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ABSTRACT 
This paper reports difficulties and issues in 
developing a building simulation model for a 
campus library building in Suwon City, South Korea. 
This work was initiated to assess the energy 
performance of a real building in collaboration with 
the campus facility management department. The 
paper reports issues in data gathering, development 
of an energy simulation model, and comparison of 
the simulation results with measurements. In data 
gathering, even though much relevant information 
was provided by the facility managers, the authors 
faced many problems in finding accurate 
information for simulation runs. In the paper, what 
issues and difficulties exist and how the authors 
handled those (e.g., treatment of missing and 
uncertain data) are discussed. Secondly, the issues in 
developing a building energy simulation model are 
discussed. In this phase, the following was handled 
how to zone a complex atypical building (7 stories 
with a vertical atrium in the center), how to model 2 
chillers and 13 Air Handling Units (AHUs) serving 
different zones, and how to convert local weather 
data into the EnergyPlus weather data format. Lastly, 
the simulation results are compared with measured 
energy use. With this comparison, the difference 
between simulation prediction and measurement, 
what parameters cause uncertainty in simulation 
prediction, and how to minimize the uncertainty by 
inspecting the process of a real-life project are 
discussed. 

INTRODUCTION 
The energy used by buildings accounts for about 30% 
of the total energy consumption in South Korea 
(Korea Energy Economics Institute, 2009). Energy 
use and CO2 emissions of building in operation 
phase out of building’s entire life cycle are from 22 
to 45 times more than energy used for construction 
(ASHRAE, 2007; DOE, 2008). Also, the operation 
costs account for 60-85% of the building's life-cycle 
cost. Thus, it is important to investigate whether 
whole building systems including AHUs, chillers, 
boilers, shading devices, ventilators, and lights 
perform their expected function properly. There are 
many ways to achieve those goals, but computer-
based simulation is accepted by many studies as a 

tool for assessing building energy performance (Zhu, 
2005).  
Building energy simulation calculates the building's 
physical behaviour through a mathematical 
simulation model. This building energy simulation 
has received attention because it makes easier 
analysis of the components that can reduce the 
building energy (IBPSA, 1987-2009). Moreover, 
analyzing the interaction between a building and its 
components should rely on simulation tools because 
the interaction among these elements is very 
complex. An advantage of building energy 
optimization using a computer-based simulation is 
that the building energy performance is can be easily 
assessed by comparing actual energy consumption 
with simulated energy consumption in the same 
period. Moreover, a building's operator can make 
reasonable and economical decisions after a review 
of several control strategies or alternatives to reduce 
building energy that a simulation provides. In other 
words, when the simulation model is developed, it is 
expected that the answer to hypothetical energy 
reduction alternatives or control strategies can be 
obtained. However, a simulation model for 
assessment of the building energy should properly 
reflect the building's thermal characteristics to get 
the right result of building energy optimization using 
the building energy simulation. It should be noted 
that although the simulation tool reflects building 
physics well, the result of a simulation model is as 
good as the level of inputs determined or assumed by 
a simulationist or as good as expertise of a 
simulationist (Waltz, 2000; Al-Homoud, 2001). This 
paper reports the process of developing the 
simulation model of a library building in a campus in 
Suwon City, South Korea. The author could access 
any available information in collaboration with the 
building facility manager of the building. The 
difficulties and issues in data gathering, development 
of an energy simulation model, and collecting the 
weather information are reported. Moreover, the 
difference between measurement and simulation 
prediction and what parameters cause such 
difference are discussed in the following. 

TARGET BUILDING 
The target building is a library building of a 
university campus located in Suwon City, Gyeong-gi 
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Province, South Korea. The building is a nine-story 
building with two underground floors, and its total 
floor area is about 23,742m2. The external walls and 
roofs are curved horizontally and vertically (Figure 
1). An atrium exists in the central part of the 
building which penetrates from the first floor to the 
seventh floor. The building faces almost due south 
(rotated 9 degrees clockwise).  
 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

Figure 1 The target building's first floor plan (a), 
section views (b, c), and photo (d) 

The target building's external walls are full-glazed 
curtain walls, and its frame consists of aluminium 
with a thermal break. There are two types of glazing 
used in the curtain wall. One is 24mm clear double-
glazing and the other is 24mm low-e double-glazing. 
Clear double glazing is installed in the plenums on 
each floor and low-e double glazing is installed in 
occupied spaces. The roof glazing located on top of 
the atrium is 30mm clear double-glazing. Details of 
glazing types are tabulated in Table 1. 
 

Table 1 Details of each glazing in the target building 
Location Construction (in order of outside 

to inside) U-value 

Plenums
16mm clear glass 

2.5W/m2K12mm air 
36mm clear glass 

Rooms
6mm low-e glass 

1.7W/m2K12mm air 
6mm clear glass 

Roof 
glazing

8mm clear glass 

1.8W/m2K
12mm air 

5mm low-e glass 
0.76mm laminate film  

5mm clear glass 
 

There is no insulation on the aboveground walls 
because all external walls consist of glazing. 
Insulation is installed on the roof (125mm glass 
wool insulating board), the basement wall (75mm 
glass wool insulating board), the slab of the 2nd 
underground floor (40mm extruded polystyrene 
board), and the slab of the first underground floor 
(75mm glass wool insulating board).  

 

Table 2 Each AHU's location and serving zone 

AHU 
No. Location TYPE Serving Zone 

Air 
Volume

Rate 
(m3/s)

1

B1 
Machine 

Room 
 

VAV Left half of B1 10.2 
2 VAV Right half of B1 9.5 
3 CAV B1 Auditorium 7.7 
4 CAV B1 Library 4.5 
5 CAV Left half of 1F 9.1 
6 CAV Right half of 1F 7.8 
7 CAV 1F Lobby 12.2 

8 2F Equipment 
Room(Left) CAV Left half of 2F 7.4 

9 2F Equipment 
Room(Right) VAV Right half of 2F 8.5 

10 3F Equipment 
Room(Left) CAV Left half of 3F 9.0 

11 3F Equipment 
Room(Right) CAV Right half of 3F 8.1 

12 4F Equipment 
Room(Left) CAV Left half of 4F  

and 5F 15.8 

13 4F Equipment 
Room(Right) CAV Right half of 

4F and 5F 16.3 

14 6F Equipment 
Room(Left) CAV 6F 6.4 

15 6F Equipment 
Room(Right) CAV 7F 8.0 
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The target building's HVAC system comprises of 
Constant Air Volume (CAV), Variable Air Volume 
(VAV), and Fan Coil Unit (FCU). There are 15 
AHUs that serve 12 CAV and 3 VAV systems, and 
each AHU's service zone is as shown in Table 2. 
Most part of the target building are served by the 
CAV system, but the first basement floor except the 
corridor and right half of the second floor are served 
by the VAV system. Also, FCU serves the perimeter 
zone of each floor. As for heat source, AHU and 
FCU systems are dependent on two direct gas fired 
absorption chillers (600 USRT in cooling, 
1,593,900kcal/h in heating). Two absorption chillers 
are operated in a sequential order. In other words, 
one chiller operates first, and the other operates 
when heating/cooling demand cannot be met by one.  
DATA GATHERING 
The required data include information about the 
building's geometry, envelopes, schedule and density 
of internal heat gain (people, lights, equipment), 
operation of HVAC systems (schedule, setpoint 
temperature, outdoor air rate), etc.  The following is 
a description of the difficulties that we faced in 
obtaining such data.  

Architectural Data 
Architectural data includes geometry and spatial 
information and the materials used to build the 
structure. Most geometric data can be obtained from 
the blueprints and building document. However, 
blueprints express the actual 3D building in the form 
of two dimensions with implications, and these 
implications can lead to a situation in which the 
building's geometry is insufficiently understood. In 
other words, the architectural drawings, although 
provided by architects and the building manager, are 
not good enough to capture a curved complex 3D 
geometry and inter-level rooms of the building 
(Figure 1) due to the nature of its two-dimensionality. 
Unlike building energy simulation in design phase, 
the building was already completed and the authors 
could visit several times to minimize the gap 
between the simulation model and a reality.  
The other difficulty in the architectural data 
gathering is the information of materials.  Even 
though drawings and specifications were provided, 
those do not specify the detailed thermal properties 
of the materials such as conductivity, density, 
specific heat, roughness, thermal absorptance, solar 
absorptance and visible absorptance that EnergyPlus 
requires. Therefore, the authors had to make 
reasonable assumptions based on the literature. 
Additionally, drawings and specifications are not 
coherent to each other. An example of such case is 
as shown in Table 3. Three different drawings 
describe that a same roof panel use different layers 
and materials (Table 3).  This sounds unlikely but 
can happen a lot in the real world. In case of the roof 
insulation, the authors could not access to the roof 

system and decided that the drawing of the most 
detailed scale should be applied. 
 

Table 3 
Marked roof insulation on each drawing 

In drawing of
Marked construction (in order of outside to 

inside) 
Detailed 
Section  

100 Glass Wool(48K) 
30mm SKY VIVA 

Roof 
detail 

11.1mm O.S.B 2ply 
125mm Glass Wool(24K) 

Roof 
panel 
detail 

5mm P.E. Foam 
11.1mm O.S.B 2ply 

63mm Glass Wool(24K) 2ply 
 

In case of the glazing, the authors found the U-
values and shading coefficients of glazing in the 
drawings and specifications. In EnergyPlus, there are 
two objects to define glazing material. One is 
WindowMaterial: SimpleGlazingSystem which 
defines the glazing material with a U-value and 
Solar Heat Gain Coefficient (SHGC), the other is 
WindowMaterial: Glazing which defines the glazing 
material with more detailed data (solar transmittance 
at normal incidence, front/back side solar reflectance 
at normal incidence, visible transmittance at normal 
incidence, front/back side visible reflectance at 
normal incidence, infrared transmittance at normal 
incidence, front/back side infrared hemispherical 
emissivity, conductivity). If we used 
WindowMaterial: SimpleGlazingSystem with 
information of the U value and shading coefficient, 
there may be a significant difference in performance 
between the sample window system and the 
simulation model (DOE, 2010). Furthermore, 
because most parts of the envelopes of the target 
building are made of glazing, thermal and visual 
properties of glazing are essential. In this study, the 
detailed thermal and visual data of the glazing for 
the WindowMaterial: Glazing object were 
fortunately available with kind assistance of the 
manufacturer. 

Internal Heat Gain 
Internal heat gain includes occupant, lights and 
equipment. Firstly, heat gain from occupants is 
strongly dependent on accurate information on the 
schedule of occupants. Research on the 
mathematical or stochastic model of occupant’s 
behaviour has been performed, but this area is still in 
underdevelopment (IBPSA 2005-2009). In this study, 
we used the stored database in the target building. 
All entrances of the target building have an access 
management system which records every access 
using Radio-Frequency Identification (RFID) tags. 
In addition, all reading rooms have a similar access 
system that records seat issues. The authors were 
provided a backup of those databases by the building 
manager, and analysed the number of people in the 
target building. The database was established with 
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Microsoft SQL Server Express 2008, and an SQL-
script was written to retrieve the occupancy data 
(Figure 2).  
 

 
Figure 2 Screenshot of SQL-Script 

 

The data from the database simply contains the time 
of the entrances and exits of occupants, so we 
estimated the number of occupants as follows: First, 
calculate the change of the number of occupants 
from the difference between the number of entrances 
and exits at each hour. If the number of entrances is 
greater than the number of exits, the total occupants 
in the building increase, and vice versa. The target 
building opens at 6 AM, so the number of occupants 
of each hour can be estimated from that change 
(before 6AM, no occupants resided). Be noted that 
this number just indicates the total number of the 
people in the building, and we don’t know the 
number of people in each zone. Thus, we 
investigated the number of seat issues in each zone 
from the database as shown in Figure 3on January 9th, 
2010. As shown in Figure 3, there is a difference 
between the total number of occupants in the 
building and the number of issues.  This difference is 
so called floating occupants. There are zones that 
don’t issue a seat in the building (corridor, lobby, 
cafeteria, and bookshelves zone,). In this study, we 
performed a visit survey and assumed that the 
surveyed ratio of the number of occupants in 
unissued zones to the total number of occupants in 
the building is constant.  
 

 

 
Figure 3 The change of the number of occupants in 

the target building on January 9th, 2010 

 

The lighting density in terms of watts/m2 was 
obtained from the lighting plan. EnergyPlus also 
requires the return air fraction, fraction radiant, 
fraction visible, and fraction replaceable with the 
total lighting level. These values, of course, are not 
specified in drawings or specifications and hard to 
measure and should also be assumed. In this study, 
the values reported in IESNA (1993) are used based 
on the luminary configurations (Figure 4, Table 4).  
 

 
 

(a) Suspended.      (b) Surface mount.      (c) Recessed 
 

Figure 4 Types of lighting fixtures 
 

Table 4 Used parameters for each luminary 
configuration (IESNA, 1993) 

Parameter name 
Luminary Configuration 

Suspended 
Surface 
mount 

Recessed

Return Air fraction 0 0 0 
Fraction radiant 0.42 0.72 0.37 
Fraction visible 0.18 0.18 0.18 

 

For the internal heat gain from equipment, there is 
no statement on drawings and specifications, so the 
visit survey was performed (Table 5). The number of 
computers in the computer room is fixed, but the 
number of occupants in that room influences the 
number of laptops in the laptop room in first 
basement level. The number of laptops in the laptop 
room is assumed to be 80% of the number of 
occupants in the room.  

 

Table 5 Surveyed equipment in the target building 
Equipment Location applied value 

B1
Laptop Laptop-room 

80% of the number 
of occupants 

Desktop Corridor 12 
Monitor Corridor 12 

1F
Desktop 

Computer 
room 

266 

Monitor 
Computer 

room 
266 

2F
Desktop Media room 60 
Monitor Media room 60 

3F
Desktop Library 48 
Monitor Library 48 

4F
Desktop Corridor 8 
Monitor Corridor 8 

 

EnergyPlus requires fraction latent, fraction sensible 
and fraction radiant of electric equipment. However, 
we don’t have accurate information on the 
aforementioned fraction number. The authors 
referred to ASHRAE (2009) as shown in Table 6.  
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(a) Total number of occupants(Measured)
(b) The number of issues(Measured)
(c)The number of floating occupants(Calculated, (a)-(b))
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Table 6 Assumed fraction of equipment heat gain of 
the target building (reference: ASHRAE2009 18.12, 

Table 8) 
Equipment Heat 

gain 
Fraction 

latent 
Fraction 

convection 
Fraction 
radiant 

Referred 
equipment

Laptop 31W 0% 100% 0% 
 

14inch 
Laptop

Monitor 28W 0% 60% 40% 
17inch 
LCD 

monitor

Desktop 73W 0% 90% 10% 
2.8Ghz 

CPU with 
1GB RAM

 

HVAC system operation  
An automatic control is applied to air handling units and 
plant equipment of the target building. Start-up and stop 
controls are based on predefined schedules, and the 
operating schedule of each floor is shown in Table 7.  

 

Table 7 Operation schedule of each floor 
Floor Operation schedule 

Weekdays Saturday Sunday 
B1 

(Except reading 
rooms) 

06:00-01:00 06:00-01:00 06:00-01:00

B1 
(reading rooms) 08:30-17:30 09:30-17:00 Closed 

1F-3F 08:30-17:30 09:30-17:00 Closed 
4F-5F Closed Closed Closed 
6F-7F 08:30-17:30 Closed Closed 

 

After the visit survey and interview with the facility 
manager, it was found that the outdoor and return air 
fraction and operation of humidifiers are determined 
by subjective judgment of the HVAC operator. The 
humidifiers in each AHU are turned off most of the 
times, and the operator controls the outdoor air 
fraction manually based on indoor CO2 level and 
relative humidity of outdoor air. Unfortunately, such 
HVAC operation data were not stored or recorded. 
In this study, the amount of outdoor air was assumed 
based on the interviews with the facility managers as 
shown in Table 8.  

  

Table 8 Assumed outdoor air fraction of each AHU 
AHU No. Supply Air 

Volume 
Fraction of 
Outdoor Air 

Outdoor Air 
Volume 

1 10.2 m3/s 10% 1.02 m3/s 
2 9.5 m3/s 30% 2.86 m3/s 
3 7.7 m3/s 30% 2.30 m3/s 
4 4.5 m3/s 30% 1.36 m3/s 
5 9.1 m3/s 10% 0.91 m3/s 
6 7.8 m3/s 30% 2.34 m3/s 
7 12.2 m3/s 10% 1.22 m3/s 
8 7.4 m3/s 10% 0.74 m3/s 
9 8.5 m3/s 10% 0.85 m3/s 

10 9.0 m3/s 10% 0.90 m3/s 
11 8.1 m3/s 10% 0.81 m3/s 
12 15.8 m3/s 10% 1.58 m3/s 
13 16.3 m3/s 30% 4.89 m3/s 
14 6.4 m3/s 10% 0.64 m3/s 
15 8.0 m3/s 20% 1.59 m3/s 

 

In addition, the east and west curtain walls are 
backed up with indoor automatic roll-shades. The 
central computer can control the shades, but this 
remote automatic control was not activated, and the 
facility manager controls the shading device 
manually when he receives a service call from 
students or staff members due to glare or discomfort. 
Furthermore, the automatic control system includes 
features such as night-setback, pre-cooling and CO2 
control, but all of those were deactivated since it 
often mal-functions. This can reflect the difference 
in building energy performance between as designed 
and as operated.  

SIMULATION MODEL 
Geometry Modeling 
In this study, we used DesignBuilder to model the 
complex geometry of the target building. EnergyPlus 
doesn't recognize curved surfaces, and defines each 
surface using a straight line with 3D-based 
coordinates. Thus, the target building's curved 
surfaces are simplified to the combination of several 
straight lines. The more the number of segments of 
the curves, the more tremendous increase in 
simulation efforts and running time. In this study, 
the number of segments of each curve is limited by 
the authors to four or six based on the length of the 
curve. In spite of this simplification and limitation, 
the total number of surfaces of the model mounts up 
to 4,914. Figure 4 shows the DesignBuilder model of 
the target building.  
 

 
(a) 

 
(b) 

Figure 4 Bird's eye view of the target building's 
DesignBuilder Model (a) and 1st floor model (b) 
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The thermal zoning in the simulation model reflects 
the actual or virtual separation between spaces. If 
there are FCUs in the perimeter zone, the depth of 3 
meters from an external wall is classified as a 
separate thermal zone (Figure 4b). To have a virtual 
zoning in the 7 story vertical atrium and between the 
perimeter zone and internal zone, DesignBuilder 
provides the Virtual Partition function where there is 
no heat transfer between those zones. Then, in the 
EnergyPlus model, a Material: InfraredTransparent 
object was used so that no convective/conductive 
exchange between the zones exists and short and 
long wave heat transfer is accounted for. The atrium 
in the center of the target building was modelled as 7 
vertically stacked zones divided at each floor level, 
using Material: InfraredTransparent objects. Though 
there is no clear criterion about the modeling of the 
plenum space, temperatures in the plenums of the 
target building are significantly different from those 
in occupied spaces. Thus, the plenum spaces 
between each floor are modelled as a separate zone 
(ASHRAE, 2009).  

Application of IdealLoadsAirSystem 
IdealLoadsAirSystem in EnergyPlus was used to 
calculate the winter season energy use of the target 
building. This object assumes that the heat supply 
and heat removal is performed by an ideal system. 
The target building uses gas absorption chillers, and 
its hot water cycle is the same as that of a general 
gas boiler. However, the actual efficiency curve of 
the absorption chiller was not provided by the 
manufacturer and we applied an efficiency curve of 
a generic gas boiler, the ‘NewerLowTempBoiler’ 
from EnergyPlus (Figure 5). The absorption chiller 
of the target building consumes 172m3/h of natural 
gas at full load, and its maximum heating capacity is 
1,593,900kcal/h, resulting in its efficiency at full 
load of 0.84 when the caloric value of natural gas 
was set to 11,000kcal/m3. Fortunately, this 
maximum efficiency is similar to that of 
NewerLowTempBoiler at full load. Then, the on-site 
energy use was calculated as energy use of 
IdealLoadsAirSystem divided by the efficiency of 
the boiler.  
 

 
Figure 5 The efficiency curve of 

NewerLowTempBoiler from EnergyPlus 

Weather Data 
For the whole building energy simulation in design 
phase, TMY weather data are good enough. But our 
case was in operation phase and the local real 
weather data were required. The local weather data 
measured and provided by the Korea Meteorological 
Administration (KMA) at Suwon City doesn't 
provide the direct normal radiation and diffuse 
horizontal radiation separately, but only provides the 
global horizontal radiation. Thus, it is necessary to 
figure out the diffuse horizontal radiation and direct 
normal radiation from the global horizontal radiation 
provided by KMA. Erbs et al. (1982) proposed a 
method to calculate diffuse horizontal radiation out 
of measured global horizontal radiation as shown in 
Equation 1.  
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Where,  
Id  : Diffuse horizontal radiation (W/m2) 
I : Measured global horizontal radiation (W/m2) 
kT : Hourly Clearness Index (dimensionless) defined 
as Equations 2 to 4 (Maxwell, 1987). 
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Where,  
Io : Horizontal extraterrestrial radiation (W/m2) 
re : The reciprocal of the square of the earth radius 
vector (dimensionless) 
Z : The sun`s zenith angle (degree) 
B : The eccentric anomaly of the earth in its orbit 
around the sun (dimensionless) 
 
Before applying Equation (1) to our study, we 
verified this method by comparing between the 
measured, diffuse horizontal, direct beam and global 
horizontal radiation for a sample period of January 
6th to 9th, 2010. LI-COR LI-200S pyranometers were 
used and the verification results are shown in Figure. 
6. There is a slight insignificant difference in diffuse 
horizontal and direct normal radiation between the 
calculated and measured values. Therefore, we used 
the method by Erbs et al. (1982) to calculate the 
diffuse horizontal and direct normal radiation from 
the measured global horizontal radiation by KMA. 
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(a) Comparison of diffuse horizontal radiation 

 

 
(b) Comparison of beam direct normal radiation 

 

Figure 6 Verification of the derived diffuse 
horizontal and direct beam radiation 

 

RESULTS AND ANALYSIS 
After the EnergyPlus simulation model was 
developed through the aforementioned procedure, 
and the comparison period was set to January, 2010. 
The measured gas consumption of the target building 
was given in m3, and it was converted into energy by 
applying the caloric value of 11,000kcal/m3. Figure 
7 is the comparison between the measured and the 
simulated gas consumption.  
 

 
Figure 7 Comparison between the measured and the 

simulated gas consumption 
 

The average of daily difference between the 
simulated and measured gas consumption is 18%. 
The greatest difference is 61% on January 18th, and 
least one is 0.68% on January 30th. It can be inferred 
that the causes of this difference are the 

simplifications and assumptions made on geometry, 
simulation inputs, controls, unmodeled mass and 
heat transfer phenomena, and uncertainty in schedule 
of occupants, equipment, lights, and weather. The 
trend of simulated consumption and measured 
consumption is quite similar, but the measured 
consumption has much greater fluctuation, because 
there is intervention of human judgement in controls 
of building systems (ventilation rate, roller shades), 
which cannot be easily reflected in the simulation 
model. For example, the control of automatic shades 
(roll screen) has a great influence on gas 
consumption, but the facility manager performs its 
control completely in a manual manner based on his 
subjective judgment and service calls.  In addition, 
many unmodeled mass and heat transfer phenomena 
such as infiltration (exfiltration), internal air 
movement, and unknown glazing properties by dirt 
accumulation were not considered. Quantifying the 
effect of the aforementioned facts in the simulation 
model is very difficult and will be a future challenge 
for the next generation of building simulation.  

CONCLUSIONS 
In this study, we applied a whole building energy 
simulation tool, EnergyPlus to assess energy 
performance of the campus library building in 
Suwon City, South Korea. Simplifications and 
assumptions had to be made in the process of data 
gathering and development of a simulation model 
due to lack of information and unknown simulation 
inputs.  
In the phase of data gathering, the authors had to 
assume the detailed thermal and visual properties of 
the materials unspecified in drawings and 
specifications. . In some cases, drawings and 
specifications are not coherent to each other. 
Similarly, internal heat gain (people, lights, 
equipment) were under strong uncertainty such as 
floating occupants, fraction of heat dissipation from 
lights (return air fraction, fraction radiant, fraction 
visible) and fractional heat from equipment (latent, 
sensible, radiant). In case of the operation of HVAC 
system, it was found after the visit survey and 
interview with the facility manager that the outdoor 
and return air fraction and operation of humidifiers 
are strongly determined by subjective judgment of 
the HVAC operators. Moreover, the control of 
automatic shades (roll screen) has a great influence 
on building energy, but the facility manager 
performs its control completely in a manual manner 
based on his subjective judgment. Such operation 
and control data were not stored or recorded, and 
had to be reflected to the simulation model with 
plausible assumptions. 
In the phase of development of simulation model, 
significant simplification of the target building`s 
geometry was made. The actual efficiency curve of 
the chillers’ hot water cycle was not provided by the 
manufacturer, so we assumed that its efficiency 
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curve is same with that of a generic gas boiler.  The 
diffuse horizontal radiation and direct normal 
radiation were estimated from the global horizontal 
radiation provided by KMA. The EnergyPlus 
simulation was performed after the aforementioned 
procedure, and the target period was January, 2010. 
The average of daily difference between the 
simulated and measured gas consumption is 18%. It 
seems that the causes of this difference are the 
simplifications of geometry and assumptions of 
input variables, controls, unmodeled mass and heat 
transfer phenomena, and uncertainty in schedule of 
occupants, equipment, lights, and weather. Solving 
for the aforementioned issues and dealing with 
strong uncertainty in simulation parameters will be a 
future challenge of building energy simulation. 
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