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Simulation Software Gets Reality Check

byJi- Lutz

Field cheching a simulation þrogram's
results øgøiræt ¡nønitored døtn cøn shout
uthqe refinetnenß should be møde in the
s oflutøre's as sumþtiotrs. Cølifor nia studi e d
the soflutøre used to deueloþ the støte's
codes, uith sutþising results.
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energy-efficient features. Unfortunatel¡ such testing is
rarely done, so software users go on faith that the program
is based on good engineering assumptions. In one test, the
state of California found some substantial errors in simu-
lation sofnvare, and the results have lessons for softwa¡e writ-
ers and users and code ofñcials throughout the country.

The California Energy Commission (CEC) had ques-
tions about the accuracy of the simulation model and
assumptions the state's residential building energy effi-
ciency standards were based on, so it contracted Berkeley
Solar Group and Xenergy to test them in the Residential
Building Standards Measurement Study.

Key Role of Computer Simulation
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buil ta¡rdards
were developed with CALPAS. The currenr and the 1993
standards are based on CALRES, an updated version of
CALPAS, a program developed by Phil Niles and Ken

Haggard at California Polytechnical Institute in San Luis
Obispo. (Berkeley Solar Group wrote both CALPAS and
CALRES.) These programs were used as resea¡ch tools to
define the standards. Various conservation measures were
modeled by CALRES on a hypothetical house thatwas rep
resentative of new homes in California. The packages of
costcffective measureswere then selected as the standards.

In addition to defining the standards, CALRES is avail-
able as a code compliance tool from the CEC (see box,
"California's Standards for New Homes") and was used to
create avalidation testfor other compliance programs. To
be certified, these other programs must pass the test. They
must show that several test houses fail to comply with the
standards. These test houses were picked to fail compli-
ance by a slim margin. CALRES was also used to develop
the point system and the packages used in the prescrip
tive method.

Launmce
Ctrouþ, he

e R¿sidm-

California's Standards for New I{omes
California's energy code, one of the most stringent res-

idential building energy efficiency standa¡ds in the Unit-
ed States, was first adopted in 1978. The California Energy
Commission has regularly revised the standards, known as
Title 24, since then. The first revision was in 1984, and the
second major revision became effective in 1988. Newly
adopted standa¡ds will become effectiveJan. l, 1993.

Codz Cnnþliancc OþtiÐns

In addition to certain mandatory measures, compliance
with the energy efficiency standards ca¡r be demonstrated
by one of three methods. The simplest method is pre.
scriptive. Five packages ofconstruction techniques are pre
vided as lists. If any list is followed completely, compliance
is guaranteed.

Another simple method of testing compliance is the
point qatem. Points are credited or deducted in a work-
sheet that evaluates your design. For example, poins are
given formore insulation and higher efliciencyequipmenr
Similarl¡ points are deducted for excess window area, or
other features that contribute to higher energy consump
tion. If the design has a posirive number of points, it pass
es. If not, the design does not comply and energy
improvements will have to be made,

The most flexible and also the most diffrcult way to
demonsrate compliance is to use an approved computer
simulation model. If the sofnvare predicts the building will
use less energy than a standard building with the same
floor area, gross surface area, and volume, it complies.
Otherwise it's back to the drawing board.
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Why Worry?
f lnfortunatel¡ energy consumption predictions from
L,/ building energ'y simulation models are often wrong,
or at least quite different from what occurs in real life. This
happens for a variety of reasons. It could be due to any of
a variety of inaccurate assumptions, namel¡ thermostat se t-
points, hours of air conditioning or heating, operation of
appliances, use of windows and doors, etc. Most often the
behavior of real occupants is differentfromwhat the model
assumed. (See box, "\Mhen is a Setpoint Not a Set Point?"
for examples of the variety of thermostat operation pat-
terns in real buildings.)

Another source of problems is describing the building
incorrectly. Even if no errors were made entering the
description of the building, there are other possible errors
of description. What's really inside the walls? How leaky is
the duct system? What is the actual shading coefficient for
each window? Arelated issue is the difference between the
average weather typically used by simula[ion models and
the weather at the site of the building for the period being
modeled.

And finally the computer program behind the simula-
[ion model may have errors built into it. These could be
either incorrect algorithms orjust plain mistakes.

Ron Judkoff of the National Renewable Energy Labo'
ratory (formerly the Solar Energy Research Institute), a
leading authority on validating building energy simulation
models, described different types of validation techniques
depending on what it is one is trying to determine: "To
find out if the heat and mass transfer algorithms within a
program are physicallyaccurate, lab experimentation and
highly controlled field monitoring of specially construct-
ed, unoccupied test structures is appropriate. To frnd out
if our behavioral and operational assumptions are accu-
rate, large sample statistical studies [of occupied homes]
are appropriate. To find outif our thermophysical inpus
are accurate, regression and renormalization methods are
most appropriate, if destructive,/nondestructive inspec-
tion methods are impractical for the buildings in question."

The Study
Th. goals of the Residential Measurement Project were
I to check, and revise if necessary, the definition of the

typical house; to better characterize the behavior of typical
occupants; and to validate assumptions built into the sim-
ulation model. The major portions of the project consisted
of a large mail surve¡ field audits of about 300 houses, on-
site monitoring of 40 houses for five weeks each, and a
detailed short-term energy monitoring test of four houses.

The mail survey of nearly 3,000 households by Xener-
gy asked about physical cha¡acteristics of the house, occu-

Researchers conducted field audits of about 300 Califor-
nia homes to collect energ'y consumPtion data, which was

in ttrrn used to construct complete input files for CALRES
simr¡lation n¡ns.

group of households. The explanatory variables are the
characteristics of the house and its occuPants and the
weather data. The method is called conditional demand
analysis because the total demand calculated is conditional
on the utilization of a specific end use. The regression coeÊ
ficients of the analysis represent the average energy con-
sumption associated with particula¡ end use tfPes.)

Field audis and on-site surveyswere done for about 300
of these'houses. Xenergydid PRISM a¡ralyses (see 'Now that
I've Run PRISM, What Do I Do with the Results?" Ifl,
Sept/Oct '90, p. 27) for about 150 of these houses. These
anaþes gave equations of heating and cooling energy con-
sumption as a function of temperature. When applied to
the CEC standard weather files, normalized energy con-
sumption for heating and cooling was found for each house.
Enough data were collected on 218 of the audited houses
to construct complete input files for CALRES simulations.
The results of simulation runs were compared to the nor-
malized energy consumption from PRISM as a check on
the proposed changes to the modeling assumptions.

Meanwhile, Berkeley Solar Group monitored forty hous
es for five weeks each. Data loggers collected indoor, out-
door temperatures, HVAC system operation at frve-minute
intervals. A tracer gas was used to measure air infiltration
rates during the monitoring period. The median air infrl-
tration rate was 0.44 ACH. This was l2Vo lower than the
value assumed by the standards. Approximately 35Vo of the
houses had infrltration rates lower tha¡r the minimum 0.35
ACH specified by ASHRAE. A blower door test was done
on each house to determine leakage area as a possible indi-
cator of infilt¡ation rates.

Short-term Monitming
Berkeley Solar Group also performed short-term energy

monitoring tests on four houses using on a methodolory
developed at the National Renewable Energy Laboratory.
(For a description of the "STEM test," see 'A New Method
for Building Performance Audits, " HE, July / Aug' 89, p. 7. )
We monitored indoor temperatures (every major room,
garage, crawl space, and slab surface), outdoor temperæ-
tures, relative humidity, windspeed, solar insola[ion, and
total electricity consumption throughout the test. A blower
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Surroundedbya radiltion shield and mounted on amusic

stand, this temperaturc censor gathered data for the soft-

ware validation study.

When is a Seþoint Not a Set Point?

One task of the residential monitoring project was to

observe thermostat control strategies for individual house-

holds. This was done by plotting indoor temperailre by time

of dayfor each ¡,veminute interval the heaterwas on' The

three most extreme cases of different control strategies illus
trate the difficulty of making assumptions about thermostat

setpoints for simûlations. The first one is a household that

6:30 a.m. to 9:00 a.m., the th
?2oF. At 9:00 a.m' the thermostat turned the heater off,

probably with a low daytime setback. At 6:00 p'm' the set-

they got cold, then nrrned it
up.îîese findings prompted one of the most controversial

rËcommendadoñs'of thè study-that simulations should

assume heating was on only four days each week'

Fig. 1 House A Living Zone Temperature When Heating

Fig. 2 House B Living Zone Temperature When Heating

Fig. 3 House C Llving Zone Temperature When Heating
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and the prototFpe buildingused by the CEC. Based on rhe
research results, we recommended to:
. change the infiltration rate from a constant 0.5 ACH to

the ASHRAE effecrive leakage area (ELA) procedure.
Use a leakage area of 0.07 in2/ft2 for housès with the
ducts in unconditioned space. Use 0.055 in2/ft2 for
houses without ducts.

. reduce the occupant<ontrolled ventilation rate. To do
this, either raise the venting setpoint or reduce the
openable area.

. reduce overall solar gain 50%.

. \..p for cooling at 28"F. Raise
the d 2"F to 6goF. The night set_
back 66.F.

. operate the heating system only four days per week and
the air-conditioning only three days each-week.

. give the internal heat gains in the house a seasonal vari-
arion ofabout20Vo, based on length ofday.

r chang_e the floor area of the prototype house used by
the CEC to ser standards from 1,984 lC to 1,900 ftr.

. assume 70Vo of the ceiling is below attic and. Z\Vo is
cathedral construction.

o change the window area from l6Vo and 20Vo of floor
area to lSVo offloor area.

o keep the prototype at a single story.
. assume the ground floor is slab on grade and IBVo of ît

is uncarpeted.

Changes to standards often result from negotiation a¡rd
compromise. The new 1993 standa¡ds a¡e no different in that

nts a¡rd air conditioning
Notenough monitoring
ses with airronditioners

California. The recommendation to assume the ground
floor is slab or grade was not adopted.

In recognition of the importance of comparing the
assumptions in the standards to field data, the CEC has

more STEM tests to improve the calibration of CALRES.

Recommendations

My'es O'Kelly (Iel) andJim Lutz assemble short-termmon-
itoring hardware.
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