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• Buildings account for 20-40% of energy use globally

• Green buildings offer potential for decreasing buildings’ energy use
by 25-30%

• Research on green buildings’ energy performance (e.g. Menassa et
al. 2012, Thiers and Peuportier 2012) shows mixed results

• Limited research on:
– Schools (e.g. Issa et al. 2011, Robertson and Higgins 2012)
– Schools’ occupancy and usage (e.g. Ridley et al. 2014, Guerra-

Santin et al. 2013) 

Introduction
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Goal and Objectives
• Evaluate schools’ energy consumption in relation to their usage and 

occupancy
– Develop and validate methodology to evaluate schools’ energy 

consumption
– Develop and validate methodology to evaluate schools’ 

occupancy and usage
– Investigate relationship between schools’ energy consumption 

and their usage and occupancy  

Scope:
• Manitoba schools 
• Evaluation at building level and space level

Goal, Objectives and Scope 
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Literature Review 

Method Drawbacks
Surveys and interviews (e.g. Chen et al. 2013, 
Ridley et al. 2014; Durand-Daubin 2013) 

Subjective

Visual observations/ monitoring of equipment use 
(Klein et al. 2012) 

Labour-intensive

Video monitoring of occupants (Zhou et al. 2008) Privacy concerns
Monitoring of WiFi connections (Zeiler et al. 2014) 

Only account for 
number of occupants 

Use of radio-frequency identification technology 
(Spataru & Gillott 2011)
Use of infra-red motion detectors (Yun and Lee 
2014)
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Methods

Total: 112 schools from 4 participating school divisions

Old (before 1959), middle-aged (1960 – 1989), new buildings (after 1990)

Building level (31 schools)

Neyman’s allocation method

Confidence level: 90 %

Historical analysis of energy 
use and occupancy

Space level (3 schools)

Real-time analysis of electricity 
use (lighting and appliances)

Real-time analysis of usage 
patterns
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Energy
Energy data collection 

(historical)

Historical utility bills

Electricity and gas consumption

Energy costs

Occupancy
Occupancy Data Collection 

(historical) 

Historical occupancy figures 

Number of students, 
teachers and staff

Building-Level Analysis  (31 schools)

Methods
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Occupancy Building-Level Analysis

Methods
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Electricity
Electricity Data Collection

(real time)  

Power meters 

Plug monitors

Usage
Usage Data Collection

(real time)

Occupancy sensors

Document analysis (room schedules)

Surveys (general and daily)

Observations

Space-Level Analysis (3 schools)
(1 classroom, 1 gym, 1 multi-purpose room)

Methods 
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Electricity Space-Level Analysis (3 schools) 

Methods 

http://www.dentinstruments.com/elitepro-data-loggers-power-meters.html%23a
http://www.dentinstruments.com/elitepro-data-loggers-power-meters.html%23a
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Electricity
Electricity Data Collection

(real time)  

Power meters 

Plug monitors

Usage
Usage Data Collection

(real time)

Occupancy sensors

Document analysis (room schedules)

Surveys (general and daily)

Observations

Space-Level Analysis (3 schools)
(1 classroom, 1 gym, 1 multi-purpose room)

Methods 
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Usage Space-Level Analysis 
(General survey) 

Methods
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Usage Space-Level Analysis 
(Daily survey) 

Methods
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Usage Space-Level Analysis (Observations) 
• Period and type 

– two weeks per school 
– Point-in-time (half-hour intervals)

• Data type
– (States 1,2,3)

• Issues
– Subject reactivity
– Inter-observer reliability

Methods 
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One-time 
observation 

Usage Space-Level Analysis (Observations) 

Methods
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Research Contributions 
• New methodology to quantify school occupancy and usage in 

relation to energy consumption 

• Tool for use in schools in particular to: 
– Improve energy efficient occupancy and usage of existing 

schools  
– Design new schools that optimize energy-efficient occupancy 

and usage

• Recommendations/ best practices to improve energy-efficient 
occupancy and usage of new and existing schools 

Conclusion
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Questions
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