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Abstract 
Building energy benchmarking is a system to evaluate 

and compare the energy performance of a building over 

time, relatively to other similar buildings, or to a refer-

ence building, which can be used to continuously manage 

the energy performance of the building. An energy-

benchmarking model is a mechanism to develop the 

benchmarks necessary for the benchmarking process. It 

should be selected appropriately considering the availa-

bility of building energy performance information and 

building specification data. The purpose of this study is 

to develop an energy performance-benchmarking model 

for existing office buildings by analysing energy con-

sumption data from the national building energy con-

sumption database (DB) in Korea. The results of this 

study can be used as the energy performance evaluation 

and diagnostic criteria for existing office buildings 

1. Introduction

Building energy use benchmarking can help build-
ing owners and facility managers to assess build-
ing energy performance and to identify energy 
efficiency opportunities. With the advanced infor-
mation technologies, many countries have provid-
ed databases, tools, and evaluation frameworks to 
assess energy performance as well as to compare 
buildings to standards or their peer group based 
on the real energy data collection. As a way to im-
prove energy efficiency in the building sector, the 
Korean government developed a nation-wide inte-
grated energy consumption DB with about 6.8 mil-
lion building records and has operated an energy 
benchmarking system based on the DB. The cur-
rent energy performance-benchmarking model 
uses the annual primary energy consumption of 
electricity and heat energy as a benchmark. The 

primary energy or CO₂ emissions are appropriate 
to compare national consumption of natural re-
sources such as petroleum and coal, or to check 
implementation status on GHG reduction targets. 
However, stakeholders such as building owners 
and facility managers in individual buildings are 
less aware of the concept of primary energy. There-
fore, it seems difficult to evaluate the heating and 
cooling energy consumption by the seasonal 
change thoroughly as well as to identify potential 
energy waste and the savings opportunities for 
improvement. 
The purpose of this study is to improve the build-
ing energy benchmarking model for office build-
ings that can provide benchmarks with more de-
tailed information to compare the energy perfor-
mance of buildings. For this purpose, the building 
specification data and the final energy consump-
tion data (end-use data) were collected from the 
Korean National Energy Performance Integrated 
Information System (EPIIS). By use of ASHRAE in-
verse modelling methods, parameterized models 
were derived from weather-dependent energy use 
and weather-independent use, and then an energy 
performance benchmarking model was developed 
by a more detailed analysis of the building infor-
mation and energy use data. 

2. Methods

To develop the energy performance-benchmarking 
model, building specifications, and energy con-
sumption data of 4,304 office buildings were col-
lected from the EPIIS. The monthly and annual 
electricity and heat energy consumption data for 36 
months of the recent three years (2013–2015) were 
collected. Next, buildings with too high or low 
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energy consumption that could cause distortion in 
the analysis (399 office buildings) were excluded 
using the box-plot outlier removal method. To of-
fer benchmarking information to energy consum-
ers such as building owners and facility managers, 
we analyzed the energy consumption data of 3,905 
buildings selected from the initial 4,304 buildings 
and developed the benchmarking model based on 
the following contents. 

2.1 Energy Consumption by Usage 

Different types of energy performance information 
were used as benchmarks to easily determine the 
current level of energy performance of the build-
ings. Energy performance indicators that are famil-
iar to energy consumers include the final energy 
consumption by an energy source, such as electrici-
ty and gas, and energy performance according to 
the purpose of use. The final energy consumption 
is the energy sources provided to consumers to 
meet the energy demands for each purpose of use, 
such as heating and cooling, and it can be con-
structed easily based on the utility data. Accord-
ingly, the energy consumption DB of each energy 
source can be used as a criterion to compare the 
performance level. However, in order for energy 
consumers to make retrofitting decisions to im-
prove energy performance, the energy consump-
tion for each purpose of use should be analyzed in 
detail.  
Based on the utility data, we separated the energy 
performance by the purpose of usage for detailed 
analysis. For this separation, the change point 
method was applied among the ASHRAE inverse 
modelling techniques, which uses the point where 
the energy performance changes based on the am-
bient temperature. This method derives a regres-
sion equation for energy performance by climate in 
order to separate heating, cooling, and base load 
from final energy consumption.  Therefore, this 
method requires monthly energy consumption of 
electricity and heat, and the dry bulb temperature. 
The EPIIS collected monthly and yearly electricity 
and heat consumption data in detail via a meter. 
However, these data were made from the meas-

ured values for the building own billing period 
and require correction for various periods. Thus, 
before separating energy consumption data by 
usage, the monthly mean dry bulb temperature 
data provided by the National Meteorological 
Administration were collected. Then, the monthly 
consumption data were corrected based on the 
collected billing periods information of the 3,905 
buildings, and matched the temperature data and 
energy consumption data. 
Fig. 1 shows the change point method that will 
derive five parameters according to the graph 
shapes, as follows: 

b0 Base-load (kWh/m2·monthly) 
b1 Heating sensitivity (slope coefficient) 
b2 Cooling sensitivity (slope coefficient)  
b3 Heating start temperature (℃)
b4 Cooling start temperature (℃)

Fig. 1 – Five-Parameters of the cooling and heating models 

Also, the following equations show a method to 
separate the heating and cooling energy consump-
tion using a separated base-load. 

A = ECM – b0 
B = ECA - 12× b0 
C = ∑(ECMs of the month which the T( ℃  )  is lower than b3) 
D = ∑(ECMs of the month which the T( ℃  ) is higher than b4) 

ECM Monthly final energy consumption(kWh/m2)  
ECA Annual final energy consumption(kWh/m2)  
A Cooling and Heating ECM (kWh/m2) 
B Cooling and Heating ECA (kWh/m2) 
C Heating ECA (kWh/m2) 
D Cooling ECA (kWh/m2) 
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In this method, as a first step in separating energy 
performance, the amount of the base-load must be 
estimated in the total energy consumption. The 
base-load generally appeared in April-May and 
September-October every year. However, the base-
load of each year is not the same, because the vari-
ables, exception made for temperature, influenced 
the base-load. Therefore, it is necessary to calculate 
the representative base-load of the building.  
To calculate the representative base-load, two 
months were selected that showed the lowest ener-
gy consumption each year from 2013 to 2015. The 
use of the selected six energy consumptions set up 
the cases as shown in Table 1, and examined the 
cooling and heating energy regression models for 
each case. 

Table 1 – Base-load calculation cases 

 Definition of cases 

A Selects the smallest value among the six energy con-
sumptions as the representative base load. 

B Selects the second smallest value among the six energy 
consumptions as the representative base load. 

C Selects the third smallest value among the six energy 
consumptions as the representative base load. 

D Selects the fourth smallest value among the six energy 
consumptions as the representative base load. 

E Selects the fifth smallest value among the six energy 
consumptions as the representative base load. 

F Selects the largest value among the six energy con-
sumptions as the representative base load. 

 
As a result, the number of buildings with high ab-
normal data and R2 was examined and outlined in 
Table 2. 
 
 
 
 
 
 
 
 
 
 
 

Table 2 – Analysis the results of regression of base-load cases 

C A S E Case A Case B Case C Case D Case E Case F 
Error case① 1,653 924 419 178 165 216 

Error case② 66 85 101 102 111 179 

Total 
1,719 
(44%) 

1,009 
(26%) 

520 
(13%) 

280 
(7%) 

276 
(7%) 

395 
(10%) 

H
ea

tin
g 

re
gr

es
si

on
 

R ² < 0 . 2 2 0 % 27 1 % 55 1 % 105 3% 97 2 % 88 2 % 

R ² < 0 . 3 4 0 % 11 0 % 50 1 % 62 2% 66 2 % 76 2 % 

R ² < 0 . 4 10 0 % 26 1 % 48 1 % 84 2% 82 2 % 1 0 5 3 % 

R ² < 0 . 5 8 0 % 25 1 % 69 2 % 99 3% 123  3 % 1 0 7 3 % 

R ² < 0 . 6 33 1 % 64 2 % 1 0 5 3 % 144 4% 152  4 % 1 5 9 4 % 

R ² < 0 . 7 65 2 % 1 4 7 4 % 1 9 1 5 % 230 6% 224  6 % 2 5 9 7 % 

R ² < 0 . 8 1 7 0 4 % 2 8 4 7 % 4 0 6 10% 431 11% 458  12%  4 4 8 11% 

R ²≥ 0 . 8 1894 49%  2312 59%  2461 63% 2470 63% 2427  62%  2268 58% 

Total 
2,186 
(56%) 

2,896 
(74%) 

3,385 
(87%) 

3,625 
(93%) 

3,629 
(93%) 

3,510 
(90%) 

C
oo

lin
g 

re
gr

es
si

on
 

R ² < 0 . 2 8 0 % 48 1 % 1 6 5 4 % 277 7% 349  9 % 3 5 9 9 % 

R ² < 0 . 3 18 0 % 43 1 % 1 1 4 3 % 164 4% 174  4 % 1 7 5 4 % 

R ² < 0 . 4 29 1 % 1 0 0 3 % 1 5 5 4 % 192 5% 188  5 % 2 0 2 5 % 

R ² < 0 . 5 58 1 % 1 1 8 3 % 1 9 8 5 % 223 6% 244  6 % 2 4 2 6 % 

R ² < 0 . 6 1 1 6 3 % 2 1 6 6 % 2 7 8 7 % 319 8% 305  8 % 3 0 9 8 % 

R ² < 0 . 7 2 1 4 5 % 3 4 0 9 % 4 0 7 10% 402 10% 424  11%  4 2 1 11% 

R ² < 0 . 8 4 4 3 11%  6 2 5 16%  6 3 5 16% 668 17% 703  18%  6 9 0 18% 

R ²≥ 0 . 8 1300 33%  1406 36%  1433 37% 1380 35% 1242  32%  1112 28% 

Total 2,186 2,896 3,385 3,625 3,629 3,510 
 
If the heating start temperature was higher than 
the cooling start temperature or the cooling and 
heating start temperatures did not correspond to 
the temperature category of the domestic climate, 
they were deemed abnormal data and removed. 
Next, the R2 values of the cooling and heating re-
gression equations of office buildings for which the 
abnormal data had been removed, were examined.  

2.2 Analysis of Building and Energy 
Performance Information 

Next, the building information was investigated 
and analysed. The building information and char-
acteristics are outlined in Table 3.  
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Table 3 – The building information of office buildings 

V
ar

ia
bl

e 
ty

pe
 

Variable Group classification criteria Frequency 

D
is

cr
et

e 
va

ri
ab

le
 Region - 16 

Structure - 9 
Roof type - 4 

C
on

tin
uo

us
 v

ar
ia

bl
e 

Gross area 
1 0 ~ 2 5 % 3000 ~ 3968 m² 

4 
2 25~50% 3968~5334 m² 

(m²) 3 50~75% 5334~9483 m² 
4 75~100% More than 9483 m² 

Floor area 
1 0 ~ 2 5 % Less than 3004 m² 

4 
2 25~50% 3004~4047 m² 

(m²) 3 50~75% 4047~6623 m² 
4 75~100% More than 6623m² 

Period 
1 0 ~ 2 5 % Less than 14years 

4 
2 25~50% 14~21years 

(years) 3 50~75% 21~26yeras 
4 75~100% More than 26year 

Ratio of the 
f l o o r s 

1 0 ~ 2 5 % Less than 0.75 

4 
2 25~50% 0.75~0.8 

(Aboveground) 3 50~75% 0.8~0.83 
4 75~100% More than 0.83 

Building 
height 

1 0 ~ 2 5 % Less than 17m 

4 
2 25~50% 17~27m 

(m) 3 50~75% 27~40m 
4 75~100% More than 40m 

 
Most of this information affects energy perfor-
mance, but it was difficult or impossible to regard 
these items as energy conservation measures 
(ECM). Furthermore, when the building infor-
mation was a nominal variable, the number of of-
fice buildings was greatly different by group. This 
implies that there is a high possibility of error in 
the statistical results. Thus, selected the building 
information corresponding to a continuous varia-
ble as peer groups, it was divided according to the 
quartiles. The quartiles of a ranked set of data val-
ues are the three points that divide the data set into 
four equal groups, each group comprising a quar-
ter of the data.  
The first quartile (Q1) is defined as the middle 
number between the smallest number and the me-
dian of the data set. The second quartile (Q2) is the 
median of the data. The third quartile (Q3) is the 
middle value between the median and the highest 
value of the data set. 
However, classifying all building data into peer 
groups may result in a large number of inefficient 

groups, or derive the insignificant statistical 
benchmarks. Thus, we analysed the building in-
formation to verify the building information that 
can classify meaningful peer groups. For the analy-
sis methods, a statistical technique to test the quan-
titative differences of the data and a practical sig-
nificance test to professionally review the possibil-
ity that such differences can occur practically were 
applied. Performing signification statistics test on a 
statistical technique can show whether the analysis 
result for a sample reached a statistical probability 
that can be regarded as an actual characteristic of 
the population. In general, the comparison of the 
representative values of the group tests the differ-
ence, and if the significance probability (p) is lower 
than the specified significance level, the difference 
can be declared statistically significant. However, 
even if statistically significant results are obtained, 
expert review is required regarding the cause(s) of 
differences in performance. 
Therefore, the Kruskal-Wallis statistical method 
was applied to analyse the difference in energy 
performance according to building information. As 
a result, the gross area was found to generate sig-
nificant differences in performance for all energy 
parameters, and the gross area was set as the clas-
sification criterion for peer groups. 

2.3 Derivation of Benchmarks 

Generally, statistical techniques are used to reflect 
the attributes of samples and to calculate them as 
the representative values of the samples. Examples 
of such statistical techniques include regression 
analysis and the representative value calculation 
methods. Regression analysis is a suitable method 
to calculate the benchmarks that reflects the char-
acteristics of the individual buildings because it 
derives a value reflecting the characteristics of in-
dividual samples. However, as has already been 
shown, the current building data has limitations. 
Thus, in this study, we used the representative 
value calculation methods. 
The representative value calculation methods in-
clude the median, mean, and mode calculation 
methods, with the appropriate method chosen ac-
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cording to the data distribution of the sample. Thus, 
the distribution of energy performance by total 
area section was analysed using the Kolmogorov-
Smirnov and Shapiro-Wilk tests to test, according 
to the p value, the hypothesis that states that the 
distribution of data corresponding to the sample 
group follows the normal distribution. The analysis 
result showed that the energy performance data 
did not follow the normal distribution in all sec-
tions. The reason for this result seems to be due to 
the energy characteristics of buildings where ex-
cessive use of energy frequently occurs. Conse-
quently, the median calculation method was ap-
plied in this analysis to determine the representa-
tive value of each peer group. 

3. Results and Discussion

Table 4 is a benchmark table of office buildings to 
compare the energy performance level of each 
gross area group, and the benchmarks in this table 
correspond to the median of each gross area group. 

Table 5 shows the criteria and indicators to diag-
nose energy consumption based on the information 
in the benchmark table. 
We compared the values for the same cumulative 
percentages from Group 1 to Group 4. From 
Group 1 to Group 4, the value equivalent to the 
same percentile gradually increased or decreased. 
That is, the increasing gross area appeared to 
influence the energy performance per unit area. 
The increasing trend of energy consumption per 
unit area with the increase in gross area was 
different from the relationship between the energy 
performance and the gross area of residential 
buildings. The number of household members is 
limited even if the area of a residential building 
increases, so the energy consumption and area do 
not increase proportionally. However, as the area 
increases, the energy also increases, because the 
characteristics of the office where the number of 
necessary manpower and equipment increases 
proportionally. 

Table 4 – Benchmark Table of existing office buildings 

Cumulative 
 percentages 

of gross area(m2) 

Benchmark Table of office building (Energy performance comparison/diagnosis table) 

b0 b1 b3 b2 b4 
ECM(Monthly energy consumption) ECA(Annual ) 

J a n Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec H + C Heating Cooling 

G
ro

up
 1

 
(~

25
 %

) 

10% 4 . 8 5 -1.37 11.63  0 . 1 6 16.29  3 . 5 0 2 . 4 4 0 . 8 8 

Re
pl

ac
ed

 w
ith

 b
as

e-
lo

ad
 b

en
ch

m
ar

k 

0 .01 0.88  1.00  

Re
pl

ac
ed

 w
ith

 b
as

e-
lo

ad
 b

en
ch

m
ar

k 

0 . 4 3 2 . 5 3 16.92 11.77 2.29 
25% 6 . 7 1 -1.03 13.14  0 . 2 8 17.24  5 . 8 0 4 . 0 5 1 . 9 1 0.61 1.89  1.89  1 . 2 5 4 . 2 1 25.98 19.09 4.71 
50% 9 . 3 0 -0.61 14.47  0 . 4 5 18.50  10.23 7 . 2 1 3 . 7 7 1.53 3.28  3.22  2 . 5 9 7 . 9 4 44.68 33.33 8.65 
75% 12.99  -0.35 15.87  0 . 7 8 20.13  17.47 13.28 7 . 5 8 3.19 6.23  6.13  4 . 7 3 14.58 80.01 60.28 17.38 
90% 17.09  -0.22 17.03  1 . 6 9 21.92  23.03 18.04 10.67 8 .64 14.85  14.26 7 . 2 7 20.34 117.98 80.53 42.35 

G
ro

up
 2

 
(2

5~
50

 %
) 

10% 5 . 1 8 -1.42 11.45  0 . 2 0 16.17  3 . 4 8 2 . 2 9 0 . 8 5 0.13 1.24  1.25  0 . 4 7 2 . 4 5 16.87 10.75 3.29 
25% 6 . 8 9 -1.12 12.89  0 . 3 2 17.10  6 . 1 3 4 . 2 9 2 . 0 1 0.72 2.19  2.27  1 . 2 0 4 . 5 3 28.64 19.53 5.74 
50% 9 . 6 0 -0.74 14.46  0 . 5 2 18.39  12.47 9 . 3 1 4 . 9 3 2.03 4.21  4.17  2 . 8 2 9 . 7 9 55.59 42.06 11.52 
75% 13.38  -0.40 15.65  1 . 1 2 19.73  18.47 14.16 8 . 2 9 4.47 9.23  9.25  5 . 3 9 16.07 91.73 64.34 25.74 
90% 18.01  -0.23 16.58  1 . 8 5 21.23  23.99 18.32 11.01 10.01 16.51  16.33 7 . 5 5 21.21 126.23 85.07 47.63 

G
ro

up
 3

 
(5

0~
75

 %
) 

10% 5 . 4 9 -1.46 11.38  0 . 2 5 15.90  4 . 5 5 3 . 0 0 1 . 2 5 0.27 1.60  1.62  0 . 5 0 3 . 2 6 22.31 14.86 3.96 
25% 7 . 5 8 -1.19 12.71  0 . 4 2 16.82  7 . 9 2 5 . 5 3 2 . 4 9 1.05 3.01  3.05  1 . 4 4 6 . 3 2 37.32 25.50 7.96 
50% 10.30  -0.85 14.09  0 . 7 7 17.97  13.38 10.18 5 . 2 6 2.77 6.41  6.38  2 . 9 3 11.26 67.27 46.18 17.10 
75% 14.50  -0.49 15.63  1 . 5 2 19.36  19.13 14.30 8 . 3 3 7.47 13.15  12.64 5 . 0 5 16.60 103.16 66.73 37.77 
90% 18.56 -0.30 16.77 2 . 0 5 20.77 23.91 18.01 11.12 11.70 18.48 18.60 7 . 5 6 20.99 133.22 84.42 53.75 

G
ro

up
 4

 
(7

5 
%

~)
 

10% 6 . 7 3 -1.44 10.10 0 . 4 2 15.48 5 . 8 9 3 . 3 0 1 . 2 5 0.79 3.19 3.19 0 . 0 0 4 . 4 9 33.47 18.92 8.31 
25% 8 . 8 7 -1.20 11.62 0 . 6 7 16.26 9 . 9 9 6 . 4 1 3 . 0 0 2.21 5.85 5.43 0 . 7 4 8 . 2 0 54.84 31.98 15.22 
50% 12.43 -0.94 13.11 1 . 1 6 17.44 14.22 9 . 5 2 5 . 1 4 5.13 10.34 9.93 2 . 3 6 12.29 78.98 47.34 28.91 
75% 17.14 -0.69 14.45 1 . 6 6 18.62 17.92 12.76 7 . 5 0 9.23 16.01 15.45 3 . 9 9 16.34 103.58 61.33 46.36 
90% 22.49 -0.40 15.87 2 . 1 3 19.87 22.12 16.17 10.03 12.99 20.30 19.75 6 . 1 4 20.59 127.74 75.77 60.01 
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Table 5 – Energy performance diagnostic indicators 

Indicator 
Range of cumulative percentages 

b1, b4 Others 

★★★ More than 90 % Less than 10 % 

★★☆ 75 % ~ 90 % 10 % ~ 25 % 

★★ 50 % ~ 75 % 25 % ~ 50 % 

★☆ 25 % ~ 50 % 50 % ~ 75 % 

★ 10 % ~ 25 % 75 % ~ 90 % 

☆ Less than 10 % More than 90 % 

Next, to examine the validity of the benchmarking 
model, the energy performance evaluation of the 
energy consumption of 3,625 office buildings was 
performed by using the benchmarks, and the re-
sults were analysed. This was performed with the 
following Equation: 

The Energy Efficiency Ratio (EER) approaches 1 if 
the building has the same performance as the 
benchmark. On the other hand, as the energy effi-
ciency increases or decreases, the EER of the build-
ing will deviate from 1. The accumulation of EER 
scores for individual buildings can be used to ob-
tain the cumulative frequency of buildings accord-
ing to the EER. If the building group that is closest 
to the benchmark is located at the center of the 
distribution, it can be said that the representative 
nature of the benchmark has been satisfied. 
Table 6 shows the evaluation results of the energy 
performance of five parameters for 3,625 office 
buildings using the derived benchmark. For all the 
energy performance information, the EER was 
close to 1 when the cumulative distribution of data 
was 50 %. Furthermore, in the cases of cooling sen-
sitivity, the corresponding EER score was much 
higher than the one for other energy performance 
data when the cumulative frequency distribution 
was 90 %. In other words, even though buildings 
with extremely high cooling sensitivity distorted 
the data distribution, as the benchmark using the 
median calculation method was derived, the EER 
scores of buildings with extreme performance data 

were very high and the distribution of the building 
group corresponding to the score of 1 was concen-
trated in the median. 

Table 6 – the EER evaluation results of the five parameters 

Cumulative 
percentages 

(%) 

Energy Efficiency Ratio (EER) 

b0 b1 b2 b3 b4 

10 % 0.56 0.35 0.76 0.44 0.86 
25 % 0.77 0.60 0.87 0.71 0.92 
50 % 1.07 1.08 0.97 1.29 0.98 
75 % 1.51 1.55 1.07 2.72 1.06 
90 % 2.02 1.93 1.15 3.77 1.15 

Fig. 2 shows the energy performance diagnosis 
result of a randomly selected building. The energy 
performance of the parameters is diagnosed using 
the energy performance diagnostic indicators in 
Table 5 and EER results. The energy performance 
of the parameters is diagnosed as the caution level 
if we judged that an energy performance im-
provement is necessary only in energy efficiency 
diagnosis indicators, or only in EER evaluation 
results. If both indicators and EER results indicate 
that energy efficiency is required, the diagnostic 
results are presented according to the indicators 
and EER result levels. 

Fig. 2 – Diagnosis result using developed benchmarking model 
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4. Conclusion

In this study, we developed a benchmarking model 
that can provide benchmarks of existing office 
buildings to compare the energy performance of a 
building and to provide understandable infor-
mation to building owners and operators at the 
early stage of office building retrofitting. The re-
sults of this study are summarized as follows. 
(1) To develop the benchmarking model, we ana-

lysed the DB of EPIIS. The information such as 
gross area, period, and height of the building, etc. 
was collected, but information related to energy 
performance such as window U-value, SHGC or 
envelope information was not collected.  

(2) In order to provide easy-to-understand energy 
performance information to energy consumers, 
the heating, cooling, and base loads were sepa-
rated from the final energy consumption DB. 
To do this, it was necessary to collect monthly 
temperature information and to correct the 
monthly energy performance. 

(3) Since various kinds of building information 
were not built in EPIIS, we set up a peer-group 
based on gross area and benchmarks that were 
calculated by applying the method of the cal-
culating median.  

(4) The results of this study can be used as the 
energy performance evaluation and diagnostic 
criteria for existing office buildings by provid-
ing useful energy performance information 
based on the actual energy consumption. How-
ever, to improve and manage the energy of 
buildings in the future, it is necessary to collect 
the related building information to improve 
energy such as the u-value of walls and win-
dows, SHGC of windows, and equipments, etc. 
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