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ABSTRACT 

How much i n s u l a t i o n  should b e  p laced  i n  t h e  c e i l i n g  o f  a home? Which f u r n a c e  is t h e  b e s t  investment? 

Is r e f l e c t i v e  g l a z i n g  a marketable  o p t i o n ?  The WE s l i d e  r u l e s  and accompanying g u i d e s  a r e  designed t o  
h e l p  answer such q u e s t i o n s  by prov id ing  a way t o  measure t h e  impact on home energy use  o f  a v a r i e t y  of 
energy conserva t ion  o p t i o n s .  

The whole k i t  is designed t o  be a c c u r a t e  and easy  t o  use.  It p r a v i d e s  guidance on energy e f f i c i e n t  
c o n s t r u c t i o n  p r a c t i c e s ,  and a means t o  q u a n t i f y  them by u s i n g  t h e  s l i d e  r u l e s .  An economic a n a l y s i s  

is  a l s o  suqqested.  The work aims a t  t r a n s f e r r i n g  high l e v e l  r e s e a r c h  t o  non- technica l  u s e r s :  homeowners, - - 
b u i l d e r s  and l e n d e r s .  

INTRODUCTION 

The Department o f  Energy (D.O.E.1 s l i d e  r u l e  is  
a n  easy-to-use energy conserva t ion  e s t i m a t i n g  t o o l ,  
developed along w i t h  s e v e r a l  o t h e r  conserva t ion  
gu ides  c o l l e c t i v e l y  e n t i t l e d  Affordab le  Housinq 
Through Energy Conservat ion and Affordab le  Manu- 
f a c t u r e d  Housing Through Energy Conservat ion.  The 
o b j e c t i v e  o f  t h e s e  gu ides  i s  t o  h e l p  homebuilders 
s e l l  more energy e f f i c i e n t  houses by q u a n t i f y i n g  
t h e  r e s u l t i n g  reduced c o s t  o f  homeownership. The 
s l i d e  r u l e s  were developed i n  a j o i n t  e f f o r t  by 
Steven Winter  Assoc ia tes ,  New York C i t y  and 
Lawrence Berkeley Labora tor ies ,  Berkeley,  
C a l i f o r n i a .  

The g u i d e s  i n  g e n e r a l  and t h e  s l i d e  r u l e  i n  p a r t i -  
c u l a r  were des igned ,  i n  a l a r g e r  s e n s e ,  t o  h e l p  
s o l v e  one o f  t h e  main problems f a c i n g  t h e  n a t i o n a l  
energy conserva t ion  e f f o r t  today: t h e  l i m i t e d  
u t i l i z a t i o n  o f  proven, energy s a v i n g  technology 
and b u i l d i n g  methods i n  t h e  n a t i o n ' s  new b u i l d i n g s .  
The r e s u l t  o f  e x t e n s i v e  r e s e a r c h  conducted a f t e r  
t h e  1976 passage o f  t h e  "Energy Conservat ion 
S tandards  f o r  New Bui ld ings  Act" i n d i c a t e d  t h a t  
s i g n i f i c a n t  r e d u c t i o n s  i n  t h e  n a t i o n ' s  energy 
consumption by b u i l d i n g s  were f e a s i b l e .  However, 
o b s t a c l e s  w i t h i n  t h e  marketplace and problems 
i n  technology t r a n s f e r  have prevented  many such 
p o s s i b l e  reduc t ions .  

I n  t h e  r e s i d e n t i a l  s e c t o r ,  two s p e c i f i c  o b s t a c l e s  
t o  energy-conserving d e s i g n  have p r e v a i l e d .  F i r s t ,  
t h e  housing i n d u s t r y  has  lacked t h e  resources  
needed t o  t a k e  advantage o f  e x i s t i n g  energy conser-  
v a t i o n  des ign  methods, which t y p i c a l l y  r e q u i r e  
e x t e n s i v e  c a l c u l a t i o n s ,  weather  d a t a ,  e t c .  Second, 
homebuyers have o f t e n  been unwi l l ing  t o  pay t h e  
g e n e r a l l y  h igher  purchase p r i c e  o f  an energy- 

conserv ing  home because t h e y  have had no r e l i a b l e  
means o f  d e t ~ m n i n i n g  whether any g iven  home w i l l  
i n  f a c t  u s e  less energy and reduce c o s t s  i n  t h e  
long run.  

The D.O.E. s l i d e  r u l e  removes t h e s e  o b s t a c l e s  by 
prov id ing  b u i l d e r s ,  l e n d e r s ,  and homebuyers w i t h  
a n  inexpens ive ,  easy-to-use t o o l  f o r  e s t i m a t i n g  
t h e  energy s a v i n g s  t h a t  w i l l  r e s u l t  from adding 
energy c o n s e r v a t i o n  o p t i o n s  t o  a home. 

The fo l lowing  i s  a more d e t a i l e d  review o f  t h e  
s l i d e  r u l e ,  i t s  d e s i g n  and i t s  f u n c t i o n s .  

THE DOE SLIDE RULE: AN OVERVIEW 

The D.O.E. s l i d e  r u l e  has  been developed t o  
e s t i m a t e  t h e  energy s a v i n g s  a s s o c i a t e d  w i t h  a 
range of  conserva t ion  f e a t u r e s  f o r  convent iona l .  
wood frame h m e s  and manufactured homes. The 
wood frame house t y p e s  i n c l u d e  ranch ,  two-story 
s p l i t  l e v e l  homes, and townhouses. The manufactured 
house t y p e s  i n c l u d e  s i n g l e  and m u l t i - s e c t i o n  m d e l s .  

The s l i d e  r u l e  is a c o n s o l i d a t i o n  o f  o v e r  12,000 
i n d i v i d u a l  s i m u l a t i o n s  u s i n g  t h e  WE-2 computer 
program. The accuracy o f  t h e  s l i d e  r u l e  i n  
e s t i m a t i n g  energy s a v i n g s  is, t h e r e f o r e ,  g r e a t e r  
t h a n  most manual,  c a l c u l a t o r  and microcomputer 
t o o l s  and y e t  a c a l c u l a t i o n  can be  performed i n  
a f e w  minutes  by a layman. 

The b a s i c  approach taken  i n  u s i n g  t h e  s l i d e  r u l e  
i s  t o  begin w i t h  a t y p i c a l  home (of any o f  t h e  t y p e s  
l i s t e d  above) and t o  u s e  t h i s  a s  a "Comparison 
Home" t o  which v a r i o u s  energy conserva t ion  
o p t i o n s  a r e  added. The o p t i o n s  inc lude :  
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FIGURE 1 "AFFORDABLE MANUFACTURED HOUSING THROUGH 
ENERGY CONSERVATION" : SLIDE RULE HEATING 
CALCULATOR 

1) increased ceiling insulation 
2) increased wall insulation 
3) increased floor insulation 
4) reduced outside air infiltration, 
5) better insulated windows 

o multiple glazing 
o improved sash 

ient heat ing/cooling equipment 

vings of each conservation option is 
relative to this Comparison Home and 

re in turn compared t o  the actual 
option. 

.,. ,..,,,..,,, a builder in Topeka, Kansas is 
considering offering a home for sale with R-19 
insulation in the ceiling. After identifying 
potential homebuyer options to increase the 
ceiling insulation level (such as using R-22, 
R-30, or R-38 instead of R-19), a quick estimate 
is made of the energy savings that will result 
from adding each of these options to the home. 
By comparing these savings with the costs for 
each option, the builder can identify the most 
marketable of these energy savings measures and 
offer them as options to the homebuyer. 

Additional energy conservation options not quanti- 
fied on the slide rule can be assessed by use of 
a set of accompanying  modifier^". "Modifier" FIGURE 2 "AFFORDABLE HOUSING THROUGH ENERGY 
options are addressed in the guides and include: CONSERVATIONn: CEILING DETAIL 
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1)  varied window orientations 
2) thermal mass for passive solar designs 
3) heat absorbing and reflective glass 
4)  movable insulation 
5) r w f  and wall color var iat ions 
6) attached sunspace 
7) automatic night setback thermostat 
8)  improved domestic hot water system 

The impact of each modifier is expressed by means 
of tables or multipliers. Simplicity of use was 
the driving force behind the selection of presen- 
tation. 

The slide rule is made applicable to all areas in 
the country by the use of 45 climate specific 'tab 
sets". Each "tab set" contains energy data for a 
"primary" location within the climate zone. There 
are, however, over 3,000 cities and towns associated 
with the 45 primary locations. A Location Multi- 
plier tab serves the purpose of tallying the results 
for each of these additional cities! it is used in 
conjunction with Location Multiplier tables, made 
available in the Guides. The tables contain a list 
of cities with the associated climate zones and 
location multipliers. "Primary" locations have 
location multipliers of 1.0, while others take 
values varying between 0.5 and 2.0. 

The builder selects the appropriate location mul- 
tiplier from the Guide and uses it on the slide 
rule to amend the results. For example, one set 
of tabs is for Houston, and the location multiplier 
can fine-tune the Houston energy consumption figures 
t o  be applicable to College Station. 

FIGURE 3 "AFFORDABLE HOUSING THROUGH ENERGY 
CONSERVATION"; WALL DETAIL 

FIGURE 4 "AFFORDABLE HOUSINO THROUGH ENEROY 
COPISERVATION~; FOUNDATION DETAIL 

Each slide rule has two sides, a heating side and 
a coaling side. The Heating Calculator is used to 
estimate heating energy savings, while the Cooling 
Calculator provides estimates of cooling savings. 
In calculatinq the energy savings associated with 
a specific conservation option, such as additional 
insulation in the ceiling, both sides of the slide 
rule must be used if both heating and cooling 
equipment are provided in the home. 

Along with equipment efficiencies and the other 
energy conservation options utilized, total energy 
savings is dependent on the fuel type used. The 
slide rule a1:Lows for the use of the correct fuel 
type for the specific application by providing fuel 
type "tabs", for each of the major energy types 
currently available (natural gas, oil, electric, 
or liquif ied petroleum gas). 

wall, floor, etc. There is z 
these approaches7 the user is 
economic merits of an energy . ,  ~ ~ . . , .  ,.. - > 3  

The Guides contain a comprehensive set of drawings 
and instructims on energy efficient construction. 
This information complements the slide rule and is 
organized following the order of the tabs: ceiling, 

I definite benefit to 
able to judge the 

conservation option 
a m  is proviaea wicn guraance on how to implement - 
i t .  

The discussion on the benefits of energy conser- 
vation is be accompanied by certain clarifications. 
Quality of construction, weather, occupant behavior 
vary. 
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The va lue  of t h e  energy sav ings  is an e s t i m a t e  of 
t h e  annual  f u e l  saved by implementing a c e r t a i n  
energy c o n ~ e r v i n g  op t ion .  I t  is u s e f u l  f o r  com- 
p a r i s o n  purposes only.  Tha t  is, t h e  a c t u a l  energy 
usage of an i n d i v i d u a l  home i n  t h e  same l o c a t i o n  
may vary depending on  t h e  s i z e  of  t h e  family,  how 
many t imes doors  and windows a r e  opened and c l o s e d ,  
o r  any of a wide range of  o t h e r  f a c t o r s .  I t  is 
b e s t  t o  th ink  o f  t h e  s a v i n g s  a s  you would of  an 
EPA mileage es t imate :  it is u s e f u l  t o  compare one 
home with a c e r t a i n  s e t  of o p t i o n s  a g a i n s t  ano ther  
with d i f f e r e n t  o p t i o n s ,  b u t ,  a s  i n  t h e  c a s e  of  
automobiles, t h e  a c t u a l  mileage,  o r  energy usage 
f o r  t h e  home can  vary  from t h e  s l i d e  r u l e  es t imate .  

This  is a problem t h a t  a l l  energy e s t i m a t i n g  toola 
face.  Like any o t h e r  p r o j e c t i o n ,  what is sought  
is reasonableness ,  g iven  t h a t  t o t a l  accuracy is 
impossible  to o b t a i n .  

What t h e  s l i d e  r u l e  ach ieves  is a very  c l o s e  esti- 
mate of  t h e  energy s a v i n g s ,  w i t h i n  a s imple g r a p h i c  
format. Even wi thout  us ing  i t ,  one can  s e e  a t  a 
g l a n c e  which energy conserva t ion  o p t i o n  is more 
b e n e f i c i a l :  The l a r g e r  t h e  d i s t a n c e  between two 
p o i n t e r s ,  t h e  more energy is saved. The law of  
d imin ish ing  r e t u r n s  a p p l i e d  to i n c r e a s i n g  R-values 
is made obvious i n  a n  i n t u i t i v e  manner. T h i s  is 
t h e  power of  a pictogram: it conveys more informa- 
t i o n  and much f a s t e r  than  o t h e r  t y p e s  of communica- 
t i o n .  J u s t  by t a k i n g  a look a t  t h e  s l i d e  r u l e ,  
one can  s e e  t h a t  while  i n s u l a t i o n  is important  f o r  
hea t ing ,  windows and equipment a r e  most r e l e v a n t  
f o r  coo l ing .  I n  t h i s  way, worthwhile energy con- 
s e r v a t i o n  o p t i o n s  i n  any g i v e n  c l i m a t e  may be 
q u i c k l y  recognized. 

There a r e  c e r t a i n  drawbacks a s s o c i a t e d  
p r e s e n t a t i o n  format .  The number of  o p t  
a l though  l a r g e ,  is none the less  l i m i t e d .  
g r a p h i c  format  t h a t  e n a b l e s  r a p i d  d e c i e  
t h e  achievement oE g r e a t  accuracy.  The reason: Tne 
d e n s i t y  b E  t h e  s c a l e s  must be reasonable  i n  o rder  
t o  o b t a i n  good r e a d a b i l i t y .  Here, t h e  intended 
audience  shaped t h e  t r a d e - o f f s  between p r e c i s i o n  
and u s e a b i l i t y .  I t  was reasoned t h a t  t h e  3 rd  d i g i t  
a f t e r  t h e  decimal  p o i n t  would make l i t t l e  d i f f e r e n c e  
t o  a b u i l d e r ,  banker o r  a r c h i t e c t .  

T h i s  non-abs t rac t ,  easy- to -qrasp  p r e s e n t a t i o n  should 
h e l p  t h e  d i s s e m i n a t i o n  and accep tance  o f  energy 
s a v i n g s  f e a t u r e s  and e n a b l e  more people t o  make a n  
informed c h o i c e  when buying, b u i l d i n g  or f i n a n c i n g  
a house. 

1. .Affordable Manufactured Housing through 
Energy Conservat ion",  US Department of Energy t o  
be publ i shed  August 1984. 

2. mAffordab le  Housing th rough  Energy 
Conservat ion",  US Department of  Energy t o  be 
publ i shed  December 1984. 
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