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OPEN High-resolution electric power
DATA DESCRIPTOR load data of an industrial park with
“multiple types of buildings in China

Kaile Zhou'?3™, Dingding Hu®*, Rong Hu'** & Jiong Zhou*

Considering the growing demand for electricity in industrial parks, understanding their electric power
load patterns is critical for improving energy efficiency and ensuring the rational utilization of energy
resources. However, the detailed electric power load data of various buildings in industrial parks are
rarely available and accessible, which hinders the related studies. In this context, we present the electric
power load data of 6 years (from January 1, 2016 to December 31, 2021) for various types of buildings
in an industrial park in Suzhou, China. The data are obtained from smart meters and have various time
resolutions (i.e., 5 minutes, 30 minutes, and 1 hour). This work describes the data collection, processing

. process, and different imputation methods. The high-resolution electric power load data can be used

. for various research tasks, including load prediction, load pattern recognition, anomaly detection, and

. demand response strategy development.

: Background & Summary

 An industrial park comprises various types of buildings, and each of these buildings has its own energy con-
sumption characteristics, especially in terms of electric power consumption. Therefore, load pattern recognition
and load management of buildings are critical for the energy efficiency improvement of industrial parks'. Open
electric power load data of industrial park can better support these efforts.

Various applications related to electric power load data are continuously being developed®”. In particular,

. data analytics and machine learning techniques are increasingly being used in electric power load prediction and
: pattern recognition of buildings®®. Kong et al. proposed a method for the anomalous electricity consumption
. behavior detection by extracting temporal and spatial characteristics of building electricity consumption data
from real-world scenarios'®. The anomalous detection of electricity consumption data can improve the efficiency
. of building electricity usage and reduce related nontechnical losses. Huebner et al. analyzed the correlation
. between electric power load and some influence factors, such as building characteristics, socio-demographics,
appliance use, and self-reported behaviors, based on the sample data of more than 800 English households'".

Having high-quality electric power load data at the building level is crucial since it provides insights into the

. detailed building operation schedules'?. A primary method to obtain electric power load data in buildings is

. the use of smart meters, also known as intelligent energy meters or advanced metering infrastructure (AMI)',
Smart meters can provide real-time consumption information, which is beneficial for understanding electricity
usage patterns and identifying areas for energy saving'*!>. With smart meters being increasingly deployed, con-
siderable electric power load data are collected, providing new research opportunities’®.

However, such comprehensive datasets are rarely available for research purposes or sometimes unavailable at
all. Furthermore, some of the available load datasets are only available at the household level but not at the build-
ing level within an industrial park'’. This study focuses on providing publicly available electric power load data
of various buildings in an industrial park, which contributes to the regional diversification of available energy

: datasets globally. Specifically, we present the electric power load data of four types of buildings in an industrial
¢ park in Suzhou from 2016 to 2021, with resolutions of 5 minutes, 30 minutes, and 1 hour.
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Application areas Description

Load forecasting Prediction of load demand based on historical load demand, weather data, and relevant external factors

Load pattern recognition | Revealing unique load behavior, load variations, and other relevant characteristics by data analysis techniques

Anomaly detection Detection of deviations from expected load behavior and further analysis of these anomalies
Demand response (DR) . Lo g
strategy development Development of targeted DR strategy based on power consumption behaviors in buildings

Table 1. Potential applications of the dataset.

This dataset has the following unique characteristics and the potential values.

« The dataset is diverse since it includes electric power load data of different types of buildings in an industrial
park. Such diversity gives rise to abundant research prospects, allowing to investigate load variation patterns
in response to different building operational hours and occupant behaviors.

o The dataset has different time resolutions (i.e., 5 minutes, 30 minutes, and 1 hour). These high-resolutions
allow to analyze load patterns at distinct time scales, facilitating a comprehensive understanding of load
patterns in industrial parks. Furthermore, the availability of multi-resolution data is beneficial for comparing
different data analysis algorithms. The uniqueness of this dataset lies not only in the data itself, but also in the
efficient benchmarking of complex analytical techniques and algorithmic innovations.

o The dataset spans the period of 6 years from January 1, 2016 to December 31, 2021, which allows to capture
both short-term fluctuations and long-term trends in power load. Researchers can identify seasonal patterns,
track load variations over multiple years, and discern changing consumption behaviors.

o The corresponding hourly weather data has been integrated into the dataset. This integration facilitates
researchers in linking load patterns with diverse weather conditions to develop and train machine learning
models. Furthermore, researchers can gain an understanding of the interaction between external environ-
mental factors and power consumption by analyzing load variations in response to weather fluctuations.

This dataset has great potential for improving the sustainability of buildings. Table 1 summarizes some of the
potential applications of this dataset.

Load forecasting refers to estimating future load demand based on historical usage patterns and external
influential factors. For instance, Gonzalez-Vidal et al. developed transferable predictive models for buildings
with sharing characteristics that can improve accuracy for buildings with little data'®. Such studies are beneficial
for the improvement of building energy efficiency and the stable operation of power systems, since accurate
prediction of peak load can support the implementation of peak shaving strategies'.

Load pattern recognition is an important way for understanding different load characteristics®. For example,
Zhou et al. used a clustering algorithm to identify the power load patterns of school buildings and analyzed the
power consumption in student dormitories®!. This analytical approach supports the implementation of different
energy-saving measures based on the load patterns.

Anomaly detection involves identifying deviations from expected load behavior, which can indicate faults
or abnormal conditions in the power system. Cui et al. proposed a machine learning-based anomaly detection
method that can identify network attacks using load data®. This application is important to reduce nontechnical
loss and promote the efficient operation of power system operation®.

DR strategy development is another application area. Chen et al. evaluated the flexibility of building power
demand and emphasized the importance of DR in improving energy flexibility**. Such research can lead users to
adjust electricity using behaviors, thereby balancing electricity supply and demand in buildings.

Methods
This section describes the methods applied for data collection and processing. Information is reported for each
collected subset.

Data collection. The data collected originate from a smart energy management system of the industrial park
in Suzhou, China. The architecture of the electric power load data collection is presented in Fig. 1, which includes
data measurement, data transmission, and data storage. Firstly, smart meters measure real-time load data from
the building and transmit data through RS-485/GPRS. This process simultaneously improves the security and
stability of the network. The cloud platform performs monitoring, exhibition, and storage for the received data.
Once the data is stored, users can access the system for data collection. Characteristics of the buildings are sum-
marized in Table 2.

Data retrieval was conducted on April 10, 2023, and covered a time span from January 1, 2016 to December
31, 2021. The industrial park contained various types of buildings, and the electric power load data of each
building were automatically collected every 5 minutes, 30 minutes, and 1 hour by smart meters. Similarly, the
weather data were automatically collected every hour by a dedicated meteorological station installed on-site.

Table 3 presents the percentage of missing values in the electric power load data for four building types over
the 6 years period from 2016 to 2021. We only present the missing rate of data with a resolution of 1 hour, as the
missing rates are close between data with different resolutions for the same building. Here, we need to emphasize
that the higher missing rate for the public building in 2016 is due to the fact that the installation of smart meters
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Fig. 1 Architecture of the electric power load data collection.

Building Number of | EUI [KWh/
Building type area [m?] people m?*year]|
Office building 80,000 1,200 52.8
Residential building 107,000 3,200 18.2
Commercial building 98,000 500 1,083
Public building 24,000 700 1,004

Table 2. Characteristics of the buildings.

Missing rate per year (%)
Building type 2016 2017 2018 2019 2020 2021
Office building 2.892 1.478 0.171 1.220 17.349 3.378
Residential building 3.097 1.050 5171 3.824 32.479 33.311
Commercial building 11.452 17.551 11.130 7.021 5.316 5719
Public building 57.399 0.913 1.256 0.765 62.261 84.087

Table 3. Proportion of missing values.

in the public building only started in the second half of that year. There is a higher rate of missing data for resi-
dential and public buildings in 2020 and 2021, which is mainly due to the COVID-19 epidemic, which affected
the buildings’ operations and the devices’ maintenance.

Data processing. Due to the potential existence of irregular behaviors and missing data in the dataset, we
handled these issues throughout the data cleaning process and subsequent analyses. The proposed data contained
two types of missing values. The first type is that some data are missing in a day, and the other type is that all
electric power load data are empty values in a day. We handled both types of missing values in the same manner
and classified them as “missing”. All requested values that were successfully retrieved from the smart energy man-
agement system (i.e., not “missing”) were initially classified as “normal’”.

Multiple imputation by chained equations (MICE) is a widely used approach that transforms the problem of
imputing missing data into a series of conditional imputation problems based on the assumption of conditional
distributions. Specifically, in the MICE method, a variable is iteratively selected from the set of variables con-
taining missing values as the target variable. Subsequently, the missing values of that target variable are imputed
based on the known values of other variables. This process is repeated multiple times until all variables have
their missing values imputed®. In the MICE method, the underlying correlation structure in the data is used
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Fig. 2 Handling missing values based on the MICE method.

Electric power load data
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Fig. 3 Data storage architecture.

to estimate the missing values. By repeatedly estimating the conditional distributions of the target variables in
each iteration step, the MICE method gradually approximates the true distribution of the missing values and
provides multiple imputed datasets as the output. These imputed datasets reflect the uncertainty of the missing
values. Subsequently, analysis based on these datasets can be performed.

The advantages of the MICE method include the ability to retain the sample size in the presence of miss-
ing data, provide reliable estimates and standard errors, and allow statistical inference and model comparison.
However, the MICE method relies on certain assumptions, such as the missing data mechanism being random
or conditionally random, and the imputation models accurately capturing the relevant structure of the data.
Fig. 2 displays the results of supplementing the missing values of the office building on a given day using the
MICE method. Other imputation methods are described in Technical Validation.

Data Records

The dataset is deposited in the Open Science Framework (OSF) data repository®. The electric power load data
for all buildings can be made available for download through the smart energy management system of the indus-
trial park. Timestamp is in Coordinated Unversal Time 4+ 8 (UTC + 8), as YYYY-MM-DD hh:mm:ss. Daily
data are provided in xlsx files. The year, resolution, and building type should be determined in advance before
downloading data. We downloaded and sorted the dataset. The specific method to obtain data is presented
in the Code availability section. Fig. 3 displays the architecture of data storage and file name format. First,
we divided the entire dataset into six folders based on year, and each folder included subfiles in three resolu-
tions: 5 minutes, 30 minutes, and 1 hour. The folder for each resolution includes the electric power load data
for four types of buildings, and the name of the folder is Year_Resolution_Building. For example, the folder
named “2018_lhour_Office” contains the electric power load data of office building in 1 hour resolution dur-
ing the whole year of 2018, in 365 xlsx files. In the folder, the xlsx file named “20180101_1hour_Office” is the
hourly electric power load data of the office building on January 1, 2018. The data in the table are in kW units.
Furthermore, the date data in the table are timestamped in the local time zone of the country.

Similar to the electrical power load data, weather data is stored in the form of xlsx files. Each xIsx file contains
three columns corresponding to the date, temperature, and humidity. All temperatures are in degrees Celsius.
Humidity values are in percent relative humidity. The xlsx file is named using the date because there is only one
resolution. For example, “20180101” is an xIsx file of hourly weather data on January 1, 2018.
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Fig. 4 Results of different imputation methods.

MAPE
Building type Linear interpolation | RF MICE
Office building 0.525 0.549 0.079
Residential building 0.098 0.111 0.082
Commercial building 0.055 0.061 0.054
Public building 0.094 0.111 0.084

Table 4. Assessment results of different imputation methods.

Technical Validation
Missing value imputation. To improve the availability of dataset, different imputation methods are used to fill in
the missing value. The missing value imputation process is as follows: we verify the performance of different imputation
methods on a complete dataset. Then, we select the most suitable imputation method based on the evaluation metric.
First, 20 “normal” values are randomly selected from electric power load data of each building and marked as
“missing”. Subsequently, different imputation methods are used for the imputation, and the estimated results are
qualitatively evaluated. The selected imputation methods include linear interpolation, random forest (RF), and
MICE. The code for these interpolation methods is available on our github page. The mean absolute percentage
error (MAPE) serves as the evaluation metric.

L — L.
MAPE = %Z S )

L.

1

N
i=1

1)

where N is the total number of samples, ii is the imputed value, and L; is the actual observation value. Fig. 4
shows the estimated results based on different imputation methods. Assessment results of different imputation
methods are described in Table 4.

For office building, linear interpolation and RF lead to bad results, showing significantly higher MAPE than
MICE method. In contrast, the difference among different interpolation methods is not significant for the other
three buildings, whereby RF shows slightly worse results than the other methods. Overall, it can be concluded
that MICE method seems to give the best imputation results. Finally, it must be noted that since the current
sample is randomly selected, the application of the aforementioned three imputation methods to other missing
values in this dataset or other datasets may lead to different performance.

Fault value diagnosis. We do not deal with the fault values, and the reasons can be summarized as follows.
First, the fault values may reflect valuable information. For example, in some situations, fault or abnormal values may
imply new findings on different load pattern or load consumption trends. Removing or replacing these values may
result in the loss of critical information. Second, the fault values may be beneficial for constructing robust analytical
model in real-world applications. Third, the definition of “fault values” is not clear. For example, if we find a very
large value in the data, we cannot simply determine whether it is caused by a faulty meter or just the surge in load
demand. Finally, the preservation of the raw values in the dataset contributes to anomaly detection related research.

Correlation analysis. The first step of validation involves separating samples by constructing blocks and
resampling, resulting in time steps of 5 minutes, 30 minutes, and 1 hour. Studies have indicated that higher
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Fig. 5 Electric power load patterns change with temporal resolution.

resolution facilitates the differentiation of distinct electric power load patterns, making their characteristics more
evident?”?8. Fig. 5 illustrates power consumption patterns with different resolutions (5 minutes, 30 minutes, and
1hour) on a representative day (March 1, 2018). The overall shape of the patterns at different resolution remains
similar. Although data with 5 minutes or 30 minutes resolution provide more detailed representation of daily elec-
tric power load patterns for various building types, the 1 hour resolution data appear to be clearer. Consequently,
we depicted the characteristics of the dataset in a resolution of 1 hour because it is easy to comprehend. We
checked and validated the electric power load data of various types of buildings at 1 hour resolution in all subse-
quent steps by using data in 2018 as an example.

The 1 hour resolution electric power load of four buildings, including office, residential, commercial, and
public, in 2018 are presented using heatmaps, as shown in Fig. 6. The heatmaps clearly illustrate the electric
power load across 24 hours for each building in 2018. The results reveal that all buildings share a common
pattern of higher power consumption during summer and winter, and lower consumption during spring and
autumn. Specifically, offices exhibit a distinct peak in power consumption during daytime hours, while resi-
dences show a bimodal pattern with peaks during early morning and evening hours. Moreover, the commercial
building has higher power consumption during the night hours, whereas the public building exhibits a peak in
the afternoon. The power consumption of these four types of buildings is determined by the subjects and activi-
ties in the buildings. The correlations in the hourly power load of four buildings are shown in Fig. 7.

It is well-known that weather factors, especially temperature, have a significant impact on electric power
load. Fig. 8 shows the electric power load of the office building and temperature during a week with 1 hour reso-
lution. It can be seen that load peaks always occur a few hours after the temperature reaches its maximum value,
suggesting that temperature lag can serve as a key parameter for load forecasting.

The features extracted from weather data are essential inputs for machine learning models. Considering
the presence of similar or redundant input features among the original input features, we plot the correlation
between the variables of the weather dataset in Fig. 9.

In Fig. 9, tmax, tmin, and tmed represent the maximum, minimum, and mean values of temperature, respec-
tively. hmax, hmin, and hmed represent the maximum, minimum, and mean values of humidity, respectively.

Based on the above analysis, we take the load forecasting as an example to demonstrate the specific workflow
of using weather data.

« Constructing dataset based on history load and weather data, and performing necessary normalization and
missing values filling;

o Determining input features for the model;

 Training load forecasting model based on the dataset and selected input features;

o Predicting load based on the trained model.
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Fig. 6 Heatmap depicting electric power load across 24 hours in each building for the year 2018.
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Fig. 10 Load curve of each building from 2016 to 2021.

Load curve. Fig. 10 shows the load curve for each building from 2016 to 2021. As can be seen, there are differ-
ences in the electric power load of the four buildings in different years, and the magnitude of the differences varies.
The overall shape of the annual electric power load curve for office buildings is relatively similar. For the residen-
tial building, the overall power consumption level has decreased after 2019. The commercial building shows the
most significant year-to-year variations, and the overall power consumption level exhibits a year-by-year increas-
ing trend. The annual variations in the overall power consumption level of public buildings appear to be irregular.

Usage Notes
The dataset provided in this article can be loaded into any software that supports xlsx files. To process the
dataset, researchers can use programming languages such as Python, Java, MATLAB, or R. This dataset holds
significant value for researchers and analysts in the energy sector, as it can be used for analysis over a 6 years
period in various temporal resolutions (i.e., 5 minutes, 30 minutes, and 1 hour). The dataset can also be used for
various research areas, such as load prediction, load pattern recognition, anomaly detection, and DR strategy
development. Although missing values in the dataset can be added through the suggested MICE method, raw
data are provided to allow researchers and related practitioners to perform their own analysis and make deci-
sions about these data.

The smart energy management system of the industrial park can collect real-time electric power load data of
each building. The dataset can be updated and the time span can be extended.

Code availability

The code implementation is done in the R programming language version 4.1.0 and MATLAB R2018a. The
custom code used for data processing, technical validation, visualization is available on the github page (https://
github.com/Industrialpark/SEMLab_HFUT-Building-Electricpowerloaddata).
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