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ABSTRACT 

T h i s  paper  examines m i n o r i t y  employment e f f e c t s  xh ich  r e s u l t  from t h e  c o n s t r u c t i o n  
o f  a l t e r n a t i v e  energy f a c i l i t i e s  designed t o  s e r v e  t h e  same f i n a l  h e a t i n g  demand. 
The coopar i son  s p e c i f i c a l l y  f o c u s e s  on h e a t i n g  s e r v i c e s  t o  t h e  c e n t e r  c i t i e s  of  
major  n o r t h e r n  U.S. m e t r o p o l i t a n  a r e a s .  D i s t r i c t  h e a t i n g  by cogenera t ion  i s  c o w  
pared t o  c o a l  g a s i f i c a t i o n ,  l i q u i f a c t i o n  and e l e c t r i f i c a t i o n .  It i s  shown t h a t  
s i g n i f i c a n t  d i f f e r e n c e s  i n  m i n o r i t y  employcent w i l l  r e s u l t  f r o n  d i f f e r e n c e s  i n  
placement of c a p i t a l  s t o c k .  The d i s t r i c t  h e a t i n g  s y s t e n  p l a c e s  a  much h i g h e r  pro- 
p o r t i o n  of  i t s  c a p i t a l  s t r u c t u r e  w i t h i n  t h e  a c t u a l  urban s e r v i c e  a r e a  than do t h e  
t h r e e  a l t e r n a t i v e  technolog ies .  I n  view of  t h e  c o n c e n t r a t i o n  of  m i n o r i t y  popu- 
l a t i o n s  i n  t h e s e  urban a r e a s  a  s u b s t a n t i a l l y  g r e a t e r  m o u n t  of m i n o r i t y  employment 
w i l l  occur  i f  t h e  d i s t r i c t  h e a t i n g  technology is  implenented. The d i s t r i c t  hea t -  
i n g  sys tem a l s o  r e q u i r e s  r e l a t i v e l y  lower o c c u p a t i o n a l  s k i l l s  t h a n  do t h e  two 
a l t e r n a t i v e  technolog ies .  S ince  m i n o r i t i e s  a r e  riore o f t e n  i n  t h e  low s k i l l  occa- 
p a t i o n a l  c a t e g o r i e s ,  t h e  d i s t r i c t  h e a t i n g  technology o f f e r s  more eaployment oppor- 
t u n i t y  f o r  m i n o r i t i e s .  O t h e r , p o s i t i v e  employment e f f e c t s  of t h e  cogenera t ion  
a l t e r n a t i v e  a r e  a l s o  noted.  

INTRODUCTION 

Prev ious  r e s e a r c h  h a s  i n d i c a t e d  t h a t  cogenerat ion-based d i s t r i c t  h e a t i n g  s y s t e n s  
c a n  be  b u i l t  economical ly t o  s e r v e  t h e  c o r e . a r e a s  ( c e n t r a l  b u s i n e s s  d i s t r i c t s  and 
a d j a c e n t  r e s i d e n t i a l  and i n d u s t r i a l  a c t i v i t y )  of  major n o r t h e r n  U.S. c e n t e r  c i t i e s  
(Refs. 1 t o  4 ) .  The f a c t o r s  p o s i t i v e l y  a f f e c t i n g  t h e  economics o f  such a s y s t e n  
a r e  c o l d  c l i ina te  and h i g h  b u i l d i n g  d e n s i t y .  Fig.  1 i l l u s t r a t e s  t h a t  t h e s e  f e a -  . 
t u r e s  t e n d  t o  be  found i n  t h e  n o r t h e r n  U.S. w i t h i n  t h e  l a r g e s t  met ropol i t an  a r e a s .  
I n  t h i s  s t u d y  we c o n f i n e  o u r  d i s c u s s i o n  t o  s i x  of t h e  c e n t e r  c i t i e s  of major 
m e t r o p o l i t a n  a r e a s  o f  t h e  Vidwest. These c i t i e s  a r e  Chicago, Cleveland,  D e t r o f t ,  
t t i lwaukee, Minneapolis-St.  P a u l  and S t .  Louis .  The "diamonds" o f  Fig.  1 denote  
t h e s e  c i t i e s .  I n  s p i t e  o f  t h e  f a c t  t h a t  t h e  l.!idwest i s  a  n a t u r a l  g a s  dependent 
r e g i o n  f o r  h e a t i n g ,  i t  h a s  been es t imated  t h a t  o v e r  f i f t y  p e r c e n t o f  t h e  c o r e . a r e a  
commercial f l o o r  space  i n  t h e s e  c i t i e s  is  hea ted  by o i l  (Refs. 2 and 3 ) .  Poten- 
t i a l  o i l  s a v i n g s  a r e ,  t h e r e f o r e ,  a  prime reason  f o r  c o n s i d e r i n g  use  of  t h e  cogen- 
e r a t i o n  technology and f o r  examining i ts  a t t r i b u t e s .  
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Fig. 1. F a c t o r s  i n f l u e n c i n g  cogenera t ion  economics 

It i s  t h e  purpose of  t h i s  paper  t o  c o n s i d e r  t h e  a t t r i b u t e  c f  employment. The 
paper  examines employmnt e f f e c t s  which would r e s u l t  from c o n s t r u c t i o n  of cogen- 
e ra t ion-based  d i s t r i c t  h e a t i n g  t o  s e r v e  t h e  c o r e  a r e a s  of  t h e s e  s i x  Ifidwestern 
c e n t e r  c i t i e s .  'Employment c h a r a c t e r i s t i c s  of  t h e  cogenera t ion  system a r e  compared 
t o  t h o s e  of c o a l  g a s i f i c a t i o n ,  l i q u i f a c t i o n ,  o r  e l e c t r i f i c a t i o n ,  assuming t h a t  
t h e s e  a l t e r n a t i v e  energy forms would b e  c o n s t r u c t e d  t o  p rov ide  t h e  same f i n a l  
h e a t i n g  s e r v i c e s .  I t  i s  shown t h a t  s i g n i f i c a n t  d i f f e r e n c e s  i n  minor i ty  er?loyrnent 
w i l l  r e s u l t  from d i f f e r e n c e s  i n  placement of  c a p i t a l  s tock .  The d i s t r i c t  h e a t i n g  
sys tem p l a c e s  a  much h i g h e r  p r o p o r t i o n  of  i t s  c a p i t a l  s t r u c t u r e  w i t h i n  t h e  a c t u a l  
urban s e r v i c e  a r e a  than do t h e  t h r e e  a l t e r n a t i v e  c o a l  t echnolog ies .  I n  view of 
t h e  c o n c e n t r a t i o n  of  m i n o r i t y  p o p u l a t i o n s  i n  t h e s e  urban a r e a s  a  s u b s t a n t i a l l y  
g r e a t e r  amount of  minor i ty  employment w i l l  occur  i f  t h e  d i s t r i c t  h e a t i n g  technol- 
ogy i s  implemented. The d i s t r i c t  h e a t i n g  system a l s o  r e q u i r e s  r e l a t i v e l y  lower 
o c c u p a t i o n a l  s k i l l s  than  do t h e  a l t e r n a t i v e  technolog ies .  S ince  m i n o r i t i e s  a r e  
more o f t e n  i n  t h e  low s k i l l  o c c u p a t i o n a l  c a t e g o r i e s ,  t h e  d i s t r i c t  hea t ing  tech-  
nology o f f e r s  more employnent o p p o r t u n i t i e s  f o r  n i n o r i t i e s .  It is a l s o  argued 
t h a t  t h e  m i n o r i t y  and o t h e r  employment o p p o r t u n i t i e s  provided by t h e  cogenera t ion  
o p t i o n  would l e a d  t o  a  g r e a t e r  r e d u c t i o n  i n  (1) governEent payments f o r  unemploy- 
ment compensation, (2) youth unemploymerit, and . (3 )  pover ty  i n  poor neighborhoods. .. 

Energy Technology Employment Demands 

The economic and e n g i n e e r i n g  a t t r i b u t e s  o f  t h e  f o u r  t echnolog ies  have been char- 
a c t e r i z e d  i n  p rev ious  r e s e a r c h  (Refs. 3 and 4) .  T h i s  paper  u s e s  source  d a t a  from 
t h e  Energy Supply P lanning  Model (Ref. 5) f o r  e s t i m a t i o n  of  e m p l o p e n t  requ i re -  
ments i n  n e a r l y  a l l  cases .  S e p a r a t e  employment p e r  d o l l a r  o f  cons t ruc t ion  cost- 
v a l u e s  were used f o r  each p r o c e s s  s t e p ,  i n c l u d i n g  e x t r a c t i o n ,  conversion, t rans -  
miss ion  and d i s t r i b u t i o n .  The employment r e q u i r e r e n t s  of e s c h  technology a r e  
t h e r e f o r e  a  c o s t  weighted average  v a l u e  account ing  f o r  each process  s t e p .  The 

. c o g e n e r a t i o n  system i s  dominated by t ransmiss ion  axd d i s t r i b u t i o n  c o s t s .  T o t a l  
employment requirements  f o r  t h e s e  components of t h e . c o g e n e r a t i o n  system w r e  based 
on e s t i m a t e s  der ived  from Burns and Roe, Inc.  (Ref. 6) .  S k i l l  breakdowns were 
based on analagous transmission/distribution s y s t e n  s k i l l  requirements  from t h e  
Energy Supply P lanning  Model da ta .  

The c o a l  g a s i f i c a t i o n  and l i q u i f a c t i o n  o p t i o n s  assumed a conversion p lan . t  i n  
North Dakota us ing  s t r i p  mined c o a l .  A 750 m i l e  product  p i p e l i n e  c a r r i e d  o i l  o r  

. 
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g a s  t o  t h e  Chicago area. '  About f i f t y  p e r c e n t  of  g a s  d i s t r i b u t i o n  requi red  new 
c o n s t r u c t i o n ,  w h i l e  o i l  d i s t r i b u t i o n  was assumed t o  use tank  t r u c k s  on e x i s t i n g  
r o a d s  and thus  no d i s t r i b u t i o n  c o n s t r u c t i o n  was necessary. '  The e l e c t r i c  o p t i o n  
assumed new power p l a n t s  about  f i f t y  m i l e s  from t h e  urban core  w i t h  c o a l  provided 
from a  new nearby deep mine. Transn iss ion  and d i s t r i b u t i o n  charges  were i n c l u d e d '  
f o r  t h e  f u l l  h e a t i n g  s e r v i c e s  s i n c e  few c o r e  a r e a  b u i l d i n g s  use e l e c t r i c  hea t .  
The cogenera t ion  p r o c e s s  s t e p  c o s t  p r o p o r t i o n s  were based on D e t r o i t  va lues  a s  
d e s c r i b e d  by S a n t i n i ,  Davis and Marder (Ref. 3). 

w u l a t i o n  Subgroup Employment Supply f o r  C o ~ e n e r a t ' i o n  . 

The l o c a t i o n ,  employment, occupa t iona l ,  and m o b i l i t y  a t t r i b u t e s . o f  t h e  white, 
b l a c k ,  span ish  o r i g i n ,  and "other" popula t ion  groups a r e  based on s t r a i g h t f o m a r d  
manipu la t ion  o f  d a t a  from v a r i o u s  Census documents (Re'fs. 7  t o  12). 

Unemployment Compensation . - 
The S t a t i s t i c a l  Abs t rac t  (Ref. 13) was used t o  o b t a i n  t o t a l  s t a t e  and f e d e r a l  
unemployment compensation payments p e r  e l i g i b l e  unemployed worker f o r  t h e  twelve 
midwcstern s t a t e s .  These v a l u e s  were r e g r e s s e d  a g a i n s t  a  cons tan t  term and t h e  
p e r c e n t  urban popula t ion  i n  each s t a t e  t o  o b t a i n  e q u a t i o n s  f o r  e s t i m a t i o n  of t h e  
d i f f e r e n c e  i n  urban and r u r a l  unemployment compensation payments. These e s t i n a t e s  
were ob ta ined  by s u b s t i t u t i n g  i n t o  t h e  e q u a t i o n s  z e r o  percen t  urban t o  o b t a i n  t h e  
r u r a l  v a l u e  and 100 p e r c e n t  urban t o  o b t a i n  t h e  urban va lue .  Equat ion 1 below 
is  t h e  s t a t e  equa t ion .  Equat ion 2  i s  t h e  f e d e r a l  equa t ion .  The t - s t a t i s t i c s  
a r e  p resen ted  below t h e  c o e f f i c i e n t  e s t i m a t e s .  

UCs = 2234 + 16.231 R~ 0.67 (1)  
(10.62) (4.55) 

UCf = 93.7 + 3.111 R~ c 0.75 (2) 
(2.78) . (5.46) 

.where: UC = unemployment compensation payments p e r  e l i g i b l e  worker 
M = p e r c e n t  of m t r o p o l i t a n  popula t ion  i n  t h e  s t a t e  

RESULTS 

Unenqloyment Compensation E f f e c t s  

I n  Table  1 we p r e s e n t  our  e s t i m a t e s  of  t h e  p r o p o r t i o n  of c o n s t r u c t i o n  investment  
t h a t  would occur  i n  r u r a l ,  w t r o p o l i t a n ,  and c e n t e r  c i t y  l o c a t i o n s  i f  t h e  f o u r  
a l t e r n a t i v e  technolog ies  were each c o n s t r u c t e d  f o r  t h e  purpose of p rov id ing  h e a t  
t o  one of  our  Midwestern c e n t e r  c i t i e s .  T h i s  t a b l e  i n d i c a t e s  t h a t  g a s i f i c a t i o n  o r  
l i q u i f a c t i o n  investment  is  over  n i n e t y  p e r c e n t  r u r a l ,  s i n c e  we have assumed a  

' 

weste rn  c o a l  source  and p l a n t  site. E l e c t r i c i t y ,  whi le  over  75 percen t  r u r a l ,  i s  
r e a l l y  n e a r l y  met ropol i t an ,  s i n c e  we assume e l e c t r i c  p l a n t s  w i l l  b e  s i t e d  w i t h i n  

' 

50 m i l e s  of  t h e  c e n t e r  c i t y  and w i l l  u se  Plidwestern coa l .  The main p o i n t ,  however, ' 

is  t h a t  t h e  cogenera t ion  a l t e r n a t i v e  is  completely met ropol i t an  and, i n  f a c t ,  
predominant ly c o n s t r u c t e d  i n  t h e  c e n t e r  c i t y  i t s e l f .  ' 

The f a c t  t h a t  t h e  cogenera t ion  a l t e r n a t i v e  i s  b u i l t  predominantly a t  the  l o c a t i o n  
which i t  s e r v e s  h a s  some i n t e r e s t i n g  e q u i t y  i m p l i c a t i o n s .  The inconveniences 
s u f f e r e d  by people d u r i n g  c o n s t r u c t i o n  of  a  cogenera t ion  system w i l l  be more 
a c c e p t a b l e  s i n c e  t h e  sane  people  w i l l  b e n e f i t  from t h e  system. The o t h e r  a l t e r - .  
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n a t i v e s  sometines run  i n t o  d i f f i c u l t i e s  because t h e y  a r e  n o t  in tended  t o  s e r v e  the  
people  who s u f f e r  inconveniences d u r i n g  t h e  c o n s t r u c t i o n  per iod .  It i s  s i m i l a r l y  
a v i r t u e  o f . c o g e n e r a t i o n  t h a t  t a x e s  on i t s  energy w i l l  p rov ide  revenue t o  t h e  same 

. . 
j u r i s d i c t i o n a l  a r e a  i n  which customers r e s i d e .  

TABLE' 1 E s t i n a t e s  o f  P e r c e n t  of . c o n s t r u c t i o n  E x ~ e n d i t u r e  i n  Rural  
and .Urban P.egions f o r  Three ~ l t e r n a t  ive-  Technologies  

Technology Rura l  Met ropol i t an  Center c i t y  
G a s i f i c a t i o n  91.5 8.5 8 .3  

L i q u i f a c t i o n  ' 99.8 

E l e c t r i c i t y  76.4 

Cogenerat ion 0.0 100.0 73.3 1 

I n  Fig.  2 we show t h a t  more of  t h e  people  n o t  working a r e  l i k e l y  t o  cons ider  them- , 

s e l v e s  unemployed i n  t h e  s i x  c e n t e r  c i t i e s  than elsewhere i n  t h e  region.  This  is  
an i n d i c a t o r  t h a t  t h e  p r o p e n s i t y  t o  a c t i v e l y  seek  work when n o r  employed 1s h igher  
i n  p a j o r  c e n t e r  c i t i e s .  We s p e c u l a t e  t h a t  t h i s  i s  a l s o  an i n d i c a t i o n  of t h e  pro- 
p e n s i t y  t o  s e e k  unemployment b e n e f i t s ,  s i n c e  t h e  a c q u i s i t i o n  of unenployr?ent bene- 
f i t s  g e n e r a l l y  r e q u i r e s  t h a t  one a c t i v e l y  seek  work. Perhaps t h e  i n c r e a s e  i n  t h e  
s i x  c i t i e s  v a l u e  occurs  because b i g  c i t y  r e s i d e n t s  a r e  more s o p h i s t i c a t e d  about  
s e e k i n g  unemployment b e n e f i t s .  I f  s o ,  then  any reduc t ion  i n  t h e  s i z e  of t h e  group 
n o t  working (by c o n s t r u c t i o n  of  a  cogenera t ion  system, f o r  exaople )  w i l l  more 
e f f e c t i v e l y  reduce memployment payments when i t  occurs  i n  b i g  c i t i e s .  

FEMALES 

- 

RURAL URBAN SIX CITIES 

Fig.  2. Percen t  o f  t h o s e  n o t  working i n  N.C. r eg ion  l i s t e d  a s  unemployed 
, , 

,%is argument o n l y  a p p l i e s  t o  t h e  l i k e l i h o o d  t h a t  one i n d i v i d u a l  w i l l  seek  unem- 
' 

p l o p n t  b e n e f i t s .  Another a s p e c t  o f  t h i s  i s s u e  i s  t h e  q u e s t i o n  of  t h e  s i z e  of 
uneuployment b e n e f i t  payments when pa id .  By c o n s t r u c t i n g  t h e  twa smal l  r e g r e s s i o n  
models on 1976 Midwestern s t a t e s  d a t a  from t h e  S t a t i s t i c a l  A b s t r a c t  (Ref. 1 3 ) ,  we 
have e s t i m a t e d  t h a t  t h e  average  s t a t e  unemployment compensation payrcent dur ing  t h e  
average  i n d i v i d u a l ' s  per iod  of  unemployment i s  $1623 h i g h e r  i n  an urban than a  
r u r a l  area. For  f e d e r a l  payments , the d i f f e r e n c e  is $311. Consequently, a  job i n  

. a n  urban a r e a  s a v e s  more s t a t e  and f e d e r a l  d o l l a r s  than a  j o b  i n  a  r u r a l  a rea .  
Thus, t h e  j o b s  c r e a t e d  by cogenera t ion  a r e  more v a l u a b l e  f o r  reduc ing  unemployment 
compensation than a r e  t h e  jobs  c r e a t e d  by t h e  t h r e e  a l t e r n a t i v e s .  

Fig.  3 i n d i c a t e s  t h a t  m i n o r i t i e s  w i t h i n  t h e  s i x  c e n t e r  c i t i e s  probably have a  high- 
e r  p r o s p e n s i t y  t o  s e e k  unemployment b e n e f i t s  than does t h e  m a j o r i t y  of t h e  popu- 
l a t i o n .  Thus, i f  cogenera t ion  c o n s t r u c t i o n  can e f f e c t i v e l y  employ m i n o r i t i e s  i t  
should  more e f f e c t i v e l y  reduce unemploynent compensation b e n e f i t s .  We show l a t e r  
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t h a t  cogenerat ion-based d i s t r i c t  h e a t i n g  does  Kave . the  capab. i l i t$  t o  u t i l i z e  
m i n o r i t i e s .  

24 
t- - .  = 16 
0. 
(L 
W 
a 8  

0 
Fig.  3. Percen t  of those  n o t  working i n  t h e  s i x  c i t i e s  l i s t e d  a s  unemployed , 

To s m a r i z e ,  cogenera t ion  should reduce unemplo-bent paynients more t h a n  i t s  ' 
a l t e r n a t i v e s :  

(1) because of  r e l a t i v e l y  g r e a t e r  inves t iment  i n  a r e a s  where people more o f t e n  
" 

s e e k  unemployment b e n e f i t s ,  

(2) because of  r e l a t i v e l y  g r e a t e r  investment  i n  a r e a s  where unemployment compen- ' 

s a t i o n  payments a r e  h i g h e r ,  and 

(3)  i f  a f f i r m a t i v e  a c t i o n  programs i n s u r e  t h a t  n i n o r i t i e s  (who more o f t e n  seek  
..unemployment b e n e f i t s )  a r e  h i r e d .  . . 

A v a i l a b i l i t y  of  l t i n o r i t i e s  

I n  t h e  Midwest, a  c h a r a c t e r i s t i c  o f  t h e  m i n o r i t y  popula t ions  is . tha t  they a r e  
d i s p r o p o r t i o n a t e l y  c o n c e n t r a t e d  i n  t h e  s i x  c e n t e r  c i t i e s  under s tudy  (Ref. 12) .  
I n  f a c t ,  a s  of  1970, f i f t y - t h r e e  percen t  o f  t h e  Xidwest 's b l a c k  populat ion was 
found t h e  t h e  s i x  c e n t e r  c i t i e s .  T h i s  compares t o  on ly  t e n  percen t  of  whi tes .  
The d i f f e r e n c e s - i n  c o n c e n t r a t i o n  o f  w h i t e s ,  b l a c k s ,  span ish ,  and o t h e r  m i n o r i t i e s  
a r e  g r a p h i c a l l y  i l l u s t r a t e d  by Fig.  4. N ~ a t  t h i s  f i g u r e  i l l u s t r a t e s  is t h e  un- 
u s u a l l y  h igh  a v a i l a b i l i t y  of  m i n o r i t i e s  i n  t h e  s i x  c e n t e r  c i t i e s .  
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Fig.  4. North c e n t r a l  r e g i o n  popula t ion  groups 

Fig. 5 i l l u s t r a t e s  t h a t ,  even w i t h  t h e i r  d i s p r o p o r t i o n a t e  concent ra t ion  wi th in  t h e  
s i x  c e n t e r  c i t i e s ,  t h e  minor i ty  groups s t i l l  f i t  t h e  d e f i n i t i o n  of "ninori ty"  
s i n c e  t h e r e  a r e  more w h i t e s  i n  t h e  s i x  c e n t e r  c i t i e s .  Fig. 5 a l s o  shows t h a t  
b l a c k s  a r e  by f a r  t h e  l a r g e s t  n i n o r i t y  i n  t h e s e  c i t i e s .  Consequently, t h e  term 

. . . .  
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. . "minority" throughout  t h i s  paper  i s  a  f a i r  s u r r o g a t e '  f o r  b l a c k  popula t ion .  

. . 

I 
0 1 ' 2  3 4 5  

Fig. 5. M i l l i o n s ' o f  persons  i n  t h e  s i x  c e n t e r  c i t i e s  

ns~r~uul ; r i  w e  r lc lvr  U ~ U U I I D L L ~ L T U  L i l r  a v a L L d u s A A L y  U L  Y I A L I U L A L L T ~  A U  s u L a L A u I I D  W I I C L C -  

cogenerat ion-based d i s t r i c t  h e a t i n g  might be c o n s t r u c t e d ,  we have no t  demonstrated 
t h a t  t h e y  would n o t  make themselves a v a i l a b l e  e l s e w h e r e .  By us ing  t h e  Census docu- 
ment M o b i l i t y  f o r  S t a t e s  and t h e  Nation (Ref. 7) ,  we d e t e r m i n e d . t h a t  c o n s t r u c t i o n .  
---- *.--- --- ------',',.- ..-,1..-,-. & -  r -  -e-..- --> ->---<..:-- --- ,--- 
worriers are genera l ry  urllrrrery ru n luv r  b r a r e  LU ~ L I L T ,  a u u  U U I I U L L L A ~ ~  a ~ e  less , 

l i k e l y  t h a n  w h i t e s . t o  do so.  Only 6.21 p e r c e n t  of  w h i t e  male c o n s t r u c t i o n  workers'  
moved s t a t e  t o  s t a t e  from 1965 t o  1970, w h i l e  5.00 p e r c e n t  of  b l a c k s  and 5.51 per - -  
c e n t  o f . s p a n i s h  workers  d i d  so. Consequently, t h e  c o n s t r u c t i o n  workers t h a t  might 

- b e  employed i n  c o n s t r u c t i o n  of  a  wes te rn  c o a l  g a s i f i c a t i o n  o r  l i q u i f a c t i o n  p l a n t  , 

a r e  ex t remely  u n l i k e l y  t o  come from one of  i ts  s i x  c e n t e r  c i t i e s .  

To summarize, cogenerar ion  should employ more m i n o r i t i e s  than  i ts  c o a l  a l t e r n a t i v a s  
because: 

(1) more of  i t s  c o n s t r u c t i o n  w i l l  occur  i n  t h e  s i x  c e n t e r  c i t i e s  where m i n o r i t i e s  
a r e  concent ra ted ,  and 

(2) m i n o r i t y  c o n s t r u c t i o n  workers  a r e  u n l i k e l y  t o  move i n  any s i g n i f i c a n t  numbers 
t o  t h e  r u r a l  s i t e s  where a l t e r n a t i v e s  t o  cogenera t ion  w i l l  be  cons t ruc ted .  

P a t c h e s  of Cogenerat ion and Minor i ty  Worker S k i l l s  

Table  2 p r e s e n t s  e s t i m a t e s  o f  l a b o r  requ i rements  p e r  d o l l a r  o f  c o n s t r u c t i o n  c o s t  
f o r  t h e  f o u r  energy a l t e r n a t i v e s  under c o n s i d e r a t i o n .  This  Table shows t h a t ,  when 
t h e  f o u r  systems a r e  economical ly compet i t ive  ( i . e .  a l l  p rov ide  t h e  same f i n a l  h e a t  
o u t p u t  p e r  d o l l a r  o f  i n v e s t n e n t ) ,  cogenerat ion-based d i s t r i c t  h e a t  w i l l  employ t h e  
most workers. By d i v i d i n g  l a b o r  i n t o  h i g h  and low s k i l l  c a t e g o r i e s ,  Table 2 deri- 
o n s t r a t e s  t h a t  a lmos t  a l l  of  t h e  cogenera t ion  a l t e r n a t i v e ' s  i n c r e a s e  ' i n  l a b o r  

. i n t e n s i t y  is  due t o  i t s  i n c r e a s e d  use of  low s k i l l  l abor .  T h i s  i s  a  very impor tan t  
f e a t u r e  of  t h e  cogenera t ion  system because,  even i n  t imes  o f  economic expansion,  
unemployment o f  low s k i l l  workers  i s  a problem. S i n c e  cogenera t ion ' s  denand f o r  
s k i l l e d  l a b o r  i s ,  t o  t h e  d e g r e e  o f  accuracy  a s s u r e d  i n  t h i s  s t u d y ,  e s s e n t i a l l y  t h e  
same a s  i t s  a l t e r n a t i v e s ,  i ts  c o n s t r u c t i o n  d u r i n g  a n  economic expansion would pose 
no worse o f  a  problem than  i ts  compet i to rs .  F u r t h e r ,  s i n c e  i t  would be c o n s t r u c t e d  . 
w i t h i n  a  l a r g e  l a b o r  market,  t h e r e  would be n o  need f o r  r e l o c a t i o n  of s k i l l e d  work- 
e r s .  A s  a r e s u l t  o f  t h e s e  l a b o r  demand p r o p e r t i e s ,  i t  is  f a i r  t o  say  t h a t  t h e  

, n a t u r e  of  l a b o r  demand by cogenera t ion  r e p r e s e n t s  more of  a  b e n e f i t  t o  s o c i e t y  than 
t h e  l a b o r  demanded by i t s  a l t e r n a t i v e s .  

The f a c t  t h a t  t h e  cogenera t ion  a l t e r n a t i v e  c r e a t e s  more low s k i l l  jobs  than i t s  
a l t e r n a t i v e s  is  an advantage t o  m i n o r i t i e s .  Minor i ty  c o n s t r u c t i o n  workers a r e  much 
more l i k e l y  t o  be l a b o r e r s  than  a r e  whi te  c o n s t r u c t i o n  workers. I n  1970,. of those  
males c a l l i n g  themselves c o n s t r u c t i o n  workers, 17.2 p e r c e n t  of whi tes  were l a b o r -  

. . . . . . . . . . . . . .  
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ers, b u t  42.5 p e r c e n t  o f  b l a c k s . a n d  30.8 percen t  of span ish  workers were l a b o r e r s  
(Ref. 9 and 10). Cogenerat ion 's  p e r c e n t  of  low s k i l l  workers from Table 2 is  most 
comparable t o  t h e  m i n o r i t y ' s  p e r c e n t  of  l a b o r e r s .  

TABLE 2 Es t imates  of  Labor I n t e n s i t y  f o r  T o t a l  and LO" ' s k i l l  Labor 
f o r  Three A l t e r n a t i v e  Technologies  (Person h r s .  p e r  103 $1 

T o t a l  Manual S k i l l e d  . Teamsters & Percen t  Tearcsters 
Technology Labor ' Labor Laborers  and Laborers  

G a s i f i c a t i o n  12.9 10.8 , 2.1 . 16.6 

L i q u i f a c t i o n  10.5 9.0 1.5 14.0 

12.7 E l e c t r i c i t y  11.6 10.1 1.5 

Cogenerat ion 17 .1  10.7 6.4 37.5 

To suppor t  our  e a r l i e r  c o n t e n t i o n  t h a t  low s k i l l  workers a r e  more l i k e l y  t o  be.an-  
employed, and t h e r e f o r e  a v a i l a b l e ,  we determined from Census d a t a  t h a t  16.2 p e r c e n t  
of  c o n s t r u c t i o n  craf tsmen were unercployed i n  1970, whi le  f u l l y  27.8 percen t  o f . c o n -  
s t r u c t i o n  l a b o r e r s  were unemployed (Ref. 9 and 10) .  

I n  Fig. 6 we s e e  a n  i n t e r e s t i n g  p r o p e r t y  of  t h e  percentage cons t ruc t , ion  workers 
who a r e  l a b o r e r s .  The percen tage  drops  p r e c i p i t o u s l y  w i t h  age, from a q u i t e  h igh  
teenage  l e v e l .  S i n c e  youth unemployment i s  g e n e r a l l y  h igh ,  and is  e s p e c i a l l y  s o  
among b l a c k s ,  t h e  f a c t  t h a t  cogenera t ion  u s e s  many l a b o r e r s  can  h e l p  t o  m i t i g a t e  
t h i s  problem. I n , f a c t ,  t h e  percen tage  of  1 6  t o  24 y e a r  o l d  laborers 'among a l l  
c o n s t r u c t i o n  workers  i s  h i g h e r  f o r  m i n o r i t i e s  than f o r  whi tes .  The percentages a r e  
r e l a t i v e l y  smal l ,  bei$ 3.8 percen t .  f o r  whi tes ,  4.9 p e r c e n t  f o r  b lacks ,  and 4.8 
p e r c e n t  f o r  workers  o f ' s p a n i s h  o r i g i n  (Ref. 9 and 10). S t i l l ,  t h e  e f f e c t  is  worth 
mention. 

- 
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Fig. 6. P e r c e n t  of  male work f o r c e  who.a re  l a b o r e r s  

F i n a l l y ,  t o  complete o u r  l ist  of  o b s e r v a t i o n s  about  t h e  s o c i a l  advantages of e& 
p loy ing  low s k i l l  c o n s t r u c t i o n  workers, we .no te  t h a t  l a b o r e r s  a r e  more l i k e l y  t o  
r e s i d e  i n  poor neighborhoods than c o n s t r u c t i o n  craf tsmen.  A s  a r e s u l t ,  t h e  ewploy- 
ment o f  a l a b o r e r  is  more l i k e l y  t o  l e a d  t o  upgrading o f  a poor  neighborhood. T h i s  
upgrading would occur  through a t  l e a s t  some e x p e n d i t u r e s ' b y  t h e  l a b o r e r  w i t h i n  t h e  
neighborhood - - . t h e  w e l l  known m u l t i p l i e r  e f f e c t .  I n  Fig.  7 we show t h a t  t h e  per-  
c e n t a g e  of  l a b o r e r s  l i v i n g  i n  poor neighborhoods i s  g r e a t e r  than  elsewhere f o r  each 
p o p u l a t i o n  ca tegory  (Ref. 8) .  

To summarize, we have i n d i c a t e d  t h a t ,  s i n c e  cogeneration-based d i s t r i c t  hea t ink  
i n t e n s i v e l y  u s e s  low s k i l l  l a b o r ,  a r e d u c t i o n  of :  

. . . .  _ _  - .-- . . . . . . . . . . . .  -.. - . . . .  - ......... . . .  
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Fig. 7. Employed male c o n s t r u c t i o n  c ra f t smen and l a b o r e r s  who.a re  l a b o r e r s  

(1.) m i n o r i t y  unemployment, (2)  youth unemployment, and '(3). pover ty  i n  poor  ne i ih - .  
borhoods i s  l i k e l y .  . . 

. . 
DISCUSSION . . 

T h i s  'paper h a s  demo~ls t ra ted  t h a t  cogenerat ion-based d i s t r i c t  h e a t i n g  of  c o r e  a r e a s  , . 
of major n o r t h e r p  U.S. c i t i e s  h a s  s e v e r a l  employrent b e n e f i t s  when compared t o  
t h r e e  c o a l  based a l t e r n a t i v e s .  These i n c l u d e  reduc t ions  i n  m i n o r i t y  unemployment, 
unemployrrent compensation payments, youth unemploynent, and pover ty  i n  poor  
neighborhoods. 
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