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section 25402 of the California Public Resources Code requires the California 
Energy Commission (CEC) to establish and periodically update energy-efficiency 
standards for new buildings. Sensitivity analyses were conducted by the Stan
dards Development Office- of the CEC for nonresidential buildings. The purpose 
of this parametric analysis was to determine which variations in building 
parameters actually have significant energy impacts. 

A "generic" building model was developed and implemented in conducting 
this sensitivity analysis. The generic model was used as an analytical tool 
in modeling the energy impact of building parameter variations. The para
meters that were analyzed can be best described by the three major categories 
of (1) occupancy type (internal loads), (2) physical type (size and number of 
stories), and (3) weather. The preliminary analysis was concentrated on 
office occupancies using engineering assumptions developed by the CEC in con
junction with a five-member Technical Advisory Group and a 34-member Profes
sional Advisory Group representing ASHREA, AlA, IES, and other professional 
and business organizations. 

The conclusions of this study revealed that the generic building model is 
a valid and valuable tool in analyzing the energy impacts of building para
meter variations. Sixteen California climatic zones can be represented by 
five weather regions. Characteristics of the occupancy of office buildings 
can be represented by two categories: banks and low-rise offices. Variations 
in the physical type of office buildings can be represented by three categories: 
small single-story, medium to large single-story, and medium to large three
story. 

INTRODUCTION 

Section 25402 of the California Public Resources Code requires the CEC to 
establish and periodically update energy-efficiency standards for new 
buildings. This mandate is reinforced and extended by Section 25612, which 
required the CEC to establish passive solar standards for government buildings 
in 1982. Section 25402 requires the CEC to establish both performance stand
ards, in Btu per square foot, and prescriptive standards. The standards must 
be cost-effective when taken in their entirety, when amortized over the eco
nomic life of the structure, and when compared to historic practice, i.e., 
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prior to establishment of statewide energy standards in 1975. In addition, 
the standa~ds must meet California Environmental Quality Act (CEQA) and State 
Building Standards Law requirements. Section 25402.1 also requires the CEC to 
make available compliance materials, including a public domain computer program 
for compliance with the performance standards, and a design manual. 

Nonresidential Building Standards Categorization 

The first task in developing energy-efficiency standards" for new nonresi
dential buildings is to determine how the standards should be categorized. 
Two primary guidelines should be used in determining the categorization: (1) 
the categories should be based on parameters that have a direct and significant 
impact on building energy use and (2) the categories should be based on para
meters that are normally fixed constraints faced by the building design team, 
such as investor requirements or site limitations. 

Three basic parameters affect the energy use in nonresidential buildings: 
conditions inside the building, conditions outside the building, and the 
effect of the building itself. These parameters suggest that the standards 
should be categorized by 

Climatic zone (outside conditions) 

Type of occupancy (inside conditions) 

Physical type (primarily size and number of ~tories) 

This paper presents the analysis of the energy impacts caused by varia
tion in these three parameters in an attempt to develop categorizations for 
the new nonresidential standards. The organization of the nonresidential 
building standards on the basis of the major parameters affecting energy use 
(occupancy type, physical type, and climatic zone) can be portrayed as the 
three-dimensional matrix in Fig. 1. Each cell in this matrix represents a 
potential case for which a separate energy budget may be appropriate. This 
would result in a maximum number of combinations equal to 22 occupancy types, 
(offices, retail stores, restaurants, etc.) by 16 climatic zones by 5 physical 
types (size, number of stories, etc.), or 1760 different energy budgets. How
ever, it is expected that this maximunt number of energy budgets will not be 
necessary because energy use will not vary significantly among many of these 
cells. This sensitivity analysis is intended to determine the parameters of 
the cells that vary less than +5% (the relative accuracy of the analytical 
tools in predicting energy in actual buildings) alld to determine which cells 
can be grouped into fewer categories on this basis. The present analysis was 
focused on office occupancy types (shaded area in Fig. 1). The -four office 
occupancy and operation characteristics analyzed in this study resemble the 
following: 

Low-rise offices, #lA 

Banks, #lB 

Medium-rise offices, #2 

High-rise offices, #3 

A detailed description of the engineering assumptions and operating conditions 
for these occupancy types can be found in Ref 1. 

EXPERIMENTAL DESIGN 

Computational experiments were designed from a point 
occupancy types, climatic zones, and physical types. 
selected to determine a means of reducing the number 
the medium low-rise office building in Climatic Zone 
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within the matrix of 
This starting point-

of energy budgets--was 
13 (Fresno). 



The low-rise of f ice occupancy lype h;'ls the lOI'lest combined internal loads 
and wlll therefore have the greatest variatlon in enerqy usage relative to 
changes in climatic zones. 1'lIe lI1eclj 11m J.()w~r:i se physical type was chosen 
because it represents a larqo pOl:tion of new nonresidential building construc
tion. Climatic Zone 13 (Fresno) was chosen because it has substantial winter 
heating and summer cooling. 'l'he sensi tivi ty analysis ~1as centered around this 
point, analyzing the ene.cgy impact of changes in each dimension of the matrix, 
while holding the other two dimensions constant, For this combination of 
occupancy type and physical type, the DOE 2.1 building energy analysis computer 
program was implemented to cletennine tile allnual ener3Y consumption per square 
foot of floor area in each of the 16 climatic zones. '1'his analysis was 
repeated for all occupancy and physical types identified earlier for offices. 
It is important to note that tile reference pc)int in all three cases was the 
original point. 

TES'r PROCEDURES 

Climatic Zone 

The CEC has established 16 climatic zoneS that reflect regional differ
ences in weather patterns (i.e., temperature, solar radiation, wind speed) 
throughout the state of Cali fornia. HOI-leVer, the energy use in nonresidential 
buildings tends not to be greatly affected by cliJllate. It is expected that 
fewer regions, perhaps three to eiqht, should be established for standards, 
reflecting those climatic zones for \1hich enerqy use impact is significantly 
different. The procedure in analyzing sensitivities due to climatic conditions 
consisted of holding the occupancy type and pllysical type constant and com
pleting DOE 2.1 computer analysis to determine the annual energy use per 
square foot in each of the 16 clima.tic zones. 'l'hese results I-lere analyzed to 
aggregate the climatic zones into H'qiollS in which the annual energy use per 
square foot did not vary by more th.:tll + ::.'!-) \'li thin each region. For each of 
these climatic reqions, one location \'I~)S chosen to represent that region in 
further analysis. 

Physical Type. 

The second step of the sensitivity analysis was to hold the occupancy 
type and the climatic zone pat'ameters constant and complete DOE 2.1 computer 
analysis to determine the annual energy usc per square foot for each physical 
type. Five physical-type combirlations were identified for the analysis based 
on building scale. These five physica.l t.ypes \>Jere: 

1. Small low-rise {approximately 2500 ft.2 (232.26 m2 ), a one-story 50-
by 50-ft. (15.24 N by 15.24·-m) model.) 

2. Medium lovl-rise {approximately 10 thousand ft.2 (g29.0J m2 ), a one
story lOO-by lOO-ft. (30.iJ8-by 30.48 Ill) model) 

3. Large low-rise {approx.illlatcly 40 thousand ft.2 {371(J.12 m2 ),a one
story 200-by 200-ft. (60.98-by GO.98-m) model) 

4. r·ledium high·-1'ise (approximately 10 t.housand ft.2 (929.03 m2 ) per 
floor, a three'-story lOO··by IOO-ft. (30.48-by 30.48-m) model 

5. Large high-rise (approximately 10 thOllsand ft.2 (929.03 m2 ) per 
floor, a three-story IOO··by IOO-ft. (30.i18·~by 30.48-m) model) 

It is apparent that this sensitivity \1ill involve analyzing the effect of 
building si::::e and nUlllber of stories on energy consumption. The size sensi
tivity involved analysis of five djffercnt sizes of generic building models. 
These were 50-by 50- (15.2-by 15.2) I 75-by 75-' (22.86-by 22.86), IOO-by 100-
(30.48-by 30.48), 200-by 200·· (60.%-by GO.96), and 300-by 300-ft. (91.44- by 
9l.44-m). The stories I sensitivity involved DOE 2.1 simUlation of one- and 
three-story buildings. A onc- and a threc--story building resemble a low-
and a high-rise office, respect.jvely. 



Occupancy Type 

The last part of this sensitivity analysis was to hold the physical type 
and climatic zone constant and complete DOE 2.1 computer analysis to determine 
the annual energy use per square foot for each of the four occupancy types. 
The results were analyzed to determine if changes of occupancy type result in 
differences in annual energy use per square foot of greater than + 5%. The 
occupancy categories resulting in a less than + 5% variation in total energy 
consumption were aggregated. The procedure involved starting with the refer
ence point and analyzing the impact of change in occupancy types on buildings 
energy consumption. The reference point was consistent with previous analysis 
and consisted of climatic parameters for Zone 13 (Fresno), sinqle-story physi
cal type (lOO-by lOO-ft.) (30.48-by 30.48-m), and office occupancy type with 
low-rise office (lA) characteristics. 

THEORETICAL CONSIDERATIONS 

Generic Building Model 

The concept of a "generic" building model was developed for this analysis. 
The generic model is a square building composed of the five thermal modules 
shown in Fig. 2. These thermal modules divide the generic building model into 
the five spaces within a building that may have significant energy use dif
ferences. There are four perimeter modules, whose energy use is expected to be 
affected by the impact of wall and window variations. One perimeter module 
faces each of the cardinal orientations; the fifth module is an interior module. 

'fhe generic building model is a powerful analytical tool. It was 
developed to minimize the effect of building orientation and configuration on 
analyzing the cost-effectiveness of alternative energy-saving measures that 
can be considered for incorporation into the standards. This concept enables 
one to analyze the energy-use impact of building parameter variations and 
architectural energy-saving measures on the energy use of each of the thermal 
modules. It also allows analYHis of the energy impact of alternative space
conditioning systems independently for each thermal module and interactively 
for the building as a whole. Finally, it allows one to recombine the energy 
budgets determined for each thermal module into any building orientation and 
configuration for the purpose of setting standards. 

Module Selection 

Building energy consumption varies by configuration characteristics such 
as envelope area, construction type, and glazing orientations. These charac
teristics determine how the building interacts with outdoor conditions (the 
climate). The five-module orientation for the generic building model was 
selected for flexibility in modeling interactions of the building envelope and 
climate. The various areas of the building that interact differently with 
climate can be investigated independently. Four perimeter modules were 
selected to isolate the impact of exterior wall and glazing effects for dif
ferent orientations. An interior module was selected to model areas of a 
building that are not directly affected by exterior walls. This modeling 
approach is consistent with the common practice of zoning a building for 
heating, ventilating, and air-conditioning (HVAC) systems and with design 
practices to include daylighting. Often a HVAC system designer selects sepa
rate systems and controls for perimeter building zones because of the tempera
tUre fluctuations near exterior wall and/or windows. A separate system or 
controls are often designed for the interior zone, where temperature conditions 
vary much less with climate changes. The five-module building configuration 
is consistent with this common HVAC design approach. 

For daylighting design, the determining factor in establishing a daylight 
ZOne was the distance from a fenestration system that can be adequately pro
vided with daylight. The generic building module depth was based on this dis
tance. Quickllte, a daylighting calculation computer program, was used to 
determine the amount of daylight available for ambient (nontask) purposes at 
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at various distances from the exterior \<Jall. Footcandle levels at var'ious 
distances fr'om the window were calculated. Based on this analysis and the 
amount of illuminances for ambient (nontask) spaces suggested by the Illumin
ating Engineering Society (rES),3 the depth of day lighting zone was determined. 4 
This value was found to be 15 ft. (4.572 m) im1ard from a \'lindoVI (area source). 
This finding is consistent with the advice received from the professional 
energy analysts who served as professional and technical advisory groups for 
the CEC during the nonresidential standards development program. 

Building Envelope a~d HVAC System Description 

A frame construction was selected for the generic building model because 
it is the most common construction assembly among the representative office 
buildings. Building envelope features that minimally meet the current Cali
fornia nonresidential prescriptive standards 5 were used for each representa
tive building and for the generic building model. The current standards allow 
variation in roof and wall insulation levels and glazi.ng amounts but set an 
overall U-value for the building (heating criteria)6 and a maximum overall 
thermal transfer value (OT'rV) for the building (cooling criteria). 7 

In meeting the current standards, the inSUlation levels for the walls and 
roof were fixed, and the maximum allowable glazing level to meet the standard 
was determined. The wall and roof insulation level was set at R-II, and 
maximum glazing levels were calculated for both the heating and the cooling 
criteria for all climatic zones. Upon inspection, it was determined that 30% 
of the wall area for the glazing level of the generic building model would 
comply with current standards in all but two climatic zones (15 and 16). The 
proposed U-value and OTTV calculated for the generic model were less than the 
values allowed by the current standards in the three primary climatic zones 
{Zone 3, Oakland; Zone 7, San Diego; Zone 13, Fresno}. This allows the com
pliance of the generic model in these climatic zones with the current standards. 

The exterior wall assembly was modeled to consist of plyscore wood 
panels, 3~ in. (8.89 em.) of insulation (R-ll), and 5/8 in. {1.59 em.} gypsum 
board interior finish. 8 The roof assembly consisted of built-up roofing over 
~ in. (1.27 em.) exterior plywood, 3~ in. (8.89 em.) of insulation (R-ll), a 
variable airspace, and an acoustical tile ceiling system with recessed floures
cent luminaries. 9 'rhe windows used in the generic building model were all 
fixed, ~ in. (0.63 cm.) clear glass mounted in aluminum mullions and muntins. 
No external shading devices were used. Interior drapes with a shading coef
ficient of 0.70 were assumed half-closed at all times. lO 

The space-conditioning system used for the generic building model is a 
gas-heating and electric-cooling package unit. This was modeled with the 
Packaged Single Zone (PSZ) system of DOE 2.1, with a separate system for each 
thermal module. Efficiencies just meeting the current California Nonresiden
tial Building Stdndards were used: a heating efficiency of 0.75 and a SEER 
of 7.5 for cooling. II 

Occu~ncy Characteristics 

The occupancy type determines the internal load conditions and some build
ing parameters. The small office building (representative building lA) values 
were used in the generic building model for the climatic zone and physical
type sensitivity analysis. 'l'he height of the C02ditioned space was 11 ft. 
(3.35 m) and lightweight furniture of 8 lbs./ft. (39.14 kg./m2 ), covering 40% 
of the floor area, was also used. The lIVAC system was started one hour before 
occupancy, and the internal load levels and schedules of the lA building were 
used. These occupallcy characteristics and the internal load schedules are 
discussed in detail in Ref 1. 

Ventilation was Calculated using the new ASURAE Standard 62-1981, 
"Ventilation for Acceptable Indoor Air Quality:-.....-t2 The current standard 
ventilation rates are based on the old ASHRAE Standard 62-73,13 
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SUI>11>1ARY OF RESUL'rS 

The results of the parametric analysis conducted in this study are sununarized 
in this section as follows: 

1. The climatic zone sensitivity analysis showed that the 16 climatic 
zones can be grouped into five climatic regions. The building energy 
use between climatic zones in each region did not differ significantly. 
These five Nonresidential Climatic Regions (NCR) are A--desert, B-
valley, C--south coast, D--north coast, and E--mountain. 

2. The physical-type sensitivity analysis showed that the five physical 
types can be combined into two or three types. Two size categories 
are necessary: small (under 10 thousand ft.2) (929.03 m2 ) and medium
to-large (10 thousand ft.2 (929.03 m2 ) and larger). The two physical
type categories reconunended are small single-story and medHlm to 
large single-story. The third physical-type category reconunended is 
a medium to large three-story. 

3. The occupancy-type sensitivity analysis illustrated that the occupancy 
and operation characteristics of the low-rise office buildings 
(type lA) can be used to approximate the characteristics of mcdium
and high-rise offices. However, occupancy characteristics of bank 
buildings (type IB) differed significantly from these and should be 
considered separately. ' 

DISCUSSION OF RESULTS 

Sensitivity Due to Climate 

'1'he purpose of the climatic zone sensitivity analysis was to determine 
when the differen'ce in energy use between nonresidential buildings located in 
different climatic zones is insignificant. Fewer than 16 climatic zones were 
expected to be needed for categorizing nonresidential building standards. To 
this end, analysis to compare climatic zones was performed using the generic 
building model described earlier for the single-story physical type and office 
occupancy type with representative building lA (low-rise office)characteristics. 

Two types of weather data on computer tapes were used to represent the 16 
climatic zones for this analysis. In 12 climatic zones, weather data in the 
new Typical Meteorological Year (TMY) format were used. In the other four 
climatic zones, the type of data developed for the original California thermal 
zones were used, because none of the newer formats of weather data are avail
able for weather observation stations within these climatic zones (2, 9, 10, 
and 15). 

The results of the DOE 2.1 runs using the generic building model with 
low-rise office occupancy characteristics for climatic zones 1 through 16 are 
presented in Tab. 1. These were grouped into Nonresidential Climatic Regions 
(NCR)l4 using the following procedures. The primary criterion was a + 5% 
variation from the average total building energy within a proposed climatic 
region. Fan, cooling, heating, and lighting energy comprise the total energy 
analyzed. Climatic zones were first grouped by total energy use. The average 
total building energy consumption was then calculated, and the percent varia
tion of the extremes from the average was determined. If the whole building 
variation was less than + 5%, the grouping was considered acceptable. If the 
variation was greater thil:n + 5%, a new grouping was tried. The results for 
climatic groupings are presented in Tab, 2. The average total budget for 
each group and the variations within the groups are shown in the final column. 
Tab. 2 also shows that the heating requirements for Zone 16 are significantly 
different from all other climatic zones. Therefore, it is proposed that 
Zone 16 be considered a separate region (Region E). 

A similar check was applied to the variation in modular budgets for each 
end use in each proposed climatic region. This was done to check the reason
ableness of groupings that were based on the whole building model. The 
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modular budgets showed that these regional groupings are reasonable as well. 
The energy used wi thin a group did not vary more than + 5 kBtu/ft. 2_yr • (1.8 
w/m2) on a modular basis. In most cases, the percent variation was also within 
+ 5% from the group average. 15 In most cases, on a modular basis the groups 
had less variation than on a whole building basis. This further substantiated 
the validity of the rcsultinq five climatic regions. These five nonresidential 
climatic regions (NCR) can be described by: (A) desert area, (B) central 
valley, (C) southern coastal, (D) northern coastal, and (E) mountain areas. 

Sensitivity Due to Physical Type 

The second step of the sensitivity analysis was to evaluate the possi
bility of using fewer than five physical types in developing the energy bud
gets. In this analysis, the occupancy-type characteristics and the climatic 
zone were held constant, and variations in physical-type characteristics were 
modeled using DOE 2.1. Five physical-type combinations were identified and 
described earlier for the analysis based on building scale. 

Changes in building size may cause differences in energy consumption, 
because of the changes in the relationship between the proportional area of 
the interior and perimeter modules within the building. In the perimeter 
modules of the building, heat losses and gains occur through the walls, 
ceilings, and floors. In the interior module, gains and losses occur through 
the ceilings and floors only. 1\5 size changes, the perimeter modules decrease 
in proportion to total floor area, while the interior module increases. The 
size sensitivity analysis investigated the magnitude of energy use variations 
due to building size changes in three different climatic zones. The results 
will be used to determine if the new building standards should be categorized 
by the size of the building. 

The number of stories can be important in determining space-conditioning 
energy requirements, because different floors in a building have different 
amounts of wall, ceiling, and floor area exposed to ambient conditions. The 
stories sensitivity analysis will investigate the magnitude of energy use 
variation due to number of stories within climatic zones. The results will be 
used to determine if the new standards should be categorized by the number of 
stories in the building. 

Sensitivity Due to Size. A building-size sensitivity analysis was con
ducted to determine the effects of different generic model sizes. The three 
sizes of the five physical types identified for the analysis are small (50- by 
50-ft.) (15.24- by 15.24-m), medium (100- by 100-ft.)(30.48- by 30.48-m), and 
large (200- by 200-ft.) (60.69- by 60.69-m). The one-story generic building 
was modeled on DOE 2.1 for these three sizes using the weather tape for the 
representative zones of each of the three major climatic regions. Two addi
tional sizes, 75- by 7S-ft. (22.86- by 22.86-m) model to check the variation 
between the 50-ft. (15.24-m) and 100-ft. (30.48-m) square buildings and a 
300- by JOO-ft. (91.44- by 9l.44-m) model to check the variation due to a very 
large building were also modeled. The results of this analysis are illustrated 
in 'l'ab. 3. Figure 3 also displays the variation in total and modular energy 
consumption versus floor area of these buildings in climatic zone 13 (Fresno). 
The energy use of the 50- by 50-ft. (15.24- by 15.24-m) building varies sig
nificantly from the 100- by 100-ft. (30.48- by 30.48-m) generic building. The 
energy usage for the other bu~ldings was within the + 10% range in all three 
climatic zones. The variation of the 50- by 50-ft. 115.24-by 15.24-m) model 
from the 100- by 100-ft. (30.48-by 30.48-m) model places it outside the group; 
the cnerqy use of the other four sizes is within + 5~ from the new group 
average when the 50-ft. (15.24-m) size is removed-from the group. Thus, the 
100- by 100-ft. (30.48- by 30.48-m) model was overall a good representation of 
the large buildings. Furthermore, the comparison of modular results illus
trated that the results of a 50- by 50-ft (15.24-- by 15.24-m) building vary 
by more than + 5% from those of a 100- by 100-ft. (30.48- by 30.48-m) building. 
However, the modular results of the other four building sizes vary much less 
from the energy use of the corresponding 100- by 100-ft. (30.48- by 30.48-m) 
building modules. 'I'his variation in energy usage ranges between + 4 and - 6%. 
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Table 4 illustrates perimeter and interior energy usc variations for all these 
buildings in Climatic Zone 13 (Fresno). 

On the basis of these results for modules it can be concluded that medium 
to large buildings (10 thousand ft,2 (929.03 m~) and larger) can be grouped 
into one category represented by the modules of the 100- by 100-ft. (30.48- by 
30.48-m) generic building. A second group, less than 10 thousand ft.2 (929.03 m2 ) 
will also be required for setting energy budgets; this group can be represented 
by the modules of the 50- by 50-ft. (l5.24- by l5.24-m) qencric building. 

Sensitivity Due to Building stories. The energy impacts of variations in 
the number of stories in mUltistory buITdinqs were also analY7.etl. 'I'his was 
done by comparinq the enerqy Iler square fool of p,:lch sl-ory of ('(leh or th(' 
lollowinq physical types: 

1. Medium high-rise {lD thousand ft.2) (929.03 m2 ) per floor, a 3-story 
100- by 100-ft. (30.48- by 30.48-m) model), 

2. 

3. 

4. 

Medium low-rise 
100- by 100-ft. 

Large high-rise 
200- by 200-ft. 

Large low-rise 
200- by 200-ft. 

(10 thousand ft.2) (929.03 m2 ) per floor, a I-story 
(30.48- by 30.48-m) model), 

(40 thousand ft.2) (37l6.l2m2 ) per floor, a 3-story 
(60.98- by 60.98-m) model), and 

(40 thousand ft. 2 )(3716 .12 m2 ) 
(60.98- by 60.98-m) model). 

per floor, a I-story 

A three-story model was used for the multistory to analyze the three types of 
spaces in a multistory building: ground floor, middle floors, and top floor. 
A similar analysis of the energy impact due to the number of stories was not 
completed for small buildings {SO- by SO-ft. }(15.24- by lS.24-m) because this 
buildinq size is not commonly built in a mUltistory confiquraUon. 

The energy use of the two multistory buildinqs was compared to lhe cnerqy 
use of the two single-story buildings of the same size to deLermine if the 
number of stories has an impact on energy use for each floor. The energy use 
of the single-story was compared to the energy use of each floor of the multi
story and to the total multistory energy use. Energy use of the floors of the 
multistory was compared to energy use of its other floors as well. The analysis 
was done for the three climatic zones used in the building-size analysis: 
Zone 13 (Fresno), Zone 7 (San Diego), and Zone 3 (Oakland). 

The results of these DOE 2.1 computer runs for the comparison of the 
100- by lOO-ft. (30.48- by 30.48-m) single-story and multistory buildings in 
Fresno are illustrated in Tab. 5. In the second column, the notations 
"ground," "middle," and "upper" represent the ground, middle, and upper floors 
of the building respectively, \o1hile the numbers to the left of these notations 
represent the number of stories of the building. The notation 113-total" means 
the average energy use for the entire three-story building. The variations 
for each comparison are shown in the final column of this table. variations 
were calculated using the first building/floor combination of each pair as 
the base. For example, in I-ground vs. 3-ground, I-ground is the base. A 
greater than ±. 5% variation from the base indicates a significantly different 
energy impact between the pairs of floors. Identical patterns were obtained 
for the other two climatic zones also. 16 Using the ±. 5% criteria to determine 
if the difference in energy use between pairs in a proposed qrouping is siq
nificant, the following groupings can be made. Based on this energy-use com
parison, the middle and upper stories can form one caLegory, the total three
story building can form another category with any of the stories, the total 
three-story building and the one-story building can form another category, and 
the one-story building and the ground floor of the three-sLory building can 
form the final category. The energy use is significantly different for the 
second and third floors as compared to the ground floor or to the one-story 
building. These results occur in all three climatic zones. 
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The results of the same analysis for the 200- by 200-ft. (60.98- by 
60.98-m) building in Fresno are listed in Tab. 6. Identical patterns were 
observed for climatic zones 3 and 7. The results were the same as those 
obtained for the 100- by 100-ft. (30.48- by 30.48-m) building analysis, except 
the one-story building varies slightly more than the ~ 5% from the three-story 
total building in Climatic Zone 3. 17 

On a module comparison of energy use, there is no significant difference 
between the same module on different floors and the module representing the 
total building. The same groupings are made on the module basis as on the 
whole building basis, that is, the one-story buildinq with the ground floor of 
the three-story building, the middle story with the upper story, both upper 
stories with the total three-story building, and the one-story building with 
the three-story building. These qroupings are closer on a module basis than 
on a whole buildinq basjs, and these patterns were consistently observed for 
100- by 100-ft. (10.48- by 30.48-10) as well as for 200- by 200-ft. (60.98- by 
60.9B-m) buildings. IS 

In summary, the results of this analysis show that: 

1. Using the energy budgets for the single-story building is acceptable 
for modeling the energy budgets of the multistory building in vir
tually all cases. 

2. Using the energy budgets for the single-story building is acceptable 
for modeling the energy budgets for the ground floor of multistory 
buildings. 

3. Using the energy budgets for the middle floor of a multistory building 
is acceptable for modeling the energy budgets for the upper floor of 
the total building. 

4. Using the energy budgets for either the middle or the upper floor of 
a multistory building are acceptable for modeling the energy budgets 
for the total building. 

A single-story building model could be used to analyze both single- and 
multistory buildings. In only one case was a significant energy difference 
noted between the single-story and three-story models. This occurred for the 
200- by 200-ft. (60.98- by 60.98-m) building in Climatic Zone 3. Alterna
Uvcly, u two-story buildinq model could be used to analyze both single-story 
and multistory siluations. 'l'he qround rloor would represent eithor a ono
story bui Idin9 or the 9round floor of a multistory buildinq. The second floor 
would represent all middle floors and the upper floor of a multistory building. 
However, some conservation measures may have a different impact on the upper 
floor than on the middle floors--for example, daylighting using a skylight. 
When these measureS are used, the energy use in a middle floor may vary sig
nificantly from that in an upper floor. A three-story model would allow such 
differences to be analyzed, so in some cases, a three-story building may be 
the best model. 

As the number of "middle" stories increases, the total building energy 
use (an average of the energy use by floor) approaches the energy use of the 
typical middle floor. On very high rises, more than 10 stories, the middle 
floor of the three-story generic building model would best represent the 
energy usage of the total building and could be used instead of the three
story model. 

'I'he purpose of this step of tho analysis was to determine if the OCCll

pancy characteristics of tht.., four representative of rice hui ldinq types, i .f'., 
lA (low-rise office huildinq), In (low-rise bank buildin(J), 2 (midrise office 
building), and 3 (high-rise office building), can be combined into one generic 
occupancy type (on the basis that the energy use differences caused by these 
occupancy characteristics are less than:!: 5%). The occupancy characteristics 
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of these repres~nt,ativ~ buildings are quite similar. 
is minor variation in; operating characteristics, such 
pant, thermostat setting~, and ventilation rates, and 
in lighting and internal load schedules. 

As shown in Tab. 7, there 
as square feet per occu
there is major variation 

These four occupancy types represent four slices of the three-dimensional 
matrix of Fig. 1. They were studied using the generic base building model, 
assuming the medium-siz~d, single-story physical type. comparisons were under
taken for the three major climatic zone groups identified in the climatic zone 
sensitivity analysis: Zone 13 (Fresno), Zone 7 (San Diego), and Zone 3 
(Oakland). The results of the whole building analysis for each of the four 
representative buildings in each climatic zone are illust.rated in Tab. 8. This 
table shows that occupancy types lA, 2, and 3 have very similar total encrqy 
use on a per-square-foot basis within each climatic Zone. 

Occupancy IB 1's si~Hlificantly different. If representative buildinq occu
pancies 11\, 2, anel 1 are qroupe(l as. shown in 'l'ab. 9, Ull'ro is VC'I'y little dif
fet·ence j n cncrqy Usc per Squul'C fool. 'I'he' last-. co] tJllln in I:hi:~ table ~.;hows 

that the energy usc variation is within ± 5'(.; thus these three occupancies 
should be combined in each of the three climatic zones. II. further check shows 
that the variation in each end use among the three oycupancies in each of the 
three climatic zones als'o is, much less than:!:. 5 kBtu/ft. 2 (1.8 \v/m2) on CI module' 
basis, the representative buildings lA, 2, and 3 would also form one cate<Jory 
and the representative building In another category. 

In summary, this analysis shows that the occupancy characteristics of 
representative buildings lA (low-rise office building), 2 (mid rise office 
building), and 3 (high-rise office building) should be combined into one 
occupancy type. The occupancy characteristics of representative building 111. 
can be used to represent the group. Representative building IB (low-rise bank 
building) should not be included in this group because its energy usage differs 
significantly from the group average. Representative building IB energy usage 
will be compared to other groupings of the remaining occupancics in future sen·
sitivity analyses. 

CONCLUS IONS 

'rhe conclusions of this parametric analysis can be summarized as follows: 

1. The generic building model proved to be a powerful and a valid 
analytical tool in analyzing the effects of construction and orienta
tion simultaneously with the impact of occupancy, physical typc, and 
climatic' zone variations. 

2. The 16 California. climatic zones can be grouped into five climatic 
regions, each representing several climatic zones where no signifi
cant difference in energy consumption of office buildings can be 
expected. These five regions are: A--desert, B--valley, c--south 
coast, b--north coast, and E--mountain areas. utilizing these five 
regions instead of the original 16 climatic zones in analyzing the 
cost-effectiveness of the energy-conserving measures will greatly 
simplify the analysis. 

3. The physical-type sensitivity analysis showed that the five physical 
types should be combined into two or three. Two size categories are 
necessary: Small (under 10 thousand ft.2) (929.03 m2 ) and medium to 
large (10 thousand ft.2 (929.03 m2 ) and larger. For medium to large 
buildings, only one category may be needed for both single-story and 
multistory, which could be modeled using a single-story generic 
building model. However, it may be more appropriate to retain both 
a single-story and a multistory category to reflect differences 
caused by particular conservation measures. If so, both smi;lll and 
medium to large size yategories could be represented by a two-story 
generic building model. A three-story model may be needed if signi
ficant differences between the energy use of the mjddle and upper 

490 



stories occur with some conservation measures. The two physical 
type categories recommended are small single-story, and medium to 
large single-story. The third physical type catl;!gory rec'ommended is 
a medium to large three-story. 

4. Four office occupancy characteristics studied can be reduced to only 
two: low-rise office occupancy (lA) and the bank 'occtipancies (lB). 
No significant differences between the occupancy characteristics of 
the low-rise, midrise, and high-rise office buildings were found. 
However, analysis of the bank occupancy characteristics (IB) illus
trated significant variation from the others (lA, 2, and 3). 

5. The original nonresidential building standards matrix (Fig. 1) for 
office buildings can be reduced substantially based on the results 
of this study. The original number of combinations was 16 by 5 by 
4, or 320 combinations. This represents 320 potential energy-use 
categories for 16 climatic zones, five physical types, and four occu
pancy characteristics. This number is reduced to 5 by 3 by 2, or 30 
categories, representing five climatic regions, three physical types, 
and two occupancy characteristics. 
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TABLE 1 
Climatic Zone Comparison (Whole Building) 

(100- by 100- by Il-ft.* Single-Story Building--Occupancy lA) 

i original Fan (F) 
Climatic 

i Cooling (C) Heating (H) 

ZOne kBtu** , kBtu kBtu 
(RCZ) ft. 2_yr . a ! ft. 2-yr. a ft. 2-yr. b 

, 
1 12.5 29.7 8.7 

2 15.2 52.2 7.8 

3 12.7 37.4 6.6 

4 13.9 44.4 

I 
6.3 

5 16.1 45.1 6.8 

6 14.4 54.5 6.0 

7 14.2 52.7 4.9 

8 14.5 55.0 5.4 

9 14.9 59.1 5.3 

10 15.8 62.2 

I 
6.3 

11 17.3 64.1 7.8 , 
12 15.8 56.0 I 7.3 

13 17.6 61. 0 7.1 

14 17.3 76.5 6.3 

15 16.8 93.0 5.0 

16 

I 
14.9 40.2 12.5 

~ 

a Source energy at 10,239 Btu/KW.h 
b Gas heating 
c Includes 147.2 kBtu/ft.2-yr of Source for lighting 

(F)+(C)+(H) I Lighting Total 

kBtu kBtu kBtu 

ft. 2-yr. a ft. 2_yr. c ft. 2-yr. 

50.8 147.2 198.0 

75.2 147.2 222.4 

56.8 147.2 204.0 

64.6 147.2 211.8 

68.0 I 147.2 215.2 

74 .8 147.2 222.0 

71.8 147.2 219.0 

74.9 147.2 222.1 

79.3 147.2 226.5 

84.2 147.2 I 231. 5 

89.2 147.2 I 236.4 

79.1 147.2 226.3 

85.7 147.2 232.9 
-

100.1 147.2 247.3 

114.8 147.2 262.0 

67.5 147.2 214.7 
.-

* Multiply ft. by 0.3048 to obtain meter 
** Multiply kBtu/ft. 2 -yr by 0.36 to obtain 

N/m2 

I 

I 

j 
I 

I 

i 

I 
I 

I 

, 

j 
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TABLE 2 
Climatic Zone Comparison (Whole Building by NCR) 

(100- by 100- by 11-ft.* Single-Story Bui1ding--Occupancy 1A) 

Fan (F) Cooling (C) Heating (H) (F)+(C)+(H) Total 

Proposed Original 
kBtu** kBtu kBtu kBtu kBtu Var. froM Climatic Climatic 

Region Zone ft. 2_yr . a ft. 2-yr. a ft.2-yr .b ft. 2-yr. a ft. 2-yr. c Group Avg. 
(NCR) (RCZ) (%) 

Desert 15 16.8 93.0 5.0 114.8 262.0 +2.9 
(A) 14 17.3 76.5 6.3 100.1 247.3 to 

-3.0 
I 

11 17.3 64.1 7.8 89.2 236.4 
13 17 .6 61. 0 7.1 85.7 232.9 
10 15.8 62.2 6.3 84.2 231. 5 +3.0 

Valley to 
(B) 9 14.9 

I 
59.1 5.3 79.3 226.5 -3.0 

12 15.8 56.0 7.3 79.1 226.3 
2 15.2 52.2 7.8 75.5 222.4 

8 

I 
14.5 55.0 5.4 74.9 222.1 

South 6 14.4 54.5 6.0 74.8 222.0 +1. 2 
coast to 

(C) 7 14.2 52.7 4.9 71. 8 219.0 -2.0 
5 16.1 

, 
45.1 6.8 68.0 215.2 

, 

4 
I 13.9 44.4 6.3 64.6 211.8 

North 3 

I 
12.7 37.4 

I 
6.6 56.8 204.0 +3.5 

coast to 
(D) 1 ! 12.5 29.7 8.7 50.8 198.0 -3.2 

I I I 
Mountain 16 14.9 40.2 12.5 67.5 

I 
214.7 

(E) 

--- .--.-~--

a Source energy ,~ 10,329 Btu/kW.h 
b Gas heating 

* Multiply ft. by 0 3048 to obt.ain meter 
** Multiply kBtu/ft. ~-yr by 0.36 to obtain Iv/m2 

C Includes source lighting energy 
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TABLE 3 
Buildi~n Size Comparison for Whole Building 

(Generic Building--Occupancy lA) (Five Sizes) 

Original Building 
Fan (F) 

Climatic Size (ft) * kBtu** 
Zone ft. 2-yr. a 
(RCZ) 

13 50 by 50 27.1 

75 by 75 20.8 

(Fresno) 100 by 100 17.7 

200 by 200 13.3 

300 by 300 11. 7 

7 50 by 50 20.7 

75 by 75 16.2 

(San Diego) 100 by 100 14.1 

200 by 200 10.9 

300 by 300 9.9 

3 50 by 50 18.1 

75 by 75 14.3 

(Oakland) 100 by 100 12.5 

200 by 200 9.8 

300 by 300 8.9 
I 

~ Source energy @ 10,239 Btu/kW.h 
Gas heating 

Cooling (e) 

kBtu 
ft. 2_yr. a 

87.4 

67.4 

58.7 

48.7 

45.9 

75.6 

45.1 

50.3 

42.3 

40.2 

51.0 

23.5 

34.3 

29.1 

27.7 

C Includes source lighting energy 
d Base for comparison is the 100- by IOO-ft 

whole building 

Heating (H) (F)+(C)+(H) Total 

~ kBtu kBtu Var. from 
ft. 2-yr. b ft. 2_yr. a ft. 2-yr. C Base (%)0 

21.7 136.2 283.5 +22.4 

12.0 100.2 247.5 + 6.9 

8.0 84.4 231. 6 -
4.1 66.1 213.4 - 7.9 

3.2 60.8 208.1 -10.1 

17.0 113.3 260.6 +20.2 

19.7 81. 0 228.2 + 5.3 

5.2 69.6 216.8 -
9.6 62.8 210.3 - 3.0 

1.5 51.6 198.9 - 8.3 

20.5 89.6 236.8 +17.6 

26.2 64.0 211.2 + 4.9 

7.3 54.1 201.4 -
3.6 42.5 189.7 - 5.8 

2.8 39.4 186.7 - 7.3 

* Multiply ft. by 0.3048 to obtain meter 
** Multiply kBtu/ft. 2_yr . by 0.36 to obtain ~V'/m2 

i 

, 

! 
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TABL~4 
Buildinq Size Comparison by Module 

(Generic building--QCcupancy lA) (C11matic Zone 13) 

Filn (F) 

Module Building kBtu·· 
Size (ft)" ft. 2_yr. a 

50 by 50 23.7 
75 by 75 21. 3 

North 100 by 100 20.3 
200 by 200 18.9 
300 by 300 18.5 

50 by 50 26.5 
75 by 75 24.0 

East 100 by 100 23.0 
200 by 200 21.6 
300 by 300 21.2 

50 by 50 28.6 
75 by 75 25.8 

South 100 by 100 24.7 
200 by 200 23.2 
300 by 300 22.7 

I 

50 by 50 a.2 
75 by 75 a.6 

West 100 by 100 a.a 
200 by 200 a.9 
300 by 300 a. a 

SO by 50 28.6 
75 by 75 25.8 

Interior 100 by 100 24.7 
200 by 200 23.2 
300 by 300 22.7 

I 

d Source energy ,~ 10,239 Btu/k;';.~ 
b Gas hCat1ng 

I Cooling [CJ 

kBtu 
ft. 2_yr. a 

70.6 
61. 6 
56.9 
52.9 
51.6 

i 
86.0 
75.9 , 70.S 
66.S 
65.0 

101.6 
89.6 
83.6 
78.4 
76.6 

51.8 
39.7 
39.4 

I 
39.7 
40.1 

I 101. 6 
89.6 

I 
83.6 
78.4 
76.6 

c Includes source l.loht:..na ene:-c\' 
d Base for compadsor. :"$ t!ic LCC:' by 100-ft 

Heating {H} (F)+(C)+{H) Total 

kBtu kBtu kBtu Var. from 
ft. 2_yr. b ft.Lyr. a ft. 2_yr. c Base (~) 

22.4 116.7 264.0 +11.4 
15.7 98.6 245.9 + 3.8 
12.6 89.8 236.9 -
a., 80.7 228.1 - 3.7 
7.' I 78.0 225.4 - 4.9 

21. '- 133.7 281. a +11.2 
14.5 114.4 261. 7 + 3.6 
11. 7 105.5 252.7 -
a.1 96.2 ! 243.6 - 3.6 
7.0 93.2 , 240.6 - 4.8 

21. 0 

I 

151.2 298.5 +11.9 
14.1 129.5 276.8 + 3.8 
11. 2 119.5 266.7 -
7.6 109.2 256.4 - 3.9 
6.6 105.9 253.2 - 5.1 

21. 9 81.9 229.2 I +H.8 
7.1 55.4 202.7 

1 

+ 1.5 
4.2 52.4 199.7 -
2.6 51.2 198.5 - .6 
2.3 51.2 198.5 - .6 

21. 0 151. 2 
; 

298.5 I "'11. 9 , 
14.1 129.5 I 276.8 + 3.8 
11.2 119.5 266.7 -

7.6 109.2 i 256.4 - 3.9 
6.6 105.9 253.2 - 5.1 

-L 

Mult1ply ft. by 0.3048 to obtain meter 
Multiply \.;8tu/ft.2_yr. by 0.36 to obtain N'rr 2 

I 

I 
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TABLE 5 
Building Stories Comparison (Whole Building) 

(100- by 100- by 11-ft* F1oors--Occupancy 1A) 

Fan (F) Cooling (C) 
Original No. Stories 
Climatic Floor kBtu** kBtu 

Zone ft. 2 -yr. a ft. 2-yr. a 
(RCZ) 

1-Ground (d) 17.6 61. 0 
3-Ground 16.3 61. 4 

13 
1-Ground (d) 17.6 61. 0 

(Fresno) 3-Midd1e 19.2 73.0 

1-Ground (d) 17.6 61. 0 
3-Upper 20.7 74.5 

1-Ground (d) 17.6 61.0 
3-Tota1 18.7 69.7 

3-Ground (d) 16.3 61.4 
3-Midd1e 19.2 73.0 

3-Ground (d) 16.3 61.4 
3-Upper 20.7 74.5 

3-Ground (d) 16.3 61. 4 
3-Tota1 18.7 69.7 

3-Midd1e (d) 19.2 73.0 
3-Upper 20.7 74.5 

3-Midd1e (d) 19.2 73.0 
3-Total 18.7 69.7 

a Sour!='e energy @ 10,239 Btu/kW.h 
b Gas heating 
c Includes 147.2 kBtu/ft. 2-yr source energy 

for lighting all floors 
d Base for comparison 

Heating (H) (F) + (C) + (H) Total 

kBtu kBtu kBtu Var. from 

ft. 2-yr. b ft. 2-yr. a ft.2-yr. c Base 
(%) 

7.1 85.7 232.9 
5.8 83.6 230.8 -1.2 

7.1 85.7 232.9 
5.4 97.6 244.9 +5.2 

7.1 85.7 232.9 
6.1 101.3 248.5 +6.7 

7.1 85.7 232.9 
·5.8 94.2 241. 4 +3.6 

5.8 83.6 230.8 
5.4 97.6 244.9 +6.1 

5.8 83.6 230.8 
6.1 101.3 248.5 +7.7 

5.8 83.6 230.8 
5.8 94.2 241.4 +4.6 

5.4 97.6 244.9 
6.1 101.3 248.5 +1.5 

5.4 97.6 244.9 
5.8 94.2 241.4 -1. 4 

* Multiply ft. by 0.3048 to obtain meter 
** Multiply kBtu/ft. 2-yr. by 0.36 to obtain w/ro 2 
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Original No. Stories 
climatic Floor 

Zone 
(RCZ) 

13 l-Ground (d) 
3-Ground 

(Fresno) 
1-Ground (d) 
3-Midd1e 

l-Ground (d) 
3-Upper 

l-Ground (d) 
3-Tota1 

3-Ground (d) , 
3-Midd1e 1 

I 3-Ground (d) 

I 

3-Upper 

3-Ground (d) 
3-Tota1 

I 

I 
3-Midd1e (d) 
3-Upper 

I 
3-Midd1e (d) 
3-Tota1 

TABLE 6 
Building Stories Comparison (Whole Building) 

(100- by 100- by Il-ft* Floors--Occupancy lA) 

Fan (F) Cooling (C) Heating (H) (F) + (C) + (H) 

kBtu** kBtu kBtu kBtu 

ft. 2_yr. a ft. 2_yr. a ft. 2 _yr. b ft. 2-yr. a 

13.1 52.7 3.0 68.8 
11. 6 51.4 1.8 64.8 

13.1 52.7 3.0 68.8 
13.4 60.2 1.6 75.3 

13.1 52.7 3.0 68.8 
15.2 62.9 2.3 80.5 

13.1 52.7 3.0 68.8 
13.4 58.2 1.9 73.5 

11.6 51. 4 1.8 64.8 
13.4 60.3 1.6 75.3 

11.6 51. 4 1.8 64.8 
15.2 62.9 2.3 80.5 

11. 6 51. 4 1.8 64.8 
13.4 58.2 1.9 73.5 

13.4 60.2 1.6 75.3 
15.2 62.9 2.3 80.5 

13.4 60.2 1.6 75.3 
13.4 58.2 1.9 73.5 

Total 

kBtu Var. from 
ft. 2-yr. c Base 

(%) 

216.1 
212.0 -1.9 

216.1 
222.5 +2.9 

216.1 
227.8 +5.1 

216.1 
220.8 +2.2 

212.0 
222.5 +5.0 

212.0 
227.8 +7.5 

212.0 
222.8 +4.2 

222.5 
227.8 +2.4 

222.5 
220.8 -0.8 

a Source energy @ 10,239 Btu/kW.h 
b Gas heating 

* Multiply ft. by 0.3048 to obtain meter 
** Multiply kBtu/ft.2-yr. by 0.36 to obtain W/m 2 

c Includes 147.3 kBtu/ft. 2 -yr source energy 
for lighting all floors 

d Base for comparison 

. 

I 

, 

i 

I 

I 
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TABLE 7 
Occupancy Characteristics of the Representative Office Building 

Occuoants Lights 

pt2/ Sensible I Latent 
Building persona (Btu/h ) b i (Btu/h) b {W/ft2)c 

1A Low-rise i 
, I office 250 230 

I 
190 3.1 

1B Bank 250 230 190 2.44 

2 Mid-rise 
office 250 250 200 3.2 

3 High-rise 
office 250 250 I 200 3.11 

a Multiply ft2/person by '~.0929 to obtain m2/person 
b Multiply Btu/h by 3.413 to obtain W. 
c Multiply W/ft2 by 10. i6 to obtal.n W/m2 
d Multiply Btu/person by 1.055 to obtain KJ/person 
e U~ 5/19 (OF-32) to (:obtain 0c 
f Multiply CFM/ft2 by 0.0051 to obtain m3/s-m2 

Reeep'·1 Ho, H2O 
Hours HVAC 

0E:erated TemEerature 

(Btu/ sum/win sum/win 
{W/ft2)C person)d M-F S-S occup.c unoccup. 

0.5 " 7-24 Off 78/70 I Off 

0.5 " 8-20 off 78/70 Off 

0.5 64 8-21 off 78/70 Off 

I 0.5 " 8-21 Off 78/70 Off 
I -- --- --- -

Infil-
~ Vent 

(CFM/ft2)f 

.164 .11 

.164 .13 

I .164 .11 

II 
.164 .11 I -
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Original Occupancy 
climatic group 

zone 
(ReZ) 

3 1A 

1B 

(Oakland) 2 

3 

7 1A 

1B 

(San Diego) 2 

3 

13 1A 

1B 

(Fresno) 2 

3 

TABLE 8 
Occupancy Comparison (Whole Building) 

(100- by 100- by 11-ft.' Single-Story Building) 

Fan (F) Cooling (e) Heating (H) 

kBtu** kBtu kBtu 

ft. 2-yr. a ft. 2-yr. a ft. 2_yr. b 

11.8 31.1 7.3 

10.4 22.6 10.6 

11. 9 31.1 8.3 

11.6 30.3 8.3 

13.2 45.9 5.2 

12.0 37.3 6.6 

13.2 45.1 5.7 

13.2 44.2 5.7 

16.7 53.9 7.9 

15.2 43.9 10.8 

16.7 53.2 8.6 

16.5 52.3 8.7 
------ ------

(F)+(e)+(H) Total 

kBtu kBtu 

ft. 2_yr. a ft. 2-yr. c 

50.2 172.1 

43.6 134.6 

51. 3 168.8 

50.2 164.6 

64.2 186.1 

55.9 146.8 

64.2 181.7 

63.2 177.5 

78.5 200.3 

69.9 160.8 

78.5 196.1 

77.6 192.0 
-

a Source energy @ 10,239 Btu/kW.h 
b Gas heating 

* Multiply ft. by 0.3048 to obtain meter 
** Muliply kBtu/ft. 2-yr. by 0.36 to obtain w/m2 

C Includes source lighting energy as follows: 

Occ-lA 121.8 kBtU/ft.2-yr for N,E,S,W, module and 121.9 kBtu/ft. 2-yr for interior module 

Occ-lS 90.8 kBtu/ft.2-yr for N,E,S,W, module and 90.9 kBtu/ft. 2-yr for interior module 

Occ-2 117.5 kBtu/ft. 2-yr for N,E,S,W, module and 117.6 kBtu/ft. 2-yr for interior module 

Occ-3 114.3 kBtu/ft. 2-yr for N,E,S,W, module and 114.3 kBtu/ft. 2-yr for interior module 
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Original Occupancy 
climatic group 

Zone 
(RCZ) 

3 lA 

(Oakland) 2 

3 

7 lA 

San Diego) 2 

3 

13 lA 

(Fresno) 2 

3 

TABLE 9 
Occupancy Comparison (Whole Building) 

(100- by 100- by ll-ft.' Single-Story Building) 

Fan (F) Cooling (C) Heating (H) (F)+(C)+(H) 

kBtu** kBtu kBtu kBtu 
--it. 2-y r. a ft. 2 -yr. a ft. 2-yr. b ft. 2-yr. a 

11.8 31.1 7.3 50.2 

11.9 31.1 8.3 51.3 

11. 6 30.3 8.3 50.2 

13.2 45.9 5.2 64.2 

13.2 45.1 5.7 64.2 

13.2 44.2 5.7 63.2 

16.7 53.9 7.9 78.5 

16.7 53.2 8.6 78.5 

16.5 52.3 8.7 77.6 

Total 

kBtu Var. from 
ft. 2-yr. C Group Avg. 

(%) 

172.1 +2.1 

168.8 to 

164.6 -2.3 

186.1 +2.4 

181. 7 to 

177.5 -2.4 

200.3 +2.1 

196.1 to 

192.0 -2.1 

a Source energy @ 10,239 Btu/kW.h 
b Gas heating 

* Multiply ft. by 0.304-8 to obtain meter 
** Multiply kBtu/ft. 2-yr. by 0.36 to obtain w/m2 

C Includes source lighting energy as follows: 

Occ-lA 121.8 kBtu/ft. 2-yr for N,E,S,W, module and 121.9 kBtu/ft. 2-yr 
for interior module 

occ-2 117.5 kBtu/ft. 2-yr for N,E,S,W, module and 117.6 kBtU/ft. 2-yr 
for interior module 

Occ-3 114.3 kBtu/ft. 2-yr for N,E,S,W, module and 114.3 kBtU/ft. 2-yr 
for interior module 
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Discussion 

I" Crow, Lorcn W. Crow CO!lsult'iuts. Inc., Henvor, CO: /l.s an author of the original selection 
.mtl ju!->tificlItion of tho 1& climatic zenes in Califol'ni .. , c>'ccrt for the mountainous arcas, 
when it was illustrated that ouch of the zones differed from another zone by 2 to 30F for 
cithol' mtwn wjntcl' 0)' mc,," summer temperatures, I sut'mit that ~lothcr Nature will probably not 
"f,ret' to a heat I'edefinition, that the rOlll differences will not continue to I'e measured, and 
that we l!tlW have equivalency \~it~in only fivc il1'O<l5. The determination of similarity within 
S percent ranges in convenient and was <lpprorrintcly used in your analytical tests. '\,i11 
the commission staff continue to inform the users which zones are in tile higher, lower, or 
11(,01' the middle of the 5 percent range groupings? 

Andel': The CaBfol'niH Energy Commission reduced California'S 16 climate zorie~ into 5 climate 
regiOJ~s for the develo}lment of energy standards and the interent sensitivity analysis required 
for this project. This reduction was performed and described in this paper. It is important 
to note howevcr, that final energy budgets (kRtu/ft2.yr.) will be for all 16 climate zones. 

G.B. nal'u~y, POl'tl:lnd CClT'cnt Association, Skokie, 11.: The California residential energy 
standards rc~ogni ze tho hcncfi ts of thermnl mass and allow for lower levels of I·mil insulation 
when thermal mass is contained within the building envelope. Is thermal mass being considered 
in any of the 22 commercial occupancies in your present study? If so, how does thermal mass 
impact the performance ('If these buildings? 

G. Ander: The California Energy Commission recognizes the b(,nefits of thel'mal mass for com
mercial buildings. Perscriptive requirements will reflect th(: cOl'.sel'v(l.tion measures I'o'hich 
can be tradct1 off for ot11er measures including mass. Actual energy budgets using mass are 
expected to he final izcd in the spring of 1983. 
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