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Abstract: Sustaining standard indoor environmental quality (IEQ) is a crucial factor in promoting
occupant health and comfort, and a significant proportion of a facility’s energy use is directed toward
indoor climate control. Meanwhile, because operation of facilities accounts for a large share of the world’s
energy consumption, it has warranted increased interest in efforts to design facility energy management
systems that reduce energy consumption. In this context, facility managers aim to achieve the optimal
balance between occupant comfort and overall energy consumption. The objective of this paper is to
demonstrate a framework that assists facility managers in identifying residential occupant activities that
influence energy consumption and also ascertaining any correlation or sequential activities patterns and
their association with respect to IEQ. This work is facilitated by the installation of various sensors in a
case study, the “Stony Mountain Plaza” project in Fort McMurray, Canada. It is expected that the
extracted information and strategies acquired from the framework can be implemented within the facility
management system to achieve financial, environmental, and health benefits.
1

BACKGROUND

Generally speaking people spend most of their time indoors in a home or workplace (US Bureau of Labor
Statistics 2006), a trend which rings especially true for cold climatic regions like Canada, where winters
are cold and long (Statistics Canada 2001). A national survey on Canadian human activity patterns
conducted in 2010–2011 indicates that the average Canadian spends 90% of their time indoors, most of
which is at home (Matz et al. 2014; Public Health Agency of Canada 2010). Notably, these indoor spaces,
which are considered to be safe and secure shelters, for many can become a cause of serious health
problems because of poor indoor environmental quality (non-standard CO 2 level, RH level, and/or indoor
temperature) (Sharmin et al. 2014). It is observed that, in addition to external air sources, building
materials, and furnishings, one of the major influences on indoor environment is occupant activities.
Studies indicate that occupant appliance usage (including faulty usage) and comfort-related choices (use
of HVAC, electrical duct heating, energy recovery ventilation, window opening patterns) affect indoor
environmental quality (IEQ) and may cause indoor air contamination (Building Air Quality 1991).
Meanwhile, operation of appliances and maintaining of occupants’ desired indoor temperature requires
considerable energy. In 2007, Canadian households consumed a total of 1,368,955 TJ (terajoules) of
energy and in 2011 there was a 4% increase to 1,425,185 (TJ) (Statistics Canada 2011). Statistics
indicate that improper use of appliances (both in residential and commercial facilities) accounts for a
substantial share of total energy wastage; however, a 30% reduction in energy consumption can be
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achieved by eliminating wastage in facilities, which underscores the need for an effective building
management system (BMS) to manage/control operational energy usage without compromising occupant
comfort.
Along with technological advancements there is a growing interest in improving the intelligence of
facilities by means of sensor-based building management systems capable of collecting vast amounts of
building-related data. However, it should be considered that in order to take advantage of such systems,
all the relevant observations need to be extracted, since less than optimal building performance may be
encountered when energy use information is inadequate. Recent studies indicate that adapting different
monitoring systems, using modern, energy-saving technologies and providing appropriate feedbacks to
building occupants can reduce energy consumption by up to 20% (Abrahamse et al. 2005; Darby 2006;
Chetty 2008; Vassileva 2012). However, very few research studies have considered examining occupant
behaviour for energy management (Haas 1998). Although sustainable development require behavioural
awareness (Wood 2007; Abrahamse, 2007), depending only on occupant behaviour cannot be
considered an effective solution. Instead what is required is a holistic user-centric control strategy for
building management (Jiang 2009).
This study aims to provide greater insight into occupant activity patterns and their effect on energy
consumption and IEQ in order to equip BMS with an effective user-centric energy and IEQ management
strategy. This study proposes a framework to extract useful observations pertaining to occupant energy
usage patterns by means of sensor-based monitoring, using the case study of a four-storey multi-family
residential facility in Fort McMurray, Alberta, Canada. Previous research by the authors has involved
extract useful information by studying correlations among occupant activities. In this study, the authors
investigate occupant activities to determine whether any sequential activity patterns exist, as well as to
identify any correlations among activities, or between activities and IEQ. It is expected that these
observations will enhance BMS through effective energy and IEQ management.
2
2.1

OBJECTIVE AND METHODOLOGICAL APPROACH
Objective

The objective of this study is to propose a methodological approach for extracting useful information from
sensor-based monitoring for the purpose of user-centric energy and IEQ management of a multi-family
residential facility. The study first aims to identify the most significant occupant activities affecting overall
household energy consumption. Occupant energy usage patterns are also investigated for different unit
types (different directional orientations and unit sizes), based upon which occupants can be categorized
based on usage patterns. This study further considers identifying occupants’ sequential energy usage
patterns and the correlations among them by analyzing time-ordered energy usage measurements. It is
expected that these information will assist facility managers to understand occupant energy load and
estimate future energy demand so they can plan accordingly. Facility managers will also be able to
calculate internal heat gain from occupant activities in order to estimate optimized heating energy
requirements. It is expected that this research will yield insightful observations of occupant energy usage,
which may in turn be useful in shaping energy and IEQ management strategies.
2.2

Methodology

To achieve the above mentioned objective, a sensor-based monitoring system is developed to measure
occupant operating energy and IEQ. In order to investigate whether occupant energy usage patterns and
IEQ are affected by unit characteristics, this study measures occupant usage patterns from different unit
types. At each floor of the four-storey case study building, 1 ‘one-bedroom’ unit facing north, 1 ‘onebedroom’ unit facing south, and 1 ‘two-bedroom’ unit facing north are selected as case units. The sensor
network is designed such that sensors are installed and data is collected from these 12 case study units.
In order to ensure anonymity, in this study, the case study units are assigned codes (numbered 1 through
12). Figure 1 shows a schemata of the sensors used and their locations in a case ‘one-bedroom’ unit. The
locations and types of sensors installed in the ‘two-bedroom’ units are similar to those of the ‘onebedroom’ units. Table 1 shows the data collected by the installed sensors.
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Figure 4 shows that, for the above three groups, (representing both ‘one-bedroom’ units and ‘twobedroom’ units), hot water tank (14%-35%), lighting (13%-19%), and refrigerators (10%-15%) are high
energy consumers. It is observed that heating energy consumption is comparatively higher in ‘twobedroom’ units (14%-18%) than in ‘one-bedroom’ units (2%-13%), presumably due to the larger size of
these units. It is also found that south-facing units have lower heating consumption (2%-9%) than northfacing units; solar heat may be the reason for lower heating demand in the south-facing units. With the
major energy consuming factors related to occupant usage patterns identified for a multi-family residential
facility, it is possible for the facility manager to set energy usage limits for each unit.
3.2

Correlation and Sequential Energy Usage Pattern and their Association with IEQ

A study of the daily energy usage data shows that different sequential activity patterns can be observed
among occupants. For example, it is observed that when kitchen plugs are in use (presumably for the
purpose of food preparation), the range and range hood fan are found to be in operation shortly afterward
(Figure 5). It is also observed that during that time kitchen lighting is also turned on. Data also shows that
when bathroom lighting is on, water consumption tends to take place during the same timeframe. These
sequential activity patterns for specific units can be used to develop a predictive sequential energy usage
pattern model. Facility managers can use this information for estimating future-state energy load for
improved energy management.

Figure 5: Sequential activity pattern

Figure 6: Internal heat gain associated with activity pattern
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Correlations across different activities and their association with IEQ can be observed from the measured
data. For instance, it is also observed that during the time the above mentioned food preparation activities
are performed, the internal heat gain from kitchen appliances increases the indoor temperature even
though heating consumption is low for that specific time (Figure 6). Facility managers can take into
account this information regarding internal heat gain while estimating heating load. Analyzing recorded
data identifies that the apartments generally show peak electricity consumption during hot water
consumption (Figure 7). Furthermore, when water consumption is high in a given unit, relative humidity is
also high for that unit. It is also observed that the indoor CO 2 level is significantly affected by occupant
energy recovery ventilation usage patterns (Figure 8).

Cold water
Hot water

Figure 7: Peak electricity consumption and IEQ associated with water usage pattern

Figure 8: IEQ associated with occupants’ ERV usage pattern
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Occupant presence and absence patterns can also be observed by studying the data. Figure 9 shows
that occupants of unit 3 were not at home for two days (January 3-5, 2013). It is also observed that three
Sundays of this month show higher CO 2 concentration and heating and water consumption, which
indicates higher demand during that time. This information can assist building managers to understand
demand load for effective energy management.

Figure 9: Occupant presence-absence information
4

CONCLUSION

The framework presented in this study demonstrates the use of real-time sensor-based data to support
identification of occupant energy usage patterns and associated IEQ in order to improve energy and IEQ
management. The knowledge generated from this study can be used to assess the demand load and
timing of peaks loads. Aggregating the energy demand for all occupants in the multi-family building can
assist with the development of an energy demand profile. Accordingly, the BMS can propose an
appliance scheduling scheme based on time-varying retail pricing. This information can be used to
estimate the internal heat gains (from occupants, office equipment, and lighting) in order to calculate the
energy needed to maintain adequate comfort levels. Through the combination of these knowledge the
BMS will be able to minimize the consumption of resources while maintaining a comfortable IEQ level.
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