5 tu / f  t2  

R E F E R M C E  TECHNOLOGIES: 

DATA SOURCES : 

Regi .09:  11 
S e c t o r :  CO>J.IMElICLAL 
Ca L-cgor y :. MISCELLANEOUS 
End-use  : SPACE HEATING 

B- \S IS  O F  PROJECTIONS: 



FUEL MIX TABLE 

A-48 

DIRECT FUEL USE , 

METHANE 

FUEL O I L  

ELECTRICITY 

OTHER 

TOTAL FUEL' DEMAND, D,  

l O l 2 B t u  

BASIS  1 0 6 f t 2  

SATURATION, S 

UNIT  BASIC DEMAND, E,, 

1 0 3 ~ t u / f  t2 

REFERENCE TECHNOMGIES: 

DATA SOURCES ; 

R e g i o n :  I1 
S e c t o r :  COMMERCIAL 
C a t e g o r y :  OFFICE 
E n d - u s e :  AIR  CONDITIONING 

B A S I S  OF  PROJECTIONS: 



FUEI. MIX 'I'AI3LE 

A-49 

D I R E C T  FUEL USE 

1,iETHAK E 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

TOTAL FUEL DPiAND,  D ,  

1 0 1 2 ~ t u  

6 2 B A S I S  10 f t  

I J S I T  B A S I C  DEMAND, E,, 

1 0 3 ~ t u / f  r2  

R E F E R m C E  TECHNOLOGIES 

DATA SOURCES: 

Regi.o!i: 11 
Sector :  CO>LYEI:CIAL - 
Catcgory:  RETAIL 
Entl -us<: : A I R  CONDITIONING 

3 A S I S  O F  P R O J E C T I O N S  : 



FUEL MIX TABLE 

A-50 

DIRECT FUEL USE 

FUEL O I L  

ELECTRICITY 

OTHER 

TOTAL FUEL DEMAND, D,  

1 0 1 2 ~ t u  

6 2 B A S I S  10 f t  

SATURATION, S 

U N I T  BASIC DEMAND, E,, 

l u 3 ~ t u l i .  t2 

REFERENCE TECHNOLOGIES: 

R c g i o ~ ~ :  I1 
S e c t o r  : CO:,PlEKCII\L 
C a t e g o r y :  SCHGOL 

: A I R  C O N D I T I O N I ~ G  

1 9 8 5 .  2 0 0 0  

DATA SOURCES : 

BASIS O F  PRO.JECTIONS : 



FUEL MIX TAl!LE 
A-51 

D I R E C T  FUEL USE 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

TOTAL F U E L  DnnAND, D ,  

1 0 1 2 ~ t u  

6 2 B A S I S  10 f t  

SATURATION,  S 

U N I T  B A S I C  DEMAND, E,, 

1 0 3 ~ t u / f  t2 

REFERENCE TECI-INOLOGIES : 

Region: 11 
S e c t o r :  CO>LYEI?CIAL 
C a t e g o r y :  HOSPITAL 
End-use: A I R  CONDITIONING 

DATA SOURCES: 

B A S I S  O F  P R O J E C T I O N S  : 



FUEL MIX TAELE 

A-5 2 

DIRECT FUEL USE 

PIETHAKE 

FUEL O I L  

ELECTRICITY 

OTHER. 

TOTAL FUEL DENAND, 

1 0 ~ ~ I 3 t u  

6 2 BASIS 1 0  f t  

SATURATION, S 

Rcgiol~: I1 
Sec t.or : CO?liYEKCIhL 
C a t  ego]-y : MISCELLANEOUS 
1Snd-r~se: AIR C O W D I T I O ~ I M G  

REFERENCE TECIINOLOGIES : 

uATA SOURCES: 

BASIS OF PROJECTIONS: 



FUEL MIX TABLE 

A-5 3 

D I R E C T  FUEL USE 

METHANE 

F U E L  O I L  

E L E C T R I C I T Y  

TOTAL F U E L  DEXAND, D ,  

1 0 1 2 ~ t u  

B A S I S  106 f t2  

SATUR-ZTION, S 

U N I T  B A S I C  DDlAND, E, , 

1 0 3 ~ t u / f  t2  

R e g i o n :  I1 
S e c t o r  : COEElERCIAL 

ALL BUILDINGS 
End-use: WATER HEATING 

REFEREXCE TECHNOLOGIES : 

DATA SOURCES : 



FUEL MIX TABLE 

A-54 

R e g i o n :  I1 
S e c t o r :  CO>Pi.fERCIAL 
C a t e g o r y :  F F I C E  
End-use: L I G H T I N G  AND M!SC. 

APPLICANCES 
1 9 8 5  2000 

D I R E C T  FUEL U S E  

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

T O T A L  F U E L  DEMAND, D ,  

1 0 ' 2 ~ t u  

B A S I S  106ft2  

SATURATION,  S 

U N I T  B A S I C  DENAND, E,,, 

1 o 3 ~ t u / f  t 2  

REFERENCE TECHNOLOGIES: 

DATA SOURCES : 

B A S I S  O F  P R O J E C T I O N S :  



FUEL M I X  TABLE 
A-55 

D I R E C T  F U E L  USE 

METHIAN E 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

T O T A L  F U E L  DEMAND, D ,  

1 0 1 2 ~ t u  

6 2 B A S I S  10 ft 

SATURATION,  S 

U N I T  B A S I C  DEMAND, E,, 

REFERENCE TECHNOLOGIES : 

DATA SOURCES: 

Region: 
S e c t o r  : CO;,I>IERCIAL 
C a t e g o r y :  RETAIL 
End-usc: L I G H T I N G  AND W S C .  

APPLICANCES 
1 9 8 5  2000 

B A S I S  O F  P R O J E C T I O N S :  



FUEL M I X  TABLE 

A-56 

Region: I1 
S e c  [:or : CO&'lERCIAL 

: SCHOOL 
End-use  : L I G H T I N G  AND M! S C .  

APPLICANCES 
1985 2000 

D I R E C T  F U E L  USE 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

T O T A L  F U E L  DEMAND, D ,  

i 0 l Z ~ t u  

E:\SIS 106f t2 

SATURATION,  S 

U X I T  B A S I C  DDIAND, E u ,  

I O ~ R ~ , , / ~  i-2 

R E F E R M C E  TECHNOLOGIES : 

DATA SOURCES : 

B A S I S  O F  P R O J E C T I O N S :  



FUEL MIX TABLE 

A-5 7 

D I R E C T  F U E L  U S E  

EIETHANE 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

TOTAL F U E L  DEMAND, 

1 0 1 2 B t u  

6 2 B A S I S  10 f t  

SATURATION,  S . 

UNIT' BASIC DEMAND, 

1 0 3 ~ t u / f  t2 

REFERENCE TECHNOLOGIES: 

Region: 11 
Sector: C04L'lERCIAL 

HOSPITAL 
E n d - ~ s c :  L I G H T I N G  AND Mr. S C .  

APPLICANCES 

1 9 8 5  2 0 0 0  

DATA SOURCES : 

B A S I S  O F  P R O J E C T I O N S  : 



FUEL MIX TABLE 

A-5 8 

DIRECT FUEL USE 

METHANE 

FUEL O I L  

OTHER 

TOTAL FUEL DEMAND, D, 

lol'Btu 

6 2 B A S I S  1 0  f t  - 

SATURATION, S 

UNIT BASIC DEMAND, E,, 

. lo3Btu/f  t2  

\ 

REFERENCE TECHNOLOGIES : 

R e g i o n :  I1 
S e c t o r  : C02plERCIA1A 

C a t e g o r y  : MISCELLANEOUS 
End-usc: LIGHTING AND MTSC. 

APPLICANCES 
1985 2000 

B A S I S  OF PROJECTIONS: 



IIIRECT FUEL USE ' 

METHANE 
E x i s t i n g  
R e t r o f i t t e d  
New-improved 
New-FHA-MPS 

FUEL OIL 
~ k i s  t i n g  
R e t r o f i t t e d  
New- improved 
New -FHA-MPS 

ELECTRICITY 
E x i s t i n g  
New- improved 
Heat  pump 

OTHER (Coal)  

TOTAL FUEL DEMAND, D ,  
1 0 1 2 ~ t u  

BASIS , 
1 0 3 ~ o u s e h o l d s  

FUEL MIX TABLE 

A-59 

Region: 111 
S e c t o r :  KESIDEXTIAL 
Ca t e w r y :  SINGLE FAMILY DETACHED 
End - use: SPACE HEATING 

REFERENCE TECHNOLOGIES: 
C 

DATA SOURCES: 

SATURATION, S 1 .OO 

UNIT BASIC DEMAND, E, Existing 68.00 
~ O ~ B  t u  /household'  New 

BASIS OF PROJECTION : 

1.00 

62.56 /oO 62.56 
'72.48 . 72.48 

rjoto: Fnr a1 1 R e ~ i n n  T T T  t a h l t s  fn r  the r e s j . d e n t i a l  sec tor . ,  see 
cor responding  Region I t a b l e s  f o r  r e f e r e n c e  technolog ies ,  d a t a  
s o u r c e s ,  and b a s i s  of  p r o j e c t i o n .  



DIRECT FUEL USE 

PLETHANE 
E x i s t i n g  
R e L ~ u f l t t e d  
New- improved 
New-FHA-?4PS 

N E L  OIL 
E x i s t i n g  
R e t r o f i t t e d  
New -.'improved 
New -FHA->ITS 

ELECTRICITY 
E x i s t i n g  
n'ew- i q @ r o v e d  
H e a t  'bump 

OTHER 

TOTAL. FUEL DEMAND, D, 
1 0 I Z ~ t u  

BASIS 
1 0 3 ~ o u s e h o l d s  

SATURATION, S 

UNIT BASIC DEMAND, EU 

REFERENCE TECIINO'LOGIES : 

DATA SOURCES: 

t 

FUEL MIX TABLE 

A-60 

Region:  111 
S e c t o r  : RESIDENTIAL 
Ca teg.)ry: LOW DENSITY 
End-use ' SPACE HEATING 

DASIS OF PR03EZTT01'l: 

262.70. 

2417 

1.00 
E x i s t i n g  48  .OO 
New 

222.61) 

2607 

1.00 

44.16 
43.30 

194.51 

2832 

I ,on 

44.16 
48.30 



DIRECT FUEL USE 

filETMS E 
E x i s t i n g  
R e t r o f i t t e d  
New-improved  
New -FlIA-NPS 

FUEL O I L  
E x i s t i n g  
R e t r o f i t t e d  
New- i m p r o v e d  
New -FHA -MPS 

ELECTRICITY 
E x i s t i n g  
New-  i m p r o v e d  
H e a t  pump 

OTHER 

TOTAL FUEL DEMAND, D, 
1 0 l 2 I 3 t u  

BASIS 
1 0 ~ ~ o u s e h o l d s  

SATURATION, S 

UNIT BASIC DEMAND, Eu 

~ O ~ B  t u ~ h o u s e h o l d  

REFERENCE TECHNOLOGIES: 

FUEL MIX TABLE R e g i o n :  I11 
A-61 S c c t o r  : RESIDEKTIAL 

Ca t e e . a r y :  LCW RISE 
End - use: SPACE HEATING 

DATA SOURCES: 

BASIS OF PROJECTION : 



DIRECT FUEL USE 

PETHAKE 
E x i s t i n g  
R e t r o f i t t e d  
New- i m p r o v e d  
New -FHA-MPS 

FUEL O I L  
Exfs t i n g  
R e t r o f i t t e d  
New- i m p r o v e d  
New -FHA-MPS 

ELECTRICITY 
E x i s t i n g  
N~,,. i m p r o v e d  
Heat P'-unF' 

TOTAL FUEL DEMAND, D ,  
1 0 1 2 ~ c u  

BASIS 
1 0 3 ~ o u s e h o l d s  

JATUUTIOII , 5 

l lNLT BASIC DWAMT), E,, 

REFERENCE TECHNOLOGIES: 

FUEL MIX TABLE R e g i o n :  I11 

A-62 S e c t o r  : RESIDENTIAL 
Catek,.?ry: HIGH RISE 
E n d  u s e :  SPACE HEATING 

BASIS OF PROJECTION: 



DIRECT FUEL USE 

METIIANE 
E x i s t i n g  
R e t r o f i t t e d  
New- i m p r o v e d  
New-FHA-MPS 

FUEL O I L  
E x i s t i n g  
R e t r o f i t t e d  

' New-improved 
New -FHA-MPS 

ELECTRICITY 
E x i s t i n g  
New- i m p r o v e d  
H e a t  Pump 

OTHER 

TOTAL FUEL DEMAND, D, 
1 0 1 2 B t u  

\ 

BASIS 9 

1 0 3 ~ o u s e h o ~ d s  

SATURATION, S 

UNIT BASIC DEMAND, Eu 

REFERENCE TECHNOLOGIES: 

DATA SOURCES : 

FUEL MIX TABLE 
A-63 --- 

111 
R e g i o n :  
S e c t o r :  RESIDENTIAL 
C a t e g o r y :  MOBILE HOME 
End-use  : SPACE HEATING 

BASIS OF PROJECTION: 

N e g l i g i b l e  

28 .84  

3 8 4  

1 . 0 0  

3 5 . 0 0  

4 0 . 3 2  

537  

1 . 0 0  

3 5  .OO 



DIRECT FUEL USE 

I I E T I L ~ N E  
E s i s  t i n g  
R e t r o f i t t e d  
New-improved 
N~\J-FIIA-EIPS 

FUEL OIL 
E x i s t i n g '  
R 9 t r o f i t t e d  
N F ~ -  i n @ r n \ r ~ r J  

New-lfkIA-EIP~. 

ELECTKlClTY 

ROOM 
CENTRAL 

OTHER 

TOTAL FUEL DDIAND, D,  
1 0 l 2 ~ t u  

HASTS 
l ~ ~ ~ o u s e h o l d s  

S.ATURATIOX, 

UEIT BASIC DDIAND, Eu 

REFEREKCE TECHNOLOGIES: 

DATA SOURCES : 

Kegic~n: 111 
S f c t o l .  : KESI1)ENT:IAL 
Ca tegory  : ALL HOUSING TYPES 
End -use: A I R  CONDITIONING 

0.42 

Room 11.70 

C e n t r a l  25.00 

0.80 . ' 

11.70 

25.00 

1 .00  

11.70 

25.00 



FUEL MIX TABLE 

A-65 R e g i o n :  III 
S e c t o r  : RISS'LDENTIAL 
C a t e g o r y :  SINGLE FAMILY DETACHED 
E n L u s e :  WATER HEATING 

DIRECT FUEL USE 

METHANE 
E x i s t i n g  
R e t r o f i t t e d  
N e w - i m p r o v e d  
New -FH4  -PP S 

FVEL O I L  
E x i s t i n g  
R e t r o f i t t e d  
New-Srnproved  
New-FHA-MPS 

ELECTRICITY 
E x i s t i n g  
N e w - f m p r o v e d  
H e a t  p u m p  

OTHER 

TOTAL FUEL DENAND, D,  
1 0 1 2 ~ t u  

B A S I S  
1 0 ~ H o u s e h o l d s  

SATURATIOH, S 1 

U N I T  BASIC DEMAND, E, 

REFERENCE TECHNOLOGIES: 

DATA SOURCES: 

B A S I S  O F  PP.OJECTION : 



FUEL MIX YABLE 
A-66 

Ref;ion: 111 
S e c t o r  : Rl:SII)IiNT%AJ. 
C a l : c ~ o r ~  : L O W  DENSITY 
End-use: WATER HUTING 

DIRECT FUEL USE, 

METHANE 
E x i s t i n g  
R e t r o f i t t e d  ' 
New- 'improved 
New -.FfL4 -;-IPS 

N E T .  OIL 
E x i s t i n g  
R e t r o f i t t e d  
New-improved 
New-FHA-HI'S 

ELECTRICITY 
E x i s t i n g  
New-'improved 
Heat pump 

TOTAL FUEL DENAND, D ,  
1 0 1 2 ~  t" 

B A S I S  
1 0 3 ~ o u s e h o l d s  

SkTUR4TION, S  

UI4I.T BASIC DEMAND, E, 

. ~ o ~ B  t u / h o u s e h o l d  

DATA SOURCES: 

R-4STS nF PROJECTION: 



FUEL MIX TABLE 

A-6 7 

DIRECT FUEL USE 

METHANE 
E x i s t i n g  
R e t r o f i t t e d  
New-iaproved 
Neri -FH4 -bPS 

FUEL OIL 
E x i s t i n g  
R e t r o f i t t e d  
New improved  
Keri -FHA -M?S 

ELECTRICITY 
E x i s t i n g  
Ner~d.rnproved 
H e a t  ;pump 

OTHER 

TOTAL FUEL DWAND, D,  
1 0 1 2 ~ t u  

BASIS 
1 0 ~ ~ o u s e h o l d s  

SkTUR4TION, S 

UNIT BASIC DEMAND, El, 

REFERZSCE TECHNOLOGIES: 

Region: 11.1 
S c c t o r :  RESIDENTIAL 
Cal:cgory: LOW RISE 
El1tl -Use : WATER HEATING 

DATA SOURCES: 

BASIS OF PROJECTION: 



R e g i o n :  I11 
S e c t o r :  RESIDENTIAZ, 
C a 1 : c g o r y :  HIGH R I S E  
E ~ i d  -Use : . WATER HEATING 

D I R E C T  F U E L  U S E  

METHANE 
E x i s t i n g  
R e t r o f i t t e d  
N e w - . i m p r o v e d  
New -FtL4-MI'S - 

F U E L  O I L  
E x i s t i n g  
. R . n t r n f ? ' t t ~ d  
N e i ~ i . m p r o v e c 1  
New-FHA-MPS 

E L E C T R I C I T Y  
E x i s t i n g  
N e w - i m p r o v e d  
H e a t  Pump 

OTHER 

TOTAL FIlRL DEMAI'ID, D ,  
1 0 1 2 ~ t u  

SATUR4TIOM, S 

U W I T  M S I C  DEMAND, Eu 

REFERENCE TECIINOLOG1E.S 

DATA SOURCES: 



DIRECT FUEL USE 

METHANE 
E x i s t i n g  
R e t r o f i t t e d  
New-fmproved  
New -El-IA-MPS 

FUEL O I L  
E x i s t i n g  
R e t r o f i t t e d  
New-i.mproved 
New-FHA-MPS 

ELECTRICITY 
E x i s t i n g  
New-improved 
H e a t  pump 

OTHER 

TOTAL FUEL DEMAND, D, 
1 0 1 2 ~ t u  

BASIS 
1 0 3 H o u s e h o l d s  

SATURATION, S 

UNIT BASIC DEMAND, El, 

REFERENCE TECHNOLOGIES 

DATA SOURCES : 

BASIS OF PROJECTION : 

FUEL MIX TABLE 

A-69 

R e g i o n :  111 
S e c t o r :  RESIDENTIAL 

C a t e g o r y :  MOBILE HOME 
End u s e :  . WATER HEATING 



DIRECT FUEL USE 

METIWNE 
E x i s t i n g  
R e t r o f i t t e d  

- ~ e w - ' h p r o v e d  
New -FHA-1.l.S 

FUEL OIL 
E x i s t i n g  
R e t r o f i t t e d  
New-'limproved 
New -FHA-PWS 

ELECTRICITY 
E x i s t i n g  
New-i.rnproved 
H e a t  P ump 

OTHER 

TOTAL FUEL DDIRND, D ,  
1 0 ~ * ~ c u  

BASIS 
~ . ~ 3 ~ o u s e h o l d s  

SATURATION, S 

UNIT BASIC DEMAND, E, 

106B t u / h o u s e h o l d  

REFERENCE TECHXOLOGIES: 

DATA 30URCE3 : 

FUEL M I X  TAULE 
A-70 

Region: 111 
S e c t o r :  RESIDEN'rTAl. 
Ca tegory :  ALL HOUSING-TYPES 
End -use : COOKING 

BASIS OF PROJECTION: 



FUEL MIX TAU1.E 

A-71 

D I R E C T  F U E L  USE 

P E T l M N E  
E x i s t i n g  
R e t r o f i t t e d  
N e v - i m p r o v e d  
New-FH.' -MPS 

C 

F U E L  O I L  
E s i s  t i n g  
R e t r o f i t t e d  
N e w -  i m p r o v e d  
Neu-FHA-MPS 

E L E C T X I C I T Y  
E x i s t i n g  
N e w - i m p r o v e d  
H e a t  p u m p  

OTHER 

TOTAL F U E L  DEMAND, I), 
1 0 1 2 ~ t u  

B A S I S  
1 0 ~ ~ o u s e l 1 o l d s  

SATKIRATION, S 

U N I T  B A S I C  D P l A N D ,  Eu 

REFERENCE TECHNOLOGIES: 

R e g i o n :  111 
S e c t o r :  RESIDENTIAL 
C a t e g o r y :  ALL HOUSING TYPES 
E n d - U s e :  LIGHTING AND M I S C .  

ELECTRIC APPLIANCES 

DATA SOURCES: 

B A S I S  O F  P R O J E C T I O N :  



I.:ETlIAKE 

FUEL 011. 

ELECTBICITP 

OTHER 

TOTBL FUEL DE>JAND, 

1012i3tu 

6 2 BASIS, 1 0  f t  

SATUR4TION, S 

U?;IT BASIC D D V I N D ,  

1 0 3 ,  t,, / f  t 2  

Rc!gi.on: 111 
S e c t o r :  COMNERCIAL 
Category:  OFFICE 
End-usc: SPACE HEATING 

REFERMCE TEC~lNOLOGIES : 

DATA SOURCES : 

B.4ST.S OF PROJECTIONS: 

Note: For a l l  Region 111 t a b l e s  f o r  t h e  commercial s e c t o r ,  s e e  
corresponding Region I t a b l e s  f o r  r e f e r e n c e  technolog ies ,  
d a t a  s o u r c e s ,  and b a s i s  o f  p r o j e c t i o n .  



I1X2HCrI' FUEL USE 

l~lETllj\RE 

FUEL O I L  

ELECTRICITY 

PO'i'XL FUEL DENAND, 

1 0 1 2 ~ t r u  

B A S I S ,  106 f  t2  

SATUR4TIONy S 

ii3T.T BASIC DDIAND, 

1 0 ~ ~ t u / f  t 2  

R E F E R M C E  TECHNOLOGIES : 

DATA SOURCES : 

l ? ~ ! i ; ~ . c l ~ l  : I11 
S c c t o ~ : :  COMMERCIAL 
(:at e g o  I: y : RETAIL 
E n d - t ~ r . c  : SPACE HEATING 

E A S I S  O F  PROJECTIONS: 



' S T  JT' b r  ;\;.C'i' Fl!Ei- USE 

1.: ETlliiN E 

FUEL 011. 

CLECTilICITY 

'TOTAL FUEL DE?!AKI), D, 

1 0 1 2 ~  t l l  

CXlT B A S I C  DFXAIiD, E u ,  

! i l  : 111 
SCC: t:0 I: : COMMERCIAL 
Cn L: ( !go x y : SCHOOL 
End -tlsc : SPACE HEATING 

&.-ISIS OF PROJECTIORS : 



9 I L E C T  FUEL USE 

1.1ETIIARE 

FUEL O I L  

ELECTKICITY 

OTHER 

SATURATTON, S 

; n I T  BASIC DFNANU,  

1 0 3 ~ t u  / f  t2 

IiZFEREXCE TECHNOLOGIES: 

DATA SOURCES: 

57.20 73.23 105.86 

222 331 50 3 

1.00 . 1.00 I.. 00 

142.00 120.70 120.70 

B A S I S  OF PROJECTIONS : 



9IZECT FUEL USE 

14ETIIAiYE 

FUEL O I L  

'I'OIAL FUEL DZ;.!AND, D ,  

1 0 1 2 ~ t u  

U S I T  BASIC DEXAND, E,, 

1038tu/ f  t 2  

RZFEREXCE EECMWOLOGIBS: 

D-:.PA SOURCES : 

R r t g i o  < I  : 111 
S ~ C : C O K :  COMMERCIAL 

: MISCELLANEOUS 
E n d - l l s c  : SPACE HEATING 

E.%SIS O F  PKOJECTIOHS: 



FUEL MIX TABLE 
A-77 

D I R E C T  FUEL USE 

1.IETHANE 

F U E L  O I L  . 

E L E C T R I C I T Y  

OTHER 

TOTAL F U E L  DEVAND, D ,  

1 0 1 2 ~ t u  

6 2 B A S I S ,  10 f t  

SATURATION, S 

U N I T  B A S I C  DEXAND, E,, 

Regi.011: I11 
S e c t o r  : COMMERCIAL 
C a t e g o r y :  O F F I C E  
End-use: A I R  CONDITIONING 

REFERENCE XECHNOLOGIES: . 

DATA SOURCES: 

B A S I S  O F  P R O J E C T I O N S :  



D I R E C T  F U E L  U S E  

PI ETFIAXE 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

6 2 B A S I S  10 f t  

SATURATION,  S 

U N I T  B A S I C  DEPIAND, Eu, 

1 0 3 ~ t u l f  t2 

REFERENCE TECHNOLOGIES : 

DATA SOURCES: 

B A S I S  O F  P R O J E C T I O N S :  

FUEL MIX TA1:LE 

A-78 

R e p i o t ~ :  111 
S e c t o r  : C0PLYEI:CIAL 
C a t e g o r y :  RETAIL 
.End -use : A I R  CONDITIONING 



D I R E C T  FUEL U S E  

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

TOTAL F U E L  DEMAND, D ,  

1 0 1 2 1 3 t u  

6 2 B A S I S  10 f t  

U N I T  E A S I C  DEMAND, E,, 

1 0 3 1 3 t u / f t 2  

REFERENCE TECHNOLOGIES: 

DATA SOURCES : 

B A S I S  O F  P R O J E C T I O N S :  

FUEL 1,lJ.X TA4BLE 
A-79 

o :  11.1 
S e c t o r  : CO>MERCIAL 
C a t e g o r y :  SCHOOL 

"' 'se: A I R  CONDITIONIKG 



FUEL M I X  TABLE 

A-80 

DIRECT FUEL USE 

METHANE 

FUEL OIL 

ELECTRICITY 

OTHER 

TOTAL FUEL DEMAND, D ,  

1 0 I 2 ~ t u  

6 2 BASIS 10 f t  

SATURATION, S 

UNIT BASIC DEMAND, E,, 

l n 3 ~ t u / f b 2  

REFERENCE FECHNOLOGIES: 

DATA 30URCES: 

BASIS OF PROJECTIONS: 

Region: 111 
Sector  : COMMERCIAL 
Category: HOSPITAL 
End-use: A I R  CONDITIONING 

1 1 5.16 , 1 . l -  7.79 

331 503 

1.00 1.00 1.00 

51.30 46.17 46.17 

D 
i 

0 . 1 7  

4.99 

e 
i 

1 . 8  

3.0 

fi 

0,036 

0.964 

f 
i 

o , o l  

. . 

0;99 

D. 

0.23 

3.66 

e .  

1.8 

3.0 

f 
i 

n n a  

0.98 

e 
i 

1.0 

3.0 

D 
i 

0 . 1 3  

7.66 



FUEL MIX TABLE 

A-81 

D I R E C T  F U E L  USE 

PIETHANE . 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

TOTAL F U E L  DEMAND, D ,  

1 0 1 2 . B t u  

6 2 B A S I S  , 1 0  f t 

SATURATION,  S 

U N I T  B A S I C  DJZUND, E u ,  

1 . o 3 B t u / f  t2 

R e g i 0 1 . 1 :  111 
S e c t o r :  CO-MMERCIAL 
C a t e g o r y  : MISCELLANEOUS 
End : A I R  CONDITIONING 

DATA SOURCES : 

B A S I S  OF P R O J E C T I O N S :  



DIRECT FUEL USE 

METHANE 

FUEL O I L  . 
ELECTRICITY 

OTHER 

TOTAL FUEL DE2lAND, D, 

1 0 l i B t u  

6 2 BASIS ,  10 f t  

SATURATION, S 

U N I T  BASIC DEElnND, E,, 

~ o ~ o l - ~ / r  LZ 

REFERENCE ZECHNOLOGIES 

B A S I S  OF  PROJECTIONS: 

FUEL 1.11); TABLE 

A,- 8 2 

Kcgion: I11 
Sector : COEPIERCIAL 
Category: ALL BUILDINGS 
End-usc: WATER HEATING 



FUEL MIX TABLE 
A-83 

D I R E C T  FUEL; USE 

PIETHANE 

F U E L  O I L  

E L E C T R I C I T Y  

OTHER 

TOTAL F U E L  DEMAND, D ,  

1 0 1 2 B t u '  

' 6  2 B A S I S ,  10 f t  

SATURATION,  S 

U N I T  B A S I C  DEMAND, E,, 

1 0 3 B t u / f  t 2  

REFEREXCE TECHNOLOGIES: 

R e g i o n :  111 
S e c t o r  : COwlERCIAL 
C a t e g o r y :  O F F I C E  
End-use: L I G H T I N G  AND MT S C .  

APPLICANCES 
1 9 8 5  2 0 0 0  

DATA SOURCES : 

B A S I S  OF P R O J E C T I O N S :  



I:c:gLo!l: I11 
.Set t o r :  CO;.IEIERCIAL 
C n t c g o r y :  RETAIL 
):nd-ur;c!: LT.GHTINC. hl\'D )1[SC. 

APPLICANCES 
1985 2000 

DIRECT FUEL USE 

FUEL O I L  

ELECTRICITY 

TOTAL FUEL DEMAND, D ,  

1 o L 2 ~ t u  

6 2 BASIS, 1 0  f t  

UNI.3: E A S I C  DEI'fAPu'D, E,, 

1o3J3tu/f  t2  

, K E K ~ : K ~ : N ~ ; ' ~ ;  ~:~:(::HL\O.UJ(:;IP:S : 

DATA SOURCES : 

RASTS OF PRI).TECTTONS: 



Rc!gi.or~: 111 
Sccl:or : CO;4NEI:CIAI, 
Ca t(![;ory: SCHOOL 
l:nd.-ur,c : LX G H T I N C  ANT) M! S C .  

APPT,TCANCISS 

1 9 8 5  2 0 0 0  

D I R E C T  F U E L  U S E  

1.lETIIANE 

F U E L  O I L  

T O T A L  F U E L  DE;.IAND, D ,  

1 0 ~ ~ E t u  

6 2  E A S I S ,  10 f t  

S A T U P A T I O S ,  S 

U S I T  E A S I C  DDIAND,  E,, 

1 0 3 g t u / f  t 2  

R E F E R E E C E  TECHNOLOGIES 

DATA SOURCES : ' 

B A S I S  O F  P R O J E C T I O N S :  



D I R E C T  F U E L  U S E  

PIETILANE 

F U E L  O I L  

E L E C T R I C I T Y  

OTIlER 

TOTAL F U E L  DEENND, TI, 

IO"B~LI 

.IJSI:!: B A S I C  D D I A N D ,  El,, 

i n 3 ~ t , - , / i ~ 2  

R E F E R E X C E  TECHNOLOGIES : 

DATA SOURCES : 

B A S I S  O F  P R O J E C T I O N S :  



FUEL MIX TARLE 

A-8 7 

DIRECT FUEL USE 

METHANE 

FUEL O I L  

ELECTRICITY 

OTHER 

TOTAL FUEL DEMAND, 

1 0 1 2 B  t u  

UNIT  BASIC DEMAND, 

1 0 3 B t u / f  t2 

REFERENCE TECHNOLOGIES: 

DATA SOURCES : 

Ilegioii: 111 
S e c t o r  : COMMERCIAL 
Ca l:egory : MISCELLRTEOUS 
End-11se  : LIGHTING AND MISC 

APPLIANCES 

B A S I S  OF PROJECTIONS: 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK .'' 



APPENDIX B 

MODE SHIFT ANALYSIS 

I n  a d d i t i o n  t o  t h e  p r o j e c t i o n s  based  on assumptions d e s c r i b e d  

i n  S e c t i o n  IV, p r o j e c t i o n s  e x p l o r i n g  t h e  p o s s i b i l i t i e s  f o r  s h i f t s  

between energy  forms were made f o r  use  i n  supply-demand a n a l y s i s  

i n  t h e  Nor theas t  Energy P e r s p e c t i v e s  S t u d y .  such  mode s h i f t s  

may i n d i c a t e  a d e c r e a s e  i n  t o t a l  ene rgy  demand o f  s e v e r a l  

p e r c e n t ;  however,  s u c h . r e d u c t i o n s  must b e  i n t e r p r e t e d  j u d i c i o u s l y .  

A s h i f t  t o  e l e c t r i c i t y  may reduce  end-demand energy  r equ i r emen t s  

' b u t  i n c r e a s e  the rma l  energy  i n p u t  r equ i r emen t s  i n  a  supply  s e c t o r .  

The p r i n c i p a l  advantage of  a  mode s h i f t  l i e s  i n  t h e  r e s u l t i n g  

change i n  demand f o r  s p e c i f i c  f u e l s ,  no t  i n  t h e  change in' t o t a l  

demand. 

Mode S h i f t  t o  E l e c t r i c i t y  

For  each of  t h e  t h r e e  c a s e s  developed i n  S e c t i o n  IV, a  

co r r e spond ing  c a s e  was c o n s t r u c t e d  w i t h  a  mode s h i f t  t o  e l e c t r i -  

c i t y .  For t h e s e  ca ses !  it i s  assumed t h a t  a  l a r g e r  p o r t i o n  

of new homes a r e  e l e c t r i c a l l y  hea t ed  because  of  r e s t r i c t i o n s  

on gas  and o i l  s u p p l i e s .  I n  t h i s  mode s h i f t ,  50% of t h e  homes 

b u i l t  between 1972 and 1985 and 75% o f  t h o s e  b u i l t  t h e r e a f t e r  a r e  

assumed t o  b e  e l e c t r i c a l l y  h e a t e d .  Fur thermore ,  it i s  assumed 

t h a t  h a l f  of  t h c  e x i s t i n g  stoclc o f  warm a i r  f u r n a c e s  t h a t  must 

b e  r ep l aced  w i t h i n  t h e  p r o ~ e c t i o n  pe r iod  a r e  r e p l a c e d  w i t h  

e l e c t r i c  u n i t s .  I n  t h e  commercial s e c t o r ,  i t  i s  assumed t h a t  

e l e c t r i c i t y  i s  used f o r  h e a t i n g  i n  tw ice  a s  many u n i t s  a s  i n  t h e  

non-mode s h i f t  c a s e .  The amounts of  o i l  and n a t u r a l  g a s  r e p l a c e d  

b y  e l e c t r i c i t y  a r e  assumed t o  b e  p r o p o r t i o n a l  t o  t h e  r e l a t i v e  

market s h a r e  of each  f u e l  i n  t h e  non-mode s h i f t  c a s e .  The r e s u l t  

i s  shown i n  Tab le  B-1.  



TABLE B-1 

NORTHEAST RESIDENTIAL AND COMMERCIAL ENERGY 

DEMAND ( 1 0 1 2  ~ t u )  MODE SHIFT TO 

ELECTRICITY 

1 9 8 5  2 000  
F u e l  t y p e  B a s e  M o d e r a t e  S t r o n q  B a s e  M o d e r a t e  S t r o n q  

O i l  2 8 1 6  2 5 1 3  2 0 6 1  3 5 6 7  2 8 3 8  2027  

Qas 1 4 0 3  1 2 6 1  1 0 4 3  1 2 8 0  l O G G  7 3 1  

e l ec r r i c i ry  1398 1 2 2 7  1070 2812 2 1 9 1  1 6 6 7  

S o l a r  - - 2 5 - 37  0 6 3 1  ' 

M0d.e S h i f t  t o  E l e c t r i c i t y  and Gas 

The r a t i o n a l e  f o r  t h i s  mode s h i f t  was a  d e s i r e  t o  s e e  t o  

what e x t e n t  a  s h i f t  t o  e l e c t r i c i t y  and g a s ,  suppor ted  .by produc- 

t i o n  of low Btu g a s ,  could a l l e v i a t e  t h e  h i g h  o i l  demands. For  

each  of t h e  i r i g i n a l  t h r e e  c a s e s  ( S e c t i o n  I V )  an a l t e r n a t i v e  

h a s  been c o n s t r u c t e d  i n  which g a s  r e t a i n s  i t s  1972 market s h a r e  

f o r  space  h e a t i n q  and e l e c t r i c i t y  use  i s  p r o j e c t e d  on t h e  same 

b a s i s  a s  i n  t h e  mode s h i f t  t o  e l e c t r i c i t y  c a s e s .  S o l a r  ene rgy ,  

i f  used ,  remains  a t  i t s  o r i g i n a l  l e v e l s  and o i l  i s  used f o r  t h e  

remaining demand. 

Mode S h i f t  t o  O i l  and Gas 

I n  t h i s  c a s e ,  t h e  p o s s i b i l i t y  was expJored t h a t  a  h i g h  

r e l a t i v e  c o s t  o f  e l e c ' t r i c i t y  would reduce  i t s  use f o r  h e a t i n g  

i n  new b u i l d i n g s  t o  h a l f  t h e  l e v e l  p r o j e c t e d  i n  t h e  o r i g i n a l  

r e f e r e n c e  c a s e .  The remaining demands f o r  space  h e a t  a r e  m e t  

w i t h  gas  and o i l  i n  p r o p o r t i o n  t o  t h e i r  use  i n  t h e  r e f e r e n c e  - 

c a s e .  



TABLE B-2 

NORTHEAST RESIDENTIAL AND COMMERCIAL ENERGYsDEMAND- 

B t u )  MODE SHIFT TO ELECTRICITY AND GAS 

I 

1985 2000 
F u e l  t y p e  Base  Moderate  S t r o n q  Base Moderate  S t r o n q  

O i l  2517 2 2.5 5 1 8  5 1 2 9 54 2 177 1562 

Gas 1739 1555 1290 2 147 1745 i 2 8 7  

E l e c t r i c i t y  1398 1227 107 0 2812 2 1 9 1  1667 

S o l a r  - 370 631  - - 25 - 

TABLE B-3 

NORTHEAST RESIDENTIAL AND COMMERCIAL ENERGY DEMAND-. 

(1012 ~ t u )  MODE SHIFT TO OIL AND GAS 

1985  2000 
F u e l  t y p e  Base  Moderate  S t r o n q  Base  Moderate  S t r o n q  

O i l  3164 2807 2299 4552 2568 , 2 52 9 

Gas 1460 1318 1089 1397 1163 84 9 

E l e c t r i c i t y  1 2 3 1  1 0 9 1  968 2330 1 8  5 1 1447 

S o l a r  - - - 2 5 370 63 1 

A l l  t h e  above c a s e s  a t t e s t  t o  t h e  r e g i o n ' s  ve ry  g r e a t  

dependence on o i l  f o r  i t s  energy  sou rce .  Only i n  t h e  c a s e  i n  
\ 

which s t r o n g  c o n s e r v a t i o n  i s  coupled w i t h  a  mode s h i f t  t o  

e l e c t r i c i t y  and g a s  does  t h e  l e v e l  o f  o i l  demand remain f a i r l y  

c o n s t a n t  over  t ime .  , 
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THE BROOKHAVEN NATIONAL LABORATORY 
REGIONAL ENERGY STUDIES PROGRAM 

The Brookhaven National Laboratory Regional Energy Studies Program 
is part o f  a national effort supported by the U.S. Energy Research and 
Development Administration (ERDA) to create,an energy assessment 
capability which is sensitive to  regional conditions, perceptions, and 
impacts. Within ERDA, this program is supported,by.the Division o f  
Biomedical and Environmental Research and includes, in  addition to  
a concern for health and environmental impacts of  energy systems, 
analysis o f  the complex trade-offs between economics, environmental 
quality, technical considerations, national security, social impacts, 
and institutional questions. The Brookhaven Program focuses on the 
Noitheast, including the New England states, New York, Pennsylvania, 
New Jersey, Maryland, Delaware, and the District of Columbia. The 
content o f  the program is determined through an identification of  the 
major energy planning issues of the region and in  consultation with 
stote and regional agenciq. A major component of the program i n  
1976 is the Northeast Energy Perspectives Study which examines the 
implications of  alternative energy supply-demand possibilities for 
the region. i:" - 




