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INTRODUCTION 

Background 

The C a l i f o r n i a  Energy Resources Conservation and Development Commission 

(ERCDC) i s  requ i red  by t h e  l e g i s l a t i o n  which e s t a b l i s h e d  it t o  develop a 

methodology f o r  fo recas t ing  e l e c t r i c i t y  s a l e s  and demand i n  the  S t a t e .  The 

ERCDC concluded t h a t  one necessary element i n  such a methodology was a 

procedure f o r  a s sess ing  the  impact o f  various energy conservation measures 

on e l e c t r i c i t y  s a l e s  and demand. Foremost among t h e s e  measures a r e  man- 

da tory  performance standards f o r  appl iances  and f o r  r e s i d e n t i a l  and com- 
- 

mercial bu i ld ings .  These measures have been r e f e r r e d  t o  by the  ERCDC 

as  "non-price" energy conservation measures s i n c e  they prevent  t h e  waste 

o f  energy without t h e  a c t i v e  i n t e r v e n t i o n  o f  consumers motivated by 

market forces .  

I t  was recognized a t  an e a r l y  s t a g e  t h a t  t h e  development of methods 

f o r  est imating t h e  impact of  "non-price" energy conservation measures 

would requi re  d e t a i l e d  information on t h e  p a t t e r n s  and e f f i c i e n c i e s  of  

e l e c t r i c i t y  use  i n  Ca l i fo rn ia .  For example, i n  order  t o  es t imate  t h e  

impact of s tandards  on r e f r i g e r a t o r  performance, it is  necessary t o  know 

how much energy i s  used by r e f r i g e r a t o r s  and how e f f i c i e n t  t h e  e x i s t i n g  

s tock  of r e f r i g e r a t o r s  i s .  

As a f i r s t  s t e p  i n  meeting t h e s e  kinds of  information needs, t h e  

ERCDC asked Lawrence Berkeley Laboratory (LBL) t o  make an examination 

o f  e x i s t i n g  sources of  d a t a  r e l a t e d  t o  p a t t e r n s  and e f f i c i e n c i e s  of  

e l e c t r i c i t y  use. This r epor t  desc r ibes  t h e  r e s u l t s  o f  t h e  e f f o r t  under- 

taken by LBL.  



Overview of Electricity Use in California 

In 1975 Californians used approximately 149 billion kilowatt hours 

of electricity for all purposes. This use can be roughly apportioned 

between seven sectors: residential, commercial, industrial, agricultural, 

government, water systems, and other. 

Residential electricity uses are those take place in single family, 

multi-family, and mobile dwelling units. These uses are dominated by 

household appliances, space conditioning (heating and cooling), and 

lighting. Commercial use includes wholesale and retail trade, office 

buildings, hotels,and services such as hospitals and private schools. 

Use in the commercial sector is dominated by lighting and space con- 

ditioning. The industrial sector includes manufacturing and raw 

materials processing. Use in the industrial sector is very diversified. 

Agricultural uses include all farm uses and are dominated by groundwater 

and other irrigation water pumping. 

Government uses include many of the elements included in the residential, 

commercial, and industrial sectors. However, it is proper to separate 

them since their energy consumption is not subject to market forces in 

the same way as the private sector. Large users in this sector include the 

military and education. Elements which are unique to this sector are 

street lighting and electric railways. The latter use is at present the 

only significant use of electricity for transportation. 

Electricity use in water systems is almost entirely for the pumping 

of water in the various Federal, State, and local water supply projects. 

The relatively great importance of this sector in California's electricity 

use together with the concentrated nature'of this use make it appropriate 



to separa te  t h i s  s e c t o r  from the  "government" s e c t o r .  The "other" s e c t o r  

inc ludes  i n t e r n a l  uses by u t i l i t i e s  and o t h e r  miscellaneous uses .  

Table 1 breaks down e l e c t r i c i t y  s a l e s  i n  Ca l i fo rn ia  f o r  1975 according 

t o  the  above seven ca tegor ies .  About 75% of t h e  s a l e s  a r e  d iv ided approx- 

imately evenly between the  r e s i d e n t i a l ,  commercial and i n d u s t r i a l  s e c t o r s  

with t h e  balance i n  t h e  remaining s e c t o r s .  

Considerable caut ion  should be exerc ised  i n  t h e  use o f  t h e  d a t a  

i n  Table 1 s i n c e  they a r e  based on t h e  b i l l i n g  ca tegor ies  i n  u t i l i t y  r a t e  

schedules.  These ca tegor ies  do not  always give a good i n d i c a t i o n  of t h e  

true end use o f  t h e  e l e c t r i c i t y .  For example, pub l i c  schools  may be i n  

a commercial b i l l i n g  category,  small manufacturers may a l s o  be included 

i n  t h e  commercial s e c t o r ,  and some l a r g e  commercial establishments may 

be i n  an i n d u s t r i a l  b i l l i n g  category. The s ign i f i cance  of  t h e  above 

d i f f i c u l t i e s  i s  no t  known a t  p resen t ,  bu t  they may be the  cause o f  i n -  

accuracies l a r g e r  than l o % ,  e s p e c i a l l y  i n  t h e  commercial, i n d u s t r i a l ,  and 

government s e c t o r s .  Fur ther ,  it should be noted t h a t  the  d a t a  in  Table 1 

do not include e l e c t r i c i t y  which was generated and used a t  i n d u s t r i a l  .s i tes  

without the  p a r t i c i p a t i o n  of  u t i l i t y  companies. 

E l e c t r i c i t y  s a l e s  a r e  not  t h e  only da ta  which a r e  important i n  under- 

s tanding e l e c t r i c i t y  use and i n  planning f o r  f u t u r e . e l e c t r i c i t y  needs. 

One amst a l s o  know t h e  s t r u c t u r e  o f  t h e  demand. E l e c t r i c i t y  genera t ing  

capacity requirements a r e  determined by peak demand ( i . e .  t h e  maximum 

instantaneous power requirement).  The proper mix o f  genera t ing  capaci ty  

(peaking u n i t s ,  cycl ing  u n i t s  and base load u n i t s )  is  determined by t h e  

d a i l y  f l u c t u a t i o n s  i n  demand. 



TABLE 1 - California Electricity Sales 1975 1 

Sector 

Residential 

Commercial 

Industrial. 

Agricultural 

Government 
(except water systems) 

Water Systems 

Other 

Total 

6 Sales (kwhr/yr x 10 ) Percent of Sales 

Preliminary draft, Quarterly Fuel and Energy Report-4th Quarter 1975. 

Cal i fo rn ia  ERCDC, 1111 Howe Avenue, Sacramento, California (1976). 
6 ERCDC value less 1,478 x 10 kwhr/yr used by the U.S. Bureau of 

Reclamation. Source of U.S.B.R. figures: Calendar Year 1975 POENCJOR, 

the Yearly Report of Energy Deliveries and Income for the Central 

Val ley Project. U. S. Bureau of Reclamation, Mid-Pacific Regional 

Office, 2800 Cottage Way, Sacramento, California 95825. 
6 

ERCDC value plus 1,478 x 10 kwhr/yr used by the U.S. Bureau of Reclama- 

tion. See two above. 



The s t r u c t u r e  of demand i s  usua l ly  described by t h e  use  o f  load 

curves.  These curves p l o t  the  ins tantaneous  power requirement aga ins t  

t i m e .  An example of  such load curves is  shown i n  Figure 1. These .- 

l oad  curves a r e  f o r  t h e  P a c i f i c  Gas and E l e c t r i c  Company (PGEE) system 

on t h e  peak day i n  1972. Data with which t o  cons t ruct  s i m i l a r  curves 

f o r  t h e  en ' t i re  s t a t e  a r e  n o t  a v a i l a b l e .  

Again, cons iderable  caut ion  should be exerc ised  i n  t h e  use  o f  t h e  

d a t a  shown i n  these  curves.  They a r e  l i m i t e d  not  only by t h e  d i f f i c u l t i e s  

with b i l l i n g  ca tegor ies  discussed above, bu t  a l s o  by t h e  f a c t  t h a t  t h e  

d a t a  were n e c e s s a r i l y  based on samples from t h e  various customer c l a s s e s .  

PG&E has been making t h i s  kind o f  load a n a l y s i s  f o r  only a few years  

and t h e  adequacy o f  i ts sampling procedures i s  not f u l l y  e s t a b l i s h e d .  

Methodological Considerat ions i n  Developing Forecast ing Data --.-- 

The overview of  e l e c t r i c i t y  use presented above g ives  a  taxonomy 

of consu~nption which can be used t o  organize desc r ip t ion  d a t a  ( i . c .  by 

consuming s e c t o r ,  and by s a l e s  and demand). However, s ince  our  purpose 

i n  developing e l e c t r i c i t y  conswnptiotl da ta  was t h a t  it be useful  f o r  

t h e  purpose of  fo recas t ing ,  it was important t o  have some i n s i g h t  i n t o  

t h e  fo recas t ing  methodology i n  o rde r  t o  develop add i t iona l  organiz ing 

p r i n c i p l e s .  

Usually, the  process o f  fo recas t ing  is an evolut ionary one. F i r s t  

t he  da ta  t h a t  might be used t o  make a fo recas t  a r e  examined and then  a  

t e n t a t i v e  fo recas t ing  model is const ructed .  The d a t a  a r e  re-examined, 

t h e  model i s  rev i sed ,  and s o  on. The process continues u n t i l  t h e  - 
r e s u l t s  a r e  no longer t imely  o r  u n t i l  t h e  value of  improved r e s u l t s  is 

l e s s  than t h e  c o s t  o f  f u r t h e r  r ev i s ion .  

-5 -  



PACIFIC GAS AND ELECTRIC COMPANY 
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HOUR 

Figure 1. Load curves f o r  t h e  P a c i f i c  Gas and E l e c t r i c  Company on t h e  peak 
day i n  1972. The top  curve i s  the  "net system input" curve and 
r e f l e c t s  the  amount o f  e l e c t r i c i t y  generated t o  meet demand by 
PG&E and the  Bureau o f  Reclamation. The s i x . c u r v e s  a t  t h e  bottom 
r e f l e c t  demand a t  t h e  point  o f  use f o r  t h e  s e c t o r s  as  labeled .  
The lower curves do not  sum t o  give t h e  top  curve because of 
t ransmission losses  from t h e  po in t  o f  generat ion t o  t h e  point  o f  
use and because not  a l l  customers a r e  included i n  the  customer 
c l a s s e s  shown. Data f o r  the  end-use s e c t o r s  a r e  based on PGEE 
b i l l i n g  ca tegor ies  and on sampling procedures devised by PGGE. 
Reference: Source Documents Supporting PG and E's Response t o  
Commission's Order I n s t i t u t i n g  Inves t iga t ion ,  Case No. 9804 

- Before t h e  Ca l i fo rn ia  Public U t i l i t i e s  Commission. 



While we have not  made f o r e c a s t s  o f  e l e c t r i c i t y  consumption, we 

have ,  t o  an e x t e n t ,  engaged i n  t h e  p roces s  o f  model development. 

R e f l e c t i n g  t h e  ERCDC1s immediate p r i o r i t i e s ,  we have worked p r i m a r i l y  

on a model f o r  e l e c t r i c i t y  s a l e s .  Out o f  t h i s  work an  "exponent ial  

l i f e t i m e  s tock-use" model has  evolved. 

The elements o f  o u r  exponent ia l  l i f e t i m e  s tock-use  model a r e  

shown i n  F igures  2 and 3 .  The model s t a r t s  wi th  t h e  s tocks  o f  e l e c t r i c i t y  

u s i n g  devices  and t h e  average energy consumption o f  u n i t s  i n  t h e  s tock  

a t  some i n i t i a l  t ime and, i n  a s tepwise  p r o c e s s ,  e s t i m a t e s  t h e s e  pa ra -  

meters  f o r  some f u t u r e  t ime o f  i n t e r e s t .  F igure  3 shows t h e  c a l c u l a t i o n  

procedure  t h a t  i s  used. The ope ra t ion  o f  t h e  model r e q u i r e s  e s t i m a t e s  

o f  t h e  devices  and f o r e c a s t s  o f  t h e  annual s a l e s  and u n i t  energy con- 

sumption o f  new devices  f o r  each yea r  up t o  and i n c l u d i n g  t h e  y e a r  o f  

i n t e r e s t .  E l e c t r i c i t y  s a l e s  a r e  given by t h e  product  o f  t h e  number o f  

dev ices  i n  t h e  s t o c k  and t h e  average u n i t  energy consumption. 

The b a s i c  s i m p l i c i t y  o f  t h e  model i s  due t o  t h e  exponent ia l  l i f e -  

t ime assumption. That i s ,  f o r  each type o f  device  we assume t h a t  a 

cons t an t  f r a c t i o n  of  t h e  s tock  a r e  removed ( i . e .  junked) i n  each u n i t  

time i n t e r v a l ,  independent o f  t h e  age o r  y e a r  o f  manufacture.  I f  t h i s  

assumption is r e l a x e d ,  a more complicated model must be used and t h e  

requirements  f o r  d a t a  a r e  i nc reased  s u b s t a n t i a l l y .  

Comments on t h e  adequacy of t h e  exponent ia l  l i f e t i m e  assumption a r e  

made a t  var ious  p o i n t s  i n  t h e  t e x t  and appendices .  A t  p r e s e n t ,  wh i l e  

t h e r e  a r e  some i n d i c a t i o n s  t h a t  t h e  assumption i s  n o t  e n t i r e l y  adequate ,  

t h e  d a t a  a r e  no t  s u f f i c i e n t  t o  j u s t i f y  a more complex hypothes is .  I t  



Figure  2 .  Inputs  f o r  and ou tpu t s  from an exponen t i a l  l i f e t i m e  s tock-use  
model. LIFETIMEi i s  t h e  exponent ia l  decay cons tan t  f o r  dev ice  - 
i. STOCKi (h) is t h e  i n i t i a l  s tock  o f  dev ice  i. UECi ( t o ,  t n )  
i s  t h e  average u n i t  energy consumption o f  t h e  devices  i n  STOCKi 
( to )  when they  a r e  used according t o  t h e  use -pa t t e rns  of  t h e  
year  t,, . SALESi ( t k )  is  t h e  s a l e s  o f  dev ice  1 i n  t h e  year  t k .  
UECi ( t k ,  t,) i s  t h e  u n i t  energy consumption of  devices  s o l d  
i n  t h e  - yea r  tk used according t o  t h e  u s e - p a t t e r n s  of  t h e  y e a r  
t,., . UEC. I t n ,  t o )  and STOCKi (k) a r e  t h e  va lues  o f  t h e  u n i t  
energy consumption and t h e  s tock  f o r  t h e  f o r e c a s t  y e a r .  





should be  noted t h a t  r e l a x a t i o n  o f  t h e  exponent ia l  l i f e t i m e  assumption 

f o r  one s tock  o f  devices  does no t  r e q u i r e  t h a t  t h e  assumption be r e l axed  

f o r  o t h e r  s t o c k s .  This  i s  an important  advantage o f . t h e  s tock-use  t y p e  

o f  model. 

The exponent ia l  l i f e t i m e  s tock-use  model provided a conceptual  

framework f o r  our  d a t a  c o l l e c t i o n  and a n a l y s i s .  Much o f  o u r  work was 

d i r e c t e d  towards ob ta in ing  inpu t  d a t a  f o r  such a model. P a r t i c u l a r  

a t t e n t i o n  was pa id  t o  d a t a  on t h e  s tock  of  energy us ing  dev ices ,  on 

t h e  average u n i t  energy consumptions, and on t h e  l i f e t i m e s .  A t t en t ion  

was a l s o  given t o  d a t a  which might be use fu l  i n  making f o r e c a s t s  of 

s a l e s  and e l e c t r i c i t y  consumption o f  new dev ices .  These d a t a  inc luded  

s a l e s  t r e n d  informat ion  and information on proposed s t anda rds  f o r  new 

devices .  

The problem o f  developing a s tock-use model f o r  e l e c t r i c i t y  demand 

appears  t o  be somewhat more d i f f i c u l t  than f o r  e l e c t r i c i t y  s a l e s .  One 

approach might be t o  r e p l a c e  t h e  average u n i t  energy consumption i n  t h e  

model descr ibed  above by t h e  average u n i t  ope ra t ing  power ( i . e .  t h e  

power r equ i r ed  when t h e  u n i t  i s  o n ) .  Demand would be given a s  t h e  

product o f  t h e  number o f  devices  i n  t h e  s t o c k ,  t h e  average u n i t  o p e r a t i n g  

power, and a weighting func t ion  which determined what f r a c t i o n  o f  t h e  

t o t a l  p o s s i b l e  power requirement  was a c t u a l l y  demanded. This  func t ion  

would depend on t h e  t ime o f  day, t h e  day o f  t h e  week, t h e  tempera ture ,  

t h e  p r i c e  of  e l e c t r i c i t y ,  e t c .  

Obviously, t h e  c o n s t r u c t i o n  o f  such a weight ing func t ion  p r e s e n t s  

some formidable d i f f i c u l t i e s .  We have no t  found d a t a  which a r e  adequate  

to. t h e  t a s k .  We th ink  i t  i s  l i k e l y  t h a t  d a t a  f o r  approximate weight ing 

func t ions  can be developed, bu t  we a r e  no t  c e r t a i n  t h a t  t h e  approach 



o u t l i n e d  nbovc is t h e  b e s t .  We have collected some d a t a  on u n i t  

o p c r a t i n g  power, t h e s e  a r e  given a t  va r ious  p o i n t s  i n  t h e  fo l lowing  

t e x t  and appendices .  

Ou t l ine  o f  t h e  Remainder o f  t h i s  Report 

The remainder of  t h i s  r e p o r t  i s  d iv ided  i n t o  f i v e  s e c t i o n s .  The 

f i r s t  of t h e s e  desc r ibes  e l e c t r i c i t y  consumption d a t a  i n  t h e  r e s i d e n t i a l  

s e c t o r .  Data f o r  t h i s  s e c t o r  a r e  f a r  more abundant t han  f o r  any o t h e r  

s e c t o r .  Thus, t h e  r e s u l t s  i n  t h i s  s e c t o r  a r e  t h e  most complete. The 

next  s e c t i o n  d i scusses  t h e  commercial s e c t o r  ( i nc lud ing  government 

b u i l d i n g s ) .  Resul t s  f o r  t h i s  s e c t o r  a r e  l e s s  c e r t a i n  and t h e  breakdown 

of u s e s  i s  l e s s  r e f i n e d  than  i n  t h e  r e s i d e n t i a l  s e c t o r .  The remaining 

consuming s e c t o r s  have been examined only  i n  a  very  cu r so ry  f a s h i o n .  

A b r i e f  s e c t i o n  d i scusses  some o f  t h e  important  i s s u e s  and d a t a  needs.  

The amount of  d a t a  c o l l e c t e d  f o r  t h i s  r e p o r t  was s u f f i c i e n t  t o  

r e q u i r e  t h e  adoption o f  some computer d a t a  management p r a c t i c e s .  A 

s e c t i o n  o f  t h e  r epo r t  i s  dcvcted t o  a d e s c r i p t i o n  o f  t h e s e  procedures .  

F i n a l l y ,  t h e r e  i s  a s e c t i o n  summarizing ou r  recommendations f o r  i m -  

p roving  t h e  q u a l i t y  o f  in format ion  on e l e c t r i c i t y  consumption. 

The main r e p o r t  is supported by fou r  appendices:  Appendix A 

on t h e  r e s i d e n t i a l  s e c t o r ,  Appendix B on s o l a r  energy i n s t a l l a t i o n s  i n  

t h e  r e s i d e n t i a l  s e c t o r ,  Appendix C on t h e  commercial s e c t o r ,  and 

Appendix D which con ta ins  a  l i s t i n g  o f  t h e  d a t a  t h a t  has been c o l l e c t e d .  



THE RESIDENTIAL SECTOR 

Introduction 

Data on electricity consumption in the residential sector are 

sufficient to construct a rough, but reasonably complete picture 

of electricity sales in this sector. Two kinds of data are required 

to construct this picture: the stock of electricity using equipment 

and the average electricity consumption per unit in the stock (the 

unit energy consumption, UEC). The total energy consumption for any com- 

ponent of the residential sector is given by the product of the stock 

and the UEC. 

The stock of electricity using equipment consists of heaters and 

air-conditioners, lighting, appliances, and miscellaneous. The appliances - 
include ranges, clothes washers, clothes dryers, dishwashers, water 

heaters, televisions, refrigerators, and freezers. The miscellaneous 

category accounts for all other residential uses of electricity. 

In this report, because of the type of data available, we describe 

the stock in terms of saturations relative to housing stock (i.e. the 

number of devices in use divided by the number of households). The 

primary sources for the saturation data that we use are utility company 

saturation surveys. Various adjustments have been made to these survey 

data based on Census data, cross comparisons of the saturation surveys, 

and other information. Data for household stock are based on the 

Census, building permit data, and mobile home sales. 



Unit energy consumption d a t a  a r e  cons ide rab ly  more d i f f i c u l t  

t han  s a t u r a t i o n  d a t a  t o  de r ive .  The UEC depends on both t h e  e f f i c i e n c y  

of t h e  equipment and t h e  manner i n  which t h e  equipment is used.  Data 

based on d i r e c t  measurements o f  t h e  UEC a r e  extremely l i m i t e d .  Therefore ,  

we have used a  combination o f  engineer ing  c a l c u l a t i o n s ,  manufacturers  

d a t a ,  s a l e s  d a t a ,  equipment l i f e t i m e  e s t i m a t e s ,  and o t h e r  in format ion  

t o  a r r i v e  a t  e s t i m a t e s  f o r  equipment UECfs. 

The r e s u l t s  o f  ou r  d a t a  c o l l e c t i o n  and a n a l y s i s  f o r  t h e  r e s i d e n t i a l  

s e c t o r  a r e  summarized i n  Table 2 .  This t a b l e  p re sen t s  d a t a  f o r  1975 

on a  s t a t ewide  b a s i s  f o r  UECs, l i f e t i m e s ,  and s a t u r a t i o n s .  Unit  energy 

- 
consumption d a t a  a r e  given f o r  t h e  average o f  a l l  s t ock  (UEC) and f o r  

new add i t i ons  (UEC(75)). An es t ima te  f o r  t h e  UEC o f  1980 a d d i t i o n s  

is a l s o  presented  (UEC(80)). Tota l  e l e c t r i c i t y  consumption f o r  each 

energy using dev ice  i s  computed i n  k i l o w a t t  hours p e r  y e a r  and as a 

percentage o f  t h e  t o t a l  e l e c t r i c i t y  s a l e s  i n  t he  r e s i d e n t i a l  s e c t o r .  

The d a t a  i n  Table 2 a r e  s u b j e c t  t o  some u n c e r t a i n t y  and should  no t  

be viewed as thc d e f i n i t i v e  d i saggrega t ion  of  e l e c t r i c i t y  consumption 

i n  t h e  r e s j d e n t i a l  s e c t o r .  As we noted e a r l i e r ,  even the d a t a  on 

- 
t o t a l  s a l e s  f o r  t h e  s e c t o r  a re  open t o  ques t ion .  The UEC va lues  i n  

'I'aLle 2 which a r e  most u n c e r t a i n  a r e  t h e  e s t ima te s  f o r  l i g h t i n g ,  h e a t i n g ,  

and cool ing .  These a r e  based on very l i m i t e d  information and may be 

s i g n i f i c a n t l y  i n  e r r o r .  

- 
However, we a r e  encouraged t h a t  t h e  d a t a  on UECs and s tock  (der ived  

independent ly o f  t h e  t o t a l  kwhr s a l e s )  can be used t o  c o n s t r u c t  a 
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- reasonable balance sheet. That is, the sum of all stocks multiplied 
- 

by their respective UEC approximates total residential electricity 

consumption. Of course, the reasonableness of the result may be 

due to the fortuitous cancellation of errors. Moreover, additional data 

are needed on miscellaneous devices (electric blankets, furnace fans, 

music systems, heat pumps, etc.) to complete the picture. 

In the remainder of this section, we give a more detailed discussion 

of Table 2 and present results on disaggregation of the data both by 

geographical region and by housing type. The geographical disaggregation 

is by districts which are based on the boundaries of the major utility 

companies (some small utilities are included within these boundaries). 

This is required for the analysis of utility company forecasts. The 

housing disaggregation is by single family, multi-family, and mobile 

- 
units. This type of disaggregation is very important when considering 

heating and cooling requirements which differ markedly by unit type. 

The discussion in the following text is intended to provide an 

o v e ~ e w  of the important data and the key problems in data analysis. 

A more complete discussion is given in Appendix A and a much more 

::xtensive listing of the data is given in Appendix D. 

The Residential Building Stock 

?he reference point for our data on the residential sector is 

the residential building stock. Information on the number of units 

in the housing stock is necessary to derive the total number of energy 



using devices from s a t u r a t i o n  data .  Fur ther ,  t h e  s i z e  and thermal 

q u a l i t i e s  of  t h e  u n i t s  i n  t h e  housing s tock a r e  important determinants  

o f  the  energy requirements f o r  space heat ing  and cooling.  The types 

of u n i t s  i n  t h e  housing s tock may a l s o  in f luence  o the r  f a c t o r s  t h a t  

e f f e c t  energy consumption such a s  t h e  s i z e  and use  p a t t e r n s  o f  ap- 

pl iances .  

The b a s i c  u n i t  i n  t h e  r e s i d e n t i a l  bu i ld ing  stock i s  t h e  household. 

For t h e  purposes of t h i s  s tudy,  a  household is  def ined as  a group of 

people who sha re  common cooking f a c i l i t i e s .  The number of  these  house- 

holds corresponds t o  Census da ta  on t h e  number o f  year-round occupied 

housing u n i t s .  

In t h i s  r e p o r t ,  we d iv ide  households i n t o  t h r e e  types :  s i n g l e  

family u n i t s ,  mult i-family u n i t s ,  and mobile homes. Table 3 presen t s  

a summary o f  our d a t a  on households f o r  1975 by housing type  and by 

u t i l i t y  d i s t r i c t .  

The d e r i v a t i o n  o f  t h e  da ta  i n  Table 3 provides an i l l u s t r a t i o n  

of t h e  use o f  an exponential  l i f e t i m e  model and one of  i t s  simple 

refinements. The bu i ld ing  stock [STOCK ( to ) ]  was measured by t h e  Census 

in 1970. Since then,  only t h e  r a t e  of  new cons t ruc t ion  [SALES & ) I  has 

been measured. However, with the  a i d  of  l i f e t i m e s  which can be derived . 

from the Components o f  Inventory Change (CINCH) da ta  of  t h e  Census 

(See Appendix A l ) ,  and t h e  exponential  l i f e t i m e  assumption, a de te r -  

mination o f  the stock i n  1975 i s  s t ra ight forward .  



TABLE 3 - Housing Units i n  C a l i f o r n i a  by U t i l i t y  D i s t r i c t  and Housing Type i n  1975 

SINGLE FAMILY UNITS MULTIPLE FAMILY UNITS MOBILE UNITS TOTAL 
~ I L I ~  DISTRICT' (X  1000) (X  1000) (X 1000) (X 1000) 

PGEE 

SMUD 

SCE 

SDGGE 
I 

C-r 
4 

I OTHER 

ALL 4759 2353 328 744 1 

1. See Appendix A1 f o r  the  boundaries o f  t h e  u t i l i t y  d i s t r i c t s .  
PG4E = P a c i f i c  Gas and E l e c t r i c  Company, SMUD = Sacramento Municipal U t i l i t y  D i s t r i c t ,  
SCE = Southern Ca l i fo rn ia  Edison Ccapany, LADh'P = Los Angeles Department of Water and Power, 
SDGEE = San Diego Gas and E l e c t r i c  Company. 



In  i t s  elementary form, t h e  exponent ia l  l i f e t i m e  model r e q u i r e s  

only  one l i f e t i m e  t o  d e s c r i b e  t h e  decay r a t e  o f  an e n t i r e  s t o c k .  A 

simple ref inement  o f  t h e  model involves  d i v i s i o n  o f  t h e  s t o c k  i n t o  

component p a r t s  each wi th  i t s  own l i f e t i m e .  The components a r e  then  

analysed independent ly u s ing  t h e  elementary form o f  t h e  model. 

We have made t h i s  ref inement  i n  our  a n a l y s i s  o f  t h e  r e s i d e n t i a l  

b u i l d i n g  s t o c k .  We have d iv ided  t h e  s tock  n o t  on ly  by housing type ,  

b u t  a l s o  by geographical  reg ion .  Data on s t o c k ,  s a l e s ,  and l i f e t i m e s  

have been c o l l e c t e d  on s i n g l e  f ami ly ,  mult i - family and mobile homes 

f o r  t h e  San Francisco-Oakland a r e a ,  t h e  Los Angeles-Long Beach a r e a ,  

and t h e  r e s t  o f  t h e  S t a t e .  Thus, va lues  f o r  t h e  t o t a l  s t o c k  a r e  

der ived  from t h e  r e s u l t s  of  n i n e  s e p a r a t e  elementary models. O f  course ,  

t h e  decay curve  f o r  t h e  t o t a l  s tock  is  no longe r  a  s imple exponent ia l  

and a s i n g l e  cons t an t  i s  no t  s u f f i c i e n t  t o  d e s c r i b e  t h e  housing removal 

r a t e .  This  i s  why a  l i f e t i m e  is no t  given f o r  housing s tock  i n  Table 2 .  

Fur ther  d e t a i l s ,  i nc lud ing  t h e  d e r i v a t i o n  o f  t h e  app ropr i a t e  c o n s t a n t s ,  

a r e  given i n  Appendix A l .  

Another approach t o  t h e  de te rmina t ion  o f  housing s tock  i s  t o  makc 

use o f  u t i l i t y  d a t a  on t h e i r  customers.  We have not  taken  t h i s  approach 

f o r  two reasons .  F i r s t ,  t h e  u t i l i t y  d a t a  do no t  d i s t i n g u i s h  customers by 

t h e  types  o f  housing u n i t s  t h a t  they  occupy. Second, some of  t h e  u t i l i t y  

customers a r e  "master-metered1' ( i . e .  one meter s e r v e s  s e v e r a l  customers) 

and d a t a  on t h e  number o f  customers p e r  meter i s  incomplete.  In  p r i n c i p l e ,  

u t i l i t y  customer d a t a  i s  t o  be  p r e f e r r e d  s i n c e  it can provide  a  d i r e c t  

measure o f  t h e  number o f  e l e c t r i c i t y  u s e r s .  Also,  when combined wi th  d a t a  

on e l e c t r i c i t y  s a l e s ,  it can provide  b e t t e r  in format ion  on energy consumption 

by housing t y p e .  



Heat ing ,  Cooling and Light ing  

The a n a l y s i s  o f  e l e c t r i c i t y  consumption f o r  h e a t i n g  and c o o l i n g  r e -  

q u i r e s  t h a t  t h e  d a t a  be h igh ly  d isaggrega ted .  Th i s  requirement f o r  d i s -  

aggrega t ion  i s  due t o  many f a c t o r s .  F i r s t ,  h e a t i n g  and coo l ing  loads  

a r e  q u i t e  d i f f e r e n t  i n  t h e  va r ious  housing t y p e s .  Second, even f o r  any 

one housing type  t h e s e  loads vary  ove r  t h e  d i v e r s e  c l i m a t i c  zones o f  

C a l i f o r n i a .  Thi rd ,  t h e  u n i t  energy consumption t o  meet t h e s e  l o a d s  spans  

a  wide range wi th  t h e  d i f f e r e n t  dev ices .  Four th ,  h e a t i n g  and c o o l i n g  

loads  a r e  s t r o n g l y  a f f e c t e d  by both t h e  amount o f  i n s u l a t i o n  p r e s e n t  and 

t h e  p re sen t  ope ra t ing  p r a c t i c e s .  The impact of  s tandardsdupon t h e s e  

i n s u l a t i o n  l e v e l s  w i l l  cause t h e  loads t o  be  s t r o n g  func t ions  o f  t ime .  

F i n a l l y ,  t h e  s a t u r a t i o n s  o f  hea t ing  and coo l ing  equipment a l s o  v a r y  

w i t h  t ime.  New cons t ruc t ion  i n  C a l i f o r n i a  i s  about  t h r e e  t imes more 

l i k e l y  t o  have e l e c t r i c  r e s i s t a n c e  h e a t i n g  than  t h e  r e s t  o f  housing s t o c k .  

I t  would be extremely d i f f i c u l t  t o  model t h e s e  e f f e c t s  without  a  s o p h i s t i c a t e d  

system t o  handle t h e  accounting f o r  t h e  v a r i o u s  c a t e g o r i e s  o f  t y p e s  o f  

dwel l ings ,  ranges of  l o c a t i o n s ,  types  o f  d e v i c e s ,  and degree o f  i n s u l a t i o n .  

Our e s t ima te s  f o r  t he  s a t u r a t i o n s  o f  r e s i s t a n c e  hea t ing ,  c e n t r a l  

a i r  cond i t i one r s ,  and room a i r  cond i t i one r s  a r e  given i n  Table 4 .  These 

d a t a  a r e  d isaggrega ted  by housing type  and u t i l i t y  d i s t r i c t .  Three  types  

o f  d a t a  were used t o  d e r i v e  s a t u r a t i o n s  i n  t h e s e  va r ious  c a t e g o r i e s .  

These were: u t i l i t y  s a t u r a t i o n  surveys ,  t h e  Census, u t i l i t y  r e c o r d s  o f  

gross  add i t i ons  and customers numbers i n  d i f f e r e n t  r a t e  c a t e g o r i e s .  

These d a t a  on s a t u r a t i o n s  s u f f e r  from v a r i o u s  d e f e c t s .  F i r s t ,  t h e  

SDGGE comparisons between responses and u t i l i t y  b i l l s  i n d i c a t e  t h a t  

respondents o f t e n  do not  know t h e i r  type  o f  h e a t i n g  f u e l .  Second, t h e  



TABLE 4 - Saturations of Heating and Cooling Equipment 
by Utility District.and Housing Type 

PGEE SMUD SCE - LADWP ' SDGEE 

Resistance Heat 

-Single Family 5.5 4.1 5.0 (4.lI2 6.8 

-Mobile Home (5.51~ (4.1)' 6.9 (4.1)' 4.2 

Central Air Conditioner -Total 9.2 44.7 20.6 14.1 10.5 

-Single Family (9.2) (44.7) 19.2 (14.1) 8.1 

-Multi-Family (9. 2)3 (44. 7)3 21.0 (14.1)~ 10.1 

-Mobile Home 
3 (9.2) (44.7)3 36.7 (14.11~ 36.0 

Room Air Conditioner -Total 16.6 39.2 31.4 24.6 15.3 

1. These quantities were estimated as being equal to those of the single 
family units. 

2 .  These quantities were estimated by assuming that the ratio of the 
saturation in single family and multi-family units in LADWP was equal 
to the average ratio of the rest of the state and then weighting this 
ratio by t h e  housing fractions to the proper overall saturation. 

3. These quantities were estimated to be roughly equal to t h e  total 
saturation rate. 



ques t ions  used i n  t h e  surveys  can l ead  t o  confus ion  between t h e  h e a t i n g  

- f u e l  o f  t h e  main u n i t  and o f  any supplementary h e a t e r s .  Thi rd ,  wi th  t h e  

except ion  of  SDGeE, t h e s e  d a t a  a r e  not  adequate ly  c r o s s - t a b u l a t e d  by 

housing type ,  l o c a t i o n ,  and age.  F i n a l l y ,  g ross  a d d i t i o n s  d a t a  a r e  o f  

u n c e r t a i n  q u a l i t y  s i n c e  they  only  d e a l  with a d d i t i o n s  a t  t h e  t ime o f  

s e r v i c e  connect ion.  

The u n i t  energy consumption d a t a  i n  Table 2 f o r  r e s i s t a n c e  h e a t i n g  

and c e n t r a l  a i r  cond i t i on ing  a r e  der ived  i n  d e t a i l  i n  t h e  appendices.  

B r i e f l y ,  UECs were determined us ing  t h e  thermal l o a d  program TWOZONE. 
1 

Loads determined by TWOZONE were weighted by t h e  s t o c k  s i z e s  of  each 

housing type  i n  each geographical  reg ion .  The s t r o n g  improvement i n  

UECs f o r  1980 i s  due p r i m a r i l y  t o  t h e  assumptions t h a t  double g l az ing  

w i l l  be  r equ i r ed  i n  housing u n i t s  which have c e n t r a l  a i r  condi t ion ing  

o r  r e s i s t a n c e  hea t  and t h a t  t h e  energy e f f i c i e n c y  r a t i o  of c e n t r a l  a i r  
w 

cond i t i one r s  w i l l  improve from 6.5 t o  8.7.  

Our number f o r  t h e  u n i t  energy consumption o f  l i g h t i n g  was der ived  

2 
by t h e  General E l e c t r i c  Corporat ion from s t a t i s t i c s  on t h e  n a t i o n a l  

s a l e s  o f  var ious  kinds o f  lamps i n  1973 and t h e i r  measurements o f  t h e  

l i f e t i m e  energy consumption o f  each lamp type.  From t h e i r  d e t a i l e d  

s a l e s  d a t a  (which a r e  p r o p r i e t a r y ) ,  General E l e c t r i c  a l l o c a t e d  t h i s  

n a t i o n a l  number o f  t o t a l  energy consumption f o r  l i g h t i n g  i n t o  t h e  va r ious  

use  s e c t o r s .  This r e s u l t  f o r  r e s i d e n t i a l  l i g h t i n g  i s  probably a. func t ion  

o f  r eg ion ,  bu t  t h e  a v a i l a b l e  d a t a  does n o t  suppor t  a more complicated 

a n a l y s i s .  This u n i t  energy consumption f o r  l i g h t i n g  agrees  reasonably 

we l l  wi th  t h e  l i m i t e d  load  survey d a t a .  



While cons idcrable  i n f o r v a t i o n  i s  a v a i l a b l e  on r e s i d e n t i a l  app l i ances ,  

much o f  it idas coLlected f o r  o t h e r  purposes t han  energy f o r e c a s t i n g  and 

i n  i t s  p re sen t  form i s  l m ~ u i t e d  t o  f o r e c a s t i n g .  Most o f  t h e  primary d a t a  
1 

was c o l l e c t e d  by u t i l i t i e s  and t r a d e  o rgan iza t ions  f o r  market ing purposes.  

The s t u d i e s  a r e  o f t e n  p r o p r i e t a r y  and u s u a l l y  d i s p l a y  methodological weaknesses. 

Thus, a l l  publ ished s o u r c e s m u s t b e  used s e l e c t i v e l y ,  sub jec t ed  t o  cons i s t ency  

t e s t s ,  and reworked t o  r e f l e c t  a  b e t t e r  s e n s i t i v i t y  t o  t h e  determinants  o f  

energy consumption. This  a n a l y s i s  r e q u i r e s  d i f f e r e n t  techniques  f o r  d i f -  

f e r e n t  end u s e s ,  depending on t h e  d e t a i l e d  c h a r a c t e r i s t i c s  o f  t h a t  u se  and 

on the  abundznce, q u a l i t y ,  and c l a r i t y  of t hose  s t u d i e s  t h a t  a r e  a v a i l a b l e .  

I n  most ca ses ,  i t  i s  necessary  t o  a d j u s t  t h e  f i g u r e s  obta ined  i n  t h e  

publ i shed  s t u d i e s  t o  r e f l e c t  t h e  d i f f e r i n g  uses  t o  which t h e  information 

- i s  being app l i ed  and t o  compensate f o r  inadequate  t e c h n i c a l  o r  s o c i o l o g i c a l  

ca re  t h a t  went i n t o  t h e  s tudy .  

The c e n t r a l  problem i n  eva lua t ing  d a t a  on appl iances  i s  t o  determine 

what a r e  t h e  important v a r i a b l e s  t h a t  i n f luence  a given end use and t o  

make s u r e  t h a t  t he  s t u d i e s  one uses  t a k e  appropr i a t e  account of  t h e s e  

v a r i a b l e s .  For example, t h e  u s e  o f  laundry f a c i l i t i e s  (washers and d r y e r s )  

can be expected t o  be p ropor t iona l  t o  family s i z e ;  t h i s  expec ta t ion  i s  

borne out  by t h e  r e s u l t s  o f  a  su rvey .3  However, one o f  t h e  few f i e l d  

t e s t s  of d rye r  e l e c t r i c i t y  consumption4 used a  sample o f  f a m i l i e s  whose 

average s i z e  was almost 50% h i g h e r  t han  t h a t  t y p i c a l  o f  t h e  S t a t e .  I f  t h i s  

s tudy  were used without  ad jus tment ,  it might s e r i o u s l y  b i a s  energy con- 

sumption e s t ima te s .  The d a t a  can be  corrected,  however, because t h e  average 

s i z e  o f  dryer-owning f a m i l i e s  c3n be  es t imated .  - - 



Sor~i,~ secondary problems involve t r a c i n g  t h e  o r i g i n a l  sources  o f  

d a t a ,  g e t t i n g  p r o p r i e t a r y  d a t a  from manufac turers ,  and t a k i n g  meaningful 

averages ove r  d a t a  which have l a r g e  v a r i a t i o n .  

A l l  t h e s e  problems a r e  p r e s e n t ,  f o r  i n s t a n c e ,  i n  c a l c u l a t i n g  t h e  

average energy consumption o f  r e f r i g e r a t o r s .  One source  o f  average r e -  

5 
f r i g e r a t o r  energy u s e  i s  a RAND s tudy  ; i t  makes use  o f  Edison E l e c t r i c  

I n s t i t u t e  ( E E I )  f i g u r e s  on r e f r i g e r a t o r  usage. However, EEI g e t s  i t s  

d a t a  from member u t i l i t i e s '  submissions;  t h e s e  submissions may be based 

on in-house load  surveys o r  on e s t ima te s  by t h e  u t i l i t y  s t a f f .  

These surveys and e s t ima te s  can be i n  e r r o r  due t o  s t a t i s t i c a l  problems. 

The range i n  energy consumption of  1976 f r o s t - f r e e  r e f r i g e r a t o r s  i s  ove r  

2% t o  1, s o  a sample of  middle-c lass  suburban consumers may y i e l d  averages  

which a r e  i nappropr i a t e  t o  t h e  popula t ion  a s  a whole. Furthermore, t h e  

L 
average consumption o f  e x i s t i n g  u n i t s  t a k e s  i n t o  account n o t  only r e c e n t  

u n i t s  o f  about 1700 kwhr/yr average usage but  a l s o  some pre-1950 u n i t s  

which use l e s s  t h a t  400 kwhr/yr. A r e a l i s t i c  e s t ima te  of  r e f r i g e r a t o r  

energy use woulJ t ~ e  a weighted average consumption of  a l l  e x i s t i n g  brands 

and models o f  r e f r i g e r a t o r .  The d a t a  wi th  which t o  compute such an average 

e x i s t ;  however, t h e  s a l e s  weights a r e  p r o p r i e t a r y  and have not  been re -  

l e a s e d  by t h e  manufacturers .  

Our r e s u l t s  f o r  appl iance  s a t u r a t i o n  a r e  given i n  Table 5 .  These 

r e s u l t s  a r e  s u b j e c t  t o  cons ide rab le  u n c e r t a i n t y  a s  w i l l  be seen from t h e  

d i s c u s s i o n  below. 

For t h e  purposes o f  modeling energy use ,  s a t u r a t i o n  must be de f ined  

as t h e  number o f  devices  i n  use  d iv ided  by t h e  number o f  households.  While 



TABLE 5 - Percentage S a t u r a t i o n s  o f  Appliances by U t i l i t y  D i s t r i c t  i n  1975 

PGGE SMUD LADWP SDGEE - SCE - 

R e f r i g e r a t o r s  

Ranges 

Water Heaters  

Color Te lev i s ion  

Freezers  

Clothes Dryers 

Black G White Telev is ion  

Dishwashers 

Clo thes  Washers 
U 



t h i s  d e f i n i t i o n  seems obvious,  it i s  no t  always the  d e f i n i t i o n  used i n  t h e  - 

l i t e r a t u r e .  Of ten ,  s a t u r a t i o n s  a r e  taken  t o  be " the f r a c t i o n  o f  households 

having one o r  more o f  a  device".  For i tems  l i k e  t e l e v i s i o n s ,  t h e r e  i s  

a  s u b s t a n t i a l  d i f f e r e n c e  i n  t h e s e  d e f i n i t i o n s ,  a s  many households have 

two o r  more TVs. 

Two b a s i c  sou rces  of  s a t u r a t i o n  d a t a  a r e  t h e  U. S. Census and u t i l i t y  

mail  surveys .  Both sources  have some problems. The Census q u e s t i o n s  

a r e  n o t  a s  d e t a i l e d  a s  t h e  u t i l i t i e s f  and a r e  sometimes mis leading .  

For example, t h e  ques t ion ,  "Do you have a  r e f r i g e r a t o r ? I f  cannot  r e v e a l  

t h e  f a c t  t h a t  a  s i g n i f i c a n t  number o f  C a l i f o r n i a  households have more 

than  one r e f r i g e r a t o r .  On t h e  o t h e r  hand, t h e  Census i s  more l i k e l y  t o  

ca t ch  most o f  t h e  r e s i d e n t s  o f  t h e  S t a t e  and ge t  a  f a i r l y  r e p r e s e n t a t i v e  

sample. The u t i l i t y  surveys tend  t o  ask b e t t e r  ques t ions  than  t h e  

Census,and they  a r e  more up t o  d a t e  ( i . e .  more r ecen t  than  1970).  Their  

survey s i z e  i s  a l s o  usua l ly  l a r g e  enough t o  reduce random e r r o r s  t o  one o r  

two pe rcen t .  Ilowever, they  may no t  be random samples. They a r e  s u b j e c t  

t o  a  b i a s  among socio-economic groups--poorer c i t y  people may be l e ss  

l i k e l y  t o  rcsporid. Spanish speaking groups a r e  probably very poorly 

r ep re sen ted  i n  t h e  Southern u t i l i t y  a r e a s .  

Problems wi th  sample b i a s  a r e  ev iden t  i n  a l l  t h r e e  u t i l i t y  d i s t r i c t  

surveys ;  SMUD, SCE, and SDGEE a l l  underes t imate  t h e  f r a c t i o n  o f  people i n  

mu l t i -un i t  housing.  Furthermore, no surveys  a r e  done on people  i n  master- 

metered u n i t s .  Whenever t h e  u t i l i t y  c o l l e c t s  s e p a r a t e  s a t u r a t i o n  f i g u r e s  

f o r  t h e  d i f f e r e n t  types  o f  housing, we cons t ruc t  t h e  o v e r a l l  s a t u r a t i o n  

us ing  t h e s e  f i g u r e s  and our  e s t i m a t e s  o f  t h e  propor t ion  o f  each type  of 

u n i t  from our  housing s tock  d a t a .  The a l t e r n a t e  method o f  u s i n g  t h e  . - 
u t i l i t y  e s t ima te  o f  i t s  customer c l a s s e s  y i e l d s  s u b s t a n t i a l l y  t h e  same 

r e s u l t s .  
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A problem with a l l  survey d a t a  i s  l ack  o f  knowledge on t h e  p a r t  o f  

t h e  respondent .  For example, t h e r e  i s  evidence t h a t  a  s i g n i f i c a n t  

number of people ( p a r t i c u l a r l y  i n  mul t i - fami ly  u n i t s )  respond i n c o r r e c t l y  

when asked whether t hey  have a  gas o r  e l e c t r i c  water  h e a t e r .  One 

way t o  a d j u s t  f o r  such problems is  t o  compare t h e  respondents' u t i l i t y  

b i l l s  with h i s  answers. A t  p r e s e n t ,  on ly  SDGEE makes t h i s  kind of c o r r e c t i o n .  

A f u r t h e r  problem wi th  t h e  u t i l i t y  surveys i s  t h e  t rea tment  of blank 

o r  unreadable answers. These a r e  handled d i f f e r e n t l y  a t  each u t i l i t y  and 

sometimes wi th in  a u t i l i t y  over  d i f f e r e n t  surveys .  San Diego Gas and 

E l e c t r i c  r e p o r t s  t h e  number o f  non-answers and unreadables ,  SMUD c a l c u l a t e s  

t h e  s a t u r a t i o n s  without  them, and SCE r e p o r t s  them when they  a r e  a  sub- 

s t a n t i a l  f r a c t i o n  of  t h e  answers and s e t s  them equal  t o  a  n e g a t i v e  response 

(zero)  when they  a r e  a  1% o r  l e s s  o f  t o t a l  answers. 

F i n a l l y ,  with one except ion ,  none o f  t h e  survey d a t a  were c ros s -  

t abu la t ed  t o  t h e  ex t en t  t h a t  i s  necessary  f o r  complete a n a l y s i s .  For 

example, t h e  average s i t e  of  fami ly  owning an appl iance  cannot be determined 

from any of  t h e  surveys except  SDGEE.  Again only SDGEE p r e s e n t s  t h e  

s a t u r a t i o n  o f  e l e c t r i c  space h e a t  and e l e c t r i c  appl i  arlces ve r sus  t h e  y e a r  

t h e  dwell ing u n i t  was b u i l t .  The f i r s t  kind o f  c ros s  t a b u l a t i o n  g ives  a 

c lue  a s  t o  t h e  use o f  appl iances  ( e s p e c i a l l y  dishwashers,  c l o t h e s  washers,  

and c l o t h e s  d r y e r s ) ,  t h e  second c r o s s  t a b u l a t i o n  i s  an e x c e l l e n t  method o f  

determining t ime t r e n d s .  

Most s t u d i e s  and e s t ima te s  o f  app l i ance  l i f e t i m e s  a c t u a l l y  r e f e r  t o  

t h e  r e t e n t i o n  of an appl iance  by a given owner, i n s t e a d  o f  t h e  s e r v i c e  

6 l i f e  o f  t h e  app l i ance .  Two s t u d i e s  de r ived  both new and used r e t e n t i o n  

l i f e t i m e s .  These l i f e t i m e s  cannot be d i r e c t l y  added t o  produce a s e r v i c e  



l i f e t i m e .  However, t h e  r e t e n t i o n  l i f e t i m e s  a r e  computed from a c t u a r i a l  

t a b l e s , '  and i n  Appendix A13 we d e r i v e  a  method t o  use  t h e s e  t a b l e s  

t o  g e t  an e s t i m a t e  of  t h e  s e r v i c e  l i f e .  Follow-up surveys  i n d i c a t e  

t h a t  t h e  e r r o r s  i n  e s t ima t ing  r e t e n t i o n  l i f e t i m e s  (20 % 20%) a r e  

probably r a n d ~ m . ~  The method used t o  d e r i v e  t h e  s e r v i c e  l i f e  produces 

a  b i a s  i f  t h e r e  i s  a  t ime t r e n d  i n  t h e  number o f  s a l e s ,  bu t  t h e  e r r o r  

appears  t o  be wi th in  t h e  u n c e r t a i n t y  produced by t h e  random e r r o r s  

descr ibed  above. 

While s a t u r a t i o n s  and l i f e t i m e s  o f  app l i ances  g e n e r a l l y  p r e s e n t  t h e  

same problems f o r  a l l  app l i ances ,  t h e  u n i t  energy consumption c a l c u l a t i o n s  

a r e  more s p e c i a l i z e d .  We r e f e r  t h e  r e a d e r  t o  t h e  appendices  f o r  a  d e t a i l e d  

d e s c r i p t i o n  o f  t h e  methods used t o  d e r i v e  t h e  d a t a  i n  Table 2 .  
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?'HE COC\Mi:KC IAL SECTOR 

In t roduc t ion  

The commercial s e c t o r  p re sen t s  a very  d i f f e r e n t  d a t a  problem than  

t h e  r e s i d e n t i a l  s e c t o r .  We know a  l o t  about t h e  r e s i d e n t i a l  s e c t o r  

from secondary sou rces .  The U .  S .  Census, f i n a n c i a l  i n s t i t u t i o n s ,  p u b l i c  

u t i l i t i e s  and t r a d e  a s s o c i a t i o n s  have been c o l l e c t i n g  d a t a  r e l a t e d  t o  

r e s i d e n t i a l  energy use  f o r  many yea r s .  I n  t h e  commercial s e c t o r ,  however, 

primary d a t a  ga the r ing  has been sketchy and e s t i m a t e s  o f  va r ious  k inds  

dominate t h e  l i t e r a t u r e  i n  t h e  f i e l d .  The b e s t  d a t a  concerning commercial 

bu i ld ings  i s  on new c o n s t r u c t i o n .  The F .  W.  Dodge Divis ion o f  McGraw-Hill 

has  been c o l l e c t i n g  and p roces s ing  bu i ld ing  permit  d a t a  s i n c e  1957. There 

i s  a l s o  reasonably good d a t a  on t h e  e x i s t i n g  s tock  o f  n o n - r e s i d e n t i a l  

bu i ld ings  ( see  Table 6 and Appendix C l ) .  The d i f f i c u l t y  i n  e s t ima t ing  

sec tor -wide  energy consumption, however, l i e s  i n  de te rmining  t h e  energy 

use p e r  square foot  o f  t h e  var ious  kinds of  n o n - r e s i d e n t i a l  b u i l d i n g s .  

I t  i s  c l e a r  t h a t  t h e  use made of  a b u i l d i n g  determines i t s  energy 

consumption. Hosp i t a l s  r e q u i r e  r e l a t i v e l y  l a r g e r  and more s o p h i s t i c a t e d  

l i g h t i n g  arid WAC systems than warehouses. Computers i n  o f f i c e  bu i ld ings  

r e q u i r e  more a i r  cond i t i on ing  than  i s  provided i n  p r i s o n s ,  o r  a rmor ies .  

Schools ope ra t e  f o r  many fewer hours than  r e t a i l  s t o r e s ,  and s o  on. 

Spie lvogel  o f f e r s  f u r t h e r  examples of  v a r i a t i o n  wi th in  use  c a t e g o r i e s  

( s ee  r e f e rence  1 ) .  To e s t ima te  energy consumption f o r  any p a r t i c u l a r  

type  of  bu i ld ing ,  however, r e q u i r e s  averaging over  a  l a r g e  number o f  i n -  

d iv idua l  s t r u c t u r e s  wi th  d i f f e r e n t  design c h a r a c t e r i s t i c s ,  h e a t i n g  and 

cool ing  systems,  occupancy d e n s i t i e s ,  and maintenance p r a c t i c e s .  Docu- 

mentation of t hese  v a r i a b l e s  i s  spa r se  o r  non-ex i s t an t .  Research e f f o r t s  



TABLE 6 - Stock S i z e  M i l l i o n s  o f  Square F e e t  
SMSA 

Average 
Unit  Energy3 Percentage  
Consum t i o n  ' Relevant  4 Savings  f o r  

T o t a l  LA O r a n ~ e  SD SF-OAK S a n t a  C la ra  Kwh/ft / y r  Va r i ab l e s  1980 C o n s t r u c t i o  

R e t a i l  890 316.4 104.3 66 .3  75 .3  51.6 17.7-19 s i z e ,  h e i g h t ,  2 7 . 2 - 3 0 . 4 ~ '  
occupancy 
and l i g h t i n g  

Off ice  630 230.4 53.8 35.2 90.4 

K-12 44 2 145.9 35.4 30.9 66 .3  
College and 

I Univers i ty  124 40.9 9.9 8 . 7  18 .6  
W 
0 2. ' Hospi ta l s  187 72.0 15.1 12.6 27.2 

Governqen t 469 Not A l loca t ed  

15.8-21 s i z e ,  he igh t  2 7 . 8 - 3 0 . 5 ~ .  

6.6-13.2 n i g h t  and 22.0-23.64. 
summer use 

7 

20.3-22 N . A .  

9 .0-10.6 N.A. 

18.0'' 

N.A.  

M i l i t a r y  360.5 Not A l loca t ed  
S t a t e ,  Local 
and Other 
Federal  108.7 35.9 8.7 7 .6  1 6 . 3  6 . 5  

~ o t e l s '  227 74.9 18.2 16 .8  33.4 12 .7  7 N.A. N . A .  

1. Garages 169 55.8 13 .5  12 .5  24.8 9 . 5  5 N.A .  N.A. 

' 
Stock e s t i m a t e s  based on t h e  per iod  1974-75 depending on s e c t o r  ( s e e  Appendix C l ) .  
1. Allocated by popula t ion .  
2. Allocated by % of  t o t a l  beds ( s ee  C a l i f o r n i a  S t a t i s t i c a l  A b s t r a c t ) .  
3 .  From Dubin-Mindell-Bloome Assoc i a t e s ,  " A  Study a f  E x i s t i n g  Energy Use on Long I s l a n d  . . . I t  

4.  A. D. L i t t l e ,  Impact Assessment o f  ASHKG Standard 90-75 ( s e e  Appendix C3). 
5 .  Hugh C a r t e r  

N . A .  = N o t  Avai lab le  



d i r e c t e d  a t  ana lyz ing  commercial energy use  have t y p i c a l l y  r e s o r t e d  t o  

d e f i n i n g  p r o t o t y p i c a l  s t r u c t u r e s  t h a t  can be s t u d i e d  i n  d e t a i l  wi th  

computer s imula t ion  programs. The s imu la t ion  programs can gene ra t e  u n i t  

energy consumption (UEC) d a t a .  This  s i m p l i f i c a t i o n  h a s  advantages a s  

we l l  a s  drawbacks which w i l l  be d i scussed  below i n  t h e  con tex t  o f  

p a r t i c u l a r  s t u d i e s .  

I n  p r i n c i p l e ,  t he  exponent ia l  l i f e t i m e  s tock  u s e  model can be app l i ed  

t o  t h e  s tock  o f  r e s i d e n t i a l  b u i l d i n g s .  There i s  h i s t o r i c a l  d a t a  on con- 

s t r u c t i o n  c o l l e c t e d  by F .  W.  Dodge, which can be used t o  p r o j e c t  f u t u r e  

a d d i t i o n s  t o  t h e  s tock .  Es t imates  o f  t h e  l i f e t i m e  o f  commercial bu i ld ings ,  

however, vary cons iderably .  They range from 40 t o  60 y e a r s ,  and t h e r e  i s  

l i t t l e  evidence t o  support  any p a r t i c u l a r  choice .  The ques t ion  o f  

removals f o r  commercial b u i l d i n g s  has not  been s t u d i e d .  

Data on UEC f o r  t h i s  s e c t o r  i s  a v a i l a b l e  on a  kwhr/square f o o t / y e a r  

2 3 
b a s i s  from va r ious  s imu la t ion  s t u d i e s .  S a l t e r  and Dubin provide  average 

energy consumption d a t a ,  weighted by t h e  va r ious  s i z e  and age d i s t r i b u t i o n s  

4 
of  t h e  e x i s t i n g  s tock .  The r e p o r t s  of  Hugh Carter  and Economic Sciences 

6 
~ o r ~ o r a t i o n ~  give UEC d a t a  f o r  new a d d i t i o n s .  The A .  D.  L i t t l e  s tudy  

of  AStIIW 90-75 is  a  reasonable  proxy f o r  t h e  impact o f  t h e  T i t l e  24 

s tandards  on new cons t ruc t ion  beginning i n  1977. We sunlmarize t h e  r e l e v a n t  

r e s u l t s  f o r  e l e c t r i c i t y  consumption i n  Appendix C 3 .  

The average UEC f o r  va r ious  b u i l d i n g  types  i n  t h e  e x i s t i n g  s tock  can 

be expected t o  change i n  t h e  f u t u r e  a s  conse rva t ion  measures a r e  implemented. 

We d i scuss  some fragmentary d a t a  on t h e  magnitude o f  t h i s  e f f e c t  below. 

F i n a l l y ,  we have r e f r a i n e d  from a t t empt ing  a  ba l ance  s h e e t  c a l c u l a t i o n  

because t h e  r e l i a b i l i t y  o f  u t i l i t y  d a t a  on commercial e l e c t r i c i t y  consumption 

i s  ques t ionab le .  Indeed, t h e  b i l l i n g  ca t egory  which t r a d i t i o n a l l y  has  



been c a l l e d  "commercial" i s  now r e f e r r e d  t o  a s  "medium l i g h t  and power" 

because of u n c e r t a i n t y  invo lv ing  j u s t  what customers a r e  inc luded .  Large 

apartment  bu i ld ings  a r e  o f t e n  i n  t h i s  ca t egory ,  f o r  example. Moreover, 

l a r g e  commercial s t r u c t u r e s  can be b i l l e d  a s  i n d u s t r i a l  due t o  t h e  s i z e  

o f  t h e i r  connected loads .  If  f o r e c a s t i n g  i s  t o  be done f o r  t h e  commercial 

s e c t o r  a s  we have de f ined  it, t h e  b i l l i n g  ca t egory  problem must be r e so lved  

by t h e  u t i l i t i e s .  

Methodology 

A s  a f i r s t  s t e p  toward e s t ima t ing  u n i t  energy consumption d a t a  f o r  . 

va r ious  b u i l d i n g  use  t y p e s ,  we w i l l  review t h e  e x i s t i n g  s t u d i e s  i n  t h i s  

a r e a .  In  1975, t h e  ERCDC commissioned a s t u d y  by Hugh C a r t e r  Engineering 

t o  e v a l u a t e  t h e  impact o f  t h e  T i t l e  24 s t anda rds  f o r  n o n - r e s i d e n t i a l  

b u i l d i n g s .  This  s tudy  has  been t h e  s u b j e c t  o f  a  good dea l  o f  cont roversy .  

C a r t e r  c laims t o  have analyzed s i x  p r o t o t y p i c a l  bu i ld ings  i n  t h e  commercial 

s e c t o r .  H i s  s t udy ,  however, p rovides  no b a s i s  on which t o  e v a l u a t e  t h e  

c la im t h a t  t h e  s t r u c t u r e s  d iscussed  a r e  t y p i c a l .  This  i s  a c e n t r a l  problem 

i n  any a n a l y s i s  t h a t  i s  n o t  based on sampling t h e  a c t u a l  popula t ion  of  

commercial bu i ld ings .  There i s  no way t o  know i f  r e p r e s e n t a t i v e  examples 

have been chosen. 

A p a r t i c u l a r  problem wi th  t h e  C a r t e r  s tudy  i s  t h a t  t h e  va r ious  uses  

o f  energy i n  t h e  r e f e r e n c e  s t r u c t u r e s  a r e  n o t  s eg rega ted ,  s o  we do not  

know what p a r t  o f  t h e  t o t a l  consumption is due t o  l i g h t i n g ,  what p a r t  i s  

due t o  e l e v a t o r s ,  r e f r i g e r a t i o n ,  e t c .  Therefore ,  when t h e  b u i l d i n g  simu- 

l a t i o n  program i s  run  wi th  t h e  T i t l e  24 s t anda rds  a p p l i e d ,  it is imposs ib le  

t o  i d e n t i f y  which v a r i a b l e s  a r e  r e s p o n s i b l e  f o r  t h e  reduced energy con- 



suniption and t o  what degree  each has i n p u t .  In  p r i n i c i p l e ,  o f  cou r se ,  

t h i s  s eg rega t ion  o f  v a r i a b l e s  can and should be done, so  t h a t  t h e  impact 

o f  s t r a t e g i e s  f o r  reducing l i g h t i n g ,  i n c r e a s i n g  i n s u l a t i o n ,  double g l a z i n g  

and s o  on can be eva lua t ed .  

As a  genera l  r u l e ,  b u i l d i n g  s imu la t ion  programs should be v e r i f i e d  

a g a i n s t  a c t u a l  d a t a  t o  be s u r e  t h a t  t hey  a r e  i n  f a c t  s imu la t ing  t h e  r e a l  

world. C a r t e r  does not  i d e n t i f y  what, i f  any, cons i s t ency  checking he has  

done. Therefore ,  when he r e p o r t s  energy sav ings  o f  35-40% f o r  h i g h - r i s e  

o f f i c e  b u i l d i n g s ,  we d o n ' t  know what f a c t o r s  a r e  p r i m a r i l y  r e s p o n s i b l e  and 

how t h i s  s av ing  compares with t h e  p o t e n t i a l  o f  r e t r o f i t t i n g .  As a  p o i n t  of  

comparison h e r e ,  t h e  PGEE energy conserva t ion  program i n  t h e i r  own company 

o f f i c e s  and s e r v i c e  c e n t e r s  showed an average 32.4% decrease  i n  e l e c t r i c i t y  

consumption without  a  change i n  HVAC systems f o r  1974 over  t h e  base y e a r  

-. (9/72 - 8/73) .  For 1975, t h e  r educ t ion  was 33.2% compared t o  t h e  base  year .  7  

Another example i s  t h e  conserva t ion  program o f  t h e  Buildings and Grounds 

Divis ion o f  t h e  S t a t e  o f  C a l i f o r n i a ' s  Department o f  General Services .  

They r ~ p c ) r . t  a  reduct ion  i n  e l e c t r i c i t y  use i n  s t a t e  o f f i c e  bu i ld ings  o t  

2 2 . 9 - 2 4 . 6 5  i n  December 1973-75 over  t h e  base y e a r  (1972) and a  r educ t ion  

of  28.3-28.7% i n  June 1974-75 over  t h e  base yea r  1973. A r e p o r t  from t h e  

Committee on Grounds and Buildings o f  t h e  U n i v e r s i t y  of  C a l i f o r n i a  shows 

a reduct ion  i n  t o t a l  energy use o f  15% f o r  1974 ove r  1973 a s  a  r e s u l t  of 

t h e i r  conserva t ion  program. These r educ t ions  a r e  due t o  ope ra t ing  and 

maintenance p r a c t i c e s .  They can a l s o  be r e a l i z e d  i n  new c o n s t r u c t i o n ,  

ove r  and above t h e  t e c h n i c a l  c o - e f f i c i e n t s  l i s t e d  i n  Table 6.  

C a r t e r  r e p o r t s  s e v e r a l  i n t e r e s t i n g  r e s u l t s  t h a t  seem t o  be confirmed 

by o t h e r  expe r t s  i n  commercial energy consumption. One r e s u l t  i s  t h a t  - 
v a r i a t i o n s  i n  C a l i f o r n i a  c l ima te  zones have a  r e l a t i v e l y  i n s i g n i f i c a n t  



e f f e c t  on energy consumption. A l a r g e  bu i ld ing  i s  g e n e r a l l y  dominated by 

i t s  i n t c r n a l  loads  and,  t h c r e f o r c ,  r equ i r e s  cool ing  dur ing  most o f  t h c  

year. Even i f  t h e  o u t s i d e  temperature i s  r e l a t i v e l y  low, coo l ing  w i l l  

s t i l l  o f t e n  be used. Thus s i m i l a r  bu i ld ings  i n  San ~ r a n c i s c o  o r  Sacramento 

w i l l  show l i t t l e  v a r i a t i o n  i n  t h e i r  energy requirements .  

A r e l a t e d  r e s u l t  i s  t h e  h ighe r  energy i n t e n s i t y  o f  l a r g e  b u i l d i n g s  

compared t o  sma l l  ones. C a r t e r ' s  p r o t o t y p i c a l  low-r i se  o f f i c e  b u i l d i n g  

uses  roughly 60% o f  t h e  e n e r g y t h a t  t h e  h i g h - r i s e  o f f i c e  b u i l d i n g  uses  p e r  

square foot  ( r e f e rence  ( 4 )  D2-D7) .  There a r e  s e v e r a l  p l a u s i b l e  e x p l a n a t i o n s  

f o r  t h i s  phenomenon; small  bu i ld ings  use  n a t u r a l  v e n t i l a t i o n ,  t hey  a r e  

l e s s  crowded, t hey  a r e  o l d e r  and, t h e r e f o r e ,  not  o v e r l i g h t e d .  I t  i s  

not  c l e a r  which of  t h e s e  reasons ,  a lone  o r  i n  combination, o r  what o t h e r  

f a c t o r s  account f o r  t h e  lower energy i n t e n s i t y  of  small  b u i l d i n g s .  Data 

should be ga the red ,  however, on t h e  s i z e  d i s t r i b u t i o n  of  b u i l d i n g s  because  

i t  i s  c o r r e l a t e d  with energy use .  For some c i t i e s  primary d a t a  i s  a v a i l a b l e  

from departments of l o c a l  government i n  p a r t i c u l a r  San Diego and i n  t h e  

f u t u r e  San Franc isco .  This d a t a  should be analyzed and energy use sampled 

sys t en la t i ca l ly  i n  t h e s e  w e l l  documented b u i l d i n g  popu la t ions .  I d e a l l y  

the  coopera t ion  of t h e  l o c a l  u t i l i t y  w i l l  be obta ined  f o r  such a n a l y s i s .  

For r e t a i l  b u i l d i n g s ,  s i z e  d i s t r i b u t i o n  d a t a  i s  a v a i l a b l e  from t h e  Commercial 

Construct ion Markets Survey. 
8 

The r e c e n t  s tudy  o f  non- re s iden t i a l  bu i ld ings  done by Rand h i g h l i g h t s  

t h e  advantages and l i m i t a t i o n s  o f  computer s imu la t ion  programs. The Rand 

s tudy assumes t h a t  v a r i a t i o n s  w i t h i n  C a l i f o r n i a ' s  c l ima te  zone a r e  i n s i g n i -  

f i c a n t .  A l l  s imu la t ions  of weather  v a r i a b l e s  c o n t r a s t  Los Angeles w i t h  

New York o r  some o t h e r  markedly d i f f e r e n t  reg ion .  Where C a r t e r  compares 

San Diego w i t h  Sacramento and San J o s e ,  Rand looks on ly  a t  Los Angeles .  One 



advantage o f  Rand's ;issumption i s  t h a t  b u i l d i n g  systems can thcn bc examined 

more c l o s e l y .  The b u i l d i n g  program s imula t e s  v a r i o u s  W A C  systems under t h e  

same thermal  loads t o  compare t e c h n i c a l  e f f i c i e n c y  and economy o f  performance. 

While t h e  a n a l y s i s  i s  sugges t ive ,  i t s  r ank ing  o f  e f f i c i e n c i e s  is not  con- 

c l u s i v e  because no v a l i d a t i o n  procedure has been used t o  v e r i f y  t h e  r e s u l t s .  

I t  i s  no t  c l e a r  t h a t  t h e  mass o f  manufac turer ' s  s a l e s  d a t a  could be r easonab ly  

aggrega ted  i n t o  t h e  HVAC system p ro to types  Rand uses .  The gap between t h e  

s imu la t ed  b u i l d i n g  f e a t u r e s  and t h e  r e a l  world i s  aga in  n o n - t r i v i a l .  

Because Rana f i x e s  a t t e n t i o n  on e s s e n t i a l l y  one b u i l d i n g  type ,  it i s  

able t o  a s s e s s  t h e  r e l a t i v e  importance of  t h e  va r ious  e l e c t r i c i t y  loads  i n  

t h o s e  s t r u c t u r e s .  From such an examination, Rand concludes t h a t  l i g h t i n g  

is t h e  dominant load i n  o f f i c e  b u i l d i n g s  fol lowed by coo l ing  requirements .  

(See t h e  summary i n  Ahern, e t  a l .  Energy A l t e r n a t i v e s  - f o r  c a l i f o r n i a g  p .  196 

u h e r e  e l e c t r i c i t y  demand f o r  l i g h t i n g  i n  t h e  r e f e r e n c e  s t r u c t u r e  i s  10 kwh/sq 

f t / y r  and cool ing  uses  2 . 6  kwh/sq f t / y r  o u t  o f  a t o t a l  17 kwh/sq f t / y r ) .  

The importance of t h i s  e s t ima te  i s  t h a t  it sugges t s  p r i o r i t i e s  f o r  energy 

conse rva t ion  nleasures. Rand e v a l u a t e s  t h e  impact o f  var ious  energy s a v i n g  

techniques  wi th  t h e i r  simulatiorl  program. The r e s u l t s  a r e  sugges t ive ,  b u t  

cannot  be considered conclus ive  because o f  t h e  genera l  lack  o f  validat~on 

procedures .  Q u a l i t a t i v e l y ,  Rand sugges t s  that a r educ t ion  i n  l i g h t i n g  l oads  

w i t h  i t s  accompanying decrease  i n  coo l ing  requi rements  w i l l  have t h e  g r e a t e s t  

i q a c t  on e l e c t r i c i t y  consumption. The n e x t  most important  measure i n  t h e  

Rand s imula t ion  is  inc reased  equipment maintenance and feedback c o n t r o l  f o r  

W A C  systems. Future s t u d i e s  should a t t empt  t o  check t h e s e  r e s u l t s .  

S ince  primary d a t a  on energy consumption i n  commercial b u i l d i n g s  i s  

not a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t y  o f  a c c u r a t e  e s t i m a t e s  of  s e c t o r  wide 

n.. . it i s  t :r.ssary t o  r e l y  on computer i i m u l a t i o n  s t u d i e s .  The repor t  by 



Dubin-blindell-Bloome Associa tes  on Long I s l a n d  Light ing  Company's e l e c t r i c i t y  . 
3 demand is unique i n  t h e  l i t e r a t u r e  because it employs a v a l i d a t i o n  t echn ique  

t o  s u b s t a n t i a t e  t h e  o u t p u t  of  computer s imu la t ions  s t u d i e s .  The Dubin s tudy  

compares i t s  aggrega te  s imula ted  e s t i m a t e  o f  e l e c t r i c i t y  consumption i n  

t h e  commercial s e c t o r  wi th  u t i l i t y  records  and f i n d s  c l o s e  agreement. Th i s  

lends  cons ide rab le  suppor t  t o  i t s  gross  conclus ions  about energy use  and 

makes p l a u s i b l e  t h e  d isaggrega ted  e s t ima te s  of  i nd iv idua l  uses  i n  p a r t i c u l a r  

b u i l d i n g  types .  In Appendix C2 t h e s e  e s t i m a t e s  from t h e  Dubin s tudy  

a r e  reproduced. For comparison, we inc lude  t h e  t a b l e  on r e l a t i v e  energy 

i n t e n s i t i e s  from S a l t e r ,  e t  a l . .  

I t  should be  noted a t  t h e  o u t s e t  t h a t  t h e  Long I s l a n d  d a t a  cannot be 

d i r e c t l y  app l i ed  t o  C a l i f o r n i a  because t h e  c l i m a t e  and t h e  energy supply  

systems d i f f e r  s i g n i f i c a n t l y  i n  t h e  two r eg ions .  The g r e a t e s t  d i f f e r e n c e s  

a r e  due t o  t h e  l a c k  o f  widespread e l e c t r i c  space  and h o t  water  h e a t i n g  i n  

C a l i f o r n i a .  These uses  depend p r i m a r i l y  on n a t u r a l  gas i n  C a l i f o r n i a .  

Moreover, d i f f e r e n c e s  i n  t h e  b u i l d i n g  s tock  may r e f l e c t  d i f f e r e n t  l i g h t i n g  

l e v e l s ;  o l d e r  bu i ld ings  t end  t o  have less l i -gh t ing  than  newer ones.  F i n a l l y ,  

of cou r se ,  c l ima te  d i f f e r e n c e s  a f f e c t  t h e  coo l ing  and h e a t i n g  loads .  

Est imdtes  of  u n i t  energy consumption i n  1980 a r e  l i s t e d  f o r  some b u i l d i n g  

types  i n  Table 6. We d i scuss  t h e  d e r i v a t i o n  o f  t h e s e  numbers i n  Appendix C 3 .  

Our main sources  are t h e  r e c e n t  A. D.  L i t t l e  s tudy ,  - An Impact Assessment - o f  

ASHRAE Standard 90-75, Energy Conservat ion -- i n  New Building Design and 

C a r t e r ' s  r e p o r t .  The ASHRAE 90-75 s t anda rd ,  which A.  D. L i t t l e  s t u d i e s ,  

c l o s e l y  resembles t h e  T i t l e  24 s t anda rds  f o r  Non-Residential  Bui ld ings  

adapted  by t h e  C a l i f o r n i a  ERCDC. Unfor tuna te ly ,  t h e  c l ima te  chosen t o  

r e p r e s e n t  t h e  Western United S t a t e s  by A. D .  L i t t l e ,  namely Albuquerque, 



New W x i c o ,  d i  f f c r s  s i  g n i f i c a n t l y  from Cali  f o r n i n .  Nonc t l~c l c s s ,  thc  

impact on e l c c t r i c i t y  use  can be e s t ima ted  from t h i s  s tudy  f o r  some 

b u i l d i n g s .  

E f f o r t s  t o  b u i l d  a d a t a  base on t h e  components o f  energy use  i n  com- 

merc ia l  bu i ld ings  must u l t i m a t e l y  r e s t  on sampling t h e  a c t u a l  s t o c k .  A 

beginning  can be made by surveying  manufacturers  and i n s t a l l e r s  of  HVAC 

systems f o r  d a t a  on t h e  c o e f f i c i e n t  o f  performance (COP) of d i f f e r e n t  HVAC 

system types .  Rand has done some s imu la t ions  o f  t h i s  which need checking. 

Maintenance and ope ra t ion  p r a c t i c e s  can be documented by surveying  a s s o c i a t i o n s  

o f  b u i l d i n g  managers and firms which perform t h a t  s e r v i c e .  A s tudy  done f o r  

t h e  Minnesota Energy Agency has some d a t a  on t h e  manner i n  which these  

p r a c t i c e s  vary from one b u i l d i n g  type  t o  another .  The process  o f  c o n s t r u c t i n g  

a  d a t a  base f o r  n o n - r e s i d e n t i a l  b u i l d i n g s ,  however, w i l l  be a  long and 

d i f f i c u l t  job .  We can only  be s a i d  t o  have j u s t  begun t h i s  t a s k .  
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INDUSTRIAL, AGRICULTURAL AND WATER SYSTEblS SECTORS 

Because t h e  ERCDC i s  not  cons ide r ing  immediate a c t i o n  on %on-price" 

measures t o  e f f e c t  energy  conserva t ion  i n  t h e  i n d u s t r i a l  o r  a g r i c u l t u r a l  

s e c t o r s ,  t h e  LBL p r o j e c t ,  i n  accordance wi th  p r i o r i t i e s  s e t  by t h e  ERCDC 

s t a f f ,  has n o t  devoted much a t t e n t i o n  t o  t h e s e  s e c t o r s .  However, some 

e f f o r t  has  been made t o  i d e n t i f y  sou rces  o f  in format ion  t h a t  may be  

of  u se  i n  t h e  f u t u r e .  

A major source  o f  f u t u r e  informat ion  on i n d u s t r i a l  e l e c t r i c i t y  u se  

w i l l  be  t h e  u t i l i t i e s .  A l l  of t h e  major C a l i f o r n i a  u t i l i t i e s  a r e  now 

i n  t h e  process  o f  account ing  f o r  t h e i r  i n d u s t r i a l  s a l e s  accord ing  t o  t h e  - 

Standard I n d u s t r i a l  C l a s s i f i c a t i o n s  (SIC). This  in format ion  w i l l  be 

provided t o  t h e  ERCDC by t h e  u t i l i t i e s  on a  r o u t i n e  b a s i s .  

There a r e  t h r e e  informat ion  i s s u e s  i n  t h e  i n d u s t r i a l  and a g r i c u l t u r a l  

s e c t o r s  which appear t o  be e s p e c i a l l y  s i g n i f i c a n t  i n  t h e  con tex t  o f  f u t u r e  

demand f o r  e l e c t r i c i t y  i n  C a l i f o r n i a .  These a r e :  t h e  p o t e n t i a l  f o r  t h e  

cogenerat ion of  e l e c t r i c i t y  and p roces s  s team by i n d u s t r i a l  u s e r s ,  t h e  

p o s s i b l e  requirements  f o r  e l e c t r i c i t y  a s  a  s u b s t i t u t e  f o r  n a t u r a l  gas i n  

i n d u s t r i a l  p roces ses ,  and t h e  p o t e n t i a l  f o r  t h e  adoption o f  l oad  manage- 

ment p r a c t i c e s  i n  water  pumping f o r  a g r i c u l t u r a l  use.  

I n d u s t r i a l  cogenera t ion  o f  e l e c t r i c i t y  may have t h e  p o t e n t i a l  t o  

reduce s i g n i f i c a n t l y  t h e  demand f o r  u t i l i t y  generated e l e c t r i c i t y .  
1 

Assessing t h i s  p o t e n t i a l  w i l l  probably r e q u i r e  a  c r o s s - s e c t o r i a l  a n a l y s i s  

of  C a l i f o r n i a  i n d u s t r y  with i n d u s t r y  i n  o t h e r  c o u n t r i e s  where cogenera t ion  

is  more common. 
2 

Information on t h e  p o s s i b l e  requi rements  f o r  e l e c t r i c i t y  a s  a sub- 

s t i t u t e  f o r  n a t u r a l  gas i n  i n d u s t r i a l  p roces ses  has  n e c e s s a r i l y  been 



generated as n consequence of  t h e  es tab l i shment  o f  n a t u r a l  gas  a l l o c a t i o n  

p r i o r i t i e s  based on end-use by t h c  C a l i f o r n i a  Publ ic  U t i l i t i e s  Commission 

(CPUC) . The major gas u t i l i t i e s  i n  C a l i f o r n i a  have now as s igned  p r i o r i t i e s  

t o  t h e i r  customers based on t h e  CPUC schedu le s .  Since gas u s e s  f o r  which 

e l e c t r i c i t y  i s  t h e  only  s u b s t i t u t e  a r e  h igh  p r i o r i t y ,  t h e  u t i l i t i e s  w i l l  

have t o  have f a i r l y  good d a t a  on t h e s e  uses .  

No a t tempt  has  been made i n  t h i s  p r o j e c t  t o  c o l l e c t  t h i s  d a t a  from 

t h e  u t i l i t i e s .  However, some i n d i c a t i o n  o f  t h e  type  of  in format ion  t h a t  

i s  a v a i l a b l e  can be seen  from a  CPUC r e p o r t  on gas ~ u r t a i l m e n t . ~  Th i s  

r e p o r t  g ives  SIC coded n a t u r a l  gas peak day demands by p r i o r i t y  c l a s s  f o r  

t h e  PGGE, SDGIE, and Southern C a l i f o r n i a  Gas Company s e r v i c e  a r e a s .  

Water pumping consumes a s i g n i f i c a n t  f r a c t i o n  o f  t h e  e l e c t r i c i t y  used 

i n  C a l i f o r n i a  a s  can be seen from Table 1 (p. 4 ) .  PGGE ( t h e  l a r g e s t  

s i n g l e  s u p p l i e r )  e s t i m a t e s  t h a t  90 pe rcen t  o f  i t s  e l e c t r i c i t y  s a l e s  i n  

thc  a g r i c u l t u r a l  s e c t o r  a r e  f o r  water  pwnping.5 I f  t h e  90 pe rcen t  f a ~ . t o r  

a p p l i e s  t o  a l l  a g r i c u l t u r a l  u s e r s ,  then from t h e  va lues  f o r  a g r i c u l t u r ~ l  and 

water  systems e l e c t r i c i t y  s a l e s  i n  Table 1 it  can be e s t ima ted  t h a t  approxi-  

mately 12 b i l l i o n  kwhr/yr i s  used i n  water  pumping. This  is  approxlrnately 

8 percent  of  a l l  C a l i f o r n i a  e l e c t r i c i t y  s a l e s .  

Although t h e  la]-ge water  agencies  such as t h e  Department of  Water 

Resources a r e  aware o f  t h e  importance o f  load  management, t h e r e  have been 

no s t u d i e s  o f  a  comprehensive n a t u r e  on t h e  p o t e n t i a l  f o r  improved load 

management i n  water  pumping. Information f o r  such a  s tudy  can probably  

be obta ined  without much d i f f i c u l t y  from t h e  l a r g e  water  u t i l i t i e s .  However, 

information on groundwater pumping ( e s p e c i a l l y  load curves)  may be more 

d i f f i c u l t  t o  ob ta in .  In  s h o r t ,  t h e  p o t e n t i a l  f o r  improved load  management 

may be q u i t e  l a r g e ,  bu t  t h e  d a t a  a t  t h i s  t ime a r e  inadequate  f o r  making 

sound judgments. 
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DATA MANAGEblE NT 

Information about energy i s  unusual i n  s e v e r a l  r e spec t s .  The f a c t  

t h a t  u n t i l  r e c e n t l y  such information was not  considered valuable has pro- 

duced a s i t u a t i o n  i n  which r e l a t i v e l y  few d a t a  a r e  available,  and t h e s e  

a r e  o f t en  of dubious q u a l i t y .  Since no s tandardized system f o r  c o l l e c t i n g  

o r  r epor t ing  such d a t a  e x i s t s ,  t he  a v a i l a b l e  information uses a number o f  

d i f f e r e n t  geographical breakdowns; the  he te rogene i ty  of  energy use  o f t e n  

h inders  conversion from one geographical system t o  another .  In o rde r  t o  

f o r e c a s t  energy use ,  a  d a t a  base from which one can p r o j e c t  changes i n  

s t o c k s ,  growth t r e n d s ,  e t c . ,  is required.  Because t h e  f a c t o r s  t h a t  

determine energy use change with t ime,  t h e  information t h a t  desc r ibes  

t h o s e  fac to r s  must be pos i t ioned with r e spec t  t o  t ime.  A l l  of  t h e s e  

c h a r a c t e r i s t i c s  of energy information a r e  d e a l t  with i n  the  d a t a  system 

which we have adopted. 

The information which we have c o l l e c t e d  is located  by both the  

geographical a rea  and t h e  period of  time f o r  which it i s  t r u e .  Geograph- 

i c a l l y ,  n piece  o f  information may apply t o  t h e  whole s t a t e ,  a  s i n g l e  

county, a u t i l i t y ' s  s e r v i c e  a rea ,  o r  a Standard Metropolitan S t a t i s t i c a l  

Area (SMSA) . A datum may be located i n  time a s  applying t o  a  s i n g l e  

yea r  o r  a  period of  s e v e r a l  years .  To f a c i l i t a t e  t h e  p ro jec t ion  of  

s tocks  o f  energy-consuming e n t i t i e s ,  time s e r i e s  o f  cons t ruct ions  and 

removals of  bu i ld ings ,  and s a l e s  and re t i r ements  of  appliances have been 

c o l l e c t e d  and const ructed;  the  s i z e  of  t h e  s tock  o f  these  e n t i t i e s  has 

a lso been noted i n  t h e  d a t a  base. Given t h e  s tock  s i z e  a t  one t ime,  a s  

well  a s  time s e r i e s  o f  s a l e s  and removals, a time s e r i e s  f o r  s tock  s i z e  

can be ca lcu la ted .  



The information be ing  c o l l e c t e d  f a l l s  i n t o  f o u r  c a t e g o r i e s .  F i r s t  

i s  a  group o f  d a t a  f o r  p r o j e c t i n g  t h e  s i z e  o f  s t o c k s  o f  energy-consuming 

e n t i t i e s .  This  group c o n s i s t s  o f  s tock  magnitudes and t h e  flows i n t o  and 

o u t  o f  t h e s e  s tocks .  Second i s  a  group o f  d a t a  concern ing  energy use: 

annual  consumption p e r  u n i t  o f  s tock  and p e r  u n i t  o f  each o f  t h e  two 

f lows ,  u t i l i z a t i o n  p e r  month, and t h e  f r a c t i o n  o f  b u i l d i n g s  i n s u l a t e d .  

Next i s  a  s e t  o f  d a t a  designed f o r  economic a n a l y s i s :  c o s t  p e r  u n i t ,  and 

f o r  b u i l d i n g s ,  r e n t  and t h e  c o n s t r u c t i o n  p r i c e  index .  F i n a l l y ,  f o r  energy-  

consuming dev ices ,  we have ob ta ined  load curves and s a t u r a t i o n  r a t e s .  

With t h e s e  numbers i n  hand it should be p o s s i b l e  t o  p r o j e c t  according t o  

h i s t o r i c a l  t r e n d s ,  and w i t h  t h e  a d d i t i o n  o f  assumptions concerning t h e  

e f f e c t s  of  var ious  p o l i c i e s  o f  growth r a t e s  and u n i t  consumption, t o  

p r o j e c t  t h e  e f f e c t s ,  bo th  f o r  energy and economics, o f  va r ious  po l i cy  

- a1 t e r n a t  i ves  . 
These concepts  can be made more s p e c i f i c  by r e f e r r i n g  our  discussi .on 

t o  t h e  a c t u a l  d a t a  e n t r y  formats  used. The convent ions  i n  use f o r  i npu t  

t o  o u r  primary d a t a  base a r e  l i s t e d  i n  Appendix D l .  These formats a r e  

very  compact a n 4  hence, w e l l  s u i t e d  t o  d a t a  s t o r a g e  on punched c a r d s ,  bu t  

a r e  inconvenient  f o r  r ead ing .  The d a t a  can be processed  by computer and 

p r i n t e d  out i n  an e a s i l y  r e a d a b l e  t a b u l a r  form. A magnetic t a p e  con ta in -  

i n g  t h e  d a t a  i n  t h i s  p r i n t a b l e  format i s  a l s o  a v a i l a b l e .  Hence, u s e r s  

may choose e i t h e r  t h e  compact o r  expanded format f o r  f u r t h e r  process ing .  

We d i s t i n g u i s h  t h r e e  c a t e g o r i e s  o f  d a t a :  dev ice  informat ion ,  b u i l d -  

ing information and load curves .  The d i s t i n c t  i n p u t  ca rd  formats  f o r  each 

o f  t h e s e  can be found i n  Appendix D l .  Each i t em i s  ca t egor i zed  by a two 

d i g i t  geographical  reg ion  code (county,  SMSA, o r  u t i l i t y  d i s t r i c t ) ;  a 



d e v i c e  and s e c t o r  code o r  b u i l d i n g  type  code and a t ime per iod .  We a l s o  

p r o v i d e  formats  f o r  t h r e e  o t h e r  types  o f  in format ion:  f o o t n o t e s ,  d a t a  

s o u r c e  informat ion ,  and foo tno te s  t o  sources .  D e t a i l s  o f  t h e  codes and 

examples of t h e s e  formats  a r e  contained i n  Appendix D l .  

I n  o r d e r  t o  r e f l e c t  t h e  v a r i e d  q u a l i t y  o f  t h e  a v a i l a b l e  informat ion ,  

, each datum i s  a s s o c i a t e d  wi th  a "hardness" va lue ,  which r e p r e s e n t s  t h e  

c o l l e c t o r ' s  eva lua t ion  o f  t h e  accuracy.  This hardness  code is  a "x" 

da tums ' s  number from one t o  f i v e ,  according t o  t h e  fo l lowing  scheme. 

0 - Exce l l en t ;  e r r o r  probably l e s s  than  5% 

1 - Very good; h igh  conf idence ,  e r r o r  probably  l e s s  than  10%; 
d a t a  wel l  accepted and v e r i f i e d  

2 - Good; r e p o r t a b l e  and accepted ;  e r r o r  probably  l e s s  than  25% 

3 - F a i r ;  v a l i d i t y  may be unce r t a in  due t o  method o f  combining 
o r  applying d a t a ;  e r r o r  probably l e s s  t han  50% 

4 - Poor; low conf idence ,  v a l i d i t y  q u e s t i o n a b l e ,  e r r o r  may be a s  
h igh  a s  an o r d e r  o f  magnitude 

5 - Very poor; v a l i d i t y  unknown, e r r o r  may be g r e a t e r  than an 
o r d e r  of  magnitude. 

C l e a r l y ,  t h e s e  eva lua t ions  a r e  s u b j e c t i v e ,  but  t hey  should se rve  

a t  l e a s t  two impo-rtant purposes.  By i n d i c a t i n g  which numbers may be 

s u s p i c i o u s ,  they  may warn t h e  u s e r  t o  t a k e  t h e  r e s u l t s  o f  c a l c u l a t i o n s  

u h i c h  use them wi th  a t  l e a s t  a  g r a i n  o f  s a l t .  I n  a d d i t i o n ,  when a t t a c h e d  

to p a r t i c u l a r l y  c r i t i c a l  in format ion ,  a  hardness  code o f  t h r e e  o r  more 

se rve  a s  a s i g n a l  i n d i c a t i n g  t h e  need f o r  a d d i t i o n a l  r e sea rch .  

J u s t  as each datum i s  eva lua ted  with a  hardness  code, each i s  a l s o  

r e f e r e n c e d  t o  i t s  source .  References a r e  of  t h r e e  k inds .  Where a number 

is simply taken d i r e c t l y  from a document, t h a t  document i s  re ferenced  a s  

the source.  Where some f a i r l y  s imple  c a l c u l a t i o n  was done on t h e  number . 
Tt .. ..?d i n  t h e  document, t h e  document i s  r e fe renced  wi th  a foo tno te  des- 



c r i b i n g  t h e  c a l c u l a t i o n .  I f  a  more complicated c a l c u l a t i o n  was made, i n -  

vo lv ing  numbers from more than  one source ,  a foo tno te  a t t a c h e d  t o  t h e  

r e s u l t i n g  number d e s c r i b e s  t h e  procedure t h a t  produced i t  and t h e  sou rces  

f o r  t h e  unde r ly ing  numbers. With t h i s  system, every p i e c e  o f  informat ion  

can be t r a c e d  t o  i t s  o r i g i n s ,  and any cha l lenge  t o  t h e  d a t a  can be answered 

wi th  t h e  s t a t e m e n t ,  "Here a r e  o u r  sou rces ;  p l e a s e  show us  yours." Thus, 

c h a l l e n g e s  t o  t h e  d a t a ' s  accuracy  may well  become a method f o r  e l i c i t i n g  

d a t a  we have no t  ob ta ined .  

We b e l i e v e  t h a t  t h e s e  l a s t  two f e a t u r e s  o f  t h e  system - t h e  e v a l u a t i o n  

of  t h e  d a t a  with t h e  hardness  codes,  and t h e  complete r e f e r e n c i n g  o f  a l l  

d a t a  - are e s p e c i a l l y  impor tan t  f e a t u r e s  which have g e n e r a l l y  been 

miss ing  from energy d a t a  bases .  Without t h e s e  f e a t u r e s  t h e  d a t a  simply 

s t a n d  t h e r e ,  unqua l i f i ed ,  unsupported,  and unchal lengeable ;  with them 

t h e  in fo rma t ion  s t a n d s  wi th  i t s  sou rces ,  assumptions, and l i m i t a t i o n s  

revea led .  The d a t a  on punched c a r d s  a r e  processed by a  computer program 

t o  produce p r i n t e d  t a b u l a t i o n s .  This  program i s  l i s t e d  and d i scussed  

i n  Appendix D l .  Appendix D2 con ta ins  t h e  d a t a  t a b u l a t i o n s  and ari intrcl-  

duc t ion  t o  t h e i r  use.  

Information was prepared  t o  a i d  t h e  s tudy  o f  r e l a t i o n s h i p s  between 

use o f  energy consuming devices  and q u a n t i t i e s  such a s  t h e  age and income 

o f  v a r i o u s  popula t ion  groups. Reports prepared f o r  each C a l i f o r n i a  county 

i n c l u d e d  information from t h e  1970 U .  S. Census Fourth Count (Housing) on 

t h e  s t o c k  of bu i ld ings ,  numbers o f  va r ious  types  o f  app l i ances  and t h e  

va lue  and r e n t  f o r  housing u n i t s .  Other 1970 Census t a b u l a t i o n s  were 

p repa red  by county, f o r  age d i s t r i b u t i o n  o f  t h e  popu la t ion ,  employment 

by occupa t ion  and i n d u s t r i a l  grouping, income d i s t r i b u t i o n  by occupat iona l  

group, educa t iona l  a t t a inmen t ,  and information on l i v i n g  arrangements and 



number o f  i n d i v i d u a l s  p e r  household.  P a r t  o f  t h i s  d a t a  is  d i r e c t l y  con- 

cerned with energy us ing  devices  and i s  inc luded  i n  t h e  p rev ious ly  des-  

c r i b e d  d a t a  base .  The remaining economic and demographic d a t a  were t r e a t e d  

as a  s e p a r a t e  set o f  in format ion .  The approach taken t o  p roces s ing  t h i s  

d a t a  was t o  p r o v i d e  r e p o r t  gene ra to r s  t o  s e l e c t  in format ion  from t h e  l a r g e  

Census d a t a  b a s e  a l r eady  i n  u se  a t  Lawrence Berkeley Laboratory.  

Underlying a l l  o f  t h e  d a t a ,  o f  cou r se ,  i s  t h e  s e t  o f  documents 

from which it  was de r ived .  The l i s t  of t h e s e  documents forms a  b i b l i o -  

graphy t o  accompany t h e  d a t a .  F i n a l l y ,  t h e r e  a r e  s e v e r a l  s e t s  o f  a u x i l i a r y  

d a t a  which were c o l l e c t e d  f o r  va r ious  purposes dur ing  t h e  p r o j e c t .  For 

example, a  wea l th  of in format ion  on r e f r i g e r a t o r s  has  been obta ined  and 

coded f o r  computer a n a l y s i s .  

I n  conclus ion ,  t he  main d a t a  base produced by t h i s  p r o j e c t  con ta ins  

some o f  t h e  b a s i c  information neces sa ry  f o r  f o r e c a s t i n g  C a l i f o r n i a ' s  

r e s i d e n t i a l  and commercial e l e c t r i c a l  energy consumption, wi th  a l l  d a t a  

pos i t i oned  i n  space  and t ime,  and wi th  a l l  in format ion  eva lua ted  a s  t o  

accuracy and r e fe renced  t o  t h e i r  o r i g i n s .  This  should provide  both a 

t o o l  f o r  f o r e c a s t i n g  and a  foundat ion on which t o  b u i l d  a  l a r g e r  and more 

d e t a i l e d  energy d a t a  system. 



RECOMMENDATIONS 

I n t r o d u c t i o n  

One o f  t h e  purposes  o f  ou r  s t u d y  was t o  develop recommendations on 

ways t o  improve t h e  d a t a  on e l e c t r i c i t y  consumption i n  C a l i f o r n i a .  We 

have i d e n t i f i e d  f i v e  a r e a s  where we f e e l  improvements a r e  neces sa ry .  

These a r e  : 

o Load r e s e a r c h  

o  S a t u r a t i o n  s t u d i e s  

o  Data management systems 

We d i s c u s s  each o f  t h e s e  a r e a s  below, b u t  f i r s t  we make some comments on 

general  problems a s s o c i a t e d  wi th  improving t h e  d a t a .  

Any improvement o f  t h e  d a t a  on e l e c t r i c i t y  consumption w i l l  have 

c o s t s  a s s o c i a t e d  w i t h  i t .  I n  some c a s e s ,  t h e s e  c o s t s  a r e  f a r  from 

n e g l i g i b l e .  S ince  t h e  r a t e  payers  o f  C a l i f o r n i a  w i l l  ul t in ia te ly  b e a r  

t hese  c o s t s ,  r ea sonab le  c a r e  should bc taken t o  s e e  t h a t  t h e i r  i n t e r e s t s  

a r e  s e rved  by t h e  inves tments  i n  b e t t e r  d a t a .  

S i g n i f i c a n t  improvement i n  t h e  q u a l i t y  o f  d a t a  on e l e c t r i c i t y  con- 

sumption a l s o  r e q u i r e s  i n s t i t u t i o n a l  commitments. The development o f  a  

good d a t a  base  i s  no t  a  ' lone-step" p roces s .  I t  cannot  be accomplished 

simply be d e c i d i n g  what i n fo rma t ion  i s  wanted and then  a sk ing  c l e r i c a l  

personnel  t o  "look it up". Rather ,  it proceeds by t r i a l  and e r r o r .  Many 

ways must b e  t r i e d  t o  e l i c i t  t h e  d e s i r e d  informat ion .  Data must con- 

t i n u a l l y  be  e v a l u a t e d  and updated.  E f f o r t s  must be focused s o  t h a t  . 



t ime i s  not  wasted on i r r e l e v a n t  problems. Success r e q u i r e s  t h a t  t h e  

work be conducted i n  a  s t a b l e  environment by p ro fe s s iona l  personnel  

w i th  s u f f i c i e n t  autonomy and a u t h o r i t y  t o  main ta in  high s t anda rds .  I f  

t h e  i n s t i t u t i o n s  r e s p o n s i b l e  f o r  deve loping  t h e  d a t a  cannot c r e a t e  t h e  

cond i t i ons  neces sa ry  f o r  e f f e c t i v e  work, then  t h e  r e s u l t s  o f  t h e i r  

e f f o r t s  a r e  l i k e l y  t o  be found wanting.  

The development o f  a  d a t a  base should n o t  proceed i n  t h e  absence 

o f  a  c l e a r  unders tanding  o f  t h e  uses  o f  t h e  d a t a .  Since t h e  in tended  

uses  of d a t a  f r e q u e n t l y  change t o  r e f l e c t  new developments, it is  

important  t o  e s t a b l i s h  good l i a i s o n  between d a t a  base use r s  and d a t a  

base  developers .  This  i s  e s p e c i a l l y  t r u e  i n  t h e  case  o f  d a t a  in tended  

f o r  u se  i n  e l e c t r i c i t y  f o r e c a s t i n g  models. These models a r e  i n  an 

e a r l y  s t a g e  o f  development and t h e i r  requirements  f o r  d a t a  can be expected 

t o  evolve cons ide rab ly  a s  they  become more s o p h i s t i c a t e d .  

One method t h a t  t h e  ERCDC may wish t o  cons ider  i n  d e a l i n g  wi th  t h e  

problems d i scussed  above i s  t he  e s t ab l i shmen t  o f  an advisory  panel  on 

e l e c t r i c i t y  cons~unption d a t a .  This  panel  might be composed o f  e x p e r t s  

on d a t a  c o l l e c t i o n ,  a n a l y s i s ,  and management t oge the r  with r e p r e s e n t a t i v e s  

of d a t a  u s e r s .  The p a n e l i s t s  c o u l d  be drawn from t h e  u t i l i t y  companies, 

t h e  ERCDC and o t h e r  governmental agenc ie s ,  academic i n s t i t u t i o n s ,  and 

t h e  p u b l i c  a t  l a r g e .  

This  pane l  could a s s i s t  i n  t h e  c o s t  b e n e f i t  a n a l y s i s  o f  new d a t a  

base development i n i t i a t i v e s .  That i s ,  it could weigh t h e  c o s t s  o f  

b e t t e r  d a t a  a g a i n s t  t h e  b e n e f i t s  i n  g r e a t e r  understanding o r  b e t t e r  

fo recas t s .  The panel  could a l s o  examine t h e  problem of  i n s t i t u t i o n a l  

commitments. I t  could make recommendations t o  t h e  Commission as t o  what 



k i n d s  of  commitments were necessary  and how they  might be obta ined .  Fu r the r ,  

t h e  panel could s e r v e  a s  t h e  f o c a l  p o i n t  o f  d a t a  u s e r - s u p p l i e r  l i a i s o n  

e f f o r t s .  F i n a l l y ,  t h e  panel  could examine some o f  t h e  s p e c i f i c  problems 

r e l a t e d  t o  d a t a  base  development such a s  t h o s e  d iscussed  below. 

b a d  Research 

The o b j e c t  o f  load  r e s e a r c h  i s  t h e  de te rmina t ion  o f  when and how 

m c h  e l e c t r i c i t y  i s  r e q u i r e d  f o r  a  given end use.  This  t ype  o f  i n fo rma t ion  

is necessary  f o r  any complete a n a l y s i s  o f  e l e c t r i c i t y  s a l e s  and demand. 

Load r e s e a r c h  can be conducted a t  d i f f e r e n t  l e v e l s  o f  re f inement .  

It can involve  moni tor ing  t h e  load f o r  an e n t i r e  system, f o r  a group o f  

u s e r s  served by a  s i n g l e  s u b s t a t i o n ,  f o r  i n d i v i d u a l  u s e r s ,  o r  f o r  a  

sample o f  s p e c i f i c  energy us ing  dev ices .  Usual ly ,  because it invo lves  

cont inuous  monitor ing,  load r e sea rch  i s  very  expensive.  This  i s  e s p c c i a l l y  

t r u e  when t h e  o b j e c t i v e  i s  t h e  de te rmina t ion  o f  load c h a r a c t e r i s t i c s  o f  

s p e c i f i c  devices .  

Today, load  ~nesearch a s  a  t e c h n i c a l  d i s c i p l i n e  is s t i l l  i n  i t s  i n fancy .  

Only one C a l i f o r n i a  u t i l i t y  (P .G.  and E . )  has an ongoing load restaarch 

program. Current  e f f o r t s  a re  f r e q u e n t l y  cha rac t e r i zed  by very smal l  sample 

s i z e s , a n d  t h e  r e p r e s e n t a t i v e n e s s  of t h e  r e s u l t s  i s  open t o  ques t ion .  As 

w i t h  all i n f a n t  d i s c i p l i n e s ,  t h e r e  a r e  many a r e a s  f o r  improvement. 

As a s t a r t i n g  p o i n t ,  we have i d e n t i f i e d  t h r e e  a r e a s  i n  load r e s e a r c h  

that  we b e l i e v e  should be given h igh  p r i o r i t y .  These are: 

o Non-res ident ia l  bu i ld ings  

o Experiment des ign  

o Ins t rumenta t ion  



We d i s c u s s  our  reasons  f o r  sugges t ing  t h e s e  p r i o r i t i e s  i n  t h e  fo l lowing  

paragraphs .  

There is an almost t o t a l  absence o f  measurements' on e l e c t r i c i t y  

consumption i n  C a l i f o r n i a  n o n - r e s i d e n t i a l  b u i l d i n g s .  Almost a l l  o f  t h e  

d a t a  i n  t h i s  a r e a  a r e  based on engineer ing  e s t i m a t e s  and computer c a l -  

c u l a t i o n s .  F i e l d  measurements t o  check t h e s e  e s t i m a t e s  and c a l c u l a t i o n s  

a r e  e s s e n t i a l  not  on ly  f o r  t h e  purposes o f  f o r e c a s t i n g ,  bu t  a l s o  a s  a  

check on t h e  e f f i c a c y  and appropr i a t enes s  o f  s t anda rds  which have been 

developed.  Therefore ,  we t h i n k  t h a t  experiments  i n  t h e  a r e a  of  non- 

r e s i d e n t i a l  bu i ld ings  should be t h e  h i g h e s t  p r i o r i t y  f o r  load r e sea rch .  - 

Since  t h e  primary l i m i t i n g  f a c t o r  i n  l oad  r e s e a r c h  i s  c o s t ,  g r e a t  

a t t e n t i o n  needs t o  be devoted t o  problems a s s o c i a t e d  wi th  t h e  design 

of  experiments .  Proper  experiment des ign  i s  neces sa ry  t o  i n s u r e  t h a t  

t h e  l i m i t e d  number of  measurements t h a t  can be t aken  provide  t h e  b e s t  

p o s s i b l e  informntion on t h e  t r u e  e l e c t r i c i t y  requi rements  f o r  t h e  end 

use  under  s tudy .  Proper  experiment des ign  can reduce unnecessary d a t a  

c o l l e c t i o n .  Also, i t  i s  p o s s i b l e  t h a t  good a n a l y s i s  of  experiments bcfore 

t h e y  a r e  undertaken w i l l  reveal  o t h e r  ways t o  reduce c o s t s .  For t h e s e  

r ea sons  w e  reconunend t h e  i n i t i a t i o n  of r e s e a r c h  on t h e  design of  ex- 

periments .  Work i n  t h i s  a r e a  should invo lve  t h e  coope ra t ive  e f f o r t s  of  

eng inee r s ,  s t a t i s t i c i a n s ,  and s o c i a l  s c i e n t i s t s .  The i n i t i a l  e f f o r t  should 

be d i r e c t e d  toward developing a  s e t  o f  g u i d e l i n e s  f o r  t h e  proper  conduct 

of  load re sea rch  experiments.  

One of  t h e  reasons  f o r  t h e  high c o s t  of l oad  r e s e a r c h  i s  t h e  expense 

a s s o c i a t e d  with in s t rumen ta t ion  f o r  cont inuous monitor ing o f  devices .  We 

h a t e  not examined t h i s  a r e a  i n  any d e t a i l ,  b u t  we b e l i e v e  t h a t  a  modest 



e f f o r t  might produce worthwhile developments.  One example which might 
- 

be worth pursu ing  i s  a  r eco rd ing  "on-off" meter .  The power r e q u i r e -  

ment f o r  many e l e c t r i c i t y  us ing  dev ices  i s  e i t h e r  zero o r  a c o n s t a n t  

depending on whether t h e  device  i s  on o r  o f f .  I f  t h e  cons t an t  is  known 

( t h i s  u s u a l l y  r e q u i r e s  on ly  one measurement), then  t h e  load can be 

monitored by an "on-off" meter which r eco rds  when t h e  dev ice  is  on and 

when it i s  o f f .  A r eco rd ing  "on-off" meter should be s i g n i f i c a n t l y  

l e s s  expensive than  a record ing  wat t  meter .  

I n  our  view, adequate  load r e s e a r c h  i s  going t o  r e q u i r e  s u b s t a n t i a l l y  

g r e a t e r  commitments of  r e sou rces  t han  has t h u s  f a r  occurred.  We have 

argued t h a t  immediate e f f o r t s  should  be focused on t h e  unexplored t e r -  

r i t o r y  o f  n o n - r e s i d e n t i a l  b u i l d i n g s  and on e f f o r t s  t o  improve q u a l i t y  and 

reduce c o s t s .  However, even wi th  v igorous  e f f o r t s  t o  reduce c o s t s ,  i t  

- seems l i k e l y  t h a t  l oad  r e sea rch  w i l l  remain a  c o s t l y  under tak ing .  I f  

good r e s u l t s  are  d e s i r e d ,  then  s u b s t a n t i a l  expenses must be a n t i c i p a t e d .  

S a t u r a t i o n  S t u d i  c s  

S tud ie s  on s a t u r a t i o n s  of app l i ances  and o t h e r  equipment can have a 

v a r i e t y  o f  purposes .  H i s t o r i c a l l y ,  t hey  have been used a s  a  measure o f  

t h e  s tandard  o f  l i v i n g  o r  f o r  market ing.  They a r e  necessary  f o r  s tock -  

use  f o r e c a s t i n g  models because they  can be used t o  determine t h e  s tock  of 

energy using dev ices .  

Since informat ion  on a  household can u s u a l l y  be obta ined  wi th  a  s i n g l e  

mailed q u e s t i o n n a i r e ,  s a t u r a t i o n  s t u d i e s  a r e  cons iderably  l e s s  expensive 

than  load r e sea rch .  Also, t h e  genera l  techniques  f o r  s a t u r a t i o n  s t u d i e s  

( i . e . ,  survey r e sea rch  methods) a r e  more advanced than those  f o r  l oad  



In  s p i t e  o f  t h e  a d v a n t a g e s  t h a t  s a t u r a t i o n  s t u d i e s  e n j o y  r e l a t i v e  

t o  l o a d  r e s e a r c h ,  t h e r e  a r e  a  number o f  a r e a s  which r e q u i r e  improvement. 

We have a g a i n  i d e n t i f i e d  t h r e e  a r e a s  which we t h i n k  s h o u l d  b e  g i v e n  

h i g h  p r i o r i t y :  

o  n o n - r e s i d e n t i a l  b u i l d i n g s  

o  s u r v e y  d e s i g n  and a n a l y s i s  

o  c o o r d i n a t i o n  w i t h  t h e  Census .  

The f i r s t  two i t e m s  a r e  s i m i l a r  t o  problem a r e a s  we have i d e n t i f i e d  

i n  l o a d  r e s e a r c h ,  b u t  we t h i n k  t h e y  may p rove  more t r a c t a b l e  t h a n  t h e i r  

l o a d  r e s c a r c h  c o u n t e r p a r t s .  The t h i r d  i t e m  may p r o v i d e  a  method f o r  

a c h i e v i n g  a s i g n i f i c a n t  improvement i n  s a t u r a t i o n  d a t a  a t  a  r e l a t i v e l y  

low c o s t  t o  s t a t e  a g e n c i e s  and u t i l i t i e s .  

Data on e l e c t l - j c i t y  u s i n g  d e v i c e s  i n  n o n - r e s i d e n t i a l  b u i l d i n g s  is  

v e r y  l i a ~ i t e t l .  Tn o r d e r  t o  improve t h e  u n d e r s t a n d i n g  o f  e n e r g y  consump- 

t i o n  i n  thc5e b u i l d i n g s ,  i r i f o r n ~ a t i o n  i s  needed on t h e  amount o f  l i g h t i n g ,  

on t h e  t y p e s  o f  h e a t i n g ,  v e n t i l a t i n g  and a i r  c o n d i t i o n i n g  s y s t e m s ,  and 

on a v a r i e t y  o f  o t h e r  equipment such  a s  e l e v a t o r s  and r e f r i g e r a t o r s .  To 

be most u s e f u l ,  t h i s  i n f o r m a t i o n  shou ld  b e  c r o s s  t a b u l a t e d  w i t h  t h e  

b u i l d i n g  t y p e  and u s e  as w e l l  a s  t h e  f l o o r  s p a c e  ( s q u a r e  f e e t )  e n c l o s e d  

by t h e  b u i l d i n g .  Surveys  f o r  t h i s  t y p e  o f  i n f o r m a t i o n  would n o t  a p p e a r  

t o  b e  s i g n i f i c a n t l y  more d i f f i c u l t y  t h a n  r e s i d e n t i a l  s a t u r a t i o n  s u r v e y s .  

We t h i n k  t h a t ,  i n  view o f  t h e  poor  q u a l i t y  o f  e x i s i t n g  i n f o r m a t i o n  and 

t h e  r e l a t i v e l y  low c o s t  f o r  s u r v e y s ,  s a t u r a t i o n  s t u d i e s  i n  n o n - r e s i d e n t i a l  

b u i l d i n g s  shou ld  be i n i t i a t e d  immedia te ly .  



There  a p p e a r  t o  be  a number o f  a r c a s  where t h e  d e s i g n  and a n a l y s i s  

o f  s a t u r a t i o n  s t u d i e s  can  bc i n ~ p r o v e d .  The s i n g l e  most i m p o r t a n t  irnprovc- 

ment, f o r  u t i l i t y  conducted s u r v e y s ,  i s  t h e  matching o f  c u s t o m e r s '  r e s -  

ponses  w i t h  b i l l i n g  d a t a .  T h i s  i n f o r m a t i o n  would be  e x t r e m e l y  u s e f u l  

b o t h  f o r  a n a l y z i n g  energy  consumption and f o r  e d i t i n g  t h e  d a t a  f o r  i n -  

c o r r e c t  r e s p o n s e s .  For  example,  a  comparison o f  househo lds  which were 

i d e n t i c a l  e x c e p t  f o r  h e a t i n g  f u e l  t y p e  cou ld  p r o v i d e  a  good i n d i c a t i o n  

o f  t h e  e n e r g y  used f o r  e l e c t r i c  h e a t i n g .  Respondents  who c l a i m e d  t o  have 

e l e c t r i c  h e a t ,  b u t  d i d  n o t  have a  w i n t e r  e l e c t r i c i t y  u s e  p e a k ,  c o u l d  be  

assumed t o  b e  i n  e r r o r .  

Only one u t i l i t y  (SDG & E )  now makes u s e  o f  b i l l i n g  d a t a ;  we t h i n k  

t h a t  t h e  r e s u l t s  o f  t h e i r  p r e l i m i n a r y  a n a l y s i s  have p roved  t h e  v a l u e  o f  

t h i s  i n f o r m a t i o n .  ( U n f o r t u n a t e l y ,  SDGEE has  n o t  completed a n a l y s i s  o f  

t h e i r  i n f o r m a t i o n  and no f i n a l  r e s u l t s  were a v a i l a b l e  f o r  u s e  i n  t h i s  

s t u d y . )  We b e l i e v e  t h a t  b i l l i n g  d a t a  s h o u l d  be  i n c o r p o r a t e d  i n  a l l  Fut.ur.e 

u t i l i t y  conducted s a t u r a t i o n  s u r v e y s .  

A problem w i t h  e x i s t i n g  s a t u r a t i o n  s t u d i e s  i s  i n a d e q u a t e  c r o s q  t n l ~ u -  

l a t i o n s .  Only one u t i l i t y  ( S T X  & E )  has  o r g a n i z e d  i t s  s u r v e y  a n a l y s i s  

p roccd~l r . e s  so t h a t  c ros s  t a l ~ u l a t i o n s  can b e  made r o u t i n e l y .  Thi s i r l for-  

mat ion is  e s s e n t i a l  f o r  any thorough a n a l y s i s .  Examples o f  u s e f u l  c r o s s  

t a b u l a t i o n s  a r e :  h e a t i n g  t y p e  w i t h  hous ing  t y p e ,  w a t e r  h e a t  t y p e  w i t h  

w a t e r  u s i n g  a p p l i a n c e s ,  h e a t i n g  t y p e  w i t h  age  o f  h o u s e ,  and ,  o f  c o u r s e ,  

s a t u r a t i o n  d a t a  w i t h  b i l l i n g  d a t a .  

With t h e  u s e  o f  compute r s ,  t h e  problem i s  e a s y  t o  c o r r e c t .  We t h i n k  

t h a t  d a t a  from f u t u r e  s a t u r a t i o n  s t u d i e s  shou ld  be  encoded and p r e s e r v e d  

i n  a  form t h a t  w i l l  f a c i l i t a t e  c r o s s  t a b u l a t i o n .  S t a n d a r d  s t a t i s t i c a l  

programs can be used t o  make c r o s s  t a b u l a t i o n s  when t h e  d a t a  i s  ' ana lyzed .  



A f u r t h e r  measure which can be t a k e n  t o  f a c i l i t a t e  t h e  a n a l y s i s  o f  

s a t u r a t i o n  s t u d i e s  i s  t h e  s t a n t l ; ~ r . d i z a t i o n  o f  q u e s t i o n n a i r e s  and d a t a  

r e p o r t i n g  fo rmats .  A t  prcscrlt i t  i s  d i f f i c u l t  t o  compare r c s u l t s  from 

s u r v e y s  conducted by d i f f e r e n t  u t i l i t i e s  because  t h e  ' q u e s t i o n s  asked  

a r e  n o t  i d e n t i c a l .  

We do n o t  recommend t h a t  a l l  q u e s t i o n n a i r e s  be  c o m p l e t e l y  i d e n t i c a l .  

D i f f e r e n c e s  i n  u t i l i t y  s e r v i c e  a r e a s  may w a r r a n t  s p e c i a l  q u e s t i o n s .  Also ,  

i t  may b e  d e s i r a b l e  t o  ask  e x p e r i m e n t a l  q u e s t i o n s  s o  t h a t  ways can be  

developed t o  improve s u r v e y  r e s u l t s .  However, we do recommend t h a t  a  

group o f  "core" q u e s t i o n s  be developed which would be  used by a l l  u t i l i t i e s  

The "core" q u e s t i o n s  f o r  s a t u r a t i o n  s u r v e y s  shou ld  be c a r e f u l l y  de-  - 

s i g n e d  t o  e l i c i t  t h e  e s s e n t i a l  i n f o r m a t i o n  and t o  e l i m i n a t e  improper ly  

c o n s t r u c t e d  q u e s t i o n s .  ( E . g . ,  The answer t o ,  "Is your  r e f r i g e r a t o r  f r o s t  

f r e e ? "  i s  i l l - d e f i n e d  i f  t h e  r e s p o n d e n t  h a s  more t h a n  one r e f r i g e r a t o r .  ) 

I f  t h e  c o r e  q u e s t i o n s  a r e  developed by p o o l i n g  t h e  knowledge o f  a l l  t h c  

u t i l i t i e s ,  t h e n  we b e l i e v e  t h a t  a l l  o f  t h e  s u r v e y s  w i l l  be  s t reng thenc t l  

i n  t h e  p r o c e s s .  

O f  c o u r s e ,  i f  t h e  advan tages  o f  s t a n d a r d i z e d  q u e s t i o n s  a r e  t o  bc 

r e a l i z e d ,  d a t a  r e p o r t i n g  must a l s o  be s t a n d a r d i z e d .  A l l  s u r v e y  r e s u l t s  

shou ld  bc  encodcd i n  a  s t a n d a r d ,  computer compat ib le  format .  T h i s  w i l l  

make p o s s i b l e  n o t  o n l y  t h e  comparison o f  r e s u l t s  b u t  a l s o  t h e  p o o l i n g  of 

d a t a  from d i f f e r e n t  s u r v e y s .  

One o f  t h e  most d i f f i c u l t  me thodolog ica l  problems i n  t h e  conduct  of  

su rvey  r e s e a r c h  i s  b i a s e s  i n  t h e  r e s u l t s  due t o  non-uniform r e s p o n s e s  from 

v a r i o u s  g roups  i n  t h e  p o p u l a t i o n  s u r v e y e d .  A l l  o f  t h e  u t i l i t y  s u r v e y  d a t a  

t h a t  we examined showed e v i d e n c e  o f  b i a s  due t o  fewer  r e s p o n s e s  from r e s i -  

dents i n  m u l t i - f a m i l y  househo lds .  We s u s p e c t  t h a t  t h e r e  a r e  o t h e r  b i a s e s  



for example, due to.fewer responses from low income groups and from 

single occupant households. Almost certainly, the data from Southern 

California utilities are biased by low responses from Spanish speaking 

households. 

Many of the biases in utility surveys can be corrected (at least 

approximately) by using data from the Census as we discuss below. How- 

ever, careful thought must be given to the problem of biases in the 

design phase of saturation studies. Biases should be anticipated and 

comection measures should be planned. Survey questions should be 

devised which can be used for detecting and correcting biases. Special 

attention should begiven to master-metered customers (these are not 

questioned by utility surveys) and other groups where inadequate respon- 

ses can be anticipated. 

We believe that the utility companies could benefit from the ad- 

vice of outside expcrts in the design phase of their saturation stutlic~s. 

'I'h~qc experts could assist the utilities in bringing the methodo1o~:y 

already developed by survey researchers to bear on the problem of blasts. 

Further, wc bcl i cvc  t l i x t  an  ir~dependent euamination, by experts i n  L . i ~ r  

vey research, of h inscs  j n  utility surveys would contribute significantly 

to t h e  solution of this prol?lem. 

The decennial Census (to be quinquennial beginning in 1985) provides 

the most complete data on the characteristics of the residential sector. 

In addition to data on housing types, income, number of occupants per 

household, etc . ,  it asks many questions related to the saturations of 

energy consuming devices. In particular, data relevant to heating, 

cooling, and appliances are solicited. Since the samples are very large 

and response is compulsory, Census results are more representative of 

the population as a whole. 



Because i t  i s  morc representative, t h e  Census can be used t o  c o r r e c t  

h i ; ~ s c s  in  u t i l i t y  s a t ~ l r ; ~ t i o n  s t ~ r v c y s .  Itor exnmplc, wc have usctl t hc  

Census da t a  on housing ( t o g e t h e r  with d a t a  on housing a d d i t i o n s )  t o  cor-  

r e c t  f o r  u t i l i t y  survey b i a s e s  due t o  low responses from occupants o f  

mul t i - fami ly  housing u n i t s .  We assumed t h a t  t h e  responses t h a t  were 

obta ined  from mul t i - fami ly  u n i t  r e s i d e n t s  were r e p r e s e n t a t i v e  o f  t h e  

group a s  a  whole. In c a l c u l a t i n g  s a t u r a t i o n s  f o r  a l l  households,  we 

weighted t h e s e  responses more h e a v i l y  t o  compensate f o r  t h e  low response 

r a t e .  The weight ing  f a c t o r s  t h a t  we used were de r ived  from t h e  Census. 

C l e a r l y ,  t h i s  kind of  procedure could a l s o  be used t o  c o r r e c t  f o r  b i a s e s  

due t o  low responses from s i n g l e  occupant households and o t h e r  s i m i l a r  - 

b i a s e s .  

In o r d e r  t o  make f u l l  use o f  t h e  Census i n  checking and c o r r e c t i n g  

u t i l i t y  s a t u r a t i o n  surveys ,  a t  l e a s t  two s t e p s  should be taken .  F i r s t ,  

s i nce  t h e  Census was not  designed wi th  t h e  de te rmina t ion  o f  energy use 

a s  an important o b j e c t i v e ,  an e f f o r t  should be undertaken t o  develop and 

gain adoption of ques t ions  t h a t  b e s t  s e rve  t h i s  o b j e c t i v e  f o r  t h e  1980 

Census. Second, a  c a r e f u l  cu~ l~pa r i son  should be made o f  r e s u l t s  from 

u t i l i t y  surveys with r e s u l t s  from t h e  1970 Census. This  e f f o r t  should 

seek t o  i d e n t i f y  and f i n d  e x p l m a t i o n s  f o r  d i f f e r e n c e s .  A s  p a r t  o f  t h i s  

e f f o r t ,  cross t a b u l a t i o n s  of  t h e  Census 4 t h  Count Housing Data should be  

made. 

Tt should be noted t h a t  we do n o t  b e l i e v e  t h a t  t h e  Census can r e -  

p l ace  u t i l i t y  surveys.  The most important  reason f o r  t h i s  is t h a t  we do 

not th ink  it i s  f e a s i b l e  t o  i n c o r p o r a t e  b i l l i n g  d a t a  i n t o  t h e  Census 

( t h i s  would be very u s e f u l  if a method could be dev i sed ) .  Another r e a -  

s0.n i s  t h a t  it may be d i f f i c u l t  t o  o b t a i n  s u f f i c i e n t l y  d e t a i l e d  informa- 

t i o n  i n  t h e  Census because s o  much o t h e r  information i s  a l s o  needed. 



Fur thc r ,  t h c  i n t e r v a l  between Census yea r s  and t h e  long time l ag  bc fo rc  

Ccnsus di1t3  i s  complctcly tabulated may makc i t  imposs ib le  t o  n ~ a i n t a i ~ i  

t h e  kind o f  cu r r en t  d a t a  necessary  f o r  f o r e c a s t i n g .  

We be l i eve  t h a t  improved s a t u r a t i o n  s t u d i e s  can provide  an impor- 

t a n t  advance i n  t h e  unders tanding  of  how energy i s  consumed, e s p e c i a l l y  

i n  t h e  r e s i d e n t i a l  s e c t o r .  We have made a  number o f  sugges t ions  on 

how t o  make improvements. Many o f  t h e s e  sugges t ions  could lead  t o  

over lapping  o r  redundant e f f o r t s .  C lea r ly ,  a  wel l  coord ina ted  program 

w i l l  be requi red  i f  any s i g n i f i c a n t  e f f o r t  t o  gain b e t t e r  in format ion  

from s a t u r a t i o n  s t u d i e s  i s  a t tempted.  



Data Management 

We regard the data base and data management procedures developed 

during this project as first steps in establishing an energy use data 

system for forecasting California energy use and for other energy assess- 

ments. The specific data processing system described in this report was 

designed to produce the tables in appendix D2 but can be extended to 

form the basis for a larger data management scheme. To provide an 

effective data system will require a continuing effort to incorporate 

new information, correct errors, evaluate data and develop new estimation 

procedures. A stable professional energy data staff is necessary to 

carry out these functions adequately. The data base staff must work 

closely with the forecasting and assessment personnel to tailor the 

contents of the data base and the retrieval and analysis computer pro- 

grams to best fit forecasting and modelling requirements. 

We have large blocks of data available which can and should now be 

added to t t re cxisting data base. This information includes: 

Detai led performance data, from MIAM, on refrigerators and freezers. 

National Rureau of Standards data on refrigerators, freezers and air 

conditioners. 

1976 appliance price information. 

- Additional data from the 1970 census. 

Information on the size distribution of buildings in San Diego. 

Data from an SMUD saturation survey. 

Data from the Brookhaven National Laboratory Energy Model Data Base. 



Although t h i s  information has n o t  y e t  been en te red  i n t o  t h e  d a t a  

base ,  much o f  i t  was used i n  p repa r ing  t h i s  r e p o r t  o r  supp l i ed  t o  t h e  

CERCDC i n  t h e  form of  computer generated r e p o r t s .  The e x i s t i n g  d a t a  

base  i s  most ly concerned wi th  r e s i d e n t i a l  and commercial e l e c t r i c i t y  

consumption; it would be va luab le  t o  add d a t a  on i n d u s t r i a l  and a g r i c u l -  

t u r a l  consumption and t h e  use  of  o t h e r  f u e l s .  Energy u s e  surveys  and 

o t h e r  in format ion  obtained by t h e  u t i l i t i e s  should be  en te red  i n t o  t h e  

d a t a  base.  For f o r e c a s t i n g ,  energy use  d a t a  must be  r e l a t e d  t o  soc io -  

economic d a t a  d e s c r i b i n g  t h e  age,  income and o t h e r  c h a r a c t e r i s t i c s  o f  

t h e  popula t ion  o f  C a l i f o r n i a .  Hence a  d a t a  system should permit  t h e  

s e l e c t i o n  o f  s u b s e t s  of  d a t a  from sources  such a s  t h e  1970 census f o r  

u s e  i n  conjunct ion  with energy d a t a ;  energy s a l e s  d a t a  should be 

convenient ly  a c c e s s i b l e  i n  t h e  same system. 

The b a s i c  d a t a  management opepat ions r e q u i r e d :  a d d i t i o n ,  d e l e t i o n  

o r  changing o f  r eco rds ,  r e t r i e v a l  of  s e l e c t e d  sub - se t s  of  d a t a  and 

prvvisiorl  o f  summary r e p o r t s  - can be adequately provided by many 

e x i s t i n g  computer d a t a  management systems. Provis ion  f o r  producing 

g raph ica l  p l o t s  should a l s o  be made. A convenient  i n t e r f a c e  should be  

provided t o  permit  t h e  d a t a  t o  be processed by s tandard  s t a t i s t i c a l  

a n a l y s i s  r o u t i n e s .  

I t  seems l i k e l y  t h a t  d a t a  w i l l  be  r equ i r ed  f o r  u se  wi th  a s e r i e s  o f  

d i s t i n c t  energy f o r e c a s t i n g  o r  o t h e r  models. Some o f  t h e s e  models a r e  

l i k e l y  t o  have been develo7ed without  r e f e rence  t o  t h e  s t r u c t u r e  of t h i s  

p a r t i c u l a r  d a t a  base. Hence it should be made easy t o  output  d a t a  i n  

the a r b i t r a r y  formats requi red  a s  i npu t  t o  va r ious  models. For c e r t a i n  

assessments  a l inked  s e r i e s  o f  c a l c u l a t i o n s  o r  models a r e  r equ i r ed .  Data 
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convent ions should be e s t a b l i s h e d  and format conversion f a c i l i t i e s  

provided t o  enable  model c a l c u l a t i o n s  t o  pass  on information t o  o t h e r  

programs v i a  t h e  d a t a  management system. A coherent set o f  a n a l y s i s  and 

modeling c a l c u l a t i o n s  could be based on t h e  use  o f  one d a t a  management 

system. A simple u s e r  command language should be provided t o  r e l i e v e  

t h e  u s e r  from r e q u i r i n g  f a m i l i a r i t y  wi th  t h e  o f t e n  incompat ib le  and 

a r b i t r a r y  d a t a  i npu t  convent ions o f  va r ious  modeling programs. 





Glossary o f  Selected Terms 

B i l l i n g  data  - c l a s s i f i c a t i o n  of  u t i l i t y  customers i n t o  groups based on 
t h e i r  power requirements f o r  t h e  purpose of r a t e  making. 
E l e c t r i c  energy s a l e s  t o  t h e  var ious  customer c l a s s e s  
and t h e  revenue generated by those  s a l e s  a r e  l i s t e d  i n  
u t i l i t y  company annual r e p o r t s ,  

C o e f f i c i e n t  o f  Performance (COP) - a  measure o f  e f f i c i e n c y  t y p i c a l l y  
appl ied  t o  r e f r i g e r a t o r s  and hea t  p q s .  COP i s  t h e  
r a t i o  of  h e a t  t r a n s f e r r e d  f o r  a  useful  purpose t o  t h e  
work inpu t  required.  COP is  a  dimensionless number, s o  
t h a t  t h e  denominator i n  t h e  r a t i o ,  which i s  usua l ly  e l e c -  
t r i c  energy must be converted t o  BTU's  a t  t he  r a t e  o f  
3413 BTU/kwh. 

Cogemeration - t he  process  of genera t ing  e l e c t r i c i t y  i n  conjunction 
with i n d u s t r i a l  use of steam. 

Connected load - the  maximum instantaneous e l e c t r i c  power measured i n  
k i l o w a t t s  de l ive rab le  t o  a  given u t i l i t y  customer. 

Cross t abu la t ion  - a  d i s t r i b u t i o n  of  one v a r i a b l e  i n  a  da ta  base with 
r e spec t  t o  another  va r i ab le .  For example, r e f r i g e r a t o r  
ownership can be c ross  t abu la ted  with family s i z e  t o  
determine how many two-person fami l i e s  own one r e f r i g -  
e r a t o r ,  how many t h r e e  person fami l i e s  own two r e f r i g -  
e r a t o r s ,  e t c .  

Decay curve - a  curve p l o t t i n g  t h e  quan t i ty  of a  decaying stock of 
o b j e c t s  w i t h  r e spec t  t o  time. 

Decay rate  - t h e  f r a c t i o n  of t h e  remaining stock of a  decaying s e t  o f  
o b j e c t s  which i s  removed i n  one year. 

Double g laz ing - two panes of g lass  with an a i r  space between them. 

Ef f i c i ency  - engineers  def ine  e f f i c i e n c y  a s  t h e  r a t i o  o f  use fu l  energy 
output  p e r  u n i t  of energy input .  We genera l ize  t h i s  de- 
f i n i t i o n  t o  inc lude  t h e  ex ten t  of any end-use s a t i s f a c t i o n  
(e .g . ,  number o f  square f e e t  of bui ld ing space maintained 
a t  a comfortable temperature) p e r  un i t  energy input .  

E l e c t r i c i t y  demand - t h e  r a t e  a t  which e l e c t r i c  energy i s  del ivered  
t o  a  p iece  of  equipment. 

E l e c t r i c i t y  s a l e s  - t h e  t o t a l  amount o f  e l e c t r i c  energy purchases from 
a u t i l i t y  company i n  a given time i n t e r v a l  (usual ly  one 
year) .  



I 3 l c c t r i c i t y  e f f i c i e n c y  r a t i o  (1JER) - a measure of  e f f i c i e n c y  u s u a l l y  appl ied 
t o  a i r  conditjoninp, cquipmcnt. E E R  j s  tlic cool ing  output  
mcasurcd i n  Bl'U1s divi  tlcd by t h c  k i lowa t t  hours ncccssary  
t o  produce t h a t  ou tpu t .  S ince  EER i s  dimensionless ,  k i l o -  
wat t  hours must be converted t o  BTU's a t  t h e  r a t e  3413 
BTU/kwh. 

Exponential  l i f e t i m e  - a l s o  known a s  t h e  mean l i f e t i m e ,  t h i s  i s  t h e  
r e c i p r o c a l  of  t h e  decay r a t e .  

Household - 

HVAC - 

Life t ime - 

Load curve - 

Load management 

V 

Load survey - 

a  group of  people sha r ing  common cooking f a c i l i t i e s .  This  
i s  numer ica l ly  equal  t o  t h e  U.S. Census d a t a  on year-round 
occupied housing u n i t s .  

h e a t i n g ,  v e n t i l a t i n g  and a i r - c o n d i t i o n i n g  equipment t h a t  
i s  l a r g e  enough t o  be used i n  commerical bu i ld ings .  

t h e  average number o f  yea r s  a  device  i s  used r e g a r d l e s s  
o f  ownership t r a n s f e r s .  

a  graph o f  ins tan taneous  power demand f o r  a  device  o r  
system with r e spec t  t o  t ime.  The r e l e v a n t  t ime per iod  
may be one day o r  one yea r .  

- a  s e t  o f  p r a c t i c e s  designed t o  f l a t t e n  the  load curve 
o f  a  u t i l i t y  by d i s t r i b u t i n g  power demands more evenly  
over  t ime.  

an experimental  procedure t o  determine a  load curve f o r  
a device  o r  s e t  o f  devices .  

a  device  which measures t o t a l  e l e c t r i c i t y  s a l e s  t o  a  mu l t i -  
u n i t  r e s i t l e n t i d  s t r u c t u r e .  

Performance s tandard  - a maxinun energy budget f o r  a  device wi thoa t  s lwc i -  
f i c n t i o n  of  t he  t e c h n i c a l  means o f  achieving t h e  r e q ~ l i r e d  
e f f i c i e n c y .  

P r i c e  index - t h e  c o s t  o f  a  f i xed  "market basket"  of goods and s e r v i c e s  
a t  a  given p o i n t  i n  t ime expressed  as a percentage  o f  t h e  
c o s t  o f  t h e  same "market basket"  i n  some des igna ted  base 
year .  

R e t r o f i t  - t h e  r e t r o a c t i v e  mod i f i ca t ion  o f  a bu i ld ing  o r  a  machine 
u s u a l l y  t o  improve i t s  energy e f f i c i e n c y .  

S a t u r a t i o n  - t h e  number o f  devices  o f  a  given kind i n  u se  d iv ided  by 
t h e  number o f  households i n  t h e  reg ion  considered.  

Standard i n d u s t r i a l  c l a s s i f i c a t i o n  (SIC) - a  two t o  f i v e  d i g i t  code t h a t  
c l a s s i f i e d  e s t ab l i shmen t s  according t o  t h e i r  p r i n c i p a l  
economic a c t i v i t y  i n  i n c r e a s i n g  l e v e l s  o f  d i saggrega t ion .  
a  f i rm  conducting bus ines s  a t  d i f f e r e n t  l o c a t i o n s ,  o r  
conducting s e v e r a l  d i s t r i c t  a c t i v i t i e s  a t  one l o c a t i o n ,  
w i l l  be  t r e a t e d  a s  s e v e r a l  l l es tab l i shments ' l  f o r  SIC pur-  
poses.  Five d i g i t  SIC codes i d e n t i f y  d i s t i n c t  manufac- 



turing, central administrative and research activities 
within each industry. 

Standard Metropolitan Statistical Area (SMSA) - an integrated economic 
and social unit with a 'largk population nucleus, such 
as a city of 50,000 or a city of 25,000 with surround- 
ing communities. 

Thermal load - 

Time series - 

the number of BTU's of heat to be removed by air con- 
ditioning or to be added by heating to a given building 
space. 

a variable which takes on a sequence of values at suc- 
cessive points in time. 

Title 24 standards - a building code for non-residential structures 
issued by the California ERCDC which is designed to 
improve the energy efficiency of new construction. 

Unit energy consumption (UEC) - the energy consumed by a single device 
to meet a certain end-use. 

Selected Abbreviations and Acronyms 

AE IC 
AHAM 
AR I 
ASHRAE 

BTU 
Btuh 
COP 
CPUC 
EE I 
EER 
ERCDC 

FHA 
HUD 
HVAC 
kw 
kwhr 
LAD WP 
LBL 
PG E E 
R-19 
SAT --- sc E- 
SMSA 
SMU D 
UEC 
USDA 

Associated Edison Illuminating Companies 
Association of Home Appliance Manufacturers 
Air-Conditioning and Refrigeration Institute 
American Society of Hexting, Refrigerating and 
Air Condi:iozing 
British Thermal. Unit 
BTU per hour 
Coefficient of perforniar~ce 
California Public Utilities Commission 
Edison Electric Institute 
Energy efficiency ratio 
Energy Resources.Conservation and Development 
Commission 
Federal Housing Administration 
Department of Housing and Urban Development 
Heating, ventilating and air-conditioning equipment 
Kilowatt 
Kilowatt-hour 
Los hgeles Department of Power and Water 
Lawrence Berkeley Laboratory 
Pacific Gas and Electric Company 
19 ~TLl-l-hr-de~ ~-ft* 
Saturation 
Southern California Edison Company 
Standard Metropolitan Statistical Area 
Sacramento Municipal Utility District 
Unit energy consumption 
U.S. Department of Agriculture 
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APPENDIX A 

Analysis  o f  Res iden t i a l  Energy Uses 

Res iden t i a l  Building Stock R. B .  Weisenmil ler  wi th  t h e  
a s s i s t a n c e  of  P. Caesar 

Thermal P rope r t i e s  of  Res iden t i a l  Buildings R .  B .  l Je i senmi l le r  

E l e c t r i c  Heating R .  B.  Weisenmil ler  

A i r  Condit ioners  D. 0 .  Golds t e in  
and R. B .  Weisenmil ler  

Light ing  R.  D .  C l ea r  and D.  B .  Golds te in  

Water Heaters  R.  D.  C l ea r  and D .  B .  Goldstein 

Re f r ige ra to r s  R.  D .  C l ea r  and D .  B .  Goldstein 

Cooking F a c i l i t i e s  R. D .  C l ea r  and D. B.  Goldstein 

Te lev i s ion  R.  D. C l ea r  and D .  B .  Goldstein 

Freezers  R .  D .  C lear  and D .  B .  Goldstein 

Home Laundry Fac i l  i t i e s  R. D .  C l ea r  and D .  B .  Goldstein 

Dishwashers R .  D .  C l ea r  and D .  B. Goldstein 

.Appliance Lifet imes C .  J .  Blumstein, R.  D .  C lear  
and D .  B .  Golds te in  





A . l  Residential Building Stock 

The building stock estimates provide an underlying component for 

much of the appliance data; since the number of devices was often derived 

by combining these stock estimates with the saturation rates, which were 

mostly determined from surveys of small samples of housing units. The 

wide variation of these saturation rates and of the UEC's of various 

devices with location, time, and building type required that the building 

stock be disaggregated into single family, multi-family, and mobile 

homes stocks as a function of time for the various utility service areas. 

While the basic stock data were available in terms of counties, the 

saturation rates were collected for utility districts. Accordingly, it 

was necessary to develop an allocation scheme to translate these stock 

data from counties to utility service areas, 

The available stock data consists of three types; first, the 1970 

Census, determined the stock sizes of both occupied and all housing in 

each county at March 31, 1970 for each housing type; second, the Security 

2 
Pacific National Bank has collected the number of building permits used 

per year in each county; and third, the Mobile home Market Research Inc. 
3 

has collected sales data for mobile homes in each county for each year. 

These data sources provide the stock at one point in time and the gross 

additions after this time, so that in this exponential decay stock model 

the decay rates must also be determined to account for removals from 

this stock. These decay rates were determined to account for removals 

from this stock. These decay rates were determined from the Components 

of inventory Change (CINCH) data4, whid was collected as part of the 



1970 Census by determining the changes in the building stock since the 

1960 Census. 

We employed the Census data for occupied housing to eliminate 

seasonal, migratory, and vacant housing. Single family housing includes 

both attached and detached units (detached units are those surrounded 

by open space on all sides or those that are only connected to a garage 

or a shed). These definitions, along with that of housing unit, varies 

with data source. For example, it is not clear that the Security 

Pacific National Bank permit data has the same aggregation of attached - 
and detached single family units as this study employed for the Census 

data. Another inconsistency is that vacant mobile homes are not included 

by the Census in the housing stock, unlike vacant single family and 

multi-family units. The mobile home data does include trailers, but 

excludes vacation trailers. The Census also collects data on the ages 

of the housing structures and provides these data cross-tabulated by 

county and housel~old characteristics, but not by housing type or by 

housing type and by county. 

The Security Pacific National Bank building permit data does not 

separate seasonal, migratory, or vacant housing. We have attempted to 

correct for this by assuming that a constant 4% of these gross additions 

fall into these categories. This correction term may be inadequate for 

the previous year's construct5on, which judging from Table A l . 1  may 

have a vacancy and "otherI9 housing type component of closer to 23%. 

However, this effect was built into the 1970 Census data for the 1969 

t housing stock and this effect can be considered to progress from the 

1969 stock to the newest contingent each year. . 



TABLE A l . l  - Comparison between A l l  Units  and Occupied 
' 

Units by t h e  Age of ' t h e  s t r u c t u r e 1  

Year S t r u c t u r e  B u i l t  

1969- 1970 

1965-1968 

1960-1964 

1950-1959 

1940-1949 

1939 o r  e a r l i e r  

Tota l  

O c c u ~ i e d  Units 
Fract ion o f  

A l l  Units  'Units  Occupied 

1. Derived from Department of  Housing and Community Development, C a l i f o r n i a  -- 
Statewide Housing Element, Phase I1 (1973), p. 54--which i s  in  t u r n  based 
upon 1le 1970 Census, Fourth Count Housing Tapes, Table 8. 



Along similar lines it should be realized that the housing stocks 

are listed for year end, but for the purposes of energy accounting 

calculatibns the contingent built during the last year will not consume 

their full share of energy (which will be balanced in part by those 

buildings removed during the year which consume some energy). Similarly, 

construction and demolitions-do not occur at a continuous rate during 

the year, but are focused in the spring and summer months. However, the 

saturation data are not typically all for the same month, so that all 

of these corrections cannot be adequately handled. For example, SMUD1s 

1975 saturation survey was performed in January of 1975, SCE's 1975 

saturation survey was conducted in February and March of 1975, SDG&E9s 

Miracle I survey was collected in February of 1974, LADWPfs data are 

for July of 1975, and PG&Efs data are for either December 31, 1975 or 

March of 1975. 

The mobile home sales data are only for the county in which the 

unit was sold, instead of the county in which the unit was to be located. 

Since mobile homes are indeed mobile, no better approximation is possible 

then to assume that they remain in the county in which they are sold. 

These sales data also include mobile homes that are used for non- 

residential purposes, but this also cannot be corrected. 

The remaining component of the basic exponential stock model is the 

decay rates. We have estimated these decay rates from the CINCH data, 

which are displayed in Tables A 1 . 2  .through A1.5 .  These data include 

new construction, demolition, "other" removal (which includes fires, 

floods, becoming unfit for occupancy, acd conversions between commerci=l 



West 

TABLE A1.2 - Summary o f  Some of ' t h e  CINCH Data 
(over  1960 - 1970 pe r iod )  

(Percent )  

New Cons t . % o f  Other Removal 
1970 1960 % of s tock  New Const.  N e w  Demol. Other Same - - - -  - 

Inside SMSA's 78.7 77.4 31.7 81.3 . 6  7.6 3.8 86.9 

In c e n t r a l  c i t y  35.1 38.2 25.0 28.6 .1 8.4 3.6 85.8 

Not in c e n t r a l  c i t y  43.6 39.1 37.1 52.6 1 .0  6.7 4.0 88.1 

Out isde  SMSA' s 21.3 22.6 27.1 18.7 1 . 8  8 .6  9.6 80.3 

T o t a l  30.7 ' 100.0 .9  7.8 5.1 85.4 



West Total  

Year Bu i l t  

A l l  + 
1960 o r  l a t e r  
1950-1959 - 
1940-1949 
1939 or e a r l i e r  

A 1  1 
1 
2+ 
Mobile 

Year Bui l t  

A l l  
1960+ o r  l a t e r  
1950-1959 
1940- 1949 
1939 o r  e a r l i e r  

TABLE ~ 1 . 3  - CINCH Data f o r  Some Selected A r e s  
(over 1960 - 1970 period) 

Percent Rates - 
New Removal I f  exp. r a t e s  

1960 Const. Other Demol. Other Rem. Demo New Const- 1970 - 
- "  

West i n  Central C i t i e s  



TABLE A 1 . 3  (contfd) 
\ 

Percent Rates 

West in Central- Cities -- New Removal If exp. rates 
Year Built 1960 C - - onst. Other Demol. Other Rem. Dem. New Const. - - -  
A1 1 - - - .1 8.4 3.6 - 1.3 - .9 +2.2 
1960' 25.0 - - .9 1.1 - - .09 - 
1950-1959 24.9 31.6 - .19 1.4 1.4 - .14 - 
1940-1949 12.7 18.0 - - 9.0 3.8 - - .9 - 
1939 or earlier 37.4 50.4 - .19 12.1 4.3 - -1.3 - 
LA-LB SMSA 

Mobile 

Year Bui 1 t 

A l l  + - 
1960 or later 24.0 
1950-1959 30.0 
1940-1949 15.3 
1939 or earlier 30.7 

LA-LB in Central City 

Mobile 

Year Built 

A1 1 
1960' or later 
1950-1959 
1940-1949 
1939 or earlier 

Mobile 
1 



SF SMSA - 
year Buil t  

A l l .  + 
1960 or  l a t e r  
1950-1959 
1940-1949 
1939 o r  e a r l i e r  



Area - 

TABLE A1.4 - Summary of Rates for Exponential Stock Model 
(over 1960 - 1970 period) 

Removal Rate 

Single Multi- Mobilet (with mobile demolition 
Family Family Mobile plus other rate of other units) 

LA-LB SMSA - .9 -1.3 - 9.0 
SF- SMSA - .6 -1.9 -13.9 
West -1.2 -1.6 -10.5 

Demolition Rate 

LA-LB SMSA - .7 - .9 - .7 
SF - SMSA -1.4 - .9 - 2.1 
West - .8 -1.0 - 1.1 

LA-LB SMSA 1.5 4.3 
SF-SMSA 2.2 3.3 
West 2.3 3.3 

LA-LB SblSA 
SF- ShISA 
West 

Construction Rate - 

Observed Net 



TABLE A1.S  - We Decay Rate Used i n  Our Exponential Stock Model 

Area - 
LA Region 

SF Region 

Other 

Single  Family 

- .861 
- .486 

-1.16 

Multi-Family - Mobile 

-1.32 - .983 
-1.90 -2.49 

-1.56 -1.58 

1. LA Region corresponds t o  Los Angeles, .range, Riverside,  San 

Bernardino, San Diego, Santa Barbara, and Ventura counties.  

2 .  SF Region corresponds t o  Alameda, Contra Costa, Marin, Napa, 

San Francisco, San Mateo, Santa Clara, and Sonorna counties.  

3.  Rest of s t a t e .  Decay r a t e  corresponds t o  Western Region. 



and residential or between single family and multi-family status), and 

the fraction remaining the same in various geographical regions for 

each building type. The decay rate was computed from the total removal 

rate (the sum of demolition and "other" removal), except for mobile 

homes (where "otherff removal could refer to moving from one trailor park 

to another) where the decay rate was derived from the sum of demolitions 

and the average "other1' removal rate for single family and multi-family 

units. Without this type of prescription the lifetime of mobile homes 

about 10 years. The 1970 Census data for California occupied mobile 

homes tabulated according to the year sold is shown in Table A1.6.  These 

data are not consistent with such a short lifetime, especially since 

. the sales of mobile homes has increased substantially in recent years. 

Using these decay rates we have computed the lifetimes shown in 

Table A1.7. These all seem rather long, but an exponential model has a 

very long tail as part of its decay curve. It should be noted that the 

overall effect of this model is not a simple exponential decay model, 

since the building stock has been decomposed into three building types 

in three distinct regions (for a total of nine stocks and nine decay 

constants). This should provide a better model tfian any simpler treat- 

ment within this framework. 

However, one can question the use of a single decay constant for . 

housing, since one would expect this constant to be a function of the 

age of the unit. In general there should be two components to the decay 

rate: one for stochastic or random processes such as fires, floods, 

earthquakes, or highway programs and the other a process of aging induced 



TABLE A1.6 - The Fraction of Occupied Mobile Homes 
in 1970 in Time Series Form 

Year Built 

1969-March 1970 

1965-1968 

1960-1964 

1950-1959 

1940-1949 

1939 or earlier 

Percentage of Total 



TABLE A 1 . 7  - Lifetime Estimates 

Area Single Family 

San Francisco Region 206 

Los Angeles Region 116 

Reminder of State 86 

Multi-Family Mobile 

5 3 40 



effects. A single decay constant through time is the correct way of 

dealing only with the random part, but the ratio of these two types of 

processes is not determined and the data are inadequate for constructing 

any more complicated models. 

Not only should the decay constant be a function of the age of the 

building to at least some extent, but also these decay constants will 

be functions of time. These decay constants should reflect the ratio 

of construction costs to renovation costs, the general level of economic 

activity [i.e. in a recession the new construction rate is very low so 

!I the removal rate is also lower ) .  Moreover, as societal values change, 

these decay rates may also change (e.g. the removal rate for brown- 

shingle or Victorian housing is rather low for the San Francisco area). 
' 

However, the CINCH data by averaging over the entire decade should 

correct for some of these effects. 

At this point the stock data are for each building type in each 

county, so this must be further transformed into utility service area 

data. The allocatior~al scheme that we have developed is shown in Table 

A1.8. The conversion ' i s  - not into the actual utility districts, but 

into more generalized utility service areas. g his approach is quite 

similar to that of the California Public Utility Commission, and 

consists of aggregating the smaller municiple utilities (except SMUD 

and LADWP) into the larger surrounding utilities. For example, PGGE 

includes Alameda, Palo Alto, Santa Clara, and San Francisco in this 

scheme and M W P  includes Glendale, Pasadena, and Burbank. Also all the 

smaller utility companies [except Sierra Power Company, Pacific Power 

& Light, Surprise Valley Electrification Corporation, and the Imperial 



TABLE A1.8 - Allocation Scheme from Counties t o  U t i l i t y  Service  Areas 

COUNTY 

A1 ameda 

Alpine 

Amador 

Butte 

Calaveras 

Colusa 

Contra Costa 

Del Norte 

E l  Dorado 

Fresno 

Glenn 

Humboldt 

Imperial 

Inyo 

Ke 1-11 

Kings 

Lake 

Lassen 

Los Angeles 1 

Madera 

Marin 

Mariposa 

Mendocino 

Merced 

UTI LITl 

PGGE 

Other 

PGEE 

PGEE 

PGEE 

PGGE 

PGEE 

Other 

PGEE 

PGEE 

PGGE 

PGEE 

Other 

LADWP 

PGEE 

PGGE 

PG&E 

Other 

SCE 

PG EE 

PGGE 

PGEE 

PGGE 

PGGE 

FRACTION U T I L I ~  FRACTION 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

,9925 SCE .0075 

1.0000 

1.0000 

1.0000 

.SO30 S CE .4970 

-7620 SCE .2380 

.5550 SCE .4450 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 



COUNTY 

Modoc 

Mono 

Monterey 

Napa 

Nevada 

Orange 

Placer 

Plumas  

Riverside 

Sacramento 

San Benito 

Sari Bernardino 

San Diego 

San Francisco 

San Joaquin 

Sari Luis Obispo 

San Mateo 

Santa Barbara 

Santa Clara 

Santa Cruz 

Shasta 

S i e r r a  

Siskivou 

. Solano 

UTILI~ FRACTION 

Other 

SCE 

PGEE 

PGEE 

PGGE 

SCE 

PGEE 

PGEE 

SCE 

SMUD 

PG&E 

SCE 

SDGEE 

PGEE 

PGGE 

PGEE 

PGEE 

S CE 

PGEE 

PGEE 

PGEE 

PG&E 

Other 

PGEE 

UTILITY FRACTION 

SDGEE .0530 

SMUD .0200 

PGEE 

PGGE 



COUNTY 

Sonoma 

Stanis laus  

S u t t e  

Tehama 

Trin i ty  

Tulare 

Ventura 

Yuba 

Los Angeles 
2 

TABLE A1.8 ( cont td )  

UTILITY 

PGEE 

PG EE 

PGEE 

PG8E 

PGEE 

SCE 

PG &E 

SCE 

PG &E 

PGEE 

LADWP 

FRACTION UTILITY FRACTION 

1. Los Angeles County minus the c i t i e s  o f  Los Angeles, Pasadena, 
Glendale, and Burbank. 

2. The c i t i e s  o f  Los Angeles, Pasadena, Glendale, and Burbank. 



Irrigation District which comprise the "OtherIf classification) are 

included into the larger surrounding companies. For example, Turlock- 

Modesto Irrigation District is included in the PGGE service area. The 

categories are the same as the CPUC's except that in our SMUD scheme is 

separated from PGEE. It should be noted that the disadvantage of this 

arrangement is that the final data is not directly comparable to either 

the utility data or the Census or county data. 

The remaining component of the allocation scheme involves the 

eleven counties that are serviced by more than one of the utility com- 

panies. The basic part of this allocation is shown in Table A1.9,  which 

was compiled from SCE data. sacramento and Placer county were allocated 

in a similar fashion based upon the SMUD customer records. This frac- 

tional allocation assumed that housing types were uniformily distributed 

within these counties and that new construction was similarly homogenous. 

The results from these conversions of the various sources of data 

are listed in Table A1.10. This listing was produced by the cornyut.cr 

7 program RHIANON . From these results the number of removed houses can 

be calculated and is shown along with the averaged decay rates for each 

utility service area in Table Al.ll. 

The most interesting trend in the additions to the building stock 

is in the split between single family and multi-family units, which is 

listed in Table A1.12. This fraction of single family units in new 

construction seems to be more a cyclic, than a smooth linear, function. 

However, the oversite long term trend has been towards a higher fraction 
I .  

of multi-family units. The cycles could be caused by fluctuations in 



TABLE A1.9 - Fraction of Residential Population Served by SCE, Derived Using 
SCE customer Estimates and 

California County Factbook - 1975 Populations 

County 

Fresno 

K e n  

In yo 

Kings 

Mono 

Orange 

Santa Barbara 

Tulare 

Ratio 

3,300/439,220 

80,500/337,700 

8,500/17,100 

3O,4OO/68,3OO 

5,900/7,200 

1,595,000/1,684,500 

161,700/283,600 

178,900/205,800 

Rest 
Allocated to: 

PGGE 

LADWP 

PGEE 

SDGEE 

PGGE 

SCE System Forecast (1975 - 1994), Electric System Planning, Table 111-C, p.19 



emice Area PGEE SMUD SCE LADWP SDGEE OTHER 

TABLE A1 .I 0- Our Estimates of Housing Stocks 

(Number/Percentage) 

a) As of 1970 Census 

Single Family 1,690,000 
(69.3)' 

Uulti-Family 673,000 
(27.6) 

Mobi 1 e 

A 1  1 

Sing le  Family 

Multi-Family 

Mobile 



TABLE A1.10 - (cont ' d) 

Service Area PGGE SMID SCE LADWP SDGEE OTHER 

c) New Construction 1970 - 1975 

Single Family 255,000 
(48.21~ 

Multi- Family 206,000 
(38.91~ 

Mobile 67,800 
(12.8)' 

1. The percentage refers  t o  the fraction of the en t i r e  s t a t e .  

2 .  The percentage refers  t o  the fraction of the par t icu lar  service area. 



PGEE - 
A l l  174,000 

S ing le  Family 82,000 

m l t i - F a m i l y  81,000 

Mobile 11,000 

TABLE ~ l . i l  

Demolitions 

SMUD - 
16,400 

10,500 

5,300 

600 

SCE - 
146,000 

87,000 

52,000 

6,600 

SDGEE 
C_C_ 

31,000 

17,000 

12,000 

1,800 

Other 

3,400 

2,500 

4 80 

430 

Decay Rates 



TABLE A1.12- California Building Permits 

Year - 

1955 

1956 

1957 

1958 

1959 

1960 

196 1 

1962 

. 1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

Multi Units 

32,939 

38,514 

57,442 

71,986 

80,225 

75,035 

94,808 

127,198 

176,785 

143,132 

85,431 

34,314 

43,146 

74,145 

104,776 

124,306 

Single Units % Single Units 

84.5 .. 

78.3 

66.3 

63.4 

66.0 

61.4 

55.2 

48.1 

42.1 

43.1 

52.6 

65.4 

61.0 

53.2 

43.2 

36.3 

1960-69 SO. 6% 



t h e  i n t e r e s t  r a t e  versus r e n t a l  c o s t s  o r  by t h e - d i s t r i b u t i o n  of age 

groups wi th in  t h e  general  populat ion (e.g. t h e  "post-war baby boom" 

group could have caused a noted t r end  towards multi-family dwellings 

when they  reached household s t a t u s  bu t ,  a f t e r  they began having l a r g e r  

f a m i l i e s ,  they  could have l a t e r  forced t h e  market back towards s i n g l e  

family u n i t s ) .  O f  course,  t h e  o t h e r  p a r t  o f  t h i s  t rend i s  t h e  abso lu te  

cons t ruc t ion  r a t e  of each housing type. 

We have analyzed these  t r ends  wi th in  each u t i l i t y  d i s t r i c t  and t h e r e  

were no pronounced d i f fe rences .  There was a general  t r end  i n  SMUD, 

which had a very l a rge  f r a c t i o n  o f  s i n g l e  family houses, f o r  a l a r g e  

trend towards multi-family houses i n  new const ruct ion  over t h e  l a s t  f i v e  

years .  The i r  housing f r a c t i o n s  a r e  now more t y p i c a l  of  t h e  s t a t e  wide 

form. The most no t i cab le  e f f e c t  i n  each u t i l i t y  was t h e  e f f e c t  of t h e  

1973 recess ion  upon t h e  housing market. I t  was i n t e r e s t i n g  t h a t  t h e  

responses t o  t h i s  e f f e c t  were not  i n  phase between s i n g l e  family and 

mult i-family u n i t s ,  which would i n d i c a t e  t h a t  t h e  present  high f r a c t i o n  

of  s i n g l e  family u n i t s  may be a n  a f f e c t  o f  t h e  time l ag  i n  t h e  multi- 

.family u n i t  cons t ruct ion  t o  respond t o  t h e  economic recovery (which as 

a more specu la t ive  venture might be as expected). 
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A2 Thermal Properties of Residential Buildings 
I 

The consumption of energy for space heating and cooling can be 

calculated only if the average levels of insulation are known. New 

housing must conform to California insulation standards (which are 

2 essentially R-19 [that is 19 BTU-I - hr - degree F - ft ] in the ceiling 
and R-11 in the walls), but we are forced to make estimates for existing 

houses, since there is very little direct data. 

The sensitivity of the thermal loads to the insdation levels 

decreases as the insulation increases, so that the results are much 

more sensitive to the difference between no insulation and R-7 insulation 

in the walls and ceiling than between R-7 insulation in the walls and 

ceiling and R-19 in the ceiling and R-7 in the walls. There has been a 

historical trend for some insulation in electrically heated houses, so 

that one can estimate the thermal loads in these houses with less 

sensitivity to the insulation levels than in the case of gas-heated 

households or all households in general. 

This trend towards some insulation in electrically heated houses 

has arisen from the higher operating costs of electric heating and the 

urging of the utilities (which wanted electric heating to smooth the 

load curves by filling in the winter "valleys") for some insulation in 

these houses. In terms of the building contractors these past practices 

have been most influenced by two factors -- persuasion by the utility 
company to insulate (which may be more or less forceful and cogent in 

different areas) and the desire of the builder to cut costs and to 

conform to the lower insulation levels in gas-heated houses. The balance 



of these forces would tend to lie with some insulation in most electri- 

callyheated .- houses, but only a few inches. This balance is different 

between single family and multi-family units, since the operating costs 

incentive is relatively ineffective in rented units. 

We have not been able to satisfactorily determine these insulation 
I 

levels in general, but we feel that for electrically heated units that 

about R-7 &ls and ceiling is a reasonable estimate. This estimate is 

conservative, since we essentially assume that all units have this level 

of insulation and none are retrofitted to greater insulation. This 

assumption should introduce a bias towards under-estimating the impact 

of conservation measures. 

This estimate is based.in part upon the thermal load computer 

1 program TWOZONE . This program calculates the hourly heat balance from 

heat transfer through the building shell, the solar gain through the 

windows, the internal load from thef occupants, and infiltration [which 

includes the effect of winds upon the rate of air exchanges). This 

balance calculation is based upon the standard ASHKAE algorithms and 

weather data tapes. These results are then compared to data from load 

surveys. There is very little direct data on the energy consumption for 

heating and cooling of residential buildings. It should be noted that 

the estimates contained in the Federal Power Commission's All Electric 

Homes are taken from the EEI estimates or are of unknown origin (except 

for SCEts which are based upon sub-metering tests), so that we have 

acrnrdca these little weight in comparison to load surveys. 
. * 

I . . 
; - l - i . ~  are only a limited number of-load surveys. PGEE has conducted 



a load survey in the Sierra Foothills for electrically heated houses 

(and one at Pinole for gas-heated homes). Similarly, SCE has conducted sub- 

metering teststo measure the electricity consumed in household heating. 

Finally, PGEE has conducted a load survey of the electricity used for 

space cooling in residential buildings in Fre,sno. These surveys typically 

have problems with the sample size, the representative nature of the 

sample, and the allocation of electricity consumption among various 

devices and appliances. 

TWOZONE'S results agree remarkably well with the SCE data for 

heating and the PGGE data for cooling (see Appendix A3 for a more 

detailed discussion of the heating results and Appendix A4 for a more 

detailed description of the cooling comparison), but the agreement with 

the PGGE heating data is poor. (However, it should be noted that this 

direct comparison is misleading since it is between data that is only 

representative of this one locale -- according to PGEE -- and estimates 
for the entire PCEE service area). This comparison with these measured 

data provides some reassurance for the insulation estimates. However, 

it should be cautioned that this agreement is also a measure of the 

program accuracy and the validity of the thermostat setting assumptions. 

This comparison does indicate that TWOZONE yields reasonable results 

with reasonable estimates for the insulation level (R-7 in the ceiling 

and walls) and with reasonable thermostat setting estimates (a constant 

70" setting for heating and a 76.5" setting for cooling). 

As a further check of these estimates we have also extensively 

investigated other means of determining the insulation level by several 



p o s s i b l e  i n d i c a t o r s  of t h e s e  l e v e l s .  The most important da ta  were t h e  

TWOZONE comparisons. 

There a r e  severa l  approaches p o s s i b l e  f o r  i n d i r e c t l y  determining 

these  i n s u l a t i o n  l e v e l s  i n  t h e  e x i s t i n g  s tock of  e l e c t r i c a l l y  heated  

houses. F i r s t ,  one can survey t h e  p resen t  housing stock.  This  can be 

performed i n  ways t h a t  r equ i re  e i t h e r  an a c t i v e  o r  a pass ive  response on 

t h e  p a r t  of t h e  occupant. One example o f  t h e  a c t i v e  approach is  t h a t  

used by SDGGE i n  i t s  appl iance  s a t u r a t i o n  surveys,  which asks t h e  

respondent whether they th ink t h a t  t h e i r  dwell ing has any i n s u l a t i o n  

and what p a r t  o f  t h e  s t r u c t u r e  they t h i n k  i s  insu la ted  ( i f  any).  These 

r e s u l t s  a r e  shown i n  Table A 2 . 1 .  Another example i s  t h e  telephone 

survey conducted2 by t h e  Dross ler  Research Company f o r  PGEE. This  

approach has severa l  f laws.  In genera l ,  people may not  know whether t h e  

house i s  insu la ted ,  o r  i f  t h e  i n s u l a t i o n  was properly o r  completely 

i n s t a l l e d ,  o r  how much insu la t ion  was i n s t a l l e d .  Also t h e  Drossler  

survey only d e a l t  with owner-occupied housing, which comprises only 

5 4 . 1 %  of t h e  Ca l i fo rn ia  housing s tock and which may introduce some 

b iases  (such as  income e f f e c t s )  i n t o  t h e s e  r e s u l t s .  Neither  of  these  

surveys have been compared t o  b i l l i n g  d a t a ,  which could e l imina te  some 

of t h e  incor rec t  responses. 

The pass ive  approach is  i l l u s t r a t e d  by t h e  PG&E and SMUD experiment 

with n igh t  a e r i a l  in f ra - red  surveys i n  t h e  Sacramento a r e a  t h a t  began i n  

March of 1976. The da ta  from t h i s  experiment w i l l  depend not  only upon 

t h e  amount o f  insu la t ion ,  but  a l s o  upon t h e  e x t e r i o r  temperature, t h e  

type of roof o r  t h e  exis tence  o f  an a t t i c ,  and whether t h e  occupants 



TABLE A2.1 - Insula t ion i n  SDGGE Households from 
Their Satura t ion Survey F!esponsesl 

(Percent) 

Single  Family Multi-Family Mobile 

Cei l ing Only 25 .7  6 . 2  4 . 5  

Ceiling and Wall 24 .1  15.6, 68.2  

None 23.0  11.0 3.0 

Don ' t Know 27.2 67.2 24 .2  

1. Special  cross-tabulated o f  MIRACLE I (February, 1974) f o r  
LBL-ERCDC. 



have adopted a night time temperature setback policy (or, more generally, 

the interior ambient temperature). A possible passive technique would 

be for the utility companies to use their billing data to isolate the 

largest3en=rgy consumers in the summer and winter months and then use this 

group a target of surveys and retrofit programs. 

second, there has been some measurements of the rate of heat loss of 

some types of structures in particular circumstances. An example of this 

type of data is shown in Fig. A2.1, which is a measurement of the rate 

3 of heat loss of a mobile home. The authors of this study did note that- 

two comparable units had a measured heat flow of half of this example. 

This figure is part of the data on mobile homes, which will indicate that 

this housing type has poor thermal integrity. 

Third, one can check on whether the building codes, by specifying 

materials used and construction practices followed, determine the thermal 

characteristics of existing buildings. Dr. Ed Dean (of Lawrence ~erkeley 

Laboratory's Energy and Environment Division and the University of 

California at Berkeley's Architecture Department) and Ms. Vera Adams 

(of this project and the Architecture Department) attempted this approach 

4 earlier this year without marked success . However, one important trend 

is the availability of crawl spaces. The Drossler Report found that 

about 5% of the surveyed units had no crawl spaces. Beamed ceilings 

would be one indicator of a probable poor ceiling U-value. 

Finally, one can investigate national and local historical building 

standards. There are two broad classes of such standards. First, all 

I pf the utilities (except PGGE) have for many years recommended standards 

for electrically heated houses. We have obtained.copies of some of these 



Figure A2.1 
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INDOOR -0UTOOOR TEMPERATURE DIFFERENCE (OF) 

Steady--state heat loss from mobile homes (derived from 
experimentally based model) for a 600 sq ft (12 x S O 1 )  
mobile home. Published in "Energy Conservation StudiesH 
OWL-NSF-EP-84, (December 31, 19741, p. 7. 



standards (see Fig. A2.2, A2 .3 ,  A2.4, and A2.5). .In general,,these 

utilities felt that they have succeeded in getting some insulation in 

the vast majority of single family housing (around 95%), but have been 

less successful with multi-family dwellings. (The Drossler Report in 

its cross-tabulations found that in 88% of these owner-occupied dwellings 

(which were electricalli heated), the respondent felt there was some 

insulation and that 20% felt there was only ceiling insulation. It 

should be noted that these are only owner-occupied units, and that PGEE 

did not actively recommend insulation) . 
Second, the Department of Housing and Urban Development (and the 

Federal Housing Administration in earlier years) have set Minimum 

Property Standards (MPS), which have included insulation (see Table 

A 2 . 2 ) .  These standards apply directly to public housing projects and 

to new construction which has Federal Housing Administration, Veteran 

Administration, and Farmer's Home Association insured mortgages. These 

annually acco~mt for 20-3050 of national new construction. 

These standards have also had indirect effects. To a limited 

extent they have influenced the construction industry in general. Also 

some of the local agencies have adopted these national standards. The 

California Veteran's Affairs Office used to offer new construction loans 

as part of the California Veteran's mortgage program. At that time it 

inspected these houses to insure that they complied with the Federal 

standards. These mortgages have represented a small portion of the 

housing market (only a few percent of new construction). A t  their present 

I bond level they do not offer new constrqction loans and now assume that 

construction meets the appropriate State standards. 



Figure .A2 .2  

SMUD Recommendations f o r  R e s i d e n t i a l  I n s u l a t i o n  
1966 vs.  1976 

1966 :  Recommended 6" c e i l i n e .  Ye d i d n ' t  t a l k  "R" 
f a c t o r  i n  1966 .  The 6" i n s u l a t i o n  c o u l d  r u n  
f rom R-13 t o  R-19 a c c o r d i n g  t o  p r o d u c t  and  
method of i n s t a l l a t i o n .  

Recomnended 3" s i d e w a l l  ( a b o u t  R-11) . 

1977:  Recommend S t a t e  T i t l e  2 5  s t a n d a r d s :  

C e i l i n g :  . 05"U1', r e q u i r e s  R-19 i n s u l a t i o n  
u s u a l l y .  

1Salls  : .08"U", r e q u i r e s  R - 1 1  i n s u l a t i o n  
u s u a l l y .  

lie s u g g e s t  f l o o r  d i n s u l a t i o n  b u t  se ldom g e t  i t .  
S t a t e  d o e s  n o t  r e q u i r e  i n  o u r  a r e a .  



C.O.II... a... 
' . S.C.L. CO. Figure A2.3 

Gold Metlallion Apartrmmt Standards I Exhibit YY 

ELECTRICITY SHALL BE THE SOLE SOURCE OF ENERGY 
FOR LIGHT, HEAT AND POWER 

The Buildcr shall mcet each of the Appliance and/or Equipment Rcquiremcnts, Wiring Requirrmcnts, 
Lighting Requircmcnts, and Electric Comfort H c a t i n ~  Requirements set forth hcreinaftcr, unless it is 
expressly mndc optional. 

APPLIANCE AND/OR EQUIPME3T REQUIREMENTS 
An electric range, built-in or free standing (if built-in, both oven and counter top units shall be 
provided). 

An elcctric refrigerator or refrigerator-freezer. 

A n  electric water hcatcr. 

At least onc additional major elcctric appliancc, seicctcd from thc following list, shall bc furnishcd 
and installed: 
a. Freezcr 
b. Clothes dryer"" 
C. Dishwasher (perrnanrntly installed) 
d. Waste disposer 
e. Air conditioni~~g (uric horsepvcr  or larger, permancntly installed--4csigned for the total air 

conditioning of each apartment)" 
f. Electric heat pump (dcsiped for total apartment heating and cooling)* 

PLUS at Icast onc addi~ional appliance. selectcd from the following list, also furnishcd and installed: 
a. Electronic oven (in addition to S o .  1 above) 
b. Elcctric barbecue (pcrmnncntly installed in the living area) 
c. Patio p;~cliage (pt.rmancntIy ins:allcd electric barbecue and a minimum of 2 kw of pcrrna~ently 

' 

installed clectric patiu heating) 
d. Or, an additional appliancc sclcctcd from tllusc listed in Paragraph 1 above . 

WIRING KI-OUIKEMENTS 
Wiring capacity in scr\ice cntr:111~,c ,r~icl or 111air1 fceclcr scr\ing cadi apartnlsrlt is to bc calculated OH thc 
basis of the clcctrical code in eKecr in  t11c area, or wit11 t l ~ c  currcnt cdition of thc Sationai Elcctricsl Code. 
1. Individunl Appliancc and Equiprncnt Branch Circuits: 

Special purpose circuits. of ndcqulitc capacity, shall bc pruvidcd for all instdlcd appli:inccs as 
indicntcd nbovc undcr "Appliance Rcquiremcnts" and for all hci~ting and/or air conditioning ' 

cquipmcnt. 

2. Appliansc 13r;iricll Circuits: 
Thcrc slx~ll !>I. at IC; I \ I  u~ic  tl;r,.c.-ivirc. 17-0/240 volt. 10 ;rnil~crc I,r.inch circuit cqi~ippcil with 
"split-circu~t" rc.ccpt;~clc..; for ; i l l  convcnicncc otrtlcts i l l  illc k i k h ~ w ,  family ro~ml. dining room or 
dining arcns of other roc.ms. including brcnkfast root11 or nook. This circuit shall also scrvc con- 
veniencc outlcts in thc laundry srca not othcrwisc rcquircd to bc scrvcd by individual cquipmcnt 
circuits. Xltl~ougli not as dcsirablc. two 20 ampere, 120 soit circuits may be sub~ti iutrd for the 
three-wirc circuit. 

3. Gcncrd Purpose Brat~ch Circuits: 
It is rcccri~nicnclc~l t l ~ , i t  scpa::,:< br;inch circuits bc. providcd f o r  lightil~; ,ind for corlvrnicncc 
outlcts; hrx\c.vcr, w1;crc loc;~l codc allows tixed lighting and appliances to Sc conlbincd on t l l ~  
snnlc branch circuit. a gcncrnl purpae  brunch circuit is rcquircd: 
a. for each 375 square fcet of living nrcn  here No. 14 conducton arc used. or 
b. for cadi 500 squnrc fcct of li\ing arcit wlicrc No. 12 co~iductors arc used 



4. Convenicncc Outlcts: 
Convenicncc outlcts thnll be installed in all living areas, and are to bc placed so that no point along 
the floor linc in any usablc wail spacc is morc than six t'cct from an outlet in that spacc. Wall 
spaces lcss than IWO fcct at thc floor line are not considered usable. Convenience outlets shall also bc 
provided at the follow~ng locations: 
Kirclrc~r must hate at least two duplex convenicncc outlcts located to provide one outlet for each 
four  linear fect or major fract~on of continuous work surface. Each unbroken counter work surface 
of over twcnty-four lnchcs requlres a duplcx convcniencc outlct. ( T h ~ s  outlet can be one of the two 
required abovc.) Island work surfixes must havc a convenience outlet. 
Exception: Compact (one wall) kitchcn of e i ~ h t  linear fect or lcss and with no more than one 
work area. may he served by one duplex outlet. 
Baflz must havc one outlct. not sw~tch controlled, adjacent to lavator). 
Halls: One outlet in any hall over ten linear fcet. 
Guragc areas must ha\e a minimum of one outlet. 
Exterior convenience ourlcts should be provided in patlo, balcony and slrnilar areas. 

5. Wall Switch Control: 
Wall switches are required to control all fixed lights in major rooms or spaces except in attics and 
closets. Multiple switch control is required in any room which has two or more commonly used 
entrances which are ten feet or more apart. Multiple switch control is required for stainvays- 
connecting finished rooms. 

- LIGHTING REQUIREMENTS 

S o m  form of fixed clcctric lighting (tixturc. cove, valance, cornice, rcccssed or luminous ceiling) is 
required in t11c following locnt~ons: 

Living Rooms* 
Activity Rooms* 
Farn ily Rooms' 
Dens* 
Bedroomst 
Dinins Roon~:, 
Bathroon~s 
Ki tchen-general 
Kitchen--local (over-sink or ct l~er  5pccialized lighting to provide shadowless lighting at sink area) 
Outsidc En~rnncefs)  
Hallways-minimum of onc lighting fixturc for cvcry ten linear fcct 
E n t r y G ~ y  
Stairways 
Walk-in Closcts, 
Garages. Carport5  nil Subtcrrane;~n\ must prukide sufiicicnt ~lluminatron throu$out the entirc area 

'In lieu of :I f i t 4  l ight i~~g  ~ ) tr t l c~  In rt>&ms 1;trgc.r than I50 square fcet o f  livab!? floor sp:lcc. at least two con- 
vcniencc outlet loc;tlions ~ : i a l l  h;.w "split.circui~:' reccpt;iclcs of which one plus po\riion in c ~ ~ c h  shall bc wall 
switch controlled. (In rooms snrnlicr than IS0 square feet of livable floor space. onc f u l l y  switched convcnicncc 
mtkt will bc x c c p t c d . )  

ELECTRIC COhlFOI<I' tiI3'I 'ISC; I<EOUIREM EN'I'S 



C.O a, .... *.*a 
L.G.Z. CO. 

Figure A2.4 I -  

Gold Medallion Home Standards I Exhibit &&A?* 

ELECTRICITY SHALL BE THE SOLE SOIJRCE OF ENERGY 
FOR LIGHT, HEAT AND POWER 

The Builder shall meet each of the Appliance and/or Equipment Requirements. Wiring Rcquirernentb. 
Lighting Requirements, and Elcctric Comfort Heating Rcquirenlcnts set forth hcreinnttcr, unlcss it is 
expressly made optional. 

APPLIANCE AND/OR EQUIPMENT REQUIREMENTS 
1 .  An clectric range, built-in or  free standing (if built-in, both oven and counter top units shall be 

provided). 

2. An electric refrigerator or refrigerator-freezer. 

3. An electric water heater. 

4. At least one additional major electric appliance, selected from the following list, shall be furnished 
and installed: 
a. Freezer 
b. Clothes dryer  
c. Dishwasher (permanently installed) 
d. Waste disposer 
e. Air conditioning (designed for total home air conditioning) 

5. PLUS at Irast one additional appliance, selected from the following list, also furnished and installed. 
a. Electronic oven (in addition to No. 1 above) 
b. Electric barbecuc (pcrmancntly installed in the licing area) 
c. Patio package (pcrnlanently installcd clectric barbecue and a nlinimum of 2 kw of permanent11 

installed electric patio heating) 
d. Or, an  additional appliance sclectcd from those listed in Paragraph 4 above 

6 .  Forced Ventilation-an cxhaust f a n  of adcqunte capacity shnll bc providcd in cach kitchcn suitably 
vented to outside of structure. 

WIRING REQUIREMENTS 
Electrical codes-the wiring and equipment installation shnll comply with the electrical code in eRcct 
in the area or  with [he current edition of the National Electrical Code. 

Minimum Kequirements for Wiring: 
I .  Service Entrance: 

a. Minimum scrvice entrance rated at not less than 100 amperes total capacity shall be provided 
b. Thc distribution panel shall contain a minimum capacity of 20 circuits 

2. Space for a spare two-pole circuit and a J/o inch raceway or  its equivalent stubbed out to a 
readily acccssiblc location. 

3.  A 240 volt tjrycr circuit with receptacle. 

4. Individual Applhncc  and Equipn~cnt Br;~nclr Circuits: 
Special purpose circuits. of adequate capacity. shall bc providcd for all installcd applirmccs as 
indicated above undcr "Applinncc Rcquirm~ents" and for all heatins and/or air conditioning 
equiprncnt. 

- 5. Appliance Branch Circuits: 
There shall bt a t  least one thrcc-wire, 120/?10 volt, 20 anlpcrc branch circuit quipped with 
"split-circuit" rcceptaclcs for all convenience outlcts in the kitchcn, family room, dining room or 
dining areas of other rooins. including breakfast room or nook. This circuit shall also scrve con- 
venience outlcu in thc laundry area not orhcruisc required to be served by individuzi equiprncnt 
circuits. A l t h o u ~ h  not as dcsirablc, two 20 ampere. I20 .volt circuits may be substitutsd for the 
three-wirc circuit. 

&E ( O W )  
Southern California Edison Company 



G c n e r ~ l  Purposc Brunch Circuits: 
It is recornmendcd that separatc branch circuits bc providcd for lighting and for corlvenience out- 
lets; howevcr. where local codc allows fixcd lighting and appliances to bc combincd on the same 
branch circuit. a general purpose branch circuit is rcquircd: 
a. for each 375 squarc feet of living arca whcrc No. 14 conductors are used, or  
b. for cach 500 squarc f c c ~  of libing ;~rc:l whcrc So. 11 conductors arc uscrl 

Convenicncc Outlcts: 
Convenicnce outlcts shall be inst:~lled in A1 livins areas. and are to bc placed so that no point along 
the floor linc in any usable ivnll space is more than six feet from an uutlct in that space. Wall 
spaccs less than two fcct at thc flaor linc are not considered usable. Convenicncc outlets shall 
also be providcd at tlic follo\sing locations: 
Kirclrci~ must have at Icxt  two duplex convcnicnce outlets located to provide onc outlet for each 
four linear feet or rnnjur fraction of continuous \vork surface. Ench unbroken counter work surfacc 
of over twcnty-four inclics rcquircs a duplcx con\enicnce outlet. (This outlet can bc one of thc tn'o 
required above.) Island \rmk surfaces must 1m.c a cim\.cnicncc ou:lct. 
Bath must h a w  o m  outlct. not switch controlled. adjacent to Iavr~tory. 
Halls: One outlet in any hall obcr tcn linear feet. 
Garage: A minimum of one outlet. 
Exterior: At least onc weatherproof outlet. 

Wall Switch Control: 
Wall switches are required to control all fixed li;hts in major rooms or  spaces exccpt in attics and 
closcts. Multiple switch control is required in any room which has two or  more commonly used 
entrances which arc ren feet or more apart, Xlultipie switch control is r equmd for stainvzys 
connecting finishcd rooms. 

ELECTRIC COMFORT HEA'I ' IM; HEOUI KEMES'I'S 

The dwcllin; ~ 1 1 ~ 1 1  bc I~e:!tctl ~~lc.ctrir:rlly. S~rflicicr,~ i::~lll;~(io~l s11;\!1 I'c 11151;1llcd to I ~ I I I I L  t h ~  C ~ I C L I I ~ ~ C ~ ~  
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Figure A2.5 

STANDARDS FOR API'LICA'JION AND INSI'tUATION 
OF 

RESIDEN'I'IAL ELISCTIUC SPACE HGYPlNG. 
RESIDENTIAI, ELECl'RIC AIR C0NI)IIiONING 

RESIDENTIAL ELECTRIC H U T  PUhlPS 
. RESIDEhTIAL ELECTRIC WATER HEATING 

I 

GENERAL 
T h e  purpose of  thesc standards is to  assist in the selection of properly dcsigncd cquiprncnr, and in the application and ir~slalla- 
tion of quality electric systems that will pcrform in a satisfactory. dependable manner. 

RESIDENTIAL ELECTRIC SPACE HEATING 
Equipntent Selccfiorl. 
1 .  f w d  Calc~rlnriorr. Heat loss calculations for electric heating shall be made for cach individual room and/or area by 

using methods prescribed by NEhlA. National Environmental Systems Contractors Associalion. Manual I, ASHRAE 
Guide and Data Book. o r  other approved methods. The outdoor winter dcsign conditions to be used are stated in 
"Recommended Outdoor Design Temperatures, Southern California. Arizona. Nevada" and "Recommended Outdoor 
Design Tempcrntures. Northern California," as last reviscd, published by Southern Californi;~ and Goldcn G a ~ c  
Chapters, ASHRAE. The mcdian of extrenies tcmpcrature should be uscd. A sbndard of 70°F. indoor design 
temperature should normally be used. 

(a)  In computing ceiling losses where radiant cable is used, temperaturc difference at the ceiling surface shall be 
based on 100°F. 

(b) In multiple housing units, no hcat loss is a~sumcd through ceilings, walls and floors of adjacent units. 

2. Sizing. Electric resistance space heating equipment shall be sized to replace the calculated hcat loss of all hahitablc 
rooms o r  modernized portions of the structure at outdoor winter design conditions with a minimum of 10% of thc 
heat loss added for unusual climatic conditions. 

1. structure 
(a)  Residences utilizing electric space heating shall be insulated to limit the heat loss. at wintcr dcsign conditions. 

using the rninimun~ insulation values specified by the Utility in Item 11.8.3. In no even! will the follo\cing Btuh 
loss per square foot of gross door area be exceeded. 

. . . . . . . . .  New Single F.mily Dwellings o r  Room AddiLions 30 BIuh . . . . . . . . . . . . . . .  New hlultrple Fam~ly Dwell~ngs 25 Btuh . . . . . . . . . . . . . . . . . . .  Existing Structures 35 Btuh 

(b) Cci1111p Crrbie Ilcrrritrp. Structures with ceiling cablc heating shall have insuhtion with n n ~ i n i m t m  rating of 
nominal R-IY in expasrd ceilings and nominal R-I 1 for interior ceilings. Foil cncloscd insulation mn1cri;d shull 
not bc applied in the ceiling area. Class A structures will be considered individually. 

2. Air Disrribtciiorl S?strrrr 

Portion; of thc air distrihutitm syrtcm supplv for electric furn;lccs or duct hceicrs *hich arc c\poscd to oursidc nlr 
shall have thcrnul i1ist11aIion with 2: leas! 2-6 rating. Thc return portion of the air J~ \ rnbu t i \~n  hyslrnl ~ 1 1 ~ 1 1  h.tvc. 
thermal t~isulation according to thc provisions of Indt~stry Standards for equipment, insrallafirlr~ and scrvicc of residcn- 
tial electric mr conditioning and hcat pump5 up ro ten tons by Industry Standards Comn~ittcc of S t w h c r ~ t  Californt,~. 

3. ins~r la~io~r  Rcqriircr~icrrr. Structural thcrnlal insulation with resistancc ( R )  values indicated b e l w  shall be ~nstalled in 
accordance with manufacturer's instructions. 

R Value* Remarks 

Top Floor Ceiling --- 
Between Floors ---- 
Exterior Walls - 
Floor Over Unheated 

Space - - - -. -. - - -- . - - - .- - - 
*NOT&: Thermal rcsistancc of insulating nlatcrial only. 

Thermostats should be located on an intcrior wall surface. exccpt uhcrc thcrmcat~ts arc an  integral Fart of the spncc hcat- 
in& equipment. A thermostat should be located at such a point that it will scnsr the average mean tempcraturc of the area 
it serves. Wall-m~wnted thermostats should bc firmly attached in a lcvcl pasition four lo Aye fect abovc thc floor and 
should k irec frum undue influence of vibration o r  heat from foreign sources. 

1. All electric space heating equipment shall be installed in accordance uith manufacturer's rccornmend;ttions and 
locai codes. 

2. Spacing of cable in Ceiling Cable Healing installations shall not exceed 2M inches for nominal S foot ceilings. When 
wiling cable is installed in ceilings higher than 8 fect. cstra capaiity sliall bc supplicd 10 compenwtc for the adJilion-.tl 
space to be conditioned by.incre3sing the wattage of the ceiling cahlc and:or furnishing supplcmcnl;~ry heating L I S I ~ S  

other elcctric heating mcthds .  

Fireplxes in residences shr*dd be equipped with tight fitti;rg danipcrs to reduce infiltraticv I ~ w c s  u hcn ~ l t c  fircplxc i, 
not In use. 



A. Design. cntrs~rnctio~r, o t ~ d  irrs~rrllntiorr 01 cqrripnrcnr. 

An electric air conditioning q u i p m e n t  shall be dc~;!,ned, constnlcted, and installed in accordnncc with thc T_ntl~$~r): 
S m d a r d ~  distnbutcd hy !he Industry Stnnd;lrds C o ~ ~ ~ ~ n i t t c c  of Southcrn C;llifornin (ARC Supplcmcnt to A R I  210-64. 
2-64. 260-64) except as hcrcin amended. 

Thermostats  should be located in accordance with ltcnl lI.C. 

1. New Constr~rcriotl und Roorrr Addiriotls, N e w  construction and room additions shall have insulation with the follow- 
ing ratings: 

a. Nominal R - l l  in ceilings in areas where the outdoor summer dcsign tcmpcrature is 100°F. o r  l a s .  

& Nominal R-1 I in ceilings and nominal R-7 for ou&ide walls in areas wherc the outdoor summer design temperatwe 
exceeds IOO'F. 

Z E r i s t i q  Structnrcs. Existing structures shall have insulation with a n  installed rating of nominal R-11 in ceilings. 

D. Rczpons ib i l i~ .  

Tbe Builder (or Homeowner for  Modernization) is respons~ble for the sclcction of equiprncnt in conformvncc with thcsc 
standards. 

IV. RESlDESI'IAL .ELECTRIC HEAT PUMPS 
D o i g n ,  constrrrcrior~, atrd i ~ ~ s m l l u t i o t ~  of cquiprrrct~t. 

M electric heat pumps shall be designed, constructed, and installed in accordance with the Indudry Standards distr~buied 
by t h e  Industry Standards Committee of Southern California (ARC Supplement to ARI 210-64, 240-64, 260-64) except 
a herein amended. 

~ r ~ n o s l o t s .  

T k r m o s t a t s  should be located in accordance with Itcm 1I.C. 
l i e r m a l  Insrrlufion. 

m r r n a l  Insulation shall be installed in accordance w ~ t h  Item 11.8.3. 

Ruponribiliry. 

The Builder (or  Homeowner for  Modernization) is responsible for the selection and installation of equipment in confor- 
m a n c e  with thcqe standards. 

V. RESKDESTIAL ELECTRIC WATER HEATIXG 
D c s ~ g n  and Cottnruoinrc 

1. Drain Valve: A drain valve shall be provided. 

2 Hcurinp E:otrct,/ Srze. TO provide a suficient recover} mte. h c a ~ i n g  clcrncnt(s) shall mcet thc f o l l u u ~ n <  r ~ ~ i n ~ r ~ l u r t ~  
wattage rcquircments: 

(a)  4,000 watts pel- elcmcnt in dual clement watcr hcatcrs. 

( b )  5,500 watts ill jingle elenlcnt watcr heaters larger t h ~ n  30 gallons capacity ( a  3,500 watt c l rn~cnt  \ r ~ l l  t ,c acicplctl 
for single clement 30 gallon water heaters). 

I .  Ucctnc  water hcatcrs shall be inst;dlccl according to the lollowing tablc: 

- - - - - -. - - -- -- - S!?? G~__(_G!I!I!!P~ 1. .. . .. . . .- . . .. - . . . 
No. of Bedrooms --- - I-1% Hath . - - . - - - . . 2:22!-E!ch 3,3-l/2-!1jth 

I 40  
2 40  40  
3 4 0  5 0  60  
4 40  50 6 0  
5 60 60 
6 60 

Z If a separate water heater is providcd for laundry (multi-family dwellings only) ,  the sizes l~stcd abovc mny bc reduced 
by 10 gallons. 

3. Mrrlriplc uorrr lrrnlcr it~srullrtriot~s. 

F o r  rcsidcnco whcrc twu o r  niurc w;~ler hcatcrs arc i n ~ t . ~ i l c ~ l  tu s ~ ~ p p l y  Ihc hut wrtcr  r c q u i ~ . c n ~ ~ n t s .  e;xh \\atcr hc;~tcr  
s h ~ l l  confurnl to ~ h c  s ~ ~ n d n r d ,  prcsrnteJ 111 this section .~nd  have ;dcqu;rtc \\'ntcr capacity fur thc ~ntcndcd u s c ( s ) .  A 
water heatcr of lcsx than 30 gallons watcr c:rp;~cify u ~ l l  nlv bc ;~cccptcd. - . . - . - - --- 

I. Lncoriurr. Elcctric \r;ttcr Iicatcrs >hall 1.c Itr;tled so th;~t tltcrc ih rc;tJy ;~ccchs 10 hcali i~g clcn~cnts, t l lcr~~~c)st ;~ts ,  ;uid 
cleant>ut p m s  (if provided) w i l h w t  dissonncction uf the I1c:rtcr o r  rcnioval of a fixed portion of the structure. 

t Slrrtrof.7 Volrrs. Elcctric hot watcr systems shall inccrrporatc suflicicnt shutoff valves to  isolnle each uafcr  heater f i x  
maintenance. 

LPutdq Rwrtr Worcr l lcarcrs  (multi-family dwellings only 1. 

b u n d r y  room uatcr heaters shall be adequately sized to perform the intended task. In no event will a ua tc r  hcater of 
krs than 10 gallons water capacily be accepted. . 

*k Southern ~a/ ; fornia Edison Company - 



There .are federal standards for existing housing purchased with 

federally insured mortgages, but these standards have never required any 

retrofit of insulation. (These standards are now being revised in 

general). Similarly, the California Veteran's program has never required 

any retrofitting of existing houses to meet insulation standards. 

The federal insulation standards for new contruction of electrically 

heated houses have been based upon the standards of the National Electrical 

Appliance Manufacturers (NEMA) as have the utility standards. Accordingly 

there has been only one national standard that has evolved through time, 

but the mortgage programs have required what most utilities have 

recommended. 

The federal standards have several components. (See Table A2.2  and 

Fig. A2.6, A 2 . 7 ,  A2 .8 ,  and A2.9) .  Of primary concern is the maximum 

heat loss (for heating load calculations), specified in terms of BTll 

2 per hour per sq. ft. of floor space (BTUh/ft )., This calculation is 

based upon procedures described in the American Society of Heating, 

5 Refrigeration, and Air Conditioning Engineers (ASIIRAE) handbook . 

ASHRAE also lists the "design basis temperature" (which is the coldest 

temperature reasonably expected), as well as the dry bulb temperature 

at various percentile levels and geographical locations (for cooling 

load calculations). Heating calculations are based upon a 70°F interior 

temperature and the floor space is considered to be the heated area 

within the external walls. Historically this standard for heat loss 

2  from single family units has decreased from 60 BTUh/ft (1953-1959) to 

35 ~ 7 ~ h / f t ~  (1971)-. (See Table A2.2 and Fig. A2.6 and A 2 . 7 ) .  For the 



For multi-family housing, except for the most recent standards, 

7 
only specific elements would affect a poorly insulated apartment house . 
These standards are shown in Table A2.2 (and also Fig. A2.8 and A2.9). 

These have also evolved over time. The most recent standards (HUD , 

4910.1) specify the U-values of the outer perimeters for various heating 

and cooling zones. For a typical California multi-family house, these 

would correspond to U-values of 0.12 for a flat roof, 0.08 for the 

ceiling, and 0.17 for masonry walls or 0.07 for frame walls. (See Fig. 

A2.8 and A2.9). 

Only in the most recent years have FHA mortgage loans been available 

8 for the purchase of mobile homes . In 1971 the American National 

9 Standards Institute developed a production code entitled "Standards for 

Mobile Homes" under the auspices of the Mobile Home Manufacturers 

Association. The FHA (and most states) have adopted this code for 

mobile homes, and these standards include a maximum permissible rate of 

heat loss, For gas or oil heated units, this rate is to be less than 

2 either 50 BTUh/ft of total floor area or 333 BTUh per lineal foot of 

the perimeter of the heated space (whichever rate is greater for the 

particular unit). For electrically heated units this rate is to be less 

2 
than 40 BTUh/ft of the total floor area or 267 BTUh per lineal foot of 

the perimeter of the heated space (whichever rate is greater for the 

particular unit). For single-width-units of any length the heat loss 

calculated on a perimeter basis is always greater than one computed on 

8 an area basis, while for double-width-units the reverse is true . 
... 

4. 
1r1 California the fraction of the gales of double-width-units has 



increased in the last ten years from 33% in 1965 to 71% in 1975 (and the 

average from 1970 to 1975 has been 64%JiU. It should be noted that 

these heat rate standards are less restrictive per square foot of the 

unit than the similar ones for single family or multi-family units. 

While most of the occupants of mobile homes in the SDGGE study felt that 

their mobile homes had some insulation (see Table A2.1), we feel that 

either this insulation level is very slight or that their responses are 

mistaken. Our estimate of the poor thermal'integrity of mobile homes 

(that the average over size classes, is roughly equal to single family 

units in 1975) is based upon several factors: first, the high 

saturations of cooling devices in mobile homes compared to other housing 

types (see Appendix A4),  the previously mentioned high measured rate of 

heat losses, and the rather loose nature of these standards (compared to 

the new State code). However, it should be noted that due to the m a l l  

fraction of mobile homes in the housing stock, any errors in this 

estimate will not significantly affect the estimated total electricity 

comsumed for heating and cooling in California. 

These data are a first step at determining the insulation level in 

the existing housing stock. Between the utility standards, the FHA-HUD 

codes, and the operating costs we feel that a reasonable approximation 

is that all electrically heated units have R-7 insulation in the ceilings . 
and walls. This is part allows a balance between uninsulated units and 

better insulated or retrofitted ones; but overall should provide a 

conservative bias towards under-estimating the impact of the State code, 

of retrofitting, and thermostat cycling upon the electricity consumed in 

household' heating and coo 1 ing . 



I t  should be noted t h a t  some conservatism is necessary when 

es t ima t ing  t h e  impact o f  r e t r o f i t  o f  e x i s t i n g  houses. The Building 

Research Establishment (BRE) report1' f o r  t h e  B r i t i s h  Department o f  t h e  

Environment noted t h a t  i n  England t h e  post-war experience on r e t r o f i t t i n g  

residential buildings ras t h a t  t h e  ga ins  were only about h a l f  o f  what 

was expected. This  could a r i s e  from s e v e r a l  e f f e c t s .  F i r s t ,  i f  t h e  

consumers responded t o  t h e  market message o f  t h e i r  u t i l i t y  b i l l s  by 

lowering t h e i r  thermostats  t o  f i t  t h e i r  budgets,  a f t e r  i n s u l a t i n g  they  

might s e t  h igher  temperatures. Second, i n s u l a t i o n  changes t h e  hea t  

d i s t r i b u t i o n  wi th in  both a  room and t h e  e n t i r e  house (espec ia l ly  by 

convective t r a n s p o r t ) ,  which complicates determining i t s  e f f e c t s ,  ( t h i s  

is  p a r t  o f  t h e  reason t h a t  we have used t h e  computer program TWOZONE, 

i n s t ead  o f  simple ASHRAE c a l c u l a t i o n s ,  s i n c e  t h i s  program d iv ides  t h e  

house i n t o  zones which i n t e r a c t  through hea t  t r a n s p o r t ) .  F i n a l l y ,  a  

furnace is s ized  according t o  t h e  design b a s i s  temperature o r  f o r  worst 

condi t ions .  During normal opera t ion  it cyc les  a  g rea t  d e a l ,  which 

in t roduces  s u b s t a n t i a l  i n e f f i c i e n c y  i n t o  t h e  system. ( I t  i s  est imated 
11 

t h a t  an oversized gas furnace i f  about 80% e f f i c i e n t  f o r  convert ing f u e l  

t o  hea t ,  but  may be only  30 t o  50% e f f i c i e n t  during operat ion;  t h e s e  

values inc lude  some t r anspor t  i n e f f i c i e n c i e s .  For e l e c t r i c  hea t ing  t h e  

s i t i n g  e f f e c t  i s  l e s s  important,  but  t h i s  type  o f  e f f e c t  would occur 

from t r a n s p o r t  i n e f f i c i e n c i e s  depending upon t h e  u n i t  loca t ion) .  Af te r  

r e t r o f i t t i n g ,  i f  t h e  furnace must be  replaced,  then t h e  s i z i n g  and 

loca t ions  may be a l t e r e d  t o  improve . th i s  e f f i c i e n c y .  

. . .  Three ways t o  improve t h i s  d a t a  can be proposed. If r e t r o f i t  i s  



TABLE A2.2 - FHA-HUD Minimum Property Standards 

These d i r e c t l y  a f f e c t :  

1. FHA-HUD mortgage insurance 

3. Farmer's Home Association 

4. Pub l ic  housing 

S i n g l e  Family Units 

A. Before 1959,' (FHA 2257 f o r  both 1 and 2 and multi-family u n i t s )  

1. Tota l  hea t  l o s s  s h a l l  not  exceed 60 BTUh/ft 
2 

(Based on: a. 7 0 ' ~  i n t e r n a l  
b. ASHRAE design b a s i s  temperature 
c. A l l  of t h e  space within t h e  e x t e r i o r  wal ls  t h a t  

is  heated).  

2. U-value of c e i l i n g s  = 0.15 
= 0.24 i f  t h e r e  is no a i r  space between t h e  

c e i l i n g  and t h e  roof and lower value is  
not  required  t o  meet t h e  60 ~ T l J ' h / f t ~  
s tandard . 

. 1959--FHA 300 (only 1 o r  2 family u n i t s )  

1. Tota l  hea t  l o s s  l e s s  than o r  equal t o  50 F l ~ ~ h / f t *  i f  f o s s i l  fue l ed .  
To ta l  hea t  l o s s  l e s s  than o r  equal t o  40 ~ ~ U h / f t ~  i f  e l e c t r i c a l l y  
heated {they were required t o  meet NEMAts Manual f o r  E l e c t r i c  
House Heating ,which seemed t o  be 40) . 

2.  U-value of c e i l i n g s  = 0.06 i f  with heat ing panels .  
= 0.15 i f  without heat ing panels .  

3. Ver t i ca l  surfaces  heat  l o s s  ( including doors, windows, e t c . )  
less than o r  equal t o  30 8TLJh/ft2 ( ignores i n f i l t r a t i o n ) .  

C. 1963--FHA 300 (1 o r  2 family u n i t s )  

Added : 

1. NEW s tandards  spe l l ed  out  f o r  e l e c t r i c a l l y  heated housing 

2. If a i r  conditioned 

) ' 
a. T..tal hea t  gain 21 ~TUh/f t*  f q r  a 95' design dry bulb 

temperature and a 1500 ft2 house. (See Figure A2.6) 

b. U-value of  c e i l i n g s  = 0.08 ( f o r  hea t  gain) . 



TABLE A2.2 (cont 'd) 

D. 1971--HUD 4900.1 (1 o r  2 family u n i t s )  

2 
1. Heat l o s s  l e s s  than o r  equal 35 BTUh/ft . 

Heat gain l e s s  than o r  equal 20 ~ ~ ~ h / f t ~ .  
(See a t tached Figure A2.7) . 

2. U-value of c e i l i n g s  = 0.05 i f  with heat ing panels .  
= 0.08 i f  without hea t ing  panels. 

3. Ver t i ca l  surfaces  

2 
Heat l o s s  l e s s  than o r  equal 20 BTUh/ft . 

E. S t a t e  

Walls U = 0.08 
Ce i l ings  U = 0.05 
Floors U = Q.08 ( f o r  cold areas)  

Multi-Family Units 

Before 1963 (FHA 2257--same a s  s i n g l e  family) 

1963 FHA 2600 

1. For each s t o r y  of l i v i n g  u n i t s  2 
heat  gain l e s s  than o r  equal t o  25 BTUh/ft2, 
hea t  gain l e s s  than o r  equal t o  35 BTUh/ft i f  e i t h e r  t h e  c e i l i n g  

o r  t h e  f loor  i s  exposed, 2 
heat  gain l e s s  than o r  equal t o  45 BTUh/ft if both the  c e i l i n g  

and t h e  f l o o r  a r e  exposed. 

1973 HUD 4910.1 

See  at tached Figure A2.8 and A2.9 

S t a t e  

Walls U = 0.08 
Ce i l ings  U = 0.05 
Floors U = 0.08 ( fo r  cold areas)  



Figure A2.6 



Figure A2.7 



Figure A2.8 

WIliTER D E S I G N  - l i i ~ i i i i ~ m  U V d u c s  f o r  C e i l j . n g  and !Jel l  Szcuions  - _-- 
of V a r i o u s  C o n s t r u c t i o n  for ! t ea t  L o s s  F F  

(Note 1) Deck zoo 
cilings W a l l s  

Note (1) (See Note 1, Table  6-7.2) 

F o r  the lmal  g l a z i n g  - See C h a p t e r  603-5. 



Figure A2.9 

SUXGR DESIGN - >fax.inum U Values f o r  C e i l i n g  and \:'all S e c t i o n s  
of Var ious  C o n s t r u c t i o n s  f o r  h a t  Gain 

Note 1. Winter degree  days nay b e  o b t a i n e d  from t h e  ASNRAE 
Guide;  the "NAHB I n s u l a t i o n  Xanual f o r  Hmes 
Apartments";  l o c a l  u t i l i t i e s ;  and N a t i o n a l  C l i m a t i c  
C e n t e r ,  F e d e r a l  B u i l d i n g ,  A s h e v i l l e ,  N . C .  

' S w e r  
Cooling-Hours 
Over 3OF 

o t e  I) (N-.- 
400 a 

o r  
l e s s  
40 1 
t o  
300 

Summer c o o l i n g  h o u r s  may b e  o b t a i n e d  from the "NAHB 
I n s u l a t i o n  I4anual f o r  Homes Apartments" , and The  
N a t i o n a l  C l i m a t i c  Cen te r .  

Manuals a r e  a v a i l a b l e  from NAHB RF, R o c k v i l l e ,  Hd. 
20850 o r  W W I A ,  211 E .  5 1 s t  S t . ,  N . Y .  10022. 

Other  s o u r c e s  of degree  day and summer c o o l i n g  d a t a  
may be  used i f  a v a i l a b l e  from a r e c o g n i z e d  a u t h o r i t y .  

F l a t  
Roof 
Deck 

0 .12  

0 .10  

0 .10 0 .05 0 .12  1 0:.5 

!o 
1501  

more 0 .09 0 .05 0 .12 1 0 .05  -- 

Masonry Wall 

--- C o n s t r u c t  i o n  
- C r i l i n ~ s  c ) -  3 1 1 s .  

0 . 0 8  0 .17  

0 .05  0 .12 

0 .07 -, 

0.07 . 

Frame Wal l  
C o n s t r u c t i o n  - - - - 

C e i l i n r s  - - .- -3 - 

-- 0 . 0 8  

0 . 0 5  

- h';llL -. -- 

0.07 

0 .07 



cool ing  season, t h e  FHA-HUD standards a l s o  spec i fy  a  s i m i l a r  maximum 

rate of heat  gain a t  t h e  1% dry bulb design temperature (which has 

2 decreased from 22 to  20 BTUh/ft ). 

This p a r t  of  t h e s t a n d a r d s h a s  s e v e r a l  problems. I t  is based upon 

a f o u r  o r  f i v e  year  payback time, while t h e  rest of t h e s e  s tandards  a r e  

based upon a  f i f t e e n  o r  twenty year  payback time. Moreover, updates o f  

t h e s e  standards do not  keep pace with inc reases  i n  f u e l  c o s t s .  F ina l ly ,  

t h e s e  a r e  na t iona l  s tandards and it i s  f e l t  t h a t  t o  reduce t h i s  hea t  

gain much f u r t h e r  w i l l  requi re  major changes i n  t h e  cons t ruct ion  p r a c t i c e s  

i n  t h e  colder  s t a t e s  ( a t  l e a s t  t o  t h e  e x t e n t  of r equ i r ing  t h e  use  of  

2 x 6 s tuds  ins tead  of 2 x 4 's ) .  I t  i s  reasonable t h a t  t h e  new Ca l i fo rn ia  

s tandard  is much more s t r i n g e n t  than t h e  f irst  por t ion  of  t h e s e  

6 
s tandards  . 

Another component of t h e  s tandards  is t o  spec i fy  t h e  U-value of t h e  

c e i l i n g  (which has  evolved from 0.15 t o  0.05). With even the  most 

s t r i n g e n t  of t h e s e  values and t h e  U-values of  t h e  most common wall  

ma te r i a l s ,  t h i s  does not p a r t i c u l a r l y  l i m i t  t h e  r a t e  of heat  gain o r  

l o s s  more than t h e  i n i t i a l  p a r t  of t h e s e  standards.  (See Appendix A 3  

on hea t ing  f o r  t h e  thermal loads of j u s t  R-19 i n  t h e  c e i l i n g  o r  see  the  
C 

thermal loads of j u s t  R.19 i n  t h e  c e i l i n g  i n  Appendix A4 on cool ing) .  

F ina l ly ,  t h e  more recent  s tandards  [FHA 300 (1963) -HUD 4900.1 

(1971)J a l s o  s e t  a  maximum heat  l o s s  r a t e  -- through t h e  v e r t i c a l  surfaces 

2 of t h e  house (which has decreased from 30 t o  20 BTUh/ft ). For a  poorly 

insu la ted  house (see  Footnote 6 ) ,  t h i s  would mean an o v e r a l l  U-value f o r  

the walls of 0.59,.which is. extremely high (compared t o  t h e  new S t a t e  

s tandard  of 0.08) . 



required in existing houses, then this program would also improve the 

knowledge of the insulation levels. Alternatively, a service could be 

established by the state or by the utilities to use thermal load 

programs to calculate optimum insulation levels during retrofit in return 

for the detailed information needed for these codes. This process could 

involve the utilities in measuring the thermal integrity of existing 

units using either infra-red cameras and / or trace gas release rates. 

Finally, the state could pass a "truth in housing" measure in which part 

of the sales process would involve determining the insulation le&l in 

houses and their projected energy budgets based upon past energy use and 

the savings from retrofit. These data would be collected by the state 

and would be made available to prospective buyers. This would be quite 

similar to the EER labelling of appliances. 
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As an example of  t h e  e f f e c t s  of these  s tahdards ,  

t h e  heat  loss  f o r  a s i n g l e  family detached house 

f l o o r  space. We w i l l  assume t h a t  ; 

1. t h e  dimensions are 30' by 50' by 8' 

2 ,  the U-value is  0.2 f o r  t h e  wa l l s  

4, New York, N .  Y .  

we w i l l  c a l c u l a t e  

with 1500 f t 2  of  

3.  t h e  U-value i s  0.15 f o r  t h e  roof and c e i l i n g  

4. t h e  U-value i s  0.1 f o r  t h e  f l o o r  

5. 20% of t h e  wall a rea  i s  windows (with a U-value of 1 . 0 ) .  

Then t h e  e f f e c t i v e  U-value f o r  t h e  wa l l s  i s  

.8 x . 2  + . 2  x 1.0 = .36 

and t h e  t o t a l  conductive heat t r a n s f e r  is  

160' x 8 '  x .36 + 30' x 50' x (.l + .15) = 836 BTUh/deg. 

The t o t a l  heat t r a n s f e r  includes heat  losses  due t o  i n f i l t r a t i o n  and 

is then 

836 + 216 = 1052 BTUh/deg. 

fo r  one a i r  change per  hour, For heat ing load ca lcu la t ions ,  with a 

design b a s i s  temperature of 30°F (and a temperature d i f fe rence  of 

40°F), t h i s  would correspond t o  a maximum r a t e  of  heat  l o s s  o f  

1052 BTUh/deg. x 40 deg. = 28 Bm/ft2 1500 sq. f t .  



Footnotes and References (cont ' d) 

This r a t e  of h e a t  l o s s  can be compared with t h e  r a t e  from meeting 

the  new C a l i f o r n i a  s tandards.  The U-values w i l l  be 

1. 0.08 f o r  t h e  walls 

2. 0.05 f o r  the  c e i l i n g  

3. 0.08 f o r  the  f l o o r  ( in  a reas  wi th  cold c l imates) .  

The e f f e c t i v e  h e a t  t r a n s f e r  c o e f f i c i e n t  f o r  t h e  wal ls  is  then 

.8 x .08 + . 2  x 1.0 = .264 

The t o t a l  conductive heat  t r a n s f e r  i s  

160 x 8 x .264 + 30 x 50 x ( . 0 5  + .08) = 533 BTUh/deg. 

The hea t  t r a n s f e r  by i n f i l t r a t i o n  should be reduced t o  about h a l f  

an a i r  change p e r  hour, o r  108 BTUh/deg., f o r  a t o t a l  h e a t  t r a n s f e r  

of  

533 + 108 = 641 BTUh/deg. 

For t h e  same design b a s i s  temperature t h i s  would amount t o  

For heat ing  purposes e i t h e r  house would e a s i l y  f u l f i l l  t h e  FHA-HUD 
2 

standard o f  35 BTUh/ft a t  t h i s  design b a s i s  temperature. 

For t h e  cool ing  season with a 30° temperature d i f fe rence  (which 

would correspond t o  a 76.s°F i n t e r i o r  temperature and 106.5'F dry  

bulb e x t e r i o r  temperature) ,  f o r  t h e  two houses described above, t h e  

maximum r a t e  t o  hea t  gain would be 

and 

Again i n  C a l i f o r n i a  t h e  l a t e s t  FHA-HUD standards f o r  t h e  maximum 

cooling load would mean t h a t  houses would only have t o  be about a s  

well i n s u l a t e d  a s  t h e  f i r s t  model case. 

7. As an example o f  these  s tandards ,  it i s  poss ib le  t o  compute t h e  

heat  t r a n s f e r  from two model apartments, one o f  which has l i t t l e  

insu la t ion  and t h e  o the r  o f  which meets t h e  present  S t a t e  code. We 

w i l l  c a l c u l a t e  t h e  heat  l o s s  f o r  a multi-family u n i t  t h a t  was i n  

an 18-unit apartment bui ld ing t h a t  was t h r e e  s t o r i e s  and 30 f e e t  
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high. We w i l l  use  a 1500 sq .  ft. u n i t  s i z e  f o r  ease  o f  comparison 

with t h e  s i n g l e  family case. We w i l l  a l s o  use  the same U-value 

as i n  t h e  s i n g l e  family case  (see Footnote 6). Then the  t o t a l  

conductive heat  t r a n s f e r  i s  

324' x 30' x .36 + 112' x 50' x (.l + .15) = 4899 BTUh/deg 

or 272 BTUh/deg. p e r  u n i t .  With one a i r  change an hour (216 BTUh/deg.) , 
t h e  t o t a l  heat  t r a n s f e r  i s  then 488 BTUh/deg. p e r  u n i t .  This 

corresponds t o  

This can be contras ted  with t h e  HUD s t andards ,  which f o r  masonry 

walls  would correspond t o  

324' x 30' x .366 + 112' x 50' x (.08 + .08) = 4162 BTUh/deg. 

o r  231 BTUh/deg. p e r  u n i t .  With one air  change per  hour, t h e  t o t a l  

heat  t r a n s f e r  is 447 BTUh/deg. o r  

For t h e  new s t a t e  standards,  the  s i m i l a r  ca lcu la t ions  y i e l d  

324' x 30' x .264 + 112' x 50' x ( . 0 6  + .08) = 3967 BTUh/deg. 

o r  192 BTUh/deg. p e r  u n i t .  With h a l f  an a i r  change per hour 

(108 BTUh/deg.) t h e  t o t a l  heat  t r a n s f e r  i s  301 B'I?Jh/deg. o r  

The r e s u l t s  of t h i s  survey a r e  comparable t o  those of t h e  s i n g l e  

family cases, where the  first s i g n i f i c a n t  insu la t ion  l e v e l s  w i l l  

occur with t h e  new S t a t e  standards.  The previous standards w i l l  

not  be s i g n i f i c a n t l y  d i f f e r e n t  from s tandard  construction with a 

few inches of insu la t ion .  

J. T a m i l ,  "Residential  Consumption of  E l e c t r i c i t y  1950-197OV, 

OWL-NSF-EP-51 ( l973),  pp. 12-14. 

Mobile Home Manufacturers Associat ion,  "Standard f o r  Mobile Homes", 

Chicago, I l l . ,  (1971). 

Mobile home Market Research Inc. , l lCa l i fo rn ia  Mobile Home Report 

h n u l a  Summary--1975 Sales  i n  California1 ' ,  . Woodland Hills, Ca l i fo rn ia  

(1976), p. 5. 



A3 Electric Heating 

Our estimates of the saturation of electric resistance heating in 1975 

are shown in Table A3.1. These data are based upon three types of information 

from the utility companies; first, the 1970 Census saturations allocated to 

utility districts; second, utility saturation surveys; and third, the saturation 

rate in new construction. This rate for new construction was either directly 

supplied by the utility company, derived from the utility records of new 

additions (along with our estimates of new construction--see Appendix A l ) ,  or 

calculated from the differences in the saturation at two points in time (in 

conjunction with our estimates of the stocks at these times and the construction 

in between these years--see Appendix Al). 

The original utility saturation data are shown in Table A3.2. In the 

cases of SDGGE and LADWP the saturation rates in 1975 were computed by 

combining these data with the data for the saturation rate in new construction 

(see Table A3.3) to form the 1975 saturation rate. This updating was necessary 

because the saturation rates, as a function of the year that the structure 

was built, have been rapidly increasing in time (see Table A3.4 ) .  

Our estimates of the overall saturations for SCE and SDGEE were derived 

by weighting the saturations which were contingent on housing type by our 

estimates of the percentage of single family, multi-family, and mobile homes 

(see Appendix Al). Since their surveys were under-represented in multi-family 

units, then the overall saturations are slightly higher than those reported 

by the utilities. 

While the saturations in each housing type are important data (since 

the thermal loads differ among these types), both PG&E and SMUD do not list 

separately the saturation rates in mobile homes. For the purposes of the 

later energy consumption calculations, we have assumed that these saturations 



TABLE A3.1  - Our Estimates for Electric Resistance Heating in 1975 

Saturation (Percent) 

Area PGGE SMUD SCE W P  SDGEE 

A l l  6.7 9.8 12.0 11.1 16.7 

Single 
Family 5.5 4.1 5.0 (4.1) 6.8 

Multi- 
Family 9.1 24.2 29.0~ (19.1)~ 38.0 

Mobile ( 5 . ~ 1 ~  (4.1)~ 6.g4, ( 4 . 1 ) ~  4.2 

1. Estimated by assuming the same ratio of multi/single family 
saturations (4.8) as the rest of the state with the LADWD 
housing fractions. 

2 .  Estimated as equal to the single family saturation rate. 

3. Calculated by combining SCE apartment and condominium classes. 

4 .  Calculated by removing the listed SCE categories from the "total 
class" to derive a remaining "other" component, which was assumed 
to be predominately mobile homes. 



TABLE A3.2 - Utility Supplied Saturation Data on Electric Heating 

Saturation (Percent) 

PGBE l SMUD~ SCE LADWP~ SDGIE' 
Service Area (12/31/ (12/31/ (2-3/ (3/1970) , (2-3/ 

(Time) 1975) 1975) 1975) 1974) 

Resistance 
Heat Pump 

Single Family 

Resistance 5.5 
Heat Pump - 

Multi-Family 

Resistance 
Heat Pump 

Mobile 

Resistance 
Heat Pump 

1. PGEE, MRES Dept., "Residential Dwellings with Complete Electric Spacc 
Heating (including central heat pumps), PGGE System", 1-21-1976. 

2. SMUD submission, "Rate 14 Types of Heating: 1975 vs 1970 (Year End)". 

3. SCE Saturation Survey 1975. 

4. Based upon LADWPfs conversion of the 1970 Census. 

5 .  From SDGEE1s MIRACLE I data base: Appliance Saturation, special cross- 
tabulation provided from LBL-ERCDC by SDGEE. 

6 .  Calculated by combining the SCE apartment and condominium classes. 

7. Calculated by removing the listed classes from the "total" category to derive 
the remaining llotherlf classification (which was assumed to be predominately 
mobi 1 e homes) . . 



TABLE A3.3 - s a t u r a t i o n  of Electric Resistance Heating i n  New Construct ion 

S a t u r a t i o n  (Percent) 

Service  Area PG&E' sMLJIlz S C E ~  LADWP~ SDG&E' 
(Years) (1974 & 1975) (1971-1975) (1973 & 1974) (1970-1975) (1974) 

All 21.0 28.0 27.4 52.9 49.5 

Single-Fami l y  14.3 

Multi-Family 37.7 43.2 35.6 (69.5) 8 6 . 6  

PG&E, MR&S Dept., "Res ident ia l  Dwellings wi th  Complete E l e c t r i c  Space 
Heating ( inc luding c e n t r a l  hea t  pumps) PGEE System", (1/21/76) . 

SMUD submission "Rate 14 Types o f  Heating: 1975 vs  1970 (Year End)". 

Difference between SCE Sa tu ra t ion  Survey r e s u l t s  1973 and 1975. 

MDWP, Power Services  Division,  Annual Reports,  (7/2/1970-6/30/1975). 

SDGW submission, " E l e c t r i c a l l y  Heated Dwelling Units Added i n  19741f, 
(3/25/1975). 

Estimated by assuming t h a t  t h e  s a t u r a t i o n s  i n  s i n g l e  family and mobile 
homes were t h e  same, and then us ing  t h e  f r a c t i o n  of  housing types t o  
der ive  t h i s  number (which when ca lcula ted  from t h e  d i f f e rence  t e c h n i q u e ,  
which is  extremely s e n s i t i v e  to u n c e r t a i n t i e s  and e r r o r s ,  is negat ive  
ins t ead) .  

Derived by assuming t h a t  t h e  s a t u r a t i o n  r a t e s  of s i n g l e  family and mobile 
homes were equal and t h a t  t h e  r a t i o  of t h e  s i n g l e  familylmult i -family 
s a t u r a t i o n s  was equal t o  t h e  average o f  t h e  r e s t  o f  t h e  s t a t e .  

Assumed equal t o  t h e  s i n g l e  fami ly  s a t u r a t i o n  r a t e .  



TABLE A3.4 - SDGGE Time Ser ies  Data f o r  E l ec t r i c  Heating (1971)~ 

Saturat ion (Percent) 

Year Bui l t  Resistance Supplementary 
Built-in Portable 

Don1 t know 7.4 16.4 2.6 

Before 1955 4.4 27.6 3.2 

1955-1959 4.2 26.0 2.6 

1960- 1964 5.6 15.7 1.9 

1965-1971 10.6 10.6 1.1 

Total 6.1 20.8 2.9 

1. SDGEE,  Appliance Saturation Survey (1971), p. 10 and p. 58. 



are equal to those of single family housing (as the SDG&E and SCE data 

indicate). Similarly, W W P  only supplied the overall saturation, so for 

these energy consumption calculations we have assumed that the saturation 

rates of single family and mobile homes are equal and that the ratio of 

these rates in LADWP was equal to the average of the rest of the state. 

These assumptions, when combined with the housing type fractions (see 

Appendix ~l), allowed us to estimate these saturation rates. All of these 

estimated quantities in Table A3.1 were placed in parentheses. 

There has been one load survey in California (one by PGFE) 

to determine the electricity used for residential heating. The 

limited nature of this survey data has forced us to employ the computer 

1 thermal load program TWOZONE to model the heating loads of these different 

types of housing units in various locations and with varied levels of in- 

. sulation. This program computes the hourly thermal balance of the unit 

in terms of conductive heat transport (using the standard ASHRAE algorithm), 

the solar heat gain, the internal load from the occupants, and the infiltration 

rate (which includes the effect of winds) based upon weather data tapes  and a 

detailed description of the building. The results of this computer program 

(see Table A3.5) agree reasonably well with the limited experimental data 

(given reasonable estimates of operating practices--a 70°F temperature 

2 setting --and reasonable insulation estimates--R-7 ceilings and walls 

(see Appendix A2) ) .  Estimates such as EEI's and the FPC1s fi Electric 
Homes are of unknown origins and cannot be accorded much weight. 

From these thermal loads we have derived our estimates of the energy 

consumption for heating shown in Table A3.6. For this calculation we have 

assumed : 

1. that single .family units have roughly R-7 ceilings and walls, 

2. that multi-family units have about this level of insulation and that 



TABLE A3.5 - Our Estimates of  Heating Energy Requirements 

2 
Single Family Detached House, 1450 f t  , Resistance Heat 70' Thermostat 

Insula t ion Travis  Oakland Burbank ( ~ i q o r t )  

None 27,750 31,200 19,300 15,700 

R-19 Ceil ing Only 18,750 20,550 12,350 10,000 

%R-7 Ceil ing and Walls $12,000 s12,500 %7,000 a, 000 

Current S t a t e  Code: 
R - 1 1  Walls, R-19 Cei l ing  10,400 10,200 5,800 4,900 

Current Code Plus 
Double o r  Storm Windows 7,200 6,400 3,500 3,100 

Double Glaze, 
R - l l W a l l s , R - 3 0 C e i l i n g  6,700 5,900 3,100 2,800 

Double Glaze, 
R-18 Walls, R-30 Cei l ing  6,100 5,100 2,700 2,500 

2 
Multi-Family House o r  Townhouse, 1100 f t  , Two-Story Building, I n t e r i o r  
U n i t ;  70° Thermostat, Resistance Heat 

None 15,100 14,250 8,500 7,100 

R-19 Ceil ing Only 11,500 10,250 5,800 4,800 

Current S t a t e  Code: 
R - 1 1  Walls, R-19 Cei l ing  6,500 4,750 2,300 2,150 

Current Code Plus 
Double o r  Storm Windows 4,700 2,800 1,150 1,300 

. - 

Double Glaze, 
R - 1 1  Walls, R-30Cei l ing  4,500 2,600 1,100 1,150 

Double Glaze, 
R-18 Walls, R-30 Cei l ing  4,150 2,250 900 1,050 



TABLE A3.6 - Our Estimates of Heating Loads i n  1975 

Houses with E l e c t r i c  Heating) 

(kwhr/yr) 

e rv i ce  Area PGGE SMUD SCE LADWP SDGEE Statewide 

All 

Sing le  Family 12,250 
(102,000) 

Multi-Family 6, 5001 
(72,700) 

Mobi l e 12,250 
2 

(7,200) 

1. Derived by sca l ing  current  s t a t e  code t o  R-7 c e i l i n g  and walls by the  
same f a c to r  as s i ng l e  family. 

2 .  Assumed a l l  mobile home loads a r e  t h e  same as s i ng l e  fami ly  loads. 



t h e  cur ren t  S t a t e  code can be sca led  by t h e  same percentage a s  
i n  t h e  s i n g l e  family case t o  c a l c u l a t e  t h e i r  loads,  

3.  t h a t  mobile homes have t h e  same loads' a s  do s i n g l e  family u n i t s  
(see Figure A2.1, noting t h a t  mobile homes a r e  smaller than s i n g l e  
family u n i t s ,  but  have much worse thermal integri ty3--see Appendix A2. 
Also, note  t h a t  any e r r o r s  i n  t h e  mobile home es t ima te  w i l l  have 
a small e f f e c t  upon t h e  f i n a l  r e s u l t ) ,  

4.  t h a t  SMUD i s  represented by Travis ,  PGGE by t h e  average of  Travis  
and Oakland, and t h a t  LADWP, SCE, and SDGGE a r e  represented by t h e  
average of Burbank and Los Angelesl a i r p o r t .  

While t h e  accuracy of  these  est imates a r e  l imi ted  by t h e  a v a i l a b l e  da ta ,  

t h i s  type o f  c a r e f u l  weighting procedure i s  necessary,  s i n c e  e l e c t r i c  heat ing 

is  more prevalent  i n  s i n g l e  family u n i t s  i n  milder regions and i n  multi-family 

u n i t s  more than i n  s i n g l e  family o r  mobile u n i t s  with t h e i r  h igher  thermal 

loads.  ' 

These r e s u l t s  can be compared t o  PG&E1s measurement4 o f  10,000 kuhr/year 

f o r  s i n g l e  family u n i t s  of  comparable s i z e  i n  t h e  S i e r r a  F o o t h i l l s  and SCE1s 

es t imates5  of  6400 kwhr/year f o r  s i n g l e  family u n i t s  and 2480 kwhrlycar 

f o r  multi-family u n i t s  ( t h i s  agreement with SCE seems remarkable, but i t  i s  

unknown t o  us whether these  r~umbers a r e  completely comparable i n  terms of 

u n i t  s i z e s  f o r  t h e  SCE survey). PGGE c l e a r l y  f e e l s  t h a t  t h i s  survey i s  only 

appl icable  t o  t h i s  one geographical locat ion.  

From Table A3.S it is c l e a r  t h a t  one of the  major determinants of 

heat ing loads (besides locat ion and housing u n i t  type) i s  t h e  insu la t ion  

l e v e l ,  which i s  a function of  the  time when t h e  un i t  was b u i l t  (through 

t h e  S t a t e  code and t h e  r e l a t i v e  p r i c e  of energy a t  t h a t  time). Our es t imates  

o f  t h e  energy consumption of housing b u i l t  i n  1975 a r e  shown i n  Table A3.7. 

These were derived using t h e  S t a t e  code thermal loads of  TWOZONE, our 

numbers f o r  t h e  s a t u r a t i o n  r a t e  i n  new const ruct ion (see  Table A3.3), and 

our  numbers, f o r  t h e  r a t e  of  new construction i n  1975 (see Appendix Al). 

These ca lcu la t ions  assume: 



TABLE A3.7 - Our Estimates o f  Heating Loads fo r  1975 New Constmction 

(bad/Nurnber of Houses with E l e c t r i c  Heating) 

(kwhr/yr) 

e r v i c e  Area PGGE SMUD SCE UDWP SDGEE Statewide 

Single Family 10,300 
(5,700) 

Multi-Family 5,600 
(5,300) 

Mobile 5,600' 
(1,200) 

1. Assumed a l l  mobile home loads are t h e  same a s  multi-family loads.  

2 .  Note t h a t  t h i s  number i s  based upon t h e  ac tua l  construction i n  1975 and i s  not  
a measure of the  e f f e c t  o f  r e t r o f i t t i n g  the  1975 stock t o  t h i s  l e v e l .  



1. that mobile homes (which have t o  meet t h e  new S t a t e  code) now 
have approximately t he  same thermal loads a s  multi-family u n i t s ,  

2. t h a t  t h e  sa tu ra t ions  i n  new construction l i s t e d  i n  Table A3.3 
a l s o  descr ibe  1975 housing, 

3. t h a t  SMUD i s  represented by Travis,  PGEE by the  average of  Travis 
and Oakland, and LADWP, SCE, and SDGEE by the  average of  Burbank 
and Los Angeles' a i rpo r t .  

O m  estimates f o r  1980 construction a r e  shown i n  Table A3.8.  These 

were derived by assuming: 

t h a t  t he  thermal loads w i l l  be the  average of t h e  cur ren t  S t a t e  
code with double glazing o r  storm windows and R-11 wal ls  and R-30 
c e i l i n g s  with double glazing o r  storm windows, 

t h a t  mobile homes w i l l  have t h e  same thermal loads a s  multi-family 
u n i t s ,  

t h a t  t h e  r e l a t i v e  sa tu ra t ions  remain t h e  same as i n  Table A3.3, 

t h a t  the  construction r a t e  is t h e  same as i n  1975 f o r  each u t i l i t y  
d i s t r i c t ,  but apportioned among housing types as t h e  average of 
1970 through 1975 i n  each u t i l i t y  se rv ice  area.  

These numbers should only be considered i l l u s t r a t i v e ,  but  it should be noted 

t h a t  t h e  absolute values of assumptions 3 and 4 w i l l  not e f f e c t  t h e  UEC 

(but t he  r e l a t i v e  values w i l l ) .  The UEC of  the  t o t a l  stock w i l l  be affected 

by the  absolute magnitude of these stocks of 1975 t o  1980 construction.  

Both Table A3.3 and A3.4 demonstrate the  increased t rend  towards 

e l e c t r i c  heat ing i n  recent years. It is  a l s o  c l ea r  from Table A3.1 t h a t  

multi-family un i t s  are  much more l i k e l y  t o  have e l e c t r i c  heating than t h e  

other two housing types. There a r e  two main reasons f o r  t h i s .  The operating 

costs  of an e l e c t r i c  heating system a r e  g rea te r  than t he  cos t s  of  a comparable 

gas system, and t h i s  economic disadvantage is most pronounced i n  l a rger ,  

s i ng l e  family houses (with t h e i r  l a r g e r  demands f o r  heat ing) .  Although 

c o s t l i e r  t o  operate,  t he  i n s t a l l a t i o n  cos t s  o f  an e l e c t r i c  system a r e  

comparatively lower, leading t o  more frequent i n s t a l l a t i o n  of  e l e c t r i c  



TABLE A3.8 - Our Estimates of Heating Loads for 1980 New Construct ion 

1 2 (Load /Number of Houses with E l e c t r i c  Heating ) 

e r v i c e  Area PGGE SMUD SCE LADWP SDG&E Statewide 

S ing le  Family 6,550 7,000 3,100 3,100 3,100 4,700 
(4,320) (458) (3,270) (1 ,000) (1,370) (10,400) 

Mult i -Family  3,650 4,600 1,200 1,200 1,200 2,110 
(9,190) (1,740) (7,880) (5,260) (7,060) (31,100) 

Mobile 

I .  Derived by averaging over  Current Code plus double g laze  o r  storm windows 
and R - 1 1  wa l l s ,  R-30 c e i l i n g  p lus  double g laze .  

2. Derived using es t imates  o f  s a t u r a t i o n s  i n  new cons t ruc t ion ,  1975 t o t a l  
cons t ruct ion  r a t e s ,  and 1970-1975 housing type  f r a c t i o n s .  

3.  Assumed a l l  mobile home loads are t h e  same a s  multi-family loads.  



Single Family 

Multi-Family 

Mobi le 

TABLE A3.9 - SDGGE Contingent Saturation 1 

Saturation (Percent) 

Resistance Supplementary P.ortable He at Pump 

1. Special cross-tabulations of MIRACLE I (February-March, 1974) data 
for LBL. 



heat ing  i n  multi-family housing which i s  qommonly ren ted .  It should 

a l s o  be noted t h a t  i n  mobile homes t h e  s a t u r a t i o n  r a t e  seems t o  be more 

s i m i l a r  t o  s i n g l e  family u n i t s  than multi-family u n i t s ,  which again  

emphasizes t h e  economic argument. F i n a l l y ,  it should b e  noted t h a t  t h e  

s a t u r a t i o n  o f  hea t  pumps seems t o  be small ,  but  poss ib ly  f a i r l y  cons tan t .  

Unfortunately,  PGGE, SCE, and t h e  U.  S. Census (which i s  t h e  b a s i c  

s tock da ta  source f o r  both PGEE and LADWP) do no t  d i f f e r e n t i a t e  between 

hea t  pumps and r e s i s t a n c e  h e a t e r s ,  which in t roduces  a small b i a s  i n  some 

of these  r e s u l t s  towards h igher  s a t u r a t i o n s .  Another b i a s  i s  t h e  mistaken 

inc lus ion  o f  supplementary o r  por t ab le  e l e c t r i c  hea te r s  a s  c e n t r a l  r e s i s t a n c e  

hea te r s  by survey respondents. This e f f e c t  seems t o  have caused a l a r g e  . 

discrepancy between the  SMUD b i l l i n g  da ta  and t h e i r  s a t u r a t i o n  survey.  

Only SDGEE asks  a d e t a i l e d  quest ion d i s t i n g u i s h i n g  among c e n t r a l  r e s i s t a n c e  

u n i t s ,  supplementary u n i t s ,  po r t ab le  ones, and hea t  pumps (see Table A3.9). 

From t h e i r  c ross - t abu la t ion  shown i n  Table A3.4 it i s  c l e a r  t h a t  supple-  

mentary o r  por t ab le  hea te r s  a r e  more l i k e l y  i n  o lde r  dwellings. 

Not only should t h e r e  be a d e t a i l e d  quest ion o f  t h i s  type ,  but  i t  should 

be a common ques t ion  f o r  a l l  these  surveys. The r e s u l t s  should be compared 

t o  b i l l i n g  d a t a  Qince SDGEE r e s u l t s  i n d i c a t e  s i g n i f i c a n t  e r r o r  i n  response) 

and then e d i t e d ,  and f i n a l l y  t h e  r e s u l t s  should be cross- tabula ted  by 

housing type and age o f  t h e  s t r u c t u r e .  Also, t h e  s a t u r a t i o n s  of  those  wi th  

more than one type of hea t ing  device should be t abu la ted  a s  cont ingent  

upon these  o the r  devices.  I t  is  p a r t i c u l a r l y  important t h a t  t h e  Census 

quest ion c a r e f u l l y  d i s t ingu i shes  among hea t ing  devices and then p r e s e n t s  

t h e  r e s u l t s  adequately cross- tabula ted .  

There a r e  severa l  l i m i t a t i o n s  t o  these  p resen t  r e s u l t s .  F i r s t ,  t h e r e  

is a need f o r  good load surveys t o  measure these  thermal loads a s  a func t ion  



of housing type,  loca t ion ,  and i n s u l a t i o n  level.  Moreover, t h e  CAL-ERDA 

program (or s i m i l a r  modeling work) should a l s o  develop more comprehensive 

models f o r  mobile homes and multi-family dwell ings.  These two measures 

would reduce t h e  uncer t a in ty  i n  our es t imates  o f  thermal loads. Second, 

i n  t h e  cases  o f  PGGE and SMUD (where t h e  s a t u r a t i o n s  i n  mobile homes was 

approximated by t h a t  o f  s i n g l e  family dwell ings)  t h e  va r ious  s a t u r a t i o n s  

are i n c o n s i s t e n t .  E i t h e r  t h e  o v e r a l l  s a t u r a t i o n  should be ad jus ted  s l i g h t l y  

upward ( i f  mobile homes a r e  no t  included i n  t h e  c a l c u l a t i o n  o f  t h e  o v e r a l l  

r a t e )  o r  e l s e  t h e  s i n g l e  family o r  mult i-family s a t u r a t i o n s  should be 

ad jus ted  (depending upon which category inc ludes  mobile homes). Al t e rna t ive ly  

this inconsistency could a r i s e  from t h e  d i f f e r i n g  s tock es t ima tes  used by - 

us and t h e  u t i l i t i e s  (and t h i s  disagreement could be caused by t h e  e f f e c t s  

of master-metering o r  i n c o r r e c t  commercial and r e s i d e n t i a l  a l l o c a t i o n  upon 

t h e i r  p a r t  o r  t h e  d i f f e r e n c e  between our  s e r v i c e  a reas  and t h e i r  opera t ing  

d i s t r i c t ) .  

Third,  both hea t  pumps and supplementary heat ing  could b i a s  these  

s a t u r a t i o n s  towards high es t imates .  However, e l e c t r i c i t y  i s  no t  only used 

i n  c e n t r a l  systems f o r  henzing,  but  a l s o  i n  hea t  pumps, por t ab le  h e a t e r s ,  

supplementary b u i l t - i n  systems, and furnace fans .  ( I t  would seem from 

SDCEE1s 1971 cross  t a b u l a t i o n  of furnace type  t h a t  about 45% of  a l l  u n i t s  

have furnace fans.  This e s t i n ~ a t e  can be derived s i n c e  a l l  t h e  42.7% of 

the u n i t s  having c e n t r a l  forced a i r  heat ing  and about a  t e n t h  o f  t h e  

12.7% of t h e  u n i t s  with f l o o r  furnaces have furnace fans ) .  Since n e i t h e r  

the s a t u r a t i o n s  nor t h e  energy consumption of these  devices a r e  well known, 

we a r e  forced t o  make t h e  assumption t h a t  these  c o n t r i b u t e  a  n e g l i g i b l e  

component t o  t h e  e l e c t r i c i t y  consumed. Fourth,  we have not  included t h e  

effects of changing opera t ing  p r a c t i c e s  due t o  t h e  p r i c e  o f  energy. 



Thermostat cyclingcoul-d f u r t h e r  reduce these  hea t ing  energy requirements 

s u b s t a n t i a l l y .  S i m i l a r l y ,  we have neglected t h e  e f f e c t s  o f  r e t r o f i t  

upon t h e  e x i s t i n g  housing s tock,  which could a l s o  s i g n i f i c a n t l y  reduce 

t h e s e  heat ing  loads. 

F ina l ly ,  we have not  included the  e f f e c t s  upon t h e  stock energy 

consumption o f  the  new S t a t e  code. In p r a c t i c e  it i s  d i f f i c u l t  t o  a r r i v e  

at a  s a t i s f a c t o r y  technique f o r  handling demoli t ions and const ruct ion  

dur ing  t h e  operat ing y e a r ,  s i n c e  both processes occur throughout the  

y e a r .  Most of  t h e  new cons t ruc t ion  w i l l  not consume i ts  "shareft  o f  

e l e c t r i c i t y ,  but t h e  removed housing u n i t s  w i l l  a l s o  consume some o f  

t h e i r  share .  We have used t h e  yea r  end s tock es t imate ,  which because 

of t h e s e  somewhat canceling e f f e c t s ,  w i l l  have some b i a s  t o  be high 

i n  genera l ;  but i n  t h i s  p a r t i c u l a r  year  may be a  b e t t e r  approximation 

than usual ,  due t o  t h e  lowered consumption o f  the  add i t ions .  

We have not attempted t o  cons t ruc t  a  load curve f o r  heat ing .  A t  

t h e  most bas ic  l e v e l  t h i s  curve should be peaked during the  n ight  i n  tern15 

of t h e  d a i l y  cycle ,  and it  should be peaked dur ing t h e  winter  i n  tern15 

of the  annual cycle.  However, t o  cons t ruct  a  s ta tewide  load curve,  i t  

w u l d  be necessary t o  weight t h e  individual  load curves and const ruct  a 

s t a t ewide  weighted average, s i n c e  t h e  load curves of  each housing type 

i n  t h e  various loca t ions  and with t h e  various i n s u l a t i o n  l e v e l s  w i l l  

have  d i f f e r e n t  forms f o r  each day. These load curves should be e s p e c i a l l y  

s e n s i t i v e  t o  opera t ing  p r a c t i c e s  and i n s u l a t i o n  l e v e l s ,  so  t h a t  t h e  

p r e s e n t  s t rong  l inkage  o f  these  load curves t o  t h e  c l imate  should be 

changing i n  time. Accordingly, these  should be experimentally measured. 



Footnotes and References A3 

1. L. Wall, personal communication. TWOZONE is part of the CAL/ERDA 

building analysis program now under development at LBL. CAL/ERDA is 

being developed under the direction Professor A. H. Rosenfeld and is 

being sponsored jointly by the ERCDC and the U. S. Energy Research 

and Development Administration. 

2 .  Dorothy K. Newman and Dawn Day in The American Energy Consumer (for 

the Energy Policy Project of the Ford Foundation, published by Ballinger 

Press, 1975, on pp. 47-48) found in a national survey that 85% of 

the households surveyed kept their thermostats on 70' or higher during 

the day, with only 12% at less than 70'. A t  night 80% kept their 

thermostats at 72' or less, with 45% at less than 70'. Thus, our 

assumption of a constant 70' thermostat setting is not unreasonable. 

3. J. Tansil, "Residential Consumption of Electricity 1950-1970t', 

ORNL-NSF-EP-51, pp. 13-14 and references therein. 

4 .  Pacific Gas and Electric Company, "Residential Electric Space Heating; 

Load Research Project", March, 1967, for data on Sierra Foothill 

Communities. 

5. SCE's estimates in All Electric Homes are based upon long term 

sub-metering tests. 





A4 Air Conditioners 

Our estimates of the saturation of air conditioners in 1975 are shown' 
17' 

in Table ~j.1. These data are based upon three types .of information from 

the utility companies; first, the 1970 Census saturati,ons allocated to . 

utility districts; second, utility saturation surveys; and third, the sat- 

uration rate in new construction. This rate for new construction was 

either derived from the utility estimates or records of new additions 

(along with our estimates of new construction -- see Appendix Al) or cal- 

culated from the differences in the saturations at two points in time (in 

conjunction with our estimates of the stocks at these times and the construc- 

tion in between these years -- see Appendix Al). These new construction 

estimates are of less utility than those of resistance heating, since air 

conditioners can be added at later points in time more easily than can 

resistance heating. (Indeed, the increase in the saturation in both SMUD 

and SCE has been greater than 100% for central air conditioning, which 

indicates that a significant amount of retrofit occurs). 

Our first difficulty with the air conditioning data from the utility 

companies is that these data are of the penetration of room air conditioners 

(that is, the number of households with one or more units) rather than the 

saturation (the total number of room air conditioners associated with the 

housing stock). However, both SCE and SDGGE supplied cross-tabulations of 

the penetration rate of the various number of air conditioners in each 

housing type. From these data we have computed the scaling factor to con- 

vert these penetration rates into true saturation rates for the rest of the 

utilities (see part a) of Table A4.2). We have assumed these conversion 

factors will be a function of the housing type (and thus of unit size and 



TABLE A4.1 - Our Estimates f o r  Res ident ia l  Air-condit ioning Satura t ions  i n  1975 

(Percent) 

Service  Area PG&E 1 

(Date) (3/1975) (1/1975) (3/1975) (7/1975) (1/1975) 

Central  9 . 2  44.7 
~oorn6 16.6 39.2 
Heat Pumps - . 5  
Evaporative Cooling - 11.7  

S ing le  Family 

Cen t ra l  (9.2) (44.7) 19.2 
Room4 - - 31.4 
Heat Pwnps - - - 
Evaporative Cooling - - 13.4 

Multi-Family 

Centra l  (9.2) (44.7) 
~oom6 - - 
Heat Pumps - - 
Evaporative Cooling - - 

Mobile 

Centra l  (9.2) (44.7) 36.7 (14.1) 36.0 
~ o o n l ~  - - 3 1 . 9  - 15 .3  
Heat Pumps - - - - . 7  
Evaporative Cooling - - 39.5 . - 25.0 

1. PG&E submission t o  the  CPUC concerning t h e  Ten-Year Forecast o f  E l e c t r i c  
Loads (March, 1975), p .  32. 

2. SMlD Appliance Sa tu ra t ion  Survey (1975). 

3. SCE's Appliance Sa tu ra t ion  Survey (1975). Note t h a t  t h e  multi-family 
ca tegory  was computed by combining t h e i r  apartment and condominium c l a s s e s .  
The mobile home category was ca lcula ted  by removing t h e  l i s t e d  c l a s s e s  
f r o m  t h e  " t o t a l  category". The remaining "other" category was assumed 
to  be p r imar i ly  mobile homes. 



TABLE A4.1 (cont 'd) 

4 .  Based upon the LADWP conversion of the 1970 Census to their service area 
updated by their Power Services Division's Annual Reports (6/30/1970-7/1/1975) 
numbers for gross additions. Since these numbers were for both central and 
room units combined, we assumed that these units were twice as likely to 
be central. 

5 .  SDGEE's MIRACLE I data was updated by assuming that the saturation rate 
in new construction between the 1971 and 1974 surveys (see Table A4.4) 
persisted in 1974 new construction. 

6 .  All r o o m  air conditioner saturations have been converted from utility 
penetration rates to saturation rates by employing Table A4.1. 



TABLE A4.2 - Procedure Used to Convert Room Air-Conditioner Utility 
Saturation Values to Our Saturation Definition 

a) Scaling Factors Supplied by Utility Cross Tabulations' 

Service Area SCE~ SDGGE~ Average 

Single Family 1.27 1.21 1.24 

Multi-Family 1.13 1.07 1.10 

Mobile 1.30 1.16 1.26 

b) Housing Type ~raction~ 

Service Area PGGE SMUD SCE LADWP SDGEE 
(1 975) 

Single Family .667 ,671 .661 .528 .616 

Multi-Family ,286 .290 .286 .466 . 322  

Mobi 1 e .047 .039 .053 .006 .062 

c) Weighted Scaling Factors 

1. Special cross-tabulation of 1973 SCE Appliance Saturation Survey for LBL-ERCDC. 

2. Special cross-tabulation of MIRACLE I (1974) Saturation Survey of SDGGE 
for LBL-ERCDC. I 

- 3. See Appendix A1 - Residential Building Stock. 



thermal loads), and so for the other utilities, where the saturations of 

room air conditioners contingent upon housing type were unknown, we com- 

puted conversion factors weighted by the fraction of each housing type 

(shown for 1975 in part b) of Table A4.2) and these are shown in part c) 

of Table A4.2. 

After $his conversion of the room air conditioner data, the utility 

supplied information is shown in Table A4.3 .  Our estimates of the overall 

saturations for SCE and SDGEE were derived by weighting the saturations 

which were contingent upon housing type by our estimates of the percentage 

of single family, multi-family, and mobile homes (see Appendix Al). Since 

their surveys were under-represented in multi-family and mobile units, then 

the overall saturations are slightly higher than those reported by the util- 

ities. SMUDts survey was also unrepresentative of their housing types, 

but the individual saturations for each housing type were not reported, 

so this correction could not be performed upon the SMUD data. 

While the saturation rates in the individual housing types are impor- 

tant (since the thermal loads differ among these housing types), the o r ~ l y  

available data from PGGE, SMUD, and LADWP werc system-wide estimates. For 

the purposes of energy consumption calculations we have assumed that the 

saturations are the same in each housing type in these utilities. From 

the SCE and SDGEE data, this assumption is a reasonable approximation 

for single family and multi-family units, but mobile homes are likely to have 

higher saturations (but since their fraction of the total housing fraction 

is small, this approximation should not lead to nnxh of an error in the 

energy consumption estimates). All the estimated rates are in parentheses 

in Table A4.1. 



TABLE A4.3 - Resident ia l  Air-condit ioning Sa tu ra t ions  Supplied by U t i l i t i e s  

(Percent)  

Se rv ice  Area PGGE' SMUD~ SCE LADWP SDGEE 
(Date) (311975) (1/1975) (2-3/1975) (3/1970) (2/1974) 

Centra l  9.2 44.7 20.6 9.7 8.9 
~ o o m  €I 16 .6  39. 2 31.4 24.6 15 .3  
Heat P q s  - . 5  - - . 3  
Evaporative Cooling - 11.7 12.6 - 2.5 

S ing le  Family 

Centra l  - - 
6 

19.2 
Room - - 31.4 
Heat Pumps - - - 
Evaporative Cooling - - 13.4 

Multi-Family 

Centra l  - 
~ o o m ~  - 
Heat Pumps - 
Evaporat i v c  Cooling - 

Mobile 

Centra l  - 
ROO* - 
Heat Pumps - 
Evaporative Cooling - 

1. PGGE submission t o  CPUC concerning t h e  Ten-Year Forecast of E l e c t r i c  Loads 
(March, 1975), p. 32. 

2.  SMUD's Appliance Sa tu ra t ion  Survey (1975). 

3. SCE's Appliance Sa tu ra t ion  Survey (1975). Note t h a t  t h e  mult i-family 
category was computed by combining t h e i r  apartment and condominium c l a s s e s .  
The mobile home category was ca lcu la ted  by removing the  l i s t e d  c l a s s e s  
from t h e  " to ta l t1  category t o  der ive  the  remaining "other" c l a s s i f i c a t i o n  
(which was assumed t o  be predominately mobile homes). 



TABLE A4.3 (cont ' d) 

4.  LADWPfs conversion of the 1970 Census into their service district. 

5 .  SDG&E1s MIRACLE I Saturation Survey in a special cross-tabulation by 
housing type for LBL-ERCDC. 

6. All room air conditioner saturations have been converted from penetration 
rates by using Table A 4 . 2 .  



It should be noted that while both SDGEE and SCE list both gas and 

electric central air conditioning saturations, it is highly unlikely that 

there are any gas central air conditioners in residential units. SDG&E' 

has checked some of these responses with billing data and concluded that 

this response is most likely arising from confusion when a house has gas 

heating and electric central air conditioning. Thus we have combined both 

the SCE and SDGGE gas and electric central air conditioning saturations 

into electric central air conditioners. In the cases of LADWP and SDG&E 

the saturations of central air conditioners in 1975 were computed by com- 

bining the data in Table A4.3 on saturations at one point in time with 

the data in Table A4.4  of the saturation rate among new construction to 

form the 1975 estimate. LADWP1s data for the number of gross additions 

per year combines both central air conditioners and room air conditioners 

into one category. These were separated by assuming that central air con- 

ditioners were twice as likely to be added as room air conditioners, which 

is reasonable since these numbers are for additions before the time of 

service connection. However, for both SDG&E and LADWP we have assumed 

that the saturation rate of room air conditioners has remained the same 

as at the last measurement. In SMUD the saturation of room air condition- 

ers (or at least the penetration) has decreased since 1970, while in PGEE 

and SCE it seems to have slightly increased. Within the accuracy of the 

available data the saturation of heat pumps has also seemed to remain con- 

stant, while evaporative coolers are either constant or slightly decreasing. 

There has been only one load survey in California to determine the 

electricity used for residential space cooling, so that estimating the 

unit energy consumption of room and central air conditioners are difficult 
I 

tasks. 
. 



TABLE A 4 . 4  - Cen t ra l  Ai r -condi t ion ing  S a t u r a t i o n s  Among New Cons t ruc t ion  

f Percent  1 

Serv ice  Area PGEE' 
(Years) (1970-1975) (1970-1975) (1973-1974) (1970-1975) (1972-1973) 

1. Based upon t h e  d i f f e r e n c e  i n  t h e  product  o f  t h e  s a t u r a t i o n  t imes  t h e  s t o c k  
s i z e  d iv ided  by ou r  e s t ima te s  o f  new c o n s t r u c t i o n  i n  between t h e s e  two p o i n t s  
i n  t ime. These two p o i n t s  were t h e  1970 Census and t h e  1975 PGGE submission 
t o  t h e  CPUC. 

2 .  The d i f f e r e n c e  i n  between t h e  1972 and 1975 s a t u r a t i o n  surveys  would imply 
a s i g n i f i c a n t  amount of  r e t r o f i t ,  s i n c e  t h e  s a t u r a t i o n  r a t e  i s  g r e a t e r  - 
than  100%. We a r e  us ing  Lynn E .  Haunus1 e s t ima te  o f  g r e a t e r  t han  90% 
i n  new c o n s t r u c t i o n  between 1970 and 1975. This  e s t ima te  was conta ined  
i n  t h e  cover  l e t t e r  from SMUD t h a t  accompanied t h e  s a t u r a t i o n  su rveys .  

3. The d i f f e r e n c e  between t h e  products  of t h e  s a t u r a t i o n  t imes t h e  s t o c k  d iv ided  
by our  e s t i m a t e  o f  new cons t ruc t ion  between t h e  1973 and 1975 s a t u r a t i o n  
surveys is g r e a t e r  than  l o o % ,  which i m p l i e s  s u b s t a n t i a l  r e t r o f i t .  We a re  
us ing  t h e  SMUD e s t i m a t e  f o r  new c o n s t r u c t i o n  i n  t h i s  case  a l s o .  

4. The LADWP reco rds  f o r  annual gross  a d d i t i o n s  contained i n  t h e  Power 
Se rv i ces  D i v i s i o n ' s  Annual Reports.  S ince  t h e s e  r eco rds  a r e  f o r  both 
room and c e n t r a l  u n i t s ,  we have had t o  assume t h a t  c e n t r a l  u n i t s  a r e  
twice a s  l i k e l y  t o  be i n s t a l l e d  a s  room u n i t s  be fo re  s e r v i c e  connec t ion .  

5. The d i f f e r e n c e  i n  t h e  product o f  t h e  s a t u r a t i o n  t imes t h e  s tock  s i z e  
divided by ou r  e s t i m a t e  of  new c o n s t r u c t i o n  i n  between t h e s e  two p o i n t s  
i n  1971 and 1974. The 1971 and 1974 p o i n t s  were both app l i ance  s a t u r a t i o n  
surveys.  The 1974 d a t a  were c o r r e c t e d  t o  r e f l e c t  t h e  proper  housing 
type p ropor t ions ,  bu t  a s  t h e  1971 d a t a  were not  a v a i l a b l e  con t ingen t  
upon housing t y p e  t h e  uncorrec ted  o v e r a l l  s a t u r a t i o n  was employed. 



It is particularly difficult to derive this estimate for room air 

conditioners. These units do not cool an entire house, but only some 

unknown portion of the housing unit, as can be seen from the significant 

fraction of houses with more than one room air conditioner. The UEC is 

a function of the number of hours of use (which is related to the cooling 

load), the average size of a room air conditioner, and the average EER 

of a room air conditioner. 

The number of hours is not well established. First, there are util- 

ity estimates of this number, but these are of uncertain origin and are 

not based upon load surveys, so they cannot be accorded much weight. 

Using these estimates, Science ~pplications* has derived a number of about 

500 hours per year as the state average. However, the only existing load 

survey3 (which was conducted by PG&E in 1963-1964 in the Fresno area) sup- 

ports a number of about 700 equivalent compressor hours (which can be 

derived from their figures for the average energy use --  kwhr/year - -  di- 

vided by the diversified demand --kw). 

A further consideration is that a rational consumer should only uc ie  

the unit when it is needed .in his location (and Fresno is atypical of the  

state as a whole in terms of need, but perhaps representative of the re- 

gions with the highest saturations of room air conditioners, which are 

where the need is greatest). The number of hours per year in which the 

dry bulb temperature is above 80°F is shown in Figure A4.1 (which must 

be viewed with caution since it has a very coarse scale). More detailed 

4 estimates have been published in tabular form. Using this information 

and the saturations of room air conditioners within the various divisions 

of PGGE, SCE, and SDGGE; we propose a rough weighting scheme of 

. 8  x 700 + . 2  x 400 = 640 hours/year. 





A f i n a l  c o r r e c t i o n  t o  t h e  number o f  cool ing  hours  i s  t h a t  t h e  u n i t  

w i l l  not  be  used t h e  e n t i r e  t i m e  t h a t  t h e  c l i m a t e  warran ts  i t ,  s i n c e  vaca- 

5 
t i o n s ,  t h e  f r a c t i o n  o f  homes wi th  only  one occupant (21% ), and t h e  f r a c -  

6 t i o n  of  households wi th  both  members working (40% o f  a l l  marr ied couples  ) 

should a l l  reduce t h i s  t o t a l  number of  hours.  The PG&E load  survey meas- 

ured t h i s  u s e  f a c t o r  as 91.7%, but  a s  t h e s e  s o c i o l o g i c a l  f a c t o r s  have 

a l l  increased  s i n c e  t h i s  survey  was performed, we w i l l  accept  t h e  e s t i m a t e  

o f  8 5 t S 6  Thi s  use  f a c t o r  cons ide ra t ion  w i l l  t hen  reduce  t h e  number o f  

cool ing hours  t o  about 550 hours .  

from 

This  

I t  i s  p o s s i b l e  t o  d e r i v e  an average s i z e  o f  room a i r  cond i t i one r s  

t h e  s a l e s  d a t a  f o r  each s i t e  c l a s s  publ i shed  i n  "Merchandising Weekly". 
7 

average i s  about 11,200 BTU/hr. However, t h i s  number i s  b iased  h igh ,  

s i n c e  many of t h e  l a r g e r  u n i t s  w i l l  be used i n  commerical bu i ld ings .  

This  b i a s  cannot be c o r r e c t e d ,  but  i f  one assumes a l l  u n i t s  above 15,000 

BTU/hr were no t  used f o r  r e s i d e n t i a l  cool ing ( s ince  they  r e q u i r e  s p e c i a l  

wi r ing) ,  then  t h e  s i z e  would be reduced t o  about 9,000 BTU/hr, so  we w i l l  

use  10,000 BTU/hr. 

There a r e  no s i m i l a r  data  a v a i l a b l e  t o  c o n s t r u c t  a s a l e s  weighted 

EER f o r  room a i r  cond i t i one r s .  There i s  a  wide range  o f  va lues ,  as can 

be seen from t h e  s c a t t e r  p l o t  i n  Figure A 4 . 2 .  Because o f  t h e  c l u s t e r i n g  

of  t h e  a v a i l a b l e  models around an EER o f  6 ,  i t  has been t y p i c a l l y  sugges ted  
8 

t h a t  t h e  average s a l e s  occur  n e a r  t h i s  va lue .  I t  should be noted t h a t  

t hese  model d a t a  and t h e  s a l e s  d a t a  used t o  e s t i m a t e  t h e  average s i z e  and 

average EER a r e  nation-wide d a t a ,  but  t h e r e  a r e  no s i m i l a r  data s p e c i f i c a l l y  

f o r  Ca l i fo rn i a .  S i m i l a r l y ,  it should be caut ioned  t h a t  t h e  EER is t h e  

nameplate value,  and may not  r e f l e c t  t h e  a c t u a l  o p e r a t i n g  cond i t i ons ,  . 
s i n c e  t h e  balance between t h e  s e n s i b l e  and l a t e n t  h e a t  i n  most a r e a s  o f  





C a l i f o r n i a  needing a i r  cond i t i on ing  i s  d i f f e r e n t  from t h e  t e s t  cond i t i ons .  

(This  w i l l  be  d i scussed  i n  g r e a t e r  d e t a i l  below i n  r e f e r e n c e  t o  c e n t r a l  

a i r  cond i t i one r s ) .  

Using t h e s e  t h r e e  f a c t o r s  we e s t ima te  t h a t  a t y p i c a l  u n i t  uses  10,000 

BTU/hr wi th  an EER o f  6 BTU/watt-hr, o r  1670 watts, f o r  a t y p i c a l  550 hours ,  

and t h e r e f o r e  consumes 917 kwhr/year. This  number compares wel l  with t h e  

PG&E r e s u l t  f o r  Fresno of 1025 kwhr/yr ( i t  should be  noted  t h a t  when t h e  s i z e  

and EER averages a r e  combined with t h e  Fresno number o f  hours  -- 700 x .85 

o r  600 equiva len t  compressor hours  -- t h e  r e s u l t  i s  1000 kwhr/yr).  (We 

have ignored t h e  d i f f e r e n c e  between r a t e d  wattage and d i v e r s i f i e d  demand 

because o f  t h e  extremely h igh  -- 99.9% --coincidence f a c t o r  measured by 

PGGE). S ince  a l l  t h r e e  o f  t h e s e  f a c t o r s  a r e  s o  poor ly  known f o r  room a i r  

cond i t i one r s ,  it i s  not  p o s s i b l e  t o  use  t r end  a n a l y s i s  t o  c o r r e c t  f o r  any 

change i n  t h e s e  va lues  s i n c e  t h e  Fresno s tudy ( i n  1963-1964) f o r  a  pos- 

s i b l y  b e t t e r  comparison wi th  t h e  experimental d a t a .  However, f o r  t h e  

UEC o f  t h e  1980 cont ingent  we assume t h a t  t h e  app l i ance  e f f i c i e n c y  s t a n -  

da rds  w i l l  change t h e  average EER from 6  t o  8.7,  which would decrease  t h c  

energy use by .7. 

We must a l s o  no te  t h a t  t h i s  number, which ag rees  wel l  wi th  t h e  PG6E 

load survey,  i s  much h ighe r  than  t h e  es t imates9  used i n  t h e  Eas te rn  reg ion  

of t h e  United S t a t e s ,  which a r e  a l s o  based upon load  surveys .  Not on ly  

i s  t h e  annual energy used f o r  room a i r  c o n d i t i o n e r s ' o n  Long I s l and  only  

500 kwhr/yr, bu t  t h e  peaks seem l a t e r  (around 11 pm f o r  a bedroom u n i t  

and around 4 pm i f  t h e  u n i t  i s  used i n  another  room). While t h e  l a t e n t  

loads  a r e  much h ighe r  i n  t h e  Eas te rn  r eg ions ,  it could  be  t h a t  soc io log-  

i c a l  e f f e c t s  cause t h e  u s e  f a c t o r  t o  be  much lower. Also t h e r e  could be  



pronounced r eg iona l  d i f f e r e n c e s  i n  t h e  s a l e s  e i t h e r  by s i z e  o r  by EER. 

I t  should be noted t h a t  i n  t h e  Eas te rn  reg ion ,  because o f  t h e  p r e v a i l i n g  

wes t e r ly  winds, t h e  l o c a l  d i f f e r e n c e s  i n  c l ima te  a r e  n o t  as pronounced 

as i n  C a l i f o r n i a .  C lea r ly ,  t h i s  d i f f e r e n c e  i n  energy e s t i m a t e s  r e q u i r e s  

g r e a t e r  s tudy  and more load surveys  t o  confirm t h e  d i f f e r e n c e  and exp la in  

i ts  causes  o r  t o  remove t h i s  apparent  discrepancy.  

Even l e s s  d a t a  i s  a v a i l a b l e  on t h e  energy consumption o f  evapora t ive  

coo le r s ,  bu t  t h e  PGEE load survey es t imated  t h a t  t h e i r  UEC i s  about  300 

kwhr/yr. Th i s  i s  c o n s i s t e n t  w i th  rough e s t ima te s  t h a t  t h e y  should use  a-  

bout t e n  t imes l e s s  e l e c t r i c i t y  than  compressor u n i t s .  

The PGEE load  survey i s  aga in  t h e  only  experimental d a t a  on t h e  UEC 

of  c e n t r a l  a i r  cond i t i one r s ,  b u t  it was f o r  a very smal l  sample s i z e  and 

i n  very  s p e c i f i c  c ircumstances.  We have es t imated  more genera l  coo l ing  

loads us ing  t h e  thermal load  computer program TWOZONE. lo 'I'WOZONE is  based 

i n  p a r t  upon t h e  s tandard  A S H M  a lgo r i thms ,  bu t  a l s o  inc ludes  t h e  s o l a r  

hea t  ga in  through windows, t h e  i n t e r n a l  load o f  t h e  occupants ,  and t h e  

e f f e c t s  o f  t h e  wind upon t h e  i n f i l t r a t i o n  r a t e .  Moreover, TWOZONE employs 

weather J a t a  t o  cons t ruc t  an hour ly  thermal balance i n s t e a d  o f  t h e  simple 

degree day o r  design b a s i s  tempera ture  approach. 

These cool ing  loads  become l e s s  accu ra t e  a s  t h e  i n s u l a t i o n  l e v e l s  a r e  

increased .  The cool ing  requirements  a r e  seen t o  s t a y  r e l a t i v e l y  cons tan t  

a s  i n s u l a t i o n  i s  increased  beyond t h e  c u r r e n t  s t a t e  ' l e v e l s  ( s ee  Table A 4 . 5 ) .  

This  i s  because,  whi le  i nc reased  i n s u l a t i o n  lowers t h e  s e n s i b l e  coo l ing  

load, it a l s o  l e t s  t h e  house s i t  over  t e n  degrees above t h e  ambient tem- 

pe ra tu re .  Th i s  program has t h e  a i r  condi t ion ing  working even when t h e  

house could be cooled by n a t u r a l  v e n t i l a t i o n ,  so t h a t  t h e  e f f e c t i v e  



cooling 

program 

season i s  lengthened. Actua l ly ,  t h e  load  curves  genera ted  by t h i s  

f o r  we l l  i n s u l a t e d  houses a r e  n o t  n e a r l y  a s  f l a t  as expected.  I t  

i s  p a r t i c u l a r l y  important  t o  conduct l oad  surveys  and t o  con t inue  computer 

modelling work t o  improve t h e  unders tanding  o f  t h e  e f f e c t s  o f  i nc reased  

i n s u l a t i o n  upon t h e  cool ing  loads .  

To e x t r a c t  from t h e s e  thermal coo l ing  loads  o f  lWOZONE t h e  UEC f o r  

cooling, it i s  necessary  t o  e s t ima te  a  s e r i e s  o f  q u a n t i t i e s .  The most 

c e n t r a l  a r e  t h e  i n s u l a t i o n  l e v e l s ,  t h e  tempera ture  s e t t i n g ,  and t h e  average 

c e n t r a l  a i r  c o n d i t i o n e r ' s  EER. 

There is no d i r e c t  d a t a  a v a i l a b l e  from any source on t h e  s a l e s  weighted 

average EER o f  c e n t r a l  a i r  cond i t i one r s ;  even t h e  manufacturers  claim t o  

be unable t o  e s t ima te  t h e  r e l a t i v e  s a l e s  of  h igh  and low e f f i c i e n c y  models. 

However, t h e  A i r  Condit ioning and R e f r i g e r a t i o n  I n s t i t u t e  (ARI) l i s t s 1 '  t h e  

EER o f  each type  o f  model so ld .  The range o f  e f f i c i e n c y  i s  l a r g e  (see 

Figure A4.3 ) ,  but  t h e  mean appears  t o  be about 6 . 5  (note  t h e  absence o f  any 

information o f  s a l e s  on even t h e  n a t i o n a l  l e v e l ,  much l e s s  f o r  t h e  s t a t c ) .  

However, t h e  ac tua l  energy c f f i c i e n c y  may not  be t h e  same a s  t h e  

nameplate E E R ,  because o f  d i f f e r e n c e s  i n  t h e  s e n s i b l e  and l a t e n t  c o o l i ~ i g  

loads from t h e  t e s t  condi t ions(which a r e  95" d r y  bulb and 75" wet bulb 

outdoors wi th  80" dry  bulb  and 67" wet bu lb  indoor s ) .  TWOZONE employs a 

performance c h a r t  o f  a  General E l e c t r i c  a i r  cond i t i one r  o f  EER 6 . 5  t o  

cons t ruc t  t h e  app ropr i a t e  e f f i c i e n c i e s  f o r  removing s e n s i b l e  and l a t e n t  

hea t  f o r  each c i t y  and each l e v e l  o f  i n s u l a t i o n  t o  e s t i m a t e  t h e  k i lowa t t -  

hours p e r  yea r .  

There i s  a l s o  no d i r e c t  d a t a  on t h e  temperature s e t t i n g s ,  s o  we have 

assumed t h e  mean o f  t h e  two convent ional  s e t t i n g s  ( e i t h e r  75' o r  78', s o  

we employed 76.S°F). The r e s u l t s  f o r  t h e  UEC1s a s  a f u n c t i o n  o f  both 



Kilowatts 

Figure ~ 4 . 3  This scatter plot of the cooling effect versus the 
power has been reproduced from S. H. Dole, "Energy 

- Use and Conservation in the Residential Sector: A 
Regional Analy~is'~, R-1641-NSF ( l 9 7 6 ) ,  p. 38. The 
EER in this plot consists of lines with a given slope 
(since the EER is the ratio of cooling/effect/power). 



l oca t ion  and i n s u l a t i o n  l e v e l s  a r e  shown i n  Table A4 .5 .  I t  should be noted 

t h a t  t h e  power computed f o r  t h e  load  curves  i s  a c t u a l l y  t h e  d i v e r s i f i e d  

demand. 

The computed energy requirement i s  3000 kwhr/yr f o r  a  s i n g l e  fami ly  

house wi th  o n l y  c e i l i n g  i n s u l a t i o n  i n  t h e  T r a v i s  A i r  Force Base weather  

region.  Th i s  compares wel l  wi th  t h e  PGEE load survey i n  t h e  Fresno a r e a .  

The t y p i c a l  houses i n  t h i s  load survey  had on ly  c e i l i n g  i n s u l a t i o n ,  bu t  

were only  about  1200 s q .  f t .  i n  comparison t o  t h e  1450 sq .  f t .  o f  t h e  

TWOZONE sample house. Th i s  s tudy  measured o n l y  2400 kwhr/yr, bu t  t h i s  was 

only t h e  compressor energy, s o  t o  t h i s  should be added t h e  energy t o  run  

t h e  furnace  f a n  (about 800 W) f o r  t h e  same number o f  hours a s  t h e  compressor 

(600 hours p e r  y e a r ) .  With t h e s e  c o r r e c t i o n s  f o r  house s i z e  and f o r  t h e  fu r -  

nace f an  (which TWOZONE i n c l u d e s ) ,  t hen  t h e  load survey r a t e  was 3000 kwhr/yr. 

A i r  c o n d i t i o n e r  power loads  can be de r ived  from t h e  PGGE load survey curve 

shape i n  conjunct ion  wi th  t h e  TWOZONE energy requirements .  

There i s  l i t t l e  o t h e r  d a t a  on t h e  a c t u a l  consumption of  e l e c t r i c j t y  

by spacc coo l ing  systems. The FPC r e p o r t  A l l  E l e c t r i c  ~omcs-l'  does provide  

e s t ima te s  o f  t h e  e l c t r i c i t y  used f o r  cool ing  by a l l  e l e c t r i c  homes with 

" t o t a l  coo l ing  systems," but  t h e s e  d a t a  a r e  e i t h e r  based upon EEI e s t i m a t e s  

o r  a r e  o f  unknown o r i g i n .  The Eas t e rn  load  surveys9 i n d i c a t e  t h a t  c e n t r a l  

u n i t s  u se  about  3224 kwhr/yr (which may no t  i nc lude  t h e  furnace  f a n ) .  

I t  i s  necessary  t o  e s t i m a t e  some more f a c t o r s  t o  d e r i v e  t h e  U E C ' s  

from t h e s e  thermal  loads .  First,  one must e s t ima te  t h e  d i s t r i b u t i o n  o f  

s a t u r a t i o n s  of a i r  cond i t i one r s  w i th  each coo l ing  load.  From t h e  SCE, 

PGEE, and SDGGE s a t u r a t i o n  r e s u l t s  by d i s t r i c t ,  i t  i s  apparent  t h a t  t h e  s a t -  

u r a t i o n s  a r e  much h ighe r  i n l and  than  i n  t h e  c o a s t a l  reg ion  ( a s  was t h e  case  



TABLE A4.5 - Our Estimate o f  Cooling Energy Requirements 

2 
Sing le  Family Detached, 1450 f t  , Cooling, EER = 6;5, 76.s0 Thermostat 

Insu la t ion  

None 

R-19 Cei l ing  Only 

Current S t a t e  Code: 
R-11  Walls, R-19 Ce i l ing  

Current Code Plus 
Double o r  Storm Windows 

Double Glaze, 
R-11  Walls, R-30 Cei l ing  

Double Glaze 
R-18 Walls, R-30 Cei l ing  

Travis 

4,300 

3,300 

2,200 

2,000 

1,900 

1,900 

(kwhr/yrI 

Oakland Burbank 
Los Angeles 

(Airport)  



with room air conditioners). From these district saturations we estimate 

that these weighting distributions are roughly .9 for the higher load areas 

and .1 for the lower load region. Accordingly, we have approximated 

1. PG&E by .9 Travis and .1 Oakland 

2. SMUD by Travis 

3. SCE, LADWP, and SDGGE by .9 Burbank and .1 Los Angeles 's 

airport. 

Note that this weighting is different from that of room air conditioners, 

since as expected room air conditioners have a higher relative saturation 

in more temperate regions. (This expectation is based upon the assumption 

that the most likely consumer response in more temperate coastal regions 

would be to buy a cheaper room air conditioner rather than a central unit 

to meet the lower needs for cooling). Next, the .insulation level in air 

conditioned dwellings is not as easily determined as with electrically 

heated units (see Appendix A2). Accordingly, we have assumed a distribation 

among insulation levels. We have used 

1. . 5  have no insulation 

2. .25 have R-19 ceiling insulation only 

3 .  .25 have the present State code (R-11 walls and R-19 

ceiling) . 
For the various housing types, we had to estimate the cooling loads in 

multi-family units and mobile homes. We have assumed that mobile homes 

have 

1. the same cooling load as uninsulated single family units 

now. 

but, 2. in the future the effect of the State code will be reduce 

this load to that of multi-family units (see Appendix A 2 ) .  



The cooling loads of multi-family units are not well established, 

because of the uncertainties both in the magnitude and ratio of the in- 

ternal and external loads. The floor space of a multi-family unit is about 

75% of that of a single family dwelling. To estimate the ratio of the 

cooling loads of multi-family to single family units we performed a simple 

balance of the electricity demand of single family and multi-family units 

in both SMUD and SCE (the two utilities in which we have separate energy 

consumption figures for both single family and multi-family units). This 

check indicated that the cooling loads of multi-family units are about . 4  

in SCE and about .6 in SMUD, times those of.single family dwellings, which 

were used for the southern and northern utilities respectively. (This 

result seems counter-intuitive for the north versus the south, but could 

be caused by the different internal and external loads, or apartment floor 

space, or surface area to volume effects, or insulation levels, or might 

just indicate the degree of uncertainty in these estimates). 

With all these estimates it is clear that these numbers for the UEC's 

are uncertain. We have weighted these thermal loads by the saturations 

in each utility service area and then constructed a weighted average of 

all the service areas for the state (See Table A4.6 ) .  This number is higher 

than a simpler weighting scheme (such as one based solely upon population) 

would indicate. Finally, we have scaled this number by 85% to take into 

account that the unit will not always be used when needed,6 since people 

take vacations during the summer, a significant fraction of all households 

6 have both adults working (40% of all married couples ) ,  and a significant 

5 fraction of all households have only one occupant (21% ) .  This use factor 

is uncertain since central air conditioners are thermostat controlled 
. 

and thus may operate regardless of the occupantst schedules. However, as 



) TABLE A4.6 - Our Estimates  f o r  Cooling Loads f o r  Cen t r a l  Ai r -condi t ions  i n  1975 

1 2 
(Load /Number of C e n t r a l l y  Air -condi t ioned  Units ) 

S e r v i c e  Area PGEE SMUD SCE LADWP SDGEE Statewide 

S i n g l e  Family 3,020 3,200 3,770 3,770 3,770 3,526 
(171,000) (70,600) (330,000) (87,300) (29,300) (688,000) 

Multi-Family 1,220 1,520 1,525 1,525 1,525 1,462 
(73,500) (30, 500) (157,000) (77,100) (19,100) (357,000) 

Mobile 3,930 4,300 4,500 4,500 4,  500 4,405 
(12,100) (4,140) (SO, 900) (1,040) (13,000) (81,200) 

Weighted average is 2,945 kwhr/yr, s o  wi th  an 85% use  f a c t o r  t h e  r e s u l t  i s  2500 kwl~r/yr. 

Loads were der ived  by SMUD = Trav i s ;  PGEE = . 9  T rav i s  + .1 Oakland; SCE, L A I I W ,  
and SDGEE = . 9  Burbank + .1 Los Angeles ( a i r p o r t ) .  (See PGEE d i s t r i c t  s a t u r a t i o n s  
evidence t h a t  about 10% o f  c e n t r a l  a i r - c o n d i t i o n i n g  i s  i n  t h e  moye temperale 
r e g i o n s ) .  Also,  we used S i n g l e  Family a s  . 5  (no i n s u l a t i o n )  + .25 (R-19 c e i l i n g  
on ly )  + ( - 2 5  s t a t e  s t anda rd ) ;  Multi-Family a s  . 4  (S ingle  Family) i n  SCE, IAIW, 
and SDGEE and a s  .6 (S ingle  Family) i n  PGGE and SMUD ( t h e  rnetllod inost corlsist e n t  
with  t o t a l  e l e c t r i c i t y  s a l e s  d a t a ) ;  Mobile homes were approximated by t h e  un- 
i n s u l a t e d  case .  

2. The s a t u r a t i o n s  used t o  d e r i v e  t h e s e  numbers were t h e  t o t a l  s a t u r a t i o n s  f o r  
PGGE, SMUD, and LADWP, except  f o r  SCE and SDG&E where s a t u r a t i o n s  cont ingent  
upon housing type  were a v a i l a b l e .  



central units are larger than room air 

central unit compared to 0.5 to 2 tons 

conditioners (2 to 5 tons for a 

13 for a room unit ), there is more 

incentive to be efficient about their energy consumption. In the absence 

of any data on these use factors, we will assume that central units have 

the same 85% use factor as room air conditioners. 

, To construct the UEC for the additions to the housing stock in 1975, 

we have used the same weighting scheme among locations for each utility 

and the same multi-family to single family ratio of thermal loads (but 

the mobile home load is now equal to that of multi-family units). The 

saturations were assumed to be the same in each type of housing as the over- 

all saturation rate in recent new construction (see Table A4 .4 ) .  Once 

more the final result was scaled by the 85% use factor. 

To derive the 1980 construction UEC we estimated that better insulation 

will be required by higher fuel costs and assumed the same insulation 

level as in the heating case (see Appendix A 3 ) .  These future thermal 

loads were estimated to be the average of the present State code plus 

storm windows or double glazing arid R-18 walls, R-30 ceiling plils double 

glazing. The efficiency of the air conditioner was assumed to increase 

from EER of 6.5 to 8.7 due to appliance efficiency standards. The housing 

additions were estimated by using the 1975 construction rate in each util- 

ity and the average housing proportions from the 1970 to 1975. Once more 

we assume an 85% use factor. 

It should be recognized that these UEC1s for the 1975 and 1980 new 

construction contingents are more uncertain than those of the entire stock 

in 1975. This is because of not only the number of estimated quantities, 

but also because of the increased uncertainty in the cooling loads with 

better insulation and the increased uncertainty in the scaling ratios 



1 - TABLE A4.7  - Our ,Es t ima te s  f o r  t h e  Cooling Load o f  Cen t r a l  
Ai r -Condi t ion ings  i n  1975 Cons t ruc t ion  

(Load/Number of Addit ions wi th  Cen t r a l  Ai r -condi t ion ing)  

e r v i c e  Area PGEE SMUD SCE LADWP SDGEE Sta tewide  

A l l  ' 

S i n g l e  Family 2,016 2,200 
( 3  , 7001 (3,5501 

Multi-Family 1,210 1,320 
(1 , 310) (2,9801 

Mobi 1 e 

The weighted average i s  2,290 kwhr/yr, s o  w i th  an 85% use  f a c t o r  t h e  r e s u l t  i s  
19SO kwhr/yr. 

1. Assumcd t hc s a t u r a t i o n  i n  each housing type  equals t h e  t o t a l ' s  s a t i l n t  lor1 
type f o r  evcry  va lue  i n  t h i s  row. 



TABLE A4.8 - Our Est imates  f o r  Cooling Load of C e n t r a l  A i r - cond i t i on ing  
i n  1980 Cons t ruc t ion  Using EER = 8 . 7  

1 2 
(Load /Number o f  Addit ions wi th  Cen t r a l  Ai r -condi t ion ing  ) 

S e r v i c e  Area PGEE SMUD SCE LADWP SDGEE S t  atewide 

S ing le  Family 1,340 
(2,7801 

Multi-Family 8  04 
(2,240) 

Mobile 804 
(738) 

The weighted averagc is  1,126 kwhr/yr, s o  'with an 85% use f a c t o r  t h e  r e s u l t  i s  
957 kwhrjyr .  

1. These a r e  J e r i v e d  as i n  T a b l e  A3.6 by averaging c u r r e n t  s t a t e  code w i t h  ~ l o l ~ l j l e  glazed 
o r  storm windows and double glazed windows wi th  R-11 wa l l s  and R-30 c e i l i n g .  

2. These nu~nbers were de r ived  us ing  t h e  s a t u r a t i o n  r a t e s  i n  1975 c o n s t r u c t i o n s ,  
t h e  1975 cons t ruc t ion  r a t e ,  and t h e  1970-1975 housing type  f r a c t i o n s .  



between the single family cooling loads and those of multi-family and 

mobile units as the insulation increases. Moreover, these saturations 

will not be the same in all housing types and may not be the same as the 

saturation in the utilities in recent construction (if either the market 

for central units saturates or the new construction becomes more focused 

inland) . 
However, the available saturation data contingent upon housing type 

indicates that this procedure may be reasonable for single family and multi- 

family units and with the present State code (which will reduce the cooling 

loads in mobile homes) the saturation in new mobile homes should be reduced 

to closer to the other housing types. From these data, and from the time 

series data in Table A4.9 ,  it seems that the increased saturation rate for 

cooling devices is mostly in central systems and that heat pumps, room 

units, and evaporative coolers have fairly stable saturations. There are 

no available data to perform a time series analysis of the size and EER 

of room an3 central units. This type of data would be very useful. 

The largest areas of uncertainty in these data on cooling energy are 

in the energy consumption. There is a need for load surveys, especially 

within different climatic regions of the statc and for different housing 

types. These load surveys should also investigate the effect upon the 

energy consumption and load curves of one unit if another is added. Fi- 

nally, these studies should focus upon the differences in load of various 

levels of insulation, especially the State code and any more stringent 

standards. A simple "on/off" measuring device would be a cheap means of 

determining the cooling hours in a variety of California climates. 

There is also a need for data on the sizes and efficiencies of air 

conditioners sold in California. An important component of this data 



TABLE A4.9 - SDGEE Time Ser ies  Data f o r  A i r  Conditioning (1971) 

(Percent 1 

Year Bui l t  None Central  Room 
1 Evaporative Cooling 

Don't know 87.3 3.7 7.6 

Before 1955 83.7 3.5 10.6 

1955-1959 81.4 5.5 11.6 

1960-1964 81.6 6.5 9.8 

1965-1971 80.3 10.4 7.7 

Tota l  82.9 5.6 9.7 

1. The percentage of  households with one o r  more a i r  condit ioners s i n c e  
t h e  sca l ing  f a c t o r  t o  t h e  percentage o f  households with a room a i r  
condit ioner i s  not known as a function of  t h e  age of the  s t r u c t u r e .  



would be the measurement of the actual EER under California conditions 

and the development of a procedure to convert nameplate EERfs to operating 

EERfs. This type of data on the operating EERfs and the distribution of 

sales by EER's will be important for judging the effects and effectiveness 

of State efficiency standards. Finally, there is also a need for determin- 

ing the lifetimes of the various types of cooling devices. 

There is also much that can be done to improve the usefulness of the 

saturation surveys. First, the Census question of air conditioning spe- 

cifically excludes evaporative coolers. It also does not differentiate 

between central units and heat pumps. Also it does not have an adequate 

number of categories dealing with the number of room air conditioners. 

This question should be expanded from none, one, two or more to: none, 

one, two, three, four, five or more. Similarly, the utility surveys should 

distinguish between types of cooling devices and number of room units 

adequately. The utility data should be compared with billing data to 

improve the accuracy of the responses. All of these surveys should c r o s c .  

tabulate the responses versus the type and age of the structure. 

A11 of these inadequacies in the available cooling data limits t h e  

accuracy of these results. We have also not included the effects of the 

better insulation in the 1975 housing additions in the 1975 stock consump- 

tion. These additions will not consume their full "share" of energy in 

1975, because of the time needed for construction and then occupancy dur- 

ing the year (this effect will be in part balanced by the removed compon- 

ents of the stock using some energy during this year). Similarly, we have 

not included the effects of increased prices upon operating practices. 
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AS Light ing  

The l i g h t i n g  energy ca lcu la t ion  is  d i f f e r e n t  from t h e  c a l c u l a t i o n s  f o r  

appliances.  The b a s i c  form for  the  l i g h t i n g  energy c a l c u l a t i o n  is t o  

mul t ip ly  t h e  s a l e s  o f  l i g h t  bulbs by t h e  energy consumption. The amount 

o f  energy used by a lamp over i t s  l i f e t i m e  can be c a l c u l a t e d  from t h e  

wattage o f  t h e  bulb ,  t imes t h e  average l i f e t i m e  o f  t h e  bulb ,  which has been 

measured by t h e  manufacturers. Published da ta  on lamp s a l e s  a r e  no t  i d e a l  

f o r  c a l c u l a t i n g  energy consumption. The number o f  d i f f e r e n t  types  of  lamps 

4 
is very l a r g e  ($10 ) so  s a l e s  data1 is aggregated i n t o  very l a r g e  blocks of 

types of  lamps. The energy consumption of these  blocks i s  roughly est imated.  

In  genera l ,  f o r  incandescent bulbs,  which make up t h e  bulk o f  t h e  r e s i d e n t i a l  

market, wattages vary inverse ly  with l i f e t i m e s  s o  energy consumptions a r e  

f a i r l y  s t a b l e  wi th in  c l a s s i f i c a t i o n s .  

1 General E l e c t r i c  has used t h e  1973 s a l e s  d a t a  p lus  inhouse es t imates  o f ;  

1 )  t h e  f r a c t i o n  o f  s a l e s  t o  the  r e s i d e n t i a l  market and 2) t h e  d e t a i l e d  

breakdown by type of  bulb within t h e  aggregate c l a s s e s  repor ted  by t h e  

9 
Census o f  Manufacturers, t o  a r r i v e  a t  a t o t a l  energy consumption of  78 x 10 

kwhr f o r  r e s i d e n t i a l  l i g h t i n g  i n  1973. This i s  approximately 1130 kwhr/house- 

6 
hold f o r  t h e  68 x 10 households i n  1973. The inhouse d a t a  i s  p ropr ie t a ry  

so  the  General E l e c t r i c  es t imate  cannot be d i r e c t l y  checked. 

3 
PGGE es t ima tes  1200 kwhr/year f o r  l ight ing ,  in  reasonable agreement 

with t h e  General E l e c t r i c  es t imate .  However, both these  es t imates  may be 

high f o r  1975. Conservation i n  l i g h t i n g  is the  most r e a d i l y  a v a i l a b l e  

of a l l  t h e  consumer energy options.  Unfortunately,  t h e r e  a r e  no da ta  on 

lamp s a l e s  which have been analysed s i n c e  t h e  energy c r i s i s  (1974). 



Lighting load curves4 were measured i n  t h e  1950's. Figures A5.1 and 

A5.2 show t h e  summer and winter  load curves sca led  t o  1130 kwhrjyr.  The 

winter  curve i s  h igher  o v e r a l l ,  a s  t h e  l i g h t i n g  energy consumption on t h e  

average win te r  day is  1-24 times l a r g e r  than t h e  l i g h t i n g  energy consumption 

for the  average day, while t h e  l i g h t i n g  energy consumption on a summer 

day is  but . 7 3  t imes a s  l a r g e  as  t h e  energy consumption on t h e  average day. 

There a r e  no d a t a  on the  e f f e c t  o f  conservation e f f o r t s  on r e s i d e n t i a l  

l i g h t i n g  p r a c t i c e s  s o  1980 consumption cannot be predic ted .  Furthermore, 

t h e r e  a r e  a t  p resen t  no guidel ines  f o r  l i g h t i n g  i n  new const ruct ion  nor  any 

standards on t h e  e f f i c i e n c y  of p resen t  l i g h t  bulbs. Fluorescent  l i g h t s  

i n  new bui ld ings  would save s u b s t a n t i a l  amounts of energy. I n  o l d  bui ld ing 

5 
a s h i f t  t o  Krypton f i l l e d  bulbs (no longer being r e t a i l  marketed ) could 

save approximately 10% o f  the  energy now being used. 

Lighting is a major f r a c t i o n  o f  e l e c t r i c a l  energy use i n  houses. 

Much b e t t e r  d a t a  could be gathered by keeping a year ly  record of  r e t a i l  r,,iles 

of l i g h t  bulbs i n  C a l i f o r n i a  by type of bulb.  By l imi t ing  t h e  data  co l l ec t ion  

t o  those types o f  bulbs which a r e  so ld  t o  t h e  r e s i d e n t i a l  market, and by 

lumping bulbs o f  s i m i l a r  wattages and l i f e t i m e s  (e.g.  25 wat ts  s tandard ,  

F l a i r ,  and colored  bulbs)  the  da ta  c o l l e c t i o n  problem can be made manageable. 

This would g ive  by far  t h e  most accura te  ava i l ab le  method o f  es t imat ing  

l i g h t i n g  consumption i n  Ca l i fo rn ia ,  by yea r .  
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A6 Water Heaters  

The water  h e a t e r  is  t h e  l a r g e s t  s i n g l e  consumer o f  energy i n  t h e  

household a f t e r  space h e a t i n g ;  i n  f a c t ,  with c u r r e n t  home i n s u l a t i o n  

s t a n d a r d s  and energy management by t h e  householder ,  water  h e a t i n g  o f t e n  

r e q u i r e s  more energy than  space  hea t ing .  

Cur ren t ly ,  over  85% o f  t h e  water  h e a t e r s  i n  t h e  s t a t e  a r e  gas  ( o r  

b o t t l e d  gas)  f i r e d ,  s o  t h a t  e l e c t r i c  water  h e a t e r s  do n o t  r e p r e s e n t  a 

l a r g e  f r a c t i o n  o f  t o t a l  e l e c t r i c i t y  use.  However, a r a p i d  i n c r e a s e  i n  

t h e i r  s a t u r a t i o n  could r e s u l t  i n  g r e a t l y  i nc reased  e l e c t r i c i t y  demand. 

Despi te  t h e i r  importance, t h e  exac t  s a t u r a t i o n  of  e l e c t r i c  water  

h e a t e r s  may be hard t o  f i n d .  SDGGE has found t h a t  a s i g n i f i c a n t  f r a c t i o n  

o f  i t s  suxvey respondents  l i s t e d  t h e i r  water  h e a t i n g  f u e l  i n c o r r e c t l y ,  

and t h a t  21% o f  t h e  respondents  i n  mult i - family dwell ings could no t  

even answer whether t h e i r  water  h e a t e r  was gas o r  e l e c t r i c  and ano the r  

12% claimed they  had no h e a t e r .  In  add i t i on ,  t h e  Census l i s ts  more 

households with hot water  than  households which have water  h e a t e r s .  

This  i s  not  s u r p r i s i n g ,  s i n c e  many r e s i d e n t s  o f  mul t i - fami ly  u n i t s  

do n o t  pay f o r  t h e i r  h o t  water  and water h e a t e r s  f o r  such u n i t s  a r e  

g e n e r a l l y  i n s t a l l e d  by t h e  o r i g i n a l  c o n t r a c t o r ,  r a t h e r  t han  purchased 

d i r e c t l y  by t h e  consumer ( e s p e c i a l l y  r e n t e r s ) .  However, t h i s  poses 

s i g n i f i c a n t  problems i n  modeling r e s i d e n t i a l  e l e c t r i c i t y  demand. One 

o f  t h e s e  problems (which i s  analogous t o  t h e  problems faced  with laundry 

f a c i l i t i e s )  is t h a t  t h e  energy f o r  a  bu i ld ing - s i zed  hot  water  system 

may be b i l l e d  t o  a  commercial, r a t h e r  than  a  r e s i d e n t i a l  account .  

To o b t a i n  s a t u r a t i o n  e s t ima te s  f o r  ho t  water  h e a t e r s ,  f i rst  we 

went through t h e  1970 Census by coun t i e s  and i n f l a t e d  t h e  s a t u r a t i o n s  o f  

households with gas o r  e l e c t r i c  water  h e a t e r s  by t h e  r a t i o  o f  households 



TABLE A6.1 - Utility Supplied Saturation or Water Heaters by 
Housing Type and Our Estimates for 1975 Saturations 

PGEE SMUD S CE LADWP SDGGE 
Year 1970 - - 1975 1975 1970 1974 - 

Gas 
Electric 

Single Family 

Gas 
Electric 

Mu1 ti- Family 

Gas 
Electric 

Mobile Home 

Gas 
Electric 

Our Estimate (1975) - 
Gas 
Electric 



having hot  water t o  households having some s o r t  o f  water h e a t e r s  (of ten  

more respondents had piped ho t  water  than used any kind o f  f u e l  ( inc luding 

"other") fo r  water heat) .  We assigned these  county-by-county s a t u r a t i o n  

es t ima tes  t o  u t i l i t y  d i s t r i c t s ,  and then used these  s a t u r a t i o n s  ( f o r  1970) 

t o  i n f l a t e  u t i l i t y  survey responses such t h a t  t h e r e  were a t  l e a s t  a s  

high a s a t u r a t i o n  o f  e l e c t r i c  and gas water h e a t e r s  i n  1975 a s  1970. 

The u t i l i t y  est imates and our r e s u l t s  f o r  each d i s t r i c t s  a r e  shown i n  

Table A6.1. 

Again the  multi-family f i g u r e s  f o r  SCE and SDGGE point  out  t h e  

problems with using u t i l i t y  surveys t o  accura te ly  c a l c u l a t e  t h e  water 

h e a t e r  s a t u r a t i o n s .  The mult i-family f i g u r e  f o r  SCE was c a l c u l a t e d  

from the  weighted average of  t h e i r  apartment and condominium/townhouse 

c l a s s i f i c a t i o n s .  

. Much background information is requ i red  before one can a s s e s s  t h e  

economics and consumption e f f e c t s  of conservation standards f o r  e l e c t r i c  

water h e a t e r s .  We discuss  some of t h e  determinants  o f  e l e c t r i c  water 

h e a t e r  erwrgy usage below. 

Most of the energy irlput i n t o  an e l e c t r i c  water heater  emerges as 

useful  h e a t ;  the re fo re ,  the  pure ly  t echn ica l  approaches t o  reducing 

e l e c t r i c i t y  consumption (e.g. by inc reas ing  tank i n s u l a t i o n  o r  lowering 

water temperature) can save a t  most 20% unless  t h e  r e s i s t a n c e  heat ing  

method i s  replaced. However, s u b s t i t u t i n g  s o l a r  energy f o r  e l e c t r i c  

energy is  p resen t ly  f e a s i b l e  i n  most a reas  of  Ca l i fo rn ia ;  t h i s  is  

discussed i n  more d e t a i l  i n  t h e  s e c t i o n  on s o l a r  energy. S o l a r  a s s i s t a n c e  

can reduce the  impact of  e l e c t r i c i t y  t o  about 30% of its usual  amount. 

In add i t ion ,  l e v e l s  of  hot  water  demand a r e  q u i t e  v a r i a b l e ,  both i n  . 
terms o f  quant i ty  and temperature. The hot  water use by an average 



Cal i fo rn ia  household of  2.85 persons is about 30 (140'~) ga l lons  p e r  

day, not inc lud ing  t h e  consumption of  dishwashers and c l o t h e s  washers. 

Adding a dishwasher adds roughly another  10 (140 '~)  ga l lons  of  demand 

p e r  day, and a  c l o t h e s  washer adds roughly another  IS. 
1 

So what i s  r e a l l y  needed t o  model e l e c t r i c  water  h e a t e r  usage 

is not  j u s t  an average s a t u r a t i o n  times an average consmpt ion,  but  

r a t h e r  a  s e t  of  contingent  s a t u r a t i o n s ,  (e.g. t h e  f r a c t i o n  o f  those  

people with e l e c t r i c  water h e a t e r s  who a l s o  have a  dishwasher).  These 

contingent  s a t u r a t i o n s  may be obta inable  from SDGhE da ta ;  however, 

f o r  t h e  p resen t ,  we had had t o  assume t h a t  t h e  contingent  s a t u r a t i o n s  

a r e  no d i f f e r e n t  than the  o v e r a l l  s a t u r a t i o n s .  

The e f f e c t  o f  consumer choices on hot  water  demands should 

be inves t iga ted .  We have no Ca l i fo rn ia  da ta  on t h e  temperatures used 

i n  water hea te r s  o r  t h e  f r a c t i o n  o f  laundry loads done i n  cold o r  

warm water ins t ead  of hot water .  Such information i s  very helpful  i n  

s tudying pol icy  a l t e r n a t i v e s ,  a s  t h e  reduction i n  t h e  energy c o n s ~ l m p t i o n  

of  water hea te r s  due t o  changing use p a t t e r n s  may be as  l a rge  o r  g r e a t e r  

than t h e  reduction r e s u l t i n g  f rompure ly techn ica l  approaches t o  energy 

conservation. 

Using t he  t y p i c a l  water consumptions previous ly  l i s t e d ,  we c a l c u l a t e  

t h e  following energy consumptions. For a  household without a  c lo thes  

washer o r  dishwasher, 3025 kwhr/yr. A dishwasher adds 695 kwhr/yr, while 

a  c lo thes  washer adds 1045. Thus, a  family with both appliances would 

consume 4765 kwhr/yr . 
The statewide s a t u r a t i o n s  o f  c lo thes  washers and dishwashers is 

655 and 37% respect ive ly .  These s a t u r a t i o n s  give an average energy 

use of  about 4000'kwhr p e r  year .  



We have no h igh-qual i ty  d a t a  on load curves,  but  the  da ta  we have 

suggests  t h a t  a good approximation f o r  an average day would be cons tant  

power (690 wat ts )  from 6:00 a.m. t o  10:OO p.m. except f o r  a d ip  t o  

270 watts from 2:00 p.m. t o  4:00 p.m. and 100 wa t t s  t o  compensate f o r  

make-up losses  a t  n igh t .  2 9 3  Summer usage should be about 20% lower and 

winter  usage about 20% higher  than average. 

Footnotes A6 

1. Numbers derived from gas use measured i n  t h e  PGGE Resident ia l  Gas 

Appliance Load Research Pro jec t ,  1967-1969 and adjus ted  f o r  family 

s i z e  v a r i a t i o n s .  Manufacturers da ta  on dishwasher water use and 

SDGGE da ta  on mean number o f  cycles pe r  month were a l s o  used. See 

the  s p e c i f i c  appl iance  appendix f o r  more d e t a i l .  The base load o f  

30 gal lons/day is  roughly cons i s t en t  with water use s tud ies  from t h e  

f i f t i e s  and s i x t i e s  a f t e r  co r rec t ing  f o r  the  average family s i z e  of 

the  per iod  and t h e  average c lo thes  washer s a t u r a t i o n s .  These s t u d i e s  

a r e  l i s t e d  i n  t h e  ASHRAE 1970 Guide and Data Book, Systems Volume. 

page 557. 

2 .  Richard S. Quinn J r . ,  The Effec ts  of Increased Capital  Expenditure\ -- 

i n  New Homes, Msc Thesis, Universi ty o f  Tennessee, Knoxvi l le ,  Tennessee, 
-- 

August, 1972. 

Sumnrer A i r  Conditioning and Appliance Use Pa t t e rns :  A Graphical Analysis ,  3.  - -- 
J e f f r e y  A. Robinson and Johnny Yeung, Center for.Environmenta1 S t u d i e s  

Report, No. 22V (NSF/RANN S1A 72-03516-A021 , May, 1975. 





A7.  R e f r i g e r a t o r s  

S a t u r a t i o n  d a t a  e x i s t s  on ly  f o r  t h e  t h r e e  u t i l i t i e s  (SMUD, SCE, 

and SDGEE) which m surveys.  PGEE and LADWP r e l y  on t h e  Census 

which l i s t s  pene t r a t ions  ( t h e  number of  households t h a t  own one o r  

more of t h e  appl iance)  r a t h e r  t han  s a t u r a t i o n s  (number o f  app l i ances  

per  household).  The u t i l i t y  surveys  ask ques t ions  designed t o  de te rmine  

t h e  number of mu l t ip l e  r e f r i g e r a t o r  owners. The su rvey  d a t a  i s  shown 

i n  Table A 7.1 along with t h e  c a l c u l a t e d  s a t u r a t i o n s  and p e n e t r a t i o n s .  

Table A 7 . 2  l i s t s  t h e  u t i l i t y  s a t u r a t i o n  d a t a  a l o n g  with our  e s t i m a t e  

of  t h e  1975 s a t u r a t i o n s  f o r  a l l  t h e  u t i l i t y  d i s t r i c t s .  The f i r s t  s t e p  

i n  d e r i v i n g  these  1975 s a t u r a t i o n s  was t o  e s t i m a t e  a  1973-1974 s a t u r a t i o n  

f o r  PGEE and LADWP. The s a t u r a t i o n s  by housing t y p e  f o r  SDGEE and SCE 

a r e  averaged and then m u l t i p l i e d  by t h e  f r a c t i o n s  o f  t h e s e  housing 

types i n  t h e  PGGE and LADWP a r e a ,  t o  produce an o v e r a l l  s a t u r a t i o n  e s t i -  

mate f o r  t h e s e  two d i s t r i c t s .  To update t h e s e  s a t u r a t i o n s  t o  1975 we 

1 .  u se  s a l e s  d a t a  f o r  a  s i x  county r eg ion  In southern  C a l i f o r n i a  along 

with our  e s t ima te  of 1973 s a t u r a t i o n s  f o r  LADWP and SCE i n  an exponen t i a l  

s tock decay model ( s ee  Appendix A13) t o  e s t ima te  a  growth r a t e  of  

0 .6% pe r  year  i n  s a t u r a t i o n s .  The SCE s a t u r a t i o n  i s  updated by 2 y e a r s  

growth, LADWP and PG&E a r e  updated by 1% y e a r s ,  and SDGEE i s  updated 

by 1 yea r .  

The SbnlD d a t a  did not have t o  be updated,  but  it does need adjustment  

t o  compensate f o r  t he  over r e p r e s e n t a t i o n  of  s i n g l e  fami ly  homes i n  

t h e  survey.  The SMUD survey was modeled by updat ing  t h e  SCE and SDGEE 

s a t u r a t i o n s  by housing t y p e  t o  1975 and mul t ip ly ing  by f r a c t i o n s  of  



t h e s e  housing types i n  t h e  survey .  The model r e s u l t  was wi th in  0.3% 

of t h e  SMUD survey  r e s u l t .  We t h e n  c a l c u l a t e d  t h e  model s a t u r a t i o n  

us ing  t h e  c o r r e c t  housing s a t u r a t i o n s  f o r  t h e  SMUD a r e a .  The d i f f e r e n c e  

between t h e  two model c a l c u l a t i o n s  was used t o  c o r r e c t  t h e  survey  r e s u l t .  

R e f r i g e r a t o r s  a r e  t h e  app l i ance  ca tegory  which accounts  f o r  t h e  

l a r g e s t  average percentage of  r e s i d e n t i a l  energy u s e .  The v a r i a t i o n  i n  

energy demand between models i s  tremendous, from about 500 kwhr/yr 

f o r  some f a i r l y  small  s ing le-door  manuals t o  over 3000 kwhr/yr 

(or  about 2 of a  t y p i c a l  C a l i f o r n i a  household ' s  t o t a l  e l e c t r i c  b i l l )  

f o r  t h e  l a r g e s t  s ide-by-s ide  au tomat ic  d e f r o s t  r e f r i g e r a t o r / f r e e z e r .  

Not only does t h e  e l e c t r i c i t y  u se  o f  c u r r e n t  models vary  wi th  brand and 

type ,  but  t h e  model mix has changed with t ime,  causing a  sha rp  i n c r e a s e  

i n  t h e  energy u s e  of new models du r ing  t h e  1960's .  A proper  account ing  

of r e f r i g e r a t o r  energy demand r e q u i r e s  cons t ruc t ing  a  p i c t u r e  of  t h e  a g e  

d i s t r i b u t i o n  of t h e  e x i s t i n g  s tock  and t h e  average energy usage o f  each  

cohort  o f  r e f r i g e r a t o r s .  

The energy consumption of  domest ic  r e f r i g e r a t o r s  manufactured s i n c e  

" 1975 i s  repor ted  y e a r l y  i n  t h e  AHAM Direc tory .  We used t h i s  d a t a  by 

assuming t h a t  t h e  energy consumption f o r  a  given volume and type  

(s ingle-door  manual, two-door p a r t i a l  d e f r o s t ,  two-door n o - f r o s t ,  and 

s ide-by-side n o - f r o s t )  o f  r e f r i g e r a t o r  would be s u b s t a n t i a l l y  t h e  same 

over  time . 2 



A rough market s h a r e  e s t i m a t e  f o r  each model o f  r e f r i g e r a t o r  was 

der ived  from t h e  L.A. Times survey3 d a t a  on purchases.  The r e l a t i v e  

market s h a r e  f o r  a g iven  model was assumed t o  approximately equal  t h e  

brand market share  d iv ided  by t h e  number o f  models produced by t h e  

manufacturer.  These r e l a t i v e  weights  were used t o  g i v e  a weighted 

average energy consumption w i t h i n  each type  and volume b lock .  The r e s u l t s  

of t h i s  c a l c u l a t i o n  a r e  presented  i n  Table A 7 . 3 .  

There i s  much l e s s  d a t a  on t h e  s a l e s  of  imported r e f r i g e r a t o r s  by 

type and s i z e .  In  Table A 7 . 4  we p r e s e n t  a t a b l e  of t h e  e s t ima ted  energy 

consumptions f o r  t h e  c l a s s i f i c a t i o n s  used i n  t h e  most r e c e n t  import  

4 
t a b u l a t i o n s  . 

F a i r l y  ex tens ive  d a t a  e x i s t s  on t h e  breakdown o f  t h e  domest ic  
5 

r e f r i g e r a t o r  s a l e s  by type  and volume. Tables A 7 . 5  and A 7 . 6  g i v e  ou r  

es t imates  of t h e s e  breakdowns by y e a r .  Table A 7 . 3  shows t h a t  each t y p e  

of r e f r i g e r a t o r  comes only  i n  a l i m i t e d  s i z e  range. A  computer program 

was w r i t t e n  t o  u t i l i z e  t h i s  in format ion .  Where more than  one t y p e  o f  

r e f r i g e r a t o r  was produced f o r  a given volume, t h e  s a t u r a t i o n s  f o r  each,  
I 

i n  t h a t  volume, were r e l a t e d  t o  t h e  o v e r a l l  s a t u r a t i o n s .  A  s e l f - c o n s i s t e n t  

s e t  o f  assumptions were made t o  g ive  a unique answer f o r  each c r o s s  

t a b u l a t i o n .  

This  procedure g ives  a complete c r o s s  t a b u l a t i o n  of t h e  volume and 

type d a t a .  The energy consumption of domestic r e f r i g e r a t o r s  was computed 

from t h i s  c ross  t a b u l a t i o n  and t h e  d a t a  i n  Table 7 A . 3 .  



The d a t a  f o r  s a l e s  of impor ts  i s  presented  i n  Table A7.7. This  

information was n o t  d i r e c t l y  usable .  In  p a r t i c u l a r ,  it appears  l i k e l y  

t h a t  many of t h e  small  r e f r i g e r a t o r s  end up i n  r e c r e a t i o n a l  v e h i c l e s  and 

7 
b o a t s .  In add i t i on  AHAM counts  a small  f r a c t i o n  o f  t h e  s a l e s  of t h e  

r e f r i g e r a t o r s  with l e s s  than  6 .5  cu.  f t .  volume i n  t h e i r  t a b l e s ,  which 

we used f o r  domestic s a l e s .  Table A7.8 p r e s e n t s  our  e s t ima te  of  t h e  

import r e f r i g e r a t o r s  going t o  t h e  household market which a r e  no t  counted 

From 1971 t o  1974 d a t a  e x i s t s  f o r  t h e  volume breakdowns; t h e  

average energy consumption f o r  t h e  year  can be computed from Table A7.4. 

P r i o r  t o  1971, no d e t a i l e d  informat ion  was recorded.  We used a smooth 

ex t r apo la t ion  towards t h e  average energy consumption of  1950 domestic 

r e f r i g e r a t o r s ,  t o  f i t  t h i s  d a t a .  A s  t h e  f r a c t i o n  of  pre-1971 import 

s a l e s  is  very smal l ,  t he se  assumptions a r e  r a t h e r  unimportant .  

To compute t h e  average energy consumption f o r  t h e  e x i s t i n g  s tock  

t h e  s a l e s  f o r  each year  have t o  be  known. T o t a l  shipments i nc lud ing  

8 
expor t s ,  but not most imports7,  a r e  t a b u l a t e d  by Merchandising Week a s  

f a r  back as  1922. In Table A 7 . 9  we p resen t  expor t s  from 1945 t o  1974. 

Table A7.10 p re sen t s  t h e  c o r r e c t e d  domestic s a l e s  and imports and t h e  

average energy consumptions by y e a r .  A t o t a l  s a l e s  f i g u r e  and average 

energy consumption i s  d isp layed  i n  t h e  l a s t  column. Final ly ,  i n  

Table A7.11 t h e  s a l e s  a r e  decayed according t o  ou r  exponent ia l  decay 

model, (see Appendix A13) and a s tock  weighted average energy consumption 

is computed. 



U n c e r t a i n t i e s  e x i s t  i n  each s t e p  of t h e  above c a l c u l a t i o n s .  Most o f  

t h e  e r r o r s  a r e  random and appear  small. For  example, t h e  y e a r l y  

energy c a l c u l a t i o n  i s  not  very  s e n s i t i v e  t o  t h e  assumptions used i n  

c a l c u l a t i n g  average energy consumption by t y p e  and volume, o r  t h e  

c a l c u l a t i o n  of  t h e  s a l e s  f r a c t i o n s  by t y p e  and volume. The wors t  c a s e  

e r r o r  seems t o  be o f  t h e  o r d e r  of  10%. 

In  a d d i t i o n  t o  t h e  random e r r o r s ,  t h e r e  a r e  f o u r  coun te rba l anc ing  

sys t ema t i c  b i a s e s  i n  t h e  c a l c u l a t i o n  procedure;  1 )  t h e  c a l c u l a t e d  

energy consumption of  pre-1960 r e f r i g e r a t o r s  i s  too  h igh ,  2) t h e  exponen- 

t i a l  decay model probably overcounts  t h e  pre-1950 r e f r i g e r a t o r s ,  

3) t h e  exponent ia l  decay model d e f i n i t e l y  undercounts  t h e  post-1970 

r e f r i g e r a t o r ~ ~ a n d  4 )  t h e  C a l i f o r n i a  average  energy consumption should be 

h i g h e r  than  t h e  na t iona l  average due t o  t h e  g r e a t e r  number o f  new 

r e f r i g e r a t o r s  i n  t h e  C a l i f o r n i a  s tock .  We have no p r e c i s e  way o f  

c o r r e c t i n g  t h e  f i r s t  t h r e e  e r r o r s .  However,we can roughly  e s t i m a t e  t h e  

p o s s i b l e  magnitudes of t h e  e r r o r s  which a r e  a s  fo l lows:  1 )  -105, 

2) +3%, 3) + 2 % ,  and 4) + 4 % .  The e r r o r s  appear  t o  cance l .  From Table A7.11 

we e s t ima te  t h e  average energy consumption t o  be 1200 kwhr/year.  From 

t h e  d i scuss ion  above we expect t h a t  t h e  accuracy of t h e  e s t i m a t e  i s  

w i th in  100 kwhr/year. 

There i s  l i t t l e  d a t a  on load curves .  Data from t h e  P r ince ton  

0 
s tudy9,  where t h e  average v a r i a t i o n  i n  tempera ture  ove r  t h e  day was 15 F, 

i n d i c a t e s  t ha t , du r ing  t h e  night hours  from 10 p.m. - 8 a.m., t h e  

r e f r i g e r a t o r  consumes 91% o f  t h e  average ,  whi le  d u r i n g  t h e  day t h e  

r e f r i g e r a t o r  consumes 106% of  t h e  average .  A more d e t a i l e d  a n a l y s i s  is 

n o t  j u s t i f i e d  i n  view o f  t h e  a v a i l a b l e  d a t a  and the p o s s i b l e  d i f f e r e n c e s  



between C a l i f o r n i a  and Pr ince ton .  Seasonal  l oad  curves have been 

10 
measured by t h e  AEIC . For t h e  PG&E a r e a  t h e  swing i n  energy consumption 

from summer t o  win ter  i s  13% o f  t h e  average.  Combining t h e s e  numbers, 

we g e t  an average load o f  155 watts dur ing  t h e  summer peak and 135 w a t t s  

dur ing  t h e  win te r  peak. Off peak loads  a r e  135 and 115 w a t t s  r e s p e c t i v e l y .  

A 30% reduct ion  i n  energy consumption by 1980 from t h e  1972 average ,  

i s  i m p l i c i t l y  required1' by Federal  law. We assume t h a t  t h e  r educ t ion  

a f f e c t s  t h e  C a l i f o r n i a  market i n  t h e  same manner as it a f f e c t s  t h e  

n a t i o n a l  market. Using ou r  e s t i m a t e  of  t h e  energy consumption o f  a 1972 

r e f r i g e r a t o r  (Table A7.10) we e s t i m a t e  an average  consumption of  1050 

kwhr/year i n  1980. There i s  cons ide rab le  evidence t h a t  lower energy u s e  

i s  f e a s i b l e ,  e s p e c i a l l y  s i n c e  one manufacturer  (Phi lco)  i s  ve ry  c l o s e  

t o  meeting t h e  s tandard  and has n o t  improved t h e  compressor o r  th ickened  

t h e  i n s u l a t i o n  i n  t h e  w a l l s .  

The average s e r v i c e  l i f e  f o r  r e f r i g e r a t o r s  i s  20 years  

( see  Appendix Al3).  



1)  AHAM Indus t ry  Sa l e s  S t a t i s t i c s  ( s a l e s  t o  d e a l e r s  by county) .  

SCE grac ious ly  provided u s  wi th  t h i s  d a t a  which i s  p r o p r i e t a r y .  

2) I n  general  t h e  indus t ry  has tended t o  main ta in  accep tab le  o p e r a t i n g  

c o s t s  while minimizing f i r s t  c o s t .  For i n s t a n c e ,  foam i n s u l a t e d  

r e f r i g e r a t o r s  have t h i n n e r  wa l l s ,  t h u s  maximizing volume p e r  d o l l a r ,  

bu t  not  s u b s t a n t i a l l y  changing t h e  energy consumption. Two t r e n d s  

a r e  missed by t h i s  assumption; I )  e a r l y  r e f r i g e r a t o r s  had no o r  

v e r y  small  f r e e z e r  compartments, t h e r e f o r e  we overes t imate  t h e i r  

energy consumptions, and 2) we do not  i nc lude  t h e  energy consumption 

o f  acces so r i e s  i n  any of  t h e  c a l c u l a t i o n s .  Robert Bi lek,  P r o j e c t  

Planning, General E l e c t r i c  (Appliance Park ,  Bldg. 5 - Rm. 247, 

L o u i s v i l l e ,  Kentucky 40225) informs u s  t h a t  t h e s e  e x t r a s  can add 

up t o  100 kwhr/year. 

3) Los Angeles Times, Continuing Home Audit Market Research Department 

(213-625-2345, e x t .  1771).  The survey  covered 6000 people annua l ly  

f o r  % years .  Tota l  number of  respondents  who had purchased 

r e f r i g e r a t o r s  was about 1500. 

4) U.S. Customs. See In-146 f o r  t h e  most r e c e n t  d a t a .  

5) Merchandising Week Annual S t a t i s t i c a l  I s s u e s ,  Bi l lboard  P u b l i c a t i o n ,  

1 Astor  Plaza,  New York, New York. Merchandising Week compiles 

d a t a  from AHAM and o t h e r  sources .  The AHAM s t a t i s t i c s  i nc lude  a 

small  number of  imports .  



6) The volume d a t a  from Merchandising Week ( foo tno te s )  was 

aggregated wi th  t h e  end i n t e r v a l s  be ing  open and t h e  i n t e r i o r  

i n t e r v a l s  cover ing  2 f t 3  b l o c s .  The energy consumption c a l c u l a t e d  

from t h e  volume and type  information was n o t  c r i t i c a l l y  dependent 

on t h e  assumptions we used t o  e s t i m a t e  t h e  s a l e s  by c u . f t .  

7) Personal communication with Paul Roman a t  AHAM. We assumed t h a t  

20% of  t h e  imports  above 6 . 5  f t 5  were counted by AHAM. The 

f r a c t i o n  may be  sma l l e r ,  bu t  t h e  e r r o r  i n t roduced  by t h i s  assumption 

would remain ve ry  smal l .  AHAM hopes t o  i nc lude  more imports  i n  t h e  

f u t u r e ;  s e e  a l s o  foo tno te  5 .  

8) The most r e c e n t  numbers a r e  AHAM s t a t i s t i c s .  E a r l i e r  numbers came 

from a  v a r i e t y  o f  i n d u s t r i a l  sources ;  s e e  a l s o  f o o t n o t e  5 .  

9) Summer A i r  Condit ioning a n d ' ~ ~ * l i a n c e  Use P a t t e r n s :  A Graphical  

Analysis ;  J e f f r e y  A .  Robinson and Johnny Young, May 1975, Cen te r  f o r  

Environmental S t u d i e s ,  Report #22, NSF/RANN S/A 72-03516 H02,  

The Engineering Quadrangle, Pr ince ton  U n i v e r s i t y ,  Pr ince ton ,  N . J .  

08540. Only 3 r e f r i g e r a t o r s  were measured. 

10) Frost-Free Ref r ige ra to r -F reeze r  Use Study,  1971 t o  1972, s u p p l i e d  

by PGEE. 

11) The Energy Po l i cy  and Conservat ion Act (PL 94-163, s e c t i o n  325) 

mandates an o v e r a l l  sav ings  o f  a t  l e a s t  20% f o r  a  group of  app l i ances .  

This  i s  equal t o  t h e  vo lun ta ry  t a r g e t  which was s e t  e a r l i e r  by t h e  

Department of  Commerce. The Department o f  Commerce s e t  g o a l s  f o r  

each appl iance i n  t h e  group, so t h a t  t h e  o v e r a l l  s av ings  would be 

20%. The t a r g e t  f o r  r e f r i g e r a t o r s  was a  30% s a v i n g s  ( see  t h e  

Appliance Ef f i c i ency  Program, Progress  Report # I ,  pages 1 2  & 13, 

Science Applicat ion,  Inc .  f o r  a complete  summary of t h e  D.O.C. goa l s . )  



TABLE A7.1 

UTILITY SURVEY DATA ON THE NUMBER OF REFRIGERATORS PER HOUSE 

District 
& No. of k 

Single Multi Mobile 
Refrig. ousing Type Family Family Home ~ l l l  

SMUD (1975) 

1 

Penetration 

Saturation 
3 

SCE (1973)' 

Penetration 
3 99.3 

Saturation 
4 116.5 

2 + 

Penetration 
3 

Saturation 
7 



1 )  SCE and SDGGE r e p o r t  t h e  survey average.  The number l i s t e d  he re  

f o r  t h e s e  u t i l i t i e s  is  t h e  household weighted average  of  t h e  

housing type  s a t u r a t i o n s .  

2) Only . l% answered no r e f r i g e r a t o r  on t h e  q u e s t i o n  asking f o r  

r e f r i g e r a t o r  type ,  however . 7 %  d i d  not  answer t h i s  ques t ion ,  and 

.8% did  not  answer t h e  ques t ion  ask ing  f o r  how many r e f r i g e r a t o r s  
' 

t h e r e  were (0 was no t  a  p o s s i b l e  answer).  

3) Calcu la ted  by assuming t h a t  a  non-response was equ iva l en t  t o  no 

r e f r i g e r a t o r .  See foo tno te  2 f o r  t h e  r a t i o n a l e  behind t h i s  procedure.  

4) Calcu la ted  assuming t h a t  3  o r  more i s  equal  t o  3 . 1  r e f r i g e r a t o r s .  

5) The SCE survey r e p o r t s  l i s t  p e n e t r a t i o n s  o f  f r o s t - f r e e  and r e g u l a r  

r e f r i g e r a t o r s ,  not s a t u r a t i o n s .  However, t h e  survey  (1973 E 1975) 

ques t ions  ask f o r  numbers of  r e f r i g e r a t o r s ,  and SCE was a b l e  

t o  send us  f i g u r e s  f o r  f o r  t h e  1973 Survey. The 1975 

Survey had not y e t  been analyzed i n  t h i s  manner. 

6 )  SDGGE l i s t s  pene t r a t ion  and percentage of homes wi th  r e f r i g e r a t o r s  

t h a t  have more than one. The e n t r i e s  were c a l c u l a t e d  from t h i s  d a t a .  

7 )  Calcula ted  from t h e  average number o f  r e f r i g e r a t o r s  owned by people 

with more than  one, i n  t h e  SCE survey (see  n o t e  3 ) ,  s i n g l e  family 

2.07, mult i - family 2.20, and mobile home 2.04. 



TABLE A 7 . 2  

REFRIGERATOR SATURATIONS FROM UTILITY SURVEYS 

AND OUR ESTIMATE OF SATURATIONS IN 1975 

PGEE SMUD SLE LHD WP SDGEE 

Year of Survey - - 1975 1973 - - 1974 

~ l l  l - - 1.17 1.154 - - 1.179 

Single family - - - - 1.165 - - 1 .227 

Multi-family - - - - 1.036 - - 1.040 

Mobile Home - - - - 1.14 - - 1.098 

Our estimate for 

1.16 1.16 
2 

all types 1.14 1.13 1 .I65 

1) Utility submission. These numbers are not corrected for overcounting 

of single family units. 

2 )  Corrected downward from the survey result to compensate for the 

overcounting of single family units. 



TABLE A 7.3 - Average Energy Consumption of Refrigerators 
by Size and Type. ( ) indicates estimate 

Single-Door Top-Freezer Side-by-Side 

Manual Partial No-Frost No- Frost 



TABLE A7.4  - Energy Consumption f o r  Imported R e f r i g e r a t o r s  

3  3 3 13.5 f t  3 
6 . 5  f t  6 . 5  f t  9.5 ft 

o r  3 to 3 and 
below 9.5 f t  13.5 ft above 

1. The unweighted average o f  t h e  energy consumptions o f  
r e f r i g e r a t o r s  g r e a t e r  than  3 f t 3  and less t h a n  6 . 5  f t  

3 

i n  volume. 

2 .  The unweighted average o f  t h e  energy consumptions o f  
s i n g l e  door manual and t o  - f r e e z e r  p a r t i a l  d e f r o s t  
r e f r i g e r a t o r s  from 6 . 5  f t g  t o  9 . 5  f t 3 .  

3 .  The unweighted average of t h e  energy consumptions o f  - s i n g l e  door manual and t o  - f r e e z e r  p a r t i a l  d e f r o s t  
r e f r i g e r a t o r s  from 9 . 5  f t g  t o  1 3 . 5  f t 3 .  

4 .  The unweighted average of  t h e  energy consumption of  
1 4 . 5  f t 3  top - f r eeze r  p a r t i a l  and automatic  d e f r o s t  
r e f r i g e r a t o r s .  



TABLE A 7.5 - Breakdown of Domestic Refrigerator Sales by 
Type and Year. ( ) indicates an estimate. 

Two-Door: Top or Bottom 
Single-Door Side-by-Side freezer 

Year/Type no-frost (%) no frost (%) 



1. Estimates of  two-door p a r t i a l  and no-f ros t  r e f r i g e r a t o r s  s u b t r a c t e d  
from the  t o t a l  t o  give an es t imate  f o r  s ingle-door  manual. 

2 .  A l l  s i n g l e  door r e f r i g e r a t o r s  were assumed t o  be manuals. 

3.  Average of 1959 and 1961 with a  small adjustment t o  account f o r  
our es t imate  of two-door, no-f ros t  r e f r i g e r a t o r s .  

4 .  Only t h e  number of single-door r e f r i g e r a t o r s  known --  t h e  o the r  
values a r e  estimated from 1966 and 1968. 

5. Estimated f o r  9  months da ta .  

6.  No data ;  est imate smoothly ex t rapo la ted  t o  zero .  

7 .  The f r a c t i o n  of  manual and p a r t i a l  d e f r o s t  r e f r i g e r a t o r s  was 
known. The f r a c t i o n  of p a r t i a l  d e f r o s t  r e f r i g e r a t o r s  was 
estimated by subs t rac t ing  a l l  s ingle-door  models (see  footnote  2) 
from t h e  t o t a l .  

8.  The f r a c t i o n  of no-f ros t  r e f r i g e r a t o r s  was known. The f r a c t i o n  
o f  side-by-sides was estimated by averaging 1963 and 1965 and 
deducted from the  t o t a l  t o  give t h e  func t ion  of  t o p  and bottom 
f r e e z e r s .  





Year - 

TABLE A7.7 - Import Data R e f r i g e r a t o r s  and F reeze r s  

5 
Refr igera tors  by S i z e  ( f t  ) 

6 . 5  13 .5  
o r  below 6.5-9.5 9.5-13.5 o r  above T o t a l  

R e f r i g e r a t o r s  
and 

F reeze r s  F reeze r s  

1. Inc ludes  commercial and i n d u s t r i a l  r e f r i g e r a t o r s  and f r e e z e r s  (code 25 of  Import t a b l e s ) .  The 
corresponding t o t a l s  f o r  65 and 64 (code 10 and code 20) a r e  64,828 and 57,800. 

2 .  Est imated from d o l l a r  value o f  impor t s .  



TABLE A 7 . 8  - Our Est imates of  Ref r ige ra to r  Imports 
not  counted i n  AHAM s t a t i s t i c s .  

Year/Imports x l o 3  6 .5 f t  
3 l  3 13 .5 f t  32 

6 . 5 f t  9 .5 f t  
3  * 

by volume and below to9.5ft t o  1 3 . 5 f t 3  and above Tota l  

1. 50% of a l l  imports 6 . 5 f t 3  o r  smal ler  a r e  assumed t o  go t o  t h e  
r ec rea t iona l  veh ic le  market. 

2 .  AHAM count3 a  small and unspeci f ied  f r a c t i o n  of imports g r e a t e r  
than 6 . 5 f t  i n  s i z e  i n  t h e i r  s t a t i s t i c s .  We assumed 80% of  t h e  
r e f r i g e r a t o r s  had not  been counted. 



3. R e f r i g e r a t o r  imports  were es t imated  from r e f r i g e r a t o r s  and f r e e z e r  
imports by mul t ip ly ing  by 0 .8 ,  t h e  unweighted ave rage  o f  t h e  
f r a c t i o n  o f  r e f r i g e r a t o r  and f r e e z e r  imports  from 1971 t o  1974 which 
were r e f r i g  r a t o r s .  The f r a c t i o n  of r e f r i g e r a t o r  impor ts  t h a t  was '5 
below 6 . 5 f t  was taken t o  be 0.5,  t h e  f r a c t i o n  i n  1971. 

4.  The f r a c t i o n  o f  commercial and i n d u s t r i a l  r e f r i g e r a t o r s  and f r e e z e r s  
was assumed t o  be 0.003, t h e  f r a c t i o n  t o  t h i s  market i n  1964 and 
1965. 

5. Average of  1964 and 1962 e s t i m a t e s .  

6 .  No d a t a  - Our e s t ima te  i s  a  s imple smooth e x t r a p o l a t i o n  t o  zero .  



Year 

Refr igera tor  
Freezer 

Total  

Year 

Refr igera tor  
Freezer 

Total  

Year 

Refr igera tor  
Freezer 

Total 

TABLE A 7 . 9  - Exports of Ref r ige ra to r s  and Freezers  x l o J  ( ) Ind ica tes  Est imate 

1. Freezer exports  were ext rapola ted  smoothly t o  zero by using the  t r end  i n  f r a c t i o n  o f  expor t s  
1952 to1955.  Total  f r eeze r  shipments a r e  smal ler  before 1950 a s  t h i s  indus t ry  began i n  1946. 

2 .  Estimated by simply sub t rac t ing  t h e  f r e e z e r  e s t ima te  from t o t a l  expor ts .  

3.  The very limited output a t  the  end o f  t h e  war was assumed t o  go only t o  t h e  domestic market. 



TABLE A 7.10 - S a l e s  and Energy Consumption by Year 

Domes t i c  ~ v e r a ~ e ~  1 m ~ o r t s x l 0 ~  ~ v e r a ~ e ~  T o t a l  Average 
S a l e s  cover d Energy u s e  no t  counted Energy Use S a l e 2  Energy u s e  

Year - by AHAMxlO 
4 

kwhrlyr by AHAM kwhr/yr x10 kwhr/yr 

1940 
census 
1940 
1941 
1942 
1943 
1944 
1945 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

1. Tota l  Shipments ( l i s t e d  by Merchandising Week) minus e x p o r t s .  

2. Computed from o u r  e s t ima te s  of t h e  f r a c t i o n  of  s a l e s  by volume and 
type and our e s t ima te s  of t h e  energy consumption by volume and t y p e  
(see Table A7.5 and A7.6) .  The e s t ima te s  f o r  pre-1960 r e f r i g e r a t o r s  
a r e  t oo  h igh  a s  ou r  procedure does n o t  proper ly  e s t ima te  t h e  energy 
consumption of t h e . f r e e z e r l e s s  r e f r i g e r a t o r s .  The energy consumption 



of early 1950 refrigerators is probably in the range 250-500 
(average 350) based on tests by Consumers1 Union (1947, 1948) and 
1954 GE1s Service Manuals. We purposely leave this error in the 
table until we can fix the compensating bias introduced by our 
exponential decay model and until we can properly account for the 
transition between pre- and post-1960 units, 

3. The energy consumption of 1971-1974 imports is computed from 
Table A7.4 and A7.8. The energy consumption of the pre-1971 
imports was smoothly extrapolated towards the energy consumption 
of 1950 refrigerators--see footnote 2 above. 



TABLE A7.11 - National  Table 

Ref r ige ra to r s  i n  Stock (January 1975) by Age and Energy Consumption 

Year 
Number i n  31 Percentage Average Energy 
Stock x 1 0  of Stock (%) Use kwhr/yr - 

1940 (Census) 2,673 3 .5  608 
1940 475 0 .6  608 
1941 672 0 .9  608 
1942 105 0 .1  608 

1943 0 - 0 
1944 0 - 0 
1945 62 0 .1  608 
1946 451 0 .6  608 

1947 810 1 . 0  64 1 

1948 1 ,271 1 . 6  6 38 
1949 1,227 1 . 6  636 
1950 1,808 2.3 640 

1951 1,174 1 . 5  651 
1952 1,064 1 .4  657 
1953 1,150 1 . 5  674 
1954 1,218 1 . 6  703 
1955 1,578 2.0 759 
1956 1,376 1 . 8  850 
1957 1,306 1 . 7  850 

1958 1,265 1 . 6  869 

1959 1,667 2.2 903 

1960 1,616 2 .1  973 

1961 1,717 2.2 1,058 

1962 1,980 2.6 1,104 

1963 2,269 2.9 1,199 

1964 2,676 3.5 1,254 
1965 3,077 4 .0  1 ,343 

1966 3,265 4 .2  1,434 

1967 3,254 4 .2  1,472 

1968 3,800 4.9 1,494 

1969 4,232 5 .5  1,472 

1970 4,526 5 .9  1,474 

1971 5,235 6.8 1,489 

1972 6,015 7 .8  1,522 

1973 6,536 8.4 1,571 

1974 5,801 7.5 1,609 

1,235 
2 

Overall  U.S. Figure 77,351 100.1 

1. Calculated wi th  an exponent ia l  decay mode1 (see  Appendix ~ 1 3 ) .  The 
model probably overes t imates thenumber  o f  r e f r i g e r k t o r s  s u n i v i n g  from 
t h e  1940's and c e r t a i n l y  underest imates t h e  number of new (1970-1973) 
r e f r i g e r a t o r s .  Th i s  b i a s  i s  compensated by t h e  overes t imate  of t h e  
energy consumption o f  pre-1960 r e f r i g e r a t o r s .  

2. We use 1200 kwhrlyear i n  t h e  main r e p o r t  as we f e e l  t h a t  our e s t i m a t e  
is  only accura t e  t o  wi th in  100 kwhr/year. 





A8 Cooking 

Satura t ion  d a t a  f o r  ranges were based on u t i l i t y  company submissions 

which we present  i n  Table A8.1 toge the r  with our e s t ima te  f o r  t h e  s a t u r a t i o n s  

i n  1975. 

The d a t a  from two o f  t h e  u t i l i t i e s ,  SCE and SMUD were a l ready 1975 

es t imates .  We reca lcu la ted  t h e  o v e r a l l  s a t u r a t i o n  o f  ranges f o r  SCE by 

weighting the  s a t u r a t i o n s  o f  ranges f o r  each housing type  by our es t imate  

of  t h e  f r a c t i o n  o f  each housing type.  The SCE survey undercounts both 

mult i-family and mobile home u n i t s .  For ranges t h e  e r r o r  form i s  o f  t h e  

opposi te  s ign  f o r  the  two types  o f  housing u n i t s  and s o  t h e  d i f fe rence  

between our  weighted es t imate  and SCE's unweighted es t ima te  is  f a i r l y  

smal l .  A s imi la r  co r rec t ion  should be applied t o  t h e  SMUD da ta ,  but  we lack  

t h e  d a t a  on sa tu ra t ions  by housing type necessary f o r  t h e  co r rec t ion .  

The data  from t h e  o t h e r  t h r e e  u t i l i t i e s  were updated t o  1975 using a 

simple bui ld ing s tock model. The 1975 bui ld ing s tock was broken i n t o  

two c l a s s e s :  1) t h e  o ld  s tock cons i s t ing  of bu i ld ings  which ex i s t ed  a t  

the  time of the  o r i g i n a l  es t imat ion  of  range s a t u r a t i o n ,  and 2 )  t h e  new 

s tock consis t ing  of  add i t ions  t o  bui ld ing stock s i n c e  t h a t  da te .  

For t h e  old s tock ,  we assumed t h a t  the  s a t u r a t i o n s  of ranges were 

unchanged from t h e  o r i g i n a l  es t imates .  For t h e  new a d d i t i o n s ,  w e  11seJ t h e  

s a t u r a t i o n  of ranges i n  1971-1973 houses a s  measured i n  the  SDGGE survey 

f o r  t h e  new addi t ions  (59.3% f o r  s i n g l e  family u n i t s ,  78.9% f o r  mult i-family 

u n i t s ,  and 16.7% f o r  mobile homes). The overa l l  s a t u r a t i o n s  i n  Table A 8 . 1  

a r e  weighted averages of  t h e  s a t u r a t i o n s  i n  the  two bu i ld ing  c las ses .  

Two assumptions a r e  i m p l i c i t  i n  t h e  use of t h e  o r i g i n a l  es t imate  f o r  t h e  

s a t u r a t i o n  o f  ranges i n  t h e  o ld  bui ld ing stock:  1) people who replace  ranges 

buy t h e  same type o f  range, o r  a t  l e a s t  s h i f t s  from e l e c t r i c  t o  gas a r e  



TABLE A8.1 - Utility Supplied Saturation Data for Ranges by 
Housing Type and Our Estimate for 1975 Saturations 

District 
Saturation (Percent) 

Housing (year of PGGE SMUD SCE LADWP SDGGE 
Type survey) (1970) (1975) (1975) (1975) (1974) 

Single Family 42.7 . 58.9 30.9 13.9 42.0 

Multi-Family - - 29.4 - 41.5 

Mobile Home - - 37.0 - 47.1 2 

Our Estimate - - 13.0 - 8.9 

For All ?)pes 1975 46.3 58.9 30.7 18.0 41.3 

1. 1970 Census Data 

2 .  Calculated by combining the SCE apartment and condominium/townhouse 
classification. 



balanced by s h i f t s  from gas t o  e l e c t r i c  and 2)' t h e  s a t u r a t i o n  of  e l e c t r i c  

ranges i n  housing t h a t  was removed from s tock was t h e  same as t h e  s a t u r a t i o n  

o f  e l e c t r i c  range i n  t h e  remaining o ld  s tock.  Only about 20% o f  t h e  ranges 

i n  t h e  o ld  s tock should have t o  be replaced over  t h e  f i v e  y e a r  update 

*eriodl f o r  PGEE and LADWP, and only 4% have t o  be  replaced over t h e  one 

year  update per iod  f o r  SDGEE. This bounds t h e  p o s s i b l e  e r r o r  from devia t ions  

i n  our assumptions. The ac tua l  e r r o r  should be s u b s t a n t i a l l y  smaller  than 

t h e  maximum poss ib le  e r r o r .  

The SDGEE survey r e s u l t s  on range s a t u r a t i o n s  i n  new housing were - 

used f o r  a l l  t h r e e  u t i l i t i e s  a s  t h e r e  a r e  no o t h e r  d a t a  of  t h i s  s o r t .  We 

found no evidence t h a t  San Diego d i f f e r e d  g r e a t l y  from t h e  o t h e r  u t i l i t i e s .  

The maximum poss ib le  e r r o r  i s  again bounded by t h e  l i m i t e d  f r a c t i o n  of 

housing a f fec ted .  New addi t ions  t o  1975 were 20% o f  t h e  housing stock 

f o r  PGGE, bu t  only 7% f o r  LADWP and 3% (1974 t o  1975) f o r  SDGGE. 

As a check on the  PGGE es t ima te ,  we updated t h e i r  1970 s a t u r a t i o n  

da ta  w i t h  PG&Ets s a l e s  es t imates  and an exponential  s tock decay model.. 

This method of  updating gave a r e s u l t 2  wi th in  0.5% of  the  e s t ima te  i n  

Table A 8 . 1 .  

Our es t imate  of the  u n i t  energy consumption o f  ranges is  based on 

3 t h e  EEI t a b l e s  which have l i s t e d  1200 kwhr/yr, o r  s l i g h t l y  h igher ,  f o r  

r angess ince  a t  l e a s t  1948. The o r i g i n a l  es t imates  appear t o  have been based 

on load s t u d i e s ,  but  t h e r e  a r e  no r e c e n t  r e l i a b l e  load s t u d i e s  t o  confirm 

them. However, t h e  es t imate  o f  1200 kwhr/yr is cons i s t en t  wi th  t h e  pre-  

l iminary s t a t i s t i c a l  f i t t i n g  done a t  SDGEE on appliance energy consumption. 
4 

It i s  a l s o  cons i s t en t  with t h e  e s t ima tes  o f  energy use  f o r  gas ranges. 
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Gas ranges usesp6 somewhere from 95 to 106 therms/year. Deducting 

pilot light conswoption7 of 28 therms/year leaves 67-78 therms/year 

cooking. This is equivalent to 1950-2290 kwhr/yr, but electric units 

generally considered5 to be almost twice (1.9) as efficient as gas 

units. The estimate of electric range use from this analysis is,therefore, 

1042-1210 kwhr/yr. 

8 PGGE and two other utilities conducted a load study recently that 

found a much lower usage than our estimate of 1200 kwhr/yr: 786 kwhr/yr. 

However, the sample was biased and we believe that the result is incorrect. 

The average annual electricity consumption for the houses measured was 

9400 kwhr; the average household usage for PGEE1s whole system was less 

than 6500. The other utilities participating in the study also chose 

anomalously high consumers; for one of them, average use of the households 

tested was 30,000 kwhr/yr, five times California average consumption. 

These unusually high users of electricity may differ from typical users 

in two ways: 1) Higher users of electricity are likely to have higher 

than average incomes and can, therefore, be expected to eat out (bal.bwue) 

more often and perhaps to eat fewer hot lunches and breakfasts than iivcr'lge. 

The latter hypothesis may be supported by the study's load curves, which 

show almost no cooking around lunch time and very little in the morning, 

9 in contrast to the princeton CES study ; 2) ~ i ~ h &  users of electricity 

probably have more small electrical cooking devices, such as broilers, 

toaster-ovens, frying pans, rotisseries, coffee pots, etc., and so their 

full cooking electricity consumption doesn't show up when only the range 

energy is metered. EEI estimates of small appliance electricity use 

suggest that a household that owned one of each of the common small 



cooking appliances could use an addi t ional  800 kwhr i n  cooking. 

The ac tua l  use f o r  small appliances is probably i n  d i r e c t  proport ion 

t o  t h e  use d iver ted  from the  range. In general ,  t h e  small cooking 

appliances do not  appear t o  change cooking energy very much. For example, 

crockery cookers tend t o  increase  energy use ,  while microwave ovens can 

use more o r  l e s s  depending upon how they a r e  used. 10 

A t  t h e  time of  t he  o r i g ina l  EEI es t imate  of range use, t he r e  were 

few small cooking appliances. To the  ex ten t  t h a t  t he  recent  load surveys 

measure t he  inf luence o f  these  small cooking appliances it would appear 

reasonable t o  assume t h a t  the  energy ac tua l l y  used f o r  the  range has 

declined.  Properly speaking 1200 kwhr/yr is probably a b e t t e r  es t imate  

of cooking (crock pot ,  e l e c t r i c  s k i l l e t ,  microwave oven, e t c . )  requirements 

than range requirements. 

Since our  es t imate  of  energy consumption is  higher than the  u t i l i t y  

figures, we cannot use t h e i r  load curves d i r e c t l y .  The simplest  assumption 

t o  cor rec t  the  PGEE load curve f o r  higher overa l l  energy consumption i s  

t o  sca le  the  curve by 1200/786. This y i e ld s  a winter peak a t  5:00 p.m. 

of 1.3 kw, o r  approximately 800 wat ts  a t  SDGEE system peak a t  5:30 p.m. 

See f igure  A R . 1  f o r  t h e  load curve scaled i n  the  fashion discussed above. 

There are two assumptions imp l i c i t  i n  t h i s  d i r e c t  sca l ing ;  1) any 

di f ference i n  energy consumption between PG6E's measurement and our es t imate  

due t o  famil ies  ea t ing  dinners out  i s  balanced by fewer hot lunches and 

breakfas ts ;  and 2) the use of small cooking appliances w i l l  produce a 

load curve s i m i l a r  t o  the  equivalent  use of  a range. Spec i f i ca l ly  t he  

crock pots  with t h e i r  extended load curves a r e  not  a major f rac t ion  o f  

the  cooking load and tend t o  be balanced by the  microwave ovens. 





The maximum p o s s i b l e  e r r o r  i n  t h e  peak a r i s i n g  from our  assumption 

can be estimated by assuming t h a t  e i t h e r  none o f  t h e  e x t r a  energy i s  

used a t  dinner time o r  t h a t  a l l  of  it is  used i n  t h e  t h r e e  hour b loc  

cover ing t h e  dinner cooking. The first assumption r e t u r n s  PG&E1s peak 

of 850 watts (GO0 a t  SDG&Ets system peak), while t h e  second assumption 

y i e l d s  1500 watts ($950 watts  a t  t h e  SDGEE peak). 

The maximum energy consumption f o r  ranges i n  1980 should be no more 

tban 1080 kwhr/yr. This  i s  t h e  ca lcu la ted  energy consumption assuming 

the minimum reduction i n  energy consumption o f  10% i m p l i c i t l y  required  

12 
by f e d e r a l  law. The major i n e f f i c i e n c i e s  i n  ranges (as ide  from t h e  

new glass  cook tops  which do not  appear t o  be a s  e f f i c i e n t  a s  t h e  s tandard  

13 burner u n i t  ) is  i n  h e a t  l o s s  from t h e  oven. Considering t h e  p o t e n t i a l l y  

l a r g e  contr ibut ion t o  peak load from ranges,  it would seem reasonable 

to  heavi ly  i n s u l a t e  t h e  oven compartment t o  gain more than just a 10% 

sav ings .  

Ranges a re  important con t r ibu to r s  t o  both o v e r a l l  energy consunqtlon 

and peak demand. They a r e ,  the re fo re ,  an important candidate f o r  an 

improved load study.  To get  useful  information the  sample w i l l  have t o  

be random and f a i r l y  l a r g e .  Furthermore, t h e  presence of  small cooking 

appliances should be accounted fo r ;  and i f  poss ib le ,  t h e i r  e f f e c t  measured 

The average l i f e t i m e  o f  a range is 16.9 years (see Appendix A13). 



Footnotes and References 

Based on an exponential decay model (see Appendices A13 f o r  more 

d e t a i l ) .  

PGGE co l l ec t s  s a l e s  da ta  from major appliance dealers.  The data is 

not inclusive and, therefore ,  f o r  most appliances it undercounts. For 

ranges it may overcount because of s a l e s  t o  the  recreation vehicle 

market. The e r ro r s  i n  the  decay model a r e  discussed i n  Appendix A13. 

The magnitude of these e r ro r s  is  unknown so  we have used t h i s  method 

as a check instead of  a primary estimate. 

"Annual Energy Requirements of  E lec t r ic  Household Appliances". Edison 

E lec t r i c  In s t i t u t e ,  90 Park Avenue, New York, New York 10016. The 

l a t e s t  i s sue  is EEI-Pub #75-61. The i s sues  from 1948 t o  1969 a re  

reproduced in  "A Methodology f o r  Projecting t h e  Elec t r ica l  Energy 

Demand o f  t he  Residential  Sector i n  California", C, C. Mow, W. E. 

Mooz, and S. K. Anderson, R-995-NSF/CSRA, March, 1973, Rand Corporation, 

1700 Main S t r ee t ,  Santa Monica, Cal i fornia  90426. 

Personal Communication with Richard English of the  Market Research 

Division, San Diego Gas and Electr ic .  Mr. English has  analyzed the 

b i l l s  of the  respondents t o  the  SDGGE appliance surveys t o  a r r ive  

a t  preliminary estimates of energy consumption per appliance. 

ltEnergyUse and Conservation i n  the  Residential  Sector: A Regional 

Analysis", Stephen H. Dole, R-1641-NSF, The Rand Corporation, 1700 

Main S t r ee t ,  Santa Monica, California 90426. 

"Residential Gas Appliance Load Research Project", Marketing Research 

and Services Department, Pac i f ic  Gas and E lec t r i c  Company, 1970. Gas 

consumption fo r  14  ranges was measured a t  101 therms/year. 

"Energy Consumption of Contemporary 1973 Range Burners and P i lo t s  

Under typical  Cooking Loads", D. W. Dewerth, American Gas Association 

Laboratories, Report #1499, December, 1973, referenced by Stephen 

H. Dole. See footnote 4. 

PGEE provided us with Appendix A; Residential  Customer Load Study, 

Homes with Elec t r ic  Ranges. This was a j o i n t  study compiled by Walter 

Blwnst of PGCE from data col lected by the  Arizona Public Service 

Company, PGEE and the  Utah Power & Light Company from October, 1972 t o  

December, 1973. 
.I 
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9. ffSummer A i r  Conditioning and Appliance Use Pa t t e rns :  A Graphical 

Analysis", J e f f r e y  A. Robinson and Johnny Yeung, Center f o r  

Environmental S tud ies  Report No. 22, NSF/RANN, SlA72-03516-A02, 

May, 1975. 

10. Crockery Cookers Consumer Reports,  November, 1975 o r  The Ins ide  

Energy Story  On Microwave Cooking by June Bate1 f o r  E l e c t r i c a l  

World, a l s o  published i n  t h e  Journal  o f  Home Economics, November, 1975; 

and "Microwave Comparison Cooking", Home Economics Department, P a c i f i c  

Gas and E l e c t r i c ,  November 1974. 

11. Sari Diego Gas and E l e c t r i c  is  t h e  s t a t e s  only winter  peaking u t i l i t y .  

12. The Energy Policy and Conservation Act (PL 94-163, s e c t i o n  325) mandates 

an o v e r a l l  savings o f  a t  l e a s t  20% f o r  a group of  appliances.  This 

is  equal  t o  the  voluntary  t a r g e t  which was s e t  e a r l i e r  by t h e  Department 

of  Commerce. The Department of  Commerce s e t  goals  f o r  each appliance 

i n  the group s o  t h a t  t h e  o v e r a l l  savings would be 20%. The t a r g e t  

f o r  ranges was a 10% saving (see the  Appliance Ef f i c i ency  Program, 

Progress  Report #1, pages 12, 13; Science Applicat ion I n c . ,  f o r  a 

complete summary of t h e  D.0.C goa l s ) .  

13. SeeWMicrowave Comparison Cooking" Home Economics Department, P a c i f i c  

Gas and E l e c t r i c ,  November, 1974. The comparison o f  cooking frozen 

green beans shows a d i s t i n c t l y  h igher  consumption f o r  glass top  u n i t s  

a g a i n s t  s tandard u n i t s .  





A9 Television 

Television energy use i s  an area where t he  simple equation 

energy use = (average power) x (number of  hours t h e  s e t  is  on) 

i s  meaningful. Accurate da ta  on these factors  can perhaps be constructed, 

but not without the  use of de ta i led  viewer surveys. 

Census d a t a  is not  meaningful f o r  TV energy consumption, since the  

Census does not dis t inguish between monochrome and color  TV's, despi te  

the  f a c t  t h a t  color s e t s  use more energy. Further, the  Census does no t  

list the  number of s e t s  owned, except i n  the  categories:  none, one, and 

two o r  more. 

The independent u t i l i t y  s tud ie s  do not give the  correct  number o f  

TV s e t s  e i t h e r  s ince t h e i r  sample categories a r e  ambiguous (e.g. "color 

only, black and white only, bothw). 

We have constructed an estimate of  t e lev is ion  s e t s  i n  use by employing 

sa les  data  from 1940 t o  1974 f o r  both color and black and white s e t s  i n  

order t o  ca1culat.e average power. The color  s e t  model gives 74.0% 

sa tura t ion  of  color ?Irfs, which i s  consistent within 10% with survey 

r e su l t s  from SCE, SDGEE and SMUD. We use the u t i l i t y  data  where ava i lab le ,  

otherwisawe use 74.0% f o r  t h e  co lor  set saturat ion.  

For monochrome s e t s ,  our model predicts  111.1% saturat ion.  This  is  

too high; s ince when added t o  color  s e t  sa turat ion,  it produces 183.5% 

sa tura t ion  of TV1s. Actual sa tura t ion  statewide is  about 155% and is 

cer ta in ly  no higher than 161t . l  (157% i n  SMIJDfs survey and 147% i n  t h e  

SCE survey). The difference between our model and the  saturat ion da ta  i s  

probably due t o  the  large number of TV1s which show up i n  the  non-residential  

sector ,  i.e. motels, ho te l s ,  and bars.  A f a i r  number of  small TVfs are - . 
a l so  showing up i n  recreat ional  vehicles and boats. Another possible  



small contr ibut ing f ac to r  i s  t h a t  we used nat ional  data .  Since Californians 
I 

view N l e s s  (1900 hours2 versus 2200 hours nationwide), they may ac tua l ly  

have fewer TVts. We assume t h a t  t h e  dif ference between e i t h e r  155% (or 

the  actual  sa tura t ion  o f T V t s i n  an a rea  as measured by a u t i l i t y  survey) 

and the  s a tu ra t i on  of  co lor  s e t s  is the  sa tura t ion  of black and white s e t s .  

For the  u t i l i t i e s  with no survey da ta ,  t h i s  i s  80%. 

The model a l so  calculates  t he  weighted average power consumption of 

a TV receiver .  According t o  Electronic Industr ies  Association Data, TV 

power use  averaged about 310 watts f o r  color  and 200 f o r  black and white 

i n  the  ea r ly  60's .  These numbers dropped precipi tously  i n  the  ear ly  70's  

following the  introduction of l a rge  f rac t ions  of TV production using 

s o l i d  s t a t e  components. By 1975, average power was down t o  150 watts 

fo r  color  and 75 f o r  black and white, with s o l i d  s t a t e  un i t s  averaging 

131 and 42 watts  respectively.  The overa l l  s tock average N power 

consumption is 250 watts f o r  color s e t s  and 1975 f o r  monochrome. 

Fortunately, i t  is not necessary t o  know the  sa tura t ion  of TVts t o  

2 a r r ive  fit t h e i r  energy consumption. Arbitron c o l l e c t s  surveys on the 

average number of television-hours per household f o r  d i f f e r en t  time 

periods. Even i f  we don't know how manyTVfs a r e  owned, we can get the  

number i n  use a t  any time. Then the  only problem i s . t o  apportion the  

viewing hours between monochrome and color  s e t s  (and between tube and 

so l id  s t a t e  s e t s ) .  An overal l  r e s u l t  of t h i s  survey is  a statewide 

average of 1900 set-hours per Cal i fornia  household. This is  much lower 

than the  EEL estimate of 2200 hours per  TV s ince  our sa turat ion data  says 

there  a r e  1.55TV1s per household. This implies only 1200 hours of use 

per W !  The energy consumption per  household can be calculated i f  we 

assume t h a t  about 2/3 of t h e  viewing hours a r e  on color  s e t s  ( u t i l i t y  



surveys  i n d i c a t e  t h a t  more f a m i l i e s  a r e  l i k e l y  t o  have a c o l o r  s e t  as 

t h e i r  only TV) and 1 /3  on monochrome sets  g iv ing  450 kwhr/family-year. 

Energy consumption p e r  TV us ing  t h e s e  viewing hour e s t ima te s  a r e  420 kwhrlyr  

and 140 kwhr/yr f o r  c o l o r  and b lack  and wh i t e  TVs r e s p e c t i v e l y .  These 

4 
numbers a r e  lower than  Edison E l e c t r i c  I n s t i t u t e  numbers due t o  t h e  

s m a l l e r  e s t ima te  f o r  viewing hours .  

Footnotes  A9 

1. Based on pe r sona l  communication wi th  Arb i t ron  t o  ob ta in  t h e  number o f  

TVs per  m u l t i - s e t  household and t h e  Arbi t ron  Te lev i s ion  Census f o r  

F a l l  1975 f o r  t h e  f r a c t i o n  o f  househo.lds with one s e t  and with more 

than  one. The Arbi t ron  number i s  probably an upper l i m i t  a s  it 

may inc lude  some responses f o r  non-funct ional  TVs. 

2 .  Viewing hours  were t a b u l a t e d  f o r  1975 from t h e  1975 County Coverage 

(Ca l i fo rn i a )  p u t  out by Arbi t ron  Telev is ion .  The complete survey  

f o r  t h e  s t a t e  is publ i shed  y e a r l y  and can be obta ined  from t h e  

American Research Bureau (San Francisco Of f i ce  a t  425 C a l i f o r n i a  

S t r e e t ,  San Francisco,  C a l i f o r n i a  94104 (415) 391-1702). The a c t u a l  

survey i s  a d i a r y  survey of  viewing hours p e r  family.  The survey o n l y  

under counts  i f  t he  same s t a t i o n  is watched on two TVs s i m u l t n n e o u ~ l y ,  

o therwise ,  viewing of  two TVs would count a s  two viewing hours .  

3. Te lev i s ion  Power Consumption Survey, l e t t e r  from E .  M.  Tinglcy,  

S t a f f  Engineer Consumer E lec t ron ic s  Group o f  t h e  E lec t ron ic  I r i dus t r i e s  

Assoc ia t ion ,  2001 Eye S t r e e t  N. W . ,  Washington, D . C .  20006 (202) 659-22C0, 

t o  t h e i r  Te lev i s ion  Receiver Group, forwarded t o  us by G .  F. a long  

with t h e  r e s u l t s  of a  E I A  marketing survey,  and a  graph o f  power con- 

sumption o f  models t o  1960 from E I A  d a t a .  

4 ,  The Edison E l e c t r i c  I n s t i t u t e ,  90 Park Avenue New York, N.Y. 10006 

pub l i shes  t h e  "Annual Energy Requirements o f  E l e c t r i c  Household 

Appliancesv. The number i s  an average o f  submissions from member 

u t i l i t i e s  and gene ra l ly  r ep re sen t  c u r r e n t  p r a c t i c e .  A s tock  wat tage  

can be de r ived  by averaging  ove r  years .  The c u r r e n t  pub l i ca t ion  i s  . 
EEI-Pub #75-61, t h e  1973 p u b l i c a t i o n  was EEA 201-73. E a r l i e r  t a b u l a t i o n s  



Footnotes (conttd) 

can be found in the Rand report R-995, "A Methodology for Projecting 

the Electrical Energy Demand of the Residential Sector in California", 

C. C. Mow, W. E. Mooz and S. K. Anderson, March, 1973. Their estimated 

annual energy requirement uses the average family viewing hour figure 

for each TV, which is an overestimate. 



TABLE A9.1 - Historical Sales and Power Use of TVs 

Black & White 
Year - Sales 

1960 CENSUS 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

Overall, 1974 78,847,300 

Black & White 
Power Color Sales 

200, OOO* 

119,000 

145,000 

432,000 

740,000 

1,448,000 

2,598,000 

5,O64,OOO 

5,726,000 

5,922,000 

5,9O4,OOO 

4,580,000 

6,261,000 

7,759,000 

9,856,000 

8,209,000 

50,894,600 

Color Power 

310 W 

31 0 

310 

31 0 

310 

310 

310 

3 10 

310 

310 

310 

310 

300 

277 

180 

160 

257 

*Estimated by Extrapolating 1965-60 Sales Data 



A10 FREEZERS 

Saturation data for freezers were based on utility company supplied 

information. This information is shown in Table A10.1. together with 

our estimates of saturations in 1975. Although much of the utility 

supplied information was not for 1975, it was assumed to be valid for 

that year .  This seemed reasonable since an examination of past surveys 

by SCE, SMUD and SDGGE did not reveal any time trend over the past five 

years. Also, a cross tabulation of age of house versus freezer saturation 

for SDGGE did not provide evidence of recent changes in the saturation 

percentages. 

Our estimates of the overall saturations for SCE and SDGEE were 

derived by weighting the saturations which were contingent on housing 

type by our estimates of the percentages of single family, multi-family, 

and mobile homes (See Appendix Al). Since their surveys undercount 

multi-family units, our overall saturations are slightly lower than 

those reported by the utilities. A similar correction is probably ap- 

propriate for the SMUD data, 3ut is not possible in the absence of 

contingent saturation data. 

Refrigerators and freezers are similar appliances, often made by 

the same manufacturer. However, as we discuss later, the data for 

freezers are insufficient to support a detailed stock-use model like 

the one used for refrigerators (See Appendix A 7 ) .  Our average unit 

energy consumption for freezers is based on a more simple model. 

The average energy consumptions of freezers broken down by volume 

and type were computed by using the sales weights from the L.A. Times 

survey for freezers1 in conjunction with the energy consumptions (scaled 



TABLE A1O.l - Utility Supplied Saturation Data on Freezers by Housing Type 
and Our Estimate for 1975 Saturations 

SMUD SCE LADWP 1 SDGEE 
(1 975) (1 975) (1970) (1974) 

Saturation (Percent) 

A 1  1 25.4 36.0 20.0 12.5 37.3 

Single Family - - 25.0 - 43.6 

Multi-Family - - 5.0 - 18.7 
2 

Mobile Home - - 19.6 - 33.9 

Our Estimate for All 
Types (1975) 25.4 36.0 19.0 12.5 35.0 

1. Based on Census data. 

2. Calculated by combining t h e  SCE apartment and condominium c lass t$s .  



by 0.9) f o r  each model and brand a s  l i s t e d  i n  t h e  AHAM d i r e c t o r y .  
2 

There was no s t rong  l i n e a r  t r end  of energy consumption versus volume. 

Ins tead,  it was found t h a t  f r e e z e r s  could be roughly divided i n t o  f i v e  

3 
energy us ing c l a s s e s .  Chest f r e e z e r  12 f t  and smaller, and manual 

d e f r o s t  upr igh t s  14 f t 2  and smal ler  used l e s s  energy than t h e  b igger  

counterpar ts .  Automatic d e f r o s t  f r e e z e r s  were i n  a c l a s s  by themselves. 

Unit energy consumptions f o r  each o f  t h e  c lasses  a r e  shown i n  Table A10.2. 

Three d i f f e r e n t  sources were used t o  determine t h e  f r a c t i o n  of 

f r e e z e r s  i n  each c l a s s .  The number of  no-f ros t  u n i t s  was est imated from 

the  r e s u l t s  of  t h e  SDGEE and SCE surveys. The f r a c t i o n  of ches t  f r e e z e r s  

was est imated from the  AHAM s t a t e  s a l e s  t a b l e s 3  (~20% with l i t t l e  t rend 

f o r  t h e  l a s t  t e n  years) .  The r a t i o s  o f  small f r e e z e r s  t o  l a rge  f reeze rs  

were est imated from t h e  t a b l e s  l i s t i n g  percent  na t iona l  s a l e s  by volume 

4 i n  Merchandising - Week. I n  add i t ion  t h e  AHAhI d i r e c t o r y  showed t h a t  t h e r e  

3 were no automatic ches t  f r e e z e r s  and very few automatics 14 f t  o r  smal ler .  

Two major problems with t h e  d a t a  forced us t o  use the  method out l ined 

above ins tead  of a s tock flow model. F i r s t ,  we have no d a t a  p r i o r  t o  1972 

on t h e  percentage of f r e e z e r s  so ld  with t h e  no- f ros t  f e a t u r e ,  an important 

determinant of energy use. Second, t h e  Ca l i fo rn ia  market f o r  f r e e z e r s  

is  d i s s i m i l a r  t o  t h e  na t iona l  market. Cal i fornians  buy fewer f r e e z e r s  

per  household than Americans i n  genera l ;  they a l s o  buy d i f f e r e n t  types.  

While about 40% o f  a l l  f r e e z e r s  so ld  n a t i o n a l l y  a r e  ches t  type u n i t s ,  i n  

Ca l i fo rn ia  t y p i c a l l y  l e s s  than 20% a r e  ches t  f r eeze rs .  Nat ional ly  23-24% 

of  a l l  f r eeze rs  sold  r e c e n t l y  a r e  f r o s t - f r e e ,  while i n  C a l i f o r n i a  u t i l i t y  

surveys 30% of t h e  stock is  f r o s t - f r e e .  

The high l eve l  of  aggregation and uncer ta in ty  i n  t h e  inpu t s  f o r  t h e  

f r e e z e r  s tock model gives a higher uncer ta in ty  i n  t h e  energy consumption 



TABLE A10.2 - Unit Energy Consumption of  t h e  Freezer  c l a s s e s  and 
t h e  F rac t ion  o f  Stock i n  Each C las s  

Chest Upright To ta l  
Small Large 

Large Small Manual Manual No-Fros t 

P e r c e n t  of  Stock 
1 7 13 18 3 2 3 0 100 

U n i t  Energy 
Conswnpt i on  (kwhr/yr) 850 1,460 975 1,280 1 ,825  1,400 

1. See t e x t  

2. Freezers  were d iv ided  i n t o  t h r e e  t y p e s  ( c h e s t ,  u p r i g h t ,  and u p r i g h t  n o - f r o s t ) .  
Each type  was f u r t h e r  d iv ided  i n t o  volume groups i n  1 f t 3  increments .  A 
s a l e s  weight f o r  each f r e e z e r  i n  t h e  AHAM d i r e c t o r y  ( r e f e rence  2 i n  t h e  t e x t )  
was es t imated  by d i v i d i n g  t h e  market s h a r e  for  each manufacturer as g i v e n  
by the  L.A. Times Survey ( r e fe rence  1 i n  t h e  t e x t )  by t h e  number o f  nlodels 
proti .~ced by t h e  manufacturer .  A l l  models o f  a given manufacturer r e c e i v e  
equal weights  i n  t h i s  procedure. [ I n  t h e  f i n a l  r e s u l t s , t h c s e  weights  a r e  
~ e p l a c e d  by s a t u r a t i o n  d a t a .  The weights  a r e  used here  a s  a proxy f o r  market 
s h a r e  by t y p e  and volume s ince  we were unable t o  o b t a i n  t h i s  p r v p r i e t a ~ y  d a t a . ]  
Using t h e s e  s a l e s  weights  and t h e  energy corlsun~pcions l i s t e d  - i n  t h e  AIIAM 
d i r e c t o r y ,  n weighted avcrage u n i t  energy consumption (WC) was colnput c - r l  f o r  
each type  and volume. - The d a t a  were d iv ided  i n t o  volume b locks  wi th in  wh ich  
t h e  f l u c t u a t i o n s  i n  UEC from volume t o  volume appeared - t o  be random. The 
l ~ i ~ f  f o r  each block was taken  t o  be t h e  average of t h e  UECs  of  a l l  t h e  volumes 
i n  t t e  block.  The f i n a l  s t e p  was t o  s c a l e  t h e s e  r e s u l t s  by 0.9 t o  b r i n g  t h e  
AHAM d i r e c t o r y  f i g u r e s  i n t o  agreement wi th  t h e  r e s u l t s  o f  t h e  AHAM Fie ld  Use 
Tes t  ( suppl ied  by Robert Bi lek,  P r o j e c t  Planning,  General E l e c t r i c  Co. 
Appliance Park, Bldg. 5 - Room 247, L o u i s v i l l e ,  Kentucky 40225). 



than  our  r e f r i g e r a t o r  es t imate .  I n  p a r t i c u l a r ,  t h e  L.A. Times s a l e s  
' I .  

weights a r e  est imated on a much smal ler  survey sample s i z e .  Furthermore, 

t h e  energy consumptions a r e  more s e n s i t i v e  t o  e r r o r s  i n  t h e  s a l e s  weights 

f o r  f r e e z e r s  than r e f r i g e r a t o r s  due t o  t h e  very  high l e v e l  o f  concentra t ion  

i n  t h e  indus t ry  and t h e  considerably h igher  than average consumption of 

t h e  major brands. 

The load curve of  a  f r e e z e r  is  probably even f l a t t e r  than t h a t  of  

a r e f r i g e r a t o r  s ince  t h e  u n i t  is opened l e s s  f requent ly  and thus  has a  

a  lower i n f i l t r a t i o n  working load, and a l s o  s i n c e  t h e  range o f  ambient 

temperatures around t h e  u n i t  i s  a smal ler  f r a c t i o n  of  t h e  temperature 

d i f f e r e n c e  between t h e  i n s i d e  of  t h e  f r e e z e r  and t h e  outs ide .  The 

r e f r i g e r a t o r  load curve is  almost f l a t ;  hence, we assume t h a t  t h e  load 

curve i s  approximated by a constant  demand o f  161 wat ts  (1400 kwhr/year 

I 8700 hours/year) .  

The reduction i n  energy consumption by 1980, i m p l i c i t l y  requi red  

5 by fede ra l  law i s  25%. Assuming t h a t  t h e  reduct ion  a f f e c t s  t h e  C a l i f o - r ~ ~ i a ' s  

market i n  t h e  same manner as i t  a f f e c t s  t h e  na t iona l  market, t h e  u n i t  

energy consumption w i l l  be approximately 1050 kwhr/year f o r  f r ecyer?  so ld  

i n  C a l i f o r n i a  by 1980. 

More conservation would appear poss ib le .  The minimum s tandard  f o r  

r e f r i g e r a t o r s  is  t i g h t e r  (30%), y e t  a  f r e e z e r  has a  l a r g e r  f r a c t i o n  o f  

i ts  e x t e r n a l  heat  load i n  conduction. I n s u l a t i o n  should, t h e r e f o r e ,  be 

more important i n  f r e e z e r s ,  and a t  t h e  same t ime,  t h e r e  is  l e s s  o f  a  

r e s t r i c t i o n  o r  ex te rna l  dimensions f o r  f r e e z e r s  than r e f r i g e r a t o r s .  

The average s e r v i c e  l i f e  o f  a  f r e e z e r  i s  estimated t o  be 24.5 

yea r s  (See Appendix A13). 



Footnotes and '~eferences for Appendix A10. 

The Los Angeles Times Continuing Home Audit (Home Audit Section 

(213) 625-2345, ext. 1771) began to audit purchases of freezers 

in 1975. 

September 1975 Directory of Certified RefrigeratorlFreezers, 

Association of Home Appliance Manufacturers, 20 N. Wacker Drive, 

Chicago, Ill. 60606. The energy conswnptions listed for freezers 

all have to be scaled by 0.9 before use (See Footnote 2, Table 

A10.2). 

AHAM (see above) publishes tables of "Appliance Sales by Distributors - 
States". Many freezer sales are not reported by State, so these 

numbers have to be scaled by total sales before being used. 

Annual Statistical Issue, February 24, 1975 and earlier issues, 

Merchandising Week, 1. Astor Plaza, New York, N.Y., 10036 

(212) 764-7300. 

The Energy Policy and Conservation Act (PL 94-163, section 325, 

paragraph 13 (1)) mandates an overall savings of at least 20% for 

a group of appliances. This is equal to the voluntary target 

which was set earlier by the Department of Commerce. The Departmerlt 

of Commerce set goals for each appliance in the group so that the 

overall savings would be 20%. The targct for freezers was a 25% 

savings (See the Appliance Efficiency Program, Progress Report # I ,  

pages 12, 13. Science Application Tnc., for a complete sununary 

of the D.O.C. goals). 





A 1 1  Home Laundry Facilities 

Saturation data for home laundry facilities was based on utility surveys 

or the Census, where there was no utility survey. There is an added potential 

for error in the multi-family and mobile home sectors due to the presence of 

common laundry facilities. The surveys attempt to minimize this source 

of error by asking for laundry facilities owned or exclusively used by the 

family. Unfortunately, each survey asks a somewhat different question so 

there may be errors in comparing the results. Furthermore, there have 

been no follow-up studies to determine the size of the inaccuracy. The 

single family sector does not share the above bias. Since this sector 

accounts for almost 70% of the family units the overall saturations should 

not be greatly worse than those for other appliances. The LADWP was updated 

to 1975 by using a simple addition and removal model based on building stock 

changes (see Appendix Al). Housipg removals are multiplied by the 1970 

saturation of the appliance to give a removal from stock. The surviving 

stock of 1969 houses is assumed to have an unchanged saturation of the 

appliance. 1:innlly new additions to the housing stock are nlultiplied hy 

a new addition saturation to get additions to the stock of appliances. The 

resultant stock of appliances is divided by the 1975 building stock to give 

the 1975 saturation. 

We used the contingent saturations of the appliances in new buildings 

from the 1974 San Diego Gas and Electric Survey for the new addition 

saturations. This is intrinsically more accurate than using the SCE time 

series of saturations to compute a contingent saturation as that involves 

taking the difference of two large numbers. Table A11.2 presents the 

SDG&E contingent saturations. . 



TABLE A l l . 1  - U t i l i t y  Supplied Satura t ion on Home Laundry F a c i l i t i e s  
and Our Estimates f o r  1975 Sa tu ra t ions  

Year - 

Clothes Washers 
Clothes Dryers 

Sing1 e Family 

Clothes Washers 
Clothes Dryers 

Multi-Family 

Clothes Washers 
Clothes Dryers 

Mobile Home 

Clothes Washers 
Clothes Dryers 

Our Estimates (1975) 

Clothes Washers 66.1 
Clothes Dryers 41.8 

SMUD SC E 
1975 1975 - 

LADWP SDGGE 
19701 1974 

'1970 Census data  

'This number appears t o  be a s t a t i s t i c a l  f l u c t u a t i o n ,  as it i s  the  lowest 

s a t u r a t i o n  reported i n  t h e  l a s t  s i x  years. The s a t u r a t i o n s  f o r  1969 and 1970 

were both 83.1% and 1973 was 85.2%. I t  is  very & l i k e l y  t h a t  the  s a t u r a t i o n  

declined s o  much from 1973 t o  1975. We used 83% i n  our ca lcu la t ions  i n  

place 80.8%. 

' ~ e r i v e d  from t h e  weighted average o f  apartments and condominium/townhouses . 



TABLE A11.2 - Saturations of Clothes Washers and Dryers 
in 1971-1973 Homes for SDGGE 

Single Family - Multi-Family Mobile Homes 

Clothes Washer 95.1 41.1 55.1 

Clothes Dryer 44.3 28.6 36.7 



PG&E suppl ied  us  with yea r ly  s a l e s  d a t a  i n  addi t ion  t o  the  Census 

submission so  we est imated t h e  s a t u r a t i o n s  with t h i s  da ta  i n  add i t ion  t o  

using t h e  a d d i t i o n  removal method descr ibed above. The s a l e s  d a t a  

i s  used i n  a decay model by assuming t h a t  t h e  stock decays exponent ia l ly  

(see Appendix Al) with a mean l i f e  o f  12.3 years  f o r  t h e  c l o t h e s  washer 

and 15.3 y e a r s  f o r  t h e  c lo thes  d rye r  (see Appendix A13). In  general  

the  s a l e s  d a t a  may not  be complete; hence, t h i s  method w i l l  tend t o  under- 

est imate and i s ,  t h e r e f o r e ,  p r imar i ly  used a s  a  cons is tency check with 

t h e  add i t ion  and removal r e s u l t s  being entered  i n t o  Table A l l . l .  However, 

f o r  c lo thes  d rye r s  t h e  decay model g ives  a  higher es t imate  than t h e  

addi t ion  removal model s o  we use  it i n s t e a d  (41.8% vs 34.9%). For t h i s  

p a r t i c u l a r  case  t h e r e  is good reason t o  suspect  t h a t  t h e  San Diego d a t a  

i s  not  r e p r e s e n t a t i v e  f o r  t h e  PGEE a rea .  1)  The milder  c l imate  f o r  

San Diego r e s u l t i n g  i n  lower o v e r a l l  s a l e s ,  and 2) t h e  t r a d i t i o n a l l y  

higher propor t ion  o f  e l e c t r i c  d rye r s  i n  both s tock and s a l e s  i n  t h e  PGEE 

area  a s  opposed t o  t h e  San Diego a rea .  Table A11.3 p resen t s  the  s a l e s  

model c a l c u l a t i o n .  

The San Diego Gas and E l e c t r i c  d a t a  was updated t o  1975 i n  a  s i m i l a r  

manner t o  t h e  updating of  t h e  LADWP d a t a ,  except t h a t  s tock removals were 

calcula ted  f o r  each housing sec to r .  Our es t imate  f o r  the  t o t a l  s a t u r a t i o n  

i s  ca lcu la ted  

s e c t o r  by t h e  

and swnming. 

by mult iplying t h e  contingent  s a t u r a t i o n s  f o r  each housing 

s a t u r a t i o n  of  households i n  t h a t  housing s e c t o r  (see Appendix Al) 

This same procedure was used i n  our e s t ima te  o f  the  overa l l  

s a t u r a t i o n  f o r  SCE. In both cases ,  t h e  undercounting o f  mult i-family u n i t s  

i n  the  u t i l i t y  survey s h i f t s  our  r e s u l t s  below t h e  equivalent  u t i l i t y  

est imate.  

The SMUD da ta  was used uncorrected b6cause we do n o t  have contingent  



TABLE A11.3 - 1975 Stock from Sales and Census 

Year - Sales or Stock # Surviving to 1975 

Census (1 969) 868,564 

1970 106,913 

1971 122,448 

1972 131,972 

1973 124,075 

1974 111,401 

Total 1,465,373 1,152,824 

Saturations assumming 2,760,494 customers December, 1974 

53% 41.8% 



s a t u r a t i o n s  f o r  each housing. The 1970 SMUD survey was higher than t h e  

Census so the 1975 numbers a r e  probably b iased  high. 

The two laundry appliances appear t o  use roughly comparable amounts 

o f  energy, 1120 kwhr/year f o r  the  c l o t h e s  washer and 950 kwhr/year f o r  

t h e  c lo thes  d rye r .  There i s  f a i r l y  good d a t a  on energy consumption by 

c lo thes  dryers ,  conversely t h e  d a t a  f o r  c l o t h e s  washers i s  much l e s s  

accurate.  The d i r e c t  use  o f  energy by t h e  c l o t h e s  washer i s  e a s i l y  

est imated,  bu t  is f a i r l y  small ,  approximately 70 kwhr/year, t h e  remainder 

o f  t h e  energy u s e  is  t h e  i n d i r e c t  use  r e s u l t i n g  from increased hot water 

demand which i s  much harder t o  e s t ima te .  

The d a t a  f o r  est imation of  d rye r  energy use cons i s t s  of two load 

surveys, a survey o f  laundry load as a function o f  family s i z e ,  and a 

c ross  t a b u l a t i o n  from t h e  SDGGE Miracle d a t a  g iv ing the  average s i z e  o f  

fami l ies  wi th  dryers .  

The PGGE' load survey f o r  d rye r s  measured 1400 kwhr/year f o r  an average 

2 family s i z e  of 4 .5  people. The OGGE load survey measured 1320 kwhr/year 

f o r  an average family s i z e  of 4 .8  people. Two-thirds of t h e  OGEE fanlilies 

use t h e i r  d ~ y e r s  i n  a heated space,  which makes a 200 kwhr/year d i f f e rence .  

. ."he energy consumption o f  the  d rye r s  located  ou t s ide  the  heated a x a  would 

!:-. d i r e c t l y  comparable t o  the  PGGE da ta .  

The d i f fe rence  between the  energy consumed by a dryer  i n  a heated 

space versus  an unheated space must be made up by t h e  space heat ing  

equipment. Therefore,  it makes more sense t o  use the  PGGE numbers o r  

t h e  OG&E numbers f o r  dryers  i n  unheated a reas ,  which a r e  d i r e c t l y  equivalent  

to  the  PGEE numbers on a per  c a p i t a  b a s i s .  

3 The 1972 SDGGE appliance s a t u r a t i o n  shows t h a t  the  number of  laundry 
\ 

1 s  i a h igh ly  l i n e a r  function (r2 = .b9) with respect  t o  family s i r e .  



The OGGE study,  which is l imi ted  t o  only 64 customers, tends  t o  confirm 

t h e  l i n e a r i t y  both f o r  loads/year  and kwhr/year. That is ,  t h e  pe r  c a p i t a  

loads /year  was approximately 108 i n  t h e  OG&E s tudy  ($98 f o r  SDGGE, $118 

for PGGE s tudy) ,  and t h e  average load was approximately 2.5 kwhr/load 

rega rd less  ( p r e t t y  much) o f  family s i z e 4 ;  hence, t h e  energy consunption/year 

is  f a i r l y  .closely a funct ion  of  family s i z e .  Where dev ia t ions  from constant  

Pnhr/load ex i s t ed  they tended t o  be compensated f o r  by opposi te  dev ia t ions  

in t h e  loads/year leaving t h e  pe r  c a p i t a  energy consumption p e r  year  a s  

the most s t a b l e  index. 

Since the  energy consumption is  almost d i r e c t l y  a funct ion  of family 

s i z e ,  we used the  SDGGE MIRACLE I da ta  base t o  g e t  t h e  average family 

s i z e  of  fami l ies  with d rye r s .  The r e s u l t a n t  f i g u r e ,  3.1 people/family, 

s c a l e s  t h e  PGGE d a t a  t o  950 kwhr/year. 

The EEI f i g u r e  o f  993kwhdyear is  c l o s e  enough t o  our f i g u r e  t o  

be consis tent  with it given v a r i a t i o n s  i n  family s i z e  and c l imate .  

The load curve i s  ca lcu la ted  from the  PGEE study i n  t h e  following 

wanner: we used PGEE7s load curve shapes f o r  both summer and win te r ,  t t i ~ t  

averaged over one hour ins tead  of  '/2 hour,  and adjus ted  t h e  peak power 

l o a d  t o  give t h e  c o r r e c t  energy use.  

The study claims t h a t  the  dryer  load i n  January is  1.22 times a s  

I a r g e  as an average month's load, o r  (950/365) x 1.22 = 3.2 kwhr/day. 

J w e  load is  0.9 t imes average load o r  (950/365) x 0.9 = 2.3 kwhr/day. 

PG&Efs peak load on an average weekday was 620 and 380 wat ts  f o r  winter  

aerd summer respec t ive ly .  (There is  a f a c t o r  of two e r r o r s  i n  t h e  o r i g i n a l  

P 6 & E  writeup).' The load curves i n t e g r a t e  t o  4.46 and 3.62 kwhr/day 

r e s p e c t i v e l y  (again twice the  repor ted  values) .  



We a d j u s t  the  peak powers t o  account' f o r  t h e  d i f fe rence  i n  household 

s i z e  between the  PG&E s tudy and the average u s e r  from t h e  SDG&E MIRACLE 

da ta ,  by t h e  r a t i o s  o f  t h e  energy use  p e r  day. For winter  t h e  r a t i o  i s  

3.2 kwhr/4.46 kwhr = 0.717 and f o r  summer it is  2.3 kwhr/3.62 kwhr = 0.635. 

F ina l ly ,  we cor rec t  t h e  curves f o r  t h e  peak day (Monday) which i s  20.8% 

o f  t h e  week's load, by mult iplying both winter  and summer peak wattages by 

0.208/(1/7). Our f i n a l  r e s u l t s  wi th  t h e s e  co r rec t ions  a r e  650 wa t t s  f o r  

t h e  winter  peak, and 350 wat ts  f o r  t h e  summer peak. 

An important po in t  f o r  a l l  t h e  laundry and dishwashing equipment 

d a t a  is t h a t  the  energy consumptions and peak o f  demands a r e  t i e d  t o  

t h e  s i z e  of  t h e  family (e.g. 305 kwhr/person f o r  a c lo thes  d r y e r ) .  This - 
implies t h a t  as s a t u r a t i o n s  climb t h e  t o t a l  energy consumption and 

peak demand w i l l  become a funct ion  of populat ion r a t h e r  than number of 

households; and i f  p resen t  t r ends  f o r  family s i z e  continue, energy consumptions 

and peak demand p e r  appliance w i l l  dec l ine .  

The d i r e c t  energy use f o r  c lo thes  washer is ca lcu la ted  from the  energy 

consumption per  load times t h e  est imated number o f  loads per  year .  Franklin 

Manufacturing corpora t ion6 es t imates  . 2 S  kwhrlload. This number i s  a b i t  

lower than t h e  .35 kwhrlload der ived from t h e  recent  EEI t a b l e s  f o r  wattage 

7 and the  average wash time derived from t h e  CU da ta  on washers. However, 

EEI t yp ica l ly  quotes maximum correc ted  load so  the  lower number appears 

reasonable. The number of loads was ca lcu la ted  from t h e  1972 SDGGE 

appliance study us ing t h e  average family s i z e  o f  f ami l i e s  w i t h  washers 

(3.06) from t h e  MIRACLE I d a t a  base.  The number o f  loads ,  270 loads/year  

i s  smaller  than t h e  average number o f  d rye r  loads/year  (305) ca lcu la ted  

from the  same source because some washer owners with lower laundry demands 

use clo thes  l i n e s  i n s t e a d  o f  dryers .  That is ,  the  people who own c l o t h e s  



dryers  tend t o  do more laundry. Noting t h a t  t h e r e  was a 20% spread i n  

number o f  per  c a p i t a  dryer  loads lyea r  between PGEE and SDGGE (nea t ly  

bracket ing  OGEE) we es t imate  t h e  accuracy o f  t h e  d i r e c t  energy use  of 

70 kwhr/year t o  wi th in  25%. 

Much l e s s  da ta  e x i s t s  t o  c a l c u l a t e  t h e  i n d i r e c t  (hot water) energy 

use o f  a washer. Two approaches a r e  poss ib le .  The f i r s t  i s  given t h e  

number o f  loads/year  from t h e  previous s e c t i o n  determine t h e  quan t i ty  and 

temperature of  the  ho t  water used pe r  load,  p lus  any added energy consumption 

due t o  poss ib le  thermostat  changes i n  t h e  water hea te r  t o  ge t  h igher  wash 

temperatures.  The second i s  t o  s tudy water h e a t e r  energy consumption and 

compare t h e  energy consumption of  houses with and without washing machines. 

Not enough d a t a  was found t o  use t h e  second method d i r e c t l y .  For 

example, the  PGGE s tudy on gas water hea te r s  only sampled two houses 

without washing machines. Nor i s  it poss ib le  t o  compare t h e  PGEE r e s u l t s  

8 
f o r  c l o t h e s  washers with e a r l i e r  s t u d i e s  on hot water use without knowing 

t h e  s a t u r a t i o n  o f  c lo thes  washers i n  t h e  e a r l i e r  s tudy,  and the  number 

of  people who reused wash water .  

9 
Proctor  and Gamble s tud ied  laundry p r a c t i c e s  and among o t h e r  th ings  

repor ted  water temperatures.  The average temperature per  load (108' I:) , 

inc luding warm and cold  wash, can be used with the  t o t a l  amount of h o t  

water  used by a c lo thes  washer (33 gal lons f o r  hot  wash, warm r i n s e )  a s  

measured by CU" t o  compute 20 (140'~)  ga l lons  o f  hot water/ load.  This 

y i e l d s  approximately 15 gal lons  (140°F)/day. 

The 20-gallon f i g u r e  s t r a d d l e s  t h e  range of  11-33 ga l lons  o f  hot 

water  use  poss ib le  from going t o  warm wash o r  cold r i n s e  and, hence, 

seems on the  face  a t  l e a s t  p laus ib le ,  al though,  it is very hard t o  

e s t ima te  i t s  accuracy. The IS-gallon/day0figure i s  a l s o  a t  l e a s t  roughly 



c o n s i s t e n t  with t h e  r e s u l t s  from t h e  second method. PGGE's water use f o r  

f ami l i e s  with c lo thes  washers s c a l e s  t o  4 9  gal lons  f o r  f ami l i e s  o f  average 

s i z e  3.1, while e a r l i e r  s t u d i e s  would s c a l e  t o  33-41 gal lons .  The 41-gallon 

f i g u r e  would imply a 50% s a t u r a t i o n  of  c lo thes  washers with no r e u s e  o f  

wash water o r  a  75% s a t u r a t i o n  with every four th  load reus ing wash water.  

These s a t u r a t i o n s  a r e  c o n s i s t e n t  with s a t u r a t i o n  es t imates  i n  t h e  1950's.  

The i n d i r e c t  energy use o f  c lo thes  washers and dishwashers which were 

d iscussed i n  Appendix A12 i s  included i n  our  es t imates  o f  energy use  by 

water  h e a t e r s  (Appendix A6) ins tead  o f  being a l loca ted  t o  t h e  appliance.  

Footnotes and References A l l  

Res ident ia l  E l e c t r i c  Laundry Dryer Load Research P r o j e c t ,  January-June 

1965. Prepared by t h e  Market Research and Sales  Control Department, 

PGGE . 
F i e l d  Study; E l e c t r i c  Clothes Dryer Energy Consumption. Oklahoma 

Gas and E l e c t r i c  Company. 

The San Diego Gas G E l e c t r i c  Appliance Sa tu ra t ion  Survey (1971) 

asked f o r  the  number o f  laundry and dryer  loads per  week and presented 

t h i s  information i n  a  t a b l e  versus family s i z e .  The trend i s  almost 

l i n e a r  with a r o l l - o f f  f o r  f ami l i e s  above s i x  members i n  s i z e  and a 

d i p  f o r  two person fami l i e s .  

This implies t h a t  t h e  average load is  about s i x  pounds, ins t ead  of t h e  

8-11 pounds t h a t  most modern household machines can handle. The 

OGGE s tudy showed a range o f  uses of 2.4-2.8 kwhr/load with an average 

o f  2.5 while t h e  Consumers Reports es t imates  a r e  3.5 kwhr/load f o r  

an e ight  pound load ( .44  kwhr/lb) and 4.5 kwhr/load f o r  11 pounds 

(. 41 kwhr/l6). 

Personal communication with Walter Blumpst a t  PGGE. 

The Franklin Laundry Manufacturing Company has repor ted  t h e  r e s u l t s  

o f  i ts  t e s t s  on c l o t h e s  washers t o  NBS. The d a t a  s e c t i o n  is reproduced 

by FEA i n  t h e  l'Technical Background Information For Appliance Eff ic iency 

Target f o r  Clothes Washers1'. 



Footnotes and References (cont ' d) 

Consumer Reports; October, 1974; Consumers Union, 256 Washington S t r e e t ,  

M t .  Vernon, N.  Y.  10550. 

The r e s u l t s  of  several  s tud ies  i n  t h e  f i f t i e s  and s i x t i e s  a r e  l i s t e d  

i n  the  1970 ASHRAE, Guide and Data Eook, Systems Volume, page 557. 

Laundry Pract ices  of Normal and Large Capacity Automatic Washer Owners, 

The Proctor and Gamble Company Product Development Division, January, 1971. 

The water use was averaged from da t a  i n  t he  following i s sues  o f  

Consumer Reports; Ju ly ,  1970; August, 1971; September, 1972; October, 1973 

and October, 1974. 





A12 Dishwashers 

Dishwashers consume e l e c t r i c i t y  d i r e c t l y  and i n d i r e c t l y  i n  res idences  

w i t h  e l e c t r i c  water hea te r s .  Direc t  energy use  i s  e a s i e r  t o  e s t ima te ,  

bu t  probably smal ler  than i n d i r e c t  use .  

The d i r e c t  use of  250 kwhr/year was ca lcu la ted  from the  energy con- 

sumption pe r  load times t h e  number o f  loads/year .  General ~ l e c t r i c '  es t imates  

an indus t ry  wide average o f  . 7  kwhr/load for dishwashers manufactured i n  

t h e  last seven years .  This  number i s  c o n s i s t e n t  with the  .5-1.0 kwhrlload 

2 
measured by CU f o r  a number of machines. Est imates of  t h e  number o f  loads /  

y e a r  range from 275 loads/year  f o r  a 1974 telephone survey i n  San ~ i e ~ o ~  t o  

415 loads/year  from General ~ 1 e c t r i c . l  San Diego Gas and ~ l e c t r i c l  d i d  

a mail survey o f  appliance use a s  p a r t  o f  t h e i r  1971 appliance s a t u r a t i o n  

survey.  The number o f l o a d J y e a r  was reasonably l i n e a r  with r e spec t  t o  
1 

f ami ly  s i z e .  Using t h i s  d a t a  a s  a funct ion  o f  family s i z e  and the  ave+age 

family s i z e  o f  fami l ies  with dishwashers (3.0 people/family vs .  2.86 

p e o p l e / f m i l y  f o r  a l l  f ami l i e s )  from the  MIRACLE 1' da ta  base gives 330 

loads /ycar ,  f o r  an energy ccnsunption of  230 kwhr/year. 

An informal communication with General E l e c t r i c  indica ted  t h a t  booster  

heaters f o r  "sanitary" cycles  o r  t o  b r ing  water  temperatures up t o  150' F f o r  

genera l  washing pcrposes a r e  not common now and never were very common i n  

t h e  p a s t .  Assuming a conservative 15-20% of p a s t  machines with t h i s  f e a t u r e  

operable  r a i s e s  t h e  energy consumption o f  dishwashers t o  250 kwhrlyear. 

The v a r i a t i o n  i n  loads/year  d a t a  may a r i s e  from d i f fe rences  i n  t h e  

average fami ly  s i z e  o f  t h e  survey. For example, the  General E l e c t r i c  load 

data would correspond t o  almost four  people/family i n  t h e  SDGEE survey,  

which for.many years has been t h e  s i z e  o f  t h e  p ro to typ ica l  family. S ince  

the San Diego d a t a  was measured i n  t h e  s t a t e  and can ,be  d i r e c t l y  co r rec ted  



f o r  family s i z e ,  it i s  t h e  most reasonable source t o  use.  

Our es t imate  of 250 kwhr/year i s  considerably lower than t h e  E E I  
6 

es t imate  o f  390 kwhr/year. In  an e f f o r t  t o  determine t h e  reason f o r  t h e  

d i f fe rence ,  we noted t h a t  a t  . 7  kwhrlload t h e  EEI f i g u r e  would imply 

520 loads/year  o r  1.4 loadslday,  which seems unreasonably high. On t h e  

o the r  hand t h e i r  est imated wattage (1.2 kw) t imes t h e  nominal opera t ing  

2 
time o f  one hour a s  measured by CU would produce a high energy consumption 

pe r  load (1.2 kwhr/load) , but a reasonable use  (320 loads/year) .  

Wattages l i s t e d  by EEI a r e  maximum wattages,  not  average wattages.  The 

EEI f i g u r e  can be r e p r o d u c e d ~ y  assuming an in termedia te  use (400 loads /year  

cons i s t en t  with General E l e c t r i c  es t imates)  and 1 kwh/load. This h igher  

energy use  pe r  load would be reasonable f o r  a dishwasher with a s a n i t i z e r  

cycle .  A t  330 loads/year  f o r  Ca l i fo rn ia  t h e  E E I  es t imate  would g ive  an 

upper l i m i t  o f  330 kwh/year t o  compare with our  e s t ima te  of 250 kwh/year 

(which assumes only moderate use o f  s a n i t i z e r  cyc les ) .  

The 250 kwhlyear i s  t h e  energy consumption o f  t h e  stock o f  dishwashers. 

The energy consumptions of  t h e  present  add i t ions  t o  stock is  harder  t o  

assess  due t o  t h e  in t roduct ion  of two use r  c o n t r o l l a b l e  f ea tu res .  Consumer 

~ e ~ o r t s '  i nd ica tes  t h a t  t h e  no-heat dry f e a t u r e  saves about . 4  kwh/load 

(.25-.5) while the  new p o t s  and pan cycle  adds 1 kwhlload. I f  t h e s e  f e a t u r e s  

were each used 50% of  t h e  time, we would again average 1 kwh/load t o t a l  o r  

330 kwh/year. No d a t a  e x i s t s  f o r  how these  new machines a r e  being used. 

The energy demand on the  hot  water system because of the  dishwasher 

is i n t r i n s i c a l l y  a much more u s e r  dependent parameter. The d i r e c t  use  of 

14.85 gal lons  of hot  water  per load1'* has t o  be balanced aga ins t  t h e  hot  

water used in  hand dishwashing, hot  water which may be used a s  a p r e - r i n s e  

before  t h e  dishwasher opera t ion  and t h e  po>sible inc rease  i n  water  supply 



temperature t o  ge t  t h e  b e s t  performance out  o f  t h e  dishwasher. 

8 The PGEE Resident ia l  Gas Load Study (1967-1968) i n d i c a t e s  t h a t  

a family with a dishwasher and c l o t h e s  washer may use t h e  energy equivalent  

of 15  (140°F) gallons/day o f  hot  water more than f a m i l i e s  with only a 

c l o t h e s  washer. However, t h e  sample s i z e  i s  only twenty-five, t h e  average 

family s i z e  was four ,  and t h e  e f f e c t  o f  r a i s e d  supply temperature i s  d i f f e r e n t  

f o r  gas and e l e c t r i c  appliances.  Correct ing f o r  t h e  l a s t  two f a c t o r s  g ives  

5-12 (140° F) equivalent  gal lons/day added use. The high end of  t h e  

range assumes t h a t  dishwasher i s  a c t u a l l y  demanding more water,  while the  

low end assumes t h a t  stand-by losses  have gone up due t o  increased supply 

temperature. Since water supply temperatures a r e  sometimes s e t  up f o r  

c l o t h e s  washers t h e  higher p a r t  o f  t h e  range would appear more reasonable. 

Because o f  t h i s  unce r t a in ty  i n  a r r i v i n g  a t  a use number, our  es t imate  of 

10 (140 '~)  equivalent  ga l lons jday (700 kwhr/year) i s  no b e t t e r  than 30% 

average. 

The u t i l i t y  es t imates  and our 1975 es t imate  f o r  s a t u r a t i o n s  a r e  

given i n  Tah1.e A12.1. The PGGE and LADWP census f i g u r e s  were updated t o  

1975 with a simple add i t ion  and removal model based on housing stock dit ta 

(Appendix A l ) .  House removals were mul t ip l i ed  by t h e  1970 s a t u r a t i o n  of 

dishwashers t o  get  a removal o f  s tock f o r  dishwashers. The remaining 

s tock o f  houses was assumed t o  have an unchanged s a t u r a t i o n  of  dishwashers. 

New add i t ions  t o  the  housing s tock were assumed t o  have t h e  same s a t u r a t i o n  

of dishwashers a s  t h e  new houses i n  San Diego Gas and E l e c t r i c  survey: 80.4% 

f o r  s i n g l e  family u n i t s ,  64.2% f o r  multi-family u n i t s  and 51% f o r  mobile 

homes. This procedure i s  l e s s  accura te  f o r  dishwashers than f o r  most 

appl iances  due t o  purchases o f  dishwashers f o r  homes t h a t  d i d  not  previously . 
have them. However, a pre l iminary  check using s a l e s  d a t a  supplied by PGGE, 



TABLE A12.1 - Dishwasher Saturations 

PGBE 
Year 1970 - 

Single Family - 

Multi-Family - 

Mobile Home - 

Our Estimate 
(1975) 36.1 

SMUD SCE LADW 
1975 - 1975 - 1970 



o u r  es t imate  o f  appliance l i f e  and an exponential  decay model gave an 

answer only 1.5% higher,  o r  a t  most a 5% r e l a t i v e  e r r o r .  PGGE i s  1975 

9 
e s t i m a t e  o f  46% seems high and appears t o  be a d i r e c t  a d d i t i o n  of  

t h e  dishwasher s a l e s  t o  1970 s tock without any c o r r e c t i o n  f o r  removal 

o f  o l d  dishwashers. 

Our es t ima te  f o r  San Diego Gas and E l e c t r i c  i s  performed i n  sub- 

s t a n t i a l l y  t h e  same manner as t h a t  described f o r  PGGE and LADWP. The 

a d d i t i o n s  and removals a r e  performed ind iv idua l ly  on t h e  d i f f e r e n t  

housing types and the  individual  dishwasher s a t u r a t i o n s  a r e  weighted by 

our es t ima te  of t h e  s a t u r a t i o n s  of  t h e  types o f  housing s tock .  This 

weighting is a l s o  used on t h e  SCE d a t a  t o  produce a s l i g h t l y  d i f f e r e n t  

t o t a l  than survey t o t a l .  Both t h e s e  surveys tend t o  overcount s i n g l e  

family housing, b ias ing  t h e i r  t o t a l s  a l i t t l e  high.  

The SMUD d a t a  i s  probably biased high by overcounting o f  s i n g l e  

family dwell ing u n i t s  i n  t h e  survey. However, we cannot c o r r e c t  it 

because we lack contingent s a t u r a t i o n s .  From experience with t h e  SCE 

numbers t h e  co r rec t ion  should be l e s s  1%. 

The l i f e t i m e  of dishwashers i s  almost 14 years  (see Appendix A13 f o r  

t h e  de r iva t ion  of  t h i s  r e s u l t ) .  

Footnotes A12 

1. L e t t e r  from Robert Bilek a t  General E l e c t r i c  i n  response t o  a request  

f o r  information o r  appIiance energy consumption. 

2. Consumer Reports,  May 1974. The a r t i c l e  a l s o  at tempts t o  evaluate  the  

poss ib le  energy d i f fe rences  between hand and machine washing dishes.  

However, no attempt was made t o  determine t h e  p a t t e r n  o f  ac tua l  wash 

p r a c t i c e s  s o  the  f igures  a r e  of  l i t t l e  value f o r  f o r e c a s t i n g  purposes. 
. 









































































0-69, LNDQT Residence/Davis/Solar hot water heating ($950) March 1976 

New construceion/duplex/contractor built/gas backup/roof mounted 
copper tube on plate/flat plate collector/thermosiphon/~ater 
circulating/with water storage. 

3-71 '?CF/San Jose/Solar hot water heating ($ ) May 1975 

Betrcfit/single family residence (omer built)/gas backup. 
Integrated system for space heating, hot water heating, and heating 
of swimming pool. 

B-72 MLSIYalley Center/Space heating and cooling and hot water heating 
($  ) May 1975 

New/single family residence/contractor built/electric backup. 
Roof-mounted flat plate collector/pumped-water circulating/with 
water storage. Integrated solar system for space heating, space 
cooling, and hot water heating (heat exchanger in storage tank). 

0-74  N~SR/Occidental (Sonoma County) Solar hot water heating ($600) 
May 1976 

Rew tronst~uction/single family residence/owner built/electric 
backup,., Tube-on-plate flat plate collector/water circulating/with 
water storage. 

8-75 RDBS.Residence/Sausalitb/Solar hot water heating ($930) April 1976 

New construction/single family residence/owner and contractor built/ 
gas backup. Combined space and hot water heating. Tube-on-plate 
flat plate collector/pumped water circulating/with water storage. 

B-77 RTN Residence/Davis/Solar hot water heating ($1,500) December 1, 1975 

New construction/single family residence/contractor built/electric 
backup. Tube on plate flat plate collector/thermosiphon/water 
circulating/with water storage. 



B-80 Scottys Castly/Death Valley/Solar heating and solar hot water 
heating ($ ) 1929 

New construction (1929)/Residence/backup not specified. Tube 
on plate/flat plate collector/water circulating/with water 
storage. 

S I C  Residence/Aptos/Solar hot water heating ($2060) July 1975 

Retrofit/single family residence/contract~r built/electric backup. 
Flat plate collector/pumped/*.ater circulating/with water storage. 

B-84 s~~~/~er?ieley)~olar hot water heating ($1,200) June 1976 

Kew construction/single family residence/contractor built/electric 
backup. Tube on plate flat plate collector. 

TRK/Santa Rosa/Sol ar hot water heating ($1,200) Summer 1976 

Retrofit/single family residence/contractor built/electric backup. 
Integrated system installed with new swimming pool to provide pool 
heating, space heating, hot water heating, and spa heating. 
Uses water-to-air heat pump from swimming pool. 

B-87 \\'RD Residence/Davis/Solar hot water heating and space heating 
($3,510 SH G HWH) July 1974 

New construction/single family residence/contractor built/gas backup. 
Roof moun~ed sandwich-type flat place collector/thermosiphon/uater 
circulating/with water storage. Also passive type system (windows 
with movable insulation). Integrated space heating and hot water 
heating. 

B-88 1~TM?J/Sacramento/Solar space heating, cooling and hot water heating 
($6,000) January 1976 

Retrofitjstngle family residence/contractor built/gas backup. Roof 
mounted/flat plate collector/pumped/water circulating/with water 
storage. Integrated space heating; cooling, and hot water heating 
system. 



SOLAR SPACE HEATING AND COOLING SYSTEMS 

B- 31 BLKNS/ Berke ley /Solar  space  h e a t i n g  ($ )Apr i l  1976 

New c o n s t r u c t i o n / s i n g l e  f ami ly  residence/omer-contractor b u i l t /  
e l e c t r i c  backup/passive system u t i l i z i n g  sou th - f ac ing  windows. 

B-32 SNE/Palo Al to /So la r  space  and h o t  wa te r  h e a t i n g  ($ )November 1975 

R e t r o f i t / s i n g l e  family r e s i d e n c e / c o n t r a c t o r  b u i l t / g a s  backup. Tube- 
i n p l a t e  f l a t  p l a t e  collector/pmped/uater-circulating/with r a t e r  
s t o r a g e .  I n t e g r a t e d  space  h e a t i n g  and h o t  water  h e a t i n g  system. 

8-34 BUSH/Livemore/Solar s p a c e  h e a t i n g  and h o t  water  h e a t i n g  ($1500- 

R e t r o f i t j s i n g e l  fami ly  r e s i d e n c e l o m e r  b u i l t / g a s  backup. T r i c k l e  
type system f l a t  p l a t e  c o l l e c t o r / w a t e r  c i r cu l a t ing /punped /wi th  
water  s t o r a g e .  I n t e g r a t e d  space h e a t i n g  and h o t  water  h e a t i n g .  

CSCS Energy Center /Rohnert  Park /Solar  h e a t i n g  and coo l ing  ($200) 
Nav 1475 

N E W  ~0n~tr~ction/cla~sr00m/student bui l t /wood s tove  backup. 
Pas s ive  t y o e  system u t i l i z i n g  60 degree sou th - f ac ing  wall  w i t h  
wa te r  f i l l e d  ga l lon  jugs and moveable i n s u l a t i o n .  

8-40 DSCL/Davis/Solar space h e a t i n g  and coo l ing  (135,000 f o r  1500 f t '  
b u i l d i n g )  

New construction/school/contractor b u i l t / p a s s i v e - t y p e  h e a t i n g  and 
coo l ing  u s i n g  south- fac ing  g l a s s  wa l l  wi th  21-inch diameter  water-  
f i l l e d  s t e e l  t ubes  as c o l l e c t o r  and s t o r a g e .  

8-44 FRTR/Bodega Bay/Solar space  h e a t i n g  ($ )May 1976 

New c o n s t r u c t i o n / s i n g l e  family residence/o*ner-contractor b u i l d /  
e l e c t r i c  backup. Sanwich-type f l a t  p l a t e  co l lec tor /pumped/ua ter  
c i r c u l a t i n g / w i t h  water  s torage :  I n t e g r a t e d  s o l a r  space  h e a t i n g  
and h o t  w a t e r  h e a t i n g  system. 



B-48 GDE/Sonoma/Solar space h e a t i n g  ($6,080) Summer 1976 

New c o n s t r u c t i o n / s i n g l e  fami ly  r e s i d e n c e / c o n t r a c t o r  b u i l t l e l e c t r i c  
backup. Tube-on-p la t e / f l a t  p l a t e  collector/pumped water  c i r c u l a -  
t i n g / w i t h  wa te r  s t o r a g e .  

GNBL/Petaluma/Solar space  h e a t i n g  ($1600) Winter 1974-75 

Re t ro f i t / g reenhouse  added t o  residencelowner bu i l t / backup  not  
s p e c i f i e d .  F l a t  p l a t e  c o l l e c t o r s  (Fafco b rand) /ua t e r  c i r c u l a t e d  
by pumps/water s t o r a g e / h e a t  d i s t r i b u t e d  by r a d i a n t  baseboard 
h e a t e r .  

B-51 GSPRS Residence/Tomales/Solar space hea t ing  ($150/$500) 

R e t r o f i t / s i n g l e  fami ly  residence/owner bu i l t / added  south- fac ing  
greenhouse wi th  p a s s i v e  type  system ( b o t t l e  wa l l )  us ing  water-  
f i l l e d  jugs a s  c o l l e c t o r  and s t o r a g e ,  Heat e n t e r s  house through 
d u c t s  l o c a t e d  a t  t o p  o f  greenhouse.  

B-52 Hay (Sky them) /So la r  space h e a t i n g  and coo l ing  ($ ) 1973 

N e w  c o n s t r u c t i o n / s i n g l e  fami ly  r e s idence /con t r ac to r  b u i l t / p a s s i v e  
system us ing  w a t e r - f i l l e d  p l a s t i c  bags on roof  with movable, i n s u l -  
a t e d  p a n e l s / i n t e g ~ a t e d  c o l l e c t o r ,  s t o r a g e ,  d i s t r i b u t i o n  system. 

B-54 HCHC/Chico/Solar space h e a t i n g  and cool ing  ($4,000 e s t j .ma ted ) l a t e  
1976 - 
New c o n s t r u c t i o n / s i n g l e  family r e s idence /con t r ac to r  bui l t /wood 
backup. Pass ive- type  system us ing  south- fac ing  windows with 
movable i n s u l a t i o n  and 21-inch-diameter s t e e l  t ubes  (water f i l l e d )  
f o r  s t o r a g e .  

B-55 Hewlett  Packard Plant /Sunnyvale/Solar  space h e a t i n g  ($18,000) - 
F a l l  1973 

2 Ret ro f i t / 165 ,000  f t  i n d u s t r i a l  p l a n t / b u i l t  by p l a n t  maintenance 
personnel /gas  backup. Roof mounted f l a t  p l a t e  c o l l e c t o r s  (7,000 
ft2) r e t r o f i t t e d  t o  e x i s t i n g  tBrminal r e h e a t  system. Pumped h a t e r  
c i r c u l a t i n g  wi th  water  s t o r a g e .  



0-56 HFCR/Davis/Solar space h e a t i n g  and coo l ing  ( e s t ima te  l e s s  t han  
$1,000) September 1976 

New c o n s t r u c t i o n / s i n g l e  gamily res idence/oiher-contractor  b u i l t /  
gas backup/passive system u t i l i z i n g  sou th - f ac ing  windows wi th  50 
g a l l o n  water  f i l l e d  drums, s l a b  f l o o r  f o r  s t o r a g e ,  and moveable, 
i n s u l a t i n g  s h u t t e r s .  

-. - .,-si3 EEG/iCin t e r s / S o l a r  space h e a t i n g  and coo l ing  ($500) S m e r  1974 

? e i r o f i t / s i n g l e  fainily residence/owner b u i l t / g a s  and wood backup. 
Pas s ive  t y p e  system/south w a l l ,  w a t e r - f i l l e d  55 ga l lon  drums i n -  
s i d e  v e r t i c a l  window wal l /wi th  moveable i n s u l a t i o n .  

B-59 HhNN/Sunnyvale/Solar space  and h o t  water  h e a t i n g  ($ )October 
1975 - 
R e t r o f i t / s i n g l e  fami ly  r e s i d e n c e / c o n t r a c t o r  b u i l t / g a s  backup. 
Tube-inplate  f l a t  p l a t e  col lector /pumped/water  c i r c u l a t i n g / w i t h  
water  s t o r a g e .  I n t e g r a t e d  space  h e a t i n g  and h o t  water  h e a t i n g  
system. 

B-61  HTN/Herkeley/Solar space  h e a t i n g  ($900) 

Re t ro f i t / dup lex  r e s idence  and of f ice /owner  h u i l t / g a s  backup. 
Roof mounted t r i c k l y - t y p e  (Thomason) col lector /pumped/water  
c i r c u l a t i n g / w i t h  water  s t o r a g e .  

B-64 ISC (Champion Homebu~lders) /Various Locat ions /Solar  h e a t i n g  and 
coo l ing  ($2600 :96  f t ' , .  $3140: 128 f tZ)22+ u n i t s  

Modular mass-produced s o l a r  h e a t i n g  and c o o l i n g  u n i t .  Frees tand-  
i n g / a i r  c o l l e c t o r / w i t h  rock s t o r a g e / a t t a c h e s  t o  forced  a i r  h e a t -  
i n g  and cool ing  systems of  e x i s t i n g  o r  new s t r u c t u r e s .  

JFFRlKent f ie ld /Solar  space  h e a t i n g  ( )November 1975 

New c o n s t r u c t i o n / s i n g l e  fami ly  r e s i d e n c e l c o n t r a c t o r  b u i l t / g a s  
backup. Roof mounted t r i c k l e - t y p e  collector/wate~-circulating/ 
pumped w i t h  water  s t o r a g e .  



LKS/Sacramento/Solar space h e a t i n g  and cool ing  and h o t  wa te r  h e a t -  
i n g  ($ ) Ju ly  1976 

New c o n s t r u c t i o n / s i n g l e  f ami ly  residence/owner bu i l t / combina t ion  
p a s s i v e  t y p e  sys tem (south- fac ing  Thermopane windows wi th  c o n c r e t e  
s l a b  f l o o r  s t o r a g e )  and a c t i v e - t y p e  system ( a i r  type  c o l l e c t o r  
wi th  rock s t o r a g e ) .  Sepa ra t e  water  c i r c u l a t i n g  f l a t  p l a t e  c o l l e c -  
t o r  w i th  wa te r  s t o r a g e  f o r  domest ic  h o t  water .  

Lh'DQT Residence/Davis/Solar  h e a t i n g  and cool ing  ($400-600 e s t . )  
Summer 1976 

New construction/duplex/constractor b u i l t / g a s  backup/passive-type 
system u t i l i z i n g  south f a c i n g  windows and s k y l i g h t  wi th  s l a b  f l o o r  
f o r  s t o r a g e  and moveable i n s u l a t i o n  ( s h u t t e r s ) .  

FICF/Solar space  h e a t i n g  ($ . )  May 1975 

R e t r o f i t / s i n g l e  family residence/owner b u i l t / g a s  backup. I n t e g r a -  
t e d  system f o r  space h e a t i n g ,  h o t  wa te r  h e a t i n g  and h e a t i n g  o f  
swimming pool .  

MLS/Valley --- Center /Space --- h e a t i n g  --.- and coo l ing  and h o t  water -. - . h r a t i n x  - -- - 
(,C ) blay 1975 

New/single f a m i l y  r e s i d e n c e / c o n t r a c t o r  b u i l t j e l e c t r i c  b a c k u p .  
Roof-mounted f l a t  p l a t e  col lector /pumped-water  c i r c u l a t i r i g / w i t h  
water  s t o r a g e .  I n t e g r a t e d  s o l a r  system f o r  space h e a t i n g ,  space  
cool ing ,  and h o t  water  h e a t i n g  (hea t  exchanger i n  s t o r a g e  t a n k ) .  

NHSR/Occidental/Solar space  h e a t i n g  and cool ing  ($400)  May 1976 

New c o n s t r u c t i o n / s i n g l e  f a m i l y  residence/owner b u i l t / e l e c t r i c  
backup. Pas s ive  type  system wi th  double-glazed sou th - f ac ing  win- 
dows and s l a b  f l o o r ,  moveable i n s u l a t i n g  s h u t t e r s .  Greenhouses 
on e a s t  and west o f - h o u s e ,  n o r t h  exposure benned (wine c e l l a r ) .  



B-76 RDBS/Sausalito/Solar space h e a t i n g  ($4,160) Apr i l  1976 

New c o n s t r u c t i o n / s i n g l e  fami ly  r e s i d e n c e / o m e r  and c o n t r a c t o r  
b u i l t / g a s  backup. Space and h o t  wa te r  h e a t i n g .  Tube on p l a t e  
f l a t  p l a t e  col lector /pumped wa te r  c i r c u l a t i n g / w i t h  water  s t o r a g e .  

5-78 RYN Residence/Zenner (Sonoma County) /Solar  space h e a t i n g  ($ ) 
August 19 76 

New c o n s t r u c t i o n / s i n g l e  fami ly  r e s i d e n c e / c o n t r a c t o r  b u i l t / e l e c -  
L x i c  backup. Free-s tanding  Rollbond f l a t  p l a t e  col lector /pumped/  
w i t h  wa te r  s t o r a g e .  I n t e g r a t e d  space  h e a t i n g  and ho t  water  h e a t -  
ing. 

B-79 Santa  C l a r a  Community Recrea t ion  Center /Santa  Clara  S o l a r  s p a c e  
h e a t i n g  and coo l ing  ($436,000) e a r l y  1976 

New c o n s t r u c t i o n / r e c r e a t i o n  c e n t e r / c o n t r a c t o r  b u i l t / g a s  backup. 
Roof mounted f l a t  p l a t e  col lectors/pumped/water  c i r c u l a t i n g / w i t h  
water  s t o r a g e .  

B-80 Scot tys  Cas t le /Death  Val ley /Solar  h e a t i n g  and s o l a r  ho t  w a t e r  
h e a t i n g  ($ ) 1929 
--- 

New c o n s t r u c t i o n  (1929)/Residence/backup ~ l o t  speci f i e d .  T u l ~ e  on 
p l a t e l f l a t  p l a t e  c o l l e c t o r / w a t e r  c i r c u l a t i n g / w i t h  water  s t o r a g e .  

. L . ~ !  ;elf-He1 Enterprises/Visalia/Solar space hea t ing  a n d  coo l ing  
&te 1976 

New c o n s t r u c t i o n / s i n g l e  fami ly  r e s idences  (5)/owner and c o n t r a c -  
t o r  b u i l t .  Pass ive- type  system/(Skytherm) d e s i g d i n t e g r a t e d  c o l -  
l e c t i o n  and s to rage / roo f - top  wa te r  bags/with moveable i n s u l a t i o n .  

B-82 Sl-WD/Winters/Solar space h e a t i n g  and coo l ing  ($4,000) A p r i l  1975 

Yew c o n s t r u c t i o n / s i n g l e  fami ly  r e s i d e n c e / c o n t r a c t o r  b u i l t / g a s  and 
.,,,.u backup. Pass ive  type  system/roof-mounted, w a t e r - f i l l e d  t a n k s  
14 t h  moveable, i n s u l a t e d ,  r e f l e c t i v e  l i d s / s o u t h - f a c i n g  w i t h  i n s u l a -  

. t-d s h u t t e r s / s l a b  f l o o r  and w a t e r - f i l l e d  drums. 



B-86 TRK/Santa Rosa/Solar  space  h e a t i n g  ($ )Summer 197,, - 
R e t r o f i t / s i n g l e  f ami ly  r e s i d e n c e / c o n t r a c t o r  b ~ i l t / e l c . ~ ~ ~ i ~  back- 
up. I n t e g r a t e d  system i n s t a l l e d  wi th  new swimming p t ~ o l  t o  provide  
pool heating, space  h e a t i n g ,  h o t  water  h e a t i n g  and sj ja  h e a t i n g .  
Uses wa te r  t o  a i r  h e a t  pump from swimming pool .  

-87 1VRD Residence/Davis/Solar  h o t  wa te r  h e a t i n g  and space  h e a t i n g  
($3,510) J u l y  1974 

Eew c o n s t r u c t i o n / s i n g l e  fami ly  r e s i d e n c e / c o n t r a c t o r  b u i l t / g a s  
backup. Roof-mounted sandwich type  f l a t  p l a t e  co l l ec to r / t he rmo-  
s iphon/water  c i r c u l a t i n g / w i t h  water  s t o r a g e .  Also pas s ive  t y p e  
system (windows wi th  moveable i n s u l a t i o n ) .  I n t e g r a t e d  space hea t -  
i ng  and ho t  water  h e a t i n g .  

B-88 bTbIN/Sacramento/Solar space  h e a t i n g ,  cool ing  and ho t  water  h e a t -  
i ng  ($6,000) January  1976 

R e t r o f i t l s i n g l e  fami ly  r e s i d e n c e / c o n t r a c t o r  b u i l t / g a s  backup. 
Roof-mounted/flat p l a t e  c o l l e c t o r / p m p e d / w a t e r  c i r c u l a t i n g / w i t h  
water s t o r a g e .  I n t e g r a t e d  space h e a t i n g ,  cool ing ,  and ho t  w;iter 
hea t ing  system. 



ADMN/Berkeley/Solar hot water heating ($500) October 1974 

Retrofit/single family residence/owner built/gas backup. 
Tube on plate flat plate collector/thermosiphon/with water 
storage. Preheater/pressurizcd system. 

. [Cost:' 

Existing single family residence. 

Retrofit/HWH/tube on plate flat plate collector/water 
circulating/thermosiphon/with water storage. System 
designed and built by owner. System at city water pressure. 

Z 32 f t  /water circulating flat plateldouble glazing: outer- 
sheet plexiglas, inner-sheet glass with one inch separation. 
Collector plate consists of 3/4 inch copper tubes wired and 
soldered to galvanized steel plate (4' x 8') painted with 
flat black paint. 

4 0  gallon glass-lined steel tank in attic. 

- 
20 gallon gas-fired water heater in series (after storage 
tank) . 

Solar: Collector: Storage : Aux. /Other: . 

Materials $500 

Labor 

Tot a1 

[~erformance:l 75% estimated. 40 &lon storage tank geldom drops 
below go0. Plumbed so always acts as preheater for gas 
hot water heater; on sunny days gas heater does not 
go on at all. 

I Additional ~ n f o : ]  Built primarily of recycled materials by owner over a 
seven month period 3/74 - 10/74. Total storage: 40 
gallon tank in attic plus hot water heater tank (20 gallon). 

ISource(s):l A.  F. Adamson 



BLKNS/Berkeley/Solar space hea t ing  ($ ) April  1976 

New cons t ruc t ion / s ing le  family residence/owner-contractor b u i l t /  
e l e c t r i c  backup/passive system u t i l i z i n g  sou,th-facing windows, bu t  
no s to rage .  

-Building:( Newlsingle family residence/924 f t L  and lcft/wood frame 
construct ion.  

1-1 New/space heat ing/pass ive  type system with t i l t e d  south- 
facing window wall. No s to rage .  System designed by Harry 
Glass cock. 

2 1-1 About 600 f t  /pass ive  type system with south-facing wall  
t i l t e d  a t  62.5 . Bottom 113 s i n g l e  glazed with window 
g l a s s ,  top  213 s ing l e  glazed with a c r y l i c  owner-contractor 
b u i l t .  

I] None. 

E l e c t r i c  r ad i an t  wall hea te r s .  

[Cost:l Solzr :  Col lec tor :  Storage : Aux. /Other : 

Mater ia ls  

Labor 

Tota l  

r ~ e r f o r m a n c e : l  House tends t o  overheat on sunny days unless vented. L i t t l e  
L ' 

hea t  s to rage  due t o  low thermal-mass. 

[ ~ d d i t i o n a l  ~ n f o : J  System b a s i c a l l y  completed, but being modified. 

L 

Owner 



BNE/Palo Alto/Solar space and hot water heating/($ ) November 1975 . 

Ret ro f i t / s i ng l e  family res idence/contractor  bu i l t / ga s  backup. Tube-in- 
p l a t e  f l a t  p l a t e  co l l ec to r /p i~~ped /wa te r  c i rcu la t ing /wi th  water s torage.  
In tegrated space hea t ing  and hot water heat ing system. 

2 [Building:] Ret ro f i t / ex i s t i ng  s i n g l e  family residence/2000 f t  . Oriented 
due south ,  with f l a t  roof. 

I=l Retrofi t lSH and HWH/flat p l a t e  collector/pmped/water (with 
add i t ives )  c i rcu la t ing /wi th  water s torage.  System i s  i n t eg ra t ed  
with e x i s t i n g  r ad i an t  f l o o r  heat ing system/fully automatic 
c m t r o l s .  System designed =d b u i l t  by Alten Associates,  Santa 
Clara, CA. 

2 i-1 540' f t  /water c i r c u l a t i n g / f l a t  plate/double g la r ing  of  Tedlar l  
wood frame. Abosrber i s  Olin Brass Rollbond aluminum p l a t e .  

[-I 2000 gal lon s t e e l  tank/ insula ted with 3" polyurethane foam/ 
located underground. 

r ~ ~ ~ i l i ~ ~ ~ : l  Gas furnace and gas hot  water heater .  

IS1 . Solar: Col lec tor  : 

Materials  

Labor 

Total  

Storage: Aux./Other: 

r ~erformancc : 1 70% (estimated) . 

[ ~ d d i t i o n a l  Info:! *27 3' x 8 '  co l l ec to r s  arrayed i n  t h r ee  ranks of 12, 11, 
and 4 each. Contractors discount p r i ce  - includes 
de l ivery  and i n s t a l l a t i o n .  

- 1-1 Winston Boone; Klaus Heinemann (Alten Associates) 



, BRKYL Builders/Berkeley/Solar hot water heating ($1145) March 1976 

New construction/single family residence/contractor built/electric backup. 
Tube-on-plate collector/pump/water circulating/with water storage. 

[Building:! New/speculative house by Berkeley Builders. 

New/HWH/flat plate collector/water circulating/pump/with 
water storage. System designed and built by Berkeley 
So 1 ar Group. 

2 
36 ft /water circulating flat plate/copper tubes mechanically 
bonded to aluminum plate (Ray-pack)/single glazing of tedlar 
coated fiberglas glazing/fiberglas insulation. 

120 gallon glass-lined steel.tank. 

Electric element in storage tank. 

Solar : Collector : S 

.. 

torage 

Materials 

Labor 

$4.50/fti plate $240 
.70/ft glaze 

Total $1,145 

t performance :I 50% estimated. 

[ Additional Info: 1 House is for sale. Contact Berkeley Builders. 

*Controller - $40, Pump - $45, Plwnbing - $100, 
Fees - $450. 

[ source (s) : 1 Berkeley Solar Group , Berkeley, CA 



BUSH/Livermore/Solar space h e a t i n g  and ho t  water  h e a t i n g  ($1500 - 2000) 

R e t r o f i t / s i n g l e  family r e s i d e n c e / o m e r  b u i l t / g a s  backup. T r i c k l e  
type system f l a t  p l a t e  c o l l e c t o r / w a t e r  circulat ing/pumped/with 
wa te r  s t o r a g e .  I n t e g r a t e d  space hea t ing  and ho t  water  heat ing .  

[Cost:] 

2 E x i s t i n g / s i n g l e  family residence/1400 f t  / s i n g l e  s t o r y /  
t h r e e  bedrooms/built  i n  1969. Wood frame const ruct ion .  
Or iented  south .  

R e t r o f i t / s p a c e  h e a t i n g / t r i c k l e  type  system/water 
circulat ing/pumped/with water  s to rage .  System i n t e g r a t e d  
x i t h  e x i s t i n g  forced a i r  space h e a t i n g  and domestic ho t  wa te r  
heating systeins. S ~ l a r  s y s t e a  by home b u i l t  d i f f e r e n t i a l  
centro l i e r  . 

2 
400 f t  l t r i c k i e  type f l a t  p l a t e  co l l ec to r /wa te r  c i r c u l a t i n g /  
s i n g l e  g laz ing  o f  s i n g l e  s t r e n g t h  greenhouse g lass  (20" x 24" 
l i g h t s ) / a b s o r p e r  p l a t e  c o n s i s t s  o f  b lack  pa in ted  corrugated  
aluminum sheets/wood frame/3Q1 f i b e r g l a s s  i n s u l a t i o n .  

1000 gal lons /water / in  two 500 ga l lon  capac i ty  galvanized s t e e l  
c u l v e r t  s e c t i o n s  (est imated 20 yea r  l i f e  i n  t h e  ground). S t e e l  
t ank  f o r  p rehea t ing  domestic hot  water  loca ted  i n  one o f  t h e  
c u l v e r t  s e c t i o n s .  

Cen t ra l  gas furnace  and forced a i r  hea t ing  system. Gas ho t  
water  h e a t e r .  

Solar: Collector: Storage : Aux. /Other : 

ht erials  $1,500 

Labor 

Tot a1 $1, 500f 

*Heat exchanger, pump, and a d d i t i o n a l  f l u i d  c i r c u i t  planned - $500 
d d i t i o n a l  ( e s t . )  . 

(Perfomance:150% o f f  t o t a l  PGIE b i l l .  Carryover: 1 day f o r  e n t i r e  house 
3-5 days f o r  l i v i n g  room. 

[~dditionsl Info:] No hea t  exchanger from s t o r a g e  t o  forced a i r  h e a t i n g  system. 
Small i n s u l a t e d  room b u i l t  around s to rage .  House a i r  drawn 
i n t o  room, picking up hea t  from ou te r  su r face  o f  ' c u l v e r t  s e c t i o n s ,  
t h e n  i n t o  furnace and d i s t r i b u t i o n  ducts  (so a l s o  a c t s  a s  pre- 
h e a t e r ) .  . 

)Sourec(s):l George Bush 





BYL ~esidence/Sebastopol/Solar hot water heating ($40) May 1975 

~etrofit/single family residence/cwner builtlelectric backup. 
Free-standing tank-type collector/t hermosiphon/water 
circulating/with water storage. 

-1 Added to existing residence. 

ISystem:j Retrofit/HWH/tank-type collector/water circulating/with water 
storage. System built from 1936 publication "Solar Energy and 
Its 'Use for Heating Water in California"* by owner. 

2 c-1 32 ft /tank-type in insulated bodsingle Tedlar glazing. Col- 
lector consists of 40 gallon salvaged hot water heater tank, 
with insulation removed and tank painted black, in insulated 
wood box with Tedlar glazing and moveable insulating cover. 

1-1 40 gallon collector tank and existing hot water heater. 

-1 Electric hot water heater. 

[Cost-( Solar: Collector : Storage: Aux./Other: 

Materials $ 40 

Labor $ 0  

~ o t  a1 $ 40 

I~erformance:l Preheats water for conventional hot water-heater. See 
Additional InFo. 

I Additional Info: 1 Extensive analysis of performance in ltSolar Energy and 
Its Use for Heating Water in California" - 1936 - Bulletin 
No. 602, College of Agriculture, Agricultural Experiment 
Station, Berkeley, CA (out of print). 

[ Source (s) : ( Owner, Ag. Bulletin. 



CRBT duplexes/Davis/Solar  h o t  water  h e a t i n g  ($1519 f o r  two) March 1975 

New construction/duplex/contractor b u i l t / g a s  backup/roof mounted tube- 
o n - p l a t e  f l a t  p l a t e  colXector/water  c i r c u l a t i n g / w i t h  water  s to rage .  

2 2 -1 New/duplexes/1200 f t  and 800 f t  . Wood frame const ruct ion  
on s l a b  f l o o r .  P a r t  o f  a subd iv i s ion  o f  s o l a r  tempered houses 
with s o l a r  ho t  water  hea t ing  op t ion ,  and op t iona l  s o l a r  space 
h e a t i n g  and cool ing .  

-1 New/HIYH/flat p l a t e  c o l l e c t o r / w a t e r  circulating/thermosiphon/ 
with water  s to rage .  System designed by Natural  Heating Systems 
(Davis) and const ructed  by M. Corbett .  

2  -1 100 f t  /water  c i r c u l a t i n g  f l a t  p l a t e / s i n g l e  g l a s s  g laz ing 
$ i n c h  copper r i s e r s  manifolded t o  1% inch  headers,  so ldered  
t o  22 gauge galvanized s t e e l  shee t  on 4 inch  cen te r s .  Co l l ec to r  
b u i l t  by Natura l  Heating Systems, Davis, CA. 

I] 82 g a l l o n  galvanized s t e e l  tank i n  peak o f  roof .  

I Auxi1iarv: l  Conventional 40 gal lon  gas ho t  water  h e a t e r .  

S o l a r :  C o l l e c t o r :  S torage:  Aux./Other: 

Hat e r i a l s  $1,050 

Labor $ 469 

T o t a l  $1,519 

[performance:]  Expected performance: 60% o f  hea t  f o r  water  heat ing .  

[ A d d i t i o n a l  Info:]  Provides ho t  water2for  both  duplexes ,  one t h r e e  bedroom 
one ba th  (1,200 f t  ) and one s i n g l e  bedroom one bath 
(800 f t 2 ) .  Duplexes a r e  solar- tempered.  

1-1 John Hofacre/Natural Heating Systems, 207 Cortez Avenue, 
Davis, CA 95616. 



CSCS Energy CenterIRohnert Park/Solar  heat ing  and coo l ing  ($200) May 1975 

New construction/ctassroom/student built/wood s t o v e  backup. 
Pass ive  type system u t i l i z i n g  60 degree south-fac ing wa l l  wi th  
water  f i l l e d  ga l lon  jugs and moveable i n s u l a t i o n .  

[Building:] 515 square  f t .  Pole  bu i ld ing  o r i e n t e d  SSW b u i l t  by s tuden t s  
t o  code s p e c i f i c a t i o n .  

New/space h e a t i n g  and cooling/passive t y p e  system/with south- 
f a c i n g  b o t t l e  w a l l  a s  c o l l e c t o r  and s t o r a g e ,  moveable i n s u l a t i o n  
xiid r e f l e c t o r .  System designed by Barbara Greene and Roy I r v i n g .  

B o t t l e  wa l l .  407 p l a s t i c  milk b o t t l e s  p a i n t e d  f l a t  black and 
f i l l e d  wi th  wa te r .  E n t i r e  south wal l  is  s i n g l e  glazed (Kalwall,  
Tedlar ,  12 m i l  v i n y l ) ,  o r i e n t e d  a t  60' , south  wal l  i s  c o l l e c t o r .  
I n s u l a t e d  (2  i n c h  foam) doors with mylar r e f l e c t o r  opened daytime 
( f o r  heat ing)  and c losed a t  n ight .  Process reversed  f o r  cool ing .  

)vJ 407 gal lons  water .  Some 55 gal lon  drums added i n  i n t e r i o r  t o  
moderate temperature f l u c t u a t i o n s  (65' t o  94' i n  winter  ' 75- ' 7 6 ) .  

[Auxiliary:] Woodstove. No a u x i l i a r y  f o r  cooling.  

Solar:  Co l l ec to r :  S to rage :  Aux./Other: 

M a t e r i a l s  $200* 

Labor 

T o t a l  $200 

[ ~ e r f o r m a n c e : J  Measured s i n c e  December 1975: I n t e r i o r  temp, e x t e r i o r  temp 
and wind, i n s u l a t i o n .  Data a v a i l a b l e .  Cooling i n  summer 
1975 "excel lent" .  Winter heat ing  ve ry  good though wide 
temperature f l u c t u a t i o n s .  

[ ~ d d i t i o n a l  Info  : J *Cost inc ludes  : b o t t l e  (SO), i n s u l a t i n g  doors,  r e f l e c t o r ,  
hardware, black p a i n t .  $200 f i g u r e  inc ludes  some donated 
m a t e r i a l s .  In  summer thermal mass of wall  mediates summer 
h e a t  and co ld  fogg n i g h t s .  Wall opened a t  n i g h t ,  c losed 
dur ing  daytime i n  sumer t ime ,  o p e r a t e s  l i k e  Hays system, 
t o  cool  bu i ld ing .  . 

[ Source  (s) : 1 Barbara Greene , Roy I rv ing.  



CSEF Residence/Fetters hot springs/So,.lar hot water heating ($35) May 1975 
' 
Retrofitlsingle f-ly residence/owner built/electric backup. 
Free-standing tank-type collector/thermosiphon/water 
circulating/with water storage. 

1-1 Added to existing residence. 

]System:] Retrofit/HWH/tank-type collector/water circulating/with water 
storage. System built from 1936 publication llSolar Energy and 
Its Use for Heating Water in California"* by owner. 

. . 

2 ICollector:] 32 ft /tank-type in insulated box/single Tedlar glazing. Col- 
lector consists of 40 gallon salvaged hot water heater tank, 
with insulation removed and tank painted black, in insulated 
wood box with Tedlar glazing and moveable insulating cover. 

[-I 40 gallon collector tank and existing hot water heater. 

. -1 Electric hot water heater. 

Solar : Collector : Storage: Aux./Other : 

 ater rials $35 . $35 

Labor $ 0  $ 0  

Total $35 $35 

r~erformance:l Preheats water for conventional hot water heater. See 
Additional Info. 

1 

1 ~dditional fnfo:] Extensive analysis of performance in llSolar Energy and 
Its Use for Heating Water in California" - 1936 - Bulletin 
No. 602, College of Agriculture, Agricultural Experiment 
Station, Berkeley, CA (out of print). 

I Source(s) : 1 Owner, Ag. Bulletin. 



DFF Residence/Tomales/Solar hot water heating ($25) summer 1975 

Retrofit (portable)/single family residence/owner built/no backup. 
Free-standing/flat plate col lec tor / themosiphon/water  circulating/ 
with water storage. 

-[Building:] Existing residence (rental) . 

]System:] New/HWH/flat plate collector/water circulating/thermosiphon/ 
with water storage. System designed and built by owner. 

2 1-1 1'2 ft /water circulating flat platelsingle fibre- glass glaring. 
Collector consists of recycled copper milk-cooler ( 2 '  x 6') with 
fibre-glass glazing panel, in insulated box. 

-1 15 gallon recycled hot water tank. 

Solar: 

Materials $25 

Labor $ 0  

Total $25 

Collector: Storage : 

I ~erformanceq To 80' in "a couple of hours". Used fof showers only. 
. . 

( Additional 1nfo:l A11 components of the system salvaged. The copper 
milk cooler was obtained from a scrapyard ($25) and 
adapted as flat plate collector. System is trans- 
portable. 

ISource(s)l-1 Owner, Name withheld on request. 



2 
DSCL/DavisfSoPar space heating and cooling ($35,000 for 1500 ft building) 
late 1976 

New construction/school/contractor built/passive-type heating and cooling 
system/south-facing glass wall/21-inch-diameter water-filled steel tubes 
(collector and storage). 

2 [-1 Nev/schocl (1500 ft )/estimated cost of $35,000. 

New/passive-type/space heating and cooling/south-facing glass 
wall with 21-inch diameter water-filled steel tubes (collector 
and storage). 

2 I] 250 ft /south-facing windows/single glazing of glass. 

-1 Steel and fiberglass tubes/2lV diameter/water filled/with 
moveable insulation. 

Solar: Collector: Storage : Aux. /Other: 

Materials 

Labor 

Total 

I Additional Info:] 

Source (s) : 1 J. H m o n d  (Living Systems) 



Ecology Action Office/Modesto/Salar hot water heating ($160) January 1976 

Retrofi t/office bui lding/owner built/free standing roll bond brand/flat plate 
collector/thermostat activated pumplwater circulating with water storage. 

1 ~uildin~:\ Existing office building. 

1-1 New/HWH/flat plate collector/water circulating/thermostat 
activated pump/with water storage. Designed and built by office 
staff. 

2 L T ]  24 ft /water circulating flat plate/double tedlar glazing. 
Collector consists of a single aluminum Roll-Bond brand 
panel (3 '  x 8') insulated with monotherm insulation, and 
double glazed with tedlar. A thermostat-activated pump 
circulates water from collector to storage when the collector - 
water temperature exceeds storage water temperature by ten or 
more degrees (fahrenheit). 

-1 80 gallon storage tank (salvaged hot water heater). 

Solar: Collector: Storage: Aux./Other: 

Materials $160 $80 0 $80 

tabor 0 0 0 

Total $160 $80 0 

[ Performance:l Serves hot water requirements of office. 

1 Additional 1nfo:I Costs: Roll-Bond - $40. Tedlar - $40. Tank-free, 
differential thermostat - $10. Pump - $50. Fittings, 
etc. - $20. Wood, other-free (recycled). 

1 source ( s )  : 1 Office of Ecology Action Educational Institute, Modesto, CA. 



Farallones Urban House/Berkeley/Solar hot water heating ($1,058) August 1975 

Retrofit/residence and classroom/built by staff/electric backup. 
Roof mounted tube-on-plate flat plate collector/thermosiphon/water 
circulatingjwith water storage. 

2 
1Building:l 3500 ft /retrofit two-story plus attic separate residence 

converted into living, teaching, and research space. 

ISystem:] Retrofit/HWH/flat plate collector/water circulating/ 
thermosiphon/with water storage. System designed and 
built by Scott Matthews and Doug Daniels. 

2 . 
Collector 86.4 ft /water circulating flat plate/single glass glazing (PPG 

glass doors-seconds). Absorber plate is copper tube on copper 
sheet. Surface painted with black urethane aircraft paint. 

-1 120 gallon glass-lined steel .tank. 

1-1 30 gallon electric hot water heater. 

[Cost:] Solar: Collector: 

Materials $1,058 

Labor 

Total $1,058 

Storage : Aux. / O  t h e r  : 

$855 

~erformance:l 90-951. estimated. 100% until February as auxiliary 
not installed until then. System performance is being 
monitored. 

[ Additional Info:l Orientation S 11' E freeze protection by means of heat 
tape activated by bimetallic thermostat. 

i-1 Doug Daniels, Phillip Caesar 



FRLNS (Fara l lones  Rural ~ e n t e r j / ~ c c i d e n t a l  So l a r  hot water heating ($100-$200) 
F a l l  1975 - -~ 

New cons t ruc t ion /ba th  house f o r  school/owner built/wood-buring backup. 
Roof-mounted tank c o l l e c t o r  (breadbox)/water c i rcu la t ing /wi th  water 
s t o r age .  

I] New/bath house f o r  school. 

1-1 New/HX'H/tank co l lec tor /wate r  circulating/thermosiphon with 
water s to rage .  System b u i l t  from S. Baer, design by 
s tudents  and i n s t r u c t o r s .  

[Collector:] 2 
2 

f t  / tank-type co l l ec to r / s ing l e  g lass  g laz ing / re f lec tor .  
C?ollector cons i s t s  o f  a  130 gal lon tank i n  an insu la ted  box, 
with g lass  glazing on top and south s ide s  and insu la ted  
cover with r e f l e c t o r .  I n t e r i o r  of box i s  l ined  w i t h  
r e f l e c t i v e .  

f Storage :  1 Same 130- allo on tank. 

[ ~ u x i l i a r ~ :  ( Wood-burning s tove  with water hea t e r .  

So la r :  Col lec tor :  Storage : Aux./Other : 

M a t e r i a l s  $100-$200 

Labor 

T o t a l  $1 00-$200 

f Performance: / P r o v i d i n ~  shower water f o r  1 2  people. 

r ~ d d i t i o n a l  1nfo:l Bu i l t  from Steve Baer "breadbox" design. Plans a v a i l a b l e  
L 

from Baer. 

- 
I Source (s) : 1 David Katz, Faral lones  Rural C e n t e r ,  occidental ,  CA. 



FRTR/Bodega Bay/Solar space h e a t i n g  ($ ) May 1976 

New c o n s t r u c t i o n / s i n g l e  fami ly  residence/owner-contractor b u i l t / e l e c t r i c  backup. 
Sandwich-type f l a t  p l a t e  collector/pumped/water c i r cu la t ing /wi th  water  
s t o r a g e .  In teg ra ted  s o l a r  space  h e a t i n g  and h o t  water  hea t ing  system. 

[Building:] 

[ Storage :  I 

2 
New/single fami ly  res idence/ l650 f t  . Four bedrooms, 
two ba ths ,  l i v i n g  room, d in ing room, k i tchen.  

New/HWH and SH/f la t  p l a t e  collector/pumped/water c i r c u l a t i n g /  
with water  s to rage .  Heat d i s t r i b u t e d  by r a d i a n t  b r i ck  f l o o r  
(ground l e v e l )  and baseboard hot  water  convective h e a t e r s  (2nd 
f l o o r ) .  System designed by Bruce Corson. , 

2 
330 f t  /water  c i r c u l a t i n g  f l a t  p l a t e / s i n g l e  g laz ing of  Tedlar  coated 
f i b e r g l a s .  Sandwich t y p e  absorber p l a t e  c o n s i s t s  o f  two s h e e t s  
o f  galvanized s h e e t  metal  bol ted  t o g e t h e r  with neoprene gaskets  
and spacers .  C o l l e c t o r s  mounted on 42 degree south-facing roof .  

% 1,000 ga l lon  concre te  wa te r . t ank .  

Franklin s t o v e  and two e l e c t r i c  ho t  water  h e a t e r s  (one f o r  space 
heat ing  and one f o r  domestic h o t  water ) .  

S o l a r :  Co l l ec to r  : Storage:  Aux. /Other: 

M a t e r i a l s  

Labor 

T o t a l  

I ~ e r f o r m ~ n c c  : 1 Estimated 75-805. 

[ A d d i t i o n a l  1nfo:l Closed, low pressure  system (4 p s i  a t  base o f  c o l l e c t o r s  
and 9 p s i  a t  t ank) .  C i r c u l a t i n g  pump i s  1/10 HP. Pumped 
f r e e z e  p r o t e c t i o n .  

0 

rSource(s):l Bruce Corson 



FRTR/Bodega BaylSolar h o t  water  h e a t i n g  ($ ) May 1976 

New c o n s t r u c t i o n / s i n g l e  fami ly  residence/owner-contractor b u i l t / e l e c t r i c  
backup. Sandwich-type f l a t  p l a t e  collector/pumped water  c i r c u l a t i n g /  
with water  s torage .  I n t e g r a t e d  s o l a r  space hea t ing  and ho t  water  
h e a t i n g  system. 

2 [Building:] Newlsingle family res idence/ l650 ft . Four bedrooms, 
two ba ths ,  l i v i n g  room, d i n i n g  room, k i t chen .  

1System:] New/HWH and ~ ~ / f l a ;  p l a t e  col lector/pumped/vater  c i r c u l a t i n g / w i t h  
water  s to rage .  System designed by B N C ~  Corson. 

2 /] 330 f t  /water  c i r c u l a t i n g  f l a t  p l a t e / s i n g l e  g laz ing o f  Tedlar  
coated f i b r e g l a s .  Sandwich type  absorber p l a t e  c o n s i s t s  o f  two 
s h e e t s  of galvanized s h e e t  metal b o l t e d  t o g e t h e r  with neoprene 
gaskets  and spacers .  Co l l ec to r s  mounted on 42 degree south-fac ing 
roof .  

[Storage:] Hot water  preheated  by h e a t  exchanger i n  1,000 ga l lon  tank 
used for s t o r a g e  f o r  s o l a r  space hea t ing .  

1-1 40 ga l lon  e l e c t r i c  hot  water  h e a t e r .  

Materials 

Labor 

T o t a l  

S o l a r :  Co l l ec to r :  S to rage :  Aux./Other: 

f performance :l Estimated 55-65% (pre-heating) . 

[ ~ d d i t i o n a l  1nfo:  1 Closed, low p r e s s u r e  system ( 4  p s i  a t  base of c o l l e c t o r s  
and 9 p s i  a t  tank) .  C i r c u l a t i n g  pump i s  1/10 HP. Pumped 
f r e e z e  p ro tec t ion .  

- _  
[Soul-ce(s):] Bruce Corson 



, F ~ / ~ a p a / S o l a r  hot water hea t ing  ($1,400) December 1975 

R e t r o f i t / s i n g l e  family res idence /con t rac to r  b u i l t / e l e c t r i c  backup. 
copper t ube  on p l a t e / f l a t  p l a t e  collector/thermosiphon/ 
water  c i rcu la t ing /wi th  water  s torage.  

[Building:] Exis t ing res idence  . 

iSystem:l R e t r o f i t / M / f l a t  p l a t e  co l l ec to r /wa te r  c i rcu la t ing /wi th  
water  s torage.  System designed and b u i l t  by Gary Gerber 
and John Vail  o f  I n t e r a c t i v e  Resources, Inc.  

2 
I] 50 f t  /water c i r c u l a t i n g  f l a t  p l a t e l g l a r e d  with c l e a r  g lass  

tubes ( f luorescen t  l i g h t  tubes ) .  Col lec to r  p l a t e  i s  copper 
tube on copper p l a t e .  

100 gallon hot  water hea t e r  tank.  

Standard e l e c t r i c  water hea t e r  (100 gal lon)  with bottom 
element removed. 

So la r :  Col lec to r :  Storage:  Aux. / O t h e r :  

Materials $ St30 

Labor $ 850 

Total $1,400 

( Performance :] 

[ Addi t iona l  Info:  I 

$250 ex i s t i ng  $300 

$300 $550 

$550 $850 



GDE/Sonoma/Solar hot water heating ($1.240) Summer 1976 ' 

New construction/single family residence/contractor-built/electric backup. 
Tube on platelflat-plate collector/pumped water circulating/with water 
storage. 

2 1 New/single family residence/about 1800 ft . 

]System:? N.ew/HWH/flat plate collector/water circulating/with water 
storage. System designed by Interactive Resources, Inc. 

2 '-1 40 ft /water circulating flat plate/single filon glazing. 
Absorber plate is copper tube on aluminum (Sunburst). 

[Storage:] 120 gallon hot water heater (bottom element disconnected). 

120 gallon hot water heater (same as storage) . 

Materials 

Labor 

Tot a1 

performance : ]  

Solar: Collector: Storage: Aux./Other: 

$ ,400  
$ 600 

$1, ooo* 

( Additional Info;l *Fees for entire design work (space heating and hot 
water heating) were $800 additional. 

[ Dale Sartor, Interactive Resources, Inc. 



GDE/Sonoma/Solar space heat ing ($6,080) Summer 1976 

New cons t ruc t ion / s ing le  family res idence/contractor  b u i l t / e l e c t r i c  backup. 
Tube-on-pla te / f la t  p l a t e  collector/pumped water c i rcu la t ing /wi th  
water  s t o r age .  . 

2 
[Building:] New/single family residence/about 1800 f t  . 

New/space h e a t i n g / f l a t  p l a t e  co l l ec to r /wa te r  c i r cu l a t i ng /  
wi th  water s torage.  System designed by In t e r ac t i ve  Resources, 
Inc, 

2 -1 360 f t  /wa te r -c i rcu la t ing  f l a t  p l a t e / s i ng l e  f i l o n  glazing.  
Absorber p l a t e  is copper tube on aluminum f i n s  (Sunburst).  

I-] 1500 gal lon p recas t  c o n c r e t e t a n k  ( s e p t i c  tank) insu la ted  
with 3 inch foam (R=26). 

[I Wood s tove.  E l e c t r i c  r e s i s t ance  hea t ing  (forced a i r  furnace) .  

k t e r i a l s  
Labor 

Total 

Solar: Collactor: Storage: Aux./Othor: 

[~dditional 1nfo:l Fees f o r  e n t i r e  design work (space heat ing and hot  
water  heat ing ) were $800 add i t iona l .  

1 

[Sourcc(s):Sourcco:l Dale Sar to r ,  I n t e r a c t i v e  Resources, Inc. . 



GMBL/Petaluma/Solar space hea t ing  ($1600) Winter 1974-75 ' 

Retrof i t lgreenhouse  added t o  residence/owner bui l t /backup not  s p e c i f i e d .  
F l a t  p l a t e  c o l l e c t o r s  (Fafco brand)/water c i r c u l a t e d  by pumps/water 

, s t o m g e l h e a t  d i s t r i b u t e d  by r a d i a n t  baseboard h e a t e r .  

[Building:] Retrofi t /greenhouse added t o  e x i s t i n g  res idence .  

1-1 Ret ro f i t / space  h e a t i n g / f l a t  p l a t e  co l l ec ro r /wa te r  c i r c u l a t i n g /  
water  s torage/wi th  hea t  d i s t r i b u t e d  by r a d i a n t  baseboard h e a t e r .  

2 -1 300 f t  /water  c i r c u l a t i n g  f l a t  p l a t e / s i n g l e  glazed with s i n g l e  
4 m i l  polyethylene  glaz ing.  Co l lec to r  c o n s i s t s  o f  Fafco 
brand panels .  Glazing mate r i a l  i n s t a l l e d  a s  temporary. 

-1 4,000 ga l lon  (4'  x 8 '  x 20') water  s t o r a g e  tank,  b u i l t  o f  
plywood wi th  3 inch styrofoam i n s u l a t i o n .  

( Not s p e c i f i e d .  

S o l a r  : 

Materials $1,600 

C o l l e c t o r  : Storage:  Aux. /Ot.hcr : 

Labor 

T o t a l  $1,600 

[ ~ e r f o m a n c e : l  Est imates 300,000 BTU/day. 

[ Addi t ional  In fo : [  Hot water  from c o l l e c t o r  i s  pumped t o  s to rage ,  then 
pumped t o  (100 l i n e a l  f e e t )  r a d i a n t  baseboard h e a t e r  
when des i red .  

& Source (s) : 1 Owner. 
&+. - 

it.. 



GRBR/Walnut Creek/Solar hot water heating ($1,000) November 1975 

Retrofit/single family residence/contractor built/gas and electric backup/ 
tube on plate flat plate collector/thermosiphon/water circulating with 

) water st orage. 

1-1 Retrofit/single family residence. 

1-1 Retrofit/HWH/flat plate collector/water c i r cu l a t i ng / t henos iphon /  
with water storage. System designed and built by Gary Gerber 
and John Vail. 

2 -1 50 ft /water circulating flat plate collector/glaring is clear 
glass tubes (fluorescent light type). Absorber plate is copper 
tube on copper plate. 

(-1 60 gallons (uses existing hot water heaters for storage). 

[Auxiliary:] 40 gallon gas water heater and 20 gallon electric water hcater. 

[Cost:] Solar: Collector: Storage : Aw./Ot.her : 

Materials $ 550 $200 

Total $1,000 $4 00 

t performance : 1 

[ Additional Info: 1 Note double use of Auxiliary and Storage 

see 
storage 

I Source (s) : 1 ~ a r y  Gerber 



, GSPRS Residence/Tomales/Solar space hea t ing  ($150/$500) 

R e t r o f i t / s i n g l e  fami ly  residence/owner bui l t /added south-facing 
greenhouse with p a s s i v e  type  system ( b o t t l e  wa l l )  using water- 
filled jugs as c o l l e c o t r  and s to rage .  Heat e n t e r s  house through 

I 
ducts loca ted  a t  t o p  of greenhouse. 

R e t r o f i t / s p a c e  heat ing/pass ive  t y p e  system ( b o t t l e  wal l )  us ing  
south-fac ing greenhouse add i t ion  wi th  wateT f i l l e d  jugs and 
noveable i n s u l a t i o n .  

2 
C o l l e c t o r  Approximately 120  ft /pass ive  type  south-fac ing b o t t l e  wall 

i n  lean- to  greenhouse wi th  s i n g l e  g l a r i n g  o f  corrugated 
f i b r e - g l a s s  panels and moveable i n s u l a t i o n .  

(-1 Water f i l l e d  jugs. 

Solar : C o l l e c t o r :  S torage  : Aux. /Other:  

Met erials $150 

Labor $350 

T o t a l  $500 

[performance:]  Heated greenhouse a r e a  ven t s  a t  t o p  i n t o  t h e  house. 

[ ~dditional In fo  : Construct ion funded by Point  Foundat ion of Sari Francisco. 

I Source (s) : 1 Independent Journal  (newspaper). ' 



Hay (Skytherm)/Solar space heating and cooling ($ ) 1973 

. - New construction/single family residence/contractor built/passive 
system using water-filled plastic bags on roof with movable, insulated' 
panels/integrated collector, storage, distribution system. 

(Collector:] 

[Auxiliary:] 

2 New/single family residence/ll40 ft /one-story/oriented E-W/ 
exterior and partition walls of concrete blocks, interior filled 
with sand and exterior with vermiculite. Total cost of building 
-(prototype) was $39,500. 

New/SH and SC/passive type system/water-filled plastic bags 
on roof/movable, insulated panels/metal roof acts as ceiling, 
radiating (winter) or absorbing (summer) heat from interior. 

2 1200 ft /passive type systern/9" of water in four transparent 
plastic (PVC) bags lying on metal roof between extruded 
aluminum tracks/insulated panels move in tracks above bags/ 
panels moved automatically by % HP motor and chain-drive. 
Single "glazing" of PVC plastic sheet inflated above bags 
in winter, not in summer. Black PVC plastic sheet between 
bags and metal roof. Roof (ceiling) is ribbed steel, with 
12 ft spans. . 

6300 gallons (26 tons) of water in plastic bags on roof/ 
thermal mass of house provides additional storage. 

None 

Solar: Collector: Storage : Aux. /Other : 

Materials 

~a bor 
Total 

1 ~ertorm~nce:l Allowing for moderate temperature fluctuation, system 
provided 100% of required heating and cooling during 
1973-1974. Performance evaluated by Cal Poly, San Luis 
Obispo . 

f Additional Info:[ Winter: bags uncovered during day/sun heats water/ 
bags covered at night to retain heat/ceiling (roof 
radiates heat to interior. Summer: bags uncovered 
at night/cool night air and sky cools water/bags covered 
during day/cool ceiling absorbs interior heat. . 

Source (s) :I Shurcliff; miscellaneous other articles 



Hewlett Packard Plant/Sunnpale/Solar - space heating ($18',000) Fall 1973 
Z 

Retrofit/165,000 ft industrial plant/built by plant maintenance personnel/ 
gas backup. Roof mounted flat plate collectors (7,000 ft2) retrofitted 
to existing terminzl reheat system. Pumped water-circulating with water 
storage. 

2 )] Retrofit to existing industrial plant/165,000 ft . Collectors 
are mounted on flat roof of the building. . 

I] Retrofit/space heating/roff mounted flat plate collectors/pumped 
water-circulating to storage/heat distributed by existing terminal 
reheat system. System designed by Mac McFee, Plant Facilities 
Manager, Hewlett Packard. 

Z 1-1 7000 ft /flat plate collect~r/single glazing of Tedlar coated 
fiberglass. (Filon Weatherside 548). Collectors(8 ft by 33 inches) 
are wood-framed aluminum Rollbond panels, with 1 inch Celotex 
insulation, connected in series with CPVC plastic pipe. 

[Storage:] 12,000 gallon steel tank (used oil storage tank) buried under- 
ground (uninsulated). Plan to add 50,000 gallon additional 
storage. 

[-1 Existing gas-fired boiler. 

1-1 Solar: Collector: Storage: Aux./Other: 

Materials $18,000 

Labor 

Total $18,000 

[ Performance : 1 Gas savings are $1,000 - $2,000 per month as determined from 
gas b i l l s .  Data on gas consumption (1972 - 1976) available 
from Mac McFee. 

[Additional Info : \  System constructed by plant maintenance personnel as "low 
priority task", collector components purchased at lower 
bulk-purchase rate. Existing system adjusted to operate 
at 120' F. 

[ Source (s)  : J Marshal 1 Merriam, Mac McFee 



HFCR/Davis/Solar ho t  water  hea t ing  ($ ) Sept .  1976 

New c o n s t r u c t i o n / s i n g l e  family r e s idence /con t rac to r  b u i l t /  gas backup/ 
roof mounted f l a t  p l a t e  ~collector/thermosiphon/water c i r c u l a t i n g / w i t h  

) water s t o r a g e .  

[ S t o r a g e :  1 

2 
New/single fami ly  r e s i d e n c e / l l 6 9  f t  . Wood frame cons t ruc t ion  
on s l a b  f l o o r .  P a r t  o f  a subd iv i s ion  of  s o l a r  tempered houses 
with s o l a r  h o t  water  hea t ing  op t ion ,  and op t iona l  s o l a r s  pace 
h e a t i n g  and cooling.  

New/HWH/flat p l a t e  c o l l e c t o r / w a t e r  rirculating/thermosiphon/ 
with water  s t o r a g e .  System designed by J. Hofacre, b u i l t  by 
M. Corbet t  (with owner). 

2 
80 f t  /water  c i r c u l a t i n g  f l a t  p l a t e / s i n g l e  "Kalwall" brand 
g laz ing .  "Sunburst" brand panels  glazed with s i n g l e  l a y e r  of  
.040 "Kalwall" brand (premium) . 
C o l l e c t o r  

82 ga l lon  

40 ga l lon  

M a t e r i a l s  

Labor 

T o t a l  

[ Performance: I 

b u i l t  by Natural  Heating Systems, Davis, CA. 

s t o r a g e  tank i n  a t t l c .  

gas hot  water  h e a t e r .  

S o l a r :  C o l l e c t o r :  S torage:  Aw./Other :  

I ~ d d i t i o n a l  In fo :  1 System provides preheated  (solar -heated)  water ,  from 
82 ga l lon  s t o r a g e  tank t o  conventional h e a t e r ,  which 
may be bypassed. 

[ Source  ( s )  : 1 John HofacrejLiving Systems. 



HCHC/Chico/Solar space heating and cooling ($4,000 estimated) late 1976 

New construction/single family residence/contractor built/wood backup. 
Passive-type system using south-wall windows. with 21-inch-diameter steel 
tubes (water filled) and moveable insulation. 

2 
[Building:l NewJsingle family residence/1600 ft . 

1-1 New/space heating and cooling/passive-type system using 
south-wall windows and water-filled, metal tubes with 
moveable insulation. 

2 Collector About 300 ft /passive-type system using 21-inch-diameter 
galvanized culvert tubes (water filled). 

-1 About 1,000 gallons water in water-filled steel tubes. 

Solar : 

< 

Materials 

Labor 

Total $4,000 (estimated) 

[ ~erformancc:J Not completed. 

Collector: Storage: Aux./Other: 

[Source(s)isOurceOil John Hammond 



HCHC/Chico/Solar hot water heating ($1,000 estimated) late 1976 

New construction/single family residence/contractor built/electric 
backup. Flat-plate collector/water circulating/thermosiphon/with 

) water storage. 

1-1 Newjsingle family residence/1600 f tL .  

[Auxiliary:] 

80 gallon. 

Materials 

Labor 

Total 

Electric hot water heater. 

Solar: Col lector : 

$1,000 [estimated) 

t~dditional 1nfo:l $40,000 estimated cost for house. 

Storage : 



~FCB/Davis/Solar space heating and cooling (estimate les; than $1,000)* Sept.  1976 

New construction/single family residence/owner-contractor built/ gas 
backup/passive system utilizing south facing windows with 50 gallon 
water filled drwns, slab floor for storage, and moveable, insulating 
shutters. 

2 ]Building:( Newlsingle family residence/ll69 ft . Wood frame construction 
on slab floor. Part of a subdivision of solar tempered houses 
with solar hot water heating option; Contractor - M. Corbett. 

[System:/ New/space heating and cooling/passive- type system with water 
(water filled 50 gallon drums) and concrete (slab floor) storage. 
System designed by J. Hofacre, built by M. Corbett with owner. 

2 
162 ft /passive type system with two south facing patio doors 
(12' x 6 each) and 20 water-filled 50 gallon drums. Collector 
windows will have insulated (moveable) shutters or insulated 
glass .  

Partially owner built/partially contractor built (M. Corbett). 

I-1 20 @ water filled 50 gallon drwns (estimated 40,000 BTU capacity), 
plus exposed slab floor and interior partition thermal mass 
(estimated 50,000 BTU capacity). 

I] 55,000 BTU/hr forced air gas furnace and Franklin fireplace 
: (heating). No auxiliary cooling unit. 

1Cost:l Solar : Collector: Storage: Aw. /Othe r :  

Materials 

Labor 

Total (estimate less 
than $1,000) * 

I performance : I 

Additional Info:] Located at 3 8 O  North Latitude (N 01' 13' 35" E, 488' 46 '  
25" W).  Residence has seven rooms: three bedrooms, one 
bath, kitchen, living room, dining room. * C o s t s  for system 
(drums, insulated shutters) not yet determined. 

Source (s) : I John Hofacre 



HMND/Winters/Solar space heat ing and cooling ($500) Summer 1974 

Re t ro f i t / s ing le  f-ly residence/owner bu i l t / gas  and wood backup. 
Passive type system/south wal l ,  water-f i l led 55 gallon dpms ins ide  . 
v e r t i c a l  window wall/with moveable insu la t ion .  

[Building:] 2 
Retrof i t / s ing le  family residence/1200 f t  . Remodeled farmhouse, 
frame construct ion with s l ab  f loo r .  

,Passive type system. Water-fi l led drums ins ide  south facing 
window-wall c o l l e c t  and s t o r e  heat  during daytime, rad ia t ing  
heat  t o  house a t  night .  Same drums mediate summer heat by 
using thermal mass and night  sky rad ia t ion .  

2 200 f t  /passive 
55 gallon drums 
glass)  windows. 
of th ree  layers  

type (Baer .system) u t i l i z i n g  water - f i l l ed  
ins ide  v e r t i c a l ,  south-facing (s ingle  glazed 
Moveable insu la t ion  (s l iding panels) consis ts  

of r e f l e c t i v e  f o i l .  

(1 15000 l b s  water i n  55 gallon drums ( 32 ) .  Also  lab f loo r .  

~ ~ ~ i l i ~ ~ ~ : l  Gas s tove and wood burning stove. 

[Cost:] So la r  : Collector :  Storage: Aux./Other: 

Materials $500 (approx) 

Labor 

Total $500 

[ pcrfOrmnncc:] Woodstove, only backup, required 4 cord of wood i n  winter 
of 1974 - 1975 and 4 cord wood i n  1975'- 1976. 

[ ~ d d i ~ i ~ ~ ~ 1  Info:! ttouse a l s o  has s o l a r  hot water heater  (50 square foot  
f l a t  p l a t e  co l l ec to r  with 80 gallon storage tank).  

[ Source (s) : ] John Hammcnd 



HNMN/Sunnyvale/Solar space and hot water heating ($ ) October 1975 

Retrofit/single family residence/contractor builtlgas backup. Tube-in- 
plate flat plate collector/pumped/water circulating/with water storage. 
Integrated space heating and hot water heating system. 

4 

2 [-I Retrofitlsingle family residence/2000 ft /oriented E-W. 
(an Eichler home). 

]System:] Retrofit/SH and HIW/flat plate collector/pumped/water (with 
additives*) circulating/with water storage. System is integrated 
with existing radiant floor heating system/fully automatic controls 
(except for auxiliary), System designed and built by Alten 
Associates, Santa Clara, CA. 

2 ICollecfor:] 350 ft /water circulating/f,lat plate/double glazing of ~edlar/ 
R-11 foil backed insulation. Absorber is Olin Brass Company 
Rollbond aluminum plate. Collectors mounted on and integrate 
well with existing roof. 

1-1 1000 gallon steel tank1213 below ground/storage water doesn't 
circulate - three heat exchangers in tank, one from collectors, 
one for space heating, and one for domestic hot water. 

[Auxlllard - regular gas furnace and hot water heater/intentionally manually 
controlled. 

Materials 

Labor 

Total 

Solar: Collector: Storage: Aux./Other: 

Performance :] 605 of heating. 

[~dditional 1nfo:l Closed collector fluid loop containing water/corrosion 
inhibitors/antifreeze solution. CPVC pipe and A1 heat 
exchanger used - no Cu in system. 1/200 HP pump for 
domestic hot water system, 1/6 HP pumps for space heating 
and domestic hot water systems. . 

[Source(s):l Klaus Heinemann (Alten Associates) 



HSR - MFR /Davis/Solar hot water heating ($950) ~ ~ r i l  1976 

New Construction/Single Family Residence/Contractor built/Gas backup. 
Roof mounted tube on plate/flat plate collector/thermosiphon. 
Water circulating/with water storage. 

(Storage:} 

2 New/Single Family Residence/ll57 ft . Wood frame construction on 
slab floor. Part of a subdivision of solar tempered houses with 
solar hot water heating option, and optional solar space heating 
and cooling. 

New/HWH/flat plate collector/water circulating/thermosiphon/with 
water storage. System designed by J. Hofacre, built by M. Corbett. 

2 
60 ft /water circulating flat plate/single glass glazing 4 inch 
copper risers manifolded to 1% inch headers, soldered to 22 gauge 
galvanized steel sheet on 4 inch centers. Collector built by 
Natural Heating Systems, Davis, California. 

82 gallon galvanized storage tank located in attic. 

40 gallon gas water heater. 

Solar: Collector: Storage: Aux. /Other: 

Materials $627 (est) 

Labor $323 (est) 

Tot a 1 $950 (est) 

I Performance: 1 70% load estimated. 

[ Additional 1nfo:I 38.s0 North latitude. 

( ~ource(s):l John Hofacre/Natural Heating Systems, 207 Cortez Ave, Davis, CA 95616 



KM/Berkeley/Solar space heating ($900) 

Retrofit/duplex residence and office/owner built/gas backup. 
Roof mounted trickle-type (Thomason) collecto~/pumped/water circulating/ 
with water storage. 

[Building:] no-story duplex residence and office/2100 ftL. Flat 
roof. Built in 1910. 

1-1 Retrofit/space heating/trickle-type (Thomason) collector/ 
?umped/water circulating/with water storage. 

2 1-1 288 ft (12' x 24')jwater type/trickle system. Corrugated 
aluminum sheet (aluminum siding from Montgomery Ward) used for 
absorber platelcoated with flat black paint. Collector was 
originally single glazed (glass). Now testing various types 
and combinations of glazing. 

1-1 Seven 55 gallon steel drums (385 gallon total) filled, with - 
water. 

1Auxiliary:l a s  furnace. 

(Cost:I Solar: 

Materials $900 - 
Labor (200 hrs) 

Total 

Collector: Storage: Aw./Other : 

[ ~crformance : 1 58% of heating 

[Additional info:! Steel dnms used for storage are connected by PVC plumbing 
and hose connections. Surfaces of drums act as heat 
exchanger. Furnace blower draws cooled return air through 
the m o m  containing the drums and into the ducts of the 
regular forced air heatia . system.. 



IRIS Images/Mill Valley/Solar hot water heating ($11,240) April 1976 

Retrofit/commercial: film~processing/contractor built/gas backup. 
Roof mounted tube-on-plate/flat plate collector/pumped water 
circulating/with water storage. Designed to provide large quantity 
of 100 degree hot water for immediate daytime use in film processing. 

2 [Building:] Commercial building/5000 ft . 

-1 New/MYH/f lat plate col lector/pumped water circulating with 
water storage. System designed by Interactive Resources, Inc. 

2 1-1 640 ft /flat plate collec;or/single filon glazing. Absorber 
plate is tube on plate (Sunburst). Collector pressurized 
at city water pressure. System designed and built by 
Interactive Resources, Inc. 

-1 360 gallon insulated storage tank. 

I x m l  Gas hot water heater. 

Solar : Collector: Storage: Aux./Other: 

Materials 

Labor 

Total $11,240 

[ ~erformance:l System designed for commercial film processing to provide 
a peak load of 12 gallons per minute at loo0 and average 
load of 6 gallons per minute. 

[ Additional 1nfo:l - Roof mounting required extra support structure ($3,000) 
to support weight, plus construction management fee. 

[ Source(s):l Dale Sartor, Interactive Resources, Inc., 30 Washington Avenue, 
Pt . Richmond, California. 



I R V G  Residence/Cotat i  (Sonoma County)/Solar hot  water  hea t ing  ($40) October 1974 
' Ret ro f i t lmobi l e  hornelowner b u i l t l f l a t  p l a t e  c o l l e c t o r / e l e c t r i c  backup/ 

thermosiphon/water c i r c u l a t i n g  wi th  water  s to rage .  

-1 New/HWH/flat p l a t e  c o l l  ec tor /water  c i r c u l a t i n g  ( t h e n o s i p h o n )  
wi th  water  s t o r a g e .  System designed and b u i l t  by owner. 

[Collector:] 15 s q  f t / f l a t  p l a t e  co l l ec to r /wi th  s i n g l e  g laz ing ( t e d l a r ) .  
C o l l e c t o r  c o n s i s t s  of  copper tubing,  wired and so lde red  
t o  metal  p l a t e  i n  f i b r e - g l a s s  i n s u l a t e d  box. T i l t  is 
a d j u s t a b l e  wi th  seasons.  

[Storage:] Standard 20 ga l lon  water h e a t e r  tank.  

E l e c t r i c  water  h e a t e r  (used i n  win te r  only:  s o l a r  is  only 
summer h e a t  source ) .  

S o l a r :  C o l l e c t o r :  S torage  : Aux. //Other: 

Mate r i a l s  $45 0 0 

Labor 0 0 0 

Total  $45 $45 0 

rperfomance: l  50% needs i n  winter  (November 1 - Hay 1) 100% needs i n  summer 
(May 1 - November 1 ) .  Household c o n s i s t s  o f  one person.  Two 
yea r s  of  performance d a t a  a v a i l a b l e .  

[ A d d i t i o n a l  In fo : !  System uses e x i s t i n g  e l e c t r i c  ho t  water h e a t e r  a s  s to rage  
and supplement - e l e c t r i c  h e a t e r  opera tes  only when i n -  
s u f f i c i e n t  s o l a r  hot  water.  I n  summer e l e c t r i c  h e a t e r  
completely shu t  of f  ( a l l  hot  water  provided by s o l a r  
co l - l ec to r )  . 

I Source  fs) : I Owner. 



ISC (Champion Homebuilders)/Various locat ions/Solar  heat ing and coo l ing  
($2600:96 f t L  , $3140: 128 f tL , $3780: 160 f t Z )  zoo+ u n i t s  

Modular mass-produced s o l a r  heat ing and cooling u n i t .  Freestanding/air  
co l lec to r /wi th  rock s to rage /a t t aches  t o  forced a i r  heat ing and cooling 
systems of  e x i s t i n g  o r  new s t ruc tu r e s .  

Reportedly over 200 have been sold  f o r  houses and mobile 
homes. Several houses i n  operation i n  Ca l i fo rn ia  (San Jose ,  Napa) . 

Freestanding A-frame u n i t / a i r  c i rcula t ing/fans/wi th  rock s to rage .  
Heat s t o r ed  i n  rocks by c i r c u l a t i n g  a i r  is removed from s torage 
t o  house i n t e r i o r  as  needed. Cooling: process i s  reversed,  
cool ing rocks with night  air and c los ing co l l ec to r .  

2 96, 128, and 160 f t  models available/air-circulating f l a t  p l a t e l  
fans/double glazing of g l a s s / r e f l ec to r .  Col lector  t i l t e d  60 
degrees on south face of A-frame s t ruc tu r e .  Aluminum absorber 
p l a t e  has open cyl inders  t o  d ive r t  a i r  flow. 

Rock s to rage  ( r i v e r  bed rock must be obtained l oca l l y  t o  spec i f i -  
ca t ions )  cubic f e e t  capaci ty  is 225,310, and 400, respect ively .  

Various. Most e a s i l y  in tegra ted  with ducts forced a i r  systems, 
e i t h e r  ex i s t i ng  ( r e t r o f i t )  o r  new. Adaptiblc t o  o ther  sup- 
plementary heat ing and cooling systems. 

Solar :  Col lec tor :  Storage : Aux. / O t  h e r  : 

Mater ia ls  (Whole u n i t ) :  (96 f t L )  $2600 (128 f t L )  $3140 (160 ftL) $3780 

Labor ( I n s t a l l a t i o n )  500 - 550 - 600 
7 

Total $3100 $3690 $4390 

1 performance :I - 

I Additional Info:  ( 

1-1 Alte rna t ive  Energy Co., Yountvil l e ;  CA; blanufacturerls L i te ra tu re ;  
"Harnessing t h e  Sun t o  Heat Your House1', by J. H. Keyes. 



JFFR/Kentfield/Solar space heating ( ) November 1975 

New construction/single family residencelcontractor built/gas backup. 
Roof mounted trickle-type collector/water circulating/pumped with * 

water storage. 

2 
New/single family residence/2300 ft . South-facing three- 
story house/insulation - walls (R-13) and ceiling (R-22)/double- 
glazed windows/oriented due south. 

-1 New/space heatinglt~ickle-type collector/water circ;lating/ 
thermostat controlled pump/with water storage. System designed 
by Interactive Resources, Inc., Richmond, CA. 

2 
900 ft /trickle type/30D slqpe glazing of planar array of air- 
.filled clear glass tubes (fluorescent-type). Absorber plate 
is corrugated aluminum sheet with black enamel surface. Fluid 
is softened water with no antifreeze or corrosion inhibitors. 
Controllable-rate (0 to 20 gpm) 3/4 HP pump feeds water to 
horizontal distribution pipe along top of collector. 

[-] 3,000 gallon rectangular (84 ft x 84 ft x 8 ft high) concrete 
tank in crawl space/R-27 foam insulation. 1/20 HP pump circulates 
hot water to two fan-coil systems. 

1 A u x i  liarv:l Gas-fired hot water heater. 

[Cost:] Solar: Collector: Storage : Aux. /Other : 

Materials 

Labor 

Total 

[ Pcrfo-nce :] 85% (predicted) . carry through : 3% days (predicted). 

[~dditionnl 1nfo:l Cooling: structure designed to exlude south summer 
sudwest windows of reflective glass/natural venting 
due to shape with fan assist. 

1-1 Shurcliff. Dale Sartor (Interactive Resources, Inc . ) 



JFFR/Kentfield/Solar hot water heating ($1,200) March 1976 

New construction/single family residence/contractor built/electric 
backup. Roof mounted flat plate collector/water circulating/with 
water storage. , 

2 
New/single family residence/2300 ft . 

1System:l New/tflW/flat plate collector/water-circulating/with water 
storage. System designed and built by Gary Gerber and John 
Vail of Interactive Resources, Inc. 

2 -1 54 ft /water circulating flat plate/glazed with fluorescent 
tubes. Collector plate is copper tube on copper plate. 

porage:J 100 gallon electric hot water heater tank. 

(-1 electric water heater (storage and auxiliary). 

Materials 

Labor 

Total 

/ Performance : I 

Solar: Collector: Storage: Aux. /Other: 

( Additional info: 1 *See Shurcliffe (following page). 

[Source(s):I Gary Gerber 



LKS/Sacranento/Solar space heat ing  and cool ing  and h o t  water  h e a t i n g  
( 5  ) J u l y  1976. 

N e w  cons t r u c t i o n / s i n g l e  family residence/owner bui l t /combinat ion  pass ive  
type system (south-facing Thermopane windows wi th  concre te  s l a b  f l o o r  
s t o r a g e )  and a c t i v e  t y p e  system ( a i r  type c o l l e c t o r  with rock s t o r a g e ) .  ' S e p a r a t e  water  c i r c u l a t i n g  f l a t  p l a t e  c o l l e c t o r  wi th  water  s t o r a g e  f o r  
domestic  hot  water .  

c. 
L 

[Building:/ New/single family res idencelabout  1752 f t  /wood frame cons t ruc t ion /  
concre te  s l a b  floor/8'  rooms. Or iented  15' west o f  south.  

-1 New/SH and SC/combination pass ive  system (south- f a c i n g ,  Thermopane- 
glazed windows with concre te  s l a b  f l o o r  s t o r a g e  and a c t i v e  system 
[ a i r - c i r c u l a t i n g  c o l ~ e c t o r / c o l l e c t o r  with rock s t o r a g e .  Separa te  wa te r  
c i r c u i a t i n g  f l a r  p l a t e  with water  s t o r a g e  f o r  domestic hot water .  

2 
Active: 400 f t  / a i r - c i r c u l a t i n g  f l a t  p h t e  c o l l e c t o r / s h e e t  
metal absorbers/double glazed wi th  (Kalwall) f i b e r g l a s s .  
Passive : 240 f t2 / sou th - fac ing  windows/Thermopane g laz ing.  
Hot water:  water.  c i r c u l a t i n g  f l a t  p l a t e .  

[-I 45 tons  o f  2-inch-diameter r i v e r  rock/20f x 8 '  h igh x 5' concre te  
block s t o r a g e  b i d l o c a t e d  i n  house. Concrete s lab  f l o o r  provides  
a d d i t i o n a l  thermal mass. 50 ga l lon  hot  water  h e a t e r  s torage .  

[mi?] Forced a i r  f u r n a c s / a i r  cond i t ioner .  

Materials 

Labor 

Total 

Solar: Collector: Storage : Aux. /Other: 

[ ~ d d i t i o n a l  Info:! Estimated completion d a t e  - J u l y  1976. Rocks i n  s to rage  
b i n  w i l l  be  cooled a t  n igh t  dur ing  summer t o  provide 
daytime cooling. 



LNDQT Residence/Davis/Solar heating and cooling ($400 - $600 est. *) Summer 1976 

New construction/duplex/contractor built/gas backup/passive-type system 
utilizing south facing windows and skylight with slab floor for storage 
and moveable insulation (shutters). 

2 2 [Building:] New/duplex/ll57 ft plus 100 ft loft. Wood frame construction 
on slab floor. Part of a subdivision of solar tempered houses 
with solar hot water heating option: Contractor - M. Corbett. 

1-1 New/space heating and cooling/passive type syst em/with concrete 
(slab floor) storage. 

2 1-1 155 ft /passive type s stem/single glass glazing/with two r sliding glass doors 6 ' x 12' , 6%' x 8 on south wall, one 
skylight 4' x 5' at 60 degree inclination on south facing 
roof. Slab floor serves as heat collector, moveable insulating - 
shutters to be added. 

L 
[Storage:] 1157 ft slab floor, interior brick wall, possible added thermal 

mass. 

[ ~uxiliary:] 60,000 BN forced air gas furnace ($400 - $600). No cooling 
. backup considered necessary. 

Materials 

Solar : Collector: Storage : A u .  /Ot hcr  : 

Labor 

Total $400 - $600* 
estimated 

[ ~ e r f o m a n c c : l  Currently being monitored. Thermocouples imbedded in walls, 
also slab floor between parquet and slab, between slab and 
gravel, below gravel . . 

( Additional ~nfo:] Insulation: 8-19 wall, R-25 ~oof. 

*Cost estimate is for moveable insulation on south facing 
glass skylight and doors. . 

[Source(s)-I John Hofacre, owner. 



MCF/San Jose /So la r  hot  water  hea t ing  ($ ) May 1975 - 

~ e t r o f i t / s i n g l e  family res idence  (owner b u i l t )  /gas backup. In tegra ted  
system f o r  space hea t ing ,  ho t  water  hea t ing ,  and heat ing of swimming pool. 

2 
[Building:] R e t r o f i t / s i n g l e  family residence/2100 f t  . 

-1 Ret ro f i t / space  hea t ing  and hot  water  heating/pumped water- 
' c i r c u l a t i n g  t o  s to rage /hea t  exchanger i n  s t o r a g e  t r a n s f e r s  
h e a t  t o  hot  water  tank.  

2 [-I 533 f t  /water c i r c u l a t i n g  f l a t  p l a t e / s i n g l e ,  Tedlar-coated 
f i b e r g l a s s  g laz ing.  Co l lec to r  panels  a r e  Rollbond panels .  

[-I Heat exchanger i n  1,000 ga l lon  water s to rage  tank. 

~ u x i 1 i a r y : l  Gas hot water hea te r .  

[Cost:I Solar: C o l l e c t o r :  Storage:  Aw./Other: 

Materials 

Labor 

Total 

[ ~ d d i t i o n n l  Info: l  Heated water de l ive red  from c o l l e c t o r s  i s  s t o r e d  i n  
r ec tangu la r  tank located  i n  garage. Three separa te  
hea t  exchangers located  i n  s to rage  tank provide hea t  
f o r  1 )  space hea t ing  2)  hot water heat ing 3) swimming 
pool. . 0 

Source (s) : 1 Owner. 



m/Valley Center/Space heating and cooling and hot water heating ($ ) May 1975 

New/single family residence/contractor built/electric backup. 
Roof-mounted flat plate collector/pumped-water circulating/with 
water storage. Integrated solar system for space heating, space 

I cooling, and hot water heating (heat exchanger in storage tank). 

)I ltNew/single family residence/3600 ft4. Two-story house. 

]System:] *New/SH and SC and HWH 
System designed by J. Schultz. 

-1 *SO0 ftL/tube-on-plate flat plate collector/single glazing 
of Tedlar coated fibreglass. 

1-1 TWO 1200 gallon concrete tanks (water-filled) . 
. . 

[~uxiliary:] *Heat pump and electric hot water heater. 

Materials 

Labor 

Total 

Solar: Collector: Storage : Aux. /Other: 

[ Additional 1nfo:l *See following page from Shurcliffe. 

1 Source (s) : 1 Shurcliffe 



LNDQT Residence/Davis/Solar ho t  water  h e a t i n g  ($950) March 1976 

New construction/duplex/contractor b u i l t / g a s  backup/roof mounted copper 
tube  on p l a t e / f l a t  p l a t e  collector/themosiphon/water c i r c u l a t i n g / w i t h  

1 wate r  s to rage .  

2 LBuilding:] New/duplex/llS7 f t  p lus  100 f t 2  l o f t .  Wood frame c o n s t r u c t i o n  
on s l a b  f l o o r .  P a r t  of a subd iv i s ion  o f  s o l a r  tempered houses 
wi th  s o l a r  h o t  water  hea t ing  op t ion :  Contractor  - M. Corbe t t .  

. [System:l New/HlSH/flat p l a t e  c o l l  ec to r /wa te r  circulating/thermosiphon with  
water  s to rage .  System designed by Natural  Heating Systems, b u i l t  
by a!. Corbet t .  

L (-1 60 f t  /water c i r c u l a t i n g  f l a t  p l a t e / s i n g l e  g l a s s  g laz ing  
% inch  copper r i s e r s  manifolded t o  1% inch  headers,  so lde red  
t o  22 gauge galvanized s t e e l  s h e e t  on 4 inch c e n t e r s .  C o l l e c t o r  
designed and b u i l t  by Natural  Heating Systems, Davis, CA. 

I ~ t o r a ~ e : l  82 ga l lon  s t o r a g e  tank i n  a t t i c .  

[-I 40 ga l lon  gas water  hea te r .  

ICost:I S o l a r  : C o l l e c t o r :  Storage:  Aux./Other: 

M a t e r i a l s  $627 

Labor $323 

Total $950 

[performance:l Ant i c ipa te  80% of hot  water  provided by s o l a r .  Cur ren t ly  
being monitored i n  d e t a i l  by UC Davis ME department and 
des igners ,  p a r t i c u l a r l y  f o r  r e v e r s e  thermosiphon e f f e c t .  

[ Addi t iona l  1nfo:l 82 gal lon  s to rage  tank provides make-up water  t o  con- 
vent ional  h e a t e r  which can be bypassed. Home c o s t  l e s s  
t h a n  $35,000 t o t a l .  

1-1 John Hofacre, Natural  Heating Systems, Davis, CA. 



MCF/Solar space h e a t i n g  ($ ) May 1975 

R e t r o f i t / s i n g l e  fami ly  residence/owner b u i l t / g a s  backup. I n t e g r a t e d  
system f o r  space hea t ing ,  hot  water  h e a t i n g  and h e a t i n g  o f  swimming pool .  

(Building:] R e t r o f i t l s i n g l e  family residence/2100 f tL. 

R e t r o f i t l s p a c e  heat ing  and hot water  heating/pumped water- 
circulating t o  s torage/heat  exchanger i n  s t o r a g e  tank 
t r a n s f e r  h e a t  t o  space hea t ing  system. 

-1 533 f t L / w a t e r - c i r c u l a t i n g  f l a t  p l a t e  c o l l e c t o r / s i n g l e  Tedlar -  
coated  f i b e r g l a s s  g laz ing.  C o l l e c t o r  panels  a r e  Rollbond 
pane l s .  

1-1 Heat exchanger i n  1,000 ga l lon  water  s t o r a g e  tank loca ted  i n  
garage.  

Gas 

Mate r i a l s  

Lhbor 

, T o t a l  

[ Addi t iona l  Info:  I 

( forced a i r )  furnace. 

S o l a r :  C o l l e c t o r :  S torage  : Awc. /Other: 

Heated water  de l ive red  from c o l l e c t o r s  is s t o r e d  i n  
r ec tangu la r  tank loca ted  i n  garage. Three s e p a r a t e  
h e a t  exchangers loca ted  i n  s t o r a g e  tank provide h e a t  
f o r  1) space hea t ing  2) hot  water heat ing  3) swimming 
pool, . 



NHSR/Occidental/Solar space heating and cooling ($400) May 1976 

New construction/single family residence/owner built/electric backup. 
Passive type system with double-glazed south-facing windows and 
slab floor, moveable insulating shutters. Greenhouses on east 

*' and west of house, north exposure bermed (wine cellar). 

[Building:! New/singl e family residence/900 ft2. Greenhouses on east 
and west of house, north wall bermed (wine cellar). 

-1 New/space heating and cooling/passive-type system (south- 
facing double glazed windows with insulated shutters, and 
slab floor). Flat plate system may be added later (if 
necessary). * 

2 -1 192 ft /passive-type system with south-facing windows 
(12' x 16') and slab floor/double-glass glazing (thermo- 
pane). Collector windows have insulated shutters. Green- 
houses on east w'all and west of house contribute to solar 
heating. 

F storane:l Concrete slab floor dyed red-brown. 

)I Wood burning, electric resistance. 

)Costr] Solar : Collector: Storage : Aux. /Other : 

Materials 

Labor 

Total 

[ Performance : ] 

(~dditional 1nfo:J *Active solar heating system may be added later: 400 ft 
2 

flat plate collectors, 1500 gallon concrete storage 
tank. (Estimated cos t  - $3,000 for materials.) 

f Sourcefs) : 1 Dale Sartor, ~nteractive Resources, Inc. . 



NHSR/Occidental (Sonoma County) Solar hot water heating. ($600) May 1976 

New -~nstruction/single family residence/owner built/electric backup. 
Tube-;n-plate flat plate collector/water circulating/with water 
storage. 

I 

2 1-1 Newlsingle family residence/900 ft . Building designed 
by Interactive Resources, Inc. 

1-I New/HWH/flat plate collector/water circulating/with 
water storage. System designed by Interactive Resources, 
Richmond, CA. 

2 I 

[Collector:] 40 ft /water circulating flat plate/single glazing. 
Absorber plate consists of copper tubes on aluminum fins. 

1-1 120 gallon hot water tank. , 

[Auxiliary:] 120 gallon electric hot water heater with bottom element 
removed. 

[ ' I  Solar: Collector: Storage: Aux./Other: 

Materials $600 

Labor $ 0  

Total $600 

1 Additional Info: I 

. 
. 1-1 Dale Sartor, Interactive Resources, Inc. . 



RDBS Residcnce/Sausalito/Solar hot water heating ( $930 ) April 1976 

New const~ction/single family residencelowner and contractor built/gas 
backup. Combined space and hot water heating. Tube-on-plate flat : 
plate collector/pumped water circulatinglwith water storage. 

2 iBuilding:l New/single family residence/2300 ft . 

jsysfcm] New/SH and HWH/pumped water circulating with water storage. 
System designed and built by Interactive Resources, Inc., 
with owner. 

2 1Collecfor:I 80 ft /water-circulating fla; plate/ - 
Absorber plate is copper tube on aluminum fins (Sunburst) . 

(-1 120 gallon insulated tank. . 

I-] Gas hot water heater. 

[Cosr:] Solar: 

Mat trials 
Labor 

Total 

Collector: 

$400 

Storage : Aux. /Other: 

$170 $360 

[~dditional 1nfo:l Partially owner-built and partially contracted: labor 
estimates are for system if entirely contracted (no - - 

owner participation). 
Labor: 52 skilled man hours 

[ j  Dale Sartor, Interactive Resou~ces., Inc. 



RDBS/Sausalito/Solar space heating ($4,160) April 1976 

New construction/single family residence/owner and contractor built/ 
gas backup. Space and hot water heating. Tube on plate flat plate 
collector/pumped water circulatindwith water storage., 

[Building:] 2 New/single family residence/2300 ft . 

New/SH and HWH/flat plate collector/pumped water circulating 
with water storage. System designed and built by Interactive 
Resources, Inc. with owner. 

2 640 ft /water circulating flat plate. Absorber plate is 
copper tube on aluminum fins (Sunburst). 

1-1 4,000 gallon cast in place concrete tank, 3 inch foam (R-26) 
insulation and Hypalon lining. 

kt trials 

Labor 

Total 

Solar: 

$4,160. 

Collector : Storage : 

(Additional 1nfo:l *Approximately 208 man hours (skilled labor). 

Othe r  : 

$1,100 

I . . 
Source (s) : 1 Dale Sartor, Interactive Resources, Inc. 



RTN Residence/Davis/Solar hot  water  hea t ing  ($1,500) December 1, 1975 

New cons t ruc t ion / s ing le  family res idence/conrractor  b u i l t / e l e c t r i c  backup. 
Tube on p l a t e  f l a t  p l a t e  col lector / themosiphon/water  c i r c u l a t i n g  with 

i water/with water  s t o r age . .  

2 1-1 Newlsingle family residence13076 f t  . (12 rooms) 
S o l a r  tempered bu i ld ing  - M. Corbet t ,  con t rac to r .  

-1 New/HWH/f l a t  p l a t e  co l  l ec to r /wa te r  circulating/thermosiphon/ 
with  water  s to rage .  System designed by Natural Heating 
Systems, Davis, CA. 

2 [-I 100 f t  /water c i r c u l a t i n g  f l a t  p l a t e / s i n g l e  g lass  glazing.  
. 3 inch copper r i s e r s  bonded t o  22 ga l lon  s t e e l  p l a t e  on 

4 inch cen te r s .  

r ~ t o r a e e : /  82 gal lon galvanized s t e e l  tank.  

Two 40 ga l lon  e l e c t r i c  ho t  water hea te r s .  

[cost:I Sola r :  Col lec to r  : Storage:  Aux./Other: 

Mater ia ls  $1,066 

Labor $ 434 

Total $1,500 

Additional  I n fo : !  So l a r  tempered res idence.  

source (s) : 1 John Hofacre, Dave Springer.  



RYN Residcnce/Jenner (Sonom County) /So la r  space heat ing ($ ) August 1976 

New c o n s t r u c t i o n / s i n g l e  family res idence /con t rac to r  b u i l t / e l e c t r i c  backup. 
Free-standing Rollbond f l a t  p l a t e  collector/pumped/with water  s to rage .  
I n t e g r a t e d  space  h e a t i n g  and hot  wa te r  hea t ing .  

2 
New/single family residence/3400 ft ; 

New/integrated space h e a t i n g  and hot  water  heating/pumped/with 
water  s t o r a g e / r a d i a n t  hea t ing  system i n  f l o o r  s l a b .  Also pass ive  
t y p e  system u t i l i z i n g  south-fac ing windows and i n f e r i o r  thermal 
mass. Designed by Berkeley So la r  Group. 

2 400 f t  /water  c i r c u l a t i n g  f l a t  p l a t e / s i n g l e  g laz ing o f  Tedlar  
coated  f iberglas /copper  Olin Brass Rollbond absorber p l a t e s  used f o r  
c o l l e c t o r  i n  f ree-s tanding u n i t  a t t ached  t o  fence on sou th  s i d e  of 
house. Addit ional  pass ive  hea t ing  through 400 ft2 o f  double-glazed 
south-  f a c i n g  windows. 

1100 ga l lon  concrete tank.  Separa te  100 gal lon tank f o r  domestic hot 
water  wi th  thermosiphon c o i l  i n  main s to rage  tank. I n t e r i o r  masonry 
p a r t i t i o n  wal l  adds thermal m a s s  (est imated capac i ty  of 100,000 Btu) 
f o r  pass ive  system s to rage .  

E l e c t r i c  baseboard h e a t e r ,  woodstove. 

Materl a l s  

Labor 

To ta l  

S o l a r  : C o l l e c t o r :  

[ Performance : 1 Not completed. 

I Addi t iona l  Info:l Heat d e l i v e r y  v i a  r a d i a n t  s l a b .  

Berkeley S o l a r  Group, Berkeley, CA. 

S torage  : Aux. /Other:  



Santa Clara Community Recreation Center/Santa Clara So la r  space heat ing and 
cooling ($436,000) e a r l y  1976 

New cons t ruc t ion / rec rea t ion  cen te r /con t rac tor  bu i l t / ga s  backup. 
Roof mounted f l a t  p l a t e  collectors/pumped/water c i rcu la t ing /wi th  water 
s torage.  

1 

2 IBuilding:] New*/recreation center/27,000 f t  . Walls a r e  8" concrete,  no 
add i t i ona l  insu la t ion .  

1-1 New*/space heat ing and coo l ing / f l a t  p l a t e  collector/ ;ater  
c i r c u l a t i n g .  Rooms heated by fan-coi l  system. 

2 [Collector:/ 6500 f t  /pumped/circulating f l u i d  i s  water and 10% propylene 
g l y c o l / f l a t  p l a t e  collector/double glazed. Absorber p l a t e s  
a r e  copper Olin Brass Rollbond panels with s e l ec t i ve  black 
su r f ace  coating.  Col lector  panels were constructed by Amete 
Company and s lope  18" from hor izon ta l .  

1-1 10,000 gal lon y l i n d r i c a l  s t e e l  hot  water tank,  insu la ted  with 
p l a s t i c  foam and located underground. 

I] 1,200,000 BTU/hr gas-f i red bo i l e r .  

l-EzcI Solar :  Col lec tor :  Storage:  Aux./Other: 

Mater ia ls  

Labor 

Total  # $436,000 (heating and cooling) 

[ performance :] 84% (predic ted) .  Carryover of t h r ee  days (predicted).  

Additional Info:! *New bui lding,  but  decis ion t o  i n s t a l l  s o l a r  system was 
made a f t e r  bui lding was ba s i ca l l y  designed. 
#$101,000 f e a s i b i l i t y  study.  
Cooling: two 25-ton Arkla L i B r  absorption c h i l l e r s  provide 
cooling,  powered by hot water from s o l a r  on aux i l i a ry  s y s t e m .  - .  

- 50,000 gallon cy l i nd r i ca l  s t e e l  c h i l l e d  water s torage tank,  
C insu la ted  with foam and located underground. 65% performance 

predic ted.  

- mSource(s) Shurc l i f f  



Santa Clara Recreation Center/Santa Clara/Solar space heating and cooling 
($436,000) early 1976 

New construction/recreation'center/contractor built/gas backup. 
Roof mounted flat plate'collectors/water circulated by pumps/to water storage. 

lSystem:I *New/space heating and cooling/flat plate collector/water 
circulating. 

2 1-1 *6500 ft /water circulating flat plate/double glared with 
selective black coating. Collector panels are copper Olin 
Brass Company Roll-Bond panels with fibre-glass insulation. 
Collector panels constructed by Ametele Company. 

(-1 *50,000 gallon cylindrical steel chilled water tank, insulated 
foam and situated underground. 

[-I Two 25 ton Arkla Li Br absorption chillers, powered by gas 
. boiler. 

Solar: Collector: Storage : A u x .  /O~her: 

Materials 

Labor 

Total $436,000 (heating and cooling) 

~erformance: 1 65 % cooling needs (predicted). 

r~dditional Info : I  *See following page from Shurcliffe. 

$101,000 (feasibility 
study) 



Santa Clara Community Recreation Center/Santa Clara Solar space heating and 
cooling ($436,000) early 1976 

New sonstruction/recreation center/contractor built/gas backup. 
Roof mounted flat plate collectors/pwnped/water circulating/with water 
storage. 

I 

2 rBuilding:] New*/tecreation center/27,000 ft . Walls are 8" concrete, no 
additional insulation. 

[Storage:] 

Newf/space heating and cooling/flat plate collector/water 
circulating. Rooms heated by fan-coil system. 

2 
6500 ft /ptmped/,liculating fluid is water and 10% propylene 
glycol/flat plate collector/double glazed. Absorber plates 
are copper Olin Brass Rollbond panels with selective black 
surface coating. Collector panels were constructed by Arnete 
Company and slope 18' from horizontal. 

10,000 gallon ylindrical steel hot water tank, insulated with 
plastic foam and located underground. 

1,200,000 BTU/hr gas-fired boiler. 

Solar: Collector: Storage: A w . / O t h e r :  

Materials 

Labor 

Total # $436,000 (heating and cooling) 

[ ~erfo~mance:] 845 (predicted). Carryover of three days (predicted). 

[ Additional Info:l *New building, but decision to install solar system was 
made after building was basically designed. 
#$101,000 feasibility study. 
Cooling: two 25-ton Arkla LiBr absorption chillers provide 
cooling,'.powered by hot water from solar on auxiliary systems. - _  50,000 gallon cylindrical steel chilled water storage tank, 
insulated with foam and located underground. 65% performance 
predicted. 

. f u ~ e T C ~ I  Shurcliff 



, S c o t t y s  Castle/Death Val ley/Solar  hea t ing  and s o l a r  hot water  hea t ing  ($ ) 1929 

New cons t ruc t ion  (1929)/Residence/backup no t  s p e c i f i e d .  
Tube on p l a t e / f l a t  p l a t e  c o l l e c t o r / w a t e r  c i r c u l a t i n g / w i t h  water  
s t o r a g e .  

[Building:] Two and one-half  s t o r y  res idence .  

]System=] New (1929) HlVH and SH/flat  p l a t e  c o l l e c t o r / u a t e r  c i r c u l a t i n g ,  
with water  s t o r a g e .  Building designed by M. Alexander McNeilledge. 

(1 Included (per  unconfirmed r e p o r t )  two a r r a y s :  one high above 
ground and one c l o s e  t o  ground. Each included many p a r a l l e l ,  
b lack  pa in ted ,  3/4 inch  diameter  p ipes  behind g l a s s .  

1-1 l1Large r e s e r v o i r  o f  water  ( i n .  basement?) l f  . 

M a t e r i a l s  

Labor 

T o t a l  

S o l a r  : C o l l e c t o r :  Storage:  Aux./Otllor: 

I Performance :] 

[ Addi t iona l  ~ n f o : /  System probably o f  type  on pp. 55-59 i n  Brooks, 5 o l a r  
Energy and Its  Use f o r  Heating Water i n  Cal i fornia"  (1936). 

rSource(s):l S h u r c l i f f e ,  "Brief Survey o f  Solar-Heated Houses, 



Self-Help Enterprises/Visalia/Solar space heat ing and cooling ($4,000) l a t e  1976 

New construction/si 'ngle family residences (S)/owner and cont rac tor  b u i l t .  
Passive-type system/(Skythem) d e s i g d i n t e g r a t e d  co l lec t ion  and s torage/  
roof- top water bags/with moveable insu la t ion .  

-1 Newlsingle family rebidences (5)/1200 ft'. Par t  of new 45 un i t  
t r a c t  of housing 

-1 Newlspace hea t ing  and cooling/passive type system (Skythem)/ 
in tegra ted  co l l ec t i on  and s to rage  u t i l i z i n g  wa te r - f i l l ed  p l a s t i c  
bags on roof  with moveable insu la ted  covers/metal roof a c t s  
a s  ce i l i ng ,  r ad i a t i ng  o r  absorbing heat  from i n t e r i o r .  System 
designed by Harold Hays. - 

2 -1 1200 f t  /pass ive type/water:filled p l a s t i c  bags on roof/with 
moveable insu la ted  panels above. 

Water-fi l led p l a s t i c  bags on roof/l2-inch depth. 

Materials 

Labor 

Total 

Solar: Colloctor :  Storage: Aw./Other: 

$4, OOO* 

[ ~erformancc:] Performance of  Hays (Skythem) system has been extensively 
analyzed. 

r k i d i t i o n a l  1nfo:l *Not yet  constructed. W i l l  be owner and contractor  b u i l t .  
Estimate is  dif ference between cost  of s o l a r  houses and 
conventional counterparts  i n  the  same t r a c t .  For operation 
of system, see "Hay". 

LSource (s)  : 1 B i l l  French, Self-Help Enterpr ises  



SHWD/Winters/Solar space heating and cooling ($4,000) April 1975 

New cons truction/single family residence/contractor built/gas and wood 
backup. Passive type system/roof-mounted, water-filled tanks with 
movable, insulated, reflective lids/south-facing with insulated shutters/ 
slab floor and water-filled drums. 

[Building:] 2 New/single family residence/l250 ft /exposed concrete floor 
slab/open interior plan (walls don't go to the ceiling, except 
in bedroom and two bath~-ooms)/galvanized sheet metal roof/all 
windows have insulated shutters. total cost of $27,000. 

Passive type using both roof mounted, open metal tanks con- 
'taining water-filled plastic bags with movable, insulated, 
reflective lids, and south-facing windows with insulated 
shutters and slab floor plus water-filled steel drums for 
storage. 

2 400 ft /passive type (modified Skytherm)/galvanized steel roof- 
mounted open tanks containing 300 ft3 of water (7 'tons) in 9" 
deep plastic bags/covered by 6 insulated, reflective (aluminum 
foil on underside) lids, each 8' x 8'/raised by hydraulic ram. 
South facing windows/with sliding interior shutters (styrofoam 
insulated) or hinged, folding interior shutters (fiberglas 
insulated). 

3 Water-filled plastic bags/300 ft /in roof-mounted open tanks. 
Concrete floor slab. fielve 55-gallon water-filled steel drums. 

Gas wall heater (50,000 Btu)/small wood-burning heater in 
bedroom/3OU Franklin fireplace. No auxiliary for cooling. 

Solar: Collector: Storage : Au./Other : 

Materials 

Labor 

Total $4,000 .$I, 000 (shutters arid druins) 

[ performance: 1 Gas wall heater and wood-burning heater never used. Franklin 
fireplace used occasionally for brief periods. Estimate 95% 
solar heated and cooled. 

Additional Info: 1 Winter: lids open during day/sun warms water in tanks/lids 
closed at night to retain heat/bottom of tanks is exposed to 

[ Source (s) : J 

interior, acting as part of ceiling/heat radiates to interior. 
Summer: operation reversed/lids open during night/water cooled 
by night air/lids closed during day/cool bottom of tanks absort 
heat from interior. ~etai roof reflects sun in summer or directs 
additional sunlight onto reflective underside of lids in winter. 

Owner; John Hammond (Living Systems) 



SMT Residcnce/Aptos/Solar hot water heating ($2060) July 1975 

Retrofit/single family residence/contractor built/electric backup. 
Flat plate collector/pumped/water circulating/with .. - water storage. 

Retrofit/single family residence/3000 ftL (approx.) 

Retrofit/HW/flat plate collector/water circulating/pumped/ 
with water storage. System designed and constructed by Berkeley 
Solar Group. 

2 
Collector 56 ft /water circulating flat plate/single glazing of tedlar 

toated fiberglass Collector consists of copper Olin Rollbond 
absorber plates in shop-fabricated insulated wood frame. 

(-1 100 gallon converted gas water. heater tank. 

-1 Electric hot water heater. 

E T E l  Solar: Collector: 

Materials $1,260 

Labor $ 800 

Total $2,060 

[ perfo-nce: 1 TO be instrumented by PGIE. 

Storage: Aux./Other: 



S ~ ~ ~ / B e r k e l e y / S o l a r  h o t  water  hea t ing  ($1,200) June 1976 

New c o n s t r u c t  i o n l s i n g l e  fami ly  r e s idence /con t rac to r  b u i l t / e l e c t r i c  
backup. Tube on p l a t e  f l a t  p l a t e  c o l l e c t o r .  

2 New/single fami ly  residence/2500 f t  / t h r e e  bedrooms, two 
ba ths ,  l i v i n g  room, s tudy,  d i n i n g  room, k i tchen.  

New/HWH/flat p l a t e  collector/pumped with water  s to rage .  
Designed by Gary Gerber. 

2 
60 f t  / copper ' tube  on aluminum p l a t e ,  fx lon g laz ing,  urethane 
i ~ 6 ; l a t i o n .  Mounted on 50' ' r o o f ,  south  fac ing.  

[-] 120 gal lon  s o l a r a i d e  s t o r a g e  , 

L-] E l e c t r i c :  6000 wat t  element i n  s to rage  tank.  

1- Solar: Collector: Storage:  Aux./Other: 

Materials 

Labor 

T'utal 

[Add i t i ona l  Info:I  



TRK/Santa Rosa/Solar hot water heating ($1,200) Summer 1976 

Retrofit/single family residence/contractor built/electric backup. 
Integrated system installed with new swimming pool to provide 

j pool heating, space heating, hot water heating, and spa heating. 
Uses water to air heat p-p from swimming pool,. 

[Building:] Existing residence. 

1-1 Retrofit/HWH/ flat plate collector/pumped water circulating 
with water storage .' 

2 -1 SO ft /water circulatingWflat platejsingle glass glazing 
Raypack collector. 

[-I 120 gallon hot water tank with bottom element disconnected. 

r~uxi1iary:l 120 gallon electric HWH. 

Materials 

Labor 

Total 

[ Performance : I 

[ Additional 1nfo:I 

Solar : 

- 
Collector: Storage : Aux. /Other: 



TRK/Santa Rosa/Solar space hea t ing  ($ ) Summer 1976 

R e t r o f i t / s i n g l e  family r e s idence /con t rac to r  b u i l t / e l e c t r i c  backup. 
I n t e g r a t e d  system i n s t a l l e d  with new swimming pool t o  provide 

) pool h e a t i n g ,  space h e a t i n g ,  ho t  wa te r  hea t ing ,  and spa  heat ing .  
Uses water t o  a i r  hea t  pump from swimming pool .  

mSuilding:( E x i s t i n g  res idence .  

. ]System:] R e t r o f i t / s p a c e  h e a t i n g / f l a t  p l a t e  collector/pumped water  
c i r c u l a t i n g  t o  swimming pool .  Heat pump t r a n s f e r s  h e a t  
from swimming pool t o  house. 

2 -1 440 ft / f l a t  p l a t e  col lec t /unglazed.  Absorber p l a t e  i s  
. tube  on p l a t e  (Raypack). 

-1 Swimming pool (covered i n  water) .  

(Auxiliary:] E l e c t r i c  h e a t  pump (forced a i r ) .  

M a t e r i a l s  

Labor 

Total 

Solar: C o l l e c t o r  : Storage:  Aw. /Othe r :  

Performance : I 

[ A d d i t i o n a l  1nfo:l Forced-a i r  h e a t  pump system us ing water  t o  a i r  
h e a t  pump. Warm water  f e d  from s o l a r  heated 
swimming pool (covered dur ing win te r ) .  



WRD ~esidence/Davis /Solar  ho t  water hea t ing  and space heat ing ($3,510 SH 6 HWH) 
J u l y  1974 

New construct ion/s ingle  family res idence/contractor  bu i l t /gas  backup.' 
Roof mounted sandwich type f l a t  p l a t e  collector/thermosiphon/water ' . 

kircula t ing/with  water s torage.  Also pass ive  type system (windows with 
movable i n su l a t i on ) .  In tegra ted  space heat ing and hot water heating.  

2 
New/single family residence/one story/1200 f t  / th ree  bedrooms 
and one bath/wood frame construct ion on 6" concrete slab.o 175 f t 2  
of  south-facing windows (80% of  south  wall). Oriented 12 E of  
S. B u i l t  by M. Corbett.  

New/HWH and SH/sandwich type f l a t  p l a t e  col lector /water  c i r -  
culating/thermosiphon/with water s to rage .  Heat d i s t r i bu t ed  by 
r ad i an t  heat ing system i n  concrete f loor .  System designed by 
Natural Heating System, Davis, C A m 2  Additional space heat ing 
provided by pass ive  system (175 f t  of south-facing windows 
with movalbe styrofoam in su l a t i on  1" th i ck ) .  

)collectOr:j 200 f t2 /water  c i r c u l a t i n g  f i a t  p la te /double  glazing of  g lass .  
Absorber p l a t e  is  18 gauge galvanized s t e e l  sandwich panel 
formed, r i v e t e d ,  and soldered toge ther ;  f l a t  black paint /on 
60' t i l t / rnanifolded t o  s torage tank w/2" CPVC and hea te r  hose 
connections. Col lector  manufactured by Natural Heating Systems, 
Davis, CA. 

(-1 200 gal lon galvanized s t e e l  water tank i n  a t t i c .  Additional 
s to rage  provided by concrete s l a b  ( rad ian t  f loor )  insu la ted  
from ground by urethane foam. 20 gal lon tank ins ide  main s to rage  

- - tank a c t s  as heat  exchanger and s to rage  f o r  domestic hot  water system, 
I Auxil iary :I  Franklin wood s tove  and gas wall hea t e r ;  gas hot water hea te r .  

So la r :  Col lector :  Storage: A w .  /Other: 

Materials  $2,474.20 ( f o r  HWH and space heating) 

t .tbor 

Tot a1 

1,036.55 ( f o r  HWH and space heating) 

$3,510.75 ( fo r  HWH and space heating) 

I Performance: 1 70% estimated;  80% measured 

~dd i t i on .1  1nfo:l Whll system can operate as  preheater  o r  s o l e  suppl ie r  o f  
domestic hot water. Main s to rage  tank i s  1' above top  
o f  co l l ec to r  so  backsiphons t o  prevent freezing.  1/12 
HP pump sends hot water from s torage t o  s l a b  rad ian t  
system (6  zones) of ri" copper pipe.  

.- - - 
~ 1 ~ 1 . ~  ( 5 )  : 1 Dave Springer and John Hofacre ( ~ a t u r a l  Heating Systems) ; Shurc l i f f  



WIMN/~acramento/Solar space hea t ing ,  cool ing and hot  water  hea t ing  
($6,000) January 1976 

R e t m f i t / s i n g l e  family res idence/contrac tor  b u i l t / g a s  backup. Roof mounted/ 
f l a t  p l a t e  collector/pumped/water c i rcu la t ing /wi th  water  s to rage .  I n t e g r a t e d  

) s p a c e  hea t ing ,  cool ing,  and hot  water  hea t ing  system. 

2 1-1 R e t r o f i t / s i n g l e  family residence/2100 f t  . Four bedrooms, 
th ree  ba ths ,  two-story res idence .  Ce i l ing  i n s u l a t i o n  R-19.. 
walls R-7-10. Roof s tove  faces  e a s t .  Separate support  
s t r u c t u r e s  f o r  c o l l e c t o r s  b u i l t  on s l o p i n g  roof o f  house and on 
f l a t  roof o f  p a t i o .  

. 
Ret ro f i t jSH and H W / f l a t  p l a t e  co l l ec to r /wa te r  circulating/pumped/ 
with water  s torage .  System i n t e g r a t e d  with forced a i r  h e a t i n g  
system. System designed by Alten Associa tes ,  Santa Clara ,  CA. 

2 1-1 381 f t  /water c i r c u l a t i n g / f l a t  p l a t e  col lec tor /double  Tedlar  
g laz ing.  Absorber is Olin Brass Company Rollbond copper 
p l a t e .  Co l lec to r s  mounted on s e p a r a t e  support  s t r u c t u r e s  b u i l t  
on s l o p i n g  roof of house and f l a t  roof o f  p a t i o ,  a t  42" and 
45' tilts,  respec t ive ly .  

-1 n o  1,000 gal lon s t e e l  tanks*, i n s u l a t i o n ,  loca ted  i n  garage. 

-1 Gas furnace/forced a i r  hea t ing  system; gas hot  water  hea te r .  

Solar: Col lec to r :  Storage:  A u . / O t h e r :  

[ performance : 1 80-90% ( e s t  .) . Monitoring: tank temp. , panel temp. , ambient 
temp., house temp., and wind v e l o c i t y  (planned). 

( ~ d d i t i o n a l  1nfo:I 'System financed by c r e d i t  union on 15 year  loan ($67.50/sonth) 
Tanks open t o  atmosphere. 1 /8  HP pump f i l ls  c o l l e c t o r  c i r c u i t /  - - 
atmospheric p ressure  holds water up/pump merely overcoming 
f r i c t i o n .  A i r  bled i n t o  top  of system t o  dra in .  Copper 

j tube  -and aluminum f i n  heat  exchanger d e l i v e r s  heat  t o  con- 
vent ional  duct ing system. 

ISourcs(s):l Owner. NCSEA S o l a r  Building Regis ter .  
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Retail Stores 

Office 
Buildings 

APPENDIX C1 - BUILDING STOCK ESTIMATES 

Stock of Commercial Buildings (1975) 

6 2 
890 X 10 ft 2 

(5 largest SMSAfs = 614 x lo6 ft and 69% of population) 
(from Commercial Construction Markets Survey July, 1975) 

6 
630 x 20 6 2 

(5 largest SMSA's = 435 x 10 ft and 69% of population) 
(from Commercial Construction Markets Survey July, 1975) 

Total stock estimates for retail stores and office buildings were derived 

by summing the stock in the five largest SMSAfs and scaling this number 

up to the entire state by population. To allocate schools and hospitals 

regionally, we also use population data. The relevant information from 

the 1975 California Statistical Abstract is listed below. 

Population 

Percent of State 
Total State 

SMSA1 s 
Los Angeles 

Orange County 

San Diego 

SF-Oakland Total 
San Francisco 
Alameda 
Mar in 
San Mateo 
Contra Costa 

Santa Clara 



Schools 

Hospitals 

Public Schools K-12 

Community Colleges 

CA StateLJniv. System 
Private Elementary and 

Secondary 

Independent Col leges 

Bureau of School Facilities 
Planning, CA Dept. of Education 
Div. of Facilities Planning, 
CA Community Colleges 
UC - Vice President of 
Administration 
Facilities' Planning 

Estimated by portion of 
enrollment 8% of public 
Estimated by enrollment 
(148,000 vs 122,600 for UC) 

Estimated from number of beds as follows (CA Stat. Abstract 1975): 

3 2 6 
General Hospitals 94,025 x 10 ft2/bd = 94.0 x lo6 
Psych. Hospitals 12,832 x 600 ft /bd = 7.7 x.10 
Nursing Homes, 
Community and 2 6 
Residential Care 168,726 x 500 ft /bd = 84.4 x lo6 
Day Care 140,708 x 35 ft2/bd = 1.1 x 10 

2 
ft /bd estimates from. 

Karl Guttman, Kasin, Guttman Associates 
California Department of Health 



Government Buildings 

M i l i t a r y  
Navy and Marines 154,298,185 Western Division 

Naval F a c i l i t i e s  Engineering 
Command 
San Bruno, CA 

Army 
A i r  Force 

Federal Government 
GSA Control led 

Post Off ices  

S t a t e  of C a l i f o r n i a  

Department o f  Motor 
Vehicles 

Employment Development 
Department 

60,637,000 David Long 
145,613,000 Chief ,  Real w state Division 

Corps o f  Engineers 
So. P a c i f i c  Division 
630 Sansome S t r e e t  
San Francisco, CA 94111 

11,833,000 f t  * Ernest  Garbarino, Acting Chief 
Assignment and U t i l i z a t i o n  Branch 
Space Management Division - 
US-GSA Region 9 
525 Market S t r e e t  
San Francisco, CA 94105 

6,956,785 f t  A. A.  Pe te r  Jr. 
Real E s t a t e  E Buildings Dept. 
Western Regional Mg. 
U.S. Pos ta l  Service  
San Bruno, CA 94099 

Ci ty  and County Governments 

County .Government ( e s t  :.) 62,OOO,OOO f t  
2 

Mike Langeley 
Building and Grounds Division 
Department o f  General Services  
Sacramento, CA 

Mike Squyer 
F a c i l i t i e s  Coordination 
DMV 

S c o t t  S la t t e rbeck  
Business Services Division 
EDD 

2 
City  Government (es t )  22,000,000 f t .  

469,200,000 f t  
2 

TOTAL 



County Estimate 

Urban Counties 2 
2.8. ft /person 

L. A. County Gross Estimate 
35,000,000 ft William Allen 

Space Management 
Facilities Department 
L.A. County Government 

Leased 11,000,000 

24,000,000 including county hospitals 

Separating county hospitals 
2 4528 beds in general hospitals (x 1000 ft2/bed) 

556 beds in extended care (x 500 ft /bed) 

Implies 
2 

4,806,000 ft over counted 

NET 19,200,000 ft2, population = 6,929,600 (1-1-75) 

Rural Counties: Stanislaus County 
828,000 ft2 Howard Selby 

Building and Grounds Department 
population = 213,600 Stanislaus County 

(1-1-75) P. 0 .  BOX 3404 
Modesto, CA 

2 
Estimated 4.0 ft /person 

Total County 

City Government 

Hotels 

2 estimated as 1 ft /person. 

Rand (1970) estimate 
Construction (1971-74) 74 

73 

7 2 

7 1 

Construction 
CA Bldg. value in year i estimate = (total Hotel &.Motel-Region V I I ' I )  Total Bldg. value in year 

from F. W. Dodge Region VIII Bulletin. 



APPENDIX C2 

- Table A - Dubin, Long Island Study 
SIJbHARY OF UKJIT E ~ E R G Y  C O N S U W T I O N  DATA FOX N O N - E S I D E N T I A L  

C_-- 

BUILDINGS, IN KkTd (ELECTRIC) , PER SQUARE F D ~  PER Y E A 2  

~ a c u f a c t u r i n g  
1. ~ i g h t i n g  
2 -  ~ l e c t r i c  c o o l i n g  b 

3. N e c h a n i c a l  e q u i p -  
4 .  ~ l e c t r i c  p r o c e s s  equip .  
5. E l e c t r i c  ssace hea t  
6 .  E l e c t r i c  water heat 

O f f i c e  B u i l d i n g s  
1. L i g h t i n g  
2. ' E l e c t r i c  cooling 
3. fiSechanic31 equip. 
4. O f f i c e  e q u i p .  
5. E l e c t r i c  s p a c e  h e a t  
6 .  E l e c t r i c  water h e a t  

I Corrmerclal B u i l d i n g s  
1, L i g h t i n g  
2. ~ l e c t r i c  c o o l i n g  

4 .  M i s c .  e q u i p .  

I 5. ~ l e c t r i c  space heat - 
6. E l e c t r i c  water h e a t  

~arehouses/Transportation 
1. L i g h t i n g  
2.  Electric c o o l i n g  
3 .  Mechanica l  e g u i p .  
4 .  E l e c t r i c  space heat  
5. E l e c t r i c  water h s a t  

Schools 
1. L i g h t i n g  
2. ~ e c h a n i c a l  e q u i p .  
3. E l e c t r i c  space h e a t  

- 4 .  E l e c t r i c  coolin2 
5. ~ l e c t r i c  w a t e r  heat 

U n i v e r s i t i e s  . 
1. L i g h t i n g  
2, Mechanica l  e q u i p -  

I - 

3 .  O t h e r  equipment  
4 .  E l e c t r i c  s p a c e  h e a t  
5- E l e c t r i c  c o o l i n g  

I. 6 .  E l e c t r i c  water heat 



S U P W R Y  OF UNIT EXERGI CGHSUMPTION --- DATA FOR NON-RESIDENTIAL - -  
BUILDINGS, IN i ( ~ ~  (ELECTRIC) , PER SQUARE FOOT, P E R  Y E A 8  

\ \ . 

I Hospitals . . 
1. ~ i ~ h t i n g  
2, ~ e c h a n i c a l  equip, -- 
3,   there quip . 
4 ,  ~lectric space heat - 
5 ,  Electric 'water heat 
6, Electric cooling . . 

Other P u b l i c  & Institutional 
Buildings 
1. L i q h t i n g  
2 ,  ~echanical equ%p, 
3, O t h e r  equip. 
4 ,  Electric space heat 
5, ' Electric cooling 
6. Electric water heat 

Table B - Rand Study 

- 

a Compared with the reference structure. 

ENERGY USE BY CLASS OF COMMERCIAL BUILDING, 1970 

C l a s  of Building 

Reference 
Hetail stores 
Schools 
Office buildings 
Public buildings 
Hospitals 
Hotels 
Garages 

Average building 

Energy Use 

Electricity 
( k l ~ h l f t 2 l ~ r )  

17 
19 
16 
21 
9 

22 
7 
5 

16 

Relative Intensitya 

Fossil Fuel 
(1000 ~ t u / f t ~ / y r )  

42 
50 
101 
113 
4 6 
118 
59 
4 6 

78 

Electricity 

1 .O 
1.10 
0.97 
1.25 
0.55 
1.30 
0.40 
0.28 

0.93 

Fossil 
Fuel 

1.0 
1.2 
2.4 
2.7 
1.1 
2.8 
1.4 
1.1 

1.87 



APPENDIX C3 

Der iva t ion  o f  Percentage Savings 
f o r  1980 Cons t ruc t ion  

Source: A. D. L i t t l e  I n c . ,  An Impact Assessment o f  ASHRAE Standard 90-75 

In  Tables  111-5 t o  111-10 o f  t h i s  r e p o r t  changes i n  energy consumption 
a r e  l i s t e d  a s  a  r e s u l t  o f  t h e  90-75 Standard.  We summarize on ly  those  
which a f f e c t  e l e c t r i c i t y  consumption. 

ANNUAL ENERGY CONSUMPTION (1000 ~ t u / f t ~ )  
Measured a t  Building Boundary 

R e t a i l  Curren t  I . 90-75 

Of f i ce  Current  
Bldg. 90-75 

School Current  
90-75 

Auxi 1 i a r y  Fans 

96.0 
56.3 

11.6 
6.4 

2.0 
1.1 

Light ing  

89.2 
61.1 

54.0 
38.3 

34.1 
27.3 

T o t a l  % Change 

27.2-30.4 

Est imated percentage sav ings  f o r  1980 f o r  h o s p i t a l s  a r e  an average o f  
t h e  impacts es t imated  i n  t h e  Hugh C a r t e r  r e p o r t ,  pages'D-17 - D-19. 

1. The A. D. L i t t l e  f i g u r e s  f o r  c u r r e n t  p r a c t i c e  a r e  a d j u s t e d  downward 
by 20% t o  al low f o r  abso rp t ion  a i r  condi t ion ing .  This  s a t u r a t i o n  i s  
e s t ima ted  by S a l t e r ,  e t  a l .  ( r e f e rence  3 ) .  The 90-75 Standard r e f l e c t s  
a  range o f  consumption t o  allow f o r  u n c e r t a i n t y  i n  f u t u r e  s a t u r a t i o n  
o f  abso rp t ion  a i r  cond i t i on ing .  
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Descript ion o f  t h e  Format of Data Tables 

The d a t a  a r e  entered  on punched cards  and processed by a computer pro- 

gram t o  produce the  t a b l e s  o f  energy use d a t a  displayed i n  Appendix D2. The 

primary c l a s s i f i c a t i o n  i s  by device o r  bu i ld ing  type.  Examples o f  devices 

a r e  dishwashers', c lo thes  dryers ,  e t c ;  bu i ld ing  ca tegor ies  inc lude  manufacturing 

bui ld ings ,  educational  bui ld ings ,  s i n g l e  family r e s i d e n t i a l  housing,etc.  A 

l i s t  o f  b u i l d i n g  and device ca tegor ies  toge the r  with t h e i r  5-or 6-character  

codes i s  provided on pages D-25 - D-29. A t a b l e  o f  contents  a t  t h e  beginning 

o f  Appendix D2, gives t h e  page l o c a t i o n  o f  var ious  types o f  da ta .  

The format of t h e  t a b l e s  w i l l  be  i l l u s t r a t e d  us ing t h e  small sample 

of d a t a  on ranges displayed on page D-5. A t  t h e  top  o f  t h e  page we f i n d  the  

device o r  bu i ld ing  type heading-in t h i s  case RANGES. Within t h i s  category 

i 
d a t a  a r e  n e x t  organized by geographical region;  these  can be count ies ,  SMSA's, 

u t i l i t y  s e r v i c e  areas ,  e t c .  A l is t  o f  permit ted geographical regions together  

with t h e i r  two-digi t  numerical code, i s  given on pages D-22 and D-23. On page 

D-5 we no te  t h a t  the  f i r s t  geographic a r e a  is Ca l i fo rn ia ,  next i s  Alameda 

county, then  Alpine county, e t c .  A t  t h e  l e f t  hand s i d e  o f  t h e  s i x  l i n e s  of 

da ta  f o r  CALIFORNIA, we note  t h e  numbers 1 through 6. These a r e  l i n e  numbers 

s e q u e n t i a l l y  ordering t h e  da ta  l i n e s  wi th in  t h e  device category (RANGES). Next 

on l i n e  1 w e  f i n d  a G. This denotes t h e  f u e l  type-in t h i s  case G f o r  gas. 

Scanning down the  page on the  same column we f i n d  G ' s  and E ' s  f o r  gas and e lec -  

t r i c i t y .  A l ist  of  f u e l  types and t h e i r  corresponding one-character codes a r e  

given on page D-24. Returning t o  l i n e  1, page D-5 we next  f ind  '60-60'. This 

denotes t h e  t ime i n t e r v a l  f o r  which t h e  d a t a  on t h i s  l i n e  a r e  v a l i d .  '60-60' 

means 'from 1960 t o  1960,.' Next on l i n e  1, we have an abbrevia t ion  f o r  the  

name o f  a data item: -SAT.RATE- denoting s a t u r a t i o n  r a t e .  A l i s t  of  such 



I abbrevia t ions  is shown on page D-21. The s a t u r a t i o n  r a t e  on l i n e  1 has t h e  

value  of 75.4%. Numerical values conta in ing decimal po in t s  a r e  percentages; 

a l l  o t h e r  values a r e  i n t e g e r s .  To t h e  r i g h t  of  t h e  75.4 ye f i n d  a zero, de- 

n o t i n g  a da ta  hardness value o f  0 f o r  t h e  s a t u r a t i o n  of 75.4. The hardness 

codes a re  explained on page D-24; a value  of  0 denotes an est imated e r r o r  of 

less than 5%. Continuing on l i n e  1 we next  f ind  2751; t h i s  r e f e r s  t o  source 

no. 2751. Souces of d a t a  a r e  l i s t e d  s e q u e n t i a l l y  a t  t h e  end of  t h e  complete 

d a t a  tabula t ion;  f o r  our example we f i n d  on page D-6, source 2751 i s  l i s t e d  

merely as  '1960 U.S. Census.' The next  i tem on l i n e  1 is  a 1; t h i s  r e f e r s  

t o  a footnote number 1 f o r  source 2751. Source footnotes a r e  l i s t e d  following 

t h e  t a b l e  of sources. Footnote 1 f o r  source 2751 i s  missing. For i l l u s t r a -  

t i o n  we can use l i n e  11. On t h a t  l i n e  w e  f i n d  a s a t u r a t i o n  r a t e  of  43.1%, 

source  no. 9600 and source footnote  1. Entry 9600 1 on page D-7 i s  t h e  cor- 

responding source footnote.  

One l i n e  of  data  contains e i t h e r  one o r  two d a t a  values.  Lines 3-6 each 

con ta in  a s ing le  value-additions f o r  a p a r t i c u l a r  year.  Lines 1 and 2, each 

conta in  a sa tu ra t ion  r a t e  i n  the  l e f t  h a l f  o f  t h e  l i n e  and t h e  s i z e  of t h e  

s tock  of ranges on t h e  r i g h t  s i d e  of  t h e  l i n e .  Returning t o  l i n e  1 we see  

t h a t  t h e  stock s i z e  is 2830000, t h e  hardness value equals  1 and t h e  source 

number i s  2751. The s t a r  appearing, f o r  example i n  t h e  middle of  l i n e  7 ,  

means. that  the re  should be a footnote descr ib ing how t h i s  p a r t i c u l a r  value was 

derived.  Such footnotes a r e  p r in ted  a t  t h e  end of  t h e  device o r  bui ld ing 

s e c t i o n  t o  which they r e f e r .  F inal ly ,  scanning l i n e s  11-28 on page D 5 ,  we 

f i n d ,  i n  each case a zero immediately t o  t h e  r i g h t  o f  the  l i n e  number. This 

is t h e  s e c t o r  code. These codes a r e  l i s t e d  on page D-29. 



, Data Card Conventions 

For coding purposes, we have c l a s s i f i e d  d a t a  i n t o  t h r e e  ca tegor ies :  

devices,  bui ld ing information and load curves. D i s t i n c t  punched card  d a t a  

e n t r y  formats have been devised f o r  each o f  t h e s e  cateogies.  Conventions 

have a l s o  been s p e c i f i e d  f o r  e n t r y  of  source information, footnotes  and source 

footnotes .  These d i f f e r e n t  card formats a r e  shown on pages D-9 through 

0-16. The coding conventions f o r  en te r ing  numerical d a t a  a r e  d e t a i l e d  on 

pages D-19 and D-20. Page D-8 shows a l i s t i n g  o f  the  d a t a  cards  used t o  gen- 

e r a t e  t h e  sample t abu la t ion  on pages D-5-D-7. 

Com~uter  Program f o r  Producine' Data Tabulat ions 

A computer program, ENLIST, was cons t ructed  t o  process punched cards 

and produce energy da ta  t abu la t ions .  This  FORTRAN program runs on t h e  LBL 

CDC 7600 computer; a l i s t i n g  of  the  program, generated using t h e  LBL RUN76 

FORTRAN compiler, can be found a t  the  end of  t h i s  appendix. Some modifica- 

t i o n  o f  t h i s  program would be required t o  allow it t o  execute on an I B M  360/370 

system. The program first reads the  input  d a t a  card f i l e .  These cards  can 

be i n . a n y  order .  The cards a r e  checked f o r  v a l i d  device /sec tor  codes and 

then s o r t e d  i n t o  four f i l e s :  a da ta  f i l e ,  a source card f i l e ,  a footnote  f i l e  

and a source footnote f i l e .  Sor t ing  i s  c a r r i e d  out  using t h e  LBL s o r t i n g  

r o u t i n e  SORT76. The s o r t e d  f i l e s  a r e  then formatted f o r  p r i n t i n g .  



Proeram O ~ e r a t i o n  

A l i s t i n g  of  t h e  con t ro l  cards used t o  generate t h e  sample run described 

i n  this sec t ion ,  i s  shown on page D-17. A s i n g l e  e x t r a  card i s  required  t o  

precede t h e  f i rs t  da ta  card.  The f i r s t  t e n  charac te r s  o f  t h i s  card should 

be EDIT PRINT. Following t h e  l a s t  d a t a  card ,  an end card is required.  The 

first f i v e  characters  of  t h e  end card should be /END/. In case of  d a t a  card 

format e r r o r s  i n  t h e  card type o r  device/sector  f i e l d ,  t h e  program p r i n t s  an 

e r r o r  message and does not  process such da ta .  Page D-18 i l l u s t r a t e s  t h e  

form of t h e s e  e r r o r  messages. 



PAGE 3 

Y A L X F O R N T A  
1 I; 6G06C S A T ,  RATE 
2 60-60 S A T *  R A T E  
3 71-71 A O G i T I O h S  
4 72-72 A C D I T I G N S  
5 73-73 A E D i T I G b S  
6 7 4 - 7 4  AUOITIOhS 

ALAMEDA CO. 
7 E 60-6Ij S A T *  R A T E  
8 G 60-60 S A T e  RATE 
9  ii 71)-70 S k T *  KATE 

10 0 G 7 0 - 7 0  SAT9  RATE 
A L P I N E  C O e  

li 0 60-60 S A T ,  ?AYE 
12 0 70-70 S A T .  SATE 

AMCDOR COs 
13 0  G 6 0 - 6 0  SAT9 RATE 
14 0  6 0 - 6 0  S A T *  RATE 
15 0 7 0 - 7 J  SAT. RATE 
16 0 G 70-70 SAT.  RATE 

BUTTE COe 
1 7  0 60-60 S A T *  RATE 
i8 0 G 60-60 SAT.  R A T E  
1 9  0 7 0 - 7 0  S A T *  RATE 
20 0  G 7 0 - 7 6  SAT.  RATE 

C A L A U E R A S  CO* 
21 G G 66-66 S A T ,  RATE 
22  C 60-60  S A T ,  RATE 
23  0 70.76 S A T *  RATE 
24 0 I; 76-70  S A T *  RATE 

C Q L U S A  CO 9 

25 0 6 0 - 6 0  S P T .  R A T E  
26 0 G 60-60 S A T *  RATE 
2 7  0 7 0 - 7 G  S A T *  R A T E  
28 0 G 7 0 - 7 0  S A T *  RATE 

CONTRA C O S T A  CC, 
29 G 6 5 - 6 0  S A T  RATE 
30  E €0-60 S A T *  R A T E  
3 1  0 70-70  S A T .  K A T E  
32  0 G 7 0 - 7 0  S A T .  R A T E  

43 .I 9600 1 STOCK 
6 9 e 5  0 9 0 0 0  2 STOCK 

6 . 4  O O I j O i  ' STOCK 
3.1 0 Q U O 1  + S 'TOCK 

54.E D 9 0 0 0  7 S T O C K  
4 4 9 0  0 9000 7 STOCK 



S O U R C E S  

) AHOi T H I S  IS A D U M M Y  SOURCE K f F E f 7 E N z E  A H 0 1  
000 i 1 9 6 5  CENSUS OF H O L S I N G  TAELE 16 
2751 1960 U.S. CENSUS 
9000 1970 US CENSUS D E T A I L E D  t i O U S I h C  C H E R A C T E Y I S T I C Z  T A E L E  63 

9600 1960  CENSUS TPi3Lt  29-GCCUFACCY C H A I I A i T i  P I S T I C S . H k A T I h c G  E P U  IPYENT ,AN6  
960 0 TYPE OF FUEL, FOK C O U N T I E S  0 L T S I  DE S M S A ' S  '1960-P6-168 



Dl-7 

. S O U R C E  F O O T N O T E S  

THI5 IS A C U M M Y  SOURCE FCCTPICTE NO. 2 7 5 1  
T H I S  I S  A D U M H Y  S O U R C E  f QOTbCTE 90001 
T H I S  I S  A CUPMY SOURCE FCGTbCTE 9 0 0 0 2  
T H I S  I S  b; OLiMMY S O U R C E  FCOThCTE 9G603  
T H I S  I S  A O b M M Y  SOURCE FOOThCTE 9 0 0 0 4  
THIS I S  A C U M M Y  O U R C E  FCCTbCTZ 9 0 0 0 5  
THIS I S  A G U K M Y  SGUKCE FCOThCTE 9 0 0 0 6  
T H l Z  I S  A GUMIYY SOUilCE FCCShCTE 9i1007 
T H I S  I S  A DUMMY S O U R C E  FCOThCTE 9 0 0 0 8  
T H I S  IS A CUMHY SOURCE FCOThCTE 9 0 0 0 9  
D E R l V . E D  F R C M  G C C L i P I E O  U N I T S  C A T A  



~ c ~ n o n o  
C C C C C C  
P P T Z F E  
0CIC)oorI 

r n b U o I :  
a ni I B 
G D En 70 
C ' i  m A b  
G G  Z P n  
r t -  c n n - 1  

~ 4 r n  
- m x  
yl"" 

,-d Ln 
k-m-4 
a - 4 m  
O w C ,  
C0Cn 
l in 



















C X I T .  
E X I  T, 
CUMPvJm 
F I N .  
R f W  I N G I T ~ P E ~ ~  
K E N  I N D 1 T A P E 2  l 
C O P Y ,  T A P E Z ,  T A P c 9 .  
R E W I N 0 , I A P t b .  
C O P Y v T A P E b r T A P E 9 m  - 

R E ~ ~ N D I T A P ~ ~ .  
C O P Y ,  T A P E  ? , T A ? = 9 .  
R E N I ? d D p T A P E Y  l 
C O P Y I T A P E 8 9  TAPE9m 
R E d I N U t T A P E 5  l 

--COPY t T A P E 5  9 SUTPUT . - 
COPYSBF pTAf'E5,GUTPUTm 
DISPOSE I O U T ? ~ T = P R T P A =  1F. 



Dl-18 

ERROR I N  CARO TYPE OR b E V I C E / S E C T C k  1 3 b t L L 3  
ERROR I N  CARD TYPE Of? O E V I C E / S E C T C F  1 3 4 A L L 4  
ERROR I N  CARD TYPC OR 5 C ' d I C E / S E C T C F  1 6 7 A i L 4  
ERROR I N  C A W  TYPE CK U E V I C E / S L C T t k  1 3 3 A L L 4  
ERROK I N  CARD TYFE OR O E V I C E / S E C T t F  1 3 6 A L L 4  
EREOR I N  CkZG T Y F E  C R  G E J I C E / S E C T C R  1 3 4 4 L L 5  
ERROR I N  C A k D  TYPE OK b E V I C E / S E C T C E  l t 7 A L L . 5  
ERROR I N  CARD TYPE OR CJEVILE/SECTCF 1 3 3 A L L 5  
ERROR I N  CAF.3 T Y P t  CE D L J I C k / S E C T C R  1 3 6 A L L 5  
ERROR I N  CARD TYPE Gk D E V i C E / S t C T C F  1 3 4 A L L 6  
ERROR I N  CARD TYPE O R  D E V I C E / S E C T C L  1 6 7 A L L 6  
ERROR I N  CAI70 TYPE C R  E E V I C & / S E C T C F  1 3 3 k ~ L 6  
ERROR I N  C A k 3  TYPE OK G E V I C E / S E C T C F  1 3 E A L L 6  
ERROR I N  CARd TYFE G R  C E V I C E / S E C T C f i  1 3 4 A L L 7  
ERROR I N  CARD TYPE OR G E V I C L / S E C T C E  1 6 7 A L L 7  
ERROR I N  CARD T Y P t  OR D E V I C E / S E C T C E  1 3 3 A L L 7  
ERROK I N  CARD TYFE OR b E Y I C E / S E C T C K  i 3 E A L L 7  
E R R O R  I N  CARD TYPE CR G E V I Z E / S E C T C F  1 3 7 A L L z  
ERROR I N  C A R D  TYPE OR G E V I C E / S E C ? C G  1 3 7 k L L 3  
E R R O k  I N  CARD TYFE G K  b E V I C i / S E C T C F  1 3 7 A L L 4  
ERROK I N  CAR3 TYPE OR U E V I C E / S k C T C Z  i 3 7 A L L S  
ERRGR I N  CAR0 T Y P t  O R  D E V I C E / S C C T C k  l j 7 C L L 6  
ERROK I N  CARD TYPE OR L E V I C E / S E C T C R  i j 7 A L L 7  
ERROR I N  CAR9 i Y P L  08 D E d I C E / S E C T C k  1 3 9 A t L 2  
ERROR I N  CAR9 T Y F E  O r ;  G E v I C E / S t C T C F  i E 3 A L L z  
ERROR I N  C A R O  TYPE O R  D E V I C E / S F C T C F  1 6 4 A L L 2  
ERROR I N  CARD TYPE OR G E V I C E / S E C T C E  1 6 5 A L L 2  
ERROK I N  CkF.9 TYPE OR GEVICE/SECTCf?  1 3 9 A L L 3  
ERROK I N  CARD TYPE O R  G € V I C E / S E C T C F  1 6 3 A L L 3  
ERROR I N  CARD TYPE OR D E V I C E / S E C T C G  1 6 4 A L L 3  
E R R O R  If4 CARD TYPE OR DEVICE/SECTCI7  1 6 5 A L L 3  
ERROR I N  CARD TYPE OY UEVICE/SECTCfi  1 3 9 A L ~ 4  
ERROR I N  C A R D  TYPE 0 2  G E V I C E / S E C T C R  1 6 3 A L L 4  
ERROR I N  CAEO TYPE OR C t V I C E / S E C T C F  1 b 4 A L L 4  
EKROR I N  CARD TYPE. OR D E V I C E / S E C T C F  i t S A L L 4  
ERRGR I N  CARD TYPE OK D E V I C E / S E C T C R  1 3 9 A L L 5  
E R R O k  I N  CARD TYPE OH O E J I C E / S E C T C k  1 6 3 A L L 5  
ERROR I N  C A K O  T Y p L  OR S E J I C E / S F C T C R  1 6 4 A L L 5  
ERROR If.( CAR0 TYPE OH L E J I C E / S E C T C R  1 6 5 A L ~ 5  
ERROR I N  C A R O  TYPE O K  L E V I C E / S E C T C k  1 3 9 A L L E  
ERROR I N  CARO TYPE Oh D E J I C E / S E C T C i ?  i b 3 A L L E  
ERROR I N  CARD TYPE GR D E V I C E / S E C T C F  1 4 3 A L L z  
ERROK I N  CARD TYPE OR GEV;CE/SLCTCF 1 4 2 A L L 2  
ERROR I N  CAR9 TYPE O R  D E V I C E / S E C T C k  1 4 3 A L ~ 3  
ERROR I N  CARD TYPE CR O E V I C E / S E C T C E  1 4 2 A L L 3  
ERROR I N  CARO TYPE OR D E J I C E / S t C T C K  1 4 3 A L L 4  
ERROR I N  CARD TYPE OR O E V I C E / S E C T C E  1 4 2 A L L 4  
ERROR I N  CARD TYPE OR L E V I C E / S E C T C E  1 4 3 k L L 5  
ERROR I N  CARE TYPE OR U E V I C E / S E C T C h  1 4 2 A L L 5  
ERROK I N  CARD TYPE OR G E V I C E / S € C T C R  1 4 3 A L L 6  
ERROR I N  CAR3 TYPE OR D E V I C E / S E C T C E  1 4 2 A L L 6  
ERROR IN CA?D TYPE OR G E J I C E / S E C T C k  1 4 3 A L L 7  
ERRCR I N  CARD TYPE 3R D E V I C E / S E C T C R  1 4 2 A L L 7  
ERROR I N  CARD TYPE GR D E V I C E / S E C T C F  1 6 3  
ERROR I N  CAR9 TYFE O R  L E V I C E / S E C T C R  1 6 4  
ERROR I N  CAR3 TYPE OH D E V I C E I S E C T C R  1 6 5  
ERROR I N  CA?D TYPE Oi? D E V I C E / S E C T C R  1-53 
ERROR I N  CARO T Y F E  DR O E V I C E / S E C T C F  1 6 4  
ERROR I N  CAR9 TYPE GR D E V I C L / S E C T C F  1 6 5  
ERROK I N  CARO TYPE OR D E V I C E / S E C T C F  1 6 3  
ERROR I N  CPHO T Y P E  OR G E V I C E / S C C T C f i  1 6 4  
ERROR I N  CARO TYPE OR D E V I C E / S E C T C E  1 6 5  



Coding Conventions f o r  Data Cards 

The numbers we a r e  c o l l e c t i n g  - e .g . ,  s t o c k s ,  energy consumption, e t c , ,  

hawe two poss ib le  formats (except f o r  percentages,  s e e  below). 

1. Decimal format. If t h e  four-charac ter  f i e l d  conta ins  a decimal, 

t h e  number it conta ins  w i l l  be mul t ip l i ed  by t h e  f a c t o r  a t  t h e  

t o p  o f  t h e  column and s tored .  

e . g . ,  f o r  device information card 1, "addit ions p e r  y r .  *10'11 

34.2 means 34,200 (34.2 X lo3) 

.033 means 33 (0.033 X lo3) 

365. means 365,000 (365. X lo3) 

2. Mantissa and exponent format. The first t h r e e  cha rac te r s  o f  

t h e  four-charac ter  f i e l d  w i l l  be t r e a t e d  a s  a mantissa wi th  

an i m p l i c i t  decimal po in t ,  and t h e  l a s t  c h a r a c t e r  w i l l  be t h e  

exponent of  ten .  This exponent w i l l  ove r r ide  t h e  one a t  t h e  

top of  the  column, giving a l a r g e r  range f o r  our  numbers, con- 

s i s t e n t  t h r e e - d i g i t  accuracy, and a s i n g l e  format which can be 

used i n  any f i e l d s  except percentages.  

e.g. ,  f o r  t h e  same numbers a s  above 

3424 means 34,200 (3.42 X lo4)  

3381 means 33 (3.30 X lo1) 

3655 means 365000 (3.65 X lo5) 

Percentages a r e  coded i n  a f ixed  format. lag$ means 100.0%; 86677 means 66.7% 

Footnotes  

There a r e  severa l  kinds of  footnotes .  Each i s  coded somewhat d i f f e r -  

ent ly .  



To footnote a single number-- e.g., to tell how it was derived. Code 

an l"*'v in the space for footnote. On the coding sheet for footnotes, copy 

the information in columns 2-13 from the footnoted line, and a letter cor- 

responding to the datum as shown below in column 14. 

A - saturation rate building stock 
B - stock size cons tructions/yr 
C - additions/yr removals/yr 
D - removals/yr avg . cost/unit 
E - avg. cost/unit sq. ft. 
F - utilization 2 energy consumption/ft -yr 
G - energy consumption-stock fraction insulated 
H - energgy consumption-additions avg . rent 
I - energy consumption removals construction price index 
J - load curve construction/yr (sq. ft .) 

To footnote a series of numbers derived from the same source. code 

a number from 1-9 in the space for Code the footnote on a source 

footnote card. 



Abbreviations of Variable Names 'Appearing on print-out 

Abbreviation 

ADDITIONS 

AVG . COST$ 
AVG . RENT$ 
CONSTRUCTION 

CONST. SQFT. 

CBI 

E.C. EMVLS 

E , C . REMVLS 

M . CONSUMP 
or EN. CONS 

REMOVALS 

SAT. RATE 

!5Q. FEET 

STOCK 

UTILIZATN 

Vari ab 1 e 

~dditions to stock 

Average $ cost per unit 

Average rent $ 

Construction 

square feet of construction 

Energy consumption 
tions to stock 

Energy consumption 
from stock 

Energy consumption 

Removals from stock 

Saturation rate 

Square feet 

Stock size 

Utilization 

of addi- 

of removals 



Geographical Regions 

Card Column 2-3  

Blank - A l l  Ca l i fo rn ia  33 

- Alameda 

- Alpine 

- Amador 

- Butte 

- Calaveras 

- Colusa 

- Contra Costa 

- Del Norte 

- Fresno 

- Glenn 

- Humboldt 

- Imperial 

- Inyo 

- Kern 

- Kings 

- Lake 

- Lassen 

- Los Angeles 

- Madera 

- Marin 

- Mariposa 

- Mendocino 

- Merced 

- Modoc 

- Mono 

- Monterey 

- Napa 

- Nevada 

- Orange 

- Placer  

- Plumas 

Riverside 

Sacramento 

San Benito 

San Bernardino 

San Diego 

San Francisco 

San Joaquin 

San Luis Obispo 

San Mateo 

Santa Barbara 

Santa Clara 

Santa Cruz 

Shasta 

S i e r r a  

Siskiyou 

So 1 ano 

Sonoma 

Stanis laus  

S u t t e r  

Tehama 

T r i n i t y  

Tulare 

Tuo 1 umne 

Ventura 

Yo10 

Yuba 

Los Angeles SCE 

San Francisco SMSA 

San Francisco SCA 

Los Angeles SCA 

Bakersfield U.A. 

Fresno U.A. 



65 - Los Angeles-Long Beach SMSA 
66 - Sacramento U.A. 
67 - San Bernardino-Riverside U.A. 
68 - San ~ i e ~ o  U.A. 

69 - San J0seU.A. 
70 - San Francisco HUD District 
71 - Fresno HUD District 
72 - Sacramento HUD District 
73 - Los Angeles-Santa h a  MID 

District 

74 - 
75 - Los Angeles-Santa h a  HUD 

District 

77 - Stockton U.A. 
78 - Pomona-Ontario U.A. 
79 - San Bernardino-Riverside- 

Ontario SMSA 

80 - 
81 - P.G. E E. Service area 

82 - SMUD Service area 
83 - SCE Service area 
84 - LADWP Service area 
85 - SDG & E Service area 

86 - Other utility districts 
90 - Urban California 
91 - Rural California 
93 - San Francisco-Oakland U.A. 
98 - Agency defined area 
99 - United States 



Fuel Type Codes 

Card Column 14 

E o r  blank - E l e c t r i c i t y  C - Coal o r  coke 

G - Natural gas W - Wood 

P - Propane 0 - Others 

F - Fuel o i l  

Hardness Codes 

0 - Excellent ,  e r r o r  probably l e s s  than 5% 

1 - Very Good, high confidence, e r r o r  probably less than 
lo%,  d a t a  well accepted and v e r i f i e d  

2 - Good. Reportable and accepted, e r r o r  probably l e s s  
than 25% 

3 - Fai r .  Va l id i ty  may be uncertain due t o  method o f  
combining o r  applying data .  Er ro r  probably l e s s  than 
50% 

4 - Poor. Low confidence, v a l i d i t y  quest ionable,  e r r o r  
may be a s  high as  an order  of magnitude 

5 - Very Poor. Val id i ty  unknown. Er ro r  may be g r e a t e r  
than an order  of magnitude 



List of Building Sectors 

Card Columns 4-9 

CODE 

ALLH 

RECBLD 

GARAGE 

DETACH 

ATTACH 

SCHOOL 

FHAAP 

FHAAPl 

FHAAP2 

FHAAPS 

HOSP IT 

MFGBLD 

MISCBL 

MOBHOM 

MOBHOD 

MOBHOS 

ATTACH 

MULTIU 

HOTE L S 

NONRES 

OFFICE 

PUBLIC 

CHURCH 

RCUST 

RETAIL 

SINFAM 

OCCUPS 

DESCRIPTION 

All Housing 

Amusement, social, + Rec. Bldg. 

Commll garage + Service stn. 

Detached housing units 

Duplexes 

Educational buildings 

FHA Mortg. applcs. 

FHA Mortg. applcs. single family units 

FHA mortg. applcs, multi unit bldgs. 

FHA mortg. applcs. single + multi 

Hospital and health buildings 

Manufacturing buildings 

Miscellaneous buildings 

Mobile homes 

Mobile home double width 

Mobile home single width 

Multifamily units 

Multi-Unit residential buildings 

Nonhousekeeping residtl. building 

Non-residential buildings 

Office and bank buildings 

Public buildings 

Religious buildings 

Residential customers 

Retail + other mercantile buildings 

Single family residential building 

Single + multi-init housing 



CODE - 

TOTAL 1 

TOTAL2 

OCCUP 

WAREHS 

DESCRIPTION 

Total occupd. single family housing 

Total occupd. multi-unit housing 

Total occupied housing 

VA Mortgage applications 

VA mortgage applications-single+multi 

Warehouses not manufacturer owned 



L i s t  of  Devices 

Card Columns 4-8 

&DE - 
AIRCN 

TOTAE 

TQTm 

TOTTL 

BASEH 

BEV 

CABLH 

W A C  

CWF 

DRYER 

W.4SHER 

DWASH 

EDWEL 

EHEAT 

EH+AC 

EVPCL 

FRZ 

FRZFF 

FRZMD 

FRH 

FLULT 

PIPEF 

FURNH 

FFAN 

Device 

A i r  condi t ioners ,  a l l  

A l l  e l e c t r i c  dwelling 

A l l  u n i t s  - e l e c t r i c  heating use 

A l l  un i t s ,  t o t a l  e l e c t r i c  use 

Baseboard hea t e r  

Bui l t - in  e l e c t r i c  u n i t s  

Ceil ing hea t e r  

Central  a i r  condit ions 

Central  warm a i r  furnace 

Clothes dryer  

Clothes washer 

Dishwasher 

E l ec t r i c  dwellings 

E l ec t r i c  res i s tance  heating 

E l ec t r i c  hea t  + Elec t r i c  a i r  conditioning 

Evaporative cooler 

Freezer 

Freezer, f r o s t - f r ee  

Freezer, manual defros t  

Fireplace,  s tove o r  por table  furance 

Fluorescent l i gh t i ng  

Floor, wall o r  p ipeless  furnace 

~ u r n ~ c e  hea t e r  

Furnace fan 



CCDE 

GHEAT 

HEAT0 

HEATC 

HEATT 

PUMPH o r  HPUMP 

HWH 

INCLT 

KWHCS 

KWHSL 

METER 

MUNAE 

MUNm 

MUNTL 

MISCH 

REF 

REFFF 

REFMD 

RMAC 

RHNF 

RHWF 

RANGE 

HSFDAE 

SFDHT 

TV 

- BWTV 

Device 

Gas heat ing 

Heaters only 

Heater + a i r  condi t ioner  

Heater + heater/A.C. combination 

Heat pump 

Hot water heat ing 

Incandescent l i g h t i n g  

KWH/cus tomer 

KWH s a l e s  

Master metered 

Multi-unit a l l  e l e c t r i c  dwelling 

Multi-unit dwelling, e l e c t r i c  heat ing 

Multi-unit dwelling, e l e c t r i c i t y  use 

Other hea te r s  

Refr igera tor  

Refr igera tor ,  f r o s t - f r e e  

Refr igera tor ,  manual defros t  

Room a i r  condit ioners 

Room hea te r ,  no f l u e  

Room hea te r ,  with f l u e  

Range 

Single family a l l  e l e c t r i c  home 

Single family dwelling, e l e c t r i c  use 

Television,  a l l  types 

Television,  black and white 



CCDE - 

CLRTV 

TOTLH 

h'TKrR. 

Device 

Television, color 

Total heaters 

Water heaters 

Sectors for Devices - Column 9 

BLANK - All Sectors 
1 - Single-family homes 

2 - Multi-unit homes 
3 - Mobile homes 



Lis t ing  of Computer Program E n l i s t  

This program produces energy use t a b l e s  from d a t a  on punched cards.  



SRQGRAM FENCTh I N C L U D I h G  I / O  BUFFERS 

STATEMENT F U N C T I O N  KEFL'REhCES 

L O C A T i O N  GEN T A G  S Y M  T A G  iEFERENCES 

V A R I A B L E  REFERENCES 

I E F  E R L h C E S  
'4 G N t  
N O N E  
1 OiVE 
YONE 
V U Nt 
'4 ONE 
:J3NE 



START OF C O N S T A N T S - 6 0 0 0 2 5  

FUELTYP 
i4ARDNS 
J 
K l r Y  
K E Y S I Z  
LCMHZ 
LCYLO 
L INENO 
LNCNT 
M A N T I S A  
N G I I T  
NPRINT 
NUH4 
PAGENG 
R C D S i Z  
REGMAME 
RECNO 
FiVALUE 
S CM 
SCMSIZ 
SECTOR 
S O U R C E  
SZTTYP 
T IMEFR 
T I M E T O  

NQNE 
NONE 
N O N E  
NONE 
Y O N E  
V O M E  
U ONE 
V ONE 
VONE 
Y ONE 
~ 0 0 0 0 0  0 0 0 0 1 3  
O O O O i G  l j O G O 1 6  
V3NE 
;rlONE 
V3NE 
V3NE 
V 3 N E  
V ? N E  
Y 3 N E  
VOhlE 
V 3 NE 
U3NE 
V3NE 
\V 3 N E 
Y 3 N E  
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SUBROUTINE CRDEDIT 
COMMON /SRSTST/  COSREAD,Z3 SRT&O 
I N T E G E R  C D S E E A 0 ( 4 ) ,  C D S R T Y D t 4 1  

T H I S  F O U T I N E  K E A D S  CARDS, CHECKS CARD TYPES 1 r Z r A N O  3 FOR 
V A L I D  GEVICE/SECTOR C O D E 3 9  PRODUCES SORTED FILES OF? 

I* T H E  D A T A  BASE - C 4 k D  COL 1 = 192, OR 3 ( F I L E  2 )  
2 .  SOUkCE I N F O R M A T I 3 N  ( F I L E  6 )  CARG C O t  i = S 
3. SOUhZE FOOTNOTES ( F I L E  7) CARD GOL 1 = F 
4 .  FOOTNOTES ( F I L E  7 )  C A R E  C3C I = ' 

P N G  P K  E R E G h  L i S T I h G  OF I N V A L I D  CARDS 
COHMGN /SOI;TCGFI/ SRSTYF, R C D S I Z I  K E Y S I Z ,  LCMiC ,  L C M H I  , - S C i l S I Z ,  S C M ( 2 0 3 0 0 )  
INTEGER SRTf YP, R C D S I Z ,  < E Y S I Z ,  LCMLO, L C M H I ,  5 C M S I Z  
EXTERtdAC SETKTN, SOETEDS, SCRTEDF, SORTEDN 
DATA ShTTYP, K C D S I Z ,  K E Y S 1  Z ?  L C M t O ,  L C M b I I  S C M S I Z  - d 2 9 8 v 4 9 1, 4 O O O O t  2 0 0 0 0  
I N T E G E R  KEY ( 7 )  
C O M M O h  /CfiDINFO/ C k R O t  C I I T Y P E 9  D E V B L D G ,  REGNO, OEY I C E ?  SELTOR, - RVALbE?  M A N T I S k r  E X P N T ?  HARDNS, SOURCE, FOCTNT, J, 

- T IMEFP,  T IMETO,  FUELTYP, N'JM49 L N C h T *  L I N E N O  - 9 REGNAME, DEJNAME 
- ,PAGENO 

I N T E G E R  CARD ( 8  1 , CkDTYpE, O E V B C C G ,  R E G N O 9  D E V i C E ,  SECTOR* 
- M A N T I S A ( 1 2 ) r  E X P N T ( ~ Z ) T  H A R D N S ( 1 2 ) r  SObRCE( j . 2 )  
1 FOOTEUT (12) D E V M A M t  ( 3 )  r REGNAME(2)  
2 9 J, TIMEFL,  T I M E T O *  FUELTYP,  NUM4, LNCNT, L I N E N 0  
3 ,FAGEt\lO 

REAL FVALUE (12 1 

,?VALUE = REAL VALUE WITH CGRECT S C A L E  F P C T O R S  I N  

KEY =I FOR U E V I C E / S E C T O R  
KEY = 2  FOR k E G I O N  
KEY = 3  FOR T I M E  F R O M  
KEY = 4  FOR TYPE 



C R O E D I T  
37 
40 
4 2  
44 
4 5  

CALL ERKCAUO 
I f  ( C R O T Y P E I E Q B ~ H E R R O R )  5 3  TO 200  
I F  I C R O T Y P E  * E Q * i H S )  GO T3 2 2 0  
I F  ( C H O T Y P E ~ E Q B ~ H F )  GO T 3  2 3 0  
I F  ( C R O T Y P E e E Q * l H 1 )  GO T 3  2 4 0  

C SORT KEYS - 1 i l E V I C E / S E 2 T O R  K E Y  - O FOF S E C T O R 9 1  F O R  U E V I C E  
C 2 - 4  - D E V I C i  O R  ZECTOR hAHE 
C 5 - R E G I C N  ~ J M B E  R 
C 6 - D A T E  
C 7 - CARD TY3-Z 

K E Y ( 1 )  = J 
I F  (DEVBCOGmEQ, I )  YEf(1) = i 
K E Y ( 2 )  = D E V N A t I E ( i 1  
K E Y ( 3 )  = DEWNAME421 
D E C O D E ( ~ ~ . ~ ~ O , C U R D )  KEY (7) r KEY ( 5 )  9 K L Y  ( 6 )  

150 F O R M A T ( A j . , A 2 r € X t A 2 )  
I F  [KEY ( 5 )  m E G I b 2 H  1 KEY ( 5 )  = 2HdO 
E N C O D E ( 5 9 1 7 5 , K E Y ( ~ ) )  K E Y [ S ) , K E Y ( b ) r  K E Y ( 7 )  

175 F O R M A T ( A Z , A Z , A 1 )  
C SC lRTIN P A S S E S  2NL)  P A k A M L T E k  T O  SURT kOCITINE T C  BE SOFTED C N  3fi 
C PARAMETER ( I S T  P A R A M E T E 9  I S  I G N O R E D )  * 

C A L L  S O K T I M ( S X T T R N , C A R S , < 4 Y 1  
C O S E E A D ( 1 )  = C D S R E A i I ( 1 )  t I 
G O  TO 50 

200 W R I T E  ( 5 9 2 1 0  C A R D  
2 1 0  FORMAT(5X, "kRROR IN CPRD T Y P E  OR 3 E V X C E / S E C T O R  ' , B A l O )  

G O  T O  5 0  
C STORE S C A k D S  fOk L A T E R  S O R T I N G  

220 W e I T E  (6,108) C 4 R 0  
GO T 3  5G 

C STORE F CAk3S  FOR L A T s k  S G R T I N G  
2 3 6  WK.ITE ( 7 9 1 0 0 )  CAR3 

G3 TO 5G 
C S T O R Z  * C A R L I S  F3k LATER S U E T I N G  

2 4 0  W R I T E  ( 8 , 1 3 ~ )  CAR2 
G O  TO 50 

C END OF CARD I N i W T  
C W R I T E  ENC MAh;KER ON A L L  f i t E S  

290  C O N T I N U E  
W R I T E  ( 6 , 2 9 5 )  
E N D F I L E  b 
REWIND 6 
A R I T E  ( 7 , 2 3 5 )  
E N O F I L E  7 
R k W I N D  7 
W 2 I T E  ( 8 , Z 9 5 1  
E N D F I L E  8 
K E h I N O  8 

,. 
LJ SORT SCKTZ T H E  F I L E ,  ? A S S I N G  THE SORTED RECORGS BACK,  ONE AT 
C A T I P E P  T O  S Q T F T N *  S 3 R T  RETURlvS TU FKOGRAM WITH E N T I R E  F I L E  
C SORTES. 

CALL S O G T ( S F T Q T N )  
C W R I T L  EN0 MARAER ON 5 3 6 T Z E  FILE 

W R I T E  ( 2 9 2 9 5 )  
2 9 5  FORMAT ( 5 H / F h G / )  

E N D F I L E  2 



C R O E D I T  
2 2 0  R E H I N D  2 

C CHANGE SORT P A R A N T E R  
222 K E Y S I Z  = 1 

C I E i I T  I Q L I Z h  S3RT  H I T H  IYEA PFhlfiPlETERS 
2 2 3  C A L L  SCFTD 

c R E A D  SOURCE C A R O S ~  a E x h 1  K E Y  
2 2 4  3 3 3  R E A D ( 6 ~ 1 0 0 1  C A R D  
2 3 2  I f  ( C A R O a E Q , 5 h / E N D / )  G O  T 3  3 1 L  
2 3 4  DECODE ( € 9  305,CARO) YE? 

3G5 F O R M A T [ X , A S )  
C PASS C k ? 3  TO SORT, WITh  < E Y  

2 4 4  CALL S O k T I N ( S O E T C D S 9  CAR19 K E Y )  
2 4 7  CDSRERD(2 )  = C D S R E A D ( 2 )  + 1 
25 1 G O  TO 3 ~ 3  

C EN0 O F  SOL'ECE I N F D .  FEWIND f I L E  SG SORT OVERWRITES F I L E  
C WITH S O R T E D  I N F O  

25 1 3 1 0  C O h T I N U E  
25 i REWINO 6 

C SORT F I L E *  SDRTEi IS S T O I Z S  SORTED S kECOKDS I h  F I L E  6 
253 CALL S O F : T ( S O R T E D S )  

C W R I T E  EN3 h A R K S  ON F I L E  5 
255 W R I T E  ( 6  , 2 9 5 )  
261 E N O F I L E  & 
2 6 3  REWIND 6 

C R E - I h I T I A t I Z E  SOkT R 0 3 T I N E  9 S A M E  PARAMETERS. 
265 C A L L  S C E T O  

C READ SCURCE FOOTNOTE F I L E .  E U I L 3  K E Y  F O R  S C R T I N G .  
2 6 6  3 2 0  READ(7 ,1 t i 0 )  C A R G  
2 7 4  I F  t C A R D . f Q . 5 h / E N O / )  G O  T 3  3 5 ~  
2 7 6  O E C O G C ( 8 r 3 2 5 r C A ? J )  KEY 

325 FORMAT O c r A 7 )  
C PASS C A k 9  T O  SORT R O L T I I E ,  W I T H  K E Y  FOi;  S O R T I N G .  

3 8 6  CALL S G R T I t ~ t S O R T c G F ~ C k 2 G 1 ( E Y )  
3 1 1  C L l S R E A G ( 3 )  = CDSREAD(3 )  + 1 
3 1 3  G O  TO 326  

C END OF SOUkCE FOCTNQTCS. k E W I N D  F I L E  T O  O V E R W R I T E  I T  WITH 
3 1 3  350 C O M T I h U k  

C SORTED F I L E .  
3 1  3 < E W I N O  7 

C SOGT F I L E  . SORTEDF ETOI-S SOTITEC: F RcCORDS I h  F I L E  7. 
315  C A L L  S C E T [ S O R T E O F )  

C W k I T E  EEiG M A K K Z R  Oh F I L E  7. 
317 W R I T E  (7 ,295)  
3 2 3  E N O F I L E  7 
3 2 5  R E W I N D  7 

C  ChANGC S O K T  P A K A M E T t K .  
327 K E Y S I Z  = 4 

C I I E - I h I T I k t I Z E  S 3 H T  K C U T I V E  W I T H  NEW PARAMETERS. 
3 3 0  C A L L  S O R T 8  

C R t k O  F C O T N b T E  F I F E .  
3 3 1  3 6 c  R E A D ( B , I ~ ~ o )  C A R 0  
3 3 7  I F  (CARG.EQ.5H/ENC/ )  G3 T3 3 8 6  

C 3 U I L D  K E Y  F O K  SORTINS.  
3 4 1  G E C O O E ( 1 6 r 3 7 0 r C A 2 D )  K E Y ( ? )  KEY ( 1 1  9 K E Y  ( 3 )  K E Y  ( 4 1  

3 7 0  FORMAT ( X ~ I 2 9 k 6 r A 2 r 2 X 9 A 3 )  
C K E Y  1 3 )  Y I G h T  B E  L O A C E G  WITh a L A N K S  



I F ( # E Y f 3 ) * N E m 2 H  1 GO TO 378 
OECODEi3 ,375 ,CARO(Z1 )  K E Y 4 3 1  

3 7 5  F O ! ? M A T ( X T A Z )  
3 7 8  CONTINUE 

C PASS C A R 0  AND KEY FOR S O R T I N G  T O  SORT ROUTINEm 
CALL SOGT i N ( S 0 5 T E D N 9 C A R D ~  < E Y  
C D S k E A D ( 4 )  = CDSREAO ( 4 )  + 1 
G O  TO 360 

C E N D  OF FOOTNOTES* H E N I N 3  FILE S O  SORTED F I L E  WILL GuERWRITE 
3 8 9  R E H I N D  8 

C  SORT TPE FGOTNCTES* S C i T E D N  S T O K E S  SORTED RECOROS I N  fILE 8. 
CALL S O F T I  SCETEDN)  

C W R I T E  E N 3  MARKERS ON F I L E  8. 
WRITE (8 ,2951  
E N D F I L E  8 
R E W I N O  8 

4 9 2  F O R M A T  ( 5 X 9 I 4 ,  * CARDS k E A 3  r ' r I 4 r *  CARUS RtT t lRNEC,  FILE 2 1 )  
496 F O P M A T ( ~ X I I ~ ~ '  CAF;iIS F E A 3 ,  '9149 '  CARUS RETCIRNEC, F I L E  6+) 
4 9 7  F O R l + A T ( 5 X , I 4 9 '  CARCIS k E A 3 ,  ' 1 1 4  T +  CARCIS RETURNEC, FILE ? * I  
4 9 8  F 3 R M A T ( 5 X , I 4 , *  iAkLJ F . tA3 ,  * , 1 4 ~ *  C A R U S  RETUF,NEC, FILE. B * )  

RETLRN 
END 

SUBPROGRAM LENGTH 

STATEMENT F U i i C V I O N  R C F E E C h i E S  

LOCATION GEN TAG S Y M  TAG i E F E R E N C E S  

STATEMENT NUMBER REFERENCES 

LOCATION 
G O O O I L  
0 0 0 4 2 5  

G E h  T A G  
L C f j O l V  
COO002 

SYH T A G  
5 C 
I d i l  



000342 
000360 
OS83bS 
000341 
V O N E  
\I ONE 
N3NE 
V 3 NE 

B L O C K  NAHES AND LENGTHS 
SRTTST - 000Ci3/01 S O R T C O M -  C47C46IO2 C H O I N f  0- 00U142/05 

V A F I A B L E  REFERENCES 

L O C A T I O N  G F N  T A G  
000000!03 GOOUD5 

SY;1 T A G  
CARD 

CUSkE42  
C a S k T N O  
CFCDTYPE 
G Z V B L  GG 
O i r d I C E  
DEVNAME 
EXPRT 
FGOTNT 
FUELTYP 
bARONS 
I 
J 
K ZY 

K t Y S I Z  
L C M Y I  
L C M L O  
L I N E N  C 
L N C h T  
M A V T I S A  
N b Y 4  
P A G f N O  
R C D S I Z  
RkGhA ME 
F.EG h 0 
R,VALUE 
S CM 
S C M S I  Z 
S L C T O k  
SCUHCE 
S F T T R N  
S k T T Y P  
TIPIEFk 
T I r IFT 0 

IEFERENCES 
000015 0 0 0 0 2 0  000034 000U62 
030137 00G14E 300155 0002311 
C O O 2 4 5  COC272 000275 0003ii2 
0J034t OOCi345 000277 
OOfiCO~ 000123 
9 0 0 0 0 ~  
090341 
000050 
N 3 N E  
000G54 
V 3 NE 
V3NE 
V3NE 
VONE 
CiOOOC13 066023 005032 
VONE 
O?OGSC GO0053 OOOiZi 000242 
LO0310 000352 000 400 
GC0223 600330 
9 3 NE 
<ONE 
U 0 NE 
\ICNE 
v OfJE 
U 3 h E  
\i O N f :  
UONE 
V 3 rUE 
N 3 N E  
000030 
UONE 
VONE 
U3NE 
1 3 N E  
0 l! 0 1 2 0  
V3NE 
UONE 
VONE 



CROEDI T 
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P R I N T  



P R I N T  

S U B P R O G R A M  LENGTH 

0 0 2 0 3  

STATEMENT FUNCTION REFERENCES 

LOCATION GEN T A G  SYM T A G  

STATEMENT NUMEER REFERENCES 

L O C A T I O N  GEN TAG 
0 0 0 1 2 3  CCOOG2 
0 0 0 0 1 1  L O 0 0 1 3  
0 G 0 1 3 0  COO007 
0 0 0 1  3 5  C i lO6 l . 4  
000C34 L 0 8 6 2 4  
0 0 0 1 4 1  COO020 
0 G 0 0 4 2  L  0 0 0  3 1  
000147 C 0 0 G z 0  
00Ci155 C G 5 0 3 4  
OOOi i71 L G 0 0 4 2  
O Z 0 1 6 2  COOC4I  
GOO0 7 7  L 0 0 0 4 7  
0 0 0 1 6 7  COO046 
0 1 J O l i b  LOGO60 

B L O C K  R A M E S  A N 9  LENGTHS 

V A R I A B L E  REFERENCES 

L O C A T I O N  GEN T A G  SYM T A G  

0 0 0 0 1 0 ~ 0 2  v 0 0 0 1 2  
0 0 0 0 1 1 / 0 2  V 0 0 0 1 3  
0 0 0 0 1 3 / 0 2  V 0 0 0 1 s  
0 0 0 1  3 € / 0 2  G O O O l l  
0 0 0 G 4 5 / 0 2  GOG005 
O G O l 1 1 / 0 2  GOOGIJ 
0 0 0 1 3 0 / 0 2  V 0 0 0 3 1  
0 0 0 0 6 1 / 0 2  GO0036  
O G 0 1 2 5 / 0 2  V C b 0 2 6  
OG0201  V 0 0 0 3 7  
0 0 0 1 7 5  GOOOC2 
0 0 0 0 0 2 / 0 1  V O G C G 4  
0 0 0 2 0 2  ~ 0 0 0 4 0  
O C O O  0 4 / 0 1  VOC006 
0 0 0 0 0 3 / 0 1  VOOC05 
0 0 0 1 3 3 / 0 2  V 0 0 0 3 4  
0 0 0 1 3 2 / 0 2  VOC033 
0 0 0 1 : 3 1 / 0 2  G000G4 
0 0 0 1 3 i / O Z  VOOG32 

CARD 

CRDTYPE 
OEVBL OG 
Of V I C E  
OLVNAHE 
EXPNT 
FOOTNT 
FUELTYP 
HAKDNS 
J 
K 
KEY 
K E Y S I Z  
L 
CCMHI 
LCPlLO 
t INENG 
LNCNT 
M A N T I S A  
NUM b 

REFERENCES 

YON€ 
N O N E  
NONE 
Y O N €  
N3NE 
V3NE 
UONE 
NONE 
1 3 N E  
0 0 0 0 1 4  0 0 0 0 2 1  0 0 0 0 2 6  O U O O L 5  
U 3 N E  
V 9 h E  
Gi30C47 00Cli363 
V 3 NE 
V3NE 
V3Nk 
V3NE 
V3NE 
V 3 N E  



P R I N T  
PAGENO V3NE 
R C D S P Z  N3NE 
REGNAME V3NE 
REGNO V3NE 
RVAbilE HONE 
SCM Y 3NE 
SCMSXZ V3NE 
SECTOR VDNE 
SOURCE q3NE 
SRTTYP q3NE 
TiMEF R V 3 NE 
T I M E T O  Y3NE 

START OF CONS T A N T S - 0 0 0 1 2 1  T E M P S - - 0 0 0 1 7 3  I N O  IRECTS-  0 0 0  175 
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R O U T I N E  COMPI LES IN 044100 



BRKCARD 
SUBROUTINE BZKCARO 

R O U T I N E  TO dREAX hON-EtAYr(  C A R 0  I N F C *  ,PUTS I T  I N T O  V A R I O U S  ARl 
FOR C A R 0  TYPES 1 AND 2  

CROINFC 
T H I S  AREA I S  NOT C L E A I E D  BY T H I S  ROUTINE - C L E A R I N G  MUST 
BE DCNE EXTERNALLY.  T H I S  ALLOWS ACCUMULATION OF I N F C  
FRCM H U L T I P L E  CXRDS. 

CARD - THE CARD T O  9E BROKEN APART 
CRDTYPE - D E R I J E O  F i O M  CARO COL 1. 

i - CARD TYPE 1 FOUNG, CARD BRGKEN APAET. 
2 - CARS TYPE 2 FOUND, C A R D  BRCKEN A P A E T *  
3 - CAKD TYPE. 3 FOUND, CARO hOT ANALYZED. 
S - C A K D  TYPE S F O U N D *  C A k D  hOT ANALYZED. 
F - C P R O  TYPE F  FOUNO, C A R 0  K O T  ANALYZED* 
" - CARG TYPE ' FOUND, CARD NOT ANALYZED* 
EI?F.OR - I N V A L I D  TYPE O R  D E V I C E / S E C T O R  COOE FCUNDe 

DEVaFPG - I If OEJI2 ,  CARD 
2 I F  B b i L I I N G  CARO 

REGNO - REGIGN NUMBi I I  - 0-99 
D E V I C E  - O E V I C E  COOS 
SECTOR - SECTOR COO5 

THE FOLLOWING S I X  ARR4YS C O N T A I N  THE I N F O R H A T I O N  FCUND I& T t  
V A F I O U S  DATA COLUMNS. ARRAY ELEMENT 1 CONTAINS THE INFC F F (  
THE F I R S T  INFORMATION 2 O t U M N  ON CARD TYPE 1, ARRAY ELEMENT 
2 C O h T A I h S  THE I N F O  FI3M THE 2ND SET OF I N F C  ON CARO TYPE 13 
ETCe  

RVALUE - THE REAL VALUE OF THE OATP, W I T H  FROPER EXPONENT5 
F A N T I S A  - THE MAKTISA F O U N D  OR D E R f  VED FRCH THE VARIOUS CC 

NS. 
EXPNT - THE EXPOKENT FOUND OR D E R I V E 0  F R O M  THE VARIOUS u C L  
HARONS - THE HARDNESS COOE FOUND I N  THE COLUt'lNS 
SOURCL - THE SOUi2CE COOE FOUND I N  THE COLUMNS. 
FOCTNT - THE FOOTNOTE C O O E  FOUNC IK THE CCLUflNS. 
J - THE COLUMN iJU".lti,i 
T I Y E F k  - THE S T A k T i V S  YEkR OF T H t  F t R I O D  TO WHICH ThE DATA 

A P P L I E S .  
T I H E T O  - TPE ENOIdG YEAR OF THE PEFIOO.  
FUELTYP - T H t  F U L L  TYPE CGCL FCR D E V I C E  CARDS 
NUM4 - TEMPOkAHY ; T I I A G E  FOR THE 4-CGLUMN NUMBER FOUNU 

ON THE COiiD. 
L N C Y T  - P O S I T I O N  ON PAGE F C R  P R I N T I N G  HEADINGS. 
L I h E h C  - L i N t  biUMdtI FOR C O R R E L A T l h G  DATA AND FGOTNOTC I N F  
REGNAME - EXPANOED i E G I O N  NAML 
DEUNAHL - L X F A N O E J  ) , V I C E  OR SLCTOP NAME. 

COMMON / C R D I N F O /  CAkU, L I I T Y P E ,  DEVSLGG, REGNO, D E V I C E ,  S E C T 0 6 9  - RVALLE,  MANTISA,  ZKPNT,  HARGNS, SOURCE, FOOTNT, J, 

- TIMEFR,  T IMETO,  F U t L T Y P ,  NUM4r LNCNT, L IMENO - 9 R E G N A V E ,  DEVNAMk 
- ,PAGEhO 

I N T E G E K  C A R 0  ( 9  1 r CROTYDE? OF VBLCG, R E G h O t  G t J I C E ,  SECTOI;, - M A N T I Z A ( i 2 ) r  E X D N T ( 1 2 1 ,  4 A k D h S ( i S ) r  S O U R C E ( I I ) ,  
1 FOOThT (12) r D E V N A Y E  ( 3 )  r R E G h A M E ( 2 )  
2 .I, T I M E F k ,  T I M E T a ,  F U r C T Y P ,  NUM4r  LMCNT, L I N E N O  
3 ,PAGENO 



REAL RVALUE412 1 
I N T E G E R  I T M F R 9  I T M T O 9  SATqATE.9 S A T S R C I  S A T F T N T *  I T E M P  
C O M M O N  /EXPEXP/  IEXP 

I 2 1  1 2 0  OEVNAME = 1 b H  
C A T T E P P T  T O  EXPANG S L C T O R  C O D E *  
C I F  S E C T C k  COi1t-I IS V b L 1 3 ,  EXPANDED &APE WILL Q E  L O A D E C  I N T O  
C OE VNLME 

123 C A L L  TRNSCT 
124 I F  (DEVNAMEeNEe;OH G O  T G  1 5 0  
1 2 6  G E C O f J E ( 6 , 1 3 P 1 S E C T O K )  L E V I C E *  SFCTOR 

1 3 0  FOkMAT(FS,F1) 
C ATTEHPT TC E X P A N D  3tUIC5 C O U E .  IF V A L I D ,  EXPANDED h&ME rl1L.L t3 
C L G b O E D  i h T C  2kVNAME. 

14 0 CALL TFNDEV 
141 IF ( O E V h A Y E  1 E 2 * 1 0 ~  1 G O  T G  i 1 j 5  

C 
C D E V I C t  C A R U  
C 

1 4 3  1 k O  O i I V B L C G  = I 
144 IF ( C G U T Y P E * E Q e 3 )  G O  T 3  1 J B  
14E Gi) TO 2 0 0  



B b I L D I N G  CARD 

IF I C R O T Y P E * E O * 3 )  G O  T3 1 0 5  
UEVBLCG = 2 
CALL TKNSCT 
GO TO 2 0 0  

C A R D  TYPE 2 

C A k D  T Y P E  3 

C R D T Y P E  = 3 
G O  TO 115 

D E V I C E  AND S S C T O k  C 4 i D S  



SUOPROGEAY LENGTH 

S T A T E M E N T  F U N C T I O R  R C F E R E N C E S  

L O C G T I O N  G t h  T A G  S Y M  T A G  I Z F E R E N C E S  



BLCCI< NAMES b N D  LENGTHS 
CRDINFO- 000142/01 t X P E X P  - 000G01/L2 

VARIABLE REFERENCES 

L O C A T I O N  GEN T A G  
0Di3000/01 GO0001 
000C16/01 V O G O G Z  

S Y M  T A G  
C PEG 
CKDTYPE 

D E V a l  C G  
D E V I C E  
DEVNAME 
E P E J T  
FCOTNT 
FUELTYF 
HAPDNS 
I 

I 3  P 
ItXPS 
ITEMP 
I T E F R  
I T H T O  
I l T E M P  
I z T E  MP 
J 

JUNK 
JC'N K 1 
Y 
L i N E N O  
L EX NT 
M A N T I S A  

N O N E  
000127 
\13 NE 
00012f: 
000G52 
i 3 3 0 0 5 3  
OiIi3147 0 0 0 1 5 4  
Olio172 
G O 0 1 6 2  GO0164 
0 0 0 2 1 4  
0 0 0 2 4 3  0 0 0 3 3 2  
DO0242  
oil0371 
U I O 3 7 2  
000421 
0 0 0 2 2 5  Ofli1365 
V 3 N E  
000305 0013327 
I)Oit300 



HCDhS 
NUM4 
P A G E N O  
REGNAME 
REGNO 
R a l A L U E  
ShTFTNT 
S A T E A T E  
S A T S R C  
SECTOR 
S 3 U f ; C E  
T I M E F R  
T P M E T O  

S T A R T  O F  C O N S T A N T S - o o c  4GG TEMPS- -000565  
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GETINFO 
S U B R O U T I N E  G E T I N F O  

C 
C * *++**++*****  

SUBPROGRAH LENGTH 
i 



00141 

ATEWENT fUNCTION REFERENCES 
i 

LOCATION GEN T A G  SYM T A G  ? E F E R E N C E S  

STATEMENT NUMBER REFERENCES 

LOCATION GEN TAG S Y M  T A G  R Z F E R E N C E S  
O O O J  35 LO0636 6 0001Q3 
000114 C O C G C . 5  i J  5 J C 0 3 5  
600120 C O O O l l  2 6  GGOG45 
000104 LO0003 4 0 bOOO't4 0 06 10 2 

BLOCK NAMES AN9 LENGTHS 
G T C D C O H -  000003/3f C R D I i q F O -  b u 0 1 4 2 / 0 2  

V A R f  ABLE REFERENCES 

S Y M  TAG 
C ARD 
CHDTYPE 
DE\ IBL  DG 
D t V I C E  
D tdNAME 
EXPNT 
FOOTNT 
FUELTYP 
YARDNS 
I 
I 1  
I2 
I3 
J 
L INEllfG 
LNCNT 
M A M T I S A  
it UM 4 

P A t i k N O  
RLGNA ME 
R E G N O  
K i l u L u t  
SZC7'GR 
SOURCE 
S T M F V , T C  
TLMEFi? 
T I i 4 E T G  
X S i V S E C  
XKESNO 
XTMFRTG 

STAET OF CONSTANTS-OOOiO7 
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GETXNFO 

R O U T I N E  COMPILES I N  044000 



GETNHB 

SUBPROGRAM CENGTh 

STATEMENT NUMSEP R L F E k E K C E S  



VARIABLE REFERENCES 

L O C A T I O N  GEN T A G  
0 0 0 1 0 5  GO0012  
0 0 0 0 0 i V 0 1  G O O O G I  
0 0 0 0 1 0 / 0 1  VOOGGZ 
0 0 0 0 1 1 / U l  V 0 0 0 J 3  
050313/01 V 0 0 0 0 5  
0 3 0 i 3 E l i ) l  GOO007 
0 Q 0 0 4 5 / 0 1  G G O G G 3  
O B O ~ ~ ~ / O I  G O O Q G ~  
0 0 0 1 3 0 ~ 0 1  V 0 0 0 2 1  
0 3 0 G 6 i / a i  G G C U 0 4  
0 0 0 L 1 1  V 0 0 0 3 0  
0 0 0 0 G 0 / 0 2  V 0 0 0 3 2  
0 3 0 1 2 5 / U i  V G O C 1 G  
O J i j l 3 3 / G i  V I j 0 0 2 4  
0 0 0 1 3 2 ~ 0 1  YO0023  
0 3 0 0 3 1 / 0 1  G00002 
U G 0 1 3 1 / 0 1  VOOC22 
0 0 0 1 4 i / C 1  V 0 0 0 2 5  
0 0 0 1 1 2  V 0 0 0 3 i  
0 0 0 1 3 4 / 5 1  G O O C L O  
0 0 0 0 1 2 / 0 1  V O O O G 4  
C i 0 0 1 5 / 0 1  G C O O l l  
0 0 0 ~ 1 4 / 0 1  V O O O O ~  
4 0 0 0 7 5 / a 1  G 0 g 0 0 5  
0 0 0 1 2 6 / G 1  J O i I G I 7  
OO!I127 /01  VOOiI2J 

SYH T A G  
ARA Y 
C A R D  
CROTYPE 
G E v 8 t  C G  
D E V I C E  
DEVNAHE 
t X P I v T  
FOOTNT 
FUELTYP 
PARDNS 
I 
IEXP 
J 
I.. IN: f4  c 
L tic hT 
M A N i I S U  
N U M 4  
PAGENO 
R 
EEGNAME 
R t G N O  
R ' J A L l l t  
SECTOR 
SOUkCE 
T I M E F R  
T ZMETO 

iE F E R E N C E S  
130OG07 
'4 ONE 
V3NF 
VOhE 
'4 3 NE 
V3NE 
0 0 0 0 4 5  
V3NE 
'43NE 
'J3NE 
OOOOl2 bCOijL3 OG0032 0 0 0 0 4 3  
0 0 0 0 4 2  
0 0 0 0 3 1  O O C 0 5 2  0110056 
NONE 
V3NE 
G O 0 0 4 3  
OCO005  C G Q U Z L  0 0 0 0 5 1  
V O N E  
OGG02b OOG037 
V OtlE 
1\10NE 
VONE 
YON€ 
V3NE 
YON€ 
V3NE 

7605 C O M P I L A T I O N  - -  i?CNi'S LEVEL 17A 1 4  JUL 76 

R O U T I N E  C O f l P I L f S  I N  G 4 4 0 d 0  



STATEMENT F U N C T I O N  REFLRENOES 

L O C A T I O t J  GEN T A G  S Y H  T A G  

S T A T E M E N T  NUMBEi? REFERENCES 

L O C A T I O N  GEN T A G  S Y f l  T A G  
000021 C O O C I D Z  2 30 

BLOCK NAMES A N D  LENGTHS 
C R O I N F O -  000142/01 

LOCA T L O N  
0 ~ 0 ( 5 0 0 ~ 0 1  
D00010/31 
0 0 0 0 1 1 ~ 0 1  
000C13/01 
GGOi3E/01 
OOO34f/Oi 
Oi3011i/C1 
OCO130/01 
0 J J C 6 1 / 0 l  
UOOl25/31 
0001 33/01 
0001 32/01 
O d O C  31/ijl 
0001?1/31 
300141/31 
GiOi34/01 

S Y r l  T A G  
CAR3 
C # k D T Y  ?E 
O t V H L G G  
U k J I C E  
DEVIJAME 
E X ?  P4T 
F130Thl  
F U E L T Y P  
H k k D N S  
J 
L 1NENG 
LNC hT 
M A N T I S A  
NUH4 
PAGENO 
R E G N A M E  



START OF C O N S T A N T S - 0 0 0 0 i 7  T E M P S - - 3 0  6 0 2 6  I N U I R E C T S - 0 0 0 0 3 0  
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C 
C NEK DEVICE/SECTOk  
C 

42 1 3 0  C A L L  FGHUNG 
43 I X L I S T ( 1 X L S T I X )  = D E V N A M S [ l )  
44  I X L I S T I I X F S T I X  4 1) = D E J U A M E ( 2 )  
4 7  I X t I S T ( I X L S T 1 X  + 2 )  = i . IEdqAME(31  
5 1 I X L I S T l  I X L S T I X  + 3 1  = P A S E N O  
5 4  I X L S T I X  = I X L S T I X  * 4 

C 
CLEAR f 0 0 T N O T E  fNF 0 STORAGE AREAS 

C I N I T I A L I Z E  D E V I C E / S Z 2 T O R  N l iHE A N 0  L I N E  N S  
C 

L A S T D E V  (1) = DE JNAME (1) 
L P S T D E V  ( 2 1  = DEVNAME ( 2 )  
L I N E N 0  = 1 

C 
C  N E k  R E G I a N  
C 

1 ~ 0  WRITE ( 5 , 1 4 5 )  2EGNLME 
145 FORMAT( x 9 z A 1 ~ )  

LNCNT=LbCNT tl 
I F  ( L N C N T a G T . 6 C )  CALL PGIDNG 
L A S T R E G  = hE.GNO 

C  
C  NEW T I M E  P i R I O D  
C 

1 5 6  DO 1 5 5  I = 1 9 2  
1 5 5  L A S T I D ( 1 )  = T H I S I D ( 1 )  
1 6 8  COIUTINGE 

C A L L  B F K C A k D  
170 RiUD(2,lCO) CARD 

DECOCE t 1 3 1 1 2 0 r  CARE) T b I  ST3 
C  
C P q I N T  1 SET 3F 3 A T 4  
C 
C  C L E A E  P R I N T  L I t d t  ;TJRAGE AREA 
C 

145 G O  3 8 0  I = 1 9 8  
153 380 P S N T C N ( 1 )  = IOH 
1 5 4  CGLNO = 1 

C LOkO T I H E  P E F I 3 D  i N T C  P R l N T  LINE 
1 5 5  k N C O O E  ( 1 0 9 3 9 D p P k N T L N ( 2 )  1 T IMEFR,  T I H E T O  

3 9 0  F O R M A T ( 4 X * I 2 , + - ' , 1 Z , X )  
C 
C THL F C i i O W I N G  i G O J  ( T U  6 0 0 )  LCAGS THE NON-BLANK CAGD I N F  
C I N T O  Tt -E tJ l \ INT L I i 4 r  I N  TWO COLgMNS 
C 





l- - I *  l uu 1 

4 0 6  415 I F  (COLNOeEQI~ )  GO TO 590 
C IT IS FULL - PRINT I T  

4 1 0  COLNO = 0 
C LOAD T k E  L I N E  NUM9t2 F O R  REFERENCIRG FCOTNCTES 

4 1 0  I F  (DEV3LOGmEQ. 1) GO TO 4 1 6  
4 1 2  E N C O D E ( I Q ~ ~ I ~ ~  PkNTLN)  L I V E N O  

417 F O R M A T ( 2 X v I j i , S X )  
421 GO TO 421 
422 416  E N C O O E [ ~ O , ~ ~ Q , P # N T L N )  LIUf NO, SECTOEtFt ,ELTYP 

4 2 0  F O R M A T I ~ X ~ I ~ , ~ A ~ A I , ~ X ~ A I )  
436 4 2 1  CONTINUE 
436 L I N E N O  = L I N E N 0  + 1 
440 WRITE ( 5 , 4 3 0 1  PENTLId 

4 3 0  F O R M A T ~ ~ A I O I  
445 LNCNT = LNCNT + 1 
4 4 7  I F  ( L N C b T e G T e S O )  CALL  PGHDNG 

C CLEAR TkE P R I N T  L I N E  STORAGE AREA 
4 5 2  00  440 K =  1 9 8  
4 6 0  4 ~ 0  P 9 N T L N ( t O  = i O H  
4 6 1  590 COLNO = COLNO + 1 
4 6 3  595 CONTINUE 

C r r r r r * 4 r  END OF LOOP 
4 6 3  6 3 0  CONTINUE 

C  CHEC!< T3 SEE I F  SOME I N F G  RtMAINS TO BE PR INTEO 
465  I F  ( C C L N O . E C * i )  GO TO 621  

C I T  3 0 E S g  SG P R I N T  I T  
467 E N C O D E ( I O T ~ ~ ~ ~ P F . N T L N )  L I N Z h O  
4 7 7  L I N E N 0  = L I N E N 0  + 1 
5 0 1  WRITE (5 ,4301  PRNTLN 
5 0 6  LNCNT = LNCNT + I 
510 I F  I L N C N T e G T . 6 0 )  C 4 L L  PG4DNG 
5 1  3 620 CONTINUE 

C 
513 I F  ( C A R O e E C * 5 H / E N D / I  G O  r 3  9 0 0  

C  C L E A R  CAE0 I N F O  S T O I A G L  AREA 
5-15 DO 2 0 0  I = 4 9 8 3  
52 3 2 0 6  C A R O ( 1 )  = iGh 
52 4 0 0  5132 I = 1 1 1 2  
531 2 0 2  R V A L U E ( 1 )  = - 3  
5 3 3  C A L L  ERKCAKO 

C DO WE h 4 V E  NEW DEVIZE/SECTOHq NEvJ R E G I C N i  OR NEW PERIGC 
53  4  I F { L A S T C E d ( i )  O€W~DE\INP+IEII) a A E i O e L A S T D t V ( 2 )  ~ E Q . G E V N A M E ( ~ I ) G U  
544 GO TO 800 
544  210 If (LASTREGaE4akEGNC)  G O  T O  150 
5 4 6  G O  TO 14C 

C  
C V R I N T  F O O T N D T E S  AND SOUkCE FOCTNOTES 
C 

5 4 7  8 0 0  CONTINUE 
5 4 7  If { F I N T I N X * E C * l )  G O  TO 3 7 0  
351 IChK=(; .  
5 5 1  N = i  
553 WRITE (5,810) 

8 1 0  F O t ? M A T t / / q 5 X , * -  - - - - F i ; O T l u O T E S  - - - -  -* 1 
5 5 6  5 1 5  D E C O O E ( ~ O ~ B ; C , F T N T L S T ( N ) )  Th IS IDA,L INENC,COLNO 

8 2 0  ~ G R M A T ( A I O ~ k 3 , 1 3 )  





r 8x1'1 a vv I 

9 1 0  F O F : M A T ( I ~ X ~ ~ A I ~ ~ ~ X ~ I ~ )  
767 I = I + 4  
7 7 1  G O  TO 907 
77'1 999 RETURN 
772 END 

SUBPROGRAM LENGTH 

STATEMENT F U N C T I O k  F.EFE?ENCES 

LOCATION GEN T A G  S Y M  T A G  

STATEMENT NUMBER kEFERENCES 

LOCATION 
0 0 0 7 7 7  
30 10 0 3  
6 0 0 0 4 3  
0 0 0 1 0 3  
0010  1 2  
OOOlZO 
0 0 0 1  2 7  
0 0 0 1 3 0  
0 0 0 5 4 5  
0 0 1 0 1 6  
0 0 0 2 3 1  
rJ01C22 
0 0 0 2 5 5  
001i727 
C 0 0 3 0 6  
0011135 
0 0 0 3 3 3  
0 0 0 4 0 7  
0 0 0 4 2 3  
0 0  10 53 
0 0 1 0 5 6  
0 0 0 4 3 7  
0 0  10 6 2  
0 0 0 4 6 2  
0 5 0 4 6 4  
0 0 0 4 6 4  
0 0 0 5 1 4  
OOiG45 
0130361 
GO1051 
0 3 0 3 7 6  
0 0 0 4 0 7  
0 0 0 5 5 0  
o o i o  7 1  
0 0 0 5 5 7  
0 3 1 1 0 0  
0 0 0 5 7 4  

GEN T A G  SYM TAG 
COOOGZ It0 
C 0 0 f 0 6  1 2 0  
L l j f r i i 3 4  130  
C O O C 5 3  1 40 
COJ01'5 145 
L O 0 6 7 4  1 5 0  
L O 0 1 0 2  168 
L O 0 1 0 3  1 70 
LG0314 210 
c o o 0 2 1  3 90 
L O 0 1 5 2  4C2 
CC0025  4 04 
L O 0 1 5 6  4 $3 
COO032 407 
L O t 1 6 3  4 0 5 
cLiG043 4  1 3  
LOG167 4 1 2  
L G 0 2 1 3  4 15 
L ~ c z ~ +  4  16 
Ci iObSo 4 1 7  
COGC6j. 420 
LOG227 4 2 1  
CGfrD65 4 3 0  
LGGz46 5 90 
LOC.247 5 95 
L O 0 2 4 7  6 do 
LGI jZ67  6 20 
COO650 710 
L a 0 2 0 0  7 L1j 
C G C ' 3 5 4  750 
La0234 760 
L O 0 2 1 3  7 90 
L C 0 3 1 7  8C U 
c c o r 7 4  810 
LOO32b 8 2 5  
C t j g i G 3  a 2 u 
LOO331 825 



a L o m  MMES A N D  L E N G T ~ Z  
C R D I N F O -  0 0 0 1 4 2 / 0 1  

V A R I A S L E  REFERENCES 
,' 

LOCATION G E N  T A G  
000000/01 GO DOC^ 

SYM T A G  
CARL 

C A i i D A  
CCLNAME 
CCL IJO  

CkDTYPE 
DLVBL C G  
D E V I C E  
DILJNAME 
EX?NT 
FOCITNT 
F T N T I N X  
FTNTLST 
FCELTYP 



I Q L U S 3  
I R Y A L U  
I x L I S T  
I X l S T I X  
J 
K 
L A S  T O E V  
L A S T I D  
L L S T I D A  
L A S T R E G  
L E T T € $  
t I N E N O  

L I J C N T  
M 
M U N T I S A  
N 

kEGNAME 
REGNO 
PVALUE 
SECTOR 
SOURCE 
S P C F T N T  
S R C I N D X  
T H I S I D  
T H f  S I D A  
T I Y E F R  
T i M E T O  

S T A R T  OF C O N S T A N T S - 0 0 0 7 7 5  T E M P s - - 0 ~ 1 1 7 5  I N O I R E C T S - 0  01207 

7 6 6 ~  C O M P I L A T I O N  -- RbN76 LEVEL 17A 1 4  JUL 76  

R O U T I N E  COMPILES I K  0 L 7 f 3 3  



SORTEOF 
SUBROUTINE  SORTEDF 4CAFD , < E Y  1 

6: T H I S  ROUTIh iE  HRITtS SORTED SOURCE FOOThOTES TO FILE 7 
C CMMON / S R T T S T /  CGSHEAD,Zi3SRTNO 
I N T E G E R  CDSF;EAD 4 % )  9 CDSRTND 1 4 )  
I N T E G E R  CARD I B 1 
WRITE  ( 7 , 1 0 0 )  CARD 

1 2  C D S R T h D  4 3 )  = C U S ? T N D ( 3 1  + 1 
1 0 0  F O R M k T ( B A 1 I I I  

is R E T U R N  
i6 END 

SUBPROGRAM tE NGTH 

STATEMENT f U M C T I O N  R E F E k E N C E S  

L O C P T I O N  G E N  TAG SYM T A G  i E F E P E N C E S  

STATEMENT N U M B f  R REFEREPICES 

LOCATION GEN T A G  S Y i l  T A G  iEFERENCES 
0 0 0 0 2 4  COOOG3 I d 0  0 0 0 0 0 4  

BLOCK NAMES AND LENGTHS 
S R T T S T  - 0 0 0 0 1 0 / 0 1  

V A F I A B L E  REFERENCES 

L O C A T I O N  GEN T A G  S Y Y  T A G  I E F E R E N C E S  
0 0 0 0 0 0 / 0 1  G 3 6 0 1 2 1  CJSFEAD q O N E  
000004/01 G 0 0 C 3 2  CDSkTND NONE 

START OF CONSTANTS-  O G ~ 0 2 1  

R O U T I N E  C O M P I L E S  I N  6 4 4 0 3 6  



SORTEON 
SUBROUTINE S O R T E O N ( C A R O ~ < I Y )  

C T h I S  R O U T I N E  W R I T E S  S O R T E D  FOOTNOTES T C  F I L E  8 
COMMON /SRTTST/  CDSREADqC3 SRTND 
INTEGER C O S R E A O  (41 1 CDSRTNO [ 4 )  
I t4TEGER C A & D (  8 
W R I T E ( 8 ~ 1 0 0 )  CAkS 

1 2  C i l S R T N D I 4 )  = CDSRTND(4)  + i 
100 FORHAT(8A101 

15 RETURN 
16 €!'lo 

SUBPROGRAH LENGTH 

STATEMENT FUNCTION REFERENCES 

LOCATION GEN T A G  S Y M  T A G  i E F E R E N C E S  

STATEMENT NUMBER REFEKENCES 

L O C A T I O N  GEN T A G  S Y M  T A G  3EFERENCES 
0000 24 C O O 0 0 3  l b 0  3 0 0 0 0 4  

SLOCK KAMES At4D LENGTHS 
SRTTST - 0 ~ 0 0 1 0 / 0 1  

VAFIABLE REFERENCES 

L O C A T I O N  G E N  T A G  SYM TAG i E F E R E N C E S  
000000/01 G D O O C l  C D S k E A D  V3NE 
000004/C1 G C t C C 2  CDSRTNCJ N O N E  

76d0 C O M P I L A T I O N  -- RUN76 LEVEL 1 7 k  1 r J L l L  76 

ROUTINE COMPILES I N  G4400G 



S U B R C U T I N E  S O H T E D S l C A R O ~ < E Y )  
C  T h 3 S  ROUTINE WRITES S u W T f D  Si3UFiCE KECORDS TO F I L E  6 

SUBPROGRAM LENGTH 

STATEMENT FUNCTION REFEKENCES 

STATEMENT N U M B E R  REFERENCES 

LOCCITION GEN T A G  SYY T A G  REFERENCES 
0 0 0 0 2 4  C 0060 3 i c a  GO GOO^ 

BLOCK NAMES A N 0  LENGTHS 
SRTTST - O C 0 0 i 0 / G i  

VAFIABLE REFERENCES 

L O C A T I O N  GEN T A G  S Y M  T8G i E F E R L N C E S  
0000 00/01 G C O O G ~  COSEEAO U 3 N E  
0 0 0 0 0 4 / U I  G30fiCi2 CDSRThD V 3 N E  

S T A R T  OF CONSTAt iTS -000  O i l  TEMPS- -GO 0 6 2 6  I N D  I R E C  TS-D C G  630 
1 

7 6 0 0  C O M P I L A T I O N  -- RUK76 LEVEL 17A ~ ' i  Jbt 76  

R O U T I N E  COMPILES I N  C44CUC 



SRTRTN 
SUBROUTINE SRTRTN (CARDqKTY 

C T H I S  ROUTINE W R I T E S  S O R T Z O  DATA RECORDS T O  FILE 2 .  
C O M M O N  / S R T T S T /  CDSREPO3CDSRThD 
INTEGER C D S R E A D ( 4 ) ~  C D S k T U D ( 4 )  
I N T E G E R  C A R D  ( 8  1 
W R I T E ( Z t I . 9 2 )  C A R D  

1 2  C D S R T N D ( I )  = CDSRTND(j . )  + 
102 F O R M A T ( 8 A i O l  

15 K E T b R N  
16 END 

SUBPROGRAM LENGTH 

STATEMENT FUNCTION REFFREHCES 

STATEMENT NUMBER REFEEFNCES 

LOCATION GEN TAG S Y M  TAG I E F E R E N C k S  
0 0 0 G 2 4  c O O O J 3  152 0 0 0 0 C 4  

3LOCK NAMES AN0 LENGTb3  
SRTTST - 0 0 0 0 1 G / 0 1  

V A k I A B L E  REFERENCES 

L O C A T I O N  GEh T A G  S Y Y  TAG I i F E f ? i N C E S  
0 0 0 0 0 0 / 0 1  G O O 0 0 1  CCISREAD UONE 
0 0 0 C 0 4 / ' 3 1  GCOOijZ CClSkTND 0 0 0 0 1 3  

START OF CONSTANTS-000021  TEMPS--0001226 INDXRECTS-0  G O  030 

7630 C O M P I L A T I O N  -- W N 7 6  LEVEL 1 7 A  1 4  JbL 76 

R O U T I N E  COMPILES I N  C 4 4 0 0 0  







SUBPROGRAM LENGTh 

0 0 5 0 6  

STATEMENT F U K C T I 3 N  REFERENCES 

L O C A T I O N  GEN TAG S Y M  T A G  I E F t R L N C E S  

S f  ATEMENT NUYBER REFERENCES 

B L O C K  hPMES Ah2 I t N G T t - S  
CRDINFO-  OL)O:42/31 

JAk IABLE REFERENCES 

S Y M  T A G  I kFERENCES 
2 b o o 0 6 7  
1 3  e u o u u ~  
1 5  C C O G ~ ~  
99  0 0 0 0 1 3  00CG27 

S Y M  T A G  
CAR CI 
CROTYPL 
O2V5LGG 
DE\ICOD 
G E V I C E  
DE\I f 4 A  M 
D t d N A H E  
E X P N T  
F G O T N T  
FUELTYP 
HARDNS 
I 
I T I M P 1  
I T E M P 2  
2 
JbNY 
Ji 
J 2  
L I N E N 3  
LNCNT 
M n N T I S A  
NUM4 
PAGENO 
FEGNAYE 
R E G N O  
R V A L U E  
S c C T i ) k  
SOURCE 
T I M E F E  
T I M E T G  

iEFEREN CES 
0 0 0 0 1 6  0 0 0 ~ 3 2  
VONE 
Y ONE 
V 3 NE 
0 0 0 0 0 2  0 0 0 0  30 0 0 0 0 4 5  
0 0 0 t i 5 5  
0 0 0 0 5 5  
N3PJE 
13NE 
V !I NE 
Y J N C  
5 0 5 0 4 3  00G~; 4 i  0 0 0 0 6 3  
O O O f i Z U  O 0 0 0 3 L  
O C l j 0 Z 4  000L340 
U2NE 
0 0 3 0 2 2  
&SO651 
~ ) B O O ' ~ G  OiJ5G52 0 0 0 0 6 1  
'4 ON5 
V I N E  
V2NE 
V3PIE 
VONE 
V 3 NE 
N I N E  
VUNE 
V3NE 
V3NE 
VDNE 
V O N t  



lKNDtV 

7630 COMPILATION -- R U N 7 6  LEVEL 17A 1 4  JUL 76 

ROUTINE COMPILES IN ~ 4 5 7 0 0  













I 
J 
K 
L iNENG 
L r c   IT 
M A M T I S A  
N U N 4  
PAGENO 
REGNAME 
R t G K O  
R J 4 l U E  
SCTNMS 
S C T i i r J M  
SECTOR 
S W R C E  
T IMEFR 
T I M E T O  

000082 0 0 0 0 0 3  000011 00801 5 
VONf 
oii11014 
Y 0 NE 
YON€ 
VONE 
VONE 
NONE 
VONE 
VONE 
VONE 
\ION€ 
N3NE 
D O Q 0 0 4  
N 3 NE 
h3NE 
VONE 

START OF C O N S T A N T S - O G 0 0 2 6  T r ~ P S - - o ~ f j o  27 I N O I R E C T S - i j i j 0 0 3 i  

76UO C O M P I L A T I O N  -- R U f \ ; T i  LEI IEL 17A 14 JUL 76 

R O L T I N E  COMPILES I N  6 4 5 2 0 0  



APPENDIX D2 

Summary Tables of Data Relating to Residential and 
Commercial Electricity Use in California 







A L L  4 O U S I N G  PAGE 3 

ALAMEDA C O *  
1 1  6 0 - 6 0  S T O C K  

2 70-7G S T O C K  
ALP INE  C O *  

3 66-60 S T O C K  
A M A D O R  C O *  

4 61;-6C; S T U C K  
BUTTE C O *  

5 6 0 - 0 0  STOCK 
G A L A V E R A S  CO, 

6 6 0 - 6 6  S T O C K  
C O L U S A  C O *  

7 60-00 S T O C K  
CONTRA C O S T A  C O *  

0 66-96  S T O C I (  
DEL NORTE CO.  

9 60-60 S T O C <  
EL DORA03 CO.  

10 66 -60  STOCS 
FRESNO C 3 e  

11 bS-6,  S T O C A  
GLENN C D  
12 60-00 S T C C K  

H U M B O L 3 T  CO. 
13 6 0 - G G  STOCI<  

I M P E 2 I A L  C O O  
14 6 C - 6 " u T O C K  

I N Y O  C O *  
15 6O-60 5TOCd 

KERN C O *  
16 6 ~ - c o  S T O C K  

K I N G S  C O *  
17 6L7-56 S T O C <  

LAKE C3. 
18 60-61: SfGCK 

L A S S E N  CGm 
19 6C-62 S T O C Y  

LOS ANGELES C O *  
2G bu-60  Z T O C K  

MADERA C O .  
2 1  6 3 - 6 0  S T O C <  

M A R I N  C O *  
22 € Q - 6 ~  S T O C K  

M A R I P O S A  C  
2 3  6;i-60 S T O C K  

MEVD O C I t v O  C O B  

2 4 6 0 - 6 0  SSCCY 
MERCEG C O O  

2 5  0 8 - 6 6  S T O C K  
MOUOC CO. 

2 6  6 0 - 6 6  STUlOK 
MONO CO. 

\ z7 bG-bb STGCK 
' M O N T E R E V  C 9 .  

2 8  bG-60 S T O C K  
NAPA C O *  

2 9  6n-hn S T G C K  



PAGE 4 



A L L  Y O U S I N G  PAGE 5 

5 8  6ij-bi: S T O C K  
)YU$A CO. 

5 9  5 0 - 6 0  S T O C K  
SAN F R A N C I b C 3  S M S A  

6 0 6 0 - 6 f i  STOCI<  
B A K E 2 S F I E L O  bA 

6 1 6 , j - s ~  s r w  
f R E S h 3  LA 

6 2  EO-60 5 T O C I (  
LA - L O N G  6EACH SMSA 

6 3  0 3 - 6 6  S T O C K  
SACRAMENT 0 IJA 

6 4  6J-66  S T O C K  
SN  B R N A D I N O - k I V  UA 

65 6;-61, S TOCK 
S A N  D I E G O  3A 

66 t j g - 5 0  S T C C <  
SAN JOSE Uk 

67 65-6 , j  3 3 C d  
SAN FRAN. HUO D L S T .  

68 Oil-SC S T J C K  
FRESNO HUU O I 5 T s  

69  h g - 6 0  b T C C <  



PAGE 6 

C A L I F O R N I A  
i 

2 
3 
4 
5 
6 
7 
8 
9 

l d  
1 I 
1 2  
13 



COMM'L GARAGE + S E R V I C E  STN* FAGE 7 
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PAGE 9 

A L P I N E  C O *  
A M A D O R  C O e  

1. 6 2 - 6 0  S T O C <  
BUTTE CDs 

2 OL-6L '  S73CK 
C A L A V E E A S  C O .  

3 5;-kc S T O C K  
COLUSA C U *  

4 b t - o ~  S T O C A  
G E L  N O R T Z  C3. - 

3 5 6 - 6 2  S T O C K  
EL O O R A L O  LO*  

6 6 u - 6 u  S T G C K  
GLENN CL; 

7 0,-o,  S T O C I (  
H U M B C t G T  C?. 

a ~ J - D G  ; T O C n  
IMPEgPAL CLJ. 

9 ou-iO S 7 9 C r  
I N Y O  C G e  

16 5:-cl, L ;CLn 
SINGS CI;. 

I1 6C-sL S T 2 C d  
L A K E  C ' J .  

12 00-6, b i 3 L <  
L A S S L N  C3 .  

13 6 ; - u ,  5 T i L K  
MALIERA C C o  

1% G G - ~ L  h ? C C K  
M A R I 9 O S F .  C 

15 b,,-eb .,TCCI( 
Y E N D O C I N u  C O D  
16 36-36 S I C C C  

M E f i C r D  C G *  
17 5 2 - 5 5  C;ICILic. 

M O b O i  CC:. 
I d  6 , ! - ~ <  5 :GL6. 

M O U 3  C O .  
19 b t - u b  2 ; T L ' Y  

MONT EF.E Y 12,. 
2 G t i . - 7 u  5 - i - L ~ <  

NAPA C C .  
21 

? - 
F. "*, - 2 ;  <> T G L <  

N E V A J A  C C .  
L Z  6, - t i ,  JTCLk 

P L A C E R  C O .  
2 3 C J - 2 3  C i ; ~ <  

PLbMAS C G e  
5 4 L 4 - G J  2 I;![ < 

S A N  j E N l T U  
;5 c ? - L L  : l<;L( 

SAN L U I S  C 5 i Z ; > 3  L ' C ,  
i 26 6 , - i i  ~ i 3 L i  
' S A N T A  C M J Z  ' 2 3 .  

27  c c - k d  L T L $ <  
S H A S T A  C G .  

2 8  c; -3 ' j  S i 3 C K  
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FHA YORTG,APPLi;S, 5 I M G C E + ? l U L T I  
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C A L I F O R N I A  
1 
2 
3 
4 
5 
b 
7 
8 
9 

16 
11 
12 
i 3 





PAGE 19 

R I V E R S I D E  C O *  
3 0  50-60 ;TS~*; 



PAGE 20  
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P A G E  2 2  

5 3 
GLENN CO 

54 
55 

57 
5a 
59 
60 
5 1 
6 2  
6 3  

I M P E 3 I A L  C O *  
64  
65  
6 6  
67 
6 8  
59 
70 

I N Y G  C C *  
71 
72 
73 
74 
75 
76  
77 

KEiiN C r J *  
7 8  
79 
ir G 
d l  
9 2 
83 
9 4  

K I N G S  CC.  
a 5 
9 6 
8 7  
38 
3 9  
9 C 
'3 I 

LAKE C2. 
5 2 
9 3 
3 4  
95 
96 
9 7 
9 8 

L4SSEN La. 



PAGE 23 



0 0 ~ 8 - 3  WIDTH 



PACE 25 



PAGE 2 6  



PAGE 2 7  



P A G E  28 



PAGE 29 



PAGE 3.0 

5 0  
\ 5 i  

52  
53 

GLENN C O  
54 
5 5  
56 

t i U M B C L D T  C3. 
5 7  
511 
59 
6 0  
S 2. 
52 
5 3 

I M P E ~ I A L  CO,  
64  
65 
b6 
5 7  
5 8  
69 

I N Y O  C O .  
7 0 
7 I 
7 2  
73 
74  
75 
76 

KEEN C O ,  
7 7  
7 8 
7 9 
8 0 
61 
82 

Y I N G S  20, 
d 3  
9 4  
85 
8 6  
a7 
3 6  
a 3  

LAKE C C .  
3 c  
5 1  
32  
93 
3 4 
35 
96 

L A S S P 4  C 3 .  
97 
98 





PAGE 32  



PAGE 3 3  



F +-- P I- I-- t -  
c> t' C C3 t t C, 
c CI CI r . .  r-i C, 
C 3  C t C' (7 C' 



PAGE 35 



C A L I F O R N I A  
1 0 7 - 0 7  ~ O h i l f i L ~ T f d  
2 6 8 - 6 8  dr!r.rsfiibc T ~ L  

3 63-65 COhST<LCTPt 
4 i J - 7 i  CuI4LTkbL i N  
5 7 1 - 7 1  CUE+JTI?CLTP~ 
6 7 2 - 7 2  C D b S ' I R C  L T 1 . 4  

7 7 3 - 7 3  C S h > T ? I , T Y !  
8 74 -  7 4  C L ~ ~ Y S  T K ~ L T ~ I  

A L A M E D A  CO. 
9 b7-67' C3iu:T3isTrr 

1 C ki3-68 C 5 t I S 7  FuCTh 
i 1 6 3 - f j 9  C C I I S T ~ I U L T R  
1 2  711-7iJ C C t d S T F t L T Y  
1 3  7 1 - 7 1  C L E I S T I ~ , L C ~ ~  
1 4  7:-7; C C h C T I - - L S  T : <  
15 7 3 - 7 3  ( d O h ~ S i c ~ ' . , T ' t  
16 7,-7+ i t i i ' ~ S T i ~ c T : t i  

A L P I d E  C;;, 
17 7 1 - 7 1  C G N S T < L C T h  
18 7.3-7:  C G h S T i k L T h  
19 7. t -74  L3f i - , f  - . ~ i T : d  

A M 4 D J R  G O *  
2 0  6 7 - 5 7  C L N S T f b L T X  
2 I c d - c d  C i ' : i y . T i C ~ \ , T f  
2 2  ~ 3 - 3 9  (;31‘45 ;;.LL~'! 

2 3  71-71. C l J N Z T < t i ~ l t t  
2 4  72-7, C U K L ~  Y ~ L  T i :  
2 5  73-, a C C b r k T  { L C l P ,  
26 7 , -74  ctrWSTkti. J>.  

3 U T T t  C C I s  

i 7 6 7 - 5 7  ( , r j ~ i ~ T " ~ ~ ~ ~  

2 8 2 6 - 6  b i i l h ,  rk i ,C . ; ;~  
29 I-+) C U ~ L  ~ I ~ L L T ~ .  
3 0 , ' ; -7d  COt.' ~ - ; L C T : ~  
J 1 7 1 - 7 1  C L F . L T Y ~ ~ T , ,  
3 2 , L -  l z  LJi\ST.k.i:, 1 :' 
1 3  T 3- 7 3 ( " j f ~ c  TF ( C. i i 
34  7 4 - ? b  tuP,S"it-,-,t',T i 

C A L L d E k A 3  ; 3 *  
35 : 7 - : 7  <O~.~TP.LC i . 
3 6  s 3 - 0 6  C ~ ~ ~ S ~ , I \ J L . T ~ .  
37 t 3-nc) L U ~ ~ S T N , L C ; T . I  .- z 9  J-;I, 'ZV '4 ,  T - \ i v  I 'Y 

39 ; 1 - 7 1  i4.?*5T?t: i l l  

L+ i! 1 2 -  7 2 LC!I\:~YL 7 , ~  
4 1  

-. 
j-, 5 CLi'qL 1 ? L  L. 1.): 
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5 9  
b C  
€1 
5 2 
6 3  
6 4  
6 5  
66 

FRESIJO CC. 
5 7  
6 8 
6 9  
7 [! 
7 1 
7 2  
7 3 
7 4  

G L t N N  C C  
75  
7 6  
77 
7 8 
7 9 
8 G 



PAGE 38 
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P A G E  40 



PAGE 41  



M U i ' 5  I - U N P  T PAGE 42 

3ic 2 T c ~  
3 2 f i  2 CTc? 
h a L  J (=-in3 
9 - *  - - A  2 1 7 :  

1 * -  
A * , ,  ,, C T Y Z  

ti;',? Y 2 - 3  

:l j .  i; i ' i 3  
d L  , CT;+ 
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C A L I F O R N I A  
1 
2 
3 
4 
5 
6 
7 
8 
9 

1G 
11 
12 
13 

P A G E  45 

- - - -  S C L t : I ' t  F 0 d l ; i j T ~ S  _ - - - -  
T H I S  l Y F 3 ; i M A T I C i \  ri,; ~ i L r ; i l l : i  i r , C l  u A T k  ON j,; In lcS lEkN 5 T A T r S .  FIGUqES 
F 5 k  C - L I F L ~ F , ' L I L  ~ ~ L L : F _  2 f k ; d r : J  J Y  91- I I P Y I N G  W r S  i t h N  i ? t G  IGNdL D A T A  i 3 Y  
1 2 6 - 0 3 / 1 3 1 5 7 2  ( C ~ L I F ,  I < J N - T : ~ I ~  , O N ~ T G U G  T I C N  G I V I L , f D  YY 8 E G  I O N A L  
N O N - q i  S ~ D E N T I A L  L9NSTSbL;  TUN. 1 
D ~ ; i i \ / k  D F.<Oi.i T C i 4 i S  = L P  JP~lilr  ? ~ ; ~ L J : I  VIii I l l  r J L S T C d N  S T A T E S )  BY 

-. - 
i . lLLTL?LYiNL t3Y ~ J ~ ~ J ~ / ~ L L ) ,  3 3  ( L L - I F .  h l j N K t S e  C I J R S T k a  C I \ / I L l E D  dY 
k:G;ON VII: iuLP.?~j. 23,L;i 7 .  ) 

CEkAd: C! F'ZC'M T J ~ A L Z  F u i  I J u Q ~ . -  ~ ; ; ~ d t , ,  viIi (11 d k S T E X N  S T A T E S )  3Y 
M U L T I ? L Y I ' ~ G  5Y : - 3 C ) ( ; ? / L ~ , , ? 1 ~  ( S k - i F .  h\13X?FSI i C h 5 T F . e  D i V f D E D  5Y 
? E G I O v  V ~ L L  h [ ~ r , - :  .:, Cdt\:>rk,. 1 
G E t L i l : C I  FTL: I  T L I ~ L L  F L k  S J J L L  -,,-;~J!J viII  I11 IJr5Tcr;lN S T A T L S )  BY 
M ~ L I I + L Y I N L  i 3 Y  , * j 4 ; 3 / ; ~ . j ~ ~ j  ( Z h - i F .  N J h k C S o  L G A S T R *  UI VIaEi I  S Y  
% i ; G i L ) ' \ :  J I i i  t tGNt; ,Ss C c h X ~ k .  
D E f i i \ l t G  f - ( ;OM JLTAL :  FLIP. SGdU,. <.;,;lir:i UIII (:: A t S T L K h  S T A T E S )  3Y 
i l l U ~ T i ~ L Y i v G  a!, 1 ~ 7 ? 1 7 1 2 , j : ~ t i c  I S h , i  f .  ttdN5.i:. b C l h S T k *  G I V I D E D  b Y  
k k G I J r 4  VIi: b i O F d h ~ 2 ,  LL!~:T;* 1 
D E k 1 i l t - 1  FS(JM T I , T C L S  ;c~k ~ ~ 7 ~ 3 2 ~  -,,;ii)r, X .  (11 Wts1Ek.h L T A T k S )  B Y  
M L C T I ? i y ; N G  J Y  ,iVt;3/,:,3: 3 ,  ( 3 + , - : F .  ~LUI\(~L;. ~ i r h S T f ? ,  L I V l l j k O  rY 
kkGlUu I t 1d'~r.,:T5 , ) 
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