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Introduction
To reduce greenhouse gas (GHG) emissions and save
more energy, buildings need to be redesigned, to meet the
energy and emission criteria set by the government.
However, identifying the status and changes in energy
consumption is difficult due to the current lack of
available building data. Therefore, a reference model,
which serves as the basis to represent various buildings
using Energy-Saving Plans of Buildings and design
drawings, is intended to be defined to overcome this
deficiency. In defining the reference model, we included
only accommodation and cultural facilities. Currently,
Korea’s tourism is on the rise, and the number of foreign
and domestic tourists is increasing in line with the
growing tourism industry (Yonhap News Agency, 2018).
People need accommodation during travels. Hence, an
increasing number of people use accommodation
facilities, and consequently the number of
accommodation facilities is increasing (Financial News,
2018). In addition, the frequency of visits to cultural
facilities is also expected to rise in connection with the
growth of accommodation facilities. As schools are
allowed to provide classes only 5 days a week and the
legal number of working hours per week has been set at
52, it is reported that people are spending more time
developing themselves and doing leisure activities, and as
a result, the frequency of visits to cultural facilities of
cultural facilities has been increasing (NextDaily, 2018).

Method
This study covers the buildings of 89 accommodation and
13 cultural facilities and investigates buildings within the
last 3 years that can identify the latest design trends, as
shown in Figure 1. Thereafter, EnergyPlus 8.9 and
OpenStudio 2.5 programs capable of detailed modeling
were used for the modeling and analysis.
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To meet greenhouse gas (GHG) emissions reduction
targets set by the government in buildings, the buildings
need to be designed in ways that save more energy. Using
the Energy-Saving Plans of Buildings that have been
submitted for building design over the last 3 years, we
established a database of accommodation and cultural
facilities and calculated statistics for analysis items. The
representative value for each analyzed item was
determined from statistical analysis and used to develop a
reference model. We performed modeling using
EnergyPlus for the defined reference model and analyzed
energy consumption characteristics. Furthermore, this
study compares buildings of similar scale and Korea’s
average energy consumption per unit area. In the future,
the model is expected to reduce energy consumption of
each building depending on its use, improve buildings’
energy performance, and set specific targets for their
maintenance.

Kim et al. (2017) unified the legend for buildings based
on national statistics data and thereafter conducted a
detailed analysis by using EnergyPlus simulation program
on 11 models, but errors were observed owing to
limitation of the statistical data. Jeong et al. (2014)
proposed the definition of a reference model of standard
non-residential building in South Korea, based on the
result of a survey on building energy conservation plans.
They analyzed energy consumption volume by using
ECO2, a domestically developed simulation program.
However, the ECO2 program has a disadvantage in that
detailed adjustment of setting is impossible.
However, previous studies did not reflect the latest
building trends. In this context, the study aims to propose
a reference model for the increasing number of
accommodation and cultural facilities in Korea. This will
contribute to defining the reference building that
accommodates Korea’s circumstances and will help
policy-makers prepare and implement policies through
specified analysis.
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Figure 1: Number of buildings investigated in the last 3
years and distribution by region. (a) and (b)
accommodation facilities; (c) and (d) cultural facilities.
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Based on the Energy-Saving Plan of Buildings as shown
in Table 1, the database (DB) is constructed after
surveying the general, mechanical equipment, electric
equipment, and renewable energy sectors according to the
contents of the Energy-Saving Plan of Buildings.
The analyzed items are divided into elements for analysis
of design status and classified into “continuity data” and
“categorical data”. The items corresponding to the
continuity data are obtained by calculating the mean value
and the median value, and then the distribution
characteristic is determined, and the standard value is set.
Items corresponding to categorical data are set to the
standard value after calculating the mode. Based on the
analyzed statistical values, a representative value of
characteristic data is selected, and a standard building is
set based on these values.
The set reference building was reviewed for feasibility by
eliciting advice from experts. The reference building,
confirmed through expert feedback, was then modelled to
calculate energy consumption and was analyzed its
characteristics by using a simulation tool.
Table 1: Analysis items.
Analysis item

Description

General

(i) Size of Building
 Gross floor area (GFA);
 Number of stories;
 Aspect ratio; and
 Window-to-floor area ratio
(ii) Insulation
 Building
envelope
thermal
transmittance
(U-value)
for
external walls, the roof, and the
lowest floor level;
 Types and thickness of insulation
materials; and
 Type and thickness of windows

Mechanical
equipment



Types and capacity of heating
ventilating and air conditioning
(HVAC), and its efficiency

Electric
equipment





Design illuminance;
Lighting power; and
Lighting source

Renewable
energy






Solar thermal;
Photovoltaic;
Wind generators; and
Geothermal generators

height, aspect ratio, and window-to-floor area ratio were
determined to be 3.3 m, 2.67:1, and 19.97%, respectively,
and used as representative values to develop the reference
model for accommodation facilities.
The number of collected cultural facilities was 13. The 13
cultural facilities had an average floor area of 2,168 m2,
and an average of 4 floors, 2 above and 2 below ground.
The GFA was calculated as 8,672 m2. The average values
of floor height, aspect ratio, and window-to-floor area
ratio were calculated to be 5.0 m, 2.91:1, and 20.05%,
respectively, and used as representative values to develop
the reference model for cultural facilities.
Table 2 shows the U-values of the accommodation and
cultural facilities. While accommodation and cultural
facilities satisfy U-values for the roof, windows, and the
lowest floor level as required by the Energy-Saving Plan
of Buildings (Ministry of Land, Infrastructure, and
Transport, 2015) as shown in Table 3, the values for the
external walls fell slightly short of the required value. A
possible reason is that the analyzed buildings included
those outside the central region (southern and Jeju), and
accordingly, their U-value was calculated higher than the
Ministry’s requirement, which is estimated based on the
central region.
Table 2: The average U-values for accommodation and
cultural facilities.
U-value
(W/m2 K)
External wall

0.331

0.274

Roof

0.170

0.144

Lowest floor
level

0.259

0.200

Window

1.612

1.333

Table 3: The U-values required by the Energy-Saving
Plan of Buildings.

U-value
(W/m2 K)

Energy-Saving Plan of Buildings
(Ministry of Land, Infrastructure and
Transport, 2015)
Central
region

Southern
region

Jeju
region

External
wall

0.270 or
below

0.340 or
below

0.440 or
below

Roof

0.180 or
below

0.220 or
below

0.280 or
below

Lowest
floor level

0.410 or
below

0.470 or
below

0.550 or
below

Window

2.100 or
below

2.400 or
below

3.000 or
below

Data analysis
Buildings
The average floor area of accommodation facilities was
1,344 m2, and the average number of floors was 10 with 8
above and 2 below ground. The GFA was calculated as
13,440 m2 by multiplying the average floor area and the
average number of floors. The average values of floor

Average U-value
Accommodation
Cultural facilities
facilities
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HVAC system
Although cooling and heating systems varied depending
on the scale of each accommodation and cultural building,
the electric heat pump (EHP) was used most often in both
types of building. This is because many of the analyzed
accommodation facilities had less than 5 floors and a low
GFA and, therefore, showed a high percentage of the EHP
similar to that of cultural facilities. The capacity of
cooling and heating systems is not easy to determine; the
values calculated from the energy simulations were,
therefore, applied.
Input data
Input data for energy simulations requires knowledge of
the density and schedule of occupants, lighting and
electric equipment, as well as air changes per hour,
ventilation, and hot water. Furthermore, it is required to
input the set temperature and operation schedule of
cooling and heating.
Table 4: Input data of accommodation and cultural
facilities.
Item

Internal
heat load

Others

Set-point
temp.

Occupancy1)
(m2/person)
Lighting2)
(W/ m2)
Electric
equipment1)
(W/ m2)
Air changes
per hour3)
Ventilation4)
(m3/person.h)
Hot water5)
(Wh/ m2d)
Cooling /
Heating5) (℃)

Accommodation
facilities

Cultural
facilities

26.01

18.58

5.68

6.27

14.30

10.76

0.90

0.90

29.0

29.0

30.0

30.0

26.0 / 20.0

26.0 / 20.0

per hour and ventilation were obtained from the
Greenhouse Gas Inventory and Research Center (2016),
and the Rules on the Building Equipment Standards, etc.
(Ministry of Land, Infrastructure and Transport, 2017),
respectively. The set temperature and operation schedule
of hot water, cooling and heating were based on values
from the Building Energy Efficiency Rating Certification
Scheme Operation Rules (Korea Energy Agency, 2016).

Results and discussion
Reference building modeling
Figure 2(a) illustrates the reference building for
accommodation facilities defined from data collection
and analysis, while the reference building for cultural
facilities is described in Figure 2(b). The reference
building for accommodation facilities was rectangular
and had a GFA of 13,440 m2 with 8 floors above and 2
below ground, while the reference building for cultural
facilities was rectangular and had a GFA of 8,672 m2 with
2 floors above and 2 below ground.
(a)

(b)

Operation
schedule

Cooling5)

1/1 - 12/31

1/1 - 12/31

(mon./day)

Heating5)

1/1 - 12/31

1/1 - 12/31

1)

DOE
Statistical values
3) Greenhouse Gas Inventory and Research Center (2016)
4) Rules on the Building Equipment Standards, etc.
(Ministry of Land, Infrastructure and Transport, 2017)
5) Building Energy Efficiency Rating Certification Scheme
Operation Rules (Korea Energy Agency, 2016)
2)

Table 4 shows the occupancy density, electric equipment
density, and schedule values, input in accordance with the
Department of Energy’s (DOE) Commercial Reference
Buildings. For accommodation facilities and cultural
facilities, the values for Large Hotels and Middle Offices
were used, which were most similar to the characteristics
of buildings used in the analysis. Values for air changes

Figure 2: Reference modeling. (a) Accommodation
facility; and (b) Cultural facility.
Reference buildings’ energy consumption by end-use
The modelled reference buildings were used to examine
energy consumption by End-Use using an energy
simulation program. The results revealed that in
accommodation facility the energy consumption for
cooling, heating, hot water, lighting, ventilation, and
electric equipment was 25.8 kWh/m2, 102.2 kWh/m2, 69.4
kWh/m2, 20.3 kWh/m2, 37.0 kWh/m2, and 36.5 kWh/m2,
respectively.
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The energy consumption for cultural facilities for cooling,
heating, hot water, lighting, ventilation, and electric
equipment was 13.7 kWh/m2, 40.0 kWh/m2, 17.5 kWh/m2,
20.5 kWh/m2, 12.5 kWh/m2, and 25.5 kWh/m2,
respectively. Figure 3 is a schematic diagram of each
building’s monthly energy consumption by end use.
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Figure 3: The energy consumption for each reference
building by end-use. (a) Accommodation facility; (b)
Cultural facility.
For the accommodation facility, the cooling and heating
operation schedule was set as a dual-setpoint with an
indoor temperature of 26oC for cooling and 20oC for
heating. As shown in Figure 3(a), monthly energy
consumption ranged between 13 and 48 kWh/m2, and the
consumption in January, February, and December was
higher than that in other months at 34–48 kWh/m2. Across
the 12 months, the lowest energy consumption was
recorded in May which also had the lowest total energy
consumption.
For the cultural facility, the cooling and heating operation
schedule was set as a dual-setpoint with an indoor
temperature of 26oC for cooling and 20oC for heating,
identical to the values used in the accommodation
facilities. As shown in Figure 3(b), monthly energy
consumption was between 7 and 19 kWh/m2. In winters
(January, February, and December), the consumption was
twice as high as other months (14–19 kWh/m2). Amongst
all the months, April showed the lowest cooling and
heating energy consumption as well as the lowest total
energy consumption.
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The accommodation and cultural facilities were set for a
dual-setpoint so that cooling and heating could be
provided regardless of the season. Both facilities showed
a high level of energy consumption, due to heating,
between December and February since those months were
in the middle of winter. Also, these facilities operated
both cooling and heating from April to May and
September to October but showed lower consumption. In
June to August, the accommodation facility only operated
cooling, and its cooling consumption during July and
August in the middle of summer was lower than its
heating consumption during winter. The energy
consumption of the two facilities are different, but the
monthly consumption patterns are similar.
Validation
South Korea’s National Integrated Building Energy
Management System (SeumTeo, 2019; Kwak et al., 2017)
was used to validate energy performance and
consumption for the reference models defined in this
study, since the energy consumption of operational
buildings was not recorded during this study.
The accommodation reference building showed a higher
energy consumption per unit area than the cultural facility.
The accommodation and cultural facility reference
models had an energy consumption per unit area of 291.2
kWh/m2, and 129.7 kWh/m2, respectively.
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Figure 4: Nationwide energy consumption and number of
buildings. (a) Accommodation; and (b) Cultural facility.
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Figure 4 shows the energy consumption and number of
buildings in each region of accommodation and cultural
facilities.
A comparison of the energy consumption of
accommodation facilities by region demonstrated that
Seoul, Busan, Daegu, Gwangju, and Daejeon had higher
energy consumption than the reference model, and other
regions showed lower energy consumption than the
reference model. Also, metropolitan region such as Seoul,
Busan, Daegu, Gwangju, and Daejeon were found to have
higher energy consumption compared to the number of
buildings in other region. The national average energy
consumption of accommodation facilities was 7.7%
higher than the reference model (Figure 4a).
A comparison of the energy consumption of cultural
facilities by region revealed that Seoul had higher energy
consumption than the reference model, and other regions
except Seoul showed lower energy consumption than the
reference model. Also, the number of cultural facilities in
Seoul was larger than other metropolitan region, and
energy consumption was the highest. The national
average energy consumption of cultural facilities was
52.4% lower than the reference model (Figure 4b).
The difference of 7.7% and 52.4% between the national
average energy consumption of accommodation and
cultural facilities and the reference model’s energy
consumption would require further analysis in the future.

Conclusion and Future work
The present study was intended to provide a reference
building that serves as the basis for national energy
policies based on the data of buildings designed in the last
3 years, in summary:
(1) This study collected data from 89 accommodation
facilities and 13 cultural facilities which have been
designed in the past 3 years and analyzed their design
status based on the Energy-Saving Plans of Buildings.
(2) For accommodation facilities, this study developed a
rectangular reference model which had a GFA of 13,440
m2, with 8 floors above and 2 below ground. The building
envelope U-values were 0.331 W/m2K for external walls,
0.170 W/m2K for the roof, 0.259 W/m2K for the lowest
floor level, and 1.612 W/m2K for windows. For windows,
24 mm double layered low-e glass was applied to most
buildings. For cooling and heating systems, the EHP was
used most frequently. Each load value was referenced
from the requirements that suited each of the policies or
rules.
(3) For cultural facilities, this study developed a
rectangular reference model which had a GFA of 8,672
m2, with 2 floors above and 2 below ground. The building
envelope U-values were 0.274 W/ m2K for external walls,
0.144 W/m2K for the roof, 0.200 W/m2K for the lowest
floor level, and 1.333 W/m2K for windows. For windows,
24 mm double layered low-e glass was used most often.
For cooling and heating systems, the EHP was typically
applied to culture buildings. Each load value was
referenced from the requirements that complied with each
of the policies or rules.

(4) The total annual energy consumption of the reference
accommodation facility was 291.2 kWh/m2. That of
cultural facility was 129.7 kWh/m2.
This study is expected to be expanded and used to develop
a reference model by region (i.e., three geographic regions)
for energy in buildings of other uses in the South Korea’s
National Integrated Building Energy Management
System (Kang et al. 2018). Furthermore, we are planning
to propose energy performance and maintenance targets
for non-residential buildings. It would contribute to
making the ripple effect of the certification scheme
implemented by the government more predictable and
creating implementation review criteria to establish a plan
to reinforce the scheme or determine the scope of
incentives.
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