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EXECUTIVE SUMMARY 

T h i s  r e p o r t  p resents  a d e t a i l e d  p l a n  f o r  t h e  e v a l u a t i o n  o f  s t a t e  gas 

h e a t i n g  system r e t r o f i t  p i l o t  programs. The major  goa ls  o f  t h e  evalua- 

t i o n  procedures are  t o  document t h e  f u e l  sav ings  and c o s t  e f f e c t i v e n e s s  

o f  (1) t h e  programs implemented b y  t h e  s t a t e s  and ( 2 )  t h e  f o u r  r e t r o f i t  

t ypes  i n s t a l l e d .  

The major  t asks  i n v o l v e d  i n  t h e  e v a l u a t i o n  i n c l u d e  i d e n t i f i c a t i o n  o f  

p r o g r a m - e l i g i b l e  households, sc reen ing  f o r  d a t a  q u a l i t y ,  assignment o f  

e l i g i b l e  households t o  t rea tmen t  o r  c o n t r o l  groups, assembling c o s t  

data,  c o l l e c t i n g  pre-  and p o s t r e t r o f i t  consumption data,  o b t a i n i n g  pre-  

and p o s t r e t r o f i t  weather data,  check ing f o r  d a t a  q u a l i t y ,  and ana lyz ing  

t h e  data. Data a n a l y s i s  r e l i e s  on t h e  c a l c u l a t i o n  o f  weather-adjusted 

normal ized  annual consumption ( N A C )  f i g u r e s  f o r  p re-  and p o s t r e t r o f i t  

years  f o r  t rea tmen t  and c o n t r o l  groups. The d i f f e r e n c e s  between t h e  

t rea tmen t  and c o n t r o l  groups '  NACs f o r  t h e  pre-  and p o s t r e t r o f i t  years  

a r e  t h e  measure o f  t h e  program's impact. 

Cost  e f f e c t i v e n e s s  a n a l y s i s  w i l l  combine t h e  NAC r e s u l t s  w i t h  c o s t  

d a t a  and w i t h  a v a r i e t y  o f  assumptions concern ing  f u t u r e  f u e l  p r i c e s ,  

r e t r o f i t  l i f e t i m e s ,  and d i scoun t  r a t e s  t o  produce b e n e f i t / c o s t  i n d i c a -  

t o r s .  

Complet ion of a l l  t h e  e v a l u a t i o n  tasks  w i l l  r e q u i r e  s l i g h t l y  over 

two years from t h e  t i m e  o f  program s t a r t u p .  

The t o t a l  c o s t  of an e v a l u a t i o n  of a s t a t e  program w i l l  be about 

$45,000--69,000. T h i s  c o s t  i s  d i v i d e d  as f o l l o w s :  $10,000--15,000 f o r  

da ta  c o l l e c t i o n  and p repara t i on ,  $15,000--30,000 f o r  da ta  ana lys i s ,  and 

$15,000--19,000 f o r  r e p o r t  p r e p a r a t i o n  and pub1 i c a t i o n .  

V 





1. EVALUATION OBJECTIVES 

The Department o f  Energy (DOE) Wea the r i za t i on  Ass i s tance  Program 

(WAP) was e s t a b l i s h e d  i n  1976 t o  p r o v i d e  funds t o  i n s t a l l  i n s u l a t i o n ,  

s to rm windows, c a u l k i n g ,  w e a t h e r s t r i p p i n g ,  and o t h e r  improvements t o  t h e  

b u i l d i n g  s h e l l  i n  low-income households. The program was expanded on 

January 27, 1984 t o  a l l o w  f o r  t h e  i n c l u s i o n  o f  v a r i o u s  energy-conserving 

nechan ica l  o p t i o n s  such as r e p a i r s ,  m o d i f i c a t i o n s l e f f i c i e n c y  improve- 

ments, and tune-up e f f i c i e n c y  improvements f o r  h e a t i n g  and c o o l i n g  

systems. The new measures a re  designed t o  g i v e  t h e  s t a t e s  a d d i t i o n a l  

o p t i o n s  t o  t h e  s tandard  w e a t h e r i z a t i o n  measures which would p r o v i d e  a 

more balanced approach t o  reduc ing  f u e  consumption i n  low-income house- 

ho lds.  

The A l l i a n c e  t o  Save Energy ( A S E )  and t h e  I n s t i t u t e  f o r  Human 

Development ( I H D )  have designed a gas h e a t i n g  system r e t r o f i t  p i l o t  

program f o r  low-income households t h a t  can be i n c o r p o r a t e d  i n  s t a t e  

w e a t h e r i z a t i o n  programs under t h e  new w e a t h e r i z a t i o n  program r e g u l a -  

t i o n s .  The A S E / I H D  gas r e t r c f i t  program has been adopted o r  i s  i n  t h e  

process o f  be ing  adopted i n  seve ra l  s t a t e s .  The gas r e t r o f i t  program i s  

p a t t e r n e d  a f t e r  t h e  A S E / I H D  o i  1 h e a t i n g  system r e t r o f i t  program* which 

has been implemented i n  13 s t a t e s .  

Two e v a l u a t i o n s  o f  t h e  o i l  r e t r o f i t  program a re  a v a i l a b l e  (U.S. * 
Department o f  Energy, 1981; K e n s i l l ,  1984). For a r e v i e w  o f  t hese  
eva lua t i ons ,  see Vineyard (1984).  
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The major goa ls  of s t a t e  e v a l u a t i o n s  o f  t h e . i r  gas r e t r o f i t  p i l o t  

programs a re  t o  document t h e  f u e l  sav ings and t h e  c o s t  e f f e c t i v e n e s s  o f  

t h e  programs implemented and of t h e  fou r  r e t r o f i t  types i n s t a l l e d .  

The purpose o f  t h i s  e v a l u a t i o n  p l a n  i s  t o  p resen t  a s tandard s e t  o f  

methods f o r  ach iev ing  these  goals.  

Other e v a l u a t i o n  i ssues  t h a t  c o u l d  be considered i n c l u d e  a n a l y s i s  o f  

t h e  v a r i a t i o n  across homes and o f  t h e  v a r i a t i o n  across l o c a l  community 

a c t i o n  agencies (and f o r  t h e  U.S. Department o f  Energy, v a r i a t i o n  

across s t a t e s )  i n  t h e  sav ings achieved. Such analyses would focus on 

understanding t h e  household and program c h a r a c t e r i s t i c s  t h a t  cause 

v a r i a t i o n s  i n  f u e l  sav ings r e s u l t s .  

To a c c u r a t e l y  measure t h e  f u e l  sav ings f rom a gas h e a t i n g  system 

r e t r o f i t ,  one must c o n t r o l  o t h e r  f a c t o r s  i n f l u e n c i n g  household energy 

consumption. Changes i n  weather p a t t e r n s ,  f u e l  p r i c e s ,  and occupant 

behav io r  a re  e s p e c i a l l y  i m p o r t a n t  s h o r t - r u n  i n f l u e n c e s  on consumption. 

Weather e f f e c t s  can be c o n t r o l l e d  w i t h  a n a l y t i c  techniques t h a t  produce 

weather-normal ized measures o f  f u e l  use (Appendix A ) .  The i n f l u e n c e s  o f  

occupant behav io r  and p r i c e  changes on consumption are most e f f e c t i v e l y  

c o n t r o l l e d  b y  comparing t h e  f u e l  use o f  two e q u i v a l e n t  groups o f  

households--one o f  which r e c e i v e s  h e a t i n g  system r e t r o f i t s  ( t h e  t r e a t -  

ment group) and one o f  which does n o t  ( t h e  c o n t r o l  group).  If t h e  

t r e a t m e n t  and c o n t r o l  groups a re  i n i t i a l l y  e q u i v a l e n t ,  any pos t -  

t r e a t m e n t  d i f f e r e n c e s  i n  t h e i r  weather-normal i zed f u e l  consumption can 

then  be v a l i d l y  a t t r i b u t e d  t o  t h e  program's i n f l u e n c e .  Surveys o f  
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occupant behav io r  

1 y z i  ng behavi  o r  a1 

(Appendix D )  a re  a use fu l  a d d i t i o n a l  t o o l  f o r  ana- 

e f f e c t s  (e.g., changes i n  temperature s e t t i n g s  o r  

s i z e s  o f  heated area) on consumption. 

Sec t i ons  2 and 3 d i scuss  sample des ign and s e l e c t i o n  procedures 

and t h e  d a t a  c o l l e c t i o n  e f f o r t s  needed t o  determine program impacts.  

A f t e r  d a t a  c o l l e c t i o n  i s  complete, program sav ings and c o s t  e f f e c -  

t i v e n e s s  can be es t ima ted  w i t h  t h e  techniques desc r ibed  i n  S e c t i o n  4. 

S e c t i o n  5 rev iews  a d d i t i o n a l  i ssues  t h a t  c o u l d  be addressed b y  more 

comprehensive e v a l u a t i o n  e f f o r t s  than  t h e  one recommended i n  t h i s  s tan-  

dard p lan.  S e c t i o n  6 summarizes t h e  tasks,  schedule, and cos ts  o f  t h e  

s tandard e v a l u a t i o n  p lan .  
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2. SAMPLE D E S I G N  AND SELECTION 

2.1 RAT IONALE 

The major purpose o f  an impact o r  outcome e v a l u a t i o n  i s  t o  determine 

t h e  d i f f e r e n c e  between t h e  energy savings act,ual l y  achieved b y  program 

p a r t i c i p a n t s  and t h e  sav ings t h a t  would have been r e a l i z e d  had t h e r e  

been no program. The second term, sav ings w i t h o u t  t h e  program, cannot, 

o f  course, be measured. Instead,  d a t a  from a comparable group o f  house- 

ho lds  t h a t  d i d  n o t  p a r t i c i p a t e  a re  used t o  i n f e r  t h e  energy savings t h a t  

p a r t i c i p a n t s  would have achieved i f  t h e y  had n o t  p a r t i c i p a t e d .  

The v a l i d i t y  o f  an outcome e v a l u a t i o n  r e l i e s  on t h e  method o f  

choosing t h e  comparison group used as a b a s i s  f o r  s e p a r a t i n g  program 

e f f e c t s  f rom a l l  o t h e r  e f f e c t s  on consumption. I f  t h e  cho ice  o r  con- 

s t r u c t i o n  o f  t h e  comparison group i s  poor, t h e  r e s u l t s  o f  t h e  e v a l u a t i o n  

w i l l  be ambiguous o r  m is lead ing .  The b e s t  approach i s  t o  compare two 

e q u i v a l e n t  groups ( a  t r e a t m e n t  group and a c o n t r o l  group).  These 

e q u i v a l e n t  groups shou ld  be ob ta ined  b y  randomly ass ign ing  households t o  

t rea tmen t  o r  c o n t r o l  group s t a t u s .  The random assignment procedure 

ensures t h e  i n i t i a l  equ iva lence  o f  t h e  two groups. Procedures f o r  

implement ing t h i s  approach a re  exp la ined  i n  Sect.  2 .2 and i n  Appendix F .  

O b t a i n i n g  two e q u i v a l e n t  groups of households r e q u i r e s  c a r e f u l  

sample des ign and s e l e c t i o n  procedures.  I n  many conserva t i on  programs, 

households t h a t  choose t o  reques t  s e r v i c e s  are n o t i c e a b l y  d i f f e r e n t  f rom 

households t h a t  do no t .  If a l l  households t h a t  reques t  a s e r v i c e  must 

r e c e i v e  i t  (e.g., as i n  t h e  R e s i d e n t i a l  Conservat ion S e r v i c e  Program), 

o b t a i n i n g  a t r u l y  e q u i v a l e n t  c o n t r o l  group w i l l  be v e r y  d i f f i c u l t .  I n  
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t h e  gas r e t r o f i t  p i l o t  program, t h e  problem o f  s e l e c t i n g  a c o n t r o l  group 

w i t h  t h e  same c h a r a c t e r i s t i c s  as t h e  t rea tmen t  group i s  e a s i e r  t o  s o l v e  

because a l l  households e l i g i b l e  f o r  t h e  r e t r o f i t  w i l l  n o t  r e c e i v e  

i t . 

f r a c t i o n  o f  t h e  e l i g i b l e *  households w i l l  a c t u a l l y  r e c e i v e  a r e t r o f i t  

t r ea tmen t .  As a r e s u l t ,  a c o n t r o l  group t h a t  i s  e l i g i b l e  f o r  t h e  

Funds f o r  h e a t i n g  system r e t r o f i t s  a re  so l i m i t e d  t h a t  o n l y  a smal l  

r e t r o f i t  b u t  does n o t  r e c e i v e  i t  can be e a s i l y  i d e n t i f i e d .  

b e f o r e - a n d - a f t e r  r e t r o f i t  consumption p a t t e r n s  o f  t h e  t rea tmen t  and 

The 

c o n t r o  

Th 

except 

groups can then  be compared t o  measure t h e  program's impact. 

s t y p e  o f  comparison a l l ows  one t o  h o l d  a l l  f a c t o r s  cons tan t  

t h e  r e t r o f i t  t r ea tmen t  o f fered b y  t h e  program. I n  t h i s  way, non- 

program i n f l u e n c e s  on consumption a re  c o n t r o l l e d ,  and t h e  e f f e c t  o f  t h e  

h e a t i n g  system r e t r o f i t  program alone can be est imated.  I f ,  f o r  

example, p r i c e s  decrease i n  t h e  h e a t i n g  season f o l l o w i n g  t h e  i n s t a l l a -  

t i o n  o f  r e t r o f i t s ,  a 

consumption would a1 

e f f e c t s  . A d d i t i o n a l  

dency f o r  households 

comparison o f  changes i n  t rea tmen t  vs  c o n t r o l  group 

ow one t o  separa te  p r i c e  e f f e c t s  f rom r e t r o f i t  

y, t h e  i s s u e  o f  take-back behav io r  ( i .e. ,  t h e  t e n -  

r e c e i v i n g  r e t r o f i t  t o  t a k e  back some o f  t h e  f u e l  

sav ings b y  r a i s i n g  the rmos ta t  s e t t i n g s  o r  b y  h e a t i n g  p r e v i o u s l y  c l o s e d  

o f f  rooms) can be p a r t i a l l y  addressed b y  u s i n g  comparisons o f  engineer-  

C r i t e r i a  f o r  e l i g i b i l i t y  w i l l  v a r y  f rom s t a t e  t o  s t a t e .  Whi le  most * 
s t a t e s  w i l l  o f f e r  t h e  gas r e t r o f i t  program t o  low-income households, 
t h e r e  i s  no f e d e r a l  requi rement  t h a t  income be a c r i t e r i o n  f o r  e l i g i b i -  
l i t y .  C r i t e r i a  w i l l  be dependent upon program f u n d i n g  sources. 
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i n g  p r e d i c t i o n s  o f  sav ings w i t h  a c t u a l  sav ings a long w i t h  d a t a  on t r e a t -  

ment and c o n t r o l  group consumption changes. * 

2.2 PROCEDURES 

Two acceptable procedures f o r  o b t a i n i n g  e q u i v a l e n t  t rea tmen t  and 

c o n t r o l  groups i n  a b a s i c  p r e t e s t ,  p o s t t e s t  des ign a re  presented i n  t h i s  

s e c t i o n .  A p p l i c a b l e  procedures f o r  t h e  Gas R e t r o f i t  Program i n c l u d e  (1) 

a w a i t i n g  l i s t  procedure and ( 2 )  a no- t reatment  c o n t r o l  group procedure.  

To o b t a i n  more i n f o r m a t i o n  on t h e  e f f e c t s  o f  background f a c t o r s ,  e i t h e r  

o f  t hese  procedures can be combined w i t h  matched samp 

f i e d  random sampling. 

t i o n .  F i r s t ,  t h r e e  p r i o r  s teps  ( i d e n t i f y i n g  e l i g i b l e  

d e t e r m i n i n g  sample s i zes ,  and sc reen ing  f o r  d a t a  qual  

below. 

Both procedures a re  exp la ined  

i n g  and/or s t r a t i -  

a t e r  i n  t h i s  sec- 

households , 
ty )  a re  d iscussed 

2.2.1 I d e n t i f i c a t i o n  o f  E l i g i b l e  Households and Sample Sizes 

Fo r  each o f  t h e  group assignment procedures,  t h e  f i r s t  s tep  i s  t o  

i d e n t i f y  a group o f  program e l i g i b l e  households. The c r i t e r i a  f o r  

e l i g i b i l i t y  w i l l  v a r y  f r o m  s t a t e  t o  s t a t e .  Most s t a t e s  w i l l  use home 

ownership, income, s t e a d y - s t a t e  e f f i c i e n c y  l e v e l ,  and h e a t i n g  system 

l i f e  expectancy t o  determine e l i g i b i l i t y .  I n  Minnesota, f o r  example, 

Comparisons o f  t r e a t m e n t / c o n t r o l  and p r e d i c t e d / a c t u a l  savings * 
p r o v i d e  o n l y  sugges t i ve  i n f o r m a t i o n  on t h e  take-back issue. A d e f i n i t i v e  
s t u d y  of take-back behav io r  ( o r  t h e  rebound e f f e c t )  would r e q u i r e  c l o s e  
m o n i t o r i n g  of t h e  energy - re la ted  behav io rs  of a panel  o f  households f o r  
a year  b e f o r e  and a f t e r  r e t r o f i t .  I n s t r u m e n t a t i o n  would a l s o  be 
r e q u i r e d  t o  p r o v i d e  r e l i a b l e  d a t a  on behav io rs  such as thermostat  
s e t t i n g s  o r  window and door management p r a c t i c e s .  Such a c a r e f u l  s t u d y  
of b e h a v i o r a l  e f f e c t s  would be expensive and beyond t h e  scope o f  t h e  gas 
r e t r o f  i t program eval  u a t  i on. 
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e l  i g  

t h e y  

b l e  households would have t o  (1) l i v e  

own, ( 2 )  have incomes below 60% o f  t h e  

n s i n g l e - f a m i l y  homes t h a t  

median f o r  t h e  s t a t e  o r  150% 

of t h e  fede ra l  p o v e r t y  l e v e l ,  and ( 3 )  have h e a t i n g  system e f f i c i e n c i e s  

< 70% and a h e a t i n g  system l i f e t i m e  of a t  l e a s t  5 years.  

t h e r e f o r e ,  a l i s t  of e l i g i b l e s  would be c o n s t r u c t e d  by  i d e n t i f y i n g  

households w i t h  a l l  o f  t hese  c h a r a c t e r i s t i c s .  

* I n  t h i s  case, 

To o b t a i n  an e s t i m a t e  of o v e r a l l  program savings, t h e  l i s t  o f  e l i -  

g i b l e s  should i n c l u d e  enough households t o  a i l o w  f o r  t h e  s e l e c t i o n  o f  a 

t rea tmen t  and a c o n t r o l  group of about 160 t o  190 households each. The 

r e q u i r e d  s i z e  o f  t h e  t rea tmen t  and c o n t r o l  groups depends on t h e  mean, 

range, and v a r i a b i l i t y  i n  energy sav ings t h a t  one assumes t o  be charac- 

t e r i s t i c  o f  t h e  r e t r o f i t s  t o  be s t u d i e d  (Appendix C ) .  

sample t h a t  shou ld  be s e l e c t e d  a l s o  depends on assumptions about what 

p r o p o r t i o n  o f  t h e  s e l e c t e d  household w i l l  have complete data.  

I n  Appendix C t h e  assumptions used about t h e  mean, range, and v a r i -  

The s i z e  o f  t h e  

a b i l i t y  i n  f u e l  sav ings expected f o r  each r e t r o f i t  t y p e  a re  presented. 

Given t h e s e  assumptions, Appendix C a l s o  c o n t a i n s  c a l c u l a t i o n s  o f  what 

sample s i z e s  a re  needed when complete d a t a  a r e  a v a i l a b l e  on a l l  house- 

ho lds.  S i n c e  t h e  sample s i z e s  g i ven  i n  Appendix C assume t h a t  complete ~- - - 

The energy sav ings and c o s t  e f f e c t i v e n e s s  o f  t h e  r e t r o f i t s  i s  * 
h i g h e s t  f o r  h e a t i n g  systems t h a t  have low i n i t i a l  e f f i c i e n c i e s  b u t  a r e  
o t h e r w i s e  i n  good c o n d i t i o n  and l i k e l y  t o  l a s t  f o r  a number o f  years.  
Thus, t h e  program i s  t a r g e t e d  t o  households w i t h  t h e  most t o  g a i n  f r o m  
t h e  r e t r o f i t s  and t h e  sav ings r e s u l t s  cannot be g e n e r a l i z e d  t o  a l l  heat -  
i n g  systems t h a t  c o u l d  be r e t r o f i t t e d .  Because r e t r o f i t s  w i l l  be 
i n s t a l l e d  o n l y  f o r  a s e l e c t  group o f  households, t h e  c o n t r o l  group must 
meet t h e  same s e l e c t i o n  c r i t e r i a  i f  a v a l i d  e s t i m a t e  o f  program e f f e c t s  
i s  t o  be obta ined.  I f  t h e  c o n t r o l  g r o u p ' s  h e a t i n g  systems had h i g h e r  
average e f f i c i e n c i e s  than  t h e  t rea tmen t  group 's ,  t h e  e f f e c t  o f  t h e  
r e t r o f i t s  i n s t a l l e d  would be underest imated.  
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d a t a  a re  a v a i l a b l e  on a l l  cases, t h e  sample s i z e s  r e f l e c t  - t h e  number - o f  

cases needed -- f o r  t h e  a n a l y s i s  - o f  sav ings.  

be s e l e c t e d  than i s  needed -- f o r  t h e  a n a l y s i s  - ~ - - - -  t o  a l l o w  f o r  t h e  l o s s  o f  

cases due t o  incomple te  data.  

s e l e c t e d  f o r  t h e  t rea tmen t  and c o n t r o l  groups than are  s t a t i s t i c a l l y  

-- --- 

- A l a r g e r  sample s i z e  shou ld  

- -- 
That i s ,  more households shou ld  be 

r e q u i r e d  f o r  t h e  ana lys i s .  By s e l e c t i n g  more households, cases w i t h  

incomple te  d a t a  can be dropped w i t h o u t  a f f e c t i n g  t h e  s i g n i f i c a n c e  o f  t h e  

r e s u l t s .  Some problems w i t h  incomple te  d a t a  a r e  i n e v i t a b l e .  Our p re-  

v ious  exper ience w i t h  b i l l i n g  data, f o r  example, suggests t h a t  approx i -  

m a t e l y  15% o f  households w i l l  have unusable reco rds  ( H  

1983a). 

The range o f  160 t o  190 households g i v e n  above i n c  

oversampl ing t o  a l l o w  f o r  t h e  l o s s  o f  cases ( thus ,  t h e  

h i g h e r  than  those  shown i n  Appendix C). The cho ice  o f  

r s t  e t  a l . ,  

udes i n t e n t i o n a l  

f i g u r e s  a re  

a sample s i z e  t o  

s e l e c t  w i t h i n  t h e  160 t o  190 range w i l l  depend upon how much incomple te  

d a t a  one expects t o  f i n d  (Tab le  1). The expected amount o f  incomple te  

d a t a  w i l l  depend, i n  t u r n ,  on how much sc reen ing  i s  conducted b e f o r e  

s e l e c t i n g  t h e  sample and how much i s  done a f te rwards .  I f  most o f  t h e  

screening is done before the selection is made, a sample size at the 

Tab le  1. I n i t i a l  sample s i z e s  needed w i t h  va r ious  a t t r i t i o n  r a t e s  

F i n a l  sample s i z e  
r e q u i r e d  f o r  an a1 ys  i s 

A t t r i t i o n  r a t e  due (a1 1 cases have 
I n i t i a l  sample s i z e  t o  incomple te  d a t a  complete da ta )  

160 
175 
190 

10 
20 
25 

140 
140 
140 
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lower end of t h e  range should be l a r g e  enough. 

i s  done af terwards,  sample s i z e s  a t  t h e  upper end should be se lec ted .  

The r e l a t i o n s h i p  between sc reen ing  procedures and sample s e l e c t i o n  i s  

d iscussed f u r t h e r  i n  Sect.  2.2.2. 

If most o f  t h e  sc reen ing  

O b t a i n i n g  es t ima tes  b y  r e t r o f i t  t y p e  (Appendix E )  r e q u i r e s  s l i g h t l y  

s m a l l e r  sample s i z e s  than o b t a i n i n g  o v e r a l l  program es t ima tes  because 

s t r a t i f i c a t i o n  b y  t y p e  reduces t h e  expected v a r i a b i l i t y  i n  sav ings 

(Appendix C). The same c o n s i d e r a t i o n s  about t h e  amount o f  i ncomp le te  

d a t a  expected app ly  as were d iscussed above. To have enough cases w i t h  

complete d a t a  f o r  t h e  a n a l y s i s ,  samples o f  40 t o  45 households f o r  bo th  

t h e  t r e a t m e n t  and c o n t r o l  group should be s e l e c t e d  f o r  Type I (hea t  

e x t r a c t o r ) ,  Type I11 ( e l e c t r i c  ven t  damper and e l e c t r o n i c  i g n i t i o n ) ,  and 

Type IV ( two  t h e r m a l l y  ac tua ted  ven t  dampers) r e t r o f i t s .  For Type I1 

(power gas b u r n e r )  r e t r o f i t s ,  which have a s m a l l e r  expected v a r i a b i l i t y  

i n  savings, samples o f  15 t o  20 should be se lec ted .  

2.2.2 Data Q u a l i t y  Screening 

T o  ensure t h e  completeness and q u a l i t y  o f  data,  sc reen ing  on seve ra l  

v a r i a b l e s  t h a t  a re  n o t  p a r t  o f  t h e  fo rma l  e l i g i b i l i t y  requi rements 

should be conducted. Thus, t hose  households t h a t  (1) do n o t  have a t  

l e a s t  one year  o f  preprogram f u e l  consumption reco rds ,  ( 2 )  use supple-  

menta l  h e a t i n g  f u e l s  (e.g. , wood stoves, kerosene o r  e l e c t r i c  h e a t e r s ) ,  

( 3 )  have i n s t a l l e d  o t h e r  w e a t h e r i z a t i o n  measures d u r i n g  t h e  12 months 

be fo re  t h e  r e t r o f i t ,  ( 4 )  have had a change i n  occupancy ( i .e.,  a new 
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f a m i l y  moved i n ) ,  o r  ( 5 )  have had a change i n  t h e  number o f  household 

members shou ld  be dropped f rom t h e  sampl ing frame. * 

To t h e  e x t e n t  p o s s i b l e ,  sc reen ing  f o r  d a t a  q u a l i t y  should t a k e  p l a c e  

b e f o r e  i n c l u s i o n  i n  t h e  sample. Screening f o r  supplemental f u e l  use, 

i n s t a l l a t i o n  o f  w e a t h e r i z a t i o n  measures, and changes i n  occupancy can be 

done a t  t h e  t i m e  t h a t  s teady -s ta te  e f f i c i e n c y  i s  checked. 

ques t i ons  t o  be used f o r  sc reen ing  on these f a c t o r s  a re  g i ven  i n  

Appendix D. 

I t  i s  more d i f f i c u l t  t o  screen f o r  t h e  completeness o f  f u e l  

The survey  

consumption reco rds  than i t  i s  f o r  t h e  o t h e r  f a c t o r s  because u t i l i t y  

coopera t i on  i s  r e q u i r e d .  

incomple te  consumption d a t a  i n  t h e  a n a l y s i s  s tage  and t o  be sure  o f  

hav ing  enough households w i t h  complete d a t a  l e f t  i n  t h e  sample, i t  would 

be d e s i r a b l e  t o  know t h a t  a household had complete f u e l  reco rds  b e f o r e  

ass ign ing  i t  t o  e i t h e r  t h e  t rea tmen t  o r  t h e  c o n t r o l  group. Checking f o r  

completeness b e f o r e  t h i s  assignment process, however, would r e q u i r e  

repeated  reques ts  t o  u t i l i t i e s  f o r  d a t a  on smal l  numbers o f  households. 

Most u t i l i t i e s  a re  p robab ly  n o t  w i l l i n g  t o  respond t o  so many smal l  

reques ts .  To reduce t h e  burden on t h e  u t i l i t i e s ,  as w e l l  as t h e  c o s t  o f  

h a n d l i n g  t h e  data, consumption reco rds  can be ob ta ined a f t e r  t h e  

To m in im ize  t h e  need t o  drop households w i t h  

App ly ing  these  c r i t e r i a  f o r  i n c l u s i o n  i n  t h e  sampling frame can be 
expected t o  r e s u l t  i n  a l o s s  of 30 t o  40% o f  t h e  households on t h e  o r i -  
g i n a l  l i s t  of e l i g i b l e s .  
b e f o r e  c o n s t r u c t i n g  t h e  i n i t i a l  sample. P o s s i b l e  a d d i t i o n a l  losses  have 
been c o r r e c t e d  f o r  i n  t h e  suggested ranges f o r  sample s e l e c t i o n  g i ven  i n  
Sect. 2.2.1. 

* 

Most o f  t h i s  sc reen ing  shou ld  t a k e  p l a c e  
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r e t r o f i t s  a re  i n s t a l l e d .  T h i s  s imp le r  procedure w i l l ,  o f  course, r e s u l t  

i n  g r e a t e r  a t t r i t i o n  i n  t h e  a n a l y s i s  s tage because o f  poor records .  

consumption d a t a  a re  reques ted  a f t e r  t h e  r e t r o f i t s  a re  i n s t a l l e d ,  l a r g e r  

If 

numbers of households must be ass igned t o  t h e  t rea tmen t  and c o n t r o l  

groups t o  a l l o w  f o r  a t t r i t i o n  due t o  incomple te  data.  

Another way o f  s i m p l i f y i n g  f u e l  consumption d a t a  c o l l e c t i o n  i s  t o  

c o l l e c t  d a t a  f rom as smal l  a number o f  n a t u r a l  gas u t i l i t i e s  as 

p o s s i b l e .  The sample shou ld  be s e l e c t e d  f rom those  areas o f  t h e  s t a t e  

w i t h  t h e  l a r g e s t  number o f  program households served b y  t h e  same u t i l i t y  

o r  u t i l i t i e s .  T h i s  procedure min imizes  t h e  number o f  reques ts  t o  

u t i l i t i e s  and t h e  amount o f  d a t a  r e f o r m a t t i n g .  C o l l e c t i o n  o f  weather 

d a t a  shou ld  a l s o  be l i m i t e d  t o  as smal l  a number of weather s t a t i o n s  as 

p o s s i b l e  t o  s i m p l i f y  da ta  hand l ing .  

A f i n a l  impor tan t  c o n s i d e r a t i o n  i n  c o l l e c t i n g  f u e l  consumption d a t a  

i s  t h e  l e n g t h  o f  t i m e  u t i l i t i e s  keep records .  

b i l l i n g  reco rds  f o r  o n l y  a 12-month pe r iod .  

Many u t i l i t i e s  keep 

Program s t a f f  shou ld  check 

w i t h  t h e  u t i l i t i e s  t o  de termine how l o n g  reco rds  are  kept .  

month b i l l  r e c o r d  keeping p e r i o d  i s  used, consumption d a t a  must be 

I f  a 12- 

c o l l e c t e d  tw ice .  I n  t h i s  case, d a t a  a re  c o l l e c t e d  once f o r  t h e  

preprogram year  (e.g., i n  J u l y  1985) and once f o r  t h e  postprogram year  

(e.g., i n  J u l y  1986). I f  reco rds  are  kep t  f o r  two years  o r  more, o n l y  

one r e q u e s t  f o r  d a t a  on sample households i s  r e q u i r e d .  

2.2.3 Treatment  and Con t ro l  Group S e l e c t i o n  

A f t e r  t h e  sampl ing frame c o n s i s t i n g  o f  a l i s t  o f  e l i g i b l e  households 

w i t h  adequate d a t a  q u a l i t y  and no major  behav io ra l  changes i s  de f ined,  
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t h e  n e x t  s t e p  i s  t o  c o n s t r u c t  t h e  t rea tmen t  and c o n t r o l  groups. Two 

genera l  appproaches t o  t r e a t m e n t / c o n t r o l  group s e l e c t i o n  a re  d iscussed 

i n  Sects.  2.2.3.1 and 2.2.3.2. 

To o b t a i n  separa te  es t ima tes  o f  sav ings b y  r e t r o f i t  type,  t h e  proce- 

dures a r e  s i m p l y  conducted s e p a r a t e l y  f o r  each r e t r o f i t  type. That  i s ,  

a t rea tmen t  group and a c o n t r o l  group a re  c o n s t r u c t e d  f o r  each r e t r o f i t  

t y p e  so t h a t  e i g h t  groups a re  formed (i .e.,  t r e a t m e n t  and c o n t r o l  f o r  

Type I, trea tmen t  and c o n t r o l  f o r  Type 11, e t c . ) .  

sampl ing f rame i s  separated, o r  s t r a t i f i e d ,  b y  r e t r o f i t  t y p e  and then  a 

l a r g e  enough sample i s  s e l e c t e d  f rom each s t r a t u m  t o  a l l o w  f o r  t h e  

c a l c u l a t i o n  o f  a sav ings f i g u r e  f o r  t h a t  s t ra tum. 

Appendix C g i v e  t h e  r e q u i r e d  sample s i z e s  b y  r e t r o f i t  type. 

I n  most s t a t e s ,  t h e  l a r g e  m a j o r i t y  o f  r e t r o f i t s  w i l l  be Type I o r  

I n  o t h e r  words, t h e  

S e c t i o n  2.2.1 and 

Type 11. I t  may be d i f f i c u l t ,  t h e r e f o r e ,  t o  o b t a i n  a l a r g e  enough 

sample t o  e s t i m a t e  Type I11 and I V  sav ings separa te l y .  If n o t  enough 

Type I11 and I V  r e t r o f i t s  a r e  completed, separa te  es t ima tes  can s t i l l  

be ob ta ined  f o r  Types I and I 1  and an o v e r a l l  program f i g u r e  c a l c u l a t e d  

b y  combining and w e i g h t i n g  t h e  d a t a  on a l l  t h e  r e t r o f i t  types t o  r e f l e c t  

t h e  p r o p o r t i o n s  i n s t a l l e d .  I t  a l s o  may be p o s s i b l e  t o  combine Types I 1 1  

and I V  t o  o b t a i n  one e s t i m a t e  f o r  damper r e t r o f i t s .  

t y p e  s tud ied ,  assignment t o  t r e a t m e n t  o r  c o n t r o l  groups should f o l l o w  

t h e  procedures presented below. 

2.2.3.1 W a i t i n g  L i s t  Procedure. 

group e v e n t u a l l y  r e c e i v e s  a r e t r o f i t  b u t  a t  a l a t e r  t i m e  than t h e  t r e a t -  

ment group. Di f ferences i n  weather-adjusted consumption i n  t h e  t i m e  

For each r e t r o f i t  

I n  a w a i t i n g  l i s t  design, t h e  c o n t r o l  
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p e r i o d  a f t e r  t h e  t rea tmen t  group r e c e i v e s  r e t r o f i t s  and b e f o r e  t h e  

c o n t r o l  group r e c e i v e s  r e t r o f i t s  a re  t h e  measure o f  program impact.  I n  

t h i s  procedure, households a re  randomly assigned (Appendix F), a f t e r  

t h e i r  e l i g i b i l i t y  has been e s t a b l i s h e d ,  t o  a group t h a t  r e c e i v e s  a 

r e t r o f i t  immediate ly  o r  t o  a group t h a t  i s  p laced  on a w a i t i n g  l i s t  

(Tab le  2 ) .  

The assignment i s  done b y  s e l e c t i n g  approx ima te l y  50% o f  t h e  

households on t h e  l i s t  o f  e l i g i b l e s  f o r  t h e  c o n t r o l  group. 

t h e  households r e c e i v e  r e t r o f i t s  immediately.  To ensure t h e  equ iva lence  

The r e s t  o f  

Tab le  2. W a i t i n g  l i s t  des igna 

T 1  T2  T3 

Treatment group Oe X Oe 
O S  OS 

C o n t r o l  ( w a i t i n g  Oe Oe X Oe 
l i s t )  group OS OS OS 

aT1-3 = h e a t i n g  seasons each one year  apar t ;  
0, = energy consumption reco rd ;  Os = su rvey  
of demographic/behavioral  f a c t o r s ;  and 
X = r e t r o f i t  r ece i ved .  

o f  t h e  groups, i t  i s  v e r y  i m p o r t a n t  t o  make no except ions f o r  households 

t h a t  have an e s p e c i a l l y  g r e a t  need f o r  se rv i ces .  

assignment a re  desc r ibed  i n  Appendix F. 

The procedures f o r  

A w a i t i n g  l i s t  procedure i s  a l r e a d y  be ing  used b y  t h e  Colorado Gas 

R e t r o f i t  P i l o t  Program. The Colorado O f f i c e  o f  Energy Conservat ion i s  

randomly a s s i g n i n g  125 o f  t h e  500 households i d e n t i f i e d  as e l i g i b l e  b y  
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l o c a l  agencies t o  a c o n t r o l  group. Members o f  t h i s  c o n t r o l  group have 

been p laced on a w a i t i n g  l i s t  u n t i l  June 1985. 

a f t e r  consumption d a t a  f o r  t h e  1984-85 h e a t i n g  season are ob ta ined) ,  t h e  

c o n t r o l  group w i l l  r e c e i v e  p r i o r i t y  se rv i ce .  

2 .2 .3 .2 .  No-Treatment C o n t r o l  Group Procedure. I n  a no- t rea tment  

c o n t r o l  group des ign,  t h e  procedure i s  e s s e n t i a l l y  t h e  same as t h e  f i r s t  

p a r t  o f  a w a i t i n g  l i s t  des ign.  

e l i g i b l e  households w i t h  adequate d a t a  q u a l i t y  and then randomly ass igns 

them t o  t h e  t rea tmen t  group o r  t o  t h e  c o n t r o l  group. The d i f f e rence ,  o f  

course, i s  t h a t  t h e  c o n t r o l  group does n o t  r e c e i v e  a r e t r o f i t  a t  a l a t e r  

t i m e  (Tab le  3 ) .  Since  t h i s  procedure r e q u i r e s  program r e t r o f i t  a c t i v i t y  

d u r i n g  o n l y  one s p r i n g  and summer i n s t e a d  o f  two, i t  i s  somewhat e a s i e r  

t o  implement than t h e  w a i t i n g  l i s t  design. Thus, i f  t h e r e  i s  no ob jec-  

t i o n  t o  n o t  p r o v i d i n g  t h e  c o n t r o l  group w i t h  t h e  r e t r o f i t s ,  t h e  no- 

t rea tmen t  des ign i s  p r e f e r a b l e .  

A t  t h a t  t i m e  ( i .e . ,  

That  i s ,  one f i r s t  ob ta ins  a l i s t  o f  

Tab le  3 .  No-treatment c o n t r o l  group des igna 

T 1  T2 

Treatment  group Oe X Oe 
O S  OS 

C o n t r o l  group Oe 
OS 

Oe 
OS 

aT1-2 = h e a t i n g  season one year  apar t ;  0, = 
energy consumption record ;  Os = survey  o f  
demographic /behaviora l  f a c t o r s ;  and X = 
r e t r o f i t  rece ived.  



16 

2.2.3.3 Matched Sampling. I n  a matched sample des ign,  t h e  f i r s t  s tep  

i s  t o  c o n s t r u c t  a s e t  o f  matched p a i r s  o f  households. The second s tep  

i s  t o  randomly ass ign  one member o f  each p a i r  t o  t h e  t rea tmen t  group and 

t h e  o t h e r  t o  t h e  c o n t r o l  group. I n  t h e  s t a t i s t i c a l  l i t e r a t u r e  t h i s  p ro-  

cedure i s  known as "b lock ing . "  Two major  advantages o f  b l o c k i n g  a re  (1) 

i t  improves t h e  s t a t i s t i c a l  p r e c i s i o n  o f  es t imates  o f  outcomes ( t h u s  

reduc ing  t h e  necessary sample s i z e  r e q u i r i n g  complete d a t a  c o l l e c t i o n )  

and ( 2 )  i t  a l l ows  one t o  s tudy  t h e  e f f e c t s  o f  background o r  match ing 

v a r i a b l e s  on outcomes. 

The most e a s i l y  access ib le  and u s e f u l  match ing v a r i a b l e  i s  p re-  

program s t e a d y - s t a t e  e f f i c i e n c y .  

such as f a m i l y  compos i t ion  and square foo tage  would a l s o  be good 

b l o c k i n g  v a r i a b l e s .  

s t a f f  than t h e  unmatched w a i t i n g  l i s t  o r  no- t rea tment  c o n t r o l  group 

designs; t h e r e f o r e ,  we expect t h a t  match ing w i l l  be done o n l y  i n  a more 

comprehensive e v a l u a t i o n  (Sect. 5 )  and n o t  as p a r t  o f  t h e  s tandard  p lan .  

2.2.3.4 S t r a t i f i e d  Random Sampling. An a l t e r n a t i v e  t o  p a i r w i s e  

match ing i s  s t r a t i f i e d  random sampling. I n  t h i s  approach, one s e l e c t s  a 

few key  v a r i a b l e s  thought  t o  be impor tan t  de terminants  o f  n a t u r a l  gas, 

Household o r  dwe l l  i n g  c h a r a c t e r i s t i c s  

A matched des ign  r e q u i r e s  more e f f o r t  b y  program 

use (e.g., house s 

s t r a t a  f o r  each ( e  

1200-1600 S q .  ft. 

ze, f a m i l y  s i z e )  and c rea tes  a few (2 -4 )  c lasses  o r  

g., homes l e s s  than  800 sq. ft., 800-1200 sq. ft., 

1600 sq. ft. and over ) .  Households r e c e i v i n g  

r e t r o f i t s  a r e  c l a s s i f i e d  a p p r o p r i a t e l y ,  and a random sample i s  drawn 

f r o m  each c e l l .  Con t ro l  households a r e  c l a s s i f i e d  i n t o  t h e  same ca te -  

go r ies ,  and a sample i s  drawn i n  t h e  same p r o p o r t i o n s  as f o r  t h e  t r e a t -  

ment homes. L i k e  p a i r w i s e  matching, s t r a t i f i e d  random sampl ing reduces 
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var iances  and pe rm i t s  t h e  use of sma l le r  sample s i zes .  We have a l r e a d y  

recommended s t r a t i f i c a t i o n  b y  r e t r o f i t  t y p e  so t h a t  t y p e - s p e c i f i c  f u e l  

sav ings es t imates  can be ob ta ined.  

v a r i a b l e s  would make i t  p o s s i b l e  t o  e x p l o r e  p a t t e r n s  o f  v a r i a t i o n  i n  

sav ings b y  household t y p e  as w e l l .  Such a d d i t i o n a l  s t r a t i f i c a t i o n  w i l l  

p robab ly  o n l y  be done i n  more comprehensive eva lua t i ons ,  however. I t  

would r e q u i r e  l a r g e r  numbers o f  households r e c e i v i n g  r e t r o f i t s  than most 

p i l o t  programs w i l l  i nc lude .  

S t r a t i f i c a t i o n  on a d d i t i o n a l  
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3. DATA COLLECTION 

3.1. ENERGY CONSUMPTION DATA 

Fo r  t h e  gas r e t r o f i t  program, b i l l i n g  h i s t o r i e s  f rom gas u t i l i t i e s  

a r e  t h e  source o f  energy consumption data.  

t h e  b e s t  source o f  i n f o r m a t i o n  on consumption, t h e r e  a r e  some impor tan t  

c o m p l i c a t i n g  f a c t o r s  t h a t  must be considered i n  t h e i r  use. 

t i m e  p e r i o d s  s e p a r a t i n g  meter read ings  a re  o f  v a r i a b l e  l eng th ;  thus,  

d i f f e r e n t  households w i  11 have d i f f e r e n t  beg inn ing  and ending dates f o r  

a meter- reading ( b i l l i n g )  cyc le .  S ince  ca lendar  months r a r e l y  c o r -  

respond t o  t h e  c y c l e  months, no mon th l y  summary d a t a  can be used. 

Ins tead ,  d a i l y  weather d a t a  must be matched t o  t h e  days i n  t h e  consump- 

t i o n  d a t a  and each household 's  weather-adjusted est imates o f  consumption 

must be computed s e p a r a t e l y  (Appendix A ) .  

A l though b i l l i n g  d a t a  a re  

F i r s t ,  t h e  

A second problem i s  t h a t  d i f f e r e n t  u t i l i t i e s  keep reco rds  i n  d i f -  

Households r e c e i v i n g  h e a t i n g  system r e t r o f i t s  may be f e r e n t  formats.  

g e o g r a p h i c a l l y  d i spe rsed  across t h e  s t a t e  and served b y  d i f f e r e n t  u t i l i -  

t i e s  and l o c a l  agencies. Thus, f u e l  consumption reco rds  a re  l i k e l y  t o  

be i n  a v a r i e t y  o f  f o rma ts  (some hard copy and some computer ized),  and 

t h e  reco rds  w i l l  have t o  be r e f o r m a t t e d  b y  t h e  a n a l y s t  i n t o  a s tandard 

system. To m in im ize  these  r e f o r m a t t i n g  problems, t h e  e v a l u a t i o n  should 

focus  on areas where t h e  l a r g e s t  numbers o f  program households a re  

served by  t h e  same u t i l i t y .  

I n a c c u r a t e  o r  m i s s i n g  b i l l i n g  d a t a  may r e s u l t  f rom meters n o t  be ing 

read  when scheduled, from es t ima ted  readings,  o r  f rom changes i n  occu- 

pancy o r  u t i l i t y  account ing procedures.  E r r o r s  o f  t h i s  t y p e  a re  bes t  
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handled b y  e l i m i n a t i n g  households w i t h  inadequate b i l l i n g  h i s t o r i e s  f rom 

t h e  d a t a  base. * 

3.2. PROGRAM AND MEASURE COSTS 

The h e a t i n g  c o n t r a c t o r  who performs t h e  r e t r o f i t  i n s t a l l a t i o n s  w i l l  

r e c e i v e  f i x e d  fees  f o r  h i s  work. 

t o  s t a t e ,  b u t  t h e  ASE recommends t h a t  $650 be p a i d  f o r  a Type I (heat  

e x t r a c t o r )  r e t r o f i t  and $500 f o r  a Type I1  (power gas bu rne r )  r e t r o f i t .  

The fees  may v a r y  s l i g h t l y  f rom s t a t e  

The recommended fees  f o r  a Type I11 ( e l e c t r i c  ven t  damper and e l e c t r o n i c  

i g n i t i o n )  r e t r o f i t  and a Type I V  ( two t h e r m a l l y  ac tua ted  ven t  dampers) 

a r e  $400 and $175, r e s p e c t i v e l y .  (Appendix E def ines  t h e  four  r e t r o f i t  

t ypes  i n  more d e t a i l . )  

c u r r e n t  market  p r i c i n g  s tandards f o r  p a r t s  and labo r .  

The f e e  f o r  each r e t r o f i t  t y p e  i s  based upon 

A d m i n i s t r a t i v e  c o s t s  assoc ia ted  w i t h  r e t r o f i t  i n s t a l l a t i o n  i n c l u d e  

t h e  cos ts  o f  i n s p e c t i n g  and t e s t i n g  p r e r e t r o f i t  and p o s t r e t r o f i t  equip- 

ment, and o f  i s s u i n g  work orders,  as w e l l  as t h e  c o s t s  assoc ia ted  w i t h  

c o n t r a c t  b idd ing ,  bookkeeping and t h e  account ing  cos t  o f  pay ing  a con- 

t r a c t o r ,  e t c .  These cos ts  a l s o  v a r y  f rom s t a t e  t o  s t a t e .  The Minnesota 

Department o f  Economic S e c u r i t y  i s  now exper ienc ing  a d m i n i s t r a t i v e  cos ts  

o f  approx imate ly  13% o f  t h e  r e t r o f i t  c o s t  (i.e., o f  t h e  f i x e d  f e e  p a i d  

f o r  each r e t r o f i t  t y p e )  f o r  i t s  gas r e t r o f i t  program. 

a d m i n i s t r a t i v e  cos ts  per  r e t r o f i t  can be expected t o  range from about 

$20--85 depending on t h e  r e t r o f i t  t ype .  S ince  Types I and I1 are  t h e  

most common, average cos ts  would p r o b a b l y  be i n  t h e  $50--70 range. 

T y p i c a l l y ,  then, 

There i s  a p o s s i b i l i t y  o f  sample b i a s  
L i t t l e  can be done t o  remedy t h i s  problem, 
s i d e r  t h e  i s s u e  i n  i n t e r p r e t i n g  r e s u l t s .  
duc ted  b y  comparing t h e  c h a r a c t e r i s t i c s  o f  
t h e  c h a r a c t e r i s t i c s  o f  households w i t h  b i l  

* i f  m iss ing  b i l l s  a re  nonrandom. 
b u t  t h e  a n a l y s t  may wish t o  con- 
e s t s  f o r  b i a s  can be  con- 
households w i t h o u t  r e c o r d s  t o  
i n g  records .  
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Records o f  program c o s t s  a re  r o u t i n e l y  ma in ta ined  b y  s t a t e  agencies 

r e s p o n s i b l e  f o r  p i l o t  programs. 

p r o b a b l y  be c o l l e c t e d  on a month ly  b a s i s  by  t h e  agency. 

t i o n a l  d a t a  c o l l e c t i o n  on program cos ts  i s  r e q u i r e d  f o r  e v a l u a t i o n  

purposes. 

I n v o i c e s  f o r  c o n t r a c t o r  s e r v i c e s  w i l l  

Thus, no addi -  

I n  t h e  a n a l y s i s  stage, d a t a  on b o t h  i n s t a l l a t i o n  and admi- 

u e l  sav ings measure- 

veness (See Sect.  

n i s t r a t i v e  cos ts  are, o f  course, i n t e g r a t e d  w i t h  

ments t o  produce es t ima tes  o f  program c o s t  e f f e c t  

4.2). 

3.3. HOUSEHOLD AND DWELLING CHARACTERISTICS 

A survey fo rm (Appendix D )  i s  t h e  p robab le  source of i n f o r m a t  on 

on household and d w e l l i n g  c h a r a c t e r i s t i c s .  I n  some s t a t e s ,  o t h e r  d a t a  

sources, (such as t h e  Energy Ass i s tance  Program (EAP) o r  WAP) may pro-  

v i d e  some o f  t h e  same i n f o r m a t i o n  (e.g., number of household members and 

t h e i r  ages, square f o o t a g e  o f  t h e  d w e l l i n g ,  w e a t h e r i z a t i o n  s t a t u s ) .  

Bas i c  survey i n f o r m a t i o n  should be ob ta ined  a t  t h e  t i m e  t h a t  t h e  

p r e r e t r o f i t  measurements o f  f u r n a c e  e f f i c i e n c i e s  a re  taken i n  t h e  home. 

These su rvey  d a t a  a re  used t o  remove households f rom t h e  sample t h a t  

have impor tan t  confounding f a c t o r s  (i .e. , supplemental f u e l  use, 

i n s t a l l a t i o n  o f  w e a t h e r i z a t i o n  measures i n  t h e  1 2  months b e f o r e  t h e  f u r -  

nace r e t r o f i t ,  change i n  occupancy o r  household composi t ion) .  They a l s o  

p r o v i d e  a b a s e l i n e  measure t h a t  can be compared t o  l a t e r  measures o f  

household d w e l l i n g  and b e h a v i o r a l  c h a r a c t e r i s t i c s .  I f  resources a1 low, 

i t  would be d e s i r a b l e  t o  c o l l e c t  i n f o r m a t i o n  on b a s i c  household charac- 

t e r i s t i c s  again about 8-12 months p o s t r e t r o f i t .  T h i s  second survey 

would p r o v i d e  another check on impor tan t  confounding f a c t o r s  and make 

a n a l y s i s  of household changes p o s s i b l e .  
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Data on household and d w e l l i n g  c h a r a c t e r i s t i c s  can a l s o  be used t o  

h e l p  e x p l a i n  v a r i a t i o n s  i n  a c t u a l  f u e l  sav ings among d i f f e r e n t  household 

and d w e l l i n g  types and among s t a t e s .  S ince  d i f f e r e n t  s t a t e s  w i l l  se rve  

a d i f f e r e n t  mix of household and d w e l l i n g  types, a n a l y s i s  o f  t h e  r e l a -  

t i o n s h i p  between these  t ypes  and a c t u a l  f u e l  sav ings w i l l  be e s p e c i a l l y  

use fu l  f o r  comparing r e s u l t s  from one s t a t e  t o  another and f o r  p re -  

d i c t i n g  sav ings f o r  f u t u r e  programs. 

If a program serves m a i n l y  e l d e r l y ,  low-income households, i t  may 

be ex t reme ly  d i f f i c u l t  t o  o b t a i n  v a l i d  su rvey  i n f o r m a t i o n  f r o m  occu- 

pants .  I n  Kentucky, e f f o r t s  by  t h e  Department f o r  S o c i a l  Insurance t o  

o b t a i n  su rvey  i n f o r m a t i o n  f rom e l d e r l y ,  low-income r e c i p i e n t s  o f  EAP 

funds produced l a r g e l y  unusable data.  

were t y p i c a l ,  and many ques t i ons  produced ''I d o n ' t  know" o r  o b v i o u s l y  

i n c o r r e c t  responses. As a r e s u l t ,  most s t a t e s  w i l l  p r o b a b l y  w ish  t o  

c o l l e c t  o n l y  a few b a s i c  d a t a  i tems on household c h a r a c t e r i s t i c s  ( t h e  

e s s e n t i a l  i tems a re  i d e n t i f i e d  i n  Appendix D ) .  As exp la ined  i n  

Sect.  5, e x t e n s i v e  survey d a t a  a re  n o t  r e q u i r e d  t o  answer b a s i c  f u e l  

sav ings and c o s t - e f f e c t i v e n e s s  ques t i ons .  

* 

Response r a t e s  o f  l e s s  than  50% 

O b t a i n i n g  v a l i d  su rvey  i n f o r m a t i o n  on c e r t a i n  ene rgy - re la ted  beha- 
v i o r s  i s  p r o b l e m a t i c  f o r  households o f  a l l  incomes and ages. S e l f -  
r e p o r t s  of t he rmos ta t  s e t t i n g s  and o f  conse rva t i on  a c t i o n s  a re  o f t e n  
v e r y  i n a c c u r a t e  ( G e l l e r ,  1981). The problem o f  i n a c c u r a t e  s e l f - r e p o r t s  
seems t o  be even more severe f o r  low-income, e l d e r l y  households, 
however. 

* 
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3.4 WEATHER DATA 

The Na t iona l  Oceanic and Atmospheric A d m i n i s t r a t i o n  (NOAA) compi les 

d a t a  f rom each weather s t a t i o n  i n  t h e  count ry .  A r e p o r t  ( l o c a l  c l i m a t o -  

l o g i c a l  da ta )  i s  pub l i shed  each month f o r  each s t a t i o n .  

c o n t a i n  i n f o r m a t i o n  a t  3-hour i n t e r v a l s  w i t h  d a i l y ,  monthly, and average 

summaries. These r e p o r t s ,  which c o s t  $1.50 each, can be ordered 

d i r e c t l y  f rom NOAA a t  t h e  N a t i o n a l  C l i m a t i c  Data Center, Federa l  

B u i l d i n g ,  A s h e v i l l e ,  NC 28801. NOAA d a t a  tapes a l s o  a re  a v a i l a b l e  

(Appendix B) .  

The r e p o r t s  

Genera l l y ,  one would o b t a i n  d a t a  f rom t h e  weather s t a t i o n  t h a t  i s  

g e o g r a p h i c a l l y  c l o s e s t  t o  an area f o r  weather ad justment  purposes. 

However, under s p e c i a l  c i rcumstances (e.g., h i g h  mountain ranges o r  

o t h e r  d i s t i n c t i v e  weather p a t t e r n s ) ,  a s t a t i o n  t h a t  i s  f a r t h e r  away may 

be more approp r ia te .  Usua l l y ,  temperature d a t a  a re  a v a i l a b l e  f rom a 

number o f  s t a t i o n s  i n  each coun ty  i n  t h e  s t a t e  (F ig .  1). F i r s t  o rde r  

s t a t i o n s  g e n e r a l l y  have t h e  most accura te  data. U t i l i t i e s  w i l l  o f t e n  be 

a b l e  t o  i d e n t i f y  t h e  weather s t a t i o n  most a p p r o p r i a t e  f o r  t h e  areas t h e y  

serve.  I t  i s  a l s o  p o s s i b l e  t h a t  u t i l i t i e s ,  a g r i c u l t u r a l  experiment s t a -  

t i o n s ,  o r  s t a t e  u n i v e r s i t i e s  w i l l  have weather d a t a  t h a t  have a l r e a d y  

been p u t  i n  usab le  fo rmats .  

z a t i o n s  be fore  o b t a i n i n g  and p rocess ing  t h e  NOAA weather da ta  onese l f .  

I t  i s  wor thwh i l e  t o  check w i t h  such o rgan i -  

3.5 HEATING EQUIPMENT CHARACTERISTICS 

Program recordkeep ing  forms (Appendix G )  c o n t a i n  i n f o r m a t i o n  about 

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

t hese  forms i n c l u d e  t h e  manufacturer, model, capac i t y ,  component dimen- 

s ions ,  and t h e  r e s u l t s  of t h e  p r e r e t r o f i t  f l u e  gas ana lys i s .  

The h e a t i n g  system da ta  c o l l e c t e d  on 

The f l u e  
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gas a n a l y s i s  p rov ides  a measure o f  t h e  thermal  performance of t h e  

h e a t i n g  system d u r i n g  cont inuous o r  s t e a d y - s t a t e  ope ra t i on .  T h i s  

a n a l y s i s  techn ique  approximates t h e  percentage o f  t h e  energy i n  t h e  f u e l  

t h a t  a c t u a l l y  heats  t h e  house b y  i d e n t i f y i n g  t h e  amount o f  heat  l o s t  up 

t h e  f l u e .  

t h e  e l i g i b i l i t y  o f  t h e  h e a t i n g  system f o r  r e t r o f i t .  

T h i s  s t e a d y - s t a t e  e f f i c i e n c y  measurement i s  used t o  determine 

A f t e r  t h e  r e t r o f i t  i s  i n s t a l l e d  t h e  c o n t r a c t o r  p rov ides  i n f o r m a t i o n  

on t h e  work o r d e r  about t h e  equipment i n s t a l l e d  (Appendix GI. 

i n s t a l l e r  must c e r t i f y  t h a t  t h e  r e t r o f i t  meets t h e  performance r e q u i r e -  

ments. I n  a Type I r e t r o f i t ,  a heat  e x t r a c t o r ,  t h e  s t e a d y - s t a t e  e f f i -  

c i e n c y  cannot be determined u s i n g  t h e  Bacharach combustion t e s t e r  used 

i n  t h e  p r e r e t r o f i t  f l u e  gas a n a l y s i s  because t h e  exhaust s tack  tempera- 

t u r e  i s  below 100°F, t h e  temperature below which t h e  t e s t  r e s u l t s  

become u n r e l  i able.  There fo re ,  a s t e a d y - s t a t e  e f f i c i e n c y  e q u i v a l e n t  i s  

c a l c u l a t e d  b y  measur ing t h e  temperature r i s e  between t h e  supp ly  a i r  a t  

t h e  t o p  o f  t h e  plenum and t h e  r e t u r n  a i r  b e f o r e  t h e  e x t r a c t o r  c o i l ,  w i t h  

The 

t h e  e x t r a c t o r  on and o f f  

- s t  eady-s t a t e  
e f f i c i e n c y  e q u i v a l e n t  - 

The A S E / I H D  t r a i n i n g  

and u s i n g  t h e  f o l l o w i n g  r e l a t i o n s h i p :  

p re -  
r e t r o f i t  temperature r i s e  w i t h  e x t r a c t o r  steady- 

temperature r i s e  w i t h o u t  e x t r a c t o r  s t a t e  
e f f i c i e n c y .  

course e x p l a i n s  i n  d e t a i l  how t o  determine 

s t e a d y - s t a t e  e f f i c i e n c y  f o r  each r e t r o f i t  type.  I n  a Type I 1  r e t r o f i t ,  

t h e  Bacharach Combustion T e s t e r  i s  used t o  determine t h e  s t e a d y - s t a t e  

e f f i c i e n c y .  Type I11 and I V  r e t r o f i t s  do n o t  r e q u i r e  a f l u e  gas analy-  

s i s  b u t  t h e  c o n t r a c t o r ' s  work must meet t h e  requi rements shown on t h e  
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work o r d e r  (Appendix GI. A t r a i n e d  a u d i t o r  w i l l  i n s p e c t  t h e  c o n t r a c -  

t o r ' s  work, d u p l i c a t e  t h e  t e s t i n g  desc r ibed  above, and r e p o r t  t h e  

r e s u l t s  on t h e  work order .  

The d a t a  c o l l e c t e d  on t h e  h e a t i n g  equipment should be u s e f u l  i n  

e x p l a i n i n g  v a r i a t i o n s  i n  energy sav ings among t h e  households. For 

example, a power gas burner  may achieve l a r g e r  sav ing  i n  a b o i l e r  t han  

i n  a h o t  a i r  furnace.  C o l l e c t i n g  d a t a  on t h e  h e a t i n g  equipment a l l ows  

energy sav ings t o  be q u a n t i f i e d  f o r  v a r i o u s  types o f  gas h e a t i n g  equip-  

ment. I n  a d d i t i o n ,  c o l l e c t i n g  d a t a  from t h e  f l u e  gas a n a l y s i s  and t h e  

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

p r e -  and p o s t r e t r o f i t  c o n d i t i o n  o f  t h e  h e a t i n g  equipment. F i n a l l y ,  much 

o f  t h i s  d a t a  i s  r e q u i r e d  b y  t h e  program as a q u a l i t y  assurance check on 

t h e  c o n t r a c t o r ' s  work. 
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4. ANALYSIS PLAN 

Most s t a t e s  w i l l  p r o b a b l y  wish t o  address o n l y  two major ques t i ons :  

1. What f u e l  sav ings a re  due t o  t h e  program and t o  each r e t r o f i t  

type?* 

How c o s t  e f f e c t i v e  i s  t h e  program and each r e t r o f i t  t y p e ?  2. 

Methods f o r  ana lyz ing  these  ques t i ons  a re  d iscussed below. 

4.1. FUEL SAVINGS 

To determine what f u e l  sav ings a re  due t o  t h e  program and t o  each 

r e t r o f i t  t y p e  average (NAC) f i g u r e s  i n  MBtu/year are computed f o r  b o t h  

t h e  t rea tmen t  and c o n t r o l  groups w i t h  t h e  methods desc r ibed  i n  Appendix 

A. The d i f f e r e n c e  between t h e  t rea tmen t  and c o n t r o l  group NACs f o r  t h e  

p r e h e a t i n g  and p o s t h e a t i n g  seasons a re  t h e  measure of t h e  program's 

impact [Eq. (1)l. 

S = ( N A C 1  - NAC2) - (NACc1 - N A C C ~ ) ,  

where 

S = annual energy savings, 

N A C l  = no rma l i zed  annual consumption f o r  t h e  t rea tmen t  group i n  

year  one ( p r e r e t r o f  i t 1, 

NAC2 = no rma l i zed  annual consumption f o r  t h e  t rea tmen t  group i n  

year  two ( p o s t r e t r o f i t ) .  

T h i s  p l a n  addresses t h e  gas sav ings due t o  t h e  h e a t i n g  system modi- 
f i c a t i o n  and does n o t  cons ide r  t h e  e f f e c t  on o t h e r  f u e l  usage o f  t h e  
household. However, t h e  heat  e x t r a c t o r ,  Type I r e t r o f i t ,  uses a 400-W 
pump, which w i l l  a f f e c t  t h e  household 's  e l e c t r i c i t y  consumption. If t h e  
h e a t i n g  u n i t  operates 150 days per  year,  and d u r i n g  t h i s  t i m e  pe r iod ,  t h e  
pump operates o n e - t h i r d  o f  t h e  t i m e  w i t h  t h e  p r i c e  o f  e l e c t r i c i t y  be ing  
$0.07/kWhY t h e  pump w i l l  c o s t  about $34.00 per  year  t o  operate.  We do n o t  
recommend a n a l y s i s  o f  e l e c t r i c i t y  consumption d a t a  because i t  would n e a r l y  
double t h e  a n a l y s i s  e f f o r t  w i t h o u t  hav ing much e f f e c t  on t h e  r e s u l t s .  

* 
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NACcl = normal ized  annual consumption f o r  t h e  c o n t r o l  group i n  

year  one ( p r e r e t r o f i t ) ,  

NACc2 = normal ized  annual consumption f o r  t h e  c o n t r o l  group i n  

year  two ( p o s t r e t r o f i t ) ,  

Fue l  consumption and weather d a t a  a r e  t h e  o n l y  i n p u t s  r e q u i r e d  f o r  

deve lop ing  t h e  NAC es t imates  (F ig .  2 ) .  

A more complete a n a l y s i s  o f  t h e  reasons f o r  t h e  measured f u e l  

sav ings would a l s o  i n c l u d e  an examinat ion of behav io ra l  d a t a  and o t h e r  

background f a c t o r s .  The p r e d i c t e d  t e c h n i c a l  p o t e n t i a l  f o r  sav ings f rom 

a g i v e n  r e t r o f i t  t y p i c a l l y  w i l l  n o t  be equal t o  t h e  sav ings r e a l i z e d  i n  

a c t u a l  homes. The t e c h n i c a l  p o t e n t i a l  f o r  sav ings measured i n  

l a b o r a t o r i e s  o r  i n  s p e c i a l l y  des igned t e s t  houses i s  u n l i k e l y  t o  be 

r e a l i z e d  i n  f i e l d  s e t t i n g s  f o r  seve ra l  reasons, i n c l u d i n g  i m p e r f e c t  

i n s t a l l a t i o n  and use, i n t e r a c t i o n s  w i t h  s p e c i f i c  d w e l l i n g  o r  occupant 

c h a r a c t e r i s t i c s ,  and changes i n  occupant behav io r .  

S ince  i t  i s  v e r y  expensive t o  measure t h e  i n f l uences  o f  occupant 

behav io r ,  i n s t a l l a t i o n  o r  use problems, e t c .  a s tandard  program eva- 

l u a t i o n  w i l l  n o t  be ab le  t o  e l i m i n a t e ,  o r  separa te  ou t ,  these e f f e c t s  on 

es t imates  o f  program f u e l  sav ings.  It would be u s e f u l ,  however, t o  

conduct a few more comprehensive s t u d i e s  t h a t  e x p l o r e  t h e  magnitude and 

d i s t r i b u t i o n  o f  such e f f e c t s  so t h a t  t h e  p robab le  f u e l  sav ings due t o  

expanded program e f f o r t s  can be f o r e c a s t  more accu ra te l y .  

i n f o r m a t i o n  on changes i n  occupant behav io r  should be c o l l e c t e d  i n  a few 

e v a l u a t i o n s  so t h a t  t h e  magnitude of behav io ra l  e f f e c t s  on consumption 

can be es t imated .  F u r t h e r  d i s c u s s i o n  o f  i ssues  beyond t h e  b a s i c  f u e l  

sav ings  and c o s t  e f f e c t i v e n e s s  ques t i ons  i s  p resented  i n  Sect. 5. 

Accord ing ly ,  
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Fig. 2. S imple schematic of f u e l  sav ings  a n a l y s i s  procedure. 
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4.1.1 E s t i m a t i n g  Annual Fuel  Savings f rom Combustion E f f i c i e n c y  

The change i n  s t e a d y - s t a t e  e f f i c i e n c y  a f t e r  t h e  r e t r o f i t  p rov ides  an 

i n d i c a t i o n  about t h e  e f f e c t i v e n e s s  of t h a t  r e t r o f i t .  The s t e a d y - s t a t e  

e f f i c i e n c y  g i ves  a measure of t h e  thermal  performance o f  a home h e a t i n g  

system d u r i n g  cont inuous opera t i on .  However, improved s t e a d y - s t a t e  

e f f i c i e n c y  cannot be d i r e c t l y  t r a n s l a t e d  i n t o  f u e l  sav ings because t h e  

o f f - c y c l e  l osses  a re  n o t  accounted f o r  i n  a s t e a d y - s t a t e  e f f i c i e n c y  

measurement. Therefore,  t h e  s t e a d y - s t a t e  e f f i c i e n c y  i s  a u s e f u l  measure 

o f  t h e  performance o f  a h e a t i n g  system when i t  i s  ope ra t i ng ,  b u t  t h e  

annual f u e l  use depends on seasonal e f f i c i e n c y ,  which takes  i n t o  account 

t h e  l osses  t h a t  occur when t h e  system i s  n o t  ope ra t i ng .  These losses  

i n c l u d e  heat  l o s t  t o  an unheated basement, heat l o s t  t h rough  t h e  u n i t  

d u r i n g  i t s  o f f - c y c l e ,  and losses  i n  e f f i c i e n c y  when t h e  u n i t  i s  on b u t  

i s  n o t  warmed up. U n f o r t u n a t e l y ,  seasonal e f f i c i e n c y  i s  v e r y  d i f f i c u l t  

t o  measure i n  t h e  f i e l d ,  and l a b o r a t o r y  t e s t s  a re  r e q u i r e d  f o r  an 

accu ra te  e s t i m a t i o n  o f  a system's seasonal e f f i c i e n c y .  

An a l t e r n a t i v e  t o  de te rm in ing  t h e  seasonal e f f i c i e n c y  i s  t o  t r y  t o  

d e r i v e  a f a c t o r  r e p r e s e n t i n g  t h e  ( p o s s i b l e )  r e l a t i o n s h i p  between 

improvement i n  s t e a d y - s t a t e  e f f i c i e n c y  and NAC. One would expect t h e  

percentage o f  f u e l  saved t o  be g r e a t e r  t han  t h e  percentage o f  s teady-  

s t a t e  e f f i c i e n c y  improvement s i n c e  t h e  r e d u c t i o n  o f  o f f - c y c l e  l osses  as 

a r e s u l t  o f  t h e  r e t r o f i t  a re  n o t  cons idered i n  t h e  improvement i n  

s t e a d y - s t a t e  e f f i c i e n c y .  I f  a r e l a t i o n s h i p  between s t e a d y - s t a t e  e f f i -  

c i e n c y  and f u e l  sav ings can be developed, t h e  f u e l  sav ings assoc ia ted  

w i t h  one o f  t h e  r e t r o f i t  types can be approximated i n  t h e  f u t u r e  f rom 

t h e  improvement i n  s t e a d y - s t a t e  e f f i c i e n c y  w i t h o u t  ana lyz ing  p r e r e t r o f i t  
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and p o s t r e t r o f i t  f u e l  b i l l s .  T h i s  f a c t o r ,  however, c o u l d  o n l y  be 

a p p l i e d  f o r  households w i t h  (1) s i m i l a r  h e a t i n g  equipment, ( 2 )  s i m i l a r  

c h a r a c t e r i s t i c s ,  and ( 3 )  s i m i l a r  c l i m a t e s  as t h e  households f rom which 

d a t a  were used t o  d e r i v e  t h e  f a c t o r .  

t r y  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  between change i n  s t e a d y - s t a t e  e f f i -  

c i e n c y  and change i n  f u e l  consumption. 

Regression a n a l y s i s  can be used t o  

4.2. COST EFFECTIVENESS* 

The c o s t  e f f e c t i v e n e s s  o f  a r e t r o f i t  investment  can be determined 

w i t h  a v a r i e t y  o f  approaches. 

energy sav ings t o  t h e  c o s t s  o f  ach iev ing  them i s  always i nvo l ved ,  a 

number o f  o t h e r  i n p u t s  i s  u s u a l l y  needed as w e l l .  Key assumptions 

i n c l u d e  t h e  expected l i f e t i m e  of t h e  r e t r o f i t  measures, a d i scoun t  r a t e  

t h a t  r e f l e c t s  t h e  t i m e  v a l u e  o f  money, and es t ima ted  f u e l  p r i c e  escala-  

t i o n  r a t e s .  

assumptions, s e n s i t i v i t y  a n a l y s i s  i s  o f t e n  used t o  es t ima te  a range of 

c o s t  e f f e c t i v e n e s s  under v a r y i n g  c o n d i t i o n s .  

Al though a b a s i c  comparison o f  measured 

S ince  t h e r e  i s  s i g n i f i c a n t  u n c e r t a i n t y  i n  these key 

The expected range o f  l i f e t i m e s  f o r  gas h e a t i n g  system r e t r o f i t s  i s  

15 t o  20 years.  

l i f e t i m e  o f  t h e  h e a t i n g  system. S ince  systems w i t h  expected l i f e t i m e s  

o f  l e s s  than 5 years a re  i n e l i g i b l e  f o r  program se rv i ces ,  a lower bound 

of 5 yea rs  a p p l i e s  t o  a l l  households. Average expected l i f e t i m e s  o f  10, 

15, and 20 years a re  p r o b a b l y  an a p p r o p r i a t e  range f o r  cos t -  

e f f e c t  i venes s c a l  cu 1 a t  i ons . 

T h i s  range i s  dependent, o f  course, on t h e  o v e r a l l  

Most o f  t h e  m a t e r i a l  i n  t h i s  s e c t i o n  i s  taken d i r e c t l y  f r o m  Goldman * 
(1983). 



32 

To eva lua te  energy conserva t i on  op t ions ,  one must weigh t h e  f u t u r e  

b e n e f i t s  aga ins t  p resen t  cos ts .  The we igh t  g i ven  t o  b e n e f i t s  and cos ts  

a t  d i f f e r e n t  t i m e  pe r iods  i s  determined b y  t h e  d i scoun t  r a t e .  The 

h i g h e r  t h e  d i scoun t  r a t e ,  t h e  lower  t h e  f u t u r e  b e n e f i t s  and cos ts  a re  

va lued compared w i t h  p resen t  b e n e f i t s  and cos ts .  I n  o t h e r  words, a 

d i s c o u n t  r a t e  reduces t h e  nominal d o l l a r  va lue  o f  these f u t u r e  sav ings 

and cos ts  t o  t h e i r  p resent  va lue.  

cons tan t  d o l l a r  values; t h a t  i s ,  c u r r e n t  d o l l a r  va lues are  c o r r e c t e d  f o r  

reduced purchas ing  power due t o  i n f l a t i o n .  Un fo r tuna te l y ,  t h e r e  i s  no 

consensus on t h e  ques t i on  o f  t h e  a p p r o p r i a t e  r a t e  of d i scoun t  f o r  use i n  

e v a l u a t i n g  government energy p r o j e c t s .  

s o c i a l  r a t e  o f  d i scoun t  i s  a complex problem and cont inues  t o  be t h e  

s u b j e c t  o f  c o n t r o v e r s y  among p r o f e s s i o n a l  economists (L ind ,  1982). 

A r e a l  d i scoun t  r a t e  i s  expressed i n  

Determin ing  of t h e  a p p r o p r i a t e  

When t r y i n g  t o  a r r i v e  a t  t h e  a p p r o p r i a t e  d i scoun t  r a t e ,  i t  i s  

impor tan t  t o  n o t e  t h a t  b e n e f i t s  d e r i v e d  from r e t r o f i t  investments a re  

n o t  t axab le ,  Thus, a f t e r - t a x  r a t e s  o f  r e t u r n  f o r  a l t e r n a t i v e  

investments shou ld  be used t o  de termine a p p r o p r i a t e  d i scoun t  r a t e s .  In 

a d d i t i o n ,  t h e  a l t e r n a t i v e  inves tments  must be o f  t h e  same t i m e  span as 

t h e  l i f e t i m e  o f  t h e  r e t r o f i t .  

A range o f  r e a l  d scount  r a t e s  has been used i n  p rev ious  e v a l u a t  

of f e d e r a l  programs. A r e a l  d i scoun t  r a t e  o f  3% was used i n  t h e  

analyses o f  t h e  B u i l d  ng Energy Performance Standards, whereas t h e  

N a t i o n a l  Bureau o f  Standards used a 6% d iscoun t  r a t e  i n  i t s  s t u d y  o f  

low-income w e a t h e r i z a t i o n  (Berman and Cooper, 1981). The O f f i c e  o f  

Management and Budget recommends a 10% d iscoun t  r a t e  f o r  a l l  f e d e r a l  

p r o j e c t s  (L ind ,  1982). For a s e n s i t i v i t y  a n a l y s i s  we recommend 

ons 
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d iscoun t  r a t e s  o f  3, 6, and 10%. I n  a d d i t i o n ,  each s t a t e  c o u l d  use t h e  

c u r r e n t  r a t e  ( n e t  o f  i n f l a t i o n )  a t  which t h e  s t a t e  borrows money as t h e  

d i scoun t  r a t e .  

Ob ta in ing  reasonab le  es t imates  o f  f u t u r e  f u e l  p r i c e s  i s  a h i g h l y  

u n c e r t a i n  process. 

i n d i c a t o r s  o f  c o s t  e f f e c t i v e n e s s .  The American Gas Assoc ia t i on  (AGA) 

es t imates  r e a l  f u e l  p r i c e  e s c a l a t i o n  r a t e s  o f  4 and 8% f o r  n a t u r a l  gas. 

The Energy I n f o r m a t i o n  A d m i n i s t r a t i o n  ( E I A )  a l s o  pub l i shes  f u e l  p r i c e  

f o r e c a s t s  which a re  w i d e l y  used i n  t h e  e v a l u a t i o n  o f  energy p o l i c i e s  and 

programs. 

I n  a d d i t i o n ,  f u e l  p r i c e  p r o j e c t i o n s  can be ob ta ined  from t h e  s t a t e ' s  

s u p p l i e r  o r  p u b l i c  u t i l i t y  commission. Thus, t h e  s e n s i t i v i t y  a n a l y s i s  

c o u l d  i n c l u d e  AGA, E I A ,  and l o c a l  p r o j e c t i o n s .  

Yet, some assumption must be made t c  c a l c u l a t e  most 

The most c u r r e n t  f o r e c a s t  w i l l  be a v a i l a b l e  i n  January 1985. 

To summarize, reasonab le  assumptions f o r  e s t i m a t i n g  t h e  c o s t  e f f e c -  

t i v e n e s s  o f  gas fu rnace  r e t r o f i t s  i n c l u d e  a range o f  r e t r o f i t  l i f e t i m e s  

o f  10, 15, and 20 years;  d i s c o u n t  r a t e s  o f  3, 6, and 10%; and f u e l  p r i c e  

e s c a l a t i o n  r a t e s  o f  4 and 8%. We b e l i e v e  t h a t  an assumed l i f e t i m e  o f  15 

years,  a d i scoun t  r a t e  o f  6%, and a r e a l  f u e l  p r i c e  e s c a l a t i o n  r a t e  o f  

4% rep resen t  t h e  bes t  guesses, b u t  i t  would be wor thwh i l e  t o  c a l c u l a t e  

c o s t  e f fec t i veness  under t h e  f u l l  range of assumptions (Tab le  4). 

Once t h e  key  assumptions about r e t r o f i t  l i f e t i m e s ,  d i scoun t  r a t e s ,  

and f u t u r e  f u e l  p r i c e  e s c a l a t i o n  r a t e s  a re  se lec ted ,  a v a r i e t y  o f  c o s t -  

e f fec t i veness  i n d i c a t o r s  can be c a l c u l a t e d  w i t h  s tandard  formulas.  The 

n e t  p resen t  va lue  ( N P V ) ,  t h e  c o s t  o f  conserved energy ( C C E ) ,  t h e  i n t e r -  

n a l  r a t e  o f  r e t u r n  ( I R R ) ,  and s imp le  payback c a l c u l a t i o n s  are  descr ibed 
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below. 

each i n d i c a t o r  a re  a l s o  b r i e f l y  discussed. 

The advantages, disadvantages, and u n d e r l y i n g  assumptions o f  

T a b l e  4. Recommended economic parameters f o r  c o s t - e f f e c t i v e n e s s  
c a l  cu 1 a t  i ons 

R e t r o f i t  D iscount  Fuel  p r i c e  
1 i f e t  i me r a t e  escal  a t  i on f a c t o r  

(Yrs.)  (% 1 (% 1 

10, 15, 20 3, 6, 10, and 4, 8, E I A  f o recas ts ,  

money f o r e c a s t  
Range s t a t e  c o s t  of and l o c a l  s u p p l i e r  

Best  guess 15 6 4 

4.2.1 Net Present  Value 

Net p resen t  v a l u e  ( N P V )  a n a l y s i s  c a l c u l a t e s  t h e  d i f f e r e n c e  between a 

r e t r o f i t  measure's d i scoun ted  b e n e f i t s  and costs .  The energy saved and 

t h e  c o s t  o f  o b t a i n i n g  those  sav ings a re  va lued over t h e  l i f e t i m e  o f  t h e  

measure. 

s i d e r e d  wor thwhi le .  Measures w i t h  t h e  h i g h e s t  NPV are t h e  b e s t  i n v e s t -  

ments. The genera l  f o r m u l a  f o r  NPV i s  

An investment  w i t h  a n e t  b e n e f i t  g r e a t e r  than ze ro  i s  con- 

where 

n = l i f e t i m e  o f  measure, 

S = annual energy sav ings (equal  t o  f i r s t - y e a r  sav ings) ,  

P j  = r e a l  energy p r i c e  i n  year  j, 
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C j  = annual c o s t  o f  measure ( i n  cons tan t  d o l l a r s ) .  (Note: For t h e  

gas r e t r o f i t  program, t h i s  w i l l  be t h e  i n i t i a l  c o s t  o f  t h e  

r e t r o f i t  s i n c e  maintenance c o s t s  a re  n o t  be ing  considered.  

Thus, t h e  t o t a l  c o s t  w i l l  appear i n  year  one and c o s t s  i n  sub- 

sequent years w i l l  be equal t o  zero) ,  

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

T h i s  f o r m u l a  sums t h e  d i f f e r e n c e  between t h e  d i scoun ted  b e n e f i t s  and 

c o s t s  each year  over t h e  l i f e t i m e  o f  t h e  measure. I n  p r a c t i c e ,  t h e  

p resen t  v a l u e  of f u t u r e  energy sav ings i s  t r a d e d  o f f  a g a i n s t  t h e  t o t a l  

( u s u a l l y  i n i t i a l )  investment  cos t .  

The NPV techn ique  i s  w e l l  s u i t e d  f o r  s i t u a t i o n s  where t h e  p resen t  

investments a re  l a r g e  i n  p r o p o r t i o n  t o  o t h e r  disbursements. T h i s  i s  

o f t e n  t h e  case i n  a comparison o f  immediate and d e f e r r e d  investments 

(Grant,  I reson,  and Leavenworth, 1976).  The l i m i t a t i o n  o f  NPV i s  t h a t  

t h e  c a l c u l a t i o n  r e q u i r e s  an a p p r o p r i a t e  d i s c o u n t  r a t e  t h a t  i s  d i f f i c u l t  

and complex t o  determine. 

4.2.2 Cost o f  Conserved Energy 

The c o s t  of conserved energy ( C C E )  i s  found b y  d i v i d i n g  t h e  

annua l i zed  c o s t  o f  t h e  r e t r o f i t  b y  t h e  annual energy savings due t o  t h e  

investment.  The CCE i s  p a r t i c u l a r l y  u s e f u l  i f  one wants t o  compare con- 

s e r v a t i o n  investments t o  purchases of f u e l .  CCE can be expressed as 

CCE = - ( 3 )  

where 

I = t o t a l  investment ,  

S = annual energy sav ings (equal  t o  f i r s t - y e a r  sav ings) ,  
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d = r e a l  d i scoun t  r a t e ,  

n = l i f e t i m e  o f  measure. 

CCE p rov ides  an e f f e c t i v e  means of rank -o rde r ing  conserva t i on  i n v e s t -  

ments b y  c o s t  e f fec t i veness .  C a l c u l a t i n g  t h e  c o s t  per  u n i t  o f  energy 

saved makes d i r e c t  comparison t o  supp ly  cos ts  per  u n i t  o f  energy pro-  

duced poss ib le .  Thus, f o r  p o l i c y  purposes, a CCE approach c l a r i f i e s  t h e  

i s s u e  o f  where f e d e r a l  energy d o l l a r s  can be most e f f e c t i v e l y  spent  

(Berman and Cooper, 1981). 

t h a t  a good deal  o f  a n a l y s i s  of t h e  DOE Wea the r i za t i on  Ass is tance 

Program, based on CCE, has a l r e a d y  been completed (Berman and Cooper, 

1981). 

4.2.3 I n t e r n a l  Rate o f  Return  

Another advantage of t h e  CCE i n d i c a t o r  i s  

The i n t e r n a l  r a t e  o f  r e t u r n  ( I R R )  can be used t o  f i n d  t h e  economic 

r e t u r n  on an investment .  T y p i c a l l y ,  I R R  i s  so l ved  th rough an i t e r a t i v e  

process t h a t  f i n d s  t h e  i n t e r e s t  r a t e  f o r  which t h e  n e t  va lue  o f  t h e  

inves tment  i s  equal o r  c l o s e  t o  zero. 

i n v e s t o r ' s  minimum acceptab le  r a t e  o f  r e t u r n  t o  de termine t h e  q u a l i t y  o f  

The I R R  i s  then compared t o  t h e  

mate o f  f u t u r e  energy p r i c e s  

s p e c i f i c a t i o n  o f  a d i s c o u n t  

n t h e  f o l l o w i n g  equat ion:  

t h e  investment .  The I R R  r e q u i r e s  an e s t  

and a measure's expected l i f e t i m e  b u t  no 

r a t e .  The i n t e r n a l  r a t e  o f  r e t u r n  i s  i 
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where 

I = t o t a l  investment ,  

T I  = t a x  i n c e n t i v e ,  

S = annual energy sav ings (equal  t o  f i r s t  year  sav ings) ,  

P j  = r e a l  energy p r i c e  i n  year  j, 

n = l i f e t i m e  o f  measure. 

T h i s  i n d i c a t o r  i s  capable o f  r e f l e c t i n g  t h e  r e l a t i v e  economic e f f i -  

c i e n c i e s  o f  a l t e r n a t i v e  investments and can be used t o  rank  competing 

p r o j e c t s .  

cho ices  among competing investments.  

t h e  r a t e  a t  which money can be borrowed. 

Thus, i t  would p robab ly  be most u s e f u l  t o  i n d i v i d u a l s  making 

I n  a d d i t i o n ,  i t  can be compared t o  

The I R R  has t h e  d isadvantage 

o f  be ing  cumbersome t o  c a l c u l a t e .  

4.2.4 Simple Payback 

Simple payback t i m e  (SPT) i s  a measure o f  t h e  l e n g t h  o f  t i m e  

r e q u i r e d  f o r  t h e  cumu la t i ve  sav ings f rom an investment  t o  pay back t h e  

i n i t i a l  cos t .  

I t  can be expressed as 
I 

S O P  

SPT = - (4) 

where 

I = i n i t i a l  investment ,  

S = annual energy sav ings (equal  t o  f i r s t - y e a r  sav ings) ,  

P = l o c a l  energy p r i c e .  

A l though SPT i s  e a s i l y  understood and w i d e l y  used, i t  neg lec ts  temporal 

changes i n  energy p r i c e s ,  t h e  expected l i f e  o f  t h e  investment ,  d i f f e r e n -  

t i a l  o p e r a t i n g  and maintenance cos ts ,  and t h e  t i m e  va lue  o f  money. The 
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i n d i c a t o r ' s  f a i l u r e  t o  account f o r  key  economic v a r i a b l e s  means t h a t  

s imp le  payback o f t e n  g i ves  b iased  and m is lead ing  investment  s i g n a l s .  

Fo r  example, SPT i gno res  any changes i n  c o n d i t i o n s  a f t e r  t h e  payback has 

been achieved. Two r e t r o f i t  measures w i t h  t h e  same payback may have 

v e r y  d i f f e r e n t  p h y s i c a l  l i f e t i m e s ;  hence, one measure produces add i -  

t i o n a l  energy and d o l l a r  sav ings w h i l e  t h e  o the r  r e q u i r e s  replacement. 

Because o f  t h e  purposes and l i m i t a t i o n s  o f  I R R  and SPT c a l c u l a t i o n s ,  

we b e l i e v e  t h a t  NPV and CCE c a l c u l a t i o n s  are  t h e  most s u i t a b l e  f o r  

de te rm in ing  t h e  c o s t  e f f e c t i v e n e s s  o f  gas h e a t i n g  system r e t r o f i t  

programs. Once energy sav ings data, c o s t  data,  and key assumptions are  

a v a i l a b l e ,  however, any o f  t h e  c a l c u l a t i o n s  can be done a t  l i t t l e  addi -  

t i o n a l  expense. I n  t h e  process o f  de te rm in ing  c o s t  e f f e c t i v e n e s s  (F ig .  

3) ,  a g r e a t  deal more e f f o r t  i s  r e q u i r e d  f o r  de te rm in ing  i n p u t s  and 

assumptions than  i s  r e q u i r e d  f o r  do ing  t h e  c a l c u l a t i o n s .  Thus, if one 

wishes t o  compare t h e  r e s u l t s  of more c a l c u l a t i o n s ,  t h e r e  i s  no reason 

n o t  t o  do so. 
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F i g .  3. C o s t - e f f e c t i v e n e s s  a n a l y s i s  process. 
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5. COMPREHENSIVE EVALUATION EFFORTS 

I n  t h e  preced ing  s e c t i o n s  we have assumed t h a t  s t a t e - l e v e l  evalua-  

t i o n s  w i l l  address o n l y  two b a s i c  ques t ions :  

1. What f u e l  sav ings a re  due t o  t h e  program and t o  each r e t r o f i t  

t y p e ?  

How c o s t  e f f e c t i v e  i s  t h e  program and each r e t r o f i t  t ype?  2. 

Answering these  two ques t i ons  p rov ides  b a s i c  measurements o f  t h e  impact 

o f  t h e  p i l o t  programs as implemented b y  each s t a t e .  

Measurement o f  program impacts i s ,  of course, o n l y  p a r t  o f  a compre- 

hens ive  e v a l u a t i o n  s t r a t e g y .  Issues r e l a t e d  t o  t h e  process o f  program 

imp lementa t ion  and t o  t h e  g e n e r a l i z a b i l i t y  o f  measured program impacts 

t o  broader t a r g e t  p o p u l a t i o n s  o r  t o  l a r g e r - s c a l e  programs a re  a l s o  p a r t  

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

shou ld  address a f u l l  range o f  issues,  however. Cons ider ing  more 

issues  n a t u r a l l y  r e q u i r e s  more c o s t l y  and complex e v a l u a t i o n  research .  

S ince  t h e  s t a t e s  have l i m i t e d  e v a l u a t i o n  resources,  a focus  on 

program impact i ssues  seems approp r ia te .  T h i s  focus  i s  a l s o  d e s i r a b l e  

i n  a s tandard  e v a l u a t i o n  p l a n  because most s t a t e  agencies need such 

i n f o r m a t i o n  t o  document t h e  v a l u e  o f  and/or j u s t i f y  t h e  expansion o f  

t h e i r  hea t ing  system r e t r o f i t  programs. I n  a d d i t i o n ,  we b e l i e v e  t h a t  i t  

i s  much b e t t e r  t o  s t u d y  o n l y  two issues  w e l l  w i t h  some assurance of 

o b t a i n i n g  use fu l  and r e l i a b l e  i n fo rma t ion  about them, than i t  would be 

t o  s t u d y  many issues  s u p e r f i c i a l l y  w i t h  t h e  r i s k  o f  o b t a i n i n g  no u s e f u l  

i n fo rma t ion  on any of them. Al though some s t a t e s  may w ish  t o  go beyond 

t h e  two b a s i c  impact e v a l u a t i o n  ques t i ons  addressed i n  t h i s  p lan ,  t r u l y  

Not eve ry  e v a l u a t i o n  s tudy  can o r  
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comprehensive e v a l u a t i o n  e f f o r t s  a re  more l i k e l y  t o  be funded b y  o rgan i -  

z a t i o n s  such as t h e  ASE o r  t h e  DOE. 

Some process e v a l u a t i o n  has a l r e a d y  been completed under ASE/DOE 

sponsorship. 

programs ( i . e .  , t r a i n i n g  procedures f o r  c o n t r a c t o r s ,  f i x e d  fees  con- 

t i n g e n t  on performance standards,  100% p r e r e t r o f i t  and p o s t r e t r o f i t  

i nspec t i ons ,  e t c . )  a re  t h e  r e s u l t  o f  a good deal  o f  c a r e f u l  development, 

p r e t e s t i n g ,  and re f i nemen t .  The s t a t e s ,  t he re fo re ,  w i l l  be implement ing 

an a l r e a d y  w e l l - d e f i n e d  program, n o t  deve lop ing  a new one on t h e i r  own. 

The b a s i c  elements of t h e  p i l o t  h e a t i n g  system r e t r o f i t  

Even though t h e  gas r e t r o f i t  program has a s tandard  and w e l l -  

d e f i n e d  s t r u c t u r e ,  t h e r e  w i l l  i n e v i t a b l y  be d i f f e r e n c e s  between t h e  

s tandard  program p l a n  and t h e  a c t u a l  program process. A well-managed 

s t a t e  program w i l l  have a c t i v i t y - m o n i t o r i n g  feedback loops (such as 

rev iews o f  i n s t a l l a t i o n  and i n s p e c t i o n  reco rds  t o  i d e n t i f y  problem 

areas)  and q u a l i t y - c o n t r o l  checks b u i l t  i n t o  i t s  s t r u c t u r e .  T h i s  

program m o n i t o r i n g  e f f o r t  need n o t  t a k e  t h e  fo rm o f  a fo rmal  process 

ev a1 u a t  i on , however. 

The i s s u e  o f  t h e  g e n e r a l i z a b i l i t y  of p i l o t  program r e s u l t s  t o  

broader  t a r g e t  p o p u l a t i o n s  and t o  l a r g e r - s c a l e  program e f f o r t s  i s  more 

d i f f i c u l t  t o  deal  w i t h .  Because s t a t e s  a re  n o t  r e q u i r e d  t o  t a r g e t  a 

s p e c i f i c  popu la t i on ,  d i f f e r e n t  s t a t e s  w i l l  se rve  a d i f f e r e n t  mix of 

household types .  V a r i a t i o n s  among s t a t e s  i n  t h e  amount o f  sav ings 

achieved a re  l i k e l y  t o  r e s u l t ,  i n  p a r t ,  f r om t h e  d i f f e r e n c e s  i n  t h e  mix 

o f  household types  served. R e t r o f i t s  o f  low-income, e l d e r l y  households 

a r e  l i k e l y  t o  produce d i f f e r e n t  impacts, f o r  example, than r e t r o f i t s  
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o f  households drawn f rom a l l  age and income groups. D i f f e r e n c e s  i n  

t h e  c o n d i t i o n  o f  t h e  housing s tock  served b y  t h e  program, t h e  pre-  

r e t r o f i t  e f f i c i e n c y  o f  h e a t i n g  systems, and t h e  d i s t r i b u t i o n  o f  r e t r o f i t  

t ypes  (Types I - I V  as d e f i n e d  i n  Appendix E) i n s t a l l e d  can a l s o  be 

expected t o  s t r o n g l y  a f f e c t  t h e  amount of sav ings achieved. 

Two s t r a t e g i e s  cou ld  be used t o  achieve a g r e a t e r  a b i l i t y  t o  genera- 

l i z e  than t h a t  p r o v i d e d  b y  t h e  s tandard  impact eva lua t i on .  F i r s t ,  a 

sys temat i c  s tudy  o f  t h e  i n f l u e n c e  o f  background f a c t o r s  (such as housing 

c h a r a c t e r i s t i c s  and demographic /behaviora l  v a r i a b l e s )  on t h e  sav ings 

achieved cou ld  be implemented i n  one s t a t e .  Conduct ing such a s tudy  

would r e q u i r e  a much l a r g e r  sample s i z e  and survey  e f f o r t  than i s  p re-  

sen t  i n  t h i s  s tandard  e v a l u a t i o n  p lan .  Developing a more comprehensive 

d a t a  s e t  would a l l o w  a n a l y s i s  b y  household and r e t r o f i t  types so  t h a t  

p r e d i c t i o n s  about f u t u r e  program impacts under va r ious  assumptions c o u l d  

be made. 

A l t e r n a t i v e l y ,  t h e  a n a l y s i s  of sav ings b y  household and r e t r o f i t  types 

m igh t  be accomplished b y  combining d a t a  from a number o f  s t a t e  program 

eva lua t i ons .  

have t o  c o l l e c t  more survey  d a t a  on background f a c t o r s  than i n  a s tan-  

dard  impact eva l  u a t  i on , however. 

The s t a t e s  p r o v i d i n g  d a t a  f o r  t h e  l a r g e r  e v a l u a t i o n  would 

Wi th  e i t h e r  s t r a t e g y ,  t h e  i n f l u e n c e  of background f a c t o r s  on sav- 

i n g s  cou ld  be analyzed b y  u s i n g  NAC r e s u l t s  as t h e  dependent v a r i a b l e  i n  

c r o s s - s e c t i o n a l  models of energy use. I n  these models, v a r i a t i o n s  i n  

NAC a re  exp la ined  b y  f a c t o r s  such as household demographics, d w e l l i n g  

c h a r a c t e r i s t i c s ,  and dummy v a r i a b l e s  t o  cap tu re  program p a r t i c i p a t i o n  

e f fec ts .  To c o n s t r u c t  a d a t a  s e t  f o r  t hese  models, NAC va lues f o r  each 
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household f o r  each year  analyzed a r e  used as dependent v a r i a b l e s ;  t h e  

e x p l a n a t o r y  v a r i a b l e s  a re  ob ta ined  f r o m  surveys. Examples o f  t h i s  t y p e  

o f  a n a l y s i s  can be found i n  H i r s t  e t  a l .  (1983a) and H i r s t  e t  a l .  

(1983b). 
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6. EVALUATION SCHEDULE AND COSTS 

The s p e c i f i c  t a s k s  r e q u i r e d  t o  address t h e  s tandard  issues  o f  

program f u e l  sav ings and c o s t  e f f e c t i v e n e s s  a re  sumnarized i n  Tab le  5*. 

Note t h a t  t asks  1--3 are  conducted s imu l taneous ly  and c o n t i n u o u s l y  f o r  

about 6 months f rom t h e  t i m e  o f  program s t a r t u p  (February o f  t h e  f i r s t  

y e a r ) .  For  tasks  1 and 2, households a re  checked b y  l o c a l  agency s t a f f  

f o r  e l i g i b i l i t y  and d a t a  q u a l i t y  on a week-by-week bas is .  

A f t e r  c e r t i f y i n g  a household 's  e l i g i b i l i t y  and d a t a  q u a l i t y ,  h e a t i n g  

system i n s p e c t o r s  randomly ass ign  t h e  i d e n t i f i e d  household t o  a t r e a t -  

ment o r  a c o n t r o l  group (Appendix F). R e t r o f i t s  a re  then i n s t a l l e d  f o r  

t h e  t rea tmen t  group t o  complete t a s k  3. 

must be completed i n  t h e  s p r i n g ,  sumner, o r  ear y f a l l  months ( b e f o r e  

t h e  s t a r t  of t h e  second h e a t i n g  season), a l l  of t asks  1--3 must be 

completed between February  and September of t h e  f i r s t  program year .  

Task 4, assembling c o s t  data, can beg in  as soon as r e t r o f i t  i n s t a l l a -  

t i o n s  a re  completed. 

S ince  i n s t a l l a t i o n  o f  r e t r o f i t s  

Tasks 5 and 6, o b t a i n i n g  postprogram consumption and weather data, 

cannot be completed u n t i l  June o f  t h e  second year .  

b e g i n  as soon as c o l l e c t i o n  o f  weather and consumption da ta  i s  

completed. 

Data a n a l y s i s  can 

Repor t  p r e p a r a t i o n  should be completed b y  t h e  f o l l o w i n g  

The a l l o c a t i o n  of t asks  shown i n  Tab le  5 assumes t h a t  s t a t e  agency 
s t a f f  w i l l  conduct t h e  d a t a  c o l l e c t i o n  b u t  n o t  t h e  d a t a  a n a l y s i s  tasks.  
I n  some s t a t e s ,  agency s t a f f  may i n c l u d e  exper ienced e v a l u a t i o n  
researchers  who w i l l  w i sh  t o  conduct p a r t s  of t h e  da ta  a n a l y s i s  them- 
se lves .  I n  such cases, t h e  a l l o c a t i o n  o f  t a s k s  may be changed t o  s u i t  
t h e  s k i l l s  and i n t e r e s t s  of those invo lved .  

* 
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Table 5. Summary of tasks  f o r  standard outcome evaluation 

Months t o  complete cos ts  
Tasks Procedures from s t a r t  o f  p r o j e c t  ('6 thousands) 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

10. 

11. 

12. 

I d e n t i f y  e l i g i b l e  
households 

The process of 
i d e n t  i f  y i  ng e l  i g i  b l  e 
households cont inues 
u n t i l  enough t o t a l  
households o r  enough 
of each r e t r o f i t  t ype  
are se lected.  

Screen f o r  da ta  q u a l i t y  

Assign e l i g i b l e s  t o  
t reatment  o r  c o n t r o l  
group and complete 
r e t r o f i t  i n s t a l l a t i o n s  

Assemble program 
c o s t  da ta  

Obta in p r e r e t r o f i t  
and p o s t r e t r o f i t  
consumption da ta  

Obta in weather data 
f o r  bo th  preprogram 
and postprogram 
hea t ing  seasons 

Check r e l i a b i l i t y  and 
completeness of data 

Merge da ta  se ts  
Prepare computer 
tapes w i t h  complete 
f u e l  consumption da ta  
and c o s t  da ta  f o r  a l l  
households 

Analyze da ta  r e l a t i v e  
t o  eva lua t i on  issues 

Prepare d r a f t  r e p o r t  

Review d r a f t  r e p o r t  

P u b l i s h  f i n a l  r e p o r t  

Local  agencies make r e t r o f i t  o f f e r s  t o  households 2 - 5  
meeting bas i c  e l i g i b i l i t y  c r i t e r i a  (e.g., s ing le -  
f am i l y ,  owner occupied, na tu ra l  gas s o l e  hea t ing  1 s t  year 
source, low-income, e t c . ) .  The s t a t e  agency may 
be ab le  t o  supply  a l i s t  of p o t e n t i a l  e l i g i b l e s  
i d e n t i f i e d  from Energy Ass is tance Program records,  
or  t h e  l o c a l  agencies may have t o  use t h e i r  own 
records t o  begin t h e  i d e n t i f i c a t i o n  process. 

(Feb. - May) 

Local s ta f f  inspects  t h e  heat ing systems of house- 
ho lds express ing an i n t e r e s t  i n  r e c e i v i n g  r e t r o f i t s  
t o  see i f  they meet e l i g i b i l i t y  c r i t e r l a .  

If heat ing system has approp r ia te  e f f i c l e n c y  r a t i n g  
and expected l i f e t i m e ,  inspectors  screen f o r  recen t  
changes i n  occupancy, household s i ze ,  weatheriza- 
t i o n  s ta tus ,  e t c .  If not  a l ready ava i l ab le ,  
i nspec to r  ob ta ins  f u e l  consumption reco rd  waiver 
fo rm from t h e  household. I f  a l l  c r i t e r i a  a re  met, 
household i s  i d e n t i f i e d  as e l i g i b l e .  

A f t e r  i d e n t i f y i n g  a household as e l i g i b l e ,  s t a f f  
randomly assigns t h e  household t o  e i t h e r  a t r e a t -  
ment o r  c o n t r o l  group. For whole program est imates 
o f  savings one t reatment  and one c o n t r o l  group are 
const ructed.  For est imates by r e t r o f i t  type, e i g h t  
groups are const ructed--one t reatment  and one 
c o n t r o l  group f o r  each r e t r o f i t  type. No f u r t h e r  
con tac t  i s  made w i t h  c o n t r o l  households. R e t r o f i t s  
are i n s t a l l e d  f o r  t reatment  households. 

Cost data can be assembled as soon as a l l  r e t r o f i t  
i n s t a l l a t i o n s  are complete. 

Consumption data are obta ined f rom gas u t i l i t i e s  
by e i t h e r  l o c a l  o r  s t a t e  agency s t a f f .  

Eva lua t i on  research con t rac to r  ob ta ins  t h i s  da ta  
from NOAA o r ,  i f  ava i l ab le ,  f rom o the r  orgainza-  
t i o n s .  

Eva lua t i on  research con t rac to r  completes t h i s  
task.  

Eva lua t i on  research con t rac to r  completes t h i s  
t a s k .  

Eva lua t i on  research con t rac to r  completes t h i s  
task. 

Eva lua t i on  research con t rac to r  completes t h i s  
task.  

S t a t e  agency s ta f f  and o the r  q u a l i f i e d  rev iewers 
complete t h i s  task.  

Eva lua t i on  research con t rac to r  completes t h i s  
task.  

3 - 8  
(Mar. - Aug.) 

1 s t  year 

3 - 9  
(Mar. - Sept.) 

1 s t  year 

3 - 9  
(Mar. - Sept.) 

1 s t  year 

12 - 13 
(Dec. - Jan.) 

1 s t  year 

19 - 21 
( J u l y  - Sept.) 

2nd year 

19 - 21 
( J u l y  - Sept.) 

2nd year 

19 - 21 
( J u l y  - Sept.) 

2nd year 

22 - 23 

2nd year 
(Oct. - NOV.  ) 

23 - 24 
( N o v .  - Dec. ) 

2nd year 

25 
(Jan.)  

2nd year 

26 
(Feb.) 

2nd year 

27 
(Mar.) 

2nd year 

27 months T o t a l  

274 

2 

1 

2-5 

3-5 

15-30 

8 

3 

4-8 

45-69 

I T h e  process o f  determin ing e l i g i b i l i t y  must t a k e  p lace  whether o r  n o t  an eva lua t i on  i s  conducted. Thus, t h e  cos ts  of most 
of t h i s  a c t i v i t y  a re  n o t  eva lua t i on  costs .  
however, t h i s  f i g u r e  represents  t h e  assumed incrementa l  c o s t  o f  l o c a t i n g  t h e  c o n t r o l  group. 

S ince a somewhat l a r g e r  number o f  i nspec t i ons  must be made t o  i d e n t i f y  a c o n t r o l  group, 
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March. T h u s ,  completion of the evaluat ion wi l l  require s l i g h t l y  over 

two 

ev a 

and 

years from the time o f  program s t a r t u p .  T h e  overal l  t i m i n g  o f  the 

uation t a sks  i s  summarized in Fig. 4. The e s sen t i a l  da t a  elements 

t h e i r  sources a re  l i s t e d  in Table 6.  

The t o t a l  cos t  of a s tandard evaluat ion of a s t a t e  program wil l  be 

about $45,000-$69,000. This cost i s  d i v i d e d  as follows: $10,000- 

$15,000 f o r  da ta  co l l ec t ion  and prepara t ion ,  $15,000-$30,000 f o r  da t a  

ana lys i s ,  and $15,000-$19,000 f o r  report preparat ion and publ icat ion.  

O R  N L -  D W 0 84C - 1 6 9 9  3 

IDENTIFICATION OF 

I----+ 
ELI G I B  LE HOUSEHOLDS 

DATA QUALITY 

SCREENING 

ASSIGNMENT TO 

TREATMENT OR CONTROL GROUPS 

I RETROFIT I 

I IN STALLATI  o N SI 

I BILLING AND WEATHER D A T A  I BILLING AND WEATHER D A T A  I 

DATA ANALYSIS AND 

REPORT PREPARATION 

I FOR SECOND YEAR I FOR FIRST YEAR I 

I I I I I I I I I 1 
JULY- I OCT- I JULY- I OCT- I J A N -  
SEPT DEC MAR JUNE SEPT DEC MAR JUNE SEPT DEC MAR 

I JAN-  ' APR- I JULY- I OCT- I J A N -  I APR- 

1984 I 1 9 8 5  1 9 8 6  1 1987  I 
F i g .  4. Timing of evaluat ion t a sks .  
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Tab le  6. Summary o f  e s s e n t i a l  d a t a  elements and t h e i r  sources 

V a r i  ab1 e S o u r c e  
~~ - 

Type o f  R e t r o f i t  ana H e a t i n g  Sys tem 

R e t r o f i t  Type  I--1V 

H e a t i n g  s y s t e m  t y p e :  

F u r n a c e  o r  b o i l e r  
S team o r  h o t  w a t e r  
f o r c e d  a i r  or g r a v i t y  

Number o f  i n s p e c t i o n s  done p e r  

P r e -  and p o s t - s t e a d y - s t a t e  
e f f i c i e n c y  measuremen ts  

r e t r o f i t  i n s t a l l e d  

E l i g i b i l i t y  and s c r e e n i n g  v a r i a b l e s  

Home o w n e r s h i D  

No s u p p l e m e n t a l  f u e l s  

N o  change  i n  f u e l  t y p e  

No w e a t h e r i z a t i o n  measure  
i n s t a l l e d  i n  l a s t  12 mon ths  

No change  i n  occupancy  

No change  i n  number o f  h o u s e h o l d  
members 

C o m p l e t e  (12 mon ths  p r e r e t r o f i t  and 
p o s t r e t r o f i t )  f u e l  c o n s u m p t i o n  
d a t a  a v a i l a b l e  

Fuel s a v i n g s  

D a i l y  min i inum and maximum 
t e m p e r  a t  u r  es 

M o n t h l y  h o u s e h o l d  f u e l  c o n s u m p t i o n  
r e c o r d s  (12 mon ths  p r e r e t r o f i t  
and p o s t r e t r o f i t )  

c o s t s  

C o s t s  ( l a b o r  and m a t e r i a l s )  
o f  r e t r o f i t  i n s t a l l a t i o n s  

A d m i n i s t r a t i v e  c o s t s  

P rog ram r e c o r d k e e p i  ng 
f o r m s  ( A p p e n d i x  G) 

P rog ram r e c o r d k e e p i n g  
f o r m s  ( A p p e n d i x  G) 

P rog ram r e c o r d k e e p i n g  
forms ( A p p e n d i x  G) 

P rog ram r e c o r d k e e p i n g  
fo rms  ( A p p e n d i x  G) 

Occupan t  q u e s t i o n n a i r e  
( A p p e n d i x  0) 

Occupan t  q u e s t i o n n a i r e  
( A p p e n d i x  D) 

Occupan t  q u e s t i o n n a i r e  
( A p p e n d i x  D )  

Occupan t  q u e s t i o n n a i r e  
( A p p e n d i x  D )  

Occupan t  q u e s t i o n n a i r e  
( A p p e n d i x  0) 

Occupan t  q u e s t i o n n a i r e  
( A p p e n d i x  0) 

Gas u t i l i t i e s  

NOAA w e a t h e r  d a t a  

U t i l i t i e s  

P rog ram managers '  
b u d g e t  r e c o r d s  and 
i n v o i c e s  

P r o g r a m  m a n a g e r s '  
b u d g e t  r e c o r d s  and 
i n v o i c e s  
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Appendix A 

FUEL SAVINGS CALCULATION METHODS 

Two methods o f  c a l c u l a t i n g  f u e l  sav ings a re  presented  i n  t h i s  
Appendix. The f i r s t ,  t h e  P r i n c e t o n  Scorekeeping Method ( P R I S M )  t r e a t s  
t h e  house's r e f e r e n c e  tempera ture  (which corresponds t o  t h e  o u t s i d e  tem- 
p e r a t u r e  above which no h e a t i n g  f u e l  i s  r e q u i r e d )  as a v a r i a b l e .  I n  
P R I S M  t h e  r e f e r e n c e  tempera ture  i s  es t imated  s e p a r a t e l y  f o r  each i n d i v i -  
dua l  house. The second approach, which i s  a u s e f u l ,  easy t o  compute 
s h o r t c u t  when t h e  d e s i r e d  ou tpu t  i s  aggregate sav ings,  t r e a t s  t h e  
house 's  r e f e r e n c e  tempera ture  as a f i x e d  v a l u e  (e.g., 60°F). 

Al though t h e  P R I S M  method i s  based on a more p rec i se ,  and i n  an 
eng ineer ing  sense a more c o r r e c t ,  model o f  household energy consumption, 
t h e  s h o r t c u t  method may be p r e f e r a b l e  f o r  many s t a t e  e v a l u a t i o n  e f f o r t s .  
Implementat ion o f  P R I S M  would r e q u i r e  o b t a i n i n g  h e l p  f rom i t s  P r i n c e t o n  
developers,  o r  f rom o t h e r  exper ienced users.  
s i m p l y  app ly ing  s tandard  s t a t i s t i c a l  package programs (e.g., SAS). The 
f i x e d  r e f e r e n c e  tempera ture  method, i n  c o n t r a s t ,  can be  implemented w i t h  
s tandard  package programs and does n o t  r e q u i r e  con tac t  w i t h  exper ienced 
users.  Thus, t h e  s h o r t c u t  method i s  r e a d i l y  a v a i l a b l e  t o  almost a l l  
ana lys ts  and can be implemented b y  those w i t h o u t  much p rev ious  
exper i ence. 

P R I S M  cannot be done b y  

I n  a d d i t i o n ,  es t imates  o f  aggregate sav ings a r e  n o t  s e n s i t i v e  t o  t h e  
r e f e r e n c e  tempera ture  used. Es t imates  o f  t h e  components o f  f u e l  use 
(i.e., base l e v e l  consumption f o r  appl iances,  etc.,  which i s  independent 
o f  o u t s i d e  temperature;  and h e a t i n g  consumption, which i s  dependent on 
o u t s i d e  temperature) ,  on t h e  o t h e r  hand, a re  s e n s i t i v e  t o  t h e  r e f e r e n c e  
tempera ture  used. I n f o r m a t i o n  on t h e  components o f  f u e l  use i s  ce r -  
t a i n l y  i n t e r e s t i n g  and u s e f u l ,  b u t  t h e  g r e a t e r  c o s t  and d i f f i c u l t y  o f  
o b t a i n i n g  i t  may n o t  be j u s t i f i e d .  
sav ings a re  s u f f i c i e n t ,  t h e  s h o r t c u t  method i s  a l l  t h a t  i s  requ i red .  

I f  aggregate measures o f  f u e l  

The d e s c r i p t i o n  of P R I S M  presented  below i s  taken d i r e c t l y  from F e l s  
(1984). 
tempera ture  method, t h i s  d e s c r i p t i o n  o f  P R I S M  p rov ides  v a l u a b l e  
background i n f o r m a t i o n  f o r  i n t e r p r e t i n g  r e s u l t s .  The d e s c r i p t i o n  of t h e  
f i x e d  r e f e r e n c e  tempera ture  method i s  w r i t t e n  so t h a t  i t  can be imple-  
mented w i t h  s tandard  s t a t i s t i c a l  package r e g r e s s i o n  procedures. 

Even i f  t h e  a n a l y s t  dec ides t o  use t h e  s imp le r  f i x e d  re fe rence 

P r i n c e t o n  Scorekeeping Method 

a f t e r  r e t r o f i t  i n s t a l l a t i o n ,  t o g e t h e r  w i t h  average d a i l y  temperatures 
from a nearby weather s t a t i o n  f o r  t h e  same pe r iods ,  t o  determine a 
weather -ad jus ted  index  of consumption, normal ized  annual consumption 
(NAC),  f o r  each year .  

The P r i n c e t o n  scorekeeping method uses u t i l i t y  b i l l s  from before  and 

Analogous t o  t h e  EPA m i l e s - p e r - g a l l o n  r a t i n g  
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based on a s tandard  d r i v i n g  cyc le ,  t h e  NAC index p rov ides  a measure o f  
what energy consumption would be under t y p i c a l  weather c o n d i t i o n s .  The 
t o t a l  energy sav ings a re  then d e r i v e d  from t h e  d i f f e r e n c e  between t h e  
NAC i n  t h e  pre-and pos t -per iods .  A conse rva t i on  e f f e c t  i s  t hus  n e i t h e r  
masked b y  a c o l d  w i n t e r  nor  exaggerated b y  a warm one. 

To i s o l a t e  t h e  sav ings due t o  t h e  program f rom sav ings t h a t  would 
o t h e r w i s e  have occurred, t h e  same method should be a p p l i e d  t o  a c o n t r o l  
group o f  houses, o r  t o  t h e  aggregate o f  houses i n  t h e  u t i l i t y  reg ion .  
The a n a l y s i s  i s  e a s i l y  updated f o r  succeeding years  t o  f o l l o w  t h e  dura-  
b i l i t y  o f  t h e  sav ings.  

P R I S M  d i f f e r s  f rom o the r  wea the r -no rma l i za t i on  procedures i n  t h a t  
t h e  house 's  breakeven temperature i s  t r e a t e d  as a v a r i a b l e ,  r a t h e r  than 
a cons tan t  such as 65°F. Three p h y s i c a l  parameters r e s u l t  f rom t h e  
va r iab le - tempera tu re  model a p p l i e d  t o  an i n d i v i d u a l  house: -- base l e v e l  
consumption, cor respond ing  t o  t h e  amount of f u e l  used ( f o r  appl iances,  
e t c . )  independent o f  o u t s i d e  temperature;  t h e  h e a t i n g  slope, r e p r e -  
s e n t i n g  t h e  amount o f  f u e l  r e q u i r e d  per  degree drop i n  o u t s i d e  tem- 
pe ra tu re ;  and t h e  breakeven o r  re fe rence  temperature cor respond ing  t o  
t h e  o u t s i d e  tempera ture  a b o v z w h i c h  no h e a t i n g  f u e l  i s  requ i red .  

I t  t u r n s  o u t  t h a t  t h e  s tandard  e r r o r s  o f  NAC are, i n  almost a l l  
cases, ex t reme ly  smal l  (about  3-4% of t h e  es t imate) ,  so t h a t  sav ings o f  
6% o r  more may g e n e r a l l y  be cons idered s t a t i s t i c a l l y  s i g n i f i c a n t .  
Fur thermore,  NAC i s  q u i t e  i n s e n s i t i v e  t o  which pe r iods  of t i m e  a r e  
inc luded,  or t h e i r  l eng th .  

The Phys ica l  Bas is  f o r  t h e  Model - ---- 
We s t a r t  by  d e s c r i b i n g  t h e  method developed f o r  f u e l s  used f o r  

h e a t i n g  b u t  n o t  coo l i ng .  Genera l l y ,  whether f o r  n a t u r a l  gas, o i l  o r  
e l e c t r i c i t y ,  a house 's  h e a t i n g  system i s  f i r s t  r e q u i r e d  when t h e  o u t s i d e  
tempera ture  ( T I  drops below a c e r t a i n  l e v e l  ( t h e  h e a t i n g  r e f e r e n c e  
tempera ture  T r e f ) ,  and f o r  each a d d i t i o n a l  degree drop i n  tempera ture  a 
cons tan t  amount o f  h e a t i n g  f u e l  ( b )  i s  requ i red .  Thus, t h e  r e q u i r e d  
h e a t i n g  f u e l  i s  l i n e a r l y  p r o p o r t i o n a l  t o  Tre f  - T, and t h e  p r o p o r t i o n a l  
cons tan t  b rep resen ts  t h e  house 's  e f f e c t i v e  hea t - l oss  r a t e .  I n  
a d d i t i o n ,  t h e  house may use a f i x e d  amount of f u e l  ( t h e  base l e v e l  a) 
which i s  independent o f  o u t s i d e  tempera ture  T. Formal ly ,  t h e  expected 
f u e l  consumption, f, as i l l u s t r a t e d  i n  F i g .  A - 1  f o r  an i d e a l i z e d  house, 
i s  g i ven  b y  

where t h e  te rm i n  parentheses i s  t h e  hea t ing  degree-days t o  base Tref  and 
t h e  "+" i n d i c a t e s  zero  i f  t h e  te rm i s  negat ive .  
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Fig. A-1.  Daily gas consumption (f) as a function of outside 
temperature (T) for a single idealized house. 

Source: Fels (1984) 
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I n d i v i d u a l  House A n a l y s i s  

Based on t h i s  p h y s i c a l  i n t e r p r e t a t i o n ,  t h e  two d a t a  requ i rements  f o r  
t h e  a n a l y s i s  a re  a c t u a l  meter read ings ,  f rom which consumption i s  
c a l c u l a t e d ,  and d a i l y  average temperatures,  from which h e a t i n g  
degree-days t o  d i f f e r e n t  r e f e r e n c e  temperatures are  computed i n  exac t  
correspondence t o  t h e  consumption pe r iods .  
i s  then F i  and H D D i  where 

The i n p u t  t o  t h e  procedure 

F i  = average d a i l y  consumption (e.g., i n  MBtulday) i n  t i m e  i n t e r v a l  i 

H D D i  (T re f )  = average h e a t i n g  degree days per  day t o  r e f e r e n c e  
tempera ture  Tre f  i n  t i m e  i n t e r v a l  i. 

Here H D D i  ( T r e f )  i s  computed from average d a i l y  temperatures T i j  f o r  t h e  
N i  days i n  i n t e r v a l  i, i.e., 

H D D i  ( T r e f )  = 2 (Tye f -T i j )+ /N i  , 
j = l  

(A-2) 

where "+'I i n d i c a t e s  t h a t  t h e  te rm i n  parentheses i s  s e t  t o  zero  i f  
T i j  i s  above Tre f .  
sample house. 

F i g u r e  A-2  shows a p l o t  o f  F i  aga ins t  H D D i  f o r  a 
A s t r a i g h t - l i n e  r e l a t i o n s h i p  i s  c l e a r l y  suggested. 

The s e t  of da ta  p o i n t s  [ F i l  and [ H D D i l  f o r  an approx imate ly  year -  
l o n g  p e r i o d  a re  then f i t  t o  a l i n e a r  model: 

For  a guessed va lue  o f  r e f e r e n c e  tempera ture  Tref ,  t h e  base l e v e l  and 
h e a t i n g  s l o p e  parameters a and b a re  found b y  s tandard  s t a t i s t i c a l  
techn iques  ( o r d i n a r y  leas t -squares  l i n e a r  r e g r e s s i o n ) .  The parameters a 
and b are  c a l c u l a t e d  i n  t h i s  way f o r  seve ra l  d i f f e r e n t  va lues o f  Tref .  
"Bes t  T re f "  i s  t h e  one f o r  which a p l o t  o f  F i  vs  HDDi  (T re f ) ,  such as 
t h e  one shown i n  F i g .  A-2, i s  most n e a r l y  a s t r a i g h t  l i n e .  Formal ly ,  
T re f  i s  determined as t h e  va lue  f o r  which t h e  mean squared e r r o r  i s  
min imized,  o r  e q u i v a l e n t l y  f o r  which t h e  R2 s t a t i s t i c  i s  h ighes t .  
cor respond ing  va lues  o f  a and b a re  t h e  bes t  es t imates  o f  base l e v e l  and 
h e a t i n g  s lope.  

The 

The parameters a, b, and Tref  r e s u l t i n g  f rom t h e  model a r e  used t o  
c a l c u l a t e  normal ized  annual consumption. The NAC index rep resen ts  con- 
sumption t h a t  would occur  i n  a year  w i t h  t y p i c a l  weather c o n d i t i o n s ,  
and i s  c a l c u l a t e d  as f o l l o w s :  

where HDDo(Tref) i s  t h e  h e a t i n g  degree-days (base T r e f )  i n  a " t y p i c a l "  
year .  
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NOV 2, 1978 TO DEC 4,1978 
DEC 5, 1978 TO JAN 4,1979 
JAN 5, 1979 TO FEB 1, 1979 
FEB 2, 1979 TO MAR 6,1979 
MAR 7, 1979 TO APR 2, 1979 
APR 3, 1979 TO M A Y  1,1979 
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- 
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A V E R A G E  DAILY D E G R E E  DAYS (HDD,)  

F i g .  A-2. P l o t  o f  F 1  v s  Hi f o r  a sample gas-heated home. 

Source: F e l s  (1984) 
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I n  genera l  we f e e l  t h a t  t h e  t h r e e  parameters a , b, and Tre f  p r o v i d e  
p h y s i c a l l y  meaningful i n d i c a t o r s ,  whose changes may n o t  be s t a t i s t i c a l l y  
s i g n i f i c a n t  b u t  whose behav io r  can o f ten  suggest t h e  reason f o r  a con- 
sumption change. 
mean ing fu l  when es t imated f o r  b e s t  Tre f  than when es t imated a t  a more 
usua l  va lue  such as 65°F.  The NAC r e s u l t  p rov ides  a r e l i a b l e  conser-  
v a t i o n  index  f rom which energy sav ings and conserva t i on  t rends  may be 
a c c u r a t e l y  est imated.  

I t  appears t h a t  a and b are  c o n s i d e r a b l y  more 

Use o f  t h e  Methodology - t o  Measure Savings --- 
The NAC index p rov ides  t h e  b a s i c  parameters f o r  m o n i t o r i n g  energy 

sav ings  r e s u l t i n g  from r e t r o f i t  programs. Using b i l l i n g  and weather 
d a t a  f o r  approx imate ly  yea r - l ong  p e r i o d s  be fore  and a f t e r  t h e  p e r i o d  
d u r i n g  which t h e  r e t r o f i t s  a re  performed, N A C l  and NAC2 a r e  c a l c u l a t e d  
as averages (means o r  medians) over houses i n  t h e  t rea tmen t  group f o r  
t h e  pre-  and pos t -pe r iods  r e s p e c t i v e l y .  
energy consumption between t h e  two pe r iods  i s  then g i ven  b y  

The weather-adjusted change i n  

S 1  = N A C l  - NAC2 . ( A - 5 )  

A n  a 
a r e  
f o l  

o r  

ogous i n d i c e s  NACCl and NACc 
c a l c u l a t e d  f o r  a c o n t r o l  gro2p. 

f o r  t h e  same pre-  and pos t -pe r iods  
The sav ings  can then be ad jus ted  as 

ows : 

( A - 6  1 

t o  rep resen t  an e s t i m a t e  of t h e  sav ings a t t r i b u t a b l e  t o  t h e  r e t r o f i t  
program. The t o t a l  change i n  t h e  househo ld 's  consumption Eq. (A-51,  t h e  
c o n t r o l  sav ings  and t h e  sav ings ad jus ted  b y  t h e  c o n t r o l  a re  t h e  
q u a n t i t i e s  o f  i n t e r e s t  i n  scorekeeping.  

I f  t h e  t rea tmen t  and c o n t r o l  groups have about t h e  same i n i t i a l  con- 
sumption ( w i t h i n  2 0 %  o f  each o t h e r ) ,  t h e  r e s u l t s  from Eqs. ( A - 6 )  and 
( A - 7 )  w i l l  be about t h e  same ( w i t h i n  4%).  The two formulas do, however, 
make d i f f e r e n t  assumptions about how t h e  change i n  consumption i s  
measured. Formula ( A - 6 )  measures t h e  precentage change i n  consumption 
r e l a t i v e  t o  f i r s t - y e a r  consumption. Formula ( A - 7 )  measures t h e  abso lu te  
amount o f  r e d u c t i o n  i n  consumption and t h i s  measurement i s  n o t  p ropor -  
t i o n a l  t o  f i r s t - y e a r  consumption. 
s u p e r i o r ,  s i n c e  consumption r e d u c t i o n s  f o r  some r e t r o f i t  measures may be 
p r o p o r t i o n a l  t o  b a s e l i n e  consumption l e v e l s  and some may no t .  I f  t h e  
c o n t r o l  group i s  s e l e c t e d  t o  be as s i m i l a r  as p o s s i b l e  t o  t h e  t rea tmen t  
group, which i t  shou ld  be, t h e  two fo rmulas  w i l l  g i v e  e q u i v a l e n t  
r e s u l t s .  

It i s  n o t  c l e a r  which f o r m u l a  i s  
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F i x e d  Reference Temperature Method 

As i n d i c a t e d  e a r l i e r  i n  t h i s  Appendix, i t  i s  p o s s i b l e  t o  o b t a i n  most 
o f  t h e  b e n e f i t s  o f  t h e  P r i n c e t o n  Scorekeeping Method w i t h o u t  t h e  
a n a l y t i c a l  and computat ional  burdens o f  implement ing t h e  f u l l  method. 
We d i scuss  he re  a m o d i f i e d  NAC model i n  which t h e  r e f e r e n c e  temperature 
i s  f i x e d  a p r i o r i  by  t h e  a n a l y s t  f o r  a l l  houses i n  t h e  d a t a  s e t .  ORNL's 
exper ience, w i t h  n a t u r a l  gas-heated homes i n  Minnesota and e l e c t r i c a l l y  
heated homes i n  t h e  P a c i f i c  NorthwestZ suggests t h a t  a f i x e d  re fe rence  
temperature o f  60°F i s  a good choice.  Assuming a f i x e d  r e f e r e n c e  tem- 
p e r a t u r e  f o r  a l l  household-years i n  t h e  d a t a  s e t  g r e a t l y  s i m p l i f i e s  
e s t i m a t i o n  o f  t h e  two rema in ing  parameters,  t h e  h e a t i n g  and baseload 
c o e f f i c i e n t s ,  and t h e  o v e r a l l  NAC. F u r t h e r ,  es t ima tes  o f  NAC ob ta ined  
w i t h  t h e  f i x e d  r e f e r e n c e  temperature method a re  v e r y  c l o s e  t o  those  
ob ta ined  w i t h  t h e  f u l l  method. However, es t ima tes  o f  t h e  h e a t i n g  and 
baseload components a re  l e s s  accu ra te  w i t h  t h i s  s i m p l e r  method, espe- 
c i a l l y  i f  a house's r e f e r e n c e  temperature i s  f a r  from t h e  f i x e d  va lue.  

As w i t h  PRISM, t h e  s i m p l e r  method r e q u i r e s  n a t u r a l  gas meter 
read ings  f o r  a 12-month p e r i o d  and d a i l y  temperature d a t a  f o r  t h e  same 
t i m e  p e r i o d  f o r  t h e  c l o s e s t  ( o r  most a p p r o p r i a t e )  NOAA weather s t a t i o n  
t o  t h e  home. 
ma l i zed  by  t h e  number o f  days i n  t h e  b i l l i n g  p e r i o d  ( u s u a l l y  about 30) 
t o  y i e l d  es t ima tes  o f  average d a i l y  gas use (e.g., MBtulday) f o r  each o f  
t h e  12 b i l l i n g  pe r iods .  

The gas consumption d a t a  f o r  each b i l l i n g  p e r i o d  a re  no r -  

The d a i l y  temperature d a t a  a re  used t o  d e r i v e  values o f  d a i l y  
h e a t i n g  degree days (HDD) t o  t h e  p r e s e l e c t e d  r e f e r e n c e  temperature:  
maximum (0, Tref  - Tave) where Tref  i s  t h e  assumed re fe rence  temperature 
and Tave i s  t h e  average outdoor  temperature f o r  t h a t  day. 
Eq. (A-21, d a i l y  HDD va lues a re  summed over t h e  a p p r o p r i a t e  days t o  
o b t a i n  t h e  HDD f i g u r e  f o r  t h a t  b i l l i n g  c y c l e .  
t hen  normal ized by d i v i d i n g  b y  t h e  number o f  days i n  t h e  b i l l i n g  c y c l e  
( t o  y i e l d  a weather v a r i a b l e  c o n s i s t e n t  w i t h  t h e  energy use v a r i a b l e ) .  

As shown i n  

T h i s  "monthly" HDD i s  

The combined data set (MBtu/day, HDD/day) f o r  the 12 billing cycles 
i s  t hen  i n p u t  t o  a s tandard  r e g r e s s i o n  package t h a t  est imates o r d i n a r y  
l e a s t  squares equat ions.  For  example, t h e  SAS (1982) procedures GLM, 
SYSREG, and REG can a l l  be used t o  implement t h i s  method. We use REG a t  
ORNL t o  e s t i m a t e  t h e  s i m p l i f i e d  scorekeeping models because i t  i s  an 
easy t o  use genera l  purpose procedure t o  f i t  o r d i n a r y  least -squares 
es t ima tes  t o  l i n e a r  r e g r e s s i o n  models. 

I t  i s  p o s s i b l e ,  t h a t  e l d e r l y  households m a i n t a i n  h i g h e r  than 
average indoor  temperatures r e s u l t i n g  i n  a h i g h e r  than average re fe rence  
temperature.  
w ish  t o  t r y  c a l c u l a t i o n s  w i t h  a h i g h e r  r e f e r e n c e  temperature t o  see i f  
b e t t e r  r e s u l t s  can be obta ined.  

* 

If a program i s  s e r v i n g  o n l y  t h e  e l d e r l y ,  t h e  a n a l y s t  may 
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The 12 obse rva t i ons  (MBtu/day, HDDlday) a re  i n p u t  t o  t h e  r e g r e s s i o n  
procedures t o  s t a t i s t i c a l l y  e s t i m a t e  t h e  baseload and h e a t i n g  s l o p e  
c o e f f i c i e n t s  i n  t h e  f o l l o w i n g  r e g r e s s i o n  model: 

F i  = a + b*HDDi , (A-8) 

where F i  i s  household n a t u r a l  gas use f o r  b i l l i n g  p e r i o d  i, H D D i  i s  t h e  
number o f  h e a t i n g  degree days ( a t  t h e  f i x e d  re fe rence  temperature)  
d u r i n g  t h e  same b i l l i n g  pe r iod ,  and a and b a re  c o e f f i c i e n t s  determined 
b y  t h e  r e g r e s s i o n  model. 

The c o e f f i c i e n t s  (a,b) a re  es t ima ted  f o r  each household-year o f  d a t a  
used i n  t h e  a n a l y s i s .  The c o e f f i c i e n t s  a re  then  used t o  d e f i n e  NAC, as 
d iscussed above: 

NAC = 365a + bHDDo (A-9) 

where NAC i s  no rma l i zed  (weather-adjusted)  annual n a t u r a l  gas use and 
HDD, i s  t h e  l ong - run  normal HDD a t  t h e  f i x e d  re fe rence  temperature f o r  
t h e  NOAA weather s t a t i o n  c l o s e s t  t o  t h a t  household. T h i s  NAC formula 
c o r r e c t s  household n a t u r a l  gas use f o r  year- to-year  changes i n  w i n t e r  
s e v e r i t y  and f o r  temporal  misa l ignment  across households i n  f u e l  b i l l s  
(e.g., some r e c o r d s  beg in  on J u l y  1 and o t h e r s  on J u l y  23; some 
h i s t o r i e s  a re  f o r  330 days and o t h e r s  f o r  375 days). 

The N a t i o n a l  Oceanic and Atmospheric A d m i n i s t r a t i o n  pub l i shes  va lues 
o f  t h e  30-year normals f o r  HDD f o r  t h e i r ' w e a t h e r  s t a t i o n s .  
r u n  HDD va lues a re  computed a t  a refer,ence temperature of 65°F. 
suggest conve rs ion  o f  t hese  long - run  HDD va lues f rom 65°F t o  t h e  
a p p r o p r i a t e  r e f e r e n c e  temperature as f o l l o w s :  

These long-  
We 

where i i s  t h e  f i r s t  day o f  t h e  f i r s t  a n a l y s i s  year  and j i s  t h e  l a s t  
day o f  t h e  l a s t  a n a l y s i s  year  ( i .e . ,  use t h e  l a r g e s t  m u l t i p l e  o f  12 
months p o s s i b l e  w i t h  t h e  d a b  on f i l e ) .  T h i s  equat ion seems t o  y i e l d  
reasonab ly  accu ra te  approx imat ions a t  r e f e r e n c e  temperatures c l o s e  t o  
65°F. 

The NAC es t ima tes  a re  then  used t o  determine t o t a l  energy savings, 
w i t h  o r  w i t h o u t  adjustment f o r  a c o n t r o l  group, as exp la ined  e a r l i e r  i n  
our d i s c u s s i o n  o f  PRISM.  
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Appendix B 

DATA QUALITY ISSUES 

The preceding Appendix d iscussed methods t o  analyze n a t u r a l  gas 
b i l l i n g  d a t a  and d a i l y  temperature d a t a  t o  develop c r e d i b l e  es t ima tes  o f  
t h e  energy sav ings a t t r i b u t a b l e  t o  gas h e a t i n g  system r e t r o f i t s .  
Appendix o f f e r s  suggest ions on ways t o  examine t h e  d a t a  p r i o r  t o  analy-  
s i s .  We t h i n k  t h a t  a n a l y s t s  t o o  o f t e n  man ipu la te  d a t a  u s i n g  high-speed 
computers and s o p h i s t i c a t e d  s t a t i s t i c a l  so f tware  packages w i t h o u t  t a k i n g  
s u f f i c i e n t  t i m e  t o  c a r e f u l l y  examine t h e  d a t a  beforehand. The o l d  adage 
- garbage i n ,  garbage o u t  - a p p l i e s  here. 

I n  o rde r  t o  o b t a i n  r e l i a b l e  normal ized annual consumption (NAC) 
r e s u l t s ,  i t  i s  i m p o r t a n t  t o  have r e l i a b l e  i n p u t s .  T h i s  r e q u i r e s  a com- 
mitment t o  d a t a  q u a l i t y  and an investment o f  t h e  resources necessary 
t o  achieve i t . The reward f o r  t h i s  e f f o r t  i s  con f idence  i n  t h e  r e s u l t s  
and a s t r e n g t h e n i n g  o f  t h e  o v e r a l l  e v a l u a t i o n  investment.  

T h i s  

Three i n p u t  d a t a  f i l e s  a re  necessary f o r  NAC model implementat ion:  
u t i l i t y  meter readings,  d a i l y  average temperatures,  and long-run h e a t i n g  
degree days (HDD).  Data q u a l i t y  issues f o r  each o f  t hese  i n p u t s  a r e  
d iscussed below. 

B i l l i n g  Data 

I n  u t i l i t y  consumption d a t a  o r  " b i l l i n g  data," t h r e e  f i e l d s  o f  
i n f o r m a t i o n  a re  o f  i n t e r e s t :  household and l o c a t i o n  i d e n t i f i e r ,  da te  
meter was read, and q u a n t i t y  of f u e l  consumption s i n c e  t h e  l a s t  r e a d i n g  
( I D ,  DATE,- Q). To s t u d y  changes i n  h e a t i n g  f u e l  consumption, t h e  
a n a l y s i s  year  should be f rom one summer t o  t h e  nex t .  The a n a l y s i s  year  
boundar ies can be d e f i n e d  i n  one o f  two ways: hard or  s o f t .  Hard 
a n a l y s i s  year  boundar ies c o u l d  be J u l y  1 th rough  June 30. A b i l l  i s  
assigned t o  an a n a l y s i s  year i f  t h e  r e a d i n g  d a t e  f a l l s  w i t h i n  t h e  
boundar ies.  S o f t  a n a l y s i s  year  boundar ies can be def ined as " t h e  nex t  
12 ( i f  mon th l y )  c y c l e s "  i f  t h e  b i l l i n g  schedules a re  r e g u l a r .  With 
e i t h e r  d e f i n i t i o n ,  i t  i s  impor tan t  t o  c o l l e c t  an a d d i t i o n a l  b i l l  a t  t h e  
beg inn ing  o f  each h i s t o r y  t o  supp ly  a s t a r t i n g  d a t e  f o r  t h e  f i r s t  b i l l  
i n  t h e  f i r s t  a n a l y s i s  year .  
s t a r t  l a t e  (e.g., August o r  September) may cause an unnecessary d e l a y  i n  
t h e  complet ion o f  t h e  e v a l u a t i o n .  
boundar ies t o  use. 

Choosing a n a l y s i s  year  boundar ies t h a t  

J u l y  1 t o  June 30 a re  b e t t e r  

Usua l l y ,  t h e  NAC s o f t w a r e  w i l l  r e q u i r e  t h e  i n p u t  b i l l s  t o  be a 
" s t a c k "  o f  r e c o r d s  w i t h  I D ,  DATE, and QUANTITY ( Q ) ;  s o r t e d  by I D  and 
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DATE.* As t h e  s tack  of reco rds  i s  c rea ted ,  es t imated  b i l l s  must be 
removed by  adding t h e  es t imated  Q t o  t h e  nex t  observed Q and then  
removing t h e  es t imated  record .  

It i s  recommended t h a t  a computer program be developed t o  per fo rm a 
q u a l i t y  c o n t r o l  scan of t h e  b i l l s .  A number o f  t e s t s  a re  u s e f u l .  I f  
one i s  d e a l i n g  w i t h  month ly  b i l l s ,  f o r  example, one can check t o  see 
t h a t  a l l  a n a l y s i s  years  a re  f u l l y  represented  w i t h  a t  l e a s t  11 and n o t  
more than 13 b i l l s .  
shou ld  be a t  l e a s t  325 and n o t  more than  425. 
as NAC c a l c u l a t i o n s  w i t h  l e s s  than a f u l l  year  of d a t a  can be 
m is lead ing .  
a t  l e a s t  20 and n o t  more than 40. 
i s  n o t  n e c e s s a r i l y  de le ted .  Ins tead,  t h e  purpose o f  t h e  t e s t s  i s  t o  
i d e n t i f y  problem households t h a t  m e r i t  f u r t h e r  checks. 
w i t h  a p p r o p r i a t e  ranges, cou ld  be per formed on b imon th l y  b i l l s .  

The number of days spanned i n  an a n a l y s i s  year  
These a r e  impor tan t  t e s t s  

For  month ly  read ings  t h e  number o f  days spanned shou ld  be 
A d a t a  i t e m  t h a t  f a l l s  ou t  of range 

S i m i l a r  t e s t s ,  

The most impor tan t  d a t a  q u a l i t y  i ssue  assoc ia ted  w i t h  t h e  gas 
b i l l i n g  d a t a  concerns assurance t h a t  t h e  da ta  a re  f o r  t h e  c o r r e c t  
household/house combinat ion.  Because households f r e q u e n t l y  move f rom 
one res idence  t o  another, i t  i s  impor tan t  t o  be su re  t h a t  t h e  n a t u r a l  
gas d a t a  be ing  analyzed are  f o r  t h e  a p p r o p r i a t e  household. 
occupancy can sometimes be de tec ted  b y  a change i n  t h e  u t i l i t y ' s  account 
number o r  by  t h e  presence o f  one o r  more months of zero ( o r  v e r y  low)  
gas use. A phone c a l l  t o  t h e  u t i l i t y  may y i e l d  a d d i t i o n a l  i n f o r m a t i o n  
on households t h a t  have moved. T h i s  i s s u e  of occupant change i s  par -  
t i c u l a r l y  c r i t i c a l  f o r  r e n t a l  u n i t s :  t enan ts  move much more f r e q u e n t l y  
than  do homeowners, and t h e  gas b i l l  m igh t  be sent  t o  t h e  d w e l l i n g  
u n i t ' s  owner r a t h e r  than t h e  t e n a n t  (making i t  d i f f i c u l t  t o  i d e n t i f y  t h e  
change i n  occupancy f rom t h e  account number). 

A change i n  

I t  i s  a l s o  impor tan t  t o  examine t h e  i n d i v i d u a l  (month ly)  b i l l s  f o r  
A con- each household-year t o  i d e n t i f y  anomalously h i g h  o r  low b i l l s .  

v e n i e n t  way t o  do t h i s  i s  t o  p l o t  month ly  gas use (MBtulday) as a func-  
t i o n  o f  HDD per  day and t o  examine t h e  graph r e l a t i v e  t o  t h e  expected 
l i n e a r  r e l a t i o n s h i p .  I f  an u n u s u a l l y  h i g h  ( o r  low)  b i l l  i s  i d e n t i f i e d ,  
t h i s  o u t l i e r  c o u l d  be dropped f rom t h e  household-year da ta  se t ;  NAC 
model es t imates  w i t h  and w i t h o u t  t h i s  o u t l i e r  can be compared and t h e  
b e t t e r  model used i n  subsequent a n a l y s i s .  

An even more common occurrence i s  t h e  appearance o f  two o u t l i e r  
b i l l s ,  of oppos i te  s i g n  and t e m p o r a l l y  ad jacent .  T h i s  can occur i f  t h e  
f i r s t  b i l l  i s  an e s t i m a t e  (wh ich  occurs i f  t h e  meter i s  n o t  read  t h a t  

A s tack  o f  reco rds  c o n s i s t s  o f  one obse rva t i on  f o r  each b i l l i n g  * 
d a t e  and has t h e  f o l l o w i n g  form: 

Customer I D ,  DATE, MBtu 
Customer I D ,  DATE, MBtu 
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month). The subsequent o u t l i e r  o f  oppos i te  s ign ,  t h e  r e a d i n g  f o r  t h e  
f o l l o w i n g  month, then c o r r e c t e d  whatever e r r o r  occur red  i n  e s t i m a t i n g  
t h e  i n i t i a l  b i l l .  I n  t h i s  case, we suggest combining t h e  two o u t l i e r  
b i l l s  t o  y i e l d  one (b imon th l y )  b i l l  and then e s t i m a t i n g  t h e  NAC model. 

I t  i s .  a l s o  impor tan t  t o  examine t h e  NAC model ou tpu ts ,  as w e l l  as 
i npu ts ,  t o  i d e n t i f y  p o s s i b l e  anomalies. We suggest c l o s e  examinat ion o f  
t h e  NAC model R2, hea t ing ,  and baseload va lues and t h e  r a t i o  o f  h e a t i n g  
use t o  t o t a l  use. It migh t  be use fu l  t o  r e p o r t  NAC r e s u l t s  and energy- 
sav ing  es t imates  f o r  d i f f e r e n t  subsets  o f  households based, f o r  example, 
on t h e  i n t e n s i t y  w i t h  which n a t u r a l  gas i s  used f o r  heat ing .  
d i s a g g r e g a t i o n  o f  r e s u l t s  may p r o v i d e  a d d i t i o n a l  i n s i g h t  i n t o  t h e  
energy-sav ing e f f e c t s  o f  t h e  gas h e a t i n g  system r e t r o f i t  op t ions .  More 
i n f o r m a t i o n  on these procedures can be found i n  H i r s t ,  Goe l t z  and Whi te  
(1984 1. 

Such a 

Dai l y  Average Temperatures 

The bes t  source o f  tempera ture  d a t a  i s  t h e  Na t iona l  Oceanic and 
Atmospheric A d m i n i s t r a t i o n  (NOAA). NOAA can p r o v i d e  da ta  i n  two forms: 
computer tape  and mon th l y  p u b l i c a t i o n s  from which da ta  must be 
keypunched. I f  tapes are  used, da ta  q u a l i t y  f l a g s  t h a t  i n d i c a t e  
q u e s t i o n a b l e  da ta  i tems are  p rov ided  b y  NOAA. If t h e  da ta  a re  
keypunched, month ly  averages can be used as a check f i e l d .  

Copies o f  NOAA r e p o r t s  can be ob ta ined  by  w r i t i n g  t o  t h e  N a t i o n a l  
C l i m a t i c  Data Center, Federa l  B u i l d i n g ,  A s h e v i l l e ,  NC 28801 o r  b y  
c a l l  i n g  704-672-0682. Ass is tance f rom p r o f e s s i o n a l  c l i m a t o l o g i s t s  i s  
a l s o  a v a i l a b l e  a t  t h i s  number. 

Our exper ience suggests t h a t  t h e  d a i l y  temperature da ta  ob ta ined  
f rom NOAA a r e  g e n e r a l l y  o f  v e r y  h i g h  q u a l i t y ,  e s p e c i a l l y  i f  t h e y  a r e  
f rom t h e  F i r s t  Order weather s t a t i o n s .  The o n l y  problem we have encoun- 
t e r e d  w i t h  NOAA d a t a  i s  m iss ing  values. Frequent ly ,  temperatures w i l l  
be m i s s i n g  f o r  one o r  two days; r a r e l y ,  d a t a  w i l l  be m iss ing  f o r  seve ra l  
weeks o r  a month. I n  t h e  former case, we suggest impu ta t i on  o f  m i s s i n g  
va lues u s i n g  t h e  average of temperatures f o r  t h e  day b e f o r e  and t h e  day 
a f t e r  t h e  day w i t h  t h e  m iss ing  va lues.  
t h e  average temperature on t h e  "miss ing"  day was equal t o  t h e  average o f  
t h e  preced ing  and succeeding days. 

I n  o t h e r  words, we assume t h a t  

I n  t h e  r a r e  case t h a t  da ta  a re  m iss ing  f o r  more than a few days, we 
suggest two a l t e r n a t i v e  approaches. 
s t a t i o n  t h a t  has l i t t l e  o r  no m iss ing  d a t a  and t h a t  i s  reasonab ly  c l o s e  
t o  t h e  households t h a t  had been assigned t o  t h e  o r i g i n a l  weather s t a -  
t i o n .  The second approach i s  t o  develop a s imp le  r e g r e s s i o n  model t o  
" p r e d i c t "  d a i l y  temperatures a t  t h e  m i s s i n g  s t a t i o n  us ing  d a t a  f rom a 
nearby s t a t i o n .  I n  t h i s  approach, d a i l y  average temperatures f o r  t h e  
month b e f o r e  t h e  m i s s i n g  p e r i o d  and f o r  t h e  month a f t e r  a re  used t o  
es t ima te  t h e  f o l l o w i n g  equat ion :  

One i s  t o  use a d i f f e r e n t  weather 
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where Tave i s  t h e  average d a i l y  temperature,  o r e f e r s  t o  t h e  o r i g i n a l  
weather s t a t i o n  ( t h e  one w i t h  m i s s i n g  da ta ) ,  and n r e f e r s  t o  t h e  nearby 
weather s t a t i o n  ( t h e  one w i t h  no m i s s i n g  da ta) .  The c o e f f i c i e n t s  (a,b) 
a r e  es t imated  u s i n g  d a i l y  da ta  f o r  p e r i o d s  b e f o r e  and a f t e r  t h e  m iss ing  
dates.  The formula i s  then used t o  e s t i m a t e  d a i l y  temperatures a t  t h e  
o r i g i n a l  s t a t i o n  d u r i n g  t h e  m iss ing  p e r i o d  based on d a i l y  temperatures 
a t  t h e  nearby s t a t i o n .  

The d a i l y  tempera ture  da ta  can be organ ized i n t o  a s tack  w i t h  each 
r e c o r d  c o n t a i n i n g :  s t a t i o n  I D ,  date, and average temperature [0.5* (MAX 
+ M I N I ]  s o r t e d  b y  s t a t i o n  and date. O r ,  one r e c o r d  per  month may be 
e a s i e r  f o r  some so f tware .  A q u a l i t y  c o n t r o l  program c o u l d  r e p o r t ,  f o r  
each s t a t i o n ,  t h e  s t a t i o n  I D ,  s t a r t i n g  d a t e  o f  h i s t o r y ,  ending date, 
m i s s i n g  o r  e x t r a  days ( i n  a s tack ) ,  and m iss ing  temperature data. 

Long-run Heat ing  Degree Days 

The f i l e  o f  long- run  HDD con ta ins  one r e c o r d  f o r  each s t a t i o n  w i t h  
s t a t i o n  I D  and annual long- run  HDD a t  each temperature r e f e r e n c e  base 
needed (e.g., 60 and 65°F). There are  a t  l e a s t  two ways t o  c a l c u l a t e  
long- run  HDD. One i s  t o  c o l l e c t  a t  l e a s t  10 years o f  temperature d a t a  
f o r  each s t a t i o n  and c a l c u l a t e  d i r e c t l y .  A second method, a s h o r t c u t ,  
i s  t o  app ly  a m u l t i p l i e r  t o  t h e  NOAA base 65" f i g u r e  as exp la ined i n  
Appendix A. The s h o r t c u t  method seems t o  be reasonab ly  accura te  f o r  
bases c l o s e  t o  65°F. 
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Appendix C 

SAMPLE S I Z E  CALCULATIONS 

The a p p r o p r i a t e  sample s i z e  must be determined e a r l y  i n  t h e  des ign  
o f  a program eva lua t i on .  
t h e  es t ima te  i s  accura te  b u t  n o t  so l a r g e  t h a t  t h e  es t ima te  i s  more 
accura te  than i s  r e q u i r e d .  The cos t  o f  t h e  program e v a l u a t i o n  inc reases  
w i t h  t h e  s i z e  o f  t h e  sample. Whi le  a l a r g e  sample w i l l  u s u a l l y  p r o v i d e  
more suppor tab le  r e s u l t s ,  t h e  s i z e  o f  t h e  sample does n o t  have a d i r e c t  
l i n e a r  r e l a t i o n s h i p  t o  t h e  accuracy o f  t h e  f i n d i n g s .  That  i s ,  t h e r e  
tends t o  be a " c e i l i n g  e f f e c t "  whereby, a f t e r  a c e r t a i n  percentage o f  
respondents have been surveyed, doub l i ng  t h e  sample does n o t  c u t  t h e  
p o t e n t i a l  e r r o r  i n  h a l f  b u t  r a t h e r  b y  one- ten th  (Marsh, 1983). 

The sample needs t o  be l a r g e  enough so t h a t  

The parameter t o  be es t imated  f o r  our sample o f  households i s  t h e  
change i n  energy sav ings between t h e  t rea tmen t  and c o n t r o l  groups. 
can be rep resen ted  ma themat i ca l l y  as fo l l ows :  

T h i s  

where D i  r ep resen ts  t h e  d i f f e r e n c e  i n  t h e  change i n  energy 
sav ings between t h e  t rea tmen t  and c o n t r o l  groups, 

- 
X i  i s  t h e  mean energy sav ings f o r  t h e  t rea tment  group i 
(i = 1, 2, 3, 4 rep resen ts  t h e  f o u r  r e t r o f i t  t ypes) ,  
- 
X o  i s  t h e  mean energy sav ings f o r  t h e  c o n t r o l  group 
cor respond ing  t o  t h e  t rea tmen t  group i. 

From t h e  households e l i g i b l e  f o r  r e t r o f i t  t y p e  i, N j  u n i t s  X i l ,  
Xi2, ..., Xini w i l l  be sampled f rom t h e  households r e c e i v i n g  r e t r o f i t  
t y p e  i, and ho u n i t s  X o l ,  X 0 2 , . . . ,  Xon0 w i l l  be sampled from t h e  house- 
ho lds  q u a l i f y i n g  f o r  b u t  n o t  r e c e i v i n g  r e t r o f i t  t y p e  i. 
f o r  D i  i s  t h e  s t a t i s t i c :  

The es t ima te  

- - - 
d i  = X i  - XO (C-2) 
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SamDle S i z e  Ana lvs i s  f o r  t h e  Treatment G r o w  

The sample s i z e  f o r  t h e  t rea tmen t  group can be determined f rom t h e  
f o l l o w i n g  r e l a t i o n s h i p :  

1 

where, n i  i s  t h e  sample s i z e  f o r  t h e  t rea tmen t  group i; 
N i  i s  t h e  t o t a l  p o p u l a t i o n  o f  households e l i g i b l e  f o r  r e t r o -  

Z t / 2  i s  t h e  number assoc ia ted  w i t h  t h e  1 - t / 2  p e r c e n t i l e  p o i n t  

f i t  t y p e  i; 

o f  t h e  s tandard  normal d i s t r i b u t i o n ;  

t i s  t h e  l e v e l  o f  con f idence  s p e c i f i e d  b y  t h e  ana lys t ;  

- - 
X i j  - X i  

S i  i s  t h e  s tandard  d e v i a t i o n ,  S i  = 9 d N i - 1  

e i s  t h e  t o l e r a b l e  e r r o r  s p e c i f i e d  b y  t h e  a n a l y s t  and 
de f i ned  i n  Eq. (C-4). 

- 
Computations o f  t h e  es t imated  mean energy sav ings,  X i ,  and t h e  s tandard  
d e v i a t i o n ,  S i  

The s tandard  d e v i a t i o n  o f  t h e  sav ings  assoc ia ted  w i t h  t h e  f o u r  gas 
r e t r o f i t  t ypes ,  S i ,  i s  n o t  w e l l  known a t  t h i s  t ime.  However, t h e  s tan-  
dard  d e v i a t i o n  i s  bounded by  

where R i  i s  t h e  d i f f e r e n c e  ( range)  between t h e  l a r g e s t  and s m a l l e s t  
es t ima ted  sav ings  assoc ia ted  w i t h  r e t r o f i t  t y p e  i. 

t h e  observed s teady -s ta te  e f f i c i e n c y  improvements f o r  gas r e t r o f i t s  
i n s t a l l e d  under Minnesota 's  P i l o t  Gas R e t r o f i t  P r o j e c t  and eng ineer ing  
judgment based on pas t  s tud ies .  
p a t i n g  t h e  sav ings assoc ia ted  w i t h  t h e  heat  e x t r a c t o r  t o  be i n  t h e  

The es t ima ted  range o f  sav ings f o r  each r e t r o f i t  t y p e  i s  based upon 

The A l l i a n c e  t o  Save Energy i s  a n t i c i -  
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20-30% range. 
s t a t e  e f f i c i e n c y  measurement improvement o f  20-32% f o r  t h e  fu rnaces  
which t h e y  have r e t r o f i t  w i t h  a heat  e x t r a c t o r  and expect t o  t r a n s l a t e  
t h i s  s t e a d y - s t a t e  measurement i n t o  a 16-24% f u e l  sav ings.  The Minnesota 
Program a n t i c i p a t e s  t h e  sav ings f o r  t h e  power gas burner  t o  be i n  t h e  
18-23% range. 
e f f i c i e n c y  improvement e x h i b i t e d  by  t h e  r e t r o f i t s  which were i n s t a l l e d  
i n  t h e  summer and f a l l  of 1984. The A l l i a n c e  t o  Save Energy expects a 
gas sav ings o f  approx imate ly  20% as a r e s u l t  o f  t h e  i n s t a l l a t i o n  o f  a 
power gas burner .  Type I11 and I V  r e t r o f i t s  i n v o l v e  t h e  i n s t a l l a t i o n  o f  
b o t h  an e l e c t r i c  ven t  damper and e l e c t r o n i c  i g n i t i o n  and t h e  i n s t a l l a -  
t i o n  o f  two t h e r m a l l y  ac tua ted  vent  dampers. 
been r e p o r t e d  i n  t h e  l i t e r a t u r e  f rom v a r i o u s  s t u d i e s  (Lee, 1983). 
Values v a r y  f rom a n e g a t i v e  16% t o  a p l u s  36% r e d u c t i o n  i n  energy use 
(Jung, 1983). Many s t u d i e s  do n o t  s p e c i f y  t h e  t y p e  o f  ven t  damper 
i n s t a l l e d  i n  t h e  h e a t i n g  system, t h a t  i s ,  thermal  vs e l e c t r i c  dampers. 
Vent dampers have d i f f e r e n t  s p e c i f i c a t i o n s ,  and each per forms un ique ly .  
There fore ,  t h e y  cannot be c l a s s i f i e d  i n  a s i n g l e  group w i t h  an average 
sav ings assoc ia ted  w i t h  t h e  group. The Space Heat ing  E f f i c i e n c y  
Improvement Program (SHEIP)  r e p o r t s  a mean gas sav ings o f  11.1% f o r  a 
Type I11 r e t r o f i t  w i t h  a s tandard  d e v i a t i o n  o f  1.4 (Macr iss,  1980). 
However, t h e  sav ings were based upon a f i x e d  thermal  ba lance technique.  
R. N. Caron o f  A. 0. L i t t l e ,  I nc .  p resents  a conv inc ing  argument t h a t  a 
f i x e d  balance p o i n t  does n o t  c o r r e c t l y  desc r ibe  t h e  phys ics  i n v o l v e d  and 
t h e r e b y  produces erroneous r e s u l t s  (Lee, 1983). Consequently, t h e  range 
o f  sav ings and t h e  es t imated  mean va lue  f o r  Type I11 and I V  r e t r o f i t s  
a r e  o n l y  guesses. 
Minnesota Gas Program can be used t o  b e t t e r  s p e c i f y  a s tandard  d e v i a t i o n  
f o r  t h e  f o u r  r e t r o f i t  types.  However, t h e  sample s i z e  c a l c u l a t i o n  
i n v o l v e s  t h e  r a t i o  of t h e  es t imated  mean f u e l  sav ings and t h e  s tandard  
d e v i a t i o n .  T h i s  i s  p robab ly  a more s t a b l e  te rm than e i t h e r  t h e  mean 
sav ings o r  s tandard  d e v i a t i o n  alone; t h a t  i s ,  t h e  c a l c u l a t i o n  o f  sample 
s i z e  may be l e s s  a f f e c t e d  b y  i n c o r r e c t  va lues o f  t h e  s tandard d e v i a t i o n  
and mean sav ings because t h e  r a t i o  o f  these two q u a n t i t i e s  i s  used t o  
determine t h e  sample s i z e .  The va lues o f  s tandard  d e v i a t i o n  and mean 
f u e l  sav ings used t o  determine sample s i z e  a r e  presented  i n  Tab le  C - 1 .  

However, Minnesota i s  t e n t a t i v e l y  r e p o r t i n g  a s teady-  

Once again, t h i s  range i s  based on measured s t e a d y - s t a t e  

A range o f  sav ings has 

A t  a l a t e r  da te  i t  i s  p o s s i b l e  t h a t  da ta  f rom t h e  

Determinat ion  o f  t h e  A l l owab le  E r r o r  and Sample S i z e  

The a l l o w a b l e  e r r o r  i s  determined somewhat a r b i t r a r i l y .  S ince  t h e  
s tandard  d e v i a t i o n  and mean f u e l  sav ings f o r  each r e t r o f i t  t y p e  
(Tab le  C - 1 )  a re  es t imates  r a t h e r  than known q u a n t i t i e s ,  t h e  sample s i z e  
f o r  t h e  t rea tmen t  group i s  c a l c u l a t e d  f o r  two e r r o r  values, a 5% and 10% 
e r r o r ;  two p o p u l a t i o n  s i zes ,  N = 1000 and N =- ;  and a 90% conf idence 
l i m i t .  The r e s u l t s  a r e  t a b u l a t e d  i n  Tab le  C-2. The va lues  i n  t h e  bo t -  
tom two rows i n  Tab le  C-2 are, i n  our judgement, t h e  o n l y  f e a s i b l e  
cho ices  f o r  t h e  gas r e t r o f i t  program e v a l u a t i o n  because o f  t h e  l i m i t e d  
number o f  r e t r o f i t s  t h e  programs w i l l  i n s t a l l .  Thus, w h i l e  a 5% e r r o r  
m igh t  be more d e s i r a b l e  o n l y  a 10% e r r o r  can be achieved due t o  t h e  
g r e a t e r  number o f  homes r e q u i r e d  f o r  a 5% t o l e r a b l e  e r r o r .  
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T a b l e  C-2. Treatment Group Sample S i z e  Est imates 

aRecommended sample s i z e  f o r  t rea tmen t  group assuming complete d a t a  f o r  
a1 1 households. 

Sample S i z e  A n a l y s i s  f o r  t h e  C o n t r o l  Group 

Suppose t h a t  f o r  a t o l e r a b l e  e r r o r  (r), which i s  t h e  d i f f e r e n c e  be- 
tween t h e  t r u e  v a l u e  o f  t h e  change i n  energy sav ings between t h e  t r e a t -  
ment and c o n t r o l  groups and t h e  es t ima ted  value, one would expect 

Prob I d 7  - D i  I 2 r < t . (C-6 1 

The r e l a t i o n s h i p  between n i  and no i s  desc r ibed  by  t h e  v a r i a n c e  o f  ai: 

n i  n0 
By assuming and a re  zero, an approximate equa t ion  f o r  computing 
no i s  

no = 

[$2 - $1 (C-8) 
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The va lue  f o r  r i s  chosen somewhat a r b i t r a r i l y .  However, one must 
cons ide r  t h e  i n tended  use o f  t h e  es t ima ted  program e f f e c t  and t h e  con- 
sequences o f  a s i z a b l e  d i f f e r e n c e  between t h e  t r u e  program e f f e c t  and 
t h e  es t ima ted  e f f e c t .  Also, t h e  s tandard  d e v i a t i o n s  f o r  t h e  f u e l  
sav ings o f  t h e  c o n t r o l  group i s  n o t  w e l l  known a t  t h i s  t ime.  
v a t i v e  assumption i s  t h a t  t h e  s tandard d e v i a t i o n  f o r  t h e  c o n t r o l  group 
and t h e  t rea tmen t  group a r e  t h e  same. The d i f f e r e n c e  term, r, i s  
i n f l u e n c e d  by t h e  e r r o r  term, e, because t h e  t o l e r a n c e  l i m i t  f o r  t h e  
d i f f e r e n c e  i n  f u e l  sav ing  between t h e  t rea tmen t  and c o n t r o l  groups can- 
n o t  be more s t r i n g e n t  than f o r  t h e  f u e l  sav ings o f  e i t h e r  group. 
Therefore,  t h e  va lue  f o r  r must always be g r e a t e r  than t h e  q u a n t i t y  
e.! X i  1 . 
based on mean f u e l  sav ings.  
c o n t r o l  group by  r e t r o f i t  t y p e  assuming t h e  t rea tmen t  sample s i z e s  a re  
based on an e r r o r  v a l u e  o f  10% and a p o p u l a t i o n  s i z e  o f  i n f i n i t y .  

A conser- 

Therefore,  t h e  d i f f e r e n c e  term w i l l  v a r y  f o r  each r e t r o f i t  t y p e  
Tab le  C-3 p resen ts  t h e  sample s i z e s  f o r  t h e  

The s i z e  o f  t h e  t rea tmen t  group and t h e  s i z e  o f  c o n t r o l  groups a re  
approx ima te l y  e q u i v a l e n t  f o r  t h e  values o f  r equal t o  3.0 f o r  Type I ,  
2.75 f o r  Type 11, 1.25 f o r  Type 111, and 0.7 f o r  Type IV. 

T a b l e  C-3. Treatment and C o n t r o l  Group Sample Sizes 

Type I r e t r o f i t  2.5 31 113 144 
2.75 31 57 88 

( S i  = 7.5; Z0.05 = 1.645) 3.0 31a 37a 68a 

Type I1  r e t r o f i t  2.25 11 50 6 1  
2.5 11 19  30 

( S i  = 4.0; 20.05 = 1.645) 2.75 l l a  12a 32a 

Type I11 r e t r o f i t  1.0 29 152 181 
1.2 29 41 70 

( S i  = 3.0; Z0.05 = 1.645) 1.25 29a 34a 63a 

Type IV r e t r o f i t  0.6 24 57 81 
0.65 24 36 60 

( S i  = 1.5; Z0.05 = 1.645) 0.70 24a 25a 49a 

Combined sample o f  2.5 140 351 49 1 
a l l  r e t r o f i t  types 2.75 140 175 31 5 
( S  = 13; Z0.05 = 1.645) 3.0 140a 113a 253a 

aRecommended sample s i z e s  f o r  t rea tmen t  (Nj) and c o n t r o l  ( N o )  
groups assuming complete d a t a  f o r  a1 1 households 
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Es t ima ted  range 
of f u e l  sav ings 

(% 1 

Es t ima ted  mean 
f u e l  sav ings,  y 

(% 1 

S i  

Tab le  C - 1 :  Parameters Used i n  Sample S i z e  C a l c u l a t i o n  

C omb i n ed 
Sample of A l l  

Type I Type I1 Type 111 Type I V  R e t r o f i t  Type' 

15-30 16-24 6-12 4-7 4-30 

22 20 9 5 18 

7.5 4.0 3.0 1.5 13.0 
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Appendix D 

OCCUPANT SURVEY DATA 

E s s e n t i a l  Screening Ques t ions  t o  be admin i s te red  a t  t h e  t i m e  o f  t h e  

p r e t e s t  v i s i t  t o  measure fu rnace  e f f i c i e n c y  and expected l i f e t i m e .  

Do you own o r  r e n t  your  d w e l l i n g ?  

Have you l i v e d  i n  t h i s  d w e l l i n g  s i n c e  
March 198 - (year  b e f o r e  t h e  program s t a r t s ) ?  

Do you use any f u e l  f o r  h e a t i n g  o t h e r  
than  your  gas fu rnace?  

I f  yes, 

Wood s toves? 

E l e c t r i c  hea te rs?  

Kerosene hea te rs?  

Cooking s tove?  

Have you had any i n s u l a t i o n  i n s t a l l e d  
s i n c e  l a s t  w i n t e r ?  

When was i t  p u t  i n ?  

Have you had any s to rm windows 
i n s t a l l e d  s i n c e  l a s t  w i n t e r ?  

YES 
NO 

YES 
NO 

YES 
NO 

YES 
NO 

YES 
NO 

YES 
NO 

YES - 
storm windows 
were p u t  i n .  

NO 

Have t h e r e  been any o the r  changes 
t h a t  make your  home e a s i e r  o r  
harder  t o  hea t?  What a re  they?  

How many peop le  l i v e  here? 

How many peop le  l i v e d  here  l a s t  w i n t e r ?  
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o f  housing u n i t :  

-- 

How o l d  i s  your  
res idence?  

Mobi 1 e home o r  t r a i  1 e r  
One f a m i l y  detached 
One f a m i l y  semidetached 
(townhouse) 
U n i t  i n  2-4 u n i t  b u i l d i n g  
detached 
U n i t  i n  2-4 u n i t  b u i l d i n g  
semidetached 
U n i t  i n  2-4 u n i t  b u i l d i n g  
a t tached 
U n i t  i n  b u i l d i n g  w i t h  5 o r  
more u n i t s  
Other 

1 l e s s  than 1 0  years  
2 10 - 19 years  
3 20 - 29 years  
4 3Q - 39 years  
5 40 - 49 years  
6 50 years o r  o l d e r  

10 D o n ' t  know 

What t y p e  o f  f u e l  i s  used b y  your  1 E l e c t r i c i t y  
h o t  water  h e a t e r ?  (INT: i f  2 2 N a t u r a l  Gas 
f u e l s  used, ASK FOR M A I N  WATER 3 Propane o r  LPG 
HEATER) 4 Other  (What?) 

12 D o n ' t  know 

How many people l i v i n g  i n  your  household a re  i n  each o f  t h e  
f o l l o w i n g  age c a t e g o r i e s ?  

Number i n  Household 

I n f a n t  . 5 years  o l d  . . . . . . .  0 1 2 3 4 5 o r  more 
6 . 11 years  o l d  . . . . . . . . .  0 1 2 3 4 5 o r  more 
12 . 17 years  o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
18 . 24 years  o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
25 . 34 years  o l d  . . . . . . . .  Q 1 2 3 4 5 or more 
35 - 44 years  o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
45 . 54 years  o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
55 . 64 years  o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
6 5 o r o l d e r  . . . . . . . . . . . O  1 2  3 4 5 o r m o r e  

I s  occupant an Energy Ass is tance 
Program r ec i p i  e n t  ? 

YES 
NO 
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I n t e r v i e w e r ,  p lease  no te  any 
spec i a1 char  a c t  e r  i s t i cs t h a t  
c o u l d  s i g n i f i c a n t l y  a f f e c t  
energy usage (e.g., s i t i n g  o f  
house has impor tan t  e f f e c t  on 
usage, p h y s i c a l  c o n d i t i o n  o f  
u n i t  i s  such t h a t  s i g n i f i c a n t  
amounts o f  energy a re  wasted) 

Suggested a d d i t i o n a l  p o s t r e t r o f  i t ques t ions  (Note t h a t  admi n i  s t r a -  

t i o n  of t hese  p o s t r e t r o f i t  ques t ions  i s  n o t  p a r t  o f  t h e  s tandard  

e v a l u a t i o n  p lan .  For  a more comprehensive s tudy,  i t  would be bes t  t o  

ask these  ques t ions  a t  a t i m e  near t h e  end o f  t h e  second hea t ing  season 

b e i n g  examined). 

Behav io r /Dwe l l i ng  Changes 

Are t h e r e  any rooms i n  t h e  YES - I do n o t  heat  rooms. 
house you do n o t  hea t?  NO 

D i d  you do t h e  same l a s t  YES - I d i d  n o t  heat  rooms. 
w i n t e r ?  NO 

Do you use any e l e c t r i c  hea te rs?  YES - I use heaters .  
NO 

D i d  you use any e l e c t r i c  
hea te rs  1 a s t  w i n t e r ?  

YES - 
NO 

I used heaters .  

Do you use kerosene p o r t a b l e  YES - I use heaters .  
hea te rs  ? NO 

D i d  you use kerosene heaters  
l a s t  yea r?  

YES - I used heaters .  
NO 

Do you use your  cook ing  s t o v e  YES 
t o  heat  your  home? NO 

D i d  you use i t  l a s t  yea r?  YES 
NO 

Do you use a wood s tove? YES 
NO 

D i d  you use i t  l a s t  yea r?  YES 
NO 
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A t  what temperature do you 
now s e t  t h e  the rmos ta t?  

D i d  you s e t  t h e  the rmos ta t  
a t  t h e  same temperature 
l a s t  w i n t e r ?  

Do you r e g u l a r l y  lower t h e  
the rmos ta t  a t  n i g h t  o r  w h i l e  
you a re  away d u r i n g  t h e  day? 

How many hours i s  i t  a t  t h e  
lower  temperature? ( T o t a l  o f  
b o t h  day and n i g h t  hours) .  

D i d  you lower  i t  t h e  same 
amount l a s t  w i n t e r ?  

Have you had any i n s u l a t i o n  
i n s t a l l e d  s i n c e  l a s t  w i n t e r ?  

When was i t  p u t  i n ?  

Have you had any s torm windows 
i n s t a l l e d  s i n c e  l a s t  w i n t e r ?  

When were t h e y  p u t  i n ?  

Have t h e r e  been any o t h e r  changes 
t h a t  make your  home e a s i e r  
o r  harder  t o  hea t?  

I n t e r v i e w e r ,  p lease  n o t e  any 
spec i a1 char a c t  e r  i s t i cs t h a t  
c o u l d  s i g n i f i c a n t l y  a f f e c t  
energy usage (e.g., s i t i n g  o f  
house has impor tan t  e f f e c t  on 
usage, p h y s i c a l  c o n d i t i o n  of 
u n i t  i s  such t h a t  s i g n i f i c a n t  

YES 
NO - I s e t  i t  a t  

YES 
NO 

YES 
NO - I lowered i t  
hours per day. 

YES 
NO 

YES - storm 
windows were p u t  i n .  
NO 

amounts o f  energy a re  wasted) 
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Dwe 1 1 i ng Char a c t  e r  i s t i cs 

Number o f  s t o r i e s  i n  house o r  
u n i t  ( n o t  i n c l u d i n g  basement)? 2 

1 

3 
4 
5 o r  more 

How many rooms a re  i n  t h e  house n o t  i n c l u d i n g  bathrooms? 
( A  basement i s  n o t  a room.) 

I s  your basement heated o r  unheated? Heated 
Unheated 

I n  terms o f  square f e e t ,  what i s  
t h e  approximate t o t a l  heated 
l i v i n g  space i n  your  home? Please 
i n c l u d e  basement o n l y  i f  heated. 
( J u s t  your b e s t  e s t i m a t e )  

square f e e t  

12 D o n ' t  Know 

Type o f  f u e l  m o s t l y  used 
f o r  cook ing:  

E l e c t r i c i t y  
Gas f rom underground 
p i  pes 
B o t t l e d  o r  t ank  gas 
Other 

Demographics 

How many people l i v i n g  i n  your household a r e  i n  each o f  t h e  
f o l l o w i n g  age c a t e g o r i e s ?  

Number i n  Household 

I n f a n t  . 5 years  o l d  . . . . . . .  0 1 2 3 4 5 o r  more 
6 . 11 years o l d  . . . . . . . . .  0 1 2 3 4 5 o r  more 
12 . 17 years o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
18 - 24 years o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
25 . 34 years o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
35 . 44 years  o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
45 . 54 years o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
55 . 64 years  o l d  . . . . . . . .  0 1 2 3 4 5 o r  more 
65 o r  o l d e r  . . . . . . . . . . .  0 1 2 3 4 5 o r  more 

What i s  you r  age ca tegory?  
I have l i s t e d  (peop le  above). Have I missed ..... 

Any lodgers  o r  boarders who l i v e  
here? NO 

YES (ADD TO LISTING) 
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Any one who u s u a l l y  l i v e s  he re  YES (ADD TO LISTING) 
b u t  i s  away t r a v e l i n g  o r  i n  t h e  NO 
h o s p i t a l ?  

Anyone e l s e  s t a y i n g  here who 
does n o t  have a r e g u l a r  
r e s i d e n c e  elsewhere? 

Does another f a m i l y  share you r  
home w i t h  you? 

How many persons i n  your  house- 
h o l d  a r e  u s u a l l y  home d u r i n g  t h e  
d ay? 

YES (ADD TO LISTING) 
NO 

YES 
NO 

What i s  t h e  h i g h e s t  l e v e l  of 
educa t ion  you have completed? 



77 

Appendix E 

RETROFIT TYPES 

TYPE I GAS RETROFIT - HEAT EXTRACTOR 

I. A p p l i c a b l e  Hea t ing  Systems 

1. Forced warm a i r  furnaces whose s t e a d y - s t a t e  e f f i c i e n c y  i s  81% 
o r  l e s s .  

2. A l l  u n i t s  must have l i f e  expectancy o f  5 years o r  more. 

11. M a t e r i a l s  i n  Package 

1. Heat e x t r a c t o r  

2. Fou r - i nch  PVC ven t  p i p e  

3. A p p l i c a b l e  f l u e  f i t t i n g s  

4. M isce l l aneous  hardware and w i r i n g  m a t e r i a l s  f o r  hook-up 

5. Where r e q u i r e d  - sheet meta l  housing f o r  heat e x t r a c t o r  c o i l  

111. P r i c e  P a i d  Under Gas R e t r o f i t  Program 

$650 

I V .  Performance Standard 

1. E i t h e r  90% s t e a d y - s t a t e  e f f i c i e n c y  e q u i v a l e n t *  o r  20% savings 
based on t h e  f o l l o w i n g  formula:  

AND X 1.4 = Savings s2 - s1  
s2 

2.  Trace t o  50 p a r t s  per  m i l l i o n  CO 

AND 

3. No more than  10% o f  f l u e  gases may bypass t h e  heat e x t r a c t o r ,  
i .e. ,  no more than  1°F temperature change between o p e r a t i o n  
w i t h  chimney b locked  and open. 

Steady-State E f f i c i e n c y  E q u i v a l e n t  i s  d e f i n e d  as measured i n i t i a l  * 
temperature r i s e  w i t h  E x t r a c t o r  on 

SteadY-State e f f i c i e n c y  x temperature r i s e  w i t h  E x t r a c t o r  o f f  
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TYPE I1  GAS RETROFIT - POWER GAS BURNER 

I .  A p p l i c a b l e  Hea t ing  Systems 

1. B o i l e r s  whose s t e a d y - s t a t e  e f f i c i e n c y  i s  75% o r  l e s s  and which 
w i l l  accept a power burner .  

2. G r a v i t y  warm a i r  furnaces whose s t e a d y - s t a t e  e f f i c i e n c y  i s  75% 
o r  l e s s  and which w i l l  accept a power burner .  

3. A l l  u n i t s  must have a l i f e  expectancy of 5 years o r  more. 

11. M a t e r i a l s  i n  Package 

1. Power gas burner  

2. Combustion chamber where needed 

3. Adaptor p l a t e  where needed 

4. 

5. M i  s c e l  1 aneous hardware 

6. Double-act ing f l u e  d r a f t  r e g u l a t o r  

Necessary w i r  ng m a t e r i a l s  t o  supp y 110 V t o  t h e  burner  

and mount ing f e e  

111. P r i c e  P a i d  Under Gas R e t r o f i t  Program 

$500 

IV. Performance Standard 

1. S t e a d y - s t a t e  e f f i c i e n c y  o f  80% o r  more 

AND 

2. T race  t o  50 p a r t s  per  m i l l i o n  CO 

AND 

Oxygen l e v e l  o f  4% o r  l e s s  o r  corresponding C02 l e v e l  
depending on t h e  f u e l  used. 

3 .  
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TYPE I 1 1  GAS RETROFIT - ELECTRIC VENT DAMPER AND ELECTRONIC I G N I T I O N  

I. A p p l i c a b l e  Heat ing  Systems 

1. Atmospheric h o t  water o r  steam b o i l e r s  on which: 

a. A power burner  cannot be i n s t a l l e d ;  

b. A heat  e x t r a c t o r  cannot be i n s t a l l e d ;  

c.  The s t e a d y - s t a t e  e f f i c i e n c y  i s  l e s s  than 82%. 

2. The u n i t  must have a l i f e  expectancy of a t  l e a s t  5 years.  

3 .  The u n i t  must be connected t o  t h e  chimney i n  such a way t h a t  
no o t h e r  space h e a t i n g  dev i ce  such as an add-on wood bu rn ing  
s t o v e  i s  s h a r i n g  t h e  f l u e  f rom breech t o  chimney. 

11. M a t e r i a l s  i n  Package 

1. Automatic ven t  damper 

2. I n t e r m i t t e n t  i g n i t i o n  k i t  

3. M isce l laneous hardware and w i r i n g  m a t e r i a l s  where needed 

111. P r i c e  P a i d  Under Gas R e t r o f i t  Program 

$400 

I V .  Performance Standard 

1. T h e  v e n t  damper s h a l l  c l o s e  off  a t  l e a s t  96% of the f l u e  area.  

2. I n s t a l l e r  must t e s t  t h e  vent  damper t o  v e r i f y  t h a t  i t  prevents  
t h e  burner  f rom f i r i n g  i f  i t  f a i l s  t o  open. 
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TYPE I V  GAS RETROFIT - TWO THERMALLY ACTUATED VENT DAMPERS 

I. A p p l i c a b l e  Heat ing  Systems 

1. Atmospheric warm a i r  fu rnaces  on which 

a. a heat  e x t r a c t o r  cannot be i n s t a l l e d ,  

b. 

c. t h e  s teady -s ta te  e f f i c i e n c y  i s  l e s s  than 82%. 

a power gas burner  cannot be i n s t a l l e d ,  

2. The u n i t  must have a l i f e  expectancy o f  a t  l e a s t  3 years.  

11. M a t e r i a l s  i n  Package 

1. Therma l l y  ac tua ted  vent  damper f o r  h e a t i n g  systems 

2. I f  a p p l i c a b l e  - t h e r m a l l y  ac tua ted  vent  damper f o r  h o t  water  
hea te r  

111. P r i c e  P a i d  Under Gas R e t r o f i t  Program 

$1 75 

I V .  Performance Standard 

None 
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Appendix F 

RANDOM ASSIGNMENT OF HOUSEHOLDS 
TO TREATMENT OR CONTROL GROUPS 

A random assignment i s  conducted i n  such a way t h a t  eve ry  member o f  
t h e  sample has an equal and independent chance o f  be ing  p laced i n t o  
e i t h e r  t h e  t rea tmen t  o r  c o n t r o l  group. A r e 1  i a b l e  randomiza t i on  proce- 
dure i s  t o  number each member o f  t h e  sample s e q u e n t i a l l y  and then t o  
s e l e c t  t h e  numbers t h a t  w i l l  be assigned t o  t h e  t rea tmen t  ( o r  c o n t r o l )  
group f r o m  a random number t a b l e .  

Numbers may be chosen f rom a t a b l e  of random d i g i t s  (Table F - 1 )  i n  
any manner so l o n g  as t h e  procedure i s  sys temat i c  and determined i n  
advance. For  example, one c o u l d  c l o s e  t h e i r  eyes, p l a c e  a f i n g e r  on a 
number i n  t h e  t a b l e ,  and proceed i n  any d i r e c t i o n  across rows o r  up and 
down columns t o  s e l e c t  t hose  members i n  t h e  sample whose numbers appear 
i n  t h e  t a b l e  u n t i l  t h e  d e s i r e d  sample s i z e  i s  reached. Care must be 
e x e r c i s e d  t o  use t h e  r i g h t  number o f  d i g i t s .  I f  t h e r e  a re  500 members 
i n  t h e  sample, t h r e e - d i g i t  numbers must be examined. A t h r e e - d i g i t  
number may be ob ta ined  b y  r e a d i n g  across a l i n e  o r  by  t a k i n g  t h e  f i r s t  
d i g i t  i n  each o f  t h r e e  columns o r  by  r e a d i n g  upward i n  a column. 
However, once a row o r  column has been examined, a new row o r  column 
must be used. 

To i l l u s t r a t e  t h e  use o f  t h e  Tab le  o f  Random D i g i t s ,  cons ide r  a l i s t  
o f  households f rom which one wishes t o  s e l e c t  a c o n t r o l  group o f  200 
cases. The households a re  numbered f rom 001 t o  500 ( o r  whatever t h e  
l a s t  number i s ) .  
l i n e s  o f  t h e  l e f t - m o s t  column i s  presented i n  Tab le  F-2. The f i r s t  
t h r e e  d i g i t s  i n  each l i n e  can be used t o  s e l e c t  members t o  be assigned 
t o  t h e  c o n t r o l  group as shown i n  Tab le  F-2. I f  t h e  f i r s t  t h r e e  d i g i t s  
i n  t h e  t a b l e  y i e l d  a number l a r g e r  than  t h e  d e s i r e d  sample s i z e  o f  200, 
t h a t  household i s  n o t  p laced  i n  t h e  c o n t r o l  group. If t h e  f i r s t  t h r e e  
d i g i t s  a re  200 o r  l e s s  then t h e  household i s  assigned t o  t h e  c o n t r o l  
group. 

An e x t r a c t  o f  Tab le  F - 1  c o n s i s t i n g  of t h e  f i r s t  t e n  

Random numbers can a l s o  be ob ta ined  by  a computer r o u t i n e  u s i n g  a 

For some 
random number generator .  T h i s  i s  f r e q u e n t l y  e a s i e r  than use o f  a t a b l e  
o f  random d i g i t s ,  p a r t i c u l a r l y  i f  t h e  sample s i z e  i s  l a r g e .  
computer a p p l i c a t i o n s ,  t h e  random numbers generated by  t h e  computers a re  
used i n t e r n a l l y  t o  i d e n t i f y  t hose  elements o f  a computer ized d a t a  bank 
which a r e  s e l e c t e d  f o r  t h e  sample, and o n l y  t h e  d e s c r i p t i o n s  o f  t h e  
sample elements a re  p r i n t e d  out .  Some pocket c a l c u l a t o r s  a l s o  can 
generate random numbers. 
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Tab le  F-1. Tab le  o f  Random D i g i t s  

13284 
21224 
99052 
00199 
60578 
91 240 
97458 
35249 
38980 
10750 
36247 
70994 
99638 
72055 
24038 
74976 
35553 
35676 
7481 5 
45246 
76509 
19689 
42751 
11946 
9651 8 
35726 
39737 
97025 
62814 
25578 
68763 
17900 
71944 
54684 
25946 
01353 
99083 
52021 
78755 
25282 
11959 
11644 
06307 
76285 
55322 
78017 
44768 
25100 
83612 
41 347 

16834 
00370 
47887 
50993 
06483 
18312 
14229 
38646 
46600 
52745 
27850 
66986 
94702 
15774 
65541 
14631 
71628 
12797 
67523 
88048 
47069 
90332 
35318 
22681 
48688 
58643 
42750 
66492 
08075 
22950 
69576 
00813 
60227 
93691 
27623 
39318 
88191 
45406 
47744 
69106 
94202 
13792 
9791 2 
75714 
07598 
90928 
43342 
19336 
46623 
8 1666 

741 51 
30420 
81085 
98603 
28733 
17441 
12063 
34475 
11759 
38749 
73958 
99744 
11$2 
438y 
85788 
35w8 
70\ 89 
51434 
72985 
64173 
86378 
04315 
97513 
45045 
20996 
76869 
48968 
56177 
09788 
15227 
88991 
64361 
63551 
85132 
11258 
44961 
27662 
37945 
43776 
591 80 
02743 
98190 
68110 
89585 
39600 
90220 
206% 
14605 
62876 
82961 

92027 
03883 
64933 
38452 
37867 
01929 
5961 1 
72417 
11900 
87365 
20673 
72438 
18148 
99805 
55835 
28221 
26436 
82976 
23183 
50989 
41 797 
21358 
61537 
13964 
11090 
84622 
70536 
04049 
56350 
83291 
49662 
60725 
71109 
64399 
65204 
44972 
99113 
75234 
83098 
16257 
86847 
01424 
59812 
99296 
60866 
92503 
26331 
86603 
85197 
60413 

24670 
94648 
66279 
87890 
07936 
18163 
32249 
60514 
46743 
58959 
37800 
01174 
81386 
10419 
38835 
39470 
63407 
42010 
02446 
91060 
11910 
97248 
54955 
57517 
48396 
39098 
84864 
803 12 
76787 
41737 
46704 
88974 
05624 
29182 
52832 
91766 
57174 
24327 
03225 
22810 
79725 
30078 
95448 
52640 
63007 
83375 
43140 
5 1680 
07824 
71020 

36665 
89428 
80432 
94624 
98710 
69201 
90466 
69257 
27860 
53731 
63835 
42159 
8043 1 
76939 
59399 
91 548 
91 178 
26344 
63594 
89894 
49672 
11188 
08159 
59419 
57177 
36083 
64952 
48028 
51591 
59599 
63362 
61005 
43836 
44324 
50880 
90262 
35571 
86978 
14281 
43609 
51811 
28197 
43244 
46518 
20007 
26986 
69744 
97678 
91 392 
83658 

00770 
41583 
65793 
69721 
98539 
31211 
33216 
12489 
77940 
89295 
71051 
11392 
90628 
25993 
13790 
12854 
90348 
92920 
98924 
36036 
88575 
39062 
00337 
58045 
83867 
72505 
38404 
26408 
54509 
96191 
56625 
99709 
58254 
14491 
22273 
56073 
99884 
22644 
83637 
12224 
12998 
55583 
3 1262 
55486 
66819 
74399 
82928 
24261 
58317 
0241 5 



83 

T a b l e  F-2. Use o f  Random D i g i t  Tab le  

L i n e  (1) - ( 5 )  Household 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

13284 
21224 
99052 
001 99 
60578 
91240 
97458 
35249 
38980 
10750 

132 C o n t r o l  
Not C o n t r o l  
Not C o n t r o l  
001 C o n t r o l  
Not C o n t r o l  
Not C o n t r o l  
Not C o n t r o l  
Not C o n t r o l  
Not C o n t r o l  
107 C o n t r o l  

We have completed a computer r o u t i n e  t h a t  generates random numbers 
and ensures equal numbers i n  t h e  t rea tmen t  and c o n t r o l  groups f o r  each 
r e t r o f i t  t y p e  t o  produce Tables F-3.1 - F-3.4. 
F-3.4 should be used b y  each i n s p e c t o r  o f  h e a t i n g  systems t o  ass ign 
households t o  t r e a t m e n t  and c o n t r o l  groups. 

Tables F-3.1 th rough  

The t r e a t m e n t / c o n t r o l  group assignment procedure ( F i g u r e  F-1) has 
f o u r  s teps:  (1) determine i f  a household i s  e l i g i b l e  f o r  t h e  program; 
( 2 )  determine which r e t r o f i t  t y p e  i s  s u i t a b l e  f o r  t h e  household; ( 3 )  
ass ign  an e n t r y  number t o  t h e  household. T h i s  assignment i s  done b y  
s e q u e n t i a l l y  numbering each household found t o  be q u a l i f i e d  f o r  each 
r e t r o f i t  type.  That  i s ,  t h e  f i r s t  household i d e n t i f i e d  as e l i g i b l e  f o r  
a Type I r e t r o f i t  i s  No. 1 f o r  Type I ,  t h e  second No. 2 f o r  Type I ,  e t c .  
t h e  f i r s t  household i d e n t i f i e d  as e l i g i b l e  f o r  a Type I1 i s  No. 1 f o r  
Type 11, t h e  second No. 2 f o r  Type 11, e t c .  A l i s t  o f  households b y  
e n t r y  number f o r  each r e t r o f i t  t y p e  should be ma in ta ined  b y  each inspec- 
t o r .  As each a d d i t i o n a l  household i s  i d e n t i f i e d  as e l i g i b l e  f o r  a g i v e n  
r e t r o f i t  type,  i t  i s  s i m p l y  added t o  t h e  l i s t  f o r  t h a t  t y p e  and g i ven  
t h e  nex t  consecu t i ve  number. The f o u r t h  and f i n a l  s t e p  i n  ass ign ing  a 
household t o  a t r e a t m e n t  o r  c o n t r o l  group i s  t o  check t h e  household 's 
e n t r y  number i n  t h e  a p p r o p r i a t e  t a b l e  (F-3.1 t o  F-3.4) t o  determine i f  
t h e  household shou ld  be i n  t h e  t rea tmen t  o r  t h e  c o n t r o l  group. 
means t h e  household i s  i n  t h e  t rea tmen t  group; a "no" means i t  i s  i n  t h e  
c o n t r o l  group. If a household i s  i n  t h e  t rea tmen t  group, a work o rde r  
i s  issued. If i t  i s  i n  t h e  c o n t r o l  group, f u e l  consumption and survey 
d a t a  a re  c o l l e c t e d ,  b u t  no r e t r o f i t  i s  i n s t a l l e d .  

A ''yes" 
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A S S I G N  E N T R Y  
N U M B E R  T O  

T H E  H O U S E H O L D  
S T A R T I N G  F R O M  

O R N L - D W G  a 5 c - 7 1 5 1  

A S S I G N  E N T R Y  
N U M B E R  T O  

T H E  H O U S E H O L D  
S T A R T I N G  F R O M  

H O U S E H O L D  E L l G  I B L E  
FOR T H E  P R O G R A M  

C H E C K  T A B L E  I F O R  
T H E  C O R R E S P O N D I N G  

D E C I S I O N  O N  
T R E A T M E N T I C O N T R O L  
G R O U P  A S S I G N M E N T  

I 

C H E C K  T A B L E  II F O R  
T H E  C O R R E S P O N D I N G  

D E C I S I O N  O N  
T R E A T M E N T I C O N T R O L  
G R O U P  A S S I G N M E N T  

H O U S E H O L D  Q U A L l  F l  E D  H O U S E H O L D  Q U A L l  F l  E D  
FOR T Y P E  Ill R E T R O F I T  FOR T Y P E  I V  R E T R O F I T  

A S S I G N  E N T R Y  
N U M B E R  T O  

T H E  H O U S E H O L D  
S T A R T I N G  F R O M  

I =  I 

A S S I G N  E N T R Y  
N U M B E R  T O  

T H E  H O U S E H O L D  
S T A R T I N G  F R O M  

I = )  

D E C I S I O N  O N  D E C I S I O N  O N  

Fig. F-1. Procedure for treatment and control group assignment. 
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Table F-3.1. Decision t a b l e  f o r  households qua l i f i ed  t o  rece ive  
r e t r o f i t  Type I 

Program 
E n t r y  Of fer  
Number (Yes/No) 

1 Yes 
2 Yes 
3 No 
4 Yes 
5 No 
6 N O  
7 No 
8 Yes 
9 No 

10 Yes 
11 Yes 
1 2  No 
1 3  Yes 
14 Yes 
15 Yes 
16 No 
1 7  No 
18 No 
19 No 
20 Yes 

______  
E n t r y  
Number 

2 1  
22  
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Program 
O f f e r  

No 
No 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 
No 
No 
N 0 
Yes 
N 0 
No 
Yes 
Yes 
Yes 
No 
Yes 

E n t r y  
Number 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

Program 
O f f e r  

No 
No 
No 
Yes 
NO 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
No 
No 
Yes 
Yes 
Yes 
No 
No 
Yes 

E n t r y  
Number 

61 
62 
63 
64 
65 
66 
57 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

Program 
O f f e r  

Yes 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
No 
No 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 

E n t r y  
Number 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

Program 
O f  f e r  

NO 
Yes 
No 
Yes 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
N O  
No 
Yes 
No 
Yes 

Note:  E n t r y  number i s  t h e  number ass igned t o  a household when i t  i s  found t o  be  
q u a l i f i e d  f o r  t h e  Type I r e t r o f i t .  These numbers a r e  ass igned c o n s e c u t i v e l y  b y  
t i l e  person i n s p e c t i n g  t h e  h e a t i n g  systems. 
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Tab le  F-3.2. Dec is ion  t a b l e  f o r  households q u a l i f i e d  t o  r e c e i v e  
r e t r o f i t  Type I1 

E n t r y  
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  
14 
15 
16 
1 7  
18 
19  
20 

Program 
O f f e r  

( Y es/No 1 

Yes 
Yes 
No 
Yes 
N O  
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
Yes 

E n t r y  
Number 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

-- 
Program 

O f f e r  

Yes 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 
No 

-- 
E n t r y  
Number 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

___ 
Program 

O f f e r  

No 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
No 
No 
No 

E n t r y  
Number 

61 
62 
63 
61  
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77  
78 
79 
80 

Program 
O f  f e r  

Yes 
No 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 
No 
No 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
No 
Yes 

E n t r y  
Number 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

Program 
O f f e r  

No 
Yes 
Yes 
No 
Yes 
Yes 
No 
No 
No 
Yes 
No 
No 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 

Note: E n t r y  number i s  t h e  number ass igned t o  a household when i t  i s  found t o  be  
q u a l i f i e d  f o r  t h e  Type I 1  r e t r o f i t .  
b y  t h e  person i n s p e c t i n g  t h e  h e a t i n g  systems. 

These numbers a r e  ass igned c o n s e c u t i v e l y  
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Table F-3.3. Decision t a b l e  f o r  households qua l i f i ed  t o  rece ive  
r e t r o f i t  Type I11 

Program 
E n t r y  O f f e r  
Number (Yes/No) 

1 No 
2 No 
3 Yes 
4 No 
5 No 
6 Yes 
7 Yes 
8 No 
9 Yes 

10 Yes 
11 Yes 
12  No 
13  Yes 
14  Yes 
15 Yes 
16 No 
17  No 
18  No 
1 9  NO 
20 Yes 

___ ___ 
E n t r y  
Number 

21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Program 
O f f e r  

No 
No 
Yes 
No 
Yes 
No 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
Yes 
No 
No 
No 
Yes 

E n t r y  
Number 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 

Program 
O f f e r  

Yes 
No 
No 
Yes 
Yes 
No 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 

E n t r y  
Number 

6 1  
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

Program 
Of fe r  

Yes 
No 
Yes 
Yes 
No 
Yes 
No 
No 
Yes 
No 
No 
Yes 
No 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 

E n t r y  
Number 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

Program 
O f f e r  

Yes 
No 
No 
Yes 
No 
Yes 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 
No 

Note: E n t r y  number i s  t h e  number ass igned t o  a household when i t  i s  found t o  be 
q u a l i f i e d  f o r  t h e  Type I11 r e t r o f i t .  These numbers a re  ass igned c o n s e c u t i v e l y  
b y  t h e  person i n s p e c t i n g  t h e  h e a t i n g  systems. 
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Table F-3.4. Decision t a b l e  for households qua l i f i ed  t o  receive 
r e t r o f i t  Type IV 

Program 
E n t r y  O f f e r  
Number (Yes/No) 

1 No 
2 Yes 
3 Yes 
4 No 
5 No 
6 Yes 
7 Yes 
8 No 
9 No 

10 Yes 
11 Yes 
12 Yes 
13  No 
14  Yes 
15 Yes 
16 Yes 
17  No 
1 8  N O  
19  No 
20 No 

_ _ _ ~  
E n t r y  
Number 

21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 

Program 
O f f e r  

Yes 
No 
Yes 
No 
No 
Yes 
NO 
Yes 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 

E n t r y  
Number 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51  
52 
53 
54 
55 
56 
57 
58 
59 
60 

Program 
O f f e r  

No 
Yes 
Yes 
Yes 
No 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
No 
No 
Yes 
No 
Yes 
Yes 
Yes 
No 

E n t r y  
Number 

Program 
O f f e r  

61  
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1  
72 
73 
74 
75 
76 
77 
78 
79 
80 

No 
Yes 
Yes 
No 
Yes 
No 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
No 
No 
Yes 
No 
Yes 
Yes 
NO 

E n t r y  
Number 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91  
92 
93 
94 
95 
96 
97 
98 
99 

100 

Program 
O f f e r  

Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 

Note: E n t r y  number i s  t h e  number ass igned t o  a household when i t  i s  found t o  be 
q u a l i f i e d  f o r  t h e  Type I V  r e t r o f i t .  
b y  t h e  person i n s p e c t i n g  t h e  h e a t i n g  systems. 

These numbers a re  ass igned c o n s e c u t i v e l y  
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Appendix G 

PROGRAM RECORDKEEPING FORMS 

T h i s  appendix c o n t a i n s  cop ies  o f  program recordkeep ing  forms t h a t  
were used b y  t h e  s t a t e  o f  Minnesota f o r  t h e  gas fu rnace  r e t r o f i t  program 
i t  conducted i n  1984. Other  s t a t e s  may w ish  t o  use these forms or ,  a t  
l e a s t ,  be s u r e  t h a t  t h e i r  recordkeep ing  systems i n c l u d e  t h e  same 
i n f o r m a t i o n .  

Three types  o f  forms are  i nc luded :  (1) a "survey  r e p o r t "  f o r m  which 
summarizes h e a t i n g  system c h a r a c t e r i s t i c s  and shows t h e  r e s u l t s  o f  t h e  
i n i t i a l  s t e a d y - s t a t e  e f f i c i e n c y  t e s t  t h a t  determines e l i g i b i l i t y  f o r  t h e  
r e t r o f i t ,  ( 2 )  a "work o rde r "  f o rm which au tho r i zes  a r e t r o f i t  i n s t a l l a -  
t i o n  and c e r t i f i e s  t h a t  i t  was completed a t  t h e  r e q u i r e d  s teady -s ta te  
e f f i c i e n c y  l e v e l ,  and ( 3 )  month ly  r e p o r t i n g  forms which r e c o r d  t h e  num- 
be rs  of completed r e t r o f i t s  of each t y p e  done t h a t  month and t h e  number 
o f  h e a t i n g  systems inspec ted  b u t  found t o  be i n e l i g i b l e .  
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1. Homeowner's Name, Address Phone Number 

S T A T E  OF MINNESOTA 

2. Energy A u d i t l E f f i c i e n c y  T e s t  Appointment  

5. Gas Consumed L a s t  Two Years- CCF/MC 

6. H e a t i n g  System Work ing? 17 Yes Na 

[7 N a t u r a l  Gas Propane 

7. Ma jo r  Problems:  0 Gas Leak 

F l u e  Leak 

B o i l e r  Leak 

11. Ne t  S tack  Temperature ~ O F  

12. CO T e s t  PPM 

13. CO2 T e s t  % o r  02 T e s t  - % 

14.  D r a f t  i n  t h e  F l u e  

15. P r e - R e t r o f i t  E f f i c i e n c y  R a t i n g  % 

0 Rust  i n  Supp ly  
Plenum o r  Heat 
Exchanger 

8. Emergency S w i t c h :  Work ing 

Not  Work ing 

9. S e t t i n g s  on High  L i m i t  a t :  

[7 5 Pounds o r  Less on Steam 

[7 210" o r  Less on Hot Water 

250' o r  Less on Hot A i r  

10. H e a t i n g  System Da ta  
Manu fac tu re r  - 
Model 
C apac i t  y BTU/Hr. 
F l u e  S i z e  Inches  
Coal Convers ion  0 Yes N 

I f  Yes 
x e r  Moun t ing  0 F lange  

[7 Pedes ta l  
A i r t u b e  Leng th  Inches  
F i r e b o x  Dimensions (LxWxH) 

" x  " x  
Combust ion Chamber S i z e  (LxWxH) 

" x _'I x _'I [7 Round 

C o n d i t i o n  o f  Combustion Chamber 

S u m e r / W i n t e r  Hookup [7 Yes c] No 

H u m i d i f i e r  Yes No 

Furnace F i l t e r  S i z e  _II x 2 X 2 
F i 1 t e r  C o n d i t i o n  

16. I f  h e a t i n g  system i s  n o t  e l i g i b l e  f o r  
r e t r o f i t ,  g i v e  reasons :  

( a )  e f f i c i e n c y  r a t i n g  t o o  h i g h  

No - Yes ~ 

( b )  l i f e  expec tancy  t o o  s h o r t  

No - Yes - 

( c )  ma jo r  r e p a i r s  a r e  r e q u i r e d  

No - Yes __ 

c o s t  o f  r e p a i r s  $ 

( d )  rep lacemen t  i s  recomnended 

yes ~ No __ 
c o s t  o f  rep lacemen t  5 - 

o t h e r  ( p l e a s e  1 i s t )  : 



Homeowner's Gas Supp l i e r  R e t r o f i t  I n s t  a1 1 e r  - 

WORK ORDER 

- i s  hereby au tho r i zed  t o  complete gas r e t r o f i t  
work as desc r ibed  below:  

17 Type I R e t r o f i t  

Type I 1  R e t r o f i t  

Type I 1 1  R e t r o f i t  - E l e c t r i c  Vent Damper & E l e c t r o n i c  I n g i t i o n  

Type I V  R e t r o f i t  

INSTALLER'S REPuRT 
E uipment I n s t a l l e d :  d Heat E x t r a c t o r  

- Heat E x t r a c t o r  

- Power Gas Burner 

- Ther , , ld l l j  k i u a i c d  u w t  varl ipertsj  

Power Gas Burner  - Manufacturer  and Model 

[7 E l e c t r i c  Vent Damper - Manufacturer and Model 

[7 E l e c t r o n i c  I g n i t i o n  - Manufacturer and Model 

Therma l l y  Actuated Vent Damper on c] Heater a Water Heater 

Manufacturer(s)  and Model ( 5 )  

Combustion Chamber 

Barometr ic  Damper 

Other  Equipment 

Comments 

INSTALLER'S CERTIFICATION 
I c e r t i f y  t h a t  t h e  work s p e c i f i e d  above (see i tems checked) has been complete 
and t h a t  a l l  requi rements have been met. 
For  a TvDe I R e t r o f i t :  

u Sheet Meta l  Housing f o r  Heat E x t r a c t o r  C o i l  

0 Condensate Pump 

1. S teady -s ta te  e f f i c i e n c y  equ iva len t  = -% o r  

2. CO Concen t ra t i on  = PPM 
3.  The temperature r i s e  across t h e  Heat E x t r a c t o r  c o i l  changed by  -OF 

when t h e  f l u e  was blocked. 

Savings = % 

For  a Type I 1  R e t r o f i t :  
1. S t e a t y - s t a t e  e f f i c i e n c y  = -% 
2.  CO C o n t r a t i o n  = PPM 
3. 02 Concentrationr-% o r  Cop Concen t ra t i on  = -% 

For  a Type 111 R e t r o f i t :  
1. The vent  damper i n s t a l l e d  c loses  of f  a t  l e a s t  96% o f  t h e  f l u e  area. 

2. I have performed a t e s t  t o  v e r i f y  t h a t  t h e  vent  damper p reven ts  t h e  
burner  f rom f i r i n g  if t h e  dampler f a i l s  t o  open. 

'or a Type I V  R e t r o f i t :  
1. 

2. The vent  damper was i n s t a l l e d  so  t h a t  t h r e e  minutes a f t e r  t h e  main 

The vent  dampelr was i n s t a l l e d  i n  a workmanl ike manner and accord ing 
t o  manufacturer 's  i n s t r u c t i o n s .  yes /J no 

burner  f i r e s  t h e r e  i s  no s p i l l a g e  of f l u e  gases a t  d i v e r t e r  o r  d r a f t  
hood. 17 yes no 

j i g n a t u r e  o f  I n s t a l l e r  Date 

ZUOITOR'S VERIFICATION 
[ i nspec ted  t h e  r e t r o f i t  equipment i n s t a l l e d  on t h i s  hea t ing  system on 

The r e s u l t s  o f  my i n s p e c t i o n  are:  
(da te ) .  

Type I R e t r o f i t  Type I1  R e t r o f i t  Type I 1 1  R e t r o f i t  Type I V  R e t r o f i .  
I = %  1 = - %  1 17 yes no I yes [7 nl 

2 = P P M  CO 2 = -PPM CO 2 yes n o  2 yes [7 nl 

3 = -OF 3 = ,-%02 o r  %C02 

i i g n a t u r e  o f  A u d i t o r  Date 
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GAS RETROFIT PILOT PROJECT 
MONTHLY REPORTING FORM 

I. 

XI. 

111. 

A. 

B. 

C. 

D. 

Agency Reporting Per iod From to 
Compiled By Phone No. 
County 

Number o f  heat ing systems r e t m f l t t e d  w i t h  Type I r e t r o f i t .  
Number o f  heat ing systems r e t r o f i t t e d  w i t h  Type I1 r e t r o f i t .  
Number o f  heat ing systems r e t r o f i t t e d  w i th  Type 111 r e t r o f i t .  
Number o f  heat ing systems r e t r o f i t t e d  w i t h  Type IY r e t r o f i t .  
Number of h e a t i n g  systems t e s t e d  b u t  d i d  n o t  q u a l i f y  due to 
other  r e p a i r  problems ( i  .e., cracked heat exchanger). 
Number o f  h e a t i n g  systems t e s t e d  t h a t  d i d  not  qua l i f y  due to 
hiah e f f i c i ency .  

c Job No. Date Completed I n s t a l l e r  

ype I 
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(STATE 

GAS HEAT RETROFIT  PROGRAM 

MONTHLY REPORT 

R e p o r t  f o r  (month)  

STATE OFF ICE/ADDRESS : =ED BY: 
(name) 1 

( s  i gn a t u r  e 1 
PHONE NUMBER : 

TOTAL RETROFIT  BUDGET: 
I FUNDING SOURCE: 1 ( d a t e )  I 

CUMULATIVE DATA 

E n t e r  c u m u l a t i v e  t o t a l s  f o r  a l l  l o c a l  agenc ies :  

1. 

2.  

3 .  

4. 

5.  

S u r v e y  Repor ts /Work o r d e r s  comp le ted .  

Work o r d e r s  a c c e p t e d  f o r  r e t r o f i t t i n g .  

How many h e a t i n g  systems were n o t  
r e t r o f i t t e d  because:  
a. l i f e  e x p e c t a n c y  was t o o  s h o r t ;  
b. m a j o r  r e p a i r s  a r e  r e q u i r e d ;  

average c o s t  r e p a i r s  
c. r e p l a c e m e n t  i s  recommended; 

average c o s t  r e p l a c e m e n t  
d. 

ave rage  r a t i n g  
s t e a d y - s t a t e  e f f i c i e n c y  was t o o  h i g h  
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