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According to the latest data from the National Development Council, it is estimated that the
elderly population in Taiwan will exceed 20% of the total population by 2025. Relevant
documents prove that improving space comfort promotes physical and mental health of the
elderly. The family structure in Taiwan Province tends to be a small family with double pay,
and the traditional elderly cannot meet the needs of the aging society by family care. The
demand of residential long-term institutions is bound to increase greatly. Although the
physiological needs of the elderly may have decreased, their mental states are vulnerable to
the fluctuations of living environment and self-esteem demand. Taking a residential
institution in Beitou District of Taipei as an example. The actual measurement of thermal
comfort and indoor air quality in summer and autumn was carried out by Testo480, and the
simulation was carried out by using CFD software. Verify the influence of environment on
the comfort of residential institutions, and then provide suggestions for improvement.

The results show that the main reason for comfortable space is that there are objects
shielding solar radiation around the active space, and it is difficult for solar radiation to
reach the windward side of the season or the space itself. However, the uncomfortable
activity space is characterized by good lighting and open surroundings. At the same time,
the heat accumulation in daily activities space affects the comfort due to problems such as
peak use of crowd gathering. Although crowd gathering affects the indoor heat rise, it is less
affected than natural environmental factors. It can effectively improve the efficiency of
indoor ventilation and the retention of pollutants by using space separately and reducing the
amount of clothes.
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In 2017, the government promoted the “Property Subletting for Social Tenants”,
disadvantaged households have been able to rent housing at a price lower than the market
price. News outlets and academic articles that the market rent of the policy may have
exceeded the market price, but there is no relevant data for analysis. This study selects the
cases of 591 rental platforms from January 2018 to August 2020 in Taipei City as the sample.
To establish rent models for studios and apartments using the hedonic price theory. And to
examine the market rent anomalies of the first phase of this project. We interview participants
to analyze the possible causes of market rent anomalies.

The empirical results show that abnormal rent cases are easily affected by the size of rented
houses, the amount of furniture and equipment, and human factors. In addition, most of the
abnormal rent cases were subleasing. According to the interviews, the market rent was a
back-projection of the contract rent. And the rent assessment adjustment ratio is not
standardized, which is easy to increase abnormal rent cases. This study suggests that the rent
review should incorporate into the rent model system to reduce rent anomalies. Through the
rent model system to evaluate and identify abnormal cases, the authority can quickly review
cases reducing disputes caused by unreasonable prices.
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Tiles was usually used as exterior decoration materials in Taiwan. If the deterioration
detection can be performed before the tiles are peeled off to predict the danger, the injury
incidents of being hit by the tiles can be reduced. Exterior wall detection methods are divided
into non-destructive and destructive. In this study, the degraded hollowing rate were set,
infrared thermal imaging method and pull-out testing were used for comprehensive analysis
and comparison. The purpose of this study is to discuss (1) use infrared thermal imaging
method to analyze the temperature difference and evaluate the non-destructive test results
(2) use the pull-off testing method to grasp the adhesion strength and evaluate the destructive
test results (3) comprehensive the results of 1 and 2 above.

When the tile deteriorating rate are 0%, 25%, 50%, 75%, the pull-off testing strength are
4.98, 2.37, 1.34, 1.19 kgf/cm?2. The strength of 75% and 50% is close, and the strength of
50% and 25% is reduced by 1.7 times. It can be seen that the rate of 50% is the critical value
of the failure strength. Infrared thermal imaging method takes 25% cement hollowing rate
as the experimental object. The results show that when the heating time reaches 60 minutes,
the temperature difference curve of the tiles gradually stabilizes, and the temperature
difference is 4.33°C. The results of the study suggest that if the inspectors capture the thermal
image a temperature difference of more than 4.33°C, a pull-off testing can be used to confirm
the adhesive strength. When the strength is 2.37 kgf/cm?2 or less, it is judged that there is a
high risk of peeling, and corresponding measures should be taken immediately.
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Taiwan is about to enter a super-aged society, and it can be expected that the demand for
residential long-term care institutions will increase substantially in the future. At present,
although the government encourages operators to build new long-term care institutions and
transform existing facilities, in the content of relevant setting standards, most of them only
regulate the minimum unit area of main spaces such as bedrooms, daily life areas or the
number of basic equipment for quantification. However, the operating conditions, user
needs, user experience and other elements are not included in the evaluation items in the
planning stage. Therefore, this study conducted a field survey of three public long-term care
institutions in central Taiwan and a questionnaire survey of experienced experts. The
importance of each item can be known after the results of the questionnaire are analyzed by
fuzzy analytic hierarchy process.

According to the statistical results, among the sixteen items, the most important is the safety
of the bedroom and the attached bathroom space, followed by the spatial pattern and
ventilation and lighting, and the third is the comfort of the environment layout. As for the
public space, the performance of fire escape is regarded as the most important, and more
frequent disaster prevention drills must be taken into account in consideration of the
vulnerable characteristics of action, so that the space can promote the safety of the space.
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A considerable amount of data is generated throughout the life cycle of a building, and
among them, energy data is vital for measurement and verification (M&V). Meter data
analysis (MDA) has emerged as a powerful tool for studying energy use behavior, and
through data mining and visualization, facility managers can clearly understand the problems
and make better objective decisions based on the data. Most studies in the field of MDA have
focused only on data mining techniques. In this study, a MDA framework was developed
and applied to practical implementation to address a neglected relationship between
techniques and use cases. The research presented here used a heuristic approach to identify
the primary use cases and confirms that MDA and demand side management (DSM) can
help facility managers reduce peak load on campus through M&V and the adoption of
renewable energy and an energy storage system. The study implies that the goal-defining
stage plays a crucial role in MDA, and the findings can contribute to a better understanding
of the important role of accurate and real-time meter data for facility managers to make high-
quality decisions in energy management. Furthermore, for net-zero energy buildings to be
viable, energy use in buildings must be more flexible, and building energy management
systems must generate data-driven strategies that help improve decision-making for facility
managers and increase awareness of energy use among building occupants.
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1. Introduction

In recent years, Taiwan has suffered blackouts during
the heatwave and drought. More recently, there has been an
increasing interest in the resilience of the building and the
grid due to the increasing risk of extreme weather.
Understanding the characteristics of energy use in a
building can help facility managers develop demand
response strategies, and accurate forecasting can benefit the
environment and economy by reducing energy use, peak
load, and the corresponding greenhouse gas emissions.
Advanced metering infrastructure (AMI) is an important
component of the energy management system and plays a
key role in addressing the issue of power outages.

Several systematic reviews of Meter Data Analysis
(MDA) have been carried out. By far, the most complete
survey account of MDA is found in the work of Wang et al.
(2018). In their review of MDA, Wang et al. identify three
key application areas, load analysis, load forecasting, and
load management. However, a major problem with the
MDA application is how to implement energy conservation
actions in a public area such as a campus. Most studies in
the field of MDA have focused only on data mining
techniques. This study aims to contribute to this growing
area of research by exploring ways to fill the research gap
on how to help campus facility managers detect and reduce
campus peak energy demand. This paper has two key
objectives.

1. Demonstrate a simplified descriptive MDA process to
help facility managers make better decisions based on data.
2. Propose a framework for the use of MDA to increase

the engagement in energy conservation on campus.

This study uses historical data from the NYCU
Guangfu campus electricity meter (as shown in Figure 1) to
explore the application of the meter data. Understanding the
link between raw meter data and practical applications will
help facility managers improve the energy efficiency of the

building. The study presented here focuses specifically on

68

the MDA workflow and the application of the MDA results.
Although a full discussion of MDA is beyond the scope of
this study, this paper first gives a brief overview of the
research on meter data. Then we will provide a framework
for MDA and present the primary use cases.

Building-level meter data collected by AMI for billing
purposes have been extensively studied by many
researchers using machine learning methods for pattern
recognition and load forecasting. Like the Internet of Things
applications in buildings, smart meters collect a large
amount of data, and these data must be stored in a common
architecture before they can be used efficiently (Balaji et al.,
2016). Fan et al. (2015) sorted out the various directions of
applying electricity meters data and developed the analysis
framework to analyze data from the massive building
automation system (BAS). Yarbrough et al. (2015) used the
coincidence factor and the heat map analysis tool to analyze
the timing of peak demand in individual buildings. The links
of load patterns have been studied extensively by Capozzoli
et al. (2018). Using a holistic smart meter data analytics
approach, Hu et al. (2021) demonstrated the classification
of the load curve. Open-source meter data, such as Table 1,
can help researchers compare various applications under the
same data foundation. Overall, these studies provide mixed

usefulness of MDA.

evidence for the

Figure 1 Campus electricity meter
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Table 1. Open-source meter data

Name

Description

References

Data size: 507 university’s whole building meter data;

Building Data Genome Project

Miller and Meggers (2017)

Frequency every 1 hour; Duration 1 year (2014/12 — 2015/11)

Data size: 29 university’s whole building meter data;

I-BLEND

Rashid et al. (2019)

Frequency every 1 minute; Duration 52 months

Data size: 1,636 non-residential building meter data;

Building Data Genome Project 2

Miller et al. (2020)

Frequency every 1 hour; Duration 2 years (2016 and 2017)

2. Framework

So far, various methods have been developed and
introduced to perform meter data analysis that can be done
for descriptive or predictive purposes. A case study
approach was used to allow deeper insight into the use of
meter data. In this study, data management and analysis
were performed using R language. The MDA data analysis
workflow was based on the conceptual framework proposed
by Wickham and Grolemund (2016) and can be illustrated
in Figure 2.

/Visualization

Import — Tidy ——>Transform

UnderstanL— Model

Figure 2 Data analysis workflow (Adapted from
Wickham and Grolemund, 2016)

— Communicate

Preprocess Application

This study used three year historical data (2018~2020)
from NYCU’s electricity meters to investigate campus
energy usage. In terms of scale and complexity, the
Guangfu campus of NYCU resembles a small community,
and the total floor area is 585,378 m2. The campus is spread
over an area of 627,200 m? and has a daily population that
exceeds 16,000 people, of which 15,000 are students. 7,000
students live on campus in NYCU housing. There are more
than 52 buildings on campus, of which 18 of the department
buildings and 12 dormitories are currently metered to
provide aggregate energy consumption data. By default, the

campus electricity data set is at a 30-second resolution, and

for this paper, we aggregated it to a 1-hour resolution as an
aid to compatibility with the electricity pricing structure.

Total floor area (m*2)
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Figure 3 NYCU Guangfu campus

The three main steps of exploratory data analysis (EDA)
are as follows:

1. Preprocessing: To prepare raw data from different
sources into a standardized format, the first step must be to
import the target data into the working environment
(R/Python) and load them into a data frame. The second step
is tidying the data to ensure that each column is a variable
and each row is an observation. The tidied meter data will
be as in Table 2.

69



Journal of Property Management, Vol. 13, No. 2, pp. 67-77 (Fall 2022)

2. Modeling: The modeling process may be different
depending on your data mining goal. The transformation
includes zooming in on observations of interest and creating
new variables from existing variables, such as calendar-
based time series features; this procedure is also called
feature engineering. Visualization is always the engine
during EDA and knowledge discovery in the database
(KDD).
modeling process may be repeated many times.

During inferencing and understanding, the

3. Communication: To convey and deliver the knowledge
gained from data mining, which is also the result of the

whole process.

Table 2. Tidied hourly meter data (kWh)

DateTime EA EB EC ED EE

2021-06-09 06:00:00 25 31 246 310 240
2021-06-09 07:00:00 25 34 254 328 254
2021-06-09 08:00:00 34 49 268 374 314
2021-06-09 09:00:00 38 57 292 440 382
2021-06-09 10:00:00 40 65 318 468 438
2021-06-09 11:00:00 42 67 334 480 462
2021-06-09 12:00:00 43 71 334 492 514

2-1 Handling of outliers and missing values

There are several types of outliers in the meter data.
Most of the time, the reason is power off caused by
maintenance monitoring equipment failures. Sometimes the
data can be too large or even negative, which cannot be a
real value and makes it very hard to draw a graph from the
data. Therefore, before performing any further data analysis,
we need to identify outliers, remove outliers if necessary,
and then use linear interpolation to handle the missing value
in a time series. A common statistical method to handle
outliers is based on threshold-based anomaly detection, and
we use the boxplot method proposed by Tukey (1977) to
detect outliers. The result of the boxplot method can be seen
in Figure 4. If Q1 denotes the 25th percentile and Q3
denotes the 75th percentile of the remainder values, then the

interquartile range is defined as IQR = Q3 — Q1
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Observations are labelled as outliers if they are less than
Q1 — 3 X IQR orgreater than Q3 + 3 X IQR.

7000 EXPLANATION
2975 2711 2976 2880 2616 1837 2299 2137 1902 2232 2160 2352 500 Number of values

Houdy Load (kWh)
£

Jan Feb Mar Apr May Jun Jul Aug Sep Oet Nov Dec

Month

Figure 4 Boxplot and explanation of the boxplot
2-2 Check for data accuracy

Before performing any further data analysis, it is
important to check the accuracy of the data. We can
compare the utility bill report with the monthly collected
meter data and calculate the difference ratio.

. . X = Xreference
Dif ference Ratio = T Treference

Xreference
The x is the collected meter data and the X,.ference 1S the
bill report data from the utility company. If missing data is
excluded in this study, the mean difference ratio in year
2020 is 0. Another way to check the accuracy of the data is
to calculate the EUI and compare within the same category

group of buildings to check the reasonability.

SB
270 ¢ .

EUIL
m

Type

Figure 5 Energy Use Intensity (2020)
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Figure 6 NYCU EB department: Tracking real-time demand

2-3 The decomposition of meter data

We can use a decomposable time series model
proposed by Harvey and Peters (1990) to quantify the data.
The model has three main components: trend, seasonality,

and noise. They are combined in the following equation:
yi = Level + Trend + Seasonality + Noise

The average level (Level) describes the average value of the
sequence, the trend (Trend) refers to the change of the
sequence from one period to another, and the seasonality
describes the behavior of the short period in the sequence.

Seasonality can be used throughout the sequence repeatedly.

Noise is a random variable in the sequence and is often
assumed to have a Gaussian distribution. The most effective
way to quickly understand the time series data at hand is to
visualize it. The time series pattern can be inspected through
visualization, and hidden problems, such as extreme values
and missing values, can be easily identified in the data. The

purpose of data mining is to find useful information from

the original data. There are two main common application
techniques for electricity meter data analysis:

1. Historical tracing: Use time as the horizontal axis and
observation as the wvertical axis to perform basic
visualization of time-series data. We can determine the
regularity and abnormal locations through horizontal
inspection, as in Figure 6. It can be seen that the sequence
has a weekly rule and that electricity consumption during
the Chinese calendar and Lunar New Year is significantly
lower due to national holidays.

2. Moving average: Noise reduction can be achieved
through smoothing to find patterns and trends more quickly
(Rong and Bailis, 2017). In Figure 7, the hourly load values
for 1096 days are taken, respectively, 1 day, 7 days and 90
days with a moving average. What stands out in this figure
is the general pattern of the hourly load meter data. The 24
hours and 168 hours SMA can still observe the fluctuation,
and the 2160 hours SMA is very smooth.
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NYCU South Campus Hourly Electricity Usage
Simple Moving Averages (SMA)

= Hourly 24-Hour SMA === 168-Hour SMA === 2160-Hour SMA

Hourly Electricity Usage (kWh)

201‘8-01 201 I8-07 201‘9-01 201“3-07 2026-01 202‘0-07

Hourly Electricity Usage Data (2018-01-01 TO 2020-12-31),
NUMBER OF OBSERVATIONS = 26304

Figure 7 Smoothing method

In a time series, quantifying the correlation between
itself and the values of the surrounding sequence is called
autocorrelation. The model is also called an autoregressive
model (AR). Traditionally, linear regression is based mainly
on trend and seasonality. To predict the time series
according to the law, the common expression is
Ve = Bo + B1YVi—1 + € . The calculation method of the
autocorrelation function is the correlation between its own
sequence and the delayed version of its own sequence. The
left part of Figure 8 is the daily consumption of the EB
department from 2020-11-28 and its delayed version of its
own sequence. For example, EB_lagl is its own sequence
delayed by one day. In the right part of Figure 8, it can be
seen that the value of Lag_1 is 0.4. Generally speaking,
when the autocorrelation function of Lag 1 is positive, it
means that the continuous values move in the same
direction. At the same time, this is also called ‘adhesion’; in
contrast, if the value of Lag 1 is negative, it means that the
larger value is followed by the smaller value. In Figure 7 on
the right, it can also be found that the value of Lag_7 is
significantly larger than that of Lag_14, which represents
the seasonal characteristics of the week in the daily data.
The general autoregressive model is very similar to the

linear regression model and can be written as follows:

p
yi=c+ Z Bive—1 + &
i=1
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EB T EBlagl * EBlag2 * EBlag3 *

2020-11-28

2020-12-02
2020-12-03
2020-12-04

2020-12-05
2020-12-06
2020-12-07

Figure 8 Time series and its lag version

& Autocorrelation
2-4 Feature engineering: Important factors

Time is the most important feature in the meter data.
According to Yoshino et al. (2017), there are six main
factors that can influence total energy use in buildings and
can be organized into two groups. The first group of factors
is the technical and physical factors: the building envelope,
the climate, and the building service systems. The second
group consists of factors influenced by human factors, such
as the operation and maintenance of the building, the
activities and behavior of the inhabitants, and the quality of
the indoor environment. Figure 9 shows the scatter diagram
of the relationship between temperature and electricity
demand. The loess regression (blue line) reveals that the

temperature effect is significant.

Houly Demand (kWh)

10 X

Temperature (°C)

Figure 9 Electricity load (kWh) plotted against
outdoor temperature (deg C)
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Stage 1
Data preprocessing

Handling of Outliers
and Missing Values

Smart meter l
time-series —
dat
raw data Checking Data
Accuracy
Tidy Data

Stage 2
Feature Extraction

Stage 3
Goal Defining

The Decomposition

Feature Engineering

| {

Visualization and
Practical Application

'

( MDA Use Cases: )

of Meter Data

! B

Important Factors ® Measurement and Verification
e Peak Load Analysis
e Forecasting
l e Pattern Recognition
e Demand Response
K.nOWIedg.e ® Fault Detection and Diagnosis
Dlscovery n e Electricity Theft Detection
Database e Others

Figure 10 Flowchart of the proposed MDA framework

2-5 Overview of the proposed framework

As shown in Figure 10, the proposed framework
consists of 3 stages. Stage 0 is the raw data collected by a
building energy management system (BEMS), and the
whole process begins when the data are imported into the
MDA workflow. In stage 1, the data are preprocessed and
tidied. After the outliers are detected and removed and the
missing values are interpolated, the accuracy of the meter
data needs to be checked by the monthly bill report before
further analysis. In stage 2, the knowledge in the data can
be extracted by decomposing the meter data. Level, trend,
and seasonality can be used to quantify the load profile. A
more interpretable model of the meter data can be
developed by adding more important factors through feature
engineering. In stage 3, different methods are carried out
depending on the goals made by the decision makers.
Primary use cases such as M&V and peak load reduction
can be achieved by data visualization and follow-up
analysis and implementation.

A variety of methods are used to explore the meter
data. Each has its advantages and drawbacks. A case-study

Department

Shopping Mall

Figure 12 Building spectrum: From a singl

approach was chosen to help understand how raw data from
the information system can enable facility managers to
benefit from practical application through MDA. As can be
seen in Figure 11, the meter data level can be detailed to the
appliance level, and large to the campus level. Different
levels of data can be utilized for different purposes of M&V.

=
o T
Rl o
H | |
e
o1 T,
T T
| ||

Multiple buildings

Meter Data Level

T
.

Zone Zones A building: multiple zones

Appliance System Whole building Campus

Figure 11 Meter data level
Figure 12 shows that the meter data can come from
different types of buildings and sources, for example,
residential, commercial, and institutional. The main
advantage of using a case study approach framework is that
it can demonstrate different scenarios and timing to use

MDA with the help of accurate and real-time data.

Skyscraper Campus, City

o
@
D,
B

|
e

building to a community
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Figure 13 Peak load: Timing and quantity (The southern part of the Guangfu campus, 2020)

3. Primary use cases

This study establishes a meter data analysis framework
for preparing data ready to be visualized and put into
practical implementation. In peak load analysis, timing and
quantity are the most important factors. As shown in Figure
13, the peak load in June was observed. Interestingly, it is
apparent that the profile for June from Monday to
Wednesday reported that the load is greater than the contract
capacity of 5650 kW (horizontal red dashed line), and the
actual value may be even higher because the load unit is in
kilowatt-hours. What stands out in this figure is the
suboptimal design in contract capacity and the typical load
profile, which can help quantify how and when an end use

consumes energy.
3-1 Use case 1: Target the highest EUI

We can easily obtain the EUI through the monthly
building-level billing report and the basic floor area. After
energy auditing in the SB department, the exhaust system
was identified as the energy hotspot. The cost of the system
upgrade was estimated to be around 10 million NT dollars.
Cost-effectiveness could be determined by comparing the
more efficient equipment (186.75 KW) with the baseline
(non-efficient) equipment (138.75 KW). The estimated
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energy savings for this retrofit project is estimated to be
about 289,737 kWh / year, and the conservation rate would
be 16%. Tu et al. (2010) suggested that every building on
campuses should have AMI, then the actual savings can be
measured and proved. Unfortunately, the meter data at that
time were not accurate. As shown in Figure 14, there was
an error drop before retrofit; therefore, accuracy plays an
essential role in ensuring the robustness of MDA.

ann F

Post-retrofit

Pre-refrofit:

/

Figure 14 SB department meter data (2012-2016)
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V
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Table 3. Verification of energy conservation performance (EB department lighting retrofit)

Pre-retrofit (baseline)

Post-retrofit

2019-11-24 ~ 2019-12-29 &

Duration

2020-03-01 ~ 2020-05-09 (Total 105 days)

Energy Consumption (kWh) 91667
Energy Conservation (kWh)

Conservation Rate (%)

2020-11-29 ~ 2021-01-03 &

2021-02-21 ~ 2021-05-01 (Total 105 days)
73730
17937
19.6%

3-2 Use case 2: Measurement & Verification

M&V is the process of measuring the relative
performance of an energy efficiency investment compared
to not investing (baseline). According to Residovic (2017),
lighting accounts for approximately 25% of the energy
consumption in a typical office building. In this study, the
EB department was chosen as an example of lighting retrofit
M&V and because the EB department is an academic
building, we aligned the two periods of time (Pre-retrofit
and Post-retrofit) by semester week instead of by calendar
day. As Table 3 shows, the average conservation rate is
19.6%, and from the data shown in Figure 15, it is apparent
that the Pre-retrofit line (red line) is higher than the Post-
retrofit line (green dashed line). Although there is no
evidence that the conservation was all due to lighting
retrofit, this result is somewhat intuitive.

Interestingly, there is an opposite result shown in
Figure 15 around index 1750. This result is somewhat
counterintuitive, because the Post-retrofit line is higher than
the Pre-retrofit line. After investigation, there are eight days
(from semester week 5 to week 6) the Post-retrofit line
higher than the Pre-retrofit line around index 1750. During
that period of time, the first four days for the Pre-retrofit
line were the Spring break; on the other hand, there are no
special events for the Post-retrofit line at the same semester
week. And, in the following four days, there was a cold
wave strike in Taiwan in the Pre-retrofit year, on the
contrary, the Post-retrofit year’s temperature was much
higher ; therefore, the electricity use in this week was much
higher than the year before. These results suggest that there

is an association between load, events, and temperature.

group

Pre-retrofit (Baseline)

Post-retrofit

Houry Load (kWh)

Index

Figure 15 Lighting retrofit (before and after)
3-3 Use case 3: Dealing with peak load

To avoid exceeding the contract capacity on campus,
as shown in Figure 13, this study proposed two types of
mechanism. The detailed quantity of the exceeded peak load
is the key indicator for decision making. The three main
components of the first mechanism are listed below:
1. The value of the excess part of the peak load
2. Solar PV
3. Battery energy storage systems (BESS)

After integrating these three parts, the proposed topology of
the campus microgrid is shown in Figure 16. The amount of
energy stored in batteries is used when the photovoltaic
system cannot cover the excess peak load, and the BESS
capacity can be determined by the amount of excess peak
load. The peak load on campus can be limited through the

75



Journal of Property Management, Vol. 13, No. 2, pp. 67-77 (Fall 2022)

battery and solar photovoltaic system and avoid exceeding
the contract capacity, thus lowering the bill.

The second mechanism to reduce peak load is through
the engagement of the occupant in a demand response
program. It is valuable for facility managers to know how
much demand can be expected to be curbed if a program is
requested at a certain time of day and under certain
temperature conditions. According to Hoyt et al. (2015), a
widening of the HVAC temperature setpoint can result in
HVAC savings in the range of 32% to 73% depending on
climate, and HVAC generally accounts for 40% of total
building energy consumption (Pérez-Lombard et al., 2008).
Therefore, zone temperature adjustment is recommended
for load shifting and load shedding to reduce energy use
while maintaining comfort levels. If the scale is large, such
as every possible zone on the campus participating, then the
amount of reduction can be significant. The performance of
the demand response program can also be verified and

traced using real-time meter data.

o\EE) (e

DC AC DC 20

22.8kV — 11.4kV
' AC EAC |380wzzovW 208V/120V

Regular

External

Grid Load

ampus —ﬁ—
BCundiF:\gs[ﬁ] [ﬁ f]:l]

Figure 16 Topology of the campus microgrid

In summary, these results show that making energy
visible may have played a vital role in raising awareness of
energy consumption. Furthermore, the results also reveal
that accurate meter data are the backbone of providing
important insights into how MDA can help facility

managers make better quality decisions.

4. Conclusions

This study has offered a framework for exploring

meter data and demonstrated three use cases to help facility
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managers reduce peak load and energy conservation.
Although the findings should be interpreted with caution,
this study has several strengths. One of the strengths of this
study is that it represents a comprehensive examination of
the entire MDA process. This research has provided
additional evidence on the importance of accurate meter
data and the benefits of the MDA process. It is, of course,
too early to say whether the energy visualization is effective.
However, with successive increases in demand-side
management and the engagement of the occupant, energy
savings can be moved further.

Although the study has successfully demonstrated that
facility managers can improve the quality of decision
making through meter data analysis, it has certain
limitations in terms of a thorough economic analysis and
financial evaluation to identify the benefits and costs of the
project. Furthermore, the study did not evaluate the
effectiveness of DSM activities that involve the
participation of the occupant. These findings would be ideal
topics for further research. Further research and
experimentation on MDA and DSM are strongly

recommended.
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