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A b s t r a c t  

Based upon home energy  d a t a  from a v a r i e t y  of s o u r c e s  i n c l u d i n g  t h r e e  
h igh ly- ins t rumented  townhouses, a i r  i n f i l t r a t i o n  and i n f r a r e d  s c a n n i n g ,  and 
d e t a i l e d  exper iments  i n  a  r e n t e d  townhouse, a  p l a n  was e s t a b l i s h e d  t o  
r e t r o f i t  a  group of  25 townhouses w i t h i n  t h e  Twin R i v e r s  Planned Uni t  
Development. The d a t a  employed i n  t h e  e v a l u a t i o n  of t h e  e f f e c t i v e n e s s  of t h e  
r e t r o f i t  was g a t h e r e d  by b o t h  d a i l y  meter  r e a d i n g  of t h e  h o u s e ' s  g a s  and 
e l e c t r i c  m e t e r s  and by a s p e c i a l l y  des igned  i n s t r u m e n t a t i o n  package t h a t  
moni to red  h o u r l y  key paramete rs  i n  t h e  d w e l l i n g s .  Th i s  r e t r o f i t  exper iment  
a l s o  r e l i e d  upon c a l c u l a t e d  w i n t e r  and summer breakdowns of energy  l o s s e s  and 
g a i n s  t o  a i d  i n  t h e  e s t a b l i s h m e n t  o f  p r i o r i t i e s  f o r  r e t r o f i t .  Payback p e r i o d s  
of no g r e a t e r  t h a n  t h r e e  y e a r s  was t h e  g o a l  of t h i s  f i r s t  round of r e t r o f i t .  
A c t i o n  was t a k e n  d u r i n g  t h e  w i n t e r  of 75-76 beg inn ing  i n  t h e  h igh ly- ins t rumented  
homes and moving t o  t h e  l a r g e r  sample of townhouses w i t h  a  b a s i c  t h r e e  p a r t  
r e t r o f i t  t h a t  sought  t o  reduce  conduc t ion  l o s s e s ,  r educe  a i r  i n f i l t r a t i o n  and 
upgrade t h e  h e a t i n g  system.  A t t i c  i n s u l a t i o n  l e v e l s  were r a i s e d  t o  t h e  R-30 
l e v e l  (from R-El) w i t h  c a r e f u l  a t t e n t i o n  t o  s e a l i n g  passages  t o  t h e  f l o o r s  
below; d o o r s  and windows were s e a l e d ;  and f u r n a c e  d u c t i n g  was i n s u l a t e d  
t o g e t h e r  w i t h  t h e  i n s u l a t i o n  of t h e  h o t  w a t e r  h e a t e r .  The r e t r o f i t  measures  
were a p p l i e d  t o  g roups  o f  townhouses i n  s t a g e s  i n  o r d e r  t o  de te rmine  t h e  
e f f e c t i v e n e s s  of each  r e t r o f i t  i n d i v i d u a l l y .  Both b e f o r e - a f t e r  c r o s s  sample 
e v a l u a t i o n s  of t h e  d a t a  were performed. The e a r l y  r e s u l t s  of t h e s e  a c t i o n s  
have shown gas  s a v i n g s  on t h e  o r d e r  of 25% and e l e c t r i c a l  s a v i n g s  of 10%.  
The c o s t  was approx imate ly  $400 and when summer s a v i n g s  a r e  i n c l u d e d  payback 
p e r i o d s  shou ld  n o t  exceed t h e  t h r e e  y e a r  g o a l .  



Abstract 

Table of Contents 

Acknowledgements 

Introduction 

-ii- 

' Table of Contents 

I. Design of the Retrofit Program 

11. Selection of Retrofit Components 

1II.Retrofit Groups 

IV. Winter Retrofit Results 

V. Conclusions 

Appendix A: Materials and Techniques for 
Retrofit 

References 

Tables 

Figures 

iii 



Acknowledgements 

The background d a t a  t o  a l l o w  t h e s e  r e t r o f i t s  t o  t a k e  p l a c e  w i t h  h i g h  

a s s u r a n c e  of s u c c e s s  h a s  been due t o  t h e  s u p p o r t  of NSF-RANN through  

g r a n t s  e x t e n d i n g  o v e r  t h e s e  p a s t  f o u r  y e a r s .  The a c t u a l  r e t r o f i t  program 

h a s  depended upon ERDA s u p p o r t  w i t h  moni to r ing  and c o n t r a c t  th rough  t h e  

N a t i o n a l  Bureau of S t a n d a r d s .  The a u t h o r  wishes  t o  acknowledge t h e  e x t e n s i v e  

e f f o r t  on t h e  p a r t  of NBS p e r s o n n e l ,  e s p e c i a l l y  D r .  R ichard  G r o t ,  i n  t h e  

i n f r a r e d  scann ing  and a i r  i n f i l t r a t i o n  u n i t  development i n  c o n n e c t i o n  w i t h  

t h i s  r e s e a r c h .  T h i s  program has  a l s o  been a i d e d  by t h e  a s s i s t a n c e  of t h e  

u t i l i t y  companies a t  Twin R i v e r s :  P u b l i c  S e r v i c e  E l e c t r i c  and Gas f o r  

t r a n s l a t i n g  Omnibus d a t a  t a p e s  and mete r  c a l i b r a t i o n s ,  and J e r s e y  C e n t r a l  
I 

Power and L i g h t  i n  bo th  t h e  i n s t a l l a t i o n  and c a l i b r a t i o n  of t h e  e l e c t r i c  

m e t e r s .  Our banktop weather  d a t a  has  depended upon t h e  c o o p e r a t i o n  of 

t h e  P r i n c e t o n  Bank and T r u s t  Co. and t h e  p e r s o n n e l  a t  t h e  Twin R i v e r s  b ranch .  

Support  f o r  t h e  i n s u l a t i o n  phase of t h e  r e t r o f i t s  h a s  come from C e r t a i n - t e e d ,  

a d v i c e  and recommendations have come from Owens Corning F i b e r g l a s .  Both 

t h e  f i b e r g l a s  and c e l l u l o s e  c o n t r a c t o r s  have added i m p o r t a n t  i t e m s  t o  t h e  

r e t r o f i t  approach.  L a s t ,  b u t  c e r t a i n l y  of g r e a t  impor tance ,  h a s  been t h e  

c o o p e r a t i o n  of t h e  owners of t h e  HIT, Omnibus u n i t s  and o u r  r e n t a l  townhouse 

who have p u t  up w i t h  many temporary inconveniences  which were  n e c e s s a r y  t o  

t h e  s u c c e s s  of t h i s  s t u d y .  



Introduction 

Although new advances in energy technology continue to be made each day, the 

facts are such that ifmajor energy savings are to be made in this decade our 

only real hope is through energy conservation. Within the residential sector, 

comprising 18% of the U-S.  energy consumption, straightforward actions such as 

reduction of interior house temperatures clearly have been demonstrated to 

result in substantial savings. For example, at Twin Rivers, N.J., a 3000 home 

community being studied by Princeton University researchers for the last four 

years, this saving was shown to take place after the 73-74 oil crisis as indicated 

in Fig. 1, Based upon our knowledge of this community of hundreds of townhouses, 

single family homes, and apartments such 12% savings resulted from a 2 to 3OF 

average thermostat reduction throughout the town. The un$ortunate feature with 

such action is that further action is soon limited by considerations of human 

comfort. Temperatures below the 66OF - 68OF level require heavier clothing and a 

new approach to living. The solution that we are pursuing is to achieve 

substantial residential savings through improvements in the shell of the home, 

retrofitting, as well as through changes in temperature level wherever possible. 

The goal is to achieve 50% savings. 

In the Twin Rivers comunity, which consists of four quadrants of frame 

dwellings built in sequence since 1971, we have been able to closely ob,serve the 

way in which energy is used in the home. These details have been obtained from 

a number of sources: the utilities records on hundreds of similar dwellings 

over the years; the collection of detailed weather data from our banktop location 

(centered in Twin Rivers); the calculation of energy losse's in typical homes; 
2 

the 60 channels of energy-related data from each of three highly-instrumented 

townhouses (HIT homes) since winter 174;3 the less detailed, but adequate, 9 

channels of energy inf ormation f r m  25 Omnibus instrumentation packages; the 

series of highly-focused experiments from the rental townhouses; 5-9 the information 
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from t h e  i n f r a r e d  scann ing  and t h e  d a t a  c o l l e c t e d  on a i r  i n f i l t r a t i o n  r a t e s  

from v a r i o u s  townhouses.  10* 

I n  t h e  f o l l o w i n g  s e c t i o n s  t h e  d e s i g n  of t h e  exper iment  i s  d e s c r i b e d  w i t h  

d e t a i l s  on how i t  was implemented,  t h e  r a t i o n a l  f o r  s e l e c t i n g  t h i s  f i r s t  round 

of  r e t r o f i t s  i s  o u t l i n e d  and t h e  p r e l i m i n a r y  r e s u l t s  of  t h e  exper iment  a r e  

ana lyzed .  Because of  t h e  many d e t a i l s  i n  t h e  Omnibus d a t a ,  t h e s e  d a t a  need t o  b e  

thorough ly  a n a l y s e d  t o  e x t r a c t  t h e  f u l l  i n f l u e n e c e  on energy  consumption b rough t  

abou t  by changing wea the r  and i n t e r n a l  t e m p e r a t u r e  f l u c t u a t i o n s ,  and hence  w i l l  

* 
r e q u i r e  a  l a t e r ,  d e t a i l e d  r e p o r t  on t h i s  s u b j e c t .  I n  t h e  Appendix t h e  a c t u a l  

p rocedures  t h a t  were fo l lowed  t o  a c h i e v e  t h e  d e s i r e d  r e t r o f i t  a r e  d e s c r i b e d .  

Wi th in  Twin R i v e r s  t h e r e  a r e  a  number of townhouse models.  The s i x t e e n  

townhouses invo lved  i n  t h i s  p o r t i o n  of  t h e  r e t r o f i t  program a r e  two f l o o r ,  t h r e e  

bedroom d e s i g n s .  The f l o o r  p l a n s  a r e  i d e n t i c a l  i n  each  of t h e  homes and a r e  shown 

i n  F i g u r e  2 .  V a r i a t i o n s  between townhouses a r e  t h a t  some a r e  t h e  r i g h t ,  o t h e r  t h e  

l e f t  f l o o r  p l a n  d e s i g n s ,  two have s i n g l e  g l a s s ,  and t h e r e  a r e  s l i g h t  v a r i a t i o n s  

i n  t h e  a p p l i a n c e  c h o i c e s ,  and t h e  homes f a c e  10' c l o c k w i s e  of n o r t h ,  e a s t ,  s o u t h  

o r  wes t  ( t h e  town p l q n  i s  l a i d  o u t  10' e a s t  of n o r t h ) .  The f l o o r  a r e a  a t  each 

l e v e l  of t h e  townhouse i s  approx imate ly  720 s q u a r e  f e e t .  The c a l c u l a t e d  h e a t i n g  

l o a d  i s  41,000 b t u  p e r  hour  f o r  a  70°F d e s i g n  t e m p e r a t u r e  d i f f e r e n c e .  Hea t ing  

i s  by g a s  u s i n g  80,000 b t u l h r  i n p u t ,  two-burner f u r n a c e s .  A l l  o t h e r  a p p l i a n c e s  a r e  

e l e c t r i c a l  i n  t h e s e  Quad I1 homes ( o t h e r  s t u d i e s  a r e  b e i n g  conducted i n  Quad I11 

homes, where g a s  d r y e r s ,  r a n g e s  and w a t e r  h e a t e r s  a r e  u s e d ) .  The townhouses a r e  

of c o n v e n t i o n a l  c o n s t r u c t i o n ,  w i t h  masonry b e a r i n g  w a l l s  and f i r e w a l l s  w i t h  wood 

f raming f o r  f l o o r s ,  w a l l s  and r o o f .  The townhouses s o l d  f o r  approx imate ly  $30,000 

when b u i l t  and a r e  r e s e l l i n g  f o r  abou t  $40,000 today .  

* 
Other  r e p o r t s  on t h e s e  s u b j e c t s  a r e  c u r r e n t l y  b e i n g  w r i t t e n  and shou ld  be  

a v a i l a b l e  i n  t h e  n e x t  few months.  



The townhouses involved in this study were instrumented in three ways 

which are summarized as follows: 

@ Three Highly-Instrumented Townhouses (HIT units). These units shared a 
7 

200-channel data acquisition system located in the central townhouse with 

the satellite houses on either side, one townhouse was an end unit, the others 

interior units as are all the other townhouses in the study. Data was sent 

directly to the Energy Utilization Laboratory at the university over a phone 

line every 20 minutes together with weather data every hour (and recorded on 

magnetic tape). The more than 60 channels of energy information per home allowed: 

every window and door to be monitored; the temperature to be measured in every 

room at every register and duct; flows to be measured in furnace ducts, supplies 

a 
and returns; a complete breakdown to be made to individual meters for the major 

appliances and segments of the electrical system; and voltage and calibration 

standards to be recorded as well. Air infiltration and infrared scanning data 

were obtained initially in these homes. 

(% 25 Omnibus townhouses. These townhouses had instrumentation which provided 

9 channels of energy information recorded on tape cassette in each home. Table 

1 lists the individual data channels. Sixteen of these homes constituted the 

statistical sample for the retrofit experiment described in this report. 

r) The rental townhouse. Occupied by members of the program staff; this 

townhouse was used for detailed experiments such as: solar transmission through 

windows; temperature probing into the firewall area; the heat distribution system 

including zoning; the air infiltration measurements looking at air movement 

from zone to zone; etc. The instrumentation was often quite specialized and 

included a second 200-channel data acquisition system with local recording on 

punched tape. As in the cases of the HIT and Omnibus units the data from this 

home also aided in explaining sources of energy loss that would be remedied 

through retrofit, 



I. Design of t h e  R e t r o f i t  Program 

The purpose  of t h e  r e t r o f i t  program h a s  been t o  demons t ra te  whether  o r  

n o t  a  group of s i m p l e  changes  t o  t h e  s t r u c t u r e  of a  home can r e s u l t  i n  s i g n i f i c a n t  

energy s a v i n g  b e n e f i t s .  The i n s t r u m e n t a t i o n  o f  each townhouse a l l o w s  t h e  

i n d i v i d u a l  b e n e f i t s  t o  be  f u l l y  a s s e s s e d  f o r  each r e t r o f i t .  For example, t h e  a t t i c  

i n s u l a t i o n  upgrading t!o R-30 r e s u l t s  i n  b o t h  h i g h e r  second f l o o r  t e m p e r a t u r e s  a s  

w e l l  a s  lower  g a s  consumption f o r  a  g iven  degree-day the rmal  d i f f e r e n c e ;  b o t h  

f a c t o r s  a r e  measured.  I n  d e s i g n i n g  t h e  r e t r o f i t  program, we o p e r a t e d  under  

s e v e r a l  p h y s i c a l ,  temporal  and d e s i g n  c o n s t r a i n t s .  The major  c o n s t r a i n t s  were  

a s  f o l l o w s :  

1. Minimal ly  r e t r o f i t t i n g  a  townhouse might  n o t  a l t e r  t h e  v a r i a b l e s  we were 

m o n i t o r i n g  by a  l a r g e  enough amount t o  be d e t e c t e d  by o u r  i n s t r u m e n t a t i o n  package.  

Thus, we grouped t h e  i n d i v i d u a l  r e t r o f i t  i t e m s  i n t o  f o u r  g roups .  These g roups  

a r e  d e s c r i b e d  i n  S e c t i o n  111. They can  be r e f e r r e d  t o  a s  Group A - r e t r o f i t s  

which reduce  c o n d u c t i v e  h e a t  l o s s ,  Group B - r e t r o f i t s  which i n c r e a s e  t h e  t i g h t n e s s  

of t h e  s h e l l ,  Group C - r e t r o f i t s  which improve t h e  performance of t h e  h e a t i n g /  

c o o l i n g  system and Group D - t h e  s i n g l e  r e t r o f i t  of s e a l i n g  t h e  s h a f t  s u r r o u n d i n g  

t h e  f u r n a c e  f l u e  a t  t h e  a t t i c ,  which i s  done t o  reduce  a i r  i n f i l t r a t i o n  l o s s e s .  

2 .  S e v e r a l  o f  t h e  r e t r o f i t  p r o c e d u r e s  r e q u i r e d  p r e - t e s t i n g  i n  t h e  

l a b o r a t o r y  and i n  our  r e n t e d  townhouse b e f o r e  t h e y  were used i n  t h e  i n d i v i d u a l  

homes. The o b j e c t  of p r e - t e s t i n g  was t o  p e r f e c t  i n s t a l l a t i o n  p rocedures  and t o  

measure whether  t h e  m a t e r i a l s  invo lved  i n  t h e  r e t r o f i t s  behaved a s  a d v e r t i s e d .  

3 .  We had enough d a t a  from p r e v i o u s  w i n t e r s  t o  a l l o w  r e t r o f i t t i n g  t h e  

h igh ly- ins t rumentd townhouses  b e f o r e  t h e  1975-76 h e a t i n g  season  began. It was 

t h u s  p o s s i b l e  t o  u s e  a  "before  and a f t e r "  d e s i g n  w i t h  t h e s e  townhouses w i t h o u t  

o b t a i n i n g  a d d i t i o n a l  " h e f o r e  t r e a t m e n t "  d a t a .  December was chosen a s  t h e  p o i n t  

t o  beg in  r e t r o f i t  of t h e  HIT homes. 



4 .  Due t o  t h e  need f o r  s t a t i s t i c a l  c o n t r o l s  and t h e  l i m i t s  of our  l a b o r  

p o o l ,  one week was a l l o c a t e d  f o r  one o r  more g roups  of r e t r o f i t s  t o  be  a p p l i e d  t o  

a  number of townhouses. i 

5.  I n  o r d e r  t o  have p re - t rea tment  d a t a  f o r  t h e  Omnibus houses  t h e s e  houses  

were  n o t  t o  be modi f i ed  u n t i l  a t  l e a s t  one month o f  w i n t e r  d a t a ,  i n c l u d i n g  r e l a t i v e l y  

c o l d  d a y s ,  had been o b t a i n e d .  The p l a n  was t o  p a r t i a l l y  r e t r o f i t  t h e s e  houses  

and c o l l e c t  an  a d d i t i o n a l  month of d a t a  b e f o r e  add ing  any a d d i t i o n a l  m o d i f i c a t i o n s .  

6 .  A n a l y s i s  of t h e  e f f e c t s  of t h e  r e t r o f i t s  on t h e  h igh ly- ins t rumented  

houses  were used t o  de te rmine  whether  a l t e r a t i o n s  would b e  made i n  t h e  l i s t  of 

c h a n n e l s  b e i n g  moni tored i n  t h e  Omnibus exper iment .  For example, suppose r e t r o f i t  

A s i g n i f i c a n t l y  a l t e r s  t h e  v a r i a b l e  be ing  moni tored on a  g i v e n  c h a n n e l  i n  t h e  

h igh ly- ins t rumented  houses .  P o s s i b l y  t h e  i n s t r u m e n t a t i o n  of t h e  Omnibus houses  

shou ld  be changed t o  i n s u r e  t h a t  t h i s  v a r i a b l e  was being moni to red  i n  t h e  Omnibus 

exper iment .  

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

a t  t h e  a t t i c  (Group D )  shou ld  n o t  be grouped w i t h  t h e  o t h e r  r e t r o f i t s  s i n c e  

i t  i s  a  s i n g l e  r e t r o f i t  whose e f f e c t s  need n o t  be a s s e s s e d  s t a t i s t i c a l l y ,  The 

s o u r c e  of h e a t  l o s s  b e i n g  e l i m i n a t e d  i s  somewhat p e c u l i a r  t o  t h e  d e s i g n  of t h e  

Twin R i v e r s  U n i t s  and t h e r e  was some q u e s t i o n  a s  t o  whether  i t  r e p r e s e n t e d  a  l o s s  

* 
t h a t  i s  common t o  a  wide spectrum of American hous ing ,  Thus t h e  s o u r c e  of v a r i a t i o n  

b e i n g  e l i m i n a t e d  was c o n s i d e r e d  t o  be  a  confoudning f a c t o r  and n o t  a  d e s i g n  

f a c t o r .  

Given t h e s e  c o n s t r a i n t s ,  we des igned  t h e  r e t r o f i t  program a s  f o l l o w s :  

1. The p o s s i b l e  r e t r o f i t s  were s o r t e d  i n t o  f o u r  groups  ( s e e  S e c t i o n  I11 

* 
Although,  i n  t h i s  r e g a r d ,  home i n s p e c t i o n s  have r e v e a l e d  t h a t  i n  a d d i t i o n  

t o  f l u e  s h a f t s ,  plumbing v e n t  s h a f t s  a r e  a n o t h e r  s o u r c e  of such  a i r  f low l o s s e s  
and even masonry chimneys have s i m i l a r  basement t o  a t t i c  a i r  p a s s a g e s .  
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for details). We applied these groups of retrofits but avoided applying a part 

of a group. This strategy was taken in order to maximize the likelihood of being 

able to detect the effect of the physical modification on the energy consumption 

profile of the home. 

2. We pre-tested the retrofits in our rented townhouse in order to completely 

check our installation methods wherever possible. 

3 .  The highly-instrumented homes were initially retrofitted just prior 

to the winter season according to the following plan (also see Table 2) 

House Retrofit groups 

1 B and C 

2 A and C plus D 

3 A and B plus D 

4. During Decmeber the pre-treatment data was collected for the 

Omnibus houses and the ability of our instrumentation to detect the effects 

of the retr~fits~which were performed on the highly-instrumented houses, was 

assessed. 

5. Analysis of the December data for the highly-instrumented townhouses 
1 

allowed us to determine whether any of the monitoring devices in the Omnibus 

houses should be modified prior to retrofitting these houses. One adjustment 

was made, the addition of attic temperature which was found to be an important 

indicator of heat loss to the attic. 

6. The design was based upon maintaining two groups: the median group which 

was using a moderate amount of gas for heating during the pre-retrofit period, 

and the high/low group that used more or less than the median group. Retrofits 

were first applied to the median group so that additional data could be gathered 

on the extreme highs or lows. In this way as improvements were made to the 

median group we retained comparative pre-retrofit consumption level from averaging 
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t h e  h i g h s  and lows.  

7 .  The a c t u a l  s c h e d u l e  fo l lowed  i n  r e t r o f i t t i n g ,  a s  shown i n  T a b l e  2 ,  

t ook  i n t o  a c c o u n t  i t e m  6 a s  w e l l  as o u r  manpower and t h e  c p n t r a c t o r  a v a i l a b i l i t y .  

Not shown f o r  c l a r i t y  was movement of t h e  D r e t r o f i t  i n  and o u t  of homes t o  

check f u r t h e r  on i t s  c o n t r i b u t i o n  t o  energy  s a v i n g s  now b e l i e v e d  t o  b e  of  t h e  

o r d e r  of  5% (which f o r  t h i s  low c o s t  i t e m  i s  a  s i z e a b l e  s a v i n g s ) .  

D e t a i l s  of t h e  a c t u a l  s t a t i s t i c a l  a n a l y s i s ,  l o o k i n g  over  t h e  e n t i r e  

d a t a  sample ,  w i l l  be covered i n  a  fo r thcoming  r e p o r t ,  The f u l l  a n a l y s i s  i s  

n e c e s s a r y  t o  s e p a r a t e  o u t  t h e  e f f e c t  of t h e  v a r i o u s  r e t r o f i t  g r o u p s ,  d e t e r m i n e  

changes  i n  t h e  i n t e r i o r  c o n d i t i o n s  a s  moni tored on 3 of t h e  9 c h a n n e l s  of 

Omnibus i n s t r u m e n t a t i o n ,  and c a r e f u l l y  c o n s i d e r  pre-  and p o s t - r e t r o f i t  wea the r  
0 

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



11. Selection of the Retrofit Com~onents 

Models of heat source and heat loss in the heating season, Figure 3, and cooling 

source and heat gain in the cooling season, Figure 4, were used to evaluate a 

number of retrofit schemes proposed to reduce energy losses associated with town- 

house construction. Wherever possible the models directly rely on data from the 

3 highly-instrumented townhouses, our rented townhouse, and early Omnibus 

townhouses.'' Examples of such items are the air infiltration rate measurements 

winter and summer; the actual losses of heat from basement ducting; flow 

measurements from the basementlattic shaft; appliance use patterns; heat losses 

through those walls adjacent to the firewall; etc. Window losses and other 

conduction losses have relied primarily on conventional  calculation^,^ although 
infrared scanning data has allowed for more realistic firewall conduction loss 

estimates. The data base and techniques used for each retrofit are listed in 

Table 3. 

It is clear from a close observation of heating and cooling data that 

marked variations occur between the two seasons as far as the responsible mechanisms 

of heat transmission, For example, the air infiltration average loss of 33.4% 
l 

(percentages greater than 60% have been experienced in townhouses under test 

when wind velocities are above 20 mph) in the winter contrasts sharply with 

a less than 7% air infiltration heat gain experienced under typical suker 

conditions. Thus, in evaluating the merits of each planned retrofit we have 

taken heating costs, cooling costs and standby water heating costs into account 

to arrive at an estimated energy cost savings (see Table 4). We are 

looking for the most realistic evaluation of each retrofit recognizing subtleties 

such as those characteristic of appliance-type items e.g.,heavier insulation 

on the water heater rehces heat gain to the basement both in the winter and 

summer, but the actual water heating savings must be analyzed taking into 
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account both heating/cooling~implications (decreased air conditioner load 

versus any possible increased furnace load brought about by that retrofit item). 

Considering the winter heat sources and losses diagrams in Figure 3, 

it is clear that care must be taken in how one catalogs the components. The 

diagram is for a differential temperature, outside-to-inside of 70°F. In the 

New Jersey climate about half that amount is more appropriate for an average 

winter temperature difference. In the heat source breakdown this change would 

result in an increase of the percentage contribution of each satellite item; 

solar, appliance and occupants. Our latest data indicates this breakdown for 

* 
the major components is closer to 75% furnace, 15% appliance and 10% solar. 

Such change would only slightly affect the heat loss breakdown since the change 

in differential temperature directly influences window and wall heat conduction 

and the heat required to raise outside air to room temperature (in the case of 

air infiltration). 

As shown in the heat source breakdown 20-25% of the heat delivered by the 

furnace is immediately lost to the flue. Without adding forced convection to 

the exhaust system, however, there is a limit to how much one can lower the 

furnace exhaust temperature to extract a higher percentage of the available 

energy and still retain natural convective flow to remove exhaust products. 

This is particularly true based upon present furnace standards, design and 

performance. We are exploring the furnace retrofit approach further with our 

laboratory furnace, identical to the units found in the Twin Rivers townhouses, 

with the plan to then test the retrofit in our rented townhouse. These tests 
I 

are pointing to as much as 10% energy savings using smaller gas orifices 

* 
Furnace efficiency changes with load would alter this breakdown. Measured 

in the plenum, the furnace efficiency is essentially constant with load, the main 
question here is the efficiency of the overall system, including the ducting, 
where trapped heat during infrequent operation is more likely to be lost to the 
basement or structure. 12 
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( r e s u l t i n g  i n  l e s s  t r a n s i e n t  l o s s )  and i s  p a r t i c u l a r l y  s e n s i t i v e  t o  reduced 

f a n  c u t o f f  t e m p e r a t u r e .  
l 2  

F u r t h e r  s t u d y  of t h e  h e a t  s o u r c e  diagram,  F i g u r e  3 ,  r e v e a l s  t h a t  

c o n s i d e r a b l e  energy  i s  l o s t  t o  t h e  basement.  E x t e n s i v e  measurements i n  t h e  

h i g h l y - i n s t r u m e n t e d  townhouses and r e n t a l  home have r e v e a l e d  t h e  e x t e n t  of 

f low and h e a t  l o s s e s  t b  t h e  basement a s  shown i n  F i g u r e s  5 9  6a and 6b. 

F i g u r e  5  i s  a  breakdown of t h e  f l o w  th rough  a  t y p i c a l  townhouse d u c t  sys tem.  

S t a r t i n g  from a  f low r a t e  a t  t h e  plenum chamber ( a  v a l u e  v e r y  c l o s e  t o  t h e  

nominal  b lower  f l o w  r a t e  of 650 cfm) one can  t r a c e  t h e  p a t h  of  t h e  h e a t e d  a i r  

u n t i l  i t  emerges from t h e  i n d i v i d u a l  room r e g i s t e r s .  The r o u t e  i n c l u d e s  main 

s u p p l y  d u c t s ,  v a r i o u s  t u r n s ,  and p a s s a g e s  w i t h i n  i n t e r i o r  w a l l s  and between 

f l o o r s  and c e i l i n g s .  Approximately 75% of t h e  i n i t i a l  f l o w  makes i t  t o  t h e  

i n d i v i d u a l  rooms, w i t h  17% l o s t  t o  t h e  basement.  F i g u r e  6a c o n c e n t r a t e s  on 

a c t u a l  h e a t  d e l i v e r y  w h i l e  F i g u r e  6b p r e s e n t s  a  s i m p l e r ,  s c h e m a t i c  breakdown. 

S i n c e  t h e  a i r  t e m p e r a t u r e  h a s  dropped c o n s i d e r a b l y ,  a  r e l a t i o n s h i p  t h a t  h a s  

been modeled on o u r  computer ,13 o n l y  50% of t h e  h e a t  r e a c h e s  t h e  rooms th rough  

t h e  d u c t  r e g i s t e r s .  Another 15% r e a c h e s  t h e  l i v i n g  a r e a  v i a  h e a t e d  w a l l s ,  f l o o r s  

and c e i l i n g s  a s  a  r e s u l t  of  t h e  d u c t  r o u t i n g .  U n f o r t u n a t e l y  t h e  m a j o r i t y  of 

such e n r o u t e  l o s s e s  a r e  from second f l o o r  d u c t s  l o s i n g  h e a t  t o  t h e  f i r s t  f l o o r  

rooms. Thus,  h e a t  d i s t r i b u t i o n  g o a l s  a r e  compromised. Over 34% of t h e  h e a t  

e n t e r i n g  t h e  d u c t s  ends up i n  t h e  basement.  Some of t h i s  h e a t  i s  l o s t  th rough  

basement a i r  i n f i l t r a t i o n ,  and conduc t ion  t o  w a l l s  and f l o o r ,  t h e  remainder  ( ' ~ 5 0 % )  

l e a k s  back  up i n t o  t h e  l i v i n g  s p a c e .  Data  from t h e  Omnibus homes i n d i c a t e s  

t h a t  t h e  d u c t  i n s u l a t i o n  r e t r o f i t  ( p a r t  of Group C )  l owers  t h e  basement 

t e m p e r a t u r e  a n  a v e r a g e  of 5OF, from 70 t o  65OF. 

Three  f a c t s  made f u r t h e r  s e a l i n g  and a p p l i c a t i o n  of  2-inch t h i c k  f i b e r g l a s s  

i n s u l a t i o n  t o  t h e  d u c t i n g  a  h i g h  p r i o r i t y  r e t r o f i t  i t e m :  (1 )  based upon t o t a l  



f u r n a c e  h e a t  g e n e r a t e d  more t h a n  25% of t h e  h e a t  ended up i n  t h e  basement,  

s e e  F i g u r e  3. (2)  The basement was shown t o  be o v e r h e a t e d  i n  a  number of 

homes, sometimes r e a c h i n g  t empera tu res  5'F h i g h e r  t h a n  t h o s e  recorded  on t h e  

f i r s t  f l o o r  ( i n  t h e  summer t h i s  t r e n d  was r e v e r s e d  and t h e  basement o f t e n  was 

a s  much a s  10-15OF lower  i n  t empera tu re  than  t h e  l i v i n g  s p a c e ) .  (3) An 

e s t i m a t e d  11% of t o t a l  house  h e a t  was be ing  l o s t  th rough  a d d i t i o n a l  a i r  

i n f i l t r a t i o n  l o s s e s  - a n o t h e r  c l e a r  i n d i c a t i o n  t h a t  even a f t e r  l i m i t i n g  d u c t  

l o s s e s , a d e q u a t e  h e a t  would remain i n  t h e  basement t o  p r o v i d e  r e a s o n a b l e  f l o o r  

t e m p e r a t u r e s  on t h e  f i r s t  f l o o r .  The c o s t  f o r  t h e  m a t e r i a l s  f o r  t h i s  r e t r o f i t  

i s  r e l a t i v e l y  lowd$40 (2-inch t h i c k ,  48  inch  wide,  d u c t  i n s u l a t i o n  c o n s i s t i n g  

of f i b e r g l a s s  w i t h  aluminum backing t h a t  i n c l u d e s  c r i s s c r o s s  r e i n f o r c i n g  t o  

add d u r a b i l i t y ) ,  and e s t i m a t e d  i n s t a l l a t i o n  c o s t  i s  a l s o  r e a s o n a b l e  (-  $60 

* * 
e x p e n s e ) .  A s  shown i n  Tab le  4,  c o n s i d e r i n g  an  e s t i m a t e d  75% r e d u c t i o n  i n  

h e a t  l o s s e s , 1 3  a  c o s t  payback f o r  t h i s  r e t r o f i t  based upon s a v i n g s  d u r i n g b o t h  

*** 
h e a t i n g  and c o o l i n g  s e a s o n s  is  r e l a t i v e l y  r a p i d ,  13-32 months,  B e n e f i t s  t o  

t h e  homeowner, i n  a d d i t i o n  t o  f u e l  and e l e c t r i c a l  s a v i n g s  i s  t h a t  more h e a t i n g  

and c o o l i n g  i s  a v a i l a b l e  i n  second f l o o r  rooms, a  p o i n t  t h a t  w i l l  be  d i s c u s s e d  

l a t e r .  

Turn ing  o u r  a t t e n t i o n  back t o  t h e  h e a t  l o s s  d iagram ( F i g u r e  3 ) ,  t h e  s e a l i n g  

of t h e  p r e v i o u s l y  mentioned s h a f t  becomes a n o t h e r  h i g h  p r i o r i t y  i t e m  f d r  r e t r o f i t .  

The s i m p l e s t  and b e s t  l o c a t i o n  t o  accomplish  t h i s  energy  s a v i n g s  i s  a t  t h e  a t t i c  

end of t h e  s h a f t .  Not o n l y  is  t h e  s h a f t  r e a d i l y  a c c e s s i b l e  a t  t h a t  p o i n t  b u t  

p lugg ing  t h e  opening w i t h  unbacked f i b e r g l a s s  t r a p s  any h e a t e d  a i r  i n  t h e  s h a f t ,  

t h u s  a l l o w i n g  i t  t o  h e l p  h e a t  t h e  i n t e r i o r .  The l e a k a g e  p a t h  is  shown i n  F i g u r e  

7  where warm a i r  e n t e r s  t h e  s h a f t  a t  t h e  basement t h e n  e n t e r s  t h e  a t t i c  s p a c e  

** 
T h i s  r e d u c t i o n  i n c l u d e s  t r e a t m e n t  of t h e  lower  f l o o r  r e g i s t e r s  and t h e  

window overhang i n s u l a t e d  f o r  a n  addi t ional- .$15.  

*** 
R e g i s t e r ,  overhang and duc t  payback p e r i o d s  a r e  combined i n  t h i s  e s t i m a t e .  



and f i n a l l y  e x i s t s  t h r o u g h  a n  a t t i c  v e n t  ( t h e s e  h o t  v e n t s  were  s p o t t e d  w i t h  

t h e  NBS i n f r a r e d  s c a n n i n g  e q u i p m e n t ) .  

A l s o  shown i n  F i g u r e  7 i s  t h e  f l o w  p a t t e r n  be tween t h e  masonry  f i r e w a l l s  

and t h e  i n t e r i o r ,  u n i n s u l a t e d  gypsum b o a r d  w a l l s .  T h i s  r e s u l t s  i n  a d d i t i o n a l  

c o n d u c t i o n  l o s s e s  as shown i n  F i g u r e  3 .  Again r e f e r r i n g  t o  T a b l e  4 we f i n d  

t h i s  r e t r o f i t  t o  b e  i n e x p e n s i v e  f rom b o t h  a materials and i n s t a l l a t i o n  s t a n d p o i n t .  
l 

The r e t r o f i t  i m m e d i a t e l y  t r a n s f o r m s  a townhouse w i t h  t h i s  f l u e  a r r a n g e m e n t  

t o  a c o n f i g u r a t i o n  more r e p r e s e n t a t i v e  o f p r e f e r r e d  c o n s t r u c t i o n  p r a c t i c e s ,  

On t h e  o t h e r  hand ,  o n e  c a n ' t  h e l p  b u t  wonder how many newly c o n s t r u c t e d  

townhouses o r  s i n g l e  f a m i l y  d w e l l i n g s  have  u s e d  m e t a l  o r  t r a n s i t e  f l u e s  and 

* 
t h e  a s s o c i a t e d  s h a f t s  s o  as t o  s a v e  on t h e  c o s t  o f  masonry  chimneys .  C e r t a i n l y  

t h i s  i s  a n  i m p o r t a n t  c o n s t r u c t i o n  i t e m  t o  wa tch  i n  t h e  f u t u r e .  

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

i n f i l t r a t i o n .  Us ing  au toma ted  a i r  i n f i l t r a t i o n  d a t a  c o l l e c t i o n  u n i t s  1 0  

we h a v e  measured  t h e  a i r  i n f i l t r a t i o n  r a t e s  d u r i n g  b o t h  w i n t e r  and summer i n  

a number o f  Twin R i v e r s  townhouses .  The v a l u e  o f  a i r  i n f i l t r a t i o n  l o s s  shown 

i n  F i g u r e  2 i s  b a s e d  on a w i n t e r  a i r  exchange  r a t e  of  a p p r o x i m a t e l y  .8 of  a n  

a i r  exchange  p e r  h o u r .  Our d a t a  p o i n t  o u t  t h a t  wind i s  a v e r y  i m p o r t a n t  f a c t o r  
l 

and t h a t  t h e  " f i r s t  l i n e  o f  d e f e n s e "  t o  l i m i t  a i r  i n f i l t r a t i o n  i s  t h r o u g h  

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

p r e v a i l i n g  w i n t e r  w inds  s o  as t o  m o d e r a t e  wind c o n d i t i o n s  n e a r  t h e  h o u s e .  1 4 ,  1 5  

Measurements  i n  t h e  r e n t a l  home have  i n c l u d e d  i s o l a t i n g  i n d i v i d u a l  window 

areas t o  a s s e s s  l o c a l  a i r  i n f i l t r a t i o n  r a t e s  s o  t h a t  t h e  i n f i l t r a t i o n  r a t e  

can  b e  b r o k e n  down i n t o  f i n e r  components .  I n d i v i d u a l  e x p e r i m e n t s  h a v e  been  

accompl i shed  t o  d e t e r m i n e  i n t e r n a l  a i r  f l o w  p a t t e r n s .  5 3 6  Much o f  t h e  a i r  

* 
Masonry chimney c o n s t r u c t i o n  i n  Quad 111, townhouse B d e s i g n s  h a v e  

s u r r o u n d i n g  a i r  gaps  a t  l e a s t  e q u i v a l e n t  t o  t h e  townhouse A  f l u e  a r r a n g e m e n t .  



infiltration originates at the doors and windows. Improvement of the seals 

on the metal sliding hardware of the windows and patio door are prime candidates 

for retrofit. The use of better sealing systems here is estimated to reduce 
I 

air infiltration as much as 50%. Strips of closed cell foam plastic into which 

the door and windows slide, squeeze, and seal represents one inexpensive means 

to reduce the air infiltration rate. From Table 4, seal materials are 

estimated at $25 with a payback period of 20 months. Experience has shown 

that the time expenditure for seal installation can often be underestimated 

and depends very much on the individual home problems. 

Turning to items involving conduction losses, considerable attention has 

been given to the firewall which under many wind conditions loses more heat 

than the exterior walls. The NBS infrared thermography as well as individual 

wall surface, and behind-the-wall temperature measurements, have documented 

this finding. In order to eliminate this source of heat loss the approach is 

to seal off the firewall along the attic seam and basement seam (where 

frame and firewall meet). This should be augmented by an improved resilient 

seal of caulking between frame structure and firewall on the external joints. 

In situations where these seals prove ineffective it would be necessary to blow 

or foam the stud spaces adjacent to the corners of the building. This may 

also prove necessary in those townhouses that extend out from the row to add 

architectural interest. 

l The estimated cost to isolate the party wall is $5 in materials and $10 

in labor. The payback as shown in Table 4 is 14 months with labor. Costs can 

be further reduced if this retrofit is accomplished when retrofit packages 

A and C are being installed as discussed in Section 111. 

Another conduction loss reduction that can be simply accomplished is 



i s  even a  g r e a t e r  p e r c e n t a g e  ( @ S % ,  i f  i n s u l a t i o n  q u a l i t y  i s  r a i s e d  from t h e  

R - l 1  t o  t h e  R-30 l e v e l )  t h a n  t h e  w i n t e r  s a v i n g s  ( - 9 6 % ) .  To i n c r e a s e  t h e  i n s u l a t i o n  

* 
t o  a  p o i n t  where t h e  r e s i s t a n c e  t o  h e a t  passage  i s  approx imate ly  R-30 r e q u i r e s  

c58 314 i n c h e s  o f  blown f i b e r g l a s s ,  o r 5  112 i n c h e s  o f  blown c e l l u l o s e .  T h i s  

t y p e  of c e i l i n g  i n s u l a t i o n  t r e a t m e n t  p r o v i d e s  a c o s t  payback i n 8 4  months 

i n c l u d i n g  e s t i m a t e d  l a b o r  c h a r g e s .  Another a d d i t i o n a l  b e n e f i t  i s  t h a t  warmer 

u p s t a i r s  t e m p e r a t u r e s  i n  w i n t e r  and lower t empera tu res  i n  summer s h o u l d  r e s u l t  

i n  reduced energy  consumption d u r i n g  t h e  n i g h t t i m e  p e r i o d .  We f i n d  t h a t  r a t h e r  

t h a n  n i g h t  s e t b a c k ,  some i n d i v i d u a l s  p r i o r  t o  r e t r o f i t  have t u r n e d  up t h e i r  

t h e r m o s t a t s  when r e t i r i n g  t o  a v o i d  o v e r l y  c o l d  bedroom t e m p e r a t u r e s .  With b o t h  

i n c r e a s e d  a t t i c  i n s u l a t i o n  and d u c t  i n s u l a t i o n  a i d i n g  t h e  h e a t i n g  p l i g h t  of 

second f l o o r  rooms, we a r e  hoping t h a t  n i g h t  s e t b a c k  cou ld  become a  h a b i t  i n  

t h e  f u t u r e ,  and s e t b a c k  t h e r m o s t a t s  w i l l  be  used i n  t h e  coming w i n t e r .  

The energy c o s t  of m a i n t a i n i n g  h o t  wa te r  a t  e l e v a t e d  t e m p e r a t u r e  i s  one 

v e r y  impor tan t  i t e m  of t h e  t o t a l  home o p e r a t i n g  c o s t  and energy  p i c t u r e .  From 

Omnibus and h igh ly- ins t rumented  townhouse d a t a  we e s t i m a t e d  t h a t  a  minimum of 

$36 of e l e c t r i c i t y  ( a t  ~c/KWH) i s  consumed each y e a r  f o r  t h i s  purpose .  T e s t s  

i n  our  l a b o r a t o r y  i n d i c a t e  t h a t  c o s t  s a v i n g s  of 112 t h i s  amount can be  r e a d i l y  

** 
ach ieved  by add ing  a  s i n g l e  wrap of R-7 i n s u l a t i o n  on t h e  s i d e s  and t o p  of 

an e l e c t r i c a l l y - h e a t e d  82 g a l l o n  w a t e r  tank.  Measurements i n  a n o t h e r  s t u d y  a t  

Twin R i v e r s ,  where b o t h  h o t  w a t e r  f low and e l e c t r i c a l  energy f o r  w a t e r  h e a t i n g  

have been measured i n d i c a t e  t h a t  s a v i n g s  depend on whether  t h e  household i s  a  

h i g h  o r  low u s e r  of h o t  w a t e r .  A t  5$/KWH and 50 g a l l o n s  p e r  day usage  s a v i n g s  

* 
Recommended i n s u l a t i o n  l e v e l  based upon Ref .  16.  

** 
The d u c t  wrap d e s c r i b e d  p r e v i o u s l y  i s  a  more s e r v i c e a b l e  t h a n  normal 

household i n s u l a t i o n  and would a c h i e v e  t h e  same end r e s u l t .  The u s e  of R - 1 1  
i n s u l a t i o n  where i t  can be f i t t e d  i n  around t h e  w a t e r  h e a t e r  is  an  even b e t t e r  
c h o i c e  from a  s a v i n g s  p o i n t  of view. 



amount t o  more t h a n  $3  p e r  m9nth ;a t  100  g a l l o n s  p e r  day s a v i n g s  are more t h a n  

* 
$5 p e r  month. (At c u r r e n t  margin  c o s t  r a t e s  (3.7C/KWH) t h e s e  s a v i n g s  a r e  $2 .50  

and $4 p e r  month . )  S i m i l a r  r e t r o f i t  s t u d i e s  were  made w i t h  g a s  w a t e r  h e a t e r s  

w i t h  i n s u l a t i o n  o n l y  on t h e  s i d e s  ( a v o i d i n g  t h e  a i r  i n l e t  a t  t h e  b a s e  and 

e x h a u s t  v e n t  a t  t h e  t o p ) .  D o l l a r  s a v i n g s  w i t h  3 0 ~  p e r  therm g a s  amounts t o  

a t  l e a s t  $ 1 4 / y e a r .  A d d i t i o n a l  s a v i n g s  u s i n g  lower  s t o r a g e  t e m p e r a t u r e s  were  

shown t o  b e  a b o u t  15% f o r  a  10°F  lower ing  of t e m p e r a t u r e  i n  t h e  140-160" range .  

S i n c e  g a s  h o t  w a t e r  h e a t e r s  n o r m a l l y  have  a  h i g h  r e c o v e r y  r a t e  lower ing  t e m p e r a t u r e s  

t o  120°F would a p p e a r  t o  pose  no problem i n  h o t  w a t e r  a v a i l a b i l i t y .  

Another  r e t r o f i t  t h a t  can  s a v e  s i g n i f i c a n t  e n e r g y  b o t h  w i n t e r  and summer 

i s  t h e  a d d i t i o n  of s t o r m  windows. Storm windows a r e  p r e f e r r e d  o v e r  doub le  

g l a z i n g  i n  t h a t  l a r g e r  a i r  gaps  a r e  t h u s  p r o v i d e d  and because  a  second chance  

of s e a l i n g  a g a i n s t  a i r  i n f i l t r a t i o n  i s  a f f o r d e d .  U n f o r t u n a t e l y ,  t h e  c o s t  f o r  

s t o r m  windows i n  t h e  Twin R i v e r s  townhouses i s  a  minimum of $400 because  of 

n o n s t a n d a r d  window s i z i n g .  Thus t h e  c o s t  payback i s  e s t i m a t e d  t o  be  137 

months (more when one c o n s i d e r s  i n t e r e s t ) .  I f  one  c o n s i d e r s  i n c r e a s i n g  ene rgy  

c o s t s  of t h e  coming y e a r s  and t h e  f a c t  t h a t  more of  t h e  l i v i n g  a r e a  i s  

c o m f o r t a b l e  ( n e a r  t h e  window a r e a s  i n  l i v i n g  room and bedrooms) even s u c h  

l o n g  t e rm payback i t e m s  shou ld  be  g i v e n  c a r e f u l  c o n s i d e r a t i o n .  I n  h u m i d i f i e d  

homes r e d u c t i o n  of window c o n d e n s a t i o n  i s  a n o t h e r  b e n e f i t  o v e r  s i n g l e  g l a s s .  

T h i s  r e t r o f i t  was n o t  i n c l u d e d  i n  t h i s  f i r s t  round of e v a l u a t i o n ,  b u t  w i l l  be  

c o n s i d e r e d  f u r t h e r  i n  a  second p h a s e  of r e t r o f i t s .  

Improvements i n  ene rgy  s a v i n g s  based upon b e t t e r  s i z i n g  of t h e  f u r n a c e  

o u t p u t  i s  a n o t h e r  i t e m  t h a t  h a s  been i n i t i a l l y  i n v e s t i g a t e d  i n  t h e  l a b o r a t o r y  
12 

w i t h  i n c o r p o r a t i o n  i n t o  t h e  r e t r o f i t  program n o t  e n v i s i o n e d  u n t i l  t h e  second 

p h a s e  o f  r e t r o f i t .  I n  c o n n e c t i o n  w i t h  t h e  h e a t i n g  sys tem a  zoned sys tem w i t h  

mul t i - zone  t h e r m o s t a t  c o n t r o l  o f  warm a i r  f low h a s  been e v a l u a t e d  t h i s  p a s t  

* 
Note t h a t  t h e  f i e l d  d a t a  i n d i c a t e  s a v i n g s  exceed ing  i n i t i a l  e x p e c t a t i o n s .  
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w in t e r  i n  our  r en t ed  townhouse and g i v e s  every i n d i c a t i o n  of s i g n i f i c a n t l y  

reducing energy use .  

To review t h e  p lan  a s  conceived f o r  t h e  r e t r o f i t  a c t i o n ,  u se  i s  made of 

Table  4  cons ide r ing  t h e  es t imated  b e n e f i t  of each r e t r o f i t  i tem which i s  grouped 

a s  A ,  B ,  C ,  o r  D. I n i t i a l  p r e d i c t i o n s  were t h a t  a  maximum energy sav ings  of 

-37% could be  achieved f o r  t h e  average  Twin Rivers  3-bedroom townhouse over  t h e  

e n t i r e  yea r ,  i nc lud ing  win t e r  h e a t ,  summer coo l ing ,  and water  hea t ing .  The 

d o l l a r  sav ing  based on c u r r e n t  energy c o s t  was es t imated  t o  be  $147 pe r  yea r .  

The r e t r o f i t  c o s t  is  $145 f o r  m a t e r i a l s ,  $155 f o r  l a b o r  o r  $400 t o t a l .  The 

payback per iod  without  l abo r  i s  12  months, wi th  l a b o r  i t  i s  33 months. It  is  

t h e s e  i tems t h a t  make up t h e  s e l e c t e d  r e t r o f i t  groups o u t l i n e d  i n  t h e  next  

s e c t i o n .  
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111. R e t r o f i t  Groups 

The r a t i o n a l e  f o r  p r o v i d i n g  s u f f i c i e n t l y  l a r g e  changes  th rough  a  c h o i c e  of  

r e t r o f i t  g r o u p s  was d i s c u s s e d  i n  S e c t i o n  I .  The i n d i v i d u a b  i t e m s  f o r  r e t r o f i t  

a s  w e l l  a s  p o s s i b l e  b e n e f i t s  were  d i s c u s s e d  i n  S e c t i o n  11. T h i s  s e c t i o n  c o n s i d e r s  

t h e  r e t r o f i t  g roups  from t h e  s t a n d p o i n t  of  which i t e m s  f i t  t h e  c a t e g o r i e s  o f :  

r e d u c t i o n  i n  c o n d u c t i o n  h e a t  l o s s ,  Group A;  t i g h t n e s s  of  d w e l l i n g  s t r u c t u r e ,  

Group B;  and pe r fo rmance  improvement of h e a t i n g l c o o l i n g  sys tem,  Group C .  

The breakdown a l s o  i s  based  upon t h e  c o n s i d e r a t i o n  o f  t h e  i m p o r t a n t  a s p e c t s  

of  e a s e  of  i n s t a l l a t i o n  and t h e  i m p o r t a n t  q u e s t i o n  of how t o  r educe  t h e  d e g r e e  

of  i n c o n v e n i e n c e  e x p e r i e n c e d  by t h e  homeowner d u r i n g  r e t r o f i t t i n g .  To h e l p  

w i t h  t h i s  l a t e r  problem e a c h  o f  r e t r o f i t  g r o u p s  i s  l o c a t e d  i n  a  s e p a r a t e  a r e a  

of  t h e  house  t o  l i m i t  i n c o n v e n i e n c e .  The t h r e e  g roups  a r e  d e s c r i b e d  i n  t h e  

f o l l o w i n g  p a r a g r a p h s .  D e t a i l s  of  i n s t a l l a t i o n  a r e  d i s c u s s e d  i n  Appendix A .  

Group A ,  l o c a t e d  i n  t h e  W a t t i c ,  emphasized reduced  conduc t ion  l o s s  th rough  

t h e  p r o v i s i o n  o f  r a i s i n g  t h e  a t t i c  f l o o r  i n s u l a t i o n  l e v e l  t o  R-30, i n s u l a t i n g  

t h e  a t t i c  t r a p d o o r ,  and s e a l i n g  t h e  c r a c k  e x i s t i n g  between t h e  a t t i c  f l o o r  

j o i s t s  and t h e  masonry f i r e w a l l s  ( o u t s i d e  c a u l k i n g  of t h i s  f rame - masonry 

j o i n t  i s  a l s o  i n c l u d e d ) .  

Group B ,  l o c a t e d  i n  t h e  W b a s i c  l i v i n g  a r e a ,  c o n c e n t r a t e d  on improved 

door  and window s e a l s  t o  r e d u c e  a i r  i n f i l t r a t i o n  l o s s e s .  Improved t i g h t n e s s  

of  t h e  b a s i c  l i v i n g  a r e a  w i t h  reduced d r a f t s  and i n c r e a s e d  comfor t  was t h e  aim 

h e r e .  Cau lk ing  a round  window f rames  was a l s o  i n c l u d e d  ( s e e  Appendix A ) .  

Group C ,  l o c a t e d  i n  t h e  - c e l l a r ,  emphasized t h e  r e d u c t i o n  of t h e  l o s s e s  

from t h e  warm a i r  d u c t s  and r e g i s t e r s  t o  t h i s  l i g h t l y  used a r e a , a n d  reduced  t h e  

l o s s e s  from t h e  h o t  w a t e r  s t o r a g e  t a n k  u s i n g  t h e  i n s u l a t i o n  t e c h n i q u e s  

d e s c r i b e d  i n  S e c t i o n  11. I n s u l a t i n g  t h e  d u c t s  t h a t  ex tend  under  t h e  l i v i n g  
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room overhang a l s o  i n c l u d e d  upgrad ing  t h e  i n s u l a t i o n  under  t h e  e n t i r e  overhang. 

While i n  t h e  c e l l a r  t h e  frame-masonry j o i n t  between t h e  f i r s t  f l o o r  j o i s t s  

* * 
and t h e  f i r e w a l l s  was s e a l e d  i n  t h e  same manner a s  t h e  A r e t r o f i t .  

I n  a d d i t i o n  t o  t h e  t h r e e  r e t r o f i t  groups  j u s t  d e s c r i b e d ,  i n  a l l  b u t  a 

l i m i t e d  number o f  c o n t r o l  homes, t h e  a i r  s h a f t  connec t ing  t h e  basement t o  t h e  

a t t i c  ( s u r r o u n d i n g  t h e  f u r n a c e  f l u e )  was s e a l e d  a t  t h e  a t t i c  f l o o r  (Group D ,  

s e e  S e c t i o n  I ) .  The pr imary e f f e c t  of t h i s  s e a l  was t o  r e d u c e  a i r  i n f i l t r a t i o n  

l o s s  of warm a i r  from t h e  basement t o  t h e  a t t i c .  

By u s i n g  combina t ions  of t h e  t h r e e  groups of r e t r o f i t s  o u t l i n e d  i n  t h i s  

s e c t i o n  t h e  g o a l  o f  c a u s i n g  a  l a r g e  enough e f f e c t  t o  be  moni to red  by t h e  

Omnibus i n s t r u m e n t a t i o n  was ach ieved .  Background on t h e  o v e r a l l  p l a n  f o r  

t h e  Omnibus exper iment ,  t h e  i n s t r u m e n t a t i o n  and paramete r  s e l e c t i o n ,  i s  found 

i n  Refe rences  1 7  and 4 .  

* * 
An e x t e r n a l  r e s i l i e n t  s e a l  was a p p l i e d ,  where n e c e s s a r y ,  between t h e  o u t e r  

wood s t r u c t u r e  of t h e  townhouse and t h e  p r o t r u d i n g  br ick-covered f i r e w a l l  a f t e r  
b o t h  t h e  upper  and lower  frame-masonry s e a l s  (Groups A and C )  were completed.  



I V ,  Win te r  R e t r o f i t  R e s u l t s  

A s  l i s t e d  i n  T a b l e  1, t h e  f i r s t  homes t o  be  r e t r o f i t t e d  were  t h e  t h r e e  

g a s  h e a t e d ,  h i g h l y - i n s t r u m e n t e d  townhouses ( e l e c t r i c a l  a p p i i a n c e s  t h r o u g h o u t ) .  

The HIT r e t r o f i t s  p o i n t e d  t h e  way f o r  t h e  1 9  Omnibus townhouse e x p e r i m e n t s  

t h a t  f o l l o w e d  (16 e l e c t r i c a l  a p p l i a n c e  homes and 3  g a s  a p p l i a n c e  homes, t h e  

l a t e r  r e s u l t s  w i l l  n o t  be  d i s c u s s e d  i n  t h i s  r e p o r t ) .  The p a s t  h i s t o r y  f o r  

g a s  consumpt ion i n  t h e  HIT u n i t s  i s  shown i n  F i g u r e  8.  A s  i n  F i g u r e  1, t h e  

i n f l u e n c e  o f  t h e  o i l  c r i s i s  i s  e v i d e n t  i n  t h e  w i n t e r  of  7 3 - 7 4 .  The a d d i t i o n  of 

s t o r m  windows and a  p a t i o  s t o r m  door  on t h e w e s t e r n  s i d e  o f  house  112 ( p r e v a i l -  

* 
i n g  w i n t e r  wind) and;  t h e  comple t ion  of a  f i n i s h e d  basement i n  house  113, a r e  b o t h  

e v i d e n t .  The downturn i n  g a s  consumpt ion and t h e  p e r c e n t a g e  and s a v i n g s  o f  

1 7 ,  1 4  and 22% were  t h e  f i r s t  e v i d e n c e  o f  changes  b rough t  a b o u t  t h e  B C ,  ACD 

and ABD r e t r o f i t s .  The b a s i s  f o r  compar ison was d a i l y  g a s  consumpt ion d a t a  

compared t o  d a i l y  w e a t h e r .  

Combining t h e  d a t a  from t h e  t h r e e  HIT u n i t s  w i t h  d a t a  from t h e  1 6  o t h e r  

e l e c t r i c  a p p l i a n c e ,  3-bedroom townhouses r e s u l t s  i n  F i g u r e  9 ,  Here w e  f i n d  t h e  

f a m i l i a r  v a r i a t i o n  i n  g a s  r e q u i r e m e n t s  f o r  h e a t i n g . 3  I n  t h i s  p l o t  of  g a s  

consumpt ion p e r  day f o r  a  number of  a p p r o x i m a t e l y  t e n  day p e r i o d s ,  t h e  

i n d i v i d u a l  g a s  consumpt ion f o r  " i d e n t i c a l t t  u n i t s  c o v e r s  a  r a n g e  o f  more t h a n  two- 

to-one o v e r  a  v a r i e t y  of  wea the r  c o n d i t i o n s .  The consumpt ion f o r  e a c h e u n i t  

i s  shown a s  a  h o r i z o n t a l  l i n e  w i t h  t h e  a v e r a g e  consumpt ion i n d i c a t e d  by a n  

a r r o w  and n o t e d  n u m e r i c a l l y .  The a v e r a g e  i s  based  upon t h e  n o n r e t r o f i t t e d  

houses  and ( a s  s t a t e d  under  i t e m  7  S e c t i o n  11)  a s  t i m e  p r o g r e s s e s  t h e  median 

h o u s e s  a r e  r e t r o f i t t e d  f i r s t  t h u s  a l l o w i n g  t h e  h i g h s  and lows t o  e s t a b l i s h  

t h e  a v e r a g e  t h e r e a f t e r .  

It i s  wor thwhi le  t o  t r a c e  t h e  HIT u n i t s  on t h i s  g raph .  For  example,  

.R 
F i n i s h i n g  a  basement w i t h  a  d rop  c e i l i n g  a c t s  a s  a  p a r t i a l  C r e t r o f i t .  
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house  #2 and # 3  b e g i n  a t  t h e  -6% and +10% l e v e l s  from t h e  a v e r a g e  f o r  t h e  

4-18 December p e r i o d  (23.4  degree  days ,  c a l c u l a t i o n  based on 65OF b a l a n c e  

p o i n t ) .  A s  soon a s  t h e  r e t r o f i t s  t a k e  p l a c e  t h e s e  homes b e g i n  t o  lower 

t h e i r  g a s  consumption r e l a t i v e  t o  t h e  19 home sample.  I f  we move t o  a p o i n t  

i n  t ime  when we a r e  f r e e  from v a c a t i o n  i n f l u e n c e  and where t h e  f u l l  r e t r o f i t  

program h a s  j u s t  been implemented, Jan .  18-25, we f i n d  t h e  f o l l o w i n g  r e s u l t a n t  

s a v i n g s :  f o r  house  #2 'we  have moved from 94% of t h e  a v e r a g e  t o  66% o r  

94-66 X 100% and a  30% s a v i n g s ;  and i n  house /l3 from 110% t o  75% o r  
94 

110-75 X 100% and a  32% s a v i n g s .  R e f e r r i n g  t o  t h e  r e t r o f i t  s c h e d u l e ,  T a b l e  I ,  
110 

and t h e  remain ing  u n i t s  i n  t h e  J a n .  18-25 p e r i o d  we s e e  t h a t  a l t h o u g h  r e t r o f i t s  

a r e  s t i l l  i n  p r o g r e s s  a l l  b u t  one of t h e  8  u n i t s  r e t r o f i t t e d  h a s  f a l l e n  below 

t h e  a v e r a g e  consumption v a l u e .  

I n  making such  c r o s s  comparisons i t  i s  i m p o r t a n t  t o  n o t e  t h a t  based 

s t r i c t l y  on d e g r e e  days  one would have a n t i c i p a t e d  t h a t  t h e  g a s  consumption 

i n  t h e  December 18-27, 1975 p e r i o d  compared t o  December 29 t o  January  8 ,  1976 

should have been .5% l e s s ,  34.5 v e r s u s  34.7 degree  days .  The p e r i o d  a c t u a l l y  

r e q u i r e s  an a v e r a g e  of 6.1% more g a s  o r  a  t o t a l  of 6 .6% more g a s  p e r  e q u i v a l e n t  

degree  day.  T h i s  a d d i g i o n a l  energy i s  caused by h i g h e r  wind v e l o c i t i e s  i n  

t h e  December 18-27th p e r i o d .  Th is  i s  a  f u r t h e r  c o m p l i c a t i o n  t h a t  r e q u i r e s  an  

a c c u r a t e  r e s i d e n t i a l  model when one s e e k s  t o  compare g a i n s  th rough  r e t r o f i t  

measures .  

Using e i g h t  townhouses i n  each s e t  we can observe  t h e  i n f l u e n c e  of one 

p e r i o d  of r e t r o f i t s  d u r i n g  t h e  January  19-26th p e r i o d .  As shown i n  T a b l e  I 

on ly  two of t h e  townhouses were r e t r o f i t t e d  t o  t h e  f u l l  ABCD, t h e  o t h e r s  

have r e c e i v e d  o n l y  a  p a r t i a l  r e t r o f i t ,  ABD, ACD o r  BCD. When we perform a  

comparison o v e r  t ime  and we normal ize  t h e  d a i l y  gas  consumption by d i v i d i n g  by 
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d e g r e e  d a y s ,  t h e  d e p a r t u r e  fr'om t h e  n o n - r e t r o f i t t e d  se t  i s  w e l l  d e f i n e d  i n  F i g . 1 0  

I f  we c o n s i d e r  a l l  o f  t h e  p o i n t s  between t h e  two r e t r o f i t  p e r i o d s ,  a n  a v e r a g e  

g a s  consumpt ion r e d u c t i o n  o f  24% r e s u l t s .  Again t h i s  i s  kkeping w i t h  t h e  H I T  

d a t a ,  and w i t h  t h e  f u l l  ABCD r e t r o f i t  s a v i n g s  of  25% o r  more can  b e  e x p e c t e d .  

A c l o s e r  l o o k  a t  t h e  d a t a  r e v e a l s  t h a t  i n  t h e  e a r l y  p e r i o d  a f t e r  r e t r o f i t  

( f i r s t  8 d a y s )  t h e  s a v i n g s  were  a v e r a g i n g  21.5%, whereas  i n  t h e  l a t e r  p e r i o d  

( l a s t  8 d a y s )  t h e  s a v i n g s  ave raged  28.8%. T h i s  i s  a n  i n d i c a t i o n  t h a t  a d j u s t m e n t s  

were  s t i l l  b e i n g  made by t h e  home o c c u p a n t s ,  s u c h  a s  a d j u s t i n g  d u c t  r e g i s t e r s  

t o  r e b a l a n c e  t h e  h e a t i n g ,  d u r i n g  t h i s  p e r i o d .  T h i s  e f f e c t  h a s  been  obse rved  

i n  o t h e r  d a t a .  

A comple te  s t a t i s t i c a l  a n a l y s i s  of  t h e  Omnibus d a t a  i q  i n  p r o g r e s s  a t  t h i s  

t i m e ,  a l l o w i n g  t h e  d e t a i l s  of  i n t e r n a l  townhouse t e m p e r a t u r e s  and t h e r m o s t a t  

s e t t i n g s  t o  b e  p r o p e r l y  c o n s i d e r e d .  Furnace  o p e r a t i o n  and w a t e r  h e a t i n g  a r e  

a l s o  p a r t  o f  t h a t  d e t a i l e d  a n a l y s i s ,  D a i l y  e l e c t r i c a l  r e a d i n g s  t h r o u g h o u t  

t h e  w i n t e r  p e r i o d  have  a l r e a d y  r e v e a l e d  t h a t  e l e c t r i c  consumpt ion h a s  a l s o  

been  reduced  by a p p r o x i m a t e l y  10% th rough  a  r e d u c t i o n  i n  e l e c t r i c a l  ene rgy  f o r  

w a t e r  h e a t i n g  and reduced  f a n  o p e r a t i o n .  A l l  o f  t h e s e  t o p i c s  w i l l  b e  d i s c u s s e d  

i n  t h e  fo r thcoming  r e p o r t  on w i n t e r  r e t r o f i t  r e s u l t s .  



V .  Conc lus ions  

The p r e l i m i n a r y  townhouse r e t r o f i t  d a t a  based upon d a i l y  r e a d i n g s  of t h e  

g a s  and e l e c t r i c  m e t e r s  from 1 9  e l e c t r i c  a p p l i a n c e  townhouses a t  Twin R i v e r s  

g i v e s  e v e r y  i n d i c a t i o n  t h a t  t h i s  f i r s t  phase  of  r e t r o f i t  a c t i o n ,  when f u l l y  

implemented,  r e s u l t s  i n  g a s  s a v i n g s  of approx imate ly  25% and e l e c t r i c a l  s a v i n g s  

* 
of 10%. Based upon t h e  c l o s e n e s s  of t h e  o v e r a l l  a c t u a l  f i n d i n g s  t o  a  number of 

t h e  i n i t i a l  p r e d i c t i o n s  from c a l c u l a t i o n s  and p r i o r  e x p e r i m e n t s  one  can  a l s o  

conc lude  t h a t  t h e  summer s a v i n g s  shou ld  p rove  s u b s t a n t i a l .  Based upon t h e  

h e a t i n g / c o o l i n g  season  s a v i n g s  t h e  payback g o a l  of  l e s s  t h a n  t h r e e  y e a r s  shou ld  

b e  a c h i e v e d  f o r  t h e  approx imate ly  $400 r e t r o f i t  e x p e n d i t u r e .  The d e t a i l e d  

a n a l y s i s  of  such  f a c t o r s  a s  i n t e r n a l  townhouse t e m p e r a t u r e  d i s t r i b u t i o n , d o o r  

open ings ,  e l e c t r i c a l  l o a d  p r o f i l e s , a n d  a c t u a l  u s e  of  h e a t e r  o r  a i r  c o n d i t i o n e r ,  

under  v a r y i n g  wea the r  c o n d i t i o n s ,  i s  c u r r e n t l y  i n  p r o g r e s s .  The r e s u l t s  from 

t h i s  a n a l y s i s  shou ld  f o c u s  upon t h e  i m p o r t a n t  q u e s t i o n  of  what was t h e  i n d i v i d u a l  

c o n t r i b u t i o n  of each  i t e m  i n  t h e  r e t r o f i t  p l a n .  From a  c l o s e r  examina t ion  of t h e  

p r e l i m i n a r y  r e s u l t s  c i t e d  h e r e ,  i t  would a p p e a r  t h a t  when t h e  a t t i c  upgrad ing  t o  

R-30 . included t h e  s e a l i n g  of t h e  f l u e  s h a f t  (and plumbing v e n t  p i p i n g  s h a f t )  

a s  w e l l  a s  s e a l i n g  t h e  opening between a t t i c  f l o o r  j o i s t s  and t h e  masonry 

f i r e w a l l ,  t h a t  t h i s b i t e m  ( A  p l u s  D )  c o n s t i t u t e d  t h e  l a r g e s t  component of energy 

s a v i n g s .  Next i n  o r d e r  of ene rgy  s a v i n g s  was t h e  basement t r e a t m e n t ,  i n v o l v i n g  

d u c t i n g  p l u s  overhang,  and w a t e r  h e a t e r  i n s u l a t i o n .  Door and window s e a l i n g  

p l a c e d  l o w e s t  on t h e  l i s t  b u t  were an  i m p o r t a n t  p a r t  of t h e  o v e r a l l  a i r  i n f i l t r a t i o n  

r e d u c t i o n ,  where p r e l i m i n a r y  i n d i c a t i o n s  a r e  t h a t  a i r  i n f i l t r a t i o n  may w e l l  have 

been reduced t o  one-half  t h e  p r e v i o u s  v a l u e s  ( o r d e r  of  - 8  t o  o r d e r  of  . 4  a i r  

exchanges p e r  h o u r ) .  Door and window s e a l i n g  i s  wind s e n s i t i v e , t h e r e f o r e  

maximum b e n e f i t s  would b e  e x p e c t e d  i n  t h e  w i n d i e s t  w e a t h e r ,  a  p o i n t  now be ing  

ana lyzed .  

* 
I n  t e rms  of e n e r g y , t h e  s a v i n g s  r e p r e s e n t  a p p r o x i m a t e l y  175 therms of n a t u r a l  

g a s  and 800 KWH of e l e c t r i c i t y  d u r i n g  t h e  h e a t i n g  s e a s o n .  
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Improved comfor t  w i t h i n ' t h e  homes h a s  been  t h e  occupan t s  a s sessment  of t h e  

r e t r o f i t  i n  v i r t u a l l y  e v e r y  i n s t a n c e .  T h i s  comfor t  improvement w i l l  l e a d  t o  

such  l o g i c a l  s t e p s  a s  n i g h t  s e t b a c k  of t h e  t h e r m o s t a t  i n  t h e  f u t u r e  i n  o r d e r  

t o  a c h i e v e  s t i l l  f u r t h e r  s a v i n g s .  

The r e t r o f i t  s t e p s  recommended f o r  t h e  Twin R i v e r s  townhouses have 

i m p l i c a t i o n s  f a r  beyond t h e  Twin R i v e r s  Community and f o r  o t h e r  hous ing  s t y l e s  

and methods of c o n s t r u c t i o n .  The most i m p o r t a n t  f e a t u r e  of t h i s  r e t r o f i t  

program was t h e  e x t e n t  of  knowledge ga ined  p r i o r  t o  r e t r o f i t  a s  t o  t h e  p r o b a b l e  

s o u r c e s  of  ene rgy  l o s s  s o  t h a t  t h e  p r o p e r  c h o i c e  cou ld  be  made a s  t o  r e t r o f i t  

p rocedure .  J u s t  a s  a l l  ene rgy  c o n s e r v a t i o n  t echno logy  i s  e f f e c t i v e  o n l y  t o  t h e  

d e g r e e  i t  i s  p u t  i n t o  p r a c t i c e ,  i t  i s  e q u a l l y  i m p o r t a n t  t o  b e  s u r e  of t h e  n a t u r e  

of t h e  problem b e f o r e  a r r i v i n g  a t  a  s o l u t i o n .  

For  homeowners t o  b e  persuaded t o  r e t r o f i t  t h e i r  homes f o r  ene rgy  s a v i n g s  

t h e y  must (1)  be  a s s u r e d  s u b s t a n t i a l  b e n e f i t s  can  b e  a c h i e v e d ,  ( 2 )  know i n  

advance how many months o r  y e a r s  i t  w i l l  t a k e  them t o  r e c o v e r  t h e i r  inves tment  

i n  energy c o s t  s a v i n g s ,  (3)  be  aware how e f f e c t i v e  low c o s t  s t e p s  can b e ,  

( 4 )  b e  c o n f i d e n t  t h a t  such  s a v i n g s  have been demons t ra ted  i n  a  home s i m i l a r  t o  

t h e i r  own and ( 5 )  be knowledgeable a s  t o  e x a c t l y  what s t e p s  t o  t a k e .  The 

r e t r o f i t  program i s  s t r i v i n g  t o  answer t h e s e  i m p o r t a n t  q u e s t i o n s .  



Appendix A 

M a t e r i a l s  and Techniques  f o r  R e t r o f i t  

The f o l l o w i n g  i s  a  d e s c r i p t i o n  of t h e  m a t e r i a l s  and t e c h n i q u e s  used i n  

Twin R i v e r s '  r e t r o f i t s  A ,  B, C and D a s  d e s c r i b e d  i n  S e c t i o n  111. 

R e t r o f i t  A.  

The f i n a l  s p e c i f i c a t i o n  t o  t h e  c o n t r a c t o r s  f o r  R e t r o f i t  A ( t h e  a t t i c  

r e t r o f i t )  i n c l u d e d  th.r f o l l o w i n g :  (1) R o l l  unbacked f i b e r g l a s s  and s t u f f  

openings  t h a t  e x i s t  between t h e  o u t e r  a t t i c  f l o o r  j o i s t s  ( two-by-fours) 

and t h e  masonry f i r e w a l l .  For  a n  i n t e r i o r  townhouse u n i t  t h i s  i n v o l v e s  two 

w a l l s  between t h e  f r o n t  and r e a r  of each dwel l ing .  ( 2 )  Cover t h e  h a t c h  door  

t o  t h e  a t t i c  s p a c e  w i t h  8  i n c h e s  of f i b e r g l a s s  i n s u l a t i o n ,  s t a p l i n g  o r  g l u e i n g  

i n  p l a c e .  (3) P r o t e c t  a g a i n s t  blown i n s u l a t i o n  moving i n t o  t h e  s o f f i t  a r e a s  

o r  th rough  t h e  a t t i c  h a t c h , o p e n i n g  by u s i n g  unbacked i n s u l a t i o n  around t h e  

hatchway and a l o n g  t h e  f r o n t  and r e a r  p o r t i o n s  of t h e  a t t i c  f l o o r  t h a t  a r e  

a d j a c e n t  t o  t h e  a r e a .  I n  t h e  c a s e  of t h e  blown c e l l u l o s e  t h i s  b a r r i e r  was 

formed by f i r e  r e t a r d a n t  c o r r e g a t e d  cardboard w a l l s  s t a p l e d  i n t o  p l a c e .  

( 4 )  install i n s u l a t i o n  by blowing i n t o  p l a c e  ( t o  avo id  t h e  problems of t h e  

many j o i s t s  s u p p o r t i n g  t h e  r o o f )  t o  a c h i e v e  a  t o t a l  v a l u e  of the rmal  r e s i s t a n c e  

of a t  l e a s t  R-30. T h i s  h a s  meant t h a t  i n  a d d i t i o n  t o  t h e  i n i t i a l  v a l u e  of 

R - 1 1  f o r  t h e  3  1 1 2  i n c h  vapor -ba r r i e r -backed f ibe rg l a s s ,  a  v a l u e  of R-19 

of a d d i t i o n a l  i n s u l a t i o n  must be added. For c e l l u l o s e  t h i s  h a s  meant a  

minimum of 1913.7  R p e r  i n c h  o r  5 . 1  i n c h e s  - we have c a l l e d  f o r  5 . 5  i n c h e s .  

With f i b e r g l a s s  t h i s  has  meant 1912.3 R p e r  i n c h  o r  8 . 3  i n c h e s  - we have 

c a l l e d  f o r  8  314 i n c h e s .  The a r e a  covered is  720 s q u a r e  f e e t ,  t h e  p r i c e s  

have been $155 f o r  t h e  c e l l u l o s e  i n s u l a t i o n  i n s t a l l a t i o n  and $158 f o r  t h e  

f i b e r g l a s ,  however, i n  t h e  l a t e r  c a s e  $70 of a d d i t i o n  c o s t  f o r  m a t e r i a l s  

w a s  c o n t r i b u t e d  by C e r t a i n - t e e d ,  a l e a d i n g f i b e r g l a s s  m a n u f a c t u r e r .  Recommendations 

f o r  t h e  b e s t  method of f i b e r g l a s s  i n s t a l l a t i o n  t o  meet o u r  r e q u i r e m e n t s  were  



s u p p l i e d  by a  group of  m a r k e t i n g  and r e s e a r c h  p e r s o n n e l  from Owens Corning 

F i b e r g l a s  (one recommendation was t h e  method of  c r a c k  s e a l i n g ) .  

R e t r o f i t  D 

R e t r o f i t  D i s  d i s c u s s e d  n e x t  because  i t  i s  most c l o s e l y  a s s o c i a t e d  w i t h  

t h e  a t t i c  r e t r o f i t .  The p u r p o s e  i s  t o  e l i m i n a t e  a i r  communication between 

basement and a t t i c  ( s e e  t h e  house  c r o s s  s e c t i o n  i n  F i g u r e  7 and Refe rence  5 ) .  

I n  t h i s  r e t r o f i t  a  p l u g  of unbacked f i b e r g l a s  i s  used t o  s e a l ,  a t  t h e  a t t i c  

f l o o r ,  t h e  s h a f t  which s u r r o u n d s  t h e  f u r n a c e  f l u e .  Th i s  opening v a r i e s  somewhat 

from house-to-house b u t  i s  a p p r o x i m a t e l y  16 i n c h e s  s q u a r e .  The f l u e  t e m p e r a t u r e s  

a t  t h i s  e l e v a t i o n  were measured t o  b e  l e s s  t h a n  130°F. The f i b e r g l a s s  m a t e r i a l  

h a s  a  c h a r  t e m p e r a t u r e  g r e a t e r  t h a n  800°F, t h u s  t h e r e  i s  na danger  of  f i r e  

* 
whatsoever  i n  pe r fo rming  t h i s  r e t r o f i t  ( indeed  t h e  t e m p e r a t u r e s  a r e  g r e a t e r  

on t h e  d u c t i n g  i n  t h e  basement - s e e  R e t r o f i t  C).  To perform t h i s  s e a l i n g  

o p e r a t i o n  a  f o u r  f o o t  s e c t i o n  of 6-inch t h i c k  unbacked f i b e r g l a s s  i n s u l a t i o n  

i s  wrapped around t h e  f l u e  and p r e s s e d  i n t o  t h e  s h a f t  opening.  The e l i m i n a t i o n  

of any v e r t i c a l  a i r  movement up t h e  s h a f t  i s  r e a d i l y  d e t e c t e d  u s i n g  o n e ' s  hand 

a f t e r  t h e  s e a l  h a s  been completed.  The c o s t  of  t h i s  i tem i s  i n c l u d e d  i n  

R e t r o f i t  A. 

R e t r o f i t  B 

The o b j e c t  of  R e t r o f i t  B i s  t o  l i m i t  t h e  amount of a i r  i n f i l t r a t i b n  

r e s u l t i n g  from c r a c k  open ings  around windows and d o o r s .  The problems of  window 

s e a l i n g  have been shown t o  r e s u l t  from t h r e e  c a u s e s :  (1)  t h e  l a c k  of  s q u a r e n e s s  

of t h e  window f rames  - e i t h e r  t h e s e  frames were  i n s t a l l e d  a s  a  p a r a l l e l o g r a m  

( s e e  S k e t c h  A)  o r  t h e  house  had s e t t l e d  a f t e r  t h e  window i n s t a l l a t i o n ,  t h u s  

c a u s i n g  open ings  t o  b e  p r e s e n t  even w i t h  t h e  windows s h u t ,  (2)  t h e  s e a l  

* 
By s e a l i n g  t h i s  v e r t i c a l  s h a f t  we a r e  pe r fo rming  a s e r v i c e  t o  t h e  

homeowner i n  r e d u c i n g  f i r e  s p r e a d  danger  from a  p o s s i b l e  basement f i r e .  
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between t h e  g l a s s  and aluminum frame,  and (3)  t h e  l e a k a g e  p a s t  t h e  moulding 

sur rounding  t h e  window. The d o o r  s e a l i n g  problems were  shown t o  have similar 

o r i g i n s  when one d e a l t  w i t h  t h e  p a t i o  door .  The f r o n t  door  s e a l i n g  problem 

c e n t e r e d  upon t h e  t h r e s h o l d  a l l i g n m e n t  and t h e  c o n d i t i o n  of t h e  magne t ic  s e a l  

s t r i p s  on t h e  s i d e s  and door  t o p .  

CORNER 
OPENINGS 

FRAME OUT OF SQUARE 

SKETCH A 

The windows were  improved i n  t h e  f o l l o w i n g  manner; t h e  n o r m a l s i d e  s e a l  on 

t h e  s l i d i n g  window, which r e l i e s  on a  s t i f f  f u z z  s t r i p ,  was augmented by t h e  

u s e  of c l o s e d  c e l l  v i n y l  foam s t r i p s  (3116" X 318" c r o s s  s e c t i o n )  a t t a c h e d  

t o  t h e  s l i d i n g  windows ( s e e  Ske tch  B). The l o c k  mechanism was a l s o  a d j u s t e d  

t o  f o r c e  t h e  windows i n t o  t h e  f rame.  A f i l l e t  of s i l i c o n e  s e a l a n t  was p rov ided  

a long  any s u s p i c i o u s ,  j o i n t s ;  where t h e  m e t a l  frames a t t a c h e d  t o  t h e  wood f rame,  

where t h e  g l a s s  a t t a c h e d  t o  t h e  m e t a l  frame, and where t h e  wood moulding 

t CLOSED CELL VINYL FOAM STRIPS 

SILICONE RUBBER 

SEAL PROBLEM -F'LJZZ STRIP LMETAL - 
I N  CORNER 

AREA L 

SEAL OUTER FRAIE SKETCH B 



i s  a t t a c h e d  t o  t h e  w a l l b o a r d .  T h i s  m a t e r i a l  i s  c l e a r ,  a lmos t  i n v i s i b l e  t h u s  

matching any d e c o r ,  l o n g - l a s t i n g  (10 y e a r  g u a r a n t e e ) ,  and remains  h i g h l y  

r e s i l i e n t .  T h i s  same m a t e r i a l  was used i n  t h e  overhanging c l o s e t  a r e a s  

immediate ly  a d j a c e n t  t o  t h e  windows i n  bedrooms //l and //2 wherever a i r  l e a k a g e  

was p r e s e n t .  

The p a t i o  door  r e c e i v e d  s i m i l a r  s e a l i n g  t r e a t m e n t  b u t  r e q u i r i n g  a  much 

more s u b s t a n t i a l  foam s t r i p  (112" x  314"). The s i d e  p a n e l  was i n j e c t e d  w i t h  

s i l i c o n e  r u b b e r  i n  any l o c a t i o n s  where l e a k a g e  cou ld  o c c u r .  S i n c e  t h i s  p a n e l  

was f i x e d  no p r o v i s i o n  need be  made f o r  motion and t h e  s i l i c o n e  rubber  c a u l k  

cou ld  b e  used.  

The f r o n t  door  s i l l  was a d j u s t e d  i n  h e i g h t  t o  meet t h e ' s e a l  s u r f a c e  on t h e  

lower  p o r t i o n  of t h e  door .  When t h i s  was i n a d e q u a t e  an  a d d i t i o n a l  s t r i p  

of v i n y l  w i t h  aluminum backing was screwed t o  t h e  door  ( s e e  Ske tch  C ) .  

RAISE THRESHOLD 
TO OBTAIN CLOSE FIT 

VINYL STRIP SEAZ 

SKETCH C 
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The magne t ic  seals on t h e  s i d e s  and top  of t h e  door  open ing  were r e p a i r e d  

where problems,  p a r t i c u l a r l y  c o r n e r  gaps ,  occur red .  I n  a few c a s e s  a n  

a d d i t i o n a l  l i p  s e a l  was added ( s e e  Sketch D ) .  

S W  STRIP 

/ ADDITIONAL STAINLESS STEEL 
OR BRONZE LIP SEAL WHEN 

NECESSARY 

SKETCI! D 

The a t t i c  h a t c h  cover  a l s o  r e c e i v e d  a  r i m  of t h e  foam v i n y l  s e a l  t o  

e l i m i n a t e  a i r  e x f i l t r a t i o n  a t  t h a t  p o i n t .  

~ x t e r i o r  c a u l k i n g  was used around t h e  p a t i o  door f rame,  and t h e  c l o s e t  

overhang. The v e r t i c a l  j o i n t  between masonry and frame was i n s p e c t e d .  *It 

was found t h a t  t h e  p r i n c i p a l  c a u s e  f o r  i n f i l t r a t i o n  a s  de te rmined  by i n f r a r e d  

scann ing  was warping of t h e  b a t t e n  i n  t h e  ba t t en-board  homes ( s e e  S k e t c h  E) .  

AIR PATH i I FIRE 
WALL 

B R I C K  

SKETCH E 
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I n  t h e s e  homes a  c a u l k i n g  j o i n t  o f  t h e  a p p r o p r i a t e  c o l o r  p o l y s u l f i d e  s y n t h e t i c  

r u b b e r  s e a l a n t  o r  u s e  o f  t h e  c l e a r  s i l i c o n  r u b b e r  s e a l a n t  was made. 

The l a s t  i t e m  under  R e t r o f i t  B i s  t h e  s e a l i n g  o f  t h e  open ing  between 

basement c e i l i n g  j o i s t s  (2" x  8") and t h e  f i r e w a l l .  T h i s  was accompl i shed  

i n  t h e  same manner a s  i n  R e t r o f i t  A ,  i . e . ,  f i b e r g l a s s  f o r c e d  i n t o  t h e  o p e n i n g ,  

I n c l u d e d  was any o t h e r  o p e n i n g s  t h a t  r e q u i r e  s e a l i n g ,  p i p i n g  t o  t h e  k i t c h e n ,  

t h e  d r y e r  e x h a u s t ,  t h e  c o r n e r  problems,  and t h e  s e r v i c e  w i r i n g .  Cau lk ing  was 

used a l o n g  t h e  s i l l  j o i n t  and s m a l l e r  w a l l  o p e n i n g s .  C o s t s  f o r  m a t e r i a l s  

was a p p r o x i m a t e l y  $25. 

R e t r o f i t  C 

T h i s  r e t r o f i t  c o n c e n t r a t e d  on t h e  - c e l l a r  and i n c l u d e s  t h e  i n s u l a t i n g  

of t h e  f u r n a c e  warm a i r  d i s t r i b u t i o n  sys tem,  t h e  overhang a r e a  under  t h e  l i v i n g  

room window which i n c l u d e s  two d u c t s  and t h e  wrapping of t h e  h o t  w a t e r  h e a t e r .  

The f u r n a c e  plenum, main s u p p l i e s  l e f t  and r i g h t  and t h e  n i n e  i n d i v i d u a l  

5- inch d i a m e t e r  d u c t s  a r e  wrapped w i t h  2-inch t h i c k  f i b e r g l a s s  backed by 

aluminum f o i l  w i t h  r e i n f o r c i n g  t h r e a d .  I n  t h e  c a s e  where t h e  5 -duc t s  a r e  

i n  between t h e  2  x  8 c e i l i n g  j o i s t s ,  t h e  i n s u l a t i o n  i s  3 1 / 2 "  t h i c k  aluminum 

f o i l  backed f i b e r g l a s  s t a p l e d  a c r o s s  t h e  beams. Al though t h e  i n s t a l l a t i o n  

o r i g i n a l l y  i n v o l v e d  o r d i n a r y  d u c t  t a p e  a  s u p e r i o r  p r o d u c t  was d i s c o v e r e d  by 

one o f  t h e  c o n t r a c t o r s .  T h i s  t a p e  h a s  t h e  same r e i n f o r c i n g  t h r e a d  p l u s  a 

s u p e r i o r  bonding s u r f a c e  t h u s  e l i m i n a t i n g  any problems of p e e l i n g  w i t h  r e p e a t e d  

h e a t i n g  of t h e  d u c t s .  I n s u l a t i o n  i s  ex tended  t o  c o m p l e t e l y  c o v e r  t h e  r e g i s t e r  

a s  w e l l ,  s t a p l i n g  t h e  i n s u l a t i o n  t o  t h e  u n d e r s i d e  o f  t h e  f l o o r ,  

* 
The same 2-inch t h i c k  f i b e r g l a s s  i s  used on t h e  w a t e r h e a t e r s  a g a i n  u s i n g  

t h e  new t a p e .  On t h e  g a s  water h e a t e r s  c a r e  must  b e  t a k e n  t o  u s e  t h e  i n s u l a t i o n  

* 
Where t h e  3 1 / 2  i n c h  t h i c k  f i b e r g l a s s  c a n  b e  f i t t e d  i n ,  t h e  a d d i t i o n a l  h e a t  

r e s i s t a n c e , R - 1 1  v s  a p p r o x i m a t e l y  R - 7 , i s  wor thwhi le .  



only  on t h e  s i d e s  o f  t h e  t a n k ,  s t a y i n g  away from t h e  a i r  i n l e t  on t h e  bot tom 

and t h e  e x h a u s t  a t  t h e  top .  

The l a s t  item i s  t h e  overhang under t h e  f r o n t  l i v i n g  room window. Were 

two d u c t s  e x t e n d  between t h e  beams t o  t h e  r e g i s t e r s  and t h e  i n s u l a t i o n  is  

q u i t e  m a r g i n a l ,  sometimes m i s s i n g .  The r e t r o f i t  i n c l u d e s  blowing c e l l u l o s e  o r  

f i b e r g l a s s  i n t o  t h e  open ings ,  o r  i n  t h e  c a s e  where blowing equipment i s n ' t  

a v a i l a b l e ,  hand pack ing  of f i b e r g l a s s i n s u l a t i o n  i n t o  t h e s e  c a v i t i e s .  Gaps 

t o  t h e  o u t s i d e  a r e  a  p a r t i c u l a r  problem i n  t h i s  l o c a t i o n  which was d i f f i c u l t  

f o r  t h e  b u i l d e r  t o  complete  p r o p e r l y  ( s i n c e  i t  i s  on ly  1 f o o t  above ground l e v e l ) .  

The c o s t  f o r  R e t r o f i t  C r anged  from $125 - $145 depending on t h e  c o n t r a c t o r  

performing t h e s e  t a s k s .  
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Table 1 
_C__ 

Channels Monitored in Our 
Lightly-Instrumented ("Omnibus") Townhouses 

Thermostat setting (OF) 

Basement temperature (OF) 

First-floor temperature (OF) 

Second-floor temperature (OF) 

Furnace operation (min/hr) or air conditioner operation (min/hr) 

Electric hot water heater operation (min/hr) 

Front door or front window opening (min/hr) 

Back door or back window opening (minlhr) 

Total electric consumption (min/hr) 

Channels 1-8 are recorded hourly, and channel 9 is recorded at 15 

minute intervals, onto a Westinghouse WR-4C magnetic tape cassette in the 

basement. The details of the instrumentation package are to be found in 

Ref. 4. 

*The measurements of channels 7 and 8 were combined to channel 7, and 

the free channel 8 was assigned to attic temperature (OF) just prior to 

the 1976 winter. 



Omnibus 

HIT 

1 

TABLE 2 
SCHEDULE FOLLOWED IN RETROFITTING 

ACD 

ACD 

Jan 19-23, 26-30 Feb 16-20, 23-27 Mar 15-19 

ABCD 

AD 

B 

B 

C 

BD 

ABCD 

C BD 

C BD 

ACD B 

ABD 

ABD 

A 

ABCD 

A 

CAD B 

E outside* 

A 

P outside 

Dec 15-19 22-26 Jan 12-16 19-23 Mar 15-19 

B C D AB B outside 

ABD C partial 

* 
B outside refers to outside caulking which after inspection was limited to certain 
batton-board siding homes (see Appendix A). 

+ Quad I11 townhouses - gas appliances. 



&-"L= 2 

RETROFIT TECHNIQUE 
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GAS CONSUMPTION PER DEGREE DAY FIVE WINTERS (1971 -76) 
THREE HIGHLY- INSTRUMENTED HOUSES 
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