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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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ABSTRACT 

The warm room retrofit is a response to a common problem: how to stay warm in a 
large, poorly insulated house during the coldest parts of winter. The problem is especially 
acute for low-income and elderly homeowners who ma.y not have sufficient resources to 
improve the thermal integrity of their entire house. Although still an experimental tech­
nique, the warm room retrofit has the potential for achieving significant energy savings in 
houses a.t costs similar to those currently allocated by low-income weatherization pro­
grams. The retrofit is a. combination of zoning, heating systems modification and insula­
tion which allows the occupant to heat selected areas of her home while maintaining the 
unused areas at a cooler temperature. This study presents the results from a retrofit pro­
ject in Kansas City, sponsored by the Urban Consortium in 1985-86. Nine houses were 
selected for the study, four controls and five houses that received the warm room retrofi.t. 
The houses are all single-family detached structures, occupied by low-income owners 
(with the owners' ages between 60 and 80 years), and heated with gas-fired, forced-air or 
gravity-fed furnaces. The warm zone was designed to include the kitchen, bathroom, and 
one to two additional rooms, depending on family size. The costs of the retrofit averaged 
$1,425 per house. Our analysis included regressions of total gas use versus outdoor tem­
peratures to measure savings, which averaged 26% (percent). Because of potential health 
and safety problems, we also measured indoor air quality before and after the retrofit, 
sampling levels of indoor radon, nitrogen dioxide, and formaldehyde. An important part 
of the study was to determine occupant response and the acceptability of the retrofit. 
The residents participated in the design of the retrofits, and were interviewed after the 
retrofits were installed to determine improvements in comfort and their satisfaction with 
the results. 



,., 

1.0 INTRODUCTION 
Despite some recent easing in energy prices, the need for cost-effective weatherization 

measures remains acute, particularly for low-income and elderly homeowners. In 
response, some government agencies and utilities are experimenting with new retrofit 
strategies, including the warm room retrofit. The warm room retrofit is a modification of 
a familiar strategy of zoning the house into warm and cool zones, which is achieved in 
centrally-heated homes through the use of such measures as furnace rebalancing, portable 
thermostats, special heat-restricting covers for the heat-distribution system, curtains or 
partitions to enhance zoning, portable heaters, and selected insulation of ducts and exte­
rior walls. 

The attraction of warm rooms is the prospect of significant energy savings (theoreti­
cally double or triple that of conventional weatherization) at costs at or below current 
levels (Wagner 1983). But a number of questions require answers before widespread 
installations of warm rooms. First, is whether the theoretical savings can actually be 
achieved: whether the zoning is effective, whether a central heating system remains 
sufficiently efficient in ita new operating mode, and whether the projected coats are realis­
tic. Second are questions about health and building safety: whether indoor air quality 
problems arise or intensify with the zoning, how to prevent moisture damage in the cool 
areas of the house, and how to avoid water pipe freezing. Third are a set of social ques­
tions: whether the zoning is acceptable to occupants, or a particular set or occupants; how 
to insure sufficient flexibility and control over the operation of the house; what measures 
contribute most to occupant comfort; how the retrofit affects property value; how best to 
teach occupants to manage their warm rooms. 

Pioneering groups in warm room research include the Tennessee Valley Authority, 
the Institute for Human Development in Philadelphia, and Union Electric in St. Louis. 
These groups have explored several different warm room approaches and gained consider­
able insights into the practical applications of the retrofit and occupant acceptance. To 
date, however, there have been few reported results of measured energy savings and no 
information on the affect of the retrofit on indoor air quality. Consequently, the object of 
this study was to measure the energy savings, the air quality, and the occupant response 
to warm room retrofits in a small group of carefully monitored houses. The project was 
sponsored by the Urban Consortium and the Department of Energy, and carried out by 
the city or Kansas City, Missouri, with technical assistance provided by Lawrence Berke­
ley Laboratory. 

2.0 PROJECT DESIGN 
2.1 Selection of Houses 

Our two objectives in selecting houses were to find houses where a warm room 
retrofit would be both practical and useful, and where an unambiguous evaluation of 
energy savings would be possible. Applications for participation in the progrll.m were dis­
tributed by neighborhood block groups in low-income areas throughout the city. The 
applications included questions about the appropriateness of the household for the retrofit 
(rough size of house, number of occupants, interest in project, type of heating system) and 
questions about fuel use patterns that could affect accurate measurements of savings ( wil­
lingness to allow a submeter, ability to make weekly readings and to make past billing 
data available; number of years spent in the present house; planned change in number of 
occupants; use of fireplaces or other auxiliary heaters). 

For each or the 44 houses that responded we did a regression analysis of gas consump­
tion versus variable-base degree days and calculated the normalized annual consumption 
(NAC) for the past two years (Fels, Goldberg, 1981) in order to screen out those houses 
with weather-normalized fuel use too irregular to allow a clean measurement of warm 
room energy savings. We also checked the electricity-consumption data to verify absence 
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of significant electric heating. 
Results of the questionnaire and regression analysis were used to screen the original 

44 applicants down to a group of 19. At that point we held a workshop to describe the 
warm room approach in more detail to the remaining homeowners, and did an on-site 
audit and interview at each of the 19 houses. In the final selection we chose five houses to 
receive warm rooms and nine to serve as control and backoup houses. The process was 
complete in early 1983, but administrative delays prevented the beginning of actual 
retrofit work until the fall of 1985. During that time, one of the owners of a house 
scheduled for retrofit left the program due largely to difficulties making required data 
readings, as did two of the control houses. One other control house dropped out due to 
illness and another control stopped sending data in early 1986. One of the control houses 
was chosen to replace the retrofit house that was dropped. The remaining retrofit and 
control houses were reliable in sending weekly gas and temperature data, as described 
below. The following discussion refers to the final group of five retrofit and four control 
houses. 
2.2 Description of Houses 

Table I summarizes some characteristics of the war' room and control houses. In 
g~eral, the houses are of moderate size, 1000 to 1700 ft , except one control with 3600 
ft , so that a warm room seemed most practical for small households (1 to 2 people) 
whose routines would allow use of a 2-3 room zoned portion of the house during cold 
weather. While the house size seems modest, it was our experience that larger houses 
were already strictly zoned, or housed too many people for a successful warm room. Of 
those households we selected, four had one occupant, four had two occupants, and one (a 
control) had three occupants. or the fourteen occupants, nine were 60 years or older at 
the time of the initial audit, four were 70 years or older and one was under 20 years. All 
of the warm room houses were two stories, as were most of the controls. All had central 
gaa systems, either forced air or gravity, and many had gaa fireplaces, usually unused. 
The homeowners in the retrofit houses had all lived there from 25 years to 45 years. The 
owners of the control houses had lived there for 5 to 45 years. 
2.3 Instrumentation 

The Kansas City Gas Company, at the city's request, provided submeters for the 
wa.rm room houses. We provided wind-up thermogra.phs to measure indoor temperatures 
(at least one per house, and two per warm room house when possible). The homeowners 
were responsible for making total (and in the warm room houses, submetered) gas read­
ings and changing the thermograph charts on a weekly basis. The gas readings were 
recorded on copies of gas company meter reading cards, which require marking the posi­
tion of hands on meter dials; the actual numerical readings were made by LBL. The use 
of weekly intervals allows mistakes in readings to be fairly easily detected, and the few 
readings which cannot be corrected can be eliminated from the data set without a great 
loss of information (i.e., a loss of only a week, compared to a whole month with utility 
readings). In houses with both a total and a submeter, ambiguous readings can also often 
be resolved by comparing the two. In general the readings seemed reasonably accurate 
and most of the homeowners were very reliable about sending the data every week. 

Blower door measurements were made at each of the retrofit houses before and after 
warm room installation. Indoor air was monitored for nitrogen dioxide, formaldehyde, 
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and radon before and after retrofit in both the warm and cool zones. i 
2.4 Retrofit Design and Installation 

The retrofits were planned by designers in Kansas City in consultation with the 
homeowners. All five houses have the warm rooms downstairs, where the occupants 
spend most of their time during the day. The four houses with two occupants had a total 
of three warm rooms each; the one house with one occupant had two warm rooms. The 
kitchen was included in the warm zone in all houses. One occupant moved her bed 



!'1 

I, 

3 

downstairs for sleeping; the rest continued to sleep in the cool bedrooms upstairs. Zoning 
was accomplished by closing furnace dampers to the cool rooms and opening them fully to 
warm rooms. Curtains were provided in doorways as necessary to maintain the zoning. 
Warm air registers were opened in warm rooms and closed in cool rooms. The object was 
not to provide complete zoning, since damage to water pipes and the building structure 
might result, but to maintain cool room temperatures down to about 50 "F. In addition, 
ducts to the warm rooms were taped and insulated, warm room exterior walls were insu­
lated (where possible), heat lamps were provided in the bathrooms, heat tape was applied 
to water pipes near exterior basement walls, and general weatherization was carried out 
in the warm rooms (caulking, weatherstripping, plastic storm windows). Throughout the 
installation residents were instructed in the management of the warm room. 

In February 1986, a few months after the retrofits were completed, we conducted a 
survey to see how well the occupants were using their warm rooms and to ask them about 
how it had affected their lifestyles and comfort, and if they had any suggestions for 
improving future retrofits. A follow-up survey in March 1986 included questions about 
indoor air quality, a check of the instrumentation, and an evaluation of the performance 
of the retrofit. 

3.0RESULTS 
3.1 Effectiveness of Zoning 

Table ll shows the effect of zoning on indoor temperatures. The numbers are not 
strict averages of temperatures in the warm or cool zones; they were measured by ather­
mograph placed in one room of each zone and serve rather as indicators of average tem­
peratures. (In some of the houses, only one thermograph was present pre-retrofit.) In 
Table ll, the average temperatures are through March, to indicate the effectiveness of 
zoning in cold weather. By April, temperatures in the cold rooms were already rising by 
about 10 •F. After the retrofit we find temperature differences in the winter between 
warm and cool zones averaging about 12 •F. In three of the houses, WK1, WK4, and 
WK6, the zoning seems to be working as intended, with cool room temperatures in the 
50 •F range. The occupants there are using the curtains consistently and the dampers 
appear to be working correctly. At WKl and WK6 there were also 3 to 4 •F reductions 
in the warm room temperatures, while WK4 showed a 1 "F increase. In WK3, however, 
we found a difference of only 0.6 •F between warm and cool rooms. Discussions with the 
homeowner and a check of temperatures in earlier years reveals an interesting 
situation-apparently the upstairs (nominal cool zone) had been badly overheated before 
the retrofit. Closing the dampers at the furnace served to reduce the temperature 
upstairs by about 11 •F, and coupled with a smaller reduction in downstairs temperature, 
the homeowners now find the entire house much more comfortable. This and other 
observations of nominally unheated basements which were in fact warmed very well by 
uninsulated ducts and furnaces, suggests that more attention to duct insulation and 
balancing might be in order for·conservation programs. 
3.2 Energy Savings and Cost-Effectiveness 

Table III shows the gas savings for the warm room and control houses. Normalized 
annual consumption (NAC) was calculated for each house before and after the retrofit. 
The post-retrofit period was December 1985 through April 1986. Although not a full 
heating season, this period included both warm and cold periods, (necessary for meaning­
ful regression results) and the results for the control houses showed insignificant variation 
between this period and the full heating season. . 
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The results a.re very encouraging: in the three houses where the warm rooms were 
observed to be used effectively, the savings ranged from 21 to 47%, averaging 32%. This 
savings is the percentage savings in total gas usage; the percentage savings in gas for 
space heating alone is somewhat higher (see Table ill). At WK3, where zoning was not 
well maintained, but the overall house temperature was reduced, the savings were 31%. 
At WK5, the savings were 1.9% (smaller than statistical error in NAC calculation). 
Inspection and subsequent interviews with the residents at WK5 showed that several 
actions of the residents were counteracting the warm room strategy. The residents would 
typically leave the door from the kitchen (warm room) to the unheated basement open, 
saying "it doesn't matter, because wa.rm air rises and you wouldn't lose any heat." They 
also would leave the hall door open that connected the two zones, and had opened the 
damper to one of the upstairs rooms. Overall, we measured average savings for the five 
houses to be 26 percent. Excluding WK5, the savings were 32%. Average savings for the 
control houses were 1.9%. We note that the sample is very small, and the controls only 
roughly matched to the warm room houses, but the fact that the warm room savings 
correlate with observed effectiveness of zoning, and the magnitude of the difference 
between savings for the warm room and control houses do indicate effectiveness of the 
retrofit. Our results compare favorably to results from weatherization programs nation­
wide, as cited by the General Accounting Office (GAO, 1985). Their estimated annual 
savings as a. percent of total heating fuel (the same measure we used) ranged from 7.8% 
to 22.3%; the nationwide savings were 10.4%. 

We also estimate changes in electricity consumption before and after the retrofit due 
to use of secondary space heaters (see Table ill). The estimated change in electricity con­
sumption is scaled to annual use from billing data according to base 65 "F days, after 
subtraction of base use. In the first four houses the increase or decrease is not large com­
pared to the savings, but in WK6 there appea.rs to be an increase on the order of 650 
kWh/year-a significant fraction of the warm room savings. This is probably due to an 
electric heater the wife runs in one of the cool rooms to protect her plants. Whether the 
plants could actually tolerate 50 •F temperature may affect the future savings in this and 
similar houses. 

The cost of the retrofits ranged from $1295 at WK3 to $1580 at WK5, averaging 
$1425. Table IV shows cost-effectiveness for the warm rooms as measured by simple pay­
back, cost of conserved energy (CCE), and return on investment for several different 
scenarios. 

We use both the current Kansas City natural gas price of $0.28/therm and the 1984 
national average residential gas price of $0.60/therm, since we believe the former to be an 
unrealistically low indicator of gas prices (see note to Table IV). We calculate economic 
indicators using retrofit lifetimes of 5 and 10 years. Although the physical components of 
the retrofits should last 10 years or more, the effectiveness of the warm room also depends 
on occupant behavior, and we know very little about the persistence of this aspect, which 
may last considerably less than ten years. In calculating the cost of conserved energy we 
use a real discount rate of 7 percent (National Security Act, 1980). 

At the low Kansas City price the simple payback time is 5 years and greater. Using 
the national average price the simple payback time ranges from 2.4 to 4.6 years for 
WK1-4; WK5, where negligible savings were observed, has a 125 year payback, and WK6 
has a 7.4 year payback for the house without the extra heating for the plants and a 9.5 
year payback with the extra heating. The cost of conserved energy (an index of retrofit 
cost which is used for comparison with current or expected energy prices-see note to 
Table IV) shows a strong relationship with retrofit lifetime: the results for a ten-year life 
of a retrofit compare considerably better to the average national residential gas price than 
those for a five-year life. For the latter, three houses are near or below the $0.60/therm 
benchmark; for the former, all but WKS lie near or below, with WK1 at $0.21/therm. 

1'\ 
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Return on investment (ROI) is another commonly used investment decision tool. At 
the national benchmark price for natural gas, the four houses with significant savings 
show an ROI ranging from 11 to 42 percent, averaging 26 percent-better than most 
investment opportunities available to typical homeowners. Even at current low Kansas 
City gas prices, the four houses show an average ROI of 12 percent. 
3.3 Indoor Air Quality 

We measured nitrogen dioxide (N02), formaldehyde (HCHO), and radon (Rn} inside 
and outside the living space, and base gas use (total minus furnace) during the 
N02/HCHO monitoring period. All air quality measurements were made using passive 
samplers. Each house had ten samplers for formaldehyde and nitrogen dioxide and two 
samplers for radon. In addition to the air quality measurements, blower door tests were 
made on the houses to measure their air tightness. The blower door tests showed a post­
retrofit reduction in leakage area of 12 to 26 percent for four houses, with WK6 showing 
an apparent increase of 35 percent. (The leakage area of WK6 also increased 15 percent, 
for reasons unknown.) 

The pre-retrofit N02 meaaurements showed several houses with N~ levels in the 
kitchen slightly above the EPA-recommended maximum level of 50 ppb. Uile living room 
waa alao slightly above the maximum and another was well above (125 ppb). The latter 
waa in WK5, where the homeowners had been using a poorly vented gas fireplace, as well 
aa their gas oven, for heating. We therefore had some concerns about air quality after the 
warm room installation, since all warm areas included the kitchen and all had gas stoves. 
In the post-retrofit monitoring, however, we found that three houses were below the max­
imum in both warm and cool zones, and one was slightly above (WK6, at 57.0 ppb in the 
warm room and 53.0 ppb in the cool room. The 50 ppb maximum is an a.nnual.average, 
and it is likely that levels are lower in the summer when the house is opened up, so the 
slightly elevated levels are probably not a. serious concern). But a.t WK 5, where. the own­
ers had not understood the warm room concept, the levels were even higher than before 
the retrofit (138.3 ppb in the warm room, 95.3 ppb in the cool room) - despite the fact 
that they said (and submetered versus total gas use records confirmed) that they no 
longer used the gas fireplace and oven for heating. The puzzle was solved during one of 
the household visits, when the interviewers established that not only was the gas-dryer 
flue disconnected, but the common furnace/water heater flue did not, as appeared to a 
casual glance, connect to the chimney. That the levels in the other houses showed reduc­
tions after the retrofit appears to be due, at least in part, to decreased stove/oven use for 
space heating. In each of the three houses showing a reduction in N02, there was also a 
drop in base gas use (total minus submetered). At WK4 the resident said that she had 
used her oven "a lot" for space heating before the retrofit, but has since only used the 
stove "once or twice" for that purpose. At WK6 the wife also had used the oven "a. little" 
for space heating before the retrofit, but does not now. House WK6, where the post­
retrofit N02 levels were slightly above the EPA maximum, also had the highest post­
retrofit base gas use (8 thermjweek, compared to the average 5.8 therm/week). Because 
it had been a backup house during the pre-retrofit monitoring, no initial NO'> data are 
available. There was no strong correlation between changes in NO'> levels and changes in 
infiltration rate. .. 

None of the houses bad formaldehyde levels above the strictest current guideline of 
100 ppb. Changes in the warm-room levels ranged from -57% to +7.3%. The changes 
were not strongly correlated with changes in outdoor levels, stove use, or infiltration 
rates. The only house where new furniture bad been acquired {a potential source of for­
maldehyde) was WK3 where there was a slight increase in formaldehyde. 

The radon levels in the basements were, on average, almost three times as high as 
those measured three years before (ranging from 1.37 to 5.35 pCi/1 compared to 0.82 to 
2.42 pCijl). The warm room levels followed those of the basements, ranging from 1.37 to 
3.04 pCijl. This put several of the houses above the maximum U.S. special standard for 
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The results are very encouraging: in the three houses where the warm rooms were 
observed to be used effectively, the savings ranged from 21 to 47%, averaging 32%. This 
savings is the percentage savings in total gas usage; the percentage savings in gas for 
space heating alone is somewhat higher (see Table ill). At WK3, where zoning was not 
well maintained, but the overall house temperature was reduced, the savings were 31%. 
At WK5, the savings were 1.9% (smaller tha.n statistical error in NAC calculation). 
Inspection and subsequent interviews with the residents a.t WK5 showed that several 
actions of the residents were counteracting the warm room strategy. The residents would 
typically leave the door from the kitchen (warm room) to the unheated basement open, 
saying "it doesn't matter, because warm air rises and you wouldn't lose any heat." They 
also would leave the hall door open that connected the two zones, and had opened the 
damper to one of the upstairs rooms. Overall, we measured average savings for the five 
houses to be 26 percent. Excluding WK5, the savings were 32%. Average savings for the 
control houses were 1.9%. We note that the sample is very small, and the controls only 
roughly matched to the warm room houses, but the fact that the warm room savings 
correlate with observed effectiveness of zoning, a.nd the magnitude of the difrerence 
between savings for the warm room &nd control houses do indicate efrectivenesa of the 
retrofit. Our results compare favorably to results from weatherization programs nation­
wide, as cited by the General Accounting Office (GAO, 1985). Their estimated annual 
savings as a percent of total he&ting fuel (the same measure we used) ranged from 7.8% 
to 22.3%; the nationwide savings were 10.4%. 

We also estimate changes in electricity consumption before and after the retrofit due 
to use of secondary space heaters (see Table ill). The estimated change in electricity con­
sumption is scaled to &nnual use from billing data. according to base 65 "F days, after 
subtraction of base use. In the first four houses the increase or decrease is not large com­
pared to the savings, but in WK6 there appears to be an increase on the order of 650 
kWh/year-& significant fraction of the warm room savings. This is probably due to an 
electric heater the wife runs in one of the cool rooms to protect her plants. Whether the 
plants could actually tolerate 50 •F temperature may affect the future savings in this and 
similar houses. 

The cost of the retrofits r&nged from $1295 at WK3 to $1580 at WK5, averaging 
$1425. Table IV shows cost-effectiveness for the warm rooms as measured by simple pay­
back, cost of conserved energy (CCE), and return on investment for several different 
scenarios. 

We use both the current Kansas City natural gas price of $0.28/therm and the 1984 
national average residential gas price of $0.60/therm, since we believe the former to be an 
unrealistically low indicator of gas prices (see note to Table IV). We calculate economic 
indicators using retrofit lifetimes of 5 and 10 years. Although the physical components of 
the retrofits should last 10 years or more, the effectiveness of the warm room also depends 
on occupant behavior, and we know very little about the persistence of this aspect, which 
may last considerably less than ten years. In calculating the cost of conserved energy we 
use a. real discount rate of 7 percent (National Security Act, 1980). 

At the low Kansas City price the simple payback time is 5 years and greater. Using 
the national average price the simple payback time ranges from 2.4 to 4.6 years for 
WKl-4; WK5, where negligible savings were observed, has a 125 year payback, and WK6 
has a 7.4 year payback for the house without the extra. heating for the plants and a. 9.5 
year payback with the extra. heating. The cost of conserved energy (an index of retrofit 
cost which is used for comparison with current or expected energy prices-see note to 
Table IV) shows a. strong relationship with retrofit lifetime: the results for a. ten-year life 
of a retrofit compare considerably better to the average national residential gas price than 
those for a five-year life. For the latter, three houses are near or below the $0.60/therm 
benchmark; for the former, all but WK5 lie near or below, with WKl at $0.21/therm. 
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Return on investment (ROI) is another commonly used investment decision tool. At 
the national benchmark price for natural gas, the four houses with significant savings 
show an ROI ranging from 11 to 42 percent, averaging 26 percent-better than most 
investment opportunities available to typical homeowners. Even at current low Kansas 
City gas prices, the four houses show an average ROI of 12 percent. 
3.3 Indoor Air Quality 

We measured nitrogen dioxide (N02), formaldehyde (HCHO), and radon (Rn) inside 
and outside the living space, and ba.se gas use (total minus furnace) during the 
N02/HCHO monitoring period. All air quality measurements were made using passive 
samplers. Each house had ten samplers for formaldehyde and nitrogen dioxide and two 
samplers for radon. In addition to the a.ir quality measurements, blower door tests were 
made on the houses to measure their a.ir tightness. The blower door tests showed a post­
retrofit reduction in leakage area of 12 to 26 percent for four houses, with WK6 showing 
an apparent increase of 35 percent. (The leakage area of WK6 also increased 15 percent, 
for reasons unknown.) 

The pre-retrofit N02 mea~~urements showed several houses with N~ levels in the 
kitchen slightly above the EPA-recommended maximum level of 50 ppb. one living room 
Wall also slightly above the maximum and another was well above (125 ppb). The latter 
Wall in WK5, where the homeowners had been using a poorly vented gas fireplace, as well 
all their gas oven, for heating. We therefore had some concerns about air quality after the 
warm room installation, since all warm areas included the kitchen and all had gas stoves. 
In the post-retrofit monitoring, however, we found that three houses were below the max­
imum in both warm and cool zones, and one was slightly above (WK6, at 57.0 ppb in the 
warm room and 53.0 ppb in the cool room. The 50 ppb maximum is an annual average, 
and it is likely that levels are lower in the summer when the house is opened up, so the 
slightly elevated levels are probably not a serious concern). But at WK 5, where the own­
ers had not understood the warm room concept, the levels were even higher than before 
the retrofit (138.3 ppb in the warm room, 95.3 ppb in the cool room) - despite the fact 
that they said (and submetered versus total gas use records confirmed) that they no 
longer used the gas fireplace and oven for heating. The puzzle was solved during one of 
the household visits, when the interviewers established that not only was the gas-dryer 
Jlue disconnected, but the common furnace/water heater ftue did not, as appeared to a. 
casual glance, connect to the chimney. That the levels in the' other houses showed reduc­
tions after the retrofit appears to be due, at least in part, to decreased stove/oven use for 
space heating. In each of the three houses showing a. reduction in N02, there was also a. 
drop in base gas use (total minus submetered). At WK4 the resident said that she had 
used her oven "a. lot" for space heating before the retrofit, but has since only used the 
stove "once or twice" for that purpose. At WK6 the wife also had used the oven "a little" 
for space heating before the retrofit, but does not now. House WK6, where the post­
retrofit N02 levels were slightly above the EPA maximum, also had the highest post­
retrofit base gas use (8 thermfweek, compared to the average 5.8 thermfweek). Because 
it had been a. backup house during the pre-retrofit monitoring, no initial NO'> data are 
available. There was no strong correlation between changes in N02 levels and changes in 
infiltration rate. 

None of the houses had formaldehyde levels above the strictest current guideline of 
100 ppb. Changes in the warm-room levels ranged from -57% to +7.3%. The changes 
were not strongly correlated with changes in outdoor levels, stove use, or infiltration 
rates. The only house where new furniture had been acquired (a. potential source of for­
maldehyde) was WK3 where there was a slight increase in formaldehyde. 

The radon levels in the basements were, on average, almost three times as high as 
those measured three years before (ranging from 1.37 to 5.35 pCi/1 compared to 0.82 to 
2.42 pCi/1). The warm room levels followed those of the basements, ranging from 1.37 to 
3.04 pCi/1. This put several of the houses above the maximum U.S. special standard for 
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houses built on contaminated ground (2.1-5.0 pCi/1, assuming a range of equilibrium fac­
tor from 0.3 to 0. 7). (All are below the general Swedish standard for existing houses of 
7.7 to 18 pCi/1.) In four of the houses, in fact, the ratio of radon in the living space to 
radon in the basement was lower after the retrofit, that is, a smaller p_roportion of the 
radon from the basement was getting into the living space after the retrofit. At WKS, 
where the basement door to the kitchen (warm room) was left open, the basement did not 
show as high an increase in radon as the other houses, and the level in the warm room 
was the same as in the basement. These observations support the suspicion, mentioned 
earlier, that considerable mixing of basement and warm room air is occurring (the smaller 
increase in the basement could be due in part to radon escaping upstairs until warm room 
and basement levels were equal). 
3.3 Comfort, Lifestyle, and Occupant Perception of Warm Rooms 

In post-retrofit interviews, residents were asked whether the warm room had changed 
their lifestyles and level of comfort, and whether their reactions were positive or negative. 
In the four houses where the occupants used the warm rooms correctly and where 
significant energy savings were measured, the residents were very positive in their reac­
tions to the warm room. They mentioned both their lower heating bills and the increased 
comfort resulting from the retrofit. At WKS, where problems were observed with the use 
of the retrofit, the residents were fairly critical. In three of the houses residents liked 
having the use of the downstairs instead of being forced by cold weather to go upstairs, 
where it was warmer (before the retrofit). Having cold bedrooms did not seem to be a. 
problem, though in a few cases, owners resorted to some use of an electric heater. On the 
lifestyle changes, one resident observed that her activities had changed as a result of the 
retrofit, but that she accepted that as "there are things you do normally that you don't 
do other seasons." At WK3, where the zoning did not work as well as intended, but the 
overheating of the upstairs was reduced, the couple spend their time downstairs (in the 
nominal warm room) but like having the temperature comfortable upstairs. At WK1, the 
homeowner said that she had enough room in the warm zone, but if she could, she would 
heat the living room as well. At WK3 the residents also said they had enough room in 
the warm space. At WKS, the homeowners felt they had too little room, and would have 
preferred having a downstairs bedroom included instead of the kitchen. At WK6 the cou­
ple said they had enough room; when grandchildren visited over the holidays, they "let a. 
little warmth go upstairs ... we had no problems." 

There were several comments that the heat lamps installed in the bathrooms were 
inadequate for keeping warm before or alter bathing. Some condensation had been 
noticed during the coldest weather on cool room windows, but none of the owners seemed 
to think there was a serious problem. With the exception of WKS, the owners liked the 
retrofit and offered no major suggestions for changes. It is worth noting that in a survey 
of warm rooms installed by the Institute for Human Development (IHD) in Philadelphia, 
which also pre-screens applicants and counsels them in the use of the warm room, 28% of 
homeowners did not adapt to or use their warm room and a.n additional 11% showed 
poor adaptation (IHD, 1984). In both cities it appears that improved screening and/or 
counseling might improve overall program savings. 

4.0 CONCLUSIONS 
We found substantial energy savings in houses where the homeowners understood the 

use of the warm room retrofit and used it correctly. In one case the savings appear to be 
due more to a reduction in overheating than to zoning. Even considering the house where 
the warm room was not used well, overall savings were about 26%, over twice the aver­
age savings of 10% for weatherization programs of comparable cost reported by a recent 
GAO report on national weatherization programs. The warm room did not appear to 
create or significantly aggravate problems with indoor air quality. Occupant reaction was 

<J 
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positive, with four of the households adapting well to the warm room. These results sug­
gest that a larger warm room project, with measurements of energy savings and indoor 
air quality impacts is well worth pursuing. 

We suggest that several areas in particular are worth investigating: 
• Improvements in screening and/or counseling the potential recipients to increase the 

proportion of homeowners who adapt well to the warm room. 
• Reduced cost of retrofit materials, particularly the curtains, which in this project ran 

from $113 to $338. Care must be taken, however, not to resort to materials so cheap 
that they become unattractive to the homeowners. 

• Persistence of savings over several years. 
• Attention given to the ducts-currently the forgotten link between envelope and fur­

nace. Judging from the overheated (nominally unheated) basements we observed, as 
well as problems in duct balancing, there may be significant savings to be realized 
from sealing, insulating, and adjusting the distribution system. 

• The influence of climate on warm-room effectiveness. Since the warm room savings 
can be viewed as primarily due to a lowering of the balance point (resulting in a 
shorter heating season), the distribution of outdoor temperatures may have a large 
effect on savings. That is, the retrofit may be most effective in areas such as the 
Pacific Northwest, where there are long portions of the heating season near or above 
the post-retrofit balance temperature. 
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