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Abstract 
This paper presents one of the ongoing EnergyPlus 
validation efforts using a low-load residential single 
family home: the Net-Zero Energy Residential Test 
Facility (NZERTF) located on the campus of NIST in 
Gaithersburg, MD, USA. This paper presents the 
preliminary results of a free-floating test during the 
heating season when the HVAC system stayed OFF for 
one week. The EnergyPlus model of the NZERTF was 
first created based on as-built drawings and then refined 
to properly reflect the test conditions. Highlights of this 
work include the use of advanced interzonal and 
infiltration airflow calculations using CONTAM airflow 
program and a comparison of two ground heat transfer 
models to improve the EnergyPlus model. 

Introduction 
Whole building energy simulation programs such as 
EnergyPlus, DOE-2, and TRNSYS have been widely 
used to support energy efficiency in the design and 
operation of new construction and existing buildings by 
providing reliable savings estimates of various design 
and control alternatives. To ensure accuracy and 
confidence in such estimates, it is critical to validate 
these programs in terms of their ability to correctly 
predict the thermal performance of building envelopes 
and HVAC systems. 
Early validation efforts such as ASHRAE Standard 140 
(ASHRAE 2017) focused heavily on comparative and 
analytical validation tests. This was partly due to the 
limited availability of high-grade empirical data sets to 
be used in such validation, as data collection is expensive 
and time-consuming. Comparative and analytical 
validation tests have provided useful insights to reveal 
disagreement among programs and analytical 
verification results. However, they have inherent 
limitations because neither comparative nor analytical 
validation tests include a comparison of simulated data 
to ground-truth data (i.e., measured data in real 
buildings). 
To fill the gap, efforts are being made to produce data 
sets that can be used to validate whole building energy 

simulation programs, led by the U.S. Department of 
Energy National Laboratories programs (Im et al. 2020, 
Haves et al. 2020). These studies aim to better 
understand simulation uncertainty, and how the most 
commonly-used simulation engines such as EnergyPlus 
or DOE-2 compare with actual data collected from 
extensively-instrumented test facilities. This paper 
presents one of these ongoing validation efforts using a 
low-load residential house, the Net-Zero Energy 
Residential Test Facility (NZERTF) located on the 
campus of the National Institute of Standards and 
Technology (NIST) in Gaithersburg, MD, USA.  
This paper presents the preliminary results of a free-
floating test during the heating season when the HVAC 
system stayed OFF for one week in order to validate 
envelope-related input parameters. The simulated free-
floating zone temperatures from EnergyPlus were then 
compared to the measured temperatures to test 
EnergyPlus’ ability to predict envelope loads. Such 
validation is expected to provide useful insights for 
understanding how closely EnergyPlus can predict space 
air temperatures which is critical when evaluating energy 
efficiency measures based on temperatrue controls such 
as preheating or precooling strategies. 

Test Facility: NIST NZERTF 
The NZERTF is a two-story house shown in Figure 1 that 
has a basement and attic and is similar in size and 
aesthetics to homes in the surrounding communities. The 
house faces true south. The first floor (1F) and the 
second floor (2F) have a combined floor area of 2,709 ft2 
(252 m2). The house is unfurnished other than 
permanently installed cabinetry. The house serves as a 
laboratory where a typical family’s occupancy (i.e., two 
adults and two children) and internal loads can be 
simulated in terms of electrical use (i.e., appliances and 
lighting), hot water use, and metabolic heat and moisture 
generation based on a predefined schedule.  
One of the ways the NZERTF achieves its net-zero 
energy goals is by minimizing heating and cooling loads 
with a well-insulated and tight building envelope. The 
exterior walls were constructed (from interior to 
exterior) of gypsum board, 2x6 wood studs filled with R- 
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Figure 1: Photo of NZERTF. 

 
19 blown-in cellulose insulation, plywood sheathing 
with a fully-adhered membrane applied to its external 
face, two layers of 2 in. (5 cm) foil-faced 
polyisocyanurate rigid insulation boards (R-25), a 
0.75 in. (2 cm) air gap created via furring strips, and fiber 
cement lap siding. The roof assembly consists of gypsum 
board, R-42 blown-in cellulose insulation between the 
2x12 roof rafters, plywood sheathing, 5 in. (13 cm) foil-
faced polyisocyanurate insulation boards (R-31) applied 
in three layers, a second layer of plywood sheathing, a 
fully adhered roof membrane, and asphalt shingles. The 
basement walls consist of gypsum board, 2 in. (5 cm) 
foil-faced polyisocyanurate insulation board (R-13), and 
2 in. (5 cm) of extruded polystyrene board (R-10) 
adhered to the inside of the 10 in. (25 cm) thick concrete 
walls. The basement floors are also insulated with a 2 in. 
(5 cm) extruded polystyrene board (R-10) outside of a 4 
in. (10 cm) concrete slab. The windows are triple-pane 
windows with suspended film, low-e coating, and 
fiberglass frames. Lstiburek (2014) provides section 
details for the walls, floors, and roofs of the NZERTF. 
A continuous air barrier system was installed to 
minimize infiltration. Upon completion of the NZERTF, 
Pettit et al. (2014) reported the results of the airtightness 
test, which was 0.55 air changes per hour (h-1) at 50 Pa 
with kitchen and dryer vents sealed; and 0.63 h-1 at 50 Pa 
with kitchen and dryer vents unsealed. 
At the NZERTF, sensors were installed throughout the 
house to monitor the ambient conditions as well as the 
performance of various subsystems in the house. The 
instrumentation, data acquisition system, and 
measurement uncertainty are described in Davis et al. 
(2014). The measurements from nearly 400 sensors are 
continuously collected and stored, typically in 
increments of one minute and are publicly available for 
the first two years of net-zero operation (NIST 2022). 
Methodology 
Experimental Setup 
For the free-floating test during the heating season, the 
house remained without space conditioning for seven 
full days (January 27th to February 2nd, 2021 with two 

warmup days) without any internal/ventilation loads in 
order to ensure that the seasonal impacts of envelope 
modeling were accurately captured. Window blinds were 
fully open. All interior doors remained open during the 
test, while doors to the attic and basement remained 
closed. The thermostat heating set point before the test 
began was 72°F (22.2°C). Two floor fans (63 W and 180 
W) were placed in the living room and at the top of the 
stairs to provide well-mixed conditions.  

Tracer Gas Test 
During the test, the total outdoor air change rate of the 
house was measured using the tracer gas decay 
technique. The tracer gas decay tests complied with 
ASTM E741-11 (ASTM 2011), with sulfur hexafluoride 
(SF6) automatically injected every 72 hours at specified 
time intervals into the three bedrooms on the second 
floor and the kitchen on the first floor. The tracer gas was 
sampled in six locations (i.e., living room, owner’s 
bedroom, bedroom 3, basement, attic, and outside, as 
shown in Figure 2) every 30 seconds with a 
photoacoustic infrared sampler. The sampler has a 
measurement range of 3.6 mg/m3 to 35.8 mg/m3 (0.6 
ppmv to 6 ppmv). The manufacturer’s reported accuracy 
is 5 % and its rated repeatability is within 1 %. Measured 
weather, indoor temperature, and heat pump airflow data 
were input into CONTAM to predict hourly outdoor air 
change rates to be used in the EneryPlus model. The 
basement and attic doors were closed, so the decay rates 
reported are only an approximation for outdoor air 
through the combined first and second floor only. 

NZERTF Data Collection 
This study collected detailed indoor temperature and 
humidity data inside the NZERTF. This included 1-
minute sampling of air temperature (Ta), relative 
humidity (RH), and globe temperature (Tg) in the center 
of the selected rooms at approximately 55 in. (1.4 m) 
above the floor, as shown in Figure 3 and Table 1. All 
three variables were measured in the living room, 
 

 
Figure 2: SF6 Injection/Sampling Locations in 1F (left) 

and 2F of NZERTF. 
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kitchen, owner’s bedroom, bedroom 2, and bedroom 3. 
In the owner’s bathroom, basement, and attic, two 
variables (i.e., Ta and RH) were monitored. Lastly, only 
Ta was monitored in other rooms, including bathroom 1, 
bathroom 2, washer and dryer closet, dining room, 
bedroom 4, and entry hallway. For this study, area-
weighted floor temperatures were calculated and 
compared to the simulated free-floating zone 
temperatures.  
In addition, 1-minute interval weather data was collected 
from the roofs of the NZERTF and a nearby building 
(Boyd 2016). This included outdoor air temperature 
(Tdb), RH, solar radiation (i.e., direct normal irradiance 
(DNI), diffuse horizontal irradiance (DHI), global 
horizontal irradiance (GHI), and horizontal infrared 
radiation intensity from the sky), and wind 
speed/direction. Dewpoint temperature (Tdp) was 
calculated using Tdb, pressure, and RH. For solar data, 
hourly averages were calculated from 1-minute data 
values.  
 

 
Figure 3: Sensors Mounted on the Metal Stand in the 

Center of the Room (Davis et al. 2014). 
 

Table 1: Measurement Parameters and Sensor 
Information. 

Parameter Sensor Type Range Accuracy 
Ta Type T 

thermocouple 
-10 °C to 
55 °C ±0.2 °C 

RH Capacitive 
polymer 

0 % RH to 
100 % RH 

±3 % RH 
(30 to 
80% RH)  

Tg Type T 
thermocouple 
inside grey 
ping pong ball 

-10 °C to 
55 °C ±0.2 °C 

Simulation and Validation Approach 
The EnergyPlus model of the NZERTF was created 
using EnergyPlus V9.2 (DOE 2021) and the OpenStudio 
plugin for SketchUp. To represent the deviation between 
the measurement and simulation, this study used both 
graphical and statistical methods. Two statistical indices 
were selected, including normalized mean bias error 
(NMBE) and the coefficient of variation of the root mean 
squared error (CV-RMSE). These indices are adopted in 
the ASHRAE Guideline 14-2014 (ASHRAE 2014) to 
characterize how well a simulation model describes the 
variability in measured data in terms of energy use. In 
this paper, CV-RMSE and NMBE for indoor 
temperatures were calculated using Fahrenheit values for 
a comparison purpose using the Equations (1) and (2) 
respectively: 
 
NMBE = 100 × [Σ(yi – ŷi)/(n – 1)]/ ȳ  (1) 
CV-RMSE = 100 × [Σ(yi – ŷi)2/(n – 1)]1/2 / ȳ (2) 
 
Where:  
yi = measured zone temperature (°F) 
ŷi = simulation model’s predicted zone temperature (°F) 
ȳ = arithmetic mean of measured zone temperature (°F) 
n = number of observations 

Results and Discussion 
Actual Weather Data Generation 
The actual on-site weather data were packed into a 
compatible weather data and used in EnergyPlus 
simulation. Figure 4 presents the hourly outdoor weather 
conditions during the seven day free-floating test. The 
daily average Tdb was below 30 °F (-1.1°C) except for 
the first day (36.3 °F (2.4 °C)) and the last day (31.0 °F 
(-0.6 °C)) of the test. The third day was the coldest with 
the lowest daily average Tdb of 25.6 °F (-3.6 °C). Only 
the second and fourth testing days were sunny. It should 
also be noted that there was a snowstorm beginning on 
the fifth day (January 31, 2021), which continued 
through the last day of the test. The skies remained 
overcast during these days. 

 
Figure 4: Hourly Outdoor Weather Conditions during 

the Free-Floating Test. 
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Geometry Modeling 
The house was modeled to the outside face of the exterior 
walls (Figure 5). Each floor was modeled as one zone, 
which resulted in three conditioned zones (1F, 2F, and 
basement) and three unconditioned zones (attic, 1F 
plenum, and living room attic). The floor area of the 
model is 2,972 ft2 (276 m2), which includes 1,598 ft2 
(148 m2) for 1F and 1,374 ft2 (128 m2) for 2F. This is 
larger than the actual floor areas of the house reported in 
construction documents (i.e., 2,709 ft2 (252 m2)), which 
was measured from the centreline of exterior walls. This 
difference is due to the fact that the EnergyPlus model 
includes the exterior wall thickness/areas, the 2F open 
foyer, and the storage areas under the 2F gable walls on 
the east and west façade of the house.  
Multiple shading surfaces were added to the model to 
properly simulate their shading effects on the house. For 
example, the house has a detached garage, which was 
modeled as shading surfaces along with the covered 
walkway to the garage. In addition, the front porch, the 
back screen porch, three evergreen trees, and the PV 
panels on the roof of the house were added as shading 
surfaces. 
Interior walls and built-in furniture were described as 
internal thermal mass. Ten different types of internal 
mass construction were defined, of which surface areas  

 

(a) Front View  

 

(b) Back View 

Figure 5: EnergyPlus Model of NZERTF. 

were calculated for each zone. This included interior 
partitions framed with 2x4 wood studs, interior bearing 
walls framed with 2x6 wood studs, interior doors, stairs, 
kitchen countertops, and built-in cabinetry.  

Envelope Modeling 
The construction of walls, roofs, floors, windows, and 
doors were accounted for in EnergyPlus by specifying 
each layer of the construction materials, including 
equivalent composite layers consisting of both framing 
and insulation for stud walls. The calculated U-factor of 
the exterior above-grade walls, including framing 
members, was 0.024 Btu/h-ft2-°F (0.136 W/m2-°C). The 
calculated U-factor of the roofs was 0.015 Btu/h-ft2-°F 
(0.085 W/m2-°C). The U-factors of the basement 
construction were 0.042 Btu/h-ft2-°F (0.238 W/m2-°C) 
for the basement walls and 0.098 Btu/h-ft2-°F 
(0.556 W/m2-°C) for the basement floor. 
The windows were modeled with WINDOW 7.7 by 
defining the spectral averages of the glazing layers. The 
window frames were separately modeled by calculating 
the equivalent frame widths for seven types of windows 
that ranged from 2.9 inches (0.07 m) to 3.4 inches (0.09 
m). The frame conductance was 0.244 Btu/h-ft2-°F 
(1.38 W/m2-°C). The modeled glazing had a U-factor of 
0.164 Btu/h-ft2-°F (0.931 W/m2·K) and a solar heat gain 
coefficient of 0.31. The window-to-wall ratio of the 
model was 11.8 %.  

Internal Heat Gains Modeling 
Some plug loads could not be turned off during the 
testing period, including a dishwasher, data loggers, and 
two floor fans for air mixing. Consequently, the 1-minute 
interval plug loads electric power data were collected, 
and hourly averages were calculated, which were then 
entered into the simulation. The hourly plug load 
electricity use during the free-floating test was constant 
at about 0.49 kWh when the dishwasher was not running. 
The dishwasher ran three times during the testing period, 
which increased the hourly plug load electricity use to 
0.83 kWh for one hour at around 10 PM on the first, 
third, and sixth days of the test. 

Infiltration Measurements and Modeling 
This study used CONTAM to calculate hourly 
infiltration and interzonal airflows, which were then 
entered into the EnergyPlus model. CONTAM is a 
multizone indoor air quality and ventilation analysis 
program developed by NIST (Dols and Polidoro 2020). 
To validate the CONTAM-predicted outdoor air change 
rate (ACR), this study first compared CONTAM-
predicted ACR to the measured ACR using tracer gas 
decay technique.  
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Figure 6 presents a comparison of measured and 
CONTAM-predicted ACR rates that were averaged over 
each injection, which shows good agreement. This 
comparison was necessary to ensure that the CONTAM 
model was correctly configured. The tracer gas was 
injected four times at around midnight on January 25 and 
29, 2021 and at around noon on January 28 and February 
1, 2021. Table 2 presents the measured ACR of the house 
for each injection using only the data that was within the 
instrument’s measurement range. The measured ACR 
rates were generally low, which varied from 0.037 h-1 to 
0.076 h-1. Thiss was expected considering the tight 
construction of the NZERTF. The second injection 
period had the highest average ACR of 0.076 h-1, which 
was driven by the lowest average Tdb and the highest 
average wind speed of the four injection periods.  
Based on good agreement between measured and 
CONTAM-predicted ACR rates, an hourly schedule of 
infiltration was generated by floor for use in the 
EnergyPlus model as shown in Figure 7. They were 
calculated by identifying all airflow paths in the 
CONTAM model that connected zone i to the outdoors. 
At each timestep t, the sum of airflows (Q) from zone i 
to the outdoors (Qi-o) were calculated (similarly Qo-i 
was calculated). The flows in Figure 7 represent Qo-1F, 
Qo-2F, and Qo-attic. 
Hourly average interzonal airflows were also calculated 
using CONTAM results. This was done by identifying 
all airflow paths in the CONTAM model that connected 
zone i to zone j. At each timestep t, the sum of airflows 
(Q) from zone i to zone j (Qij) were calculated (similarly 
Qji was calculated). Thus for the four zone NZERTF, 
eight interzonal airflows were calculated (averages 
shown in Figure 8). These calculated interzonal airflows 
were converted to a schedule for use in the EnergyPlus 
model.  
Figure 8 presents the average CONTAM-predicted 
interzonal (black boxes), infiltration (blue boxes), and 
exfiltration (orange boxes) airflows during the free-
floating test. The 1F was predicted to have higher 
infiltration than other floors. The conditioned air then 
exited at the top of the house (i.e., attic). A very high 
level of interzonal airflows were predicted between 1F 
and 2F, the average of which was 699 ft3/min (1 188 
m3/h) from 1F to 2F and 723 ft3/min (1 228 m3/h) from  
 

Table 2: Measured Outdoor Air Change Rate. 
No. OA Temp. Wind Speed ACR 

(°F (°C)) (m/s) (h-1) 
1 34.3 (1.3) 3.13 0.037 
2 25.9 (-3.4) 7.04 0.076 
3 28.8 (-1.8) 2.63 0.042 
4 31.7(-0.2) 5.22 0.057 

 
Figure 6: Predicted and Measured Outdoor ACR. 

 

 
Figure 7: Hourly Infiltration by Floor. 

 

 
Figure 8: Average Interzonal and Infiltration Airflows. 

 
2F to 1F. This seems reasonable considering the use of 
two floor fans on each floor to provide well-mixed 
conditions. 

Ground Heat Transfer Modeling 
An accurate ground heat transfer calculation through 
underground concrete walls and floors is important, as it 
can have a significant impact on the heating and cooling 
loads of small buildings, such as low-rise residential 
buildings. Previous studies reported disagreement 
between programs for basement heat transfer 
calculations, which indicates there is a need to 
empirically validate those models (Andolsun et al. 
2011). Thus, this study performed and compared two 
different ground heat transfer calculations that are 
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available through EnergyPlus: Basement Preprocessor 
and Kiva Foundation. 
The Basement Preprocessor solves a boundary value 
problem on the 3D heat conduction equation to calculate 
custom monthly average ground temperatures for 
basement walls and floors. The average basement zone 
temperatures from January 27 to 31 (65.6 °F (18.7 °C)) 
and from February 1 to 2 (59.6 °F (15.3 °C)) were 
entered into the Basement Preprocessor. Since the 
Basement Preprocessor doesn’t provide separate input 
fields for interior insulation, this study calculated and 
used the thermal conductivity and thickness of the 
basement wall and floor constructions that include 
interior insulation. In addition, this study used Kiva’s 
two-dimensional heat transfer calculations, which 
approximated three-dimensional heat transfer. Kiva was 
developed by Kruis (2015), which is now integrated with 
EnergyPlus.  
Using the Basement Preprocessor and Kiva, three sets of 
soil properties were simulated, as shown in Table 3: 
• No. 1:  Properties based on Formation  

Thermal Conductivity (FTC) test  
• No. 2:  Basement Preprocessor default  

properties 
• No. 3:  Kiva default properties 

Table 4 shows the monthly average face temperatures on 
the outside of the basement wall and the floor slab 
calculated by the Basement Preprocessor. It was found 
that the use of the Basement Preprocessor’s default soil 
properties resulted in higher wall and floor outside face 
temperatures, which would lower heat transfer between 
underground and below-ground surfaces during the 
testing period.  

Free-Floating Zone Temperature Validation Results 

Figure 9 presents the results of the simulated free-
floating zone temperatures compared with the 
measured/calculated area-weighted floor temperatures 
(i.e., solid black lines). To determine how closely a 
detailed EnergyPlus model can predict free-floating zone 
temperatures, no further calibration efforts (e.g., 
tweaking unknown input parameters using a zone 
capacitance multiplier) were made. In the figure, six 
lines represent the simulated free-floating zone 
temperatures, which include the three lines labeled 
BSMT (Basement Preprocessor) and the three lines 
labeled Kiva. These were determined for the three sets of 
soil properties as shown in Table 3 (i.e., No.1, No.2, and 
No.3).  

During the test period, the 1F and 2F free-floating zone 
temperatures continuously decreased from 72.0 °F (22 
°C) to 54.0 °F (12.2 °C) on 1F and down to 53°F (11.7 

 
Table 3: Three Sets of Soil Properties Tested. 

No. 
Conductivity Density Specific Heat 

Btu-in/h-ft2-°F 
(W/m-°K) 

lb/ft3  
(kg/m3) 

Btu/lb-°F 
(J/kg-°K) 

1 23.2 (3.34) 181 (2,894) 0.21 (880) 
2 7.6 (1.1) 94 (1,500) 0.20 (840) 
3 12.0 (1.73) 115 (1,842) 0.10 (419) 

 
Table 4: Monthly Average Outside Face Temperatures 

of the Basement Wall and Floor Calculated by the 
Basement Preprocessor. 

No. Basement Wall (°F  (°C)) Floor Slab (°F (°C)) 
Jan. Feb. Jan. Feb. 

1 54.4 (12.4) 51.9 (11.1) 66.2 (19.0) 65.2 (18.4) 
2 56.7 (13.7) 54.0 (12.2) 68.4 (20.2) 65.8 (18.8) 
3 52.8 (11.6) 50.5 (10.3) 66.8 (19.3) 64.1 (17.8) 

 

 

 

 

 
Figure 9: Comparison of Simulated and Measured 

Free-Floating Zone Temperature 
 

°C) on 2F with minimal time-of-day fluctuations except 
for the two sunny days on January 28th and 30th, 2021. 
The 1F and 2F exhibited very similar free-floating 
temperature profiles, indicating well-mixed conditions 
between the two floors. The basement was warmer than 
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other floors with the lowest temperature of about 58.8 °F 
(14.9 °C). 
When comparing the simulated and measured free-
floating zone temperatures, it was found that the 
temperatures simulated with the Basement Preprocessor 
follow the measured temperatures more closely. The use 
of the Kiva program reduced the rate of change in the 
simulated free-floating temperature over time, which 
resulted in zone temperatures higher than the measured 
temperatures. For example, when comparing the two 
methods with the same soil properties, the use of the 
Kiva program along with No.1 soil properties increased 
the CV-RMSE from 1.2 % (No.1_BSMT) to 3.4 % 
(No.1_Kiva) for 1F, from 1.2 % (No.1_BSMT) to 2.9 % 
(No.1_Kiva) for 2F, and from 0.7 % (No.1_BSMT) to 
3.9 % (No.1 Kiva). 
Among the three sets of soil properties, the use of No.1 
soil properties that were determined from an on-site 
geotechnical assessment before the house was built, 
produced the best results for both methods. However, the 
impact of different soil properties on the simulated free-
floating temperatures was not the same depending on 
method. For example, with the Basement Preprocessor, 
the use of No.1 and No.3 soil properties produced similar 
temperature profiles across the floors with the smallest 
CV-RMSE (1.2 % and 1.1 % for 1F; 1.2 % for 2F; 0.6 % 
and 0.8 % for the basement) and NMBE (0.2 % and 
0.3 % for 1F; 0.4 % for 2F; 0.6 % and 0.7 % for the 
basement). The use of No.2 soil properties (i.e., 
Basement Preprocessor default values) increased the 
CV-RMSE to 1.6 % for 1F, 1.5 % for 2F, and 0.9 % for 
the basement, although it decreased the CV-RMSE to 1.9 
% for the attic. With the Kiva program, there was a clear 
difference between the use of different soil properties. 
As mentioned earlier, the use of No.1 soil properties 
resulted in the lowest CV-RMSE, while the highest CV-
RMSE was calculated with No.2 soil properties.  

Conclusions 
This paper presents one of the ongoing validation efforts 
using a low-load residential house – the NZERTF 
located on the campus of NIST in Gaithersburg, MD, 
USA. This paper presented preliminary results from a 
free-floating test during the heating season when the 
HVAC system stayed OFF for one week. The 
EnergyPlus model of the NZERTF was first created 
based on as-built drawings and then refined to properly 
reflect the test conditions. This included the use of 
measured on-site weather data, the development of a 
detailed geometry model including shading objects, 
detailed estimation and use of internal mass, advanced 
interzonal and infiltration airflow calculations using 
CONTAM, and a comparison of two ground heat 

transfer models available in EnergyPlus (the Basement 
Preprocessor and the Kiva program). 
This detailed  EnergyPlus model was then used to predict 
free-floating zone temperatures. No further calibration 
efforts (e.g., tweaking unknown input parameters using 
a zone capacitance multiplier) were made. Key input 
parameters were defined based on measured evidence, 
including infiltration, which was empirically validated to 
tracer gas test results. This study compared different 
ground heat transfer models available in EnergyPlus due 
to the absence of ground surface temepratures outside the 
basement walls and slab. 
The results showed that the selection of the ground heat 
transfer model and its associated input parameters had an 
impact on the simulated free-floating zone temperatures. 
The free-floating temperatures simulated with the 
Basement Preprocessor compared well with the 
measured temperatures. In general, the use of soil 
properties determined from an on-site geotechnical 
assessment produced the best results for both ground 
heat transfer models. It should be noted that this 
validation effort and its results are only for free-floating 
conditions. The results may be different when the 
cooling and heating systems are in operation, which is 
currently under analysis by the project team.  
Unlike other empirical validation efforts that use rather 
simple buildings, such as test cells, this study used a real 
building to better understand the accuracy of state-of-
the-art building simulation programs operating under 
real-world conditions. This study uses real building data 
to help reduce the uncertainties of unknown or hard-to-
measure simulation input parameters in a low-load house 
with a well-insulated and tight building envelope. 
Ground-coupled heat transfer is often excluded from 
empirical validation by using thick insulation under the 
floor slab even though it has a significant impact on the 
heating and cooling loads of small buildings, such as 
low-rise residential buildings. Therefore, this study 
aimed to fill this research gap by using a real building, 
which is necessary for the development of more accurate 
building energy simulation programs under complex 
realistic situations. 
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