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Abstract

A framework was developed in this study for setting and adjusting energy-saving targets
for existing public-sector office buildings. Using self-reported energy data, we removed
outliers and grouped buildings by average daily operating hours. We analyzed electricity
use intensity distributions and assigned reduction rates based on each building’s percentile
within its group, allowing for larger improvements from high-consumption buildings while
limiting pressure on already efficient ones. The framework achieved an average annual
energy-saving effect of about 1% and can inform future revisions of energy management
policies and target values for public office buildings.

Keywords: energy use intensity; energy efficiency improvement; energy conservation in
office buildings; EUI

1. Introduction

The building industry accounts for a substantial proportion of global energy con-
sumption and greenhouse gas emissions, positioning it as a critical element for achieving
long-term net-zero emissions targets. Improving building energy efficiency has become a
core direction for energy transition policy in various countries [1]. In promoting energy-
saving policies, public-sector office buildings are often viewed as a policy demonstration
and a pioneer in driving improvements in the private sector; thus, setting reasonable and
feasible targets is crucial.

Among building energy performance indicators, energy use intensity (EUI) is fre-
quently adopted. EUI standardizes energy consumption across buildings of different scales
and purposes, serving as a foundation for developing energy-saving goals and policies, and
has been explored through various studies and target-setting methods [2,3]. Chung et al.
established EUI percentile tables for commercial buildings in Hong Kong by developing a
benchmarking model that considers all significant explanatory variables affecting energy
consumption, providing a basis for owners and policymakers to initially judge a build-
ing’s relative energy performance [4]. Recently, researchers have also proposed composite
building energy performance indices or benchmark reference values that incorporate vari-
ous building influencing factors to improve the applicability of the EUI value to different
building types [5].

However, existing methods provide one or a few groups of EUI benchmarks for
different types of building or estimate a reasonable EUI range and then hope units to strive
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for energy savings. Therefore, we developed an easily understandable, reasonable, and
adjustable annual energy-saving target allocation framework for existing public-sector
office buildings in Taiwan. This framework is consistent with the goals of energy-saving
policies, tailoring energy-saving targets to the building’s current energy consumption
status, and serving as a reference tool for future revisions of energy management and EUI
benchmarks for public office buildings.

2. Methods
2.1. Building EUI

We used EUI as the core evaluation indicator for building energy consumption. The
origin of EUI can be traced back to the Commercial Buildings Energy Consumption Survey
promoted and conducted by the United States Department of Energy in the 1980s, where
EUI was established as the metric for the survey and analysis. EUI is used to standardize
building energy consumption and quantify the energy consumed per unit of floor area
within a specific time. Therefore, EUI can be applied to buildings of different locations, uses,
and sizes, converting them into a standardized numerical value for fair and meaningful
comparison. EUI has been widely used in academic research, primarily to analyze the
effects of energy-saving implementations such as building passive design and operational
optimization, and plays a vital role in formulating energy-saving strategies, policies, or
setting energy standards [6].

In this study, EUI was used to explore the annual electricity consumption per unit
of floor area, with the unit being kWh/m? year The calculation method is shown in
Equation (1), utilizing this simple and clear energy consumption measure to establish a
basis for optimizing energy efficiency and as a rational indicator for policy promotion.

_ EAnnual
EUI = =222 1)
Here, E 4,01 Tepresents the unit’s total annual electricity consumption (kWh), and
TFA is the building’s total floor area (m?).

2.2. Data Source and Analysis

The data source for this study is the Government Agencies and Schools Energy Conser-
vation Reporting System established by the Energy Administration, Ministry of Economic
Affairs, R.O.C., Taiwan [7]. This database includes years of annual energy use and basic
building information from government agencies and schools at all levels, providing a large
and detailed collection of data.

We chose existing buildings from before the year 2023 and used 2023 reported data
as the baseline, focusing on office-type buildings. To maintain data quality, screening
criteria were established. By comparing multi-year reported data, poor quality data, such
as missing values, zero values, or duplicate entries, were eliminated. Then, buildings with
stable electricity consumption and fixed floor area were selected. After initial screening,
a simple statistical distribution analysis was performed to exclude obvious outliers, and
outliers in per-unit-area electricity consumption were removed to minimize the impact
of reporting errors on the analysis results. After screening, a total of 1596 valid data
records remained.

To facilitate subsequent statistical analysis and comparison, we considered the influ-
ence of different operating times on building energy consumption patterns. To mitigate
the interference of varying operating hours on comparison results, average daily operating
hours was adopted as the primary and straightforward method for grouping. Three of the
most common and representative average daily operating hours 8, 10, and 24 h were set for
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typical office uses. Table 1 shows the detailed number of data records and types of units for
each group. We focused on the reasonable energy-saving potential and responsibility that
each agency should achieve under the same operating pattern, rather than directly judging
the superiority or inferiority of EUI between different buildings. Therefore, although differ-
ences in building age, equipment type, and location climate affect EUI performance, they
are treated as the existing conditions of each agency in this study’s analysis and were not
further eliminated or adjusted.

Table 1. Agency types grouped by average daily operating hours.

Average Daily Operating

Hours (Hours) Data Quantity Unit Type

General local household

8 1051 registration offices, district offices
Central administrative agencies,
10 311 .
county/city governments
24 234 Police agencies, fire departments

2.3. Setting Energy-Saving Targets

Traditionally, energy-saving policies group buildings by their EUI distribution and
set the group median as the target threshold. To simplify grouping and ensure that the
burden on operating units remains reasonable, we adopted target setting based on each
building’s historical EUI Buildings were first grouped by similar operating hours, and
their percentile rank within the group was used to evaluate EUI performance. Different
annual saving ratios were then assigned according to this rank, giving each building a
tailored and reasonable target EUIL This method promotes energy-saving policies while
accounting for each building’s inherent potential and responsibility.

Based on the data within the three operating hour groups, a percentile index Q;
between 0 and 1 was defined for each building according to its annual EUI Q; was used as
a standardized relative position within the same group to determine whether EUI was high
or low. An annual energy-saving ratio R(Q;) was assigned based on the building’s own
annual EUI in 2023 and its percentile Q7 within its group, as shown in Equation (2).

EUItarget,i = EUIuctual,i X [1 - R(Qz)] (2)

Here, R(Qi) is the energy-saving target function, representing the annual energy-saving
ratio corresponding to the percentile, EUI,,, ; is the actual EUI of the ith building in 2023,
and EUltgrget ; represents the target EUI of the ith building.

Based on the equations, the future target EUI for each building was identified. Each
building starts with its EUI, avoiding the setting of unattainable targets with a single
absolute EUI threshold. This mitigates disputes caused by differences in building condi-
tions. The percentile ranking was used to determine the building’s energy consumption
performance, its energy-saving potential, and the appropriate level of energy-saving pres-
sure it should bear. R(Q;) can be adjusted at any time according to the energy-saving
magnitude required by policy. This allows the exploration of different intensities of energy-
saving scenarios and targets within the same framework for each building’s energy-saving
burden ratio.

This energy-saving target function was derived backwards from several prerequisite
target points to create a relationship function that was both feasible and reasonable. The
core concepts and target points included the following.
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e  Setting reasonable energy-saving pressure based on the percentile ranking: The lower
Q; indicates that the building’s current energy consumption is relatively low within its
group. This may be due to the implementation of many energy-saving improvements
or good usage behaviors, so excessive demands must not be placed on it; instead,
maintaining the current status or making minor optimizations is sufficient. Conversely,
those with a higher Q; must bear a higher energy-saving ratio. Since buildings with
a higher EUI generally have higher relative energy-saving potential and room for
improvement, this effectively promotes overall building progress. However, atten-
tion must be paid to setting a reasonable magnitude for energy saving to ensure
achievability, which must align with government energy-saving policy requirements.

e Alignment with government energy-saving policy goals: The government’s current
energy-saving policy aims to improve overall building electricity use efficiency by
3% after three years, which simplifies to an average annual energy saving of 1% [8].
With this as a goal, reasonable energy-saving targets can be set for the percentiles.
We set the energy-saving ratio for the median (Q; = 0.5) at 1% and the ratio for the
worst-performing building (Q; = 1.0) at 3%.

The energy-saving target function must satisfy the above requirements. Among all
possible functional forms, we chose a simple and easy-to-understand quadratic function.
Based on the three target relationships of R(0) = 0, R(0.5) = 0.01 and R(1) = 0.03, the follow-
ing energy-saving target function was developed through calculation and derivation, as
shown in Equation (3).

R(Q;) = 0.02Q;% +0.01Q; ()

EUljarget = EULcguar % |1 = (00207 +0.010;) | @

Figure 1 shows the energy-saving ratios corresponding to the percentiles in the energy-
saving target function. Substituting this energy-saving target function into Equation (2)
yields Equation (4), which is the target EUI calculation formula established in this study.

3.5%
3.0%
2.5%
2.0%
1.5%
1.0%

0.5%

Energy saving ratio R(Qi)

0.0%
0 0.2 0.4 0.6 0.8 1

Percentile Q;

Figure 1. Percentile corresponding to energy-saving ratio.

3. Result and Discussion
3.1. The Actual EUI Distribution

Figure 2 presents the distribution of EUl ., for the three groups, along with the
number of buildings with similar EUIL The analysis also provides the mean, standard
deviation, and sample size. Figure 2a represents the 8 h group, which is the most common
office type, thus having the largest sample size of 1051 records. From the graph and
statistical results, it can be observed that the majority of EUI values fall between 30 and
70 kWh/m? year, with an average value of 52.13. A minority of larger EUI values are
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distributed between 180 and 360. Figure 2b,c show the EUI distribution for the 10 h and
24 h groups, respectively. The distribution patterns are similar across all three groups, all
being right-skewed curves with a small number of extremely large values on the right
tail. However, compared with the 8 h group, the EUI values in the 10 h group were
more concentrated because these office buildings were central administrative agencies and
similar units with larger floor areas. In the 24 h group, the average EUI was the highest of
the three, and despite the smaller sample size, continuous operation generally led to higher
energy use. Within each group, the EUI distribution remained right-skewed with a long
tail and outliers. Such high-EUI buildings at the right tail were the main focus for setting
energy-saving targets, encouraging them to reduce consumption and move closer to the
bulk of the stock.

70 80

70 N

60
50 60

50 »(l\

40

Number
Number

[\

30
: / ‘ k
10 [

o | I

R

“o

X
e
EUI_kWh_m?

()

350

Figure 2. EUI distribution: (a) 8 h; (b) 10 h; (c) 24 h operation.

3.2. Target EUI

Figure 3 displays the distribution of EUI, ¢, and EUItarget across the three groups,
with paired box plots distinguishing actual baseline (dark) and target values (light).
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Figure 3. Comparison of EUI before and after setting energy-saving targets.

In all groups, the EUltarget box plots shifted downward relative to EUI, .a1- From the
minimum up to the median, the difference between the baseline and target was modest,
reflecting a more moderate saving pace for buildings that were already relatively efficient.
Above the median, the effect of the increasing saving ratio (starting at 1%) became clearer:
the third quartile target was slightly lower than the baseline, especially in the 24 h group,
where it decreased by 1.51 kWh/m?-year. The outliers further showed that the function
assigned higher saving ratios to high-percentile (high-EUI) buildings, compressing the
upper end of the EUI distribution. Although these buildings bore greater saving pressure,
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a 3% cap kept targets achievable and allowed for gradual implementation. Furthermore,
once EUltarget was established, the alignment of the target function with policy goals was
examined. By averaging the energy-saving ratio for each building, the average annual
energy-saving rate across the three groups, despite different sample sizes, showed only
minor variations, all clustering around 1.18%. This is consistent with and slightly more
proactive than the current government policy, supporting the validity of the target EUI
formulation. If all buildings met their annual targets and EUltarget were updated dynami-
cally, the overall EUI would drop by roughly 6%. Even recognizing that in practice only a
subset of buildings might reach the target each year, a conservative estimate suggests that
the policy goal of a 3% reduction over three years could still be closely approached.

4. Conclusions

In this study, we identified reasonable EUI targets for public buildings as a reference
for promoting building energy conservation, strengthening energy management in public
offices, and supporting the national net-zero building agenda.

The target-setting framework, driven by operating hours grouping and percentile,
tailors energy-saving targets for each building. This approach is simpler and easier to
understand compared to methods that use only the median or a single threshold as the
energy-saving standard. The developed energy-saving target function and target EUI
calculation method are easy to understand and apply, and can be adjusted in response to
policy goals, thereby constructing highly adaptable and achievable energy-saving targets.
It was found that the EUI distribution is a right-skewed curve. Consequently, a higher
proportion of energy-saving responsibility was allocated to high-EUI units, incentivizing
their convergence toward the primary cluster.
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