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ABSTRACT 

The needs, history, procedures, and past case studies for  the 
house doctor approach are outlined. This program of individual- 
ized instrumented energy audits and r e t ro f i t s  has reached a 
stage in development v~here s teadi ly increasing numbers of house 
doctors a re  envisioned for  the years immediately ahead. 

INTRODUCTION - THE NEED FOR DOCTORING HOUSES 

In coun t~ ies  around the world, one question that  i s  being asked 
more and more often i s :  What changes can I make in my home so 
that  energy consumption will be reduced? The answer i s  often 
given in the form of l i s t s  of energy saving measures, b u t  how 
many "solutions" apply to  the home in question? We believe the 
question demands a customized solution -- one tailored for  the 
particular house. The most common response to  t h i s  question i s  a 
paper and pencil energy audit of the house. Such audits do not 
rely on any measurements of key variables that  influence energy 
use. Our experiments have shown tha t  an energy audit  based on 
computation alone would miss some of the most effective energy 
conserving measures. Princeton University's House Doctor approach 
i s  based on an instrumented energy audit and leads to  the identi-  
f ication of a l l  the major energy defects i n  the house. The pro- 
cedure generally includes a par t ia l  r e t r o f i t  along with the in- 
strumented audit. 

The energy savings program i s  conducted by a house doctor team, 
which i n  our definit ion, i s  a well-trained two or  three person 
crew to handle energy analysis and re t rof i t t ing .  The house 
doctors use a carefully selected k i t  of instruments to  speed 
their  house diagnoses of energy loss.  The end resul t  i s  a 
prescription for  appropriate r e t r o f i t  measures that  partly takes 
place during the v i s i t  of the team. Although a given house may 
call  for  a change in procedures to  meet certain particular needs, 
there i s  a recommended approach that  will be described. 

HISTORY OF THE APPROACH 

The beginnings of the house doctor approach may be traced t o  the 
Twin Rivers ~ r o j e c t . 1  In a ser ies  of residential energy studies 
that extended over a period of more than s ix  years, a number of 
experiments were conducted. The f i r s t  experiment concentrated on 
three side-by-side townhouses instrumented to  provide almost 200 
channels of energy data. The object was to  understand, in great 
de ta i l ,  the way i n  which the occupants in these townhouses used 
energy. A complete weather history from a dedicated weather s ta-  



tion nearby was a c r i t i c a l  aspect of the study. The instrumenta- 
tion continuously located i n  the house was supplemented by other 
portable measuring devices. Infrared scanning equipment was a 
principal tool.  Other portable instrumentation included hand- 
held temperature probes to  measure a variety of a i r ,  water and 
surface temperatures, and hot wire anemometers t o  measure a i r  
flow i n  the warm a i r  heat distribution system. An automatic a i r  
i n f i l t r a t ion  measurement device developed dur ing  th i s  period was 
used extensively. The benefits derived from the detailed energy 
data were numerous, b u t  the added information obtained from the 
portable instruments also proved t o  be s ign i f i can te2  

As the second ser ies  of experiments began, data logging was re- 
duced to  12-channel tape recorders i n  more than 30 townhouses 
earmarked f o r  re t rof i t t ing .  Similar recorders were placed i n  ten 
homes heated and cooled w i t h  heat pumps. The use of auxiliary 
measurement techniques steadily increased during th i s  experiment. 
The addition of the "Blower Door" pressurization device allowed 
the tightness of several Twin Rivers townhouses to  be compared, 
and greatly expanded the versati l  i ty  of infrared scanning. 334 

The realization a t  tha t  point i n  the research was tha t  i f  larger  
numbers of houses were to  be analyzed, emphasis on inexpensive 
portable instrumentation and stream1 i ned analysis procedures were 
absol utely necessary. 

THE PROCEDURE 

The procedure tha t  has been used i n  the house doctor approach 
begins w i t h  an external examination of the structure,  sizing the 
house, and cataloguing i t s  important features .596 The team makes 
use of simp1 e measurement techniques and photography. The 
object've i s  t o  measure the s ize  o f  dwelling and to  photogra- 
phically record the exterior de ta i l s  of the structure.  These 
photographs include a clearly marked measuring s t ick  so tha t  
measurements of windows and other features from the photographs 
are  possible. The outside measurements a1 low a plan to  be sketched 
accurately a t  the s i t e ,  Using carbon sheets, mu1 t i p l e  copies are  
produced so that  a separate copy can be dedicated to  the problems 
found on each f loor  of the house. 

During the preliminary portion of the v i s i t  any energy problems 
encountered by the homeowners are also noted; cold rooms, localized 
draftiness,  inadequate insulation, poor windows, e tc .  The f inal  
item i s  a room-by-room survey to  determine how well the tempera- 
ture  i s  balanced and whether the thermostat(s) i s  functioning 
properly. A mu1 t i p l e  setback clock thermostat may be instal  led 
by the house doctor so that  temperatures can be programmed over 
the fu l l  24-hour day ( th i s  includes daytime setback when approp- 
r i a t e ) .  Setting the temperature back 1 degree C reduces space 
heating consumption by 7% in the average U.S. climate. Somewhat 
less  than a third of th i s  would be saved by an 8 hour night-time 
only setback. For residents not currently set t ing the i r  tempera- 
ture back a t  n i g h t  (but would do so i f  a clock thermostat were 
available) these thermostats would be very cost effective. 

The next pr ior i ty  i s  to  determine the leakiness of the building 
envelope. A Blower Door, a 1 arge cal i brated mu1 t i  speed fan 



system, i s  instal led i n  an exter ior  doorway and the house is  
pressurized.2-7 The amount of flow required to  pressurize (or  
depressurize) the house over a range of pressure levels i s  re- 
corded. This t e s t  not only indicates the amount of leakage, b u t  
rates the house w i t h  others as to  tightness. Should the house be 
suff ic ient ly  t i gh t  ( a t  Princeton we have s e t  s ix  a i r  changes per 
hour a t  50 Pascal as the temporary cr i te r ion)  further leak sealing 
i s  not necessary. However, t h i s  degree of tightness i s  rarely 
found. 

Leak s i t e  detection begins w i t h  the a t t i c .  A sl ight ly pressurized 
house means tha t  a greater than normal amount of a i r  i s  forced 
through a variety of a t t i c  f loor  leakage s i t e s .  These leaks are  
detected by scanning the a t t i c  f loor  w i t h  portable infrared 
equipment. Even w i t h  insulation i n  place, the leaks are readily 
visible using the infrared technique. "Bypasses" from in ter ior  
wall s ,  p1 umbing stacks, e lec t r ica l  f ixtures and wiring holes are 
just  a few of the leaks tha t  a re  detected.7.8 Often there a re  
large energy loss s i t e s  due t o  lowered ( s o f f i t )  ceil ings,  whole 
house fan openings, special piping or  ducting chases, e tc .  These 
s i t e s  present leakage levels tha t  demand immediate attention. 
Large openings are  sealed w i t h  a plast ic  sheet placed over the 
leak and under the insulation. Smaller openings are sealed w i t h  
foam, compressed fiberglass,  caulking or  tape. The access t o  the 
a t t i c  is  often a major leak s i t e  and requires weatherstripping or  
perhaps an insulated sealing cover to  cure the problem. Any 
sealing improvements cah be measured while the Blower Door i n -  
strumentation i s  i n  place. In this way the house doctor knows 
that  progress i s  being made - the patient i s  improving. 

Next the house i s  depressurized by reversing the Blower Door fan. 
Under these conditions ceil ing leakage can be double checked from 
the inside. Now we are dealing w i t h  cooler surface areas (under 
heating season conditions) inadequate insulation and the presence 
of leaks a re  identified by cool patterns across the in te r ior  
surfaces. The infrared viewer i s  used to  survey a l l  the in te r ior  
surfaces of the house. Inter ior  walls receive equal attention i n  
th i s  survey. P i p i n g  and wiring through the internal walls often 
are the cause of major leakage paths from the l iving space or  
basement to  the a t t i c .  This condition resul ts  i n  character is t ic  
cool s t r ipes  extending from floor-to-ceil i n g  and indicate high 
pr ior i ty  s i t e s  fo r  re t rof i t t ing .  Soff i t  ceil ings appear as cool 
areas i n  need of an a t t i c  seal .  The floor i s  also scanned i n  the 
internal surface check. Often leakage along the floor-wall joint  
i s  a major source of a i r  i n f i l t r a t ion  together w i t h  the electr ical  
outlets.  The l a t t e r  leaks may be cured using closed-cell p las t ic  
gaskets as a r e t r o f i t  measure. Transparent caulking on the joints 
along f loor  edges and around windows can prove to  be very worth- 
while. This tighteningprocess typically yields 10-35% improvement 
i n  reduced a i r  in f i l t ra t ion .  

Having catalogued problems i n  the building envelope due to  a i r  
leakage and insulation shortcomings, attention i s  next turned to  
the heating system. Both o i l  and gas f i red systems have shown 
marked improvements through tune-up. Remember a 5% improvement 
on a heating system with a 70% seasonal performance t ranslates  
into a more than 7% overall gain. The house doctor should use 
the best measuring equipment available for  these tes t s .  Direct 
readout of performance i s  helpful so that  the t e s t s ,  and adjust- 
ment i f  necessary, may be done i n  approximately 15 minutes. This 



can prove t o  be the conservation measure with the f a s t e s t  payback. 
Since th i s  check takes place a f t e r  the Blower Door test ing,  the 
house has cooled down insuring reasonably long burner operation 
times. 

Last, b u t  not l eas t ,  in the checklist  for  the house doctor i s  the 
inspection of major appliances. Generally additional insulation 
on the outside of gas and e l ec t r i c  water heaters have a relat ively 
short payback period. The hot water temperature should be s e t  as 
low as possible to  meet household needs. This setback can save as 
much as upgrading the insulation. Where needed, flow limiting 
devices should be employed in showers and sinks. The refr igerator  
may require some additional monitoring i f  questions a r i se  as t o  
i t s  performance. We have developed a simple meter that  provides 
such data by monitoring over a 24 hour period.6 This meter 
measures the curnlrl a t i  ve. energy consumption and avoids the 
problem created by on and off cycles of the compressor, fans and 
other components. 

FOUR HOUSES UNDER STUDY 

The experience with townhouses, condominiums and single family 
detached houses bui l t  during the 1970's a t  Twin Rivers was 
revealing but that  experience l e f t  many questions unanswered. 
Measurements of older homes, where a variety of s ty l e  and vintage 
questions were relevant, was the next step.9 The techniques of 
the house doctor approach were employed. 

Prior energy records were col lected from two ranch-style (single- 
storey) and two colonial -sty1 e (two-storey) homes. Wherever 
possible, an Energy Signature (a compilation of energy use plotted 
against outside temperature for  the period) should be determined 
prior to a contemplated house visit. 

Very evident from the house doctor v i s i t s  t o  the four homes was 
that  more than conventional r e t ro f i t t i ng  was necessary. Of par- 
t icu lar  in t e re s t  was the amount of leakage in the band j o i s t  areas 
especially i n  the case of the two-storey houses. The use of de- 
pressurization and infrared scanning revealed these problems. The 
solution involved devising techniques to  inject  blown i n  insulation 
into these locations and make certain i t  would stay in place. Use 
of glue, cel lulose,  and a special spray nozzle were a l l  part of 
th i s  ac t iv i ty .  Each of the houses received an a t t i c  insulation 
upgrading -- normally moving from 8 to  25 cm of equivalent mineral 
wool insulation (actually both fiberglass and cel l  ulose blown in 
insulation were used). Basement band jo is t s  were upgraded through 
use of sealants,  and 15 cm of fiberglass with vapor barrier.  Crawl 
space wall s were insulated as we1 1 .  Electric out lets  were 
gasketed; windows and doors were checked for  leakage, and weather- 
stripped where economical; and other leakage s i t e s ,  primarily in 
the cei l ing,  were treated with 0.15 mm plast ic  sheets, under the 
insulation. Each of the furnaces was checked with the highest 
gain being a 9% change due to increased steady-state performance 
in a modern o i l  b ~ r n e r . ~  

Certain of the houses required return v i s i t s  to: monitor moisture 
problems in an underventilated a t t i c  where increased insulation 
had aggravated the s i tuat ion;  t r e a t  a local problem due to  a 



missed envelope opening which was hidden by a  bathtub; and vents 
blocked by i n s u l a t i o n .  

An app rec ia t i on  f o r  t he  saving p o t e n t i  o f  t h e  house doc tor  
approach can be gained from the  Table.7d The f i r s t  house i s  t he  
Twin Rfvers townhouse t h a t  rece ived extensive r e t r o f i t  t reatment.  1  

The l a s t  th ree  e n t r i e s  a re  th ree  of t h e  four o l d e r  houses j u s t  
discussed. As an a i d  i n  v i sua l  i z i n g  the  consumption, a1 1  energy 
f o r  heat ing  has been converted t o  l i t e r s  per  year  and savings 
expressed i n  cos t  o f  energy saved (Do l l a rs  per  1000 l i t e r s .  ) 

C) lncludes bo th  mater ia ls cost and labor cos t  (computed a t  $100 per person-day). 

TABLE RETROFIT COSTS AND EHERGY SAVINGS 

d )  Cost o f  saved energy = 
cost o f  r e t r o f i t  ; f o r  these r e t r o f i t s  a 15 

l i f e  cycle energy savings 

year l i f e  expectancy has been assumed. 

US 21 (1973) 

US 22 (1963) 

During t h e  w i n t e r  o f  1979/1980 t h e  f o u r  gas u t i l i t i e s  o f  t he  State 
o f  New Jersey, i n  a  model c o l l a b o r a t i v e  p r o j e c t  w i t h  Pr inceton 
Un ive rs i t y ,  began a  statewide experiment t o  conduct a  l a r g e  scale 
t e s t  o f  t h e  house doc tor  c 0 n c e ~ t . 1 1  The u t i l i t y  house doc tor  
teams were t r a i n e d  a t  Pr inceton and received f u r t h e r  f i e l d  
t r a i n i n g  a t  s i x  housing s i t e s .  The experimental research p lan  
invo lved 18 house modules which provided: s i x  con t ro l s ,  s i x  
house doc tor  v i s i t s ,  and s i x  houses t h a t  received major r e t r o -  
f i t t i n g  f o l l o w i n g  the  house doc to r  v i s i t .  Energy s ignature  data 
genera l l y  requ i red  R square f i t s  b e t t e r  than 0.95 t o  qua1 i f y  a  
house f o r  cons idera t ion  i n  t h e  program. Since t ime d i d  n o t  permi t  
the  c o l l e c t i o n  o f  p r e r e t r o f i t  data, house/occupants t h a t  were no t  
f o l l o w i n g  a  we l l -p rescr ibed energy use p a t t e r n  were excluded. As 
i n  the  case o f  Twin Rivers housing (and a  number o f  o the r  housing 
s i t e s  where d e t a i l e d  measurements have been taken) there  was again 
a  more than two-to-one v a r i a t i o n  i n  gas use i n  the  houses o f  each 

a)  These data re la te  t o  four houses i n  New Jersey r e t r o f i t t e d  by Princeton Universi ty 's 
Center f o r  Energy and Environmental Studies and loca l  contractors. 

b) Space heating energy use i n  equivalent f u e l  o i l  l i t e r s  per year normalized t o  a 
standard year, based on a 10 year average o f  weather data. 
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o f  these groups o f  nea r l y  i d e n t i c a l  houses. l 

The data from t h i s  experiment have answered many questions b u t  
have posed new quest ions as we l l .  

F i r s t  t he  quest ions of t r a i n i n g .  The basis f o r  t r a i n i n g  house 
doctors has been establ ished,  the  conclusion has been t h a t  a 
minimum o f  f i v e  days of classroom and planned a c t i v i t i e s  fo l l owed  
by a comparable f i e l d  experience can s a t i s f y  the  t r a i n i n g  needs. 
The savings due t o  both  t h e  house doctor  and t h e  v i s i t  p lus  
r e t r o f i t  have been documented as shown i n  the  Figure. A subset 
o f  these data p o i n t  o u t  t h a t  improvements a re  ev ident  as t h e  team 
experience grows. 
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HISTOGRAM OF PERCENT ENERGY SAVED I N  MRE. 4 NODULES, FIRST HALF 80 - 81 WINTER 

Some o f  the  new quest ions t h a t  have a r i sen  inc lude the  l a c k  o f  
b e n e f i t  from t h e  thermostat i n s t a l l a t i o n .  Post r e t r o f i t  in te rv iews 
have revealed t h a t  t h e  setback thermostats are  on ly  being used by 
those occupants t h a t  p rev ious l y  used manual setback. The i n t e r a c -  
t i o n  o f  t he  house doctor  w i t h  occupant must inc lude t r a i n i n g  and 
encouragement i n  the  use of con t ro l  systems. Another quest ion 
deals w i t h  extreme o u t l y i n g  data po in ts .  I n  a pe r iod  o f  r a p i d l y  
r i s i n g  f u e l  p r i c e s  some of t he  homeowners are  achiev ing major 
savings i n  t h e i r  energy use, (10 percent reduct ion  i n  gas use f o r  
t he  u t i l i t y  as a whole), the  previous major change o f  t h i s  type 
was seen i n  t h e  73 - 74 period. 

The house doc to r  a c t i v i t i e s  of the  u t i l i t i e s  w i t h i n  the  s t a t e  
i n v o l v i n g  some 130 houses have been m i r ro red  i n  o the r  regions 
throughout t h e  country, e. g. Minnesota, New York, Tennessee and 
Ca1 i f o r n i  a. F u l l  resu l  t s  of energy savings and costs are c u r r e n t l y  
being analysed. 



THE MARKET PLACE 

The realization that  a house doctors approach i s  needed and that  
the time has come i s  evident from recent events. The program a t  
Princeton has received much publicity i n  the past b u t  recent 
coveragel 3 has brought a virtual deluge of requests from prospec- 
t ive house doctors throughout the United States and many from 
other countries as well. Last year the level of interest  was f a r  
lower. 

A variety of groups in North America have come to  the conclusion 
that  the house doctor or  similar technique i s  the way to approach 
home energy re t rof i t t ing .  In the l a s t  few months many of these 
groups a r e  moving to  franchise the methods that  have been 
developed. Unfortunately mixed in w i t h  the dedicated energy 
savers a re  groups tha t  have only monetary ~ a i n s  in mind, offering 
infer ior  instruction and/or equipment of marginal value. Some 
have also become quite specialized, perhaps too specialized, i ?  
that  they are  concerned only with envelope tightening, neglecting 
furnace efficiency, and insulation questions. Others have become 
regionalized dealing w i t h  the specific problems of regional 
housing, t h i s  regional approach may be necessary in many instances. 

THE FUTURE 

In the United States and Canada there i s  considerable ac t iv i ty  
taking place in house doctoring. In New Jersey, a thousand house 
experiment to  t e s t  new financing for  house d o c t o r i ~ g  and other 
conservation measures i s  imminent. Judging from recent media 
pronouncements the groups now active in house doctoring ac t iv i t i e s  
are numbered in the tens, b u t  predictions in the near future are 
for  a thousand crews.14 

One of the big questions i s  cer t i f icat ion.  Federal or State  
cer t i f ica t ion  could greatly a s s i s t  the program in making certain 
that  high standards are  followed i n  any house doctor ac t iv i t ies .  
No such cer t i f ica t ion  appears t o  be close a t  hand, a t  l eas t  in the 
United States.  
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