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ABSTRACT 

The interior living spaces and the ventilation systems of 86 
newly constructed houses in the Pacific Northwest were inspect
ed to determine if building them to energy-efficient standards 
with more insulation (at least R-19 [R-3.3] in walls) and rela
tively airtight with an air-vapor retarder causes indoor moisture 
problems or damage. The test houses were located in three cli
matic regions: 50 in the metropolitan Seattle-Olympia area, 16 
on the rainy Washington coast, and 20 in the cold Montana 
region. 

Numerous moisture-related problems were observed 
within the homes, primarily because of inadequate moisture 
control and consequent high indoor relative humidities. One
third of these new homes had mold and mildew on indoor sur
faces such as walls, one-third had mold and mildew on window 
frames and/or sills, almost three-quarters had condensation on 
window glass and frames, and one-quarter had window sill 
damage as a result of the window condensation. 

A majority of the ventilation systems, iriduding spot 
exhaust fans and air-to-air heat exchangers (AAHX), were not 
working a.s well as expected or were not being used by the 
occupants. Overall, for a variety of reasons, there was no 
AAHX ventilation in about one-third of the homes, no kitchen 
ventilation in almost two-thirds of the homes, and no bathroom 
ventilation in about half of the homes. Of the bathroom exhaust 
fans that did work, the actual exhaust flow of the systems, 
including ducts, that was measured was only about half of the 
rated capacity of the fans. All of these ventilation system 
problems resulted in inadequate removal of excess moisture. 

The findings of the study dramatically point out the need 
for better indoor moisture control in these and probably other 
new homes. For future tightly built homes, moisture control 
must have a much higher priority in their design, construction, 
inspection, and ongoing operation. Specific recommendations 
are made to improve indoor moisture control through better 
ventilation, including automatic control, and dehumidification. 

INTRODUCTION 
Indoor moisture-related problems, such as dampness and 

mustiness, window condensation, window sill damage, and 
mold and mildew, are known to occur in older homes. For exam
ple. in Portland, Oregon (4732 DD) and Spokane, Washington 
(6835 DD), 93 and 103 older homes, respectively, were carefully 

inspected for indoor moisture problems (Tsongas 1980, 1986). 
Condensation on windows (almost all had stonn windows) was 
noted in about two-thirds of the homes, and mold and mildew 
was observed on window frames and on interior surfaces such as 
walls and ceilings in about one-third of the homes. About one
quarter of the homes had the clothes dryer vented inside the 
house, and almost half of the homes with a crawl space had no 
ground cover. The average indoor relative humidity measured 
during the winter was S60Jo for the Portland homes and 471tfo for 
the Spokane homes, with many homes having relative humidities 
in the seventies. During the fall and spring, the indoor relative 
humidities would be even higher. Thus, the homes clearly had 
interior moisture problems, in large part due to lack of satisfac
tory indoor moisture control. It is generally believed that the lack 
of moisture control is tied to the lack of adequate ventilation. 

In newer, more heavily insulated homes it might be antici
pated that the additional insulation levels would warm surfaces 
and reduce the incidence of interior surface mold and mildew. 
Furthermore, the use of better windows (often triple glazed) 
ought to reduce window condensation. Because the newer 
homes are more tightly built, indoor relative humidity should 
increase and with it the incidence of indoor moisture problems 
(Tsongas 1987). However, that ought to be offset by the inclu
sion of better indoor ventilation systems, such as spot exhaust 
fans with air-to-air heat exchangers (AAHX). Thus it has been 
felt that indoor moisture problems should not be as prevalent in 
newer homes as in older homes. Unfortunately, there have been 
few field data to verify that belief. 

As a result, the Northwest Wall Moisture Study (Tsongas 
1990) was undertaken in 1986 with one major goal-to docu
ment any moisture-related problems that exist inside heavily 
insulated, relatively tightly constructed new homes built in the 
Pacific Northwest. The extent of indoor moisture problems was 
of concern because of the surprisingly large number of com
plaints about moisture problems in these new homes. This paper 
describes the indoor moisture problem portion of the field 
study. The results and findings reported here are presented in 
considerably more detail in Tsongas (1990), which has not been 
widely circulated. 

STUDY PLAN AND FIELD TEST METHODOWGY 
The goal of the part of the Northwest Wall Moisture Study 

(Tsongas 1990) described in this paper was to carefully inspect 
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new heavily insulated and relatively airtight Pacific Northwest 
homes and document any moisture-related problems that might 
exist inside the homes. Houses were selected from cwo regions 
chat experience climatic extremes (the Washington coast and 
Montana) as well as a major population center (Seattle-Olym
pia, Washington). The 86 homes selected were chosen from 
25i randomly selected candidate single-family homes, almost 
half of which had moisture problems. The homes were visited 
during the winter of 1987; the occupants were interviewed to 
determine pertinent life-style characteristics, and the homes 
were carefully inspected to assess indoor moisture-related 
problems. 

The homes were checked inside and outside in detail for 
leaks, moisture, or moisture damage. Indoor relative humidities 
and temperatures were measured in many rooms of each house 
using a highly accurate digital humidity and temperature meter. 
In addition, the ventilation and dehumidification systems were 
identified, inspected, and tested to see if they were working. The 
volumetric flow rates of the bathroom exhaust fan systems were 
measured using an unbalanced flow hood developed for the 
project's sponsoring agency. The results were loaded into a 
microcomputer data base. A detailed statistical analysis of the 
data was undertaken to try to determine the "causes" of the 
moisture problems that were found. 

TEST HOME AND OCCUPANT 
LIFE-STYLE CHARACTERISTICS 

Selected house characteristics are presented in Table 1. A 
detailed description is presented in Tsongas (1990). All the test 
houses were electrically heated: They ranged in age from a few 

months to a few years old. Note that 73 of the 86 test houses had 
an air-co-air heat exchanger and the others used a dehumidifier 
to remove indoor moisture. At the time of the study, whole
house exhaust-only ventilation was not in use in the region. 

The test homes were relatively tightly constructed, espe
cially relative to older homes in the region. All had some type of 
air-vapor retarder system in place and had at least R-19 [R-3.3] 
wall insulation. Heating season natural infiltration air change 
per hour (ach) values for 34 of the homes were obtained from 
previous blower door tests using standard methodology 
(ASHRAE 1989). The mean ach values for the homes in each of 
the regions are: coastal, 0.22; cold, 0.30; metro, 0.27; all, 0.28. 
Air change rate results were available for only one coastal house, 
16 of the 50 metro houses, and 17 of the 20 cold region homes. 
Thus, the mean values may not be representative of all the 
houses in the metro and coastal regions. In part, given the lack 
of polyethylene in half the coastal houses, they are probably 
leakier than the one 0.22 ach value would suggest. 

RESULTS AND FINDINGS 

Indoor Relative Humidities 
The living room temperatures and relative humidities 

measured during the winter are presented in Table 2. Overall, the 
RH values are fairly high, although the high values in all three 
regions are not unexpected given the tightness of the homes and 
the climatic conditions (Tsongas 1987). Many of the high indoor 
RH values may be associated with relatively low indoor temper
atures. Indoor relative humidities should be even higher during 
the milder fall and spring weather when the outdoor air is con-

TABLE 1 
Selected Test House Characteristics 

Cold Coastal Metro All 
No. of Test Homes 20 16 50 86 
Wall Air-Vapor Retarder Types 

Interior Noncontinuous 0 8 9 17 
Interior Poly, Walls Only o 3 1 4 
Interior Poly Wrap 19 2 29 50 
Interior Foam Sheathing 1 1 10 12 
Exterior Foam Sheathing 10 o 15 25 
ADA (airtight dry wall) o 4 2 6 

AAHX 20 10 43 73 
Dehumidifier 1 6 7 14 
Triple Glazing 13 7 24 44 
Wall lnsul. Mean A (m2 

• KNI) 5.8 3.5 3.9 4.2 
(ft2 •h• "F/Btu) 33 20 22 24 

TABLE2 
Wintertime Living Room Temperatures and Relative Humidities 

Cold Metro Coastal All 
RH(%) Avg 40 47 53 47 

Max 55 63 75 75 
Min 23 33 39 23 
StdDv 8 7 9 8 

Temp ( ° F) [ ° CJ Avg 68 [20] 66 [19] 67 [20] 67 [19] 
Max 77 [25] 75 [24] 75 [24] 77 [25] 
Min 58 [14] 54 [12] 57 [12] 54 [12] 
StdDv 5 [03] 5 [03] 5 [03] 5 [03] 
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siderably more moist and so ventilation is less effective at flush
ing out moisture generated indoors. 

The relative humidities were lowest in the cold region and 
highest in the coastal region, as expected. The mean relative 
humidity for the coastal region homes was very similar to the 
56% average measured in the Portland study older homes 
(Tsongas 1980). The average value for all homes, as well as for 
those homes in the metro region, was almost identical to that for 
the Spokane study older homes (Tsongas 1986). Relative humid
ities often were measured in other rooms such as kitchens, 
bedrooms, and bathrooms; they are available in the data base 
(Tsongas 1990). For the most part, they were very similar to the 
living room relative humidities. The highest RH value measured 
in this study was 8511Jo; that occurred in a cold bedroom of a 
coastal house whose AAHX did not work properly. 

It is important to note that about half of the homes have 
relative humidities that are higher than the average values in 
each region. The high values measured in this study point out 
the lack of proper moisture control in many of the homes. The 
high average for the coastal homes suggests a lack of sufficient 
moisture removal in many, if not most, of those homes and also 
reflects the higher humidity of the outdoor air. 

Indoor Moisture Problems and Damage 
As seen in Table 3, moisture problems or damage were 

observed during the home inspections in a relatively large per
centage of the homes in all three regions. Somewhat surpris-

ingly, almost all the problems were worst in the cold cli mate. 
Window moisture problems were common. Almost three
quaners of che homes had condensation on window glass or 
frames. while one-third had mold and mildew on window 
frames and/or sills. One-quarter of the homes had moisture 
damage co window sills. While some condensation, and even 
mold, is to be expected, the high frequency of occurrence of win
dow problems was unexpected in these new homes that had 
improved window systems (half were triple glazed) and 
presumably had we!I-controlled interior conditions. 

ln addition, previous moisture or water leak problems were 
reported by 830Jo of the occupancs (see Table 4). In part, this 
reflects the fact that the test homes were selected because previ
ous moisture-related problems had been noted by the occu
pants. However, of those households contacted to participate in 
this study, about one-third were selected, so moisture problems 
would appear to be rather prevalent in the general stock of 
energy-efficient homes built in the region. Problems with venti
lation and dehumidification equipment (notably air-co-air heat 
exchangers) were reported by more than half the occupants. 
Mold and mildew were reported by just less than half. Later 
observations by the inspecting engineers verified that numerous 
moisture problems were indeed in existence. 

While the occurrence of water leak damage was not partic
ularly extensive, the inspecting engineers observed a large num
ber of ocher moisture problems not associated with leaks in 
about two-thirds of the homes (see Table 5). One-third of the 

TABLE3 

Moisture Problem 
Condensation on glass/frames 
Mold/mildew on glass/frames 
Moist. damage on window sills 
Mold/mildew on other surfaces 

Occurrence of Indoor Moisture Problems and Damage 

Percentage of Homes in Each Region with Problems 
Cold 
100 
30 
35 
50 

TABLE4 

Coastal 
50 
31 
25 
25 

Previous Moisture Problems Reported 

Metro 
68 
32 
16 
30 

All 
72 
31 
22 
34 

None reported . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17% 
Ventilation/dehumidification ... .................. ...... . ...... . . ................ 53% 
Mildew/mold : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45% 
Leaks .................. . ... ........ ... ...... ............ . .... . ....... ..... 31% 
Water stains ........................... ......................... . . .. ... .. . .. 30% 
Non-window condensation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28% 
Musty odor ............................. ... ...... .............. . ... . .. ... .. . 23% 
Ice buildup . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22% 
Buckled siding .................... . ...... . . ........... ...... ................ 22% 

TABLES 
Other Moisture Problems Observed 

None observed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37% 
Downspouts not connected to storm sewer or suitable outfall .. .. . ..... ·. . . . . . . . . . . . . . . . . 37% 
Mold/mildew . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34% 
Staining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23% 
Standing water in crawl space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16% 
Warped siding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15% 
Wood stored in basement/house . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12% 
Regularly used humidifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8% 
Blistering/peeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5% 
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homes had mold and mildew. It typically occurs when the rela
tive humidity in a room is above about 600Jo to i0%. That type 
of moisture damage is not only a nuisance, it also causes addi
tional maintenance and repair costs, such as for cleaning or 
repainting, and is associated with health problems (duPont and 
Merrill 1990). 

Statistical data analysis of these results indicated that 
indoor moisture problems were very prevalent in the smaller 
houses, especially if the number of occupants was high. The 
analysis also showed that high indoor relative humidities, which 
are most likely to occur in small, heavily occupied homes, are 
strongly associated with increased interior moisture damage 
problems. The occurrence of mold and mildew was also related 
to the number of showers taken per day. That is another direct 
indication of the lack of indoor moisture control. 

These results suggest that the ventilation systems were not 
doing an adequate job of removing excess moisture, and so rela
tive humidities were too high. Reducing the incidence of mold 
and mildew will require lowering indoor relative humidities by 
improving moisture control. 

Ventilation System Obsenations 
During the inspections of the test homes, all ventilation 

systems were observed, including air-to-air heat exchangers 
(AAHX), bathroom and kitchen exhaust fans, as well as their 
controls. Dehumidifiers also were inspected. Simple checks of 
all systems were made to see if they were working. In addition, 
the use patterns of each system were determined during the 
occupant interview. Finally, the occupants were asked about 
previous ventilation and dehumidification problems. 

The ventilation system observations were undertaken to 
provide information that might help explain the incidence of 
moisture-related problems within the test homes. This aspect of 
the moisture study was not meant to be a thorough ventilation 
study. Although it was observed during the course of the inspec
tions that the ventilation systems often were not working 
properly, insufficient test data were collected to clearly deter
mine the impact on moisture-related problems. 'Considerable 
additional work is needed to do that. A thorough moisture con
trol system study would appear to be in order and a major need. 

Air-to-Air Heat Exchangers Whlle 86o/o of the test homes 
had an AAHX, 11 OJo of them were not used regularly (see Table 
6). Moreover, another entirely different 11 fJ/o of them did not 
work at all. Thus, overall, there was no AAHX ventilation in 
about one-third of the homes. While most systems did work, 
numerous design, installation, and operational problems made 

them very ineffective in controlling moisture. Furthermore, the 
fact that they did not work or were not used was found from the 
statistical analysis of the results also to lead to higher wall cavity 
moisture levels. If AAHX systems are to be installed in future 
i:nergy-efficient homes, considerable thought and study must be 
given to their proper design, installation, testing/inspection. 
and operation. With that, the vast majority of the AAHX 
problems that are now so prevalent could be avoided. Given that 
AAHX are no longer required in new homes in the Northwest 
and are now seldom installed, there is all the more need to make 
sure that there are other systems or strategies available to 
properly control indoor moisture levels. 

Air-to-air heat exchangers were installed in these test homes 
to provide ventilation that would mitiga1e indoor air quality 
problems. They were not specifically designed for moisture con
trol. Unfortunately, it is not clear if even the best, properly used 
AAHX can satisfactorily remove moisture and control indoor 
relative humidities in the mild coastal and metro climates. This 
is because the outdoor air that "dries" the indoor air as a result 
of ventilation and air leakage is relatively moist during mild 
weather (especially during the fall and spring) and thus ineffec
tive in flushing away moisture generated indoors (Tsongas 
1987). Even exhaust-only ventilating systems may be inadequate 
for moisture removal and control. It would appear that some 
method other than ventilation is necessary to provide satisfac
tory indoor moisture control, especially in mild and humid cli
mates, and perhaps even in cold climates during mild weather. 

Kitchen Ventilation There were numerous types of kitchen 
ventilation systems, and 8 o/o of them did not work (see Table 7). 
A number of the kitchen fans were of the non-exhausting, recir
culating variety that provide no removal of kitchen moisture. 
Some of the types that utilized the AAHX system often were not 
on when needed. Moreover, 40o/o of the occupants said they did 
not use the system when cooking, largely because they did not 
see the need. Many thought the major purpose was to get rid of 
cooking odors, and when there were no odors, there was no need 
to use the system. Overall, there was no kitchen ventilation in 
almost two-thirds of the homes. 

There were numerous other problems that kept occupants 
from using the kitchen ventilation system. If dehumidistat con
trols were installed on kitchen ventilation systems, moisture 
would be exhausted automatically when necessary, and the 
occupants would not need to be relied upon to turn on the sys
tem at the appropriate times. The installation of range hood 
recirculating fans that do not exhaust to the outdoors should be 
prohibited. 

TABLE6 
AAHX System Problems 

Did not exist. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14% 
Did not work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 % 
Not used regularly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 % 

No AAHX ventilation in about one-third of homes 

TABLE 7 
Kitchen Ventilation Problems 

Did not work ...... . ......... . 8% 
Nonexhausting, recirculating type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13% 
Not used regularly/poorly controlled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40% 

No kitchen ventilation in almost two-thirds of homes 
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TABLES 
Bathroom Ventilation Problems 

Did not exist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8'% 
Connected to AAHX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62% 

Did not work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20% 
Exhaust fan only . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30% 

Did not work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9% 
Lack of exhaust capability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23% 
Not used often tor showering or bathing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25% 

No bathroom ventilation in half of homes 

Bathroom Ventilation About 811/o of the homes did not have 
a bathroom exhaust fan (see Table 8). Occupants were supposed 
to open the bathroom window for moisture control. This wac
tice seldom provides satisfactory bathroom moisture· removal. 
Of the homes that had a bathroom exhaust fan, 6211/o. were con
nected to the AAHX. However, 2011/o of the bathroom exhausts 
connected to an AAHX did not work, and 911/o of those systems 
with just an exhaust fan did not work. In all, 2311/o of these brand 
new homes did not have bathroom exhaust capability. It is 
believed that inadequate control and insufficient fan capacity, 
coupled with small-diameter flex duct runs, are the causes. 

Moreover, 2511/o of the systems were not used often when 
showering or bathing. Thus, overall there was no bathroom ven
tilation in about half of the homes. Control with a properly 
calibrated dehumidistat would automate the removal of mois
ture when humidity levels are too high. In that way, occupants 
would not need to remember to turn on the exhaust fan or even 
know that it was important to do so to remove moisture gener
ated in the bathroom. Incidentally, such an approach should be 
especially effective in controlling moisture levels in homes 
because it would be removing moisture directly at one of its 
sources. 

Measured flow rates. Bathroom exhaust flow rates were 
measured in the 26 coastal and metro homes revisited during the 
summer of 1988 and also remeasured in the 16 homes revisited in 
the winter of 1989. A flow hood specially designed to measure 
low flow rates was utilized. For the 36 bathroom exhaust fans, 
the mean measured flow rate was found to be 5311/o of the rated 
capacity. Thus, the actual system performance is markedly 
poorer than the rated performance of the fan alone. The 14 fans 
with the lowest rated flow rate (50 cfm) achieved the lowest per
centage of the rated capacity (4511/o), whereas the fans with the 
largest capacity achieved the highest. The 14 AAHX-only sys
tems without a separate bathroom fan were characterized by 
relatively low flow rates, many of which were below 10 cfm or 
had no flow. The mean flow rate for those 14 AAHX exhausts 
was 20 cfm, which is about half of the mean flow rate for the 36 
bathroom exhaust fans. 

These bathroom exhaust fan results are in general agree
ment with the results of field measurements of 10 fans in exist
ing homes of conventional construction (Robinson and Rooke 
1989); in that study, the average measured cfm to rated cfm per
centage was 4011/o. A separate study of 50-cfm fans in 22 new 
energy-efficient homes in Oregon and Washington found the 
average actual flow to be 7011/o of the rated capacity (BPA 1989). 
A Canadian study of 19 bathroom exhaust fan installations 
found measured actual flow rates were on average 441170 of the 
rated flow (HRAI 1988). 

In addition, there is another often neglected factor that 
greatly influences the effectiveness of any ventilation system. 
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Operation of an exhaust fan changes the pressure distribution in 
a room. Some of the air that was exfiltrating when the fan was 
off is mechanically exhausted when the fan is on. Thus the real 
additional ventilation of the house when an exhaust fan is 
turned on is less than the airflow through the fan system. The 
net ventilation is only about half of the flow through the exhaust 
fan system. For example, if a 40-cfm airflow is measured 
through a bathroom exhaust fan (rated, say, at 80 cfm), the real 
additional ventilation of the house is only about 20 cfm. This 
effect has been measured. 1 

The conclusion is that bathroom exhaust systems do not 
ventilate anywhere near as well as expected. Coupled with the 
fact that about one-quarter of the test homes did not have 
bathroom exhaust capability and another one-quarter did not 
use the exhaust when showering or bathing, it is clear that 
moisture removal in bathrooms is poor and inadequate. A solu
tion would be to use larger capacity, more expensive quiet fans, 
and/or larger duct sizes and no flex duct, with automatic 
bathroom fan operation when needed with either a dehumidi
stat or a timer. 

Dehumidifiers A dehumidifier was used regularly in the 
wintertime to remove moisture in 16DJo of the homes. Surpris
ingly, 8o/o of the homes regularly used a humidifier, which in a 
few cases simply was a vaporizer. Use of a properly selected 
dehumidifier could be one of the most effective methods of 
removing moisture for homes in the mild coastal and metro cli
mates. Indoor relative humidities are highest when outdoor 
temperatures are mild because the outdoor air is relatively moist 
and ineffective at drying out the indoor air. Under those condi
tions, any mechanical ventilation system will be relatively 
ineffective for moisture control, and dehumidification may be 
necessary. 

The influence of climate and weather on the effectiveness 
of ventilation for indoor moisture control is shown graphically 
in Figure 1. A microcomputer program (Tsongas 1987) was used 
to predict the variation of indoor relative humidity vs. a build
ing's air exchange rate for differing climates. A 1,200 ft 2 (112 
m2) house with an internal moisture production rate (M.P.R.) 
of 20 pounds per day (9 kg per day) and a fixed indoor tempera
ture was assumed. The outdoor temperature and relative humid
ity values were varied from a cold, dry climate (case 1) to a mild, 
humid climate (case 4). Case 2 represents typical average winter 
conditions in Portland, Oregon, whereas Case 3 represents typi
cal average wimer conditions in the coastal region. The results 
show that it is relatively easy to maintain fairly low indoor rela
tive humidities in cold, dry climates, and in tightly constructed 
homes ventilation can be effective at reducing indoor relative 
humidities if they are too high . On the other hand, homes in 

1 P~ivate communication, Larr} Palmiter, Ecotope, Seattle. WA. 

. . 
,.. , .I .,. ., ~. N .1• .. , ' # t , 4', .- • • • 'U' L • • ,., - • . ' , • , ' • • r. .,. . ·• • -: , • • r ~ ..o • • /.' '" ' 



100 

80 

Indoor 
60 

RH% 
40 

20 

a 
a .25 .so .75 1.00 1.25 1.50 1.75 2..00 

Air E.xchang1t Rate (ACH) 

2 3 4 

Outside Air Temp. (Deg. F) 20 47 52 58 
Outside Air R.H. (%) 50 76 90 90 
Indoor Air Temp. (Deg. F) 68 68 68 68 
Indoor M.P.R. (Lb H20/Day) 20 20 20 20 

Bldg. Floor Area (Sq. Ft) 1200 1200 1200 1200 
Ceiling Height (Ft.) 8 a a a 

Figure I Effect of climate on ventilation effectiveness 

mild, humid climates have very high indoor relative humidities, 
and even excessive ventilation will have little effect on those 
levels. This also clearly shows that the times when indoor 
moisture ieVels and associated problems such as mold are the 
worst is during the mild spring and fall weather. Hence, for mild 
and humid climates, dehumidification appears to be necessary 
to maintain satisfactory indoor relative humidity levels. 

An unanswered question is: What is the proper mix of 
dehumidification and ventilation? Until recently, little has been 
known about the nonsummer performance of residential 
dehumidifiers. Recent field research (fsongas and Wridge 1989; 
Galbraith 1986; Sanders 1985) has shown that a dehumidifier 
can effectively control indoor moisture levels in mild, humid 
climates during nonsummer conditions. Thus, tpe best mois
ture-control system would appear to be a combfoation of de
humidification for general whole-house moisture removal and 
spot ventilation for moisture removal at bathroom and kitchen 
sources. 

Unfortunately, it is not certain whether the dehumidifiers 
used in the test homes of this study were removing the moisture · 
from indoor air effectively. In order to accomplish this when 
indoor air is at typical indoor winter temperatures, it is neces
sary to use a dehumidifier that is oversized relative to those that 
are used primarily in the summer, and the unit should have an 
automatic defrost control. Without the defrost control, the coil 
will frost or freeze up and the water removal rate will drop or 
cease. Many commonly purchased dehumidifiers do not have a 
defrost control. Unfortunately, no check was made of the units 
originally installed for defrost control or high capacity. 

Other Findings The existence and use of fireplaces and 
wood stoves (or fireplace insem) resulted in some unknown 
degree of veacilation and subsequent drying of the indoor air. 
Wood stoves or fireplace insens were found in 4211/o of the test 
homes; 7711Jo of those were used regularly. Numerous occupants 
commented about the "dry" heat from a wood stove. That may 
be because rooms with wood stoves in use are often rather warm, 
leading to lowered relative humidities and the perception of 
drier air. 

Based upon conversations with the occupants, many do not 
understand their house's ventilation systems, particularly with 
regard to how and why they should be operated. Seldom is there 
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even an instruction manual, although there should be, since 
tight homes are different from conventional housing. In many 
cases, the occupants do not understand where moisture comes 
from , nor do they perceive the need co use exhaust fans or an 
AAHX to remove moisture in their airtight homes. Thus, there 
is a huge need to educate the occupants on how and why cooper
ate their moiscure-contro.l systems. lt even may be necessary to 
install inexpensive indoor relative humidity gauges in each 
home so the occupants will be able to know whether their home 
is too moist. 

Given the large percentage of the test homes that had venti
lation system components that did not work properly or at all, it 
is evident that building code inspectors missed those basic venti
lation system problems. They need to be trained to inspect venti
lation systems and to understand their importance in airtight 
homes that require proper moisture control. 

CONCLUSIONS 
The purpose of this study was to determine if moisture

related problems exist in heavily insulated, reJatively airtight, 
new Pacific Northwest homes. Based upon careful inspections 
of the test homes and their ventilation systems, as well as inter
views with the occupants, numerous moisture-related problems 
and damage were noted inside the test homes. These problems 
were most prevalent in bedrooms, which are generally kept 
cooler and hence have higher relative humidities. 

The widespread incidence of so many different kinds of 
indoor moisture problems was much lligher than expected in 
new homes. The data analysis showed that their existence cor
related with high indoor relative humidity. That appears to be 
directly related to the fact that the homes' ventilation systems, 
including spot exhaust fans and air-to-air heat exchangers, often 
were not working properly or not used. Of the bathroom 
exhaust fans that did work, the actual exhaust flow of the sys
tems, including ducts, that was measured was only about half of 
coe rated capacity of the fans. 

There were many homes whose indoor relative humidities 
were clearly too high, with values reaching as high as 8507o in a 
cold bedroom. These high readings, along with the findings of 
interior moisture-related problems, directly indicated that venti
lation did not provide satisfactory moisture control in many of 
the test homes. 

All these ventilation system problems resulted in inade
quate removal of excess moisture and are especially disappoint
ing since these homes were intended to include che best available 
ventilation systems that would result in well-controlled indoor 
conditions. Unfortunately, far too little attention was given to 
making the ventilation systems work properly, to including 
systems that would provide indoor moisture control in addition 
to ventilation just for satisfactory indoor air quality, and to 
educating the occupants in their proper use and need for mois
ture control. 

For boch new and exiscing tightly constructed homes in the 
mild western portions of the Pacific Northwest, adding a portable 
dehumidifier appears to be one of che besc ways co prnvide sacis
factory indoor moisture control. In these mild climates, ventila
tion alone will probably not provide adequate moisture control 
because the mild, humid outdoor air that is brought in to flush 
out the moist indoor air is often almost as moist as the indoor air, 
making ventilation not very effective for drying the indoor air. In 
such climates, the use of ventilation alone for moisture control 
probably should be discouraged. Since ventilation is still required 
to provide adequate indoor air qualicy, a combinacion of ventila
tion and dehumidification is needed. An equally imporcant com-



ponent of the overall solution is ei ther providing moisture con
trols that operate automatica1ly or educating the occupants to 
be aware of che need for moisture conrrol in these airtight homes 
when systems that do not work automatically are installed. It 
appears that dehumidification, in combination with spot venti
lation with automatic control, should be considered a major 
pan of a moisture-control strategy for all coastal and metro 
homes and perhaps even some cold climate homes for use dur
ing mild weather. 

The surprisingly large number of moisture problems re· 
ported in these new homes is disturbing. These results suggest 
that moisture problems may be prevalent inside many new homes. 
Noc enough attention had been paid to controlling excess mois
ture in tight homes, and there is a definite need co improve their 
indoor moisture-removal capability. Noc doing so will result in 
continuing indoor moisture-related problems and possibly even 
long-term structural damage within walls. For furure as well as 
existing energy-efficient airtight homes, moisture control must 
have a much higher priority in the design, construction, inspec
tion, and ongoing operation. This goal appears achievable. 

RECOMMENDATIONS 

Recommendations for Further Study 
A number of important questions arose from this study: 
I. Whac needs to be done to provide satisfactory indoor 

moisture control that is so lacking in tightly constructed Pacific 
Northwest homes? Are the existing ventilation systems capable 
of maintaining satisfactorily low indoor relative humidity levels 
if they work properly and are used as intended? ls the use of air
co-air heat exchangers or whole-house exhaust-only ventilation 
systems workable as a moisture-removal strategy during mild 
seasons in cold climates or in mild climates where the outdoor 
air often is almost as moist as the indoor air? Should dehumidi
fiers be used to augment spot ventilation to provide the neces
sary removal of moisture in new tighc homes in mild climates or 
during mild seasons in cold climates? 

2. Can simple and inexpensive controls, such as d~humidi
stats or automatic timers, be installed on bathroom and kitchen 
exhaust fans to effectively automate the removal of moisture 
generated at the source and result in proper and automatic con
trol of indoor moisture levels? 

3. Given that existing bathroom exhaust fan systems 
achieve only about half of their rated exhaust flow, are there 
simple and inexpensive ways of modifying the ducting or other 
components to increase che flow, or must larger. capacity (cfm) 
fans be used? 

4. Are indoor moisture problems even more prevalent in 
new multi-family residences that are smaller in size and thus are 
theoretically more prone to moisture problems? 

These questions need to be answered to conclusively deter
mine if interior moisture problems can be prevented in new 
homes built with heavily insulated walls, a continuous air-vapor 
barrier, and mechanical ventilation with or without heac recov
ery. Even though it has been found that current energy-efficient 
home construction practices cause indoor moisture problems, 
remedial actions appear possible. But what works best? Clearly, 
additional information is needed. 

Proposed Tests and Studies 
l. Undertake a limited moisture field study of a small num

ber of relatively new, tightly constructed multi-family houses, 
particularly in the coastal or metro regions, to see if they have 
similar or worse problems, as expected. 
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2. Test the effectiveness of a combination of ventilation 
and dehumidification for indoor moisture control in mild, 
humid climates. This could be easily accomplished by com
paring the indoor relative humidity performance of identical 
side-by-side apartments, one with dehumidification and one 
without. Two unoccupied apartments could be rented for the 
duration of the study. Equal moisture production could be 
achieved with vaporizers or humidifiers. 

3. Test the effectiveness of dehumidistats and other auto
matic controls installed on bathroom and kitchen exhaust fans 
at maintaining proper indoor moisture levels. 

4. Test the effect on bathroom exhaust fan system flow of 
increasing the duct diameter and replacing flex duct with non
fle.x duct. Determine the cost co modify existing ducts. 

Practical Recommendations to Improve 
Indoor Moisture Control 

To transfer the findings and conclusions of this research so 
they may be of practical use to the building community at large, 
specific recommendations have been made co builders and con
tractors, building code officials, and energy-efficient home 
occupants. These recommendations are presented in detail in 
Tsongas (1990), which is available from the author or BPA, and 
are not repeated here because of space restrictions. 
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