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ABSTRACT 

This paper summarizes the thermal performance of 
50 passive solar residences in a variety of U.S. lo­
cations. These buildings were monitored as part of 
the Solar Energy Research Institute (SERI) R esi­
dential Class B Passive Solar Performance Monitor­
ing Program. 

The oaper describes the monitoring and perfor­
mance evaluation methods and presents the overall 
heating season performance of the buildings in 
graphical form. We draw some general conclusions 
from these results and discuss the validity of 
extrapolating such conclusions to passive solar 
buildings in general. 

1. INTRODUCTION 

The SERI. 'Residential Class B Passive Solar Per­
formance )/1onitoring Program is a low-cost pro­
gram that evaluates the thermal [)erformance of 
selected residential buildings throughout the coun­
try (1). The goal of this program is to provide a 
consistent measure of the thermal performance of 
different types of [>SSSive buildings in different 
climates. Instrumentation is limited to that needed 
to calculate the monthly building energy balance, 
separating passive solar heating from the other 
building energy nows. Thermal storage and other 
individual components are not monitored, and no 
attempt is made to determine a building's thermal 
processes in detail. 

Instrumentation began in 1981. At that time, SERI 
was to coordinate the national progre.m, and the 
Regional Solar Energy Centers (RSECs) were to 
oversee the ooeration of the monitored sites in 
their regions. ·:'!lore than 60 buildings were instru­
mented to some degree. However, the regional 
centers closed at the end of 1981, and SERI 
assumed the suoervision of as many of the sites as 
possible. We assembled sufficient 1981-1982 data 
to summarize the performance oi 40 buildings (2). 
In addition, we plan to provide the research com­
munitv with more detailed monthlv oerformance 
calculations, hourly raw measurement" values, and 
complete site handbooks that describe the buildings 
and measurements in more detail. 

Also, we instrumented 40 buildings for the 1982-
1983 heating and cooling seasons, ten of which are 
included in this paper. The complete results from 
these buildings will be available in late 1983, along 
with comoarisons between measured performance 
results and monthly design tool predictions. . 

2. PERFORMANCE EVALUATION APPROACH 

The Class B program features on-site data proces­
sing using a standardized microprocessor data 
acquisition system (DAS). The DAS collects up to 
22 continuous measurements every 15 second; and 
processes these values in the microprocessor. The 
system is programmed to calculate daily and 
monthly performance factors in real time and print 
them on a daily basis. These real-time computa­
tions include the major building energy flows, 
weather variables, and the other basic monthly per­
formance factors required in the Class B [)rogram. 
With proper DAS programming and operation, these 
factors, which are the basis of this paper, can be 
taken directly from the DAS, requiring off-site 
computation only for statistical data analysis. 

The system also produces magnetic data storage 
tapes that contain hourly averages of the raw con­
tinuous measurements. The raw data tapes and the 
monthly performance factor summaries are trans­
cribed into the SERI computer system for archiving 
and further analysis. If necessary, the monthly· 
summaries are corrected for any program ming 
errors. If this is impossible, the hourly data are 
used to calculate the summaries. The hourly data 
have. many potential applications, such as graphic 
data presentations and statistical building charac­
terization. 

Building thermal :;ierformance calculations are 
based on a monthly building energy balance. The 
energy balance is calculated for a single control­
volume that includes the air of the living zone, 
defined as conditioned space and space that always 
remains within 10°F (6°C) of conditioned space 
temperature. This usually excludes attics and 
garages and includes basements and sunspaces only 
when the space is conditioned. 



The energy balance has fol.ll' components: a heat­
lass component and three gains-auxiliary heat, 
internal heat, and passive heat. The passive heat 
used by the building is found by subtracting the 
measured heat delivered to the building by auxil­
iary and internal sources from the building heat 
loss, calculated from measured temperature differ­
ence. The passive heat includes the effects of all 
passive heat gains and losses, not just the direct 
solar gain through the south-facing glazing. Other 
passive energy flows include solar gains through 
east and west windows, solar absorption by walls 
and roofs, thermal buffering by sunspaces, thermal 
storage mass effects, and additional infiltration 
and venting caused by the occupants. Direct mea­
surement of all these energy flows would be diffi­
cult and is beyond the scope of the Class B 
[lrogram. 

Living zone heat loss is the product of the living 
zone heat-loss coefficient and the measured in­
door-outdoor temperatl.ll'e difference. The indoor 
temperature is the average of several living zone 
temperatures, measured at locations that represent 
the building's m heat loss areas. The heat loss 
coefficient is measured using electric? coheating (3) 
and is adjusted for infiltration effects, based on 
pressurization and tracer-gas infiltration measure­
ment (4,5). The building heat-loss coefficient, 
along with other building and heating system char­
acteristics, is stored in the DAS computer software 
to be used during the real-time data reduction. 
Details of the coheating 9rocedure and other mea� 

'ajor 

surement techniques are included in the installation 
manual for the Class B program (6). 

3. SUMMARY OP RESULTS 

Figure 1 shows the overall heating season perfor­
mance for 50 buildings in the Class B program. 
Each bar represents the total building heating load 
divided into passive, auxiliary, and internal heating 
components. The energy quantities are normalized 
per unit floor area and degree-day (based on mea­
sured indoor-outdoor temperature difference). The 
buildings are ordered from left to right according 
to total purchased heating energy (auxiliary plus 
internal). We will use this value as a building per­
formance index (BPI). At the top of each bar, the 
south glazing to floor area ratio and passive system 
types are indicated (DG = direct gain, SS = sun­
space, TW = Trombe wall, WW = water wall). We 
refer to the ratio of the passive heating component 
to the total heating load as the passive heating 
ratio (PHR). 

>-"' 
'O 

u.. 
0 ' 
::l 

§. 
>. 
Cl 

:;; 
c: 

UJ 
Cl 
.!:: 
;o ., 
I 

� 
·c:; ., 
Q. 

CJ) 

12 

11 

10 

9 

8 

6 

5 

4 � 

3 

2 

0 

;: 
0 
(!) 

� 
Cl 

0 
� (/) 

(/) 

� 
0 
(!) 
Cl 

Heating Source i Passive 
Internal 
Auxiliary 

� 
0 

(!) 
Cl 

� 
0 
(/) 
(/) 

(3 
Cl 

"' "' 
0 
(!) 
Cl � 

0 
(!) 
Cl 

"' "' 
0 
(!) 
Cl 
� 
I- "' "' 

0 
(!) 
Cl 

Fig. l. Heating Season Energy Summaries for 50 Monitored Buildings 

The buildings are identified by a three-letter site 
code. The first two letters denote the region of 
the country, and the third letter denotes the spe­
cific building in the region (DM=Denver, MA=Mid­
America, NE=Northeast, SS=South, WS=California). 
An additional site code prefix, MB, identifies 
buildings in the SERI Passive Solar Manufactured 
Buildings Program (MBA is in Denver, MBB is in 
Wisconsin, and MBD is in North Dakota). Figure 2 
shows the location of each building. 
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MBD• 

MAM• 

OMA• 
DMC 
DMD 
DME-�==:-----IL--..., 
DMF 
DMG 
DMH 
DMI 

-...._r-OMJ 
DMK 
DML 
DMM 
DMT 
MBA 

Fig. 2. Class B Site Locations 

The 50 sites included in this report represent a 
wide variation in building and passive system size, 
configuration, and operation. The thermal i.)erfor­
mance of these buildings also varies a great deal. 
Much of the practical relevance of the results 
presented here lies in the study of the individual 
building summaries. However, some general obser­
vations can be made regarding the overall perfor­
!llance of the monitored buildings. 

The following conclusions are based on interpreta­
tions of the results in Fig. l and a simple statistical 
analysis of the results. The statistical !3-pproach 
involves averaging the results and grouping them 
according to varioLS categories, such as passive 
svstem type and ,,.eographical region. The statisti­
cal results are sh�wn in Table l for 48 sites and in 
Table 2 for several categories of buildings. Sites 
WSE and WSL were eliminated from the sample be­
cause they were included in the program as non­
solar comparison buildings (7). 

First, these buildings have low auxiliary heating 
needs. Figure l shows that the auxili��fY heating is 
generaJ!.Y less than 3 Btu/° F-day-ft (60 kJ/° Ci day-m-) with !19 average of 1 .9 Btu/°F-day--ft 
(38 kJ/° C-day-m-). Conventional �uildings typi­
cally use from 6-12 Btuf F-day-ft (120-240 kJ/ 

2° C-day-m ), and the 9roposed Building Energy Per­
2 formance Stand<O!f,d would allow 4 Btuf F-day-ft

(80 kJf C-day-m-). We will not, however, attempt 
to calculate an energy savings comparison in rela­
tion to a standard nonsolar building. The basis of 

Table r. Statistics of Key Variables 

Standard Variable �ean Deviation 

Inside. temperature 67.56 3.09 
[°F(° C)] (19. 76) (l.72) 

Monitored days 127 31.5 

Passive heating 
fraction 0.393 0.159 

Building performance t 3.469 1.270 
2 index [Btu/° F ay-ft 

(kJf C-day-m )] (70.86) (25.94) 

Note: Number of homes in sample: 48 

such comparisons is inherently arbitrary and the 
results are subject to one's assumptions of what is 
standard. Swisher and Cowing (2) present suffi­
cient information to allow the reader to make any 
desired com9arisons. The average BPI, whic� 
includes intern� heat, was 3.5 Btu/° F-day-ft 
(70 kJ/° C-day-m ), indicating that internal heating 
was nearly equal to auxiliary heating on the 
average. 

Second, the energy saving effects of insulation and 
weatherization are critical. Modest solar designs 
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Table 2. Thermal Performance Mean Estimates by Category 

Incident BPI Number 
Category Btu!° F-day-f1;z2 Radiation PHF 2 in Sample Btu/day-f(kJ/°C-day-m ) t;,

(kJ/day-m •) 

System type 
Direct gain 29 3.76 (76.8) 0.395 
Sunsoace 11 2.76 (56.4) 0.383 
Mass- wall 5 3.45 (70.5) 0.393 
Water wall 2 3.38 (69.0) 0.335 
Hybrid 1 3.17 (64.8) 0.587 

Location 
Denver 14 2.85 (58.2) 0.501 1320 (14,980) 
New England 10 3.19 (65.2) 0.287 875 (9,930) 
Midwest 7 2.80 (57 .2) 0.323 913 (10,360) 
South 8 4.89 (99.9) 0.287 5611 (6,370) 
California 9 4.00 (81.7) 0.493 891 (10,110) 

Night Insulation 
Yes 20 3.48 (71. l)  0.406 
No 28 3.46 (70.7) 0.385 

on very tight buildings generally use less heat than 
more ambitious solar design; on very leaky buil.d­
ini;s, and low heat losses will increase the fraction 
of the hee.ting load met by the solar components. 
Figure 1 shows that the largest purchased energy 
users (right side of the graph) have relatively high 
total heating loads; and with the exception of a few 
very heavily solar-driven buildings in Denver, 
Colo., and Northern California, the buildings with 
higher heat-loss coefficients required more pur­
chased heat. Some of the smallest purchased 
energy users (left side of the graph) were buildings 
in the Northeast that had moderate passive heating 
and very low heat-loss coefficients. 

Third, the solar performance is variable. From the 
data collected so far from the largest sample yet 
of passive solar houses monitored in a consistent 
manner, we can say that the passive solar systems 
contribute a statistically significant portion (39%) 
of the total heating load, or 5596 of the net heating 
load (total load minus internal heat). Figure l 
shows several buildings with large passive heating 
contributions, but this does not necessarily trans­
late into energy savings. While many heavily 
glazed buildings perform well in terms of auxiliary 
heat (e.g., sites D<VIK, DMM, NEB, NEM, WSM), 
some are disappointing (e.g., sites NEA, SSA, SSM, 
ws.J). 

Fourth, it appears that the habits of the building's 
occupants in using the building are critical to pas­
sive system oerformance. This especially applies 
to the use of operable components such as insula­
tion, sunspace doors, and vents. There was no sig­
nificant statistical difference in either the BPI or 
PHF for houses with night insulation and those 
without (see Table 2). In reviewing the operation 
of the individual buildings, we found that most of 
the buildin� with disappointing performance had a 
problem with operable components or occupant 
oarticipation. There are several reasons for this. 

In some cases, the occupants were simply inatten­
tive. Some automatic components, such as thermo­
statically controlled fans, did not operate properly. 
Several occupants, however, ignored operable com­
ponents because the components were not suffi­
ciently simple or convenient to use. This indicates 
that designers should continue to improve the sim­
plicity and convenience of manual components and 
emphasize reliability in selecting automatic 
components. 

Fifth, none of the basic passive system types 
(direct gain, sunspace, and thermal storage wall) 
had significantly better or worse overall perfor­
mance. It is interesting to note that several of the 
sunspace designs used very little purchased heat, 
but did not have an especially large passive heating 
contribution. This points out the advantage of 
using a sunspace for a thermal buffer, for reducing 
heat losses, as well as for a solar energy collection 
device. 

Sixth, performance varied significantly by location. 
The PHF means for California and Denver were 
significantly different (at the 9596 confidence 
level) from the means for the other regions. As 
expected, the solar contributions were larger in the 
West. The differences in measured incident radia­
tion, shown in Table 2, accounted for some of this 
difference. The BPI means for California and the 
south were significantly higher than those for the 
colder regions. There are three reasons for this: 
(1) the buildings in the colder regions tend to be 
more heavily insulated; (2) there tends to be more 
venting of internal heat in the warmer regions; and 
(3) the degree-day normalization may introduce a 
slight bias in favor of the colder climates. 

Seventh, the passive solar houses are comfortable, 
with an average indoor temperature of 67 .6° F 
(19.8° C). The time-averaged temperature of each 
site ranged from 54°-73°F (12°-23°C). 



4. CONCLUSION 

2 The estimated mea BPI of 3.469 Btul°F-day-ft� 
(70.86 kJ!° C-day-m ) has a 95% confidence int1\ 2val of ±0.363 Btu!° F-<lay-ft (1.41 kJ f C-day-m ). 
Thus, given the assumptions that the monitored 
tiouses are representative of the population of pas­
sive solar houses and that the measured BPI values 
are not consistently biased, then with a 5% risk of 
error the true mean BPI is within ±10.5% of the 
estimated mean. Work is in process to determine 
the validity of the above two assumptions regarding 
the representativeness of the monitored houses and 
the extent of any bias in the individual BPI esti­
mates. No obvious sources of bias in the BPI esti­
mates have been uncovered as yet. Lack of infor­
mation about the number, characteristics, and 
location of the general population of passive solar 
houses has made a test of representativeness of the 
monitored houses difficult. 

The 50 buildings in this sample clearly show that 
passive solar design can achieve very low purchased 
energy usage in all regions of the country. These 
results also show that solar performance can be 
improved further, espeeially with regard to oper­
able eomponents sueh as movable insulation. 
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