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Abstract: There is a need for building performance monitoring because it is common that
buildings do not perform as intended. A number of advanced tools for the purpose have
been developed within the last tens of years. However, these tools have not been widely
adopted in real use. A new tool presented here utilizes building automation data and
transforms the data into a set of performance metrics, and is capable of visualizing building
performance from energy, indoor conditions, and HVAC (heating, ventilation and air
conditioning) system perspectives. The purpose of this paper is to study the users’
perceptions of the use of tool. The research method was semi-structured interviews.
Although the users were satisfied with the solution in general, it was not taken into
operative use. The main challenges with the use of the solution were related to
accessibility, trust, and management practices. The interviewees were struggling to manage
with numerous information systems and therefore had problems in finding the solution and
authenticating to it. All the interviewees did not fully trust the solution, since they did not
entirely understand what the performance metrics meant or because the solution had
limitations in assessing building performance. Management practices are needed to support
the performance measurement philosophy.

Keywords: building automation; performance monitoring; performance management;
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1. Introduction

Several countries have set ambitious goals for greenhouse gas reductions for the coming decades.
For example, the European Union is committed to reducing its overall emissions by at least 20%
by 2020 and by 80%-95% by 2050 compared with 1990 levels [1]. Buildings account for a third of
global carbon emissions [2] and are, therefore, in a central role in reaching the carbon dioxide
reduction goals. Various strategies are needed to reduce carbon emissions, such as energy efficiency,
renewable energy, and carbon capture and storage. However, especially the energy efficiency measures
may have negative effects on the indoor environment. This should be avoided, since indoor
environment affects health, productivity, and comfort of the building occupants. Even so, indoor air
quality and other quality problems are not uncommon in today’s buildings. On the contrary, it is
widely recognized that buildings quite often do not perform as intended (e.g., [3-5]). Term
performance gap is sometimes used in describing the difference between designed and actual building
performance. This is associated with designers’ lack of feedback from built and occupied
buildings [6,7]. As the development trend is towards low and zero-energy buildings equipped with new
and complex technologies, there is a danger that the performance gap will be even greater.

One approach for improving the quality and performance of buildings is continuous performance
monitoring [8]. The approach aims at reducing energy use and improving indoor environmental
quality by continuously tracking and analyzing issues mainly related to heating, ventilation, and
air-conditioning (HVAC). Several studies, such as [5,9,10], have shown that building performance can
be improved with this approach. Essential part of the approach is the tool used for performance
monitoring. Since current building automation systems, systems used to manage and control HVAC
equipment, have limited data collection, archiving, and visualization capabilities [7,11], there has been
a need for more advanced performance monitoring tools. During the years these tools have been
developed from the perspectives of fault detection and diagnostics (FDD), commissioning and
performance measurement. Despite the significant research work in this area, there are still many
issues to be addressed. For instance, although FDD and continuous commissioning tools have been
developed for years in research institutes, they have failed to be adopted in the marketplace. On the
other hand, there exists numerous commercial performance measurement products but they have
focused merely on energy measures. In addition, non-energy measures should be measured to avoid
sub-optimization, such as improving energy performance at the expense of indoor conditions.

The study concentrates on evaluating a new solution from the users’ perspective. This is seen to be
important since many of the earlier solutions have not gained success on the market.

2. Tools for Building Performance Monitoring

Advanced information systems in building operation and maintenance have concentrated on
assessing building and system performance rather than on condition monitoring or prognostics of
single equipment. The aim of these tools has been in optimizing building operation, reducing energy
costs, and improving indoor environmental quality whereas the prevention of breakdowns, the estimation
of the remaining useful life of components and the determination of maximum interval between repairs
has not raised interest.
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2.1. Categorization of the Tools

The subject of building performance optimization has been approached from different perspectives
during the years. As a result of this, there are various names for the tools used to optimize building
performance. Scholars have also described and categorized the tools in different manners.

One of the terms used in this context is fault detection and diagnostics (FDD). Much of the research
and development work in this field was conducted during the 1990s in two International Energy
Agency (IEA) initiated annexes, Annex 25 and Annex 34. The FDD tools are often divided into
manual and automated tools. Manual tools only assist in fault detection and diagnosis and the
identification of the abnormal behavior and the localization of the fault are left to the user of the tool.
Automated tools, on the other hand, use software to automate the different steps of fault detection and
diagnostics. However, the distinction between manual and automated FDD tools is not always
straightforward, since tools have various levels of automation in their data collection, processing, and
diagnostics procedures [12].

Another approach to the subject is building commissioning. Many commissioning tools were
developed in Annexes 40 and 47 during the years 2001-2009. Tools exploiting metering and trending
software for continuous tracking and performance monitoring were called as continuous, monitoring
based or ongoing commissioning tools. Many of the tools developed in Annexes 40 and 47 were
the same that were introduced during the Annexes 25 and 34 [13].

Performance monitoring is also a term used in describing tools similar to the ones presented above.
Brambley ef al. [11] define performance monitoring as “a process of continuous measurement to
support building energy analysis and control”. They also state that performance monitoring tools
are intended for manual or visual analysis, in contrast to automated fault detection and diagnostic tools
that provide a notification when a fault occurs. Thus, there is analogy with this definition and the
definition of manual FDD tools.

In addition, these tools are sometimes referred as Energy Information Systems (EIS). EIS are
software, data acquisition hardware and communication systems that collect, analyze, and display
building information to aid in reducing energy use and costs in buildings [14]. EIS typically process
energy consumption data and therefore concentrate on analyzing the energy performance of the
building. Some EIS offer building level anomaly detection but automated FDD functionalities are
not common on the lower levels of energy metering [15].

Furthermore, information dashboard is one of the terms related to building performance visualization.
Few [16] describes information dashboards as single-screen displays presenting the most important
information people need to do a job illustrated in a way that allows the users to monitor what’s going
on in an instant. Usually information dashboards are applied in the building sector for displaying
energy use figures.

Finally, Lehrer [17] uses the term building visualization products for tools that have been developed
primarily to visually display trend data and to enable historical and normative comparison. Many of
these tools visualize building energy and water use in various formats providing tailored interfaces for
building owners, operators, and occupants. For example, users can choose whether the energy use is
displayed in kilowatt hours, costs, or carbon dioxide equivalents. There are noticeable similarities with
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the products Lehrer [17] refers to and energy information systems and information dashboards. All of
them are primarily used for assessing building energy performance.

As described above, several different terms are used in referring to very similar kind of tools. There
is some overlap between the tools that the terms refer to, yet there are also differences. Common to all
of these tools is that they collect, process, and visualize data using data acquisition and information
techniques beyond the standard building automation. Variation can be found in what degree the tools
assist users in fault detection and diagnostics. Some tools have automated parts of the FDD process
whereas others rely on the knowledgeable tool users. Differences can be found also in the data sources
the tools use. Some tools concentrate on energy use data where as others utilize data from a variety of
data sources including building automation systems, utility meters, or separate sensors dedicated for
this purpose.

2.2. Challenges in Adopting the Tools

Performance monitoring tools that concentrate on visualizing energy consumption data are widely
used in the building industry. There exist several guides (e.g., [18,19]) that provide best practices for
the use of the tools. However, more advanced tool features such as fault detection and diagnostics are
still in its infancy [20-22]. There are several reasons for the lack of widespread availability of fault
detection and diagnostics tools:

*  Lack of quantified evidence on the benefits of fault detection and diagnostics;

*  Faults in HVAC systems rarely cause considerable economical losses or danger to safety
or health;

* Lack of adequate sensors installed on HVAC systems;

*  The sensitivity and robustness of FDD methods need more investigation;

*  The time and cost of installing a FDD tool can be significant;

* Intelligent algorithms are often neglected in practice;

*  The benefits of FDD are not realized since sufficient resources may not be available for the use
of the FDD tools.

There is only little quantified information available on the benefits of FDD. Possibly due to this,
there is lack of demand for FDD tools from building owners and operations and maintenance
community [23]. The users of the FDD tools want to be confident that the tools will save them money
and therefore more demonstrations in real-buildings and well documented case-studies with savings
calculations are needed [24].

Fault detection and diagnostics was first established in the aerospace and nuclear industries, where
early identification of small malfunctions would save lives [25]. In other industries, such as process
and automotive, unnecessary production line stoppages can cause significant economic losses.
However, high reliability and safety are not as important in building operations where processes are
less critical. As a consequence of this, FDD has not generated the same level of interest among
building researchers, owners, and operators [11].

Typically only a small number of sensors are installed in HVAC systems to keep the system
costs low [26]. In addition, the quality (accuracy, precision, and reliability) of the sensors installed can
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be inadequate [19]. This makes it difficult to develop fault detection and diagnostics methods to
HVAC systems.

The detection sensitivity of the methods and occurrence rates for false alarms have not been
thoroughly investigated in real buildings [23]. Setting fault thresholds is a challenging task since
a balance between sensitivity in detecting faults and robustness in minimizing false alarms must be
found [27]. If the threshold is too low, normal variation in the data may trigger false alarm. On the
other hand, if the threshold is too high, only the most severe faults will be detected [28]. In addition,
many of the present FDD tools are able to detect single faults but fail to detect multiple simultaneous
faults [23].

The installation and tuning of a FDD tool may require expert knowledge and can be a time
consuming task [24]. For example, a set up time of one week was reported by Smith [29]. Therefore,
the cost of setting up a FDD tool can be significant.

A variety of intelligent algorithms and software-based technologies, such as artificial intelligence,
pattern recognition, neural networks and fuzzy logic, have been developed in recent decades in order
solve complex problems in technical systems [30]. Demonstrations and pilots in this field have shown
good results but only few solutions have proceeded to commercial products. These techniques require
considerable knowledge to be applied and maintained correctly, necessitating participation by skilled
professionals and leading to high design and maintenance costs for the solution. In addition, these
solutions are seldom transparent or well understood in field use, which leads to a lack of trust [31].

Often building operators and facility managers have several responsibilities beyond using the FDD
tools. If operators and managers are too busy with other duties, such as taking care of occupant
complaints, it can be difficult to find time for the use of the FDD tools. In addition to using and
analyzing the diagnosis of the tool, resources are required to correct the faults that the tool identified.
It is insufficient merely to identify problems and their impacts, but building staff must correct
them [11]. The benefits of the FDD tool are not gained until the corrective actions have been taken to
fix the faults [12].

3. Method

In this study, the users’ experiences of the use of a performance monitoring and management system
(PEMMS) were explored using semi-structured interviews. The PEMMS is in use in three buildings in
the Helsinki region in Finland. Two of them are office buildings and one is a commercial building.

3.1. Performance Monitoring and Management System (PEMMS)

The PEMMS is a new tool developed as part of a larger research effort which was conducted in
a Finnish building services company. The research effort aimed at utilizing building automation
systems in the development of new services for building operation and maintenance. The first author
was responsible of the research project and PEMMS development. The tool turns building automation
data into a set of performance metrics which approach building performance from three perspectives:
energy, indoor conditions and HVAC system performance. The system provides high-level performance
reports which enable the overall building performance to be assessed at a glance. In addition,
the system offers information that is detailed enough to help the user in finding the causes of degraded
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performance. As the name of the PEMMS suggests, it is intended to be utilized in both building
performance management and performance monitoring.

The system architecture of PEMMS is shown in Figure 1. PEMMS uses a building automation
system to collect and store data points at a 10-min interval. The data is first saved as trend logs in
controllers and then collected to a database server located in the building for long-term storage. This
server is connected through internet to a central server that polls and stores data from several buildings.
Finally, the data is transferred to another server which includes an application to visualize the data in
performance metrics on a web page. The calculations needed to transform building automation data
into performance metrics are performed in the controllers, the database located in the building,
as well as by the visualization application. The system is constructed by using hardware and software
platforms already available on the market. The key components of the system are Tridium Niagara
automation and integration products and SAP Crystal Dashboard Design business intelligence software.

Figure 1. PEMMS architecture.
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The front page of the PEMMS gives a holistic view of building’s performance as shown in Figure 2.
The idea of the front page is to provide a fast and intuitive picture of the current and past performance.
The performance metrics provided by the PEMMS can be accessed by a regular web browser.
In addition to an internet connection, the user is required to have a username and a password to login
to the system.

The percentage values presented in the front page describe the performance of the whole building.
The energy and HVAC system metrics are calculated for all AHUs (air handling units) linked to the
PEMMS and the percentage value shown in the front page is calculated as an average value of these
AHU metrics. Similarly, the indoor conditions metric is calculated for all spaces linked to the PEMMS
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and the front page percentage presents the average value of these space-specific indoor conditions
metrics. Gauges in the front page are used to present the current state (the performance of the ongoing
month) of each performance category. On the right side of the gauges, the current state is compared to
the performance of the previous month. The five currently worst performing AHUs and spaces are
presented in the middle of the page and the performance history of twelve previous months is
illustrated on the right side of the page.

Building automation data is transformed into performance metrics by comparing actual measurements
with predetermined targets. Each performance target is based on either of the following principles:

* Target values are generally seen as representing good performance, such as targets derived
from building standards or guides;

*  Target values represent good performance for the building or the equipment in question, such
as targets presenting optimal operation or targets that can be achieved according to the
equipment manufacturer.

Figure 2. Front page of performance monitoring and management system (PEMMS).
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Performance targets can include one or two target values. If there is one target value for the
performance metric, the metric is calculated by dividing the actual measurement with the target value.
In the case of two target values, the metric is calculated by counting the time during which the actual
measurements are inside the minimum and maximum target values and dividing this time with the
total measurement time. The results of the divisions are multiplied with 100 to convert metrics into
percentage format. The comparison of actual measurements with target values enables performance
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metrics to be presented in 0%—100% scale where 100% signifies the best performance possible.

The method used in transforming building automation data into performance metrics is summarized

in Figure 3.

Figure 3. Methods of transforming automation data into performance metrics.
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The PEMMS offers also drill-down capabilities to view detailed information behind each metric.

In addition to the front page, there are two levels of performance reports providing information on

metrics and sub-measures of each air handling unit and space as well as on the actual measurement

data as illustrated in Figure 4.

Figure 4. Reporting hierarchy.
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On the second level of reporting, the users can view indoor conditions metrics of each space

linked to the system on a color coded floor plan where red means poor performance, yellow means

satisfactory performance and green means good performance. The indoor conditions metrics are

presented as monthly summaries on the floor plan and the users can freely select the month they want

to view. On the second level, it is also possible to view energy and HVAC system metrics and
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sub-measures of each AHU. The actual measurement data, on which the sub-measures and metrics are
based, is available on the third level of reporting to be used for in-depth analysis. The data is visualized
using time series plots and the users can determine which data points are to be plotted. PEMMS only
assists in fault detection and diagnostics by visualizing building data. The localization of faults is left
for the system user.

3.2. Qualitative Interview Study

Semi-structured interviews were conducted to get an insight of the users’ experiences and opinions
of the PEMMS and especially to gain an in-depth understanding of the challenges associated with use
of the system. In the semi-structured interview method, the interviewer has a list of predetermined
questions to be asked of the respondents. The predetermined questions only guide the discussion while
at the same time giving the opportunity for the interviewer to explore particular themes or responses
further [32]. On the other hand, the list of questions ensures that the same basic lines of inquiry are
conducted with each interviewee [33]. The predetermined interview questions are shown in Table 1.

Table 1. Predetermined interview questions.

Please tell about your role and responsibilities in the building where the PEMMS is in use.

What information systems associated to building operation and maintenance do you use in your work? How
often do you use these systems?

What deficiencies do you see in these systems? What kind of information would you need in your work?

Why did you acquire PEMMS? What kind of expectations did you have for the system? (only presented to
persons who participate in the purchase decision making)

Have you participated to the development or the implementation of PEMMS?

In what ways has the implementation/use of PEMMS been supported or motivated?

What did you think about the training and the instructions?

Have you used the PEMMS? How often have you used it? Has the use been mandatory or voluntary?

For what purposes have you used the PEMMS?

What is your overall impression of the PEMMS and satisfaction with the system?

Has the system been useful in your work?

What do you think about the information quality or the user interface of the system?

How would you describe the difficultness or easiness of use of the system?

What kind of changes has there been in working procedures/organizations/management practices?

What kind of benefits has the system provided?

What challenges do you see in the use of the system?

What would you improve in the system?

Do you intend to use the system in the future?

Do you intend to purchase similar kind of systems in the future? (only presented to persons who participate in
the purchase decision making)

Background information of all the ten persons participating to the interviews is presented in Table 2.
The interviewees are classified into three categories according to their role in the studied buildings:
owner, user and service provider. In addition to the role of the interviewee, Table 2 represents
information on the respondents’ responsibilities, the time period he or she has had the access to the
PEMMS and the building where the respondents worked on. The duration of access is calculated from
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the time the user has received a username and a password to the PEMMS to the time when the user
is interviewed.

Table 2. Background information of the interviewees.

No. Role Occupation Duration of access Building
1 Owner HVAC specialist 39 weeks Office building 1
2 Owner/user Head of corporate real estate 6 weeks Office building 2
management
3 Owner/user Facility manager 6 weeks Office building 2
4 Service provider Facility manager 30 weeks Commercial building
5  Service provider  Customer service manager 29 weeks Commercial building
6  Service provider  Customer service manager 29 weeks Commercial building
7  Service provider Energy consultant 8 weeks Office building 2
8  Service provider Energy consultant 7 weeks Office building 2
9  Service provider Service man 6 weeks Office building 2
10 Service provider Service man 4 weeks Office building 2

The interviews took place at each of the interviewees’ workplace and they were held in Finnish and
lasted from 30 min to two hours. The intention was to organize the interviews so that the interviewees
would have the possibility to use the PEMMS during the discussions. The aim with this was to remind
the user of the capabilities and challenges of the system as well to provide the interviewer with the
possibility to observe the use of the system. The PEMMS was available in nine of the ten interviews.
At the beginning of the interviews, the interviewees were informed about the purpose of the study as
well as the anonymity and the confidentiality practices. All the interviews were tape recorded and field
notes were taken during the discussions to ease the data analysis. All the interviews were conducted by
the first author of the paper between May and July 2011.

The interviews were analyzed using content analysis to identify emerging themes from the
interview data. The research approach used in the analysis was abductive, meaning that the analysis
was a continuous interplay between the theory and the empirical data. Thus, the findings were based
on both prior theory and the empirical research. The data analysis started with reviewing the field notes
several times to develop an initial coding scheme. The coding was used to identify themes arising from
the interview data. The emerging themes that were not discussed in the state of the art review led to
search for new theories supporting these findings. Finally, the identified themes were grouped under
four categories: (1) implementation of the system; (2) frequency and purpose of use; (3) positive
experiences; and (4) challenges and proposals for improvement. This categorization formed the basis
for presenting the interview results. Direct quotations were used in reporting the results to provide
sufficient descriptions of the phenomena.

4. Results
4.1. Implementation of the System

During the implementation of the PEMMS, approximately one hour training session to the use of
the system was organized in each of the three buildings. All the interviewees, apart from one, had
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participated this session. The training included an introduction to the system and an outline of the
system features and capabilities. After the session, usernames and passwords were sent to the users
by email so that they could familiarize themselves with the system. Most of the interviewees thought
that this kind of short introduction to the system use was sufficient and that the best way to learn is
by doing.

“In my opinion the training was sufficient at this point ... you cannot learn so much at one

time ... it is easier if you familiarize yourself with the system, then you can ask more and

understand better what it is about.”

“I thought that it (the training) was good ... it is good that the training is short so that too
much information is not given ... usually you learn by doing ... I believe that everyone can

figure out themselves how the system works in detail.”

“The system is extremely clear. The only thing that is needed is to go through what the

terms mean.”’

However, two interviewees would have also wanted written training materials, such as instructions,
manuals or handouts. As the other of them stated:

“... some kind of manual, what the system enables and how you find it. You cannot

remember everything after the training.”

In addition to the system training, no other organizational support was mentioned during the
interviews. Neither had any of the interviewees participated in the development of the PEMMS.

4.2. Frequency and Purpose of Use

All the interviewees had used the PEMMS for one to three times, i.e., none of them had used it on
a daily or weekly basis. The use of the system was voluntary. The following words were used in

describing the system usage:
“I have only tested it (the PEMMS) for few times”
“I have just familiarized myself with it (the PEMMS).”

In one of the buildings where the PEMMS had been in use for only a short time (the interviewees
had received the access to the system for four to eight weeks before the interview), the aim was to test
the system for a short period and then make decisions on how the system will be utilized in the future.
However, in the other two buildings where the PEMMS was introduced several months ago
(the interviewees had received the access to the system for 29 to 39 weeks before the interview),
the system had remained in test use and was not taken into operative use.

During the use of the system, few abnormal performance values had been noticed. However, no
actions had been made to find out what were the causes for these anomalies. For example, one of the

interviewees said:

“I viewed the HVAC performance metrics, why is there good and poor air handling units.

I took a glance at the spaces as well, how they are performing. It gave me good
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information. It was quite warm in there ... the reason is not known ... it has not yet been
sorted out. It would require going to the site.”

As the use of the system was limited to testing, no actual benefits were gained with the help of the
system. No faults were corrected or energy efficiency or indoor conditions improved.

Observations during the interviews supported that the PEMMS had been used only for few times by
the interviewees. Most of the users did not fully remember where each report was located or what
would happen when pressing on some of the icons. The two interviewed energy consultants made an
exception to this. Although the consultants had used the PEMMS two or three times, they used the
system in a routine manner. Both of them had even found performance metric calculation errors which
had not been noticed by the system developers.

All the interviewees believed that they would use the PEMMS in the future. However, it was not
clear how often they would use it. Two of the interviewees said that they will probably use the system
one or twice a month whereas the others stated something more undefined and could not specify more
clearly the future use. As one of the latter ones answered:

“I suppose [ will use it ... I have a link to it on my computer. From there I can find it.”

Four of the interviewees were in a position to make investment decisions and to them the last
question “Do you intend to purchase similar kind of systems in the future?” was presented. One of the
decision makers was so satisfied with the PEMMS that was ready to order the system to other
buildings as well. Two other interviewees wanted to gather more experiences with these kinds of
systems and one said that he presumably will not invest more in these systems in the future.

4.3. Positive Experiences

The end user feedback concerning the usability of the PEMMS was positive. However, no real
usability study was performed. The interviewees told that were satisfied with the system interface
and described it as follows:

“In my opinion this makes common sense. You can quickly see if everything is fine and
if not then you can search what might be the problem behind it.”

“I think that this is clear this front page. There is no unnecessary information on the front

page. You can see certain things at a glance”

“In my opinion this is very easy (to use). And then this is also very clear. This is not too
complicated ... even a stupid can understand this. You don’t need to be a technical expert

’

to understand this.’

All the interviewees, regardless of their position in the operation and maintenance organization,
thought that they could utilize the PEMMS as a part of their work. The interviewees identified that the
system provides several capabilities. In their opinion the system could be used for monitoring building
performance, optimizing operation, detecting faults before they affect indoor conditions and assessing
the impacts of corrective measures on building performance.
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“The more there are devices in the building the better this (the PEMMS) services it ...
when there are large number of devices, it is difficult to see the overall performance ...
some things can go unnoticed, there may not be alarms but still the process does not
work optimally ... this (the PEMMS) definitely assists ... you can drill down to see what

is wrong.”
“This is a monitoring application.”

“The history information is good. If something is creating problems all the time and if
actions are taken to fix it, you can easily see what kind of affect it has on performance ...
The system provides advantage if you can predict things and you don’t need to hurry only
after someone comes to complain. This would be good customer service ... This is a tool of

>

the future for maintenance men. It is about predicting things ...’
4.4. Challenges and Proposals for Improvement

Many of the PEMMS users stated that they lack time to use the system. In today’s hectic work
environment with numerous information systems it can be hard to find time to a new system, such as
PEMMS. It was also mentioned that even the existing system are not fully utilized or used at all.
For example, one of the interviewees pointed out that:

“The Computerized Maintenance Management Systems are often not updated ... all the

’

documents are not included ... this is very common.’

On the other hand, it was noted that the lack of time cannot be an obstacle to the use of PEMMS
since the system provides a quick overview of the building performance. It takes only few seconds to
view the front page of the system to check whether something is wrong with the building.

In order to be used in the hectic work environment, many interviewees suggested that an easier
access should be provided to performance metric information. Although the PEMMS can be accessed
by a web browser and the front page of the system provides a fast picture of the building performance,
the users perceived that the information was not enough easy to obtain. Since the interviewees
had only used the system for few times, they had difficulties in remembering the web site address,
usernames as well as passwords. The interviewees stated that the performance reports should be
accessible from those applications that they would otherwise use in their daily work, such as email or
the Computerized Maintenance Management System (CMMS). At least the front page performance
metrics should be in these applications so that they could be quickly viewed while performing other
work tasks. Another proposal was to receive notifications of poor performance to email to avoid
unnecessary logins to the system. Currently the user may login to the system to see that everything
is well in the building but by receiving performance alarms the system would only be used in abnormal
situations. The idea would be to devote time to the system only in situations when the performance
differs from the expected.

“Alarm limits, you would get alarms to email stating that the performance has dropped

under 50% or whatever the limit is.”
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“The thing that would be needed and would be efficient is reporting once a month to
email ... is would be handy, you wouldn’t need to login to the system.”

“If the system had an alarm feature ... stating that something is wrong now ... without

’

login in to the system’

In addition to system access difficulties, some of the interviewees did not fully trust the PEMMS.
The performance metric idea was new to the users and they did not entirely understand what the

metrics meant and what they could enable.

“I have just familiarized with the system and all these (calculation principles) have not

’

entirely opened up to me.’

“It (the PEMMS) could be useful when you start to understand how the system functions

and you begin to trust it.”

Another issue affecting the trust was the system’s limited capability to measure building
performance. The PEMMS has several limitations and some of these were also noticed by the
interviewees. The limitations that the users identified were associated with indoor condition
measurements and inability to take into account exceptional process operating modes. Although the
indoor air temperature shown by the automation system or the PEMMS seems to be on a good level,
it does not guarantee that the building occupants are satisfied with it.

“The outdoor temperature determines how people perceive indoor conditions ... there are
those people that think 22 °C is cold ... we cannot go and say that this temperature
is good.”

“It is not able to interpret all, in all possible way ... for example does the night cooling or

heating work as suppose to.”

Few proposals were given to improve the interface and the usability of the PEMMS. Most of these
were connected to trending. The interviewees commented that this part of the reporting should be

made more usable.

“I would see that there is much to improve in the trending features ... when I open this
trend page, it does not tell me anything ... some of the features were such that I did not

even notice that something had happened.”

“Then the trending could be more user-friendly ... the possibility to display more plots at a
time ... the x-axis could scale automatically.”

Some new features were suggested to the system during the interviews. They were for example:

“Question marks could include information of the air handling units, such as the size of
the unit.”
“Floor plan pictures could show which areas each air handling unit serves.”

“The system was sometimes slow to use. Could it be faster?”

“When you click a trend, could it be opened in another window?”
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“Could the indoor air temperature be viewed from energy efficiency perspective in the
floor plan reports?”

5. Discussion
5.1. Present Use of the System

The PEMMS was in test use in each of the studied buildings. The idea of presenting building
performance as performance metrics was new to the users and they wanted to gain experiences with
the system. In one of the buildings where the system was just taken into use, the aim was to test the use
of the system and then make decisions on how to utilize it in the future. Thus, it was understandable
that the system was not utilized more thoroughly in this case. However, the PEMMS had stayed in
test use in the other building as well, although the users had received access to the system for
several months.

Despite there were no significant differences in the frequency of use (varied between one to three
times), there had probably been differences in the thoroughness of use. For instance, the interviewed
energy consultants were able to discover errors in the performance metric calculations, though they
had only used the PEMMS for few times.

The users had not utilized the PEMMS more frequently although they were satisfied with the
system in general. The users had identified the capabilities of the system and though that the user
interface of the system was easy to and use suitable for non-technical users as well. The users had also
recognized several useful features in the system, such as the ability see the overall performance of the
building at a glance and the possibility drill-down into detailed information if necessary. All the
interviewees also thought that they could utilize the PEMMS as a part of their work in either building
performance monitoring or management.

Since the use of PEMMS was limited to testing and experimenting, no actual benefits were gained
with the help of the system. The success of PEMMS was limited to good user satisfaction. Although
the users were satisfied with the system, it did not lead to any individual or organizational impacts. It is
not unexceptional that information systems are underutilized or left unused. As discussed in
Section 2.2, despite of the benefits of fault detection and diagnostics systems they have not been
adopted on the building sector. In addition, it is typical that building automation systems are
not fully utilized.

5.2. Challenges and Proposals for Improvement

The low amount of use of the PEMMS has certainly had an effect on the identified challenges
and proposals for improvement that the users mentioned during the interviews. An in-depth analysis of
the system usage is difficult to make based on just one to three instances of use. On the other hand,
the feedback from the interviewees presented their first impression of the system which can be valuable
as well. The same kind of challenges came up in almost every discussion. The main challenges were
associated with accessibility, trust and management practices. The first two challenges were directly
mentioned by the interviewees themselves but the third was more based on author’s interpretations and
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prior studies. All the three challenges with proposals for improvement are discussed in detail in the
following paragraphs.

5.2.1. Information Accessibility

Many of the interviewees wished that the performance metric information could be easier to access.
In today’s hectic work environment, information should be accessible as convenient and fast as possible.
The interviewees were struggling to manage with numerous information systems and therefore had
problems in finding the PEMMS and authenticating to it.

Highlighting the importance accessibility was not surprising. Numerous information science
studies have shown that accessibility is the factor that influences most when selecting information
sources [34-36]. Information seekers tend to choose information sources that are obtained with the
least effort. However, there are various interpretations of the concept of accessibility. Bronstein [37]
found in her study five meanings for accessibility and of these three were also supported by earlier
studies. The three elements were ease of use, time saving, and physical proximity. With physical
proximity she meant the convenience of accessing information. To the PEMMS users the most challenging
accessibility element was physical proximity as they had difficulties in remembering the PEMMS
website address and usernames as well as passwords.

To overcome the accessibility difficulties the users proposed that the performance reports or at least
the front page of the PEMMS should be accessible from those applications that they would otherwise
use in their daily work, such as email or the Computerized Maintenance Management System
(CMMS). Another suggestion was to receive performance alarms of poorly performing devices so that
time would be devoted to building performance issues only when the performance deviates from
the expected. These wishes are in line with the findings of prior studies as the users would like to
obtain information as easily as possible.

Probably because the interview questions concentrated around PEMMS, the interviewees suggested
that the PEMMS should resolve the difficulties with accessibility. However, the problem could be solved
with organizational procedures as well. For instance, one person in the operation and maintenance
organization could be responsible for the use of the PEMMS and he or she could print performance
reports to weekly or monthly meetings as well as inform the necessary people in case of anomalies.
All the parties would receive performance information in a convenient way and response to performance
deviations would be secured.

Although the importance of information accessibility is known is the field of information science,
it has been overlooked in the context of building performance visualization and fault detection and
diagnostics tools. Many of these tools, such as tools described in the studies of Friedman and
Piette [12], Motegi and Piette [38], and Granderson et al. [15], have aimed at providing building
performance information on a web page. The challenge so far has been in creating a system that
collects performance data, processes it to information and presents the information on the web. In this
setting, challenges have been confronted, for instance, with data acquisition and quality [11,15,39,40].
However, the findings of this study suggest that the system users may not be satisfied with a web
portal dedicated in displaying performance information. The users do not want a new system as they
are struggling to manage with numerous existing ones. Instead, the users would like to receive
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information as easily as possible preferably to applications that they would otherwise use in their
daily work.

5.2.2. Trust in the System

All the interviewees did not fully trust the PEMMS. To some of the users, the whole concept of
performance measurement was new and others did not entirely understand what the metrics meant.
In addition, some users commented that the system had only limited capabilities in assessing building
performance. The system was not able to take account all operating modes or able to measure all
aspects of building performance. Similar lack of trust has been one of the reasons why only few
solutions based on intelligent algorithms, such as artificial intelligence and neural networks, have
proceeded to commercial products [31]. These solutions are often neglected in practice since they are
seldom transparent or well understood in field use.

The users did not themselves suggest any methods to solve the lack of trust challenge. However,
the challenge could certainly be addressed by educating the PEMMS users and by improving
the performance measurement features of PEMMS. Training and education could provide a deeper
understanding of the possibilities and capabilities of performance measurement. On the other hand,
the limitations of the PEMMS could be reduced by developing the system further to take into consideration
other aspects of building performance.

5.2.3. Management Practices

Although the accessibility of the PEMMS could be improved to meet the user requirements,
it still would not guarantee that the performance reports provided by the system would be utilized in
improving building performance. Turning information into actions and improvements requires
management practices that support the performance measurement philosophy. The PEMMS is only
one part of a larger entity which aims at improving building performance.

Signs of above mentioned management practices could not be observed in the studied buildings.
The PEMMS was currently used only for test purposes to see how the system works and therefore
there were no changes in managerial practices or in ways of working. However, to achieve better
building performance, the working procedures should change as well. The PEMMS itself does not
improve building performance, it only enables the improvements. Similar lack of management
practices supporting performance improvements has been reported in the field building performance
visualization and fault detection and diagnostics tools. Although, most of the studies in this field have
focused on technical aspects some have also described managerial and organizational challenges.
For instance, Katipamula et al. [41] stated that the benefits of fault detection and diagnostics tools will
not be realized if the building staff are not able use their control systems to correct problems, are
too busy with other duties or lack resources to obtain help from control contractors. In addition,
Neumann and Jacob [40] reported of organizational problems in implementing ongoing commissioning
tools. According to them, ongoing commissioning approach requires a dedicated team, clarification of
responsibilities and an action management plan to gain achievements. Venkatesh et al. [42] described
the importance of organizational infrastructure to the acceptance of information systems and
Mahmood et al. [43] explained how organizational attitude and support affect user satisfaction.
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In order to achieve improvements in building performance, the same management practices that are
utilized in other fields of performance management could be used. For instance, management methods
used in energy performance measurement could provide a good starting point since there exists
a long history in conducting energy performance measures. The management principles and the
lessons learned in energy performance management could now be applied to other fields of building
performance. There are several guides for implementing energy performance management practices
and one of them is by the Office of Energy Efficiency of Natural Resources Canada [44]. According to
the guide, a successful energy management program requires:

*  Management’s understanding and commitment;
*  Company policies, directives and organization;
*  Program responsibilities;

*  Procedures and systems;

*  Project selection and focus;

*  Approved budget;

*  Approved investment criteria;

*  Training;

* Integrated information systems;

*  Reports on savings achieved;

e Motivation;

*  Marketing.

As can be seen from the above list, only few of the elements of success are related to technology.
However, the technology part is important since it enables the whole management program.

6. Conclusions

A new tool called PEMMS was developed for building performance monitoring and management.
The PEMMS utilizes building automation data and transforms the data into a set of performance
metrics, and is capable of visualizing building performance from energy, indoor conditions and HVAC
system perspectives. The PEMMS can be accessed by a regular web browser.

The PEMMS is in use in three buildings in which the users’ experiences of the use of a performance
monitoring and management system (PEMMS) were explored using semi-structured interviews.
The following findings were made.

The users told they are satisfied with the solution in general. However, the PEMMS was not taken
into operative use. The main challenges with the use of the solution were related to accessibility,
trust and management practices.

The users were struggling to manage with numerous information systems and therefore had
problems in finding the PEMMS and authenticating to it. Instead of logging to the PEMMS they
would rather receive information to applications that they otherwise use in their daily work.

The second reason for not using the system was the lack of trust. All the interviewees did not fully
understand what the performance metrics meant. In addition, some users commented that the system
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had only limited capabilities in assessing building performance, i.e., the system was not able to
measure all aspects of building performance.

The third challenge was associated with management practices. The PEMMS and other similar
systems are not taken in everyday use if management practices do not support the use. First,
management practices should support the performance measurement philosophy. Second, management
practices should support the use of the PEMMS (or other tool) for performance measurement. Third,
management practices should support the way to turn the performance information into actions and
improvements. The PEMMS was used only for test purposes to see how the system works and
therefore there were no changes in managerial practices.
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