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IMPROVING ENERGY E F F IC IE N C Y  BY FEDERAL REGULATIONB a r r y  KymanP rogram  in  S o c i a l  M anagem ent o f  T e c h n o lo g y  U n i v e r s i t y  o f  W a sh in g to n  S e a t t l e ,  W a sh in gton
B u rn s E . H e g le rD e p a rtm e n t o f  E n g in e e r in g  M anagem ent U n i v e r s i t y  o f  M i s s o u r i - R o l l a  R o l l a ,  M is s o u r i

A b s t r a c tT h is  p a p e r e x a m in e s th e  sco p e  and n a t u r e  o f  f e d e r a l  a c t i v i t i e s  d e v o te d  to  im p ro v in g  th e  e f f i c i e n c y  o f  e n e r g y  u t i l i z a t i o n  i n  b u i l d i n g s ,  consum er p r o d u c t s ,  m o to r v e h i c l e s ,  and i n d u s t r i a l  p r o c e s s e s  and e q u ip m e n t. S e v e r a l  fo rm s o f  r e g u l a t i o n  a r e  i d e n t i f i e d  and t h e i r  c h a r a c t e r i s t i c s  a r e  e x p lo r e d . I t  i s  p o s t u la t e d  t h a t  c o n s is t e n c y  o f  an o v e r a l l  p o l i c y  o f  e n e r g y  e f f i c i e n c y  r e g u l a t i o n  c a n  be a s c e r t a in e d  from  th e  e x a m in a t io n  o f  a  r e g u la t o r y  p o l i c y  m a t r ix .
1 . INTRODUCTIONThe i n c r e a s i n g  a w a re n e ss  over th e  p a s t  s e v e r a l  y e a r s  o f  t h e  im p o r ta n c e  o f  e n e r g y  c o n s e r v a t io n  a s  a n  e le m e n t o f  a co m p re h e n s iv e  n a t i o n a l  e n e r g y  pol i c y  h a s  le d  to  th e  e s t a b lis h m e n t  by th e  f e d e r a l  govern m en t o f  an e x t e n s iv e  s e t  o f  r e g u l a t i o n s  w h ich  e s t a b l i s h  e n e r g y  e f f i c i e n c y  r e q u ir e m e n ts  on  a v a r i e t y  o f  p r o d u c t s , s y s t e m s , and p r o c e s s e s .  T h e se  new f e d e r a l  p rogram s r e p r e s e n t  a s u b s t a n t i a l  fe d e r a l  in v o lv e m e n t i n  an a s p e c t  o f  p r o d u c t , s y s t e m , and p r o c e s s  d e s ig n  w h ich  has t r a d i t i o n a l l y  b een  d e v o id  o f  g o v e r n m e n ta l r e g u l a t i o n .  In  t h i s  p a p e r we w i l l  a n a ly z e  th o s e  f e d e r a l  e n e r g y  e f f i c i e n c y  r e g u la t o r y  p rogram s f o r  th e  p u r p o s e s  o f  u n d e r s t a n d in g  th e  i n t e n t ,  fo r m , an d  s c o p e  o f  th e  r e g u l a t i o n s  and d e t e r m in in g  w h e th e r th e y  c o m p r is e  a c o n s i s t e n t  s e t  o f  p ro g ra m s.

2 .  THE REGULATORY AGENCIESE a c h  o f  th e  e n e r g y  e f f i c i e n c y  r e g u l a t o r y  p ro gram s to  be exam in ed  in  t h i s  p ap er i s  a d m in is t e r e d  by one o f  th e  r e g u la t o r y  a g e n c i e s  o f  th e  f e d e r a l  g o v e r n m e n t . Some g e n e r a l  b a ck g ro u n d  in fo r m a t io n  on th e  n a t u r e  o f  t h e s e  a g e n c i e s  and th e  r e g u la t o r y  p r o c e s s  i s  p r o v id e d  i n  t h i s  s e c t i o n .C o n v e n t io n a l  a n a l y s i s  o f  th e  s t r u c t u r e  o f  o u r form  o f  f e d e r a l  go vern m en t d e a ls  w it h  t h e  t h r e e  b r a n c h e s :  th e  e x e c u t i v e , th e  l e g i s l a t i v e , and th e  j u d i c i a l  . H ow ever, t h e r e  a r e  some who a r g u e  t h a t  th e  r e g u la t o r y  a g e n c ie s  c o n s t i t u t e  a f o u r t h  b r a n c h  o f  g o v e rn m e n t. The r e g u l a t i o n s  is s u e d  by t h e s e  a g e n c i e s  a f f e c t  w hat we e a t  and d r i n k ,  th e  c l o t h e s  we w e a r , th e  c a r s  we d r i v e ,  and th e  f u e l  we b u r n . The s i z e  o f  t h i s  s o - c a l l e d  fo u r t h  b r a n c h  o f  th e  g o v e r n m ent ca n  be a p p r e c ia t e d  by c o n s id e r in g  t h a t  t h e r e
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a r e  a b o u t 1 0 0 ,0 0 0  p e o p le  who a r e  em ployed w it h in  th e  50 d i f f e r e n t  f e d e r a l  r e g u la t o r y  a g e n c ie s .  J u s t  th e  b a s ic  r u le s  o f  f e d e r a l  r e g u l a t i o n s  would f i l l  a b o o k  w it h  6 0 ,0 0 0  p a g e s  and o cc u p y  a s h e l f  15 f e e t  lo n g ! T h is  y e a r  th e  f e d e r a l  governm en t w i l l  sp en d  3 .5  b i l l i o n  d o l l a r s  f o r  r e g u la t o r y  p ro g ra m s, a 21 p e r c e n t  in c r e a s e  o v er l a s t  y e a r  ( 1 ) .T h e se  r e g u la t o r y  b o d ie s  p r o m u lg a te  r u l e s  and r e g u l a t i o n s ,  a d m in is t e r  t h e s e  r u l e s ,  and o f t e n  e n fo r c e  them in  a q u a s i - j u d i c i a l  m an n er. The s o u rc e  o f  a u t h o r i t y  f o r  t h e s e  r e g u la t o r y  b o d ie s  i s  th e  C on g r e s s  w hich c r e a t e d  t h e  a g e n c ie s  t o  assum e r e g u l a t o r y  r e s p o n s i b i l i t y  f o r  c e r t a i n  b ro a d  a r e a s  o f  a c t i v i t y .  In  a d d i t i o n ,  C o n g r e s s  e n a c t s  law s w h ich  d i r e c t  th e  e x i s t i n g  a g e n c ie s  to  r e g u l a t e  s p e c i f i c  a c t i v i t i e s .T h e s e  r e g u la t o r y  a g e n c ie s  h a v e  l i m i t e d  pow er. The r e g u la t i o n s  th e y  p ro m u lg a te  may b e o v e r r u le d  b y  a j u d i c i a l  c o u r t ,  o r  C o n g e ss  c a n  amend th e  law w h ich  i n i t i a l l y  p r o v id e d  th e  r e g u la t o r y  a u t h o r i t y .  Cong r e s s  a ls o  c o n t r o ls  t h e s e  a g e n c ie s  on a c o n tin u o u s  b a s i s  by e x e r c i s i n g  i t s  o v e r s ig h t  r e s p o n s i b i l i t y  and by a p p r o p r ia t in g  fu n d s  f o r  th e  o p e r a t io n  o f  th e  a g e n c y . The P r e s id e n t  e x e r t s  c o n t r o l  by a p p o in t in g  th e  a g e n c y  c h i e f s  s u b je c t  to  c o n f ir m a t io n  by th e  S e n a t e .T h e re  a re  two ty p e s  o f  r e g u la t o r y  a g e n c i e s :  1) th o s e  whose c h i e f  a d m in is t r a t o r  s e r v e s  a t  th e  p le a s u r e  o f  th e  P r e s id e n t  and 2) th o s e  s o - c a l l e d  " in d e p e n d e n t"  r e g u la t o r y  a g e n c ie s  a d m in is te r e d  by a m ulti-m em b er co m m issio n  w hose members a r e  a p p o in te d  f o r  s t a g g e r e d  term s o f  f i x e d  d u r a t io n . U s u a l l y  t h e r e  i s  a r e q u ir e m e n t f o r  a  b a la n c e  o f  p o l i t i c a l  a f f i l i a t i o n  among th e  co m m issio n  m em bers. The f i r s t  grou p  in c lu d e s  a g e n c ie s  s u c h  a s  th e  F e d e r a l  A v i a t io n  A d m in i s t r a t i o n , t h e  Food and D rug A d m in is t r a t io n , th e  F e d e r a l  E n e rg y  A d m in is t r a t io n  (now p a r t  o f  th e  new D ep artm e n t o f  E n e r g y ) ,  and th e  O c c u p a t io n a l  S a f e t y  and H e a lt h  A d m in is t r a t io n . The l a t t e r  gro u p  in c lu d e s  th e  S e c u r i t i e s  and E xch an ge C o m m issio n , t h e  F e d e r a l  T ra d e  C o m m issio n , th e  I n t e r s t a t e  Commerce C o m m issio n , and th e  F e d e r a l  Power C o m m ission  ( r e c e n t l y  r e p la c e d  by th e  new F e d e r a l E n e r g y  R e g u la t o r y  C o m m iss io n .)

3 . ORIGINS OF ENERGY E FFIC IE N C Y  REGULATIONSP r io r  to  1974, t h e  f e d e r a l  in v o lv e m e n t i n  e n e rg y  e f f i c i e n c y  was c o n fin e d  to  two r e g u l a t i o n s .  By f a r  th e  b e s t  known was th e  F e d e r a l  H o u sin g  A d m in is t r a t i o n ’ s i n s u l a t i o n  s ta n d a r d s  f o r  h o u se s  c o v e re d  by FHA m o rtg a g e  in s u r a n c e .*  The o th e r  r e g u la t i o n  was is s u e d  in  1969 b y  th e  F e d e r a l  T rad e Com m ission and r e q u ir e d  t h a t  l i g h t  b u lb  p a c k a g e s  d i s c l o s e  th e  amount o f  lum ens p rod u ced  a s  w e ll  a s  th e  w a tta g e  ( th e  lu m e n s/ w a tts  r a t i o  i s  a n  a p p r o p r ia t e  m easure o f  th e  e n e rg y  e f f i c i e n c y  o f  th e  b u lb )  ( 3 ) .In  l a t e  1973 and e a r ly  1974, a d d i t i o n a l  f e d e r a l  r e g u la t i o n s  in  t h e  name o f  e n e r g y  e f f i c i e n c y  w ere a d o p ted  a s  th e  r e s u l t  o f  th e  p a s s a g e  o f  th e  Em erg e n c y  D a y lig h t  S a v in g  Tim e E n e rg y  C o n s e r v a t io n  A c t o f  1973 ( P .L .  9 3-182) and t h e  Em ergency Highw ay E n e rg y  C o n s e r v a t io n  A c t  ( P .L .  9 3 -3 2 9 ) . The fo rm er in c r e a s e d  th e  number o f  d a y s  p er v e a r  t h a t  D a y l i g h t  S a v in g s  Tim e was o p e r a t iv e  w h ile  t h e  l a t t e r  e s t a b l i s h e d  th e  55 m .p .h .  sp eed  l i m i t .B e g in n in g  in  197 5, th e  e x t e n t  o f  f e d e r a l  r e g u la t i o n  o f  e n e rg y  e f f i c i e n c y  in c r e a s e d  e n o r m o u s ly . In  D e c . 1975, th e  E n e rg y  P o l i c y  and C o n s e r v a t io n  A c t (EPCA , P . L .  94-163) was e n a c t e d . EPCA , t h e  f i r s t  o f  s e v e r a l  co m p re h e n siv e  e n e rg y  la w s , e s t a b l i s h e d  program s f o r  im p ro vin g  e n e r g y  e f f i c i e n c y  o f  a u t o m o b ile s , h o u se h o ld  a p p l i a n c e s ,  i n d u s t r i a l  p r o c e s s e s ,  and fo r  e n c o u r a g in g  s t a t e  g o v ern m en ts to  a c c e l e r a t e  t h e i r  own e n e rg y  e f f i c i e n c y  e f f o r t s .In  1976, th e  E n e rg y  C o n s e r v a t io n  and P r o d u c t io n  A c t (ECPA , P .L .  9 4 -3 8 5 ) e x te n d e d  s e v e r a l  o f  th e s e  p r o gram s and e s t a b l i s h e d  a  f e d e r a l  e f f o r t  aim ed a t  im p ro v in g  th e  e n e r g y  e f f i c i e n c y  o f  new b u i l d i n g s .P r e s id e n t  C a r t e r ’ s N a t io n a l  E n e rg y  P la n  e x te n d s  and m o d if ie s  th e  e f f o r t s  e s t a b l i s h e d  u n d er EPCA and ECPA. H ow ever, a s  o f t h i s  w r i t i n g ,  th e  f i n a l  form  o f  t h a t  l e g i s l a t i o n  i s  s t i l l  in  d o u b t .4 . FORMS OF ENERGY E F F IC IE N C Y  REGULATIONThe e n e rg y  co n su m p tio n  a s s o c i a t e d  w it h  an y  p a r t i c u l a r  a c t i v i t y  c a n  be c o n s id e r e d  to  b e  e q u a l to  t h e
* O r i g i n a l l y  p ro m u lg a te d  in  a c c o r d a n c e  w it h  th e  N a t io n a l  H o u sin g  A c t ,  th e  s ta n d a r d s  h ave s in c e  b een  s tr e n g t h e n e d  s e v e r a l  t im e s  ( 2 ) .
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e n e r g y  consum ed per u n i t  o f  the a c t i v i t y  m u l t i p l ie d  c e s s e s  by e n c o u r a g in g  o r m a n d a tin g  d e s ig n  ch a n g e s  by th e  e x t e n t  o f  th e  a c t i v i t y :  in  t h o s e  p r o d u c t s , s y s te m s , and p r o c e s s e s ._  „  . . e n e r g y  consumed p er „  e x t e n t  o fE n erg y  C onsum ption= . c  . .  X , ,u n it  o f  a c t i v i t y  a c t i v i t yT h e re  a r e  o b v io u s ly  many a l t e r n a t i v e  ways to  s p e c i f y  th e  a p p r o p r ia t e  " u n i t  o f  a c t i v i t y , "  d e p e n d in g  on th e  p u r p o se  o f  th e  a n a l y s i s .  F o r e x a m p le , th e  e n e r g y  consum ed fo r  s p a ce  h e a t in g  o f  r e s id e n c e s  may be r e p r e s e n te d  a s  th e  e n e rg y  consumed f o r  s p a c e  h e a t in g  p er r e s id e n c e  m u lt i p l ie d  by th e  numb e r  o f r e s id e n c e s .  The e n e r g y  co n su m p tio n  f o r  p r o d u c t io n  o f  s t e e l  m ig h t be w r i t t e n  a s  the e n e r g y  co n su m p tio n  p e r  to n  o f  s t e e l  prod uced  tim e s  t h e  number o f  to n s  p ro d u ce d . As a n o th e r  e x a m p le , th e a n n u a l g a s o l i n e  co n su m p tio n  o f an a u to m o b ile  can  b e  r e p r e s e n te d  as t h e  g a s o l i n e  co n su m p tio n  p e r  m i le  m u l t i p l i e d  by th e  number o f  m i le s  d r iv e n  a n n u a l ly .I f  we d e f i n e  th e  e n e r g y  e f f i c i e n c y  o f  a g iv e n  a c t i v i t y  a s  th e  in v e r s e  o f  th e  e n e r g y  consumed p er u n i t  o f  a c t i v i t y ,  we can  w r it e  t h a te n e r g y  co n su m p tio n  e x t e n t  o f  th e  a c t i v i t ya s s o c ia t e d  w ith  an  = e n e rg y  e f f i c i e n c y  o f  th e  a c t i v i t y  a c t i v i t yT h is  a rra n g e m e n t i l l u s t r a t e s  t h a t  c o n s e r v a t io n  m e a su re s  can  fo c u s  e i t h e r  on r e d u c in g  th e e x t e n t  o f  an a c t i v i t y  or on in c r e a s in g  th e  e n e rg y  e f f i -  ie n c y  o f  th e  a c t i v i t y .  P r o p o s a ls  s u ch  a s  g a s o l i n e  r a t i o n i n g ,  i n c r e a s i n g  t h e  g a s o l in e  t a x ,  and s u b s i d iz in g  m ass t r a n s i t  a r e  aimed p r i m a r i ly  a t  r e d u c in g  t h e  e x t e n t  o f  a u to m o b ile  u s a g e , w h ile  a  " g a s  p u z z le r "  t a x  i s  aim ed p r i m a r i l y  a t  im p ro v in g  th e  e n e rg y  e f f i c i e n c y  o f  th e  t y p i c a l  a u t o m o b ile . I t  lia s  r e c e n t l y  been shown t h a t  fo c u s in g  on im p rovin g  e n e r g y  e f f i c i e n c y  i s  c o n s id e r a b ly  more e f f e c t i v e  i n  s a v in g  e n e r g y  th a n  fo c u s in g  on r e d u c in g  th e  e x t e n t  o f  th e  a c t i v i t y ( 4 ) .  In  t h e  re m a in d e r o f  t h i s  p a p e r we w i l l  fo c u s  o n ly  on r e g u la t i o n s  e x p l i c i t l y  aim ed a t  im p ro v in g  e n e rg y  e f f i c i e n c y .4 .1  DIRECT REGULATIONWe in t r o d u c e  th e  term  d i r e c t  r e g u la t i o n  o f  e n e r g y  e f f i c i e n c y  t o  mean t h o s e  r e g u la t i o n s  t h a t  a r e  e x p l i c i t l y  aim ed a t  im p ro v in g  th e  e n e r g y  e f f i c i e n c y  o f  s p e c i f i c  c l a s s e s  o f  p r o d u c t s , s y s te m s , and p r o -

A good exam ple o f  d i r e c t  r e g u la t i o n  i s  th e  a u t o m o b ile  f u e l  economy s t a n d a r d s . The la w  e x p l i c i t l y  e s t a b l i s h e s  p e rfo rm a n c e  t a r g e t s  f o r  new a u to m o b ile s  t h a t  m a n u fa c tu r e r s  m ust m e e t . In  a d d i t i o n ,  EPCA r e q u ir e s  t h a t  s p e c i f i c  r u le s  d e f i n in g  m easu rem en t, c a l c u l a t i o n s ,  and d i s c lo s u r e s  o f  f u e l  economy l e v e l s  a r e  to  be p ro m u lg a te d  by th e  E n v ir o n m e n ta l P r o t e c t i o n  A g e n c y , w h ile  f u e l  economy l e v e l s  f o r  1981-84 a r e  to  be e s t a b l i s h e d  by r e g u la t i o n s  i s su ed  by th e  S e c r e t a r y  o f  T r a n s p o r t a t io n .A n o th e r  exa m p le  o f d i r e c t  r e g u la t i o n  i s  th e  i s s u a n c e  (p u r su a n t to  EPCA) o f  a t a r g e t  f o r  an im p ro ve m ent by 1980 i n  th e  e n e r g y  e f f i c i e n c y  o f  h o u se h o ld  fu r n a c e  equip m en t ( 5 ) .4 .2  INDIRECT REGULATIONSI n d i r e c t  r e g u la t i o n s  a r e  d e f in e d  a s  r e g u la t i o n s  aim ed a t  e n c o u r a g in g  o r m a n d a tin g  im provem ents i n  e n e r g y  e f f i c i e n c y  b u t w h ich  do n o t s a t i s f y  th e  d e f i n i t i o n  o f  d i r e c t  r e g u l a t i o n .An exam ple o f  i n d i r e c t  r e g u la t i o n  i s  th e  55 m .p .h .  sp eed  l i m i t  e s t a b l i s h e d  by P .L .  9 3 -2 3 9 . As i s  w e l l  know n, th e  sp eed  l i m i t  h a s  n o t b een  t o t a l l y  e f f e c t i v e  s in c e  i t  has n o t  b een  w e ll  a c c e p te d  by th e  g e n e r a l  p u b l i c  and h a s  n o t  been r i g i d l y  e n fo r c e d  by t h e  s t a t e s ;  h o w e v e r, i t  h a s  re d u ce d  th e  a v e r a g e  sp eed  and t h u s  has a c h ie v e d  s i g n i f i c a n t  e n e r g y  s a v i n g s .  A lth o u g h  th e  r e g u la t i o n  was e x p l i c i t l y  d e s ig n e d  to  t a k e  a d v a n ta g e  o f  th e  im proved e n e r g y  e f f i c i e n c y  o f  a u to m o b ile s  a t  th e  re d u c e d  s p e e d , i t  f i t s  o u r d e f i n i t i o n  o f  an  i n d i r e c t  r e g u la t i o n  b e c a u s e  i t  i s  n o t  e x p l i c i t l y  aim ed a t  c h a n g in g  th e  d e s ig n  o f  a u t o m o b ile s .A n o th e r  exam p le o f  i n d i r e c t  r e g u l a t i o n  o f  e n e r g y  e f f i c i e n c y  w ould be a p r o p o s a l to  r e g u la t e  th erm o s t a t  s e t t i n g s  in  b u i l d in g  h e a t in g  s y s te m s . F o r  a g iv e n  b u i l d i n g  and o u td o o r  t e m p e r a tu r e , a lo w e r th e r m o s ta t  s e t t i n g  w ould re d u c e  th e  r a t e  o f  h e a t  l o s s  and t h u s  in c r e a s e  th e  e n e r g y  e f f i c i e n c y  o f  th e  s t r u c t u r e .  H ow ever, t h i s  im proved e n e r g y  e f f i c i e n c y  i s  a c c o m p lis h e d  w ith o u t e x p l i c i t l y  a f f e c t in g  th e  d e s ig n  o f  th e  b u i l d in g  o r  t h e  h e a t in g  s y s -369



tern used in  th e  b u i l d in g .4 .3  COMPARISONS BETWEEN DIRECT AND INDIRECT REGULATIONSI t  may be a rg u e d  th a t  d i r e c t  r e g u la t i o n s  a r e  more e f f e c t i v e  b e c a u se  th e y  o p e r a te  on th e  problem  a t  t h e  s o u rc e  r a t h e r  th a n  a t  t h e  p o in t  o f  u s e . U s in g  th e  exam p les d e s c r ib e d  in  t h e  two p r e c e d in g  s u b s e c t i o n s ,  i t  i s  c le a r  t h a t  a d m in is t r a t io n  and e n fo rce m e n t o f  d i r e c t  r e g u la t i o n s  a r e  s im p le r  b e c a u s e  i t  i s  much e a s ie r  to  d e a l  w it h  a s m a ll numb e r  o f a u to m o b ile  and fu r n a c e  equip m en t m a n u fa c tu r e r s  th a n  w it h  th e  m i l l i o n s  o f c a r  and home ow ners who w i l l  be c o n t r o l l e d  by t h e  a d o p tio n  o f  one o f t h e s e  i n d i r e c t  form s o f  r e g u l a t i o n .F u r t h e r , s in c e  d i r e c t  r e g u la t i o n s  o f  en ergy  e f f i c ie n c y  c o n c e n t r a t e  on th e  d e s ig n  and m a n u fa c tu r e  o f equip m en t r a t h e r  th a n  on t h e  manner in  w hich th e  equipm ent i s  u t i l i z e d ,  th e y  a r e  more l i k e l y  to  sp u r t e c h n o l o g ic a l  c h a n g e s  in  th e  r e g u la t e d  in d u s t r i e s  th a n  i n d i r e c t  r e g u l a t i o n s .A more d e t a i l e d  e x a m in a tio n  o f d i r e c t  r e g u la t i o n s  i s  p ro v id e d  in  th e  f o l lo w i n g  s e c t i o n s .5 . CHARACTERISTICS OF DIRECT REGULATIONF o r p u rp o ses o f  p o l i c y  a n a l y s i s ,  i t  i s  u s e f u l  to  t r y  to  i d e n t i f y  th e  im p o r ta n t  c h a r a c t e r i s t i c s  o f  d i r e c t  r e g u l a t i o n .  In  t h i s  s e c t i o n ,  th r e e  in d e p en d en t c h a r a c t e r i s t i c s  a r e  d e f in e d  and b r i e f l y  d is c u s s e d .5 .1  STRENGTHThe s tr e n g t h  o f  a r e g u l a t i o n  can  be d e fin e d  a s  th e  e x t e n t  to  w h ich  e n g in e e r in g  d e s ig n  d e c is io n s  a r e  d ic t a t e d  by th e  r e g u l a t i o n .  " S t r o n g "  r e g u la t i o n s  c o n s is t  o f  s p e c i f i c  g o v e rn m e n ta l r u le s  a f f e c t i n g  d e t a i le d  d e s ig n  d e c i s io n s  w h ile  "w eak" r e g u la t i o n s  p e rm it in d u s t r y  g r e a t e r  d e s ig n  fr e e d o m . O b v io u s ly , a d e t e r m in a t io n  o f  th e  s t r e n g t h  o f  a s p e c i f i c  r e g u la t o r y  a c t i o n  r e q u ir e s  co m p a rin g  th e  a n t ic ip a t e d  in f l u e n c e  o f  t h e  govern m en t in  th e  d e s ig n  p r o c e s s  a s  th e  r e s u l t  o f  th e  r e g u la t i o n  t o  th e  s i t u a t i o n  w h ich  w ould e x i s t  in  th e  a b se n ce  o f  th e  r e g u l a t i o n .  T h is  s i t u a t i o n ,  th e  a b s e n c e  o f  a d i r e c t  f e d e r a l  r e g u la t i o n  o f  e n e rg y  e f f i c i e n c y ,  s h a l l  be c a l l e d  th e  "b a se  l i n e "  c o n d i t i o n .  The b a s e  l i n e  i s  n o t

n e c e s s a r i l y  a fr e e -m a r k e t  c o n d it i o n  s in c e  a v a r i e t y  o f  n o n - fr e e  m ark et f o r c e s  may be o p e r a t i v e . Exam p les o f  d e p a r tu r e s  from  a  fr e e  m a rk e t s t a t e  a re  in a d e q u a te  in fo r m a t io n , p re s e n c e  o f  a c a r t e l  o r m o n o p o ly , f a i l u r e  to  a d e q u a te ly  a c c o u n t  fo r  s o c i a l  o r e n v ir o n m e n ta l c o s t s  o f e n e rg y  co n s u m p tio n , p r e s e n c e  o f o th e r  form s o f  r e g u la t i o n s  su ch  as r e g u l a t i o n s  a f f e c t i n g  o th e r  th a n  th e e n e r g y  consumpt i o n ,  e n e rg y  r e g u la t i o n s  fo c u s in g  on t h e  e x t e n t  o f  a c t i v i t y  r a t h e r  than on e f f i c i e n c y ,  and i n d i r e c t  form s o f  e n e r g y  e f f i c i e n c y  r e g u l a t i o n .  We t h e r e fo r e  c h a r a c t e r i z e  th e  s t r e n g t h  o f  d i r e c t  r e g u la t i o n  a c c o r d in g  to  th e  d e g re e  to  w h ich  th e  r e g u la t i o n  m o d if ie s  th e  r o l e  o f th e  f e d e r a l  governm ent i n  th e  d e s ig n  p r o c e s s  r e l a t i v e  to  th e  b a s e  l i n e  c o n d it i o n .5 .2  EFFECTIVENESSA secon d c h a r a c t e r i s t i c  o f  d i r e c t  r e g u la t i o n  o f  e n e rg y  e f f i c i e n c y  t h a t  m ust be c o n s id e r e d  i s  some m easure o f  th e  e n e rg y  s a v in g s  a t t r i b u t a b l e  to  th e  r e g u l a t i o n .  We in tr o d u c e  th e  term  e f f e c t i v e n e s s ,  d e fin e d  a s  th e  r a t i o  o f  th e  a n t ic ip a t e d  a n n u a l e n e r g y  s a v in g s  t o  th e  t o t a l  e n e r g y  consumed i n  th e  r e g u la t e d  a r e a .  I t  seems a p p r o p r ia t e  t h a t  th e  e q u iv a le n t  a n n u a l r a t e  a t  w h ich  s a v in g s  a r e  to  o c c u r  be in c o r p o r a te d  in t o  th e  d e f i n i t i o n  o f e f f e c t i v e n e s s  so  t h a t  we c a n  d i s t i n g u i s h  betw een r e g u la t i o n s  w h ich  a r e  d e s ig n e d  to  a c h ie v e  s a v in g s  q u ic k ly  and th o s e  t h a t  p r o v id e  lo n g  le a d  tim e s  to  a c h ie v e  th e  same s a v in g s .5 .3  CERTAINTYA t h ir d  c h a r a c t e r i s t i c  o f d i r e c t  r e g u la t i o n  i s  th e  d e g r e e  o f  c e r t a i n t y  t h a t  t h e  a n t ic ip a t e d  e n e rg y  s a v in g s  w i l l  be r e a l i z e d .  The l e v e l  o f  c e r t a i n t y  f o r  any s p e c i f i c  r e g u la t i o n  can b e  e s tim a te d  by e x a m in in g  th e  n a t u r e  and s e v e r i t y  o f  th e  p e n a l t ie s  f o r  n o n co m p lia n ce  w ith  th e  r e g u l a t i o n .  T h at i s ,  r e g u la t i o n s  w h ich  a r e  b a ck e d  up b y  s tr o n g  e n fo r c e m ent program s a r e  more c e r t a i n  to  a c h ie v e  t h e  ant i c i p a t e d  e n e r g y  s a v in g s  th a n  r e g u la t i o n s  w h ich  h av e weak o r  n o n - e x is t e n t  p e n a l t i e s  f o r  n on - c o m p lia n c e .5 .4  IMPACT OF REGULATIONThe o v e r a l l  im p a ct o f  a r e g u la t i o n  may be c o n s id -370



e re d  to  be some m easure o f b e n e f i t s  r e s u l t in g  from  the r e g u la t io n  and th e  c o s ts  a s s o c ia t e d  w it h  the r e g u la t i o n .  The d is t r i b u t i o n  o f  the b e n e f i t s  and c o s t s  among d i f f e r e n t  gro u p s needs to  be c o n s id e r e d . We o f f e r  the p r e lim in a r y  hyp o t h e s is  here t h a t  th e  im p act o f  a d i r e c t  r e g u l a t i o n  may be e x p r e sse d  a s  a fu n c t io n  o f  the c h a r a c t e r i s t i c s  o f s t r e n g t h ,  e f f e c t i v e n e s s ,  and c e r t a i n t y .  An e x a m in a tio n  o f th e  form  o f t h i s  f u n c t i o n a l  r e l a t io n s h ip  and the p o s s ib le  in c lu s io n  o f  a d d it i o n a l  c h a r a c t e r i s t i c s  o f  r e g u la t io n s  in  t h e  e q u a tio n  a r e  l e f t  fo r  fu tu r e  s tu d y .
5 .5  MEASUREMENT OF CHARACTERISTICSOne o f th e  re q u ire m e n ts  f o r  fu r t h e r  u n d e r sta n d in g  o f  th e d i r e c t  r e g u la t o r y  p r o c e ss  i s  the e s t a b l i s h in g  o f u n it s  o f  m easurem ents fo r  the in d ep en d en t v a r i a b l e s  ( c h a r a c t e r i s t i c s )  i d e n t i f i e d  in  th e  p r e c e d in g  p a r a g r a p h s . The b a s is  fo r  an ap p rop r i a t e  m easure o f  e f f e c t iv e n e s s  i s  c o n ta in e d  in  t h e  d e f i n i t i o n  o f t h a t  c h a r a c t e r i s t i c .  How ever, d e p e n d in g  on th e  s p e c i f i c  w ording o f th e  r e g u l a t i o n ,  i t  may be d i f f i c u l t  to  o b t a in  r e l i a b l e  e s t im a t e s  o f a n t ic ip a t e d  s a v in g s  and th e  e q u iv a l e n t  a n n u a l r a t e  a t  w hich they a r e  e x p e cte d  to  o c c u r . The c e r t a i n t y  c h a r a c t e r i s t i c  m igh t be q u a n t i f ie d  by e s t a b l i s h in g  a r e l a t i v e  r a n k in g  system  in  term s o f the n a tu r e  o f  th e  en fo rcem en t m echanism s a v a i l a b l e  to  th e  r e g u la t o r y  a g e n c y . A more d e t a i le d  e x a m in a tio n  o f t h i s  q u e s t io n  d e f i n i t e l y  m e r it s  fu r t h e r  s t u d y , b u t i s  p ostp on ed  fo r  fu t u r e  c o n s id e r a t io n . The fo l lo w in g  s e c t io n  i s  d evo te d  to  th e  e s ta b lis h m e n t o f  a m e tr ic  f o r  th e s t r e n g t h  c h a r a c t e r i s t i c .6 . RELATIVE STRENGTHS OF DIRECT REGULATORY MECHANISMSIn  t h i s  s e c t io n  we i d e n t i f y  s i x  s p e c i f i c  m echanism s fo r  d i r e c t  r e g u la t io n  o f  e n e rg y  e f f i c i e n c y  and e s t a b l i s h  a r a n k in g  system  based on t h e i r  r e l a t i v e  s t r e n g t h s .6 .1  PROCUREMENT STANDARDST h is  i s  c o n s id e r e d  a weak form o f  r e g u la t i o n  s in c e  th e  governm ent i s  a c t in g  a s an y  p r i v a t e  c u s tomer would in  s p e c i f y in g  to  th e  p o t e n t i a l  vendors th e  c h a r a c t e r i s t i c s  o f  the p r o d u c ts  b e in g  co n 

s id e r e d  fo r  p u r c h a s e . S p e c i f i c a t i o n  o f  a minimum l e v e l  o f en ergy  e f f i c i e n c y  fo r  c e r t a in  p ro d u c ts  to  be p u rch a se d  fo r  governm ent u se r e p r e s e n t s  a cont i n u a t io n  o f  a w e ll- fo u n d e d  and lo n g - s t a n d in g  go v ernm ent p r a c t ic e  o f is s u in g  procurem en t p ro d u ct s p e c i f i c a t i o n s .  Energy e f f i c i e n c y  c h a r a c t e r i s t i c s  a re  a r e l a t i v e l y  m inor a d d it io n  to  an a lr e a d y  lo n g  b a s e l in e  l i s t  o f  p h y s ic a l ,  e co n o m ic , and perform an ce  c h a r a c t e r i s t i c s  such a s  s i z e ,  c o l o r ,  w e ig h t , p u rch a se  p r i c e ,  s t r e n g t h , e t c .T h ere  i s  c e r t a i n l y  th e  p o s s i b i l i t y  t h a t  th e  g o v e rn ment m igh t be a la r g e  enough custom er f o r  some in d u s t r ie s  t h a t  th e  is s u a n c e  o f governm ent p r o c u r e ment s p e c i f i c a t i o n s  c o n c e r n in g  e n e rg y  e f f i c i e n c y  w ould s t r o n g ly  in f lu e n c e  d e s ig n  p r a c t i c e s  w it h in  th e  e n t i r e  in d u s t r y . T h i s ,  how ever, w ould n o t a l t e r  th e  c h a r a c t e r i z a t io n  o f  t h i s  form  o f  r e g u la t io n  a s  w eak, s in c e  in  su ch  a s i t u a t i o n  th e  s tr o n g  i n f l u e n ce  o f th e  governm ent on p r a c t ic e s  w it h in  th o se  in d u s t r ie s  i s  a lr e a d y  r e f le c t e d  in  th e  b a se  l i n e  c o n d it i o n .6 .2  E L IG IB IL IT Y  REQUIREMENTS FOR FINANCIAL ASSISTANCEThe r e g u la t o r y  ap p ro ach  w h ich  i s  n e x t  w eakest to  procu rem en t s ta n d a r d s  i s  one in  w h ich  th e  fe d e r a l  governm ent o f f e r s  a f i n a n c i a l  in c e n t iv e  to  a n o n - f e d e r a l  en ergy  u se r to  p u rch a se  or o th e r w is e  u t i l i z e  p ro d u c ts  and system s w hich m eet c e r t a in  s t a n d a rd s  o f  en ergy  e f f i c i e n c y .  The f i n a n c i a l  in c e n t i v e  may ta k e  th e  form  o f t a x  d e d u c t io n  or c r e d i t s ,  a c c e le r a t e d  d e p r e c ia t io n  s c h e d u le s , lo a n  g u a r a n te e s  o r  lo a n  i n t e r e s t  s u b s i d ie s ,  o r g r a n t s .  T h is  form  o f  r e g u la t io n  p r o v id e s  an econom ic b e n e f i t  to  th o s e  p a r t i e s  who v o l u n t a r i l y  ch o o se  to  s a t i s f y  the e l i g i b i l i t y  r e q u ir e m e n ts . The p u r e ly  v o lu n t a r y  n a t u r e  o f  t h i s  r e g u la t o r y  a p p r o c a h , and th e  f a c t  t h a t  e l i g i b l e  p a r t i e s  r e c e iv e  a f i n a n c i a l  s u b s id y , q u a l i f y  t h i s  a s  a weak r e g u la t i o n .  I t  i s  n o th in g  more th a n  th e  " c a r r o t "  w h ich  th e  f e d e r a l  governm ent fr e q u e n t l y  em ploys t o  en co u rage ch a n g e s in  m arket b e h a v io r .E s ta b lis h m e n t o f  e f f i c i e n c y  s ta n d a r d s  a s e l i g i b i l i t y  re q u ire m e n ts  f o r  f i n a n c i a l  a s s is t a n c e  i s  deemed to  be a s tr o n g e r  form  o f r e g u la t i o n  th a n  th e  u se o f  procurem ent s t a n d a r d s , s in c e  th e  fo rm er i s  d e s ig n e d  to  a p p e a l to  a much b ro a d e r c o n s t it u e n c y  tha n  th e3 7 1



l a t t e r ,  w h ich  i s  l i m it e d  to  co m p a n ie s  t h a t  s e l l  go o d s and s e r v i c e s  to  t h e  f e d e r a l  g o v e rn m e n t. An exa m p le o f th e  a p p l i c a t i o n  o f  t h i s  p a r t i c u l a r  r e g u l a t o r y  t e c h n iq u e  i s  th e  i n s u l a t i o n  re q u ir e m e n t f o r  F H A -ap p roved  m o rtg a g e  l o a n s .6 .3  MANDATORY DISCLOSURE OF ENERGY USAGE INFORMATIONN ext up th e  la d d e r  o f  r e g u l a t o r y  s t r e n g t h  a r e  r e g u l a t i o n s  w h ich  r e q u ir e  d i s c l o s u r e  o f  e n e r g y  u se  in fo r m a t io n  by m a n u fa c tu r e r s  o f  e n e r g y -c o n s u m in g  equipm ent and by la r g e  i n d u s t r i a l  u s e r s  o f  e n e r g y . E n e rg y  l a b e l i n g  o f  a p p l ia n c e s  i s  i l l u s t r a t i v e  o f  a f e d e r a l  program  w h ich  u t i l i z e s  t h i s  r e g u la t o r y  t o o l . S in c e  no a c t i o n  beyond d i s c l o s u r e  o f  in fo r m a t io n  i s  r e q u i r e d ,  i t  m ig h t b e  a rg u e d  t h a t  t h i s  i s  a c t u a l l y  an  i n d i r e c t  form  o f  r e g u l a t i o n .  H ow ever, th e  e v o lu t io n  o f  th e  p a r t i c u l a r  f e d e r a l  p rogram s w h ich  r e q u ir e  m a n d a to ry  d i s c l o s u r e  o f  e n e r g y  u s e  i n f o r m a tio n  m akes i t  c l e a r  t h a t  th e  e x p l i c i t  o b j e c t i v e  o f  t h e s e  e f f o r t s  w as t o  e n c o u r a g e  m a n u fa c tu r e r s  and la r g e  i n d u s t r i a l  u s e r s  to  im p ro ve e n e r g y  e f f i c i e n c y  ( 6 ,7 ) .  The argu m en t was made t h a t  i f  d is c lo s u r e  o f  e n e r g y  in fo r m a t io n  w ere made mandat o r y ,  eq u ip m e n t m a n u fa c tu r e r s  and la r g e  i n d u s t r i a l  u s e r s  w ould com pete w it h  e a ch  o t h e r  to  a c h ie v e  th e  b e s t  e n e r g y  e f f i c i e n c y ,  and i n  f a c t  th e y  w ould u s e  e n e rg y  e f f i c i e n c y  a s  a  m a r k e t in g  d e v i c e .M an d atory d i s c l o s u r e  o f  e n e r g y -u s a g e  i s  a  s t r o n g e r  form  o f  r e g u l a t i o n  th a n  th e  two p r e v io u s  r e g u la t o r y  t e c h n iq u e s  d is c u s s e d  in  t h i s  s e c t i o n  b e c a u s e  th e  d i s c l o s u r e  r e q u ir e m e n t a f f e c t s  th e  b e h a v io r  o f  an e n t i r e  i n d u s t r y ,  w h i le  b o th  th e  p ro cu re m e n t s ta n d a r d s  and th e  s ta n d a r d s  f o r  e l g i b i l i t y  f o r  f i n a n c i a l  a s s i s t a n c e  o n ly  a f f e c t  th o s e  who v o lu n t a r i l y  c h o o s e  to  p a r t i c i p a t e  i n  an  a rra n g e m e n t w hereby t h e y  r e c e i v e  some d i r e c t  b e n e f i t s  from  th e  f e d e r a l  g o v e r n m e n t.6 .4  PERFORMANCE TARGETSThe n e x t  s t r o n g e s t  r e g u la t o r y  in s tr u m e n t u t i l i z e d  i s  th e  e s t a b lis h m e n t  b y  th e  go vern m en t o f  e n e r g y  e f f i c i e n c y  t a r g e t s  to  b e  met b y  s p e c i f i c  co m p an ie s or i n d u s t r i e s .  S in c e  t h e s e  t a r g e t s  a p p ly  to  an e n t i r e  e n e r g y -c o n s u m in g  in d u s t r y ,  o r  to  a n  e n t i r e  l i n e  o f  e n e r g y -c o n s u m in g  p r o d u c ts  p ro d u ce d  by an

in d u s t r y  or com p an y, t h i s  form  o f  r e g u l a t i o n  s t i l l  a l lo w s  c o n s id e r a b le  d e s ig n  f l e x i b i l i t y  to  rem ain  w it h in  th e  r e g u la t e d  s e c t o r .  F o r  e x a m p le , th e  a u to m o b ile  f u e l  economy r e g u la t i o n s  i n s t i t u t e d  un der EPCA s p e c i f y  th e  f l e e t - w i d e  a v e r a g e  f u e l  economy to  b e  a c h ie v e d  b y  e a ch  a u to m o b ile  m a n u fa c tu r e r .  Under t h i s  a r r a n g e m e n t , a  m a n u fa c tu r e r  c a n  c o n t in u e  to  p r o d u c e  g a s  g u z z l e r s ,  a s  lo n g  a s  enough f u e l - e f f i c i e n t  m o d e ls  a r e  p ro d u ced  so  t h a t  th e  s a le s - w e ig h t e d  a v e r a g e  f u e l  economy o f  a l l  m od els m eets th e  p e r fo r m a n c e  t a r g e t .6 .5  PERFORMANCE STANDARDSP e rfo r m a n c e  s t a n d a r d s , w hereby i n d i v i d u a l  p r o d u c t s , s y s t e m s , and p r o c e s s e s  a r e  r e q u ir e d  to  m eet e n e r g y  e f f i c i e n c y  r e q u ir e m e n t s , a r e  t h e  n e x t  s t r o n g e s t  r e g u la t o r y  m e ch a n ism . T h ey im p ose a  c o n s t r a in t  on d e s ig n  d e c i s i o n s  w h ich  i s  more s e v e r e  th a n  t h a t  im posed by p e r fo r m a n c e  t a r g e t s .  F o r  e x a m p le , t h e  minimum f u e l  economy s ta n d a r d  r e c e n t l y  a d o p te d  by th e  U .S .  S e n a te  (8 ) w ould  ( i f  s ig n e d  in t o  law ) p r o h i b i t  g a s  g u z z le r s  o u t r i g h t .  H ow ever, m a n u fa c tu r e r s  s t i l l  h av e  many d e s ig n  o p t i o n s  a v a i l a b l e  to  them i n  o r d e r  to  a c h ie v e  th e  p e rfo rm a n c e  l e v e l  d i c t a t e d  b y  th e  r e g u l a t i o n .6 .6  DESIGN STANDARDSThe s t r o n g e s t  r e g u la t o r y  t o o l  a v a i l a b l e  i s  th e  d e s ig n  s t a n d a r d . T h is  form  o f  r e g u l a t i o n ,  w h ich  d i c t a t e s  d e s ig n  c h a r a c t e r i s t i c s ,  rem oves d e s ig n  o p t io n s  w h ich  w ould be p r e s e n t  u n d e r any o f  th e  w eaker fo rm s o f  r e g u l a t i o n .  D e s ig n  s ta n d a r d s  aim ed a t  im p ro v in g  a u to m o b ile  f u e l  econom y c o u ld  ta k e  many fo r m s , in c lu d in g  r e g u l a t i o n s  d i c t a t i n g  m a x imum v e h i c l e  w e ig h t ,  e n g in e  h o rse p o w e r or d i s p l a c e m e n t, m a n d a to ry  u s e  o f  r a d i a l  t i r e s ,  or p r o h i b i t i n g  c e r t a i n  f e a t u r e s  s u c h  a s  a i r - c o n d i t i o n i n g  o r a u t o m a tic  t r a n s m is s io n s . So  f a r  t h e r e  i s  l i t t l e  e v i d en ce  o f  t h e  u se  o f  t h i s  m echanism  a t  th e  f e d e r a l  e n e r g y  r e g u la t o r y  l e v e l ,  a lt h o u g h  i t  has b een  u sed  by some s t a t e  and l o c a l  g o v e r n m e n ts . An exam p le i s  th e  r e q u ir e d  u se o f  e l e c t r i c  i g n i t e r s  to  r e p l a c e  p i l o t  l i g h t s  fo r  g a s - b u r n in g  a p p l ia n c e s  i n  C a l i f o r n i a .
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7 . EVALUATION OF REGULATORY POLICYIn  t h i s  s e c t i o n  we w i l l  exam ine t h e  s e t  o f e x i s t in g  and p ro p o se d  d i r e c t  r e g u la t i o n s  o f e n e rg y  e f f i c i e n c y  by u t i l i z i n g  th e  system  o f  r e l a t i v e  s t r e n g t h s  e s t a b l i s h e d  in  th e  p r e v io u s  s e c t io n  and c o n s t r u c t in g  a r e g u la t o r y  p o l i c y  m a t r ix  in  w h ich  th e  r e g u la t i o n s  a r e  a rr a n g e d  in  a c c o r d a n c e  w it h  t h e  l e v e l  o f e n e r g y  con su m p tio n  w it h in  th e  r e g u l a t e d  s e c t o r  and in  a c c o r d a n c e  w it h  th e  s t r e n g t h  o f  th e  r e g u l a t i o n .7 .1  CONSISTENCY OF REGULATORY POLICYWe a d v a n ce  th e  p r o p o s it io n  t h a t  a c o n s is t e n t  r e g u l a t o r y  p o l i c y  w it h  r e s p e c t  to  th e  s t r e n g t h  c h a r a c t e r i s t i c  o f  d i f f e r e n t  r e g u la t o r y  m echanism s i s  a  p o l i c y  in  w h ich  th e  s tr o n g e r  m echanism s a r e  a p p l ie d  to  th e  la r g e r  e n e r g y -c o n su m in g  a r e a s .  We f u r t h e r  p r o p o s e  t h a t  a m easure o f  th e  c o n s is t e n c y  o f  th e  o v e r a l l  r e g u la t o r y  p o l i c y  i s  p ro v id e d  by t h e  e x t e n t  to  w h ich  th e  e n t r ie s  i n  th e  r e g u la t o r y  p o l i c y  m a t r ix  l i e  on th e  m ain d i a g o n a l .  B oth o f  t h e s e  p r o p o s it io n s  a r e  a d m it t e d ly  o v e r s im p l i f i e d  s i n c e  th e y  ig n o r e  th e  o th e r  c h a r a c t e r i s t i c s  o f  th e  r e g u l a t i o n s  ( e . g . ,  e f f e c t i v e n e s s ,  c e r t a in t y )  and do n o t a c c o u n t  f o r  th e  p o s s i b le  p r e s e n c e  o f i n d i r e c t  r e g u la t i o n s  w it h in  a  g iv e n  s e c t o r .  H ow ever, i t  i s  w o r th w h ile  e x p lo r in g  the p o t e n t i a l  u s e f u l n e s s  o f  even t h i s  l i m it e d  c o n c e p t o f  c o n s is t e n c y  a s  a p o l i c y  a n a l y s i s  t o o l .  F u r t h e r  r e f in e m e n t s  o f  th e  c o n c e p t  su ch  a s  in c r e a s i n g  th e  d im e n sio n a l i t y  o f  th e  m a t r i x ,  and a c c o u n t in g  f o r  i n d i r e c t  r e g u l a t i o n s ,  s h o u ld  in c r e a s e  i t s  u s e f u ln e s s .7 .2  REGULATORY POLICY MATRIXT h e  r e g u la t o r y  p o l i c y  m a t r ix  i s  shown in  F ig u r e  1 . The v a r io u s  s t r e n g t h  l e v e l s  d is c u s s e d  in  th e  p r e v io u s  s e c t i o n  a r e  a rr a n g e d  e q u i d i s t a n t l y  in  a  v e r t i c a l  co lu m n . T h is  im p lie s  t h a t  th e  s t r e n g t h  l e v e l s  i d e n t i f i e d  i n  t h i s  paper a r e  s e p a r a te d  by e q u a l in c r e m e n ts  ( th e  v a l i d i t y  o f  t h i s  a s su m p tio n  d e s e r v e s  d u r th e r  s t u d y ) . The a r e a s  a f f e c t e d  by d i r e c t  r e g u la t i o n  a r e  a rra n g e d  i n  in c r e a s i n g  num e r i c a l  o r d e r  a lo n g  th e h o r i z o n t a l  a x i s ,  in  a c c o r d a n ce  w ith  t h e  amount o f  th e  e n e r g y  consumed in  t h a t  s e c t o r .  The n o t a t io n  fo r  th e  e n t r i e s  i n  th e

r e g u la t o r y  p o l i c y  m a tr ix  d i s t i n g u i s h e s  betw een r e g u l a t i o n s  w h ich  w ere p ro m u lg a te d  p r i o r  to  1975, r e g u l a t i o n s  a u t h o r iz e d  under e i t h e r  EPCA o r  ECPA ( s e v e r a l  o f  th e  r e g u la t i o n s  a u t h o r iz e d  u n d er th e s e  two la w s have n o t y e t  been p ro m u lg a te d  in  t h e i r  f i n a l  fo rm ), and r e g u la t i o n s  p ro p o sed  in  P r e s id e n t  C a r t e r ’ s N a t io n a l  E n e rg y  P la n .7 .2 .1  P re-1 9 7 5  R e g u la t io n sThe two d i r e c t  r e g u la t i o n s  o f  e n e r g y  e f f i c i e n c y  i n  e f f e c t  p r io r  to  1975 a r e  th e  la b e l i n g  r e q u ir e m e n ts  f o r  l i g h t  b u lb s  and th e  i n s u l a t i o n s  s ta n d a r d s  f o r  r e s i d e n t i a l  b u i l d i n g  c o n s t r u c t i o n .  The s t r e n g t h  o f  th e  l i g h t  b u lb  l a b e l i n g  re q u ir e m e n t i s  o b v io u s ly  a t  l e v e l  3 . S in c e  th e  r e g u la t i o n  a p p l i e s  o n ly  to  g e n e r a l  s e r v ic e  in c a n d e s c e n t  b u lb s  o f  l e s s  th a n  150 w a t t s ,  an e s t im a t e  o f th e  e n e r g y  co n su m p tio n  i s  o b ta in e d  from  t h e  t o t a l  e n e r g y  co n su m p tio n  fo r  l i g h t i n g  i n  th e  r e s i d e n t i a l  s e c t o r  (9) by a ssu m in g  t h a t  th e  a v e r a g e  f l o u r e s c e n t  lamp u s e s  o n e - f o u r t h  o f  th e  e n e rg y  consumed by th e  a v e r a g e  in c a n d e s c e n t  b u lb  ( 1 0 ) , and u s in g  s a le s  f i g u r e s  f o r  th e  two k in d s  o f  l i g h t s  (1 1 ) .The h o u sin g  i n s u l a t i o n  s ta n d a r d s  a r e  i n  f a c t  e l i g i b i l i t y  r e q u ir e m e n ts  fo r  FHA m o rtg a g e  lo a n  in s u r a n c e , and a r e  d is p la y e d  in  th e  m a t r ix  row c o r r e s p o n d in g  to  a s t r e n g t h  l e v e l  o f  2 . The s i z e  o f  th e  r e g u la t e d  a r e a  i s  g iv e n  by th e  amount o f e n e r g y  l o s t  th r o u g h  th e  s h e l l s  o f  r e s i d e n t i a l  s t r u c t u r e s ,  and t o  a c c o u n t f o r  fu r n a c e  i n e f f i c i e n c i e s  and f l u e  l o s s e s ,  i s  ta k e n  to  be 80% o f  th e  e n e r g y  consum edf o r  r e s i d e n t i a l  sp a ce  h e a t in g  and c o o l in g  ( 1 2 ) .
7 .2 .2  EPCA R e g u la t io n sT i t l e  I I I ,  P a r t  B o f  EPCA e s t a b l i s h e s  a sy ste m  f o r  l a b e l i n g  o f a p p l ia n c e s ,  a u t o m o b ile s , and home h e a t in g  and c o o l in g  equipm ent w ith  e n e r g y  co n su m p tio n  in fo r m a t io n . In  a d d i t i o n ,  m a jo r e n e r g y -c o n s u m in g  in d u s t r i e s  a r e  r e q u ir e d  t o  make a n n u a l r e p o r t s  o f  t h e  e n e rg y  e f f i c i e n c y  o f  t h e i r  p r o d u c t io n  o p e r a t i o n s .  EPCA g o e s  beyond th e  l a b e l i n g  r e q u ir e m e n t in  th e s e  s e c t o r s  and a l s o  e s t a b l i s h e s  p e rfo rm a n c e  t a r g e t s  f o r  im proved e n e r g y  e f f i c i e n c y .The s i z e  o f t h e  a r e a  a f f e c t e d  by th e  a p p l ia n c e  r e g u l a t i o n s  i s  d e te rm in e d  from  th e  e n e r g y  c o n su m p tio n
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a t t r i b u t e d  to  th e  e i g h t  ty p e s  o f  a p p l ia n c e s  w h ich  a r e  e x p l i c i t l y  c o v e r e d  by EPCA ( 1 2 ) . The s i z e  o f t h e  a r e a  a f f e c t e d  by th e  r e g u la t i o n  o f  home h e a t i n g  and c o o l in g  equipm ent i s  d e te rm in e d  from th e  e n e r g y  consum ed f o r  s i n g l e  fa m ily  r e s i d e n t i a l  sp ace h e a t in g  and c o o l in g  ( 1 2 ) . The p r o v is io n s  o f EPCA c o v e r in g  i n d u s t r i a l  e n e r g y  e f f i c i e n c y  a p p ly  t o  th e  t e n  l a r g e s t  e n e r g y -c o n s u m in g  in d u s t r i e s  ( 1 2 ) . In  a d d i t i o n ,  a u t h o r iz a t i o n  t o  e s t a b l i s h  p e rfo rm a n c e  s ta n d a r d s  f o r  m ajo r h o u se h o ld  a p p l ia n c e s  and h e a t in g  and c o o l in g  equipm ent i s  p r o v id e d  i n  EPCA ( S e c . 325) i f  i t  i s  d e te rm in e d  t h a t  th e  p e rfo rm a n c e  t a r g e t s  a r e  n o t l i k e l y  to  be a c h ie v e d  in  th e  a b se n ce  o f  a  s t a n d a r d .U n d er S e c t i o n  301 and 3 8 1 (a) o f  EPCA, f e d e r a l  a g e n c ie s  w ere d ir e c t e d  to  i n s t i t u t e  e n e r g y  c o n s e r v a t i o n  p r i n c i p l e s  i n  t h e i r  p ro cu rem en t and l e a s i n g  a c t i v i t i e s .  The s e c t o r s  a f f e c t e d  in c lu d e  a u t o m o b ile s  ( 1 3 ) , a p p l ia n c e s ,  and b u i l d i n g s .S e c t i o n  362 o f  EPCA s e t s  up a sy ste m  o f  g r a n t s  to  s t a t e s  f o r  th e  p u rp o se  o f  e s t a b l i s h i n g  s t a t e —w ide c o n s e r v a t io n  p ro g ra m s. I n  o rd e r f o r  a  s t a t e  to  b e  e l i g i b l e  f o r  th e  f e d e r a l  g r a n t s ,  th e  p ro p o sed  s t a t e  program  m ust in c lu d e  e n e r g y  e f f i c i e n c y  s ta n d a r d s  f o r  a l l  new and r e n o v a te d  b u i l d i n g s ,  in c lu d in g  l i g h t i n g  e f f i c i e n c y  s ta n d a r d s  f o r  c o m m e rcia l s t r u c t u r e s .7 .2 .3  ECPA R e g u la t io n sT h e  m a jo r new r e g u la t o r y  program  i n s t i t u t e d  by ECPA w as th e  d i r e c t i v e  t o  th e  S e c r e t a r y  o f  H o u sin g  and U rban  D evelop m en t to  p ro m u lg a te  e n e r g y  c o n s e r v a t io n  p e rfo rm a n c e  s ta n d a r d s  f o r  new b u i l d i n g s .  T h e se  s t a n d a r d s , b e c a u s e  th e y  a p p ly  to  co m m e rcia l a s  w e l l  a s  r e s i d e n t i a l  c o n s t r u c t io n ,  a f f e c t  a  la r g e r  a r e a  th a n  th e  FHA i n s u l a t i o n  s ta n d a r d s  d is c u s s e d  e a r l i e r  i n  t h i s  s e c t i o n .7 .2 .4  P ro p o se d  R e g u la t io n sThe f i n a l  fo rm  o f  P r e s id e n t  C a r t e r ’ s N a t io n a l  E n e rg y  P la n  h a s  n o t  b een  d e te rm in e d  a t  th e  tim e  o f  t h i s  w r i t i n g .  H ow ever, th e  d i r e c t  r e g u la t i o n s  o f  e n e r g y  e f f i c i e n c y  a s  p rop osed  b y  th e  P r e s id e n t  a r e  d is p la y e d  i n  th e  r e g u la t o r y  p o l i c y  m a t r ix .  I n c lu d e d  a r e  th e  p ro p o sed  r e b a t e s  to  p u r c h a s e s  o f f u e l - e f f i c i e n t  a u t o m o b ile s  and l i g h t  t r u c k s  ( t h i s

p r o p o s a l a lm o s t c e r t a i n l y  w i l l  n o t  b e  ad o p ted  b y  C o n g r e s s ) , t a x  c r e d i t s  f o r  i n s t a l l a t i o n  o f  e n e r g y  c o n s e r v a t io n  a n d  s o la r  e n e r g y  eq u ip m e n t in  r e s i d e n c e s  and in  in d u s t r y ,  f i n a n c i a l  i n c e n t iv e s  f o r  i n d u s t r i a l  a d o p tio n  o f  c o g e n e r a t io n  ( j o i n t  steam  and e l e c t r i c  power p r o d u c t io n ) ,  and s t r e n g t h e n in g  o f  th e  p e rfo rm a n c e  s ta n d a r d s  p r o v is io n s  o f  EPCA and ECPA as th e y  p e r t a i n  to  a p p l i c a n c e s ,  h e a t in g  and c o o l in g  e q u ip m e n t, and b u i l d in g  c o n s t r u c t io n .I f  we a c c e p t  t h e  p r o p o s it io n  t h a t  a  c o n s is t e n t  p o l i c y  o f d i r e c t  r e g u la t i o n  o f  e n e r g y  e f f i c i e n c y  i n v o lv e s  a p p l i c a t i o n  o f  th e  s t r o n g e r  r e g u la t o r y  i n s tr u m e n ts  to  t h e  la r g e r  e n e r g y  con su m in g s e c t o r s ,  t h e n  an in d i c a t i o n  o f  c o n s is t e n c y  o f  p r e s e n t  and p ro p o se d  p o l i c y  i s  o b ta in e d  by e x a m in in g  th e  e x t e n t  t o  w hich th e  r e g u la t i o n s  l i e  a lo n g  t h e  m ain d ia g o n a l  o f th e  r e g u la t o r y  p o l i c y  m a t r ix .I t  i s  a p p a r e n t t h a t  our p r e s e n t  e n e r g y  e f f i c i e n c y  r e g u la t o r y  p o l i c y  d o es n o t  m eet t h i s  i d e a l  c o n s i s te n c y  c r i t e r i o n .  T h e re  i s  an e x c e s s i v e  amount o f  s t r o n g  r e g u la t i o n  in  th e  low  co n su m p tio n  a r e a s ,  s u c h  a s  h o u se h o ld  a p p l i c a n c e s ,  and r e l a t i v e l y  weak r e g u l a t o r y  e f f o r t s  in  th e  h i g h l y  c o n s u m p tiv e  steam  g e n e r a t i o n  and i n d u s t r i a l  p r o c e s s  s e c t i o n s .  O b v io u s ly ,  t h e r e  may be a  s u b s t a n t i a l  eco n o m ic o r  p o l i t i c a l  r a t i o n a l e  f o r  t h i s  d i s p a r i t y ,  b u t t h e  c o n c e p t o f  c o n s is t e n c y  d e s e r v e s  c o n s id e r a b ly  m ore th o u g h t and a t t e n t i o n  i f  we a r e  to  e s t a b l i s h  a co m p re h e n siv e  n a t i o n a l  e n e r g y  p o l i c y .8 .  SUMMARY AND CONCLUSIONST h e p a s t  few  y e a r s  h ave s e e n  a r a p id  in c r e a s e  i n  f e d e r a l  governm en t r e g u la t o r y  a c t i v i t i e s  in  t h e  a r e a  o f  en ergy  u t i l i z a t i o n .  T h e re  a r e  s t r o n g  i n d i c a t i o n s  o f  fu r t h e r  in v o lv e m e n t i n  t h i s  a r e a .  H e n ce , t h e r e  i s  a  need f o r  a m e th o d o lo g y  f o r  a n a ly z in g  th e  s c o p e , n a t u r e ,  and c h a r a c t e r i s t i c s  o f  th e  in d i v i d u a l  r e g u l a t i o n s ,  and f o r  e x a m in in g  th e  c o n s is t e n c y  o f  an  o v e r a l l  r e g u la t o r y  p o l i c y .I n  t h i s  p a p e r we h ave e s t a b l i s h e d  a  ty p o lo g y  f o r  e n e r g y  r e g u l a t i o n s .  T h re e  c l a s s e s  o f  r e g u l a t i o n  a r e  d is c u s s e d :  1) r e g u la t i o n s  o v e r  th e  e x t e n t  o f  e n e r g y -c o n s u m in g  a c t i v i t i e s ;  2) i n d i r e c t  r e g u l a t i o n s  o f e n e r g y  e f f i c i e n c y ;  and 3) d i r e c t  r e g u l a t i o n s  o f e n e r g y  e f f i c i e n c y .376



F o c u s in g  on d i r e c t  r e g u la t i o n s  o f  en ergy  e f f i c ie n c y , we i d e n t i f i e d  t h r e e  in d e p e n d e n t c h a r a c t e r i s t i c s  o f  t h a t  c l a s s  o f r e g u la t i o n  and la b e le d  them a s  s t r e n g t h , e f f e c t i v e n e s s ,  and c e r t a i n t y .The s t r e n g t h  c h a r a c t e r i s t i c  was e x p lo r e d  fu r t h e r  th r o u g h  th e  e s ta b lis h m e n t  o f  a r e l a t i v e  r a n k in g  system  f o r  th e  s t r e n g t h s  o f  s i x  s p e c i f i c  d i r e c t  r e g u la t o r y  m ech an ism s.A r e g u la t o r y  p o l i c y  m a t r ix  was e s t a b lis h e d  i n  w hich s p e c i f i c  e x i s t i n g  o r  p rop osed  d i r e c t  r e g u la t io n s  o f  en ergy  e f f i c i e n c y  w ere a rra n g e d  in  a c co rd a n c e  w it h  t h e i r  s t r e n g t h  and th e  amount o f  e n e rg y  consumed i n  th e  r e g u la t e d  s e c t o r .  I t  was a rg u e d  t h a t  a c o n s is t e n t  r e g u la t o r y  p o l i c y  in v o lv e d  app l i c a t i o n  o f  th e  s t r o n g e r  r e g u la t o r y  m echanism s to  t h e  la r g e r  e n e rg y  con su m in g s e c t o r s ,  and th u s  a m easure o f  c o n s is t e n c y  i s  th e  e x t e n t  to  w h ich  th e  r e g u la t i o n s  d is p la y e d  in  th e  r e g u la t o r y  p o l i c y  m a t r ix  f a l l  a lo n g  th e  m ain d ia g o n a l .  A c c o r d in g  t o  t h i s  c r i t e r i o n ,  th e  m ost a p p a r e n t in c o n s i s t e n c i e s  in  th e  n a t io n ’ s e n e r g y  e f f i c i e n c y  r e g u la t o r y  p o l i c y  a r e  th e  p re s e n c e  o f  e x c e s s iv e  s tr o n g  r e g u l a t i o n  in  low  con sum p tio n  s e c t o r s  su ch  a s a p p l i a n c e s  and l i g h t i n g ,  and th e  u se  o f  r e l a t i v e l y  weak r e g u la t i o n s  in  la r g e  e n e rg y  consum ing s e c t o r s  s u ch  a s  i n d u s t r i a l  p r o c e s s e s .The m eth o d o lo gy  o u t l in e d  in  t h i s  p ap er fo r  th e  a n a ly s i s  o f e n e rg y  r e g u la t i o n s  h a s  th e  p o t e n t i a l  f o r  d e v e lo p in g  in t o  a p o w e rfu l p o l i c y  a n a l y s i s  t o o l .  Some a r e a s  w h ich  r e q u ir e  f u r t h e r  r e f i n e m ent b e fo r e  t h i s  p o t e n t i a l  can be f u l l y  r e a l i z e d  a r e :  d e te r m in in g  q u a n t i t a t i v e  m easu res fo r  th e  c e r t a i n t y  c h a r a c t e r i s t i c  in c r e a s in g  th e  d im e n sio n s  o f  the r e g u la t o r y  p o l i c y  m a tr ix  th ro u g h  in c l u s i o n  o f  th e  c e r t a i n t y  and e f f e c t i v e n e s s  c h a r a c t e r i s t i c s  i n  a d d it io n  t o  th e  s t r e n g t h  c h a r a c t e r i s t i c s ,  dev e lo p in g  a q u a n t i t a t i v e  m easure o f  c o n s is t e n c y , and e x t e n d in g  th e  a n a ly s i s  to  in c lu d e  i n d i r e c t  r e g u l a t i o n s  and r e g u la t i o n s  on th e  e x t e n t  o f  e n e r g y con sum in g a c t i v i t i e s .9 . ACKNOWLEDGEMENTThe p r e p a r a t io n  o f  t h i s  p ap er was su p p o rte d  by a g r a n t  from  th e  G e n e r a l E l e c t r i c  F o u n d a tio n  t o  th e  Program  in  S o c i a l  Managem ent o f  T e ch n o lo g y  a t  th e
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