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ABSTRACT 

A two-day workshop attended by 2 9  individuals  from within and outs ide  t h e  

f ede ra l  government was convened to a s s i s t  the Department of Energy's Technol- 

ogy Assessment Division in  evaluat ing the  need to prepare addi t ional  environ- 

mental and soc i a l  impact assessments of d i f f e r e n t  energy conservation mea- 

sures  . A t  the  Workshop, a t tendees pa r t i c ipa t ed  in a decision-making exerc i se  

designed to rank 19 d i f f e r e n t  energy conservation measures according to t h e i r  

ove ra l l  po t en t i a l  f o r  achieving important na t iona l  goals  and t h e i r  ease of 

implementation. In t h i s  exerc i se ,  the pa r t i c ipan t s  f e l t  t h a t  the most impor- 

t a n t  ranking c r i t e r i a  d e a l t  with quest ions concerning f e a s i b i l i t y  (economic, 

p o l i t i c a l / i n s t i t u t i o n a l  , soc i a l  and technica l )  and economic eff ic iency.  . Other 

c r i t e r i a ,  such a s  enviromental qua l i t y  and occupational hea l th  and sa fe ty  

received lower weights; poss ib ly  because of the  widespread be l ie f  t h a t  most of 

t he  conservation measures presented would be environmentally benef ic ia l .  In  

, t h e -  pa r t i c ipan t s '  view, the  most promising and f ea s ib l e  consenration measures 

include new bui lding performance standards,  r e t r o f i t  of ex i s t i ng  housing 

s tock,  new appliance performance standards and increased use of smaller cars .  

These measures were considered t o  be enviromentally benef ic ia l .  In con t r a s t ,  

conservation opt ions which ranked ra ther  low, such a s  d i e se l  engines, coal- 

f i r e d  aluminum remelt furnaces,  and cupola furnace modifications were expected 

t o  have some harmful environmental and hea l th  impacts. Most, but not all, of 

these  impacts a re  expected t o  be highly loca l ized  and of l e s s e r  nation'al con- 

cern. Disagreement e x i s t s  a s  to the e f f icacy  of funding those p ro j ec t s  deemed 

highly des i rab le  and f ea s ib l e  versus  those which a re  expected to have t h e  

g rea t e r  environmental and soc i a l  impacts. These d i f fe rences  must be taken 

in to  account i n  t h e  research p r i o r i t i e s  t h a t  a re  eventually es tabl ished.  

While environmental and soc i a l  impacts of a l t e r n a t i v e  energy conservation 

measures may prove t o  be e i t h e r  harmful o r  bene f i c i a l ,  ne i ther  s ide should be 

iqnored by the  pol icy maker. 
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1.0 Introduct ion 

President Carter has proclaimed energy conservation t o  be t he  cornerstone 

of h i s  na t iona l  energy s t ra tegy .  An increase in the e f f i c i ency  of energy pro- 

duction and end-use is expected to reduce t h i s  na t ion ' s  dependence on imported 

f u e l s  and to slow the  ove ra l l  growth in demand f o r  energy. Debate,' however, 

continues a s  t o  t he  overa l l  e f f e c t s  of energy conservation on the  economy, t h e  

environment, and soc i a l  s e l f a r e .  Implementation of some conservation s t r a t e -  

g i e s  may, i n  instances ,  c o n f l i c t  with o r  be impeded by preva i l ing  soc i a l ,  

l ega l ,  and i n s t i t u t i o n a l  p rac t ices .  Moreover, some energy conservation 

measures proposed may be incompatible with t he  goal of p ro tec t ing  and improv- 

ing  environmental qua l i t y  o r  heal th  and safety.  Most of these measures have 

escaped the  intense publ ic  sc ru t iny  accorded to  proposed energy technologies 

because they have been almost universal ly  regarded a s  environmentally benign 

o r  even benef ic ia l .  Yet po t en t i a l  bene f i t s ,  problems, o r  unce r t a in t i e s  asso- 

c i a t ed  with these technologies must be iden t i f i ed  and understood in order 

formulate wise and workable publ ic  energy p o l i c i e s  . 
The U.S. Department of Energy ( D O E )  must face such i s sues  i n  'developing 

na t iona l  energy pol icy and a l l oca t ing  l imi ted  research dol la rs .  Review of 

pas t  budgetary p rac t i ce s  shows t h a t  most DOE research,  development, and demon- 

s t r a t i o n  (RD&D) funding has been d i rec ted  towards supply technologies. How- 

ever ,  more recent ly ,  a l a rge  number of energy conservation a l t e rna t ives  have 

att;-acted a t t e n t i o n  and received RD&D a l loca t ions .  The DOE ~ i v i s i o n  of Tech- 

nology Assessments (DTA) , Office of the Assis tant  Secretary f o r  ~ n v i r o k e n t  

(ASEV), is  charged with assess ing  energy technologies to a s s i s t  DOE and t h e  

ASEV i n  formulating pol icy,  def in ing  environmental concerns and research pri- 

o r i t i e s ,  and providing an information base for  use i n  carrying out  other  ASEV 

and DOE r e s p o n s i b i l i t i e s . '  'Po a s s i s t  DOE-DTA i n  determining i f  fu r ther  envi- 

ronmental assessments a r e  needed i n  r e l a t i on  to proposed conservation technol- 

og ies  o r  s t r a t e g i e s ,  Brookhaven National Laboratory (BNL), with ass i s tance  

from Pac i f i c  Northwest Laboratory (PNL), convened a two-day workshop t o  

examine a number of energy conservation measures of i n t e r e s t  to DOE. 

Conservation measures were ranked by assess ing  t h e i r  ove ra l l  f e a s i b i l i t y  and 

d e s i r a b i l i t y  and subsequently iden t i fy ing  addi t ional  technology assessment o r  

environmental impact analyses t h a t  may be needed in the  area of energy 

conservation. These follow-on assessments w i l l  contr ibute  to DOE development 



of  p o l i c i e s  based on the r e l a t i v e  environmental bene f i t s  and a c c e p t a b i l i t i e s  

of energy conservation measures; provide a perspect ive on t h e  r e l a t i v e  . 

environmental impacts o f .  energy conservation measures a s  compared to other  

: RD&D programs; and def ine needs and p r i o r i t i e s  fo r  hea l th ,  environmental, and 

socioeconomic impact research r e l a t ed  to energy wnserva t ion  measures. 

The Workshop was attended by 29 ind iv idua ls  (Table 1) including represen- 

t a t i v e s  from DOE, o ther  federa l  agencies,  consumer and environmental publ ic  

interest groups, i n d u s t r i a l  labor  and u t i l i t y  groups and s t a t e  and loca l  gov- 

ernments. These ind iv idua ls  were invi ted to contr ibute  viewpoints representa- 

t i v e  of t h e i r  cons t i t u t en t s  who are l i k e l y  .,to be. a f fec ted  by appl icat ion of 

many of the conservation a l t e rna t ives .  

The 19 measures examined a t  the Warkshop f Tah1.e 2 )  w e r e  sel P C ~ &  hy a 

. s t e e r i n g  wmmittee providing ove ra l l  guidance to t h i s  p ro jec t  (Appendix A ) .  

Within t h e  l is t  a r e  conservation measures present ly  receiving financial. sup- 

p o r t  from the DOE and o thers  deemed su f f i c i en t ly  important and in t e r e s t i ng  by 

t h e  s t ee r ing  committee t o  be included. Some pa r t i c ipan t s  believed that t h e  

list f a i l e d  to include several  important wnserva t ion  measures. A minority 

r epo r t  subsequently prepared by those pa r t i c ipan t s  lists these  measures 

(Appendix B ) .  These measures were not otherwise examined during the course of 

t h e  Workshop, but w i l l  be considered in the  f i n a l  recommendations presented t o  

DOE 

In order to f ami l i a r i ze  Workshop pa r t i c ipan t s  with a l l  measures to be ex- 

amined, exploratory technology assessments f o r  each of the  d i f f e r e n t  conserva- 

t i o n  measures were prepared by BNI, and d i s t r i bu t ed  in advance tn a1 1 parti rj- 

pants .  The exploratory technology assessments h igh l igh t  ex i s t i ng  data des- 

c r ib ing  po ten t i a l  energy savings,  environmental damage, ins t i tu t iona l / regula-  

t o r y  b a r r i e r s ,  economic cos t s ,  and soc i a l  concerns (Appendix C). Data des- 

c r ib ing  the  c h a r a c t e r i s t i c s  of each of t he  measures and the  s e t t i n g  within 

which each would be placed a re  a l so  included. 

In preparat ion of these assessments, new data  were not generated and only 

l im i t ed  e f f o r t  was a l loca ted  to preparing each assessment. The qua l i ty  and 

quant i ty  of t h e  data  presented are therefore  qu i t e  var iab le .  Po ten t ia l  energy 

sav ings ,  f o r  example, a r e  discussed in most of the r epo r t s  reviewed and the 

assessments" r e f l e c t  t h i s  l eve l  of d e t a i l .  In con t r a s t ,  data  for  some of t h e  

c r i t e r i a ,  e.g., s o c i a l  impacts a r e  only r a r e l y  mentioned. While energy 
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Table 2 . . 

CONSERVATION MEASURES 

: .  

Residential-Commercial Sector Indus t r i a l  Sector ' - 

 eat pumps Wastes a s  f u e l s  t o  cement k i l n s  . .-. . 

New appliance performance standards Coal-fired remelt of recycled A 1  . 

Ener* performance s tandards fo r  new Cogeneration 

bui ldings Waste product u t i l i z a t i o n  

. .. ~ e s i d e n t i a l  and commercial building - ~ u i p  and paper . . 
. . 

r e t r o f i t  Cupola furnace modification . .. 
. ~ i s t r i c t  heat ing 

I .  . 
. Integrated community energy systems . . 

. . 
~ o d i f y i n g  land use &onfigurat ions 

Tranoportation Ccc t o r  Fal icy bbdif i c a t i a n  

Smaller ca r s  

vehic le  design change 

Load demand management and u t i l i t y  r a t e  

reform . . 

Diesel-engine l ight-duty vehic les  

Car-and van-pooling 
. . 

Transportat ion mode s h i f t  



sav ings  e s t i m a t e s  a r e  presented f o r  most of t h e  conservat ion measures s tud ied ,  

t h e r e  a r e  i n c o n s i s t e n c i e s  i n  the .  under lying assumptions. . I d e a l l y ,  a l l  

e s t i m a t e s  presented should- be derived from a s i n g l e  scenar io  with a c o n s i s t e n t  

s e t  o f  assumptions, b u t  time and budget a l l o c a t i o n s  d id  not permit  such 

ana lyses  to be performed. 

On t h e  f i r s t  day of t h e  Workshop p a r t i c i p a n t s  reviewed t h e  technology as -  

sessments,  and discussed c r i t e r i a  which could be used to rank t h e  .19  d i f f e r e n t  

conservat ion measures using a decision-making technique.  Twelve c r i t e r i a  were 

se lec ted :  e i g h t  measure t h e  o v e r a l l  d e s i r a b i l i t y  of a p a r t i c u l a r  conservat ion 

measure and f o u r  measure t h e  o v e r a l l  f e a s i b i l i t y  (Table 3 ) .  

Next, Wrkshop p a r t i c i p a n t s  were asked to respond to ques t ionna i res  seek- 

ing  s u b j e c t i v e  eva lua t ions  of t h e  impact l e v e l s  imposed by each conservat ion 

measure f o r  each c r i t e r i o n  and to r a t e  the  importance of one c r i t e r i o n  a s  com- 

pared with another.  Conservation measures were ranked t h a t  evening v i a ' a  com- 

p u t e r  program which summed a l l  responses from a l l  p a r t i c i p a n t s  to determine 

t h e  o v e r a l l  f e a s i b i l i t y  and d e s i r a b i l i t y  of t h e  d i f f e r e n t  conservation a l t e r n -  

a t i v e s .  

On t h e  second day of t h e  Workshop, r e s u l t s  from t h e  ranking exerc i se  were 

p resen ted  and b r i e f l y  discussed.  Subsequently, groups were formed to d i scuss  

c r i t i c a l  environmental /socia l ,  political/institutional/regulatory, and eco- 

nomic i s s u e s  r e l a t e d  to measures i d e n t i f i e d  a s  most important by t h e  ranking 

e x e r c i s e  o r  through group d i scuss ions .  

The r e s u l t s  of t h i s  decision-making exerc i se  and the  subsequent group 

d i s c u s s i o n s  presented below suggest  t h a t  t h e  most f e a s i b l e  and d e s i r a b l e  con- 

s e r v a t i o n  o p t i o n s  include new bu i ld ing  performance s tandards ,  r e t r o f i t  of ex- 

i s t i n g  housing s tocks ,  new appl iance performance s tandards ,  and increased use  

o f  smal ler  ca r s .  Most of t h e  top-ranked measures a r e  not  expected to produce 

s i g n i f i c a n t l y  harmful environmental o r  s o c i a l  impacts. In c o n t r a s t ,  some 

harmful e f f e c t s  a r e  expected from conservation op t ions  ranked r a t h e r  low such 

a s  d i e s e l  engines ,  coal-f  i r e d  aluminum remelt fu rnaces ,  cupola furnace 

modi f i ca t ions ,  and waste product u t i l i z a t i o n .  M o s t ,  but  no t  all, of these  

impacts are expected to he highly  l o c a l i z e d  and of l e s s e r  n a t i o n a l  concern. 

Disagreement e x i s t s  a s  to t h e  r e l a t i v e  b e n e f i t s  to be der ived from funding 

p r o j e c t s  deemed highly  d e s i r a b l e  ( excluding t h e  environmental and s o c i a l )  and 

f e a s i b l e  ve rsus  those  expected to have t h e  g r e a t e s t  environmental and s o c i a l  

impacts. In t h e  research p r i o r i t i e s  even tua l ly  e s t a b l i s h e d ,  t h e s e  d i f f e r e n c e s  



w i l l  need to be recognized. The f i r s t  approach would emphasize t h e  energy, 

p o l i t i c a l  and economic b e n e f i t s  of a  p a r t i c u l a r  technology ; t h e  second 

approach involves  reducing t h e  environmental and s o c i a l  costs imposed. 

The reader  is  cautioned t h a t  t h e  rank o r d e r s  presented represen t  only a  

mathemat ical ly  formulated consensus of t h e  ind iv idua l s  p resen t  a t  t h e  colifer- 

ence,  and e x t r a p o l a t i o n  of t h e s e  r e s u l t s  t o  l a r g e r  populat ions  may be inappro- 

p r i a t e .  Some p a r t i c i p a n t s  also expressed doubt t h a t  the  'methodology 'used in 

t h i s  e x e r c i s e  could  accura te ly  r e p r e s e n t  t h e i r  va lues  in e s t a b l i s h i n g  resea rch  

p r i o r i t i e s .  
- .  . . .  

Table 3 

RANKING CRITERIA 
6 

I. D e s i r a b i l i t y  C r i t e r i a  

1. Di rec t  Employment ( r e f e r s  t o  both t h e  q u a n t i t y  and q u a l i t y ,  includ'ing 
upward m o b i l i t y ) .  , . 

2. Na t iona l  S e c u r i t y  ( r e f e r s  t o  t h e  independence from imported o i l  and re -  
s i s t a n c e  to sabo tage) .  n 

3. Energy Savings 1985 ( r e f e r s  t o  n e t  energy savings inc lud ing  response 
t ime f o r  measure to take  e f f e c t ) .  

4. Energy Savings 2000 ( ~ a m e  a s  above) . 
5. Economic E f f i c i e n c y  ( r e f e r s  t o  t h e  b e s t  use of a v a i l a b l e  resources  in- 

c lud ing  minimization of t o t a l  l i f e  c y c l e  c o s t s ) .  

6 .  Environmental Qua l i ty  (refers t o  pub l ic  h e a l t h  and s a f e t y ,  air and 
water q u a l i t y ,  l and  use,  and a e s t h e t i c s )  . 

7. Occupational Health and S a f e t y  ( r e f e r s  t o  employment-related impacts) . 
8. S o c i a l  D e s i r a b i l i t y  (refers t o  qua1i.t.y of 1.i fe  i nnl i iding pnyrhnl.agi.ral 

wel l  being,  choice  of o p t i o n s ,  and reduc t ion  of burdens imposed upon 
any s i n g l e  economic c l a s s  of cbnsumers). 

11. F e a s i b i l i t y  C r i t e r i a  

9. Economic ( r e f e r s  t o  f i n a n c i a l  c o n s t r a i n t s  inc lud ing  retur.n on inves t -  
ments) .  

. . 

10. P o l i t i . c a l / I n s t i t u t i o n a l / R e g u l a t o r y  ( r e f e r s  t o  e x i s t i n g  r u l e s ,  regu1.a- 
t i o n s ,  and changes requ i red  in t h e  s t a t u s  quo).  

11. S o c i a l  ( r e f e r s  t o  pub l ic  pe rcep t ions  and response) .  

12. Technical  ( r e f e r s  t o  equipment a v a i l a b i l i t y ,  system r e l i a b i l i t y ,  and 
resea rch  and development requirements) .  



2.0 Methodoloa 

Workshop at tendees pa r t i c ipa t ed  in a decision-making exercise  t o  i den t i fy  

those conservation measures expected to be most e f f e c t i v e  in achieving the 

goals  of energy conservation and meeting various soc i a l  and i n s t i t u t i o n a l  re- 

quirements. Conservation measures could be ranked using any s ing l e  c r i t e r -  

ion. Decision making exercised by government, industry,  and individuals  is, 
- .  

however, general ly  a much more complex process incorporat ing large amounts.of 

information, broader understanding of.  the  i s sues ,  and t radeof fs  among compet- 

ing  requirements and value judgments. In DOE, f o r  example, environmental con- 

cerns  a r e  the  p a r t i c u l a r  r e spons ib i l i t y  of t he  ASEV and the  spec i f i c  technol- 

ogy development programs. Also, soc i a l  acceptab i l i ty  i n  terms of employment, 

decent ra l iza t ion ,  consumer cos t s ,  and qua l i t y  of l i f e  a r e  of concern- not only 

t o  DOE, but  a l so  to many publ ic  i n t e r e s t  groups. F ina l ly ,  e f f ic iency  i n  terms 

of regulatory ;- adminis t ra t ive,  i n s t i t u t i o n a l ,  and economic f e a s i b i l i t y  and 

c o s t s  a r e  of c r i t i c a l  importance to government, industry,  and taxpayers, a s  i s  

system r e l i a b i l i t y  and na t iona l  secur i ty .  

A formal decision-making technique known as  weighting summation was used 

a t  t he  Workshop to provide quant i ta t ive  s t ruc tu re  t o  t he  large amount of in- 

formation involved i n  ranking the conservation a l t e rna t ives .  The technique 

provides a mechanism fo r  captur ing many of the  t r adeo f f s  necessary i n  decis ion 

making, i n  ex t r ac t i ng  information, i n  determining c r i t i c a l  parameters, i n  

exploring t radeof fs ,  and i n  represent ing con f l i c t i ng  viewpoints. 

Weighting summation is one of the more common amalgamation techniques 

used i n  decision-making ana lys i s  and was appl ied i n  t h i s  exercise  p r inc ipa l ly  

because of i t s  ease of appl ica t ion  (Hobbs 1978). Rankings a r e  mathematically 

obtained by adding the  products of scaled c r i t e r i o n  values  and c r i t e r i o n  

weights over a l l  c r i t e r i a  and pa r t i c ipan t s .  In t h i s  exercise  the votes of a l l  

respondents were weighted equally.  Appendix D dispIays the  algorithm used t o  

ca l cu l a t e  the ranking orders.  

In developing ranks v i a  weighting summation, the following cons t r a in t s  

were compiled with t o  the extent  p rac t icab le  (Hobbs and Voelker 1978) .  

1. C r i t e r i a  must be independent ; they must not contain common -elements 
o r  double count the same var iab le ;  

2. Tradeoffs acceptable t o  decis ion makers must be independent of t h e  
l e v e l s  of other  c r i t e r i a ;  

3. Cr i te r ion  l eve l s  must be ce r t a in  o r  decis ion makers must disregard 
t he  d i f f e r e n t  l e v e l s  of r i s k  f o r  d i f f e r e n t  c r i t e r i a ;  



4. Criterion levels  must be interval scaled or better:  An interval 
scale has an arbitrary zero point,  and differences between numbers 
are meaningful, e  .g., Fahrenheit and Celsius temperature scales; 

5. Weights must be ra t io  scaled; interval  scale with a' non-arbitrary 
zero, such as degrees Kelvin. 

The c r i t e r i a  and weights used are thus c r i t i c a l  features of the ranking 

exercise and the overall assessment. The c r i t e r i a  must re f l ec t  the in teres ts  

and concerns of the public; the principles of effective conse?vation and en- 

vironmental protection; the policy concerns of federal,  s t a t e ,  and local deci- 
. 8 .  

sion makers; and the specif ic needs of DOE. The weights, on the other hand, 

must re f l ec t  the generic tradeoffs that  the decision-maker is willing to make 

between di f ferent  cri teria ' .  

Discussions on pertinent c r i t e r i a  a t  the Workshop were stimulated by an 

i n i t i a l  list provided by BNL in advance of the Workshop and by formdl pagers 

and presentations prepared by Stanley M. Berman and Laurence I. Moss (Appendix 

E )  . . Practice exercises a t  BNL indicated that  use of more than 20 c r i t e r i a  

would be impractical because of the overall lack of specif ic data in 'the 

. l i t e r a tu r e  and the technology assessments subsequently prepared, and the gen- 

e r a l  fatigue which developed in responding to the questionnaires. We, there- 

fore,  'limited the number of ranking c r i t e r i a  to a maximum of 1 5 . .  Following 

several hours of discussion a t  the Workshop, 1 2  c r i t e r i a  were selected, which . * .  

may be divided into two groups: des i rabi l i ty .  and feasibil i ty. '  des i rabi l i -  

t y  c r i t e r i a  apply to  important national goals. The feas ib i l i ty  c r i t e r i a  

r e l a t e  to the degree of d i f f icul ty  expected in implementing the conservation . . , .  
measures. Table 3 br ief ly  describes the c r i t e r i a  selected, which represent 

the concerns expressed by a l l  part icipants in a round table discussion. 

Following dinner on the f i r s t  day of the Workshop, estimated impact 'lev- 

e l s  for ea,ch cr i ter ion and each technology were prepared by each parti.cipant 

using a rat ing technique. Workshop part icipants were asked to examine the 

dis t r ibut ion of impacts for  each of the c r i t e r i a  l i s t ed  using the exploratory 

technology assessments and the i r  personal knowledge of the conservation op- 

t ions  a s  t he i r  data base. Desirability c r i t e r i a  were then assigned scores 

ranging from the most positive o r  beneficial impact score of +10 t o .  the most 

severe o r  negative score of -10. A score of 0 reflected no impa&. Feasibil- 

i t y  c r i t e r i a  were scored on a scale of 0 t o  +10 (most feas ible) .  We t r e a t  

these scaled impact levels  as  interval  measurements. 



The Metfessel General Allocation Test was used to obtain ra t io  scaled 

weights for each of the c r i t e r i a  (Gum 1976).  In t h i s  method, respondents were 

given a fixed number of points ( 1 0 0 )  and asked to  assign them to  the various 

c r i t e r i a  in proportion t o  the i r  re la t ive  importance. The result ing allocation 

is a s e t  of ratio-scaled weiqhts reflect ing the judgment of the respondents. 

Respondents were asked t o  weight a l l  des i rabi l i ty  and feas ib i l i ty  c r i t e r i a  in- 

dependently and then to  define the i r  estimates of the re la t ive  importance of 

a l l  des i rabi l i ty  c r i t e r i a  as compared with a l l  f eas ib i l i ty  c r i t e r i a .  

Respondents were also asked t o  ra te  or assess the i r  overall state-of- 

knowledge with 'respect t o  each of these c r i t e r i a .  Weights ranging from 0 

(absence of knowledge) t o  a +10 (perfect  knowledge) were assigned. Appendix E 

contains examples of the questionnaires used in  th i s  exercise. 



3.0 Resul ts  

Table 4 d isp lays  the r e s u l t s  fram the  overa l l  ranking exercise.  Rankings 

a r e  shown f o r  a l l  d e s i r a b i l i t y  and f e a s i b i l i t y  c r i t e r i a  and amalgamations of 

t he  two. S t a t i s t i c a l  t e s t i n g  using the  Freidman's Method for  Randomized , 

Blocks shows s ign i f i can t  differences in  the ove ra l l  rankings among a l l  Wrk- 

shop pa r t i c ipan t s  a t  t h e  95% and a t  t h e  99.5% confidence l i m i t  (Sokal and 

Rohlf 1969). 
. . 

The conservation measures having the highest  amalgamated r&kings repre- 

s e n t  a mix of both residential/commercial and t ransportat ion sec tor  a l terna-  

t i ves .  I n  con t r a s t ,  the  i ndus t r i a l  sec tor  conservation measures ranked r a t h e r  

low; poss ib ly  because of the lack of pa'rticipant understanding about these 

measures o r  merely d i s i n t e r e s t .  

A review of the  exploratory technology assessments f o r  the conservation 

measures ranked r a the r  high reveals  t h a t  the  measures can be i n s t i t u t e d  rather 

rap id ly ,  a r e  r e l a t i v e l y  independent of complex government in te rac t ions ,  and 

are l i k e l y  to produce nationwide impacts. These measures are also expected t o  

produce the g rea t e s t  energy savings in  1985 and 2000. Conservation opt ions 

with t h e  lowest rankings, in cont ras t ,  appear to  requi re  cmplex in t e rac t ions  

a t  the federa l ,  s t a t e  and loca l  leve ls ;  r e l a t i v e l y  long implementation times; 

and can be expected to produce more local ized impacts. Indus t r ia l  sector  mea- 

su re s ,  although ranked r a the r  low ove ra l l ,  do not always conform t~ these gen- 

e r a l i za t ions .  The indus t r i a l  conservation measures, for  example, when com- 

pared with d i s t r i c t  heating o r  mode s h i f t s ,  can be in s t a l l ed  ra ther  rap id ly  

with l imi ted  governmental i n t e r ac t ion  required. Their impacts a r e  neverthe- 

less expected to 'be more local ized.  

Spearman Rank Correlat ion coe f f i c i en t s  were computed comparing ove ra l l  

rankinqs with and without the use of the uncertainty measure discussed previ- 

ous ly  (Sokal and Rohlf 1969). No s ign i f i can t  difference in the overa l l  rank- 

ings  was found. Uncertainty has therefore  been ignored in a l l  rankings subse- 

quently presented. 

Rankings, a s  previously noted, depend on the weights and scaled-impact 

l e v e l s  prepared by each respondent and summed among a l l  par t ic ipants .  Table 5 

d isp lays  the average c r i t e r i a  weights prepared by all Wrkshop pa r t i c ipan t s  

and c r i t e r i a  ce r t a in ty  iden t i f i ed  fo r  each c r i t e r ion .  Review of t h i s  t a b l e  



shows t h a t  weight and ce r t a in ty  appear to be d i r e c t l y  proport ional  to each 

o the r ,  i .e . ,  measures t h a t  pa r t i c ipan t s  were most knowledgeable about were 

weighted most highly and v ice  versa.  The rankings nay therefore  be d i r e c t l y  

biased by t h e  m i x  of individuals  having d i f f e r e n t  areas  of exper t i se  present  

a t  the Wrkshop. The low ce r t a in ty  values noted f o r  occupational heal th  and 

sa fe ty ,  f o r  example, may r e f l e c t  such a b ias .  

Review df Table 5 shows t h a t  the most heavily weighted . c r i t e r i a  d e a l t  

with quest ions concerning f e a s i b i l i t y  (economic, political/institutional, 

s o c i a l  ,and technica l )  and economic eff ic iency.  Other c r i t e r i a ,  such a s  en- 

vironmental qua l i t y  and occupational hea l th  and safe ty  received lower weights; 

possibly because of the widespread be l ie f  t h a t  most of the conservation meas- 

ures  presented would be environmentally benef ic ia l .  Environmental qua l i t y  

and energy savings i n  2000 f o r  example, received equivalent but lower weights 

then most of the  f e a s i b i l i t y  c r i t e r i a .  Each exceeded energy savings in 1985 

by a mul t ip le  of 2. The remaining c r i t e r i a  appeared to be of l e s s e r  concern 

t o  the  pa r t i c ipan t s .  

The most s i gn i f i can t  environmental/social d i f fe rences  between the top- 

and bottom-ranked measures probably r e l a t e  to the s p a t i a l  d i s t r i bu t ion  of im- 

pac t s  expected. The conservation measures ranked among the top 10 w i l l  most 

l i k e l y  be used throughout t h e  country and may a f f e c t  many c lasses  of 

consumers. The i ssues  ra i sed  by these measures a r e  therefore  of nat ional  

i n t e r e s t .  In con t r a s t ,  most of t he  lower-ranked measures, p a r t i c u l a r l y  those 

d i rec ted  towards energy conservation in the i n d u s t r i a l  sec tor ,  a r e  important 

only within s p e c i f i c  regions and l o c a l i t i e s .  The i s sues  ra i sed  are  not l i k e l y  

t o  concern the nat ion a s  a whole. 

Since t he  scaled-impact l eve l s  presented i n  Table 6 are  based on subjec- 

t i v e  evaluat ions made by each respondent, def iniqg the reasoning behind the 

r a t i n g s  can be very imprecise. Car- and van-pooling, for  example, has obvi- 

ous1.y heen given la rge  pos i t i ve  impact scores  f o r  nat ional  secur i ty  because of 

perceived gasol ine savings. S imi la r ly ,  land use configuration modification 

was probably r a t ed  low i n  technical  f e a s i b i l i t y  because of the  physical 

cons t r a in t s  imposed by attempting such an a l t e rna t ive .  The reasons for  o the r  

r a t i n g s ,  however, a r e  not as st.raightforward and a re  not discussed here ,  

a l t l~ough they arc, of course, ref1 ertki  i n  t.he grow discussions summarized 

below. 



Table 4 
RANKINGS AMONG ALL PARTICIPANTS 

Feas ib i l i ty  & 

Conservation Measures Desirability Feasibi l i ty  Desirabil i ty  

1 .  Building performance studies 1 1 1 

2 .  Small car 4 3 2 

3. ~ e t r o f i r  

4. Appliance performance 

5 .  Car redesign 5 8 5 

6 .  Rate reform 

7 .  Cogeneration 

Heat pumps 

Car/van pool 

Waste product u t i l i za t ion  

mde s h i f t  

Diesel engine 

Land use 

Pulp and paper 

Dis tr ic t  heating 

Cement k i lns  

ICES 

A1 Remelt 

Cupola furnace 



Table 5 
CRITERIA WEIGHTS AND CERTAINTIES 

Average Weight Average Certainty 

Economic f e a s i b i l i t y  

Technical f e a s i b i l i t y  

Po l i t i ca l / Ins t i t  ./Reg. 

Economic e f f ic iency  

Social acceptabil i ty  

Environmental quality 

Energy savings 2000 

Social des irabi l i ty  

National security 

Energy savings 1985 

Occupational H & S  

Direct employment 



Table 6  
AVERAGE SCALED IMPACT IEVELS 

Ranking Criteria . .  . 

1. BUildiJ1g 
p e r  f o m c e  
standards 4 6  5  8 7 4 0 6  8 7 8 8 

2. Small ~ a r  0 9 8 7 6  1 '  0 2 8 7 6  10 
3. Ret ro f i t  8' 6  7 5  6  4 -2 . 5  5 6  7 '.8 
4. Appliance 

. . 

performance 
standards 4 6 5 8 7 4 0 6  8 7 8 8 

5. Car redesign 1 7  6  6  6  3. 0 4 6  6  7 8. 
6. IBte reform 2 5 5 5 7 4 . 3  6  7 5 5 8 
7. Cogeneratian 2 5 5 7 6  3 0 4 6  6  8 8 
8. Heat planps 3 4 4 6 4 1 -1 2 7 8 7 8 
9. Car- and van-pool -1 .5 3 4 6 . 5  0 2 7 6  ' 3 9 

10. Waste product 
u t i l i z a t i o n  5 4 4 5 5 4 -2 4 4 5 8 7 

11. hbde s h i f t  2 5 3 4 4 5 1 2 4 5 3 7 
12. D i e s e l  engine 1 4  3 4 4 -2 -1 1 7 6  6  9 
13. Tand ILSP. 1 5  1 5 4 A .? a 4 2 -  3 6 
14. Pulp and paper 2 3 2 3 4 2 - 1  1 5  6  7 6  
15. D i s t r i c t  heating 2 5 2 5 3 .  1 - 1 3  3 4 4 6  
16. Cement k i ln s  2 3 " 2  ' 2 3 1 -2 1 4 7 7 6  
17. ICES 2 4 1 4 4 1 0 3 3 3 4 5  
18. Al remelt 2 4 2 2 2 -2 -3 1 4 6  7 6  
19. -la furnace 1 2  2 2 2 0 -1 1 4 6  7 6  

Conservation Measures 

Des i rabi l i ty  ' B a s i b i l i t y  
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4.0 Group Discussions 

On t he  second day of the  Workshop, discussion groups having common in t e r -  

e s t s  were formed to ident i fy  c r i t i c a l  concerns f o r  conservation a l t e rna t ives  

most i n  need of addi t ional  research. Because of time l imi t a t i ons ,  each group 

was asked to discuss  e igh t  conservation measures. Since some pa r t i c ipan t s  

were ill a t  ease with t he  rankings produced by the weighting summation techni- 

que, o r  f e l t  t h a t  the  rankings may not properly r e f l e c t  research p r i o r i t i e s ,  

t h e  rankings were reviewed by each of t he  groups and sometimes a l t e r ed  t o  

provide a b e t t e r  focus fo r  subsequent group discussions.  Concerns i den t i f i ed  

during the  group discussions w i l l  be taken under advisement by BNL and DOE i n  

e s t a b l  i sh ing  fu ture  research agendas. 

The groups discussed environmental/ soc i a l ,  economic, and p o l i t i c a l / i n -  

s t i t u t i ona l / r egu la to ry  i s sues  fo r  approximately 2 t o  3 hours. The chairmen, 

rapporteurs ,  and members of t h e  groups a re  l i s t e d  i n  Table 7. In discussing 

the  conservation measures, t he  groups were asked .to consider the following 

questions: 

1. Is addi t iona l  research required? 

2. What are the  iaost: c r i t i c a l  issues? 

3. What a r e  the l oca l ,  reg iona l ,  and nat ional  l im i t a t i ons ,  implicat ions,  
and inequ i t i e s  of i n s t i t u t i n g  the p a r t i c u l a r  measures in  question? 

4. Who are  the above i ssues  important to and how are  they presen t ly  
responding to these concerns? 

5. Are gross nat ional  assessments useful exercises? . How can they be 
improved? 

6. , What opt ions e x i s t  to mit igate  i den t i f i ed  b a r r i e r s  and encourage use 
of the selected. measures? 

7. . What a re  the proper ro l e s  of the  federal  government, DOE, and the DOE 
Assis tant  Secretary f o r  Environment? 

8. How can subs t an t i a t i ve  publ ic  input be incorporated into the research 
and commercialization of these  measures? 

The h ighl igh ts  of these group discussions,  presented below, a r e  extracted 

from summaries prepared by the  group rapporteurs.  

4.1 Environmental/Social 

Discussions within t h i s  group were d i rec ted  to the following conservation 

a 1  t e r n a t i v e s  : new bui lding performance s tandards,  r e t r o f i t  of ex i s t i ng  

bui ldings,  d i s t r i c t  heating/ICES , cogeneration, land-use modification , waste 

product u t i l i z a t i o n ,  use of d i e se l  engines, and u t i l i t y  r a t e  reform. These 



Table 7 
DISCUSSION GROUPS 

Chai,rman . : R. Ferguson 

Rapporteur: M .  Olsen 

Members : D. Beck 

- .  S. , Dunwoody 

J. Powderly 

C .  Van Schayk 

Economic 

Chairman : L .  Roddis 

Rapporteur: D. P i l a t i  

Members : D. Burrows 

L. Moss 

S. Parker 

W. Sessions 

' T . L e  

Chairman : G.  Thompson 

~apporteur : E. Edelson 

Members : S .  Berman 

J. Brinch 

R. Calhoun 

R. Liddell 

P. Shoop 



measures were selected p r inc ipa l ly  because t h e i r  eventual use was expected to 

have t h e  most s i gn i f i can t  environmental and ,  soc i a l  impacts. The ove ra l l  

rankings produced by the  decis ion ana lys i s  exercise  were also considered, but 

only a s  a secondary screen. 

Extensive implementation of each of these conservation measures . would 

r a i s e  numerous problems and i s sues  requi r ing  considerable research. . The .most 

f requent ly  mentioned i ssues  were: (1) e f f e c t s  on the physical and mental 

hea l th  of individuals ;  ( 2 )  problems of environmental po l lu t ion ;  ( 3 )  publ ic  ac- 

ceptance and u t i l i z a t i o n  of conservation measures; ( 4 ) r e su l t i ng  a l t e r a t i o n s  

in  cur ren t  l i f e - s t y l e s  and pa t t e rns  of l i v ing ;  and ( 5 )  po t en t i a l  s o c i o e ~ n o m i c  

i nequ i t i e s  among various categories  of people. 

Of t he  e igh t  p r inc ipa l  conservation measures i den t i f i ed ,  t he  group f e l t  

t h a t  land-use modification would have the most far-reaching environmental and 

soc i a l  impacts, s ince it could a f f e c t  housing design and loca t ion ,  i n d u s t r i a l  

and commercial a c t i v i t i e s ,  t ranspor ta t ion  pa t t e rns ,  family l i f e , .  community or- 

ganizat ion,  and numerous o ther  aspects  of na t iona l  l i f e .  The r e t r o f i t t i n g  of 

ex i s t i ng  bui ldings,  i n  con t r a s t ,  would l i k e l y  have r e l a t i v e l y  few environmen- 

t a l  and soc i a l  impacts, apar t  f r m  problems of economic equi ty  among , ind iv i -  

dua ls  i n  d i f f e r e n t  income and building-use categories .  

A l l  conservation opt ions discussed by t h i s  group a re  expected, to have 

s o c i a l  consequences of various dimensions associated with t h e i r  appl icat ion.  

Pr inc ipa l  impacts mentioned include e f f e c t s  and inequ i t i e s  imposed on t h e  

e lde r ly ,  handicapped, and poor. These ind iv idua ls  p resen t ly  pay a dispropor- 

t i ona t e  share of t h e i r  income for  energy serv ices ,  yet  they a re  l e a s t ,  able t o  

inves t  i n  conservation a l t e rna t ives  which would subsequently reduce t h e i r  

energy cqsts .  The magnitudes of these e f f e c t s  should be explored. 

Health and environmental impacts highl ighted a re  expected p r inc ipa l ly  

from exposure t o  var ious a i r  po l lu t an t s  emitted by many of the  conservation 

technologies  discussed.. A l l  measures reviewed would have -me ove ra l l  impact 

on emission leve ls .  D i s t r i c t  heating, ICES, cogeneration, and waste product 

u t i l i z a t i o n  may each a l t e r  emission pa t te rns .  While t o t a l  system emissions 

a r e  l i k e l y  t o  be reduced by appl ica t ion  of these  measures, a i r  qua l i t y  a t  

s i t e s  proximate to each of the  f a c i l i t i e s  w i l l  probably be adversely affected.  

Subsequent impacts w i l l  depend on the  degree of 'degradation and the types of 

communities located in the affected areas .  Diesel engines, because t h e i r  

emission c h a r a c t e r i s t i c s  d i f f e r  from those of most automobiles in the  ex i s t i ng  



f l e e t ,  may a l s o  give r i s e  to unique problems. Large-scale use of d iese l -  

powered automobiles, p a r t i c u l a r l y  i n  urban areas ,  could fu r the r  exacerbate . : 

presen t  a i r  qua l i t y  problems and hamper fu ture  attempts by s t a t e  and loca l  'of-  . . ' 

f i c i a l s  t o  br ing  a i r  q u a l i t y  i n t o  compliance with federa l ly  mandated ambient 

a i r  qua l i t y  standards.  Ef fec t s  on populations l i v i n g  i n  c lose proximity to 

a r t e r i a l s  where subsequent changes may be most pronounced may a l so  be s igni-  

f i c a n t  . 
4.2 Economics 

The economics discussion group reviewed seven energy conservation options 

a s  measured by the  ove ra l l  group r a t i n g s  (Table 1)'. For a l l  opt ions,  there  

was major concern about one o r  more important economic decision-making fac- 

t o r s ,  including energy pr ic ing ,  economic decis ion c r i t e r i a ,  information, and 

financing., Other, less important concerns (from the group's perspect ive)  in- 

c lude kechnological research,  reg iona l  vs  na t iona l  d i s p a r i t i e s ,  and user  

acceptance issues .  

The most important economic i s sue  is r e l a t ed  to energy pricing. I f  

enePgy conservation were a s o c i a l l y  des i rab le  a c t i v i t y ,  market s igna ls  should 

r e f l e c t  it. Current energy p r i c e s  are  undervalued in t h a t  they a r e  not based 

on the marginal cos t s  of increased suppl ies  and f a i l  to include all production 

costs. For example,. ex te rna l  s o c i a l  and environmental cos t s  a r i s i n g  f ran  t h e  . . . ' 

production, d i s t r i b u t i o n ,  and use of energy a r e  borne by society-at- large and 

not  included a s  a f i nanc i a l  c o s t  in the  use of energy. Since consumers pay 

a r t i f i . e i a l l y  low energy pr ices ,  they a r e  encouraged to s e l e c t  against'  conser.- 

va t i on  opt ions t h a t  would otherwise be chosen. 

Although economic theory assumes r a t i o n a l  behavior, decis ion makers a r e  

not  always r a t i ona l .  This is p a r t i c u l a r l y  evident among consumers where 

s t rong  biases  towards reducing f i r s t  c o s t s  dominate. A more r a t i o n a l  algor- 

it-hm i s  t o  minimize t he  l i f e - cyc l e  cos t s  of providing t h e  desired service.  I f  

so-me. en-ergy-conserving options a r e  more c a p i t a l  in tens ive  then the options 
. . 

they a.re designed to supersede ( p a r t i c u l a r l y  true for  home appliances) decis- 
. . 

i ons  made on a f i r s t - c o s t  ba s i s  w i l l  be biased against  conservation. . While 

p r i v a t e  s ec to r  decis ions a re  usual ly  r a t i o n a l ,  there  is  evidence t h a t  g rea te r  

use of the  more sophis t ica ted  techniques would s imi l a r ly  lead to more 

e f f i c i e n t  resource u t i l i z a ton .  

. . 

Time cons t r a in t s  did not permit t h i s  group to review e igh t  measures a s  
requested. 



Another major source of market imperfections is in  the area of informa- 

t ion .  Both the qua l i t y  of i n f o p a t i o n  and i t s  r a t e  of flow influence economic 

decis ions.  Because some conservation opt ions deal with technologies unfamil- 
. . 

i a r  to po ten t i a l  users ,  these users  requi re  new information. However, v io la -  

. t o r s  of t ruth- in-advert is ing concepts provide misinformation t h a t  c& r e s u l t  

in poor economic decis ions,  and worse ye t ,  i n  consumer skepticism towards t he  

p o t e n t i a l  f o r  conservation. Even cor rec t  information requi res  time fo r  dis-  .. . .- 

semination. Both the absolute amount of information and the  degree of spe- - . . .  

c i a l i z a t i o n  of most communication channels r e s t r i c t  the introduct ion of con- ,. 

. servat ion opt ions  to the  economic actors .  

Many conservation opt ions  a r e  c a p i t a l  in tens ive ,  requir ing access to 

f inanc i a l  markets. However, these markets too have t h e i r  imperfections. The 

cost  of cap i t a l  to an expanding e l e c t r i c  u t i l i t y  i s  l e s s  than t h a t  lm a con- 

sumer who wishes to inves t  in insu la t ion .  I f  space heat can be provided by 

e i t h e r  expanding e l e c t r i c i t y  supply o r  i n s t a l l i n g  i n su l a t i on ,  present  finan- 

c i a l  markets b i a s  in .-favor of the se lec t ion  of expanded supply. Besides t h e  

cost  of c a p i t a l ,  i t s  absolute  a v a i l a b i l i t y  can also b ia s  against  conservation 

investments, espec ia l ly  fo r  smaller economic e n t i t i e s  whose access to invest-  

ment d o l l a r s  may be severely constrained, and who are  more l i k e l y  to be able 

to inves t  i n  demand reduction than supply expansion. 

L i t t l e  federa l  hardware-oriented research seems required fo r  the opt ions 

discussed; however, research is  required in a number of " so f t e r "  areas .  For 

example, some problems of energy p r i c ing  mentioned previously a r e  s t i l l  unre- 

solved. The following i t e m s  were also included a s  unanswered research ques- 

t i ons :  t he  e f f e c t s  of u t i l i t y  r a t e  s t ruc tu re  r ev i s ions ,  the  impacts on elec- 

t r i c  capaci ty  of extensive use of heat pumps, and the  e f f e c t s  of a l t e r n a t i v e  

cogeneration financing schemes. 

There was a general concensus t h a t  too many analyses done a t  the  na t iona l  

l e v e l  make no allowance f o r  regional e f f ec t s .  To overcome ce r t a in  market 

imperfections,  mandated e f f ic iency .  standards for  bui ldings and appliances a re  

being promulgated. Some of these standards a r e  appropriate a t  the nat ional  

l eve l  (e.g., r e f r i g e r a t o r  e f f i c i e n c i e s )  while o the r s  a re  b e t t e r  made a t  t h e  

regional  l eve l  (e.g., the  degree of home in su l a t i on ) .  Both u t i l i t y  ratemaking 

and bui lding r e t r o f i t  should be l e f t  to loca l  option. 



The e i g h t  energy conservation measures discussed by t h i s  group were 

s e l ec t ed  e i t h e r  because they were highly des i rab le  and f ea s ib l e  but had s igni-  

f i c a n t  environmental, socioeconomic, o r  i n s t i t u t i o n a l  problems, o r  because 

they  were environmentally and s o c i a l l y  des i rab le  but were not f ea s ib l e  a t  

t h i s  time. Measures se lec ted  on t h e  bas i s  of t he  f i r s t  condition included new 

bui ld ing  performance standards,  appliance performance standards,  heat  pumps, 

small c a r s  and changes i n  vehic le  design, u t i l i t y  r a t e  reform, and waste heat 

u t i l i z a t i o n  through cogeneration, d i s t r i c t  heat ing,  and in tegra ted  community 

energy systems. Land-use modification and t ranspor ta t ion  mode s h i f t s  were 

chosen under the second condition. 

Aienougn anscussions were organized around t h e  eight '  measures i n i t i a l l y  

chosen by the  group, t h i s  summary discusses  i s sues  t h a t  f a l l  i n to  four general 

categories: 

1. Limitat ions of t he  use of s tandards to conserve energy. 

2. Role of heightened consumer awareness. 

3. Role of publ ic  u t i l i t y  operations.  

4. Equity and l ega l  considerat ions.  

Limitat ions of the  standards approach were ra i sed  with respect  to encour- 

aging t h e  e f f i c i e n t  use of energy i n  bu i ld ings  through e s t ab l i sh ing  perfor- 

mance s tandards and r e t r o f i t  programs, but such l imi t a t i ons  a l so  apply to 

o the r  measures. The d i f f i c u l t i e s  of e f f e c t i v e  enforcement and proper t r a i n i n g  

of enforcement o f f i c i a l s  were identified a s  s iqn i  f i n a n t  nhstar leo  to the fiuc- 

cess of the  s tandards approach. Another concern i s  t h e  r ea l i za t i on  t h a t  al-  

though regula tors  might s e t  a standard as  the minimum leve l  of performance, 

i n  p rac t i ce  it becomes t h e  maximum leve l .  

Enhancing consumer awareness about the performance and economic canpet- 

iveness  of energy conservation measures was considered an important govern- 

mental function. However, t he re  a r e  several  b a r r i e r s  to improving awareness 

including: t h e  lack of qua l i t y  research on many of t h e  measures, e spec i a l l y  

f o r  individual  appl ica t ions ;  t h e  exis tence of "fly-by-night" firms providing 

i n f e r i o r  products and serv ices ;  and the p r i c ing  of energy below i t s  replace- 

ment value to society.  The l a s t  encourages pr iva te  decis ions t h a t  a r e  not 

s o c i a l l y  optimal. 

The r o l e  of public u t i l i t y  operat ions was discussed with respect  to sev- 

e r a l  of  t he  measures. For example, t h e  reluctance of publ ic  u t i l i t i e s  t o  



"cross  t he  meter1' and check the  e f f ic iency  of the  appliances powered by t h e i r  

product (gas  o r  e l e c t r i c i t y )  fue l s  was seen a s  an obstacle  to promoting t h e  

use of more e f f i c i e n t  appliances.  Obviously there  is a concern by u t i l i t i e s  

about consumer reac t ion  t o  such in te r fe rence ,  and the  question was r a i s ed  

whether consumers should be encouraged to re th ink  t h e i r  re la t ionsh ips  with 

publ ic  u t i l i t i e s .  U t i l i t y  pr ic ing ,  which has h i s t o r i c a l l y  been average cos t  

dec l in ing  block r a t e ,  was considered with respec t  to several  of the  measures 

besides u t i l i t y  r a t e  reform. This r a t e  design provides the  wrong s igna l s  t o  

customers about the value of energy. Energy conservation depends on proper3 

pr ic ing.  Related to r a t e  design is  the  i s sue  of what u t i l i t y  investments be- 

long i n  the u t i l i t i e s  r a t e  base. The National Energy Conservation Policy 

Act's Resident ia l  Conservation Program discourages u t i l i t i e s  f r m  making in-  

vestments i n  r e s i d e n t i a l  conservation and thus does not allow such investments 

to appear in the  r a t e  base. Another i s sue  i s  the  a l l oca t ion  of c a p i t a l  invest-  

ments to a public u t i l i t y ' s  r a t e  base when the investment is  i n  a technology 

t h a t  produces mult iple  forms of energy such a s  e l e c t r i c i t y  and steam. 

Questions of equi ty  wre discussed with respec t  b u t i l i t y  r a t e  reform, 

r e t r o f i t  programs, and d i s t r i c t  heating. Similar ly ,  t h e  l ega l  l i a b i l i t y  of 

bu i lde r s  under the bui lding performance standards was raised.  



5.0 Conclusions 

Ident i fy ing  and . e s t ab l i sh ing  funding p r i o r i t i e s  for  research e f f o r t s  d i -  

r ec t ed  . a t  analyzing impacts expected from d i f f e r en t  conservation opt ions re- 

qu i r e s  a balancing of many d i f f e r e n t  f a c t o r s  and, a t  t imes, conf l ic t ing  i n t e r -  

ests. Multiob j e c t i v e  decision-making techniques may provide quan t i t a t i ve  

s t ruc tu re  to such exercises .  A t  t h i s  Workshop, a l i s t  of conservation meas- 

u r e s  were ranked a s  to t h e i r  ove ra l l  d e s i r a b i l i t y  and f e a s i b i l i t y .  Rankings 

were a l so  es tab l i shed  f o r  each of t h e  12 c r i t e r i a  including environmental 

q u a l i t y ,  occupational hea l th  and safe ty ,  and soc i a l  d e s i r a b i l i t y .  

Workshop p a r t i c i p a n t s  voiced some skepticism regarding the  v a l i d i t y  of 

t h e  r e s u l t s  produced. A major concern cen te rs  on the issue of funding re-, 

search for  arialyses of conservation opt ions deemed most desirab1,c and f ea s ib l e  

versus  those expected to produce more s ign i f i can t  environmental and -cia1 im- 

pacts .  Se lec t ion  of e i t h e r  of these  ob jec t ives  can resul t  i.n t,ha p s t a b l i ~ h -  

ment of d i f f e r e n t  research p r i o r i t i e s .  The environmental/social group, f o r  ex- 

ample, considered measures t h a t  would have s ign i f i can t  impacts and t h a t  were' 

a l so  deemed to be more des i rab le  and feas ib le .  In con t r a s t ,  the  econoinics 

group discussed only those measures deemed most f ea s ib l e  and des i rab le  on the  

b a s i s  of t he  rankings  provided by the exercise .  While p r i o r i t i e s  m l ~ s t .  be es- 

t ab l i shed ,  t he re  i s  no cor rec t  o r  absolute c r i t e r i o n  which can be used a s  a 

guide to a l l oca t ing  l imited research do l l a r s .  Workshop pa r t i c ipan t s  were 

divided in which scheme they favored. 

A number of the  measures were discussed by a l l  the groups. Note t h a t  in  

comparison with t he  ove ra l l  rankings,  these  measures were ranked 

1,2,3,4,5,6,7,8,14,15, and 17. Comparison of these  l i s t i n g s  with t he  

scaled impact l e v e l s  f o r  environmental qua l i t y ,  occupational hea l th  and 

s a f e t y ,  and soc i a l  d e s i r a b i l i t y  shows t h a t  most. of the  measurec selected are 

expected to produce pos i t i ve  environmental and soc ia l  impacts. In con t r a s t ,  

such opt ions a s  d i e se l  engines,  coal-fired aluminum remelt furnaces,  cupola 

furnace modif icat ions,  and waste product u t i l i z a t i o n  a re  expected to produce 

t h e  most s i g n i f i c a n t  negat ive impacts according to the decision-analysis 

exercise .  Some but  not a l l  of these  measures were highlighted by t h e  

environment/ s o c i a l  group. 

The most s i g n i f i c a n t  environmental/social d i f fe rences  between the top- 

and bottom-ranked measures probably r e l a t e  to the s p a t i a l  d i s t r i bu t ion  of im- 

pac t s  expected. The conservation measures ranked among the top  1 0  w i l l  most 

l i k e l y  be used throughout the country and a f f e c t  many c lasses  of consumers, 



i r r e spec t ive  of location. The i ssues  r a i s ed  by these measures are  therefore  

of na t iona l  i n t e r e s t .  In con t r a s t ,  most of the  lower-ranked measures, , pa r t i -  

cu l a r ly  those d i rec ted  towards energy conservation i n  the i n d u s t r i a l  s ec to r ,  

a r e  important only within spec i f i c  regions and l o c a l i t i e s .  The i ssues  r a i s ed  

a r e  not l i k e l y  t o  concern the nation as  a whole. Subsequently the l eve l  of 

support and focus of fu ture  research endeavors should r e f l e c t  these d i f f e r -  

ences. 

In e s t ab l i sh ing  these research programs, the  proper ro l e s  of the  f ede ra l ,  

s t a t e ,  and loca l  governments must be recognized. Role differences have ' a l l  

too  of ten  been ignored i n  na t iona l  analyses,  r e s u l t i n g  i n  the  masking of s iq -  

n i f i c a n t  regional  and loca l  impact differences and i n  conclusions t h a t  may be 

incorrect .  S t a t e  and loca l  governments play major r o l e s  i n  promoting, 

monitoring and regula t ing  energy conservation options.  Energy savings can be 

achieved 'only t o  the  extent  t h a t  ind iv idua ls ,  businesses,  and organizat ions 

a l t e r  t h e i r  energy-consuming prac t ices .  Government cannot save energy (except  

within i t s  own a c t i v i t i e s ) ;  energy conservation must be prac t iced  by p r i v a t e  

ind iv idua ls  and ins t i tu t ions . .  As a general ru l e ,  people and organizat ions are  

most recept ive  t o  new ideas  and p r a c t i c e s  t h a t  come t o  them from t h e i r  

immediate environments and a re  supported by those environments. The ro l e  of 

t he  f ede ra l  qovernment, includinq DOE and t h e  DOE/ASEV, is  somewhat 

d i f f e r en t .  C r i t i c a l  ro les  include: e s t ab l i sh ing  na t iona l  po l i c i e s ;  designing 

opera t iona l  programs; adopting opera t iona l  standards and model codes; 

advocating and supporting conservation e f f o r t s ;  monitoring and assessing new 

and ongoing conservation programs; information development through RDLD; 

information dissemination through consumer education programs; incent ives  l i k e  

t a x  c r e d i t s  and increasinq r a t e  of re turns  t o  i ndus t r i e s ;  and adminis t ra t ive 

improvements through b e t t e r  in tegra t ion  between federa l  agencies and other  

l eve l s  of government. 

The Workshop pa r t i c ipan t s  as  a group recognized t h a t  mst of the conser- 

vat ion measures assessed a r e  not l i k e l y  t o  produce s i g n i f i c a n t  harmful envi- 

ronmental and s o c i a l  impacts.; those produced would ce r t a in ly  be f a r  l e s s  harm- 

f u l  than those expected from energy supply options.  In cont ras t ,  it was gen- 

e r a l l y  agreed t h a t  implementation of many of the conservation options is more 

l i k e l y  t o  produce s ign i f i can t  benef i t s ,  which have ye t  t o  be f u l l y  explored by 

DOE o r  others .  While the  environmental and soc i a l  impacts of a l t e r n a t i v e  

energy conservation measures may prove t o  be e i t h e r  harmful or benef ic ia l ,  

ne i t he r  case should be overlooked by the pol icy maker. 
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We very much appreciate the opportunity to be present for these deliber- 
ations on technology assessment for energy conservation. We would like 
to present some issues which we feel have been inadequately addressed 
at this workshop and which might assist you in presenting technology 
impact research needs to the Department of Energy. 

Methodology 

We were sent some introductory material prior to attending this workshop. 
It consisted primarily of a set of energy cons.ervation strategies, to- 
gether with a listing of environmental, social, economic, and other 
criteria within which to compare and analyze these strategies. There 
is some question in our minds about how and why these strategies and 
criteria were derived. 

At the workshop, we attempted to suggest numerous changes to the strat- 
egies and criteria, but they proved to be quite difficult and time-consum- 
ing . 
We would like to suggest an alternative scenario for any future x\ro'rkshops. 
Allow all workshop participants to prepare lists ,of strategies and cri- 
teria in advance. The Brookhaven staff might then distill them and re- d .  

distribute these provisional sets of strategies .and criteria, At that 
point, we might critique them and return these comments to Brookhaven, 
in preparation for the workshop. In this way, we would have input into :, 
both the strategies and the criteria; more of a stake in the outcome 
of this process; and greater satisfaction with the adequacy of the final ' 
sets of strategies. 

A number of seemingly important conservation strategies have been 
ignored .in this workshop, whi'ch we feel should be considered by the DOE 
.Assistant Secretary for Environment. They are described in the follow- 
ing paragraphs: 
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1. Industrial heat recovery is a very important energy conservation 
zechnology which should receive both technological review and financial 
assistance from the DOE. It is one of the most accessible and readily 
available technologies, and would save considerable amounts of energy. 
It would also have beneficial environmental impacts in that it would re- 
duce waste heat discharged to air or water. 

2. The use of coal remains a difficult energy issue; One method of con- 
serving energy which needs further research 'is burning coal-oil mixtures 
in industrial boilers. The.nationa1 policy of shifthg from oil to coal 
has not yet become a reality, for both environmental and institutional . 
reasons. A gradual mixing of coal with oil would conserve oil while . 

phasing in the use of coal. This strategy could provide a more environ- 
mentally acceptable use of coal with little or no additional capital 
investment. We would like to have DOE give fmrnediate attention to this 
conservation strategy. 

3. A number of privately owned utilities have recently decided to invest 
in conservation by financing home insulation programs. These loans carry 
no interest, and need not be paid back for ten years, or until the house 
is sold. These utilities have recognized the fact that conservation can 
be viewed as an energy resource. The NEA-NECPA makes this approach to 
conservation very difficult, however. Therefore, we would like DOE to 
support pilot analyses of these existing programs, encourage such pro- 
grams among publicly-owned utilities, and secure exemptions to NECPA 
plans which would permit such conservation investments. It is 've.ry 
important that conservation' be seen as an energy resource investment 
similar to investments in fossil fuel resources. 

4. Load management and utility rate reform should have been treated as 
two separate conservation strategies. Th,ey are quite different and 
deserved separate consideration. We feel th.ey need more exploratory re- 
search, demonstration projects, and cost-effectiveness reviews. 

5. No agricultural measures were addressed. In particular, we would like 
to see more DOE-supported research and demonstration .on obtaining energy 
from agricultural wastes, use of renewable resources,. irrigation pumping, 
and model farm practices on small- and medium-sized farms, 

6. Possibilities for replacing transportation with electronic comrnuni- 
cations should have been addressed as an obvious conservation technology. 
Very little monitoring or pilot work has been done by DOE in this area. 

7. The time horizons for oil independence were inconsistent wi:th the 
transportation techno1ogi.e~ addressed in this workshop.. The transportation 
strategies we were provided are all short-term measures, although'the 
desirabi.1i.t~ criteria included oil independence by the year 2000. 
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8, The movement toward decentralized, renewable technologies should 
have been a desirability criterion against which all technological option 
were .measured. We no longer have the time or financial' wherewithal to 
'continue with centralized, fossil-fueled energy programs. We are dis- , 

appointed that this policy issue was not addressed during the workshop. 

9. Perhaps the most important criteria omitted, against which all tech- 
nological issues should be measured, was the 'value o'f energy, or the 
price of delivered BTUs. Economic realities were poorly addressed in 
the draft background materials and during the workshop itself. This 
omission resulted in an unrealistic sek of recommended strategies,cri- 
teria, and resultant rankings. Pricing is one,of the most difficult 
but important issues in energy conservation, and must not be ignored in 
any assessment of conservation strategies. 

J. Brinch 
R. Calhoun 
D.R. Liddell 
M. Olsen 
S. Parker 
D. Pilati 
C. Van Schayk 
W. Sessions 
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I .  INTRCWCTION 

The Department of Energy (DOE) Office >f the Assistant Secretary for  Environment, Office of Techmlogy Impacts, Division of Technology Assessments has 

asked Brookhaven National Lajoratory (BNL) snd Pac i f ic  Northwest Laboratory (PNLI t o  evaluate and z o n p r e  a number of pronising energy conservation 

measures t o  determine t h e i r  e f f e c t s  on ener.n,use, theenvironment, andtheeconom] and t h e i r  overa l l  r q u l a t o r y ,  i n s t i t u t i o n a l  and soc ia l  acceptab i l i ty .  The 

comparisons w i l l  be used by t h e  Division of Technology Assessments t o  al1ocat.e l i n i t e d  reseerch f m d s  and ident i fy  issues c r i t i c a l  t o  the applicat ion of 

these measures. 

In  support of t h i s  e f f o r t ,  the Division of Regional Studies a t  BNL is convsning a two Cay wor<shq  t o  rank a s e t  of 19 conservation measures, as  t o  

t h e i r  overa l l  importance. The workshop w i l l  be atzended by 1.35 par t ic ipants , ins lud ing  r e p r ~ s e n t a t i v e s  from the DOE, other Federal 

agencies, consumer and environmental public i n t e r e s t  groups, indus t r ia l ,  labor .and u t i l i t y  croups, s t a t e  and loca l  governments and other  decision-making 

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

.kt the  workshop, par t ic ipa? ts  rill rank consezvation measures using a weighting summatian tec.5niqx. Par t ic ipants  w i l l  be asked t o  make subject ive 

evaluations of the leve l  ~f cos t  (OK benef i t )  imposed by a p a r t i c u l a r  technology f o r  cr i ter i 'a  meas.~ring d e s i r a b i l i t y  and f e a s i b i l i t y  (Section 11). 

Par t ic ipants  w i l l  a l s o  be asked t o  _arepare numerical estimates of the  importance of one c r i b x i o n  a s  m p a r e d  with another and provide an estimate of 

t h e i r  l eve l  of knowledge c.r ce r ta in ty  for  each cfi-erion. Measures w i l l  be rankei summing c l l  responszs from a l l  par t ic ipants  t o  determine .a measure of 

environmental d e s i r a b i l i t y ,  overa l l  d e s i r a b i l i t y  aod f e a s i b i l i t y ,  and amalgamatiors of the *eve. 

In  order t o  familarize a l l  workshop par t ic ipaa ts  with the measures t o  be ranked, exploratory 'echx2logy assessments for  19 conservation measures have 

been prepared (Section 111). The assessments highlight  ex is t ing  data describing poten t ia l  emergy s a v i q s ,  environmental damage, institutional/regulatory 

b a r r i e r s ,  economic c o s t s  and soc ia l  concerns. Dati  describing present  s e t t i n g  and charac te r i s t ics  t c  vhich the measures would be i n s t a l l e d  and 

i n i t i a t i v e s  t h a t  could,be applied t o  encourage applicat ion of the measures a r e  a l s o  included. In prepsring these assessments, new da ta  have not been 

generated; only 1 week's e f f o r t  was al located to prepare each assessment. Instead,  ex is t ing  in fomat ion  was compiled from the  l i t e r a t u r e .  Par t ic ipants  

w i l l  have an opportunity a t  the  workshop t o  comment on the in fomat ion  presented. 

The exploratory assessments have been organized i n t o  4 cateqories;  residential-ccmmercisl, i n d u s t r i a l ,  transportatior. and policy modifications. 

Within each category, measures a r e  presentee i n  increasing orders of technical  complexity. Cn the residential-commercial s e c t o r , u s e o f  heat  pumps, for  

example,represents the s i n 2 l e s t  modificatior. analyzed and i s  placed f i r s t .  Modifying land use configurat ions,  i n  cont ras t ,  requires complex in te r -  

act ions and is therefore placed l a s t .  Other c a t e g ~ r i e s  a re  ordered i n  s imi la r  manners. 



11. RANICING CRITERIA 

'Lis ted below a r e  t h e  i n i t i a l  c r i t e r i a  we have s e l e c t e d  forworkshop p a r t i c i p a n t s  t o  u se  i n  t h e  ranking e x e r c i s e .  The c r i t e r i a  may b e  d iv ided  i n t o  

tw? g.roups; d e s i r a b i l i t y  and f e a s i b i l i t y .  D e s i r a b i l i t y .  c r i t e r i a  cap tu re  important n a t i o n a l  goa l s .  F e i s i b i l i t y  c r i t e r i a  cap tu re  t h e  degree  of d i f f i c u l t y  

i n  implementing conse rva t ion  measures. A l l  measures w i l l  be  ranked to', determine t h e i r  o v e r a l l  d e s i r a b i l i t y  and f e a s i b i l i t y .  Overa l l  rankings  amalgamat- 

i n g  both  d e s i r a b i l i t y  and f e a s i b i l i t y  w i l l  a l s o  be prepared.  S p e c i f i c  a t t e n t i o n  w i l l  be  d i r e c t e d  t o  t h e  e f f e c t  of environmental  d e s i r a b i l i t y  on o v e r a l l  

ranking schemes. 

P a r t i c i p a n t s  w i l l  be  asked a t  t h e  workshoe t o  examine t h e  d i s t r i b u t i o n  o f  impacts f o r  each c r i t e r i o n  l i s t e d  below. D e s i r a b i l i t y  c r i t e r i a  may be 

a s s igned  s c o r e s  ranging from 'the most p o s i t i v e  impact s c o r e  (+ 10)  t o  t h e  most s eve re  o r  nega t ive  s c o r e  (- 1 0 ) .  A sco re  of 0  r e f l e c t s  no impact.  A 

p a r t i c u l a r  s co re  may be given t o  more than one impact.  F e a s i b i l i t y  c r i t e r i a  . w i l l  be  scored on a  s c a l e  o f  0  t o  10 ( b e s t ) .  C r i t e r i a  weights  w i l l  be  

a s s igned  by p a r t i c i p a n t s  us ing a  a l l o c a t i o n  technique.  Th i s  technique g i l l  be  desc r ibed  i n  d e t a i l  a t  t h e  workshop. Uncer ta inty  c r i t e r i a  . r e f l e c t i n g  

a t t e n d e e s  o v e r a l l  state-of-knowledge ' wi th  r e s p e c t  t o  a l l  c r i t e r i a ,  w i l l  be  ass igned weights  ranging from 0 t o  +10 ( p e r f e c t  knowledge). 
. . 

F u l l e r  d e s c r i p t i o n s  of t h e  ranking c r i t e r i a  a r e  presented i n  t h e  Berman and Moss papers  t o  be  forwarded and w i l l  be d i scussed  a t  t h e  Workshop. 

c r i t e r i a  may be added t o  o r  d e l e t e d  from t h i s  list based on-Workshop d i scuss ions .  

I. D e s i r a b i l i t y  11. F e a s i b i l i t y  

A. D i r e c t  Employment (Jobs) A. Economic ( C a p i t a l  expend i tu re s ,  l a b o r  and m a t e r i a l s  

B. Independence of Imported Oi l .  
requirements)  

C. Energy Savings 1985 (Btu) B. Institutional/Regulatory 

D. Energy Savings 2000 (Btu) C. S o c i a l  

E. Economic Equity o r  E f f i c i ency  ("He who b e n e f i t s  s h a l l  be  he  who pays").  D. Technical  

F. P r o d u c t i v i t y  ( Increased ou tpu t  of goods and s e r v i c e s  per  u n i t  of i n p u t ) .  

G. P u b l i c  Heal th  and Sa fe ty  

H. Occupat ional  Heal th  and Sa fe ty  

I. Ecosystem Heal th  and Sa fe ty  

J .  S o c i a l  Equi ty  ( D i s t r i b u t i o n  of c o s t s  (o r  b e n e f i t s )  among d i f f e r i n g  income c l a s s e s ) .  



111. RESIDEPITI'AL\L/CONMERCIAL SECTOR" 

3 . 1  INTRODUCTION 

Energy used by t he  r e s iden t i a l - comerc . - a1  s e c t o r  i n  1977 was 28.1  x 1015 Btu ,  o: 37 p e r c e r t  of t h e  U.S. t o t a l .  R e s i d e n t i a l  and commercial 

b u i l d i n g s  consumed approximate ly  52 pe rcen t  of t h e  t o t a l  f o r  space  h e a t i n g ,  1 3  p e r c e r t  f o r  8ir zond i t i on ing ,  16  p e r c e n t  f o r  n o n e l e c t r i c  app l i ances  

and 19 pe rcen t  f o r  e l e c t r i c  app l i ances .  Da-a a v a i l a b l e  s t r o n g l y  sugges t  t t s t  t h e  f u d  use  t r en9s  by r e s iden t i a l - commerc i a l  cus tomers  respond t o  

both  energy p r i c e  changes and o t h e r  eccnomic f a c t o r s .  Household expend i tu r e s  f o r  e n z g y  use  h a - ~ e  r i s e n  s h a r p l y  s i n c e  t h e  e a r l y  1970 ' s .  Between 

1972 and 1975 expend i tu r e s  p e r  household cont inued t o  r i s e ,  a l t hough ,  p e r  household .mnsumpticn d e c l i n e d .  More r e c e n t l y  p r i c e s  and consumption pe r  

household have b o t h  r i s e n .  At t h e  p r e s e n t  l ime res ident ia l -commercia l  demands a r e  m e t  by e lec t . : ic i ty  (46 p e r c e n t ) :  g a s  (32 p e r c e n t ) ,  o i l  (18 pe rcen t )  

and o t h e r  f u e l  forms (4  p e r c e n t ) .  Use of e r e r g y  conse rva t ion  measures i n  many households  i s  on t h e  r i s e .  I ndus t ry  d a t a  show t h a t  2-3 m i l l i o n  

households  added 4-5 i nches  of i n s u l a t i o n  d ~ r i n g  1974-1976. P re l imina ry  1977 rep0r ts . sugges . t  a f i g u r e  of  n e a r l y  6 m i l l i o n .  I n  1975, occupants  of 

10  mil. l ion s i n g l e  f ami ly  detached homes (22:percent  of  a l l  a v a i l a b l e  housing s tock )  s ? e n t  a n  average  of  $150 p e r  household on w e a t h e r i z a t i o n  measures.  

The cumber of new h e a t  p u m ~ s . i n s t a l l e d  i n c r s a s e d  r a p i d l y  from 61,000 i n  1971 t o  250,030 i n  1976, doubl ing between 1975 and 1976. Housekeeping 

changes i n  s choo l s ,  h o s p i t a l s ,  f e d e r a l  b x i l t i n g s  e t c .  have r e c e n t l y  produced s i g n i f i c a n t  energy sav ings .  . 

Presen t ed  below a r e  r e s i d e n t i a l - c o m e r d a l  energy demand and f u e l s  consumed i n  1372. 

~ t d  T o t a l  
Na tu ra l  Gas Cool Nuclear  Hydro l e c t r i e  Methane D i r e c t  Use 

RESIDENTIAL: 1 
Space Heat 3.094 / .202 3.835 7.131 
Air  Cond i t i cn ing  .214 .004 .218 
Water Heat 6 Coaking -355 .495 1 ,473 2.323 
Misc. E l ec t rLc  .9E4 - .964 

Tot a 1  3.449 1 ,875  5 ,312 10.636 

COMMERCIAL : 

Space Heat 
A i r  Cond i t i oa ing  
Water Heat + Cooking 
Misc. E l e c t r i c  

T c t a l  

* Discuss ions  on energy use  i n  t h e  r e s idmt i a l - commerc i a l ,  i n d u s t r i a l  and t r s n s p o r t a t i o n  s e c t o r s  h i g h l i g h t  m a t e r i a l s  p r e sen t ed  i n  
t h e  Ninth  Annual Report of che Council  on Environmental Qua l i t y  (1978).  



3.2  HEAT PUMPS 

I. Descript ion Heat pump technology i s  r ap id ly  developing, b. Primary f u e l  resource consumption may be  

heat Pump on the principle of 
with new systems such a s  s o l a r  a s s i s t e d  0. s o l a r  reduzed by s u b s t i t u t i n g  a heat  pump f o r  f o s s i l  
dr iven heat  pumps, advanced e l e c t r i c a l l y  dr iven 

rhe  vapor compression r e f r i g e r a t i o n  machine. It f u e l  f i r e d  home hea t ing  systems, r egard less  of 

is capab12 Of heat from a cold to a 
heat num~s,  and heat  pumps inc l rpora t ine  Storage the ex ten t  t o  which a i r  conci t ioning is used with 

hot reservoir by doing work on the working fluid 
(usual ly wa te r l i ce ) .  Performance and r e l i a b i l i t y  the f o s s i l  f u e l  system. 

Jr r e f r i g e r a n t  which c i r c u l a t e s  i n  the  heat pump 
data are at this time. 

m i l s  and compressor. As a conventional a i r  
cond i t ioner ,  t h e  heat pump provides cooling and 
dehumidification in tha  summer by pumping heat from 
t h e  ins ide  of t h e  conditioned space t o  ou t s ide  a i r .  
I n  cold xeather ,  t h e  r e f r i g e r a n t  flow d i r e c t i o n  i n  
p a r t  of the  system is reversed by a c t i v a t i n g  a re-  
versing va lve  and t h e  heat  pump pumps heat  from 
outdoors t o  indoors. The heat  pump accomplishes 

! t h i s  t a sk  by doing mechanical work of vapor com- 

I 
pression on t h e  working f l u i d .  The paver t o  d r i v e  
t h e  compressor usual ly comes from an e l e c t r i c  

W motor. A heat  pump can a l s o  e x t r a c t  heat  from a 
4 water o r  ear then source. A heat  pump system i s  
I most e f f i c i e n t  when the  temperature d i f fe rence  

between t h e  heat  absorpt ion and ex t rac t ion  ele-  
lnents (evaporator and condenser) is small. 

11. S e t t i n g  and Charac te r i s t i c s  

Heat pumps were unsuccessfully marketed i n  
t h e  1950's. due t o  problems with improper s i z i n g  
and i n s t a l l a t i o n .  Heat pump e f f i c iency  and ser-  
v ic ing  requirements a r e  more s e n s i t i v e  t o  proper 
i n s t a l l a t i o n  than a r e  conventional systems. How- 
ever ,  t h e  growing denaand f o r  a i r  conditioning i s  
cur ren t ly  enhancing the  market appeal of heat 
pumps, a s  i s  t h e  increasing cos t  of f u e l  o i l .  
FEA es t imates  show t h a t  un i t a ry  heat  pump 
shipments w i l l  increase from 165,000 u n i t s  i n  
1975 t o  between 303,000 and 570,000 u n i t s  by 1980. 
Heat pumps a r e  more e f f i c i e n t  than other  heat ing 
systems p lus  a i r  condit ioning,  but not  necessa r i ly  
more e f f i c i e n t  than heating-only system 

111. Energy Savings 

Total  annual enerey consumption f o r  heat  
pumps i s  smaller  than f o r  any combination of cen- 
t r a l  a i r  condit ioning with any heat ine systems 
studied by FEA ( e l e c t r i c  baseboard res i s t ance  
heat ing,  e l e c t r i c  furnace res i s t ance  heat inn, .gas  
f i r e d  furnace, o i l  f i r e d  furnace) .  Heat pumps may' 
use only % 55% of t h e  e l e c t r i c i t y  used i n  res i s t ance  
heat ing on an annual bas i s .  

Considering only heating season requirements, 
s u b s t i t u t i n g  a heat  pump f o r  e l e c t r i c  res i s t ance  
heat ing i n  s i n g l e  family resirlences conserves p r i -  
mary o i l  and gas i n  every p a r t  of the  U . S .  

The e f f e c t  on primary f u e l  resources due t o  
s u b s t i t u t i n p  a heat  oumo f o r  an a l t e r n a t i v e  heat ing 

17. Other Benefi ts  

V .  Environmental Problems 

Extensive use of heat  pumps i n  small com- 
mercial bui ldings and residences may be an annoy- 
ance, e spec ia l ly  i n  previously qu ie t  a reas .  

Fluids and add i t ives  can have s e r i o u s  
hea l th  e f f e c t s  upon acc iden ta l  r e lease  i n t o  
drinking water. The primary f u e l  is f reon ,  
but some f l u i d s  (espec ia l ly  f l u o r i n o l  and toleune)  

, a r e  v o l a t i l e  and present  inha la t ion  t o x i c i t y  
hazards upon acc iden ta l  s p i l l a g e .  

D - r .  

system is s e n s i t i v e  t o  the  amount of a i r  condition- 
ing tha t  would normally be used without the  heat  
Pump. 

a .  Subs t i tu t ing  a heat  pump f o r  e l e c t r i c  
res i s t ance  heat ing w i l l  conserve primary f u e l  
usage only i f  s u b s t a n t i a l  a i r  condit ioning i s  assoc- 
i a t e d  with the heat ing system. If  no a i r  cond i t ion- '  
ing i s  used, a ne t  annual inc rease ,  o r  a t  b e s t ,  a 
marginal reduction i n  primary f u e l  usage may be 
expected. . 

Several heat'pump working f l u i d s  undergo 
pyrolysis  during over temperature andlor  f i r e '  
tor-ditions. Gaseous pyro lys i s  by-products 
(espec ia l ly  phosgene, hydrogen f l u o r i d e ,  chlor- 
oform, f l u o r o f o m ,  and C O )  a r e  more t o x i c  than 
the unreacted f l u i d s .  

Toluene and f l u o r i n o l  working f l u i d s  a r e  
highly flammable; accident  leakage must be care- 
f u l l y  con t ro l l ed .  



3.2 HEAT PUMPS (Cant.) 

V I .  ~e~ulator~/Institutional Problems ' o f  the Air-to-Air Heat Pump f o r  R e ; i d e ~ t i a l  Space 

U t i l i t y  rE:e s t r u c t u r e s  penal ize Conditioning", pre?are' f o r  Federa' Enzrgy. 

systems having lower annual usage with a higher Adminxstration, PB-255'652. 

average u n i t  p r i ce .  ' 4. 0 'Neil,  Denr'is, J b i e t  Carney. Er ic  
Hi r s t ,  1978, "Reaional Anal-=is of Residential - - 

Lack of . industry-accepted code of s tandards IJater Heating Options: Sne-y Use and Econom- 
covering heat  pump i n s t a l l a t i o n s ,  t o  insure i c s" ,  ,3RNL/CON-31, Oak Ridge, Tn. 
r e l i a b i l i t y .  

Builder consciousness t o  f i r s t  cos t  only, X I I I .  Tabular Mater ials  
p lus  non-cniform building cos t s .  

F a i l u r e  of mortagage lenders  t o  consider 
operat ing c o s t s  r.r energy conservation equip- 
ment. 

V I I .  Ecor.omic Problems 

V I I I .  Social  P ro t l ens  

. Not a f fo rdab le  by poor. 

I X .  Other Problems 

High market penetrat ion could e f f e c t  winter  
e l e c t r i c  peak demand and u t i l i t y  load f a c t o r s  i n  cer- 
t a i n  regions of t h e  country. 

X. Resource Requirenent 

See t ab les .  

X I .  I n i t i a t i v e s  

Rate s t ruc t : l r es  t o  encourage coxservation ( s t a t e ) .  

Consumer education t o  remove assoc ia t ion  of 
heat  pumps with high-cost e l e c t r i c  res i s t ance  
heat ing ( federa l - s t a te - loca l ) .  

X I I .  References 

1. Delene, J.G.. 1974, "A Regional ~Compari- 
son of Energy Resource Use and Cost t o  Consumer of 
Al te rna t ive  Res iden t ia l  Heating Systems", ORNL-TM- 
4689. 

2 .  DOE, 1978, Environmental Development 
Plan, BuilCings and Community Systems, FI 1977. 

I ! s t im~tcJ  c c s t  -f ins ta l l a t io i r  of ndcqunte 
heat ing and cool ing systems 

( d o l l a r s )  

E l e c t r i c  Dfrect Direct  
City Eumnace e l e c t r i c  e l e c t r l c  

pcmp aniA.C.  andA.C. andA.C. 

Knoxville, Tenn. 

Atlanta .  Ga. , 

Boston, Mass. 

Cheyenne, Wyo. 

Chicago, 111. 

Dallas ,  Tex. 

Kansas Ci ty ,  Mo. 

Mixieapolis ,  Winn. 

Philadelphi;, Pa. 

Phoenix, Ariz. 

San Diego, Ca l l f .  

S e a t t l e ,  Wash. 

Washington, D. C. 

Gas 
furnace 
and A.C. 

O i l  
furnace 
and A.C. 

3. C-ordian Associates, Inc . ,  19iE, "Eval. 
Source: Delene, 1974. 



Energy cos t  f o r  home-h;atinga 
($/year)  

City 

Atlanta. Ga. 

Boston, Mass. 

Cheyenne, Wyo. 

Chicago, I l l ,  

Dallas ,  Tex. 

Kansas Ci ty ,  Mo. 

Knoxville, Tenn. 

Minneapolis, Minn. 

' Philadelphia,  Pa. 

Phoenix, Ariz. 

San Diego. Ca l i f .  

S e a t t l e .  Wash. 

Washington, D. C. 

Heat pump Resis tance Gas 
b 

a~ncrernental  cos t  over and above bas ic  e l e c t r i c  b i l l  and cos t  of hot water heat ing.  

b 6 ~ ~  system e f f i c i e n c y ,  0.73-2.30 $/rnBtu 

' 5 5 ~  system e f f i c iency .  3 0 ~ f g a l .  

Source: Delene. 1974. 



3.3 APPLIANCE PERFORMANCE STAND- 

I I. D ~ s c r i p t i o n  1980, based on 1972 e f f i c i e c c i e s .  These are:, 

I Efficiency of energy cse  i n  consumer products 
I can be improved by: 

I 1) Improving t h e  energy e f f i c iency  of e x i s t i n g  
products 

1 2) Improving use of e x i s t i n s  pr=ducts  
3) Development of new produ-ts, including in- 

: t eg ra ted  appliance s y s t e m  (e.g. ,  using 
waste heat  from a i r  cond i t io l ing  o r  re- ' f r i g e r a t i o n  t o  heat  water) 

I 
11. Se t t ing  and Charac te r i s t i c s  

I n  1972 r e s i d e n t i a l  pr inary energy consump- 
t i o n  was approximately 11 x 1015 Btu;or.15% of 
t o t a l  U.S. consumption. End use consumption . 
pro jec t ions  (percent)  f o r  the r e s i d e n t i a l  sec to r  
a r e  : - Percent - 

End Use 1980 1990 ?OCO - - - 
Space heat ing 51.8 50.1 48.7 
Water heat ing 14.4 13.8 i3 .5  

I Refr igerat ion 9.2 10.5 11.7 
I and f reez ing  

Light ing 
Cooking 
Air  condit ioning 
Drying 
Other 

Recently DOE issued voluntary energy e f f i c iency  
improvement t a r g e t s  f o r  appliances manufactured in 

Efficiency il;provewnt 
carget  ( p e r c ~ n t )  

Water hea te r s  2 3 
Home heat ing equipment 11 

(excl .  F ~ r n a c e s )  
Kitchen rsnges and ovens 40 
Clothes washers 35 
Furnaces and b o i l e r s  20 
Ref r ige ra to rs  and 39 

r e f r i g e r a t o r / f r e e z e r s  
Freezers  28 
Dishwashers 25 ' 

Clothes d ryers  8 
~ o o m  a i r  condit ioners  28 
Central  a i r  condit ioners  21 
TelevisLon s e t s  79 . 
Dehumidifiers ' 19 
(Federal  G g i s t e r ,  1978) 

DOE i s  now required t o  e s t a b l i s h  nandatary 
e f f i c iency  standards by December,' 1980. , 

111. Energy Savings 

Increased e f f i c iency  is ex ecteC t o  sage T: 5 x 1014 Btu in.1985 and 7 x 101 Btu i n  2003. 
Energy savings riould be more i f  s tandzrds were ' 

es tab l i shed  f o r  e l e c t r i c  spzce heat ing (e.g..  
heat.pumps use;'cnly 55% of the  e l e c t r i c i t y  use2 
i n  r e s i s t s n  e. hea t ing) ,  I /-  \ : 

Voluntary measures can a l s o  r e s d t  i n  an- 
ergy savings. Reducing water temperamre ff3m 
140° t o  1200 cocld save 222 - 27% of mnua l  
water heat ing energy. 

I V .  Other Benefi ts  

Reduction i n  f u e l  b i l l s  w i l l  exceed in- 
creases i n  c a p i r a l  cos t s  by $5 b i l l i o n  i n  2000. 

V .  Environmental Problems 

. - Heat t r a n s f e r  f l u i d s  and heat  s torage media 
( e u t e c t i c  s a l t s )  i n  in tegra ted  and heat  
s torage appl iances may expose the  general  
population (espec ia l ly  chi ldren)  t o  tox ic  
substances i n  t h e  home, should leakage 
occur. 

. - Flammability of working o ther  than freon 
freon and heat  s to rage  media must be  con- 
s idered so t h a t  leakage does not  present  an 
undue. f i r e /exp los ion  hazard. . 

- Water' q u a l i t y  e f f e c t s  of d i sposa l  of spent  
f l u i d s  . 

V I .  Regulatorp/Institutional Problems 

- Enforcement of e f f i c iency  s tandards.  
' - Accurate t e s t i n g  of appl iance e f f i c i e n c i e s .  

V I I .  Economic Problems 

- Industry s tar t -up cos t s .  

V I I I .  Social  Problems 

- Not a f fo rdab le  by poor. 

I X .  Other Problems 

' X.  Resource Requirements 

- Increase i n  c a p i t a l  cos t  of appl iances,  e.g 
. . increasing the  energy e f f i c iency  r a t i o  of 

a  room a i r  conditioner,would r a i s e  the 
cos t  by $45. per  u n i t .  However, t h i s  i s  
o f f s e t  by decreasing operat ing c o s t s .  



3.3 'NEW APPLIANCE PERFORMANCE STANDARDS - Continued 

X I .  I n i t i a t i v e s  

- Cons~.~mer educa t ion ,  i nc lud ing  e f f i c i e n c y  
l a b e l i n g  (Fede ra l - s t a t e - loca l ) .  

- Taxes t o  pena l i ze  low e f f i c i e n c y  p roduc t s  
(Fede ra l ) .  

- Mandatory e f f i c i e n c y  s t anda rds  (Federal ) .  

XII.  References  
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X I I I .  Tabular  M a t e r i a l s  



ENERGY PERFOKMANCE STANDARDS FOR NEW EUILDINZS 

I. Descript ion 

Building energy perfcrmanc? standards a r e  
being developed i n  response t o  and accordance with 
t h e  Ensrgy Conservation Standards f o r  New Buildings 
Act of 1976, enacted a s  T i t l e  111 of the  Energy 
Conservation and Production Act (Public Law 94- 
385). The s tandards w i l l  be performance based, 
i . e .  they w i l l  include goals  t o  be achieved and. 
app l icab le  requirements c r i t e r i a  and evaluat ion 
techniques. They w i l l  not  include o r  p resc r ibe  
t h e  mechods, processes o r  mate r ia l s  i o  be used t o  
achieve the  goa l s  del ineated.  The s tandards w i l l  
be f o r  new construct ion only, w i l l  be aimed a t  the  
design s tage  of t h e  construct ion process and w i l l  
apply t o  bui ldings r a t h e r  thar. t h e i r  component ' 

par t s .  

11. Charac te r i s t i c s  

The United S t a t e s  r e s i d e n t i a l  and commercial 
bui lding s e c t o r  consumed approximately 16.5 x 1015 
Btu of energy i n  1972. Of t h i s  t o t a l ,  10.6 x 1015 
Btu were consumed i n  the  r e s i d e n t i a l  sec to r  and 
5.9 x 1015 Btu i n  t h e  commercial sector .  I n  t h i ~  
sec to r  68% of the  energy consumed was used f o r  space 
hea t ,  18% f o r  hot  warer and cooking, 2% a i r  con- 
d i t ion ing  and 12% o ther  uses .  

111. Energy Savings 

By 1985, 30% of a l l  e x i s t i n g  r e s i d e n t i a l  
u n i t s  and 40% o f . a l l  commercial u n i t s  w i l l  have 
been constructed during' t h i s  decade and thus 
subjected t o  the  proposed s tandards.  DOE e s t i -  
mates suggest t h a t  maximum savings expected from 
implementation of these s tandards w i l l  be 1-3 
quads i n  1990. Savings w i l l  i ~ c r e a s e  a s  the  
proport ion of. u n i t s  constructed i n  compliance 
with the  s tandard increases i n  l a t e r  years .  

I V .  Other Benefi ts  

V. Environmental Problera; 

- Health e f f e c t s  a r i s i n g  primari ly from h- 
creased indoor a i r  po l lu t ion  or  contamination 
and reduced humidity con t ro l .  

- Occupational hazards a r i s i n g  frari use of 
se lec ted  mate r ia l s  (e.g. insu la t ion) .  

V I .  Regulatory/Institutional Problem: 

- Adoption, implementation and enfcrcemettt of 
codesmay 3e l imited by resources,  manmwer, :€Fa- 
b i l i t i e s  and commitment by l o c a l  a u t h o d t i e s . ,  

- Effec t ive  performance may vary s i g n i f i u n t l y  
from t h e o r e t i c a l  performance c r i t e r i a .  

- Removal of some decision-making zu thor iL ies  
from bu i lde rs  and purchasers regarding i n i t i a l  . 
cos t s .  - Additional burdens placed on smaller  
bu i lde rs  with l imited d e s i j n  c a p a b i l i t i e s .  - Poss ib le  schedule delays when eff iect ive 
implementation procedures have not beer esta-  
bl ished.  - Negative impacts on se lec ted  i n d c s t r i e s  
including bui lding equipment and heat icg,  
v e n t i l a t i n g  and a i r  condit ioning s y s t w  s u p p l i e r s  

- No incen t ive  f o r  bu i lde rs  t o  exceed m i n i -  
mum perforaance standards. 

V I I .  Economic Problems 
- Financial  burden a r i s i r -g  from increased 

c a p i t a l  cos t s  of bui ldings t h a t  a r e  designed 
t o  achieve lower l i f e  cyc le  cos t s .  

X. Resource Requirements 

See Table 1. Data presented a r e  f o r  
ASHRAE 90-75 s tandards only. 

X I .  I n i t i a t P ~ e s  

- Federal  f i n a n c i a l  a ss i s t ance  (e.g. FmHA, 
HUD minimum property s tandards)  f o r  new housing 
construct ion l imited t o  those s t a t e s  which have 
adopted standards (Federal) .  

- Guaranteed loans (Federal) .  
- Income tax  deductions o r  c r e d i t s  (Federal- 

S ta te ) .  - Public  education increasing consumer and 
bu i lde r  s e n s i t i v i t y  t o  l i f e  cyc le  versus f i r s t  
cos t  c r i t e r i a  (Federal-State-wcal) .  - Require adoption of s tandards by l o c a l  
communities i n  order  t o  qua l i fy  f o r  f e d e r a l l y  . 
aided bui lding programs (Federal) .  

X I I .  References 

1. Arthur D.  L i t t l e ,  Inc . ,  1976, "Energy 
Conservation i n  New Building Design. An Impact 
Assessment of ASHRAE Standard 90-75, Cambridge, 
Massachusetts. 
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X I I I .  Tabular Mater ials  
-. Additional emphasis on conceptual desiga 

required w i l l  r e s u l t  i n  increased cos t s .  

V I I I .  Soc ia l  Problems 

Not e f fo rdab le  by poor t enan t s  

I X .  Other Problems 



M a t e r i a l s  
T o t a l  Annual Markct Affected  Haximum Potential Impact Pe rccn t , o f  Perccnt of 

Harkct by ASILRAE 90 ' b v  ASHME 90 . Tota l  .Hsrkct AfIcctcd Markcr 
($W) . ( $ ~ ~  ($m) .. (Z) -73- 

Building 'Hd tc r i a l s  Supp l i e r s :  

I n s u l a t i o n :  . 1,000 595 (60) . . 

o B a t t  470 27'0 . ( 57 )  ' ' 

o Rigid Board . . 460 . 280 ( 6 1 ) .  ' +I28 +28. +46 

. o LOOSC F i l l .  7 0 45 (64) - , + 6 '  . + 9  +13 

S id ing  M a t e r i a l s  1,000 850 (85) + 12 + 1' + 1 

~ l d t  G la s s  1,247 146 (12) + 7 ' + ?. + 5 

' Windows ., 903 720 (80) - 19 - 2 - 3 

Bui ld ing Equipment Manufac.turors: 

E l e c t r i c  Lamps 1,177 176 (15) - 1 6  - 1 - 9 

L igh t ing  F i x t u r e s  . . ,1.450 830 (57) -175 ' . ' -12 -21 
. . 

Gas and E l c c t r i c  Meters  173 159 (92)  + 3 . +  2 .  + 2 

Hot Water Hea t e r s  

HVAIC Systems Uanufacturers :  

RVAIC Equipment 2,308 1 ;720 ,  (75) ' -135 - R 

HVAIC Con t ro l s  



3.5 RESIDENTIAL AND COMMERCIAL BDILDING RETRO?II 

I. Description 

~esidential/commerdal buildings retrofit measures 
include: caulking and weatherstripping of doors "furnace 
efficiency modifications; clock termostats; celljng, attic, 
wall and floor insulation; water heater insulaticn; storm 
windows and doors; devices associated with load aanagement 
techniques; and heating, ventilrting and iir concitioning 
redesign or modification. These neasures may 5e applied 
to all residential/commercial buildings including 
single family dwellings, multi-fanily dwellings, low 
density housing, nobile hones ard commercial strictures 
such as office buildings retail establishments, schools, 
hospitals and light industrial t.uildings. 

IV. Other Benefits 

- Reduced fuel bills 
- Employment of local crsftsmen 

11. Setting and Characteristics 

Currently, there are approximately 74 millim 
residential units in the United States and 1.5 mfllion .. non-residential buildings with some 29 billion sqare 
feet of floor space. Almost 20 percent of all. U.S. 
energy consumed is used to heat and cool these bdldings. 
Some buildings needlessly waste as much as hsli cf that 
energy. Many of these existing units are not iuny VI . 
insulated. Before 1950, many units were constructed 
with no insulation at all. Frorr. 1950, until ab0c.t 1973, 
there was a gradual trend towsrd more insulation, 
more storm windows and doors snd generally berter 
weatherization in residential structures, parricclarly 
in the colder poriions of the U.S. and in electrically 
heated homes. Until fairly recently, however, many 
new dwelling units in mild climate areas, rencal buildings 
and speculative housing were still being canstruaed 
with minimum insulation. 

V. Environmental Problems 

- Health effects arising from ilcre3sed 
indoor air pcllution due to d?crasing 
air exchange. Principsl sour-es Lnclud 
smoking, cooking, cleardng and du;ting 
and infiltration from .cutside scur-es. 

- Effects of fire snd sakty smoke nwe- 
ment patterns arPsing hom a1:era:ion 

111. Energy Savings 

VII. - VIII. '~conomic and Social Problems 
- Building owners may be unable to finanace 
retrofit. - At least 5 million homes occupied by low 
income persons are inadequately insulated. 
This increases the energy use by low in- 
cdme persons, particularly the elderly 

le and hancicapped, to maintain a healthful 
environment. Percent income spent on 
energy 'y these individuals is almost 3 
times that of other individuals. 

in ventilation. ~ IX. Other Problems 
- Occupational health and safet~ im?acts 
arising from insulation installation 
and public health concerns effected by' 
insulation ourgassing. 

- P~ssible increase in thz number of fires 
,=d release of toxic funes from the 
combustion of insulatin3 materials 
Ce.g. formaldehyde fumee). 

- Most building codes do lot gaeraliy 
apply to existing residences, -unlass 

, 

additions, alterations or repeirs,which 
are made during any 12.nonth-~ericd 
exceed 25 percent of the value of the 
building. Current building ccdes may 
therefore offer limited potential for 
retrofit of energy-conservative devices. 

- Consumers may be unable to secure 
adequate amounts of aua:.itv irasulrTion 

X. liesource Requirements 

- Extension through 1980 of the DOE weather- 
ization grant program for insulating 
lower iccome homes at an authorized level 
of $200 million in FY 1979 and.1980. 

- A $5 billion program'of federally-supported 
home improvement loans for energy conser- 
vation measures; $3 billion for support 
of reduced interest loans up to $2,500 
for elderly 0.r moderate income families 
and $2 billion for general standby 
financing assistance. 

-  rants of $900 million over the next 3 
years to improve the energy efficiency 
of schools and hospitals. 

- A 2 year $65 million program £or energy 
audits in local public buildings and 
public care institutions. 

materials and insza1iat:on-servicg. 
- Landlord-tenant ~roblem~ could DrEvent 'I' Initiatives . . 

Estimates prepared by BhX suggest that the, retrofit of existing bu:.lding. %nty , - National Energy Conservation Policy Act 
potentiai savings from improving the energy efficiency percent of single family dwelllng and (NECPA) ~f 1978 Utility Conservation 
of existing housing and comnercial building structures 85 percent of multifamtly units a m  not' Program for Residences (Federal). 
by installing various retrofit masures could rednce ownedoccupied.' , 

primary energy denand in the residential secror by 5% 
(1.5 x lo1? Btu) and coimerciil sector demand by. 2% (0.6 
x 1c15 Btu) in 1985. 



3.5 RESIDENTIAL AND COMMERCIAL BUILDING RETROFIT (Con't) 

XI. Initiatives (Con't) 

- NECPA Weatherization Grants for Low 
Income persons (Federal). 

- NECPA Energy conservation loan 
program (Federal). 

- NECPA grant program for schools and 
hospitals (Fcdcral). - Exclusion of retrofit measures frnm 
sales and property taxes (State-local). 

- Public education strategies (Fed.-State-local). 
- Federal financial assistance (e.g. EmHa, 
VHA etc.) for buildings limited to these 
meeting certain prescriptive requirements. 
FHA-VA could affect up to 10% of.the 
existing family housing stock each year 
(Federal). 

- Increase mortgage capital availability for 
housing with installed energy-saving 
measures (Federal). 
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VALUE OF ENERGY SAVINGS COHI'ARED TO THE COST OFENEECY CONSERVATION 
MEASURES FOR SELECTED CASES, RESIDENTI.4L SECTOR I N  THE FACCFIC NORTHWEST* 

Conservation Measure Cost of Conser- Annual Energy Annual Savings Expected Discomted B/C Ratio Pr iva te  Cap i ta l  
Representat ive va t ion  Measure Savings ( f i l l i o n  per  $ In- Useful 1976 E ~ e r g y  Double 1976 1976 energy Double 1976 
S i tua t ion  , ($/adopter)  Btu/Hsld/year vested 1976 L i f e  pr:ms energy p r ice  p r i c e s  energy p r i c e  

I Pr ices  ($ /y rs /S)  (years)  ( S i  S) ( $ / $ I  (years)  (yesrs)  
R e t r o f i t  Cei l ing Insu la t ion  t c  maximum proEitable  l e v e l  
Case Z (now R-0 t c  R-19) 240 95 1.19 20 14.9 29.8 1 . 5  

(now R - 1 1  t o  R-19) 156 5 0.09 20 I.U 2.26 > 100 3 
Case I1 (nok- R-0 - R-50) 348 125 1.08 -20 13.5 27.0 1 . 5  

(now R-11 - R-10) 252 10 0.12 20 1.5. 3.0 19 6 

R e t r o f i t  Other 
I n s u l e t e  under f l o o r s  t o  R-19 
Case I 360 : 
Case I1 360 

I n s u l a t e  wa l l s  t o  R-13 
Case I 435 
Case I1 435 

Add Storm Wixdovs 
Case 1 350 
-Case 11 350 

Add Storm Doors. 
Case I 210 
Case I1 210 

Weather S t r i p  
Case I 180 
Case I1 ' 180 



TABLE (Continued) 

Improved Conventional Heatinv Systems 

,SEaled Combustion Units, oil and gas 
Case I (retrofit) 230 40 .52 10 4.0 8.0 2 1 

Case I1 (retrofit) 250 -5 7 .68 10 5.25 10.5 2 1 

~nsulate heat ducts or pipes any central heating system 
Case I 48 25 1.56 2 0 19.5 39.0 .7 .3 
Case 11 48 35 . 2.19 2 0 27.4 58.8 .5 .2 

Chimney Heat Savers, older oil-fired units 
Case I ' 150 9 .18 10 1.39 2.78 9 3.5 
Case I1 150 13 .26 10 2.0 4.0 5 2 

Electric Pilot Lights, gas units 
Czse I 50 
C ~ s e  I1 50 

* Source: BUTCHER, Walter, et al., 1977, Energy Conservation Policy Evaluation, Final Report to the Narthwest Energy Policy Project, Volume 11: 
Detailed Report of Analyses, Portland. 

Case I is a 1200 sq. ft house in W. Washington or W. Oregon, heated by natural gas or fuel oil. 
Case I1 is a 1200 sq. ft house in E. Washington, E Oregon or Idaho heated by natural gas or' fuel oil. 



3.6 DISTRICT HEATING 

I. Description 

Residential, commercial, and industr~al precess 
space and water heat can te supplied through large 
scale district heating systens. In these system, 
water is heated to about 165-300°F in centralized 
plants and distributed through a grid of buried 
transmission and distrLbution pipes. At the sites 
of end use, heat exchangers are used for process 
and space heat oc the production of domestic hot 
water. 

11. Setting and Characteristics 

Space and water heating tcgether account for 
19X of the total U.S. exergy demand. Each year.%, 
5.8 x 1015 Btu of oil and 7.1 x 1015 Btu of 
natural gas are consumed in the U.S. to meet these 
demands. District heating, elthough popular in 

.I. Europe, has not been implemented to,any sigxificant 
' degree in the U.S. At presert, steam electrii: 
plants produce waste heat In amocnts exceeding 
the total U.S. space and water heating denand; 
some of this waste heat could be captured and 
used for district heating purposes. Cost estimates 
suggest that in urban areas retrcfit applicatio t of district heating systems aould be - $4.79110 Btu. 
In comparison projected costs for newly inszalled 
coal electric systems, direct fired oi and gas 

i! furnaces are - $15, $4.34 and $2.72/10 Btu, 
respectively. Scnce oil aid natural gas supply 
more than 85% of the total residential heat 
denand, significant savings of these fuels 
forms could accrue. 

111. Energy Savings 

Estimates prepared for DOE suggest that 
heat for - 61 million people could be econamically 
supplied by district heating systems. Th+ total 
conservation potential is 4.0 x 1015 Btu 

IV. 

VI. 

Other Benefits 

- Allows cutback in net fossii fuel consmmption. 
- Decentralizes discharges of daste, hea:, 
thereby reducing subsequent =nvironmen:al 
impacts.. 

- Could decrease system emissLms vii 
reduction in area source emi;sions; m:e 
efficient supervision of diszharge~.; hlgher 
chimney height; and, app1ica:ion'ol 
pollution contrc,l .devices. 

- Facilitates use of more expeidable.fue~s, i.e. 
coal, and possibly municipal solid waste. 

Environmental Problems 

- Increased population exposures to 
emissions arising Erom proxinity of new, 
utilities in population centers. 

- Possible increase in emissions if Cirty 'b 
fue1sce.g. coal) substitued for clean iuels 
(e.g. natural gas). , 

Regulatory/Institutional Problems 

- General acceptance by 3 large grouF oi.end 
users must exist o r  alternat~vely, t5e govern- 
ment must require the use of such s system. 

- Additional electric ca7acity may be re- 
quired to compensate for losses arising from 
cogeneration. 

- Streets in existing downtown areas are 
already filled with similar eistribrim. 
networks, i.e. electric, telephonev gas. 
Traffic disruption and existlng network 
may increase prqblem of putting in a 
district heatin grid system. 

- District heating option must be institfled 
in fairly large blocks, thus preclding a 
step-wise approach that other alternat?ves 
could follow. 

- Residential/commercial users are given 
priority use of some scarce fuels; this 
will delay implementation of this option. 

- Overall supply is dictated by maximum 
capacity of the local supply facilities. 
Interconnection, as practiced by 
electric utilities, is not available. 

VII. Economic Problems 

- Costs increase rapidly as the housing 
density diminishes. Economics select 
against supplying district heating to 
single family lots over 5000 sq. ft. 

- Substantial initial investment required. 
- Sunk capital costs of converting some 
' existing heating systems to district 
heating, e.g. electric resistance. 

VIII. Social Problems 

\ - Consumer opposition to large utilities. 
\ -  Loss of freedom by the consumer to 

.choose a particular heating form. 
- donsmer reluctance or inability to 
finince retrofit of end use device to 
rep1ace:existing heating equipment. 

- Consumer acceptance of risk associated . 
with failure of a centralized facility 
to provide needed heat. 

IX. Other Problems 

- Only applicable to existing steam elec- 
tric plants in densely populated areas. 

X. Resource Requirements 

XI. Initiatives 

- Provide government funds and loans for 
district heating schemes (federal). 

- Mandate connection of all buildings 
within a given area and under certain 
conditions to a district heating system 
(state-local) . 



3.6 DISTRICT HEATING (Con' t) 

XI. Initiatives (Con' t. ) 

- Provide local authorities with planning 
monopoly in connection with heatinn 
alternatives to be used in new housing 
construction (state-local). - Incorporate energy planning into all 

! planning processes (federal-state-local) 
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I. Desc r ip t ion  

ICES r e f e r s  t o  t h e  o n s i t e  u s e  of combined 
package e l e c t r i c  power ~ l a n t s ,  sma l l e r  than a n -  
v e n t i o n a l  e l e c t r i c  power p l a n t s ,  t o  provide 
communities of l i m i t e d  s i z e  wi th  e l e c t r i c i t y ,  
hea t ing  and a i r  cond i t i cn ing ,  and l i q u i d  and s o l i d  
waste  d i s p o s a l .  ICES can t a k e  many forms. They 
could ,  f o r  example, employ i n t e r n a l  combusticn 
p i s t o n  eng ines  o r  gas  t u r b i n e s ,  o i l ,  c o a l  o r  s o l a r  
energy,  h e a t  pumps, s o l i d  waste  i n c i n e r a t i o n  
o r  p y r o l y s i s  o r  physical-chemical o r  
b i o l o g i c a l  t rea tment  of l i q u i d  waste. 

P o t e n t i a l  markets Pncluce u n i v e z s i t y  campuses, 
medical  complexes, urbar. renei la l  p r o j e c t s ,  new 
developments,  e n t i r e  downtown a r e s s ,  m i l i t a r y  
bases ,  s t a t e  o r  l o c a l  government, and commercial 
complexes. 

11. S e t t i n g  and C h a r a c t e r i s t i c s  

Demand f o r  mul t i family  housing p r e s e n t l y  
r e p r e s e n t s  -55% of a l l  r;ew ho:isinp c o n s t r u c t i o n  
s t a r t s .  Some e s t i m a t e s  suggest  t h a t  such s t a r t s  
w i l l  d e c l i n e  t o  2 5 4 0 %  of  t h e  u n i t s  by 2000. 

-. Rapidly i n c r e a s i n g  land c o s t s  f o r  s i n g l e  family  
housing, m a t e r i a l s  c o s t s  and rpodif icat ions  i n  
p u b l i c  a t t i t u d e s ,  however, suggest  t h a t  demand 
f o r  mu l t i f ami ly  houses w i l i  remain a t  higPer 
l e v e l s .  

The energy needs of n u l t i f a n i l y  u n i t s  c f  
developments ranging from -300-5000 u n i t s  can be  
met by ICES u n i t s .  T h i s  market c ~ u l d  c o n s i s t  of 
280,000 t o  500,000 u n i t s  p e r  year  based on t o t a l  
c o n s t r u c t i o n  r a t e s  of 450,000 t o  750,000 u n i t s  
pe r  yea r .  

ICES t o  accomodate t h e  e l e c t r i c  energy de- 
mands of t h e s e  u n i t s  wocld have low e l e c t r i c a l  
gene ra t ing  e f f i c i e n c i e s  ranging from -20 t o  3%. 
The range f o r  convent ional  systems i s  h ighe r ,  
-30-35%. The lowered ICES gene ra t ing  e f f i c i e n -  
c i e s ,  a r e  however, o f f s e t  by n e g l i g i b l y  sma l l  

INTEGRATED C O ~ l U h ' I T Y  EN3RGY SYSTEMS (ICES) 

t r ansmis s ion  d i s t a n c e s  and l o s s e s ,  =d by re- 
covery of r e j e c t e d  hea t  f o r  u se  i n  m a l l  d i s -  
t r i c t  hea t ing  and coo l ing  systems, ~ s u l t i n g  i a  
h igh  o v e r a l l  e f f i c i e n c y  of f u e l  u t i z t i z a t i o n  
(~50-55%) .  

111. Energy Savings 

WE es t ima te s  suggest  t h a t  t h e  ICES ccn- 
cep t  app l i ed  t o  new cons t ruc t ion  of u n i v e r s i t y  
campuses, medical complexes, townto.a renewal 
a r e a s ,  new r e s i d e n t i a l  o r  commercial develogmelt 
could save  -1.9 x 1015 B t u l y e i r  by" m00. Es t ima te s  
f o r  1985 a r e  no t  r e a d i l y  a v a i l a b l e .  
IV. Other Bene f i t s  

- P o t e n t i a l  f o r  s u b s t i t u t i n g  ab,mdant o r  
renewable energy sou rces  f o r  s c a r c e  Ecels  
such a s  gas  and o i l .  

- Reduce energy waste  by more c l o s e l y  mstch- 
i ng  thermal  and e l e c t r i c a l  e n s g y  produc- 
t i o n  to,community demand a t  g iven  t imes.  

- Permits  development i n  geogra+ ica l ly  r e -  
mote a r e a s .  

- Prese rves  open spacing by r e d i r i n g  land 
needs f o r  s e r v i c e s  imposed by conven t iona l  
u t i l i t i e s .  

I .  ' - Reduces t r ansmis s ion  l o s s e s .  
- Reduces s o l i d  waste  d i s p o s a l  p o b l e m s  a d  

thermal  po l lu t ion .  
- D i s t r i b u t e s  impacts d i r e c t l y  to consumer 

, 

thereby promoting e q : ~ i t y .  . 
- Improves ope ra t ing  p r a c t i c e s  ;=f owner 

operated equipment. 

V. Environmental P r o b l ~ a s  

- ICES emiss ions  may degrade a i r  q u a l i t y  
i n  l o c a l  a r e a s .  

- Local '  odor and n o i s e  problem> 
- Aes the t i c  i n t r u s i o n s  a r i s i n g  Erom p l s n t  

l o c a t i o n  and increased populat ion 
dens i ty .  

- Increased veh icu la r  con je s t io r ,  a s s o c i a t d  
wi th  d e l i v e r i e s .  

V I .  Regulatory/Institutional Problems 

- Environmental r e g u l a t i o n s  governing ICES 
c o n s t r u c t i o n  and o p e r a t i o n  impose g r e a t e r  
r e s p o n s i b i l i t y  on t h e  u n i t  developer .  

- P r i v a t e  support  f a c i l i t i e s  a r e  taxed d i f -  
. f e r e n t l y  t han  municipal ly  owned and a r e  

no t  e l i g i b l e  f o r  f e d e r a l - s t a t e  o r  l o c a l  
s u b s i d i e s .  

- Cer ta in  s t anda rds  and r e s t r i c t i o n s  i n  
zoning and subd iv i s ion  r e g u l a t i o n s  could  
exclude some a t t r a c t i v e  ICES concepts .  

- Local  bu i ld ing  codes  tend t o  i n h i b i t  i n -  
nova t ive  des ign .  

- ICES may be c l a s s i f i e d  a s  a pub l i c  u t i l i t y  
and would then  be  r egu la t ed  by S t a t e  P u b l i c  
Se rv ice  Commissions. 

- ICES r e q u i r e  more complex implementation 
and management mechanisms then  do s e p a r a t e  
energy-supply systems. 

. - D i f f i c u l t y  of i nco rpora t ing  energy conser-  
v a t i o n  p r i n c i p l e s  i n t o  community develop- 
ment p roces ses .  

- ICES system compat ible  on ly  w i t h  l a r g e  in-  
s t a l l a t i o n s  s t a f f e d  wi th  adequate  and 
competent ope ra t ing  personnel .  

- Bui lde r s  may have l i m i t e d  o r  no i n c e n t i v e  
t o  i n s t a l l  ICES concept .  

- Opposi t ion t o  ICES by u t i l i t y  groups, 
l i k e l y  t o  occur where i n s t a l l e d  capac i ty  
no t  f u l l y  u t i l i z e d .  

- ICES c o n s t r u c t i o n  could i n c r e a s e  competi- 
' '. t i o n  between v a r i o u s  bu i ld ing  groups and 

l a b o r  unions. 
- System r e l i a b i l i t y  and independence may 

be s i g n i f i c a n t l y  d i f f e r e n t  from p resen t  
u t i l i t i e s  

V I I .  Economic Problems 

- ICES development d i c t a t e d  by economy of 
s i z e  l i n i t a t i o n s .  ICES may be economically 
compe t i t i ve  on ly  i n  u n i t s  above -300 pe r  
development. - 



VII. Economic Problems.- Continued 

- Initial capital investment more costly for 
onsite components but balanced by reduced 
transmission and distributing costs, 

- ICES population would pay entire cost of 
capital equipment plus some part of Con- 
ventional utility systems costs for which 
they would receive no direct services. 

- ICES as a private corporation would be 
ineligible for federal, state or local 
funds. 

VIII. Social Problems 

- Negative attitudes of individuals and in- 
' terest groups toward ICES could effect . 

accentance. 

IX. Other Problems / 

X. Resource Requirements 

Capital Investment $400 to $1200 per KWe 
$3000 to $3800 per residential 
unit for full ICES . 
(electricity, heating, cooling 
(domestic hot water, refuse 
system) 

Operating Cost $.008 to $.020 per Kwhe 

Energy Cost $.02 to $.05 per KWhe 

Capacity Factor .40 to .60 

Practical Life 15 to 25 years 

Expected Annual , 1980 1985 1990 2000 
System Efficiency .62 .67 .73 .80 

3.7 INTEGRATED COMMUNITY ENERGY SYSTEMS (ICES) - Continued 
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3.8 MODIFYING LAND USE CONFIGURATIONS AND ECU SING TYPES 

I. Descript ion 

Land use plays an important r a l e  i n  s t ruc -  
t u r i n g  the  bas ic  pa t t e rns  i n  vhich energy is 
consumed i n  many a reas  of t h e  U.S. The uses 
t o  which land i s  put  and the  associated s p a t i a l  
arrangements can a l s o  inf luence t h e  energy tach- 
nologies ,  and production, convers im and d i s -  
t r i b u t i o n  f a c i l i t i e s  which a r e  u s e i  t o  provLie 
energy t o  r e s i d e n t i a l ,  commercial and i n d u s t r i a l  
users .  The choice of s i t e s  f o r  household residences 
( t h i s  a l s o  a p p l i e s  t o  commercial and i n d u s t r i a l  
f a c i l i t i e s )  in a region, s i z e  and construct ion 
type (e .g.  s i n g l e  family at tached vs. a t tached 
family u n i t  vs. multifamily vs. high r i s e  
apartment) represent  key decis ions which w i l l  
determine o v e r a l l  l i f e - t ime  t ranspor ta t ion  and 
space energy consumption requirements. The energy 
consequences of such decis ions remain i n  e f f e c t  
f o r  t h e  inhab i tab le  l i f e t i m e  of t h e  dwelling. 

11. Se t t ing  and C h a r a c t e r i s t i c s  

The United S t a t e s  r e s i d e n t i a l  and commercial 
bui lding sec to rs  consumed *- 10.6 and 5.9 quads of 
energy, r espec t ive ly ,  i n  1972 I n  1970, t h e r e  
were approximately 68 mi l l ion  r e s i d e n t i a l  u n i t s  
and 22 b i l l i o n  square f e e t  of commercial f l o s r  
space. For 1970, Table 1 l i s t s  5 types of r e s i -  
d e n t i a l  and commercial u n i t s ,  a breakdown i n  t h e  
t o t a l  number of u n i t s  of each bui lding type and 
t h e i r  annual energy use. An snergy i n t e n s i t y  
c o e f f i c i e n t  which provides a measure of t h e  
energy use per  u n i t  i s  a l s o  provided. The co- 
e f f i c i e n t  i s  based on t h e  numbers presented i n  
t h i s  t a b l e  and r e f l e c t s  d i f f e r e n t  assumptions 
concerning f l o o r  space, insu la t ion ,  heat ing 
equipment types,  e t c .  

111. Energy Savings 

National  oppor tun i t i e s  t o  save energy through 
modif icat ions t n  bui lding types and l a r d  use con- 
f i g u r a t i o n  a r e  d i f f i c u l t  t o  nake ou t s ice  t h e  con- 
t e x t . o f  a complete energy scenario.  Wfth increased 
population d e n s i t i e s ,  apartment l i v i n g  i s  more car.- 
mon, allowing p o t e n t i a l  savings chrougk fewer ex- 
t e r n a l  wa l l s ,  b e t t e r  insu la t ion ,  more e f f i c i e n t  , 

heat ing systems and reduced shopping t r i p  t r ave l .  

S h i f t s  i n  new home construct ion from s i n g l e  
family detached t o  low dens i ty ,  mult i f rmily low 
r i s e  and multifamily high r i s e  can r e d ~ c e  
space heat ing demands by % 20, 511, and 40% re-  
spect ively.  Approximately 20% energy saving c o u z  
f u r t h e r  be obtained by encouraging use of malls  
r a t h e r  then s t r i p  development. hssoc i r t ed  re- 
duct ions i n  t r a v e l  can r e s u l t  i n  a dec l in ing  r a t e  
of energy consumption of 20% f o r  each i d d i t i o n a l  
increment of passenger miles  t rairel led.  

I V .  Other Benefi ts  

- Preservat ion of open space 
- Lower demands on energy, water, s ~ n i t a t i o n  

and o ther  se rv ices  
- Increased oppor tun i t i e s  f o r  more e f f e c t i v e  

u t i l i z a t i o n  of waste products 
- Reduction i n  t r a v e l  deaths and i n J u r i e s  
- Reduced c a p i t a l  construct ion requirements 

V.  Environmental Problems 

- In te r spers ion  of i n d u s t r i a l ,  commercial and 
r e s i d e n t i a l  land use a c t i v i t i e s ,  could lead 
t o  increased po l lu tan t  exposures t o  t h e  g,=n- 
e r a 1  public  

- Higher l e v e l s  of ambient no i se  ar.6 conges- 
t ion 

- Aesthet ic  in t rus ion  - Increased hea l th  r i s k  i n  t h e  event of 
d i s a s t e r s  (e.g. f i r e )  

Regulatory/Institutional Problems 

Actions taken t o  e f f e c t  changes i n  use 
of bui lding types and land use configur- 
a t i o n s  can take years  and even decades t o  
produce s i g n i f i c a n t  changes 
Fragmentei j u r i s d i c t i o n  s i t u a t i o n  between 
a u t h o r i t i e s  who make zoning.dec.ision and 
those responsible  f o r  s i t i n g  of power p lan t5  
roadways, e t c .  makes it d i f f i c u l t  t o  for-  
mulate pol icy s t r a t e g i e s  d i rec ted  towards 
producing "optimal" land use  s t r a t e g i e s  
Liklihood of achieving o r  br inging about 
wholesale changes i n  cur ren t  land use 
pa t t e rns  t o  accommodate n a t i o n a l  energy 
goals  by d i r e c t  p o l i c i e s  of federa l  i n t e r -  
vent ion does not  seem f e a s i b l e  
Regional t r anspor ta t ion  systems a r e  con- 
s idered with only minimal knowledge about 
long range energy consumptiOn r e s u l t i n g  
from t h e i r  adoption 
Control of land use i s  predominantly a l o c a l  
a f f a i r ,  determined i n  l a r g e  p a r t  by t h e  
boundaries of p o l i t i c a l  j u r i s d i c t i o n s  in- 
volved. The con t ro l  of many components of 
energy flow f a l l s  within t h e  decis ion do- 
main of l o c a l  u t i l i t i e s ,  f e d e r a l  agencies  
and o ther  p o l i t i c a l  j u r i s d i c t i o n s  
P r i n c i p a l  d r iv ing  fo rces  behind land use 
a r e  exogenous t o  energy mat te r s  and include 
reg iona l  preferences with respect  t o  in- 
d u s t r i a l  development, open space e t c .  
L i t t l e  incen t ive  e x i s t s  f o r  ind iv idua l  re-  
gions or  communities t o  u t i l i z e  t h e  land 
use planning power t o  reduce energy use 
without some s o r t  of s tandards.  
Public  reluctance t o  accept  housing types 
o ther  than s i n g l e  family detached 



3.8 MODIFYING LAND .USE CONFIGURATIONS AND. HOUSING TYPES - (Cont . ) 
C'II. Economic Problems 

V I I I .  Soc ia l  Problems 

- Increases i n  land values may a c t  t o  l i m i t  
occupancy by c e r t a i n  s o c i a l  groups o r  
i n d u s t r i e s  

- Loss of freedom on t h e  p a r t  of individuals  t o  
choose independent l i f e  s t y l e .  - Increased requirement f o r  regional  r egu la t ion  
of land use may n e c e s s i t a t e  change i n  l eg i s -  
l a t i o n .  - Implementation programs may be l imited t o  
a reas  qual i fying f o r  redevelopment. 

/ X I I .  References 

- Donovan, Hamester and Ra t t i en ,  Inc . ,  1978, 
"Environmental Ef fec t s  of Energy Conservation", 
Washington, DC 

- Carro l l ,  U.T. e t  a l . ,  1977, "Land Use and 
Energy U t i l i z a t i o n  - Fina l  Report". BNL 
50635, Upton, New York 

- Conklin e t  a l .  , 1976, "Reading.the Energy 
Meter on Development. The I n t e r a c t i o n  of 
Land Use and Energy Conservation". PB-273-496, 

I X .  Other 

X. Resource Requirements 

X I .  I n i t i a t i v e s  

- Control and regu la t ion  of publ ic  t ransporta-  
t i o n  and roadway network systems t o  ' l imi t  
sprawl development (Federal - S t a t e ) .  - Alte ra t ion  of zoning regu la t ions  t o  per- 
m i t  higher densi ty development ( S t a t e  - 
Local). 

- Financing incentives'  cognizant of energy 
savings p o t e n t i a l l y  offered by modified 
building types and land use configurat ions 
(Federal).  

- Modified r e a l  e s t a t e  assessments and t ax  
l e v i e s  ( S t a t e  - Local). 

~ a t i o n a l  Techqical Information Service 

X I I I ,  Tabular Mater ials  

Tnble 1 

Res iden t ia l  - Commercial Energy Use.In 1970 

, 
Building Type 

i 
No. of . Tota l  Energy Energy Use I 

Res iden t ia l  Units  (x?03) Use ( 1 0 ' ~  Btu 's)  Per  Unit (Btufunit) 

Mobile Homes 2073 209 1.01 X lo8 ! 
Single Family Detached 44801 8567 1.91 X 10 8 \ 
Low Density 10997 1670 1.52 X lo8 

Mulri-Family Low Rise 6533 589 0 . 9 2 X 1 0 8  ,! i 
Mulri-Family High Rise 3295 376 1 . 1 4 X 1 0 8  j 

Commercial ( lo6 s q . . f t . )  (10" Btu 's)  (Btu/sq.-f t . )  ; 
OEficc! 3380 617 1.82 X lo5 

R e t a i l  4210 658 1.56 X lo5. 

Schools . 5040 799 1.58 X lo5 

Hos?i tals  1500 379 

1.23 X lo5 i 
I 

2.53 X lo5 ,! 
Othzrs'  7480 922 



IV . INDUSTRIAL S ZCTOR 

4.1 INTRODUCTION 

In 1977, the industrial sector accounted for apprcxlmately 37 percent of the nations tax1 energy demand, 27.8 x 1015 Btu. Despite a 

3.6 percent increase in prcduction, energy use declined by 0.1 percent from the 193b level. The combination of increased industrial output 

with local energy consumption results largzly from continued efficiency improvements. The DOE reported that in 1976 net energy 

efficiency in the top 10 industrial consunzrs (food and kindred products, textile m ~ l l  prcd~cts, paper and allied products. chemicals and allied 

products, petroleum and coal products, stme, clay and glass products, primary metals, fahricsted metals, machinery except electrical equipment 

and transportation equipment) was running 3 percent abov~ the 1972 base level. An astimare of the first half of 1977 shows continued progress; 

energy efficiency for the year is pcojectej to be about 3.3 percent above the 1972 tase level. The annual savings yielded by the improvement 

amount to about 1 . 4  x 1015 Btu, which is the equivalent of 7 percent of the U.S. current lewl of gas consumption, 11 percent of coal use, 

44 percent of hydropower and geothermal denand, or 88 percent of nuclear powe+ generation. 

Presented below are industrial energy demands and'bj, activity types'and fuels consumed in 1972. 

Industrial Energy Deman~ and Fxels Consumed in 1972 (1015 Btu) 
Tatural Total Direct 
Gas Oil Coal Nvclear Hydro Electric Me thane Use - - 

INDUSTRIAL: 

Aluminum 

Cement 

Iron and Steel 

Proc. Heat 

Elec. Drive 

Elec. Generation 

Feedstocks 

SUBTOTAL 



4.2 WASTES AS NEL TO CEMENT KILNS 

I. S e s c r i p t i o n  

H y d ~ a u l i c  cement i s  a  :powder made,by burning 
l ime ,  s i i i c a ,  alumina, i r o n  and magnesia t oge the r  
i n  a  k i l n  and then pu lve r i z ing  t h e  product .  It 
r e a c t s  wizh water  t o  bond rock o r  sand and g r a v e l  
i n t o  conczete .  During 1973, 139 x  106 tons  of raw 
m a t e r i a l s  were used tc. manufacture 85 x l o6  tons  
of cement; i . e . ,  1 . 6  t ons  of raw m a t e r i a l s  a r e  
needed t o  produce 1 ton of cement. Weight is  l o s t  
du r ing  c a l c i n a t i o n  i n  t h e  k i l n  when mois ture ,  car-  
bon d iox ide  and o t h e r  gases  a r e  d r iven  o f f .  There 
a r e  fou r  s t e p s . i n  t h e  process ing of raw m a t e r i a l s  
i n t o  f i n i s h e d  cement: crushing,  g r ind ing ,  c l i nk -  
e r i n g ,  a d  f i n i s h  g r ind ing .  I n  t h e  dry  process  
raw m a t e r l a l s  a r e  d r i e d  be fo re  being ground and 
blended;  i n  t h e  wet p roces s ,  wa te r  is  added t o  t h e  
raw m a t e r i a l s ,  which a r e  then ground wet.  I n  t h e  
c l i n k e r i n g  s t e p ,  t h e  a c c u r a t e l y  c o n t r o l l e d  mix- 
t u r e  of raw m a t e r i a l s  r e a c t s  chemical ly  a t  high 
temperat3ses  i n  t h e  k i l n  t o  produce c l i n k e r ,  , 

which is  subsequent ly  ground i n t o  cement. 

Th= k i l n  is t h e  h e a r t  of t h e  cement p l a n t :  
a t  l e a s t  80% of t h e  energy used i n  cement manu- 
f a c t u r e  is consumed i n  t h e  k i l n  f o r  h e a t .  Sub- 
s t a n t i a l  energy can be  saved  i f  f u e l  produced 
by conve r t ing  s o l i d  waste  (RDF) i s  used i n  con- 
j unc t ion  w i t h  convent ional  f u e l s  ( co - f i r i ng ) .  
The f u e l  p roduc t ion  f a c i l i t y  e s s e n t i a l l y  c o n s i s t s  
o f  a  sh redde r  where t h e  raw r e f u s e  is conver ted 
t o  a  r e l a t i v e l y  homogenous mixture ,  w i th  uniform 
s i z e ,  h e t i n g  va lue  and mois ture  con ten t .  The 
RDF is  then  t r a n s f e r r e d  t o  t h e  cement manufactur- 
i n g  p l a n t  .where i t  is  f ed  t o  t h e  k i l n .  Cof i r ing  
wi th  20%. 30%; and 40% RDF and gas  has  been t r i e d .  . . 

11. S e t t i n g  and C h a r a c t e r i s t i c s  

I n  1974, 53 companies i n  41 s t a t e s  and Pue r to  
Rico produced.more than 79 m i l l i o n  s h o r t  t ons  of 
cement, which brought about $2.1  b i l l i o n  i n  n e t  s a l e s .  
Of a l l  t h e  hydrau l i c  cement products  shipped,  more 
than  90% was po r t l and  cement; t h e  remainder was masonry, 
n a t u r a l ,  o r  pozyolanic  ceaen:. 

I n  1974, t h e  U.S. h  d r a u l i c  cement i ndus t ry  con- 
sumed more than  490 x  101% Btu of f o s s i l  f u e l s  and 
about  11 x 109 Kwh of e l e c t r i c i t y ,  which i s  about 1% 
of a l l  energy used i n  t h e  U.;. A wet process  conc re t e  
p l a n t  consumes 5 .5  t o  6.0 MM Btu l ton  of f i n i s h e d  pro- 
duc t .  Energy i s  one of tt.e b igges t  c o s t s  i n  t h e  manu- 
f a c t u r e  of cement, account ing f o r  25 t o  38% of t h e  
s e l l i n g  p r i c e  f o r  concrete .  The t r end  i n  energy con- 
sumption f o r  t h e  cement i ndus t ry  between 1972 and 1976 
has  been away from n a t u r a l  gas  and towards c o a l  a s  t h e  
primary f u e l  type.  Na tu ra l  gas  dropped from 45% t o  
32% of t o t a l  energy consuuption, and c o a l  i nc reased  
from 36% t o  57%. O i l  demand has  dropped only  margin- 
a l l y  from 12% t o  10%. The bulk  of t h e  o i l  used i s  
bunker b crude o i l  f o r  k i l n s  i n  6  p l a n t s ,  which 
consume about 118,000 BBL/day of Crude o i l .  Data f o r  
t h e  e n t i r e  i ndus t ry  is :  

Fuel  Type No. of P l a n t s  % of T o t a l  Capaci ty  
Coal 44 29 
Coal/gas 41 2  3  
Coa l /o i l / gas  23 17 
O i l l g a s  1 8  1.3 
C o a l l o i l  16 1 3  
Gas 10 3  
O i l  

111. Energy Savings  

C6-f i r ing RDF wi th  gas  i n  t h e  t h r e e  
t r i a l  burns  produced 8500 tons  of cement and 
saved approximately  12  m i l l i o n  f t 3  of g a s ,  
which a t  30% RDF is approximately  a  28% sav- 
i ngs .  The f u e l  s av ings  depend on t h e  mois- 
t u r e  con ten t  of t h e  RDF, which can va ry .  Th i  
c l i n k e r  produced i n  t h e s e  t r i a l  burns  was o f  
good q u a l i t y .  T o t a l  saving < 0 .01  x  1015 Btu. 

IV. Other B e n e f i t s  

A 72 hour t r i a l  burn us ing  30% RDF 
consumed 455.7 tons  of RDF, thus  sav ing  t h e  
corresponding amount of l and  used f o r  land- 
f i l l .  

Y . ~ n v i r o n m e n t a l  Problems 

- Problems a s s o c i a t e d  wi th  f ront-end 
garbage p rocess ing  o p e r a t i o n s .  

- Apparent i n c r e a s e  i n  p a r t i c u l a t e  emis- 
s i o n s .  When f i . r i ng  20% RDF, t h e r e  was an 
inc rease  i n  emiss ions  of 25% over  n a t u r a l  
gas  a lone ;  a t  30% RDF t h e r e  was a  20% in-  
c r e a s e ,  a t  40% RDF a  50% i n c r e a s e .  Even 
wi th  such i n c r e a s e s ,  t h e  p a r t i c u l a t e  l e v e l s  
d i d  no t  exceed e x i s t i n g  s t anda rds .  

- S t r e n g t h  and q u a l i t y  of cement pro- 
duced us ing  RDF must meet i n d u s t r y  s t a n d a r d s .  

- P l a n t s  must be  l o c a t e d  i n  a r e a s  of 
s u f f i c i e n t  popu la t ion  d e n s i t y .  

Source: BNL, 1978. 



VII. Economic Problems 

4.2 F S  AS FUEL TO CEMENT KILNS - Continued 

X I I I .  Tabular  M a t e r i a l s  

V I I I .  S o c i a l  Problems 

IX. Other Problems 

X.  Resource Requiarements . ~... ~. 

- Cost f o r  adap t ing  e x i s t i n g  p l a n t s  t o  accep t  
and feed RDF. 

XI. I n i t i a t i v e s  

- Removal of l e g a l  and p o l i t i c a l  c o n s t r a i n t s  a t  
utuuicipal l e v e l  ( s t a t e - l o c a l )  . , 

- Economic i n c e n t i v e  t o  i n d u s t r y  t o  make neces- 
s a r y  c a p i t a l  investments  (Fede ra l - s t a t e ) .  
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4.3 COAL-FIRED REMELT OF RECYCLED ALUMINUM . 

I. . Descript ion 

The main processing method used i n  t h e  sec- 
ondary aluminum industry is r e v e r b e r a t o y  (re- 
verb) melting of aluminum scrap. The reverb 
furnaces a r e  e i t h e r  gas-f i red or  have duel  f i r i n g  
(gas and o i l )  c a p a b i l i t y . l  The switch t o  use of 
coal-f i red reverb furnaces would not reduce t o t a l  
energy consumption, bct  would reduce dependence 
of the  industry on o i l  and na tu ra l  gas. 

11. Seczing and Charac te r i s t i c s  

Recwery of aluminum from scrap over the  
pas t  ten .{ears has been about 23 percent of 
domestic ingot  supply. In  1977, domestic supply 
of aluminm was about 4.54 mil l ion tons from 
primary ?coduction and 1.56 mi l l ion  tons from 
secondary recovery. About 55 percent ,  o r  840,000 
tons of aluminum scrap was processed i n  secondary 
smelters .  

Reverb furnaces f i r e d  with na tu ra l  gas o r  
o i l  a r e  used i n  the  melting process. A t y p i c a l  
charge t a  the furnace c n s i s t s  of 35% v i rg in  
aluminum and 65% scrap.  9 

There e x i s t s  p o t e n t i a l  f o r  use of coal- 
f i r e d  furnaces i n  the  aluminum remelting process. 
DOE has ca l l ed  f o r  the  t e s t i n g  of a prototype 
f a c i l i t y  by August 1979. F i r s t  commerciali- 
zat ion 0 6  the t e c h n o l ~ g y ,  however, would not come 
u n t i l  a f t e r  1 9 8 1 . ~  

V.  Environmental Problems 

P o t e n t i a l  f o r  p a r t i c u l a t e s  and s u l f u r  oxide 
po l lu tan t s  i n  proportion t o  the ash and s u l f u r  
content of the  coa l  used. 

Disposal of f l y  ash and s lag .  Both can be 
expected t o  contain a wide var ie ty  of t r a c e  toxic  
mate r ia l s  from the  coal  and w i l l  t he re fore  re- 
qu i re  spec ia l  con t ro l  i n  handling and disposal .  

Land use f o r  s torage of coa l  and s o l i d  
wastes1 

VI. Institutional/Regulatory Problems 

Federal ,  s t a t e  and l o c a l  po l lu t ion  con t ro l  
requirements must be s a t i s f i e d .  

VII. Economic Problems 

V I I I .  Soc ia l  Problems 

I X .  Other Problems 

X. Resource Requirements 

P i l o t  p ro jec t s  a r e  required t o  t e s t  t h e  fea- 
s i b i l i t y  of t h e  technology. 

Costs associated with conversion from 
e x i s t i n g  gas-f i red furnaces t o  coal-f i red furnaces. 

111. Energy Savings X I .  I n i t i a t i v e s  

About 15 x 1012 Btu of na tu ra l  gas and o i l  DOE has ca l l ed  f o r  hida f n r  the  t e s t i n g  of 
was consumed i n  1977 i n  the  secondary aluminum a prototype coal-f i red aluminum melting furnace 
remelting processes.5 It is uncertain t o  p red ic t  t o  by August 1979. 
what ex ten t  coal  w i l l  replace n a t u r a l  gas and o i l  The r i s i n g  c o s t s  and shortage of na tu ra l  gas 
i n  the  remelting processes. and o i l  w i l l  be the  biggest  incen t ive  f o r  i n d u s t r i a l  

use r s  t o  switch t o  use of coal .  
I V .  Other Benefi ts  
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L i t t l e ,  note  1, supra, page 263. Thus t o t a l  
annual energy use = ;2 x lo6 x 840,000 . 
tons x 1 -00  = 15 x 1012 ~ t u .  
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4.4  COGENERATION 

I. Descript ion 

.Cogeneration i s  t h e  jo5nt production of 
e l e c t r i c a l  or  mechanical ?ewer and use fu l  thermal 
energ] from t h e  same primary energy source. .Ex- 
t r a c t i o n  steam tu rb ines ,  gas tu rb ines  and d i e s e l  
engines a r e  t h e  p r inc ipa l  technologies used t c  
j o i n t l y  produce e l e c t r i c i q  snd process steam. 
Because of t h e  high steam production t o  e l e c t r i c i t y  
production r a t i o s ,  steam tu rb ines  have h i s t o r i c a l l y  
cons t i tu ted  the  majori ty  of t h e  cogeneration 
systems i n s t a l l e d .  I n  t h i s  system, high pressure 
steam is generated i n  a b o i l e r  and expanded through 
a tu rb ine ;  extracted low pressure steam i s  used 
f o r  i n d u s t r i a l  p ro tess  h e a t k g  needs. In  cornpa- 
ison,  gas tu rb ines  snd d i e s e l  engines d r i v e  
e l e c t r i c a l  generators  d i r e c t l y  and v a s t e  heat 
i s  recovered from t h e  exhaust and cooling jacket  
f o r  process heat needs. 

11. Se t t ing  and Charac te r i s t i c s  

The i n d u s t r i a l  sec to r  consumed approximately 
22 x 1015 Btu of energy i n  1972. Approximately 25% 
of the  primary energy used by t h e  i n d u s t r i a l  s e c t o r  
i s  r e jec ted  a s  waste heat ,  while  sbout 67% cf t h e  
energy consumed t o  produce e l e c t r i c i t y  is d i s s i?a t -  
ed to  cool ing waters o r  the  atmosphere. I n  1975, 
waste heat  from these  sources was equivalent  t o  
more than 13 x 1014 Btu per year ~ h i c h  was 
comparable t o  t h e  average U.S. cil-import r a t e .  
In  t h e  i n d u s t r i a l  sec to r  nearly.45% of the  energy 
consueed is used f o r  steam generat ion,  while  % 29% 
is used f o r  fue l ing  process heat  needs.' Approxi- 
mately 60% of the  i n d u s t r i a l  energy needs a r e  sup- 
p l i ed  by n a t u r a l  gas and petroleum f u e l s .  According 
t o  t h e  Pres iden t ' s  National Energy Plan, cogenera- 
t i o n  supplied 15% of t h e  U.S. i n d u s t r i a l  energy 
needs a s  recen t ly  a s  1950, but contr ibuted only L% 
by 1977. 

111. Energy Savings 

DOE est imates  t h e  energy conservation po- 
t e n t i a l  of cogeneration t o  be 0.9 x 1015 Btu per 

year by 1985 and 2.5 x 1015 Btu per y ~ a r  by 2000. - Minimizing d i f fe rences  i n  industry and 
DOW Chemical Co. est imates  t h a t  by 19E5, U.S. u t i l i t y  planning horizons and need f o r  
industry n igh t  supply 50% of i ts e l e c t r i c i t y  n e d s  long term agreements. 
by cogeneration which would save t h e  mergy  S q ~ i -  - Matching r e l i a b i l i t y  requirements f o r  
va len t  of approximately 4.3 - 6 .2  ~ 1 0 . 8 5  ~t~ per both industry and u t i l i t i e s .  
year. 

I V .  Othar Benefi ts  

- 5-30% reduct ion in f u e l  use compred wLtt Ln- 
dependent generat ion c.E e l e c t r i c  and pyocess 
heat. 

- Net reduction i n  c a p i t a l  expendiitures :or 
e l e c t r i c  power p l a n t s  by 1985 of about 59 
t o  $25 b i l l i o n .  

- Total  po l lu t ion  emissions r e d u c d  propcrti.>x- 
a 1  t o  f u e l  saved ( i . e .  5-?0Z). 

- Planning and construct ion time reduced t o  1 
t o  2 years  f o r  re t ro f i :  of c o g e E r a t i n g  
u n i t s  (compared t o  about 1 0  yea= f o r  een- 
t r a l i z e d  e l e c t r i c i t y  p lan t s ) .  - Overal l  c o s t s  of e l e c t r i c i t y  p ro luc t io r  recuced. 

V .  Env5ronmental Problems 

Poss ib le  increase i n  N&, p a r t i c l l a t e  znd 
hydrocarbon emissions a t  cogeneration 
s i t e .  

Lack of regulatory c r i t e r i a  whici  recoEnize 
redcced system po l lu tan t  emissioas and fur: 
savings a t  t h e  cos t  of inc rease  *rmissicns s t  ' 
the  cognerating s i t e .  
Present  regu la t ions  i n  many a rezs  t o  p r o h i t i t  
industry s a l e s  of e l e c i r i c i t y .  
Need t o  match time-dependelt demands f a  , 
e l e c t r i c i t y  and steam productior. 
Equitable  c o s t s  f o r  u t i l i t y  stancby p o w r  n d  
purchasing p r i c e  of steam 5y i n d r s t r i e a  o r  
e l e c t r i c  by u t i l i t i e s  & s t  be establ ished.  

V I I .  Economic Problems 

Raising add i t iona l  c a p i t a l  t o  i n s t a l l  co- 
generat ing un i t s .  

V I I I .  Soc ia l  Problems 

I X .  Other Problems 

X. Resources 

- Operation and maintenance c o s t s  a r e  ?. 3 
mills/KWH 

X I .  I n i t i a t i v e s  
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4.5 WASTE PRODUCT UTILIZATION 

I. Descript ion 

Energy and mate r ia l s  can be recovered f ron  
residential-commercial so l Id  wastes and sewage 
s ludge by: 

1 )  mechanical separat ion 
2) inc inera t ion  
3) co-combustion of P.DF (ref .~se-derived f u e l )  

and coa l  o r  o i l  
4) pyro lys i s  
5) bio-conversion 
The end products a r e  usual ly steam o r  e lec t -  

r i c i t y  and recovere< mate r ia l s ,  e.g. i ron,  g lass ,  
and/or aluminum. Other methods innzlude composting, 
hog f u e l  b o i l e r s  (wcod was te ) ,  and advanced com- 
bust ion systems. 

11. Se t t ing  and C t a r a c t e e i s t i c s  

The present  r a t e  of -$aste peneration i n  tt-e 
U.S. is over 1300 Its. per person per year;  
l e s s  than 7% of t h e  t o t a l  waste i s  present ly . 
recovered. I n  1976 t h e  cos t  f o r  co l l ec t ion  
and d i sposa l  was $30/ton. By 1955 i t  is estimated 
t h a t  2110 mi l l ion  tons of urban waste w i l l  be gen- 
e ra ted  per year. Of t h i s ,  60X-70% is i n  l a r g e  
c i t i e s  and thus a v a i l a b l e  £or recovery. This re- 
presents  approximately 1 . 0  x :015 B t . 1 ~  per year .  
Shredded re fuse  has a heat value 05 4000- 
7000 Btu/ lb compared t o  12,000 - 13,000 Btu/ lb 
f o r  coa l .  Different  processes recover f u e l  
a t  20%-80% ef f i c iency .  As of mid-1976, the re  w i s  
21 opera t iona l  resource-recovery p l a i t s  (many 
of them p i l o t  o r  de rons t ra t ion  p r o j e c t s ) ,  10 
under construct ion o r  i n  f i n a l  s t ages  of con t rac t  
nego t ia t ion  o r  procurement, 35 i n  "advanced 
planning", and 54 l o c a l i t i e s  st the  ea r ly  s t ages  
of having commissioned f e a s i b i l i t y  s tud ies .  

111. Energy Savings 

DOE goal i s  t o  recover 0.33 x 10'5 Btu/ 
year by 1985 and 2 x 1015 Btulyear by 2000. 

I V .  Other Benefi ts  

EPA est imates  t h a t  252 of z o t a l  c.iscar& 
could be recycled,  compared t o  about 6: t o  7% 
cur ren t ly .  From 1985 pro jec t ions  of 200 milll'on 
tons,  t h i s  could y ie ld  45 t o  50 m i l l i o r  tons 3: 
paper, metals ,  g l a s s  and rubber. 

Mater ials  and energy recovery recuces k s s t i '  
t o  25% of o r i g i n a l  weight, o r  10V by vclume, thus 
reducing l a n d f i l l  requirements and asscc ia ted  
problems. 

Sulfur  emissions f ron  co-combustion a r e  
lower than f o r  coa l  a lone.  

Hydrocarbon, CO, and NOx emiss ims  may be 
l e s s  from co-combustion than from c o a l  a l o n e .  

V.  Environmental Problems 

- Higher lead and o ther  t r a c e  e lemmts  t l u n  
c o a l .  

- High ch lor ide  emissions. 
- Unknown p o t e n t i a l  f o r  tox ic  l e a c t a t e s  11 

waste process r e s i d u a l s .  
- Inconplete  charac te r iza t ion  of p z t e n t i a l  

water p o l l u t i o n .  
- Health e f f e c t s  of c e r t a i n  e m i s s i n s  a r e  

not  well  understood. 
- Workers exposed t o  d u s t ,  no i se ,  imxic azd 

hazardous chemicals, and pathagens.  

V I .  Regulatory/Institutional Problems 

- Standards f o r  many en i ss ions  a r e  subjec: 
t o  change o r  do not e x i s t .  

- Need f o r  t a x  o r  o ther  econemic c e d i t .  
- Municipal i t ies  may lack  l e g a l  au thor i ty  

t o  f inance c e r t a i n  long-term projects .  
- Lack of market and/or markat i n s ~ ~ b i l i t r  

f o r  recovered mate r ia l s .  
- V a r i d l e  h e a t  content of waste o - ~ r  time 

V I I .  Economic Problems 

V I I I .  Soc ia l  Problems 

- Local res t s t ance  t o  f a c i l i t y  s i t h g .  

I X .  Other Problems 

X. Resource Requirements 

- 40-60 employees required t o  opera te  a 1000 
ton/day recovery p lan t .  

- Capi ta l  investment es t imates  range from 
$5,000 t o  $50,300 per ton of d a i l y  processing 
depending on type of process ,  p lan t  s i z e ,  e t c .  

- Operating c o s t s  $10-15/ton f o r  combustion- 
inc inera t ions ,  with no energy o r  dumping revenue. 

X I .  I n i t i a t i v e s '  

- EPA is cur ren t ly  inves t iga t ing  the  concept 
of 'product charge ' ,  an exc i se  t ax  which would 
r e f l e c t  the  a c t u a l  cos t  of d i sposa l  on a per 
product b a s i s  and c r e d i t  t h e  use of recycled 
mate r ia l s  (Federal). 

- Federal government sponsorship of research,  
development and demonstration of various tech- 
nologies .(Federal). 

- Financing. (Federal-State). 
- Market development f o r  end products and 

recovered mate r ia l s  (~edera l -S ta te ) .  
- Lack of ava i l ab le  l a n d f i l l  space (State-  

Local) . 
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I. D ~ s c r i p t i o n  

A number of energy conservation opt ions 
e x i s t  ir. t h e  pulp and paper industry.  These 
include t h e  following: 

- Erergy conservation a s  a r e s u l t  pol icing 
or  "housekeeping"; - k c r e a s e d  use  of on-s i t e  power generation 
and " t o t a l  energy" system techniques; 

- Better  waste heat  u t i l i z a t i o n ;  - Steam generat ion by a l t e r n a t i v e  f u e l s ;  
(e .g. ,  use  of coa l  i n  place of o i l  or  gas) 

- A ~ T  drying and vapor recompression; 
- Alkaline-oxygen pulping; 
- k i n k i n g  of old newsprint; - TI* Rapson Kraft pulping process; - Hydropyrolysis of black l iquor  from 

K m f t  pulping process; 
- Basic Extract ive Sludge Treatment (B.E.S.T.) 

process. 

In  t h i s  mini-assessment, we w i l l  l i m i t  
our d i s a s s i o n s  t o  t h e  l a s t  four  opt ions which 
have b e m  f o ~ n d  t o  be most s i g n i f i c a n t  i n  terms 
of energy savings. 1 

11. Se t t ing  and Charac te r i s t i c s  

- The manufacture of paper i s  a two-stage 
process: pulp-making and paper Basic 
types of chemical pulp-making a r e  Kraft ( a lka l ine  
s u l f a t e ) ,  s u l f i t e ,  and semi-chemical. In  these,  
wood ch ips  a r e  digested i n  hot chemical so lu t ions  
t o  remove p a r t  o r  most of the  l ign in  which binds 
t h e  wood f i b e r s  together. I n  mechanical&- 
n-, a suspension of pulp i s  spread onto a 
?orous s l r f a c e  which allows the  water to  d ra in  
~ n d  a m P  of f i b e r s  t o  form. For pulp drying, 
the mat i s  l i g h t l y  compacted by r o l l s  and us- 
ua l ly  d r ied  by hot a i r  while suspended on a 
porous h e l t .  

- T k  Paper and All ied Products industry 
group ra?ks among t h e  top f i v e  energy consumers 

4.6 PULP AND PAPER INDUSTRY 

i n  a l l  U.S. 'manufacturing ~ a t e g o r i e s . ~  Total  
energy consumed by t h i s  industry was 2.15 x lo1' 
Btu i n  1972. Note t h a t  about 40 percent of t h e  
t o t a l  energy was derived from t h e  combustion of 
wood wastes and spent pulping l iquors ,  the  l a r g e s t  
s ing le ' source  of fuel.' The o ther  major f u e l  sources 
were f u e l  o i l s  (0:47 x 1015 Btu) n a t u r a l  gas (0.45 
x 1015 Btu), and coa l  (0.25 x 1oi5 Btu). 

- Pulp production from old newsprint: The de- 
inking of old newspaper f o r  newsprint manufacture 
i s  a well  e s tab l i shed  commercial p rac t i ce .  It was . 
chosen f o r  ana lys i s  because t h e  production of news- 
p r i n t  containing deinked news now accounts f o r  l e s s  
than 5% of t o t a l  newsprint consumed i n  t h e  U.S., 
and i t s  broader app l ica t ion  could s i g n i f i c a n t l y  

, 

a f f e c t  the  energy and environment systems. There 
a r e  cur ren t ly  four  U.S. m i l l s  making newsprint en- 
t i r e l y  from deinked news, with t o t a l  capaci ty i n  
excess of 450,000 tons per year. On a smaller  
s c a l e ,  a number'of m i l l s  produce newsprint by 
blending recycled f i b e r  with v i r g i n  mechanical 
f i b e r .  The pulping process of old newsprint c o n s i s t s  
of two steps:  a )  washing, i.e., separat ion of t h e  inl: 
p a r t i c l e s  and b) thickening of t h e  aqueous s l u r r y  t o  
increase t h e  concentrat ion of the  f i b e r s  i n  the  s l u r r y .  
The r e s u l t a n t  deinked f i b e r  then goes t o  t h e  paper 
making operat ion,  where it is t rea ted  much l i k e  con- 
ven t iona l  v i rg in  f i b e r .  

- Rapson Kraft pulping process: The Rapson 
process involves a number of changes i n  t h e  con- 
vent ional  k r a f t  pulping process to  el iminate  
e f f luen t s .  These changes include p a r t i a l  re- 
placement of ch lo r ine  by ch lo r ine  dioxide i n  the  
f i r s t  s t age  ch lo r ina t ion  s tep ,  counter cur ren t  
washing i n  the  beach p lan t ,  r euse  of a l l  beach- 
p lan t  e f f luen t s ,  e t c .  The Great Lakes Paper Co. 
has b u i l t  a Rapson-type p lan t  a t  Thunder Bay, 
Ontario which has performed well.  

-. Hydropyrolysis of black l iquor  from Kraft 
Pulping: About 35% of t h e  t o t a l  energy used by t h e  
industry i s  obtained by burning waste l iquors  from 
paper pulping processes. Since about 70% of the  

. . 
t o t a l  production of pulp is by t h e  Kraft  
process, increasing t h e  energy recovered from 
black l iquor  ( t h e  waste l i q u i d  remaining 
a f t e r  wood has been chemically dissolved and 
the  pulp removed) burned i n  t h e  Kraft  process  
could y ie ld  s i g n i f i c a n t  energy savings. 
The hydropyrolysis process developed by 
St .  Regis Paper Company i n  Pensacola, F lo r ida  
is one of severa l  new technology systems 
f o r  energy and chemical recovery of black 
l iquor .  I n  t h e  hydropyrolysis process ,  black 
l iquor  is heated under p ressure  and i n  t h e  
absence of added oxygen t o  a temperature 
s u f f i c i e n t  t o  decompose t h e  o rgan ics  t o  a car-  
bonacious char  and a gas containing,hydro-  
carbons, hydrogen and oreanic s u l f u r  com- 
pounds. 5 

-  hi B.E;S.T; Process: ~ 6 e  pulp and 
paper industry t r e a t s  l a r g e  q u a n t i t i e s  of 
waste water and generates  l a r g e  volumes of 
sludge, with r e s u l t i n g  high demands f o r  energy 
The B.E.S.T. process ,  developed by Resource 
Conservation Co., i n  Washington, could reduce 
by 50% the  required energy i n  s ludge drying. 
The process e s s e n t i a l l y  uses  a solvent  t o  
dewater sludge, wi th  t h e  r e s u l t a n t  product t o  
be used a s  f u e l .  The cur ren t  conventional  
p u l l  m i l l  s ludge d i sposa l  p r a c t i c e  is mixing 
damp sludge with wood ch ips  and burning t h e  

r e s u l t i n g  mixture i n  i n c i n e r a t o r s  o r  b o i l e r s .  6 
P i l o t  p lan t  s c a l e  development work on t h e  
B.E.S.T. system was ca r r i ed  out i n  1978. 

111. Energy Savings 
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Extimates f o r  energy savings p o t e n t i a l  
of various processes a r e  given a s  fol lows ( i n  
1012 Btu) 1985 2000 - -  
Pulp production from o ld  newsprint 5 14 
Rapson pulping 10 80 
Hydropyrolysis 40 324 
B.E.S.T. - 5 30 

A l l  four  processes 60 448 



4.6  PULP AND PAPER INDUSTRY :Cant.: 

I V .  Other Bene f i t s  Rapson, Hydropyrolys is ,  and B.E.S.T. r e s p e c t i v e l y  a t  1,200,000 tons  and 2,400,000 tons .  

- Recycle of o ld  newsprint  by t h e  pulp and ' 

b) Rapson pulping p rocess  
X I .  I n i t i a t i v e s  

paper i r -dust ry  h e l p s  conserve f o r e s t r y  r e source  
- Purchased energy saved i s  5.3 x l o 6  

and reduce t h e  quan t i cy  of m u n i c i ~ a l  s o l i d  waste. DOE has  sponsored a p i l o t  p l a n t  pr@:ect f c r  BtuIADT 
. t h e  B.E.S.T; process .  - Kraf t  pulp  product ion was 34 m i l l i o n  tons  - The Raoson ~ r o c e s s  e l i m i n a t e s  t h e  BOD. i n  1977 . . 

suspended s o l i d ,  and c o l o r  t h a t  c h a r a c t e r i z e  
e f f l u e n t s  from t h e  c h l o r i n e l c a u s t i c  b leaching 
system used wi th  conven t iona l  k r a f t  process .  
I n  a d d i t i o n ,  investment and o p e r a t i n 5  c o s t s  
a r e  e s t ima ted  t o  be  s l i g h t l y  lower  f o r  t h e  
Rapson p rocess .  

I 

V. Environmental Problems 

- The raw waste  l o a d s  f o r  suspended s o l i d s  
and c o l o r i n g s  a r e  s i g n i f i c a n t l y  higher  f o r  
deinked pulp  than f o r  t h e  v i r g i n  pu lps .  How- 
eve r ,  t h e  i n d u s t r y  r e p o r t s  n o  m j o r  problem 
i n  compl:~ing wi th  water  e f f l u e n t  c o n t r o l  
r e g u l a t i o n s .  

- P o s s i b l e  a i r  emiss ion e f f e c t s  cue  t o  
high concen t r a t ions  of ash-and n i t rogen  
i n  t h e  B.E.S.T. d r i e d  sludge. 

V I .  Repulatory/Instirutional b o b l e m s  

VII  . Economic Problems 

V I I I .  S o c i a l  Problems 

I X .  Other Problems 

The c o n s t r a i n t  i n  broader  a p p l i c a t i o n  of 

XI1 . Rcf e rences  

1. Much of t h i s  technology assessment  h a s  
been based on  informat ion f r o n  a U.S. EPA r e p o r t ,  
namely, "Environmental c o n s i d e r a t i o n s  of ~ e l e c t d  
energy conserving manufactur ing p rocess  q t i o n s :  
Vol. V. Pulp and Paper Indus t ry  Report", EPA- 
60017-76-034e, December 1976. 

2. S. Kaplan, "Energy llse and D i s t r i b u t i o ?  
i n  t h e  Pulp ,  Paper,  and Boardmaking I n d u s t r i e s : ,  
Oak Ridge Na t iona l  Lab r e p o r t  ORNLITM-5884, August 
1977. 

3. H., Page 5. 
4. Fred Vaslow, "More e f f i c i e n t  en t Igy  

recovery from w a s t e  l i quor" ,  Argone N a t i o r a l  
Laboratory ,  September 1977. 

5 .  "St .  Regis Hydropyrolys is  Process" 
paper p re sen ted  by R. L. Myers and R. L. I4 i l l e r  
a t  a Forum on Kra f t  Recovery A l t e r n a t i o n  h t l d  a t  
Appleton, Wisconsin, A p r i l  1976, sponsored 
j o i n t l y  by t h e  Pulq and Paper  Research I n s z i t u t e  
of Canada and t h e  I n s t i t u t e  of Paper Chemistry. 

6 .  Hams H. P e t e r s ,  "Demonstration o i  a 
New Energy Saving P u l p  and Paper  I n d u s t r y  Sludge 
Disposal  System", August 1978, Rssources Cunser- 
v a t i o n  Co. 

7. Asscmptions f o r  energy saving e s ~ i m a t e ~ :  
a )  Pulping of o ld  newsprint  - Purckased energy saved is  8.106 Eru l  

a i r  d ry  ton 
- I n  1975. about 600.000 tons  of n u b  - .  

r e u s e  of ~ l d  newsprint  by t h e  pubp and paper was-produced by u s i n g  o ld  newsprint .  Pro- 
i ndus t ry  is  t h e  number of met.ropolitan loca- duc t ions  f o r  1985 and 2000 a r e  e s t ima ted  
t i o n s  wi th  s u f f i c i e n t  volumes of o l d  aewspr int -  

' - 2% annual  growth r a t e  of pulp  product ion - 2% decay r a t e  o f  Kra f t  pulp  m i l l s  - Rapson pulping m i l l s  w i l l  r e p l a c e  50% 
of r e t i r e d  Kra f t  pulping m i l l s ,  a f t e r  1982 

c )  Hydropyrolys is  - Heating va lue  of b l ack  l i q u o r  l i q u i d  
equa l s  20 x l o 6  B tu l ton  of unbleached pulp  

- Recovery of energy from b lack  l i q u o r  . 
us ing  convent ional  p roces ses ,  i s  8 x 106 B t d t o n  - Recovery of energy from b lack  l i q u o r  
us ing hydropyrolys is  is 1 0  x 106 B tu l ton  of pulp  

- For every ton  of d ry  pulp  produced, about  
10 tons  of b lack l i q u o r  i s  generated - Kraf t  pulp  product ion was 34 x lo6  tons  
i n  1977. Annual growth r a t e  of 2% consumed the re -  
a f t e r  

- Market p e n e t r a t i o n  of hydropyrolys is  
being 5%-and 30% of b l ack  l i q u o r  i n  1985 and 2000 
r e s p e c t i v e l y .  

d) B.E.S.T. p roces s  
- Resource Conservat ion Company e s t ima ted  

t h a t  i f  t h e  p rocess  is  used industry-wide, annual  
energy sav ings  could  b e  up t o  6 . 3  m i l l i o n  b a r r e l s  
of o i l  (about  36 x 1012 Btu) .  We assume t h a t  
annual  growth r a t e  of pulp  and paper s ludge  t o  be 
2% and t h a t  B.E.S.T. p roces s  would handle  10% and 
50% of t o t a l  s ludge  generated r e s p e c t i v e l y  i n  
1985 and 2000. 

XI I I .  Tabular  E la t e r i a l s  

X. Resource Requirements 

Demonstration p r o j e c t s  a r e  needed t o  h e l p  
commercialize newly-developea p rocesses ,  such a s  



I. Description 
\ 

A cupola is a v e r t i c a l ,  cy l indr ica l  furnace used 
i n  the  production of i ron  f o r  cas t ing .  The furnace 
emits carbon monoxide which i s  usual ly removed by 
conbusting i t  i n  a na tu ra l  gas-fired inc inera to r .  
Modification of the cupola furnace would el iminate  
the  n a t u r a l  gas-f i red in - ine ra t ion  s t e p ,  thus 
saving na tu ra l  gas. 

11. Se t t ings  and Charac te r i s t i c s  

Iron foundries include est.ablishments engaged i n  
manufacturing i ron  cas t ings .  There a r e  over 1400 
i ~ o n  foundries i n  the country. Well over ha l f  of 
the  number and output of i ron  foundries is located 
i n  the  Great Lakes region,  a s  well  a s  i n  Ca l i fo rn ia ,  
Texas and Alabaaa. The major meta l l i c  raw mate r ia l  
i s  f e r rous  scrap,  which i s  combined with pig i ron ,  
f e r r a  a l l o y s ,  and f luxes ,  and a r e  melter  i n  
cupola furnaces o r  e l e c t r i c  furnaces. About 75 
percent of the  i ron  is melted i n   cupola^.^ 

The cupola cons i s t s  of a s h a f t  furnace l ined  
with re f rac to ry  br icks.  A f u e l ,  usual ly coke, is 
used t o  melt the i ron ,  and a f lux  i s  added to  s l a g  
the  ash and impuri t ies .  Melted i ron  i s  conveyed t o  
sand molds f o r  cast ings.  The gas r i s i n g  from the  
combustion zone contains  approximately 12 percent 
carbon monoxide. I n  add i t ion ,  p a r t i c u l a t e  matter  
cons i s t ing  of ash and unburned carbon is a l s o  present .  
The f l u e  gas i s  conveyed t o  a heat ing zone where i t ' s  
temperature is ra i sed  by burning na tu ra l  gas t o  . 
oxidize the remaining carbon monoxide t o  carbon dioxide. 

Under a DOE-sponsored p i lo t -p lan t  p ro jec t ,  a 
modif icat ion of the  cupola i s  being s tudied whereby 
the  carbon monoxide w i l l  be oxidized by r a i s i n g  the  
f l u e  gas temperature t o  1600°F with hot  a i r  blowing 
i n t o  the  cupola below the  charging door. In  e f f e c t .  
t h e  charging area w i l l  a c t  a s  an af terburner  a c t i n g  
a s  a n a t u r a l  inc inera to r .  

111. Energy Savings V I I .  Economic Problems 

Use of energy i n  the  production of i ron  - Capi ta l  requirements t o  cupola modifi- 
cas t ings  is about 15 x lo6 Btu per ton of ca t ion  w i l l  c o s t  approximately 
shipment. Based on shipments of 8.77 x lo6  $100,000 per $5 mi l l ion  previously 
tons. f o r  the  i ron  cas t ings  i n  1972, t o t a l  invested.  Estimates suggest  t h a t  
energy use was about 0.14 x loi5 Btu. these  cos t s  could be recovered i n  -- 

severa l  years .  
About 5.0 x 1012 Btu of na tu ra l  gas is VIII. Social Problems 

used i n  environmental con t ro l  i n  i ron  
foundries  produced. Assuming t h a t  r espec t ive ly  
10% and 50% of cur ren t  i ron  cas t ings  production 
w i l l  come from modified cupolas, annual 
savings i n  na tu ra l  gas w i l l  be approximately 
0.5 x 1012 Btu i n  1985 and 2.5 x 1012 Btu i n  
2000.3 IX. Other Problems 

N. Other Benefits 

- Reduction i n  carbon monoxide f l u e  gas 
emissions; 1.5 percent of CO f o r  the 
modified cupola compared with 4 percent 
of CO f o r  the  e x i s t i n g  cupola. This should , 

f a c i l i t a t e  compliance with EPA a i r . r e g u l a -  
t ions .  X. Resource Requirements 

- Reduction i n  coke usage. - The concentrat ions of p a r t i c u l a t e s .  

V. Environmental problems . SOx, CO, NOx and HC i n  t h e  f l u e  gas 
need t o  be quan t i f i ed  under repre- 

- Effec t s  on NOx and p a r t i c u l a t e  matter  s e n t a t i v e  operat ing condit ions.  
emissions a r e  unknown. Stack gas w i l l  
a l s o  need t o  be. monitored t o  deteru'ine X I .  I n i t i a t i v e s  
any inc rease  i n  t h e  l e v e l  of ,carcinogens.  

- Additional noise w i l l  be generated by a 
. blower used t o  c i r c u l a t e  the  oxidiz.ing 

hot a i r .  . 

V I .  RegulatoryiInstitutional Problems 
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V. ,TRANSPORTATION 

5.1 INTRODUCTION 

In 1977, transportation energy use was 19.9 x 1015 Btu, 3.1 percent more than in 1976. Energy use within the transportation sector by 

vehicle type is shown below. Transportation relies on petroleum to meet its energy demand and the highway mcde is almost exclusively dependent 

on petroleum. In 1973-1974, the energy use trend in transportation showed marked variability. It declined absolutely in 1974 and bai-ely 
I rose in 1975. Not only was petroleum in short supply during the 1973-1974 oil embargo, but prices also jumped. Simultaneously, real incomes 

aid real GNP declined, reinforcing the negative impact of increased prices. Additional impetus for reducing energy consumption came from 

gwernment policies and programs including 55 miles per hour speed limits; encouragement to carpool and use public transit. An important measure 

whose impact is only beginning to be realized is the Energy Policy and Conservation Act of 1975 which set minimum fuel ecocomy standards for 

1978 cars. 

TRANSPORTATION! 

Automotive 

Bus 

Truck 

Rail + Subway 
Air 

Ship 

TOTAL 

Summary of Transportation Energy Demandby Activity 

and Fuel Consumed in 1972 
(lof5 Btu) 

Natural Total Direct 
Gas Oil Coal Nuclear Hydro , Electric Methane Use 



5.2 SMALLER CAR5 

I. Descript ion 

Small c a r s  general ly consume l e s s  f u e l  than 
l a r g e  c a r s .  Increasing the  markec share of s a l e s  
of compact and sub-compact motor vehicles  i s  an 
important way t o  redcce energy consumption i n  
t h e  automobile sec to r .  

11. Se t t ings  and Character is t ic ;  

- Small c a r s  tend t o  use l e s s  f u e l  f o r  many 
reasons, including l e s s  weight ( l e s s  ve- 
h i c l e  weight and low passenger load) ,  
manual versus automatic t ransmission,  
fewer power opt ions,  l e s s  acce le ra t ion  
c a p a b i l i t y ,  'smaller f r ~ n t a l  a reas  ( l e s s  
aerodynamic draa), e t c .  - Use of energy by t h e  automobile t r ans -  
por ta t ion  sec to r  accounts  f o r  15% of 
t o t a l  energv consum ion in t h e 3 . S .  
i n  1972 o r  9 .1  x loP5 Btu. Increased use of 
small  c a r s  could reduce gasol ine consumption 
i n  the  t r anspor ta t ion  sec to r  

- Fuel economy of a small c a r  can be a s  
high a s  over 40 m.p.e., whereasn.p.g. ' s  
of l a rger  c a r s  a r e  u s u a l l j  i n  the  teens.  - An automobile can h e  c l a s s i f i e d  a s  small ,  
medium, o r  l a r g e  depencing on i t s  weight 
being i n  t h e  range of ~ n d e r  3050 l b s . ,  
between 3050-35C0 l b s . ,  o r  over 3500 l b s .  
respect ively.  - Shares of new c a r  s a l e s  in 1973 vere  24.5%, 
41.6%, and 33.8% respec t ive ly  f o r  small,  
medium, and l a r g e  c a r s . l  - The Energy Policy and Conservation Act of 
1975 (EPCA) requ i res  t h a t  beginning i n  1078 
t h e  average f u e l  economy cf each c a r  manc- 
f a c t u r e ' s  new c a r  f l e e t  meet the  minimum 
f u e l  economy  standard^.^ The s tandards f o r  
1978-1985 s t a r t  a t  l E  m.p.g. and 
gradual ly inc rease  t o  27.5 m.p.g. by 1985. 
Increase i n  s a l e s  of smaller  c a r s  i n  an im- 
portant  s t ra tegy  f o r  c a r  manufacturers t o  
comply with t h e  requirements. 

111. Energy Savings 

- Savings i n  gasol ine consumption 
The EPCA f u e l  economy standard r e e i r e m e n t s  

a r e  estimated t o  r e s u l t  i n  a t o t a l  s a v i  s i n  auto- 3 mobile gasol ine consumption of 3.5 x 10 Btu i n  
1985 and 6.3 x 1015 Btu i n  2 0 ~ 3 . ~  I f  we assume 
t h a t  th ree - f i f ths  of t h e  savinzs w i l l  be achie-~ed 
through smaller  ca r  s a l e  option, t h i s  w i l l  amount 
t o  2.1 x 1015 Btu f o r  1985 and 3.e x 1oL5 Btu f c r  
2000. - Reduction i n  energy requirements t 3  produce 
a ca r  

Almost 100 x lo6 Btu of enerzy a r e  required 
t o  produce a t y p i c a l  3,600-lb. American ~ a r . ~  
(Most of t h e  energy requirerrents a r e  i n  :he mininz 
and processing of s t e e l  and i ron) .  I f  t h e  averags 
c a r ' s  weight i s  reduced from 3,600 lbs .  70 2 500 
l b s . ,  a production energy savings J E  25 = l o b  6 t ~ !  
c a r  i s  expected. I f  annual automobile ~ r o d u c t i o n  
r a t e  i s  10 n i l l i o n  ca rs lyear ,  annual energy savings 
w i l l  be 2.5 x 1014 Btu. 

I V .  Other Benefi ts  
' The reductior-. i n  automobile g a s o l i r e  con- 
sumption w i l l  r e s u l t  i n  reduct ion i n  autc  a i r  
po l lu tan t  emissions. Emission reduct ion i n  1985 
is estimated t o  be 16% of t o r a l  emissions from the  
automobile t r anspor ta t ion  s e c t c r  i n  the  s m e  yesr .  

V.  Environmental Problems 

- Increase i n  t r a f f i c  deaths and i n j u r i e s .  

Smaller c a r s  Jo not o f f e r  a s  much pco- 
t e c t i o n  f o r  'passengers i n  t h e  event of c a r  acc i -  
d e n t s  a s  l a rger  c a r s  do. Contr ibutors  t o  t h i s  
.inherent deficiency include: 5 

- Less weight and mass wt-ich, accordiag to  
laws of physics, serves t o  p ro tec t  :he 
passengers . - Less e x t e r i o r  space with which t o  absorb 
impacts. 

- Less i n t e r i o r  space i n  which occupasts can 
s u s t a i n  the  fo rce  of dece le ra t ion .  

A study d ~ n e  f o r  U.S. Department of Trans- 
por ta t ion  found tha t  a doubling of the  market 
share of compacts and subcompacts could inc rease  
the  average f a c i l i t y  r i s k  f o r  occupant of a l l  
c a r s  i n  1985 by a s  much a s  15 percent .8 '  There 
i s  a need t o  improve designs i n  small c a r s  f o r  
more protect ion capaci ty (e .g.  maximum padding 
and minimum protruding ob jec t s  ins ide  the  c a r ) .  

7 

V I .  Regu la to rv / Ins i tu t iona l  Problems 

- .Need t o  review f e d e r a l  automotive sa fe ty  
s tandards app l icab le  t o  small c a r s  t o  in- 
s u r e  proper p ro tec t ion  f o r  passengers. 

- Car manufactuers view s h i f t  t o  small c a r s  
a s  a t h r e a t  t o  t h e i r  p r o f i t a b i l i t y  (pro- 
f i t s  per  u n i t  have t y p i c a l l y  been g rea te r  
f o r  l a r g e r  c a r s ) .  

V I I .  Econoniic Problems 

- Effect  on t h e  s t e e l  industry 
The annual s t a t i s t i c a l  r epor t  f o r  t h e  s t e e l  

industry ind ica tes  t h a t  t h e  motor veh ic le  in- 
dustry uses 21 percent of a l l  s t e e l  production8 
(45 percent of a l l  cold r o l l e d  sheet  s t e e l  pro- 
duced, and over 30 percent  of other  sheet  and 
s t r i p  .products). Increased use of smaller  c a r s  
could r e s u l t  i n  reduct ion of about one-fourth 
of cur ren t  s t e e l  requirements by t h e  automotive 
industry,  i . e .  a 5 percent  reduct ion i n  s t e e l  
production by t h e  s t e e l  industry.  

V I I I .  Social  Problems 

Many American motor i s t s  have been accus- 
tomed t o  t h e  comforts and conveniences which a r e  
ava i l ab le  only i n  l a r g e r  c a r s  (e .g. ,  spacious 
i n t e r i o r ,  f a s t  acce le ra t ion ,  l e s s  v ib ra t ion ,  
e tc . )  

I X .  Other Problems 

X. Resource Requirements 

Car manufacturers need c a p i t a l  t o  redesign 
c a r s  and production p lan t s .  

Increased sluminum required,  a s  well  a s  
p l a s t i c s .  



XI. I n i t i a t i v e s  

- Major incen t ive  is t h e  Federal EPCA f u e l  
economy standard requirements mentioned 
above. I n  add i t ion ,  t h e  r i s i n g  c o s t  of 
gaso l ine  has induced many c a r  hnyers t o  
tu rn  t o  smaller  c a r s  (Federal).  - Increase i n  s t a t e  t axes  on gasol ine s a l e s ( s t a t e ) .  

- Increases i n  annual r e g i s t r a t i o n  f e e s  f o r  
l a r g e  s ized c a r s  (State) .  
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5.3  VEHICLE DESIGN CHANGES 

I. Desc r ip t ion  

Vehicle  des ign  changes t o  i nc rease  t h e  
f u e l  econcniy of automobi les  i n c l u i e :  

- Design changes1 i n  t h e  engine (e .g . ,  r educ t ion  
of v e h i c l e  power/veight r a t i o ,  varying t h e  
compression r a t i o n ,  improving ca rbu re t ion ,  
reducing i n t e r n a l  f  r . i c t i on ,  e l imina t ing  
i d l i n g ,  e t c . ) ,  t r ~ n s m i s s i o n ,  r e a r  a x l e ,  
t i r e s ,  e t c .  - Redu-e energy l o s s  from 6erodynani.z d rag ,  
f r i c t i o n  and accessory use .  - Reduce v e h i c l e  weight by u s e  oE l i g h t -  
we ig i t  m a t e r i a l s .  

11, S e t t i n g  and C h a r a c z e r i s t i c s  

The Energy Po l i cy  and Conservat ion Act (ESPA) 
1 of t h e  1975 r e q u i r e s  - t h a t ,  beginning i n  1978, t h e  , 

Q\ ave rage  f u e l  economy of each c a r  manufacturer ' s  
03 new c a r  f l e e t  meet t h e  minimum f u e l  economy 

.I 
s t anda rds .  The s t anda rds  f o r  1978-1985 s t a r t  
a t  18 m.p.h. f o r  1978 and g radua l ly  i n c r e a s e  
to 27.5 m.p.g. by 1985. Vehicle  des ign  changes . 
p lay  an  important  r o l e  i n  meeting t h e  s t anda rds .  ' 

~ u t o  engines  ope ra t e  a t  e E f i c i e n c i e s  from 
about  10% t o  30%, depending p r imar i ly  on f a c t o r s  
such a s  a i r - f u e l  r a t i o ,  compression r a t i o ,  engine 
load-f a c t o r ,  engine  spee?, spa rk  timing.Z There 
e x i s t s  p o t e n t i a l  f o r  improving engine e f f i c i e n c y  
by design changes i n  t h e  engine. 

The average weight of autcmo%iles i n  t h e  
U.S. is about  3,600 l b s . ,  including.2 ,550 l b s .  
of s t e e l ,  520 l b s .  of c a s t  i r o n ,  8h l b s .  of 
aluminum, and 100 l b s .  of  plastic^.^ The r e -  
c e n t  t r e n d  i n  t h e  c a r  manufacturing indus t ry  
has  been t o  i n c r e a s e  t h e  use  of aluminum, 
p l a s t i c ,  and h igh - s t r eng th  low a l l c y  s t e e l  
(HSLA) t o  i n c r e a s e  s t e e l  and i r o n ,  t hus  
reducing automobile weight.  I t  is es t iu .a ted 
t h a t  u se  of aluminum and ? l a s t i c s  in a c a r  
w i l l  i n c r e a s e  t o  200 lb s .  of aluminum and 
300 l b s .  of p l a s t i c s  by 1 9 8 0 . ~ . ~  A pcund 
of aluminum m a t e r i a l  could  r e p l a c e  2 .pound.s. af- 

L . ./ . . ... . '. -*.. .+,*-,, 

s t e e l ,  whereas a pound oE p l a s t i c s  r e p l a c e s  2 . 5  
pounds of s t e e l . 6  Thus t h e  weight 06 a c a r  
could be reduced by about  L15 I b s .  b) e x t e n s i v e  
use  of aluminum and p l a s z i c s .  

111. Ensrgy Savings 

Savings i n  energy consumption 

The EPCA f u e l  economy s t anda rd  c e q u i r m e n ~ s  
have been e s t ima ted  t o  r e s u l t  i n  a t o t a l  saving;  
i n  automobi le  g a s o l i n e  consumption o f  3 .1  x l O l j  
Btu i n  1985 and 6.3 x 1015 Btu i n  20m.7 AssumLng 
t h a t  two- f i f t h s  of t h e  s~v inps -minus  savings  due 
t o  i n t r o d u c t i o n  of d t e s e l  eng ine  vehi- les--wi l l  
be achleved through v e h i c l e  des ign  cbmges ,  t h i s  
w i l l  b e  sav ings  of 0.9 x 1015 Btu i n  1985 and 1 .6  
x 1.015 ~ t u  i n  2000. 

Note t h a t  replacement of s t e e l  and i r o n  
m a t e r i a l s  w i th  aluminum and p l a s t i r s  i nvo lves  
an i n c r e a s e  i n  energy consumption i n  c a r  maw- 
f a c t u r i n g .  The r eason  is t h a t  ?roducr ion of 
aluminum'and p l a s t i c s  i s  s e v e r a l  t imes  more 
energy consuming than product ion of s t e e l  o r  
i r o n .  Th i s  energy pena l ty ,  however, is only  
one- tenth  of t h e  equ iva l en t  energy sav ings  
due t o  g a s o l i n e  consumption reduct ion.8  

I V  . Other  B e n e f i t s  

Corresponding dec rease  i n  automcbi le  pol- 
l u t a n t  emiss ions .  per  mi l e .  

V.  Environmental Problems 

- Flammability of p l a s t i c  components i n  a caz. 
- Toxic i ty  of p l a s t i c  components when i g n i t e d  

( e .g . ,  i n  an a c c i d e n t ) .  

V I .  R e g u l a t o r y / I n s t i t u t i o ~ l  P r o b l e m  

Need t o  r e v i s e  f e d e r a l  a u t o  s a f e r y  s t a n d a r c s  
t o  i n s u r e  p r o t e c t i o n  f o r  Fassengers  i n  l i g h t  of 
i n c r e a s e  i n  u se  ~f,~a,luminum-and p l a s t i c s .  

,.'A,. 
.C.,", 
.Y 
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V I I .  Economic Problems 

S t r a i n s  on t h e  aluminum i n d u s t r y  

We e s t i m a t e  an  annual  i n c r e a s e  demand 
of 600,000 tons  of aluminum i f  aluminum u s e  
i s  inc reased  from 84 l b s . / c a r  i n  1973 t o  200 
l b s . / c a r  i n  1980. Shor tage of aluminum is 
a n t i c i p a t e d .  T o t a l  U.S. demand f o r  aluminum 
should grow from 7.6 m i l l i o n  t o n s  i n  1979 t o  
about  1 0  m i l l i o n  tons  f o u r  y e a r s  from now. 
On. the  supply s i d e ,  aluminum c a p a c i t y  i n  t h e  
U.S., which is now 4.8 m i l l i o n  tons  a y e a r ,  
w i l l  i n c r e a s e  t o  on ly  5 .1  m i l l i o n  Tons by 
1983. 

Reduction i n  demand f o r  s t e e l .  

Increased use  o f  aluminum and p l a s t i c s  
w i l l  r e s n l t  i n  an annual  dec rease  of s t e e l  
requirement of 3-1 m i l l i o n  tons .  Th i s  cor-  
r e sponds  t o  a r educ t ion  of 2.3% i n  U.S. s t e e l  
product ion i n  1970. 

V I I I .  S o c i a l  Problems 

Car buyers w i l l  have t o  pay e x t r a  f o r  
c o s t s  due t o  v e h i c l e  de.sign changes ( e .g . ,  
about  $60/car f ~ r  i n c r e a s e  i n  u se  of aluminum 
and p l a s t i c s )  . l o  

Perceived l o s s  of v e h i c l e  q u a l i t y  when 
l i gh twe igh t  m a t e r i a l s  a r e  in t roduced.  

IX. Other Problems 

X.  Resource Requirements 

Annual demand of 600,000 t o n s  of a lu -  
minum and one m i l l i o n  t o n s  o f  p l a s t i c s .  

Research and development e f f o r t s .  by 
c a r  manufacturers  t o  improve f u e l  economy 
by design changes can c o s t  m i l l i o n s  of d o l l a r s .  

... , 



W H I C ~ E  DESIGN CHANGES (Cont .) 
.. . . - 

XI. I n i t i a t i v e s  consumption due t o  inc rease  use of aluminum w i l l  

Yajor incent ive i s  the  federa l  EPCA f u e l  be 

economy standard requirements mentioned above. (Federal) - 173 - 19 2 mtu (200 - 84) 107 car - 
2000 l b  c a r  year 
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pounds of s t e e l  i n  c a r  manufacturing. 

iv )  Annual c a r  production i n  t h e  U.S. is 10 
mil l ion ca rs lyear .  

then: 

a )  The increase i n  c a r  manufacturing energy 



5.4  DIESEL-ENGINE LIGHT-DUTY VEHICLES 

I .  Desc r ip t ion  

A d i e s e l  engine i s  an i n t e r r a 1  combustion 
engine i n  which t h e  f u e l  is  aprayed d i r e c t l y  in-  
t o  t h e  combustion chamber and i g n i t e d  by t h e  h igh  
temperature  t o  which t h e  a i r  i n  t h e  combustion 
chamber has  been heated du r ing  t h e  compression 
process  -1 

Since  t h e  1973 o i l  c r i s i s ,  t h e r e  has  e x i s t c d  
p rospec t s  f o r  wide a p p l i c a t i o n  of d i e s e l  engines  
i n  l i gh t -du ty  v e h i c l e s  s i n c e  a  diesel-powered en- 
g i n e  g i v e s  b e t t e r  f u e l  economy than a  g a s o l i n e  
powered engine.  

I 

11. S e t t i n g  and C h a r a c t e r i s t i c s  

In t h e  U.S., d i e s e l  enz lnes  have mainly been 
used i n  heavy'duty trlucks and buses ,  s h i p s ,  and i n  
s t a t i o n a r y  power systems. I n  L975, over  one mil -  
l i o n  diesel-powered heavy-duty t r u c k s  and buses  
consumed i n  .excess of 1 . 3  x  1015 Btu of 
d i e s e l  f u e l  .2  

Use of d i e s e l  eng ines  i n  passenger  autono- 
b i l e s  has  been very l i m i t e d ,  w i th  annual  s a l e s  of 
about  20,000 p e r  year.  Sine* 1978, however, 
t h e r e  have been s i g n s  of i n c r e a s i n g  s a l e s  of 
diesel-powered v e h i c l e s  i n  t h e  U.S. market.  
General  Motors s e t  a  s a l e s  t a r g e t  of 100,000 
v e h i c l e s  f o r  1978, Volkswagen i n i t i a t e d  import 
of t h e i r  d i e s e l  Rabbit a t  a  low volome r a t e .  I n  
a d d i t i o n ,  many automotive coapanies  have i n i t i a t -  
ed d i e s e l  development a c t i v i t i e s .  

The reason f o r  i n t e r e s t  i n  d i e s e l  engine 
l i gh t -du ty  v e h i c l e s  i s  thei.r  s u p e r i o r  fuel-econony 
performance. I n  terms of miles7per-gal lon,  a  
v e h i c l e  us ing d i e s e l  f u e l  can be  40% nore  e f f i -  
c i e n t  than a  c o n v e n t i ~ n a l  v e h i c l e  us ing gaso l ine .  

I n  a  d i e s e l  engine,  a l e  a lone  is compressed 
i n  t he  c y l i n d e r ,  and t h e  f u e l  is  then in j ec t eG 

i n t o  t h e  heated a i r  towards t i e  end of t h e  conpres- 
s i o n  s t r o k e .  The temperature  developejl dur ing 
compression is s u f f i c i e n t l y  high t o  i g n i t e  t h e  f u z l  
immediatekr upon i n j e c t i o n .  Thus spa rk  p l u g s ,  dl;-  
t r i b u t o r ,  and ca rbu rea to r  a r e  e l i m i n a t e 3  i n  t h e  
d i e s e l ,  buc a  h igh-pressure ,  Euel-inje.=ion s p s t e n  
is  r equ i r ed .  Since  t h e  conpres s ion - ign i t i on  ? roczs s  
demands high compression r a t i o s ,  t h e  c j n r e n t  d i e s21  
engines  a r e  gene ra l ly  heav ie r . an6  b u l k i e r  t h a a  
equ iva l en t  spa rk - ign i t i on  engines .  

D i e s e l  f u e l  v a r i e s  g r e a t l y  i n  i t s  c h a r a s t e r l s -  
t i c s ,  ranging from l i g h t  d i s t i l l a t e s  tz r e s i d n a l  
f u e l s .  The  energy con ten t  of a g a l l o n  o f  d i e s e l  
f u e l  is about 10% h ighe r  than x h a t  of = s o l i n s .  

111. Energy Savings 

- Reduction .in petroleum =onsurnpti~m by t i e  
t r a n s p o r t a t i o n  s e c t o r .  

D iese l  engines  have been expected t o  acsoun: 
f o r  8-10 perceng of t h e  domestic p a s s e q e r  c a r  
market by 1985. EPA expec t s  a s  much ES 25% of 
a l l  new l igh t -du ty  v e h i c l e s  by l a t e  1 9 W ' s  t o  be 
diesel-powered. 

Assuming t h a t  ( i )  t h e r e  w i l l  be nespec t lve ly  
3  m i l l i o n  and 27 m i l l i o n  diesel -engine l i g h t - d u t y  
v e h i c l e s  i n  t h e  U.S. i n  1985 and 2000; ( i i )  a  d i e s e l -  
powered engine is  35% more ene rgy  e f f i d e n t  t h a ~  a 
gasoline-powered engine;  ( i i i )  f u e l  ecmomy of t h e  
U.S. automobile f l e e t  i n  1975 was 13.5  m.p.g.; thzn 
it  is  e s t ima ted  t h a t  s av ings  i n  petroleum consump- 
t i o n  due t o  u se  of d i e se l - eng ine  v e p f c k s  would be  
0 . 1  x  1015 Btu i n  1985 and 0.9 x  10 Etu i n  ZOOOC 

I V .  Other Bene f i t s  

V .  Environmental Problems 

Diese l  engines  may have important  adverse  in- 
p l i c a t i o n s  f o r  a i r  q u a l i t y  e s p e c t a l l y  .%f t hesz  

account f o r  a  l a r g e  p o r t i o n  of t h e  p r i v a t e  
automobi le  populat ion.  

Emission o f  CO and HC from diesel -engine 
l i gh t -du ty  v e h i c l e s  s a t i s f y  f e d e r a l   standard^.^ 
Of more concern a r e  emiss ions  of NOx and par-  
t i c u l a t e s .  

' NOx emiss ions  of c u r r e n t  technology 
d i e s e l s  exceed t h e  p ro j ec t ed  0 .4  gm/mi s t anda rd  
and no p r a c t i c a l  method has  been demonstrated 
t o  meet t h a t  l e v e l . 9  

' D i e s e l  eng ines  emit  s i g n i f i c a n t  
amounts of p a r t i c u l a t e s ,  of 1-2 mit rons .  
These p a r t i c l e s  a r e  e a s i l y  t rapped i n  t h e  
human lungs .  These p a r t i c u l a t e s  s e r v e  
a s  t h e  t r a n s p o r t  mechanism f o r  sma l l  
amounts of adhered gaseous l i gu4d ,  
o r  s o l i d  subs t ances ,  some of which a r e  be l i ev -  
ed t o  -be mutagenic o r  ca rc inogen ic .  Of par- 
t i c u l a r  concern a r e  t h e  po lycyc l i c  o rgan ic  
m a t t e r s ,  P O M . ~ ~  

The EPA proposed p a r t i c u l a t e  emission 
s t anda rds  f o r  l i gh t -du ty  v e h i c l e s  a r e  0 . 6  
gm/mi f o r  1981 and 0 .20 gm/mi f o r  1983 nnd 
beyond. 

At p r e s e n t ,  p a r t i c u l a t e s  emiss ions  from 
smal l  d i e s e l  eng ines  ( i . e .  engine  d i sp l ace -  
ments l e s s  t han  3  l i t e r s )  a r e  i n  t h e  range 
0.2-0.4 gm/mi; wh i l e  l a r g e r  d i e s e l  engines '  
emiss ions  a r e  i n  t h e  range 0.6-1.0 g m / m i . l l  

- Diese l  powered engines  a r e  somewhat 
n o i s i e r  than most i g n i t i o n  eng ines .  

- D i e s e l  exhaust  has  d i s t i n c t i v e  unpleas- 
a n t  odors  ("smoky" and "o i ly  kerosene") .  

- The l a r g e r  p a r t i c u l a t e s  i n  t h e  exhaust  
s t ream of d i e s e l  eng ines  w i l l  s c a t t e r  l i g h t  
and i n c r e a s e  che opac i ty  of t h e  urban atmos- 
phere .  



V I .  Regulatory/Institutional Problems 

Consumer acceptance of dfesel -engine v e h i c l e s  
could b e  a f f e c t e d  by t h e  fol lowing p r o p e r t i e s  of 
d i e s e l  engines:  hard  t o  s t a r t  ( e s p e c i a l l y  i n  cold  
weather) ,  sla; a c c e l e r a t i o n ,  n o i s e ,  unpleasant  
odors .  

Divers ion of home hea t ing  o i l  t o  run d i e s e l  
v e h i c l e s  t o  avoid  highway t a x e s  and circumvent gas  
r a t i o n i n g .  

The f u t u r e  of d i e s e l  engine v e h i c l e s  i n  t h e  
U.S. depends i n  p a r t  upon t h e  s t r i c t n e s s  of f e d e r a l  
s t anda rds  f o r  emiss ions  of NOx and p a r t i c u l a t e s ,  

The ques t ion  of when, o r  i f ,  a 0.4 gmfmile 
NO, s t anda rd  w i l l  be  imposed awa i t s  an US EPA 
r e p o r t  on p u b l i c  h e a l t d  imp l i ca t ions  of NOx emis- 
s i o n s ,  due t o  Congress i n  J u l y  1980.12 It is  no t  
c l e a r  whether large-size d ie se l - eng ine  l i g h t  duty  
v e h i c l e s  w i l l  be  a b l e  t o  meet t h e  EPA proposed 
s t anda rd  f o r  p a r t i c u l a t e  emiss ions .  

V I I .  ~ c o n o k i c  ~ r b b l e m s  

Diese l  eng ines  a r e  c o s t l i e r  t o  produce than 
i g n i t i o n  engines .  The s t i c k e r  p r i c e  of d i e s e l  
powered automobiles is  between $195 and $1300 13  

. above  t h e  p r i c e  of equ iva l en t  gasoline-powered 
automobiles.  Fu tu re  nas s  product ions ,  however, 
should  reduce product ion c o s t s  of d i e s e l  engines .  

V I I I .  S o c i a l  Problems 

IX. Other  Problems 

X. Resource Requirements 

F c r  an annual  p roduc t ion . r a t e  of 1 m i l l i o n  
u n i t s  of d i e s e l  engines ,  c a r  manufacturer ' s  re- 
quiremeLts f o r  c a p i t a l  investments  may range 
from $0.5 t o  $ 1  b i l l i o n . 1 4  

DIESEL-ENGINE LIGHT-DUTY VEHICLES - Continued 

XI. I n i t i a t i v e s  8 .  Fede ra l  Light-Duty Vehicle  Emission S tanda rds  

Major i ncen t ive  f o r  i n t roduc ing  d i e s e l -  ( i n  gramslmile) 
engine l i g h t  duty  v e h i c l e s  by domest iccarmanu-  Model Y r .  HC CO N O  P a r t i c u l a t e s  
f a c t u r e r s  is t h e  Energy Po l i cy  and Conservat ionAct  
(EPCA) of 1975 s e t t i n g  minimum f u e l  economy s t anda rds  1979-79 2 - 0  - 
f o r  each c a r  manufacturer ' s  new c a r  f l e e t  ( f e d e r a l ) .  lg80 0 .41  7.0 2 .0  - 

1381 0.41 3.4 1 . 0  0 .60 (Proposed )  
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Car-pooling is  an arrangement by which a num- 
b e r  of automobile commuters t s k e  turr.s i n  d r i v i n g  
themselves and t h e  o t h e r s  i n  home-to-work t r i p s .  . 
I n  van-pooling, a van is u s u a l l y  provided by an em- 
p loye r  f o r  h i s  employees' convenience i n  commuting. 
t o  work. The idea  of c a r  and van-pocling i s  t o  
s ave  g a s o l i n e  consumption by inc rezs ing  t h e  passen- 
g e r  load f a c t o r  i n  automobi les .  

11. S e t t i n g s  and c h a r a c t e r i s t i c s  

Use o f ' ene rgy  by che automobile t r a n s p o r t a t i o n  
s e c t o r  accounts  f o r  13X of t o t a l  energy consumption 
i n  t h e  U.S. i n  1972. About 34% of vehf l e  m i l e  
au to  t r a v e l  is  f o r  home-to wc.rk purposef.  -Thus 
cammuting - to  work by automobile accounts  f o r  4.4% 
of t o t a l  U.S. energy use .  

I At p r e s e n t ,  about 12% of automobi le  commuters 

%I 
I p a r t i c i p a t e  i n  ~ a r - ~ o o l i n g ~ .  

N 
- 111. Energy Savings 

- Savings  i n  g a s o l i n e  consumption: 
I f  t h e  c u r r e n t  f i g u r e  of 12X of automobile 
commuters p a r t i c i p a t i n g  i n  car-pool ing .is 
doubled t o  24% by 1985, i t  is  e s t ima ted  t h a t  
t h i s  w i l l  r e s u l t  i n  a 2.8% sav ings  i n  t o t a l  
g a s o l i n e  consumption i n  t h e  automobile t r ans -  
p o r t a t i o n  sec to r3 .  Thus: 

1985 p o t e n t i a l  energy sav ings  is: 
0.26 x 1015 Btu 

2000 p o t e n t i a l - e n e r g y  sav ings  is: 
0.25 x 1015 Btu 

I V .  Other Bene f i t s  

- - Decrease i n  a u t o  p o l l u t a n t - e m i s s i o n s .  
For 1985, r educ t ion  i n  err.ission of a u t o  a i r -  
p o l l u t a n t s  a r e4 :  

5.5 CAR-AND VAN-POC'LING 

7.7 x 104 tons  of NOx, 3 .9  x lo3  ton; So2, 

5.2 x l o 4  tons  H C ,  5 .5  x l o 5  tons  CO , 
1 .9  x l o 7  tons  COP, 1 . 6  x lo4  ton; p a r t z c u l a t e  

These emis s ion  r educ t ions  a r e  equ iva l en t  t c  about  
3% of t o t a l  emiss ions  from automobi l?  t r anspor t a -  
t ion .  

- Reduction i n  t r a f f i c  congest ion and .sccider t  
r a t e s  due t o  dec rease  i n  n.~mber of c.ars on t h e  
road a t  rush hours .  

- Lower a u t o  p p e r a t i n g  c o s t s  t o  auto-pool p a r t i c -  
i p a ~ t s  Cue t o  r educ t ion  i n  a u t o  mileage t r ~ v e l -  
ed .  (About 7.5 b i l l i o n  d o l l a r s  saved i n  19E5 i f  
we assume a u t o  op.erating c o s t  of 18c:mile.) 

i r .  Environrrental Problems 

- -Poss ible  increased a u t o  t r a f f i -  fata:lty r a t e s  
due t o  i nc reased  a u t o  load f a c t o r s  ( y e h i c k  
occupancy). 

- Decrease i n  employment i n  t h e  a u t o  s e r v i c e  i n -  
d u s t r y  due t o  dec rease  i n  a u t o  usage. 

- Costs  t o  employers t o  purchase  and s s i n t a i n  
vans. 

711,  Economic Problems 

7111. S o c i a l  Problems 

Many commuters regard r ide-shar ing as a re-  
s t r a i n t  on t h e i r  freedom of movements. 

'IX. Other  Problems 

1. Resource Requirements . . 
Fue l :  None 
Mate r i a l s :  None 
Monetary: Programs t o  prombte c a r  p m l i n g  

may c o s t  from a few hundred t o  thousands of 
d o l l a r s .  Also c o s t s  of purchase  and mainten- 
ance of vans .  I n  1978, DOE spen t  $3.4 
m i l l i o n  through v a r i o u s  s t a t e  and municipal  
c a r  and van pool  g r a n t s .  

X.3. I n i t i a t i v e s  . 

- Pub l i c  educat ion and adver t isement  (Fed- 
e r a l ,  S t a t e ,  Local) .  

- Car-pool matching programs (Local govern- 
ment,  employers] 

- Discount - i n  highway t o l l s  f o r  c a r  poo le r s  
(S t a t e ) .  

- Inc rease  i n  area-wide parking c o s t s  
(Local).  

- Exclusive  r e se rved  l a n e s  on highway f o r  
c a r s  ca r ry ing  more than  one passenger  
- ( S t a t e ,  Loca l ) .  - Programs by governments and i n d u s t r i e s  
t o  procure  automobi les  s p e c i f i c a l l y  f o r  
u se  i n  c a r  and van-pooling programs. 
(Fede ra l -p r iva t e ) .  

- Discounts  i n  a u t o  in su rance  r a t e s  f o r  
ca rpoo l  m o t o r i s t s  ( s t a t e ) .  
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3 .  I f  we assume t h a t :  
- Average number of passengers  i n  a car-  

pool  a u t o  i s  3 pe r sons l ca r  
- Average t r i p  l eng th  of a home-to-work 

car-pool  t r i p  i s  1 . 2  t imes  t h a t  of a 
non-car-pool t r i p  ( s i n c e  a car-pool  
automobi le  u s u a l l y  h a s  t o  go around 
t o  a number of houses  t o  p i c k  up and 
drop passengers)  



CAR-AND VAN-POOLING - Continued 

XII. References - Cont. 
-.National rates of auto commuters pattici- 
pating in car-pools being 12% for base year 
1975 and 24% for 1985 and beyond. 

- About 34% of vehicle-mile auto travel is 
for home-to-work trips 

Then percentage savings in automobile gaso- 
line consumption due to increases in car-pool 
participation can be calculated as follows; 

% savings = 

XIII. Tabular Materials 

. . 



I. Description 

Passenger t r anspor ta t ion  modes include auto- 
mobile, r a i l ,  bus, a i r ,  bicycle ,  walking, e t c .  
Here we d i scuss  t h e  energy conservation option 
of mode s h i f t  from automobile usage t o  mass 
t r a n s i t  ( r a i l ,  bus) i n  t h e  passenger t rans-  
por ta t ion  sec to r .  

11. S e t t i n g  and Charac te r i s t i c s  

Unt i l  t h e  o i l  c r i s i s ,  usage of publ ic  t ran-  
s i t  modes (bus, r a i l ,  subwwjs) has decl ined 
s tead i ly .  Ridership on urban public  t r a n s i t  
f e l l  sharply,  from 19 b i l l i o n  t r i p s  i n  1945 
t o  5 b i l l i o n  i n  1973.1 Transi* modes have a 
very modest share of the  passenger t ransporta-  
t i o n  sec to r  f o r  both loca l  and in te rcx ty  txavel.' 

Buses and r a i l  a r e  approximately twice a s  
energy e f f i c i e n t  a s  automobiles whose energy 
i n t e n s i v  ness  averaged 7,000 BtulPassenger-mile 
i n  1973. 5 

111. Energy Savings 

Mode s h i f t  from automobile usage t o  mass 
t r a n s i t  r e s u l t s  i n  reduct ion i n  gasol ine con- 
sumption and inc rease  i n  d i e s e l  and z l e c t r i c i t y  
consumption. Assuming t h a t  due t o  mode s h i f t  
op t ions ,  projected energy cocsunptions i n  mass 
t r a n s i t - a s  given, i n  note  2--will be doubled, 
then t h e  gasol ine savings i n  t h e  automobile 
t r anspor ta t ion  sec to r  would i e  about 0.14 x 
1015 Btu i n  1985 and 0.24 x 1015 B:u i n  2000. 

I V .  Other Benef i t s  

Improved a i r  qua l i ty  and t r a f f i c  conges- 
t i o n  due to  reduced automobiie usage 

5.6 TRANSPORTATION MODE SHIFT 

V .  Environmental Problems 

- Poss ib le  inc rease  i n  urban no i se  pcl lu-  
t i o n  (due t o  increased a c t i v i t y  a t  r a i l  
and bus terminals  and 5us s tops)  

- Increase i n  p a r t i c u l a t e  rn i s s ions  (from 
d i e s e l  powered buses and e l e c t r i c  
u t i l i t i e s )  

V I .  P.egula+ory/Institutional Problems 

Need f o r  e f f e c t i v e  mechanisms t o  c:annel 
f edera l ,  s t a t e ,  and l o c a l  funds t c  f i n a x e  
mass t r a n s i t  improvement p ro jec t s .  

V I I .  Economic Problems 

- Loss of l o c a l  revenues (gasol ine an.3 vehic.le 
taxes,  t o l l s ,  l i censes ,  e t c . )  - Land use pa t t e rns  i n  many growing' saburbar. 
a reas  make f e a s i b i l i t y  of mass t r a n s i t  
economically uncompetitivc wPth autcmobile 
t r anspor ta t ion  mode. 

VIII.Socia1 Problems 

Inherent  i n f e r i o r  q u a l i t i e s  of mass t r a n s f t  
compared with automobile t r anspor t ;  mass t r a n s i t  
a r e  slower, o f fe r ing  l e s s  choices i n  t e n s  of 
time and place of departure and des t ina t fon ;  
personal pr ivacy and comfort. 

I X .  Other Problems 

X. Resource Requirements 

Many t r a n s i t  improvement ueasures  (f.g. f a r e  
reduct ion,  increase of bus f l e e t )  r equ i re  some 
forms of f i n a n c i a l  a s s i s t a n c e  from goverments .  
I t  has.been estimated t h a t  doubling t h e  fract iom 
.of urban t r a v e l e r s  c a r r i e a  by t r a n s i t  f r o n  2.5 
:percent i n  1973 t o  5.0 percent i n  1980 wodd 
z e q u i r e  100.000 new buses duriug t h i s  7-yzar 
pe r iod ,  compared with t h e  1973 f l e e t . o f  45,000 
buses.4 

The National Mass Tranportat ion Assistance 
Act of 1974 provides $11.8 b i l l i o n  over the  next 
6 years  f o r  use i n  both c a p i t a l  and operat ing 
expenses, and the  Federal  Highway Administration 
has a smaller  but s i g n i f i c a n t  t r a n s i t  a s s i s t ance  
program of i t s  own.5 

- Trans i t  incent ives:  time and se rv ice  i m -  
provements (e.g. exclusive bus l anes ,  
p r i o r i t y  t r a f f i c  s igna l s ,  improved . 
scheduling, improved rou t ing ,  pa ra - t rans i t ,  
park-and-ride), cos t  reduction (e .g. .  re-  
duced f a r e s ,  revised f a r e  s t r u c t u r e ,  employ- 
er-subsidized f a r e s )  ( s t a te - loca l ) .  - Automobile d l scen t ives :  time (auto-banned 
zones. reduced freewav lanes ) .  c o s t s  h a s -  . , .- 
o l i n e  t axes ,  parking t axes ,  highway t o l l s )  . 

ra l - s t a te - loca l ) .  
XII . R',"f,dLces 

1. Federal  Energy Administration, 1974, 
*!'Project Independence and Energy Conser- 
vat ion:  Transportat ion Sectors". 

2. Fuel Consumption i n  the  Passenger Trans- 
por ta t ion  Sector  ( i n  1012 Btu) 

' 

Loszl Inter-City 
Year huto Bus. Local Auto Bus Rail - 
1972a 6650 41 21 994 2420 30 13 

a . b ~ a t a  in fe r red  from Federal  Energy Administra- 
t lon ,  note  1, m. 

Assuming an average annual  growth r a t e  of 
3.7% f o r  1990-2000. 

3. Mayo S tcn tz ,  J r . ,  1975, 
'Po ten t ia l  of Urban Mass Transi t" ,  Federal Energy 
Administration, NTIS-PB-249-336, 
(Figure 4) .  
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4 .  American Public Transit Associat ion,  
1975,aM74-75 Transit  a act Book", a s  reported by 
M .  Stuntz, note  3. supra, page 22. 

5 .  M .  Stuntz, "Mass Transit and Energy Con- 
servation", 1975, Federal Energy Administration, 
NTIS-PB 246-232 (Page 5 ) .  

6 .  M. Stuntz, note  3 ,  w, tab le  6 .  

XIII. Tabular Materials 



V I .  POLICY HODIFICATION 

6 .1  INTRODUCTION 

Uti.1i.t:~ r a t e  reform r e p r e s e n t s  3 po l i cy  mod i f i ca t i on  w i t h  energy sav ing  ronseqwnces .  The measure i s  n o t  demand s e c t o r  s p e c i f i c .  Rate  

reform Is t r o a d l y  concerned wi th  c o n E l i c t s  between marketplace  p r i c e s  and pri .ce s i g ~ l a l s  i nco rpo ra t ed  i n t o  t h e  p r e s e n t  r a t e  s t r u c t u r e s .  It 

has  been argued t h a t  t h e s e  r a t e s  f a i l  t o  encourage h e r g y  conse rva t ion  choices  by cmsur r e r s  because  of  impr.>per p r i c e  s i g n a l s  i nco rpo ra t ed  i n  

t h e  e x i s t l n g  methods of average  c o s t  p r i c ing .  Bedllced consumption o f . - e l e c t r i c  energy c a l d  have f a r  r e a c h i n g  e f f e c t s  i n  encouraging t h e  more 

e f f i c i e n t  use  o f  p r e sen t  gene ra t i ng  c a p a c i t i e s  and reducing t h e  need f o r  new capaci ty .  I n  1977, 21..14 x 10" kwh of  e l e c t r i c . e n e r g y  was 

gene ra t ed .  Seventy-seven per-ent  of this power was gene ra t ed  from f o s s i l  f u e l  s o u r c e s ,  r e s u l t i n g  i n  a consumption o f  1.7.6 x 10'~ Btu 

cil azd gas .  Shown below a r e  e s t i m a t e s  of  t h e  f o s s i l  f u e l s  corrsumed. By sector . ,  55 perzent of t h e  e l e c t r i c i t y  produced was d e l i v e r e d  t o  

res idenr ia l -commercia l ,  4.5 pe rcen t  to i n d u s t r i a l  and < 1 pe rcen t  t o - t r a n s p o r t s t i o n  s..-ctor customers, 

F o s s i l  Fuel  De l ive . i i e s  t o  E l ec t f i c  U t i l i t i s s  i n  1977 

Fuel  - 
Coal 

0  il 

Gas 

D e l i v e r i e s  (1015 Btu) 

10.5  

3.83 

3.19 

Summary of  E l e c t r i c  U c i l i t y  Enecgy Denand and Fue l s  
Consumed i n  1972 (1015 B - ~ )  

O i l  Coal Nuclear  Hydro Methane - - -  T o t a l  D i r e c t  
Use 

E f e c t r i c  C t i l i t i e s  3.1 .7 .8 0.6 2.9 c , l  12 .8  



6.2 LOAD DEMAND MANAGEMENT AND UTILITY RATE REFORM 

I. Description 

Electrical energy is difficult and expensive to 
store, so a utility's need Eor plant and equipment 

, is largely determined by it3 peak demand. If elec- 
tricity consumption during ?eak periods were reduced, 
fewer costly new additions to utility capacity would 
be required. Equally important, since peaking units 
commonly burn oil and natural gas, a reduction in peak 
demand would reduce use of these scarce fuels. Addi- 
tional energy would also be saved by increasing the use 
oE base load facilities with high operating efficiencies 
and decreasing the use of peaking plants with low 
operating efficiencies. 

Present utility pricing strategies tend to dis- 
c3ur;ge application of load management techniques. 
The smallest users commonly pay the highest unit prices 
due to practices such as declining block rates. Rates 
often do not reflect the costs imposed on society by 
the actions of utility consumers. The result is waste 
and inequity. 

The Public Utility Regulatory Policies Act of 
1978 requires state regulatory authorities and utilities 
to consider various rate design standards and other 
utility practices, including time of day rates, 

- seasonal rates, cost of service pricing, interruptible 
rates, prohibition of declining block rates and lifeline 
rates and determine if they are appropriate for conser- 
vation, efficiency and equity, as well as consistent , 

with state laws. 

11. Setting and Characteristics 

In 1977, the demand for electric energ rose to 
a new record of 7.25 x 1015 Btu (21.14 x lo9 hhj. 
Froduction of this energy by fuel type is shown in 
Table 1. Also shown are fossil fuels deliveries to 
the electric utilities to meet this demand. Oil and 
r.atural gas consumed to meet peak demands amounted 
PO 2.39 x lo1$ Btu (1.4%) and 9.7 x 1013 Btu (0.5%) 

111. Energy Savings 

Estimates of total energy savings and savings 
of gas and oil arising from load demand management 
and rate reform implementation are not only difficult to 
make but are also utility specific. Increased potential 
for conservation by load management appears to be some- 
what sensitive to fuel costs. Estimates presented in the 
National Energy Plan suggest that import energy savings of 
3.39 x 1014 Btulyear in 1985 could be expected from 
implementation of various rate reform strategies. 

VI. ~egulatory/Institutional Problems 

- Legal challenges to state public 
service commissions tc. time-of- 
day pricing because of assumed 
discrimiminato~y nature and 
disturbance of the status quo 

- Opposition to rate reform by 
utilities, indxstries and 
consumers 

- State public service commission 
acceptance and implementation 

IV. Other Benefits of rate reform measures 
- Modification of current philosophy 

Analysis conducted by the FEA suggest that rate reform, which requires utilities to 
by reducing the need for incremental generating capacity, supply their customers with 
could save at least $50 billion'nationally in net cumula- whatever amount of power they 
tive capital costs by 1985. Studies prepared by BNL of wish to purchase at anytime the Con Edison System suggest that use of load manage- 
ment techniques could reduce fuel costs for residuai .VII. Economic Problems . 
oil consumption by as much. as 1.2% and #2 oil and kero- 
sene by -6%. - Costs of meter installation, 

- Reduced use of oil and gas 
- Improved thermal efficiency 
- Increased economic equity (efficiency) among 
consumer categories 

- Increased plant utilization balance, mini- 
mizing the need for new generating capacity 

- Reduced costs to most consumers 
- Reduced need to construct new generating 
capacity reduces impacts arising from such 
construction 

- Increased use of other conservation measures 
Environmental Problems 

- Peaking units installed and used in the private 
sector to level demand could increase and 
aggrevate local air quality problems. 

- Small changes in utility air pollutant emis- 
sions: <2% increase in N3,, SOx and Particulates; 
-3% decrease in HC and C.3 emissions. 

of all fossil fuels consumed, respectively. 

operation and maintenance 
- Hardware costs to pernit load 
levelling by end-users 

- Increased costs to some indus- 
trial' facilities away from day 
to night work shifts and cost 
differentials 

VIII. Social Problems 

- Possible invasion of privacy by 
government or others 

- Lifestyle impacts on.consumers, 
employers and employees responding 
to time-of-day pricing strategies 

IX. Other Problems 



LOAD DEMAND M~AGEMENT AND UTILITY RATE REFORM (Con?.) 

. XI. Initiatives 

- State Public Service Commission require 
uill I.L l.es I,I>: 

. Phase out promotional, declining block . 
and other rates that do not reflect - 
costs. . Offer daily off-peak rates to customers 
willing to pay meteril~g costs or install 
dirnrr load management systems. 

. Offer lower rates to customers who are 
willing to have their power interrupted 
at times of highest peak demand. . Eliminate use of single mefers for 
multi-unit buildings (State-privafe). 

- Increase availability and reduce costs 
of control equipment and peaking turbines 
to manage demand (Federal-private) . 

- Intervention in state regulato~y 
hearings (Federal-private). 

- Financial support to assist state PSC 
in implementing rate reform (Federal). 

- Tax incentives to utilities and consumers 
to encourage load management (Federg&- 
state). 

- Public Educatioa (Federal-State-T.oca!.). 

Elcctrical Engia~e~il~g, Carnr~ie-Mellon University, 
Pittshnrgh, PA 

XII.  reference^ other 
Tptal 

Executive Office of the President, 1977, "The 
National Energy Plan", Government Printing Office. 

DOE-Of f ice of ~lectric Power Regulation, 1978, "Annual 
Summary of Cost and Quality of Electric Utility Plant 
r ~ c l ~ ,  19701', W,~sl~l.?rg~un, uc. 

Moskowitz, P.D., et. al., 1978, "Preliminary Report 
on Some Health and Environmental Effects of Energy . 
Conservation and Fuel Substitutions'." 
XIII. Tnhul.nr Hnterials 

Table 1 

Production of Electric Energy by Fuel Type and 
Deliveries of Fossil Fuels to Eleqtric Utilities 

in 1977 

Generation Deliveries 
(Btu x 1015) (~t1.1 x 1015) 

Coal 3.36 10.5 
Oil (Steap) 3.659 

(Peaking) 1 . 1.22 0.24 
(Subtotal) 3.83 

Gas (Stgam) 3.09 
(Peaking) } 1.04 0.10 
(Subcu~alj =m!r 

Nuclear 0.86 - 
Hydro 0.75 - 

DOE-Office of Public Affairs, 1978, "The National 
Energy Act!', Washington, DC. 

Allentuck. J., J. Lee and G. Goldstein, 1977, "The 
Impact of Load Management on Consolidated Edison 
Company's Generation", R N l .  72623. 

Morgan, M. G. and S. M. Talukdar, 1978, "Electric 
Power Load Management: Some Technical, Economic, 
Regulatory and Social Tnancs", Department of 
Engineering and Public Policy and Department of 





APPENDIX D 

Weighting S-ation Algorithm 

Rankings were prepared from the raw scores ( " s u i t a b i l i t y  f ac to r s" )  

computed via the  following algorithm: 

S u i t a b i l i t y  f a c t o r  f o r  each technology = 

= par t ic ipant  

= overa l l  d e s i r a b i l i t y  and f e a s i b i l i t y  weights 

= d e s i r a b i l i t y  c r i t e r i a  

= f e a s i b i l i t y  c r i t e r i o n  

= sca led  impact l eve l  fo r  d e s i r a b i l i t y  c r i t e r i o n  cd and 
technology t assigned by pa r t i c ipan t  p. 

= weight fo r  c r i t e r i o n  cd assigned by pa r t i c ipan t  p  

= scaled impact l eve l  for f e a s i b i l i t y  c r i t e r i o n  cf and 
technology t assigned by pa r t i c ipan t  p. 

= weight fo r  c r i t e r i o n  o f '  assigned by p a r t i c i p a n t  p. 



APPENDIX E 

Criteria for Evaluating Energy Conservation Measures: 

Perspectives of an Industrialist and an Environmentalist 
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This report was prepared as  an account of work sponsored by the  United States 
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assumes any legal  l i a b i l i t y  or  responsib i l i ty  f o r  the accuracy, completeness 
or  usefulness of any information, apparatus, product or  process disclosed, o r  
represents tha t  its use would not infr inge pr iva te ly  owned r ights .  



preface 

This ~8p9kt, ~fqqqqntfj perspect ives  of an environmentalist  and an Indus- 

wig$i,s$ . ,m . qq$.$qpiq,, wl+i,~,h w u l d  be used t o  evaluate and rank d i f f e ren t  con- 

aervaOiqn qeasq~q$. Wt Berman, now president  of Penta In te rna t iona l  and p a s t  

Direqtoy: 9 f ' v e q q y  anq -sources fo r  the National Association of Manufacturers 

prepared tb, pep? pfyaqqting an i n d u s t r i a l i s t ' s  view. M r .  Moss, a p r iva t e  

consul tapt  aptJ foq.@r President  of the  S i e r r a  Club, prepared the papeS pre- . . . . 

sent ipg  m' eurv&r&nq!3n$gl~~f's perspective. These papers were commissioned by 

BrgoJcbvt$p Nqtional, &abp&ytory - Division of Regional Studies  fo r  presentat ion 

a t  tbe Wof kshop , 
In prapar$pq t b e q  papers, the  authors were asked t o  i den t i fy  impoqtant 

c r i t e r l g  wb$sb ehould be incorporated in t h i s  Workshop's exercise  designed t o  

rank a l q ~ g e  set; of qnergy conservation options. The prepared papers, as 

such, ,b nQ~& p,l;esept, exhaustive nor de f in i t i ve  lists of c r i t e r i a  which should 

be o r  wkre ueqq. The prfnc ipa l  purpose of these papers was to  present d i f f e r -  

Ing pb~.~&$+yig . . .  . , ~ h 4 c h  would i den t i fy  p o s s i b i l i t i e s  and d i f f i c u l t i e s  i n  devel- 
. . 

op.4ng. .gng q & ~ 4 n q  .qrit,eriC f o r  evaluat ing energy conservation measures and 

a l s o  serve as. a qqhfq&@ f o r  s t imulat ing discussions a t  the  Workshop. 

The R I U & O ~ Q ~ $ Q ~ ~ & V ~  dec$slon making exercise ,  as  previously noted i n  the 

t e x t ,  is c r i t i ~ q l l y  dependent on the c r i t e r i a  employed in  the evaluation of 

d l f fe repf  *act# apb me, r e l a t i v e  weights assigned t o  each c r i t e r i a .  The 

assignment gf gyqh veiqhts  transcends the  l i m i t s  of a s t r i c t l y  object ive proc- 

e s s ,  a s  po spqh pSocess can lead  umabiguously t o  a determination of the value 

of maintaining va~i ,pus degrees of independence of U.S. foreign pol icy,  o r  of 

environmenta& q a l , i t y ,  g r  of control  by the family un i t  over the provision of 

des i red  eneg$y serv#,ceg, or  of avoiding morbidity and mor ta l i ty ,  t o  name ju s t  

a few 9% ma mgCiqf48 around which adherents have assembled. Attempts were 

made t o  diecusy qqpe pf these concerns a t  the  Workshop. 

Paul D. Moskowitz 
National Center f o r  Analys$s 
of Energy Systems 
Brookhaven ~ a t i o n a l  Laboratory 
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I. AN INDUSTRIALIST'S PERSPECTIVE 
by 

Stanley M. Berman 

A. INTRODUCTION 

This paper out l ines  an indus t r i a l  perspective of possible c r i t e r i a  to be 

used a the decision making exercise and a discussion of indus t r i a l  

considerations which subsequently can be used in developing c r i t e r i a  and 

weights. The approach taken is to :  

o Identify the  major categories .of c r i t e r i a  from a public policy point 
of view and describe them in terms of the de ta i led  considerations; 

o Describe the indus t r i a l  decisionmaking considerations in re la t ion  to 
energy conservation measures I and 

o ~ e i a t e .  the a r i t e r i a  and indus t r i a l  considerations. 

B .  WhJOR GRI'PERIA - PUBLIO POLIOY PDN3BICTIVll 

mergy conservation in e i the r  sense used here is not .an end in  

i t s e l f .  Energy conservation must be couched in  terms of its benefi ts  and 

cos ts ,  o r  impacts on national.  goals and values. Therefore, the c r i t e r i a  and 

associated weights can only be developed in re la t ion  to national goals and 

values i f  the  energy conservation measure were t o  be implemented. The 

following is an attempt to group national goals and values into four major 

categories. The descript ions probably do not include a l l  of the speci f ic  

considerations which could come under these headings. However, they are a 

s t a r t i n g  point.  The major c r i t e r i a  and the "descriptors" proposed are as 

follows : 

The Economy Social and Ins t i tu t iona l  Values 

Production and Income 

Employment 

Prices and Costs 

Balance of Trade, of Payments 

Distribution by Sector, Income 
Class and Location 

Adaptability and F l e x i b i l i t y  

Civi l  Rights/Coneumer Choice 

Regulation and Centralization of 
Government 

Life Sty les  

Equity 

Small Business/Anti-Trust 

Social Ins t i tu t ions  



The Physical Environment 

Public Health and Safety 

Occupational Health and Safety 

Recreation and Es the t ics  

Resource Conservation 

National Security/Foreign Pol icy  

National Securi ty  

World Order and S t a b i l i t y  

World Economic Growth and S t a b i l i t y  

Peace 

1. The Economy 

Production and income, employment, p r i ce s  and cos t s ,  the Balance of Trade 

and Balance of Payments a re  a l l  measures of our economic well-being. Adapt- 

a b i l i t y  and f l e x i b i l i t y  ar important t o  the  U.S. economy i n  its a b i l i t y  to  

respond t o  a rap id ly  changing soc ie ty  and world economy; it therefore  r e l a t e s  

t o  fu tu re  economic well-being. Even as ide  from the  question of equi ty ,  d i s -  

t r i b u t i o n  of cos t s  and benef i t s  can have important impacts on the  economy. 

2. The Physical Environment 

Health and sa fe ty  f o r  the publ ic  general ly ,  and i+~ the  work environment, 

have been accorded a p r i o r i t y  in the  U.S. Recreation and e s t h e t i c  values have 

received increas ing  considerat ion as  our standard of l i v i n g  has r i s en  and 

a v a i l a b i l i t y  of recrea t iona l  time has increased. The c r i t e r i a  have become 

measures of our physical  well-being. Resource conservation represen ts  a meas- 

ure of our a b i l i t y  t o  assure  fu tu re  physical  well-being. However, resource 

conservation a l s o  r e l a t e s  t o  our a b i l i t y  t o  maintain fu tu re  economic w e l l -  

being. 

3. Social  and I n s t i t u t i o n a l  Values 

This category includes c r i t e r i a  which represent  values es tab l i shed  by 

society.  Some, i f  not a l l ,  a re  bas ic  philosophy, i .e.  they have no o ther  

bas i s  than the  f a c t  t h a t  we have placed a value on it. Civ i l  r i g h t s  and con- 

sumer chbice,  a s  well a s  a r e s t r a ined  l eve l  of government regula t ion ,  and de- 

cen t r a l i zed  goverment have been a p a r t  of our value system f o r  two hundred 

years.  A t  the  same time, we have tended t o  value small en te rpr i ses .  This has 

l e d  t o  a n t i - t r u s t  and r e l a t e d  regulat ion.  



Life  s ty les  aid s e c i a l  i n s t i t u t i o n s  are  intended to describe the manner in 

which we  l i v e  and operate a s  individuals and as groups. This includes educa- 

t i o n a l  and re l ig ious  ins t i tu t ions ,  for  example. The c r i t e r ion  of equity is 

important when discussing the impact of government policy and programs. 

4. National Security and Foreign Policy 

Within t h i s  general category we should include those goals of nat ional  

secur i ty  and the associated \ d u e s  which contribute to national. securi ty,  for  

example world economic s t a b i l i t y  and growth, and world p o l i t i c a l  order and 

s t a b i l i t y .  In addition, we have always valued peace as a goal. 

Energy Conservation measures may have l i t t l e  or  no impact on some values, 

except i n  a very indi rec t  way. In other cases, energy conservation w i l l  have 

a d i r e c t  and s igni f icant  impact. In a l l  cases, however, impacts couLd be pos- 

i t i v e  or  adverse in re la t ion  t o  our goals and values. 

C. INDUSTRIAL DECISION-MAKING AND ENERGY 

1. The- industrial Process and Concerns 

The indus t r i a l  process is described below in a very simple way showing 

the  major inputs and outputs. 

Inputs Outputs 

Management Products 

Know-how Services 

Manpower 

Plant and Equipment 

Materials 

Energy 

Business enterpr ises  must provide a return to owners/investors conunensur- 

a t e  with r i sk  t o  s tay in business and continue t o  obtain equity and borrowed 

capita .  Therefore, f ac to r s  affect ing r i sk ,  and those af fec t ing  costs  or  re- 

venues are  of paramount concern t o  an indus t r i a l  enterprise.  That is not t o  

say other considerations are  not important, but these are essent ia l  fo r  srlr- 

viva1 . 
The major indus t r i a l  concerns with regard to the inputs are;  ava i l ab i l i ty  

and adequacy of the  input,  r e l i a b i l i t y ,  qual i ty  and charac ter is t ics ,  pr ices  



and c o s t s , . r a t e s  of u t i l i z a t i o n  of f ixed  inputs ,  t echnica l  e f f ic iency  of use, 
, . 

and obsolescense of p l an t  and equipment. In addi t ion ,  mangement is concerned 
.I . . .~ . . . 
with any outs ide  cons t r a in t s  on use of these inputs ,  such as  .environmental ind  

occupational s a f e ty  and heal th  regulat ions.  

On the  output  s ide ,  management is, s e n s i t i v e  t o  product s e l l i n g  p r i c e s ,  

q i a l i t k ,  ' quant i ty ,  = h a r a c t e r i s t i c s  , competitive pos i t i on ,  company growth and 
5 .  ' . 

reguiatory cons t r a in t s  such as  imposed by the  Federal  Trade Commission, the 
.. . . , 

J u s t i c e  Department o r  t h e  Consumer Product Safety Commission. of course,  

t axes  a s  a  cos t  of business can not .be ignored. 

. Since the  measure of imputs and outputs  is in do l l a r s ,  the  re turn  is a  

measure of e f f ic iency  of use of a l l  imputs. Then, a  change i n  re turn  implies 

a  change i n  e f f i c i ency  i n  the use of inputs .  The s ign i f icance  of t h i s  is t h a t  

energy conservation measures or any other  investment t h a t  has an ove ra l l  ad- 

verse jmpaqt on a  company's re turn  implies a  less e f f i c i e n t  use of a l l  inputs  
- 8  

taken together .  

,. ' ,s . ji 2 .: - " Industry,  Energy and t h e  C r i t e r i a  
. .. . . e ;  

~ r o m ' t h e  po in t  of view of an individual  firm, there  are ce r t a in  ' c r i t e r i a  

which must be m e t .  These c r i t e r i a  a re  technica l  f e a s i b i l i t y  and economic 

~ e c h i i c a l  i e a s i b i l i t y  is defined as  having the  means f o r  achieving energy 

cdnservation. It includes a v a i l a b i l i t y  of equipment, know-how, manpower, e t c  . 
~ c o i o i i c  f e a s i b i l i t y  ' requi res  an excess of revenue over cos t s .  However, eco- 

no 'kc f e a s i b i l i t y  m u s t  a l s o  consider the  a v a i l a b i l i t y  of cap i t a l .  These two. 

c r i t e r i a  f o r  t h e  f i rm must a l s o  be m e t  f o r  soc ie ty .  

. 3. Technical F e a s i b i l i t y  

In the  i n d u s t r i a l  context,  technical  f e a s i b i l i t y  demands t h a t  the  equip- 

menk;'.'know-how, and operat ing manpower be ava i lab le  on a  commercial sca le . '  

The.se inputs 'must  be ava i lab le  now or  on order within a  reasonable time and i n  

commercial quan t i t i e s .  The technology must be proven and reasonable ' warranty 

provided f o r  t he  equipment or  technique. T'hese concerns a re  important because 

of t h e  l a rge  .investments which may be required f o r  the measure i t s e l f ,  but  

more importantly,  because of the cos t s  assoc ia ted  with downtime due to unre l i -  

ab l e  equipment o r  technology. 



In  ce r t a in  instances, energy conservation potent ia l  may be t i e d  to use of 

a pa r t i cu la r  f u e l  . In these cases, technical f e a s i b i l i t y  must include avail- 

a b i l i t y  of the  speci f ic  fuel .  

4. Economic Feas ib i l i ty  

Evaluation of prospective investments in  energy conserving measures in- 

volves two considerations: The r a t e  of return on investment (ROI) and the  

a v a i l a b i l i t y  of cap i t a l  f o r  investment. Because net  income is a measure of 

ef f ic iency of use of inputs,  an energy conservation measure must be evaluqhqd 

i n  terms of i t s  impact on net income. A n  ROI evaluation is the  devise to do 

t ha t .  The r a t e  of return is important not only for  determininq whether the  

investment is of ne t  benef i t ,  but a lso  for  establishing p r i o r i t i e s  gind select-  

ing  the  energy conservation measures t o  be pursued within a limited cap i t a l  

budget. 

An ROI of 15 percent has been widely accepted by industry for  use as a 

minimum or hurdle r a t e  f o r  project  evaluation. However, many companies w e  

higher r a t e s ,  in  pa r t  t o  i n j e c t  a r i s k  factor .  Some firms have lowered the  

ROI  c r i t e r i o n  f o r  energy conservation projec ts  because of a perceived lower 

r i s k  fac tor  f o r  t h i s  type of project .  

In assessing cap i t a l  ava i l ab i l i ty ,  a l l  sources of funds must be consid- 

ered, i .e. funds from in ternal ly  generated cash flows, frcan borrowing, or  from 

equi ty  financings. A l l  competing uses of the funds must a lso  be assessed to 

determine a v a i l a b i l i t y  of discret ionary funds. Energy conservation measures 

can reduce c a p i t a l  requirements for  plant  capacity increases i n  some c i r c 9 -  

stances. Therefore, a comprehensive study of the  measure's impgct must be 

made. 

Energy conservation measures may a lso  contribute to greater  supply secur- 

i t y  by reducing overal l  energy requirements. This aspect 'can and should be 

introduced i n t o  the  determination of the  ROI. It can be done by e g t b a t i q g  

the  energy conservation measure's contribution to  reducing the probabil i ty a d  

cos t  of supply interruption.  

Equipment may reach i ts  maximum efficiency a t  only one l eve l  or within r) 

very narrow range of operation. For a company facing frequent changes in mar- 

k e t  demand, equipment with a narrow range fo r  e f f i c i e n t  production would like- 

l y  be inappropriate and ine f f i c i en t  even in the s t r i c t  engineering sense. And 

i n  such circumstances, energy conservation measures requir ing large cap i t a l  

ouf lays w i l l  have a d i f f i c u l t  time meeting economic f e a s i b i l i t y  c r i t e r i a .  



.. , . 
5. The Economy 

Indus t ry ' s  major concern is t h a t  energy conservation not  adversely a f f e c t  

t h e  economy by causing economic decl ine or  by l imi t i ng  fu tu re  economic growth. 

Energy plays a key r o l e  i n  t he  production process and consequently energy i n  

some form is  a necessary condition t o  maintaining production, income and em- 

ployment. This r e l a t i onsh ip  has been apparent through time in the  U.S. and 

elsewhere. The r e l a t i onsh ip  depends on the  mix of products and serv ices ,  the  

technology and t h e  s tage  a t  which inputs  en t e r  t he  manufacturing process.  

Change i n  any one of these  f a c t o r s  w i l l  a f f e c t  the  energy demanded. The' con- * 

cern is p a r t i c u l a r l y  d i r ec t ed  a t  a r t i f i c i a l  means of changing requirements o r  
. . 

usage. 

Escalat ing energy p r i c e s  and c o s t s  have been major f ac to r s  i n  t he  r i s i n g  

c o s t  of l i v i n g  a s  wel l  a s  major f a c t o r s  i n  the .  adverse Balance of Trade. 

Energy conservation may have some important cont r ibu t ions  to .make here i f  

properly framed and pursued. 

The impact of energy problems has been var iab le  on d i f f e r e n t  sec tors , ' - in -  

come c l a s se s ,  and locat ions.  This is due t o  the  uneven regula t ion  of the sev- 

e r a l  energy forms by government, regional  va r i a t i on  use of t he  energy, 

forms, t h e  d i f f e r e n t  sources of supply, e t c .  Some approaches to .  energy' con- 

se rva t ion  could concentrate t h e  burden on narrow segments of society.  . . - 
. . 

Adaptabi l i ty  and f l e x i b i l i t y  i n  t he  economy t o  ad jus t  t o  va r i a t i ons  in 

t h e  r e l a t i v e  a v a i l a b i l i t y  of d i f f e r e n t  f u e l s  is important. Some e x i s t s  now, 

but  more is  being sought both by indus t ry  and a s  a matter of publ ic  policy. 

Energy conservation measures l inked t o  a p a r t i c u l a r  energy form would there-  

f o r e  be i n  c o n f l i c t  with t h i s  goal. 

6. The Physical Environment 

Industry 'is g rea t ly  concerned t h a t  it not  be placed in unworkable and 

untenable s i t u a t i o n s  between con f l i c t i ng  government programs. Energy conser- 

va t ion  may c o n f l i c t  with environmental goals  and values. A simple example is 

t h e  con f l i c t .  t h a t  could a r i s e  between reduced l i gh t ing  l e v e l s  and OSHA stan- 

dards i n  a manufacturing p lan t .  Similar s i t u a t i o n s  pe r t a in  to other  pro- 

grams. Industry must, however, take environmental goals  as  given, e spec i a l l y  

i n  so  f a r  a s  they a r e  embodied i n  s t a tues  and regula t ions ,  



7. Social  and I n s t i t u t i o n a l  Values 

Industry 's  main concerns are:  

o The use of regula t ion  t o  achieve energy conservation; 

o The impact of energy conservation of l i f e  s t y l e s  and the u l t imte  
impact on t he  s t r u c t u r e  and growth of t he  economy, and 

o -The r e l a t i o n  of energy consevation t o  a n t i - t r u s t  regulat ion.  

The use of regula tory  mechanisms t o  achieve energy conservation must 

focus on a u n i t  such a s  a household, p l an t ,  o r  an industry.  The un i t  i n  a t -  

tempting t o  comply i n  good f a i t h  may take ac t ion  in such a way a s  t o  simply 

push the  energy qpnsumption on some other  un i t .  For individuals ,  c a r  r e n t a l  

wouEd be an example. For a company, purc"hase of mater ia l s  which have been 

processed fu r the r  is an example. If energy e f f ic iency  were the  only standard, 

o ld  equipment might be discarded f o r  newer more e f f i c i e n t  equipment without 

regard t o  cos t  o r  w ~ t h p u t  regard t o  the  energy component of the  c a p i t a l  good 

being discprded. The impact on l i f e  s t y l e s  and thereby on the economy need 

ngt be labored qver f y r t h e r .  

Anti-t;ruqt regula t ion  can cons t ra in  energy conservation e f f o r t s .  An 

example i $  where a qroup of merchants would meet t o  agree on s to re  hours. In 

addi t ion ,  information shar ing of energy conserving measures among manufactur- 

ers ,  i f  not a breach of a n t i - t r u s t  s t a t u t e s ,  i s  c l e a r l y  anti-competit ive.  



11. AN ENVIRONMENTALIST'S PERSPECTIVE 

by . 
Laurence I. Moss 

A. INTRODUCTION 

This paper is from an environmental perspect ive,  prepared by one who 

values highly (although not t o  the exclusion of a i l  o ther  va lues)  t he  protec- 

t i o n  and enchancement of environmental qua l i t y ,  preservat ion of r e l a t i v e l y  

na tura l  ecsoy stems and wise use of resources.  I den t i f i ed  and ,discussed a r e  

c r i t e r i a  deemed s u f f i c i e n t l y  important t o  be included i n  the  decision making 

exerc i se  designed t o  evaluate  and compare a number of promising 'energy canser- 

vat ion measures. A s  . a  point  of departure,  an i n i t i a l  l is t  of c r i t e r i a  provid- 

ed by Brookhaven National Laboratory a re  evaluated and p o t e n t i a l  c r i t e r i a  

weights discussed. 

Be THE INITIAL LIST OF CRITERIA 

1. Ef fec t ive  C r i t e r i a  

The i n t i t a l  l is t  of po t en t i a l  evaluat ion c r i t e r i a  ( ~ a b i e  1)  was intended 

t o  be suggestive and t o  spur discussion and revis ion.  In t h i s  s p i r i t  I' s h a l l  

comment on it and propose ce r t a in  modification. 

The l is t  begins with the question of the  e f fec t iveness  of each proposed 

energy conservation measure, i n  terms of its: 

o Po ten t i a l  reduction i n  energy demand; 

o Poten t ia l  f o r  increased e f f ic iency  i n  energy u t i l i z a t i o n ;  

o Po ten t i a l  f o r  reduction of energy dependency 

The question of cost  a r i s e s  l a t e r ,  under the  heading of s o c i a l  accept- 

a b i l i t y .  I would introduce it here,  f o r  the following reasons: Ehergy is not 

the  only scarce resource nor is it the  only resource t he  use of which involves 

s i g n i f i c a n t  adverse soc i a l  and environmental impacts. There is a po in t ,  in 

the  provis ion of the goods and serv ices  made poss ib le  by the.  use of ensrgy, 

beyond which addi t iona l  e f f o r t s  t o  conserve energy w i l l  not be in the  na t iona l  

i n t e r e s t .  That po in t  w i l l  change over time i n  response t o  changes i n  ( a )  mar- 

g ina l  suppl ies  of energy; ( b )  t h e  a v a i l a b i l i t y  of new opt ions i n  more e f f i c -  

i e n t  end-use technology; and ( c )  the  perceived environmental and s o c i a l  c o s t s  

of both supply and end-use options.  



Table 1 

INITIAL LIST OF CRITERIA 

1. Effectiveness Criteria 

. Potential reduction in energy demand 

. Potential for increased efficiency in energy utilization 

. Potential for reduction of energy dependency 

2. Environmental Criteria 

r 'Impact on public health anrl safrt -y 

T m p c t  on air quality 

Impact on water quality and, water availability 

Imppct pf solid waste generation and disposal 

Impact of land use 

. Impact on occupational health and safety 

3 ,  Social Acceptability Criteria 

. Impact on employment, industry, and costs to consumer 

. Impact on the efficient allocations of resources 

. Degree of local autonomy (decentralization) permitted 

. Impact on lifestyles and consumr choice 

4. Institutiona~/Regulatory Criteria 

. . Impact on utilities and public services 

. Amount of 'institutional change required 

. Amount of regulatory change required 

. Administrative and enforcement feasibility 

. Administrative and enforcement costs 

5. Reliability .Criteria 

. Adaptivity to changing environmental and socioeconomic conditions 

. Systems vulnerability to natural disasters or climatic changes 

. Systems vulnerability to accidental or deliberate disruption. 



Under presen t  circumstances, it should be noted, the above statement is 

more of academic i n t e r e s t  than of immediate concern. Most energy i n  t h e  U.S. 

is  pr iced  a t  w e l l  below the  cos t s  of t he  marginal suppl ies ,  t h i s  is a r e s u l t  

of a r a the r  dubious e f f o r t  t o  promote "equi ty  ." We w i l l  r e turn  t o  t h i s  ques- 

t i o n  of equi ty  a s  a value t o  be considered, bu t  the point  t o  be made here is 

t h a t  the  f a i l u r e  of users  of energy t o  see the  marginal cos t  of suppl ies  i n  

t h e  p r i ce s  they pay has caused, and continues t o  cause, a gross underinvest- 

ment i n  (marginally-priced) more e f f i c i e n t  end-use technology. Such invest-  

ment would be economic from the  standpoint of the nat ion,  but it appears un- 

economic from the  standpoint of the  user.  Thus we a re  nowhere near the po in t  

of optimum conservat'ion re fe red  t o  above, and almost a l l  of the measures now 

under se r ious  considerat ion t o  improve the  e f f ic iency  of energy use a re  eco- 

nomically , j u s t i f i e d .  

Nevertheless, t o  avoid the  stigma of advocating conservation (of e f f i c -  

iency, o r  reduction of imports) f o r  i ts  own sake, it is useful  t o  r e s t a t e  the  

e f fec t iveness  c r i t e r i a  as  follows: 

. p o t e n t i a l  f o r  reduction in the  ( l i f e - c y c l e )  cos t s  of desired ener- 

gy se rv ices .  

Indeed t h i s  c r i t e r i o n  can be thought of as  the p r inc ip l e  under which a l l  

of t he  c r i t e r i a  on the  i n i t i a l  l ist  can be organized, i f  the concept 06 "cost"  

is  broadened t o  include environmental, soc i a l ,  and na t iona l  s ecu r i t y  cos t s .  

The question of the  re la t ive ,  weights t o  use i n  assessing such cos t s  still  re-  

mains. 

2. Environmental C r i t e r i a  

The second category on the  i n i t i a l  l is t  is t h a t  fo r  environmental 

c r i t e r i a ,  but  only those concerning hea l th  and safe ty  a re  mentioned. I would 

suggest t h a t  t he  l is t  be broadened t o  include e s t h e t i c  impacts, impacts on 

r e l a t i v e l y  na tu ra l  ecosystems, and property damage. The importance of these  

( e spec i a l l y  t he  f i r s t  two) i n  the  public mind has ,  I th ink ,  been cons is ten t ly  

undervalued by many policymakers, and t h i s  has led t o  successful  grass-roots 

e f f o r t s  t o  guard aga ins t  such impacts. The movement t o  prevent s i g n i f i c a n t  

de t e r io ra t i on  of a i r  qua l i t y  i n  those regions of the  country en joy ing . r e l a -  

t i v e l y  clean a i r  is an example. 



3 .  Socia l  Acceptabi l i ty  C r i t e r i a  

The t h i r d  category, s o c i a l  a ccep tab i l i t y  c r i t e r i a ,  makes no mention 

of t h e  quest ion of equity.  I th ink  t h i s  should be addressed here ,  s ince the 

concept of equ i ty  might w e l l  be invoked t o  block the  implementation of other- 

w i s e  de s i r ab l e  energy conservation measures. The previously mentioned f a i l u r e  

t o  prove energy a t  qa rg ina l  o r  replacement cos t s  is an example. 

"Equity" is much ta lked  about but seldom defined. In the  context  of 

energy pol icy  t he re  a r e  a t  l e a s t  t h r ee  poss ib le  i n t e r p r e t a t i o n s  t o  be consid- 

ered:  

1. H e  who bene f i t s  should pay the f u l l  cos t s ;  o r  

2 Any pol icy ,  i n  t h i s  case energy pol icy,  should not widen the gap 

between the "haves" and J:hp ")~ilvc.-nn+c": or 

3. The economic s t a t u s  quo should be maintained. 

I n t e r p r e t a t i o n  # 1  is cons is ten t  with t he  organizing c r i t e r i o n  previously 

l i s t e d ,  s ince  it would encourage a more optimum balance between energy supply 

and demand. I be l ieve  t h a t  i n t e r p r e t a t i o n  #2, though it addresses i t s e l f  t o  a 

s e r ious  pol icy i s sue ,  goes too f a r  i n  requi r ing  energy pol icy t o  car ry  the 

burden of maintaining o r  narrowing the  presen t  gap i n  wealth and income. That 

burden is t o  heavy f o r  energy pol icy  alone; o ther ,  more d i r e c t  measures w i l l  

be needed. This is not t o  minimize the  problem; r a the r  it is t o  admit t h a t  

energy pol icy is  a r e l a t i v e l y  i n e f f e c t i v e  and i n e f f i c i e n t  means by which the 

condi t ion can be ameliorated, and attempts t o  do so a r e  l i k e l y  t o  so destroy 

energy pol icy t h a t  i ts  own pol icy goals  a re  unat ta inable .  

I n t e r p r e t a t i o n  #3, i f  t h i s  w e r e  the  year 1900, might be thought of as a 

po l icy  t o  maintain the  welfare of the  manufacturers of buggy whips. So s t a t -  

ed,  it sounds r i d i cu lous ,  but  the p o l i t i c a l  fo rce  behind maintaining the  s t a t -  

us quo can be formidable. Indeed, a good case can be made t h a t  t h i s  value has 

griven UPS, energy pol icy  f o r  a t  l e a s t  the  l a s t  f i v e  years .  For example, with 

a l l  t he  t a l k  about how the  increas ing  r e l i ance  on o i l  imports was jeopardizing 

the  na t iona l  s ecu r i t y ,  one might have expected a successful  i n i t i a t i v e  t o  

p r i c e  imported o i l  i n  t he  U.S. market above the  world o i l  p r i ce ,  t o  r e f l e c t  

these  add i t i ona l  s ecu r i t y  cos t s .  (This could be done with import f ee s  o r  t h e  

auct ion of a l im i t ed  amount of r i g h t s  t o  import) .  In f a c t ,  exac t ly  the re-  

verse  has occurred: through the  en t i t l ements  programs, r e f i n e r s  of (pr ice-  

con t ro l l ed )  domestic o i l  a r e  required t o  t r a n s f e r  money t o  r e f i n e r s  of import- 

ed o i l ,  s o  the  e f f e c t i v e  p r i c e  of the  imported o i l  i n  t h e  U.S. is we l l  below 

t h e  world o i l  p r i ce .  



In t e rp re t a t i on  #3 ,  it should be noted,'  is much broader than #2. In the 

example j u s t  given, many of the r e f i n e r s  h i s t o r i c a l l y  dependent on imported 

o i l  a re  on the l is t  of Fortune 500; even those t h a t  a re  not are  well above the 

proverty l i n e .  

What is p a r t i c u l a r l y  important i n  t he  context of the present discussion 

of energy conservation measures is t h a t  some of t he  most promising of them 

might well th rea ten  the  s t a t u s  quo--with respec t  t o  corporate,  income c l a s s ,  

o r  regional  interests--and thus give r i s e  t o  powerful opposition. The poten- 

t i a l  f o r  t h i s  should be evaluated and appropriate  measures t o  a i d  implementa- 

t i o n  should be developed. 

Certain of the  s o c i a l  a ccep tab i l i t y  c r i t e r i a  on the i n i t i a l  l is t  r e l a t e d  

t o  cos t  and e f f i c i e n t  a l l oca t ion  of resources; these  concerns a re  included i n  

t h e  broadened e f fec t iveness  c r i t e r i o n  previously suggested. On the question 

of l oca l  autonomy (decen t r a l i za i t on ) ,  many people would no doubt be w i l l i ng  t o  

pay some premium t o  have important energy serv ices  under t h e i r  immediate con- 

t r o l .  Furthermore, equi ty  i n t e r p r e t a t i o n  # 1  would be advanced by such sys- 

tems, s ince  when sources a re  near users ,  the  users  a re  more l i k e l y  t o  be aware 

of and more f u l l y  consider any res idua l  ex te rna l  cos t s .  This w i l l  make it 

more l i k e l y  t h a t  u se r s  w i l l  consider ex te rna l  cos t s  i n  deciding when marginal 

supply cos t s  equal t he  perceived marginal cos t s  of conservation and improved 

e f f ic iency .  User choices,  i n  other  words, a r e  l i k e l y  t o  be be t t e r  informed. 

Thus, t o  the  ex ten t  t h a t  energy conservation measures could improve energy 

e f f ic iency  t o  the point  where decentral ized sources become p rac t i ca l ,  a valu- 

ab l e  purpose would be served. 

4. Institutional/Regulatory C r i t e r i a  

To the  ex ten t  t h a t  energy conservation measures threaten t o  a f f e c t  

t h e  s t a t u s  quo of i n s t i t u t i o n a l  p r ac t i ce s  .and arrangements, t h i s  should be 

evaluted and appropriate  countermeasures taken. Cqrtainly,  no highly promis- 

i n g  energy conservation measure should be dropped .simply because it does not 

f i t  e a s i l y  within the context of ex i s t i ng  i n s t i t u t i o n s .  

The e a s i e s t  measures t o  implement w i l l  be those t h a t  e i t h e r  ( a )  do f i t  

e a s i l y  within the  s t r u c t u r e  of ex i s t i ng  i n s t i t u t i o n s  providing energy ser- 

v ices ,  o r  ( b )  bypass such i n s t i t u t i o n s  e n t i r e l y . ,  . The most d i f f i c u l t  measures 

t o  implement w i l l  be those requi r ing  s ign i f i can t  changes i n  ex i s t i ng  i n s t i t u -  

t i ons .  



Administrative and enforcement f e a s i b i l i t y  and cos t s  a r e  of enormous im-  

por tance,  though usua l ly  given $ $ t t l e  forthought.  In terms of p o t e n t i a l  ener- 

gy conservation measures, considerat ion of such f e a s i b i l i t y  and cos t s  usual ly  

i nd i ca t e s  t he  need f o r  p r i c e  and market mechanisms t o  achieve implementation. 

Conservation by regula t ion ,  though v a l i d  in c l ea r  cases of market f a i l u r e ,  can 

e a s i l y  burden govenrment r e g u l p t ~ r s  with an impossible load of information-- 

ga ther ing  and decisionmaking requirements. 

5. R e l i a b i l i t y  C r i t e r i a  

These c r i t e r i a  seep  reasonable, and, i f  there  a r e  la rge  differences 

i n  adap t iv i t y  o r  vu lne rab i l i t y  among proposed systems, these  should be evalu- 

a ted .  

C. RELATIVE WEIGHTS 

ln Selec t ing  among the energy conservation measures, each of the  workshop 

p a r t i c i p a n t s  w i l l  (most l i k e l y  implec i t ly  r a the r  than e x p l i c i t l y )  apply h i s  o r  

her  weights t o  these  and o ther  c r i t e r i a .  There is nothing wrong with t h i s  

process ,  but it does r a i s e  the  quqstion of whether a  group of d i f f e r e n t  indi-  

v idua ls ,  o r  soc i e ty  a t  l a rge ,  would produce the  same or  a  d i f f e r e n t  r e s u l t .  

Over the  longer term, it would seem useful ,  f o r  those responsible  f o r  

t h i s  and other  technology assessments where eva lua t ing  impacts is c e n t r a l  to 

the  process,  t o  develop a  "data bank" of quan t i t a t i ve  evaluat ion.  One ap- 

proach would be t o  examine ce r t a in  important na t iona l  decis ions and po l i c i e s ,  

each e s t ab l i shed  a f te r  extsnsj~rrt  end thorough ddababo, and deduce PLOICI the es- 

t imated cos t s  of implementation what soc ie ty  seems ( a t  l e a s t  f o r  the time 

being)  t o  be w i l l i ng  t o  pay t o  reduce ce r t a in  adverse impacts o r  t o  promote 

des i red  r e s u l t s .  Most such decis ions a r e  made under uncertainty,  and t h i s  

could be car r ied .  through %he ana lys i s  using p r o b a b i l i s t i c  techniques. Laws 

and regula t ions  dea l ing  ~ 4 t h  land use, a i r  and water po l lu t ion ,  occupational 

hea l th  and sa fe ty ,  a i r  t r a f f i c  sa fe ty ,  highway safe ty ,  and rad ia t ion  protec- 

t i o n  a r e  examples of those which might be so examined. 

One would not expect a  cons is ten t  pa t t e rn  t o  emerge from such an evalua- 

t i on .  It might be, fo r  example, t h a t  soc ie ty  seems wi l l i ng  t o  spend much more 

t o  a v e r t  a  premature death from rqdia t ion  a r i s i n g  from the  nuclear power in- 

dus t ry  than from rad i a t i on  a r i s i n g  from medical appl ica t ions ,  o r  death from 



emphysema arising from pollutants emitted from a coal powerplant. Most of us, 

I suspect, if required to choose for ourselves, would be hard-pressed to state 

a clear preference. But any such lack of consistency, if well documented, 

might encourage decisionmakers to reflect upon the implications of their 

decisions and thus produce more consistent future actions. From the stand- 

point of the technology assessment, the full range of valuations can also be 

treated in a probabilistic manner. 

This approach, with all of its obvious shortcomings, may be the best we 

have in evaluating and rendering commensurable the intangible impacts. 
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NAME 

PEASURE OF UNCERTAINTY 

Examine t h e  d e f i n i t i o n s  of t h e  c r i t e r i a .  Assign t o  each  c r i t e r i o n  a number 

from 0 t o  10,  which r e f l e c t s  both the  s t a t e  of t h e  a r t  of p r e d i c t i o n  i n  t h a t  

a r e a  and your pe r sona l  knowledge of t h a t  a r e a .  I n  o t h e r  words, make an e s t i m a t e  

of t h e  gene ra l  q u a l i t y  of t h e  c r i t e r i o n  impact l e v e l s  you have j u s t  s ca l ed .  I f  

you t h i n k  t h a t  t h e r e  is l i m i t e d  a b i l i t y  t o  p r e d i c t  an impact,  t hen  you have 

l i m i t e d  confidence i n  your impact e s t ima te ;  i f  you b e l i e v e  t h a t  p r e d i c t i o n s  may 

b e  f a i r l y  good bu t  your knowledge of t h e  technology and its p o t e n t i a l  impacts  i s  

l i m i t e d ,  then you a l s o  would have l i m i t e d  confidence i n  your  e s t ima te ;  e t c .  

A 0.0 l e v e l  of co'nfidence i n d i c a t e s  e i t h e r  t h a t  i t  is imposs ib le  t o  p r e d i c t  

anything o r  t h a t  you have ze ro  knowledge. (We hope you don ' t  t h i n k  you have zero  

knowledge a f t e r  reading  t h e  technology assessments .)  A 10.0 l e v e l  of conf idence  

is  equ iva len t  t o  t h e  b e s t  t h a t  can  reasonably be  expected. We d e f i n e  t h i s  l e v e l  

t o  be t h a t  of a h igh-qual i ry  engineer ing  c o s t  e s t ima te  a s  understood by t h e  

-engineer  who made t h a t  e s t ima te .  

Uncer ta in ty  l e - r e l s  should r e f l e c t  r a t i o s  of  r e l a t i v e  c u ~ ~ f i d e n c e ;  a l e v e l  o f  

5 ,  f o r  example, should be h a l f  a s  conf ident  a s  10.0 and 5 t imes  a s  conf ident  as 

CRITERION 

I. D e s i r a b i l i t y  

D i rec t  Employment 

Independence from Imported O i l  

Energy Savi.ngs 1985 

Energy Savings 2000 

Econonic Equi ty  

P roduc t iv i ty  

P u b l i c  Health and Safe ty  

Occupational  f iea l th  and Sa fe ty  

I. Ecosystem Heal th  and Sa fe ty  

J. S o c i a l  Equity 

K. 

11. F e a s i b i l i t y  

A. Economic 

B. Institutional/Regulatory 

C .  S o c i a l  Accep tab i l i t y  

3. Technica l  

E. 

UNCERTAISTY 



NAME 

CRITERION WEIGHTING 

I. D e s i r a b i l i t y  

Examine t h e  d e f i n i t i o n s  and ranges of the  d e s i r a b i l i t y  c r i t e r i a .  I n  t h e  

space below a l l o c a t e  r e l a t i v e  importance "points"  t o  each c r i t e r i o n ,  where a 

h ighe r  number'means you c a r e  more about t h a t  c r i t e r i o n ,  i n  such a manner t h a t  t h e  

t o t a l  number of "points"  over  a l l  d e s i r a b i l i t y  c r i t e r i a  is equa l  t o  100. A weight 

o f . 4 0  f o r  one c r i t e r i o n  and 20 f o r  another  should mean t h a t  a u n i t  of  t h e  f i r s t  

c r i t e r i o n  i s  twice a s  important  a s  a  u n i t  of t h e  second. A weight  of 0 would mean 

you don ' t  c a r e  a t  a l l  about t h a t  c r i t e r i o n ,  and every o t h e r  c r i t e r i o n  i s  i n f i n i t e l y  

nore  important .  

When you have completed pre l iminary  a l l o c a t i o n ,  examine t h e  r a t i o s  among 

d i f f , e r en t  c r i t e r i a .  Adjust t h e  a l l o c a t i o n  a s  necessary  t o  p re se rve  both  t h e  

des i r ed  r a t i o  and t h e  t o t a l  of 100 po in t s .  

CRITERION 

Di rec t  Employlcent 

Independence from Imported O i l  

Energy Savings (1985) 

Energy Savings (2000) 

Economic Equi ty  

P r o d u c t i v i t y  

P u b l i c  Health and Sa fe ty  

Occupational  Health and Sa fe ty  

Ecosystem Health and Sa fe ty  

S o c i a l  Equity 

RELATIVE IbPORTANCE 

of p o i n t s  must 

equa l  100. A r e  

t h e  p o i n t  r a t i o s  

c o r r e c t ?  



NAME 

CRITERION WEIGHTIXG 

11. F e a s i b i l i t y  

Examine the  d e f i n i t i o n s  and ranges of the  f e a s i b i l i t y  c r i t e r i a .  A s  before ,  

a l l o c a t e  100 po in t s  i n  proportion t o  the r e l a t i v e  importance of each cri . terion.- ,  

CRITERION 

A. Economic 

B. ~nstitutional/~e~ulator~ 

C. Soc ia l  Acceptabi l i ty  

D. Technical  

E. 

RELATIVE IMPORTAhTCE 

The t o t a l  number of 

points  must equal  100. 

Are t h e  point  r a t i o s  

correct?  

111. D e s i r a b i l i t y  vs. F e a s i b i l i t y  

Again using 100 po tn r s ,  what i s  the r e l a t i v e  importance o f  d e s i r a b i l i t y  t o  

f e a s i b i l i t y ?  

RK1,ATTVF: TWf3RTBNCF: ..... 

The t o t a l  number of 

A. D e s i r a b i l i t y  

B. F e a s i b i l i t y  

1 poin t s  must equal  100. I 
Are the  point  r a t i o s  

co r rec t?  



NAME 

. . 
SCALING 

Examine the  d i s t r i b u t i o n  of impacts f o r  each c r i t e r i o n .  Next c a r e f u l l y  . , 

examine the  scores  assigned t o  each impact on t h e  accompanying sca le .  If 

you wish t o  change any of the values,  place your new number i n  the space . 

provided. For the d e s i r a b i l i t y  c r i t e r i a  0 means no impact and a  p o s i t i v e  
' 

or nqgative number r e f l e c t s  pos i t ive  or  negat ive  impact, r e spec t ive ly .  For. 

the  f e a s i b i l i t y  c r i t e r i a ,  0 means not f e a s i b l e  and a higher  number means 

more feas ib le .  



NAME 

SCALING 

-10 to + 10, 0 = no impact 

DESIRABILITY CRITERION: 

Conservation measure Score 

-10 0 +10 

1. Heat pumps l l j l i l l l l l l .  

2. New appliance performance standards I I I I I I I I I  
. . 

. . 
3. New building performance standards 

8. Wastzs as fuel to cement kilns I I I ~ I ! !  ~ t f  

4. Residential and commercial retrofit 

9. Coal fired aluminum remelt 

10. Cog&ueratLorl 

11. Waste product utilization 

12. Pulp and paper 

13. Cupola Furnace 

I I 1  I  

14. Smaller cars 

15. Vehicle design change 

16. Diesel engines 

17. Car and. van pooling 

I I I I ,  

I I I I  

1 1 1 1  

1 1 1 1 .  

5. District heating 

6. Integreted community energy systems 1 1 1 1  

7. Plodifying land use configurations 

t I 1  
I ! I  

I I  

l - l I l 1  
I  I  

I I I I  
I i I I  

I l l 1  
I  I I i 

1 1 1 1  

I " "  

I I ' I  
I  . I  I  I  

19. Utility 'rates reform 1 1 = 1 1 1 1 1 ~ 1  I  

I  I 
20. I I i 1  

1 1 1 1  I I I  

I l l 1  

I l l 1  
I i I 

I  I  I I 
I  I I I  

I I I I ,  
I I  I 

18. Transportation mode shift 

.Revised Score 

I I I  I I  I I I 

l . I I ~ I I I I I ,  
I ' l l 1  

1 . 1  I I 



SCALING 

.O t o  10 ,  0 = not  f e a s i b l e  

Conservation measure, 
i 

FEASIBILITY CRITERION: 

1. Heat p u p s  

2 .  Sew appl iance  p e r f o m n c e  , s tandards  

3 .  Yew bu i ld ing  perf  o m a n c e  s t anda rds  

:. 4.  ~ e s i d e n t i a l '  and c o ~ ~ ~ c r c i a l  r e t r o f i t  

' 5. D i s t r i c t  h e a t i n g  

'' 6. In t eg ra t ed  community energy sgstoms 

7 .  X ~ d i f y i n g  l and  use c ~ n f i g u r a t i o n s  

8. Mastes a s  . f u e l  t o  cenen t  k i l n s  

9 .  Coal f i r e d . a l u m i n m  reme l t  

10. Cogeneration 

11. Waste product u t i l i z a t i o n  

12. Pulp and paper 

" 13. Cupola Furnace 

14. Smaller  c a r s  

li. Vehicle des ign  change 

. 6 Diese l  engines  ' 

, , 17. c a r  and van pooling 

, 18. Transpor ta t ion  mode si- i i f t  
t 

19. U t i l i t y  r a t e s  r e f o m  

Score Revised Score 

0 10  
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