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ABSTRACT 
This paper presents an improved methodology to 

calibrate energy simulation models to better represent 
the actual energy use breakdowns in existing build- 
ings. The goal of this methodology is to help archi- 
tects and engineers accurately determine the current 
energy use and identify any energy-related problems 
in the building before proposing the retrofit design 
solutions, without conducting long-term monitoring. 

The methodology includes procedures to con- 
duct systematic data collection, "on-off' tests to de- 
termine the power densities of the electrical loads, up 
to four weeks of building energy monitoring to de- 
rive the energy use profiles and temperature settings, 
and disaggregation of the measured energy use data. 
The procedures also utilize the monthly utility billing 
records and site weather data. The calibration to the 
measured data is done on both hourly and monthly 
basis. 

The procedures are built into a computer pro- 
gram and integrated with previously developed 
simulation software. The user interface of the pro- 
gram includes guidelines to help the user decide 
which simulation input variable has to be altered in 
order to match the measured data. It also produces 
graphical outputs to help in visualizing the results, 
and several guidelines to help study different retrofit 
strategies after the model has been calibrated. 

INTRODUCTION 
Energy simulation programs are commonly used 

to predict the total energy use in a building that is 
being designed. Simulation programs are also used 
to'calculate the energy savings of energy conserva- 
tion retrofits to existing buildings. However, because 
real building operations are often different from those 
estimated, energy simulation tools alone are not able 
to accurately determine the actual building's energy 
use (3). In order for an energy simulation program to 
work properly in a retrofit project, it is necessary to 
calibrate the simulated data to the measured data so 
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that the model accurately predicts hture energy sav- 
ings. 

For a number of years many research efforts 
have been dedicated to developing calibration proce- 
dures. However, several problems exist in the cur- 
rent procedures. First, no consensus standards have 
been published on calibration procedures that can be 
used on a wide variety of buildings (1). Some proce- 7 

dures recommend on-site hourly measurements of a 
building's energy use, while other procedures only 
require monthly energy use data, although calibra- 
tions to hourly data seem to produce the most accu- 
rate model (2,8). Second, very few authors have 
accurately produced a complete and practical proce- 
dure for accomplishing this process, making it diffi- 
cult for architects and engineers to follow the proce- 
dures. This issue is important as architects and engi- 
neers often need to propose retrofit designs accu- 
rately and quickly. Third, many of the previously 
developed procedures are time consuming and ex- 
pensive. This becomes a problem for most small 
scale projects because many building owners and 
managers are not willing to invest the time and 
money to have a fill audit of the building's energy 
use (1 3). 

Therefore, there is a recognized need to develop 
accurate and practical calibration procedures to help 
building designers quickly identify energy use prob- 
lems in existing buildings before retrofit designs will 
be analyzed. This paper discusses a thorough yet 
simple methodology that can be used by architects 
and engineers to determine the energy end-use of an 
existing building. The method makes use of data that 
can be easily obtained and collected; they are 
monthly utility records of the building, two to four 
weeks of monitored energy data, short measurement 
results, on-off test data, and building description data 
from site observations. These data are used to disag- 
gregate the total energy use into the components of 
heating, cooling, fan motors, lighting, receptacles, 
and domestic hot water, and to calibrate the simula- 
tion model. 
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METHODOLOGY 
The methodology includes the procedures: (a) to . . 

collect various building, energy and weather data, 
(b) to define the non-weather dependent load densi- 
ties through the on-off tests, and (c) to develop the 
end-use profiles through two-to-four weeks of energy 
monitoring. The data collected using these proce- 
dures are then input to an hourly energy simulation 
program previously developed in the Deparhnent of 
Architecture, Texas A&M University (4,5, 14). The 
program will compare the disaggregated energy use 
from the simulation to the disaggregated measured 
data, reporting which components df the simulated 
results that do not match the measured data. The 
knowledge database of the program will then assist 
the user to change certain input in order to match the 
simulated result with the measured data. These pro- 
cedures are summarized and shown in Figure 1. 

These procedures were developed using an of- 
fice and classroom building (Zachry Engineering 
Center) located on the campus of Texas A&M Uni- 
versity (Figure 2). The data collection and on-off 
tests were conducted in Summer 1995. 

i I Data collection: site I : survey, weather data, 
i I I monthly utility records input: building data, 

I 
u& schedules, load 

i [ On-off tests densities, etc. 

i [Short-term monitoring 
................................................. 

for simulation input 

I n.... 

C + r Results k R e s t s  1 I i 

y e s  H 
Analvsis of results. 

Run again? 

Present Run energy 
simulation 

:. ........................................................................... 
Figure 1. Data collection and calibration procedures 

DATA COLLECTION PROCEDURE 
The required building and related data include 

(a) building physical data, (b) building HVAC data, 
(c) building operation data, (d) weather data, and (e) / 
monthly utility records. 1 

I 

. . I 

-ing physical data were obtained fkom 1 
ical Data 

the architectural drawings and site survey. These ~ 
data can be categorized into several components. 
First was the exterior, which included the building 
orientation, surrounding buildings, trees, other 
structures, shading conditions, and ground surfaces 
surrounding the building. Second was the building 
envelope, which included: wallhoof assemblies and 
window/skylight materials (both of which determine 
the thermal properties of the envelope), shading de- 
vices on the exterior and interior surfaces, and the 
dimensions of the building, walls, windows, and roof. 
Third was the building interior, which included the 
floor plans, the h c t i o n  of each space, ceiling I 
heights, lighting and receptacle types, and lighting 
levels during day and night. 

I 
A standardized survey form was used to main- 

tain consistent data collection from project to project. ! 
Photographs were also required in this step. The , 
period required for the data collection obviously de- 1 

pends on the size and complicity of the building. For ' 

the test building, the data collection was done in 8 
hours. 

The building HVAC data were obtained by I 

reading the name plates of the HVAC equipment, 
directly measuring several parameters of the equip 
ment, or interviewing the building operators. The 
data collected included the HVAC system type(s), 
efficiencies, and power(s); fan motor horsepower(s) 
and air supply rate@). 

Figure 2. The Engineering Center 
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B u i l d b  o~eration data 
The building operation data were obtained 

through brief observations, measurements, and in- 
terviews with the building operators or managers. 
These data included peak levels and 24-hour sched- 
ules for occupancy, lighting, receptacles, ventilation, 
fan motors, and domestic hot water heating. To de- 
termine the lighting and receptacle loads, the obser- 
vations were conducted during the day and night. 
This included counting the number of f ~ t u r e s  and 
equipment that were on or off during in the day and 
night time. The observations in the test building took 
about 4 hours during the day and 2 hours at night. 

The space temperature(s) were obtained by di- 
rectly measuring the temperatures inside the space. 
These measurement were done during the day and 
night. To monitor the temperature in different spaces 
for a 24-hour period, we used a portable temperature 
logger. The data were later downloaded to a personal 
computer for the data analysis. 

It is important to recognize that the designer 
should not totally rely on the information obtained 
from building operators, because often the actual 
operating schedules are different from what were 
declared in the interview (3). The methods to de- 
termine the operating schedules will be discussed 
under "on-off tests" and "short-term monitoring." 

Weather Data 
The weather data for the period when the simu- 

lation would be calibrated were also obtained. The 
data included dry bulb temperatures, wet bulb tem- 
peratures or relative humidity, wind speeds, and solar 
radiation. These data were obtained fiom the nearby 
weather station and the Energy Systems Laboratory 
at Texas A&M University. 

Because usually the nearby weather station, such 
as the airport, only measures the global solar radia- 
tion, a model is required to convert the global solar 
radiation into the direct and diffuse components. The 
method used in this work was based on Liu and Jor- 
dan (1 1). This model has been incorporated in the 
weather simulation program used in this work (4). 
Therefore, the user only needs to provide the weather 
data in the following format: date of the year, hour 
of the day, dry bulb temperature, wet bulb tempera- 
ture, global solar radiation, and wind speed. 

The monthly utility records were also used as 
one means to calibrate the simulation model. These 

data can usually be obtained fiom the local utility 
company. All utility records for the fuel types used 
in the building should be collected. These may in- 
clude the electricity, gas, domestic hot water, chilled 
and hot water for space heating and cooling, or steam 
for space and water heating. At least 12 contiguous 
months of data in a single calendar year should be 
obtained. Because the ZEC Building did not have 
utility bills, however, the monthly data were gathered 
fiom the hourly measured data, monitored by the 
Energy Systems Laboratory. 

ON-OFF TEST 
Norford et al. (12) found in their work that the 

predicted annual energy use before the calibration 
was found to be one-half of the actual energy use. 
Most of the discrepancy was due to the input for the 
occupant use of lighting and equipment, including 
unanticipated schedules and low predicted loads. 
These contributed to 64% of the discrepancy. Ex- 
cessive HVAC operations were found to contribute 
24% of the discrepancy. 

To minimize this discrepancy, therefore, it is 
necessary to obtain the actual energy use for all elec- 
trical loads. The site survey, as explained above, can 
provide this information. However, this method has 
some drawbacks. First, counting all lighting fmtures 
and equipment (receptacles) can be time consuming, 
depending on the size of the building. Second, al- 
though the lighting plans and schedules can be used 
to estimate the number of light fmtures and deter- 
mine the total loads, often the current installed light- 
ing fixtures are different than that shown on the 
drawings. Third, often the lighting fmtures are lo- 
cated in hidden or unreachable places, making it dif- 
ficult to determine the lighting type and wattage 
when no other information is available. 

These problems can be solved by conducting the 
on-off test. The objective of the on-off test is to iso- 
late each type of electrical load in the building so the 
loads for lighting, receptacles, and fan motors can be 
determined without conducting a long term monitor- 
ing effort. The value obtained for each type of load, 
usually in kilowatts, will become the peak value. 
Then, by converting this value to watts and dividing 
it by the floor area, the power density of each type 
can be determined and can later be used for the input 
to the simulation program. 

test ~rocedure overview 
In this test, the lights, receptacles, fan motors, 

and all other electrical loads were turned on and off 
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in a predetermined pattern. The electrical consump- 
tion during the tests was recorded by a data logger 
connected to the electrical panels. Because this log- 
ger can be connected to a PC either through a direct 
serial connection or through a modem line, the data 
during the tests was monitored and later downloaded 
to the PC. The data logger used in the test building 
was the Synergistics data logger (6, 15), which has 
been installed for monitoring purposes since 1990. 
Other types of data logger are obviously acceptable 
as long as they can monitor power. 

To minimize the time to turn the lights and re- 
ceptacles on and off, lights and receptacles were 
turned on before the test. Then, turning them on and 
off during the test were controlled from the circuit 
breakers. However, if the building is small, or if the 
load of a particular space is sought, it is better to turn 
the light and receptacles on and off using the 
switches in each space. 

Planninp the test 
Since every building is unique, the steps for the 

on-off test were planned together with the building 
operators. Two weeks before conducting the test, the 
building occupants were notified despite the fact that 
the test was conducted while the building was unc- 
cupied. The building security personnel was also 
notified. 

Before the test, the lights and receptacles to be 
turned on and off were grouped into several zones. 
For any building, this division depends on how the 
building will be zoned in the simulation program. 
Eight people were also required to help conducting 
the test, each was responsible for one or more zones. 
However, for any building, the number of people 
required depends on the size of the building and how 
the building is zoned. Other equipment needed were 
several walkie-talkies to ease the communication 
during the test, and flash lights to be the temporary 
light source since the building became dark during 
certain periods in the test. 

Steps in the test 
After all lights, receptacles and other equipment 

were turned on, the test was started. The data logger 
recorded this condition for at least 5 minutes. Then 
stepby-step, all lights and equipment were turned off 
through the circuit breakers. The logger recorded the 
data in each step for at least 5 minutes. 

The next step was to turn off all outdoor lights. 
Then all indoor lights were turned off. If possible, 
the next step should be to turn off all receptacles. 
However, since we were not allowed to turn off the 
receptacles, this step was skipped. Then, the fan 
motors of the AHU's were turned off. In this build- 
ing, the AHU's were the last equipment to be turned 
off because the temperature in the building could rise 
quickly without the air-conditioning system. At this 
time, if no other loads existed, the reading should 
have been zero. However, the logger still recorded 
some "other" loads, which included emergency 
lights, elevators, and pumps. The logger recorded 
this condition for at least 5 minutes. 

The next step was to turn on all fan motors, and 
after the reading was stable, the difference between 
the current and previous reading became the fan 
motor loads. If turning on the receptacles had been 
possible, the next step would have been to turn on the 
receptacles. For any building, if the receptacle load 
in each zone is sought, the receptacles should be 
turned on zone-by-zone; thus, the difference between 
each step is the receptacle load for that zone. Next 
was to turn on the lights zone by zone to determine 
the lighting load in every zone. After that, the out- 
door lights were then turned on. Finally, some lights , 
were turned off to go back to the condition before the : 
test. - 

Figures 3 and 4 show the data recorded during 
the on-off test. It can be seen that the test was able to 
clearly separate the lighting load in every floor. 
However, because the building manager did not al- 
low the receptacles to be turned off, the test was not 
able to separate the receptacle loads on every floor. 

1 22 43 64 85 lo6  127 148 169 190 
Minutes 

Total W E  - - - 'LightsgRec. - + -Fans 

Figure 3. Electrical consumption in the test building 
during on-off tests 
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Minutes 

Figure 4. Lighting and receptacle loads 

The lighting loads recorded during the test were 
then compared to the estimated lighting loads from 
site survey. As shown in Table 1, both methods gave 
close results; however, the on-off test provided more 
accurate measurements. From the survey, for exam- 
ple, the lighting load on the ground floor was esti- 
mated by counting the number of light futtures that 
were on, multiplying it by the wattage of each fix- 
ture, and then taking the ballast factor, which was 
0.25, into account. The result was 115.98 kW. The 
on-off test showed that the lighting load on the 
ground floor was actually 1 13.95 kW, showing that 
the actual ballast factor was not exactly 0.25. 

The lighting load on each floor obtained from 
this test was then divided by the floor area, yielding 
the power density of the lighting on that floor, which 
was later be used for the input to the simulation. 

Table 1. 
Comparison of on-off test and survey results 

Ground 115.98 

I First I 
I 8 

128.55 1 129.4 1 1 0.67 1 
Second 

SHORT-TERM MONITORING 
As shown by Norford et al. (12), besides the 

lighting and receptacle loads, unanticipated use 
schedules contribute to most of the discrepancy be- 

Third 

tween the simulation results and measured data. To 
develop more accurate use profiles, an hourly moni- 
toring is required. Several methods have been devel- 
oped, including the proxy method to develop electric 
load factor-occupancy load factor day-type profiles 
(ELF-OLF) by Haberl and Komor (7). This method 
uses two weeks of monitored data (2,8), and the 
hourly data from a full six-month data set (9). 

120.8 

Based on objectives of the methodology pre- 
sented in this paper, the recommended procedure is 
to use two weeks of monitored data to develop the 
use profiles. The hourly monitored data from the 
whole month will later be used to calibrate the simu- 
lation results. 

113.20 

The 24-hour use profiles developed using two 
weeks of hourly monitored data were compared to 
those using four weeks of hourly monitored data. 
The results showed that if the building has the same 
occupancy schedule in the entire month (no long 
holidays), both data will yield similar profiles (Figure 
5). Thus, using two weeks of monitored data is suit- 
able for developing the use profiles. The authors also 
tested the profiles developed fiom a particular month 
with those developed £tom other months in the year. 
Again, the result showed that as long as the building 
has the same operating schedules and does not have 
long holidays, two weeks of monitored data from one 
month is adequate to develop the use profiles (Figure 
6). However, if it is known that the building has sev- 
eral occupancy schedules, such as summer, Christ- 
mas holiday, and regular schedules, but the monitor- 
ing can only be done in one season, then the profiles 
for the other seasons should be estimated based on 
the interview statements made about changes in oc- 

126.8 1 

- 

cupancy. 

4.97 

114.56 

Figure 5. Daily use profiles fiom2-week 
and 4-week measurements 

1.20 
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Table 2. Sample of decimal date and whole building! 
electric data on August 22, 1994 

I I I I 
March June 

I 

I 

September 
- 

December 

Figure 6. 24-hour workday lighting profiles 
in March, June, September, December in ZEC Bldg. 

Procedure to develop 24-hour use profiles 
To develop the 24-hour use profiles for the 

whole-building electric, lighting, receptacles, and fan 
motors, the loads should be monitored separately 
whenever possible. However, it is more difficult to 
separate the monitoring of the receptacles and from 
the lighting in a large building because often they 
share power from the same electrical panel. In this 
case, the result from the on-off test can be used as the 
weighting factors to separate the receptacles from the 
lighting. 

The procedure to develop a 24-hour use profile 
of any electrical load is as the following. The corre- 
sponding data were downloaded from the data log- 
ger. These data were in a columnar format. Then 
using the "cols.com" program (6),  the decimal date 
and the measured data were separated from the entire 
measured data. Using a program called "colrow3d" 
(6),  these data were then converted into a 24-hour 
format with the hour of the day as the column head- 
ers and the dates as the rows (Table 2). 

The next step was to group the data into work- 
days and weekend using a spreadsheet program. For 
every hour, the measured data from the workdays 
were averaged to get the average load for that hour 
(Table 3). The use profile, with values from 0 to 1, 
can then be developed by dividing the value of each 
hour by the peak value in the 24-hour period. The 
same procedure was done for the weekends. 

Table 3. Sample of data in 24-hour format to 
develop use profiles 

Sun 

Ave 

Tue 

Wed 2 

Thu 

F ri C 

SIMULATION, DISAGGREGATION AND 
CALIBRATION 

The building parameters and the weather data 
collected using the above procedures were then input 
to the ENER-WM program (4,5, 14). This program 
produces monthly summaries of each component's 
energy use and total peak demands as well as a 
disaggregated summary of total annual energy. 
Hourly output of energy consumption is also avail- 
able. 1 

The comparison of the simulated results to the 1 
measured data was done in two ways. First, it used 
the two-to-four weeks monitored data to calibrate the 
hourly simulation results for the same period. The 
required measured data were only the date, hour of 
the day, and the hourly energy data. The calibration 
included a comparison to the disaggregated values of 
the total energy (space heating, space cooling, fan 
motors, lighting, receptacles, and domestic hot wa- 
ter); the daily peaks; the 24-hour profile and the 
hourly values of the whole building electric, lighting, 
receptacles, heating and cooling energy. 
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Figure 7. Comparisons of simulated and hourly 
measured lighting energy 

Figure 7 shows a comparsion of hourly meas- 
ured to simulated lighting energy and also the re- 
siduals. If the measured data do not separate the 
lighting and receptacle loads, the lighting will be 
separated from the receptacles the lighting and power 
densities in each zone by applying weighting factors. 

The second way to calibrate the simulation was 
to compare the monthly simulated end-uses to the 
disaggregated monthly utility records. This was to 
calibrate the simulation for the months when the 
hourly measured data were not provided. These 
monthly calibrations included comparing the space 
heating, space cooling, fan motor, lighting, recepta- 
cle, and domestic water heating energies. Other 
calibrations included comparing the simulated 
monthly whole building electric and peaks to those 
from the utility records, and the simulated disaggre- 
gated annual energy use to the disaggregated annual 
energy use from the utility records. 

Before conducting the monthly calibrations, the 
monthly and annual energy uses from the utility rec- 
ords were disaggregated into space heating, space 
cooling, fan motors, lighting, receptacles and domes- 
tic water heating. In general, this process depends on 
the type of energy use for space heating, space cool- 
ing and domestic water heating, and on the operation 
of the fan motors. 

Gas heated and electricallv cooled building 
If the building is heated with gas, first the "base 

load" can be calculated. They are the lighting and 
receptacle loads. The energy is calculated using the 
load densities, floor area, and the number of operat- 
ing hours defined by the schedules or use profiles. If 
the fans operate according to a fixed schedule, the 

base load should also include the fan energy. The fan 
energy is calculated by using the fan horsepower or 
wattage and the operating hours. The remaining 
electrical energy is used for space cooling. Space 
cooling includes chiller and auxiliary equipment 
which are the chilled and condenser pumps but not 
the air handling units. 

If the fans only run when there is a load, the 
process is rather complicated. At this moment, we 
are still working on this issue using the following 
approach. First, the periods when the fans are run- 
ning should be determined using other tools that can 
determine the change point temperature@) when the 
building switches to the cooling or heating mode 
(1 0). This method only requires utility records and 
outdoor dry bulb temperature from several previous 
months, and uses regression analysis to determine the 
change point temperature(s). If the outdoor dry bulb 
temperature is less than the lower change point tem- 
perature, it is assumed that the building is in the 
heating mode and the fans are running. If the tem- 
perature is above the higher change point tempera- 
ture, the building is in the cooling mode, thus the 
fans are also running. The fans are assumed to be off 
when the outdoor dry bulb temperature is between 
the two change point tempeatures. Then, the power 
of and the number of hours the fans and the compres- 
sors are running will be used as the weighting factors 
to separate the remaining electrical energy into the 
fan energy and cooling energy. 

To determine the space heating energy, first the 
domestic hot water energy is calculated since usually 
the water is also heated with gas. The amount of 
water heating energy is calculated using the data on 
the number of amount of daily occupant use, the 
number of people, the average ground temperature 
for each day, and the assumed efficiency of the water 
heater. The remaining gas use is then allocated for 
space heating energy. 

F . l e c t r i c s l l v d & & h g  
. . 

If the building is both heated and cooled using 
electricity, the procedure is further complicated. 
First, the lighting and receptacle energies are calcu- 
lated. Then depending on the type of the domestic 
water heating system, the water heating energy can 
be calculated using the same procedure as above, 
except the heating value for electricity should be 
used. If the fan operations are fmed by schedules, 
the fan energy can also be calculated. The remaining 
will be allocated for space heating and space cooling 
energy. 
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If the fans run only when there is a load, the re- 
maining electricity is shared between the fan, space 
heating and space cooling energy. Thus, there are 
three weighting factors -- one each for fans, space 
heating and space cooling. Each is based on the 
power of the respective equipment and the number of 
hours the equipment is operating. We are also still 
working on this issue using the same approach as 
mentioned above. 

The actual monthly electrical use of the fans, 
space heating and space cooling can then be calcu- 
lated by multiplying the corresponding weighting 
factor with the remaining kWh in each month. 
Equations 1 to 7 show the procedure to calculate the 
weighting factors. The motor kW values may be 
estimated by multiplysing the horse power (HP) by 
0.75. 

Fan kWh = (Tot. hrs of heating + cooling) x 
Total fan kW 

Eq. (1) 

Heat kWh = Tot. hrs of heating x Heater kW 
Eq. (2) 

Cool kWh = Tot. hrs of cooling x Chiller kW 
Eq. (3) 

Total kWh = Fan kWh + Heat kWh + Cool kWh 
Eq. (4) 

Weighting Factors: 
Fan WF = Fan kWh / (Fan kWh + Heat kWh + 

Cool kwh) 
Eq. ( 5 )  

Heat WF = Heat kWh / (Fan kWh + Heat kwh + 
Cool kwh) 

Eq. (6) 

Cool WF = Cool kWh / (Fan kWh + Heat kWh + 
Cool kwh) 

Eq. (7) 

Space heating and cooline with central water svstem, 
If the space heating uses central hot water system 

and space cooling is done with central chilled water 
system, the disaggregation is much simpler. For the 
electrical loads, the lighting and receptacle energies 
can be calculated, and the remaining electrical energy 
is used for the fan motors. It should be noted, how- 
ever, that the monthly electric input to the program 
should only consists of the energy for lighting, recep- 

tacles, and fan motors. If outdoor lighting is in- I 

cluded, the monthly electrical consumption data 
should be prorated using the values obtained from the 
on-off test. The heating and cooling energy can be 
directly determined using the monthly data of the hot ' 

water and chilled water consumption. This approach , 

was applied in our work since the test building uses 
central chilled water for space cooling and hot water 1 
for heating. For this building, the chilled water I 
pumps were represented as the receptacle load in the 
unconditioned space. I 

v ion Valid- I 

The method to disaggregate energy use using the I 
monthly utility data only was tested by comparing 
the disaggregated results to those using the measured 
hourly data. The fan motors were measured sepa- 
rately from the whole-building electric. Figure 8 
shows these comparison of the disaggregated total 
energy for November 1994. The results show that 
the differences between the disaggregated energy use 
based the monthly utility records and measured data 
are only 0.3% for the fan energy and 0.08% for lights 
and receptacles. 

SD. Wim D M  So. Coolim Fm Liphtitq 
.Meawed D a a  ODiszggrag@ed Morlhly Record 

Figure 8. Comparison of disaggregated energy use 
using monthly records and measured hourly data 

CALIBRATION GUIDELINES 
Figure 9 shows the comparisons of the monthly 

whole building energies from the simulation model 
and utility records. The comparison of the monthly 
cooling energies is shown in Figure 10. Once the 
simulation results were compared to the measured 
data, either by using hourly data or monthly utility 
records, the program detected and reported which of 
the results fell beyond the predetermined normative 
values. The acceptable discrepancies are the follow- 
ings: 10% for annual values, 10% for peaks, 10% for 
total electric, lighting, receptacles, and fans on a 
monthly basis, 15% for space heating and space 
cooling, and 15% for hourly values. 
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Figure 9. Comparison of simulated and measured 
whole building electricity 

Figure 10. Comparison of simulated and actual 
monthly cooling energy 

To calibrate the heating energy: 

I. Make sure the thermostat settings match the real thermostat 
selng in the building. If no adequate data are available, do the 
following: if the simulated heating energy is higher than the 
measured data, lower the thermostat settings in the winter. Do 
the opposite for the summer. 

2. Adjust the efficiency of the heating system. 

3. Chedc the ventilation rate@). If no data are available, try to in- 
crease the ventilation rate if the simulated heating energy in the 
winter is lower than the measured data, or visa versa. Also adju! 
the ventilation schedule(s). 

4. Adjust the infiltration rate. If the simulated heating energy is lowc 
than the measured data. increase the infiltration rate, or visa 
versa. If no adquate data are available, estimate the infiltration 
Fate using the following rule of thumb: 

-tight skin construction: 0.2 - 0.6 ACH - medium skin construction: 0.6 - 1.0 ACH - lmse skin construclion: I .O - 2.0 ACH 

The program then presented a data base which 
help re-checking and adjusting certain simulation 
input. Figure 11 shows an example of this guideline. 
After changing certain inputs and rerunning the 
simulation program, the results were once again 
compared to the measured data. The iterations con- 
tinued until the simulation results fell within the ac- 
ceptable ranges. 

IMPACTS ON ARCHITECTS AND 
ENGINEERS 

The main objective of this work is to help archi- 
tects and engineers in calibrating the energy simula- 
tion model. Only after the simulation model repre- 
sents the actual condition of the building, can the 
model be used to study different retrofit design alter- 
natives. 

At the present time, this program is being devel- 
oped to provide a guideline to the user in the retrofit 
design process. The program will be supported with 
a database that will assist the user in analyzing a ret- 
rofit design, based on the calibrated simulation re- 
sults. We are also working on developing the disag- 
gregation and calibration methods when only hourly 
whole-building electric data are available without any 
sub-metered data. Overall, it is expected that the 
methodology and the program will help architects 
and engineers to do a retrofit project in a more accu- 
rate way by performing modest measurements that 
can be handled quickly. 

SUMMARY 
This work has shown that when long-term 

monitoring is a burden, the current energy use of a 
building can still be predicted with acceptable accu- 
racy with an energy simulation program using only 
monthly utility records and two-to-four weeks of 
measured data. This is possible if the input to the 
simulation model is derived from a careful, yet sim- 
ple procedure. 

The data collection procedures help the archi- 
tects or engineers to collect the necessary data. The 
on-off test has been shown to be a quick and simple 
procedure to obtain accurate electrical loads and 
power densities. The short-term monitored data 
provide valuable information that can be used either 
to develop use profiles, calibrate the hourly simulated 
results, or check the accuracy of the disaggregated 
values based only on the monthly utility records. 

Figure 1 1. Sample of calibration guidelines 
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The procedures attached to the simulation pro- 
gram will help the architect and engineer to visualize 
the calibration process and results, guide the users in 
adjusting the corresponding parameters, and finally 
help them in analyzing the retrofit design alternatives 
once the simulation model contains a good represen- 
tation of the actual building. 
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