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INCREMENTAL COOLING LOAD DETERMINATION 
FOR PASSIVE DIRECT GAIN HEATING SYSTEMS* 

Paul W. Sullivan,t Douglas Mahone,§ Winslow Fuller,§James Gruber,§ 
and 

Ron Kammerud, Wayne Place, and Brandt Andersson 
Passive Analysis and Design Group 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

ABSTRACT 

This paper examines the applicability of the National Association of Home 
Builders (NAHB) "full load compressor hour" method for predicting the cool
ing load increase in a residence, attributable to direct gain passive heat
ing systems. The NAHB method predictions are compared with the results of 
200 hour-by-hour simulations using BLAST and the two methods show reason
able agreement. The degree of agreement and the limitations of the NAHB 
method are discussed. 

1. INTRODUCTION 

Currently used methods of calculating passive 
direct gain heating system performance do not 
account for increases in the building cooling 
load resulting from increased south aperture 
areas. Since this increase means more non
renewable energy (air conditioning) must be 
used to remove the excess summertime heat, it 
is necessary to include cooling energy. when 
calculating the net value of the passive 
direct-gain system. This would take the form 
of a performance penalty, with the magnitude 
of passive system heating savings reduced by 
the amount of increase to the cooling load. 

Intuitively, one sees that th~ effect of this 
penalty will vary from region to region. In 
far southern areas, where cooling loads are 
more significant than heating, the cooling 
penalty cancels out any benefits from region 
to region. In far southern areas, where 
cooling loads are more significant than heat
ing, the cooling penalty cancels out any 
benefit from direct gain ·heating and 1 ittle, 
if any, direct gain aperture is recommended. 
In northern climates, the cooling penalty is 
insignificant compared to heating benefits, 
and so has little or no effect on recommended 

*This work has been supported by the Research 
and Development Branch, Passive and Hybrid 
Division, of the Office of Solar Applica
tions for Buildings, U.S. Department of En
ergy, under Contract No. W-7405-ENG-48. 

·r Enersource, Inc., P .0. Box 541, Peterbor-
ough, NH, 03458. 

§Total Environmental Action, Inc., Harris
ville, NH, 03450. 

direct gain aperture. In-between regions are 
most affected for large aperture, direct gain 
systems, where the cooling penalty is most 
significant; in this case, the optimal pas
sive aperture should not increase beyond 
moderate size. 

The only reliable methodology for examining 
such increases in cooling due to passive sys
tems has been to utilize large detailed 
hour-by-hour simulation programs. Such pro
grams are not available to many practicing 
designers and if available are generally too 
expensive and burdensome to utilize in 
residential design. More importantly, simple 
procedures, such as the Solar Saving Fraction 
method, are used predominantly for predicting 
passive system reductions in heating auxili
ary, and it is very desi rab 1 e to have a com
parably simple method for examining cooling 
loads. 

Such a simple method has been used by the 
National Association of Home Builders (NAHB) 
for determining annual cooling loads in con
ventional buildings; it is known as the "full 
1 oad compressor hour" method. This paper 
compares the cooling load increases predicted 
by the NAHB method with the increases 
predicted by hour-by-hour simulations utiliz
ing the computer program BLAST.t 

fBuilding Loads Analysis and System Thermo
dynamics. BLAST is copyrighted by the Con
struction Engineering Research Laboratory, 
U.S. Department of the Army, Champaign, Il
linois. 



2. DESCRIPTION OF CALCULATION METHODS 

2.1 NAHB Full Load Compression Hour Method 

The NAHB full load compressor hour method is 
based upon a calculation procedure which 
utilizes radiant, conductive, and infiltra
tion heat gain through windows, latent heat 
gain and cooling system capacity multipliers, 
and the annual number of equivalent, full 
load cooling compressor hours for each loca
tion. In its simplest form, the incremental 
cooling load (CL) due to direct gain windows 
can be expressed as: 

eL == H x Q x A 

where 
H = the number of equivalent full load 

operating hours per year per square 
foot of aperture (available from NAHB 
data) 

Q == heat gain value for a specific window 
orientati2n and shading type 
(MMBtu/ft -hr) 

A = w~ndow area under consideration 
( ft ) • 

The equivalent full load operating hours and 
heat gain values are given for representative 
locations (typically 5 to 10 locations per 
state) in the publication Insulation Manual: 
Homes and Apartments [1], available from the 
NAHB Research Foundation. 

The operating hours are on NAHB data for 1000 
zip code cities. This data was developed 
from temperature bin data supplied by approx
imately 150 utility companies. 

Although the heat gain value is used in the 
above as a single value, it may be expressed 
as: 

where 
q1 = radiant heat gain 

appropriaze glazing 
(MMBtu/ft -hr) 

through the 
configuration 

q2 = window conductance gain (MMBtu/ft2-
hr) 

q3 = infiltrat~on heat gain for windows 
(MMBtu/ft -hr) 

F = latent heat load factor (dimension
L 1 ess) 

Fe = capacity multiplier factor (dimen
sionless). 

The calculation of the radiant, conductive, 
and infiltration heat gains are based on 
methods in the ASHRAE Fundamentals [2]. fhe 
latent heat load factor (F ) is given as 30% 
of the direct heat gain. Fhrther correction 
for regions with higher levels of humidity is 
made in the capacity multiplier factor, Fe, 
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which reflects the difficulty of cooling; it 
is derived from Manual J of the National 
Environmental Systems Contractors Association 
(NESCA)[3]. Three climatic characteristics 
are accounted for: daily outside temperature 
swing, dry bulb temperature for the 1% summer 
design condition, and humid regions with 
latent loads greater thaB 30%. The capacity 
multipliers assume a 3 F inside temperature 
swing, thus allowbng a room witB a thermostat 
set point at 75 F to reach 78 F. A summary 
of the capacity multipliers (Fe} is given 
below: 

TABLE 1 

1% Summer Daily Temp. Capacity 
Design Temp. Swing Multip1 iers 

(Dry Bulb) Outside Fe 

90°F 15 to 25°F 0.97 
95°F 25+ °F 1.02 
95°F 15 to 25°F 1.03 

l00°F 25+ °F 1.08 
l00°F 15 to 25°F 1.09 
l05°F 25+ °F l. 22 

The table illustrates that the capacity mul
tiplier increases as the dry bulb temperature 
increases. At one dry bulb temperature, 
lower temperature swing gives a larger capa
city multiplier. In humid regions with a 
latent load greater than 30%, one chooses the 
next highest capacity multiplier (approxi
mately 10% increase). 

The NAHB full load compressor hour method was 
used to Calculate the incremental zOOling 
effects of adding an increment of 1 ft to a 
passive building in each of the 25 lo:ations 
given in Table 3. The NAHB method g1ves a 
constant incremental cooling load per square 
foot of glazing regardless of whether the 
square foot is the first square foot or the 
thousandth square foot. The heat gain values 
selected were for south facing double glazing 
with an exterior shade (no beam solar radia
tion) as would be standard practice in a pas
sive building. 

2.2 BLAST Calculation Method 

The model selected for comparison with the 
NAHB method is the public domain building 
energy analysis computer program, BLAST. 
BLAST is capable of hour-by-hour modeling of 
building thermal dynamics including features 
of particular interest, such as passive aper
ture area, shading, thermostat set point, 
latent loads, and forced ventilation (econom
izer cycles). 

Unlike the NAHB cooling method which is 
independent of building configuration, the 
BLAST simulations require detailed building 
specifications. 2 The building modeled is a 
109 m (1176 ft ) single story ranch style 
home. Basic parameters are given in Table 2 



and thermal insulation values by city are 
given in Table 3. 

Cooling2loads at2zero south aperture and at 
24.5 m (264 ft ) south aperture were calcu
lated. The incremental cooling load per unit 
area was then determined. 

TABLE 2. BLAST Parameter Schedule 
(Ranch House) 

SLAB (Ground Contact 
(Area) 

WALL AREAS 
Front 

e Insulation Area (75% 
of net wall area) 

e Stud Area (25% of 
net wall area) 

e Window Area 
e Door Area 

Rear 

e Insulation Area (75% 
of net wall area) 

e Stud Area (25% of 
net wall area) 

e Window Area (including 
single-glass door) 

Sides 
e Insulation Area (85~ 

wall area) 
e Stud Area (15% wall 

area) 

Ceiling 
e Insulation Area (90% 

floor area) 
• Truss Area (10% floor 

area) 

THERMOSTAT (Summer) 

Ventilate in Summer When 
Possible Down to Temp: 

Fixed Shading Overhang 

3. RESULTS 
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The incremental cooling loads per square foot 
of glazing for both the NAHB method and the 
BLAST simulations for 25 cities is plotted in 
Fig. 1 (not all locations are labeled). As 
is apparent from Fig. 1, reasonably con-
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sistent results are obtained between the two 
methods. 

4. DISCUSSION 

The reasonable agreement between the detailed 
and simple methods is compelling. Although 
such a simple method as the NAHB method can 
clearly benefit from continued refinement, 
the agreement is believed adequate for design 
decisions appropriate to the Solar Savings 
Fraction method for heating. 

The most significant discrepancies occur for 
those locations with high incremental cooling 
loads such as the humid Gulf Coast area. 
However, even though the NAHB method underes
timates the amount of cooling required, the 
increased cooling load is sufficient to pre
clude the cost-effective use of passive 
direct gain systems in those areas. The more 
accurate predictions using BLAST only serve 
to increase the apparent penalty for using 
passive systems in these areas. 

The results presented are for incremental 
cooling loads of the building and do not 
account for system efficiencies. Therefore, 
when adjusting heating performance and cool
ing performance, it is necessary to consider 
equipment efficiencies for both modes before 
determining the net energy impact of the pas
sive system. 

Although the NAHB method shows promise as a 
tool for estimating incremental cooling 
loads, care should be taken in applying these 
results in actual design practice. The 
incremental cooling impact of a uni.t area of 
aperture is dependent on the total building 
heat loss coefficient (as shown in detailed 
BLAST runs not presented in this paper). The 
actual cooling impact may vary significantly 
10r a building substantially different from 
that described in Section 2.2. Furthermore, 
although ventilation was considered in this 
investigation, other user interactions, such 
as using movable insulation during peak cool
ing conditions, were not considered. The use 
of movable insulation is not necessarily con
sidered appropriate, however, due to assumed 
occupant desires for daylighting. Although 
not specifically investigated, it may be pos
sible that the use of movable insulation can 
be analyzed through the use of conventional 
UA calculations neglecting beam, diffuse and 
reflected insolation. 

5. CONCLUSIONS 

The NAHB full load compressor hour method is 
shown to provide a first order approximation 
of the average cooling loads determined by 
the building thermal simulator, BLAST. The 
simplicity of the NAHB method, and the rea
sonable agreement with the BLAST simulations, 
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FIGURE 1. Average Incremental Cooling Load from 
South Aperture (Shaded) (MMBtu/ft 2 Glazing) 



provides a compelling argument for adjusting 
the net thermal benefit of passive direct 
gain systems. Designers must exercise con
siderable judgment, however, in determining 
the actual degree of shading and the influ
ence of occupant interactions such as the use 
of movable insulation during daylight hours. 

As illustrated by the results discussed, the 
net performance of direct gain passive sys
tems is significantly impacted by cooling 
considerations, and a more rigorous, yet sim
ple method of calculating cooling impacts 
will provide needed information to designers. 
Such work is strongly encouraged. 
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