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Abstract 
This research represents the first study to evaluate the effect of energy-related occupant 

behaviour on energy consumption in existing school buildings in Manitoba (MB). As buildings 

contribute 36% of Manitoba’s total energy consumption, the research aimed to address the lack of 

provincial energy consumption benchmarks for school buildings. The research also aimed to 

address the lack of empirical evidence on the relationship between energy-related occupant 

behaviour and real-time energy consumption, especially at the space level. Its significance and 

originality stem from its focus on analyzing Canadian and in particular Manitoban school 

buildings’ energy consumption and its development of a comprehensive method to evaluate 

energy-related occupant behaviour in schools using actual, empirical evidence. This method used 

tools ranging from room bookings, to lighting and occupancy sensors, point-in-time observations, 

and daily and general surveys to investigate that behaviour at the building and space levels.    

The research involved analyzing historical energy consumption in a sample of 30 school 

buildings in Winnipeg, MB and the surrounding areas at the building level. It also analyzed real-

time electricity consumption in three case-study schools from the sample at the building and space 

levels. The space-level evaluation entailed sub-metering one classroom, the gymnasium and a 

multipurpose room within each school. The research used the comprehensive method developed 

to investigate energy-related occupant behaviour using the afore-mentioned tools in the sub-

metered spaces and the three case-study schools in general. It also investigated the relationship 

between occupant behaviour and real-time electricity consumption in these spaces and schools.    
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Findings revealed school building age had a statistically significant effect on the 30 

schools’ overall energy consumption, with newer schools consuming less gas but more electricity 

than older and middle-aged ones. The research also investigated the effect of several other factors 

on these schools’ energy consumption such as building retrofits, occupancy and floor areas. Of the 

three case-study schools, the new one consumed more real-time electricity daily than the other two 

schools. The old school had the lowest daily electricity consumption and teachers with the most 

energy-efficient behaviour. Moderate to strong statistically significant positive correlations were 

found between classrooms’ actual light use durations and their electricity consumption for lighting. 

However, only weak to moderate statistically significant positive correlations were found between 

the number of equipment in use and classrooms and gymnasiums’ electricity consumption for plug 

loads, reinforcing the need to correlate that consumption to other factors such as equipment use 

durations and power ratings. By presenting empirical data on energy-related occupant behaviour 

in school buildings, this research highlighted the effect of this typically over-looked parameter on 

buildings’ energy consumption. These findings can also be used in future studies to identify 

occupant-related strategies to increase energy efficiency in existing buildings. 
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CHAPTER 1: Introduction 
This chapter provides background information about school buildings’ energy 

consumption in relation to occupancy. It gives an overview of energy consumption in the Canadian 

and Manitoban building sectors, providing a breakdown of energy consumption by building type 

and end use in Canada and Manitoba specifically. This is followed by a discussion of policies and 

rating systems aiming to improve buildings’ energy efficiency. The chapter also includes a 

discussion of factors affecting buildings’ energy consumption, in particular those related to 

occupancy and energy conservation measures in existing buildings. The chapter finally highlights 

the significance of this research and elaborates on its scope, goals and objectives, before providing 

an outline of the overall thesis. 

1.1 Energy consumption in Canada 

This section gives an overview of energy consumption in Canada and in Manitoba in 

general, providing a breakdown of energy use by economic sector before focusing on energy 

consumption in the Canadian and Manitoban building sectors in particular.   

Over the past two decades, global energy consumption increased by 49% due to the rapid 

economic growth in developing countries (EIA 2016). This consumption is expected to increase 

by another 48% by 2040, with  developing countries like China and India accounting for 71% of 

that increase due to their improved living standards (EIA 2016). This makes reducing energy 

demand and consumption to sustain future energy needs a global priority. 
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1.1.1 Energy consumption in Canada 

Three sectors lead global energy consumption in general, namely the industrial, 

transportation and service sectors (Pérez-Lombard et al. 2008). Figure 1 shows the breakdown of 

secondary energy consumption by economic sector in Canada, based on data from Natural 

Resources Canada  (NRCan 2015). As shown, the commercial and institutional, as well as the 

residential sectors make up 29% of national energy use across Canada and 36% of total energy use 

in Manitoba (NRCan 2015).  

 
Figure 1 Energy use breakdown by sector in Canada and Manitoba based on NRCan (2015) 
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1.1.2 Energy consumption in Canadian buildings 

Since buildings consume more than one third of provincial and national energy use, there’s 

a need to improve energy efficiency to reduce their energy consumption. Figure 2 shows a 

breakdown of energy consumption in Canadian versus Manitoba buildings in the residential, 

commercial and institutional sectors by end use (NRCan 2011). This energy consumption is based 

on analyzing energy expenditures from an economic perspective across the entire national or 

provincial economy. In the Canadian commercial and institutional building sector, space heating 

was the largest consumer of energy at 50%, followed by auxiliary equipment (i.e. plug loads) at 

19% and lighting at 11%. A similar trend was observed in Manitoba where space heating consumed 

55% of commercial and institutional buildings’ energy, followed by auxiliary equipment (i.e. plug 

loads) at 14% and lighting at 11%. 
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Figure 2 Energy use breakdown in residential, commercial and institutional buildings in Canada 

and Manitoba (NRCan 2011) 

The breakdown of energy consumption by building type within the commercial and 

institutional building sector in Canada showed that office buildings were the largest consumers of 

energy within this sector, as shown in Figure 3 (NRCan 2012). In Ontario, school buildings were 

found to be the largest consumers of public buildings’ energy consumption at 30% (ECO 2016). 

The lack of empirical evidence on school buildings’ energy consumption in Manitoba reinforces 

the need for relevant benchmarks for Manitoba and other Canadian jurisdictions.  
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Figure 3 Total energy consumption by building type within Canada’s commercial and institutional 

sector (NRCan 2012) 
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National Building Code of Canada of 1983 and the release of the Model National Energy Code for 

Buildings (MNECB) in 1997. They also culminated in the release of the National Energy Code for 

Buildings (NECB) by NRC in 2011 (Bach & Lamb 2012). NECB-2011 was adopted by several 

jurisdictions in Canada, including Ontario, British Columbia and Nova Scotia. In Manitoba, 

NECB-2011 was adopted with some amendments by provincial Regulation 213/2013, leading to 

what is now locally known as the Manitoba Energy Code for Buildings (MECB) (Office of the 

Fire Commissioner 2014). MECB requires commercial and institutional buildings to be 25% more 

energy efficient than the minimum requirements set by the MNECB-1997 (Office of the Fire 

Commissioner 2014). Locally, Manitoba Hydro introduced the Power Smart designation to 

recognize new buildings that are at least 10% more energy efficient than the minimum 

requirements of the MECB (Manitoba Hydro 2015).  

In addition to energy codes, local governments (i.e. municipalities) introduced policies to 

promote buildings’ energy efficiency. For example, Ottawa’s Green Building Policy requires all 

new buildings with a footprint greater than 500 m2 to be Leadership in Energy and Environmental 

Design (LEED) certified (City of Ottawa 2005). The City of Vancouver’s Building Bylaw also 

calls for all new large buildings classified in the Bylaw as Part 3 and Part 9 non-residential 

buildings to be designed to the energy standards of the American Society of Heating, Refrigerating 

and Air-Conditioning Engineers ASHRAE 90.1-2010 (City of Vancouver 2014). The City of 

Calgary’s Sustainable Buildings Policy requires all new buildings with a footprint greater than 500 

m2 to achieve a minimum LEED Gold Certification (City of Calgary 2004). In Manitoba, the Green 

Building Policy (GBP), established in 2007 stipulates that all new government-funded buildings 

achieve a minimum LEED Silver Certification (GBCT 2007). Amendments to the GBP also 
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require that these buildings achieve Manitoba Hydro’s Power Smart designation and thus exceed 

MECB requirements by at least 10% (GBCT 2007). 

LEED is the most commonly used rating system in North America today (Todd et al. 2013). 

The system aims to promote sustainable buildings and encourage the adoption of sustainable 

practices in aspects such as building site selection, energy and water consumption, materials 

selection and indoor environmental quality (Todd et al. 2013). It was developed in the United 

States by the United States Green Building Council in 1998, and adopted in Canada by the Canada 

Green Building Council (CaGBC) in 2004 (Todd et al. 2013). Out of 110 possible points under the 

LEED for New Construction version 4, 33 focus on improving energy efficiency through strategies 

such as commissioning, renewable energy use, refrigerant management, green power use, and 

energy measurement and verification (CaGBC 2017). To achieve LEED certification, a project 

must achieve 40 to 49 points, with higher certification levels requiring more LEED points (i.e. 50 

to 59 for Silver certification, 60 to 79 for Gold certification, and more than 80 points for Platinum 

certification) (CaGBC 2017). Other less popular rating systems in Canada include Green Globes 

developed by Energy and Environment Canada (Green Globes 2017) and administered online. 

(Green Globes 2017).  

Similar rating systems were also developed outside of North America to address buildings’ 

sustainability and their energy efficiency in particular. These include the Building Research 

Establishment Environmental Assessment Method (BREEAM)  developed in 1990 by the Building 

Research Establishment in the United Kingdom (UK) (Mao et al. 2009), and the Sustainable 

Building Tool, formerly called the Green Building Tool, administered by the International 

Initiative for a Sustainable Built Environment since 2002 (Mao et al. 2009). Japan also developed 
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its own Comprehensive Assessment System for Building Environment Efficiency in 2001 (Mao et 

al. 2009).  

1.2.2 Addressing energy efficiency in existing buildings 

Most of the afore-mentioned rating systems focus on new buildings even though existing 

buildings make up the vast majority of the building stock (Aksoezen et al. 2015). In Canada, 

operational existing buildings constructed before 2005 represent 94% of the building stock and 

cover over 706 million m2 of floor space (NRCan 2012). This makes the need to address their 

energy consumption through the enactment of government policies that promote these buildings’ 

energy efficiency a priority. Although the CaGBC adopted a variant of LEED for Existing 

Buildings Operations and Maintenance (LEED EB: O+M) in 2004 (Todd et al. 2013), no 

government policies or regulations mandate its use for existing buildings, especially in Manitoba. 

The Building Owners and Managers Association’s Building Environmental Standards (BOMA 

BESt) program, launched in 2005, also provides an assessment tool for existing buildings’ 

environmental performance (Roos & Gorgolewski 2011). The United States’ Environmental 

Protection Agency (EPA) developed the Energy Star Portfolio Manager (ES-PM) program to 

collect and benchmark energy consumption for existing buildings in the United States. EPA also 

collaborated with Natural Resources Canada (NRCan) in 2011 to customize the program for 

Canadian buildings and establish Canadian benchmarks for different building types (EPA 2017).  

In Canada, Ontario is the only jurisdiction to date to have established a mandatory energy 

benchmarking policy for existing buildings. Their Energy and Water Reporting and Benchmarking 

(EWRB) policy passed in 2016 requires all existing buildings above 50,000 ft2 to report their 

energy consumption annually using ES-PM (ON Ministry of Energy 2016). Similar legislation is 
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needed in other Canadian jurisdictions to benchmark and set targets for their buildings’ energy 

consumption using factors such as building type, floor area, and building age and based on actual 

empirical data. 

1.2.2.1 Implementing energy conservation measures 

Energy Conservation Measures (ECM) help improve existing buildings’ energy efficiency 

(Ma et al. 2012). Ma et al. (2012) and Kelly (2009) categorized them into three groups: supply 

side management, demand side management, and changes to energy consumption patterns (i.e. 

human factors). Supply side management ECMs target a building’s energy supply system by using 

for example renewables such as solar or geo-thermal systems (Ma et al. 2012). Demand side 

management ECMs include the more common retrofits related to building envelopes and Heating 

Ventilation and Air Conditioning (HVAC) systems, such as upgrading windows, boilers, external 

wall insulation materials, and roof insulation materials (Asadi et al. 2012)  
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Table 1 contains a breakdown of those based on Doukas et al. (2009). Human factor ECMs 

focus on lower cost alternatives such as launching campaigns to improve energy-related occupant 

behaviour or regulating occupants’ access to building controls (Ma et al. 2012). A number of 

ECMs have also been developed specifically for school buildings (e.g. DOE 2013). Those tend to 

focus on HVAC system upgrades (e.g. replacing pneumatic controls with Direct Digital Controls, 

and converting constant volume to variable air volume systems). Chwieduk (2017) suggested more 

innovative ECMs such as transforming balconies into glazed ventilated buffer spaces, adding new 

windows on the south side and changing old north-side windows to opaque walls or blind 

windows. Castleton et al. (2010) also proposed using green roofs to decrease energy consumption 

especially in older buildings with poor roof insulation.   
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Table 1 Common ECM for existing buildings adapted from Doukas et al. (2009) 

General retrofits 

 

Installation of electricity–heat cogeneration unit. 

Installation of solar systems for heating, cooling and air conditioning 

purposes (e.g. solar walls). 

Installation of photovoltaic systems for the partial coverage of the 

electricity load. 

Installation of geothermal systems (heat pumps) for heating, cooling and 

air conditioning 

Installation of a geothermal heat-exchanger system for initial warming and 

cooling of outdoor air. 

Envelope-related 

retrofits 

 

Insulation of heat leakage openings. 

Replacement of single glass windows with double or triple glazed 

windows 

Installation of heat insulation at the ceilings, floors, and thermal bridges  

Installation of heat-insulating curtains. 

Lighting-related 

retrofits 

 

Replacement of lamps’ ballasts with more efficient ones of higher 

frequency throughout the building. 

Replacement of existing low efficiency lamps (e.g. incandescence) with 

more efficient fluorescent lamps (e.g. T8 lamps) in the public use areas. 

Installation of “motor” for the automatization of the existing shades in the 

office areas. 

Installation of lighting's intensity control systems (e.g. sensor-controlled 

lighting) 

HVAC-related 

retrofits 

 

Installation of variable speed drivers—VSD for fans and pumps. 

Installation of monitoring systems for the measuring and registering of air 

quality (particles and CO2 concentration)  

Replacement of chillers with highly efficient ones. 

Replacement of boilers with highly efficient ones. 

Installation of an automated system for correction of the load factor 

through equalization with the use of parallel condensers. 

Installation of a permanent system of electricity consumption's detailed 

monitoring. 

Selecting the most appropriate ECM to implement can be a difficult decision to make 

(Asadi et al. 2012).  Doukas et al. (2009) developed an intelligent decision support model to 

evaluate ECMs in existing buildings. The model uses operational data from a building’s energy 

management system (BEMS) to identify end-uses and areas with the most pressing need for 

retrofits (Doukas et al. 2009). This data is examined relative to building energy use indices for the 

region where the building is located and its climate (Doukas et al. 2009). Despite its usefulness, 
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the model should include a wider range of ECMs and weather profiles for different climate zones. 

Asadi et al. (2012) also introduced a multi-objective optimization model to help select ECMs that 

minimize buildings’ energy use and maximum building occupants’ comfort and satisfaction. Even 

though the model considers different combinations of ECMs simultaneously, it does not account 

for the effect of these ECMS on indoor air quality or thermal comfort (Asadi et al. 2012).  

A review of the literature shows ECMs can result in large energy savings. For example, 

Fluhrer et al. (2010) showed through modelling that ECMs can result in 38% savings in energy 

consumption for a commercial building. Hestnes and Kofoed (2002) analyzed 60 different cases 

in a literature review and found that ECMs could lead to considerable energy savings in existing 

buildings. Goldman et al. (1988) also found the payback period for implementing ECMs in fuel-

heat and electric-heat multi-unit residential buildings to be 6 years and 20 to 25 years, respectively. 

Chidiac et al. (2011) also showed that ECMs can reduce electricity consumption in office buildings 

in Edmonton, Ottawa and Vancouver by 20%, and that they can reduce gas consumption in these 

same office buildings in these cities by 30%, 32% and 19%, respectively. Santamouris et al. (2007) 

also showed that a green roof can decrease school buildings’ cooling loads by up to 50%.  

1.2.2.2 Addressing the effect of occupancy on energy consumption  

Addressing energy efficiency in existing buildings requires a holistic approach that 

accounts for all factors that affect buildings’ energy consumption as shown in Figure 4. Most 

studies (e.g. Butala and Novak 1999; Deng and Burnett 2000; de Santoli et al. 2014) have typically 

focused on analyzing the effect of ECMs related to the building envelope and HVAC systems on 

buildings’ energy consumption. Very few studies (e.g. Azar and Menassa 2013; Bonte, Thellier, 

and Lartigue 2014; Park and Kim 2012) investigated the effect of occupancy on that consumption. 
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This is despite evidence from Building Performance Simulations (BPS) showing that energy 

consumption can change by up to 150% because of changes in occupancy alone (Clevenger et al. 

2014a).  

 
Figure 4 Factors influencing buildings’ energy consumption adapted from Yu, et al. (2011) 

Several definitions for the term “Occupancy” can be found in the literature. Hoes et al. 

(2009) defined occupancy as the presence of occupants in a building and their actions that affect a 

building’s energy consumption. Guerra Santin et al. (2009)  divided “Occupancy” to two major 

components: household characteristics and occupant behaviour. Household characteristics refer to 

socio-economic factors such as the number of occupants, their age, income level, education level, 

years of residence in a house, pet ownership, and smoking habits (Guerra Santin et al. 2009; 

Guerra-Santin & Itard 2010a). They also include factors such as a building’s occupancy status and 

the number of occupants within it in non-residential buildings (Feng et al. 2015). Although these 
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socio-economic factors can be easily measured, some of them are rarely documented, thus the 

scarcity of empirical evidence on their effect on energy consumption (Haldi & Robinson 2011a).  

The second component of “Occupancy”: occupant behaviour describes occupants’ actions 

that affect a building’s energy consumption (Hoes et al. 2009). Richardson et al. (2008) defined 

an active occupant as a person who is in a building and not asleep, while Azizi et al. (2013) defined 

energy saving occupant behaviour as human actions aiming to reduce energy consumption. 

Occupant behaviour may also refer to occupants’ preferences with respect to aspects such space 

heating, blind use, hot water use, ventilation rates or the way they operate building systems and 

equipment (Gupta & Chandiwala 2010). Santin (2011) defined occupant behaviour based on the 

frequency and duration of appliance (e.g. computers, televisions and washers) use in residential 

buildings. Unlike socio-economic factors, occupant behaviour is affected by a variety of cognitive 

constructs (e.g. values, norms and beliefs). It can be un-planned in many cases (Hewitt et al. 2015) 

and can be difficult to quantify (Widén et al. 2012). Research on occupant behaviour is 

interdisciplinary in nature, and connects social science and technical disciplines that have 

traditionally been kept apart (Widén et al. 2012).  

1.5 Goal and objectives 

This research addresses two main gaps in the literature: 1) the lack of empirical evidence 

on benchmarks for Canadian school buildings’ energy consumption, especially in Manitoba, and 

2) the lack of empirical evidence on the relationship between energy-related occupant behaviour 

and real-time energy consumption, especially at the space level. Therefore, the main goal of this 
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research was to evaluate the effect of energy-related occupant behaviour on measured energy 

consumption in existing school buildings in Manitoba. Specific objectives involved:   

1. Benchmarking historical energy consumption in these school buildings  

2. Analyzing real-time electricity consumption in these school buildings  

3. Developing and implementing a comprehensive method for analyzing energy-related 

occupant behaviour in these school buildings  

4. Investigating the effect of energy-related occupant behaviour on electricity consumption 

in these school buildings  

Section 1.8 provides a brief overview of the research methods used for each objective. The main 

research hypothesis tested throughout this research is that energy-related occupant behaviour can 

have a statistically significant effect on existing school buildings’ energy consumption in 

Manitoba. More specifically, the research aimed to test the following hypotheses: 

1. Building age had a statistically significant effect on schools’ energy consumption, with 

newer schools using less energy than older ones 

2. Building age had a statistically significant effect on school spaces’ real-time electricity 

consumption, with newer school spaces using less electricity than older ones  

3. Energy-related occupant behaviour did not vary across schools and school spaces of 

different building age  

4. There were statistically significant relationships between occupant behaviour with respect 

to lighting and plug load use, and lighting and plug load electricity consumption in different 

school spaces  
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1.6 Scope 

This research focused on analyzing the energy performance of Manitoba school buildings. 

It entailed collaborating with the Manitoba Public School Finance Board (PSFB) responsible for 

managing all capital projects related to school buildings in the province and with four major school 

divisions in Winnipeg, and the surrounding areas which collectively operated 129 school 

buildings. Stratified random sampling and Neyman proportional allocation technique were used to 

select a representative sample of 30 schools to analyze as part of the first research objective. 

Monthly energy consumption and cost data from 2004 to 2013 were also collected from the local 

utility provider, Manitoba Hydro and analyzed as part of this objective. Although data prior to 

2004 was available for some schools, the quality of that older data was not reliable due to a large 

amount of missing data points, thus the decision to exclude it from the research. The benchmarking 

of energy consumption in this representative sample of Manitoba school buildings was based on 

several factors such as building age, energy retrofits, floor areas and the number of occupants.  

The second, third and fourth objectives entailed analyzing real-time electricity 

consumption and energy-related occupant behaviour in three case-study school buildings. One of 

the schools was built in 1951, the second in 1968, and the third in 2009 which was also certified 

to LEED silver standards. For the second objective, real-time electricity consumption was 

evaluated at the building and space levels between January and May 2015. The real-time electricity 

consumption data at the building level was downloaded off the advanced utility meters available 

in two of the schools. For the third school, real-time total electricity consumption was monitored 

using a DENT® ElitePro XC meter installed on the school’s main electrical service. To evaluate 

real-time electricity consumption at the space level, the research entailed developing and 
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implementing an electricity monitoring plan to collect electricity consumption data at 30-minute 

intervals over the same four-month period. This monitoring plan provided electricity consumption 

data, as well as space-level lighting and electricity consumption for plug loads data in one 

classroom, the gymnasium and a multi-purpose room frequently used by the community in each 

school.  

Several tools were developed to analyze energy-related occupant behaviour at the building 

and space levels as part of the third and fourth research objectives. These tools involved:   

1. Collecting booking information for schools’ occupancy after school hours over a four-

month period  

2. Installing occupancy and lighting sensors to evaluate occupancy and light use at 30-minute 

intervals over a four-month period  

3. Using point-in-time observations to evaluate energy-related occupant behaviour with 

respect to light and plug load use at 30-minute intervals over a two-week period 

4. Developing daily surveys (i.e. energy use diaries) to evaluate teachers’ daily perceptions 

of equipment and light use over a two-week period 

5. Developing a general survey to investigate teachers’ energy-related behaviour based on the 

Theory of Planned Behaviour (TPB) 

1.7 Significance 

The significance of this research stems from its focus on analyzing school buildings’ 

energy consumption given the size of school buildings to the overall public building stock, their 

contribution to overall energy consumption, and the focus in the literature on commercial 



18 

 

buildings’ energy consumption. The research also involved analyzing school buildings in Canada 

in particular given the limited empirical evidence on Canadian schools. This research was also the 

first to analyze energy consumption in school buildings in Manitoba focusing in particular on 

Winnipeg and its surrounding outskirts. This is significant given that the area’s climate is classified 

as zone 7 by the American Society of Heating, Refrigerating and Air-Conditioning Engineers 

(ASHRAE 90.1 2016). With temperatures ranging from 30 ºC to -40 ºC throughout the year, this 

location presents unique conditions that can make its energy benchmarks significantly different 

from those of the United States, the EU, or other Canadian jurisdictions. Therefore, the research 

provides energy consumption benchmarks that can be used for other school buildings in similar 

climates.   

The research was also the first to analyze real-time energy consumption in school buildings 

over a period of four months. Most studies focused on analyzing monthly or annual historical 

energy consumption, with very few analyzing real-time energy consumption. The research was 

also the first to investigate real-time electricity consumption at the space level, specifically for 

lighting and plug loads which represents 30% of the total energy consumption in Canadian 

commercial and institutional buildings. This helped identify wasteful energy consumption 

practices and thus opportunities for more energy-efficient use of schools and their indoor spaces.  

The most significant contribution of this research was its development of a comprehensive 

method to evaluate energy-related occupant behaviour in schools. It is the first to use several tools 

simultaneously to investigate energy-related occupant behaviour in school buildings. These tools 

included a general survey to evaluate energy-related occupant behaviour at the building level based 

on the Theory of Planned behaviour (TPB). Although a small number of studies used theories from 
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behavioural psychology to study the relationship between energy-related occupant behaviour and 

residential buildings’ energy consumption, this research was the first to adapt these theories to 

school environments. Another tool relied on point-in-time observations at half-hourly intervals to 

evaluate light and equipment use in schools. These point-in-time observations represent a key 

contribution of this research that can be further developed and refined in future studies. Another 

tool included a short daily survey (i.e. an energy use diary) to analyze equipment and light use 

durations on a day-to-day level. The research also made use of other tools such as room bookings 

and occupancy and light sensors to collect data on actual occupancy and light use durations. The 

application of these tools simultaneously helped assess the relative effectiveness of each tool and 

address the limitations of each when applied on its own.  

1.8 Research outline 

This is a manuscript-based thesis, which relies on previously published or submitted papers 

to peer-reviewed journals. Other than the introduction and conclusion chapters, every other chapter 

represents a journal paper addressing one of the main objectives of this research. Figure 5 shows 

the outline of the thesis structure. 

The paper in Chapter 2 focused on the first objective of this research which was to 

benchmark historical energy consumption in a sample of 30 schools in Manitoba over a 10-year 

analysis period. The research involved investigating energy consumption in these schools in 

comparison to other Canadian benchmarks. It also involved investigating the effect of factors such 

as building age, school type, number of occupants, floor area, and building retrofits on their energy 

consumption. The analysis also extended to studying the effect of using different building metrics 
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on the results, and to studying the relationships between school buildings’ number of occupants, 

floor area and energy consumption.    

The paper in Chapter 3 reported on the second objective of this research which was to 

analyze real-time electricity consumption in three case-study schools of different building age, at 

the building and space levels, over a four-month analysis period. The building-level analysis 

entailed evaluating real-time electricity consumption using electricity consumption data 

downloaded from the meters available in the three schools. The space-level analysis entailed 

evaluating real-time lighting and plug load’s electricity consumption in select classrooms, 

gymnasiums and multi-purpose rooms believed to be heavily used by the community in those three 

schools. A comprehensive electricity monitoring plan was conceived with sub-meters, plug 

monitors and light sensors installed in those spaces to enable that evaluation at half-hour intervals.  

The paper in Chapter 4 focused on the third objective of the research which was to evaluate 

energy-related occupant behaviour in the three case-study schools at the building and space levels. 

This was achieved by developing a comprehensive method consisting of a number of tools, the 

first of which was a general survey based on TPB and administered to the three schools’ teachers 

to evaluate their attitudes, beliefs and behavioural control with respect to energy-related behaviour. 

Another one-minute survey was also developed and completed on a daily basis over a two-week 

analysis period by the teachers in the classrooms monitored at the space level to investigate their 

daily equipment and light use. Moreover, point-in-time observations of the monitored spaces in 

each school were also conducted to investigate equipment and light use in those spaces over the 

same two-week analysis period. Occupancy and light sensors were also installed in each of the 
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monitored classrooms to collect recorded light use and occupancy data over a four-month analysis 

period. 

The paper in Chapter 5 reported on the fourth objective of this research which was to 

investigate the effect of energy-related occupant behaviour on electricity consumption at the space 

level in the three case-study schools using the data collected as part of Chapters 3 (objective #2) 

and 4 (objective #3). The research involved investigating more specifically the effect of 

gymnasiums’ bookings on gymnasium’s electricity consumption for plug loads after school hours. 

It also involved investigating the relationships between electricity consumption for lighting and 

lighted-related occupant behaviour in classrooms, and between electricity consumption for plug 

loads and plug load-related occupant behaviour in classrooms and gymnasiums. To achieve these 

objectives, the research used the same methods described in Chapter 3 and 4 to collect occupant 

behaviour and real-time electricity consumption data respectively, with the relationship between 

the two aspects analyzed statistically.   
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Figure 5 Structure and organization of the thesis 
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2.1 Abstract 

Buildings contribute 20 to 40% of the world’s energy consumption, making the need to 

investigate their energy performance a necessity. Given the lack of empirical evidence on the 

energy performance of school buildings operating under extreme weather conditions, this study 

aimed to benchmark historical energy consumption over a ten-year period in a sample of 30 school 

buildings in Manitoba, Canada. Results showed the median total energy consumption of these 

schools was higher than other Canadian benchmarks. School building age had a statistically 

significant effect on their energy consumption, with newer schools consuming less gas but more 

electricity than older and middle-aged ones. The retrofits implemented in some schools did not 

have a statistically significant effect for the most part on their energy consumption. The results 

also showed that middle-aged schools were the largest energy consumers, with the results changing 

depending on the metric used to report on schools’ energy consumption, reinforcing the need to 

standardize those metrics. There is also a need to investigate how occupancy may be contributing 

to the increase in electricity consumption in newer schools. This study is the first to provide 
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empirical evidence on existing school buildings’ energy consumption in Manitoba, establishing 

benchmarks that practitioners can make use of in similar cold climates.  

Keywords: buildings performance, energy benchmarking, green buildings, school buildings. 

2.2 Introduction 

The building sector currently accounts for 20 to 40% of energy use worldwide (Pérez-

Lombard et al. 2008). Although the introduction of sustainable buildings, built to standards such 

as the Leadership in Energy and Environmental Design (LEED) promised to decrease conventional 

buildings’ energy consumption by 25 to 30% (Kats 2006), a number of studies (e.g. Scofield 2009; 

Menassa et al. 2012) showed these buildings can actually use more energy than conventional ones. 

Studies analyzing buildings’ energy performance have also typically focused on commercial 

buildings (e.g. Beggiato et al. 2009; Azar & Menassa 2012; Mulville et al. 2014), with only a few 

studies evaluating school buildings (Hong et al. 2013; Thewes et al. 2014; Lourenço et al. 2014) 

despite their size relative to the overall building stock and their contribution to overall energy use. 

Benchmarking energy use in the building stock can therefore provide empirical evidence on the 

performance of sustainable buildings relative to the existing building stock and on the performance 

of school buildings in particular. It can also be an effective energy management practice that 

provides incentives for existing buildings to improve their energy performance (Burman et al. 

2014a; Chung 2011). It can also help address buildings’ operational issues and decrease their 

energy use in the long-term (United States Environmental Protection Agency (EPA) 2012).  

In Canada, very few studies investigated school buildings’ energy consumption in detail. 

Those that did (e.g. Issa et al. 2011; Straka & Aleksic 2009) focused on green schools’ energy 
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consumption in particular or on analyzing a small sample of schools. This can be a problem given 

the extreme weather conditions in some Canadian cities that makes analyzing their school 

buildings’ energy consumption a priority. For example, the climate of Winnipeg, Manitoba (MB) 

is classified as climate zone 7 by the American Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE 90.1 2016). With temperatures ranging from 30 to -40ºC, the 

city presents unique conditions that can make its energy benchmarks significantly different from 

those of the United States, the EU, or other Canadian jurisdictions. In Manitoba, the building sector 

accounts for 36% of total energy consumption (NRCan 2017). Although no data is available on 

the specific contribution of school buildings to total energy consumption in Manitoba, school 

buildings constitute 30% of the public sector’s energy consumption in Ontario (ECO 2016), thus 

the significance of this sector and the need for more Canadian research on it.  

This study aimed to benchmark historical energy consumption in Manitoba school 

buildings. The study focused on school buildings in four school divisions, representing Winnipeg 

(i.e. Manitoba’s capital), and the outskirts of the city. The four school divisions owned a total of 

129 school buildings, of which 30 were randomly selected. Specific objectives of this study 

included investigating: 1) energy consumption in these schools in comparison with other Canadian 

benchmarks, 2) the effect of building age, school type, number of occupants, occupants’ density 

and floor area on their energy consumption, 3) the effect of building retrofits on their energy 

consumption, 4) the effect of building age alone on their energy consumption after controlling for 

the effects of their floor area and number of occupants, 5) the effect of using different energy 

metrics on their energy consumption, and 6) the relationships between energy consumption and 

floor area on one hand and between energy consumption and the number of occupants on the other. 
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This study is the first to provide empirical data on energy consumption in Manitoba school 

buildings. These buildings operate under extreme weather conditions, with temperatures ranging 

from 30 to -40ºC (i.e. ASHRAE climate zone 7), thus the importance of assessing them. Another 

contribution of this study is its use of advanced statistical techniques like multiple regression 

models and MANCOVA tests to determine the effect of different factors on energy consumption 

in Manitoba schools. The study also analyzed the effect of using different metrics to report on 

energy consumption on the results. This makes its results useful to building designers and 

provincial policy makers interested in evaluating the actual energy performance of new buildings 

in relation to existing ones. The results should also help identify the school buildings with the 

highest energy consumption and thus with the most need for energy retrofits in order to direct 

available resources and funds to retrofit them. 

 2.3 Literature review 

Monitoring and benchmarking the energy performance of existing buildings is crucial to 

ensuring their energy efficiency, especially when these benchmarks are used as design targets for 

new buildings or retrofit projects (Bertone et al. 2016). These benchmarks have varied in the 

literature, with some studies occasionally using more than one benchmark simultaneously. Several 

studies (e.g. Menassa et al. 2012; Issa et al. 2011) used energy consumption data of similar 

conventional buildings as their benchmark. Others (e.g. Scofield 2009; Newsham et al. 2009) used 

published national and regional energy consumption averages for commercial buildings provided 

by the US Commercial Building Energy Consumption Survey (CBECS) as their benchmark. A 

third group of studies (e.g. Beauregard et al. 2011; Shipworth 2006) used modeled energy 

consumption as their benchmark. The use of different benchmarks has occasionally led to different 
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conclusions for the same study, highlighting the importance of standardizing those benchmarks. 

For example, Oates et al. (2012) found the average energy consumption of LEED buildings in 

Arizona to be lower than the national average but higher than the average of buildings in similar 

climates. 

Burman et al. (2014a) identified two approaches to energy benchmarking, namely top-

down and bottom-up approaches. The bottom-up approach refers to energy benchmarking by 

aggregating system-level information through building physics (i.e. energy modeling) or 

aggregated end-use, which is then compared to actual building performance (Burman et al. 2014b). 

Despite its strengths, there are some limitations to the bottom-up approach. It requires modeling 

or estimating several factors that significantly affect energy consumption, such as occupancy and 

load factors (Burman et al. 2014b). The modeled effect of these factors may not also reflect their 

actual effect in practice (Hernandez et al. 2008). In contrast, the top-down approach refers to 

energy benchmarking based on building-level energy performance, expressed as Energy Use 

Intensity (EUI). These benchmarks can be derived through simple descriptive statistics or more 

advanced statistical methods. Chung (2011) conducted a detailed review of top-down energy 

benchmarking methods, identifying six main ones in the literature: 1) simple descriptive statistics 

2) multiple regression models 3) data envelopment analysis (DEA) 4) stochastic frontier analysis 

5) simulation model-based methods and 6) artificial neural networks (ANN). 

The most common method used in the literature is simple descriptive statistics (Chung 

2011). Simple descriptive statistics rely on relative performance indicators by normalizing energy 

consumption per floor area and adjusting it based on climate data (Chung 2011). Several studies 

used descriptive statistics to investigate energy consumption in school buildings. Their results 
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highlighted a general trend in the literature where newer schools appeared to consume more energy 

than older ones. For example, Dimoudi & Kostarela (2009) collected energy consumption data for 

130 Greek schools in the Greek climatic zone C’. These school buildings represented 20% of the 

school buildings in this region. The study showed their average EUI was 137.6 KWh/m2/year and 

was approximately 43% higher than the average EUI for Greek schools reported in previous 

reports. Hernandez et al. (2008) analyzed energy consumption in Irish schools by collecting energy 

consumption data for 88 schools representing 17.6% of the primary school buildings in Ireland. 

The analysis showed that the median EUI for heating these buildings was 96 KWh/m2/year, 

whereas the upper quartile was 65 KWh/m2/year. Lourenço et al. (2014) also analyzed energy 

consumption in eight recently retrofitted Portuguese schools and found their average EUI to have 

increased from 47 KWh/m2/year to 67 KWh/m2/year over a four-year period. Despite their 

common use, descriptive statistics can be limited in scope as they doesn’t account for a number of 

factors that affect energy consumption (Beusker et al. 2012). They can also be very limited in 

accuracy and application due to the simplicity of the methods and descriptive statistics used. 

Another common method in the literature is multiple regression (Chung 2011). A multiple 

regression model can account for several factors affecting energy consumption at once. By creating 

a function with factors such as building age, energy system, and floor area, the model predicts a 

building’s energy consumption (i.e. predicted EUI), which is then compared to its actual energy 

consumption (i.e. actual EUI) to assess its energy efficiency. For example, Beusker et al. (2012) 

developed a multiple regression model to benchmark heating consumption in 110 schools in 

Germany by accounting for several factors such as school type, building area, number of floors, 

and glazing ratio. The model explained 60% of the variations in heating consumption after 
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accounting for these factors, with the validation of it showing it predicted these schools’ heating 

consumption with an accuracy range of -6 to 26%. Nevertheless, it did not account for heating 

consumption before 2010 when it was developed. It did not also account for several factors that 

affect heating consumption such as building orientation and exterior glass surfaces. 

Another sophisticated energy benchmarking method includes ANNs. ANNs are machine 

learning techniques that consist of an input layer, an output layer and a hidden layer (Burman et 

al. 2014a). The input layer accepts building characteristics such as building age, number of 

students and floor area. The output layer shows the energy consumption prediction associated with 

those building characteristics. The hidden layer enables the system to generate nonlinear and 

complex relationships between the input and output layers. While an ANN model can assess 

buildings’ energy efficiency more accurately than simple descriptive statistics, it can be difficult 

to collect the data needed for the model. Hong et al. (2013) analyzed energy consumption in 7,731 

primary and secondary schools in England, representing 39% and 31% of the primary and 

secondary school stock in England, respectively. Results showed the average EUI for the primary 

and secondary schools was 166 KWh/m2/year and 172 KWh/m2/year, respectively. The study used 

an ANN model to predict energy consumption in these schools, with the results showing the 

model’s predictions varied by 22% and 20.6% from the actual heating and electrical energy 

consumption, respectively (Burman et al. 2014a). The results also demonstrated that building 

compactness and the number of students had the largest effect on heating and electricity energy 

consumption, respectively (Burman et al. 2014a). 

Several studies found their results changed significantly depending on the metrics used for 

analyzing and normalizing energy consumption. For example, Desideri & Proietti (2002) analyzed 
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energy consumption in 29 schools in Italy over a three-year period by normalizing energy 

consumption based on building volume and the number of students. The study found that older 

schools had the lowest energy consumption per student (493 KWh/student/year) whereas newer 

schools had the lowest energy consumption per unit volume (15.8 KWh/m3/year). Similarly, Sekki 

et al. (2015a) found a weak correlation between students’ density in Finnish schools and energy 

consumption per unit area but a stronger correlation between students’ density and electricity 

consumption per unit area, highlighting the stronger effect of occupants on electricity 

consumption. 

The unique conditions in every country such as school facility or weather conditions can 

make the comparison of EUIs between studies in different countries or regions difficult. Figure 6 

shows the average EUIs reported in the literature for school buildings in a number of countries 

based on the literature review conducted for this study. The EUIs in European countries are based 

on studies conducted in EU states (e.g. Dimoudi and Kostarela, 2009; Hernandez et al., 2008; 

Lourenço et al., 2014) in the wake of the EU’s Energy Performance of Buildings Directive 

(2002/91/EC) which led to mandatory building energy certification in 2006 (Dias Pereira et al. 

2014).   
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Figure 6 Average annual EUI reported in the literature for school buildings in different countries 

2.4 Research method 

This study was initiated by the University of Manitoba Construction Engineering and 

Management Group to evaluate energy consumption across a sample of Manitoba schools in 

collaboration with the Manitoba PSFB. The PSFB provided the school records for four school 

divisions in Winnipeg MB and the surrounding outskirts. These school divisions operated 129 

schools which represented the population of schools to be studied.  

2.4.1 Data collection 

The study entailed collecting general information about the 129 schools using the form 

shown in Appendix A. This information included their floor area, date of construction, number of 
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occupants, school type (i.e. elementary, secondary, or K-12 schools) as well as the major 

renovations, retrofits and additions they had undergone. Renovation and retrofit data were 

collected from the school division records of capital projects and showed the dates and types of 

renovations conducted such as HVAC-related upgrades (e.g. boiler replacements), and envelope-

related upgrades (e.g. windows or roof replacements). The collected information was used to 

select, using stratified random sampling and Neyman proportional allocation technique, a 

representative sample of 30 schools to be analyzed at a 90% confidence level.  

Monthly energy consumption and cost data dating back to 1991 were collected from the 

local utility provider, Manitoba Hydro. However, there were many irregularities with the data 

provided such as missing values for some months or unexpectedly higher than normal energy 

consumption values for others. Therefore, the data was cross-checked with real-time electricity 

consumption data downloaded from meters in three schools over a three-month period in 2015. 

Cross-checking revealed an average difference between measured and billed energy consumption 

of 1.33% and 8.18% in two schools because billing dates did not match the start and finish dates 

of each month. These differences were deemed acceptable. For the third school, the average 

difference between measured and billed energy consumption was 64.97% and was due to billing 

two months at once. Therefore, all bills received for two or more months at once were pro-rated to 

calculate energy consumption for each month individually. Since the data prior to 2004 had many 

outliers which could not be explained, the energy consumption analysis period of this study was 

restricted to the period between 2004 and 2013.  

To account for the effect of the weather on energy consumption, gas consumption for 

heating was normalized using a simple ratio-based weather normalization factor based on the 10-
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year average Heating Degree Days (HDD10yr). Normalized gas consumption (Q’i) was calculated 

using equation (1) below, where the data for HDD for every year of the analysis period was 

obtained from Environment Canada's (2015a) monthly climate summaries. The collected 

electricity and gas consumption data was further normalized using the floor area of each school. 

Q’i = (Qi / HDD) * HDD10yr   (1) 

Energy cost data were also converted to 2015 dollars, using the Bank of Canada (2015) 

inflation calculator for each year to enable real dollar comparisons that excluded the effect of 

inflation. Cost data was not available for twelve of the sampled schools. Therefore, available 

monthly cost data was used to calculate the average energy costs per KWh and per m3 for each 

month. These averages were then used to calculate the monthly electricity and gas costs per unit 

area for each of those twelve schools based on their electricity and gas consumption quantities for 

each month. In order to calculate total energy consumption in equivalent KWh, gas consumption 

data in m3 was multiplied by 10.33 and added to electricity consumption data as suggested by 

Natural Resources Canada (2015).  

2.4.2 Data analysis 

To evaluate total energy consumption in these schools in comparison with other Canadian 

benchmarks, the average annual EUI for each school was calculated for the period between 2004 

and 2013. The 30 schools were divided per school type, following the classification of the PSFB 

for every school type. Eleven schools were categorized as elementary schools (i.e. Grades K-8), 

fourteen as secondary schools (i.e. Grades 9-12), and the remaining five as K-12 schools. These 

EUI values per school type were plotted using cumulative frequency distributions. The median 
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annual EUI of all schools together and for every school type separately was also compared to their 

equivalent Canadian benchmarks in the literature.  

To determine the effect of building age, school type, number of occupants, occupants’ 

density and floor area on schools’ energy consumption, three multiple regression models were 

developed. These models aimed to determine how much of the variation in average annual 

electricity, gas and total energy consumption in Manitoba’s school buildings was due to these 

factors. For all three models, the assumptions of linearity, independence of errors, 

homoscedasticity, unusual points and normality of residuals were met and there was independence 

of residuals, as assessed by a Durbin-Watson statistic. 

To investigate the effect of building retrofits on energy consumption, schools were divided 

into two groups based on their construction or retrofitting date. The two groups included seven 

buildings constructed or retrofitted before 1990 and 23 buildings constructed or retrofitted after 

1990. Independent samples t-tests were then used to determine the statistical significance of the 

differences in average annual electricity, gas and total energy consumption between the two 

groups. To investigate the effect of HVAC or envelope-related upgrades on total energy 

consumption, the analysis period for the nine schools that underwent these upgrades was divided 

into two groups: a pre-retrofit period and a post-retrofit period. Independent samples t-tests were 

then used to determine the statistical significance of the differences in the average total energy 

consumption over those two periods for those nine schools.  

To determine the effect of building age alone on schools’ energy consumption after 

controlling for the effect of their floor area and number of occupants, schools were divided into 
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three groups based on their age. This division was based on the categorization of the United States 

Commercial Buildings Energy Consumption Survey (CBECS 2003) for reporting energy 

consumption in buildings using their dates of construction. Thirteen schools were old schools built 

on or before 1959. Another thirteen were middle-aged schools built between 1960 and 1989, and 

four were new schools built on or after 1990, one of which was a LEED-certified school. A 

multiple analysis of covariance (MANCOVA) test was used to investigate the effect of building 

age (i.e. old, middle-aged and new) on annual electricity and gas consumption combined, with 

historical annual energy consumption data between 2004 and 2013 used for this test. If the 

MANCOVA test showed a statistical significance, an Analysis of Covariance (ANCOVA) test was 

used to investigate the effect of building age on annual electricity, gas and total energy 

consumption separately, after controlling for building floor area and the number of occupants. If 

the ANCOVA test showed a statistically significant effect, a post hoc least significant difference 

(LSD) test was used to assess the difference in averages between every two building age groups 

for that effect. All tests were performed after ensuring the homoscedasticity and homogeneity of 

variances, as assessed by visual inspection of a scatterplot and Levene's test of homogeneity of 

variance. 

To investigate the effect of using different energy metrics on schools’ energy consumption, 

the collected energy consumption data was re-analyzed using other metrics. These alternative 

metrics included reporting energy consumption in terms of: 1) quantity per occupant (KWh/person 

for electricity or m3/person for gas), 2) quantity per unit area per occupant (KWh/m2/person for 

electricity or m3/m2/person for gas), 3) cost per unit area ($/m2), 4) cost per occupant ($/person) 

and 5) cost per unit area per occupant ($/m2/person). The reanalysis focused on determining for 
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each metric the building age groups that were the highest and lowest consumers of energy, the 

percentage difference in consumption between the two groups and whether that difference was 

statistically significant using ANCOVA and post hoc LSD tests.   

To analyze the relationships between normalized annual electricity and gas consumption 

on one hand and building floor area on the other, a Pearson’s product-moment correlation test was 

used. The test was also used to analyze the relationship between normalized annual electricity and 

gas consumption, and the number of occupants. The data was first checked for the assumptions of 

linearity and normal distribution, as assessed by Shapiro-Wilk test (p > .05), and there were no 

outliers. Correlation coefficients less than 0.3 indicated weak correlations, those between 0.3 and 

0.7 were deemed moderate, whereas those above 0.7 reflected strong correlations.  

2.5 Results 

This section presents the results of benchmarking historical energy consumption in 

Manitoba school buildings. It first compares these schools’ energy consumption to other Canadian 

benchmarks before presenting the effect of a number of factors on this energy consumption and 

the effect of building retrofits on it. It shows next the effect of building age in particular on these 

schools’ energy consumption and the effect of using different energy metrics on their energy 

consumption.  It finally describes the relationships between energy consumption and floor area on 

one hand and between energy consumption and the number of occupants on the other. 
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2.5.1 Energy consumption in relation to other Canadian benchmarks 

Figure 7 depicts schools’ average annual EUI between 2004 and 2013 per school type using 

cumulative frequency distributions.  The median annual EUI of all schools was 257 KWh/m2/year, 

which was 29% higher than the Canadian national median for school buildings of 200 

KWh/m2/year found in Natural Resources Canada (2016), and 6.5% lower than the Toronto 

median of 275 KWh/m2/year found in Issa et al. (2010). The median EUI for K-12 schools (127 

eKWh/m2/year) was 53% lower than the median EUI for elementary schools (270 eKWh/m2/year) 

and 52% lower than the median EUI for secondary schools (264 eKWh/m2/year).  

 
Figure 7 Cumulative frequency distribution curves of annual energy consumption in elementary, 

secondary and K-12 schools (10-year average between 2004 and 2013) 

2.5.2 Effect of building factors on energy consumption 

The three multiple regression models demonstrated that the investigated factors of building 

age, floor areas, number of occupants, occupants’ density, and school type explained 63.6%, 

52.7%, and 43.2% of the variation in annual electricity, gas and total energy consumption, 
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respectively. The results demonstrated that building age was the only factor to have a statistically 

significant effect on electricity, gas and total energy consumption. However, all factors except for 

school type had a statistically significant effect on electricity consumption. Table 2 shows these 

multiple regression models’ collinearity statistics, coefficient estimates and their empirical 

significance tested on a level of 0.05. The information can be used to derive the three equations 

predicting these schools’ annual electricity, gas and total energy consumption using these building 

factors.  

Table 2 Multiple regression models showing the effect of several factors on electricity, natural 

gas, and total energy consumption (EUI) 

 B Std. 

error 

β t p 95% confidence 

interval 

Tolerance VIF 

     Lower 

bound 

Upper 

bound 

  

Electricity          

Intercept 159.97 33.4  4.78 .000 90.96 228.97   

Age -.792 .31 -.392 -2.5 .017* -1.43 -.152 .645 1.551 

Area -.012 .005 -.410 -2.23 .035* -.022 -.001 .449 2.228 

No. of 

Occupants 

.152 .061 .505 2.49 .02* .026 .277 .370 2.669 

Density -.459 2.00 -.290 -2.29 .031* -8.73 -.468 .951 1.051 

School 

Type 

5.108 9.81 .079 .079 .607 -15.14 25.35 .658 1.521 

Natural Gas      

Intercept 18.34 6.96  2.63 .016 3.86 32.82   

Age .288 .069 .811 4.17 .000* .144 .432 .595 1.681 

Area -.002 .001 -.402 -1.83 .082 -.004 .000 .464 2.154 

No. of 

Occupants 

.006 .013 .110 .485 .633 -.02 .032 .440 2.270 

Density -.274 .422 -.103 -.649 .524 -1.152 .604 .897 1.115 

School 

Type 

-4.22 2.28 -.323 -1.85 .079 -8.963 .534 .735 1.360 

EUI       

Intercept 353.4 90.6  2.63 .001 166.47 540.272   

Age 1.802 .840 .411 4.17 .042* .069 3.54 .645 1.551 

Area -.022 .014 -.358 -1.83 .132 -.051 .007 .449 2.228 

No. of 

Occupants 

.188 .165 .289 .485 .265 -.152 .528 .370 2.669 

Density -4.84 5.42 -.141 -.649 .381 -16.028 6.349 .951 1.051 
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School 

Type 

-68.2 26.6 -.487 -1.85 .017* -123.06 -13.361 .658 1.521 

*denotes statistically significant at p<0.05, B = Unstandardized regression coefficient, β = 

standardized coefficient 

2.5.3 Effect of building retrofits on energy consumption 

Figure 8 shows that the average annual electricity, gas and total energy consumption 

increased by 10.2%, 9.7%, 9.9%, respectively in schools built or retrofitted after 1990. However, 

the independent sample t-tests indicated that only the average annual gas consumption showed a 

statistically significant difference between the schools built or retrofitted before 1990 and those 

built or retrofitted after 1990 (t(25) = 1.97, p < 0.05).  

 
Figure 8 Annual energy consumption in Manitoba schools based on retrofitting date (10-year 

average between 2004 and 2013) 

Out of the nine schools that underwent HVAC or envelope-related retrofits during the 2004 

to 2013 analysis period, seven experienced a decrease in total energy consumption following those 

retrofits ranging from 8 to 35%. Out of those seven schools, the independent sample t-tests showed 

the decrease was statistically significant in only one school where total energy consumption 
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decreased by 35% (t(106) = 2.5, p < 0.05). In four of those seven schools, electricity consumption 

increased by 8 to 26%, however, the decrease in their gas consumption led to a decrease in their 

overall energy consumption by 8 to 35%. The other two remaining schools experienced increases 

of 8% and 67.5% in their total energy consumption following their retrofitting. The independent 

sample t-tests showed that the increase in total energy consumption was statistically significant in 

the school where total energy consumption increased by 67.5% (t(106) = -2.1, p < 0.05).  

2.5.4 Effect of building age on energy consumption 

The MANCOVA test results in Table 3 show that building age had a statistically significant 

effect on annual electricity and gas consumption combined, after controlling for the effects of floor 

area and the number of occupants. The number of occupants also had a statistically significant 

effect on the results.  
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Table 3 MANCOVA and ANCOVA test results showing the effect of building age on electricity 

and gas consumption 

MANCOVA test results: average annual electricity and gas consumption quantities per unit area 

effect 

Effect Test Value F Effect df Error df p 

Area Wilk’s 0.802 2.588 2 21 0.099 

Number of 

occupants 

Wilk’s 0.610 6.715 2 21 0.006* 

Age Wilk’s 0.556 3.579 4 42 0.013* 

ANCOVA test results: average annual electricity consumption per unit area (KWh/m2) 

Effect df Mean Square F p 

Area 1 5521.83 5.39 0.029* 

Number of occupants 1 9889.23 9.65 0.005* 

Age 2 5350.37 5.22 0.013* 

Multiple coefficient of correlation and determination results: (KWh/m2) 

Effect R R2 Adjusted R2 p 

School age, floor area, number of occupants 0.765 0.585 0.538 0.000 

Post hoc LSD test probabilities: (KWh/m2) 

Age Mean  Old MA New 

Old 57.51 Old - .001* .001* 

MA 115.72 MA - - 0.667 

New 124.96 New - - - 

ANCOVA test results: average annual gas consumption per unit area (m3/m2) 

Effect df Mean Square F p 

Area 1 42.62 0.6 0.447 

Number of occupants 1 0.03 0.0 0.984 

Age 2 100.53 1.42 0.264 

ANCOVA test results: average annual total energy consumption per unit area (eKWh/m2) 

Effect df Mean Square F p 

Area 1 13207.69 1.209 0.282 

Number of occupants 1 38159.61 3.492 0.073 

Age 2 4419.08 0.404 0.672 

Note: Results in bold are statistically significant at p<0.05, df = degrees of freedom, R = Pearson 

product-moment correlation coefficient, R2 = coefficient of determination, MA = Middle-aged 

The ANCOVA test results showed a statistically significant difference in average annual 

electricity consumption between the three building age groups (F (2, 25) = 5.22, p < .05, partial η2 

= .295) as shown in Table 3. The post hoc analysis showed a statistically significant difference 

between average annual electricity consumption in old schools in comparison with middle-aged 

and new ones. However, it did not show a statistically significant difference between average 
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annual electricity consumption in middle-aged schools in comparison with new schools. Figure 9 

shows the difference in median annual electricity consumption between the three building age 

groups. The average annual electricity consumption increased by 105.5% from old to middle-aged 

schools, and by 8.6% from middle-aged to new schools. 

 
Figure 9 Annual electricity consumption in Manitoba schools based on building age (10-year 

average between 2004 and 2013) 

Unlike electricity consumption, the ANCOVA test results in Table 3 showed there was no 

statistically significant difference in average annual gas consumption between old, middle-aged 

and new schools. However, this average annual gas consumption decreased by 19.5% from old to 

middle-aged schools, and by 23.6% from middle-aged to new schools. Figure 10 depicts the 

difference in median annual gas consumption between the three building age groups graphically.  
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Figure 10 Annual gas consumption in Manitoba schools based on building age (10-year average 

between 2004 and 2013) 

The ANCOVA test results in Table 3 also showed no statistically significant difference in 

average annual total energy consumption across old, middle-aged and new schools. This average 

annual total energy consumption decreased by 8.5% from middle-aged to old schools, and by 

18.2% from old to new schools. Figure 11 depicts the difference in median annual total energy 

consumption across the three building age groups graphically. 
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Figure 11 Annual total energy consumption in Manitoba’s schools (10-year average between 2004 

and 2013) 

2.5.5 Effect of using different energy performance metrics on 

evaluating energy consumption 

Table 4 shows the results of using different metrics to report on schools’ energy 

consumption. As shown, the building age groups that were the largest and lowest consumers of 

energy changed depending on the metric used. For example, when reporting energy consumption 

per unit area (eKWh/m2), the middle-aged schools were found to be the largest energy consumers. 

However, when reporting energy consumption per occupant (eKWh/person), the old schools were 

found to be the largest energy consumers.  

The statistical significance of the difference between these two building age groups also 

changed depending on the metric used. The difference in average annual electricity consumption 
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between these two building age groups was statistically significant only when consumption 

quantities or costs were normalized by unit area or the number of occupants (i.e.  KWh/m2 or 

KWh/person, respectively). On the other hand, the ANCOVA tests did not show a statistically 

significant difference in average annual gas consumption between the two building age groups 

regardless of the metric used.  

Table 4 ANCOVA test results showing the differences in energy consumption across building age 

groups using several metrics 

Indicator Metric / Unit Largest 

Consumer 

Lowest 

Consumer 

% 

difference 

Significant 

difference between 

building age 

groups (ANCOVA 

results) 

Electricity  KWh/m2 New 

(126.3) 

Old (56.6) 55.1% Yes* 

 KWh/person New 

(2066.6) 

Old 

(1121.6) 

45.7% Yes* 

 KWh/m2/person New (0.7) Old (0.32) 54.2% No 

 $/m2 New (8.6) Old (3.7) 56.9% Yes* 

 $/person New 

(148.3) 

Old (74.2) 49.9% Yes* 

 $/m2/person New (0.05) Old (0.02) 60% No 

Gas m3/m2 Old (20.6) New (12.7) 38.3% No 

 m3/person Old (342.8) New (99.4) 71% No 

 m3/m2/person Old (0.08) New (0.03) 62.5% No 

 $/m2 Old (7.7) New (4.4) 42.8% No 

 $/person Old (138.2) New (34.4) 75.1% No 

 $/m2/person Old (0.03) New (0.01) 66.7% No 

Total 

Energy 

eKWh/m2 MA (274.3) New (224.3) 18.2% No 

eKWh/person Old 

(4662.6) 

New 

(3093.6) 

33.7% No 

eKWh/m2/person Old (1.2) MA (0.9) 25% No 

$/m2 MA (12.7) Old (10.8) 14.9% No 

$/person Old (212.4) MA (165.4) 22.1% No 

$/m2/person New (0.06) MA (0.05) 16.7% No 

Note: Results in bold are statistically significant at p<0.05, MA = Middle-aged 
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2.5.6 Relationship between floor area, number of occupants and 

schools’ energy consumption 

Results from the Pearson’s product-moment correlation presented in Table 5 showed strong 

negative correlations between annual electricity consumption per unit area (KWh/m2) and floor 

area in old and new schools but a positive correlation in middle-aged schools. Results were only 

statistically significant in the old school. For gas consumption per unit area (m3/m2), a positive 

correlation with floor area was detected in old and middle-aged schools, whereas a negative one 

was detected in new schools. However, none of these correlations were statistically significant.  

With respect to the relationships between electricity and gas consumption per occupant 

(KWh/person or m3/person), and the number of occupants, negative correlations were observed in 

all schools, except in new schools. None of these correlations were statistically significant. 

Table 5 Pearson’s product-moment correlation between floor area, number of occupants and 

electricity, gas consumption per unit area and per occupant 

Correlation Old Middle-aged New 

 r r2 p r r2 P r r2 p 

Area: 

Electricity/Area 
-0.61 0.37 0.028* 0.438 0.19 0.134 -0.745 0.56 0.255 

Area: Gas/Area 0.35 0.13 0.260 0.200 0.04 0.534 -0.137 0.02 0.912 

Occupants:  

Electricity / 

Occupant 

-0.67 0.44 0.013* -0.104 0.01 0.735 -0.795 0.63 0.205 

Occupants:  

Gas / Occupant 

-0.43 0.18 0.158 -0.533 0.28 0.074 0.689 0.47 0.311 

Note: Results in bold are statistically significant at p<0.05, r = Pearson product-moment 

correlation coefficient, r2 = coefficient of determination 

2.6 Discussion 

The 29% increase in median energy consumption in Manitoba school buildings in 

comparison with the Canadian median found in Natural Resources Canada (2016) could be 
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attributed to several factors, weather being the most important one. The average annual heating 

degree days in Manitoba between 2004 and 2013 was 5,670 (Environment Canada 2015b) and was 

thus higher than most Canadian cities, increasing energy demand for heating in Manitoban 

buildings. However, the average annual energy consumption in Manitoba’s schools was 6.5% 

lower than Toronto’s as reported in Issa et al. (2011) although the average annual heating degree 

days in Toronto between 2004 and 2013 was 35.6% less than Manitoba’s (Environment Canada 

2015a). This finding suggests the school buildings analyzed as part of this study were more energy 

efficient than the Toronto schools analyzed in Issa et al. (2011).  

Plotting energy consumption trends by school type showed that elementary and secondary 

schools consumed approximately two times more energy than K-12 schools. This result is in line 

with the multiple regression analysis results which showed that school type had a statistically 

significant effect on schools’ annual energy consumption. The higher energy consumption in 

elementary and secondary schools may be attributed to the equipment and activities taking place 

within them in comparison with the K-12 schools, thus the need to investigate these aspects further. 

For example, elementary schools provided catered lunch to school children on a daily basis unlike 

the K-12 schools in the sample. The small number of K-12 schools in the sample makes it difficult 

to generalize these results, thus the need to investigate a larger sample of these schools in future 

research.  

Results from the multiple regression models showed that building age was the only 

statistically significant factor affecting electricity, gas and total energy consumption, thus asserting 

the validity of grouping schools based on this factor. This result agrees with the results of previous 

studies (e.g. Aksoezen et al., 2015; Robertson and Higgins, 2012; Thewes et al., 2014). Stocker et 
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al. (2015) had found that building age had a statistically significant effect on nine school buildings 

in Switzerland. Similar findings were also reported by Burman et al. (2014a) where construction 

year had the second highest effect on heating consumption. Sekki et al. (2015b) also found a strong 

correlation between building age and heating consumption in a sample of Finnish school buildings.   

Although seven out of the nine schools that underwent HVAC or envelope-related retrofits 

experienced a decrease in total energy consumption, the decrease was statistically significant in 

only one school. This effectively means that the retrofitted schools in the larger population of 

schools cannot be said to consume less energy in general following their retrofitting. This could 

be due to some retrofits being relatively minor and involving only HVAC (e.g. boiler 

replacements) and envelope-related (e.g. windows or roof replacements) upgrades. It could also 

be due to other retrofits (e.g. adding heat recovery systems, increasing classrooms’ ventilation 

rates) increasing the electrical load from components of the HVAC system such as fans and pumps 

(Hong et al. 2013). Therefore, future research should investigate the effect of other more radical 

retrofits such as changing the entire mechanical system to a dedicated outside air system with 

radiant in-floor heating, on energy consumption.  

The study also showed that electricity consumption increased, while gas consumption 

decreased in newer school buildings compared to older ones. These results were also in line with 

the findings of previous studies (e.g. Burman et al., 2014a; Hong et al., 2013; Issa et al., 2011; 

Lourenço et al., 2014; Robertson and Higgins, 2012; Thewes et al., 2014). For example, Robertson 

& Higgins (2012) had found the average electricity consumption in two new schools in New 

Mexico to be 105% higher than that in two similar older schools. Burman et al. (2014a) also found 

that newer school buildings in the UK used more electricity than older ones. Lourenço et al. (2014) 
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attributed the increase in electricity demand in newer schools to the increased use of information 

and communication technology in these schools. This reinforces the need to investigate how 

occupancy may be contributing to that increase in electricity consumption in these newer schools. 

On the other hand, the decrease in gas consumption in newer schools may be due to the increased 

internal heat gains from their electrical equipment (Hong et al. 2013). Similar observations were 

made by Issa et al. (2011), where newer Toronto schools were found to consume less gas than 

older ones. With respect to the middle-aged schools being the largest consumers of energy, similar 

results were also observed in some previous studies such as Aksoezen et al. (2015) where middle-

aged buildings built between 1947 and 1979 were found to consume the most energy. These results 

reinforce the need to decrease energy consumption in existing versus new buildings, especially 

those built during the second half of the 20th century.  

The study also showed that using different energy metrics on the same study sample can 

lead to different results. Sekki et al. (2015a) had also reached a similar conclusion. This reinforces 

the need to pay special attention to those metrics in future studies since different metrics can serve 

different purposes depending on the goals of each study. In this particular study, normalizing 

energy consumption per occupant showed that older schools were the highest energy consumers 

due to their low occupant densities, which highlights issues such as space utilization within these 

schools. On the other hand, normalizing energy consumption per building floor area is more 

appropriate for evaluating buildings’ technical properties. Other considerations, such as weather 

normalization, should also be taken into account when evaluating buildings in different locations. 

These different metrics and results reinforce the need to standardize energy reporting metrics and 

methods to eliminate biased, inconsistent and contradictory findings. 
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Results of the correlation tests showed quite expectedly statistically significant negative 

relationships between electricity consumption per unit area and floor area in old schools, and 

between electricity consumption per occupant and number of occupants in old schools. 

Nevertheless, all other correlation results were not statistically significant. Issa et al. (2011) had 

also found statistically insignificant correlations between electricity or gas consumption per unit 

area and school building’s floor area. 

2.7 Conclusion 

This study was the first to provide empirical evidence on school buildings’ energy 

consumption in Manitoba, establishing benchmarks that designers, facility managers and operators 

can make use of in similar cold climates. The study also analyzed the same dataset using different 

energy metrics and identified some of the factors with the most statistically significant effects on 

schools’ energy consumption in Manitoba using robust multiple regression models and 

MANCOVA tests. Given that school buildings represent a large segment of public buildings in 

Manitoba, results stemming from this and other similar studies can be used to enact buildings codes 

that would set energy efficiency targets for existing buildings in the same way such codes exist for 

new ones. They can also be used to evaluate the effectiveness of retrofit and renovation projects 

at the provincial level and to standardize the metrics and methods used to benchmark energy use 

across Canada. This is to decrease existing buildings’ energy consumption given the large 

percentage of existing buildings to new ones and their increased energy use as shown in this study.  

Some of the tests used in this study did not provide statistically significant results, 

indicating their results can’t be generalized to the entire building stock. This may have been due 
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to the relatively small sample size used in this study, thus the need to analyze larger building 

samples. There were also other factors that may have affected schools’ energy consumption such 

as the type and efficiency of the heating systems used in the schools. These factors were not 

considered because information about them was not available in the school records provided by 

the PSFB. There were also anomalies in the energy data received from Manitoba Hydro that were 

corrected or removed as explained in the research methods section.  Some energy retrofits were 

not also documented by the school divisions or the PSFB as they were usually carried out by the 

individual schools themselves using a small budget available to them for minor projects. Although 

some of these limitations were addressed when analyzing the data, they may have still had minor 

effects on the study results.  
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CHAPTER 3: Analyzing Real-Time 

Electricity Consumption in Three Schools 

in Manitoba 
A version of this chapter was published in the journal of “Energy and Buildings” (2016) 
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the equipment used for the data collection and reviewed the paper.  

 

3.1 Abstract 

Previous studies showed electricity consumption increased in new and green buildings 

reinforcing the need to investigate factors behind that increase. Previous studies also focused on 

studying commercial or residential buildings’ energy consumption, emphasizing the need to study 

other buildings’ energy consumption such as schools. This study analyzed historical energy 

consumption data in a sample of 30 schools in Manitoba, Canada. It showed that the decrease in 

gas consumption for heating in new schools was counteracted by a statistically significant increase 

in their electricity consumption. Therefore, electricity consumption was analyzed further in three 

cases study schools within that sample. Within each school, one classroom, the gymnasium, as 

well as a multi-purpose room with significant community use were sub-metered to collect real-

time electricity consumption data. Although total electricity consumption increased in the newest 

school, sub-metered spaces in the two older schools consumed more electricity. Differences in 

sub-metered spaces’ electricity consumption were attributed to occupant behaviour. The study is 
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the first to provide an in-depth investigation of electricity consumption in Canadian school 

buildings and to consider the potential effect of typically overlooked factors such as occupant 

behaviour on that consumption.  

Key words: school buildings; electricity consumption; building performance; energy efficiency; 

occupant behaviour 

3.2 Introduction  

Buildings accounts for 20 to 40% of energy use worldwide (Azar & Menassa 2012), 

Although some studies (e.g. Kats 2006) showed that new and green buildings can help decrease 

conventional buildings’ energy use by 25 to 30%, others (e.g. Issa et al. 2011; Robertson & Higgins 

2012)) showed that new and green buildings used more electricity than conventional ones. This 

raises questions about the effect of factors such as occupancy and usage on that electricity 

consumption (Hancock & Stevenson 2009). Previous studies also focused on analyzing 

commercial buildings’ energy consumption, reinforcing the need to analyze energy consumption 

in other building types such as school buildings (Dimoudi & Kostarela 2009). This is because 

school buildings contribute considerably to overall energy consumption due to their size and share 

of the overall building stock (Dias Pereira et al. 2014).  

This study aimed to evaluate energy performance in school buildings in Manitoba, Canada. 

It entailed analyzing historical energy consumption in a randomly selected sample of 30 schools 

over nine years. The analysis revealed newer schools used more electricity but less gas than older 

ones, reinforcing the need to investigate their electricity consumption in more detail. Therefore, 

electricity consumption was analyzed in depth in three case-study schools from that sample 

between January and May 2015. These schools included a new Leadership in Energy and 
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Environmental Design (LEED) certified school built in 2009, a middle-aged school built in 1968 

and an old school built in 1951. The study entailed analyzing real-time electricity consumption in 

classrooms, gymnasiums and multi-purpose rooms believed to be heavily used by the community 

in those three schools. Specific objectives involved evaluating: 1) differences in electricity 

consumption between the three schools at the building and space levels, 2) differences in electricity 

consumption between work and non-work hours, and 3) differences in electricity consumption 

throughout the analysis period. 

3.3 Literature review 

A review of the literature on buildings’ energy consumption in relation to occupancy 

showed mixed results. In some studies (e.g. Ridley et al. 2014; Guerra-Santin et al. 2013), energy 

consumption varied significantly in similar buildings, raising questions about the potential effect 

of building occupants on that consumption. The performance gap between expected and actual 

energy consumption was also more considerable in green buildings built to standards such as 

LEED. Several studies (e.g. Oates & Sullivan 2012; Menassa et al. 2012; Diamond et al. 2006) 

noticed green buildings’ actual energy consumption exceeded design estimates due to the 

inaccuracy of their energy models as they related to occupancy in particular. Others (e.g. Guerra 

Santin et al. 2009) found discrepancies between predicted and actual occupancy patterns, 

reinforcing the need to evaluate the effect of that occupancy on energy consumption. Some studies 

(e.g. Clevenger et al. 2014b) found green buildings consumed less gas but more electricity than 

conventional buildings, emphasizing the need to investigate this increase in electricity 

consumption. The majority of the afore-mentioned studies focused on commercial buildings as 

opposed to other types of buildings. They also investigated occupant behaviour as it related to 
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HVAC energy consumption (e.g. Clevenger et al. 2014b; Haldi & Robinson 2011b) despite plug 

loads and lighting representing the majority of a building’s electricity consumption. Moreover, 

very few studies (e.g. Straka & Aleksic 2009; Issa et al. 2010) focused on evaluating Canadian 

buildings’ energy use in particular.  

The few studies that investigated the effect of occupancy on buildings’ energy consumption 

did it statistically. Yu Zhun Jerry et al. (2011) investigated energy consumption in a sample of 80 

residential buildings over two years by grouping similar buildings into clusters using seven factors 

not related to occupant behaviour. Using cluster analysis and grey-relational techniques, the study 

found major differences in the energy consumed by similar buildings and attributed these 

differences to occupant behaviour. Other studies (e.g. Haldi & Robinson 2011b; Straka & Aleksic 

2009) used energy modeling to determine the effect of occupancy on energy consumption. 

Clevenger et al. (2014b) concluded through manipulating occupancy input parameters in energy 

models that occupancy could change buildings’ annual energy consumption by 69 to 177% 

depending on factors such as building type and climate region. Bonte et al. (2014) found that the 

relative standard deviation due to modeling occupant actions amounted to 47%. Similarly, Haldi 

& Robinson (2011b) integrated energy modeling with comprehensive occupancy modeling and 

concluded that occupant behaviour had a statistically significant effect on energy demand and 

indoor environmental conditions. Despite their value, most of these studies focused on how 

occupants affected HVAC energy consumption through occupant actions such as the use of blinds, 

window operation or clothing adjustments. Moreover, they did not investigate the effect of 

occupants on real-time electricity consumption.  
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A small number of studies investigated actual, real-time energy consumption. One major 

limitation of these studies is that they usually evaluated office buildings and only a small number 

of them. This is because the financial and logistical constraints associated with conducting real-

time energy measurements usually made it difficult to conduct similar larger-scale studies (Gunay 

et al. 2013). Studies that measured actual, real-time energy consumption usually did so by sub-

metering specific building spaces, without investigating specific end uses such as lighting and plug 

loads. For example, Masoso & Grobler (2010) sub-metered six commercial building spaces and 

found that 56% of their energy was consumed during non-business hours. Nevertheless, it did not 

measure energy consumption related to specific end-uses. Similarly, Mulville et al. (2014) found 

that 23% of the energy consumed by two workstations in two office buildings occurred during 

non-business hours. The study showed that providing individual and group feedback to office 

employees about their energy consumption decreased power density in individual workspaces by 

7 to 11%. Gulbinas & Taylor (2014) also showed that providing individual and group feedback to 

building occupants about their energy consumption improved buildings’ energy-efficiency. 

Despite their strengths, these studies did not investigate occupancy patterns or occupant activities 

with the highest effect on buildings’ energy consumption. Only Zhao et al. (2014) used sensors 

and wearable pedometers along with sub-meters in workstations to account for their occupancy 

(i.e. whether they were vacant or occupied). The study found that the occupancy of these 

workstations had a direct effect on modeled HVAC energy consumption and real-time plug-load 

electricity consumption. However, it did not identify the specific occupant activities that had a 

direct effect on that consumption.  
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A number of studies used surveys to investigate the effect of occupancy. For example, 

Tetlow et al. (2015) investigated  real-time electricity consumption in the workstations of two UK 

office buildings and surveyed these workstations’ users about their energy use. The study showed 

that users’ behaviour accounted for 11% of the variation in workstations’ energy consumption. 

Similarly, Gill et al. (2010b) used the Theory of Planned Behavior in their survey to establish a 

relationship between wasteful energy use and the general lack of interest in energy efficiency. The 

study concluded that occupant behaviour accounted for 51%, 37%, and 11% of the variation in 

heat, electricity and water consumption respectively in residential dwellings. Langevin et al. 

(2014) monitored the behaviour of 24 office building occupants using a combination of daily 

surveys, indoor environmental measurements and the logging of power consumption of personal 

fans and heaters. The collected data was then used to develop and validate an agent-based model 

of building occupants' thermally adaptive behaviours which compared favorably to other modeling 

options. Al-Mumin et al. (2003) surveyed occupants of 30 residences about their use of electrical 

appliances and found an increase of 21% in that use when compared with the estimates of energy 

models. The study believed energy-efficient behaviour could decrease annual electricity 

consumption by 39%. 

3.4 Research method 

This study evaluated energy consumption in a sample of Manitoba schools. The research 

entailed collecting general information about the population of 129 schools in four school divisions 

in Manitoba. This information collected included data on these schools’ floor areas, dates of 

construction, number of occupants, grade levels as well as the major renovations, retrofits and 

additions that were done to them. The information was used to select, using stratified random 
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sampling and Neyman proportional allocation technique, a representative sample of 30 schools to 

be analyzed at a 90% confidence level. The school data were used to create three groups of schools, 

with 13 schools representing old schools built on or before 1959, 13 middle-aged schools built 

between 1960 and 1989, and four new schools built on or after 1990 including one LEED-certified 

school. The cut-off dates used for these schools were based on the dates used by the United States 

Commercial Buildings Energy Consumption Survey (CBECS) (EIA, 2016). The study involved 

collecting and analyzing the historical monthly gas and electricity consumption quantities and 

billing costs for these schools for the period between 2004 and 2013 to evaluate the effect of 

building age on energy consumption. Manitoba has extreme weather conditions, with winter 

temperatures dropping to -35ºC during winters and reaching 30ºC in the summer (Dick et al. 2014). 

Due to these climatic conditions, the National Energy Code for Buildings in Canada set a 

maximum U-value at 0.210 W/m2k for walls, 0.162 W/m2.k for roofs, and 2.0 W/m2.k for windows 

in Manitoba. 

One school was then selected from each building age group as shown in Table 6 for further 

analysis of their total building electricity consumption, and space-level lighting and plug load 

electricity consumption at 30 minute-intervals. Logging electricity consumption data at 30 minute 

intervals was in line with previous studies investigating real-time electricity consumption (e.g. 

Mulville et al. 2014; Gill et al. 2010a), many of which focused on academic buildings in particular 

(e.g. (e.g. Gul & Patidar 2015; Stuart et al. 2007). Only Tetlow et al. (2015) monitored electricity 

consumption using wireless plug monitors every six minutes in the workstations of commercial 

office buildings. The 30-minute interval provided enough time to detect changes in electricity 

consumption in these case-study schools where classes typically lasted approximately 50 minutes. 
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At that interval, electricity consumption data could also be stored for more than one month in the 

data loggers used to measure this electricity. This provided ample time to download this data from 

these data loggers.  
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Table 6 Case-study schools’ parameters 

parameters Old School Middle-aged 

School 

New School 

Construction date 1951 1968 2009 

Floor area 69,892 sq.ft. 37,000 sq.ft. 28,637 sq.ft. 

Number of floors 2 1 1 

Number of students (2014/15) 320 210 79 

School type  K-8 (ages 6-

14) 

K-8 (ages 6-

14) 

K-12 (ages 6-

18) 

Floor area of monitored classroom 735 sq.ft. 745 sq.ft. 645 sq.ft. 

Number of students in monitored 

classroom 

24 19 22 

Age range of students in monitored 

classroom 

9-10 9-10 9-12 

Floor area of monitored gymnasium 6500 sq.ft. 4000 sq.ft. 5000 sq.ft. 

Lighting power density in classrooms 1.7 

watts/sq.ft 

1.1 watts/sq.ft 0.66 watts/sq.ft 

(installed 

occupancy 

sensors) 

Power density of installed receptacles in 

classrooms 

0.98 

watts/sq.ft 

0.96 watts/sq.ft 1.67 watts/sq.ft 

Lighting power density in the gymnasium 0.9 watts 

/sq.ft 

0.83 watts 

/sq.ft 

1.1 watts/sq.ft 

Power density of installed receptacles in 

the gymnasium 

0.2 watts 

/sq.ft 

0.36 watts / 

sq.ft 

0.36 watts /sq.ft 

Equipment in monitored classroom Laptops 

Projector   

Stereo station 

(with 

multiple 

headsets for 

students) 

Sharpener 

Fans 

Laptops 

A/V Station  

Stereo 

Microwaves 

Sharpener 

 

Laptops 

Projector 

Stereo 

Sharpener 

 

Equipment in monitored gymnasium Laptops 

Scoreboard 

Speakers and 

control unit 

Projector  

Stereo  

Movable 

curtain 

Fans 

Coffee maker 

Laptops 

Scoreboard 

Speakers and 

control unit 

A/V Station   

Stereo  

 

Laptops 

Speakers and 

control unit 

A/V Station   

Stereo  

Movable screen 

Movable 

basketball hoops 

  

Equipment in other monitored spaces Laptops N/A Digital piano 
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Digital piano 

Speakers and 

control unit 

Amplifiers 

Microphone 

charger  

Speakers and 

control unit 

Projector 

Microwaves 

Movable screen 

Architectural and electrical drawings for each of these three schools were analyzed to 

identify spaces to be sub-metered in order to measure their real-time electricity consumption. 

These spaces included a south-facing classroom with 19 to 24 students aged between 9 and 12 

years old, a gymnasium and one space typically used outside of regular work hours. Classes 

typically ran between 8:45 and 15:15 every day with breaks between 10:30 and 10:40, and 14:30 

and 14:40. Lunch break was between 11:45 and 12:45. Most students typically left their classrooms 

during this lunch break unlike the shorter breaks. School administrators were asked to identify 

spaces typically used outside regular work hours; however, only two of the schools identified such 

spaces. In the new school, a multi-purpose room was typically used for community events such as 

town hall meetings and annual Christmas parties, whereas the old school had a music room, 

typically used by a community choir on a regular basis. Field visits to the three schools validated 

the circuit configurations in the electrical drawings and thus helped finalize the electricity 

monitoring plan for each school. Sub-meters were then installed with the help of a certified 

technician from Manitoba Hydro to monitor all lighting and plug load circuits for the selected 

spaces and measure their electricity consumption at half-hour intervals. A RADIAN® RM-15-15 

portable watthour standard was used to calibrate the different sub-metering equipment used and 

ensure consistency of the data collected. Measurement errors for this equipment ranged between 

0.95% and 2.02%, indicating a high level of accuracy. Table 7 shows details of the monitoring 
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plan including the number of circuits serving each space and the type of sub-metering equipment 

used for each circuit(s). 

Table 7 Electricity sub-metering plan 

School Electrical configuration and monitoring plan 

Old 

School 

Classroom Light Classroom Plugs 

3 circuits 1 DENT® ElitePro XC meter 3 circuits 1 DENT® ElitePro XC 

meter 

Gymnasium Lights Gymnasium Plugs 

12 circuits  2 Watt-Node® meters and 

Hobo® Data loggers 

5 circuits  1 Watt-Node® meter and 

Hobo® Data logger 

Music Room Lights Music Room Plugs 

16 circuits  2 Watt-Node® meters and 

Hobo® Data loggers 

4 circuits  1 DENT® ElitePro XC 

meter 

Middle-

aged 

School 

Classroom Light Classroom Plugs 

1 circuit 1 DENT® ElitePro XC meter 2 circuits  1 DENT® ElitePro XC 

meter + 

2 plug monitors to subtract plug loads 

from another classroom 

Gymnasium Lights Gymnasium Plugs 

3 circuits  1 K20® power meter + 1 light 

sensor to subtract lighting from another 

room 

3 circuits  1 K20® power meter 

New 

School 

Classroom Light Classroom Plugs 

1 circuit 1 DENT® ElitePro XC meter + 

1 light sensor to subtract lighting from 

another room 

2 circuits  1 DENT® ElitePro XC 

meter 

Gymnasium Lights Gymnasium Plugs 

8 circuits  1 K20® power meter 6 circuits  1 K20® power meter 

MPR Lights MPR Plugs 

3 circuits  1 K20® power meter 4 circuits  1 DENT® ElitePro XC 

meter 

Real-time electricity consumption data was collected and analyzed for the period between 

January and May 2015. There were two instances of equipment malfunction during this period 

resulting in erroneous data which was discarded from the analysis. The data collected from each 

circuit was used to calculate total lighting and plug load electricity consumption in each space. For 

circuits serving more than one space, other equipment such as WattsUP® Plug monitors and 
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HOBO® Light sensors were used to calculate the specific electricity consumed in each space. 

Resulting data was normalized per floor area to enable comparisons between similar spaces across 

the three schools. Real-time total school electricity consumption data was also downloaded off the 

advanced utility meters available in two of the schools. For the third school, real-time total 

electricity consumption was monitored using a DENT® ElitePro XC meter installed on the school’s 

main electricity cable. 

The data analysis phase involved calculating total energy consumption in equivalent KWh 

by multiplying gas consumption data in m3 by 10.33 and adding it to electricity consumption data 

as outlined by Natural Resources Canada (2015). An Analysis of Covariance (ANCOVA) test was 

then used to investigate the effect of building age on annual electricity, gas and total energy 

consumption separately, after controlling for the effects of building floor area and the number of 

occupants in each school. If the ANCOVA tests showed a statistically significant effect, post hoc 

least significant difference (LSD) tests were used to assess the differences in averages between 

every two school age groups for that effect. 

The collected half-hourly electricity consumption data was used to calculate and compare 

the average daily electricity consumption for the entire schools and for the sub-metered spaces in 

the old, middle-aged and new schools. Non-parametric tests were then used to compare half-hourly 

electricity consumption in the three schools because this data did not follow a normal distribution 

on a frequency plot. A non-parametric Kruskal-Wallis H test was used to determine whether there 

were statistically significant differences between the three schools in 1) total school half-hourly 

electricity consumption, 2) half-hourly lighting and plug load electricity consumption in 

classrooms, gymnasiums and other school spaces, and 3) half-hourly electricity consumption 
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during work and non-work hours. Whenever statistically significant differences were found, post-

hoc pairwise comparisons were performed using Dunn's (1964) procedure with a Bonferroni 

correction for multiple comparisons. 

The analysis also involved identifying the percentage of electricity consumed during non-

work hours, with work hours being between 8:00 - 16:30, Mondays to Fridays. The analysis 

involved plotting and comparing the average half-hourly electricity consumed during work and 

non-work hours over an entire day.  

The study also entailed using the cumulative sum (CUSUM) technique to analyze changes 

in electricity consumption throughout the analysis period by comparing total electricity consumed 

on each weekday (x) to a constant predicted value (µ). The constant predicted value (µ) for a 

specific day was equal to the average daily electricity consumption for that weekday. In order to 

calculate the CUSUM statistic (Sr) for each day, actual electricity consumption for each day was 

compared to predicted consumption using equation (2) below.  

𝑆𝑟 = ∑ (𝑋𝑖 − µ)𝑟
𝑖=1  (2) 

A new dataset was thus created representing deviations from the predicted value (µ) at any 

point in the time-series. The final step involved calculating the cumulative sum of these deviations 

and plotting it against time to investigate changes in electricity consumption. Positive gradients 

reflected consumption that was greater than average whereas negative gradients reflected lower 

than average consumption.   
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3.5 Results  

This section reports on the results of analyzing historical energy consumption data for the 

30 schools, followed by the results of analyzing real-time electricity consumption data for the three 

case study schools.   

3.5.1 Historical energy consumption analysis in all schools 

Figure 12 shows that old school buildings had the lowest average annual electricity 

consumption whereas new school buildings had the highest average annual electricity 

consumption. Average annual gas consumption was lowest in the new school buildings but highest 

in the old school buildings. The ANCOVA test results in Table 8 showed a statistically significant 

difference in average electricity consumption quantities, but not in average gas consumption 

quantities between the three building age groups. The post-hoc analysis showed a statistically 

significant difference in electricity consumption quantities between all pairs of schools except 

between the middle-aged (MA) and new schools, prompting further analysis of their real-time 

electricity consumption. 
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a                                                                                   b 

Figure 12 a) Average annual electricity, gas (eKWh), and total energy consumption in Manitoba’s 

schools b) Average annual gas (m3) consumption in Manitoba’s schools 

Although middle-aged school buildings consumed the most energy in total, the ANCOVA 

test results in Table 8 showed no statistically significant differences in average total energy 

consumption across the three age groups.  

Table 8 ANCOVA test results with age as the fixed factor and the building floor area and the 

number of occupants as co-variables  

Measure Sum of Squares df Mean Square F P 

Electricity Consumption 24668.629 2 12334.314 5.22 0.013* 

Gas Consumption 20.1.054 2 100.527 100.53 0.264 

Total energy Consumption 8838.161 2 4419.08 0.404 0.672 

*denotes statistically significant results (P<0.05), df = degrees of freedom 

3.5.2 Real-time electricity consumption analysis in case-study schools 

The analysis of real-time total electricity consumption in the three case-study schools was 

in line with findings from the previous section. The new school used on average 48% more 

electricity on a daily basis than the middle-aged school, which used on average 82% more 

electricity than the old school as shown in Figure 13a. Figure 13b shows average base load 

consumption between 22:00 - 7:00 on weekdays was highest in the new school and lowest in the 

old one. However, the middle-aged school used the highest average base load consumption in 
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relation to its average daily load (56.6%) in comparison with 42.9% and 42.2% in the new and old 

schools, respectively.  

   
a      b 

Figure 13 a) Average daily electricity consumption in the three schools b) Average base load 

electricity consumption in the three schools 

The non-parametric Kruskal-Wallis H test results in Table 9 revealed statistically 

significant differences in the median total daily electricity consumption across the three schools. 

The post-hoc pair-wise comparisons also showed statistically significant differences between all 

pairs of schools, thus confirming the considerable increase in electricity consumption in the 

middle-aged and new schools. 
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 Table 9 Kruskal-Wallis H test results showing the differences in electricity consumption between 

the three schools 

Measure N Test Statistic df P 

Total Daily Electricity Consumption  332 184.478 2 0.000* 

Classroom Daily Electricity consumption for lighting 387 40.375 2 0.000* 

Classroom Daily Electricity consumption for plug loads  239 83.2 2 0.000* 

Classroom 30-min Electricity consumption for lighting 

(work hours) 

4,914 343.89 2 0.000* 

Classroom 30-min Electricity consumption for plug 

loads (work hours) 

3,924 135.292 2 0.000* 

Classroom 30-min Electricity consumption for lighting 

(non-work hours) 

4,914 184.413 2 0.000* 

Classroom 30-min Electricity consumption for plug 

loads (non-work hours) 

3,762 1007.03 2 0.000* 

Gym Daily Electricity consumption for lighting  387 67.977 2 0.000* 

Gym Daily Electricity consumption for plug loads  387 201.696 2 0.000* 

Gym 30-min Electricity consumption for lighting (work 

hours)   

4,913 1581.367 2 0.000* 

Gym 30-min Electricity consumption for plug loads 

(work hours) 

4,913 3107.954 2 0.000* 

Gym 30-min Electricity consumption for lighting (non-

work hours)   

4,914 2063.409 2 0.000* 

Gym 30-min Electricity consumption for plug loads 

(non-work hours) 

4,914 2140.926 2 0.000* 

*denotes statistically significant results (P<0.05), df = degrees of freedom 

 

3.5.3 Space-level analysis in case-study schools 

This subsection presents the results of analyzing real-time electricity consumption in the 

classrooms, gymnasiums, and multi-purpose rooms heavily used by the community across the 

three schools. The results focus on their lighting and plug load electricity consumption in 

particular.  

3.5.3.1 Real-time electricity consumption analysis in case-study classrooms 

Classrooms’ electricity consumption in the three case-study schools did not follow the 

same trend as their total electricity consumption. Results showed that the old school’s classroom 
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used on average 344% and 137% more electricity for lighting and plug loads combined than the 

middle-aged, and new schools’ classrooms, respectively. Figure 14 indicates daily plug load and 

lighting electricity consumption was highest in the old school’s classroom (17.53 Wh/m2/day, 

31.66 Wh/m2/day respectively), and lowest in the middle-age school’s classroom (3.73 

Wh/m2/day, 7.57 Wh/m2/day respectively). The new school’s classroom, on the other hand, 

consumed on average 8.74 Wh/m2/day for plug loads and 11.55 Wh/m2/day for lighting. These 

classrooms’ electricity consumption cannot therefore explain new schools’ increased total 

electricity consumption. 

 
a b 

Figure 14 Daily electricity consumption for classroom a) Lights and b) Plug Loads  

The results in Table 9 revealed statistically significant differences in half-hourly electricity 

consumption between the three classrooms for lighting and plug loads. The post-hoc pair-wise 

comparisons also showed statistically significant differences between all pairs of classrooms for 

lighting and plug loads, except for lighting between the middle-aged and new schools’ classrooms. 
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Figure 15 depicts classrooms’ average half-hourly electricity consumption for lighting and 

plug loads over an entire day for the three schools. The graphs highlight differences in the three 

classrooms’ electricity consumption. For example, electricity consumption for lighting in the 

middle-aged school’s classroom typically dropped around 22:30 unlike other schools where it 

dropped around 16:30. Electricity consumption for lighting during non-work hours made up 15.3% 

of total electricity consumption for lighting in the middle-aged school’s classroom compared to 

2.4% and 0.5% in the old and new classrooms, respectively. Electricity consumption for plug loads 

during non-school hours was more consistent, making up 19.6%, 14.4%, and 28.7% of total 

electricity consumption for plug loads in the old, middle-aged, and new schools’ classrooms, 

respectively. Even though Figure 15b shows electricity consumption for plug loads during non-

school hours was consistent in the old and new schools’ classrooms, it dropped to zero in the early 

morning hours in the middle-aged school’s classroom.  

    
a       b 

Figure 15 Average half-hourly electricity consumption for classroom a) lights and b) plug loads  

Table 9 shows statistically significant differences in half-hourly electricity consumption 

for lighting and plug loads between the three schools’ classrooms during work and non-work 

hours.  The post-hoc pair-wise comparisons also showed statistically significant differences in 
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electricity consumption for lighting and plug loads during work and non-work hours between all 

pairs of classrooms, except for lighting between the old and new schools’ classrooms during non-

work hours.   

3.5.3.2 Real-time electricity consumption analysis in case-study gymnasiums  

Unlike classrooms’ electricity consumption, the new school’s gymnasium used on average 

17% more electricity for lighting (107.8 Wh/m2/day) than the old school’s gymnasium (91.95 

Wh/m2/day), which used on average 105% more electricity for lighting than the middle-aged 

gymnasium (44.67 Wh/m2/day). On the other hand, the old school’s gymnasium used on average 

936% more electricity for plug loads (20.72 Wh/m2/day) than the new school’s gymnasium (2 

Wh/m2/day), which used on average 5.2% more electricity for plug loads than the middle-aged 

gymnasium (0.62 Wh/m2/day) as shown in Figure 16.  

 
a     b 

Figure 16 Daily electricity consumption for gymnasium a) Lights and b) Plug Loads  
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The results in Table 9 revealed statistically significant differences in the half-hourly 

electricity consumption for lighting and plug loads across the three schools’ gymnasiums. The 

post-hoc pair-wise comparisons showed statistically significant differences in half-hourly 

electricity consumption between all pairs of gymnasiums except for electricity consumption for 

lighting in the new and old schools’ gymnasiums; indicating similar light usage patterns in both 

gymnasiums. 

Figure 17 depicts gymnasiums’ average half-hourly electricity consumption for lighting 

and plug loads over an entire day for the three schools. The figure highlights differences in the 

three gymnasiums’ electricity consumption. For example, lighting and plug load electricity 

consumption in the old school’s gymnasium typically dropped around 22:30 unlike other schools 

where it dropped around 19:30. Unlike classrooms, the three gymnasiums’ electricity consumption 

for lighting during non-work hours made up 24.3%, 19.1%, and 16.6% of total electricity 

consumption for lighting in the old, middle-aged and new schools’ gymnasiums, respectively. The 

gymnasiums’ electricity consumption for plug loads during non-work hours represented 13.2% 

and 12.3% of total electricity consumption for plug loads in the new and middle-aged schools’ 

gymnasiums respectively, whereas it represented 24% of total electricity consumption for plug 

loads in the old school’s gymnasium. 
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a       b  

Figure 17 Average half-hourly electricity consumption for gymnasium a) lights and b) plug loads  

The results in Table 9 revealed statistically significant differences in half-hourly electricity 

consumption for lighting and plug loads between the three gymnasiums during work and non-work 

hours. The post-hoc pair-wise comparisons showed statistically significant differences in half-

hourly electricity consumption between all pairs, highlighting the effect of occupancy on real-time 

electricity consumption during work and non-work hours.   

3.5.3.3 Real-time electricity consumption analysis in other case-study spaces  

Figure 18 shows that lighting and plug load electricity consumption in multi-purpose rooms 

used for community events during non-work hours in the old and new schools were negligible in 

comparison to work hours. This may be due to these spaces not being used outside regular work 

hours during the analysis period. For the multi-purpose room in the new school, peak electricity 

consumption occurred around midday when students used the room for lunch. Electricity 

consumption in the old school’s music room was also usually associated with the use of the room 

for music classes on weekdays. Similar to classrooms and gymnasiums, average electricity 

consumption for plug loads in these spaces during non-work hours represented 20.4% and 33.6% 
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of total electricity consumption for plug loads in these spaces in the old and new schools, 

respectively. This contrasts with electricity consumption for lighting during non-work hours which 

represented only 1% and 8.2% of total electricity consumption for lighting in these spaces in the 

old and new schools, respectively. 

       
a                                                   b 

Figure 18 Average half-hourly electricity consumption in other spaces for a) lighting and b) plug 

loads  

3.5.4 Time-series analysis of real-time electricity consumption in case-

study schools  

The old school’s daily total electricity consumption appeared to be consistent and steady 

over the analysis period, as shown in Figure 19. In contrast, both the middle-aged and new schools 

consistently consumed higher than average electricity until the beginning of March, after which 

their consumption decreased steadily till the end of the analysis period. The DENT® ElitePro XC 

meter used to monitor the new school’s total electricity consumption malfunctioned in March 

2015, thus the missing data for that month.  
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Figure 19 CUSUM plots at daily intervals for total electricity consumption 

3.6 Discussion and conclusion 

The analysis of historical energy consumption revealed a decrease in gas consumption for 

heating in newer schools but a statistically significant increase in their electricity consumption. 

The decrease in gas consumption in newer schools could be due to advancements in building 

insulation that emanated from the adoption of the Model National Energy Code for Buildings in 

Canada (MNECB) in the 1990s. The increase in their electricity consumption may be due to the 

use of more complex HVAC systems including programmable thermostats in these buildings 

(Kavousian et al. 2013). This increase in electricity consumption in newer schools was also 

observed in other studies (e.g. Issa et al. 2011; Robertson & Higgins 2012). Total energy 

consumption was found to be highest in middle-aged schools which was also in line with the results 

of previous studies (e.g. Aksoezen et al. 2015). Because of new school buildings’ higher electricity 

consumption, their total energy consumption was not statistically significantly lower than that of 

older buildings.  
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The analysis of real-time electricity consumption in the three case-study schools showed 

the newer school used statistically significantly more electricity than the other two schools, thus 

confirming the results observed in the larger 30 school sample. These results were also in line with 

the ones of previous studies (e.g. Issa et al. 2011; Robertson & Higgins 2012) which had also 

noticed an increase in electricity consumption in newer schools. Base load electricity consumption 

during night hours (22:00 – 7:00) made up approximately 42% of daily load consumption in the 

new and old schools. This percentage increased to 56.6 % in the middle-aged school, thus the need 

to further investigate this school’s base load electricity consumption in order to decrease it.  

The analysis of classrooms’ electricity consumption revealed an opposite trend whereby 

the old school’s classroom consumed the most electricity, followed by the middle-aged and new 

schools’ classrooms. Therefore, these results cannot explain the increase in total electricity 

consumption in newer schools. Statistically significant differences in electricity consumption for 

plug loads were found in the three schools’ classrooms. These differences may be due to the 

equipment used in each classroom, as shown in Table 6. For example, the middle-aged school’s 

classroom had two microwaves that were used daily on lunch breaks. Statistically significant 

differences in electricity consumption for lighting were also found in the three classrooms. These 

could be due to the densities of the lighting systems installed in each classroom as shown in Table 

6, and to increased reliance on daylight in the newer school.  

Occupant behaviour can potentially explain observed differences in schools’ electricity 

consumption. The analysis of half-hourly data showed electricity for lighting was consumed over 

a much longer period in the middle-aged school’s classroom than in the other two schools’ 

classrooms. School visits confirmed teachers in the middle-aged school usually left the lights on 
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at the end of the school day. Those were usually switched off by custodial staff at the end of their 

night shifts around 22:00. Statistically significant differences in half-hourly plug load electricity 

consumption were also observed in the different classrooms but were not anticipated, especially 

during non-work hours. Phantom loads consumed by the different equipment on standby mode in 

each classroom may explain these differences, as shown in previous studies (e.g. Kaneda & 

Jacobson 2010). For example, the new school’s classroom consumed 28.7% of its plug load 

electricity during non-work hours, but only 0.5% of its lighting electricity during non-work hours 

due to the use of occupant sensors. This reinforces the need to use similar sensors to control 

electricity consumption for plug loads. Those sensors could take the form of sensor-controlled 

outlets and power-sensing plug strips to eliminate electricity consumption for plug loads during 

non-work hours and thus reduce overall electricity consumption for plug loads.  

The analysis of gymnasiums’ electricity consumption also revealed statistically significant 

differences across schools. The old school’s gymnasium used considerably more electricity for 

plug loads than the other two schools’ whereas the new school’s gymnasium used more electricity 

for lighting. Although the old school’s gymnasium was only 31% and 64% larger in size than the 

new and middle-aged schools’ gymnasiums respectively, its plug load electricity consumption was 

approximately 936% and 3,000% higher than the new and middle-aged gymnasiums’, 

respectively. The old school’s gymnasium consumed 24% of its electricity for plug loads during 

non-work hours, whereas the new and middle-aged schools’ gymnasiums consumed only about 

10% of their electricity for plug loads during non-work hours. These differences may have been 

due to how the old school’s gymnasium was used in comparison to the two other gymnasiums. 

The old school’s gymnasium was frequently divided and used for several classes simultaneously, 
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unlike the other two schools’ gymnasiums. It also included several electrical equipment such as 

electrically controlled space dividers and basketball hoops unlike the other two gymnasiums, 

which may explain its higher plug load electricity consumption. The three gymnasiums consumed 

on average 20% of their electricity for lighting during non-work hours, most probably due to their 

frequent use after school hours for sports practice especially prior to school tournaments or for 

community events in the evening.  

This study was limited by a number of factors. The study’s limited financial, technical and 

human resources made it difficult to analyze more than 30 schools and three case-study buildings, 

which in turn makes it difficult to generalize the study’s findings to the whole population of 

Manitoba schools in the four school divisions. Future research should focus on replicating this 

study on a wider scale by analyzing a larger number of school buildings, classrooms and other 

spaces in Canada and internationally. It should also cover a longer analysis period to capture 

seasonal variations in electricity consumption. There were also several technical limitations with 

the study. Although all sub-meters were calibrated and tested prior to the study, there were 

occasional technical glitches and data errors which may have affected the accuracy of the results. 

The addition and subtraction of electricity consumption data from several sub-meters and 

equipment to calculate lighting and plug load electricity consumption when multiple spaces shared 

the same circuit may have also added to those inaccuracies. The addition of electricity and gas 

consumption together to estimate total energy consumption may have also been problematic due 

to the differences in exergy between electricity and heating consumption. Although energy 

consumption data for this study was normalized by floor area, it should have been normalized 

using other factors such as the number of occupants. However, the constant changes in the number 
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of occupants at the space-level made use of that factor in this specific case difficult. There were 

also several outliers in the historical energy consumption data collected for the 30-school sample 

that affected the data’s accuracy, such as when schools were occasionally billed for two months at 

once instead of one.   

This study was the first to investigate real-time electricity consumption in Canadian school 

buildings, making it most relevant to school managers, superintendents and operators aiming to 

decrease schools’ energy consumption through decreasing wasteful energy use. Since existing 

buildings represent the vast majority of the current building stock, there’s a pressing need to 

investigate in more detail how occupants affect electricity consumption to decrease the building 

stock’s overall energy use. The shift towards more stringent energy codes, and towards greener, 

more energy-efficient buildings adds to that need. Current research is focusing on developing a 

comprehensive method to evaluate school building occupancy and on using this method to evaluate 

its effect on measured real-time electricity consumption.     
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4.1 Abstract 

Previous studies investigating energy-related occupancy behaviour in buildings typically 

relied on building performance simulations rather than empirical data to quantify that behaviour. 

Although psychologists developed several frameworks to quantify human behaviour, very few 

researchers used them to study energy-related occupant behaviour in buildings. The goal of this 

study was to develop and implement a comprehensive method to investigate energy-related 

occupant behaviour using four different tools simultaneously in three case-study schools in 

Manitoba, Canada. These tools included a general survey based on the Theory of Planned 

Behaviour and a daily survey administered in a classroom in each school. They also include 

installing occupancy and light sensors in these classrooms and conducting point-in-time 

observations of occupant behaviour in these classrooms and the schools’ gymnasiums. The general 

survey results revealed weak correlations between total behaviour scores and actual behaviours 

investigated through the survey. The occupancy and light sensors, as well as the observations 

showed that lights were turned on the least in the new school’s classroom when unoccupied due 
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to sensor-controlled lighting in this school. Nevertheless, these two tools disagreed on the time of 

day when lights were on the most in the old and middle-aged schools’ classrooms when 

unoccupied, highlighting the discrepancy in the nature and accuracy of those tools. The 

observations of the number of equipment in these schools’ classrooms and gymnasiums reinforce 

the need to measure equipment use durations rather than their numbers in future research and 

consider factors such as equipment power ratings when measuring behaviour.  

Key words: Occupant behaviour; energy efficiency; school buildings 

4.2 Introduction 

Building performance simulations showed that energy consumption in buildings can 

change by up to 150% because of changes in occupant behaviour (Clevenger et al. 2014a). Most 

studies investigating the effect of occupants on buildings’ energy consumption typically relied on 

modeling occupancy extremes and on analyzing the resulting changes in energy consumption (e.g. 

Gunay et al. 2015; Azar & Menassa 2011). Many of these studies also typically focused on 

commercial or residential buildings with very few studies analyzing other building types such as 

school buildings. Moreover, although several frameworks were developed in psychology to predict 

human behaviour based on cognitive factors such as values, beliefs, attitudes and social norms 

(e.g. Ajzen 1991; Schwartz 1977), very few studies used these frameworks to study energy-related 

occupant behaviour in buildings. Moreover, very few studies used other tools from the field of 

psychology such as observational methods to investigate energy-related occupant behaviour. 

This study aimed to develop and implement a comprehensive method for analyzing energy-

related occupant behaviour at the space-level in three case-study schools using four different tools 
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simultaneously. The study is the first to use these four tools simultaneously, thus its significance 

and originality. These tools included 1) a general behavioural survey based on the Theory of 

Planned Behaviour, 2) half-hourly observations of energy-related occupant behaviour, 3) installed 

occupancy and light sensors, and 4) daily surveys on equipment and light use durations. The 

specific objectives of the study were to: 1) develop this comprehensive method with its four 

constituent tools and 2) implement it to evaluate overall energy-related occupant behaviour in the 

three schools, and behaviour related to the use of lighting and plug loads in these schools’ 

classrooms and gymnasiums in particular. Overall energy-related occupant behaviour was 

evaluated using the general behavioural survey, whereas occupant behaviour with respect to 

lighting and plug loads was evaluated using the three other tools. Total electricity consumption in 

each school was monitored at half-hour intervals whereas electricity consumption for lighting and 

plug loads was monitored in one classroom and the gymnasium in each school.  

This study builds on earlier research by Ouf et al. (2016) investigating real-time electricity 

consumption in Manitoba school buildings. This earlier research focused on the same three case-

study schools, with its results revealing statistically significant differences in electricity 

consumption in these schools and their sub-metered spaces. The research also showed that the new 

school used more electricity in total than the two other schools, reinforcing the need to analyze the 

potential effect of occupancy on their electricity consumption.  

4.3 Literature review 

Despite claims about the energy-efficiency of green buildings, empirical evidence (e.g. 

Robertson & Higgins 2012; Scofield 2009) showed that new and green buildings can use more 
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energy than conventional ones. This increase in energy use can be attributed to the “rebound effect” 

where improvements in energy efficiency reduce the real cost of energy which in turn increases 

energy demand because of changes in occupant behaviour (Mizobuchi 2008). In the case of green 

buildings specifically, advances in energy efficient technologies may encourage occupants to 

increase their energy consumption because of the belief that their actions would have less impact 

on the environment (Azar & Menassa 2011a). For example, increasing a building’s insulation may 

encourage occupants to heat their buildings for longer time periods or to a higher temperature 

because their energy costs are lower (Sorrell et al. 2009). Mizobuchi (2008) showed that retrofit-

related energy savings in residential buildings can decrease by 27% because of the “rebound 

effect”. One way to neutralize this effect would be to introduce carbon taxes to offset reductions 

in the real cost of energy (Brännlund et al. 2007).  

The majority of studies investigating energy-related occupant behaviour in buildings used 

building performance simulation to model the effect of occupant behaviour. For example, Bonte 

et al. (2014) showed using a series of parametric simulations that occupant behaviour can change 

energy consumption by up to 47%. Similarly, Haldi & Robinson (2011a) demonstrated that 

occupant behaviour can change buildings’ energy consumption by an order of magnitude of two. 

However, one of the main limitations of these studies is their reliance on assumptions and 

stochastic models rather than empirical evidence to predict occupant behaviour.  

Other studies relied on occupant surveys to investigate energy-related occupant behaviour. 

For example, Guerra-Santin & Itard (2010b) used surveys to collect self-reported data on heating 

consumption patterns in Dutch households. The study showed that the duration of using the heating 

system had a stronger effect on energy consumption than temperature setting. It also showed that 
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the presence of elderly people in the household had a considerable effect on energy consumption. 

Al-Mumin et al. (2003) surveyed occupants of 30 residences and concluded that their behaviour 

increased electricity consumption by 21%. Although these studies relied on actual energy 

consumption data from existing buildings to account for energy-related occupant behaviour, they 

did not sub-meter energy consumption at the space-level to better account for the intricacies of 

occupant behaviour. Gul & Patidar (2015) used occupancy sensors to collect half-hour occupancy 

data in an academic building. However, the results showed a weak correlation between energy use 

profiles and occupancy patterns, calling into question the use of occupancy sensors alone to study 

occupant behaviour. 

Although many studies investigated the effect of energy-related occupant behaviour on 

energy consumption, only a few (e.g. Hewitt et al. 2015; Gill et al. 2010c; Tetlow et al. 2015) 

investigated the cognitive factors that affect energy-related behaviour. This is mainly because these 

factors can be subjective and difficult to quantify. Researchers in psychology developed several 

frameworks to predict and measure human behaviour based on the range of values, constructs and 

cognitive complexities influencing it (Hewitt et al. 2015). One of the prominent frameworks is the 

Norm-Activation Theory developed by Schwartz (1977), which suggests that moral norms are 

direct predictors of behaviour, regardless of an occupant’s intention. The values–beliefs–norms 

(VBN) framework is another prominent one developed to predict pro-environmental behaviours 

(Stern 2000). The VBN framework posits that a causal chain of three attitudinal constructs (i.e. 

values, beliefs and norms) lead to behaviour. Stern (2000) defined “Values” as personality 

elements which individuals hold about the environment, and “Norms” as a sense of obligation to 

take pro-environmental actions. “Beliefs” are based on three variables including environmental 
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worldview, understanding and awareness of the consequences of environmental threats, and the 

ability to take action to mitigate these consequences (Hewitt et al. 2015). Hewitt et al. (2015) 

designed and administered a survey based on the VBN framework to evaluate five household 

energy consumption behaviours (e.g. loads of laundry per week; frequency of dishwasher usage 

per week; moving to the study building because it is green). Findings showed the VBN framework 

could only predict the behaviour of “moving to the study building because it is green”, thus 

highlighting some of its limitations (Hewitt et al. 2015). 

Another major psychological framework that takes into account the complex cognitive 

factors that influence human behaviour is the Theory of Planned Behavior (TPB) (Ajzen 1991). 

This theory assumes that a causal chain of beliefs, attitudes, subjective norms and perceived 

behavioural control lead to the formation of an intention to act, which is an effective predictor of 

actual behaviour. It defines attitudes as two components that work together; namely the beliefs 

about consequences of a behaviour and the corresponding positive or negative judgements about 

these consequences (Francis et al. 2004). Subjective norms are also defined by two components 

which are the normative beliefs about how other people would like a person to behave, and the 

positive or negative judgements about each belief. Finally, perceived behavioural control is also 

defined by two components, namely the level of control a person has over the behaviour and their 

level of confidence in their ability to perform it (Francis et al. 2004). Gill et al. (2010a) designed 

and implemented a survey to evaluate energy and water-related behaviour in residential buildings 

based on TPB. The study found that occupant behaviour explained a total of 51%, 37% and 11% 

of the variation in a building’s heat, electricity and water consumption, respectively. 
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One of the main issues with using psychological frameworks to investigate energy-related 

occupant behaviour is the assumption that all occupants’ decisions are based on a conscious 

reasoning process. However, in many cases, energy-related behaviour is repeated daily and 

triggered by familiar situational cues and contexts rather than a conscious reasoning process (De 

Vries et al. (2011), Verplanken & Orbell (2003). This is commonly referred to as the “Intention-

Behaviour Gap” and occurs when occupants performing a specific behaviour repeatedly begin 

requiring less cognitive effort and relying on habitual patterns rather than a conscious intention to 

perform it (Ajzen 2005, Klöckner & Matthies 2004). This happens for example when an occupant 

enters a space and turns on the lights automatically regardless of the amount of daylight in the 

space or whether they intend to stay in it or not. Therefore, studies investigating energy-related 

occupant behaviour should distinguish between planned, conscious behaviours and unplanned, 

habitual ones (Hewitt et al. 2015). 

Observational methods have rarely been used in the literature to study energy-related 

occupant behaviour. Studies attempting to observe occupant behaviour (e.g. O’Brien et al. 2013) 

usually relied on building features such as blind use patterns as indicators of occupant behaviour. 

Others (e.g. Shipworth et al. 2010) used data loggers to record temperature set-points to infer 

occupants’ preferences. Beins (2012) defined three main types of observations of human 

behaviour: “continuous”, “point-in-time”, and “time-interval” observations. “Continuous” 

observations monitor the duration of specific behaviours (Beins 2012). They require the observers 

to be present continuously in the monitored space, which may disrupt the activities taking place in 

that space or cause occupants to change their behaviour due to being observed (Schwartz et al. 

2013). “Point-in-time” observations monitor behaviour at specific points in time to check whether 
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the behaviour occurred or not, causing minimal disruption to normal activities taking place in the 

monitored space (Beins 2012). “Time-interval” observations monitor behaviour within a pre-

determined time interval (Beins 2012). Similar to continuous observations, they require the 

observer to be continuously present in the monitored space for that time interval and thus have 

similar limitations. Another major consideration of the techniques used in behaviour observation, 

is whether any interventions were made to modify the subjects’ behaviour. Whereas both 

naturalistic and particularistic observations entail observing behaviour as it naturally occurs with 

no intervention from the researcher, particularistic observations involve identifies a pre-

determined set of behaviours to address a particular research question (Beins 2012).    

Observing energy-related occupant behaviour is also challenging because of the 

complexity of occupants and their behaviours, and the timing of these observations (Beins 2012), 

thus their limited use in building energy research. One of those challenges is the change in 

occupant behaviour as a result of being observed, also known as the “Hawthorne Effect” (Schwartz 

et al. 2013). Schwartz et al. (2013) showed that occupants in residential buildings decreased their 

energy consumption by 2.7% when told they were being observed. Observing minors in school 

buildings can also give rise to ethical issues that would need to be addressed prior to the start of 

these observations. No single tool can thus comprehensively study energy-related occupant 

behaviour. Therefore, this study used several ones simultaneously to make up for the limitations 

of each separately and to evaluate occupant behaviour more holistically. 

4.4 Research method 
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This study analyzed electricity consumption in three case-study schools between January 

and May 2015. In each school, sub-meters and data loggers were installed to collect half-hourly 

electricity consumption for lighting and plug loads in one classroom, the gymnasium and a multi-

purpose room commonly used by the community. Ouf et al. (2016) describes in detail the 

electricity sub-metering plan and equipment used to collect that data at the building and space 

levels. One of the schools was an old school built in 1951, the second a middle-aged (MA) one 

built in 1968, and the third a new school built in 2009 to Leadership in Energy and Environmental 

Design (LEED) Silver standards.  
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Table 6 summarizes the main characteristics of each school, their floor areas, number of 

students, as well as the lighting power densities and equipment found in each monitored space.  

4.4.1 Occupancy data collection 

Each subsection within this section provides a detailed description of each of the four tools 

used to collect the occupancy data for this study. The final subsection explains how the data 

collected was analyzed for the purpose of this study.  

4.4.1.1 Occupancy and light sensors 

HOBO® UX90-006 light and occupancy sensors were installed in one classroom in each 

of the three schools to monitor occupancy and indoor light changes at half-hour intervals over four 

months. Each sensor had a two-meter detection range and was thus installed in the center of each 

classroom. The sensors’ sensitivities were adjusted for each classroom to eliminate the effect of 

ambient light and improve the accuracy of the readings. Due to the limited range of each sensor 

and the size of the three schools’ gymnasiums, no sensors were installed in them.  

4.4.1.2 General survey 

A general survey was developed and administered to all teachers in the three schools. The 

survey was approved by the Research Ethics Board at the University of Manitoba, then invitations 

and consent forms shown in Appendix B, were sent to each school. The first eighteen questions of 

the survey, which is shown in Appendix C1, were developed using the manual by Francis et al. 

(2004) for TPB-based surveys. This manual was based on more than 800 previous research studies 

that implemented TPB, mainly in the medical field. The manual provided guidance on formulating 

questions to investigate the two contributing factors for each behavioural construct shown in Table 
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10. The survey aimed to assess energy-efficient behaviour in school buildings, such as unplugging 

equipment after use. 

Table 10 General survey questions’ design adapted from Francis et al. (2004) 

Behavioural 

Construct 

Attitude Subjective Norm Perceived Behavioural 

Control 

Description Whether the person is in 

favour of doing the 

behaviour 

How much the person 

feels social pressure to 

do the behaviour 

Whether the person feels 

in control of the 

behaviour  

Contributing 

Factors 

Behavioural 

belief 

Outcome 

evaluation 

Normative 

belief 

Motivation 

to comply 

Control 

belief 

strength 

Control 

belief power 

Example I agree / 

disagree 

this 

behaviour 

has impact 

It is 

desirable 

to do this 

behaviour 

These 

people 

/groups 

can affect 

my 

behaviour 

I am / am 

not 

influenced 

by these 

people / 

groups 

I could / 

could not 

do this 

behaviour 

Doing this 

would / 

would not 

affect my 

performance 

Based on the manual by Francis et al. (2004), an elicitation study is required to determine 

the main factors that contribute to the behaviour prior to the actual administration of the survey. 

However, since Gill et al. (2010c) had developed this survey following a similar elicitation study 

that aimed to determine factors affecting electricity consumption, this survey was re-adapted with 

written permission without the need for an elicitation study. Following this adaptation, extensive 

reviews were conducted to rephrase some of the questions and tailor them to school teachers. The 

survey used a five-point Likert scale with a scoring system ranging from “Strongly Disagree” (i.e. 

-2) to “Strongly Agree” (+2) for each question. The total score for each behavioural construct was 

calculated as follows: 

𝐴𝑡𝑡𝑖𝑡𝑢𝑑𝑒 𝑠𝑐𝑜𝑟𝑒 = ∑(𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑢𝑟𝑎𝑙 𝑏𝑒𝑙𝑖𝑒𝑓 𝑠𝑐𝑜𝑟𝑒 𝑋 𝑂𝑢𝑡𝑐𝑜𝑚𝑒 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 𝑠𝑐𝑜𝑟𝑒) (1)  
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𝑁𝑜𝑟𝑚𝑎𝑡𝑖𝑣𝑒 𝑏𝑒𝑙𝑖𝑒𝑓 𝑠𝑐𝑜𝑟𝑒

=  ∑(𝑁𝑜𝑟𝑚𝑎𝑡𝑖𝑣𝑒 𝑏𝑒𝑙𝑖𝑒𝑓 𝑠𝑐𝑜𝑟𝑒 𝑋 𝑀𝑜𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑡𝑜 𝑐𝑜𝑚𝑝𝑙𝑦 𝑠𝑐𝑜𝑟𝑒)                               (2) 

𝑃𝑒𝑟𝑐𝑒𝑖𝑣𝑒𝑑 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑢𝑟𝑎𝑙 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑠𝑐𝑜𝑟𝑒

=  ∑(𝑃𝑒𝑟𝑐𝑒𝑖𝑣𝑒𝑑 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑠𝑐𝑜𝑟𝑒  𝑋 𝑃𝑒𝑟𝑐𝑒𝑖𝑣𝑒𝑑 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑝𝑜𝑤𝑒𝑟 𝑠𝑐𝑜𝑟𝑒)    (3) 

𝑇𝑜𝑡𝑎𝑙 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑢𝑟𝑎𝑙 𝑠𝑐𝑜𝑟𝑒

= 𝐴𝑡𝑡𝑖𝑡𝑢𝑑𝑒 𝑠𝑐𝑜𝑟𝑒 + 𝑁𝑜𝑟𝑚𝑎𝑡𝑖𝑣𝑒 𝑏𝑒𝑙𝑖𝑒𝑓 𝑠𝑐𝑜𝑟𝑒

+ 𝑃𝑒𝑟𝑐𝑒𝑖𝑣𝑒𝑑 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑢𝑟𝑎𝑙 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑠𝑐𝑜𝑟𝑒                                                    (4) 

This scoring perceived system provided the means to quantify the different behavioural 

constructs, whereby a positive score would reflect positive behaviour (i.e. energy efficient 

behaviour) and a negative score would reflect negative behaviour (i.e. energy inefficient 

behaviour). Some questions were also rephrased in reverse to further validate the survey responses. 

For example, a question about attitudes towards global warning was rephrased to “I believe global 

warming is a trivial issue that does not need to be addressed”. In these cases, the answers were 

reverse scored, with choices on the five-point Likert scale like “Strongly Agree” receiving a 

negative score because it reflected a negative attitude towards the environment. Each behavioural 

construct was evaluated using a total of six questions, with three questions evaluating each of the 

two contributing factors. The scores the behavioural constructs calculated using equations 1, 2 and 

3 ranged from -12 to +12 which resulted in a total behavioural score calculated using equation 4 

between -36 and +36. 
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In addition to evaluating the three behavioural constructs, seven more questions enquired 

about the frequency of certain energy-related behaviours in the month preceding the administration 

of the survey (i.e. May 2015). These behaviours included: 1) using additional heating or cooling 

equipment (e.g. small fans), 2) unplugging equipment after use, 3) turning lights off when leaving 

a room, and 4) finding the lights on in unoccupied classrooms, gymnasiums and other spaces. The 

questions were Likert scale questions with five possible answers: “Never” (i.e. 1), “Seldom” (i.e. 

2), “Sometimes” (i.e. 3), “Often” (i.e. 4) and Always” (i.e. 5).  

The final version of the survey was approved by the Research Ethics Board at the 

University of Manitoba and administered to 61 teachers and staff in the three schools. The 15-

minute survey was administered online using an invitation link sent by email to school teachers. 

A total of 43 responses were received, resulting in a response rate of 70%. 

4.4.1.3 Point-in-time observations 

Point-in-time, half-hourly observations of energy-related occupant behaviour took place 

during work hours (8:30 – 15:30 PM) every weekday (Monday to Friday) for two weeks in each 

school separately. For reasons beyond the researchers’ control (e.g. exams or special events), a 

few observations could not be made during this period. An average of 122 observations were made 

for each monitored space. The University of Manitoba’s Research Ethics Board advised against 

direct monitoring of school children’s behaviour without parental consent. Therefore, the 

observations focused on equipment and light use, using them as indicators of energy-related 

occupant behaviour. The observations also aimed to determine whether the space was occupied or 

not in order to record light use in unoccupied spaces. Point-in-time observations were selected to 

minimize disruptions associated with other types of observations and to minimize the “Hawthorne 
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Effect”. Two research assistants conducted these observations through walk-throughs in the 

monitored spaces, in coordination with the teachers and staff in these spaces. In the majority of 

cases, teachers left the doors of the monitored classrooms and gymnasiums open to enable data 

collection from the outside to further minimize disruptions. However, the number of such cases 

was neither tracked nor documented. 

A separate observation sheet was developed for each space in every school and filled out 

during the observations, with each one including a comprehensive list of the specific equipment 

available in every space as shown in Appendices C3, C4 and C5. Every research assistant was 

required to determine the state of the monitored equipment by selecting from three existing states: 

“in-use”, “idle”, and “off”. An equipment was considered “off” if it was unplugged and not being 

used, while it was “idle” when it was plugged in but not in use. If reasonable judgement determined 

the equipment was going to be used within 10 minutes of the observation, it would be recorded as 

“in-use”. For example, if a teacher was getting ready to make a presentation using the projector, 

the projector would be considered “in-use” even if it was plugged in but not used at the time of the 

observation. Every observation sheet included a definition for each of the three states available for 

every single equipment listed on it.  

Pilot observations were conducted for two days in a row in every school prior to the start 

of the actual observations to ensure inter-observer reliability. The two research assistants used the 

observation sheets simultaneously during this pilot phase to test their understanding of the 

definitions of each equipment state. Discrepancies between the two observers were used to refine 

these definitions. During the two-week observation period in each school, the two research 

assistants conducted the observations simultaneously to minimize human errors. Findings from 
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both observers were cross-checked to identify discrepancies due to human error and correct them.  

Figure 20 depicts the process used to develop these point-in-time observations. 

 
Figure 20 Process for developing point-in-time occupant observations 

4.4.1.4 Daily Surveys 

Teachers in the monitored classrooms in the three case-study schools were asked to 

complete a daily, one-minute survey over the two-week observation period. The survey included 

one open-ended question that asked them to estimate at the end of each day the durations for which 

the light and equipment in their classroom were used on that day. The survey was tailored to every 

classroom by only including the equipment available in each as shown in Appendix C2. This 

survey was paper-based to make it easier for teachers to fill it out. Copies of the survey were left 

on each teacher’s desk and collected at the end of the two-week observation period in each 

classroom. Since the survey was paper-based, a hardcopy of the consent forms, shown in Appendix 

B5, was also administered to three teachers completing the daily survey. The three teachers 

responded to the survey; however, the teacher in the new school did not provide data on light use 
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data and inter-observer reliability 
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1. Select the sampling method "in-use / idle / 

off" 

2. Define criteria and decision factors for 

recording behaviours 
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interactions 
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durations because she did not believe she could accurately estimate them in her classroom as 

lighting was sensor-controlled.  

4.4.2 Data analysis 

The average behavioural construct scores in each school were calculated from the general 

survey responses using equations 1 to 3. Cronbach’s alpha test was computed to evaluate the 

internal consistency and reliability of these responses for each behavioural construct. The general 

survey also measured the frequency of specific behaviours in the month preceding the 

administration of the survey (i.e. May 2015). These behaviours were divided into positive 

behaviours where higher frequency of occurrence reflected energy efficient behaviour (e.g. 

unplugging equipment after use), and negative behaviours where higher frequency of occurrence 

reflected energy inefficient behaviour (e.g. using personal heaters to supplement existing heating). 

Since the survey responses did not follow a normal distribution as assessed by Shapiro-Wilk's test 

(p < .05), a non-parametric Spearman's rank-order correlation test was used to assess the 

relationship between the total behavioural scores calculated using equation 4, and the frequencies 

of positive and negative behaviours. Non-parametric Kruskal-Wallis H tests were also used to 

determine if there were statistically significant differences in these behaviours between the three 

schools. Whenever a statistically significant difference was found for a specific behaviour, 

pairwise comparisons of the differences were performed using Dunn's (1964) procedure with a 

Bonferroni correction. 

To analyze occupants’ light use behaviour, the occupancy and light sensor data was used 

to calculate the percentage of time the lights were on when the three schools’ classrooms were 

unoccupied over the four-month study period. This data was also used to divide the typical day to 
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two-hour intervals and calculate the cumulative total time and percentage of time the lights were 

on while the classrooms were unoccupied during every interval throughout the four-month period. 

The observation data was also used to calculate the total number of observations where the lights 

were on but the three schools’ classrooms or gymnasiums were unoccupied over the two-week 

observation period. This data was also used to divide the typical day to two-hour intervals and 

calculate the cumulative total number of observations and percentage of observations where the 

lights were on but the classrooms or gymnasiums were unoccupied during every interval over the 

observation period.  

To analyze occupants’ plug load behaviour, the half-hourly observation data was used to 

calculate the average hourly number of “off”, “idle” and “in-use” equipment in every classroom 

and gymnasium during school hours. This was achieved by taking the average from all half-hourly 

intervals that constitute an hour. For example, the average number of “off”, “idle” and “in-use” 

equipment between 9:00 – 10:00 was calculated by taking the average of the number of equipment 

observed between 9:00 – 9:30 or 9:30 – 10:00. They were also used to calculate the average 

percentage of idle equipment in every classroom and gymnasium over the two-week observation 

period. The observed numbers of equipment per hour did not follow a normal distribution as 

assessed by Shapiro-Wilk's test (p < .05). Therefore, a non-parametric Kruskal-Wallis H test was 

used to test the statistical significance of the differences in the median half-hourly number of “off”, 

“idle” and “in use” equipment between the three schools’ gymnasiums and classrooms. Whenever 

a statistically significant difference was detected, pair-wise comparisons of the differences were 

performed using Dunn's (1964) procedure with a Bonferroni correction.  
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Because the teacher in the new school’s classroom did not provide data on light use 

durations as part of the daily survey, the daily survey data was only used to calculate the average 

time per day for which the equipment in every monitored classroom was used. 

4.5 Results 

This section presents the results of analyzing the general survey responses to investigate 

overall energy-related occupant behaviour in the three case-study schools. It also presents the 

results of analyzing the occupancy and light sensor data, the half-hourly observations, and the daily 

survey responses to evaluate occupant behaviour with respect to light and plug load use in the 

schools’ classrooms and gymnasiums.  

4.5.1 Analysis of general survey responses 

Figure 21 depicts the average attitude, normative belief and perceived behavioural control 

scores in the three schools. The old-school teachers had the highest positive attitude score (µ = 

5.3), reflecting a positive attitude by them towards energy efficiency and the environment. The 

other two schools averaged relatively lower attitude scores (µ = 4.0, 3.5 in the middle-aged and 

new school, respectively); however, these scores still reflected a positive attitude by their teachers 

towards energy efficiency. On the other hand, average normative belief scores were 0.8, -0.2, -0.1 

in the old, middle-aged and new school, respectively. These scores indicated that social pressure 

to adopt energy efficient behaviour was generally neutral in all three schools. However, the 

negative normative belief score in the middle-aged and new schools suggested that teachers in 

these schools felt slight social pressure to not adopt energy efficient behaviour. The survey 

responses also showed that the old school had the highest positive average score for perceived 
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behavioural control (µ = 3.3), suggesting its teachers believed they could adopt energy efficient 

behaviour relatively easily. The other two schools had relatively lower average perceived 

behavioural control scores (µ = 1.9, 2.1 in the middle-aged and new school, respectively). Overall, 

the average total behavioural score was highest in the old school (9.4), followed by the new (5.5), 

and the middle-aged school (5.2). 

 
Figure 21 Average behavioural scores in the three schools based on general survey responses 

The standardized Cronbach alpha index was 0.708 for the attitude behavioural construct 

scores, 0.478 for the normative beliefs construct scores and 0.424 for the perceived behavioural 

control construct scores. The Spearman’s correlation tests showed positive correlations between 

the total behavioural scores and the energy efficient behaviours of “unplugging equipment after 

use” and “turning lights off when leaving a space”. On the other hand, negative correlations were 

found between the total behavioural scores and some negative behaviours, such as “using personal 

electric heater to supplement heating” as shown in Table 11. However, these correlation results 

were not statistically significant.  
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Table 11 Spearman’s rank-order correlation between attitude scores and self-reported 

behaviour 

Correlation between total behavioural scores and 

frequency of 

Spearman 

Correlation 

Coefficient 

Significance 

(p-value) 

Unplugging equipment after use 0.038 0.828 

Turning lights off when leaving a space 0.095 0.563 

Using an electric heater to supplement heating -0.034 0.834 

Using a fan to supplement cooling 0.11 0.504 

Using task light for work -0.075 0.644 

Figure 22 shows the frequency of specific energy efficient behaviours in each school in 

May 2015 as found in the general survey responses. Results showed a relatively higher average 

frequency of turning the lights off when leaving a space in the old and new schools (µ = 3.8, 3.9, 

respectively) in comparison with the middle-aged one (µ = 3.3). In contrast, the average frequency 

of unplugging equipment after use was highest in the middle-aged school (µ = 2.6), in comparison 

with the old and new schools (µ = 2.1, 2.0 respectively). Teachers found the lights on in unoccupied 

spaces most frequently in the middle-aged school (µ = 4.1, 4.4, 4.4 for the unoccupied classrooms, 

the gymnasium and other spaces, respectively) and least frequently in the new school (µ = 2.5, 3.4, 

2.8 for the unoccupied classrooms, gymnasium, and other spaces, respectively). Kruskal-Wallis H 

tests showed statistically significant differences in the following behaviours across the three 

schools: 1) “Using a fan to supplement cooling” (χ2(2) = 6.032, p < 0.05), 2) “Finding lights on 

while no one is around in classrooms” (χ2(2) = 13.45, p < 0.05), and 3) “Finding lights on while 

no one is around in other spaces” (χ2(2) = 15.46, p < 0.05). Pair-wise comparisons revealed 

statistically significant differences in the behaviour: “Using a fan to supplement cooling” between 

the middle-aged and old schools, and in the other two behaviours between the middle-aged and 

new schools.  
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Figure 22 Distribution of general survey responses on energy-related occupant behaviour 

4.5.2 Analysis of occupants’ plug loads and light use behaviour in 

classrooms 

This section provides an analysis of occupant behaviour related to light and plug load use 

in the three schools’ classrooms. It provides an analysis of the data collected using the occupancy 

and light sensors, the daily surveys, and the observations in the three schools. 
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4.5.2.1 Classroom light use behaviour 

Out of approximately 2,900 hours of recorded light use in each classroom using the light 

and occupancy sensors, lights were on when classrooms were unoccupied more frequently in the 

middle-aged and old schools (10.6% and 10.3% of the total time, respectively) than in the new 

school (6.2%). Data from the occupancy and light sensors also showed that lights were on when 

classrooms were unoccupied most frequently between 15:00 – 17:00 in the old and middle-aged 

schools’ classrooms (4.2%, 2.2% respectively) as shown in Figure 23. However, lights were on 

when the new school’s classroom was unoccupied most frequently between 11:00 – 13:00 (2.2%).  

 
Figure 23 Duration and frequency of using lights in unoccupied classrooms based on occupancy 

and light sensors data 

Out of an average of 122 half-hourly observations in each classroom, lights were on when 

classrooms were unoccupied more frequently in the middle-aged and old schools (10.5% and 8.6% 
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of the observations, respectively) than in the new school (2.4%). The observations also showed 

that lights were on when classrooms were unoccupied most frequently between 11:00 – 13:00 in 

the old and new schools’ classrooms (6.3%, 1.6%, respectively), and between 9:00 – 11:00 in the 

middle-aged school’s classroom between 9:00 – 11:00 (3.5%). Figure 24 summarizes these results.  

 
Figure 24 Frequency of using lights in unoccupied classrooms based on half-hourly observations 

4.5.2.2 Classroom plug load use behaviour 

Figure 25 shows the average number of “off”, “idle” or “in-use” equipment observed per 

hour during the work hours of a typical weekday in each classroom. On average, the middle-aged 

school’s classroom had the highest average number of in-use equipment (µ = 0.7 in-use equipment/ 

hour), whereas the old school’s classroom had the lowest (µ = 0.5 in use equipment/ hour). The 

old school’s classroom also had the lowest number of idle equipment (µ = 2.4 idle 
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equipment/hour), but the new school’s classroom had the highest (µ = 4.5 idle equipment/hour). 

Overall, the average percentage of idle equipment was 50%, 63%, and 81% in the middle-aged, 

old and new schools’ classrooms, respectively.   

The Kruskal-Wallis H test showed statistically significant differences in the median half-

hourly number of idle (χ2(2) = 194.46, p <0.005) and in-use (χ2(2) = 9.53, p <0.005) equipment 

across the three classrooms only. Pair-wise comparisons revealed statistically significant 

differences in the median number of idle equipment between all pairs of classrooms, and in the 

median number of in-use equipment between the old and middle-aged schools’ classrooms only.  

For the three schools’ classrooms, the average number of in-use equipment was highest 

between 11:00– 12:00 (µ = 0.9 in-use equipment/half-hour in the new and middle-aged schools’ 

classrooms, 0.6 in-use equipment/half-hour in the old school’s classroom). The observations also 

showed that the average number of idle equipment was generally an order of magnitude higher 

than the average number of in-use equipment throughout the day in the three schools’ classrooms 

as shown in Figure 25. The average number of idle equipment was generally consistent throughout 

the day across the three school’s classrooms as shown in Figure 25, except in the middle-aged 

school’s classroom, where it increased by 28% between 12 - 2 PM. Similarly, the average number 

of off equipment was generally consistent throughout the day across the three school’s classrooms 

as shown in Figure 25. The only exception was in the middle-aged school’s classroom as well, 

where it decreased by 26% between 12 -  2 PM. 
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Figure 25 Average number of observed in-use, idle and off equipment in classrooms based on half-

hourly observations 

The daily survey showed that teachers in the old school’s classroom used classroom 

equipment longer on a daily basis (µ = 2.0 hours / day) than teachers in the new and middle-aged 

school’s classrooms (µ = 0.9, 0.7 hours / day, respectively).  
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observations also showed that the lights were on when the gymnasiums were unoccupied most 

frequently between 11:00 and 13:00 in the old and new schools (5.3%, 12.6%, respectively), and 

between 13:00 and 15:00 in the middle-aged school’s classroom (6.1%), as shown in Figure 26.  

 
Figure 26 Frequency of using lights in unoccupied gymnasiums based on half-hourly observations 

4.5.3.2 Gymnasium plug loads use behaviour 

Figure 27 shows the average number of “off”, “idle” or “in-use” equipment observed per 

hour in each gymnasium throughout the two-week observation period. On average, the old school’s 

gymnasium had the highest number of in-use equipment (µ = 1.9 in-use equipment/half-hour), 

whereas the middle-aged school’s gymnasium had the lowest (µ = 0.5 in use equipment/half-hour). 

The old school’s gymnasium also had the highest number of idle equipment (µ = 4.6 idle 

equipment/half-hour), whereas the middle-aged school’s gymnasium had the lowest (µ = 2.1 idle 

equipment/half-hour). Overall, the average percentage of idle equipment was 34%, 38%, and 45% 

in the old, new and middle-aged schools’ gymnasiums, respectively.   
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The Kruskal-Wallis H test showed statistically significant differences in the median 

number of idle (χ2(2) = 190.23, p <0.005) and in-use (χ2(2) = 100.47, p <0.005) equipment per 

half-hour across the three gymnasiums. Pair-wise comparisons revealed statistically significant 

differences in the median number of idle and in use equipment between all pairs of gymnasiums.  

For the three schools’ gymnasiums, the average number of in-use equipment was highest 

between 9:00 – 10:00 (µ = 2.3, 0.9 in-use equipment/half-hour in the old and new schools’ 

gymnasiums, respectively), and between 15:00 – 16:00 (µ = 0.9 in-use equipment/half-hour in 

both the new and middle-aged schools’ gymnasiums). The average number of off equipment was 

approximately three times the average number of in-use equipment at any given time in the three 

schools’ gymnasiums.  

 
Figure 27 Average number of observed in-use, idle and off equipment in gymnasiums based on 

half-hourly observations 
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4.6 Discussion 

Results showed that the higher behavioural scores emanating from the general survey were 

found in schools with lower electricity consumption. For example, the old school had the lowest 

average daily electricity consumption (0.17 KWh/m2/day) as found in Ouf et al. (2016) but the 

highest scores in the three behavioural constructs (i.e. attitudes, normative beliefs, and perceived 

behavioural control). Although many other factors may influence electricity consumption in these 

schools, these results speak of the potential impact of energy-related occupant behaviour on 

electricity consumption. The higher average electricity consumption in the new school (0.54 

KWh/m2/day as found in Ouf et al. (2016)) may be related to its lower behavioural scores which 

may be a sign of the “rebound effect” that can be detected in new buildings.    

The analysis showed that only responses to the questions measuring attitude as a 

behavioural construct had a Cronbach alpha index higher than 0.7, indicating internal consistency 

reliability (Lance et al. 2006). While the internal inconsistency associated with other behavioural 

constructs may be due to teachers’ inaccurate responses, it may also be due to teachers holding 

both positive and negative beliefs about the same behaviour (Francis et al. 2004). For example, a 

teacher may believe that he or she should unplug a piece of equipment after use to be more energy 

efficient. However, the same teacher may also believe that it’s unrealistic to expect him or her to 

unplug that equipment every time it is used as this can be cumbersome.  

The lack of a statistically significant correlation between total behavioural scores and self-

reported behaviours could be attributed to the relatively small number of respondents in each 

school. The questions used to assess energy-related behaviours in schools (e.g. turning off lights 
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when leaving a space) may have also not represented the full spectrum of energy-related 

behaviours in a school environment. These results reflect the complexity of energy-related 

behaviours which may not always be explained through a reasoned cognitive process as suggested 

by TPB. Nevertheless, results showed weak positive correlations between total behaviour scores 

and positive behaviours (e.g. unplugging equipment after use), and weak negative correlations 

between total behaviour scores and negative behaviours (e.g. using electrical heaters to supplement 

heating). The responses also showed the differences in self-reported behaviours between the three 

schools were not always statistically significant. This reinforces the need to investigate these 

relationships and differences in a larger sample of school buildings and survey respondents to 

check whether this study’s results can be generalized to the larger population.  

The occupancy and light sensors, as well as the half-hourly observations showed that lights 

were turned on the least in the new school’s classroom when unoccupied. This could be due to the 

use of sensor-controlled lighting in the new school or to the new school’s classrooms having the 

highest window-to-wall ratios out of the three schools. These two tools also agreed on the time of 

day when lights were on the most in the new school’s classroom when unoccupied. However, they 

disagreed on the time of day when lights were on the most in the old and middle-aged schools’ 

classrooms when unoccupied. On one hand, the occupancy and light sensors showed this was the 

case between 15:00 – 17:00 in the old and middle-aged schools’ classrooms. On the other hand, 

the observations showed this was the case between 9:00 – 11:00 in the old school’s classroom, and 

between 11:00– 13:00 in the middle-aged schools’ classrooms. These differences can be attributed 

to the nature of the tools used to capture them. The occupancy and light sensors recorded 

occupants’ light use durations continuously, day and night for four months straight, whereas the 
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point-in-time observations recorded observations rather than durations every half-hour during the 

work hours of every weekday for two weeks only. Therefore, the data related to light use behaviour 

and captured using the occupancy and light sensors would be more accurate than the data captured 

using the point-in-time observations, thus the difference in results. This being said, the point-in-

time observations provide other advantages over the occupancy and light sensors. For example, 

point-in-time observations allow more comprehensive data collection that may include data on 

specific occupants and their behaviours. Point-in-time observations also avoid the issues related to 

differentiating between daylight and artificial lights which could arise from using light sensors 

even if they are calibrated. Nevertheless, future research should ensure that all observations are 

either conducted from the inside of each room or from the outside to avoid any bias that may ensue 

from having a mix of inside and outside observations.   

Although the number of equipment in use was lowest in the old school’s classroom as per 

the point-in-time observations, this classroom had the highest electricity consumption for plug 

loads (17.53 Wh/m2/day) as shown in Ouf et al. (2016). This could be due to this small number of 

equipment being used the longest in the old school’s classroom, thus its higher electricity 

consumption for plug loads. This suggests that the number of equipment in use determined using 

these observations may not be a good indicator of the duration of use of this equipment, thus the 

need for tools that would investigate that duration rather than their numbers. It may also suggest 

that other factors such as the type of equipment used and their energy efficiency may have had a 

stronger effect on electricity consumption for plug loads than the number of equipment in use. The 

point-in-time observations also showed that the number of in-use equipment was highest between 

11:00 – 12:00 in the three schools’ classrooms. This may be due to the use of equipment such as 
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microwaves at that time as was noted during the observations given that this was the time when 

students had their lunch breaks. The observations also showed the number of idle equipment 

increased by 28% in the middle-aged school’s classroom between 12:00 – 14:00 and that the 

number of off equipment decreased by about the same percentage (i.e. 26%) during that same 

period in the same classroom. This may be due to teachers not unplugging classroom equipment 

such as microwaves after lunch in the middle-aged school’s classroom as was noted during the 

observations, which is indicative of inefficient occupant behaviour in this particular school’s 

classroom.    

With respect to equipment use in school gymnasiums, the observations showed that the old 

school’s gymnasium had the highest number of in use and idle equipment on average compared to 

the other schools’ gymnasiums. These results were in-line with real-time electricity consumption 

for plug loads being the highest in the old school’s gymnasium as shown in Ouf et al. (2016). 

These results may be due to the old school’s gymnasium being frequently divided and used for 

several classes simultaneously, unlike the other two schools’ gymnasiums. This particular 

gymnasium also included several electrical equipment such as electrically controlled space 

dividers and basketball hoops unlike the other two gymnasiums.  The fact that sensor-controlled 

lighting in the new school decreased electricity consumption for lighting considerably during non-

work hours stresses the need to consider using similar sensors for plug loads, such as sensor-

controlled power strips to decrease electricity consumption for plug loads. These sensors would 

automatically disconnect equipment once a space is vacant.   
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4.7 Conclusion 

This research developed a comprehensive method to evaluate energy-related occupant 

behaviour using different tools ranging from behavioural surveys, occupancy and light sensors, 

and half-hourly observations of energy-related occupant behaviour. The study revealed wide 

variations in energy-related occupant behaviour with respect to light and plug load use in these 

schools’ classrooms and gymnasiums, reinforcing the need to account for that behaviour in 

building performance simulations and building performance evaluations. Although these results 

demonstrated the ability of the developed tools to predict and quantify energy-related occupant 

behaviour, future research should continue building on them. Many factors that can affect energy-

related occupant behaviour were not considered as part of the developed tools, and should therefore 

be accounted for in future research. For example, the type of activities taking place in each space 

could influence energy-related occupant behaviour with regards to lights and equipment use and 

should therefore be accounted for. Moreover, although the general survey did not reveal 

statistically significant relationships between occupants’ attitudes and their self-reported 

behaviour, this should not be automatically misconstrued as an automatic rejection of the 

hypothesis of TPB relating attitudes to behaviour. The lack of statistical significance may be due 

to the small number of teachers surveyed in these schools, and the fact that only three schools’ 

teachers were surveyed. Moreover, there is a difference between behaviour resulting from a 

conscious reasoning process versus habitual behaviour (e.g. Klöckner & Matthies 2004) that was 

not taken into account in this study. These differences should be investigated in future research. 

The “Hawthorne effect” may have also affected the results despite trying to minimize it by using 

point-in-time rather than continuous observations for example, and by completing the observations 
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from outside the spaces wherever possible. Future research should attempt to minimize this effect 

further.  
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5.1 Abstract 

Previous studies suggested energy-related occupant behaviour may have an effect on 

buildings’ energy consumption. However, most of these studies focused on commercial buildings 

and relied on modeling energy consumption or using occupant surveys to evaluate that effect. This 

study analyzed the effect of energy-related occupant behaviour on real-time electricity 

consumption in three case-study schools in Manitoba. Within each school, one classroom as well 

as the gymnasium were sub-metered to collect real-time electricity consumption data at half-hourly 

intervals. A comprehensive method was developed to investigate energy-related occupant 

behaviour in the sub-metered spaces using four different tools simultaneously: 1) gymnasium 

bookings after school hours over a four-month period, 2) half-hourly observations of lighting and 

equipment use in the sub-metered spaces in each school over a two-week period, 3) a daily survey 

administered to teachers in the sub-metered classrooms over a two-week period, and 4) occupancy 

and light sensors to evaluate actual recorded occupancy and light use durations over a four-month 
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period. Results showed gymnasiums’ bookings had a statistically significant effect on their 

electricity consumption for lighting and plug loads after school hours. Light use durations 

explained 17 to 68% of the variation in electricity consumption for lighting, whereas the number 

of equipment in-use explained 11 to 26% of variation in electricity consumption for plug loads. 

This study is the first to provide in-depth evaluation of the effect of energy-related occupant 

behaviour on electricity consumption in Canadian schools and to quantify the relationship between 

these two aspects.   

Key words: Occupant behaviour; energy efficiency; school buildings; real-time electricity 

monitoring 

5.2 Introduction  

Some studies (e.g. Clevenger et al. 2014b; Azar & Menassa 2011) in the literature suggest 

building occupants can affect  buildings’ energy consumption by up to 150%. However, only a 

few (e.g. Al-Mumin et al. 2003; Gill et al. 2010a) investigated the effect of occupancy on energy 

consumption using actual, empirical evidence and thus using actual energy and occupancy 

measurements. Most studies (e.g. Gunay et al. 2015; Azar & Menassa 2011) relied on building 

energy models to demonstrate the effect of occupancy on energy consumption. These limitations 

reinforce the need for research that investigates the effect of energy-related occupant behaviour on 

real-time electricity consumption at the space level.  This research does so in three schools in 

Manitoba, Canada between January and May 2015. These schools represented three different age-

groups with an old school built in 1951, a middle-aged one built in 1968, and a new school built 

in 2009 to LEED silver standards. Several tools were used to evaluate real-time energy-related 

occupant behaviour and study its effect on electricity consumption, namely space booking logs, 
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occupancy and light sensors, occupant observations, and daily surveys or energy use diaries. 

Specific objectives involved evaluating 1) gymnasiums’ electricity consumption after school hours 

and the effect of gymnasium bookings on that consumption, 2) electricity consumption for lighting 

and its relationship with lighting-related occupant behaviour in classrooms, and 3) electricity 

consumption for plug loads and its relationship with plug-load related occupant behaviour in 

classrooms and gymnasiums.  

5.3 Literature review 

Research on new and green buildings’ energy performance showed mixed results. Several 

studies (e.g. Guerra-Santin et al. 2013; Menassa et al. 2012; Oates & Sullivan 2012) found that 

green buildings’ actual energy consumption exceeded predicted consumption, raising concerns 

about the accuracy of the energy models used to predict this consumption. Some studies (e.g. Issa 

et al. 2011; Taylor et al. 2012) showed that while green school buildings saved on gas 

consumption, their electricity consumption was higher than conventional buildings’, reinforcing 

the need to investigate this higher electricity consumption and how occupants may be contributing 

to it. This is because the effect of energy-related occupant behaviour on energy consumption is 

poorly understood in the literature.  

Very few studies (e.g. Gul & Patidar 2015; Steemers & Yun 2009; Azar & Menassa 2011; 

Gunay et al. 2013) investigated the relationship between building occupancy and energy 

performance, highlighting the need for more studies on the topic. These studies mostly focused on 

this relationship in commercial buildings, reinforcing the need to study it in other types of buildings 

such as schools. Those studies (e.g. Clevenger et al. 2014b; Haldi & Robinson 2011a) also focused 
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mainly on occupant behaviour related to HVAC energy consumption, despite other end uses such 

as lighting and plug loads making up about 40% of a building’s total energy consumption (Kaneda 

& Jacobson 2010). 

Of the studies that evaluated occupancy in relation to actual energy consumption, the vast 

majority relied on self-reporting surveys and interviews with building occupants and managers. 

For example, Huebner et al., (2013) used an interview-style surveys to investigate the extent to 

which different variables explained energy consumption in 924 households in the United 

Kingdom. The study found that building factors on their own explained approximately 39% of the 

variation in energy consumption, whereas socio-demographic variables explained 24% of that 

variation. The study argued for the need to investigate other occupant-related variables since the 

ones considered could not explain more than half of the variation in energy consumption. 

Similarly, Tetlow et al., (2015) surveyed workstations’ users in two UK office buildings and 

demonstrated that their behaviour accounted for only 11% of the variation in their workstations’ 

energy consumption. Gill et al.'s (2010) survey of building occupants’ usage of personal controls 

of HVAC found that occupant behaviour explained a total of 51%, 37% and 11% of the variation 

in a building’s heat, electricity and water consumption, respectively. Al-Mumin et al.'s (2003) 

survey of occupants in 30 residences concluded that 21% of the variation in the electricity 

consumption of electrical appliances was due to their behaviour. While these studies show that 

self-reported data from occupant surveys can give some indication of occupant behaviour, relying 

only on them to investigate energy-related occupant behaviour raises concerns about the accuracy 

of that data and its ability to represent the full range of occupant behaviours. Other tools such as 
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occupant observations need to be used to provide better insight into energy-related occupant 

behaviour and the cognitive processes behind it.  

Instead of relying on actual energy performance data, some studies investigated the effect 

of occupancy on building energy use by modeling energy-related behaviour using building 

performance simulation. For example, Clevenger et al., (2014) used parametric simulations and 

energy modeling to show that energy-related occupant behaviour can change annual energy 

consumption by as much as 75% in residential buildings and 150% in commercial buildings. 

Similarly, Bonte et al.'s (2014) modeling of energy-related occupant behaviour demonstrated it 

can change energy consumption by up to 47%. Not only did these studies rely on energy models 

rather than actual data to reach those conclusions, their models also focused exclusively on 

measuring HVAC-related energy consumption, over-looking other energy end uses such as 

lighting and plug loads. Therefore, only HVAC-related behaviour such as the use of blinds, 

windows’ operation or clothing adjustment were taken into account. Behaviour related to lighting 

and plug load use was completely ignored in these studies, reinforcing the need to quantify that 

behaviour and investigate its effect on buildings’ electricity consumption for lighting and plug 

loads.  

Other studies used statistics to investigate energy-related occupant behaviour in large 

building samples. For instance, Yu et al. (2011) investigated energy consumption in 80 residential 

buildings over two years using cluster analysis and grey-relational techniques. The study found 

that occupant behaviour can change mean energy use intensity (EUI) by up to four times. Nearly 

all identified studies correlated energy-related occupant behaviour to annual or monthly energy 

consumption instead of real-time daily or hourly energy consumption. One of the few exceptions 
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was a study by Gul and Patidar, (2015) which collected half-hourly electricity consumption data 

for a university building in the UK and used two-directional occupancy sensors to detect the 

number of occupants entering and exiting the building over half-hour intervals. Furthermore, the 

study collected data on classroom schedules, administered an online survey to evaluate occupants’ 

energy use and interviewed key management personnel. Surprisingly, results showed a weak 

correlation between energy use profiles and occupancy patterns. One of the reasons for this was 

the fact that the building was controlled by a building energy management system (BEMS) with 

occupants having minimal access to the controls. The BEMS also operated with a pre-defined 

schedule regardless of actual occupancy, which was typical of university buildings. These findings 

highlight the importance of more innovative BEMS controls that respond to real-time changes in 

occupancy. Using alternative methods to measure and evaluate occupancy is also needed to fully 

understand its effects on other energy end-uses typically controlled by occupants such as lights 

and plug loads.  

5.4 Research method 

This research entailed selecting three case-study schools representing different age groups. 

One was an old school built in 1951, the second a middle-aged one built in 1968, and the third, a 

new school built in 2009 and certified as a LEED silver school. The following subsections describe 

the data collection and analysis methods used in this research to achieve the research objectives.  

5.4.1 Electricity consumption data collection 

The architectural and electrical drawings for each of the three schools were analyzed to 

identify spaces to be sub-metered in order to measure their real-time electricity consumption, and 
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develop the electricity sub-metering plan for measuring this consumption shown in Table 7. These 

spaces included a south-facing classroom with 19 to 24 students aged between 9 and 12 years old 

and the gymnasium in each school. Field visits to the three schools validated the circuit 

configurations shown in the electrical drawings, which helped finalize the electricity sub-metering 

plan for each school. Sub-meters were then installed with the help of a certified technician from 

Manitoba Hydro to monitor all lighting and plug load circuits for the selected spaces and measure 

their electricity consumption at half-hour intervals. Table 7 shows details of the sub-metering plan 

including the number of circuits serving each space and the type of sub-metering equipment used 

for each circuit(s). 

Real-time electricity consumption data was collected and analyzed for the period between 

January 2015 and May 2015. The data collected from each circuit was used to calculate total 

lighting and plug load electricity consumption in each space. For circuits serving more than one 

space, other equipment such as WattsUP® Plug monitors and HOBO® Light sensors were used to 

calculate the specific electricity consumption in each space.  

5.4.2 Occupant behaviour data collection 

In addition to collecting real-time electricity consumption data, this study entailed 

collecting data on energy-related occupant behaviour in the same sub-metered and monitored 

spaces in each school. Figure 28 shows the tools used to collect that data at the space level.  
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Figure 28 Energy-related occupant behaviour data collection tools 

To evaluate energy-related occupancy after school hours, bookings of the three schools’ 

gymnasiums after 15:30 were collected from each school for the period between January and May 

2015. HOBO® UX90-006 light and occupancy sensors were also installed in the same classrooms 

that were sub-metered for electricity. These sensors aimed to monitor light use durations at half-

hourly intervals over the four-month study period. They also aimed to monitor occupancy by 

detecting students and teachers’ movements within the classroom at half-hourly intervals. Each 

sensor had a two-meter detection range and was installed in the center of each classroom. The 

sensors’ sensitivities were adjusted for each classroom to eliminate the effect of ambient light and 

improve the accuracy of the readings. Due to the limited range of each sensor and the size of the 

gymnasiums, no sensors were installed in the three schools’ gymnasiums. 

Teachers in the monitored classrooms in the three case-study schools were asked to 

complete a daily, one-minute survey over the two-week observation period. The survey, which is 

shown in Appendix C2, included one open-ended question that asked them to estimate at the end 

of each day the durations of light and equipment use in their classroom on that day. The survey 

Energy-related occupant Behaviour Data Collection

Bookings for gymnasiums and other rooms after work-hours 
(4 months)

Half-hourly light and occupancy durations using HOBO® 

sensors (4 months)

Half-hourly observations of equipment use (2 weeks)

Daily surveys of equipment use (2 weeks) 
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was tailored to every classroom by only including the equipment available in each. This survey 

was paper-based to make it easier for them to fill it out and thus ensure a higher response rate. 

Copies of the survey were left on each teacher’s desk and collected at the end of the two-week 

observation period in each classroom. The three teachers responded to the survey; however, the 

teacher in the new school did not provide data on light use durations because she did not believe 

she could accurately estimate them in her classroom as lighting was sensor-controlled.  

Point-in-time, half-hourly observations of energy-related occupant behaviour took place 

during work hours (8:30 – 15:30) every weekday (Monday to Friday) for two weeks in each school 

separately. For reasons beyond the researchers’ control (e.g. exams or special events), a few 

observations could not be made during this period. The University of Manitoba’s Research Ethics 

Board did not allow direct monitoring of school children’s behaviour without parental consent. 

Therefore, the observations focused on equipment and light use, using them as indicators of 

energy-related occupant behaviour. The observations also aimed to determine whether the space 

was occupied or not in order to record light use in unoccupied spaces. Point-in-time observations 

were selected to minimize disruptions associated with other types of observations and to minimize 

the “Hawthorne Effect”. Two research assistants conducted these observations through walk-

throughs in the monitored spaces, in coordination with the teachers and staff in these spaces. In 

several cases, teachers agreed to leave the doors of the monitored classrooms and gymnasiums 

open to enable data collection from the outside to further minimize disruptions.  

A separate observation sheet was developed for each space in every school and filled out 

during the observations, with each one including a comprehensive list of the specific equipment 

available in every space as shown in Appendices C3, C4 and C5. Every research assistant was 
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required to determine the state of the monitored equipment by selecting from three existing states: 

“in-use”, “idle”, and “off”. An equipment was considered “off” if it was unplugged and not being 

used, while it was “idle” when it was plugged in but not in use. Pilot observations were conducted 

for two days in a row in every school prior to the start of the actual observations to ensure inter-

observer reliability. Discrepancies between the two observers were used to refine the definitions 

of each equipment state. During the two-week observation period in each school, the two research 

assistants conducted the observations simultaneously to identify discrepancies between them and 

correct them. 

5.4.3 Data analysis 

The first objective of the research involved evaluating gymnasiums’ electricity 

consumption after school hours (i.e. between 15:30 and 24:00) and the effect of gymnasium 

bookings after school hours on that consumption. The half-hour electricity consumption data for 

the gymnasiums between 15:30 and 24:00 was separated into booked and non-booked half-hourly 

intervals based on the bookings of these gymnasiums. The research involved determining the 

average half-hourly electricity consumption values for lighting, plug loads, and lighting and plug 

loads combined in the three schools’ gymnasiums after school hours as well as for the booked and 

non-booked intervals after school hours. Half-hourly electricity consumption data did not follow 

a normal distribution as assessed by Shapiro-Wilk's test (p < .05). Therefore, non-parametric 

Kruskal-Wallis H tests were used to test the statistical significance of the differences in half-hourly 

electricity consumption between the three schools’ gymnasiums after school hours, as well as for 

the booked and non-booked intervals after school hours. Whenever statistically significant 

differences were found, pairwise comparisons of the differences between every two schools’ 
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gymnasiums were performed using Dunn's (1964) procedure with a Bonferroni correction. Within 

each gymnasium, a non-parametric Mann-Whitney U test was also used to determine the statistical 

significance of the differences in half-hourly electricity consumption for lighting and plug loads 

between booked and non-booked time intervals after school hours.  

The second objective of the research involved evaluating electricity consumption for 

lighting in the three schools’ classrooms and its relationship with lighting-related occupant 

behaviour in them. Half-hourly lighting electricity consumption data did not follow a normal 

distribution as assessed by Shapiro-Wilk's test (p < .05). Therefore, to evaluate electricity 

consumption for lighting in the three schools’ classrooms, a non-parametric Kruskal-Wallis H test 

was used to test the statistical significance of the differences in half-hourly electricity consumption 

for lighting across the three schools’ classrooms. Whenever statistically significant differences 

were found, pairwise comparisons of the differences between every two schools’ classrooms were 

performed using Dunn's (1964) procedure with a Bonferroni correction.  

To evaluate the main relationship between lighting electricity consumption and lighting-

related occupant behaviour in every classroom, Spearman's rank-order correlation tests were used 

to assess the relationship between every classroom’s half-hourly occupancy durations recorded 

using the occupancy sensors and its half-hourly lighting electricity consumption. The non-linear 

relationship between the two variables required a logarithmic transformation of the data prior to 

running the Spearman's rank-order correlation test.  

To evaluate that same main relationship, Pearson's product-moment correlation tests were 

also used to assess the relationship between light use durations recorded using the occupancy and 
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light sensors during the school day (i.e. between 8:30 and 15:30) in every classroom, and its 

electricity consumption for lighting over the school day. The half-hourly light use duration data 

recorded using the occupancy and light sensors was added between 8:30 and 15:30 to determine 

every classroom’s light use durations over the school day. The half-hourly electricity consumption 

data was also added between 8:30 and 15:30 to determine every classroom’s electricity 

consumption for lighting over the school day.  

To evaluate that same main relationship, Pearson's product-moment correlation tests were 

finally used to assess the relationship between self-reported light use durations and electricity 

consumption for lighting in every classroom over the school day. The daily surveys were used to 

determine the self-reported light use durations in every classroom over the school day. Since the 

new school’s teacher did not provide estimates for light use durations in her classroom as part of 

the daily survey, this relationship was only investigated in the old and middle-aged schools’ 

classrooms. 

The third objective of this research involved evaluating electricity consumption for plug 

loads in the three schools’ gymnasiums and classrooms and its relationship with plug load-related 

occupant behaviour in them. Half-hourly plug load electricity consumption data did not follow a 

normal distribution as assessed by Shapiro-Wilk's test (p < .05). Therefore, to evaluate electricity 

consumption for plug loads in the three schools’ classrooms or gymnasiums, non-parametric 

Kruskal-Wallis H tests were used to test the statistical significance of the differences in half-hourly 

electricity consumption for plug loads between the three schools’ classrooms and the three 

gymnasiums. Whenever statistically significant differences were found, pairwise comparisons of 

the differences between every two schools’ classrooms or gymnasiums were performed using 
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Dunn's (1964) procedure with a Bonferroni correction. To evaluate the relationship between plug 

load electricity consumption and plug load-related occupant behaviour in every classroom and 

gymnasium, Spearman's rank-order correlation tests were used. These tests were used specifically 

to assess the relationship between the number of equipment in use per half-hour in every 

gymnasium or classroom based on the observations, and every classroom or gymnasium’s half-

hourly electricity consumption for plug loads.  

5.5 Results 

This section reports on the results of analyzing electricity consumption in relation to 

energy-related occupant behaviour in the three case-study schools. The analysis involved 

investigating 1) gymnasiums’ electricity consumption after school hours and the effect of 

gymnasium bookings after school hours on that consumption, 2) electricity consumption for 

lighting and its relationship with lighting-related occupant behaviour in classrooms, and (3) 

electricity consumption for plug loads and its relationship with plug load-related occupant 

behaviour in classrooms and gymnasiums.  

5.5.1 Gymnasiums’ electricity consumption after school hours and 

the effect of gymnasiums’ bookings on that consumption 

Figure 29 shows that the old school’s gymnasium used on average 72% more electricity 

for lighting and plug loads combined per half-hour after school hours (i.e. between 15:30 and 

24:00) (1947 Wh/30 min for lighting, 372 Wh/30 min for plug loads) than the new school’s 

gymnasium (1336 Wh/30 min for lighting, 12 Wh/30 min for plug loads). The new school’s 

gymnasium used on average 300% more electricity for lighting and plug loads combined per half-

hour after school hours than the middle-aged school’s gymnasium (330 Wh/30 for lighting, 6 
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Wh/30 min for plug loads). The Kruskal-Wallis H test showed these differences were statistically 

significant between the three schools’ gymnasiums (χ2(3) = 1130.92, 2548.21, p < .005). Post-hoc 

pairwise comparisons also revealed the differences were statistically significant between all pairs 

of gymnasiums.  

  
Figure 29 Gymnasiums’ electricity consumption for lighting and plug loads between 15:00 and 

24:00, during booked intervals, and during non-booked intervals 

Figure 29 shows that the old school’s gymnasium used on average 6% more electricity for 

lighting and plug loads combined per half-hour during the booked intervals after school hours 

(2562 Wh/30 min for lighting, 418 Wh/30 min for plug loads) than the new school’s gymnasium 

(2790 Wh/30 min for lighting, 13 Wh/30 min for plug loads). The new school’s gymnasium used 

on average 286% more electricity for lighting and plug loads combined per half-hour during the 

booked intervals after school hours than the middle-aged school’s gymnasium (702 Wh/30 min 

for lighting, 24 Wh/30 min for plug loads). The Kruskal-Wallis H test showed these differences 
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were statistically significant between the three schools’ gymnasiums (χ2(3) = 1435.54, 3759.62, p 

< .005). Post-hoc pairwise comparisons also revealed the differences were statistically significant 

between all pairs of gymnasiums. 

Figure 29 shows that the old school’s gymnasium used on average 59% more electricity 

for lighting and plug loads combined per half-hour during the non-booked intervals after school 

hours (1591 Wh/30 min for lighting, 344 Wh/30 min for plug loads) than the new school’s 

gymnasium (1207 Wh/30 min for lighting, 8 Wh/30 min for plug loads). The new school’s 

gymnasium used on average 424% more electricity for lighting and plug loads combined per half-

hour during the non-booked intervals after school hours than the middle-aged school’s gymnasium 

(230 Wh/30 min for lighting, 2 Wh/30 min for plug loads). The Kruskal-Wallis H test showed 

these differences were statistically significant between the three schools’ gymnasiums (χ2(3) = 

1658.47, 1105.34, p < .005). Post-hoc pairwise comparisons also revealed statistically significant 

differences between all pairs of gymnasiums.  

Across the three schools’ gymnasiums, Figure 29 shows that electricity consumption for 

lighting and plug loads combined during the booked intervals was higher than the non-booked 

intervals after school hours. The old school’s gymnasium used on average 54% more electricity 

for lighting and plug loads combined per half-hour during the booked intervals after school hours 

than during the non-booked intervals. The middle-aged school’s gymnasium used on average 

214% more electricity for lighting and plug loads combined per half-hour during the booked 

intervals than during the non-booked intervals. The new school’s gymnasium used on average 

185% more electricity for lighting and plug loads combined per half-hour during the booked 

intervals than during the non-booked intervals. Mann-Whitney U tests showed statistically 
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significant differences in median half-hourly electricity consumption for lighting and plug loads 

between the booked and non-booked intervals in each gymnasium. These results demonstrate that 

school gymnasiums’ bookings after school hours had a statistically significant effect on their 

electricity consumption for lighting and plug loads.  

5.5.2 Electricity consumption for lighting and its relationship with 

lighting-related occupant behaviour in classrooms 

Figure 30 shows the old school’s classroom used on average 221% more electricity for 

lighting per half-hour (45 Wh/30 min) than the new school’s classroom (14 Wh/30 min). The new 

school’s classroom used on average 27% more electricity for lighting per half-hour than the 

middle-aged school’s classroom (11 Wh/30 min). The Kruskal-Wallis H test showed these 

differences were statistically significant between the three schools’ classrooms (χ2(3) = 600.3, p 

< .005). Post-hoc pairwise comparisons also revealed the differences were statistically significant 

between all pairs of classrooms.  

 
Figure 30 Average half-hourly electricity consumption for lighting in classrooms and average 

half-hourly occupancy duration in classrooms 
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The Spearman's rank-order correlation tests showed statistically significant, but weak 

positive correlations between the half-hourly occupancy durations recorded using the occupancy 

sensors, and the half-hourly electricity consumption for lighting in the old and new schools’ 

classrooms only (r = 0.149, 0.281 respectively, P<0.0005). These results showed that occupancy 

duration explained only 2.2% and 7.9% of the variation in electricity consumption for lighting in 

the old and new schools’ classrooms, respectively.  

The Pearson's product-moment correlation tests showed a statistically significant a strong 

positive correlation between self-reported light use duration and electricity consumption for 

lighting during school hours in the middle-aged classroom only (r= 0.789, P<0.05), while the old 

classroom did not show a statistically significant correlation. Occupants’ estimates of light use 

duration explained 62.3% of the variation in electricity consumption for lighting in this classroom. 

The Pearson's product-moment correlation test also showed statistically significant positive 

correlations between recorded light use durations and electricity consumption for lighting during 

the school day in all three classrooms (r= 0.826, r= 0.411, r= 0.785, P<0.005 for the old, middle-

aged and new schools’ classrooms respectively). Recorded light use durations explained 68.2%, 

16.9% and 61.6% of the variation in electricity consumption for lighting in the old, middle-aged 

and new school classrooms, respectively. 

5.5.3 Electricity consumption for plug loads and its relationship with 

plug-load related occupant behaviour in classrooms and gymnasiums 

Figure 31 shows the old school’s classroom used on average 140% more electricity for 

plug loads per half-hour (12 Wh/30 min) than the middle-aged school’s classroom (5 Wh/30 min). 
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The middle-aged school’s classroom used on average 25% more electricity for plug loads per half-

hour than the new school’s classroom (4 Wh/30 min). For gymnasiums, the old school’s 

gymnasium used on average 1295% more electricity for plug loads per half-hour (265 Wh/30 min) 

than the new school’s gymnasium (19 Wh/30 min). The new school’s gymnasium used on average 

280% more electricity for plug loads per half-hour than the middle-aged school’s gymnasium (5 

Wh/30 min). The Kruskal-Wallis H tests showed the differences in median half-hourly plug load 

consumption between the three classrooms and the three gymnasiums were statistically significant 

(χ2(3) = 83.2, 201.69 respectively, p < .005). Subsequent, pairwise comparisons also showed 

statistically significant differences in plug load consumption between all pairs of classrooms and 

gymnasiums.  

 
Figure 31 Average half-hourly electricity consumption for plug loads, and average half-hourly 

number of equipment in use in classrooms and gymnasiums 
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The Spearman's rank-order correlation tests showed statistically significant weak to 

moderate correlations between the half-hourly number of equipment in use and half-hourly 

electricity consumption for plug loads in some school spaces as shown in Table 12. These results 

indicated that the number of equipment in use explained 11 to 26% of the variation in electricity 

consumption for plug loads. 

Table 12 Spearman’s rank-order between the half-hourly number of equipment in use and 

electricity consumption for plug loads  

 School space   Spearman Correlation Coefficient (rs)   P (Sig. 2-tailed) 

 Old Gymnasium   0.176   0.049 

 MA Gymnasium   0.478   <0.0005* 

 New Gymnasium   0.182   0.041 

 Old Classroom   0.489   <0.0005* 

 MA Classroom   -0.097   0.212 

 New Classroom   0.509   <0.0005* 

Note: Results in bold are statistically significant (P<0.05)  

5.6 Discussion 

The Mann-Whitney U tests showed statistically significant differences in electricity 

consumption for lighting and plug loads between the booked and non-booked intervals in each 

gymnasium. These results demonstrate that gymnasiums’ bookings had a statistically significant 

effect on their electricity consumption for lighting and plug loads after school hours. In light of 

this, electricity consumption after school hours during non-booked intervals was expected to be 

similar across the three schools’ gymnasiums since they were unoccupied during those times. 

Instead, statistically significant differences were found between those gymnasiums’ electricity 

consumption which suggests that factors other than gymnasiums’ bookings may also be at play 

and affecting that consumption. These other factors may be occupant or non-occupant related. 

Non-occupant related factors include equipment types and their power ratings. These factors may 
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have affected the phantom loads consumed by every equipment which may explain the statistically 

significant differences in that consumption during non-booked intervals. Occupant-related factors 

may include the number of off versus idle equipment in every gymnasium. This number is directly 

related to occupant behaviour since occupants are the ones who chose to turn off equipment and 

unplug it. Therefore, their behaviour directly affects the phantom loads consumed by the 

equipment in every gymnasium, which in turn affects every gymnasium’s electricity consumption 

after school hours.  

The weak, albeit statistically significant correlations between half-hourly occupancy 

durations and electricity consumption for lighting in two of three classrooms suggest that lights 

were used when classrooms were unoccupied. This suggestion may have been especially true in 

the middle-aged school’s classroom, where no statistically significant correlation was found 

between these two variables. School visits confirmed teachers in the middle-aged school usually 

left the lights on at the end of the school day. Those were usually switched off by custodial staff 

at the end of their night shifts around 22:00. These results were in line with the results of analyzing 

electricity consumption for lighting in these three classrooms and described in Ouf et al. (2016) 

(i.e. Chapter 3). This analysis had shown that electricity consumption for lighting in the middle-

aged school’s classroom typically dropped on an average day around 22:30 unlike the other two 

classrooms’ where it dropped around 16:30. The analysis had also shown that electricity 

consumption for lighting during non-work hours made up 15.3% of total electricity consumption 

for lighting in the middle-aged school’s classroom compared to 2.4% and 0.5% in the old and new 

classrooms, respectively. These findings reinforce the need to improve lighting controls by using 

for instance sensor-controlled lighting to ensure ensuring that lights are on only when a space is 
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occupied. Sensor-controlled lighting was in fact used in the new school’s classroom, which may 

explain the stronger statistically significant correlation between its electricity consumption for 

lighting and occupancy durations. Ouf et al. (2016) (i.e. Chapter 3) had also shown that the new 

school’s classroom used only 2.2% of its lighting electricity when it was unoccupied, which further 

demonstrated the energy-efficiency of these sensors.  

The correlation tests showed statistically significant positive relationships between 

recorded light use durations and electricity consumption for lighting during the school day in all 

three classrooms. They also showed a strong and statistically significant positive relationship 

between self-reported light use durations and electricity consumption for lighting during the school 

day in the middle-aged school’s classroom. These results demonstrate that light use duration and 

electricity consumption for lighting are tightly related. However, they also show that recorded light 

use durations were more effective than self-reported ones at explaining electricity consumption for 

lighting. Self-reported light use duration explained 62.3% of the variation in lighting electricity 

consumption in the middle-aged school’s classroom only whereas recorded light use durations 

explained 68.2%, 16.9% and 61.6% of the variation in lighting electricity consumption in the old, 

middle-aged and new school classrooms, respectively. This could be due to the subjective nature 

of self-reported durations which rely on the respondent’s ability to recall them. This ability differs 

from one respondent to another, thus the strong and statistically significant correlation in the 

middle-aged school’s classroom only. In contrast, recorded light use durations were more objective 

and measured actual durations, thus the consistently positive and statistically significant 

correlations in the three schools’ classrooms. These results show that lighting and occupancy 

sensors were more effective than surveys at determining actual light use durations and should 
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therefore be used for that purpose. That being the case, surveys are also important and should still 

be used when the purpose is to evaluate respondents’ perceptions of light use durations. These 

perceptions may be very different from actual durations, thus the importance of using both tools 

when the purpose is to evaluate perceived versus actual behaviour.  

The correlation tests also showed only moderate positive relationships between the 

observed number of equipment per half-hour and electricity consumption for plug loads in three 

of the six analyzed classrooms and gymnasiums. These moderate correlations showed point-in-

time observations could only explain up to 26% of the variations in electricity consumption for 

plug loads. This may have been due to nature of the tool used to determine those numbers. Point-

in-time observations were used to determine the number of equipment in every state (i.e. off, idle 

or in-use) at half-hour intervals. Because of that, the state of a piece of equipment may have 

changed more than once during the half-hour interval, either before or after an observation. This 

change in equipment state would not have been captured by the observations because it would 

have lasted less than half an hour, thus these moderate correlations in some of the spaces. 

Continuous observations whereby the observers would be present in the monitored space at all 

times may be more accurate and appropriate than point-in-time observations in this case. These 

moderate correlations may also be due to electricity consumption for plug loads being related to 

factors other than the number of equipment in-use. As per the results of analyzing the effect of 

gymnasium bookings’ on electricity consumption for plug loads, these factors may be occupant or 

non-occupant related and may include factors such as equipment power ratings, equipment types, 

and equipment use durations.  
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5.7 Conclusion 

This study provides several important contributions to the literature as it is one of the first 

to investigate and quantify the effect of energy-related occupant behaviour on electricity 

consumption in Canadian schools. The study presented a new comprehensive method for 

evaluating energy-related occupant behaviour at the building and space levels using several tools 

other than energy modeling and occupant surveys. Findings helped identify some occupant-related 

factors with a significant impact on electricity consumption, making this study relevant to school 

building managers and operators looking to improve their existing schools’ energy-efficiency. 

With the shift towards more stringent energy codes, and net-zero energy buildings, identifying and 

improving such factors becomes a necessity. This is to decrease the electricity consumption of 

existing buildings, which would by extension decrease their overall energy consumption.   

Future research should focus on evaluating energy-related occupant behaviour in relation 

to school buildings’ real-time electricity consumption in more than three-case study buildings and 

in more than one classroom per building. Future research should also address technical problems 

with the sub-metering equipment as soon as they arise to ensure those do not affect the results.  

Human errors that may occur due to discrepancies in the way the observations are conducted need 

to also be addressed to ensure those do not have any effect on the results. More needs to be done 

to minimize and if possible eliminate the “Hawthorne Effect” that may occur as a result of 

occupants realizing they are being observed. Future research should also consider the effect of a 

number of factors such as the power ratings of different equipment and their types, as well as 

lighting power densities on real-time electricity consumption for lighting and plug loads 

respectively.     
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CHAPTER 6: Conclusion 
This chapter provides a summary of the findings of this research, its limitations and 

contributions. The chapter also includes recommendations for future research work. 

6.1 Summary of research findings 

This research investigated the effect of occupancy on energy consumption in Manitoba 

school buildings. The second chapter of this thesis addressed the first objective of the research 

which was to benchmark historical energy consumption in Manitoba school buildings. The results 

reported in this chapter showed that the average annual energy consumption in the 30 schools 

studied (i.e. 256 KWh/m2/year) was 29% higher than the national median for school’s energy 

consumption in Canada (200 KWh/m2/year), which was expected given Manitoba’s colder climate. 

The results also showed that building age, floor areas, number of occupants, occupants’ density, 

and school type explained 63.6%, 52.7%, and 43.2% of the variation in annual electricity, gas and 

total energy consumption, respectively. However, building age was the only factor to have a 

statistically significant effect on annual energy, electricity and gas consumption. Out of the nine 

schools that underwent HVAC or envelope-related retrofits, seven experienced a decrease in total 

energy consumption following these retrofits ranging from 8 to 35%. The decrease was statistically 

significant in only one school which experienced a decrease of 35% in total energy consumption. 

The differences in average annual total energy and gas consumption across the thirteen old, thirteen 

middle-aged and four new schools analyzed were not statistically significant. Nevertheless, the 

differences in average annual electricity consumption were statistically significant between old 

(57.51 KWh/m2) and middle-aged schools (115.72 KWh/m2), and between old and new schools 
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(124.96 KWh/m2). Other metrics were also used to compare the data between the schools. For 

example, energy consumption data was normalized per occupant, per floor area, or per floor area 

and occupant combined. The building age groups that were the largest and lowest consumers of 

energy changed depending on the metric used. For example, normalizing energy consumption per 

occupant showed that older schools were the highest energy consumers (4662.6 KWh/person) 

whereas normalizing energy consumption per unit area showed that middle-aged schools were the 

highest energy consumers 274.3 (KWh/m2).  

Chapter 3 addressed the second objective of this research which was to analyze real-time 

electricity consumption in a new, a middle-aged and an old school from the sample of schools 

studied in Chapter 2. Average daily total electricity consumption was highest in the new school 

(0.54 KWh/m2/day) which was consistent with historical average annual electricity consumption 

being highest in the new schools, as shown in Chapter 2. However, average daily electricity 

consumption for lighting and plug loads was highest in the old school’s classroom (49.19 

Wh/m2/day), which was inconsistent with overall daily total electricity consumption being highest 

in the new school. The analysis of half-hourly data showed that electricity for lighting was 

consumed over a longer time period on an average day in the middle-aged school’s classroom (i.e. 

typically until 22:00) than in the other two schools’ classrooms. It also showed the new school’s 

classroom consumed on average 28% of its daily electricity for plug loads after school hours, 

whereas it only consumed 0.5% of its daily electricity for lighting after school hours due to its use 

of sensor-controlled lighting. Similar results were found in the three schools’ gymnasiums, where 

average daily electricity consumption for lighting and plug loads was highest in the old school’s 

gymnasium (112.67 Wh/m2/day). The old school’s gymnasium used on average 936% more 
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electricity for plug loads daily (20.72 Wh/m2/day) than the new school’s gymnasium (2 

Wh/m2/day), which used on average 5.2% more electricity for plug loads daily than the middle-

aged gymnasium (0.62 Wh/m2/day). This plug load electricity consumption can be decreased 

through the use of sensors for plug loads similar to the ones used to control lighting. 

Chapter 4 addressed the third objective of this research which was to develop and 

implement a comprehensive method for analyzing energy-related occupant behaviour at the 

building and space levels. Results showed that the higher behavioural scores emanating from the 

general survey were found in schools with lower electricity consumption. For example, the old 

school had the lowest average daily electricity consumption (0.17 KWh/m2/day) as shown in 

Chapter 3, but the highest average total behavioural score (9.4 out of 36) and the highest scores 

for the three behavioural constructs of attitudes (5.3 out of 12), normative beliefs (0.8 out of 12) 

and perceived behavioural control (3.3 out of 12). Results revealed weak positive correlations 

between total behaviour scores and positive behaviours (e.g. unplugging equipment after use), and 

weak negative correlations between total behaviour scores and negative behaviours (e.g. using 

electrical heaters to supplement heating). However, the correlation between total behavioural 

scores and self-reported behaviours was not statistically significant which could be attributed to 

the relatively small number of respondents in each school. With respect to light use, the occupancy 

and light sensors, as well as the half-hourly observations showed that lights were turned on the 

least in the new school’s classroom when unoccupied (6.2% of the time according to light and 

occupancy sensors, and 2.4% of the observations according to the observations). These two tools 

also agreed that lights were turned on the most in the middle-aged school’s classroom when 

unoccupied (10.6% of the time according to light and occupancy sensors, and 10.5% of the 
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observations according to the observations). The tools also agreed on the time of day when lights 

were on the most in the new school’s classroom when unoccupied (11:00 – 13:00). However, they 

disagreed on the time of day when lights were on the most in the old and middle-aged schools’ 

classrooms when unoccupied. This discrepancy may be due to the higher level of accuracy of the 

occupancy and light sensors in comparison to point-in-time observations. With respect to 

equipment use, the average number of equipment in-use per half-hour in the old school’s 

gymnasium was the highest (1.9 in-use equipment/half-hour), which was in line with the average 

daily electricity consumption for plug loads being the highest in that same gymnasium (20.72 

Wh/m2/day) as shown in Chapter 3. In contrast, the average number of equipment in-use per half-

hour was lowest in the old school’s classroom (0.5 in use equipment/ half-hour), it had the highest 

average daily electricity consumption for plug loads (17.53 Wh/m2/day) as per Chapter 3. This 

could be due to this small number of equipment being used the longest in the old school’s 

classroom, which suggests that the number of equipment in use may not be a good indicator of 

equipment use duration. It may also suggest that the type of equipment used and their power ratings 

may have a stronger effect on electricity consumption for plug loads than the number of equipment 

used or equipment use duration.  

Chapter 5 addressed the fourth objective of the research which was to investigate the 

relationship between the real-time electricity consumption analyzed in Chapter 3 and the energy-

related occupant behaviour analyzed in Chapter 4. Results showed that the old school’s 

gymnasium used on average 54% more electricity for lighting and plug loads combined per half-

hour after school hours during the booked intervals (2,980 Wh/30 min) than during the non-booked 

intervals (1,935 Wh/30 min). The middle-aged school’s gymnasium used on average 214% more 
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electricity for lighting and plug loads combined per half-hour after school hours during the booked 

intervals (726 Wh/30 min) than during the non-booked intervals (232 Wh/30 min). The new 

school’s gymnasium used on average 185% more electricity for lighting and plug loads combined 

per half-hour after school hours during the booked intervals (2,803 Wh/30 min) than during the 

non-booked intervals (1,215 Wh/30 min). A statistically significant difference in median half-

hourly electricity consumption for lighting and plug loads was found between the booked and non-

booked intervals in each gymnasium. A strong statistically significant positive correlation was also 

detected between self-reported light use duration stemming from the daily surveys and electricity 

consumption for lighting over the school day in the middle-aged classroom. Moderate to strong 

statistically significant positive correlations were found between recorded light use durations 

originating from the lighting and occupancy sensors and electricity consumption for lighting over 

the school day in all three classrooms. These results suggest that recorded light use durations (i.e. 

lighting and occupancy sensors) were more effective than self-reported ones (i.e. daily surveys) at 

explaining electricity consumption for lighting. Light use durations (i.e. whether self-reported or 

recorded) explained 17 to 68% of the variation in electricity consumption for lighting. Weak to 

moderate statistically significant positive correlations were found between the half-hourly number 

of equipment in use originating from the observations and half-hourly electricity consumption for 

plug loads in three of the six monitored classrooms and gymnasiums. The number of equipment 

in-use explained 11 to 26% of variation in electricity consumption for plug loads. These results 

suggest that other factors such as equipment use durations, equipment types and their power ratings 

may also have an effect on electricity consumption for plug loads. Table 13 provides a summary 

of the results of this research as they relate to each objective and chapter, with a brief summary of 

the research methods used to achieve each objective. 
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Table 13 Summary of overall research results 

Objective and chapter 
Summary of results 

Research methods 

Chapter 2: Energy Consumption Analysis of School 

Buildings in Manitoba  

Objective 1: Benchmark historical energy 

consumption in Manitoba’s school buildings 

 

 Average annual energy consumption in Manitoba’s schools is 29% higher than 

the national median 

 Building age, floor area, number of occupants, occupants’ density, and school type 

combined explained 63.6%, 52.7%, and 43.2% of the variation in annual 

electricity, gas and total energy consumption respectively 

o Only building age had a statistically significant effect 

 Seven out of nine schools that were retrofitted experienced a decrease in energy 

consumption 

o The decrease was statistically significant in only one school 

 Only the differences in average annual electricity consumption between old, 

middle-aged and new schools was statistically significant  

o New schools were the highest electricity consumers 

 Middle-aged schools were the highest overall energy consumers per unit area 

Method: 

 A sample of 30 schools was randomly selected 

 Historical school energy data for 10 years was 

collected and analyzed 

 Additional school data such as their floor area, 

construction date, retrofits, occupancy was 

collected 

 All of that data was analyzed 

Chapter 3: Analysis of Real-time Electricity 

Consumption in Manitoba Schools  

Objective 2: Analyze real-time electricity 

consumption in a new, middle-aged and old school 

from the studied sample of schools  

 Average daily electricity consumption was highest in the new school and lowest 

in the old school 

o The differences between the three schools were statistically significant  

 In contrast, average daily electricity consumption for lighting and plug loads was 

highest in the old school’s classroom and gymnasium 

 Electricity consumption for lighting during non-school hours made up 15.3%, 

2.4% and 0.5% of the total lighting consumption  in the middle-aged, old and new 

schools’ classrooms, respectively.  

 Electricity consumption for plug loads during non-school hours made up 28.7%, 

19.6%, and 14.4% of the total plug loads consumption in the new, old, and middle-

aged schools’ classrooms, respectively. 

Method: 

 Three schools’ electricity consumption was 

analyzed further  

 A detailed electricity monitoring plan was 

developed and implemented using sub-meters in 

those three schools 

 Half-hourly electricity consumption for these 

schools, as well as lighting and plug loads in a 

classroom, gymnasium and multi-purpose rooms 
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in them were collected and analyzed over 4 

months 

Chapter 4: Investigating Energy-Related Occupant 

Behaviour in Canadian School Spaces  

Objective 3: Develop and implement a comprehensive 

method for analyzing energy-related occupant 

behaviour at the building and space levels 

 

 Higher behavioural scores from the general survey were found in schools with 

lower electricity consumption 

 Weak positive correlations were found between total behaviour scores and 

positive behaviours, and weak negative correlations were found between total 

behaviour scores and negative behaviours 

o These correlations were not statistically significant 

 Lights were turned on least frequently in the new school’s classroom when 

unoccupied and most frequently in the middle-aged school’s classroom 

 Average number of equipment in-use per half-hour in the old school’s gymnasium 

was the highest in line with its plug loads consumption  

 Average number of equipment in-use per half-hour in the old school’s classroom 

was lowest yet, it had the highest plug loads consumption  

Method: 

 Energy-related occupant behaviour was collected 

and analyzed in the three schools using 

1. General behavioural survey 

2. Occupancy and light sensors 

3. Point-in-time observations 

4. Gymnasium booking data 

5. Daily surveys 

Chapter 5: The Effect of Occupancy on Electricity 

Consumption in Three Canadian Schools  

Objective 4: Investigate the relationship between real-

time electricity consumption and energy-related 

occupant behaviour 

 

 Statistically significant differences in median half-hourly electricity consumption 

for lighting and plug loads were found between booked and non-booked intervals 

in each gymnasium ranging from 54 to 214% 

 Moderate to strong statistically significant positive correlations between recorded 

light use durations and electricity consumption for lighting were found in all three 

classrooms 

 A strong statistically significant positive correlation between self-reported light 

use duration and electricity consumption for lighting was only found in the 

middle-aged classroom 

o No responses were collected in the new classroom for self-reported light 

use duration 

 Light use durations explained 17 to 68% of the variation in electricity 

consumption for lighting 

Method: 

 Results from all tools investigating energy-related 

occupant behaviour were correlated to real-time 

electricity consumption to quantify the effect of 

behaviour on energy consumption 
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 Weak to moderate statistically significant positive correlations between half-

hourly number of equipment in use and half-hourly plug loads consumption were 

found in three of the six monitored classrooms and gymnasiums. 

 The number of equipment in-use explained 11 to 26% of variation in electricity 

consumption for plug loads 
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6.2 Limitations and recommendations 

The relatively small sample size of 30 school buildings in Manitoba represented an 

important limitation when benchmarking school buildings’ energy consumption. This is because 

the sample had to be broken down to several groups based on factors such as building type, 

building age and occupant density, resulting in a smaller number of schools within each group. 

The small overall sample and the small number of schools within each group may explain why 

some of the statistical tests used to analyze energy consumption between different groups of 

schools did not provide statistically significant results. Therefore, future research should analyze 

larger samples of schools so that the results can be generalized more easily to the entire population 

of schools studied. Despite this limitation, this randomly selected sample was acceptable due to 

the coefficient of variation being less than 30%. The coefficient of variation is defined as the ratio 

of the standard deviation to the average of a sample and is used to determine the quality and 

precision of data derived from that sample. A coefficient of variation of less than 30% is deemed 

acceptable when reporting buildings’ energy benchmarking data as explained in the Survey of 

Commercial and Institutional Energy Use in Canada (NRCan 2012).  

Relying on different statistical techniques to analyze the data collected helped provide a 

more in-depth analysis of school buildings’ energy consumption. Table 14 provides a detailed 

summary of all of the techniques used throughout this research together with their strengths and 

weaknesses. Despite the strengths of these tests, future research should take the following 

considerations into account. Although the multiple regression test helped identify the relative 

effect of different parameters on energy performance and is more sophisticated in comparison to 

simple descriptive statistics, future research should consider using more sophisticated statistical 
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methods for benchmarking energy consumption such as ANNs and DEA. These methods may 

require the collection of additional data though that may not always be available for large datasets. 

The Kruskal-Wallis H test was also used as the non-parametric equivalent to the ANCOVA test; 

however, unlike the ANCOVA test, the test does not control for the effect of co-variates. Future 

research should consider the application of other non-parametric tests, such as Quade's rank 

analysis of covariance to control the effect of these co-variates but conduct extensive data 

transformation to enable their use.  Future research should also consider using other more advanced 

non-parametric tests for investigating relationships between different variables, such as the Kendall 

tau-b to test to determine if they would provide different results. Similarly, future research should 

consider using time-series analysis techniques that are more advanced than the CUSUM technique 

used in this research as they may provide more details on the changes in energy consumption 

patterns.  
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Table 14 Summary of the strengths and weakness of the statistical tests used in this research 

Required task Statistical tests used 
Strengths  

Weaknesses  

Identifying the 

effect of different 

parameters on 

energy 

consumption  

Multiple regression 

analysis 
 Determines the relative influence of one or more independent variables (e.g. building 

age, floor area) on the dependent variable (i.e. energy consumption) 

 Improves the ability to identify outliers, or anomalies in comparison to descriptive 

statistics 

 Required data is easy to collect  

 Adding more independent variables may change the results  

 Does not account for the inter-relationships between the predictor variables 

Comparing energy 

consumption 

between two 

schools or datasets 

Independent samples t-

test  
 Required data is easy to collect  

 Easy to conduct, most common test used to compare data between two datasets 

 Simple to interpret 

 Assumptions for normality, equal variances, and no outliers must be met 

 Only useful when comparing two datasets 

 Only appropriate when the datasets are independent of each other  

 Does not explain why there is a difference between the two datasets 

Mann-Whitney U test   In addition to the advantages of t-tests, no assumptions required for normality, equal 

variances, or outliers 

 Less sensitive and less efficient if the assumptions for t-tests could be met (i.e. a 

higher cut-off for statistical significance, and a larger sample size required than t-

tests) 

 More appropriate when both datasets have the same shape distribution 

Comparing energy 

consumption 

between three or 

more schools or 

datasets 

ANCOVA or 

MANCOVA  
 Controls for the effects of other continuous variables (e.g. floor area), which co-vary 

with the dependent (i.e. energy consumption) 

 Factors out the error that may be introduced by the co-variates 

 Provides a more accurate analysis than treatment by block interaction, which is 

another alternative for factoring out co-variates 

 MANCOVA is an extension of the ANCOVA test where there is more than one 

dependent variable and the control of co-variates is required.  



163 

 

 Assumptions for normality, equal variances, and no outliers must be met 

 More assumptions (e.g. a linear relationship between the co-variate and the dependent 

variable) are needed to run ANCOVA compared to simpler tests such as ANOVA 

 Only appropriate when the datasets are independent of each other  

Kruskal-Wallis H test   No assumptions required for normality, equal variances, or outliers 

 Does not control for the effect of co-variates 

 Less sensitive and less efficient if the assumptions for ANOVA could be met (i.e. a 

higher cut-off for statistical significance, and a larger sample size required) 

 More appropriate when all analyzed datasets have the same shape distribution and are 

independent 

Investigating the 

relationship 

between energy 

consumption and 

occupant 

behaviour 

Pearson’s product-

moment correlation test  
 Indicates the presence, or absence of correlation between any two variables  

 Determines the exact extent, or degree to which they are correlated 

 Determines the direction of the correlation (i.e. positive, or negative) 

 Only measures linear relationships between two variables (i.e. if the relationship is not 

linear, results may be inaccurate) 

 Strongly affected by the values of extreme data points 

 Based on many assumptions and may be misinterpreted as causation 

Spearman's rank-order 

correlation test 
 In addition to the advantages of Pearson’s correlation, no assumptions required for 

normality, equal variances, or outliers 

 Correlation is based on data ranks not the data itself (i.e. may not be as accurate as 

Pearson’s correlation) 

 Less sensitive and less efficient if the assumptions for Pearson’s correlation test could 

be met (i.e. a higher cut-off for statistical significance, and a larger sample size 

required) 

 More appropriate when all the analyzed datasets have the same shape distribution 

Linear regression 

analysis 
 Estimates the value of a dependent variable with reference to a particular value of an 

independent variable 

 Can make a distinction between an independent and dependent variable  

 More appropriate to use when the relationship between the two variables is linear 

 Limited to predicting numeric output instead of categorical outputs 

Cronbach’s alpha test  Measures the internal consistency of survey results 
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Testing the 

reliability of 

survey results 

 May also asses dichotomous and weighted results 

 Only quantifies the strength of the linear relationship 

 Highly sensitive to extreme values 

 Does not indicate the stability or consistency of the survey over time, which would be 

better investigated using the test-retest reliability strategy 

Detecting changes 

in energy 

consumption over 

time 

CUSUM technique  Can detect small changes visually through changes in slope of the chart 

 Easily locate the point at which change is observed 

 Relatively slow to respond to large shifts which may be an issue for immediately 

responding to significant changes in energy consumption patterns 

 Reliance on visual inspection may be more difficult for larger datasets 

 Special patterns such as seasonal variations are hard to detect and analyze 

 

 

  



165 

 

Several anomalies were also detected in the monthly energy data provided by Manitoba 

Hydro. Once detected, they were corrected on a case-by-case basis. For example, if monthly energy 

consumption was abnormally high after showing zero consumption the previous month, that high 

monthly energy consumption was averaged over these two months, given that these two months 

were billed together as confirmed by Manitoba Hydro. If these high monthly data entries could not 

be explained, they were considered outliers and discarded from the analysis. Historical energy cost 

data for 12 of the schools in the sample were also missing. To overcome this, energy cost data for 

these schools was calculated by multiplying their actual energy consumption by the unit cost of 

energy at that time, derived from the other 18 schools. In the absence of actual cost data, this way 

of calculating that cost data was considered the most accurate even though it may not account for 

other small service fees charged by Manitoba Hydro. Future studies should therefore ensure the 

availability of actual historical energy cost data on a monthly basis for the study period analyzed 

to minimize such anomalies.  

This research did not consider the effect of a number of important building factors on 

energy consumption despite their potential effect. For example, the effective heat transfer 

coefficients (i.e. U-values) of the buildings’ envelopes were not considered for each building. The 

effect of the window-to-wall ratios for each school was also not taken into account. Other factors 

that were discarded from the analysis included the types of HVAC systems installed in each school 

and their corresponding ventilation rates. Moreover, a number of socio-economic factors such as 

income levels and teachers’ educational level were not accounted for as part of this research. 

Nevertheless, the research considered the effect of a number of other important factors such as 

occupant behaviour, building age, school type, number of occupants, occupant density, floor area, 
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and building retrofits on energy consumption. With respect to building retrofits, the research 

investigated the effect of HVAC and envelope-related retrofits implemented in some schools 

without getting into the specific effect of each retrofit as data related to some of these retrofits 

were not always available. This reinforces the need to ensure the availability of such data in order 

to determine the energy effectiveness of every type of building retrofit in future research.   

Although the research involved analyzing schools’ historical energy consumption over a 

ten-year study period (i.e. between 2004 and 2013), the historical energy consumption of some 

new schools was analyzed over a shorter period due to their recent construction and operation. For 

example, the LEED certified school that was studied, was built in 2009, thus providing only four 

years’ worth of energy consumption data only. Not standardizing the analysis period across all 

schools may have biased the results because new buildings’ energy consumption can be highly 

variable in the first few years of its operation as facility managers get acquainted with operating 

these buildings’ systems. This reinforces the need for future research to analyze energy 

consumption in all schools over the same study period if possible and to analyze new schools’ 

energy consumption over a longer study period to improve the accuracy of the analysis.  

Another limitation of this research relates to the three schools analyzed and to the four-

month study period over which these schools’ consumption was monitored. Due to the study’s 

limited financial, technical and human resources, the study period could not be extended beyond 

those four months. Moreover, only three schools’ real-time electricity consumption could be 

analyzed as part of this research due to limited human, financial and technical (i.e. equipment) 

resources available. Due to limited finances, only two research assistants were available at any 

point in time to collect the data, and part of the electricity sub-metering equipment used to monitor 
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that consumption was leased from Manitoba Hydro. Therefore, there’s a need for larger scale, 

well-funded research studies that would conduct the real-time electricity monitoring on a larger 

sample of schools and over a longer study period of at least one year to account for schools that 

are used throughout the summer period. This is to capture seasonal variations in electricity 

consumption and to determine the effect of the weather on buildings’ energy consumption.  

Although electricity consumption for lighting and plug loads  makes up 30% of commercial 

and institutional building’s total energy consumption in Canada, gas consumption for heating 

makes up 50% of that consumption (NRCan 2017); thus the importance of analyzing it. It was not 

possible to include this component in the current research study due to the difficulty of sub-

metering natural gas consumption and providing real-time measurements at half-hourly intervals 

for gas consumption. This is because natural gas consumption for heating usually occurs at the 

building level which makes appropriating that consumption to the space level very difficult. 

Moreover, metering equipment that can measure steam or other refrigerant quantities at half-hourly 

intervals is cost prohibitive and requires significant alterations to a building’s infrastructure. 

Therefore, future studies should allocate more resources to enable real-time gas measurements for 

heating. Future studies should also use proxy measurements, such as room temperature set-points, 

to calculate energy consumption for heating and other end-uses. BEMS in newer buildings can 

considerably help with collecting that data at the space-level. 

With respect to the occupancy portion of this research, this portion was limited by the fact 

that the survey was administered to 61 teachers in three school buildings only. The relatively small 

number of respondents may explain why some of the survey results were not statistically 

significant. The survey was also limited to teachers since the University of Manitoba Research 
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Ethics Board required parental consent to survey children. The subjective nature of some questions 

and their reliance on respondents’ ability to recall information such as the ones asking respondents 

to estimate the duration of using specific equipment may have also affected the study results. 

Future studies should focus on administering the survey to more teachers in more school buildings 

so that the results can be generalized to a larger population of teachers and school buildings. Future 

studies should also investigate the effect of socio-economic factors such as teachers’ age, gender 

and education level on energy consumption. 

The results derived from the half-hourly observations of energy-related occupant behaviour 

may have also been affected by the “Hawthorne effect” whereby occupant behaviour may have 

changed as a result of being observed. Nevertheless, several strategies were implemented to limit 

this, such as using point-in-time observations to minimize distracting and disrupting occupants.  

Moreover, two research assistants conducted the observations simultaneously and compared their 

findings to one another to ensure inter-observer reliability. Future researchers should consider 

relying on more objective data collection methods such as video recordings to analyze energy-

related occupant behaviour and minimize the “Hawthorne effect”. However, ethical considerations 

must be taken into account when using these technologies in schools, especially if occupants are 

unaware of these recordings.  

Another limitation of this research was that it did not account for the type of equipment 

and light fixtures used in each space. Collecting data on these factors would have helped determine 

the effect of occupancy on electricity consumption after controlling for them. For example, results 

showed weak to moderate correlations between the number of equipment in use per half-hour and 

half-hourly electricity consumption for plug loads in some spaces. However, taking into account 
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the power ratings of this equipment may have resulted in stronger correlations with half-hourly 

electricity consumption, thus providing more evidence on the effect of these factors on electricity 

consumption for plug loads.  

As new rating systems, energy codes and policies continue to mandate further reductions 

in buildings’ energy consumption, the need for more research on energy-related occupant 

behaviour grows as research in the field is still in its early stages. Further collaborations with 

researchers from the social sciences would provide additional methods, tools and theories that 

would help investigate energy-related occupant behaviour and incorporate it into BPS. One major 

research question in the field revolves around investigating the difference between reasoned and 

habitual occupant behaviour, as each would be modeled differently in BPS. Future research should 

design intervention studies that would determine the effect of occupant feedback on occupants’ 

habitual and reasoned energy consumption. These intervention studies must minimize the effect 

of other factors, by purposely using similar building spaces or altering their features (e.g. types of 

equipment). Future research should also assess the effect of limiting occupant’s interaction with 

building systems by providing smart controls that are centrally managed by BEMS on buildings’ 

energy consumption. The effect of limited personal control of these systems on occupants’ comfort 

should also be investigated to ensure it does not compromise it.  

6.3 Contributions to the body of knowledge and overall 

implications of the research  

This research is the first of its kind to provide energy consumption benchmarks for 

Manitoba school buildings that can be used by policy-makers to inform public policy on energy 
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efficiency targets for existing buildings in Manitoba. The breakdown of energy consumption by 

fuel type, school type and building age generated additional benchmarks that can be used by 

building operators to evaluate the performance of their existing buildings. The statistically 

significant increase in electricity consumption in newer school buildings provided empirical 

evidence that designers can make use of when designing new school buildings. The relative energy 

effectiveness of some building retrofits also produced empirical evidence that can be used by 

facility managers when operating existing buildings and by policy makers looking to develop new 

guidance to improve existing buildings’ energy efficiency. The fact that middle-aged schools were 

the highest consumers of energy reinforces the need to retrofit them to decrease that consumption.  

This research was the first to conduct a detailed analysis of real-time electricity 

consumption in select school spaces. The research entailed developing and implementing a method 

that future researchers can use and improve upon to sub-meter electricity consumption for lighting 

and plug loads down to the space level on a half-hourly basis. Related findings can be used by 

building operators and facility managers to improve their day-to-day building operations. For 

example, results showing that electricity consumption for plug loads dropped by approximately 

60% after school hours shows the importance of shutting off equipment during non-work hours. 

This shutting off of equipment can provide savings in phantom loads of up to $4,000 per year 

based on Manitoba Hydro’s rates for electricity consumption for commercial buildings 

($0.88/KWh).  Results showing that sensor-controlled lighting in one school considerably 

decreased its electricity consumption for lighting reflects the importance of such controls.    

The most significant contribution of this research was its development of a comprehensive 

method to evaluate energy-related occupant behaviour using actual, empirical evidence. This is 
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because energy-related occupant behaviour is one of the most difficult factors to quantify in 

buildings operations, with most studies estimating its effect on energy consumption using BPS. 

The research was the first to evaluate that behaviour using five different tools simultaneously, with 

these tools extending beyond the mere use of surveys. One of these tools relied on point-in-time 

observations at half-hourly intervals to evaluate light and equipment use in schools. These point-

in-time observations represent a key contribution of this research that can be further developed 

and refined in future studies. The research also made use of tools such as room bookings and 

occupancy and light sensors to collect data on actual occupancy and light use durations. Another 

important tool developed as part of this research was the general survey based on TPB and on the 

premise that human behaviour is the result of a complex cognitive process. The survey helped 

evaluate occupants’ energy-related behaviour by evaluating their attitudes, norms and behavioural 

control with respect to energy-efficiency. Another short daily survey (i.e. an energy use diary) was 

developed to analyze equipment and light use durations on a day-to-day level. The application of 

these tools simultaneously helped assess the relative effectiveness of each tool and identify its 

limitations when applied on its own. Given the originality and novelty of this particular research 

area, there are many opportunities to refine and improve upon these tools. These tools are also 

ones that facility managers and building operators can use to evaluate energy-related occupant 

behaviour in their existing school buildings as part of evaluating their energy performance.  

Another significant contribution of this research is its provision of empirical evidence for 

the effect of energy-related occupant behaviour on actual energy consumption. This evidence 

demonstrates the importance of engaging occupants through behaviour-modification strategies and 

occupancy-focused interventions to decrease their buildings’ energy consumption. This proactive 
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role from occupants would require raising their awareness about how their behaviour may be 

contributing to the problem, and educating them about how they can use their buildings more 

energy-efficiently. This can take the form of developing educational information packets aimed at 

reducing school staff and students’ energy consumption. The body of knowledge generated 

through this and other similar research can also be used by policy-makers to enact new guidance 

that would mandate energy-efficient behaviour from building occupants. It can also be used by 

building operators and facility managers to conduct building performance evaluations that would 

evaluate energy-related occupant behaviour at the building and space levels in addition to the more 

traditional areas of energy, water and indoor environmental quality.   

6.4 Concluding Remarks  

With the shift towards more stringent energy codes, and net-zero energy buildings, 

occupancy-focused interventions (e.g. energy education, training, and feedback) provide excellent 

opportunities for decreasing buildings’ energy consumption. Since building occupants have direct 

control over many energy end uses in buildings, developing such interventions can be a cost-

effective solution in existing buildings. While occupants may understand that plug-in equipment 

and lighting impacts their energy consumption, the full effect of their behaviour on energy 

consumption is still unclear. Occupancy remains one of the least understood factors affecting 

energy consumption in buildings, thus the importance of this and other similar research and the 

need to develop a body of knowledge in the area. Researchers in the immediate future should 

continue to build on the extensive body of knowledge in environmental psychology focusing on 

human behaviour. Future research should establish cross collaboration between engineering, social 

sciences, humanities and public health in order to generate an interdisciplinary body of knowledge 
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that explains how occupants interact with their buildings. Further understanding of building 

occupancy and the drivers behind energy-related occupant behaviour would allow new buildings 

to use smarter building controls that would meet occupants’ needs while minimizing their effect 

on energy consumption.  
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Appendix A: Schools Preliminary 

Information Survey 
School Information Survey 

Please fill out this form to the best of your knowledge, please type N/A for fields which are not 

applicable to the school 

 
School Name:                  

School Division:             

 
Contact Information 

 
School Address       

      

Phone Number       

Fax Number       

 
Detailed School Information  

 
School type  

☐ Elementary School                                                    ☐ Middle School 

☐ High School                                                                ☐ K-12  

Total building floor area (If more than one, please indicate the total floor area of each building,)                        

      

Number of floors in the building (If more than one, please indicate the number of floors in each 

building)         

Available non-classroom facilities (If more than one, please indicate the number) 

☐ Gymnasium              ☐ Swimming Pool                 ☐ Auditorium                           ☐ 

Laboratory                ☐ Other (Please Specify)             

Are any school facilities open for community use?                        ☐Yes          ☐ No    

If yes, please list facilities open for community use                                    

Number of occupants for the 2012/2013 academic year 

Students         Teachers         Staff        Other (If applicable)        

On average, how many hours/day is the school building(s) occupied?              

On average, how many days/week is the school building(s) is occupied?         

Number of years for which school’s energy consumption data is available       

 
Building Age and Maintenance 

 
Start date of school operation                   



175 

 

Was the school recently energy retrofitted?                                             ☐ Yes ☐ No 

     If no, are there plans for future energy retrofitting?                            ☐ Yes ☐ No 

If you answered yes to any of the previous two questions please complete the following 

Please indicate the date/planned date for executing energy retrofitting         

Energy retrofits implemented or planned if any 

☐ HVAC            ☐ Building Insulation                   ☐ Lighting fixtures change  

☐ Addition of automatic controls (lighting, temperature, water…etc.) 

☐ Windows Change                                           ☐ Low flow plumbing fixtures 

☐ On-site electricity production                       ☐ Use of low-VOC products 

☐ Other (Please Specify)       

If you checked any of the above, please provide corresponding dates 

Is there a maintenance backlog for the school building?                        ☐ Yes ☐ No 

 
Green Features 

 
Is the school building(s) LEED® certified?   

☐ Yes       ☐ Certification in progress     ☐ No         

☐ No, LEED® shadowing   ☐ No, other rating system (Please Specify)         

If yes, what is the certification date?       

Available automatic controls for each classroom/space 

☐ Lighting                    ☐ Temperature                       ☐ Water Fixtures  

☐ Other (Please Specify)       

Type of fuel used for heating  

☐ Electricity           ☐ Gas              ☐ Other (Please Specify)       

Are floors/spaces or building(s) sub-metered?                                                       ☐ Yes ☐ No 

 
Comments (Optional) 
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Appendix B: University of Manitoba 

Research Ethics Board – Approved 

Invitation and Consent Forms (Protocol 

#E2015:007) 

Appendix B1: Sample Memorandum to School Staff 

This memorandum was sent by management prior to the start of the study.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Sent: mm, dd, yyyy 

From: 

To:  

Subject: School Energy Performance Research 

This memo is sent on behalf of Mohamed Ouf, a doctoral candidate in Civil Engineering at the University 

of Manitoba 

We are a group of researchers from the University of Manitoba (U of M) who plan to conduct a field study 

on the energy consumption of new, middle-aged and old school buildings. The study also investigates the 

relationship between occupancy patterns and energy consumption. Its results will provide useful 

information to us regarding the state of your school’s energy performance and possible ways of reducing 

the use of energy.  

This study was approved by the Public Schools Finance Board and the appropriate school division’s senior 

administration. It will be taking place in this building over the academic year 2014/2015. In addition to sub-

metering parts of the school, the study involves an online occupant survey and researchers’ observations 

about a number of appliances used at the school. The research team would appreciate your help by 

responding to the online survey which will be administered in early May 2015. Your participation in the 

online survey is voluntary and you have right to withdraw from the study at any time. Please be assured the 

information you will provide will be held in strict confidence. Individual survey responses will not be shared 

with others. The survey should take you approximately 20-25 minutes to complete should you chose to 

participate. The research team (Which includes Mohamed Ouf, a PhD candidate in Engineering and Panos 

Polyzois, a research assistant in the faculty of Engineering) will also be visiting the school to obtain energy 

consumption data and evaluate the state of certain equipment at given times (i.e. on/off/idle). These visits 

are expected to take place on randomly selected days during March and April 2015. 

We absolutely appreciate your support for this study and we hope that you will willingly participate in this 

study to make it a success. 

N.B. This study was approved by the Education/Nursing Research Ethics Board at the University of Manitoba. 

Thank you. 

Mohamed Ouf, EIT, LEED® GA 

PhD Candidate, Construction Engineering and Management Group 

Department of Civil Engineering, University of Manitoba 

E3-386, EITC, 15 Gillson Street 

Winnipeg, MB, R3T 5V6 
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Appendix B2: E-mail Invitation 

Before the commencement of the survey portion of the study, an e-mail similar to the one below was sent 

to all employees at the school.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sent: mm, dd, yyyy 

From: U of M Research team [research.you@myumanitoba.ca] 

To: 

Subject: Energy Consumption Survey Invitation 

This memo is sent on behalf of Mohamed Ouf, a doctoral candidate in Civil Engineering at the University 

of Manitoba 

You are invited to participate in an online survey administered by the University of Manitoba to 

investigate energy consumption at the school. Participation should take you about 20-25 minutes. Your 

participation is voluntary and you can withdraw from this study at any time.  

Title of the research study: The Impact of Occupancy and Usage on School Buildings' Energy 

Consumption in Manitoba 

Time-frame for completing the online survey: May-June 2015 

This research has been approved by the Education/Nursing Research Ethics Board at the University of 

Manitoba. If you have any concerns or complaints about this project you may contact the study’s principal 

investigator, Mohamed Ouf, at oufm@myumanitoba.ca or telephone or you may contact the University 

of Manitoba’s Human Ethics Coordinator (HEC).  

To participate in this survey, please click on this link (link to online survey). The survey will be available 

until June 30th 2015 and you may visit whenever it is convenient to you. 

 

Best wishes  

Mohamed Ouf, EIT, LEED® GA 

PhD Candidate, Construction Engineering and Management Group 

Department of Civil Engineering, University of Manitoba 

E3-386, EITC, 15 Gillson Street 

Winnipeg, MB, R3T 5V6 
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Appendix B3: E-mail Invitation reminders 

After 2 weeks from the commencement of the survey portion of the study, an e-mail similar to the one 

below was sent to all employees at the school via blind carbon copy every 2 weeks for a period of 6 weeks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sent: mm, dd, yyyy 

From: U of M Research team [research.you@myumanitoba.ca] 

To: 

Subject: Energy Consumption Survey Invitation 

This memo is sent on behalf of Mohamed Ouf, a doctoral candidate in Civil Engineering at the University 

of Manitoba 

Two weeks ago, we sent you an email inviting you to participate in an online survey administered by the 

University of Manitoba to investigate energy consumption at the school.  We would like to thank you 

very much for your participation in this survey and for the responses we received so far. If you still 

haven’t completed the survey, this is a gentle reminder that we would like to ask your help by completing 

the online survey which should take you about 20-25 minutes. Your participation is voluntary and you 

can withdraw from this study at any time.  

To participate in this survey, please click on this link (link to online survey). The survey will be available 

until June 30th 2015 and you may visit whenever it is convenient to you. 

Title of the research study: The Impact of Occupancy and Usage on School Buildings' Energy 

Consumption in Manitoba 

Time-frame for completing the online survey: May-June 2015 

This research has been approved by the Education/Nursing Research Ethics Board at the University of 

Manitoba. If you have any concerns or complaints about this project you may contact the study’s principal 

investigator, Mohamed Ouf, at oufm@myumanitoba.ca or by telephone or you may contact the 

University of Manitoba’s Human Ethics Coordinator (HEC).  

 

 

Best wishes  

Mohamed Ouf, EIT, LEED® GA 

PhD Candidate, Construction Engineering and Management Group 

Department of Civil Engineering, University of Manitoba 

E3-386, EITC, 15 Gillson Street 

Winnipeg, MB, R3T 5V6 
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Appendix B4: Web-based Consent Form 

The consent form was the first page on the survey website for the general behavioural survey. All 

participants were required to agree to the consent form before proceeding to the survey page.  

Project Title: The Impact of Occupancy and Usage on School Buildings’ Energy Consumption in 

Manitoba 

Principal Investigator and contact information:  

PhD Candidate:  

Mohamed Ouf, EIT 

15 Gillson Street, Winnipeg, MB, R3T 2N2 

 

Research Assistant: 

Mr. Panos Polyzois 

15 Gillson Street, Winnipeg, MB, R3T 2N2 

 

PhD Supervisor and contact information:  

Assistant Professor: 

Mohamed Issa, PhD, PEng 

15 Gillson Street, Winnipeg, MB, R3T 2N2 

 

Sponsors:  

University of Manitoba Graduate Fellowship 

NSERC Discovery Grant  

 

This consent form, a copy of which you may save or print for your records and reference at this time (it 

will not be available later), is only part of the process of informed consent.  It should give you the basic 

idea of what the research is about and what your participation will involve. If you would like more details 

about something mentioned here, or information not included here, you should feel free to ask.  Please take 

the time to read this carefully and to understand any accompanying information. 

 

You may print this consent form using the print option in your browser 

 

Project Description 

This study will be used by the above mentioned doctoral candidate for his PhD dissertation. It evaluates the 

impact of occupancy patterns and usage on school buildings’ energy performance. The study specifically 

investigates the differences in energy consumption and occupancy patterns between new energy-efficient 

school buildings, middle-aged and older ones. 

The study will take place in three schools in Manitoba 

École Île-Des-Chênes School (Built in 2009). Address: 455 D' Auteuil St, Ritchot, MB R0A 0T0 

École Communautaire Aurèle-Lemoine (Built in 1968). Address: Provinciale 611 Rte, St Laurent, MB R0C 

2S0 
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École Précieux-Sang (Built in 1951). Address: 209 rue Kenny, Winnipeg, MB R2H 2E5 

 

The study will utilize several sources for data collection as follows       

 

Historical Energy Consumption at the school level from utility bills 

Historical Occupancy figures at the school-level from the school division 

Electricity consumption at the room-level using sub-meters  

Space-level occupancy and electricity usage  

In all three schools all teachers and staff members will be surveyed about their attitude towards energy 

saving practices, commitment to take actions to reduce their energy use while at school, as well as their 

estimates of durations and frequency of using electrical appliances at each school. This survey will only 

require approximately 20-25 minutes to complete. 

An additional survey will be administered daily for a period of 6 weeks to one teacher in every school 

asking about the duration they used a specific list of electrical appliances during the day. This survey will 

only require approximately 2 minutes to complete. 

On-Site observations: In addition to the survey, the research team will be periodically checking the state of 

electrical appliances in the schools (i.e. in-use, idle, powered off and unplugged). These observations will 

solely focus on the state of equipment at certain points in time and not on the users’ interactions with them 

Analysis of data: The data collected will be analyzed using appropriate statistical methods such as 

correlation and regression with the power metering data, using IBM SPSS version 18. 

 

Location and time requirement 

The survey will be online and you will need 20-25 minutes to complete it. It will be available for a period 

of six weeks until June 30th 2015. Please read this consent form carefully before deciding whether or not to 

participate in this study. Your participation in this project is voluntary and you may withdraw from the 

project at any time prior to submitting your responses at the end of the survey. Your decision to participate 

or not to participate will be kept in confidence by the researchers and will not be shared with your employer. 

 

Privacy and confidentiality 

All survey responses will be transmitted through a secure, encrypted internet connection and stored on 

secured servers. Only members of the University of Manitoba research team will have access to the raw 

data. All information gathered from you will be strictly confidential. The information will be completely 

anonymized to ensure that your responses do not reveal your identity. Reports and research publications 

resulting from this study will be based on group averages but not individual responses. Your employer will 

not be given access to the individual responses. They will only be given aggregated data if requested. 

At the end of the study in May, 2016 all individual survey response will be permanently deleted from the 

servers. Tabulated primary survey response downloaded from the server will also be permanently deleted 

from the secured servers of the University of Manitoba. This data will not be stored in any format by the 

researchers.     
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Dissemination 

At the end of this study, a report will be prepared using anonymized and aggregated data and submitted to 

your employer. The purpose of this will be to provide the school with the necessary information to 

potentially reduce energy consumption. Further, the key findings and the methods employed will be 

presented at research conferences and also submitted to academic journals for publication. This will add to 

the growing body of literature on energy efficient buildings and the different factors that affect their actual 

performance 

 

Potential harm/ benefits 

There is no known harm or direct benefits to participating in the study. However, your participation will 

help us better identify the relationship between occupancy patterns and energy use. It will also help us 

identify potential areas where you can reduce your energy consumption in the future if you would like to.   

 

Consent 

By clicking “start survey” at the end of this form, you agree to the information contained in inhere and to 

participating in the study. In no way does this waive your legal rights nor release the researchers, or your 

employer from their legal and professional liabilities. You are free to withdraw from the study at any time, 

and to refrain from answering any questions, without prejudice or consequence. Simply close your web 

browser if you decide to do so. You will not be required to provide an explanation for doing so. Your 

continued participation should be as informed as your initial consent, so you should feel free to ask for 

clarification or new information throughout your participation. 

 

The University of Manitoba may look at the research records to see that the research is being done in a safe 

and proper way. 

This research has been approved by the Education/ Nursing Research Ethics Board.  If you have any 

concerns or complaints about this project you may contact any of the above-named persons or the Human 

Ethics Coordinator (HEC) at 474-7122 or email Margaret.Brown@umanitoba.ca. 

How to participate  

 

If you agree to participate in this survey and agree to the information contained herein, please click the 

“start survey” button. 

Your signature on this form (i.e. clicking the “start survey” button) indicates that you have understood to 

your satisfaction the information regarding participation in the research project and agree to participate as 

a subject.  In no way does this waive your legal rights nor release the researchers, sponsors, or involved 

institutions from their legal and professional responsibilities.  You are free to withdraw from the study at 

any time, and /or refrain from answering any questions you prefer to omit, without prejudice or 

consequence.  Your continued participation should be as informed as your initial consent, so you should 

feel free to ask for clarification or new information throughout your participation. 

Should you have any questions or concerns regarding this research project, you are also welcomed to 

contact the Chair of the University of Manitoba’s Department of Civil Engineering as follows: 

Dr. Ahmed Shalaby, Ph.D., P.Eng. 

Professor and Head 
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Department of Civil Engineering 

University of Manitoba 

E1-368 EITC, 

15 Gillson Street, 

Winnipeg, MB R3T 5V6 
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Appendix B5: Paper-based Consent Form 

The consent form was the first page attached to the binder containing the daily surveys. All participants 

were required to agree and sign the consent form before completing the survey.  

 

Project Title: The Impact of Occupancy and Usage on School Buildings’ Energy Consumption in 

Manitoba 

 

Principal Investigator and contact information:  

PhD Candidate:  

Mohamed Ouf, EIT 

15 Gillson Street, Winnipeg, MB, R3T 2N2 

 

  

Research Assistant: 

Mr. Panos Polyzois 

15 Gillson Street, Winnipeg, MB, R3T 2N2 

 

PhD Supervisor and contact information:  

Assistant Professor: 

Mohamed Issa, PhD, PEng 

15 Gillson Street, Winnipeg, MB, R3T 2N2 

Sponsors:  

University of Manitoba Graduate Fellowship 

NSERC Discovery Grant  

 

This consent form, a copy of which I will leave with you for your records and reference, is only part of the 

process of informed consent.  It should give you the basic idea of what the research is about and what your 

participation will involve. If you would like more details about something mentioned here, or information 

not included here, you should feel free to ask.  Please take the time to read this carefully and to understand 

any accompanying information. 

 

Project Description 

This study will be used by the above mentioned doctoral candidate for his PhD dissertation. It evaluates the 

impact of occupancy patterns and usage on school buildings’ energy performance. The study specifically 

investigates the differences in energy consumption and occupancy patterns between new energy-efficient 

school buildings, middle-aged and older ones. 

The study will take place in three schools in Manitoba 

École Île-Des-Chênes School (Built in 2009). Address: 455 D' Auteuil St, Ritchot, MB R0A 0T0 

École Communautaire Aurèle-Lemoine (Built in 1968). Address: Provinciale 611 Rte, St Laurent, MB R0C 

2S0 

École Précieux-Sang (Built in 1951). Address: 209 rue Kenny, Winnipeg, MB R2H 2E5 
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The study will utilize several sources for data collection as follows       

 

Historical Energy Consumption at the school level from utility bills 

Historical Occupancy figures at the school-level from the school division 

Electricity consumption at the room-level using sub-meters  

Space-level occupancy and electricity usage  

In all three schools all teachers and staff members will be surveyed about their attitude towards energy 

saving practices, commitment to take actions to reduce their energy use while at school, as well as their 

estimates of durations and frequency of using electrical appliances at each school. This survey will only 

require approximately 20-25 minutes to complete. 

An additional survey will be administered daily for a period of 6 weeks to one teacher in every school 

asking about the duration they used a specific list of electrical appliances during the day. This survey will 

only require approximately 2 minutes to complete. 

On-Site observations: In addition to the survey, the research team will be periodically checking the state of 

electrical appliances in the schools (i.e. in-use, idle, powered off and unplugged). These observations will 

solely focus on the state of equipment at certain points in time and not on the users’ interactions with them 

Analysis of data: The data collected will be analyzed using appropriate statistical methods such as 

correlation and regression with the power metering data, using IBM SPSS version 18. 

 

Location and time requirement 

The survey will be paper-based and will require your response on a daily basis for a two-week period. It 

requires 2-3 minutes to complete every day. Please read this consent form carefully before deciding whether 

or not to participate in this study. Your participation in this project is voluntary and you may withdraw from 

the project at any time prior to submitting your responses at the end of the survey. Your decision to 

participate or not to participate will be kept in confidence by the researchers and will not be shared with 

your employer. 

 

Privacy and confidentiality 

I will keep any information gathered in this research strictly confidential. All data will be kept in a locked 

filing cabinet in my University office. Only the research team (mentioned above) will have access to the 

data. You will not be named or identifiable in any reports of this study. If any statement you made in this 

survey is used in a research report it will be attributed to an anonymous source. Information containing 

personal identifiers (e.g., this consent form) will be destroyed as soon as it is no longer necessary for 

scientific purposes, approximately May 2016. 

 

Dissemination 

At the end of this study, a report will be prepared using anonymized and aggregated data and submitted to 

your employer. The purpose of this will be to provide the school with the necessary information to 

potentially reduce energy consumption. Further, the key findings and the methods employed will be 

presented at research conferences and also submitted to academic journals for publication. This will add to 
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the growing body of literature on energy efficient buildings and the different factors that affect their actual 

performance 

 

Potential harm/ benefits 

There is no known harm or direct benefits to participating in the study. However, your participation will 

help us better identify the relationship between occupancy patterns and energy use. It will also help us 

identify potential areas where you can reduce your energy consumption in the future if you would like to.   

 

 

Consent 

Your signature on this form indicates that you have understood to your satisfaction the information 

regarding participation in the research project and agree to participate as a subject. In no way does this 

waive your legal rights nor release the researchers, sponsors, or involved institutions from their legal and 

professional responsibilities. You are free to withdraw from the study at any time, and /or refrain from 

answering any questions you prefer to omit, without prejudice or consequence. Your continued participation 

should be as informed as your initial consent, so you should feel free to ask for clarification or new 

information throughout your participation. 

 

The University of Manitoba may look at the research records to see that the research is being done in a safe 

and proper way. 

This research has been approved by the Education/ Nursing Research Ethics Board.  If you have any 

concerns or complaints about this project you may contact any of the above-named persons or the Human 

Ethics Coordinator (HEC)  

Should you have any questions or concerns regarding this research project, you are also welcomed to 

contact the Chair of the University of Manitoba’s Department of Civil Engineering as follows: 

Dr. Ahmed Shalaby, Ph.D., P.Eng. 

Professor and Head 

Department of Civil Engineering 

University of Manitoba 

E1-368 EITC, 

15 Gillson Street, 

Winnipeg, MB R3T 5V6 

 

 

Participant Signature: 

Date: 

  



186 

 

Appendix C: Surveys and Observations 

Sheets 

Appendix C1: General Behavioural Survey 

1- Reducing my energy consumption at home or work is an important issue to me 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

2- My school’s management encourages me to be more energy efficient 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

3- The lack of information on how to reduce my energy consumption, makes it difficult for 

me to do so 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

4- Doing something positive for the environment is desirable 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

5- Other teachers at my school think we should not switch off the lights whenever we leave a 

room  

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

6- Un-plugging appliances after using them at my school can save energy 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

7- If I feel slightly cold at my school, I would try to put on another layer of clothing rather 

than use a personal electric heater 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

8- What other teachers think I should do to save energy matters to me 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

9- Using personal electric heaters would not increase my school’s energy consumption  

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

10- If I switch off the lights after leaving any room in my school, I will feel I’m doing 

something positive for the environment 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

11- The opinion of my school’s management regarding my energy consumption is important 

to me 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 
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12- It is unrealistic to unplug equipment every time I stop using it 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

13- My daily teaching activities make it difficult for me to switch off all the lights whenever I 

leave a room  

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

14- Other teachers at my school make a sincere effort to reduce their energy consumption 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

15- If I know how to reduce my electricity consumption, I would quickly make the effort to do 

so 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

16- When I have many teaching activities on a given day, I am less likely to switch off the 

lights after leaving any room  

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

17- Doing what other teachers do to save energy is important to me 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

18- If I have access to technology that automatically unplugs equipment when not in use (e.g. 

sensor-controlled power strips), I would quickly start using it 

Strongly Agree          Agree   Neutral  Disagree  Strongly Disagree 

 

19- Please select your school (Drop-down menu) 

 

20- Please indicate your position and main place of work at the school (Drop-down menu) 

 

21- For the following list of equipment: Please indicate how often you unplug them whenever 

you stop using them 

Please indicate as N/A for equipment you do not typically have access to at your school. 

 N/A Never  Seldom  Sometimes Often  Always  

Scoreboard       

Projector       

Speakers (Sound System)       

Stereo       

Pluggedin stopwatch       

Your Laptop/computer       

Other laptop(s)       

Electric Sharpener       

Coffee Machine       

Microwave(s)       

Printer       
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Fan(s)       

Electric Heater(s)       

Charger(s) for personal 

devices (e.g. cell phone, 

iPad...etc.) 

      

Other       

 

22- Within my school, I switch the lights off whenever I leave a room 

Never   Seldom   Sometimes   Often   Always 

 

23- Within my school, I use an electric heater to supplement central heating when I feel cold 

Never   Seldom   Sometimes   Often   Always 

 

24- Within my school, I use a fan to supplement central cooling when I feel hot 

Never   Seldom   Sometimes   Often   Always 

 

25- Within my school, I use tasklighting (e.g. desk lamp) to get my work done 

Never   Seldom   Sometimes   Often   Always 

 

26- Within my school, I find the lights on in classrooms while there is no one inside 

Never   Seldom   Sometimes   Often   Always 

 

27- Within my school, I find the lights on in the gymnasium while there is no one inside 

Never   Seldom   Sometimes   Often   Always 

 

28- Within my school, I find the lights on in nonclassroom spaces (e.g. staff rooms) while 

there is no one inside 

Never   Seldom   Sometimes   Often   Always 
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For classroom teachers 

Please note that the equipment listed in this page are based on classrooms in several schools. Some 

of the listed equipment may not exist in your specific classroom. 

 

Please indicate N/A if you do not have access to the listed equipment 

29- In your classroom, during the past month (May 2015): On average, how many days per 

week did you use the following equipment? 

 N/A 0  1  2 3 4 5 

Your laptop        

Other laptop(s)        

Projector        

Smart board        

Stereo        

Electric sharpener        

Microwave(s)        

Fan(s)        

Charger(s) for personal devices (e.g. cell phone, 

iPad...etc.) 

       

Other        

 

30- In your classroom, during the past month (May 2015): On average, how many hours per 

day did you use the following equipment? (for the days when they were used) 

 N/A 0-

1  

1-

2  

2-

3  

3-

4  

4-

5  

5 – 

6  

6 – 7  7 - 8 > 8 

Your laptop           

Other laptop(s)           

Projector           

Smart board           

Stereo           

Electric 

sharpener 

          

Microwave(s)           

 

31- In my classroom, I can rely on natural light coming from the windows while switching off 

ALL the lights 

Never   Seldom   Sometimes   Often   Always 
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For gymnasium teachers 

Please note that the equipment listed in this page are based on gymnasiums in several schools. 

Some of the listed equipment may not exist in your specific gymnasium 

 

Please indicate N/A if you do not have access to the listed equipment 

32- In the gymnasium, during the past month (May 2015): On average, how many days per 

week did you use the following equipment? 

 N/A 0  1  2 3 4 5 

Scoreboard        

Projector        

Speakers (Sound System)        

Stereo        

Tablet or iPad        

Microphone(s)        

Motor-powered basketball hoops        

Motor-powered room divider (e.g. curtain)        

Plugin stopwatch        

Your Laptop/computer        

Other laptop(s)        

Coffee Maker        

Printer        

Fan(s)        

Electric Heater(s)        

Stage Lights and/or equipment to be used with a stage (e.g. 

soundboard) 

       

Charger(s) for personal devices (e.g. cell phone, iPad...etc.)        

Other        

 

33- In the gymnasium, during the past month (May 2015): On average, how many hours per 

day did you use the following equipment? (for the days when they were used) 

 N/A 0-1  1-2  2-3  3-4  4-5  5-6  6-7  7-8 > 8 

Scoreboard           

Projector           

Speakers (Sound System)           

Stereo           

Tablet or iPad           

Microphone(s)           

Motor-powered basketball hoops           

Motor-powered room divider 

(e.g. curtain) 

          

Plugin stopwatch           

Your Laptop/computer           

Other laptop(s)           

Coffee Maker           
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Printer           

Fan(s)           

Electric Heater(s)           

Stage Lights and/or equipment to 

be used with a stage (e.g. 

soundboard) 

          

Charger(s) for personal devices 

(e.g. cell phone, iPad...etc.) 

          

Other           
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For music teachers 

Please note that the equipment listed in this page are based on music rooms in several schools. 

Some of the listed equipment may not exist in your specific music room 

 

Please indicate N/A if you do not have access to the listed equipment 

34- In the music room, during the past month (May 2015): On average, how many days per 

week did you use the following equipment? 

 N/A 0  1  2 3 4 5 

Your laptop/computer        

Other laptop(s)        

Projector        

Microphone        

Speakers (sound system)        

Electric Piano        

Stereo        

Charger(s) for personal devices (e.g. cell phone, 

iPad...etc.) 

       

Other        

 

35- In the music room, during the past month (May 2015): On average, how many hours per 

day did you use the following equipment? (for the days when they were used) 

 N/A 0-1  1-2  2-3  3-4  4-5  5-6  6-7  7-8 > 8 

Your laptop/computer           

Other laptop(s)           

Projector           

Microphone           

Speakers (sound system)           

Electric Piano           

Stereo           

Charger(s) for personal devices 

(e.g. cell phone, iPad...etc.) 

          

Other           
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Appendix C2: Sample Daily Survey (from one 

classroom) 

Classroom    Date: __ /__ /2015 

 Please estimate the duration of active use for each of the following devices today ("active use" 

denotes times of direct interaction between a user and a device) 

  

Your laptop/computer  

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 

 

Other laptops or computers (Leave 

blank if not applicable) 

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 

 

The A/V station (Projector) 

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 

 

The microwave(s)  

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 

 

The stereo  

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 

 

Electric Sharpener 

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 

 

Device charging (e.g. cell phones or 

iPad or camera charger)  

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 

 

 Other (Leave blank if not applicable) 

Please specify: 

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 

 

 Other (Leave blank if not applicable) 

Please specify: 

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 

 

 For how long were the lights switched 

off today? 

 

    

 

  Hours (0-8) 

 

    

 

  Minutes (0-60) 
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Appendix C3: Sample Observation Sheet (from one 

classroom) 

Date:   Time:   

Observation   

State 

  Definition (0 = Not visible in room OR around it)  / blank = cannot 

be observed for any reason beyond observer control 

  

      1   2   3   

Weather 

 

    

 

Completely Clear = 

No clouds at all in-

sight  

 

Partial Clouds = 

One or more 

clouds in sight 

 

Completely Cloudy = 

clouds completely 

covering  the sky in sight, 

i.e. little-to-no sunlight 

 

  

Blinds in use 

 

    

 

No = Blinds are 

completely up 

(window completely 

cleared) 

 

Partial = Blinds 

are down but not 

covering the 

entire window,  

 

Full = Blinds are 

covering the entire 

window 

 

  

A/V Station 

in use 

(Projector on 

wheels) 

 

    

 

No = Projector AND 

Speaker are not being 

used and is unplugged 

 

Idle = Projector 

OR Speaker is 

plugged in and 

on-standby but 

not projecting 

anything at the 

moment          

 

Yes = Projector OR 

Speaker is being used to 

project something on the 

board OR project a blank 

blue screen  

 

  

Upper 

Microwave 

in use 

 

    

 

No = Microwave is 

not being used and is 

unplugged 

 

Idle = 

Microwave is 

plugged in and 

on-standby but 

not being 

actively used           

 

Yes = Microwave is 

being actively used  

 

  

Lower 

Microwave 

in use 

 

    

 

No = Microwave is 

not being used and is 

unplugged 

 

Idle = 

Microwave is 

plugged in and 

on-standby but 

not being 

actively used           

 

Yes = Microwave is 

being actively used  

 

  

Teacher's 

laptop or 

computer in 

use 

 

    

 

No = Laptop is not 

being used and is 

unplugged 

 

Idle = Laptop is 

plugged in but 

not actively used 

and is not being 

used for 

Yes = Laptop is being 

actively used by someone 

or used for music or 

projection (even if 

unplugged) 
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projecting or 

playing music  

 

 

Other 

laptop(s) / 

computer in 

use 

 

    

 

No = Laptop is not 

being used and is 

unplugged 

 

Idle = Laptop is 

plugged in but 

not actively used 

and is not being 

used for 

projecting or 

playing music  

 

Yes = Laptop is being 

actively used by someone 

or used for music or 

projection (even if 

unplugged) 

 

  

Stereo in use  

 

    

 

No = Stereo is 

unplugged 

 

Idle = Stereo is 

plugged in but 

not being used   

 

Yes = Stereo is being 

actively used  

 

  

Electric 

Sharpener 

 

    

 

No = Electric 

sharpener is 

unplugged 

 

Idle = electric 

sharpener is 

plugged but not 

being used 

 

Yes = Electric sharpener 

is plugged in and being 

used 

 

  

Device 

charging 

(e.g. cell 

phones or 

ipads) (NO 0 

Allowed) 

(not 

including 

powerbars) 

 

    

 

No = No chargers are 

plugged in 

 

Idle = 1 or more 

devices chargers 

are plugged in 

but not 

connected to 

device 

 

Yes = 1 or more devices 

are being charged  

 

  

Other 

devices in 

use 

(Specify)(N

O 0 

Allowed) 

 

    

 

No = No other devices 

are plugged in 

(definition can be 

readjusted according 

to device) 

 

Idle = 1 or more 

devices are 

plugged in but 

not being used 

(definition can be 

readjusted 

according to 

device) 

 

Yes = 1 or more devices 

are actively being used 

(definition can be 

readjusted according to 

device) 

 

  

Classroom 

Lights 

 

    

 

Off = All Classroom 

lights are off except 

emergency lights 

 

Dimmed = Some 

classroom lights 

are on and some 

are off (as long 

as at least one 

light bulb is 

On = All classroom lights 

are on 
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switched off not 

due to 

malfunction but 

using a specific 

light switch) 

 

People in 

Class 

 

    

 

No = No one in 

present 

 

Partial = under 3 

or 3 people are 

present 

Yes = There is more than 

3 people present 
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Appendix C4: Sample Observation Sheet (from one 

gymnasium) 

Date:   Time:   

Observation   

State 

  Definition (0 = Not visible in room OR around it)  / blank = cannot 

be observed for any reason beyond observer control 

  

      1   2   3   

Gym main area  
Scoreboard in 

use 
    

 

Off = Scoreboard is 

unplugged 

Idle = scoreboard 

is plugged but not 

used to show 

scores of a game 

Yes = Scoreboard display is 

on 
  

A/V station is 

in use 
    

 

No = Station is not 

being used and is 

unplugged 

Idle = Station is 

on standby or 

sleep mode   

Yes = Station is being 

actively used (Projector 

and/or speakers) 

  

  
Speakers in 

use   
    

 

No = Speakers are off  Idle = Speakers 

are plugged in 

but not being 

used 

Yes = Speakers are being 

actively used  
  

Play lights 

brought from 

outside 

    

 

Off = All play lights are 

off and unplugged 

Dimmed = Some 

play lights are on 

and some are off / 

or play lights are 

plugged in 

On = All play lights are on   

Ceiling Fans      

 

Off = Fans are off   On = Fans are on   

Device 

charging (e.g. 

cell phones or 

ipads) 

    

 

No = No chargers are 

plugged in 

Idle = 1 or more 

devices chargers 

are plugged in but 

not connected to 

device 

Yes = 1 or more devices are 

being charged  
  

Other 

devices in 

use (specify) 

    

 

No = No other devices 

are plugged in 

Idle = 1 or more 

devices are 

plugged in but not 

being used  

Yes = 1 or more devices are 

actively being used  
  

Gym Lights     

 

Off = All Gym lights 

are off except 

emergency lights 

Dimmed = Some 

Gym lights are on 

and some are off 

(as long as at least 

one light bulb is 

switched off not 

due to malfunction 

but using a 

specific light 

switch) 

On = All Gym lights are on   



198 

 

People in 

Gym 
    

 

No = No one in present Partial = under 3 

or 3 people are 

present 

Yes = There are more than 

3 people present 

  

Gym office(s)  
Stereo in use      

 

No = Stereo is 

unplugged 

Idle = Stereo is 

plugged in but not 

being used   

Yes = Stereo is being 

actively used  
  

Teacher's 

laptop or 

computer in 

use 

    

 

No = Laptop is not 

being used and is 

unplugged 

Idle = Laptop is 

plugged in but no-

one is using in and 

it's not being used 

for projecting or 

playing music  

Yes = Laptop is being 

actively used by someone or 

used for music or projection  

  

Other 

laptop(s) / 

computer in 

use 

    

 

No = Laptop is not 

being used and is 

unplugged 

Idle = Laptop is 

plugged in but not 

actively used and 

is not being used 

for projecting or 

playing music  

Yes = Laptop is being 

actively used by someone or 

used for music or projection  

  

Speaker 

control unit 

(Includes 2 

plugs / note if 

1 used only) 

 No = Control unit is 

unplugged and not 

powered 

Idle = Control unit 

is plugged in but 

not actively being 

used 

Yes = Control unit is 

actively being used 
 

Device 

charging (e.g. 

cell phones 

or ipads) 

 No = No chargers are 

plugged in 

Idle = 1 or more 

devices chargers 

are plugged in but 

not connected to 

device 

Yes = 1 or more devices are 

being charged  
 

Other devices 

in use 

(specify)  

 No = No other devices 

are plugged in 

(definition can be 

readjusted according to 

device) 

Idle = 1 or more 

devices are 

plugged in but not 

being used 

(definition can be 

readjusted 

according to 

device) 

Yes = 1 or more devices are 

actively being used 

(definition can be 

readjusted according to 

device) 

 

Office Lights  Off = All Office lights 

are off except 

emergency lights 

Dimmed = Some 

Office lights are 

on and some are 

off (as long as at 

least one light bulb 

is switched off not 

due to malfunction 

but using a 

specific light 

switch) 

On = All Office lights are 

on 
 

People in 

office 
 No = No-one is present   Yes = 1 or more people are 

present 
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Appendix C5: Sample Observation Sheet (for a multi-

purpose room) 

Date:   Time:   

Observation   

State 

  Definition (0 = Not visible in room OR around it)  / blank = cannot 

be observed for any reason beyond observer control 

  

      1   2   3   
Speakers       

 

No = Speakers are off Idle = Speakers 

are plugged in 

but not being 

used 

Yes = Speakers are being 

actively used  
  

Speaker 

control unit 

(Includes 2 

plugs / note if 

1 used only) 

    

 

No = Control unit is 

unplugged and not 

powered 

Idle = Control unit 

is plugged in but 

not actively being 

used  

Yes = Control unit is 

actively being used 
  

Microwave 

in use 

    

 

No = Microwave is not 

being used and is 

unplugged 

Idle = Microwave 

is plugged in and 

on-standby but 

not being actively 

used           

Yes = Microwave is being 

actively used  
  

Projector in 

use 
 No = Projector is not 

being used and is 

unplugged 

Idle = Projector is 

plugged in and on-

standby but not 

projecting any 

thing at the 

moment          

Yes = Projector is being 

used to project something 

on the board or project a 

blank blue screen  

 

Screen motor  No = Screen motor is 

not currently being used 

  Yes = Screen motor is being 

actively used  
 

Digital Piano  No = Piano is 

unplugged, and not in 

use 

Idle = Piano is 

plugged in, but not 

in use 

Yes = Piano is plugged in 

and actively in use 

 

Laptop or 

computer in 

use 

 No = Laptop is not 

being used OR is 

unplugged 

Idle = Laptop is 

on standby or 

sleep mode, 

screensaver or 

blank screen is on 

but laptop is 

plugged in , or just 

the charger is 

plugged in 

Yes = Laptop is being 

actively used or screen is on   
 

Device 

charging (e.g. 

cell phones 

or ipads) 

 No = No chargers are 

plugged in 

Idle = 1 or more 

devices chargers 

are plugged in but 

not connected to 

device 

Yes = 1 or more devices are 

being charged  
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Other devices 

in use 

(Specify) 

 No = No other devices 

are plugged in 

(definition can be 

readjusted according to 

device) 

Idle = 1 or more 

devices are 

plugged in but not 

being used  

(definition can be 

readjusted 

according to 

device) 

Yes = 1 or more devices are 

actively being used 

(definition can be 

readjusted according to 

device) 

 

A/V station is 

in use 
 No = Station is not 

being used and is 

unplugged 

Idle = Station is 

on standby or 

sleep mode   

Yes = Station is being 

actively used (Projector 

and/or speakers) 

 

MPR Lights   Off = All MPR lights 

are off except 

emergency lights 

Dimmed = Some 

MPR lights are on 

and some are off 

(as long as at least 

one light bulb is 

switched off not 

due to malfunction 

but using a 

specific light 

switch) 

On = All MPR lights are on  

People in 

MPR 
 No = No one in present Partial = 3 or less 

people are present 

Yes = More than 3 people 

are present 
 

 

 

 


