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Abstract
Nowadays, building energy models (BEM) are the
key elements in the design and optimization process of real buildings. They are necessary to analyze
the cost-effectiveness of energy conservation measures
(ECM), to optimize the behavior of the building during its operative stage, to obtain building energy efficiency certificate (BEEC), etc.
Therefore, energy models must be calibrated to guarantee an accurate representation of the real behavior
of the building. In fact, they need to comply with
several standards (ASHRAE 14-2014, FEMP 4.0, IPMVP) that establish limits to the definition of calibrated models. Perform an BEM is not an easy task,
since sometimes it is necessary to make assumptions
to certain energy behaviors. This study shows the
importance of one these aspects generally underestimated, the ground. Three outside boundary condition objects of EnergyPlus are analyzed to understand their influence on the calibration process. If
the heat loss rate contribution of the basement slab
is high, these objects could be critical to obtain calibrated models.

Introduction
In the recent convention on climate change (COP 24)
it was highlighted that the year 2018 was marked
by an unprecedented CO2 concentration and several
climatic incidents (fires, global temperature records,
drought, etc.). The energy consumption of buildings plays an important role in the mitigation of CO2
emissions, since they are one of the main producers
of greenhouse gases. As is described in the global
perspectives of the Global Status Report of United
Nations: “Buildings and construction together account for 36% of global final energy use and 39%
of energy-related carbon dioxide (CO2 ) emissions”
(Abergel et al., 2017). For this reason, in recent years,
there has been an increase in the number of studies
on how to optimize energy consumption in buildings.
Energy models are the key elements in these validation processes, analysis of energy conservation measures (ECMs), optimization of different strategies to
control the building’s HVAC systems (model predic-

tive control), etc., so they have great importance in
the field of energy consumption. For these studies
to be useful, it is necessary that the models used are
calibrated energy models.
One of the requirements that ASHRAE 14-2002
(ASHRAE, 2002) recommends for the personnel who
develop whole building calibrated simulation model
is the “five year’s computer simulation experience”,
and the reason is simple, calibrate a building energy
model (BEM) is not only to develop a model with
the same shape, spaces, loads, etc. of the real building. Calibrate a model is to characterize its behavior
in a simulation file reproducing the physics of the
building, and the experience gives to the modeler the
needed skills to deal with some elements of the building. These are some of the reasons why option D
(calibrated simulation) of the IPMVP protocol is discarded against other simpler options (Options A, B
and C) (IPMVP Committee and others, 2012).
The aim of this research is to explain the approach
that we use to calibrate models with large slabs in
contact with the ground. In the architecture field, Le
Corbusier and Pierre Jeanneret established in their
manifesto “Five Points Towards a New Architecture”
the concept for the roof as the “fifth façade” of
the building: “In general, roof gardens mean to a
city the recovery of all the built-up area” (Corbusier and Jeanneret, 1970). This concept, highlighted
by Richard Cook, describes the potential of the urban roof-scape in terms of architecture design (Cook
and Partner, 2015). In terms of energy consumption,
roofs are one of the elements of the building’s envelope which are responsible of a great proportion of
building consumption. In contrast, the slabs are not
considered as the “sixth façade” in terms of architecture design, although in terms of energy, as an
element of its envelope, they are responsible of a proportion of its consumption. Façades and roofs have
the weather as the boundary element which they depend, instead the slabs have the ground. For this
reason, it is very important to evaluate how the software is considering the behavior of the ground-slab
relationship. In addition, the design of the building
is an important aspect to take into account in the impact on energy consumption due to the heat loss rate
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of the basement slab. In high-rise buildings or with
insulated slabs, this impact is lower.
Due to the importance of this component, EnergyPlus (Crawley et al., 2001) has develop different ways
to model its behavior, in fact since its 8.7 version
(march 2017) the software adds Kiva foundation heat
transfer module, that it is a computational framework developed by Neal Kruis (Kruis, 2015). This
module reduce the time needed to perform a threedimensional heat transfer calculation by using a twodimensional simulation that needs seconds to obtain
a result within a mean absolute deviation of 3%.
The innovation and relevance of this research is the
analysis and evaluation of the different possibilities of
EnergyPlus to model the ground behavior. The paper
focuses in how the BEM works taking into account the
different ground-foundation EnergyPlus objects with
default, adjusted and optimized settings. In the latter case, a calibration methodology developed in the
Universidad de Navarra (Ruiz et al., 2016; Ruiz and
Bandera, 2017; Fernández Bandera and Ramos Ruiz,
2017) is used to obtain optimized values to each of
them through a genetic algorithm (NSGA-II) (Deb
et al., 2002). The use of these values serve to improve the behavior of the BEM rising the quality of
the model.
A real case study is used to analyze the behavior of different model boundary conditions (Ground,
GroundFCfactorMethod and Foundation). Its calibration model (baseline model) has the default settings of EnergyPlus as its ground boundary condition.
By this way, measuring the error indices N M BE and
CV (RM SE) established by ASHRAE, FEMP and
IPMVP to classify calibrated models, it is possible to
evaluate the degree of agreement between the ground
boundary condition and the calibration level of the
model, being able to assess which of them is the most
appropriate.
Firstly, the study explains the methodology used, focusing on the different EnergyPlus outside boundary
condition objects for the ground and on the optimization methodology. Secondly the case study and all
the simulations performed which their settings are
explained. Finally, an analysis of the results is carried out where the different simulations are ranked
via the calibration criteria CV (RM SE).

Methodology
To explain the applied methodology on which this research is based, we are going to focus on two aspects:
the ground EnergyPlus objects and the optimizations
carried out.
Ground EnergyPlus objects
For the resolution of the case studies presented in
this research paper, the EnergyPlus software has been
used as a simulation engine. This software is commonly used by engineers, architects and researchers

to simulate the energy behavior of buildings Nguyen
et al. (2014). One of the features of this software
is the possibility of characterize the ground, offering
multiple options for its calculation. Each of them has
its advantages and disadvantages such as the simplicity of the object’s implementation, the precision of the
results, the time needed to simulate the model, etc.
In this research paper, a study has been made of several possibilities offered by this software to analyze
the accuracy of the ground characterization. Each
of them depends on the selected outside boundary
condition defined in each building surface. In particular, the boundary conditions analyzed are: Ground,
GroundFCfactorMethod and Foundation.
• Ground
This first type of boundary object uses monthly
ground temperatures directly in the ground heat
transfer model. The defined temperatures are
considered as the temperatures of the outer face
of each surface in contact with the ground. The
object only needs the ground temperature for
each month of the year, where 18 ◦ C is the default option.
• GroundFCfactorMethod
This method needs to define two objects:
Construction:FfactorGroundFloor
or
Construction:CfactorUndergroundWall and the
Site:GroundTemperature:FCfactorMethod. The
first one requires the values of F-factor or
C-factor of the construction in contact with the
ground in W/mK, its affected area (m2 ) and its
exposed perimeter (m). The second one needs
the ground temperatures, that can be obtained
from the EnergyPlus weather file (.epw). In
particular, the recommended values are the
ground temperatures at -0.5m.
• Foundation
The third boundary object analyzed is Foundation. The inputs in this boundary object is translated into Kiva’s foundation heat transfer model
that was developed by Neal Kruis in her thesis
(Kruis, 2015). This heat transfer model “generates a two-dimensional heat transfer calculation to represent heat flow between a zone and
the adjacent ground”. This heat transfer model
does not “use the same HeatBalanceAlgorithm
(e.g., Conduction Transfer Functions) as the rest
of the model” (DOE, 2018) where the “threedimensional heat transfer that can require several days to simulate is approximated in twodimensions in a matter of seconds while maintaining a mean absolute deviation within 3%”
(Kruis, 2015).
The input data for the resolution of the heat
transfer model of the Kiva methodology are
presented in different EnergyPlus objects:
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Figure 1: Office building, School of Architecture (University of Navarra).
Foundation:Kiva; Foundation:Kiva:Settings and
SurfaceProperty:ExposedFoundationPerimeter.
The first one, Foundation:Kiva, needs all the
information related with the foundations as
horizontal or vertical insulation; wall height
and depth; footing wall construction, material
and depth; etc. The inputs of the second one,
Foundation:Kiva:Settings, are the characteristic of the ground itself, such as its specific
heat, solar and thermal absorptivity, surface
roughness, etc.
Finally, the SurfaceProperty:ExposedFoundationPerimeter, “defines the
perimeter of a foundation floor that is exposed
to the exterior environment through the floor”
(DOE, 2018).
Optimization
In general, the usual way to define these objects is to
complete the inputs with the real ground data, but
sometimes these values are unknown or are between
a range. In these cases, an optimization is needed to
improve the error indices of the model. In this study,
this optimization is performed to the EnergyPlus objects whose values are between a range, that is to
say, to the GroundFCfactorMethod and Foundation
objects.
The optimization is done by genetic algorithm
(NSGA-II). This algorithm evolves an initial population, generation after generation, trying to minimize
a certain objective function, like the Darwin’s theory
of evolution. In this case, the objective function is the
same as in the calibration process, which gives us the
best set of values for each EnergyPlus object with the
calibration criteria. In the next section, optimization
settings for each of the analyzed cases are explained.

Case study
The office building of the Architecture School of the
Universidad de Navarra (Spain) is used as the case
study to perform the simulations (see Figure 1). It
was designed by the architects Rafael Echaide, Carlos
Sobrini and Eugenio Aguinaga and was built between

1974 and 1978. It is connected to the main building
through a transparent gallery. The building is mainly
used as an administration building and by postgraduate students of the different master’s programs of the
School of Architecture and it keeps mainly business
hours. It is a freestanding single-storey building of
almost 760 square meters, characterized by the use
of simple materials (red bricks, simple-pane windows,
concrete pillars, etc.). It has a porticoed structure of
concrete with 2.20 meters of modulation and it is protected from the wind by the School of Architecture
on the north side and by a wall of red bricks in all
the other orientations. The space allocation consists
of a succession of offices for personnel, an administration, an open working space, master classrooms and
a corridor in the middle connecting all the spaces.
The building energy model performed has been divided into 25 thermal zones, one for each room. Figure 2 shows the uses of these thermal zones and the
shape of the developed building energy model using
the OpenStudio plugin for ScketchUp (Guglielmetti
et al., 2011).
The BEM has been calibrated using a methodology
named as Zero Energy Calibration (ZEC), developed
by Fernández Bandera and Ramos Ruiz (2017). This
methodology is based in the building free oscillation
temperature, that is introduced in the energy model
as a dynamic set-point. In the periods of free oscillation, if the energy consumed by the building is 0
kW h (objective function), the model can be considered as calibrated, otherwise, there will be an incorrect configuration of the building envelope that will
be the responsible for this consumption. A genetic
algorithm (NSGA-II) is used to minimize the energy
consumption of the building by modifying the different parameters of the building envelope in each generation. One feature of this methodology is that it
feeds from the building measured data (temperature)
during the simulation process, unlike other calibration techniques that use the measured data at the
end of the process. This allows ZEC to introduce as
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Figure 2: Energy model and zonification of the Office building, School of Architecture (University of Navarra).
Table 1: Calibration criteria of Federal Energy Management Program (FEMP), ASHRAE, and IPMVP.
Data type

Index

FEMP 3.0 Criteria

ASHRAE G14-2002

IPMVP

±5
±15
±10
±30

±5
±15
±10
±30

±20
±5
±20

Calibration criteria
Monthly criteria % N M BE
CV (RM SE)
Hourly criteria %
N M BE
CV (RM SE)

much data as is necessary for the calibration process.
The calibration process is validated with the error
indices N M BE and CV (RM SE) (see equations 1
and 2) proposed by the international standards protocols: FEMP 4.0 Criteria, ASHRAE G14-2002 and
IPMVP (Webster et al., 2015; ASHRAE, 2002; IPMVP Committee and others, 2012), where s and m
are the simulated and measured values respectively,
n is the number of measured data points, p the number of adjustable model parameters and finally m̄ is
the mean of measured values.
N M BE =

1
·
m̄

1
CV (RM SE) =
m̄

∑n

− mi )
[%]
n−p

i=1 (si

√∑

n
i=1 (si

− mi )2
[%]
n−p

(1)

(2)

Table 1 shows the limits for the consideration of
calibrated models. In this study, the model has
been calibrated in the free oscillation periods of
the weekends of June 2017. This model will be
used as the baseline model for the rest of the simulations. The values obtained for N M BE and
CV (RM SE) are 4.34% and 4.79% respectively, being within the calibration criteria. Its energy demand
in the checking months (April to June) is 2242.05
kW h, and the boundary condition, for all the surfaces in contact with the ground, is the “Ground”

option. The EnergyPlus default values of 18◦ C for
all the months of the year has been selected for the
Site:GroundTemperature:BuildingSurface object.
The heat loss rate contribution of the different parts
of this building is as follows: 12.73 % for the basement
slab, 66.48 % for the roof, 9.21 % for the facades
and 11.57 % for the windows. As can be seen, the
basement slab relationship has a great influence on
the energy behavior of the model, even higher than
the façades and windows. This is due to the fact that
it has a large surface without insulation. The highly
exposed roof implies that it has the highest energy
losses.
The following three case studies serve to analyze the
impact of the different boundary condition objects in
the accuracy of the calibrated energy model. The
analyzed boundary objects are Ground, GroundFCfactorMethod and Foundation.
• Ground
For this analysis, different ground temperatures
have been used. These can be divided into two
blocks, one containing the ground temperatures
in the weather file (.epw) and the other with the
average temperature of the thermal zone minus a
certain number of degrees. The first has monthly
ground temperatures for the selected year at different depths (-0.5m, -2.0m and -4.0m). The second follows the suggestion that makes Energy-
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Table 2: Ground configuration.
Site:GroundTemperature:BuildingSurface
Jan.
Feb.
Baseline model
Average thermal zone temp. -0.5◦ C
Average thermal zone temp. -1.0◦ C
Average thermal zone temp. -1.5◦ C
Average thermal zone temp. -2.0◦ C
Average thermal zone temp. -2.5◦ C
Average thermal zone temp. -3.0◦ C
Weather ground temp. at -0.5m
Weather ground temp. at -2.0m
Weather ground temp. at -4.0m

18.00
19.59
19.09
18.59
18.09
17.59
17.09
8.26
11.00
12.79

18.00
20.03
19.53
19.03
18.53
18.03
17.53
5.21
8.15
10.57

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

18.00
20.05
19.55
19.05
18.55
18.05
17.55
4.39
6.79
9.21

18.00
20.03
19.53
19.03
18.53
18.03
17.53
5.10
6.74
8.79

18.00
21.35
20.85
20.35
19.85
19.35
18.85
9.22
8.91
9.60

18.00
22.90
22.40
21.90
21.40
20.90
20.40
13.83
12.06
11.43

18.00
22.88
22.38
21.88
21.38
20.88
20.38
18.16
15.45
13.71

18.00
22.79
22.29
21.79
21.29
20.79
20.29
21.30
18.36
15.95

18.00
20.70
20.20
19.70
19.20
18.70
18.20
22.22
19.86
17.45

18.00
19.80
19.30
18.80
18.30
17.80
17.30
20.74
19.58
17.81

18.00
19.43
18.93
18.43
17.93
17.43
16.93
17.19
17.58
16.95

18.00
17.82
17.32
16.82
16.32
15.82
15.32
12.71
14.50
15.15

Table 3: FC factor method configuration.
Site:GroundTemperature:FCfactorMethod
FC factor
method (base)
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

6.4
5.72
6.93
8.82
13.77
17.59
20.17
20.95
19.62
16.65
12.69
9.01

FC factor
method (optimized)
from 5.50 to 11.50
from 4.50 to 9.50
from 5.50 to 9.00
from 7.00 to 10.50
from 10.50 to 14.00
from 14.00 to 17.50
from 16.50 to 20.00
from 17.00 to 22.00
from 16.00 to 23.00
from 13.50 to 21.50
from 10.50 to 18.50
from 7.50 to 14.50

Plus for tertiary buildings where if the complex
boundary objects are not used, it recommends
as the ground temperature “a reasonable default
value is 2◦ C less than the average indoor space
temperature” (DOE, 2018). Therefore, as can be
seen in Table 2, the average temperature of each
thermal zone minus a certain number of degrees
(between a range of -3.0◦ C and -0.5◦ C) has been
selected to test all possibilities (see Table 5).
• GroundFCfactorMethod
The second boundary object analyzed is the FC
factor method. In this analysis, two options were
evaluated: the ground temperature defined in
the Pamplona weather file (.epw) at a depth of 0.5 m and an optimization of the monthly ground
temperatures of a set of cities near the building.
The ground temperatures of these cities (Pamplona, Vitoria, Bilbao, San Sebastián, Logroño
and Zaragoza) serve to limit the range of values
of the optimization with a step of 0.5 ◦ C between
its limits. Table 3 shows the selected values and
the best solution obtained in the optimization
process.
• Foundation
The last boundary object analyzed is the Foundation object. Several analyzes have been performed for this element. In the first, the EnergyPlus defaults have been used to define the Kiva
settings. In the second group, the real ground
data has been used. As the soil is composed of

every
every
every
every
every
every
every
every
every
every
every
every

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

FC factor
method (optimized)
best model
8.00
5.00
8.00
7.00
10.50
14.00
16.50
22.00
22.00
15.50
16.00
9.00

a mixture of marls and limestones, three cases
are evaluated, one with marl data, another with
limestone and the last one with a mixture of
them. Finally, the last group analyzed is an optimization of the ground characteristics, where the
conductivity, density, specific heat, absorptivity,
roughness, etc. are evaluated. Table 4 shows the
values selected for all cases and the range for the
optimization option with a specific column with
the best values obtained.

Results and analysis
Table 5 summarizes all simulations and optimizations
performed where can be seen in each column, from left
to right: a description of the model and the boundary
condition object analyzed; the error indices obtained
to verify the calibration criteria (CV (RM SE) and
N M BE); the energy demand of the model in the free
oscillation periods in the checking months (April to
June); and the reduction percentage that each simulation have with respect to the baseline model (in bold).
All the data is sorted by the error index CV (RM SE).
We are going to start by discussing the models whose
ground temperatures have been obtained from the
weather file (ground temperatures at -0.5 m, -2.0 m
and -4.0 m depth). Obtain these temperatures does
not have any difficulty, since the .epw file offers them
directly. However, poor calibration results have been
obtained with these configuration. Analyzing the calibration criteria, the CV (RM SE) and the N M BE
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Table 4: Kiva configuration.
KIVA
(base)

KIVA
(marl)

KIVA
(limestone)

KIVA
(average
marl-limestone)

KIVA
(optimized)
best model

1.73
1842
419
0.9
0.9
0.03
40

2.1
1540
2250
0.9
0.9
0.03
40

2.8
2850
2250
0.9
0.9
0.03
40

2.45
2195
2250
0.9
0.9
0.03
40

from 0.50 to 2.50 every 0.10
from 1200 to 2800 every 100
from 200 to 1500 every 100
from 0.10 to 0.99 every 0.10
from 0.10 to 0.99 every 0.10
from 0.005 to 0.03 every 0.005
from 16.50 to 20 every 0.50

0.8
2300
1500
0.80
0.99
0.015
16.5

-

-

-

-

0.2
0.3

0.2
0.3

KIVA
(optimized)

Foundation:kiva
Soil Conductivity
Soil Density
Soil Specific Heat
Ground Solar Absorptivity
Ground Thermal Absorptivity
Ground Surface Roughness
Far-Field Width
Foundation:kiva:Settings
Wall Height Above Grade
Footing Depth

Table 5: CV (RM SE), N M BE and energy demand (kW h) with the different ground simulation strategies.
Outside boundary condition - Model
Ground - Average thermal zone temperature -1.5◦ C
Ground - Average thermal zone temperature -2.0◦ C
Foundation - KIVA (optimized)
Ground - Average thermal zone temperature -1.0◦ C
Ground - Average thermal zone temperature -2.5◦ C
Ground - Average thermal zone temperature -0.5◦ C
Foundation - KIVA (base)
Ground - Average thermal zone temperature -3.0 ◦ C
Ground FC factor method (optimized)
Foundation - KIVA (marl)
Ground FC factor method (base)
Foundation - KIVA (average marl-limestone)
Foundation - KIVA (limestone)
Baseline model
Ground - Weather ground temperature at -0.5 m
Ground - Weather ground temperature at -2.0 m
Ground - Weather ground temperature at -4.0 m

reach values of 12.75% and 12.48% respectively which
represents an increase of up to 161.55% in terms of
energy, therefore they are not a good strategy to improve the calibration levels of the model.
Models that use Ground FC factor method as the
boundary condition object produce results that improve the error indices of the baseline model. Two
models are analyzed, one with the ground temperature of the weather of Pamplona (base) and the
other that is the optimization of several cities (optimized). The latter reduces the error indices to 2.4%
of CV (RM SE) and -0.34% of N M BE, which represents a reduction in energy demand close to 43%.
The simulations that use Kiva methodology as the
boundary condition object are distributed evenly
among all the simulations. All of them improve the
baseline model, however, the optimization of the Kiva
methodology is the one that obtains the best results
with a 1.79% of CV (RM SE) and -0.01% of N M BE,
occupying the third place of the best models. Its
improvement in the reduction of energy demand is

CV (RM SE)

N M BE

Energy
(kW h)

Energy
(%)

1.62%
1.64%
1.79%
1.90%
1.96%
2.37%
2.40%
2.44%
2.83%
3.00%
3.77%
3.89%
4.68%
4.79%
10.64%
12.12%
12.75%

-0.11%
0.59%
-0.01%
-0.82%
1.29%
-1.52%
-0.37%
1.99%
-1.39%
2.61%
-2.62%
3.63%
4.48%
4.34%
9.91%
11.81%
12.48%

1227.55
1309.69
1342.33
1211.10
1445.09
1269.95
1501.95
1612.90
1294.21
1902.80
1436.68
2124.54
2458.61
2242.05
5103.26
5727.90
5864.12

45.25%
41.59%
40.13%
45.98%
35.55%
43.36%
33.01%
28.06%
42.28%
15.13%
35.92%
5.24%
-9.66%
0.00%
-127.62%
-155.48%
-161.55%

also notable, producing a decrease of 40.13 % with
respect to the baseline model. As a counterpart, it is
curious how the Kiva model with the default option
of EnergyPlus obtains better results than with the
ground values of marls, limestones and the mixture
of both. In these last cases, knowing the properties
of the ground has not offered any advantage to the
calibrated model.
Finally, the parameterization made with the recommendation of EnergyPlus for the calculation of
ground temperatures using the average temperatures
of the thermal zones minus 2◦ C for the different
months of the year, obtains the best results of all the
proposed in this study. All the simulations performed
with this strategy are in the top positions of the table 5. The best one is the one that has the average
interior temperature reduced 1.5 degrees, producing
error indices of 1.62% of CV (RM SE) and -0.11% of
N M BE with an energy reduction of 45.25% with respect the baseline model.
In order to analyze the influence that each of these
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Monday

Tuesday

Wednesday

Thursday

Friday

Sunday

Saturday

25
23
21
19
17

0 1 2 3 21 22 23 0 1 2 3 21 22 23 0 1 2 3 21 22 23 0 1 2 3 21 22 23 0 1 2 3 21 22 23 0 1 2 3 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
12-jun

13-jun

14-jun

15-jun

16-jun

17-jun

18-jun

june

Measured temperature
Baseline model
Founda�on - KIVA (calibrated)

Founda�on - KIVA (base)
Ground FC factor method (calibrated)
Founda�on - KIVA (marl)

Ground FC factor method (base)
Founda�on - KIVA (average marl-limestone)
Founda�on - KIVA (limestone)

Ground - Weather ground temperature at -0.5 m
Ground - Weather ground temperature at -2.0 m
Ground - Weather ground temperature at -4.0 m
Ground - Average thermal zone temperature -1.5 ºC

Figure 3: Ground temperatures of the different simulations.
methodologies has on the calibrated model, the average interior temperature of the building has been
analyzed. Figure 3 shows all the temperatures in a
week of June, 2017 (from 12th to 18th ). The temperatures shown correspond to the periods of free oscillation that the building had at that time. As we can
see in the working days, these periods go from 21:30
to 3:50, and on weekends, from 15:30 (saturday) to
3:50 (monday).
The dotted red line corresponds to the real measured
temperatures and the dashed black line to the temperatures of the baseline model. The lines closest to
the red dots are the strategies that give the best results. As can be seen, the models with the average
temperatures of the thermal zones and the Foundation:kiva (optimized) are the ones with best behaviors. In contrast, the furthest lines are those with
the worst error indices, such as those that uses the
ground temperatures from the weather file.

Discussion
When performing the calibration of an energy model,
there are different aspects that must be taken into account in order to obtain energy models faithful with
the reality. Aspects such as the weather file, the
behavior of double-height spaces, ventilated facades,
trombe walls, greenhouses, etc., have a great influence on the behavior of the energy model. As can be
seen in this study, the characterization of the ground
is a key aspect to improve the accuracy of the model.
There are different EnergyPlus objects that serves
to characterize the ground of the building and in
this study some of them have been analyzed. Not
all of them have the same range of complexity or
need the same simulation times. The average time
in performing a simulation with the different boundary conditions objects are: 1m:10s for the Ground,
1m55s for Foundation and 2m10s for Ground FC
factor method using a standard computer (Intel i7
4500U, 8GB RAM). For this reason, it is necessary
to select the most appropriate according to the needs
of the project.

The strategy that offers the best results is the use
of a simple ground object as the boundary condition
of the surface. The inputs for the months that have
the best results are those corresponding to the average thermal zone temperature minus a certain number of degrees. In this case study with 1.5 degrees
the best results have been obtained. This solution
follows the recommendation of EnergyPlus for large
buildings with tertiary use. This measure has meant
an improvement in the model of around 66% in the
CV (RM SE) and an energy saving of 45.25%. However, the limitation of this technique is that we must
know the building interior temperatures, which sometimes are not known since they may require high investments.
In the case of not having indoor temperatures, the
next strategy that has good results has been the
optimization made to the Kiva calculation method.
In this case, the methodology improves the value of
CV (RM SE) by 62% and reduces the energy demand
by 40.13%. Although this method requires a more
specialized knowledge than with the simple ground
object, it allows to characterize the ground without knowing the interior temperatures. In fact, the
ground found by the optimization algorithm is similar to a mixture of gravel and sand, which is the true
ground in contact with the slab instead of the marls
and limestones that are in contact with the footing of
the foundation. The slab has more surface than the
footings in contact with the ground, so its influence
on the energy balance is greater. As a counterpart,
Kiva models need more time to perform each simulation than Ground models, in this particular case, the
model almost doubles the simulation time.

Conclusion
In this study, three outside boundary condition objects of EnergyPlus were analyzed to see their influence on the calibration process of a real building that
has a high heat loss rate in the basement slab. The
analysis was performed using the EnergyPlus default
values, the site data and the measured temperatures
in the building. In some cases, an optimization has
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been carried out to obtain better energy models.
The results shows that the best strategy is the use
of a simple ground object using the measured temperatures in the building, which were generally unavailable because they require an initial investment.
The second one is the use of the Foundation:kiva object. This object needs optimization to obtain the
best results, however, its behavior with the site data
substantially improves the baseline model.
With the exception of the models that use the ground
temperatures from the weather file, all the methods
analyzed improve the calibration. Therefore, conducting a ground study in the calibration process of a
model is an important aspect because it significantly
improves the results obtained.
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