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ABSTRACT 

ReSerellce Euergy Systems have been developed f o r  the  rcg ion  ocr-  
v i c e d  by t h e  Tennessee Val ley  Author i ty  f o r  the  base year  1975 and 
p r o j e c t i o n s  developed f o r  t h e  y e a r s  1980, 1985 and 2000. This systems 
fo rmula t ion  has t r a d i t i o n a l l y  been app l i ed  t o  the  assessment of energy 
t echno log ies  and p o l i c i e s  on a n a t i o n a l  l e v e l .  This paper p resen t s  a 
r e fo rmula t ion  of the  p r o j e c t i o n  methodology i n  o rde r  t o  app ly  the  
Reference Energy Systems format t o  an  e l e c t r i c  u t i l i t y  region (e.g., 
t h e  Tennessee Val ley  Author i ty ) .  The Reference Energy System is a 
network r e p r e s e n t a t i o n  of the, t e c h n i c a l  a c t i v i t i e s  r equ i red  t o  supply  
v a r i o u s  forms of energy t o  end-use a c t i v i t i e s .  Technologies a r e  de- 
f i n e d  f o r  a l l  o p e r a t i o n s  involving s p e c i f i c  f u e l s  inc lud ing  resource  
ex t rac t io f i , r e f inement ,  convers ion,  t r a n s p o r t a t i o n ,  d i s t r i b u t i o n ,  and 
nt i l - j zat fon .  Each of t h e s e  a c t i v i t i e s  is  represen ted  by a l i n k  i n  t h e  
network f o r  a g iven year  wi th  the  l e v e l s  of energy demand and supply  
s p e c i f i e d .  

A unique advantage of us ing t h e  system presented he re  f o r  u t i l i t y  
p lanning is i ts i n t e g r a t i v e  view of the  e n t i r e  energy system as- opposed 
t o  a n  a n a l y s i s  l i m i t e d  e x c l u s i v e l y  t o  t h e  e l e c t r i c  s e c t o r .  This  sys- 
tems. approach i n c o r p o r a t i n g  a l l  r e sources ,  technologies  and uses  of 
energy a l lows  a u t i l i t y  t o  a s s e s s  the  impact of a l t e r n a t e  technologies  
and p o l i c i e s  a c r o s s  t h e  e n t i r e  energy system. Demand p a t t e r n s  f o r  
.twenty-five end-use demand c a t e g o r i e s  wi th in  the  r e s i d e n t , i a l ,  commer- 
c i a l ,  i n d u s t r i a l ,  a n d  t r a n s p o r t a t i o n  s e c t o r s  a r e  developed f o r  a base  
c a s e  s c e n a r i o  r e p r e s e n t i n g  reasonable  energy use p a t t e r n s  der ived i n  a 
c o n s i s t e n t  manner by applying engineer ing techniques t o  the  b e s t  a v a i l -  
a b l e . i n f o r m a t i o n .  The impact of a, new. technology i n  terms of r e source  
consumption may .be eva lua ted  by modifying the  energy flow paths  t o  
i n c o r p o r a t e  t h e  new technology. A l t e r n a t e  paths through the  network 
r e f l e c t  the  s u b s t i t u t a b i l i t y  of resources '  and technologies  f o r  one.  
ano the r .  



REGIONAL REFERENCE ENERGY SYSTEMS : 
.ELECTRIC UTILITY APPLICATIONS 

INTRODUCTION 

The United S t a t e s  has t r a d i t i o n a l l y  been an energy independent 
country  r e l y i n g  upon its own p l e n t i f u l  supply of resources  to  meet i ts 
energy needs. Over the' p a s t  deca.de t h i s  s i t u a t i o n  has reversed i t s e l f  
due t o  the  n a t i o n ' s  i n c r e a s i n g  r e l i a n c e  on imported o i l .  I n  1970 the  
U.S. imported 3 . 4  m i l l i o n  b a r r e l s  of o i l  per  day t o  meet about 25% of 
its demand f o r  petroleum products.  S ince  1970 o i l  imports  have more 
than  doubled reaching 8.7 m i l l i o n  b a r r e l s  of o i l  per day i n  1977 t o  meet 
n e a r l y  50% of the  n a t i o n ' s  demand f o r  petroleum. This r i s i n g  l e v e l  of 
imported energy coupled wi th  the  dramat ic  p r i c e  i n c r e a s e s  fo l lowing t h e  
Arab o i l  embargo o f  1973 have l e d  t o  a reexamination of the  n a t i o n ' s  
energy p r i o r i t i e s  i n  terms of t h e  product ion and demand f o r  energy- 
A l t e r n a t i v e  energy sources  such a s  coa l  s y n t h e t i c s ,  s o l a r ,  and nuc lea r  
power have been r e c e i v i n g  inc reased  a t t e n t i o n .  Conservation s t r a t e g i e s  
such a s  end-use device  e f f i c i e n c y  improvements, improvements i n .  bu i ld ing  
c o n s t r u c t i o n  p r a c t i c e s ,  and s p e c i f i c  lifestyle changes a r e  being pursued 
as a r e s u l t  of both government r e g u l a t i o n  and p r i c e  inducement. To 
a s s e s s  t h e  impact of these  a l t e r n a t i v e  sources  of energy,  technologies ,  
and p o l i c i e s  on the  n a t i o n ' s  energy system r e q u i r e s  a n  a n a l y t i c a l  
framework which i n c o r p o r a t e s  the  e n t i r e  energy system. The systems 
fo rmula t ion  presented i n  t h i s  paper is based on t h e  Reference Energy 
Systems approach and i n c o r p o r a t e s  a l l  r e sources ,  technologies  and uses 
of energy i n  a un i f  o m  manner. 

The Reference Energy System is a network r e p r e s e n t a t i o n  nf t h e  
t e c h n i c a l  a c t i v i t i e s  r equ i red  t o  supply va r ious  forms of energy t o  
end-use a c t i v i t i e s  and has wide a p p l i c a t i o n  i n  t h e  assessment of energy 
t echno log ies  and p o l i c i e s .  Technologies a r e  def ined f o r  a l l  o p e r a t i o n s  
invo lv ing  s p e c i f i c  f u e l s  inc lud ing  resource  e x t r a c t i o n ,  ref inement ,  
convers ion,  t r a n s p o r t a t i o n ,  d i s t r i b u t , i o n ,  and u t i l i z a t i o n .  Each of 
t h e s e  a c t i v i t i e s  is represen ted  by a l i n k  i n  the  network f o r  which an 
e f f i c i e n c y  is s p e c i f i e d .  The network i s  q u a n t i f i e d  f o r  a given yea r  
w i t h  t h e  l e v e l  of energy demands and the  energy flows through the  supply  
a c t i v i t i e s  t h a t  a r e  r e q u i r e d  t o  s e r v e  these  demands. 

The Reference Energy System has t r a d i t i o n a l l y  been a p p l i e d  t o  the 
assessment of energy technologies  and p o l i c i e s  on a n a t i o n a l  l e v e l .  The 
d i v e r s i t y  of energy consumption a c r o s s  the  United S t a t e s  is such t h a t  
r e g i o n a l  a n a l y s i s  of energy resources  and consumption i s  e s s e n t i a l  f o r  
any meaningful a n a l y s i s  of p o l i c y  i s s u e s .  Both energy resources  and end 
uses  have such widely varying c h a r a c t e r i s t i c s  on a n a t i o n a l  l e v e l  that 
a n a l y s i s  of such i s s u e s  a s  conse rva t ion  s t r a t e g y ,  u t i l i t y  load f o r e c a s t -  
i n g ,  new technology implementation, and environmental  po l i cy  r e q u i r e  a n  
in-depth knowledge of energy requirements on a r e g i o n a l  l e v e l .  

This paper p r e s e n t s  a reformulat ion of .  the  p r o j e c t i o n  methodology 
developed on a n a t i o n a l  l e v e l  and a p p l i e s  it  t o  a n  e l e c t r i c  u t i l i t y  
region-the Tennessee Val ley  Authori ty.  Reference Energy Systems have 
been developed f o r  the region se rv iced  by' TVA f o r  the base year  1975 .. 
(F igure  I )  and p r o j e c t i o n s  were developed f o r  the  yea r s  1980, 1985 aad 
2000 (F igure  11). Brookhaven Nat ional  Laboratory and t h e  Tennessee 
Val ley  Author i ty  have e n t e r e d  i n t o  , a  cooperat ive  agreement t o  model the  
energy system f o r  the  a r e a  se rv iced  by TVA. This region,  t y p i c a l  of 



many u t i l i t i e s ,  c u t s  a c r o s s  both s t a t e . a n d  county p o l i t i c a l  boundaries.  
Thus energy supply and demand d a t a  a v a i l a b l e  f o r  p o l i t i c a l  e n t i t i e s  from 
publ ished government s t a t i s t i c s  can not be u t i l i z e d  d i r e c t l y  i n  t h i s  
s tudy.  The Tennessee Val ley  Author i ty  has agreed t o  supply  Brookhaven 
wi th  the  necessary energy and economic da ta  t h a t  is a v a i l a b l e  t o  them f o r  
t h e  region.  Brookhaven has r e s p o n s i b i l i t y  i n  the  p r o j e c t  f o r  developing 
the  energy model and d e r i v i n g  r e g i o n a l  e s t ima tes  of energy supply and 
demand not  provided by TVA. . T h i s  coopera t ive  arrangement has proven 
mutual ly  b e n e f i c i a l  t o  both TVA and Brookhaven. As a r e s u l t  of t h i s  s tudy  
t h e  Tennessee Val ley  Author i ty  c u r r e n t l y  has access  t o . e n e r g y  consumption 
d a t a  f o r  a l l  f u e l s  consumed i n  t h e  region.  This was not  a v a i l a b l e  
previously .  I n  a d d i t i o n  TVA is planning t o  run the  Brookhaven Energy 
System Opt imizat ion Model using t h e  Reference Energy Systems developed i n  
t h i s  s t u d y  a s  inpu t .  Brookhaven has had an oppor tun i ty  t o  s u c c e s s f u l l y  

. demonstrate t h e  a p p l i c a b i l i t y  of i ts  modeling c a p a b i l i t i e s  t o  a u t i l i t y  
region.  The g e n e r a l  methodology demonstrated i n  t h i s  s tudy  is a l s o  
d i r e c t l y  t r a n s f e r r a b l e  t o  o t h e r  u t i l i t y  regions .  

The Tennessee Val ley  Author i ty  is a wholly owned corpora te  agency of 
t h e  United S t a t e s  government e s t a b l i s h e d  by Act of Congress i n  1933 t o  
develop the  Tennessee Valley. The product ion and s a l e  of e l e c t r i c  power. 
a r e  p a r t  of TVA's resource  development 'program. TVA s u p p l i e s  power a t  
wholesale  , t o  160 municipal  and coopera t ive  d i s t r i b u t o r s  which i n  t u r n  d i s -  
t r i b u t e  power t o  about 2.5 m i l l i o n  r e s i d e n t i a l ,  commercial and i n d u s t r i a l  
customers. These customers a r e  l o c a t e d  i n  seven s t a t e s  inc lud ing  the  
e n t i r e  s t a t e  of Tennessee and p a r t s  of Alabama, Georgia, Kentucky, 
M i s s i s s i p p i ,  Norrh Carol ina  and V-irginia. TVA a l s o  s e r v e s  d i r e c t l y  49 
i n d u s t r i a l  customers wi th  l a r g e  o r  unusual power requirements and s e v e r a l  
F e d e r a l  i n s t a l l a t i o n s  inc lud ing  uranium enrichment p l a n t s  l o c a t e d  at Oak 
Ridge, Tennessee and Paducah, Kentucky. 

A unique advantage of us ing  the  system presented he re  f o r  u t i l i t y  
p lanning is its o v e r a l l  view of the  e n t i r e  energy system as opposed t o  a n  
a n a l y s i s  l i m i t e d  e x c l u s i v e l y  t o  t h e  e l e c t r i c  s e c t o r .  This systems ap- I 

proach a l lows a u t i l i t y  t o  assess the  impact of a l t e r n a t i v e  t echno log ies  
and p o l i c i e s  a c r o s s  t h e  e n t i r e  energy system. Recent e l e c t r i c  u t i l i t y  
f o r e c a s t s  of f u t u r e  energy requirements have been reduced from what they 
were i n  t h e  1972 t o  1973 t ime period.  Higher energy p r i c e s ,  depressed 
economic cond i t ions  and conse rva t ion  have a l l  been c o n t r i b u t i n g  f a c t o r s  t o  
t h e  low energy growth r e c e n t l y  experienced.  These f a c t o r s  have added a 
cons ide rab le  degree of u n c e r t a i n t y  t o  f u t u r e  p r o j e c t i o n s .  T r a d i t i o n a l l y ,  
u t i l i t i e s  have depended upon h i s t o r i c a l  t r e n d s  i n  f o r e c a s t i n g  f u t u r e  
loads ,  but t h i s  method is r a p i d l y  being replaced by more s o p h i s t i c a t e d  
t echn iques  us ing econometrics and d e t a i l e d  engineer ing ana lyses  of 
demands. A systems approach us ing t h e  l a t t e r  technique is being a p p l i e d  
i n  t h i s  s tudy  t o  p r o j e c t  requirements f o r  f u e l  and e l e c t r i c  power. Demand 
p a t t e r n s  f o r  twenty-five end-use demand c a t e g o r i e s  w i t h i n  the  r e s i d e n t i a l ,  
commercial, i n d u s t r i a l  and t r a n s p o r t a t i o n  s e c t o r s  a r e  developed f o r  a base 
c a s e  s c e n a r i o  represen t ing  reasonable  energy use p a t t e r n s  der ived i n  a 
c o n s i s t e n t  manner by applying engineer ing techniques t o  t h e  bes t  a v a i l a b l e  
informat ion.  Demand f o r  e l e c t r i c  power i s  then obta ined from t h e  
summation of e l e c t r i c  demands over a l l  o thkr  demand c a t e g o r i e s .  

Fundamental t o  the  proper use of informat ion conta ined '  i n  t h i s  
r e p o r t  is recogn i t ion  t h a t  d a t a  presented here  a r e  base-l ine projec- 
t i o n s  and must - not  be const rued a s .  p r e d i c t i o n s  of the  fu tu re .  These 
p r o j e c t i o n s  a r e  not f o r e c a s t s  of what " w i l l  be", but a r e  in tended t o  be 
used f o r  technology assessments.  They a r e  r e fe rence  p r o j e c t i o n s  i n  the  

-z- 



sense  t h a t  new technologies  a r e  not included i n  the  p ro jec t ions .  This 
does not  imply t h a t  new technologies  such as  the  e l e c t r i c  c a r  w i l l  not  
be prevalent  by the  year  2000, but i t  allows these new technologies  t o  
e n t e r  t h e  system i n  some predetermined,fashion.  The impact of a new 
technology i n  terms of resource  consumption may be.ev.aluated b modify- 
i n g  t h e  energy flow paths t o  incorpora te  the  new techno1ogy.(lJ 
A l t e r n a t e  paths through the  network, r e f l e c t  the  s u b s t i t u t a b i l i t y  of 
resources  and technologies  f o r  one another .  

' ENERGY DEMAND I N  THE TVA REGION - METHODOLOGY 

R e s i d e n t i a l  S e c t o r  

Demand f o r  energy i n  t h e  r e s i d e n t i a l  s e c t o r  is disaggregated i n t o  
space hea t ing ,  water hea t ing ,  air condi t ioning,  cooking, app l iances  and 
l i g h t i n g .  Energy requirements f o r  space  h e a t i n g . i n  t h e  TVA r e g i o n  
consumed 59% of the  energy i n  t h e  r e s i d e n t i a l  s e c t o r  i n  1975. The 
de l ive red '  energy t o  space hea t ing  appearing i n  the  Reference Energy 
System between the  column headings DECENTRALIZED CONVERSION and 
UTILIZING DEVICE is  computed from t h e  energy demand per household (42 x 
lo6 Btu/Households), the  number of households, (2025 x 103 Households), 
and the  market pene t ra t ion  f o r  space hea t ing  i n  t h e  TVA reg ion  (100%)- 
The b a s i c  energy demand f o r  space hea t ing ,  appearing i n  t h e  RES under 
t h e  column heading DEMAND CATEGORY, is computed a s  t h e  product of t h e  
d e l i v e r e d  energy and t h e  end-use device  e f f i c iency .  The. bas'ic energy 

!. demand r e p r e s e n t s  the  ne t  energy required t o  provide a given level of 
s e r v i c e s ,  f o r  example, t o  mainta in  room temperature a t  720F. 

The r e s i d e n t i a l  housing s tock  is c l a s s i f i e d  i n t o  f i v e  d i s t i n c t  
b u i l d i n g  types:  mobile homes, single-family detached, single-family 
a t t a c h e d ,  multi-family low r i s e  and multi-family high r i s e .  Energy 
requirements f o r  space hea t ing  vary from 9.9 x lo6  Btu/household f o r  
multi-family high r i s e  u n i t s  t o  45.8 x 106 Btu/household f o r  s i n g l e -  
family  detached u n i t s .  This v a r i a t i o n  i n  hea t ing  requirements is due 
t o  such f a c t o r s  as o u t s i d e  w a l l  exposure and c o n s t r u c t i o n  p r a c t i c e s .  
The populat ion i n  t h e  TVA region is projected t o  i n c r e a s e  from 
6,290,000 i n  1975 t o  7,919,000 i n  t h e  year 2000. The number of 
households is pro jec ted  t o  i n c r e a s e  from 2,025,000 i n  1975 t o  3,168,000 
i n  t h e  year  2000. These p r o j e c t i o n s  of populat ion and households imply 
a con t inua t ion  of the  decrease  i n  the  number of persons per household 
t h a t  has been occurr ing h i s t o r i c a l l y .  

. The propor t ion of households i n  the  region using e l e c t r i c i t y  t o  
meet t h e i r  space ,hea t ing  requirements is pro jec ted  t o  i n c r e a s e  from 43% 
i n  1975 t o  62% i n  2000. This inc ludes  435,000 households p r o j e c t e d . t o . '  
have e l e c t r i c  hea t  pumps i n  2000 versus  60j000 i n  1975. The p ropor t ion  
of households using n a t u r a l  gas ,  o i l ,  coa l ,  wood and LPG t o  meet t h e i r  
energy requirements f o r  space hea t ing  is projected t o  decrease  as these  
f u e l s  a r e  replaced by e l e c t r i c i t y .  The low cos t  of e l e c t r i c i t y  and t h e  
r e l a t i v e l y  moderate c l imate  i n  the  region exp la ins  the  continued 
r e l i a n c e  on e l e c t r i c i t y  f o r  space heat ing.  The average r e s i d e n t i a l  
customer paid 2.26 c e n t s  p e r  kilowatt-hour f o r  e l e c t r i c i t y  i n  1976 
compared t o  a n a t i o n a l  average of 3.3 c e n t s  per kilowatt-hour.  



Energy requirements f o r  air condi t ioning vary r e g i o n a l l y  wi th  
temperature ,  humidity and cloud cover. Equivalent f u l l  load opera t ing  
hours is a measure of a i r  condi t ioning energy requirements t h a t  
r e f l e c t s  t h e s e  meteorological  v a r i a b l e s .  Average annual u n i t  energy 
requirements f o r  air cond i t ioners  i n  t h e  U.S. a r e  1390 kWh f o r  room 
u n i t s  and 3560 kWh f o r , c e n t r a l  u n i t s .  Inc reas ing  these  u n i t  energy 
demands by the  r a t i o  of opera t ing  hours  i n  t h e  TVA reg ion  (1200 hours)  
t o  opera t ing  hours i n  t h e  U.S. (1000 hours)  r e s u l t s  i n  an annual 
e l e c t r i c  demand i n  the  region of 1668 kWh per u n i t  f o r  room a i r  
c o n d i t i o n e r s  and 4272 kwh per u n i t  f o r  c e n t r a l  a i r  cond i t ioners .  The 
b a s i c  energy demands der ived f o r  1975 a r e  e s c a l a t e d  i n  propor t ion t o  t h e  
market s a t u r a t i o n  and t h e  number of households p ro jec ted  i n  the  re fe rence  

4years. V i r t u a l l y  a l l  homes a r e  p ro jec ted  t o  have a i r  cond i t ion ing  by t h e  
year  2000, wi th  c e n t r a l  a i r  condi t ioning dominating t h e  market6 

Energy requirements fa r  domestic hot water heat ing a r e  computed from 
t h e  energy demand per  household (19.2 x 106 Btu/household), t h e  market 
p e n e t r a t i o n  of water h e a t e r s  (go%), and the  number of households i n  t h e  
region.  Sixty-two percent  of t h e  households i n  1975 used e l e c t r i c i t y  t o  
meet t h e i r  energy requirements f o r  domestic hot water.  E l e c t r i c  hot water  
h e a t i n g  is pro jec ted  t o  cont inue dominating the  market such t h a t  over 
t h r e e - q u a r t e r s  of t h e  households use e l e c t r i c i t y  t o  meet t h e i r  domestic 
h o t  water energy requirements by 2000. Energy requirements f o r  cooking i n  
t h e  r e s i d e n t i a l  s e c t o r  a r e  computed from the  energy demand per household 
(3.9 x lo6  Btu/household) and t h e  number of households i n  the  TVA 
region.  Seventy-seven percent of t h e  households i n  t h e  TVA reg ion  had 
e l e c t r i c  ranges  i n  1975. E l e c t r i c  ranges a r e  p ro jec ted  t o  cont inue 
dominating t h e  market such t h a t  the  y e a r  2000 v i r t u a l l y  a l l  houoeholdo 
have e l e c t r i c  ranges.  The r e s i d e n t i a l  l i g h t i n g  and app l iance  ca tegory  
accounts  f o r  energy consumed by r e f r i g e r a t o r s ,  dishwashers,  e l e c t r i c  
d r y e r s ,  gas  d r y e r s ,  t e l e v i s i o n s ,  food f r e e z e r s ,  c l o t h e s  washers, 
l i g h t i n g  and miscellaneous small  appl iances .  To a l low f o r  t h e  
i n t r o d u c t i o n  of new e l e c t r i c a l  devices  not yet  i n  use ,  it is assumed 
t h a t  t h e s e  dev ices  w i l l  consume a s  much energy i n  2000 a s  smal l  
app l iances  pe r  household d i d  i n  1970, 1.6 x lo6  Btu per  household. 

Commercial S e c t o r  

The commercial s e c t o r .  incorpora tes  a wide range of a c t i v i t i e s  which 
f o r  the  p,urposes of t h i s  study a r e  disaggregated i n t o  two broad 
c a t e g o r i e s :  1 )  bu i ld ings ' and  2) a g r i c u l t u r e  and mining. A methodology 
analogous t o  the  one followed i n  the  r e s i d e n t i a l  s e c t o r  is used t o  
compute energy consumption i n  c o m e r c i a l  bui ld ings .  Energy is consumed 
i n  commercial bu i ld ings  f o r  space condi t ioning,  water hea t ing ,  cookin,o, 
l i g h t i n g ,  r e f r i g e r a t i o n ,  computers and o t h e r  e l e c t r i c a l  appl iances .  
Commercial bu i ld ings  se rve  a broad range of func t ions  which include:  
r e t a i l  s t o r e s ,  warehouses, o f f i c e s ,  s e r v i c e  s t a t i o n s ,  educa t iona l  
bu i ld ings ,  h o s p i t a l s ,  government bu i ld ings ,  churches,  passenger and 
f r e i g h t  t e rmina l s ,  h o t e l s ,  and o t h e r  miscellaneous bui ld ings .  These 
bu i ld ings  have widely varying energy requirements,  but  i n  o rder  t o  
develop u n i t  energy requirements f o r  the  commercial inventory i n  a 
c o n s i s t e n t  f ash ion  the  following bu i ld ing  d e f i n i t i o n s  were e s t a b l i s h e d :  
o f f i c e  bu i ld ings ,  r e t a i l  bu i ld ings ,  schools ,  h o s p i t a l s ,  and o t h e r .  



The commercial inven to ry  i n  the  TVA region was 680 m i l l i o n  square  
f e e t  i n  1975 and is pro jec ted  t o  1980, '1985 and 2000 i n  p ropor t ion  t o  
ou tpu t  i n  the  s e r v i c e s  s e c t o r  from the  Brookhaven Nat ional  Laboratory  
input-output model, ad jus ted  by reg iona l  ea rn ings .  The fol lowing 
methodology is used t o  p r o j e c t  the  commercial inventory  i n  the  region,. 
F i r s t ,  exogenously s p e c i f i e d  f u e l  p r i c e s ,  c a p i t a l  c o s t s  and GNP a r e  
i n p u t  i n t o  the  Data Resources Incorporated (DRI) 10 s e c t o r  g e n e r a l  
e q u i l i b r i u m  macroeconomic model. Then, using aggregate  economic and 
energy e s t i m a t e s  from ,the D R I  model, the  BNL input-output model s o l v e s  
f o r  energy s e r v i c e  l e v e l s  and output  i n  each of the  ,110 s e c t o r s .  ( 2, 
The commercial inventory  i n  t h e  TVA region is then c a l c u l a t e d  from U.S. 
ou tpu t  i n  t h e  s e r v i c e s  s e c t o r  from the  1 / 0  model, a d j u s t e d  by r e g i o n a l  
ea rn ings  as fol lows : 

: (OUTPUT) 
x [EARNINGS 

(OUTPUT> 1975 

where, OUTPUT = D o l l a r s  of output  i n  t h e  s e r v i c e s  s e c t o r  from t h e  
1 / 0  model f o r  t h e  U.S. 

t = P r o j e c t i o n  yea r  -- 1980, 1985, 2000- 
The r e g i o n a l  adjustment o r  "Earnings Ratio" is computed a s  the  r a t i o  
of p r o j e c t e d  r e g i o n a l  ea rn ings  i n  t h e  commercial s e c t o r  t o  p r o j e c t e d  
U.S. ea rn ings  . i n  the  commercial s e c t o r ,  no.rmalized . t o  1970 as 
fo l lows  < 

where, E = Earnings i n  t h e  commercial s e c t o r .  
t = P r o j e c t i o n  y e a r  - 1980, 1985, 2000. 

Earnings p r o j e c t i o n s  f o r  the  U.S. and by s t a t e  a r e  from t h e  1972 
OBEBS . Pro jecti ons of Regibnal Economic Ac t iv i ty .  i n  the  U.S. (6)  
developed by the  Bureau of Economic Analysis  f o r  the  Water Resources 
Council.  These p r o j e c t i o n s  a r e  based on t h e  1972 S e r i e s  E popu la t ion  
p r o j e c t i o n s  from t h e  Bureau of t h e  Census. Earnings i n  t h e  TVA 
reg ion  a r e  de r ived  from ea rn ings  i n  each of the  s t a t e s  by 'assuming 
ea rn ings  is p r o p o r t i o n a l  t o  popula t ion.  I 

Energy requirements f o r  space h e a t i n g  i n  commercial b u i l d i n g s  is  
p r o p o r t i o n a l  t o  popula t ion weighted h e a t i n g  degree days i n  t h e  reg ion  
and is der ived  from u n i t  energy demands f o r  the  f i v e  b u i l d i n g  
c a t e g o r i e s .  'The average u n i t  energy requirement f o r  space h e a t i n g  i n  
t h e  commercial s e c t o r  is 23,000 Btu/sq f t .  The mix of f u e l s  s a t i s f y -  
i n g  t h i s  demand was es t imated r e l a t i v e  t o  the  m i x  of f u e l s  f o r  r e s i -  
d e n t i a l  space hea t ing .  Over one-half of the  energy requirements f o r  
space h e a t i n g  i n  commercial bu i ld ings  is  p ro jec ted  t o  be met by e lec -  
t r i c i t y  by 2000 compared t o  a n  es t ima ted  25% i n  1975. E l e c t r i c  hea t  
pumps a r e  p ro jec ted  t o  meet the  demand f o r  space cond i t ion ing  i n  a n  
e s t i m a t e d  200 m i l l i o n  square  f e e t  of commercial bu i ld ings  by the  year  
2000, reducing the  demand f o r  e l e c t r i c i t y  i n  those  bu i ld ings  by a  
f a c t o r  of over one-third r e l a t i v e  t o  convent ional  heat ing.  The f r a c -  
t i o n  of the  commercial inventory  heated by n a t u r a l  gas,  f u e l  o i l ,  
LPG, c o a l  and wood is pro jec ted  t o  decrease  over the r e f e r e n c e  
yea r s .  



The energy requirement f o r  a i r  cond i t ion ing  i n  commercial bu i ld ings  
is p r o p o r t i o n a l  t o  equ iva len t  f u l l  load opera t ing  hours i n  the  TVA 
reg ion  and is computed from a u n i t  energy demand of 53,500 Btu per 
square  f o o t  f o r  air cond i t ion ing  i n  commercial bu i ld ings .  This u n i t  
demand is i n  terms of bas ic  energy demand and must be divided by the 
c o e f f i c i e n t  of performance to  o b t a i n  de l ive red  e l e c t r i c i t y .  The energy 
requirement f o r  water hea t ing  i n  commerc'ial b u i l d i n g s  i s  a f u n c t i o n  of 
the  u n i t  energy demand: f o r  water hea t ing  and the  commercial inventory .  
The mix of f u e l s  sa t i s . fy ing  t h i s  demand is es t imated r e l a t i v e  t o  
r e s i d e n t i a l  water hea t ing ,  with e l e c t r i c i t y  p ro jec ted  t o  dominate the  
market over  the  next  twenty-five years .  Energy demand f o r  commercial 
cooking is a f u n c t i o n  of the  number of meals served and the  energy 
r e q u i r e d  t o  cook a meal. The energy requ i red  t o  cook a meal is assumed 
t o  be 75% of the  energy demand i n  the  r e s i d e n t i a l  s e c t o r .  The number of 
meals served is p r o p o r t i o n a l  t o  t h e  popula t ion and the  f r a c t i o n  of a l l  
meals e a t e n  i n  commercial e s t ab l i shments .  I n  1.975 an es t ima ted  20% of 
a l l  meals were e a t e n  i n  commercial e s t ab l i shments  and t h i s  is pro jec ted  
t o  i n c r e a s e  t o  25% by the  y e a r  2000. 

The energy demand i n  commercial bu i ld ings  f o r  l i g h t i n g ,  ref  r i g e r a -  
t i o n ,  HVAIC a u x i l i a r y  equipment, and miscellaneous e l e c t r i c a l  app l i ances  
i n c l u d i n g  computers is computed a s  a func t ion  of the  u n i t  energy demands 
i n  these  c a t e g o r i e s .  The consumption of e l e c t r i c i t y  by r e f r i g e r a t i o n  
equipment and miscel laneous  e l e c t r i c a l  app l i ances  inc lud ing  computers is 
p r o j e c t e d  t o  i n c r e a s e  by a f a c t o r  of two by t h e  yea r  2000. 

A g r i c u l t u r a l  uses of energy a s s o c i a t e d  wi th  growing crops  and 
r a i s i n g  l i v e s t o c k  a r e  c u r r e n t l y  es t imated ' t o  be 2014 t r i l l i o n  Btu's  i n  
t h e  U.S. Energy consumption a s s o c i a t e d  with the  marketing,  d i s t r i b u t i o n  
and process ing of foods a s  w e l l  a s  energy consumed by farmers  f o r  r e s i -  
d e n t i a l  uses  is not accounted f o r  i n  t h i s  es t imate .  Included i n  t h i s  
estimate a r e  t h e  c o n t r i b u t i o n s  t o  energy consumption by such a c t i v i t i e s  
as plowing, p l a n t i n g ,  i r r i g a t i o n ,  ha rves t ing  and crop d ry ing  i n  a d d i t i o n  
t o  such i n d i r e c t  energy uses as f e r t i l i z e r  and p e s t i c i d e  production.  
The bas ic .  energy demand der ived f o r  a g r i c u l t u r e  is e s c a l a t e d  i n  prapor- 
t i o n  t o  p r o j e c t e d  output.  i n  the  . a g r i c u l t u r e  s e c t o r  of t h e  BNL inpu t -  
ou tpu t  model f o r  t h e  U.S., a d j u s t e d  by r e g i o n a l  earnings .  

Mineral i n d u s t r i e s  i n  t h e  TVA region a r e  pr imai ly  engaged i n  the  
mining of bituminous c o a l  and l i g n i . t e ,  the  non-ferrous meta l  o res  
baux i t e  and z inc ,  and the  mining and quarrying of the  nonmeta l l i c  
minera l s  s t o n e ,  c l a y  and phosphate rock. Consumption of energy i n  the  
TVA reg ion  is der ived  from. value  added f o r  these  minera l  i n d u s t r i e s  and 
i s  e s c a l a t e d  i n  p ropor t ion  ' t o  p ro jec ted  output  i n  the  mining s e c t o r  of 
t h e  BNL input-output model, ad jus ted  by reg iona l  earnings .  

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

The i n d u s t r i a l  s e c t o r  has been disaggregated i n t o  s e v e r a l  major 
energy i n t e n s i v e  i n d u s t r i e s  inc lud ing  aluminium, s t e e l ,  petrochemicals 
and uranium enrichment;  remaining i n d u s t r i a l  energy requirements 
(excluding petroleum r e f i n i n g )  a r e  included i n  the  demand c a t e g o r i e s  
i n d u s t r i a l  process  hea t  and i n d u s t r i a l  . e l e c t r i c  d r ive .  Consumption of 
f u e l s  i n  t h e s e  demand c a t e g o r i e s  is i n i t i a l l y  p ro jec ted  i n  propor t ion t o  
i n d u s t r i a l  a c t i v i t y  i n  the  U.S.,and then reg iona l i zed  based on ea rn ings  
i n  manufacturing.  This methodology is analogous t o  t h a t  followed i n  the  
commercial s e c t o r .  



E l e c t r i c  power is  the  major form of energy used t o  produce primary 
aluminum and is required i n  the  e l e c t r o l y s i s  of alumina. The e l e c t r o -  
l y t i c  e f f i c i e n c y  of t h i s  process is  based on a minimum t h e o r e t i c a l  
requirement of 27.3 m i l l i o n  Btu per ton. Oxidation of carbon a t  t h e  
anode is accounted f o r  in '  the  l o s s e s  t o  coal .  Secondary recovery from 
sc rap  is l e s s  energy i n t e n s i v e  than primary production and is pro jec ted  
t o  represen t  a growing share  of the  market. This is expected t o  in- 
c rease  from 20% of t o t a l  production i n  1975 t o  33% by the  year  2000, 
thus  decreas ing energy: consumption per .pound of aluminum produced. It 
is  es t imated t h a t  1144 m i l l i o n  pounds of primary aluminum was produced 
i n  1975 a t  the  f o u r  major p l a n t s  loca ted  'in t h e  region.  I n  a d d i t i o n  t o  
primary product ion,  289 m i l l i o n  pounds of aluminum were produced from 
scrap.  

From an ad hoc survey of the  major s t e e l  producers i n  the  TVA 
region and p l a n t  capac i ty  d a t a  pubished by t h e  American I ron and S t e e l  
I n s t i t u t e ,  i t  has been estimated t h a t  383,400 t o n s  o f  steel were 
produced i n  1975 using the  e l e c t r i c  furnace.  Considering the  low c o s t  
of e l e c t r i c i t y ,  t h e  l a c k  of b l a s t  furnaces  t o  produce pig  i r o n ,  and t h e  
minor r o l e  of t h e  s t e e l  i n d u s t r y  i n  t h e  region,  the  e l e c t r i c  furnace is  
pro jec ted  t o  cont inue dominating the  steelmaking process  i n  t h e  TVA . 
area .  Scrap metal  is the  primary r a w  m a t e r i a l  used i n  the  e l e c t r i c  
fu rnace  wi th  e s s e n t i a l l y  no p ig  i r o n  required,  Requirements f o r  
e l e c t r i c  power i n  the  e l e c t r i c  furnace a r e  675 kilowatt-hours per ton of 
s t e e l  produced. 

Hydrocarbons der ived from n a t u r a l  gas and crude o i l ,  inc lud ing  
n a t u r a l  gas i t s e l f ,  n a t u r a l  gas l i q u i d s ,  naphtha and r e f i n e r y  gas s e r v e  
a s  t h e  raw m a t e r i a l  b a s i s  f o r  production of mosX organic  chemicals. 
Coal and c o a l  t a r  are s t i l l  used a s  a raw m a t e r i a l  i n  the  production of 
c e r t a i n  aromat ic  compounds. H i s t o r i c a l l y ,  the  mix .of raw m a t e r i a l s  
supplying t h e  chemical i n d u s t r y  has s h i f t e d  from c o a l  t o  o i l  and gas. 
Th i s  t r end  is  n o t  expected t o  cont inue a s  c o a l  becomes more r e a d i l y  
a v a i l a b l e  r e l a t i v e  t o  o i l  and gas. Regional demand f o r  hydrocarbons as 
a petrochemical  feedstock in 1975 a r e  assumed t o  be p r o p o r t i o n a l  t o  
value  added i n  t h e  chemicals and a l l i e d  products i n d u s t r y  (SIC-28). The 
mix of resources  supplying t h e  petrochemical. i n d u s t r y  is assumed t o  be 
p ropor t iona l  t o  .the m i x  of resources  i n  t h e  e a s t  south  c e n t r a l  census 
region.  (9)  Demand f o r  petrochemical  feedstocks  is e s c a l a t e d  i n  . I 

propor t ion t o  p ro jec ted  output  i n  the  chemicals and a l l i e d  products 
s e c t o r  of t h e  BNL input-output model f o r  t h e  U.S., ad jus ted  by r e g i o n a l  
earnings '  i n  SIC-28. 

' The Tennessee Valley Authority supp l ied  almost 22 b i l l i o n  ki lowat t -  
hours of e l e c t r i c i t y  i n  1975 t o  the  two f e d e r a l l y  operated gaseous 
d i f f u s i o n  uranium enrichment p l a n t s  loca ted  i n  Paducah, Kentucky and Oak 
Ridge, Tennessee, Sa les  t o  these  f e d e r a l  agencies . a r e  projected t o  
i n c r e a s e  by almost a f a c t o r  of two, t o  40 b i l l i o n  kilowatt-hours b 
1980, and then l e v e l  off  a t  t h a t  demand through the  year 2000.( 13) 
E l e c t r i c i t y  s a l e s  t o  indus t ry  by TVA inc lude  s a l e s  t o  munc ipa l i t i e s ,  
coopera t ives ,  and s a l e s  d i r e c t l y  served t o  indust ry .  E l e c t r i c i t y  s a l e s  
t o  i n d u s t r y  a r e  e s c a l a t e d  t o  the  year  2000 from d a t a  provided by TVA. 

A l l  energy used f o r  f u e l  i n  the  i n d u s t r i a l  s e c t o r  which is not' 
consumed i n  t h e  aluminum, s t e e l ,  petrochemical ,  uranium enrichment o r  
petroleum r e f i n i n g  i n d u s t r i e s  is accounted f o r  i n  t h e  category i n d u s t r i -  
a l  process hea t .  To es t imate  demand f o r  energy i n  t h i s  ca tegory o v e r a l l  
energy requirements by i n d u s t r y  a r e  i n i t i a l l y  es t imated.  I n d u s t r i a l  



process heat  then , represents  the  balance of unaccounted f u e l s  i n  the  
i n d u s t r i a l  s e c t o r  a f t e r  a l l  o the r  end uses a r e  accounted for .  T o t a l  
energy requirements i n  the  i n d u s t r i a l  s e c t o r  a r e  assumed t o  be 
p ropor t iona l .  t o  r e g i o n a l  value  added i n  inanufac.turing . Thus, 

ENERGY 
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where, ENERGY = I n d u s t r i a l  energy consumption 
VA = Dol la r s  of value  added i n  manufacturing 

POPI= Populat ion i,n coanty i 
i = Counties i n  t h e  TVA region.  

pOpiTVA equa l s  t h e  populat ion i n  county i t h a t  i s  serviced by TVA 
and is es t imated from Bureau of t h e  Census data.  The r a t i o  of i n d u s t r i -  
a l  energy consumption per d o l l a r  of value  added i n  manufacturing in t h e  
e a s t  south  c e n t r a l  census region,  (ENERGY/VA)ESC, is assumed t o  
approximate energy consumption per d o l l a r  of value added i n  t h e  TVA 
region.  

Energy consumed i n  t h e  i n d u s t r i a l  process heat  ca tegory is e s c a l a t e d  a t  
an  annual growth r a t e  of 4.8% from 1975 t o  1980, 3.4% from 1980 t o  1985 
and 3.2% t h e r e a f t e r .  This growth r a t e  is derived from (1) t h e  h i s t o r i -  
cal r a t i o  of U.S. energy consumption i n  the  i n d u s t r i a l  s e c t o r  t o  g ross  
n a t i o n a l  product (GNP) and (2 )  the  r a t i o  of TVA t o  U.S. ea rn ings  i n  
manufacturing i n  the  projected year divided by the  r a t i o  of TVA t o  U.S. 
ea rn ings  i n  1970. Energy consumed i n  t h e  i n d u s t r i a l  s e c t o r  in t h e  U.S. 
between 1960 and 1972 grew a t  2.0% per year ,  whereas GNP grew a t  3.4% 
p e r  year  over t h e  same period ( see  Figure 111). The r a t i o  of i n d u s t r i a l  
energy consumption t o  GNP ( i n  constant  d o l l a r s )  has been d e c l i n i n g  over 
t i m e  and is pro jec ted  t o  cont inue dec l in ing  through 2000. A l e a s t  
squares  f i t  t o  Energy-GNP d a t a  over the  per iod 1960-1972 r e s u l t s  i n  t h e  
fol lowing equat ion : 

where, (ENERGY/GNP)1960 = 32,453"Btu/$GNP . 

M = -241 Btu/$GNP per year 
t = 1960, ..., 1972 

Thus, i f  i t  is  assumed t h a t  t h e  r a t i o  of i n d u s t r i a l  energy consumption 
t o  GNP cont inues  t o  d e c l i n e  a s  it  has s i n c e  1960, a t  the  r a t e  of 241 Btu 
p e r  d o l l a r  of GNP per  year ,  then the  fol lowing equat ion can be used t o  
p r o j e c t  t h e  ENERGYIGNP r a t i o  i n  1980, 1985 and 2000: . '  

(ENERGY/GNP)t = 32,453 Btu/$GNP - 241 B ~ U / $ G N P  (t-1960) 

where, t = 1980,. . . ,2000 y e a r  

Since GNP i s  pro jec ted  t o  inc rease  a t  an annual r a t e  of 3.2% over 
t h e  1975 t o  2000 time period,  the  l e v e l  of energy consumption by 
i n d & s t r y  i n  the..U.S. can be p ro jec ted  t o  time period "t" using the  
following equat ion:  

Values of energy,  GNP, and the  energy/GNP r a t i o  a r e  l i s t e d  i n  Table I 
f o r  the  y e a r s  1975, 1980, 1985, and 2000. 



P r o j e c t i o n s  of energy consumption f o r  i n d u s t r i a l  p r o c e s s . h e a t  i n  
t h e  TVA region a r e  der ived from n a t i o n a l  p ro jec t ions ,  ad jus ted  by 
reg iona l  ea rn ings  i n  manufacturing. Demand f o r  energy by i n d u s t r y  i n  
t h e  U.S. i s  pro jec ted  t o  inc rease  a t  an annual r a t e  of 2.6% over t h e  
re fe rence  years  compared t o  3.6% i n  the  .TVA region.  This reg iona l  
v a r i a t i o n  i n  the  demand f o r  energy r e f l e c t s  the  i n c r e a s i n g  propor t ion of 

. earn ings  p ro jec ted  t o  , o r g i n a t e  i n  t h e  region by the  year  2000. Earnings 
i n  manufacturing is  pro jec ted  t o  i n c r e a s e  a t  an annual r a t e  of 3.1% i n  
t h e  U.S. compared t o  3.9% i n  the  TVA region.  

Transpor ta t ion  Sec to r  

I n  1975 t h e  automobile consumed 52% of the  energy i n  the  
t r a n s p o r t a t i o n  s e c t o r  compared t o  31% projected f o r  2000, r e f l e c t i n g  
improved automobile f u e l  economy and market s a t u r a t i o n .  The t o t a l  
number of automobiles i n  the  region is computed a s  a f u n c t i o n  of t h e  
number of v e h i c l e s  per  d r i v i n g  age populat ion i n  each s t a t e  and the  
s t a t e  populat ion se rv iced  by TVA. The number of v e h i c l e s  per d r i v i n g  
age  populat ion is  der ived from the  t o t a l  number of r e g i s t r a t i o n s  i n  each 
s t a t e  and the  s t a t e ' s  populat ion 1 6  years  of age gnd o lder .  The number 
of veh ic les  per  d r i v i n g  age populat ion i n  t h e  region was -61 i n  1975, 
the  same as the  n a t i o n a l  average. The number of r e g i s t e r e d  v e h i c l e s  has  
h i s t o r i c a l l y  been an i n c r e a s i n g  propor t ion of t h e  d r i v i n g  age 
population.  This t r end  is not expected t o  continue as the  market 
becomes s a t u r a t e d ,  It is pro jec ted  t h a t  by the  year 2000 85% of the  
populat ion over 16 years  of age w i l l  own automobiles, A cons tan t  va lue  
of 10,800 mi les  pe r  v e h i c l e  is  m u l t i p l i e d  by the  number of v e h i c l e s  i n  
c a l c u l a t i n g  annual  veh ic le -mi les  t r a v e l e d  (VMT.). Th i s  i s  a n a t i o n a l  
average from the  FHWA, ad jus ted  by R. L. Polk data.  Automobile gaso l ine  
consumption is computed a s  a func t ion  of VMT's and t h e  f l e e t  average 
f u e l  economy. The f l e e t  average f u e l  economy is der ived f o r  each 
re fe rence  year on the  b a s i s  of t h e  m i x  of model years  on the  road, t h e  
d i s t r i b u t i o n  of v e h i c l e - m i l e s  with age of au to ,  and t h e  f u e l  e f f i c i e n c y  
per model year  a s  fol lows:  - 

COMPOSITE FUEL EFFICIENCY I N  YEAR t = I 
where, [TOTAL FUEL REQUIREMENTSIt = ! ~. 

i' , x @=act ion bf T o t a l  
m 

m-t-10 (Fuel Economy) 
rn 

m = Model year 
t '=  P r o j e c t i o n  year -- 1980, 1985, 2000 

Fuel economy per model year is assumed t o  be 10% lower than s p e c i f i e d  i n  
t h e  Energy Po l icy  and Conservation Act because of t y p i c a l l y  observed 
nonoptimum engine performance i n  o l d e r  model veh ic les .  The f l e e t  
average f u e l  economy pro jec ted  f o r  1980, 1985 and 2000 is  14.9 mpg, 19.3 
mpg, and 25 mpg, respec t ive ly .  



The t ruck  and bus ca tegory  includes  a l l  gasol ine  a n d . d i e s e 1  f u e l  no t  
consumed by automobiles;  marine and a v i a t i o n  consumption of gaso l ine  i s  
included i n  s h i p  and a i r  t r a n s p o r t ,  r e spec t ive ly .  Thus .gaso l ine  and 
d i e s e l  f u e l  consumed by a g r i c u l t u r a l ,  cons t ruc t ion ,  and miscel laneous  
equipment is included i n  the  t ruck  and bus category. Trucks a r e  by f a r  
t h e  l a r g e s t  energy consumer i n  t h i s  category,  with buses using l e s s  than 
5% of t h e  f u e l  consumed. Trucking a c t i v i t y  is subdivided i n t o  two 
c lasses-- f re ight  t ruck ing  inc ludes  a l l  t rucks  over  10,000 l b s  g ross  
v e h i c l e  weight (GVW) and non- f r e i g h t  t rucking inc ludes  a l l  t r u c k s  under 
10,000 l b s  GVW. F re igh t  t ruck ing  a c t i v i t y  is measured i n  terms of 
ton-miles and t h e  f u e l  economy of these  veh ic les  is measured i n  terms of 
Btu's per ton-mile.  Non-f r e i g h t  t ruck ing  a c t i v i t y  is measured i n  ' terms 

. of t ruck-mi les  and t h e i r  f u e l  economy i s  measured i n  terms of Btu's per 
t ruck-mi le .  The number of t rucks  i n  t h e  TVA region i s  es t imated  from 
t h e  t o t a l  number of t r u c k s  i n  each state and the  f r a c t i o n  of t h e  
populat ion i n  t h a t  state which is se rv iced  by TVA. Gasoline and d i e s e l  
f u e l  consumption is then computed as a func t ion  of r e g i o n a l  t ruck ing  
a c t i v i t y  and t h e  energy in tens iveness  of t h e  t r u c k s  ( see  Tables 11 and 
111). 'Passenger-miles f o r  l o c a l ,  i n t e r c i t y  and school  buses a r e  
es t imated i n  propor t ion t o  t h e  population. 

H i s t o r i c a l y ,  f r e i g h t  t ruck ing  a c t i v i t y  i n  t h e  U.S. has inc reased  
i n  propor t ion t o  GNP, and t h i s  t r end  is projected t o  cont inue through 
t h e  year  2000 wi th  GNP growing a t  an annual r a t e , o f  3.2%. Regional 
f r e i g h t  t ruck ing  a c t i v i t y  i n  1980, 1985 and 2000 is der ived from U.S. 
p r o j e c t i o n s  based on. r e g i o n a l  earnings .  F re igh t  t r u c k i n g  a c t i v i t y  i n  
t h e  TVA region is pro jec ted  t o  i n c r e a s e  at an  annual rate of 4-22, from 
16 b i l l i o n  ton-mi lcc  in 1975 t o  45 b i l l i o n  ton-miles  ib tho year 2000. 
Nonfreight t ruck ing  a c t i v i t y  i n  t h e  TVA region is pro jec ted  t o  i n c r e a s e  
a t  an  annual r a t e  of 5.1%, from 9 b i l l i o n  t ruck-mi les  i n  1975 t o  31 
b i l l i o n  t ruck-mi les  i n  t h e  y e a r  2000. P ro jec t ions  of demand f o r  
gaso l ine  and d i e s e l  f u e l  a r e  based on a 25% improvement i n  t h e  f u e l  
economy of a l l  t rucks .  This e f f i c i e n c y  improvement inc ludes  t h e  f u e l  
savings  der ived from t h e  p ro jec ted  changeover t o  d i e s e l  engines.  I n  
,1975 23% of the. motor f u e l  consumed by t rucks  and buses was i n  t h e  form 
of d i e s e l  f u e l  compared t o  69% pro jec ted  f o r  t h e  year  2000. 

Consumption of jet f u e l  and a v i a t i o n  gaso l ine  by both commercial 
a i r  carriers and g e n e r a l  a v i a t i o n  is accounted f o r  i n  t h i s  demand 
category.  Demand f o r  jet f u e l  and a v i a t i o n  gaso l ine  i n  1975 was 
determined f o r  t h e  s t a t e  of Tennessee from published data .  Consumption 
of jet f u e l  and a v i a t i o n  gaso l ine  i n  t h e  TVA region,  excluding 
Tennessee, was es t imated  from a survey of the  commercial a i r p o r t s  
se rv ing  the  area .  Air passenger-miles  were then der ived from t h e  
es t imated  f u e l  consumed i n  t h e  region i n  1975, g iven an average energy 
i n t e n s i t y  f o r  air  t r a n s p o r t a t i o n  i n  t h e  U.S. of 8698 Btu's pe r  
passenger-mile.  P ro jec ted  energy consumption is computed from A i r  
Transpor ta t ion  Associa t ion of America p ro jec t ions  of U.S. domestic and 
i n t e r n a t i o n a l  air  passenger-miles  ad jus ted  by r e g i o n a l  earnings .  A i r  
passenger miles  i n  t h e  TVA region a r e  projected t o  i n c r e a s e  from 2200 
m i l l i o n  passenger-miles i n  1975 t o  10,700 m i l l i o n  passenger-miles  i n  
the year 2000, a t  an annual r a t c  of 6.5X. 

Consumption of d i e s e l  f u e l  by r a i l r o a d s  is computed a s  a funct ion 
of rai l  t r a n s p o r t  a c t i v i t y ,  measured i n  terms of ton-miles ,  and t h e  

energy in tens iveness  of the  r a i l r o a d s ,  measured i n  terms of Btu's per 
ton-mile. Demand f o r  f u e l  o i l  by commercial shipping i n  1975 i s  
computed from the  demand f o r  f u e l  o i l  by sh ips  i n  the  s t a t e  of 



/ 

Tennessee, i n f l a t e d  by t h e  populat ion i n  t h e  TVA region r e l a t i v e  t o  t h e  
populat ion i n  Tennessee. Regional energy demands f o r  commercial 
shipping a r e  der ived from Tennessee da ta  only r a t h e r  than from t h e  
energy usage i n  each s t a t e  because of the  d i s p r o p o r t i o n a t e . s h a r e  of 
por t  f a c i l i t i e s  i n  the  s t a t e s  of Alabama and H i s s i s s i p p i .  

ENERGY SUPPLIES 

Nuclear power and c o a l  a r e  projected t o  play a  major r o l e  i n  
s a t i s f y i n g  the, n a t i o n ' s  demand f o r  e l e c t r i c  power over t h e  remainder 
of . t h i s  century.  The U.S. Bureau of Mines es t imates  t h a t  219 b i l l i o n  
tons  of c o a l  a r e  economically recoverable  from a demonstrated c o a l  
reserve of twice t h a t  amount. Demand f o r  coa l  is expected t o  r,each 
one b i l l i o n  tons  i n  1985 and two b i l l i o n  t o n s ' b y  2000 compared t o  a 

'demand $n t h e  U.S. of 640 m i l l i o n  tons  i n  1975. In developing a 
p r o j e c t i o n  of c o a l  mining i n  t h e  TVA region t h e  r e s u l t s  of t h e  
Nat ional  Coal AsscssmeaC sLudy were appl ied i n  es t imat ing  product ion 
l e v e l s  f o r  1980, 1985 and 2000. It is assumed t h a t  c o a l  product ion 
i n  t h e  TVA reg ion  w i l l  i n c r e a s e  at  the  same rate a s  f o r e c a s t  f o r  t h e  
I n t e r i o r  Appalachia region from t h e  "Recent Trends" scenar io  i n  t h e  
Nat ional  Coal Assessment. This r e s u l t s  i n  a  3.5% growth r a t e  f r o m  
1975 t o  1985 and a 1.8% growth r a t e  t h e r e a f t e r  and compares favorab ly  
wi th  t h e  p r o j e c t i o n s  f o r  Appalachia contained i n  t h e  Nat ional  Energy 
Outlook. Coal product ion wi th in  the  region was 27 m i l l i o n  tons  i n  
1975 and w a s  computed from d a t a  f o r  indfv idua l  coun t ies  wi th in  t h e  
TVA region.  

The Tennessee Val ley Author i ty  has t r a d i t i o n a l l y  depended upon 
h y d r o e l e c t r i c  power and c o a l  t o  meat its power requirements.  

I E l e c t r i c i t y  generated from nuc lea r  p l a n t s  is playing an i n c r e a s i n g  
r o l e  i n  meeting the  systems demand f o r  base load e l e c t r i c  power wi th  
gas  t u r b i n e s  and pumped s t o r a g e  being used t o  meet t h e  systems demand 
f o r  peak power. E l e c t r i c i t y  generated from coal-steam p l a n t s  met 72% 
of t h e  demand f o r  e l e c t r i c  power i n  1975, h y d r o e l e c t r i c  power 
s a t i s f i e d  202 of t h e  demand, and e l e c t r i c i t y  generated from nuc lea r  
power and gas t u r b i n e  peaking u n i t s  met the,rernainder of t h e  load. 
The genera t ion  m i x  shown i n  Table I V  assumes in terchange d e l i v e r i e s  
and r e c e i p t s  ne t  t o  zero  and t h a t  a l l  of the  .power s o l d  by TVA is 
generated wi th in  the  system. E l e c t r i c i t y  s a l e s  t o t a l e d  381 t r i l l i o n  
Btu's  o r  112 b i l l i o n  kilowatt-hours i n  1975, remaining approximately 
cons tan t  s i n c e  1973. This t r end  is s i m i l a r  t o  that. experienced by 
many o t h e r  u t i l i t i e s .  a c r o s s  t h e  n a t i o n  s i n c e  the  Arab o i l  embargo. 
Recent . e l e c t r i c  u t i l i t y  f ,o recas t s  of f u t u r e  energy requirements have.  
been reduced from what they were i n  t h e  1972 t o  1973 t i m e  per%od. 
Higher energy p r i c e s ,  depressed eco i~omic~condi t ions ,  and the  
"conservat ion e t h i c "  have a l l  been c o n t r i b u t i n g  f a c t o r s  t o  t h e  low 
energy growth r e c e n t l y  experienced. These f a c t o r s  have added a  
cons iderab le  degree of u n c e r t a i n t y  t o  f u t u r e  p r o j e c t i o n s  . 
T r a d i t i o n a l l y ,  u t i l i t i e s  have depended upon h i s t o r i c a l  t r ends  i n  
f o r e c a s t i n g  f u t u r e  loads ,  but t h i s  method is  r a p i d l y  being rep laced  
by more s o p h i s t i c a t e d  techniques using econometrics and d e t a i l e d  
engineer ing ana lyses  of demands. A systems.approach us ing t h e  
l a t t e r  technique is being app l ied  i n  t h i s  s tudy t o  p r o j e c t  
requirements f o r  e l e c t r i c  power. More s p e c ' i f i c a l l y ,  demand f o r  
e l e c t r i c  power is  obtained from t h e  summation of e l e c t r i c  demands i n  
1980, 1985, and 2000 over a l l  o the r  demand c a t e g o r i e s ,  a d j u s t e d  t o  
inc lude  t ransmiss ion,  d i s t r i b u t i o n  and pumped s to rage  l o s s e s .  



System genera t ing  capac i ty  i n  s e r y i c e  , under cons t ruc t ion  o r  
planned a s  of June 30, 1976 is shown i n  Table V f o r  t h e  Tennessee 
Valley Authority.  The mix of capac i ty  a d d i t i o n s  p ro jec ted  f o r  1985 
r e s u l t s  i n  a genera t ion  mix of 34% coal-steam and 56% nuclear-steam 
with  t h e  remainder of the  load being met by hydro, pumped s t o r a g e  and 
and gas t u r b i n e  peaking u n i t s .  No capac i ty  add i t ions  t o  hydropower 
are planned a f t e r  1980 and the  e l e c t r i c i t y  generated from hydro is 
pro jec ted  t o  remain constant  a t  t h e  1980 l e v e l  over t h e  re fe rence  
years .  Pumped s t o r a g e  is pro jec ted  t o  play an inc reas ing  r o l e  i n  
meeting the  systems demand f o r  peak power with four u n i t s  t o t a l i n g  
1530 Mw expected t o  be o p e r a t i o n a l  wi th in  one year and 5430b1w 
pro jec ted  t o  be on l i n e  by t h e  year  2000. No a d d i t i o n a l  gas t u r b i n e  
peaking u n i t s  a r e  planned af  t e r  1980. Coal cont inues  t o  be an  
important f u e l  i n  meeting TVA's energy requirements,  al though nuclear  
power dominates the  schedule  of planned a d d i t i o n s  over the  next  t e n  
years2 
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TABLE I 

INDUSTRIAL ENERGY CONSUMPTION VERSUS GNP 

IN THE UNITED STATES 

Year 

1975 

1980 

1985 

2000 

Industrial Jse of GNP 
Energy (lo1 Btu) (Billions of 1958$) 

Rate of Change 
Per Year 2.6% 

Passenger-Miles 

TABLE 11 

TVA MODAL TRANSPORTATION PROJECTIONS 

Air 
Local & Intercity Bus 
School Bus 

Ton-Miles 

Air 
Truck- (G.W over 
(10; 000 lbs .) 

Ship 
Rail 

Truck-Miles 

Non-Freight Trucking 



TABLE 111 

ENERGY INTENSIVENESS BY TRANSPORT MODE 

Air 
Local & Intercity Bus 
School Bus 

Air - - - 
  ruck (GVW over 
(10,000 lbs.) 4678 4444 4210 

Shdp 567 ,567 567. 
Rail 709 709 709 

BtuITruck-Mile 
12061 11458 10855 

Non-Freight Trucking (10.4mpg) (10.9mpg) ' (11.5mpg) 

TABLE IV 

TVA ELECTRIC GENERATION - BY CENTRAL STATION POWER P M T  

r 

Coal-Steam 

Nuclear-Steam 

Hydroelectric 

Oil-fired Gas 
Turbine 

Pumped Storage 

Total 
b 

Heat Rate Millions of KWH (Percent) 

1980 1985 2000 
94,679 66,429 110,827 
(58%) (34%) (35%) 

46,962 107,891 176,360 
(29%) (56%) (56 112%) 

18,276 18,276 18,276 
(11%) (9%) (6%) 

2,393 1,195 1,846 
(1%) (112%) ' (112%) 

1,347 1,209 5,948 
(1%) (112%) (2%) 

163,657 '195,000 313,257 

1975 

9,880 BtuIkWh 

10,570 BtuIkWh 

9,880 Btu/kWh 

12,950 BtuIkWh 

- 

- 

80,602 
(72%) 

7,429 
(7%) 

22,950 
(20%) 

551 
(1%) 

- 

111,532 



Table V 

GENERATING CAPACITY ON JUNE 30,1976 

In Service 

Installed TVA Combustion 
Capacity - k W Turbine Plants 

No. Installed 
Units Capacity - k W 

No. 
Units 

2 
1 
3 
1 
4 
4 
4 
3 
4 
2 
2 
4 
2 
5 
2 
4 
2 
1 
5 
2 
1 
6 
1 
1 
2 
5 

11 
4 

TVA Hydro Rants 

Allen 
Colbert 
Gallatin 
Johnsonville 

Total 
Alcoa Dams ( 12) 
Corps of Engineers Dams ( 8 )  

Total System in Service 

Apalachia 
Blue Ridge 
Boone 
Chatuge 
Cherokee 
Chickamauga 
Douglas 
Fontana 
Pur 1 Luudoui~ 
Fort Patrick Henry 
Great Falls 
Guntersville 
Hiwassee 
Kentucky 
Melton Hill 
Nickajack 
Norris 
Nottely 
Ocoee # 1 
Ocoee #2 
Ocoee #3 
Pickwick 
South Holston 
Tims Ford 
Watauga 
Watts Bar 
Wheeler 
Wilbur 
Wilson 

Total 

under ~omtnrct ion or Planned 

Browns Ferry Nuclear Unit 3 1 
Scheduled~Commerical Operation-1977 

Sequoyah Nuclear 
Scheduled Commercial 

Operation-1978-1979 

Raccoon Mountain Pumped Storage 4 
Scheduled Commercial 

Operation-1978 

Watts Bar Nuclear 
Scheduled Commercial 

Operation-1979-1980 

Bellefonte Nuclear 
Scheduled Commercial 

Operation-1980-1981 
TVA Coal-Filed Rants 

Allen 
Bull Run 

' Colbert 
Cumberland 
Gallatin 

. John Sevier 
Johnsonville 

. . Kingston 
Paradise 
Shawnee 
Watts Bar 
Widows Creek 

Total 

Proposed Hartsvillo Nuclear . 4 
Scheduled Commercial 

Operation-1983-1984. 

Proposed Phipps Bend Nuclear 
Scheduled Commercial 

Operation-1984-1985 

~roposed~el low Creek Nuclear . . 2 
Scheduled Commercial 

Operation-1985-1986 - 
19 ,20.726.960 W A  Nuclear Rants 

Browns Ferry 2 2.304.000 

Source: 1976 Power Annual Report, Tennessee I 

Valley Authority. I 
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