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Abstract

Examining occupant's household energy use is a crucial step in achieving significant
reductions in energy consumption. The purpose of this thesis is to collect information on
ownership of appliances and electronics to evaluate their use, energy consumption, and
behaviour with respect to energy in a Toronto high-rise multi-unit residential building (MURB).
In this thesis, a survey was developed and implemented in a Toronto high-rise MURB. The
survey data, energy consumption data from October 2010 to September 2012, and weather
conditions were analyzed and used to develop an artificial neural network (ANN) model.

The detailed analysis of survey data resulted in the development of relationships between
occupant's demographics and energy consumption. By creating an ANN model, results showed
that the implementation of the survey may have reduced occupant's energy consumption in the

high-rise MURB.
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Chapter 1 Introduction

1.1 Introduction

There has been a significant amount of studies on household energy consumption, particularly
in the matter of residential building design and materials. Energy behaviour and usage, however,
is a relatively new topic (Yohanis, 2012). Household energy consumption is an important issue,
especially in Canada, where 17% of Canada's total energy use is due to the residential sector.
Furthermore, from 1990 to 2008, Canada's residential sector increased its secondary energy’
consumption by 14% and greenhouse gas emissions by 9% (Natural Resources Canada, 2011a).
With increases in greenhouse gases and energy consumption, environmental effects are at risk
such as climate change and loss of biodiversity (Abrahamse et al., 2005). Reducing household
energy consumption, therefore, would be beneficial for Canadians in order to reduce greenhouse
gas emissions and their threat to the environment.

During the 1960s to 1970s, high-rise multi-unit residential buildings (MURBS) became one of
the predominant forms of housing in Toronto. MURBSs are responsible for 24% of the overall
energy consumption within the residential sector (Liu, 2007). These buildings are energy
inefficient due to their concrete frames, outdated building envelope and features - e.g., heating
and cooling equipment, cladding, appliances, etc. (City of Toronto, 2011a). Another dimension
of high-rise MURBs is occupant's household energy use. It is said that "buildings don't use
energy: people do" (Janda, 2012). Thus, opportunities for significant reductions in energy
consumption can be achieved by evaluating occupant's household energy use and behaviour

within high-rise MURBS.

! Secondary energy is the energy used by the final consumers by sectors of the economy - transportation,
residential, industrial, commercial, and agriculture.



1.2 Toronto Tower Renewal Program

One component of a municipal initiative, City of Toronto's Tower Renewal Program, is to
reduce energy consumption in Toronto's MURBSs. This initiative has many interested parties
analyzing Toronto's high-rise residential buildings; interested parties include Canada Mortgage
Housing Corporation (CMHC), Ontario Ministry of Municipal Affairs and Housing (MAH), City
of Toronto, government agencies (e.g., TCHC and CMHC), University institutions (e.g.,
University of Toronto and Ryerson University) and NGOs (e.g., Toronto's Atmospheric Fund
(TAF)). This study is to report to interested stakeholders on occupant's household energy use in a
Toronto MURB pilot site.

The concept of Toronto's Tower Renewal Program was first introduced by E.R.A. Architects
in 2004 and became a municipal initiative in 2008 (City of Toronto, 2011a). The focus of the
program are on MURBs that were built between 1945 and 1984 with eight stories or more. The
postwar boom created 1189 MURBs in Toronto. These apartment towers were typically built in
mixed neighbourhoods, with concrete frames, and multiple elevators. Today, these buildings are
energy inefficient, aging, lack maintenance, and typically house occupants of low socio-
economic status (City of Toronto, 2011a; United Way Toronto, 2011).

Toronto's Tower Renewal Program was established to create pilot studies of various retrofits,
programs and activities applied to Toronto's MURBSs with a goal to explore their effectiveness
and to develop strategies for various types of retrofits. Retrofits include mechanical, storm water
retention, green roofs and renewable energy. With Toronto having the second highest high-rise
building density in North America, the proposed project offers tremendous opportunities to (City

of Toronto, 2011b):

e create a cleaner and healthier environment;



e create stronger communities;
e bring greater cultural awareness and activities;

e and enhance local economic activity.

In Canada, almost one-third of Canadians live in a MURB and this percentage is increasing
(Liu, 2007). There are many issues related to MURB occupants and household energy use. First,
high-rise rental MURBs typically house occupants of low socio-economic status (United Way
Toronto, 2011). This restricts households to invest in energy efficient appliances or
improvements. Second, occupants with the lack of knowledge or uninformed about residential
energy consumption have shown to consume more energy than those tenants who are informed
about energy consumption (Guerin et al., 2000). Access to information and knowledge about
tenant's household appliances and how much energy these appliances consume must be available
in order to reduce energy consumption. Lastly, monthly rental costs includes utilities such as
electricity and gas consumption. As a result, occupants would not care for the intensity level of
their household energy use.

Household energy consumption is a function of structure and energy intensity of a home
(Schipper et al., 1982). Energy intensity is affected by behaviour, age and type of appliance,
demographics and more (Yohanis, 2012). Determining all factors contributing to one's household
energy consumption, however, is complex. Household energy consumption involves elements of
technical, economic, social and psycho-social origin (Cayla et al., 2011). Understanding and
evaluating occupant's present household energy use and behaviour, therefore, is significant in
order to develop energy reduction strategies such as tenant engagement and education. Artificial
neural networking technique is an effective evaluation tool in determining causal relationships

between many independent variables. In this case, neural networking may have the capabilities



to develop a model in order to predict household's energy consumption based on multiple
parameters. Currently, there has been no research done investigating household energy use in a
Toronto MURB using neural networking (at an apartment unit level). In this thesis, the main

objective is to fill this void.

1.3 Objectives of the Study

The main objective of this thesis is to investigate occupant's household energy use in a
Toronto MURB. The investigation will comprise of evaluating the impact of various factors on
household energy consumption in a Toronto rental high-rise multi-unit residential building
(MURB). In addition, develop monthly profiles of the various factors and their impact on
household energy consumption using a model.

This study is part of a larger and an on-going research project with Ryerson University. The
data for this thesis were obtained by conducting a survey, access to a Toronto MURB unit's
energy consumption data, and Toronto weather data.

The objectives of the thesis are the following:

1. Develop a methodology to conduct a survey of household energy use in a Toronto
MURB. The survey will collect information on occupant's demographics, household
energy use and behaviour. The survey data will be used towards the development of the
artificial neural network dataset.

2. Develop a methodology to model occupant's household energy consumption within a
Toronto MURB. The model will also predict monthly energy consumption of an
occupant based on household energy use, behaviour, and demographics. Data to develop
the model includes survey data, energy consumption data, and weather conditions.

3. Assess the accuracy of the model by comparing predicted outputs to metered data.



4. Investigate the impact of various factors, particularly demographics (e.g., age, gender,

and income) on monthly household energy consumption.

1.4 Structure of the Thesis

This thesis is organized in the following chapters:

Chapter 1: Introduction

Introduction and objectives of the study.

Chapter 2: Literature Review

Literature review on surveys of household energy use and artificial neural networking (ANN).

Chapter 3: Methodology - Survey of Household Energy Use

Methods used to develop and collect surveys in order to obtain the necessary data (e.g.,
demographics, behaviour, appliance type and usage) for the development of the neural network
model.

Chapter 4 and 5: Methodology and Development of the Neural Network

Methods used to develop the model using a neural networking technique. This section
includes a flow chart illustrating the development of the model, information on the data sources,
and procedure in order to predict the impact of various factors on household energy
consumption. This chapter includes detail on data analysis, preprocessing, designing of the
network, training, validation, testing, and queries.

Chapter 6 and 7: Survey and ANN Results

Results on the estimation of household energy consumption using the model, developed by
the neural network approach. The impact of demographics (e.g., age, gender, and income) on

household energy consumption is conducted using the model. In addition, monthly energy



consumption profiles are developed to compare the seasonal variation between the
demographics.

Chapter 8: Achieving Energy Conservation for Low-Income Renters in Canada

A literature review on barriers for low-income renters to conserve energy and possible
solution to overcome these barriers such as tenant engagement strategies.

Chapter 9: The Impact of the Survey on Household Energy Consumption using ANN

This chapter includes two methods to assess the impact of the survey on energy consumption.
One method is comparing the actual energy consumption between two years of energy data. The
other method is creating an ANN model.

Chapter 10: Conclusions and Recommendations

This section will present general conclusions and recommendations for future research.



Chapter 2 Literature Review

2.1 Overview

This chapter is divided into four sections: the first section is dedicated to a brief overview of
energy consumption in Canada's residential sector. The second section presents background
information on surveys of household energy use and research on Canadian high-rise MURB:s.
One section is dedicated to energy modeling and artificial neural networking, which gives a brief
background on neural networking, its uses in energy modeling, and its modeling approach. The
last section gives an overview of survey distribution and collection in order to obtain information

on household energy use.

2.2 Background on Energy Consumption in Canada's Residential Sector

There are five housing types in Canada (dwelling percentages) - single detached (59%),
double/row houses (16%), low-rise apartments (16%), high-rise (five or more storeys)
apartments (8%), and mobile homes (1%) (Natural Resources Canada, 2010). Multi-unit
residential buildings, according to Canada Mortgage Housing Corporation (CMHC) (1997), have
four classifications: 1. low-rise (3 to 4 storeys) apartment buildings which may not have
elevators; 2. mid-rise buildings (5 to 7 storeys); 3. high-rise buildings (7 to 30 storeys); and 4.
few tall apartment towers (more than 30 storeys). Therefore, the classification of a low to high-
rise "multi-unit residential building™ depends on the number of storeys. This thesis focuses on
high-rise MURBs - buildings between 7 to 30 storeys. Figure 2.1 illustrates the distribution of
dwellings in Canada. A dwelling is a "set of living quarters that is structurally separate from the
living quarters of other dwellings” (Natural Resources Canada, 2010). It is important to

recognize that apartments are 24% of Canada's housing distribution (16% for low-rise and 8%
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for high-rise apartments). In addition, MURBSs have a high energy demand - almost a quarter of

Canada's overall annual residential energy consumption (Liu, 2007).

High-rise Mobile homes
apartments 1%

0,
Low-rise 8%
apartments

16%

Double/Row
houses
16%

Figure 2.1: Distribution of Dwelling Types in Canada, (Natural Resources Canada,
2010) - Survey of Household Energy Use (SHEU) 2007

Residential energy consumption is due to varying factors such as usage type (e.g., space
heating), location, or dwelling type. According to Natural Resources Canada (2010),
approximately 63% of the residential energy is due to space heating, 17% for water heating, 14%
for appliances, 4% for lighting, and 2% for space cooling (Natural Resources Canada, 2011a). In
addition, the average household in 2007 consumed approximately 29.4 x 10 kWh. The average
yearly household energy consumption, however, varies significantly between provinces and
territories in Canada, where a majority of households are above 29.4 x 10° kWh, such as Ontario
with 29.7 x 10° kWh per household (Natural Resources Canada, 2011a).

The yearly energy intensity by dwelling type varies as well; 258 kWh/m? for single detached
houses, 203 kWh/m? for double/row houses, 147 kWh/m? for low-rise apartments, 128 kWh/m?
high-rise apartments, and 292 kWh/m? for mobile homes (Natural Resources Canada, 2010).

Figure 2 summarizes the energy intensity by dwelling type in Canada.
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Figure 2.2: Energy intensity by dwelling type (kWh/m?) (Natural Resources Canada,
2010)

Similar trends in energy intensity are found in Natural Resources Canada (2011a) study,
where single detached housing consume the most energy (kWh/m?) compared to other housing
types. Single detached housing consume 229 kWh/m?, single attached housing (e.g., double/row
houses) consume 199 kWh/m?, apartments (e.g., low and high-rise apartments) consume 197

kWh/m?, and mobile homes consume 329 kWh/m?.

2.3 Surveys of Household Energy Use

The most comprehensive and current household energy use survey in Canada is the Survey of
Household Energy Use (SHEU 2007). This survey is conducted by Natural Resources Canada
and Statistics Canada. SHEU 2007 is a national survey and provides detailed information on the
types and use of appliances in a household. The appliances range from major (e.g., stoves,
refrigerators, water heaters) to minor (e.g., television, computers, light fixtures). Detailed
information also includes the age of the appliances, duration of appliance usage, and the number
of appliances. It is interesting to note that SHEU classifies the survey results in different housing
types (e.g., single detached houses and high-rise apartments) and by the size of the household

(e.g., number of people per household). High-rise apartments are defined as a dwelling unit
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containing more than five storeys. Furthermore, SHEU 2007 defines an apartment building as "a
building originally designed to contain multiple dwelling units within it. Duplexes are not
included in this definition" (Natural Resources Canada, 2010).

Natural Resources Canada's Office of Energy Efficiency - National Energy Use Database
(NEUD) also addresses residential household energy use (Natural Resources Canada, 2011a).
NEUD compares Canada's energy consumption and carbon emissions, quantitatively, within the
residential sector from 1990 to 2009. The database includes the distribution of residential energy
use by fuel type (e.g., electricity, heating oil, natural gas, and wood between households), trends
between end-uses (e.g., space heating and cooling) and fuel type, trends in residential energy
intensity and efficiency for all Canadian household types. NEUD's definition of "apartment”,
however, lacks detail; the broad definition of "apartment™ includes both residential and non-
residential buildings, ranging from low-rise to high-rise buildings. Therefore, this is not a
suitable source when focusing strictly on residential energy use, especially looking at high-rise
MURBs.

In the United States, a national survey called Residential Energy Consumption Survey
(RECS) is conducted (EIA, 2012). The difference between SHEU 2007 and RECS is how they
classify each housing type, specifically apartment buildings. RECS classifies an apartment
building depending on the number of units within the apartment building; whereas, SHEU
classifies an apartment building depending on the number of storeys. There is no uniform
definition of high-rise apartment buildings or even apartment buildings, in general.

All three national surveys focus on three important points; first, all three surveys are at a
national scale and focus on the energy intensity of a home. Numerous studies such as Aydinalp

et al. (2003) and Marueljols and Young (2011) cite only SHEU versions due to the lack of data
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available on household energy use in Canada. Second, there is no consistent definition of
apartment building, MURBSs, or apartment building sub-categories (e.g., low, mid, high-rise)
between surveys. Because of the inconsistent definition of high-rise MURBSs, it would be
difficult to compare survey results between apartment building types. Therefore, there is a need

to investigate occupant's household energy use, at an occupant scale, in high-rise MURBS.

2.3.1 Theoretical Model of Household Energy Consumption

As mentioned before, household energy consumption involves many factors such as
occupant's behaviour, age and type of appliances, demographics, income, gender, and more. The
national surveys such as SHEU 2007 and NEUD lack other elements that contribute to
occupant's household energy use (e.g., social aspects). Of course, incorporating all factors of
one's household energy consumption is not an easy task; but the national surveys do not consider
social or psycho-social aspects. Guerin et al. (2000) developed a theoretical model of household
energy consumption that illustrates the interrelations of occupant behaviour on household energy
use. This model is also known as the human ecosystem model; it examines the
interconnectedness of four environments: natural environment, social environment, designed
environment, and human organism. Figure 2.3 depicts the interactions between each

"environment" and shows that all environments are connected.
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Figure 2.3: The Human Ecosystem model developed by Guerin et al. (2000)

According to Guerin et al. (2000), the environments are defined by the following: The natural
environment includes physical components such as climate (e.g., heating and cooling degree
days). The designed environment includes the structure of one's household such as the size of the
house, number of appliances, and age of house. The social environment includes psychological
and social behaviours of the occupants such as cultural norms, household activities, sense of
comfort, and satisfaction. Lastly, human organism may be a single occupant or a number of
people in a household and includes characteristics which describe them (e.g., age, gender and
occupation). Energy behaviour are "actions taken by the householder in their use of energy in
their homes" (Yohanis, 2011). There are three aspects that address energy behaviour: usage
(duration and use of the appliance), maintenance (servicing or energy provided to operate the
appliance) and purchase (type and characteristics of the appliance) (Yohanis, 2011).

Many studies have investigated components of Guerin's human ecosystem model and how it
affects energy behaviour and consumption; but little is known within the realm of occupant's

household energy use in high-rise MURBS. In fact, some studies conduct surveys of household
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energy use and behaviour in order to measure the impact of tenant engagement, education or
social programs. Abrahamse at al. (2007), for example, implemented a combination of
interventions - tailored information, goal setting and tailored feedback - to examine whether
change in energy-related behaviours and behavioural antecedents would occur. This was carried
out by householders completing numerous questionnaires before, during, and after the
interventions were implemented. The questionnaires included direct energy-related questions
(e.g., thermostat settings, number of times doing the laundry, number of lights on in the
household, and rating of whether appliances are on stand-by mode) and indirect energy-related
questions (e.g., number of car trips per week, rating of whether household throw away food, and
sharing of daily newspapers). The surveys showed that households exposed to the interventions
saved more direct energy and adopted more energy-saving behaviours than the control group.
Furthermore, those householders who were exposed to the interventions had greater knowledge
of energy conservation than the control group.

Kurz et al. (2005) found that energy-saving labels led to a 23% reduction in water
consumption. Attitude questionnaires found that feelings towards pro-conservation were strongly
favoured relating to energy and water conservation. Using a Likert scale-based survey (1 to 5; 5
being pro-conservation), survey results found that many of the respondents would conserve
energy once interventions were implemented (mean score out of 5= 4.10). Similarly, respondents
would adopt water conservation behaviours (mean score out of 5= 4.40). The questionnaire also
indicated that the interventions caused behaviour changes such as: 85.7% using less water in the
garden; 68.8% not leaving the lights on; 62.3% reducing shower time; and 55.8% not leaving the
fridge door open. Chapter 3 further discusses a survey of household energy use through the

development of the survey for this thesis.
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2.3.2 Occupant Predictors of Household Energy Use Behaviour

There is a relationship between household energy use behaviour and occupant characteristics;
these are referred to as occupant predictors. Guerin et al. (2000), Guerra-Santin and Itard (2010)
and Yun and Steemers (2011) have identified occupant predictors of household energy
consumption behaviour. Occupant predictors are classified as occupant's characteristics, attitudes
and actions that influences an occupant's household energy behaviour; for example, income,
sex/gender, housing tenure and age. Guerin et al. (2000) provides a comprehensive literature
review on these characteristics and how it effects occupant's household energy use and behaviour
since 1975. Prominent occupant characteristics are gender, age, and income which are found to
convey particular trends relating to energy use behaviour. Gender, for example, Guerin et al.
(2000) found that ecoconsciousness is more prevalent in women than men. This means that men
have more potential to consume energy than women. Another prominent occupant predictor in
energy consumption is age. Guerin et al. (2000) found that households in the middle life-cycle
consume more energy than younger or older families. Lastly, income is also an occupant

predictor - as income increases, energy consumption increases (Guerin et al., 2000).

2.3.3 Current Research on Canadian MURBs

Besides the two national surveys conducted in Canada, SHEU 2007 and NEUD, there has
been a limited amount of research done on occupant's household energy use in Canadian
MURBs. A majority of the research on Canadian MURBs, however, focuses on the energy
intensity of the entire building quantitatively. A study conducted by Canada Mortgage and
Housing Corporation (CMHC), for instance, analyzed the energy intensity of 40 apartment
buildings across Canada. CMHC found that the average annual energy consumption of the 40

buildings is 279 equivalent kilowatt-hours per unit floor area (ekWh/m?). The average annual
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energy consumption of residential high-rise is 317 kWh/m? (from 1961 to 1980) and 212
kWh/m? (high-rises built after 1981). This means buildings that were built from 1981 to present
consume 33% less energy when compared to the older buildings (1961 to 1980). In addition,
buildings that were more than six storeys were found to consume less energy per apartment unit,
but 21% more energy per m? than six storey or lower buildings (Enermodal Engineering Limited,
2001). Thus, occupants residing in older buildings consume more energy (per m?) than
occupants in newer buildings. The energy intensity results from this study are much higher than
Natural Resources Canada (2010) study. In addition, the sample size of this study is not large
enough to represent Canada's apartment energy intensity.

Another study conducted by CMHC evaluated the indoor environment and energy
consumption patterns of eight mid-rise apartment buildings throughout Canada (two buildings in
Ottawa, two in Toronto, and four in Vancouver) (Scanada Consultants Limited, 1997). They
found that mid-rise buildings ranged from 146 to 263 kWh/m? of floor area per year.
Furthermore, compared to high-rise buildings, the mean value of energy consumption is almost
the same. The energy consumption distribution of the buildings were the following: space
heating (43.5% + 8.8%), domestic hot water use (25.3% + 2.6%), lighting (14.8% + 4.8%), and
miscellaneous energy use (15.8% + 5.1%).

In Huang's thesis (2012), she developed a weather normalized energy benchmark for 45 gas-
heated high-rise MURBSs in Toronto. The normalized annual consumption for these buildings
was found to range from 242 to 453 kWh/m?. Within these 45 buildings, Huang (2012) found
that 24 of the buildings had fluctuations in their normalized annual energy consumption, ranging

from 45.6 kWh/m? increase to 103.7 kWh/m? decrease.
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Based on Survey of Household Energy Use 2003, Maruejols and Young (2010) compared
energy consumption (e.g., electricity, natural gas, and oil) between row, terrace, duplexes or
double house to low-rise apartments. Low-rise apartments were found to consume 76.45% more
energy overall and 29.48% more electricity per building (gigajoules of energy per square foot of
heated area) than row, terrace, duplexes or double house. In a similar study, Maruejols and
Young (2011) also found that split incentives impact some aspects of occupant behaviour.
Households that do not pay for their heating utilities, were also found to be less sensitive to
saving energy (e.g., turning off heating when no one is at home).

In a qualitative study called "Vertical Poverty”, United Way Toronto (2011) conducted a
survey to examine relationships between City of Toronto's high-rise housing and poverty. The
survey involved a total of 2803 high-rise renters. Results found that low-income households are
increasingly prevalent in high-rise buildings; from 1981 (34%) to 2006 (43%). Furthermore,
there is a strong relationship between low-income households (poverty) and poor housing
conditions such as in air quality, infestations of pests, and major repair problems. Although this
study is not energy-related, it is important to note because it characterizes the environment

within Toronto high-rise buildings.

2.3.4 Literature Gap

As mentioned, the most comprehensive and cited surveys to-date on household energy use in
Canadian high-rise MURBs are SHEU 2007 and NEUD. These surveys, however, have
inconsistencies in their classification of a MURB and lack other elements that can affect a
household's energy use. While these two surveys are the most cited in other research, there is

also a lack of information specifically related to high-rise MURBSs at an occupant level.
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Current research on Canadian MURBs assessed the energy intensity and building
performance of the entire building. These quantitative studies focus on energy use at a larger
scale, not at an occupant or level. Currently, there is no information on household energy use in
high-rise Canadian MURBSs at an occupant level nor any evaluation on occupant's energy use in
Canadian high-rise MURBs. Therefore, there is a need to investigate household energy use
within high-rise Canadian MURBs at an occupant level and evaluate occupant's interrelated

effects on their household energy use.

2.4 Energy Use Modeling

The objective of this section is to review mathematical modeling to develop a model for
household energy use in Canadian high-rise MURBSs. This section deals with two energy
mathematical modeling approaches - artificial neural networking and conditional demand
analysis - in relation to energy modelling.

Mathematical modeling is a way of evaluating the interrelated effects of occupant's household
energy use in high-rise MURBs. Mathematical modeling obtains observations and creates a
function in order to represent and understand the observations (Heinz, 2011). According to Heinz
(2011), the process of developing these mathematical models has the following steps:

1. Present the problem as simply as possible (e.g., data analysis).

2. Derive reasonable models.

3. Identify the optimal model that represents the observations.

4. Demonstrate the advantage of the model by deriving valuable conclusions.
As mentioned in Chapter 1, Canadian residential energy consumption is increasing. There
increasing is associated with energy supply and global warming. As these conditions continue to

increase, mathematical modelling facilitates the understanding of household energy use in the
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residential sector. Thus, evaluating household energy use in high-rise MURBs using
mathematical modelling can help to explain the human impacts on residential energy

consumption.

2.4.1 Overview of Energy Use Modeling

According to Swan and Ugursal (2009), energy consumption modeling is categorized in two
ways: top-down and bottom-up. Top-down models predict various factors (e.g., energy
consumption) to represent the entire residential sector. These models are at an aggregated level
and typically represent energy consumption at a national scale (Kavgic et al., 2010). Bottom-up
models are at a smaller scale where the model estimates various factors, including energy
consumption; however, it represents individual occupants and/or households. Swan and Ugursal
(2009) provide a comprehensive overview of modeling techniques used for modeling residential
sector energy consumption. Figure 2.4 is taken from Swan and Ugursal (2009) study that

illustrates modeling techniques used in residential energy consumption modeling.
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Figure 2.4: Top-down and bottom-up modeling techniques used for residential sector
energy consumption modeling (Swan and Ugursal, 2009).

Top-down models include econometric and technological models. Econometric models
include models based on price and income, and technological models include characteristic
models representing the entire housing stock (Swan and Ugursal, 2009). The bottom-up model
approach is made up of disaggregated data, such as individual household end-use data and, can
be further categorized into two bottom-up model methods, statistical and engineering modelling
(Figure 2.4). Engineering models account for energy consumption of end-uses dependant on
explicit thermodynamic relationships, heat transfer, equipment use and power ratings (Swan and
Ugursal, 2009). Statistical bottom-up modeling includes historical information and regression
analysis. Statistical modeling can also characterize one's household energy use by end-uses and
demographics (Swan and Ugursal, 2009).

Statistical bottom-up modeling techniques can develop energy consumption models deriving

from various factors such as weather conditions, occupant's energy behaviours, occupant's
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demographics, and building characteristics. Two bottom-up modeling approaches used to
evaluate Canadian's energy consumption using end-use, geographical, and demographical data
are conditional demand analysis (CDA) and artificial neural network (ANN). There are many
advantages of the bottom-up statistical modeling. First of all, bottom-up statistical modelling,
CDA and ANN, is able to predict end-use energy consumption (Kavgic et al., 2010). Secondly,
these modeling techniques can include demographics, behaviour and socioeconomic elements
(Aydinalp et al., 2003). Lastly, a model can be created by using just energy billing and basic
survey information (Kavgic et al., 2010). Both methods require a large dataset in order to get
energy consumption predictions, which is a disadvantage. These models depend on historical
energy consumption data and information in order to correlate relationships between dependant
and/or independent variables (Kavgic et al., 2010). Boulaire et al. (2013) mentioned that
acquiring for a large amount of data is significant to increase the confidence of the model's
predictive capability. Data (e.g, survey data or energy consumption), however, is usually
protected by privacy laws or can only be released by household's consent (Boulaire et al., 2013).
Hence, a disadvantage is modeling aggregated data to represent a small enough region while
preserving household's privacy rights (Boulaire et al., 2013).

CDA is a linear regression-based statistical technique. CDA is able to estimate the end-use
energy consumption, at an end-use level, only by the basis of the household's total energy
consumption. Thus, the household energy consumption is directly related to the variables
inputted in the model, such as dwelling characteristics, behavioural patterns, and appliance
usage. For instance, the regression-based equation for each month of billing data can be

represented by Equation (1) (Parti and Parti, 1980):

(1)
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As the formula shows, E is the monthly electrical energy consumption, C is the variable
indicating the presence or usage of the appliance, app, V is a set of interaction variables with
elements i (e.g., income and gender), and c is a coefficient (Parti and Parti, 1980).

It is vital to mention that there are disadvantages by using the CDA approach. First, unreliable
model predictions occur due to multicollinearity problems. Multicollinearity occurs when two or
more predictor variables (e.g., appliance ownership dummy variables) are highly correlated.
Thus, CDA approach may output negative loads for certain dummy variables due to high degrees
of multicollinearity (Hsaio et al. 1995). Second, using the CDA approach has difficulties in
predicting highly saturated appliances from the model such as refrigerators. This is problematic
because a majority of households may own these major appliances (e.g., refrigerator), yet result
in unreasonable estimates. Hsaio et al. (1995) explains that the problem with multicollinearity is
the gap between the information requirements of the model and the sample data provided for the
model. In order to reduce the gap, either the sample data must expand or reduce the information
requirements of the model, or both (Hsaio et al., 1995).

ANN differs from CDA, in which neural networking is based on simplified mathematical
models of biological neural networks while CDA is a linear regression based model (Aydinalp,
2002). The ANN approach can be used to obtain numerous inputs, such as end-use variables, and
to determine interconnected relationships between the inputs (through a series of parallel
"neurons™). These parallel neurons are then applied to scaling factors, activation functions, and
algorithms in order to determine causal relationships and minimize error between them.

In addition, ANN has other advantages, including neural networks' relation to arbitrary
relationships between dependant and independent variables (Sargent, 2001). Further, ANN

allows relationships between dependant variables and does not require explicit distributional
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assumptions like normality (Sargent, 2001). But there are disadvantages by using the ANN
approach. First, ANN has the "black box" quality, having difficulty in understanding the problem
(Sargent, 2001). Whereas, the CDA approach is able to modify and remove variables within the
model in order to develop a more suitable model. Second, in order to perform ANN,
computational resources are required and ANN software standards are not consistent between
other ANN software (Sargent, 2001).

Sargent (2001) reviews an extensive amount of literature to compare the regression
performance of ANN with statistical techniques. A total of 28 medical-related studies were
reviewed. Results find that ANN outperforms regression in 36% of the cases, regression
outperforms ANN in 14% of the cases and the two methods has similar performances in 50% of
the cases. It is important to note that in larger sample sizes (sample size > 5000), regression
methods outperforms ANN. In contrast, when applied to medium to large dataset (sample size >
200), ANN outperforms the regression technique. However, Sargent (2001) recommends further

exploration of both methods and ANN should not replace statistical approaches.

2.4.2 Studies on Canadian Residential Energy Modeling using Bottom-Up

Statistical Modeling

To date, the most comprehensive bottom-up statistical modeling research on Canadian
residential energy use is Aydinalp's thesis on "A New Approach for Modeling of Residential
Energy Consumption” (Aydinalp, 2002; Aydinalp et al., 2003; Aydinalp et al., 2004). Aydinalp
(2002) conducted a comparison evaluation of Canada's residential energy consumption using
both CDA and ANN. Furthermore, Aydinalp (2002) created three separate models for both CDA
and ANN (a total of six models): appliances, lighting and cooling (ALC), domestic hot water

(DHW), and space heating (SH). The purpose of Aydinalp's study is to develop two models,
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using 1993 SHEU data, and determine the energy prediction performance between CDA and
ANN.

Aydinalp (2002) uses two sources of data for developing CDA and ANN models: the data
from the 1993 Survey of Household Energy Use (SHEU) database and weather conditions for
1993 from Environment Canada. Similar to SHEU 2007, SHEU 1993 consists of detailed
information about Canadian households, including house construction, space heating and cooling
equipment, household appliance types and usage for 8767 households in Canada. Electricity
billing data were also available for the entire year for 2050 households. In order to compare both
models, R? (correlation coefficient) were used as their best prediction performance indicator.

All three models showed that ANN was a more effective modeling technique than CDA,
Table 2.1 (Aydinalp, 2002; Aydinalp-Koksal and Ugursal, 2008). In the ALC model, the R-
squared for CDA and ANN was 0.795 and 0.909, respectively; for the DHW model, the R-
squared for CDA and ANN was 0.814 and 0.871, respectively; and finally, for the space heating
model, the R-squared for CDA and ANN was 0.892 and 0.908, respectively.

Table 2.1: Comparison of prediction performance (R?) of the CDA and NN in
Aydinalp's thesis (2002) and Aydinalp-Koksal and Ugursal (2008)

RZ

ALC energy consumption

CDA 0.795

ANN 0.909
DHW heating energy consumption

CDA 0.814

ANN 0.871
SH energy consumption

CDA 0.892

ANN 0.908

With a higher prediction performance than CDA (Table 1), the ANN model was used to

estimate the impact of socio-economic factors and energy-saving measures on household energy
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consumption in Canada'’s residential sector. Aydinalp's research (2002) compares both modelling
approaches (CDA and ANN) to Canadian's household energy consumption for ALC, DHW, and
SH consumption (Table 2.2). Table 2.2 shows that in all three models, CDA undershoots
estimates to that of the ANN model. Aydinalp (2002) argues that "due to the limited amount of
variables that the CDA can accommodate, its capabilities to evaluate these effects deviated lower
than the ANN model™ (p. 167).

Table 2.2: Comparison of CDA and ANN Predicted Weighted Average Consumption for
ALC, DHW, and SH Models

Predicted Weighted Average
Consumption

ALC model (kwh/year/household)

CDA 8,387

ANN 8,791
DHW model (GJ/year/household)

CDA 25.2

ANN 26
SH model (GJ/year/household)

CDA 74.5

ANN 80

An assessment of the effects of socio-economic factors on household energy consumption
(ALC, DHW, and SH) using neural networks is investigated (Aydinalp, 2002; Aydinalp et al.,
2003; Aydinalp et al., 2004). General trends are found in all three cases. Firstly, as income
increases, so does energy consumption. Secondly, owners consumed more energy than renters.
Thirdly, dense populations (urban) consumed less energy than less dense areas. In the ALC
model, Aydinalp (2002) found that single detached houses consumed more energy than single
attached houses.

Farabakhsh et al. (1998) developed a comprehensive residential energy end-use model called

Canadian Residential Energy End-Use Model (CREEM). The model is created by using high-
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resolution building performance simulation package, HOT2000. This model integrates the results
of modelling from Canadian residential energy end-uses (Ugursal and Fung, 1996) and existing
databases such as Statistics Canada (1993), Natural Resources Canada (1994) and Scanada
(1992). The model compares residential sector energy consumption surveys to estimates from the
model. Swan et al. (2013) further advances the CREEM model by creating a hybrid modelling
approach which integrates neural network and engineering modelling methods to estimate
residential end-use energy consumption. The study also includes a total of 16,952 unique
Canadian households’ thermal envelope descriptions, where originally CREEM was based on
data collected from 8767 houses across Canada. The neural network is used to predict the ALC
end-use energy consumption and DHW volume draw of Canadian household stock. In a similar
study by Swan et al. (2011), estimations are made using the same CREEM model. It found that
the national ALC energy consumption of Canadian single-detached and double/row houses
contributed to 248 PJ and 201 PJ for DHW energy consumption, respectively.

Hsiao et al. (1995) provides an alternative methodology of integrating a Bayesian technique
to CDA. This study builds on the work of Caves et al. (1987) and Bartels and Fiebig (1990),
where Hsiao (1995) incorporates 49 households of end-use metered data and 347 households of
energy billing and survey information from Ontario Hydro. The Bayesian technique involves
forming a prior means and variation (distribution) from the end-use metered data and then
combining it with the aggregated data, which is the household's energy bills and survey
information. The Bayesian methodology was then compared to that of the traditional CDA.
Results show that the Bayesian technique outperforms the traditional CDA approach in a
prediction perspective. However, the model created by the integration of the Bayesian method,

however, requires a great deal of data in order to have accurate predictions.
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2.4.3 Literature Gap

Nowadays, there is a need to model end-use energy consumption for occupants in Canadian
high-rise MURBS. The literature review shows that Canadian studies related to energy modeling
on household's energy use and behaviour have demonstrated the followings: first, Canadian
housing stock has been modelled at national and provincial levels, and there is limited
information on individuals living in high-rise MURBS; second, these studies are all at annual
end-use consumption units, not at monthly or daily quantities. Thus, a model is needed in order
to characterize occupant's household energy consumption in a high-rise MURB. The model is
anticipated to predict their consumption based on various factors (e.g., demographics) at a
monthly scale. This model would be useful to understand occupant's energy behaviours and the
impact of social, demographic, and energy behaviour measures in a Canadian high-rise MURB

setting.

2.5 Artificial Neural Networking (ANN)

2.5.1 Background

This section deals with background information on the artificial neural network modeling
approach. This is followed by the use of ANN in energy modeling and other applications.
Afterwards, a brief overview of ANN modelling approach is presented. The concept of ANN was
initially introduced by McCulloch and Pitts in 1943 alongside their McCulloch-Pitts model. The
ANN approach is inspired by networks of biological neurons, containing multiple layers of
computing nodes (Dayhoff and DelLeo, 2001). The McCulloch-Pitts model (Figure 2.5)
resembles a biological neuron. Figure 2.5 shows that a neuron receives a weighted sum of inputs;

these weighted sums of inputs are then connected and outputs a value (Warner and Misra, 1996).
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Figure 2.5: Illustration of McCullock-Pitts Neuron (Warner and Misra, 1996)

ANN is able to discover internal relationships between data. It is able to classify nonlinear
relationships with incomplete and small datasets. Because of this, ANN has become a huge
interest in all fields of study and has matured over the past 40 years (Dayhoff and DelLeo, 2001).
To date, ANN is used for many applications, including national green energy use analysis (Ermis
et al., 2007), public awareness campaign assessments (Mohamoud and Alajmi, 2010), depression
symptom analysis (Nair et al., 1999), perceptions on building quality (Rebano-Edwards, 2007),

energy dependency projections (Sozen, 2009), and forth on.

2.5.2 Other Studies on ANN and Energy Modeling

In Chapter 2.4, a review of literature on Canadian residential energy modeling using bottom-
up statistical modeling has been presented. However, there have been other studies that have
used ANN within the realm of residential energy modeling. For instance, Boulaire et al. (2013)
developed a model by using spatial building and household characteristics from Census data in
New South Wales, Austrailia. The regression-based model predicted daily electricity
consumption at a district level. Results found that the model deviated -1.3% from actual energy

consumption values. Afterwards, two scenarios were considered and applied to the model - the
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effect of energy consumption due to change in climate and population growth. Results found that
warmer climates decrease electricity consumption. As population increased, the number of
dwellings increased by 5% in districts with less than 200 dwellings, increased by 2% in districts
between 200 and 400 dwellings, and 1% increased with dwellings over 400 dwellings.

Dombayci (2010) developed a neural network model to predict hourly heating energy
consumption of a model home in Denizli-Turkey. During the development of the model,
Dombayci (2010) only considered heating degree days (HDD) and cooling degree days (CDD)
as weather conditions for the model. The model was trained by using heating energy
consumption from 2004 to 2007, and it was then tested by using heating energy consumption
data of the year 2008. The model was found to have a high correlation coefficient (R?) of 0.9907
for training and 0.9880 for testing.

Mahoud and Alajmi (2010) used neural networking to measure the effects of a energy
conservation public awareness campaign in Kuwait. This study is unique because it uses high
resolution energy consumption data (hourly) and a large geographical region (country), which
tests the neural network's capabilities. The model consisted of weather conditions and energy
consumption data from 2004 to 2007. It was also found to have a R?> = 0.884 and a 0.77%
percent difference to the actual total energy consumption. The model was then used to forecast
energy consumption by using weather data of summer 2007. After that, these predicted values
were then compared to actual energy consumption. Ten large peak loads were identified and
model predictions were found, ranging from actual energy consumptions of 299.1 MW to 368.4
MW for each peak in summer 2007, which is 3-4% difference from the actual energy

consumptions.

2.5.3 Artificial Neural Networking Modeling Approach
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A common ANN model approach called multi-layer perceptron (MLP). MLP consists of an
input layer, one or more hidden layers, and an output layer. Each layer consists of neurons that
are interconnected with each other and are assigned with various weights. The output neuron is
established by the input layer passing through hidden layer(s). Each neuron receives signals
from the neurons of the previous layer. Aydinalp's thesis (2002) presents a neural networks

structure, shown in Figure 3.

Inpurt Layer

Figure 2.6: MLP neural network structure with one hidden layer (Aydinalp, 2002)

Poulad et al. (2010) presents seven major components of an artificial neural network. These
components apply for all layers of the neural network - input layer, hidden layers, and output
layer.

1. Weighting factors: Neurons interact with many inputs at the same time. Some inputs have
greater significance than others. Thus, some inputs receive a greater weight than other
inputs. These weighted inputs have a significant effect on the output.

2. Summation function consists of the sum of all the weighted inputs and results in a single
number.
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3. Transfer function: This function is an algorithmic process that transfers the results from
the summation function or the weighted sum of the inputs to a working output.

4. Scaling and limiting: After the processing element's transfer function, the results may be
scaled or limited.

5. Output function: The output reflects on the many neurons in the network, where each
neuron consists of the many interactions between weighted inputs.

6. Error function and back-propagated value: The error function calculates the difference
between the current output (from the model) to the desired output. In order to reduce the
network's error, the error function transforms the output error to match the network's
architecture. In some cases, the error is modified by squaring the error, cubing the error,
or some use the error directly. Afterwards, the neuron's error is then typically generated
into the learning function.

7. Learning function: This function is also referred to as an adaption function, which
modifies the weights of the input connections in order to achieve a desired result.
Examples of learning functions are back propagation algorithms, enhanced back

propagation, and Quickprop.

2.5.4 Learning/Training Algorithms

According to Alyuda (2003), there is no single best training algorithm for neural networks;
instead, it depends on the characteristics of the problem. Alyuda (2003) presents seven
algorithms:

1. Quick Propagation (QP)
2. Conjugate Gradient Descent (CGD)

3. Quasi-Newton (QN)
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4. Limited Memory Quasi-Newton (LMQN)
5. Levenberg-Marquardt (LM)

6. Incremental Back Propagation (IBP)

7. Batch Back Propagation (BBP)

It takes a great deal of experimenting in order to determine the best training algorithm for the
network. There are simple guidelines that have been effective for practical purposes (Alyuda,
2003):

e CGD and QP are general-purpose training algorithms.

e If the network has a small number of weights (<300), LM algorithm is efficient.

e If the network has a moderate number of weights, QN and LMQN are efficient.

e If the network has a large number of weights, CGD is recommended.

IBP and BBP can be used for any size network. Back Propagation algorithms are the most

popular algorithms during training of MLP.

2.5.5 Estimation by the ANN Model and Assessing its Performance

There are many steps in order to develop an ANN model. First, the whole dataset is divided
into three datasets - training, validation, and testing. A majority of the dataset is used for training
(more than two-thirds of the dataset), and the rest is split between the validation and testing sets
(Alyuda, 2003).

After that, the datasets are preprocessed and scaled. Numeric inputs are left numerically.
Categorical inputs can be scaled numerically or nominally. Activation functions are then used for
both the hidden layers and the output layer. Activation functions are needed to introduce
nonlinearity into the network (Aydinalp, 2002). Nonlinearity makes ANN MLPs more effective

in discovering interconnected relationships between the inputs. The most common activation
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functions are logistic and tangent functions. Aydinalp (2002) concludes that activation and
scaling intervals should be chosen after testing various combinations.

To determine the architecture of the network (number of hidden layers), there are no rules to
establish the number of hidden layers for a particular application (Aydinalp, 2002). This is
decided by a great deal of experimentation. The determination of the best architecture of the
network can be done in two ways. First, the architecture can be done manually by selecting a
number of hidden layers and comparing its performance to other architectures. The other way is
to do an exhaustive search. An exhaustive search consists of seeking all possible architectures
within the given inputs and hidden layers. This method is very time consuming; however, all
possible architectures are presented.

During the training stage of developing the neural network model, weights are distributed
randomly and learning algorithms are applied. During the training stage, a great deal of trial and
error is required to find the best performing learning algorithm and least sum of square of errors
(SSE). The training of the model stops until the least SSE or a high R-square (R?) is achieved. R-
squared is a statistical measure of how accurate the network's output (predicted) compares to the
actual target values. If the R-squared is equal to 1, it indicates that the model is a perfect fit
(Alyuda, 2003). A validation set, a dataset not been introduced to the network, is used to
strengthen the prediction performance of the network.

Finally, a third dataset called the testing dataset is introduced. The testing dataset is to further
test the model's prediction performance. Similar to the validation set, the testing dataset is a
dataset that has never been introduced to the model. The testing dataset is used after training and

validation and then its network output is descaled to get its original units (Aydinalp, 2002).

2.6 Overview of Survey Distribution and Collection
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This section provides a brief overview on survey distribution and collection. This is important

because Chapter 3.5 deals with the development of the survey for the study site.

According to Statistics Canada (2003), data collection "is the process of gathering the

required information for each selected unit in the survey". There are many methods, including:

1. Self-enumeration: This is when the respondent completes the survey without

assistance (e.g., by mail or the Internet).

2. Personal interviews: the interviewer completes the survey with the respondent.

3. Telephone interviews: the interviewer assists the respondent over the telephone.

4. On-line (Internet) interviews: the interview is available on-line for the respondents to

complete.

Table 2.3 shows the different methods of data collection with respect to cost, time and

response rate (Statistics Canada, 2003):

Table 2.3: Comparison of Self-Enumeration and Interview-Assisted survey methods

with respect to cost, time, and response rate

Self-Enumeration

Interview-Assisted

Personal Telephone
Cost Low High Medium
Time Longer Average Shorter
Response Rate Low High Medium-High

Statistics Canada (2003) outlines the advantages and disadvantages of the various survey data

collection methods (Table 2.4).
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Table 2.4: Advantages and disadvantages of various survey data collection methods

(Statistics, 2003)

Method

Method

Advantages

Disadvantages

Self-
Enumeration

eEasy to administer

oNo interviewer is needed (no
training needed)

eReduces response error since
respondents can consult their
personal records or do it at
home

eData may be of poorer quality
than other methods

eQuestionnaire should be short

eQuestionnaire must be well-
designed and respondent-friendly

ePaper-Based

oPrinted reference material can
reduce response errors

eTake less time to develop
collection procedures

ePrinting can be expensive

eNo streaming in the questions -
flip/skip questions (compared to
computer-based survey)

eRequires more manual work

eComputer-
Based (Internet)

eEditing during collection can
be automated, flip/skip options
available (complex branching),
and easy to monitor

eEasy to produce reports

eBetter protection of
confidentiality

eNeed to test the computer
application thoroughly
eVulnerable to technical
difficulties

eRespondents must have
internet/computer access and
know how to use the computer
application

Interview-
Assisted

eEnsures that the correct unit
and information is surveyed
eInterviewer can explain
methods used, the project,
survey, and ensure security and
confidentiality

einterviewer can improve data
quality by explaining the
survey and the concepts

eNeed time to train and educate
the interviewers

eCan increase response error -
poorly trained interviewers and
only providing socially correct
answers

ePersonal eProvides a personalized and eOne of the most expensive and
Interviews intimate environment time consuming method
(Person to compared to computer or eDifficult quality control of
Person) telephone interviews compared to computer
elnstils confidence and or telephone
identification to the
respondents
eCan make direct observations
eTelephone eEasily implemented for eMay have the problems of
Interviews quality control confidentiality, if lines are shared

eFaster response

eMore sensitive questions can
be asked compared to in
personal interviews

or they may not want to give out
personal information

eCost for interviewers, telephone
line, and office space for
interviewers
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According to Cavusgil and Elvey-Kirk (1998), mail-in surveys or paper-based self-
enumeration have many advantages such as, "...wider distribution, less distribution bias, better
likelihood to reply, no interview bias, time-effective and cost savings"”. Kurz et al. (2005) used
mail-in questionnaires that achieved a 56% response rate. The purpose of the questionnaire was
to capture the household's attitude towards the importance of energy conservation. Similarly,
Natural Resources Canada's SHEU, the surveys were collected through mail. Other survey
distribution and collection methods applied are computer assisted personal interview. The sample
size was 16,758 households.

Twenty out of the 163 households were interviewed (12% participation rate) (Gronhoj and
Thogersen, 2011). The purpose of Gronhoj and Thogersen (2011) study was to examine the
effects of feedback monitoring and household behaviours including consumption. It took about
five months for the completion of the interviews, which consisted of their energy use behaviour
and their willingness to continue conserving energy. United Way Toronto, a non-profit
organization, conducted a study called ™"Vertical Poverty”, investigating the growing
concentration of poverty in Toronto and its concentration in high-rise buildings. This study used
a similar approach in which 2,803 face-to-face interviews were conducted to investigate high-
poverty issues within the high-rise buildings.

A study conducted by Abrahamse et al. (2007) sent out 6,000 invitations, asking residents to
complete an on-line survey. As the results showed 874 request cards were received and 314
respondents (35.9% response rate) took part in the first measurement involving household energy
use and behaviour. The problem with on-line surveys is that respondents must have access to the
Internet and also a computer. This may also be difficult if you do not own a computer or are not

competent in using a computer. Hence, choosing a data collection and distribution method is
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dependent on targeted respondents and other variables such as cost, time, and response rate. It is
important to note that effective survey methods are found by sending request cards and mail-in

surveys. Whereas, interview-assisted interviews were not as effective.

2.6.1 Underlying Motivators for Survey Response

Cavusgil and Elvey-Kirk (1998) outlines six underlying motivators of mail survey response
behaviours - net individual benefit, societal outcome, commitment, novelty, convenience, and
expertise. Cavusgil and Elvey-Kirk (1998) suggest that employing these underlying motivators
influences survey response behaviour; it can increase response rates. Table 2.5 outlines the
operations that can be carried out in order to increase mail survey response behaviour. For
instance, providing a monetary incentive for completing the survey may motivate tenants to
respond. Table 2.5 shows the potential operations/motivators in order to increase survey response
rates within the survey population. The underlying motivators are ordered from most effective
(e.g., net individual benefit) to least effective (e.g., expertise) in the table below. Thus, it would
be beneficial to adopt appeal, personalization, or incentive measures to draw individuals to

complete a survey.
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Table 2.5: Underlying motivators and operations to influence mail survey response
behaviour (Cavusgil and Elvey-Kirk, 1998)

Underlying Motivators Operations/Activities (to carry out
underlying motivators)
1. Net individual benefit Appeal
Personalization
Incentive
2. Societal outcome Source
Promised Anonymity
3. Commitment Pre-notification
Cut-off Date Notification
Follow-up
4. Novelty Envelope Type
Cover Letter Form or postscript
Questionnaire (format, colour...)
5. Convenience Postage
Home vs. work address
6. Expertise Identify the "Informed Population™
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Chapter 3 Methodology - Survey of Household

Energy Use

3.1 The Approach

This chapter presents the methodology used in the study of household energy use in a Toronto
MURB. In order to conduct a survey of household energy use in a Toronto MURB, the following
tasks were undertaken:

1. Gathered Information on the study site, Toronto MURB.

2. Developed a survey on household energy use.

3. Developed a plan regarding survey distribution and collection.

4. Sought Ryerson University's Research Ethics Approval.

5. Collected survey results and analysis.

3.2 Study Site, Toronto MURB

The study site is owned and operated by a not-for-profit organization. Through a federal
program, the organization aims to create affordable housing for primary single persons of modest
incomes. In recent years, the organization decided to carry out sustainable retrofits such as
geothermal and solar thermal domestic hot water heating, sub-metering, and so forth. The study
site, Toronto MURB, shares similar characteristics to a majority of Toronto's MURBS. First, the
households are typically low-income households; second, it is located in Toronto and classified
with high density residential structures built between 1945 and 1984. Lastly, tenants do not pay

for their energy consumption because it is included in tenant's monthly rent.
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The building consists of sub-metered apartment units that track energy consumption data
(electrical) per apartment unit. The sub-meter take account of entire plug loads and fan-coil unit
(source of heating) consumption. Each apartment unit does not have any source of cooling other
than what is supplied in the fan coil unit. This thesis only focuses on the electrical draw from the
units; it does not include heating and cooling loads from the boiler.

This Toronto MURB is currently home to low income households; who are new to Canada,
individuals with disability, or individuals having difficulties finding housing elsewhere. The not-
for-profit organization believes in building a strong community and sheltering those in need of
housing. Table 3.1 shows information about the study site, Toronto MURB, at a building and

apartment unit level.
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Table 3.1: Building and apartment unit characteristics of study site, Toronto MURB

Building Characteristics

Name of Building

Toronto MURB

Date of Construction

1976

Number of households

136 households

Room Types

2 X one-bedroom units
134 x bachelor units

Number of storeys

11 storeys

Building Layout

Basement - Program space and mechanical rooms
First Floor - Gathering room, main lobby, housing
administration and washrooms
Second to eleventh floor - Residential apartment
units
Eleventh floor - Laundry facility

Apartment Unit Characteristics

Apartment Unit Area

Bachelor units: 21.37 m?
One-bedroom units: 65.03 m?

Apartment Unit Layout

Entrance hallway, washroom, kitchen and room

Heating and Cooling Equipment Provided

Electrical fan coil”

Major Appliances

Stove with oven combo®
Refrigerator”

Appliances and Electrical Devices

May vary between occupants.

Lighting (15 W CFLs)

Entrance: 1 x one-light bulb light fixture
Bathroom: 1x two-light bulb light fixture
Main room: 1 x one-light bulb light fixture
Other light fixtures such as lamps may vary
between occupants.

2 Enviro-Tec by Johnson Controls - Series B Vertical Floor FCU, Model VFE; Voltage 115, Tap High, HP 1/30,

Hand LH (Johnson Controls, 2012).

¥ Frigidaire CMEF212E Freestanding Range, Multiflex brand, with an annual energy consumption of 416
kWh/year (Natural Resources Canada, 2011b), freestanding conventional cook top, single non-self cleaning oven, 0
L on the lower oven space, 54.8 L upper oven space and a width of 24 inches.

9 Type:LG-GM-3135SC, Top Mount, with an annual energy consumption of 370 kWh/year (Natural Resources
Canada, 2011b), not an energy star product, automatic defrost mechanism, top freezer location, capacity (L/cubic
ft):Total 254.7/9 ft, size 4 category on EnerGuide Label, no door ice service, refrigerator volume of 193.855 L

(6.85ft%), freezer volume of 60.845 L (2.15 ft%).
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3.3 Survey Development

The objective of the set of questions was to capture as much information related to occupant's
household energy use in the Toronto MURB as possible. Prior to survey design and
development, information was already gathered on occupant's apartment unit and building
characteristics by interviewing the property manager, apartment unit inspection, and assessment
of the building drawings (Chapter 3.2). Thus, a great deal of information on the occupants was
already known. This allowed for exclusion of some questions. For example, all apartment units
contain the same type of refrigerator, stove, and oven.

The development of the survey went through much iteration before the final draft was
completed. Revisions and edits were made by the property manager, and Ryerson University
graduates as well as professors. The final draft of the survey is found in Appendix A.

The survey included questions of the following topics:

e General information

General information includes gender, age, country grown up in, number of years living in the
Toronto MURB, number of people living in their household, number of hours spent in their
apartment unit (includes sleeping), and income. These parameters were selected based on
previous surveys such as United Way Toronto's Vertical Poverty (2011) survey and SHEU 2007.

e Electrical devices

Electrical devices include television (usage, type, and age), cable use, computer (usage, type,
and age), internet use, and a checklist of appliances that the occupant may own. Major appliances
such as refrigerator and oven/stove tops were already known to the investigators. The selection
of minor appliances was taken from SHEU 2007. Any other appliances not listed in the survey

can be reported in the "other" section.
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e Heating and cooling

The heating and cooling section includes temperature setting of their heating/cooling
equipment (e.g., fan coil unit) during the winter and summer. Any other alternatives to adjusting
apartment unit temperature (e.g., open/close windows) were specified in a checklist format.

e Energy behaviour (frequency turning off lights/television and purchasing)

Energy behaviour was measured by using a Likert scaling system, similar to Kurz et al.
(2005) study: 1 being "always" performing the behaviour to 5 being "never" performing the
behaviour. The selected behaviours are dependent on television use, lighting use, computer use,
and purchasing of green appliances.

e Lighting (number and type of bulbs and fixtures)

Lighting was measured by using similar questions in SHEU 2007. These questions include
number of compact fluorescent and incandescent light bulbs, number of light bulbs turned on
longer than 3 hours, number of hours the light bulbs are turned on during the winter/summer
seasons, and numbers of light fixtures (e.g., lamps and floor lamps) in their apartment unit.

e Water usage (showering, bathing, hygienic activities)

Water usage was measured to examine whether they ran their faucet during hygienic activities
and washing their dishes. The water usage section also included the number of times they flush
their toilet in a day and how many showers/baths they take in a week.

e Household activities (oven, stove, and microwave use)

Household activities include the use of stove, oven and microwave. These household

activities were measured by using similar questions in SHEU 2007 but at a daily scale, rather

than a weekly scale.
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e Indoor environment satisfaction and thermal comfort (satisfaction on temperature,
noise, appliances)

Indoor environment satisfaction and thermal comfort was measured using a Likert scaling
system; 1 being very satisfied to 7 being very dissatisfied. These questions derived from Center
for the Built Environment (CBE) (Center of the Built Environment, 2012).

e Your neighbourhood

This section deals with social aspects of living in the Toronto MURB. This was measured by
inquiring about occupant's feelings about living in the Toronto MURB and in what ways it has
changed their life (e.g., financially, security, and well-being). In addition, a question of
occupant's sense of belonging derived from United Way Toronto's Vertical Poverty (2011)

survey.

3.4 Survey Distribution and Collection

The survey population are Toronto MURB tenants, living in the Toronto MURB between
April 16 and May 4, 2012. There were 136 households in total. The sample units were
households - one survey respondent represents a household. Prior to survey distribution,
notification posters were posted in high traffic areas (e.g., lobby and hallways) of the Toronto
MURB for one-month (March 16 to April 16). Surveys were distributed by employing three
survey methods:

1. Paper-based self-enumeration (mail-in surveys): surveys were sent to household's
mailbox on April 9. A drop box was available in the main lobby. The drop box was then
removed on May 4.

2. Interview-assisted surveys: five "drop-in" interview sessions were held in the main lobby

of the Toronto MURB (April 18, 20, 23, 25 and May 2) from 5:30pm to 7:30pm.
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Assistance to complete the survey was available by ways of interacting with one of
Ryerson's graduate students.

3. On-line survey: Tenants had the opportunity to complete the survey on-line via
Fluidsurveys (http://fluidsurveys.com/). The on-line survey became available from April

1 to May 31, 2012.

3.4.1 Increase Survey Response Behaviour
Many tactics were used to increase survey response rate. These tactics were determined by
referring to Cavusgil and Elvey-Kirk study (1998) on the underlying motivators for mail-in
survey response behaviour. The operations/activities that were carried out to increase
participation are:
e Pre-notification of the survey distribution and collection by posters and newsletter
notifications
e A cut-off date notification
e An incentive was given out ($5.00 cash) for completing the survey
e Tenants would receive their incentive in their mailbox
e Surveys were sent in their mailbox and were also available to be picked up in the main
lobby during interview-assisted sessions
e Surveys were packaged in personalized envelopes that provided information about the
research study, confidentiality, reminder about the incentive and a pen
e The survey packages were in colour with an attractive title page
e Posters and invitations notified tenants of the percentage of surveys completed. All

posters were printed on "eye-catching" colours (e.g., green paper).
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e Survey collection: A drop box and on-line survey was available 24 hours/day and 7
days/week from April 9 to May 4. Interview-assisted sessions were also held on April 18,

20, 23, 25 and May 2.

3.5 Research Ethics Approval

As of March 5, 2012, Ryerson University Research Ethics Board approved the project in
order to conduct the survey of household energy use in the study site of this thesis, Toronto
MURB. This thesis involves interaction with human subjects and requires compliance with
Ryerson University's policies and protocol (See Appendix B for Research Ethics Approval
documents). The Ethics application process requires detailed information on data that is obtained
in the survey, how you will be collecting the information, compensation, method of recruiting,
number of participants involved, and potential risks to exposure.

Prior to completing the survey, households were given a consent form informing them about
the project and its confidentiality. Households were aware that Ryerson University is an
independent entity responsible for conducting the research, that the property management was
not involved in the study, and that all information is confidential and will not be shared with any

other entities.

3.6 Collect Survey Results and Analysis

All survey responses were inputted into a data pool by using Microsoft Excel. After that, the
analysis was then performed using IBM Statistical Package for Social Science (SPSS). One of
the functions of SPSS is to analyze survey data. Frequency tables were created for all survey
results. Further analysis was carried out by using Alyuda Neurolntelligence Version 2.2 to assess

the effect of occupant characteristics (e.g., age, gender, income, residency, and hours spent in
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their household) on their household energy use consumption. The methodology of this analysis

will be discussed further in next chapter.
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Chapter 4 Methodology of the ANN Model

4.1 Overview

Chapter 2.5 has shown that the neural network approach can:
1. effectively model and estimate occupant's household use for Canadian
households
2. outperform other statistical bottom-up methods such as CDA

3. determine causal relationships between variables

In this thesis, the multi-layer perceptron (MLP) artificial neural network approach is used.
MLP is a variation of ANN, using different architectures and algorithms; MLP uses error back
propagation algorithm during training phase (Aydinalp et al., 2003). The name of the software is
Alyuda Neurolintelligence 2.2, created by Alyuda Research Inc. (Alyuda, 2003). Alyuda
Neurolntelligence 2.2 software uses MLP and has shown to be effective software as it is found in
many publications. Alyuda Neurolntelligence 2.2 software is used for many applications such as
financial predictions (Agryou, 2006; Anwar, 2009), civil engineering problems (Li et al., 2011),
heat transfer (Poulad et al., 2010), and construction and building material analysis (Prasad et al.,
2009).

First, the research methodology of the ANN model is presented by ways of the Alyuda
Neurolntelligence 2.2 software. Then, in the following chapter, the development of the ANN
model is presented. The following section begins with the information on the sources of data
used to develop the NN model. It also describes the methodology of the training, validation and
testing of the dataset. The networks are used to predict monthly household's electrical energy

consumption. The development of the model is shown in Figure 4.1.
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Figure 4.1: Flowchart of the methodology for the development of the NN Model
4.2 Sources of Data
Three sources of data were used for the development of the input units of the ANN models:
the survey data of household energy use in the Toronto high-rise MURB (Roque et al., 2012),
monthly energy consumption of each unit, and the weather conditions (Environment Canada,

2012).
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4.2.1 Monthly Energy Consumption Data

With the completion of 49 surveys, the following 49 households also had energy billing data.
However, only 48 of the households had properly operating sub-metering units, as suggested by
the Property Manager of the Toronto MURB. A complete monthly energy consumption for the
136 units in the Toronto MURB was obtained from October 1, 2010 to September 30, 2012 (24
months). This energy consumption is the amount of electricity used by each apartment unit in a
month (kwWh/month/household). Appendix C presents the energy consumption data from October
2010 to September 2012. In addition, Appendix C also presents an analysis of the energy

consumption.

4.2.2 Survey Data of Household Energy Use

The data pool was based on 48 surveys, completed by occupants living in a Toronto MURB
(Roque et al., 2012). The survey consisted of a total of 51 questions related to occupant's space
heating/cooling equipment, household appliances, and socio-economic characteristics. With
approval from Research Ethics and the Toronto MURB occupants, the survey was conducted for

duration of one month. Chapter 6 presents the survey results (data) of household energy use.

4.2.3 Weather Data

The weather conditions data were obtained from the National Climate Data and Information
Archive (Environment Canada, 2012). The weather data obtained include monthly mean
temperature (°C), monthly total of precipitation (mm), mean direction (10's deg) of gust, and

mean speed of gust (km/h).

4.3 Development of the Network Datasets
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A total of 48 surveys and their corresponding energy consumption data were linked to create
the entire dataset. The total energy consumption data consisted of 24 months of energy
consumption for each apartment unit (kWh/month/household). In total, 1152 cases were made -
24 months of energy billing data and 48 completed surveys. These cases were then partitioned
into three parts at random: 1. 65% for training the network - 750 cases; 19% for validating the

network - 218 cases; and 16% for testing the network - 184 cases.

4.4 Development of Input and Output Units
The input data for the neural network dataset were obtained by using the information from the
survey in Chapter 3. The inputs for the networks describe:
e Date - month and year
e Apartment unit orientation
e Socio-demographic factors: gender, age, country the occupant had grown up, number of
years living in the building, number of people in the household, number of hours spent in
their apartment unit per day (includes sleeping), and income
e Weather conditions: mean temperature, total precipitation, extreme direction of
maximum gust, and extreme speed of maximum gust
e Ownership, type, and usage of appliances, lighting, heating and cooling equipment
e Purchasing of green appliances/electrical devices

e Satisfaction of appliances in apartment unit (e.g., stove and refrigerator)

The number of inputs differs between networks. Multiple preprocessing attempts were
conducted in order to find a suitable dataset and architecture for the model. This was done by

training the model and comparing the predictor R? performance values.
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When the dataset was developed, it was loaded into the ANN software. The data were then
analyzed for any missing and incorrectly entered data, and/or outliers. All data inputs, whether
numerical or categorical, were numerically scaled (and encoded) between -1 and +1. This means
that columns with N distinct categories (values) were encoded into one numeric column, with
one integer value assigned for each category. Orientation column with values "East" and "West",
for example, will be represented as -1 (East) and +1 (West).

The output for the networks is household energy consumption per month

(kwWh/month/household).

4.5 Activation Function and Network Design

To design the network, network architecture (number of hidden layers and units in each layer)
and network properties (error and activation functions) are needed. Network properties are
defined automatically in the software but it is possible to change them manually, which in some
cases improves network performance. In this study, an architecture search was launched with
two (2) hidden layers and by changing the activation functions.

Logistic, hyperbolic tangent, and linear activation functions were used to develop the network
design, shown in Table 4.1. All network designs and activation functions, shown in Table 4.1,
were tested. An exhaustive search was applied to seek best performing network design and

activation functions. The output error function used was sum of squared error (SSE).
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Table 4.1: Combinations of Activation Functions for the ANN Model

Network Name

Hidden Layer Activation

Output Layer Activation

Function Function
A Logistic Logistic
B Logistic Hyperbolic Tangent
C Logistic Linear
D Hyperbolic Tangent Logistic
E Hyperbolic Tangent Hyperbolic Tangent
F Hyperbolic Tangent Linear
G Linear Logistic
H Linear Hyperbolic Tangent
I Linear Linear

4.6 Training of the Artificial Neural Networks

Training of the artificial neural networks is an iterative, trial and error procedure. The

following steps were conducted during the training phase of the network:

1. Training Algorithms - The following algorithms supported by Neurolntelligence were

applied to the training dataset: Quick Propagation (QP), Conjugate Gradient Descent (CGD),

Limited Memory Quasi-Newton (LMQ-N), and Online Back Propagation (OBP).

All weights and biases were manually randomized between -1 and +1 (by default of the

software) or at a suitable interval.

2. Training Algorithm's Parameters - The default of the parameters were set by the Alyuda

software: Quick propagation coefficient = 1.75, and learning rate = 0.1

3. Stop Training Conditions - The termination criterion (when to stop training) used was as
follows:

. after the number of iterations (1,000 iterations) or;

. when the network with the lowest validation error was achieved. This occurs when the

validation error value stopped decreasing and started to increase.
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4. Overtraining Control - To control the training of the network, the software was able to
retain the best network (the network with the lowest validation error) and restore it after training

is complete.

4.7 Testing of the Network

The performance of each network model was assessed numerically using both the coefficient
of determination (R?) and the validation error. The testing was conducted for all datasets:
training, validation, and testing. If the coefficient did not reach the minimum values accepted
(For validation and testing R2>0.75, for all R2>0.85) then the network was re-trained by choosing
a different algorithm or by adjusting the weights.

In order to assess the ANN model prediction performance, Aydinalp et al. (2003) and Anstett
and Kreider (1993) used fraction of variance, which is symbolized as R As mentioned earlier,
Alyuda Neurolntelligence 2.2 is used to develop the ANN model and for simulation in this work.
This software has a friendly user interface and a number of options for the different stages of
analysis.

Once the networks are complete, the best network was used to predict the occupant's
household energy consumption of the 48 apartment units in the Toronto MURB. The final
network was used to assess the impact of demographics on occupant's household energy

consumption. This was done by querying the best network.
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Chapter 5 Development of the ANN Model

5.1 Overview

This chapter presents the development of the ANN model. The ANN model will represent the
survey respondents’ household energy use in the Toronto MURB from October 2010 to
September 2012. The first section will describe the development of the network dataset, which
includes the inputs and outputs of the ANN model. The second section then describes the
analysis and preprocessing of the network datasets. Afterwards, the selection of the architecture
search and activation functions are established. The final sections present the training, testing

and querying of the network.

5.2 Development of the Network Datasets

As presented in Chapter 4.4, the network dataset consists of 48 households and 24 months of
energy consumption data. A total of 1152 cases were created by having 48 households for every
month. The inputs for the network were obtained by survey responses, weather conditions, date,
and building characteristics. The selection of the inputs for survey data was determined by the
components which the sub-meters account for - all plug loads and fan coil unit consumption. The
energy consumption data is the monthly sub-meter data, which measures the apartment unit's
electrical draw.

In order to select the most suitable network dataset, many combinations were tested. During
the development of the model, the number of inputs was modified to improve the results. Hence,
two datasets were tested. Table 5.1 shows the tested datasets for the network. The purpose of the
different datasets was to explore the best performing dataset during the architecture and

activation search. The following sections explain the development of the inputs and outputs for
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the ANN model. The main difference between dataset #1 and #2 is the energy consumption

behaviour ratio and electronic ratio in dataset #2. The energy consumption behaviour ratio and

electronic ratio will be discussed in Chapter 5.2.5.

Table 5.1: Tested input datasets for the ANN model

Dataset # Number of Description of the input
Inputs
1 62 Date
Orientation (West or East) input
Seven demographic inputs
Four weather condition inputs
49 appliances/electrical devices (type, usage, and energy-
related behaviour) inputs
2 34 Date - month and year (two) inputs

Orientation (West or East) input
Seven demographic inputs
Four weather condition inputs
Energy consumption behaviour ratio
Electronic ratio
18 appliances/electrical devices (type, usage, and energy-
related behaviour) inputs

5.2.1 Inputs for Date

The date was represented in two separated columns; one column being the month and the

other being the year.

5.2.2 Inputs for Orientation

The orientation of the apartment units were either West or East. Therefore, West or East were

represented by denoting "1" to West and "2" to East.

5.2.3 Inputs for Demographics
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Seven demographical inputs were selected for the dataset: gender, age, country grew up,
residency (number of years residing in the Toronto MURB), number of people per household,
number of hours spent per day in their apartment unit per day (including sleeping), and income.

To indicate the options for each demographic input, a coding system was used. For example,
the gender option was male ("1") or female ("2"). This system was carried out for the other
demographic inputs, which include age, country grew up, residency, number of people per
household, number of hours per day, and income. Table 5.2 shows the coding system used for

each demographic input.
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Table 5.2: Coding system for demographics

Coding system

| Description

Gender

[EEN

Male

N

Female

Age

18 to 30 years

31 to 45 years

46 to 60 years

AIWOIN PR

Over 60 years

Country Grew Up

Canada

USA

Europe

Africa

West Asia and Middle East

East Asia

N[OOI WN|IEF

South or Central America

Residency

Oto 1 year

2 10 4 years

5 to 7 years

AIWN

More than 7 years

Number of People per Household

[EEN

1 person

N

2 person

Number of hours spent in apartment unit per day (includes sleeping)

8 hours or less

9 to 13 hours

14 to 18 hours

AIWINPF

More than 18 hours

Income

$0 to $14,999

$15,000 to $29,999

$30,000 to $49,999

AIWINEF

Prefer not to say.
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5.2.4 Inputs for Weather Conditions

All weather conditions were numerically represented in the dataset. The weather conditions
include monthly mean temperature (°C), total monthly precipitation (mm), mean direction (10's
deg) of gust, and mean speed of gust (km/h). Table 5.3 shows the weather condition inputs for
the model.

Table 5.3: Weather condition inputs for the model, taken from Environment Canada

(2012)
Mean Dir of Mean Spd of
Date 'V'eai] Temp S””? Total Max Gust (10's Max Gpust

(°C) Precip (mm) deg) (km/h)
Oct-10 10.2 57.2 18.16 31.29
Nov-10 4.5 66.2 12.87 27.3
Dec-10 -3.8 36.8 21.45 34.87
Jan-11 -7 42 12.74 23.9
Feb-11 -5.4 47 16.96 36.32
Mar-11 -0.5 91.4 20.48 35.26
Apr-11 6.9 96.6 16.17 40.7
May-11 14.1 142 11.58 24.58
Jun-11 19.1 59 17.38 29.83
Jul-11 24.4 32.4 18.55 27.77
Aug-11 21.9 72.2 13.7 23.26
Sep-11 17.7 85 10.1 22.3
Oct-11 10.5 119.2 8.42 21.29
Nov-11 6.6 98 18.97 35.6
Dec-11 0.8 52 13.35 22.42
Jan-12 -1.7 54.2 17.35 32.42
Feb-12 -0.3 26.6 16.62 28.67
Mar-12 6.7 18 13.94 28.55
Apr-12 7.3 43.8 23.03 35
May-12 16.6 44.4 11.61 18.29
Jun-12 20.6 76.4 14 24.37
Jul-12 24.3 100 13.87 23.77
Aug-12 21.6 52.4 7.52 11.23
Sep-12 16.4 44 14.17 20.73
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5.2.5 Inputs for Appliance/Electrical Device

There were a total of 62 inputs related to appliance/electrical device ownership, age, type, and
usage. Similarity to the method used in Chapter 5.2.3, a coding system was used for each
appliance/electrical device age, type, and usage-type options. For example, television age options
were "l do not have a television"”, "'5 years or less"”, "6 to 10 years", "11 to 15 years", or "16 years
or more". The coding system denoted television age options using 0, 1, 2, 3, and 4, respectively.

For appliance/electrical device ownership-type options, binary variables "0" and "1" were
used. Denoting ownership with "0" means that the household does not own the
appliance/electrical device; whereas denoting "1" means that the household does own the
appliance/electrical device. It is also important to note that any input denoted by "0" means that
the occupant does not own or use the appliance/electrical device.

For numerical inputs (e.g., number of light bulbs, rating score, indoor environment
satisfaction score, and temperature), they remained as numbers.

Table 5.4 to 5.15 shows the coding of the inputs used in the network dataset.

Table 5.4: Coding system for television use options

Coding system Television Use options

None

1 hour or less

1 to 3 hours

4 to 8 hours

9 to 13 hours

OB WINF O

14 hours or more

Table 5.5: Coding system for television type options

Coding system Television Type options
0 None
1 LCD/LED
2 Plasma
3 Regular (tube)
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Table 5.6: Coding system for cable box usage options

Coding system

Cable Box Usage options

0 | do not have cable
1 Always turn off

2 Leave on all the time
3 Sometimes turn it off

Table 5.7: Coding system for stove and oven usage options

Coding system

Stove and Oven Usage options

0 None

1 1 hour or less
2 1 to 3 hours
3 3 hours or more

Table 5.8: Coding system for microwave usage options

Coding system

Microwave Usage options

None

Less than 3 minutes

3 to 9 minutes

9 to 15 minutes

AIWNFL O

more than 15 minutes

Table 5.9: Coding system for computer use options

Coding system

Computer Use options

0 None

1 1 to 3 hours
2 4 to 8 hours
3 9 hours or more

Table 5.10: Coding system for computer age options

Coding system

Computer Age options

0 None
1 5 years or less
2 6 to 10 years




Table 5.11: Coding system for internet use options

Coding system Internet Use options

| do not have Internet

1 hour or less

1 to 3 hours

4 to 8 hours

AIWINRFLIO

14 hours or more

Table 5.12: Coding system for appliance/electrical devices

Coding system range Appliance/Electrical Devices

Cell phone, home phone, VHS player, DVD
player, Gaming Console, Printer, Speakers,
0-1 Clock, Radio/stereo, Slow Cooker, Rice
Cooker, Iron, Vacuum Cleaner,

Humidifier/Dehumidifier

Table 5.13: Inputs for heating and cooling equipment (temperatures)

Input Heating and Cooling Equipment
Temperature
Response may vary.
Temperature (Degrees Celsius) Answers: Degrees Celsius, Fahrenheit,
Categorical temperature (low, medium, high)
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Table 5.14: Inputs for energy behaviour

Range Energy Behaviour Inputs
1 being always; 5 being never
Do you turn off the lights when not at
1-5
home?
1-5 Do you turn off the lights when not in use?
15 Do you turn off electronics when you are
not at home?

1-5 Do you turn off electronics when not in use?

Do you use timer controls to control your
1-5 ; X

electrical devices?
15 Do you turn off (shut down) computer when
not in use?
1.5 Do you turn off (shut down) computer when
you are not at home?

1.5 Do you buy green appliances/devices (e.g.,

green saving light bulbs, ENERGY STAR™)

Table 5.15: Coding system for satisfaction with appliances in apartment unit

Coding system

How satisfied are you with the appliances
in your apartment unit?

Very satisfied

Neutral

N[OOI~ WIN|EF

Very Dissatisfied

A way to improve the results of the model is to select and adjust the model's inputs and

interactions (Kavgic et al., 2010). This can be done by reducing the number of inputs to reduce

the number of computations and time. Thus, a second dataset with 34 inputs was created.

Initially, the dataset included 62 inputs. Reducing the number of inputs was done by combining

inputs together. The number of inputs was reduced by creating two ratios: electronic ownership

and energy behaviour.

63




Since the same electronics and electrical devices were asked in the survey, an electronic ratio
was created. The electronic ratio is a relation between occupant's ownership of electronics to the
total amount of electronics asked in the survey. The survey inquired about 22 electronics: cell
phone charger, home phone, VHS player, DVD player, gaming console, printer, speakers, clock,
radio/stereo, slow cooker, rice cooker, iron, vacuum cleaner, humidifier/dehumidifier, toaster,
electric kettle, coffee maker, broiler toaster oven, laptop, desktop, personal heater, and personal
fan. For example, if an occupant responded that they own five of the 22 electronics, their
electronic ratio would be 0.227 (5 out of 22).

Energy behaviour ratio is the relationship between occupants exhibiting the behaviour,
Question #21 of the survey, in not performing the behaviour. The ratio takes the overall average
score of occupant's responses in Question #21. The energy behaviour ratio ranges from "1",
which means they always perform the energy behaviour to "5", which means they never perform
the energy behaviour. For example, if an occupant responds that they always perform the energy
behaviour such as turning off the lights when not at home or always buying green appliances,
then their energy behaviour ratio would be 1.

The responses related to heating and equipment (Question 18 and 19 of the survey) varied
amongst occupants. For instance, some occupants responded by temperature (degrees Celsius),
while others responded the questions categorically (e.g., high, medium and low). So, responses
were categorized as shown in Table 5.16. A "N/A™ response means that the response was

inappropriate to Question 18 and 19 of the survey.
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Table 5.16: Coding system for winter and summer temperature (Question 18 and 19)

Coding system Temperature (degrees Celsius) Inputs
0 Do not use heating and cooling 0
equipment
1 <16 Low
2 16 to 20 Medium
3 Over 20 High
4 N/A N/A

By creating two ratios, the number of inputs reduced from 62 to 34 inputs. Appendix D shows

the coded dataset of 34 inputs for the 48 households surveyed.

5.2.6 Output for ANN Model

The output for the networks is the monthly sub-meter energy consumption of the apartment
unit in the high-rise MURB. The sub-meters measure the total electrical draw from the apartment

unit (kwh/month/household).

5.3 Analysis and Preprocessing of the Network Datasets

There was no evidence of missing or incorrectly entered data in the dataset. However, there
were significant fluctuations in energy consumption between apartment units. All data was then
scaled numerically and the final dataset included the following inputs and outputs:

Inputs:

24 categorical columns: Month, Year, Orientation, Gender, Age, Grow Up, Residency,
Hours per day, Income, TV — Use, TV — Type, Cable Box Use, Stove Use, Oven Use,
Microwave Use, Computer Use, Computer — Age, Internet Use, On an average day, how many
light bulbs are turned on longer than 3 hours or more?, Winter — Hours per day light bulbs turned
on, Summer - Hours per day light bulbs turned on, Winter temps, Summer temps, How satisfied

are you with the appliances in your apartment (i.e. stove, refrigerator, etc.).
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10 numeric columns: Number of people per household, Mean Temp (°C), Sum Total Precip
(mm), Mean Dir of Max Gust (10's deg), Mean Speed of Max Gust (km/h), Electronic ratio,
CFLs, Incandescent, Number of light fixtures, Energy consumption behaviour ratio.

Output: energy consumption (kwh/month)

5.4 Determination of Architecture Search and Activation Functions

An exhaustive search was used to determine the architecture and suitable activation function
for the network. An exhaustive search explores the best performing network architecture
amongst all inputs. In this case, the determination of network's architecture and activation
functions were used amongst 62 and 34 inputs. Thus, an exhaustive search was used up to three
hidden layers. Tables 5.17 and 5.18 summarize the performance of 62 and 34 inputs with
different architecture and activation functions.

Table 5.17: Summary performance of 62 inputs with different architecture searches and
activation functions

Hidden layer Output . Number :
o . activation Architecture of R? Correlation
activation function . .
function weights
Logistic Logistic [62-61-54-1] 7246 0.995 0.995
Logistic Logistic [62-61-1] 3905 0.975 0.988
Tangent Logistic [62-44-1] 2817 0.963 0.982
Logistic Logistic [62-61-54-48-1] 9880 0.986 0.993
Logistic Tangent [62-56-1] 3585 0.946 0.975
Logistic Linear [62-22-1] 1409 0.880 0.880
Linear Logistic [62-58-1] 3713 0.682 0.826
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Table 5.18: Summary performance of 34 inputs with different architecture searches and
activation functions

Hidden layer O.Utpl.ﬂ . Number .
activation function activation Architecture _of R? Correlation
function weights
Logistic Logistic [34-85-54-1] 7674 0.993 0.997
Tangent Logistic [34-70-39-1] 5259 0.992 0.996
Tangent Logistic [34-68-1] 2449 0.974 0.987
Logistic Logistic [34-73-1] 2629 0.975 0.987
Logistic Tangent [34-77-1] 2773 0.961 0.981
Logistic Linear [34-72-1] 2593 0.935 0.967
Linear Logistic [34-8-1] 289 0.593 0.771

As a result, the best performing architecture search and activation functions was found to be
logistic and logistic with a architecture of [62-61-54-1] for 62 inputs and [34-85-54-1] for 34
inputs. They were the best architecture searches and activation functions due to the high R?

values. The best architectures and activation functions from 62 and 34 inputs were then trained.

5.5 Training of the Network

The termination criterion (when to stop training) occurred when the network error had
increased or the number of 1,000 iterations had been reached. Table 5.19 shows the different
training algorithms and iterations applied to the dataset. Correlation coefficient (R?) is also
shown in Table 5.19, which is the performance predictor for all datasets. The best network was
not determined solely on the results of one dataset; but by analyzing all three datasets - training,
validation, and testing. When comparing all three datasets, the best overall network found is
using the Quick Propagation training algorithm with 151 iterations and architecture of [34-85-54-
1]. The best overall network had a training R of 0.857, validation R? of 0.942, and testing R? of

0.937.
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It is important to note that the highest R? for training is found using the Quick Propagation

training algorithm with 151 iterations and architecture of [62-61-54-1]. However, the validation

and testing R? is significantly low compared to the best overall network, mentioned above.

Table 5.19: Summary table of training algorithms for the ANN model

RZ
. Training Number of
Architecture Algorithm iterations Training Validation Testing
62-61-54-1 QP 151 0.940 0.403 0.506
62-61-54-1 OBP 254 0.567 0.293 0.212
62-61-54-1 BBP 3256 0.202 0.006 -0.098
62-61-54-1 CGD 196 0.861 0.518 0.593
34-85-54-1 QP 151 0.857 0.942 0.937
34-85-54-1 QP 201 0.956 0.276 0.642
34-85-54-1 CGD 176 0.895 0.743 0.764
34-85-54-1 QP 351 0.979 0.509 0.389
34-85-54-1 LMQ-N 415 0.873 0.762 0.784
34-85-54-1 CGD 173 0.817 0.608 0.690
34-85-54-1 OBP 1000 0.778 0.568 0.679

5.6 Validation and Testing of the Network

As stated earlier, 218 cases (19%) were randomly used to validate the network and 184 cases
to test the network (16%). The R? found by the ANN software is 0.942 for validation and 0.937
for testing.

The ANN software allows querying every case in the dataset. This query (predicted energy
consumption) dataset was compared to the actual energy consumption. Every month was
summed and the percentage of error found is 0.37%. Figure 5.1 shows the comparison between
the predicted and the actual energy consumption. The predicted energy consumption values show

a strong relationship to the actual energy consumption values.
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Figure 5.1 : Comparison between the predicted and the actual energy consumption
(kwWh/month/household)

5.7 Query of the Network

A manual query was conducted in order to measure the effects of demographics on monthly
energy consumption in the Toronto MURB. The demographics that were measured were the
following: gender, age, income, orientation, residency (number of years living in the Toronto
MURB), country occupant's grew up, and number of hours spent in apartment unit.

In order to measure the effects of demographics, a selected set of household energy behaviour
inputs were fixed, while the demographics were changed. This means that the energy behaviour
inputs did not matter as long as it was selected consistently throughout the query. This enabled a
comparison between age groups, for example, and monthly consumption trends from October
2010 to September 2012. All data was manually entered to develop monthly demographical

trends for the selected set of household behaviours.
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The selected set of household energy behaviour was randomly selected from the survey
results. The selected set of household behaviours are defined by the following characteristics:
apartment unit located on the East side of the building, male, between the ages of 46 to 60 years
old, grew up in Africa, living in the Toronto MURB between 5 to 7 years, single-family
household, spends 9 to 13 hours per day in their apartment unit (includes sleeping), household
income between $15,000 and $29,999 per year, and appliance ownership, type. The other
selected characteristics (e.g., energy behaviour) from the survey are as follows:

o Electronic ratio of 0.227

o Television use: one to three hours per day

o Television type: Plasma

o Cable box is always turned off after use

o Stove use: one hour or less per day

o Oven use: one hour or less per day

o Computer use: 1 hour or less

o Computer age: 5 years or less

o Internet Use: 1 hour or less per day

o Two compact fluorescent light bulbs

o Two incandescent light bulbs

o One light bulb is turned on longer than three hours per day

o During the winter, light bulbs are turned on for three to five hours per day
o During the summer, light bulbs are turned on for three to five hours per day

o One light fixture (e.g., lamp)

70



During the winter, heating and cooling equipment is set at a low temperature (See
Table 5.16)

During the summer, heating and cooling equipment is set at a low temperature
(See Table 5.16)

Energy behaviour ratio of 1.589

Occupants are satisfied with the appliances in the unit (e.g., stove, over,

refrigerator) - rating of two out of seven
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Chapter 6 Survey Results

6.1 Sample

A total of 49 households completed the survey, with a response rate of 36%. Thirty-seven

surveys were mailed in, and 12 face-to-face interviews were conducted, no surveys were

completed on-line. This response rate is very similar to Abrahamse et al. (2007) study, which

also had a response rate of 36%. Appendix E presents the survey results for each question in the

survey.

At a 95% confidence level, the sample size yields a confidence interval of +/- 11.45%. This

means that if the same survey is conducted 100 times, 95 out of the 100 survey responses yield

results within +/- 11.45% of the response.

6.2 Demographical Distribution

The following demographical distribution was found by the survey responses>:

Gender: 80% of the surveys were completed by males.

Age: A majority of the respondents (60%) are above the age of 46 years.

Years of residency: 45% of the respondents have lived in the Toronto MURB for more
than seven years.

Ethnic origin: 45% of the respondents grew up in Africa.

Hours per day in household: 49% of the respondents spend 9 to 13 hours each day in their

apartment unit (includes sleeping).

® Any response of “0” in the survey means that the respondent did not complete the question. These responses
were not taken into account for averaging.
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e Income: 37% of the respondents have a total income of $15,000 to $29,999 and 29% who
have a income of $0 to $14,999. There are no respondents that have an income over

$50,000.

6.3 General Findings

6.3.1 Household Appliances and Electrical Devices

Figure 6.1 shows the ownership percentage of appliances and electrical devices within the
surveyed households. A majority of the survey respondents own a television, phone

charger/phone, lamp/light fixture, radio/stereo, DVD player and computer.
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Figure 6.1: Ownerships of appliances and electrical devices in the surveyed households
6.3.2 Television
e 57% of the respondents own a television that is five years old or less
e 33% of the respondents watch one to three hours of television everyday
For those respondents who own a television:
e 36% of the respondents own a regular (tube) television, 23% own a plasma television,

and 41% of the respondents own a LCD/LED television
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6.3.3

Computer

A personal computer is either a desktop or laptop computer.

6.3.4

53% of the respondents do not own a computer or the respondent does not use it.
For those respondents who own a computer:
32.6% of the respondents have a laptop.
43% of the respondents spend about one to three hours a day on the computer.
42.9% of the respondents own a new computer (five years or less).
For those respondents who have the Internet:
39% of the respondents spend approximately four to eight hours on the Internet every

day.

Heating and Cooling

A majority of the respondents open and close their windows in order to adjust to their
thermal comfort (80%). Figure 6.2 shows the other ways the respondents adjust to their
thermal comfort such as putting on or removing clothing, closing drapes or blinds, and so

forth.
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Thermal Comfort
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Figure 6.2: Respondent's adjustments to thermal comfort

6.3.5 Energy Behaviour

The average rating scores show that respondents "always" perform energy saving behaviours
by turning off their electronics, lights, and computers when not in use or not at home (Table 6.1).

Respondents, however, rarely use timer controls or purchase green appliances.
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Table 6.1: Energy Behaviour — Average and standard deviation

Do you... Average Rating Standard Deviation
Turn off lights when not at 1.21 0.68
home
Turn off lights when not in 1.41 0.70
use
Turn off electronics when 1.27 0.74
you are not at home
Turn off electronics when not 1.40 0.95
in use
Use timer controls to control 3.83 1.61
your electrical
devices/electronics
Turn off computer when not 1.81 1.19
in use
Turn off (shut down) 1.60 1.35
computer when you are not at
home
Buy green appliances/ 2.44 1.71
devices
6.3.6 Lighting

e The average number of CFLs in the respondent's apartment unit is 2.4.

e The average number of incandescent light bulbs in the respondent's apartment unit is 1.6.

e A majority of the respondents (81.6%) have one to two bulbs on longer than three hours

per day.

e During the winter, 38% of the respondents leave their light bulbs on for three to five

hours (Figure 6.3).

e During the summer, 63% of the respondents leave their light bulbs on for less than three

hours (Figure 6.3).
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Number of Hours Light Bulbs are On during Winter and Summer
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Figure 6.3: Number of hours light bulbs are on during the winter/summer seasons

6.3.7 Water Usage

e The average number of flushes per day is 4.2.

e 89.8% of the respondents prefer showering over bathing (10.2%).

e 49% of the respondents said that they run the tap while brushing their teeth, shaving, etc.
e 69.4% of the respondents leave the sink/tap running while washing the dishes.

e 55% of the respondents shower/bathe once a day.

6.3.8 Household Activities

e 67% of the respondents use their stove one hour or less per day.
e 47% of the respondents do not use their oven.
e 45% of the respondents use their oven one hour or less per day.

e 57% of the respondents do not use a microwave.

6.3.9 Indoor Environment Satisfaction and Thermal Comfort
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The following chart below summarizes the survey of respondent's indoor environment
satisfaction and thermal comfort (Table 6.2):

Table 6.2: Average indoor environment satisfaction and thermal comfort survey
respondent scores

Average respondent score
(1 being very satisfied or enhances; 7
being very dissatisfied or interferes)

Amount of space available for individual 3.52
daily activities?

Apartment unit layout? 2.90

Quality of water in your apartment? 2.23

Appliances in your apartment (i.e. stove, 2.02
refrigerator, etc.)?

The cleanliness of the building? 1.71

The maintenance of the building? 2.18

The temperature of your apartment unit 4.04
during the summer?

Overall, does your thermal comfort in the 3.65

apartment during the summer enhance or
interfere with your comfort?

The temperature of your apartment unit 2.82
during the winter?
Overall, does your thermal comfort in the 2.82

apartment during the winter enhance or
interfere with your comfort?

The temperature of your apartment unit 2.67
during the spring/fall?
Overall, does your thermal comfort in the 2.67

apartment during the spring/fall enhance or
interfere with your comfort?

The air quality in your apartment (e.g., 3.33
stuffy/stale air, odours, cleanliness, etc.)?

Overall, does your air quality in the 3.04
apartment enhance or interfere with your
comfort?

The sound privacy between apartments? 2.84

Overall, does your acoustic quality in the 2.63
apartment enhance or interfere with your
comfort?

How satisfied are you with the building 2.53
upgrade?
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e Some concerns about indoor environment satisfaction and thermal comfort are the

following:
o The windows are too small.
o No air circulation within their apartment units.

o 24% of the respondents were not living in the Toronto MURB during the building
upgrade.

e Strong correlation between temperature satisfaction and enhancement of their thermal
comfort, see Appendix F. The correlation analyses found relationships between indoor
environment satisfaction and thermal comfort. Six relationships were found statistically
significant at the p <0.01 (two-tailed):

o Satisfaction for apartment unit layout and amount of space for daily activities
(r=0.772, p<0.01).

o Satisfaction for maintenance and cleanliness of building (r=0.747, p <0.01)

o Dissatisfaction for apartment unit temperature during the summer and how it
enhances their thermal comfort (r=0.86, p<0.01)

o Satisfaction for apartment unit temperature during the winter and how it enhances
their thermal comfort (r=0.759, p<0.01)

o Satisfaction for apartment unit temperature during the spring and fall and how it
enhanced their thermal comfort (r=0.933, p<0.01)

o Satisfaction for the air quality within their apartment and how it enhances their
thermal comfort (r=0.81, p<0.01)

6.3.10 Your Neighbourhood

e 14% of the respondents had said that they had an outstanding sense of belonging within
their local neighbourhood.

e 16% of the respondents had said they had a very strong sense of belonging.

e 22% of the respondents had said they had a somewhat strong sense of belonging.

e Respondents had positive comments about living in the Toronto MURB. Some positive
comments referred to their safety, location, and comfortable living conditions.

e Some areas of concerns about living in the Toronto MURB related to summer conditions,

air circulation, windows, and the retrofits that been done over the past years.
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Overall, the respondents felt that the Toronto MURB had changed their life by giving them a
sense of security and privacy. In addition, the Toronto MURB also changed their life by having
affordable housing (finances).

Appendix G presents the survey results with respect to four occupant predictors: gender, age,
income and hours per day. Some highlights in Appendix G include:

e All female respondents are of a low-income household (less than $29,999).

e Almost 71% of the respondents who do not own a computer are over 30 years old.

e Overall, high income households spend less hours per day in their apartment unit
compared to low income households.

e Overall, a majority of the respondents are satisfied with their appliances, cleanliness, and
maintenance of their apartment unit and building.

For more survey highlights, see Appendix G.
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Chapter 7 ANN Results

7.1 Overview

Chapter 7 presents the impacts of demographics on household energy consumption in the
Toronto MURB. The model, developed in Chapter 5, was used to compare monthly energy
consumption profiles for each of the following: gender, age, income, orientation, residency,
geographical area grew up in, and number of hours spent in apartment unit. In order to evaluate
the effects of household demographics, selected household characteristics were obtained. These
characteristics were presented in Chapter 5.7.

It is crucial to note that the results of this chapter was discovered using the ANN model
developed in Chapter 5. It is important to emphasize that the ANN model represents the 48
respondents living in the Toronto MURB during a twenty-four month period. The best network
found is using the Quick Propagation training algorithm with 151 iterations and an overall R? of
0.895. On average, the energy consumption for the selected household characteristics was 171
kwWh/month. In addition, when comparing the ANN model predictions and actual energy
consumption, it was found to have a percent error of 0.37%. Table 7.1 displays the average

household monthly energy consumption in the Toronto MURB.
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Table 7.1: Selected household's energy consumption (kWh) from October 2010 to
September 2012 from querying the ANN model

Year Month Household's energy
consumption (kWh)
2010 October 159
November 159
December 206
2011 January 227
February 215
March 194
April 165
May 163
June 175
July 173
August 161
September 155
October 162
November 158
December 205
2012 January 183
February 187
March 172
April 173
May 140
June 140
July 142
August 141
September 148
Average: 171

7.2 Lower and Upper Bounds of Energy Behaviour Inputs

To test the reliability of the ANN model, the lower, selected household characteristics, and
upper bounds of energy behaviour was compared. The lower bound means querying the model,
where the occupants do not own or use any appliances or electrical devices. Inversely, the upper
bound is when the occupant owns and uses a high amount of appliances and electrical devices.
For example, the upper bound would mean that the occupant would have the highest electronic

ratio, high energy behaviour score, own all appliances, use frequently, and so forth. Table 7.2
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shows the data of querying between the lower and upper bound, and compared to the selected

household characteristics presented in Chapter 5.7. Overall, the occupants with a higher upper

bound consumed more energy; occupants with a lower bound consumed less.

Table 7.2: Lower bound, selected, and upper bound household energy consumption

Year Lower bound (kwWh) Selected Household Upper bound (kwWh)
Characteristics (kWh)
2011 105 179 214
2012 118 158 173
Average
household
energy
consumption
(KWh): 111 171 191

7.3 The Impact of Demographics on Household Energy Consumption

7.3.1 Gender

Figure 7.1 shows the energy consumption comparison between males and females obtained
from ANN model. On average, males used more energy than females did during winter
(December, January, and February). The mean difference is approximately 5 kWh/month above
the female's consumption of 199 kWh/month during the winter season. During the summer
season, however, males and females tend to have equivalent energy consumption patterns.
Another energy consumption relationship found was that the monthly energy consumption runs

parallel to the heating degree days® (HDD) and cooling degree days’ (CDD). Table 7.3 shows the

® Heating degree day: Heating degree-days for a given day are the number of degrees Celsius that the mean
temperature is below 18°C. If the temperature is equal to or greater than 18°C, then the number will be zero.
(http://www.climate.weatheroffice.gc.ca)

" Cooling degree day: Cooling degree-days for a given day are the number of degrees Celsius that the mean
temperature is above 18°C. If the temperature is equal to or less than 18°C, then the number will be zero.
(http://www.climate.weatheroffice.gc.ca)
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calculated mean difference and percentage difference between genders. A similar trend is found

in Guerin et al. (2000), where males were found to consume more energy than females.

Table 7.3: Calculated mean difference and percentage difference between genders

Year Month Female Energy Male Energy Difference
Consumption Consumption (kWh/month)
2010 December 201 206 -5
2011 January 222 226 -4
2011 February 209 215 -6
2011 December 201 205 -4
2012 January 177 182 -5
2012 February 182 187 -5
Average: 199.1 Average: 203.9
Average difference between females and males (kWh): -4.8
Percentage difference females from males (%0): -2.4
Gender
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Figure 7.1: Comparison of energy consumption between male and female surveyed
respondents in the Toronto high-rise MURB

7.3.2 Age

Since females consumed less energy than males did during the winter season, two different

results were extracted by using the ANN model. First, a comparison between different male age
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group shows that middle-aged males (31 to 45 years old) use less energy than other male age
groups - approximately 26 kWh/month (see Figure 7.2). Second, different female age groups
were compared and it was found that middle-aged females (31 to 45 years) use less energy than
the other age groups (Figure 7.3). Approximately 26.71 kWh/month compared to the average
female. Figure 7.3 also illustrates that during the winter seasons, females over the age of 60 years
use more energy than the average females did- approximately 10.96 kWh/month.

This result is valid because 33% of the respondents that are between the ages 31 and 45 years
old spend 8 hours or less in their apartment unit per day. In addition, a majority of the middle-
aged occupants spend 9 to 13 hours per day in their apartment; less time spent in their unit means

less energy that is consumed.
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Figure 7.2: Comparison of energy consumption between different male age groups
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Figure 7.3: Comparison of energy consumption between different female age groups

It is worth noting that overall females between the ages 31 to 45 years old consumed, on
average, 145 kWh/month; whereas, males between the ages of 31 to 45 years old consumed more

than females between that age bracket (on average, 148 kWh/month).

7.3.3 Income

Figure 7.4 shows that households with the highest income ($30,000 to $49,999) consume
about 18% less energy than the other income groups. The mean difference is approximately 25
kwWh/month below the average of 165 kWh/month (average of the other income groups). This
result is valid because a majority of the respondents (57% of the respondents) spend 9 to 13

hours per day in their apartment unit compared to other respondents spending over 13 hours.
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Figure 7.4: Comparison of energy consumption between different incomes

Figure 7.5 shows that West side orientated units consumed less energy than the East

orientated apartment units. On average, the West side consumed about 17% less energy than the

East side. The mean difference is approximately 29 kWh/month below the East average of 171

kwWh/month. Appendix C analyzes monthly mean energy consumption with respect to

orientation. It is found that West oriented apartment units use less energy than the East. A similar

trend is found using the ANN model (Figure 7.5).

88




Orientation

240 900

800
220 +

- 700

\ SN

N
=3
S

(

NG T
(

5/

N
=3
=

Energy consumption (kW/h)
5
=
\
~
= I
] s
Dgree days

[y
~
=)

[
o
=)

HDD

003 D . ——— R |
S O D DD DD D DD DD DD D DD DD DD DD oD

S SN AN N AN SR S S N S S A N S N N SN
c\’ﬁ &0 '»\WQ »\WQ ’\/\,\9 %\"9 &o s\"’Q b\'& '\\& %\”9 O;\WQ Q\’LQ \,\,19 m\'& \\We m\’& @\"9 N <9\'L° ‘O\,@ '\\W0 %\,@ «a\’&
SN N N S (AR AN N RN I N N AT S RIS G A R R\ M

Date

)

——West

——East

Figure 7.5: Comparison of energy consumption between orientations (East or West)
7.3.5 Residency (Number of years living in their apartment unit)

Figure 7.6 shows occupant's monthly household energy consumption did not vary as much as
occupant's residency did. However, during recent months (June 2012 and onwards), newer
occupants (0 to 1 year) consumed almost 4% less energy than the average of the other residency
categories did. The mean difference of 6 kWh/month below the average of 145 kWh/month.

In recent months (June 2012 and onwards), older residency (more than 7 years) consumed
about 3.7% more energy than the average of the other residency categories did. The mean
difference of 5 kWh/month above the average of 142 kWh/month. These results are valid
because newer occupants spend less time in their apartment unit than older residency occupants.
Twenty-seven percent of older residency occupants are also found to spend more than 18 hours
in their apartment unit. Fifty-five percent of older residency occupants were also found to be

over 60 years old.
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Figure 7.6: Comparison of energy consumption between different residencies (years
living in their unit)

7.3.6 Geographical Area Occupant's Grew Up In

Figure 7.7 shows occupant's monthly household energy consumption based on the occupant's
geographical area in which they grew up. Occupants who grew up in South and Central America
consumed 21.6% less during winter months (e.g., December to February) than the average of the
other geographically categories did. The mean difference is 38 kWh/month below the average of
216.5 kWh/month during the winter months. Occupants who grew up in Canada consumed
12.5% more energy during winter months than average of the other geographical categories did.
The mean difference of 29 kWh/month above 203 kWh/month.

These results are valid because 33% of occupants that grew up in Canada spend more than 18
hours in their apartment unit. Whereas, South/central American occupants 50% spend 14 to 18

hours per day.
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Figure 7.7: Comparison of energy consumption between different countries grown up

7.3.7 Number of hours spent in their apartment unit

Figure 7.8 shows occupant's monthly household energy consumption between the number of

hours occupants spend per day in their apartment unit. Occupants who spend 9 to 13 hours per

day in their apartment unit consume 2.7% less energy than the average of the other categories.

The mean difference of 4 kWh/month less than the average of 175 kWh/month. The other

categories are found to have similar consumption relationships throughout the 24 months. These

results are valid because 86% of older occupants (over the age of 60 years) spend more than 18

hours or more in their apartment unit. In addition, 71% of the occupants that spend more than 18

hours or more have an income between $0 and $14,999.
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Figure 7.8: Comparison of energy consumption between different hours spent in
apartment

7.4 Closing Remarks

This chapter evaluates the impact of demographics on occupant's household energy
consumption in the Toronto multi-unit residential building by using the artificial neural network
model. The model investigates occupant's energy consumption in relation to their gender, age,
income, orientation, number of years living in the Toronto MURB, geographical area in which
they grew up, and the number of hours spent in their apartment unit per day. The model
examined these factors within a 24 month period from the first day of October 2010 to the last
day of September 2012. It is interesting to note that occupant's household energy consumption
follows the HDD and CDD weather conditions (see Figures 7.1-7.8).

Overall, males consumed slightly more energy per month than females. During winter months
(December to February), males consumed a mean difference of 5 kwh per month over 199 kwh
per month. However, middle-aged males (31 to 45 years old) consumed the least out of all the

other age groups. Middle-aged males consumed approximately 26 kWh/month compared to the
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average of the other age groups. Similarly, the same relation was found from middle-aged

females.

This ANN model also finds the following relationships:

The highest income households ($30,000 to $49,999) consumed 18% less than the other
incomes did.

Eastern-oriented apartment units consumed more energy than Western-oriented units.
There was no distinct relationship between the number of years living in the Toronto
MURB and household energy consumption throughout the 24-month period. However,
from June 2012 and onwards, occupants who reside more than 7 years in the Toronto
MURB consumed almost 4% more energy than the other residency categories.
Occupants, who recently lived in the Toronto MURB (0 to 1 year), consumed almost 4%
less than the other residency categories.

During the winter months (December to February), occupants who have grown up in
Canada consumed 12.5% more energy than other geographical categories. Whereas,
occupants who have grown up in South and Central American consumed 21.6% less
during the winter months.

Occupants who spent 9 to 13 hours in their apartment unit consumed 2.7% less energy

compared to the other categories (Figure 7.8).

This chapter shows that the ANN model is able to predict the impact of demographics on

household energy consumption in a Toronto multi-unit residential building. By using the ANN

model,

this chapter presents significant energy consumption relationships based on

demographics. Neural networking is also able to estimate energy consumption based on other

variables, which will be partially discussed in the following chapter.
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Chapter 8 Achieving Energy Conservation for Low-

Income Renters in Toronto MURBS

8.1 Overview

In the previous chapters, the survey results and the impact of demographics on household
energy use were presented. Evaluating occupant's household energy use has shown to have
interrelated effects amongst various factors (e.g., demographics, orientation, number of hours
spent in their apartment). On a larger-scale, occupant's energy use behaviour contributes
significantly towards the total energy consumption within the residential sector. Thus, occupants
conserving energy is an effective way to reduce energy consumption and its associated effects on
the environment (e.g. GHG emissions and climate change; Aydinalp et al., 2003). The purpose
of this chapter is to present the barriers of achieving energy conservation for low-income
households. In this thesis, all of the occupants in the Toronto MURB are low-income households
and renters. One way of overcoming these barriers is by introducing tenant engagement
strategies. Additionally, tenant engagement strategies will also be presented in explaining effects

on occupant's energy behaviour and conserving energy.

8.2 Barriers of Low-Income Households in Achieving Energy Conservation

There are three main barriers that categorize the hindrances of achieving energy conservation
in low-income renter households: a lack of information and knowledge of renters concerning
energy consumption, relationship between renter and landlord, financial, and other potential

barriers.

8.2.1 Knowledge and Information
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Tenants who lack knowledge or are uninformed about residential energy conservation have
shown to consume more energy than those tenants who can be considered more informed about
energy consumption (Guerin et al., 2000). However, people who do take energy-saving measures
are generally aware of household energy use problems. Access to information and knowledge
about tenant's household appliances and how much energy these appliances consume must be
available in order to improve energy conservation.

Typically in rental housing units, major appliances are provided and landlords would likely
invest in energy efficient technologies depending on whether tenants pay for utilities or not. If
tenants do pay for utilities, then landlords are less inclined to invest; however, if tenants do not
pay for utilities, then landlords are more inclined to invest in energy efficient technologies. As
briefly mentioned before, despite the investment in these technologies in reducing energy
consumption, it is the renter’s behaviour or the intensity in which they use the technology. For
example, landlords may provide all ENERGY STAR™ appliances but renters may leave the
appliances on all day, such as leaving the lights, television or heating and cooling equipment
turned on; thereby cancelling out the energy efficiency of the appliances. In Natural Resource
Canada's Survey of Household Energy Use (SHEU) summary report 2007, the number of
appliances per household and household energy use have increased from 1990 to 2008 (Natural
Resources Canada, 2010). In today's world, energy efficient technologies are available
everywhere, it is the matter of how often and for how long residents use them.

There are informational barriers when a landlord provides energy efficient technologies. First,
tenants may not know whether technologies are efficient or not. They may think that the larger
the appliance, the more energy it uses. Second, renters may not know what energy efficient

means or how they not know whether they are conserving energy or wasting it, with little
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knowledge of how to track or measure their use. Lastly, if renters do try to carry out energy
efficient behaviour, they may not know whether they are conserving a significant amount.
Therefore, providing information and awareness of energy efficiency will help foster a better

energy conserving behaviour.

8.3 Renter-Landlord Relationship

While low income renters are a diverse group, when it comes to energy consumption and
conservation they share two inherent characteristics. First, low-income households are
financially restricted investing in energy efficient appliances or improvements. Second, monthly
rental costs, sometimes, includes utilities such as electricity and natural gas. The following four
scenarios explain the renter-landlord relationship barriers in achieving energy conservation. This
is also referred to as the 'agency problem' (Table 8.1) that is based on a report by American
Council for an Energy-Efficient Economy (ACEEE, 2007).

Table 8.1 shows four scenarios to the renter-landlord relationship in achieving energy
conservation are (Maruejols & Young, 2011; Levinson & Niemann, 2006).

Table 8.1: ""Agency Problem™ - four scenarios illustrating the renter-landlord
relationship

Renter selects technology Landlord selects technology

Renter pays for utilities Scenario #1: No Principle- Scenario #2: An Efficiency
Agent Problem Problem
Renters are responsible for
their own energy use

Landlord pays for utilities Scenario #3: A Usage and Scenario #4: A Usage Problem
Efficiency Problem

Scenario #1: Renter pays for utilities, and renter selects the technology (Maruejols &
Young, 2011). This case is referred to as the "no principal-agent problem™ and also "responsible

for their own behaviour” because renters are accountable for how much energy they consume.
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Utilities refer to any energy commodity such as electricity and gas. Technology refers to major
appliances, electrical devices, heating and cooling equipment; any service within their housing
unit that needs energy.

Scenario #2: Renter pays for utilities, and landlords select technology. This case is referred
to as "an efficiency problem" because if renters pay for their utilities, landlords do not see any
benefit investing in energy efficient technologies. In some cases, where they do decide to invest
in energy efficient technologies to lower their utility costs, it may not be as beneficial to them as
the payback period of purchasing the technology could be for a number of years, for example,
and they only reside in the rental unit for one year. The payback period is the elapsed time in
which the accumulated energy savings from the technology or services throughout time offset
the initial investment cost.

Scenario #3: Landlord pays for utilities, and renters select technology (Maruejols & Young,
2011). This situation occurs when renters select their technologies (appliances) and they do not
pay for utility costs, it is included within the monthly rent. Low-income renters would shy away
from large "upfront™ costs in order to be energy efficient, such as purchasing ENERGY STAR™
major appliances, because they don't have to pay for utilities. Although this is not a common
case, it does occur in owned condominiums. Renters would not see any benefit investing in
energy efficient technologies nor would they care for the intensity level in which they use these
technologies.

Scenario #4: Landlord pays for utilities, and landlord selects technology (Maruejols &
Young, 2011). Landlords may provide major appliances such as refrigerator and stove-tops in
their units. In this case, the landlord has the ability to invest in energy efficient technologies.

There is a possible "usage™ problem. Despite using energy efficient technologies, renters decide
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on the intensity of the energy-using technology. Since the utilities are included in the monthly
rent, in case 3 and 4, renters tend to be unreserved in their behaviour and therefore tend to
consume more energy. This also includes events where appliances or technologies require
maintenance; renters are not as willing to report them to the landlord. Similarly, renters would
not be as willing to make energy efficiency improvements within their units or even invest
money into these technologies.

The selection of energy efficient technology and responsibility of utility costs are not the only
factors that influence the renter-landlord relationship. Williams (2008) explains that vacancy
rates is also another factor. For instance, if there is a low vacancy rate, landlords may increase
monthly rental costs due to the market demand. Landlords would invest less in energy efficient
improvements due to the high demand in units and easy replacement (Williams, 2008). Inversely,
if the vacancy rate is high, then landlords may decrease monthly rental costs or become highly
competitive with other residences by investing in energy efficient technologies.

Ultimately, the renter-landlord relationship is quite complex, especially with the addition of
another dimension of low-income renters and energy conservation. Landlords are faced with
difficult situations when deciding whether to invest in energy efficient technologies or
implement strategies which change occupant's energy behaviour. Low-income renters, on the
other hand, especially renters who do not pay for utilities, may vaguely have an idea of the costs

associated with their energy consuming behaviour.

8.4 Financial Barriers

With the financial constraints of low-income households, it is difficult for these households to
invest in energy efficient technologies or services. An investment in these technologies and

services requires a large up-front cost, which low-income households would compromise their
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finances on other essentials such as food, clothes, and education (Baxter, 1998). Similarly,
landlords arrive at the same dilemma. In some cases, where large up-front costs are non-existent
and landlords invest in energy efficiency, landlords then question themselves whether their
investment actually achieves the expected energy savings and makes up for their investment
during the expected future payback period. First, investing in energy efficiency technologies or
services does not imply that the household will be energy efficient. Laquarta (1992) states that
institutional barriers affect renter’s household energy use, despite the energy efficient building
improvements. In the scenario where energy costs are covered by landlords, the expected
efficiency of the technology or service will not be as effective. Secondly, the payback period is
always a consideration when investing for landlords. Laquarta (1992) identifies a shorter
payback period is more desirable; however, it may not necessarily be the best. This is because
there are no considerations given to any savings after the payback period and capitalization
effects.

The barriers that exist that impede low-income renters from conserving energy. Policies,
programs, services and other strategies have been set in place to address and overcome these
issues. For instance, split-incentives are a way of dividing the cost of energy efficiency
improvements between the renter and landlords. Weatherization programs such as energy audits
and education programs have been set out to assess renter’s household energy use. Ontario
Energy Board's Low-Income Energy Assistance Program (LEAP) is a program that manages
low-income Ontarians electricity and natural gas bills (Stewart, Fry, & Alliance, 2006). These

are only a few examples and will be further addressed in a later section of this thesis.

8.5 Tenant Engagement Strategies
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This section discusses how to overcome these barriers and achieve energy conservation
through various tenant engagement strategies. There have been many studies conducted to
examine tenant engagement strategies. In addition, there have been many publications that
reviewed these strategies. This section updates previous publications that have already reviewed
energy conservation strategies aimed at household energy use (Abrahamse et al., 2005; Cook and
Berrenberg, 1981; Ehrhardt-Martinez et al., 2010; and Fischer, 2008). This review includes
organization reports (e.g., utility companies and NGOs), media (e.g., Internet articles), as well as
strategies that were implemented from 1983 to 2012. Various journals were consulted such as
Environmental Psychology and Energy. A majority of the studies referenced are field
experiments; others were NGOs and government initiatives.

Studies selected for this review needed to have measured effects of the tenant engagement
strategy - quantified reduction in energy consumption. Only one study, the WIRE project,
measured the behavioural effects of the tenant engagement strategy (LIEN, 2011).
Classifications of these interventions for this review are similarly presented in Jacobson et al.
(2006) book - Conservation Education and Outreach Techniques. Classifications presented
include networking, marketing, informational, and technological interventions. At the end of this

section, a summary table of studies and reports of interventions are presented (Table 8.4).

8.5.1 Networking Interventions

Building relationships and alliances to promote conservation such as environmental groups,
workshops, seminars, and presentations® are effective ways of reducing energy consumption.
Networking can create a synergy between groups and allows individuals to become creative and

productive. Staats et al. (2004) have created an Eco-team program, where households promote

8 Jacobson et al. (2006) - pp. 250-255
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energy conservation by ways of distributing information, and providing participants with
individual and comparative feedback. The concept behind this is to empower and allow residents
to advocate for energy conservation. The authors found that implementing an Eco-team can
potentially achieve 20.5% gas savings, 4.6% in electricity savings, 2.8% in water savings and
32.1% in waste savings (Staats et al., 2004). Similarly, two Canadian initiatives, Globe's
Community Champions and the Brahms Energy Saving Team (BEST) animators, both involve
having tenants lead and instruct other tenants on conservation (Toronto Environmental Alliance,
2008).

The Community Champion Program educates and trains residents to become actively
involved within their own communities. The program’s ‘community champions’ receive training,
information, and the resources to promote conservation, resident comfort, and create positive
outcomes on the environment. The program is most effective in a team approach, when there is a
group of simultaneously striving community champions. This approach is very similar to Brahms
Energy Saving Team (BEST) program in Toronto. Energy conservation measures for 850
residential units in 11 social housing properties were implemented using the Community
Champion Program, which resulted in a 1,331 kW reduction in energy consumption in these
buildings.

The result of this BEST project was a tenant participation rate of 80% and tenant-led
programs. An annual energy savings of 226,928 kWh was achieved, which is a 6.6% reduction in
energy consumption. Workshops, on the other hand, are organized gatherings where tenants
increase their knowledge and become informed about an issue. Workshops are also very similar

to seminars or public presentations, in that they present information to influence behaviour and
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attitudes (Jacobson et al., 2006)°. The gathering of the tenants can range from small to large
groups allowing tenants to exchange ideas and discuss about the featured topic (energy
conservation). In a study by Geller (1981), workshops increased knowledge, attitude, and
intention of pro-environmental behaviour regarding energy conservation. In addition, the
workshops increased the perception of the energy crisis and awareness of a household lifestyle

on energy consumption.

8.5.2 Marketing Interventions

Marketing interventions providing programs/techniques in order to communicate and
understand tenant's motivations and perceptions on energy saving issues. It also incorporates
social marketing that acknowledges perceptions and barriers to effectively change energy
consumption behaviour. Examples of these strategies are commitment, social norms, and
feedback.

Commitment entails tenants agreeing to conserve energy; this often alters the way tenants
perceive themselves. Commitments can be in the form of written, verbal, private, and public
commitments. According to the Self-Perception Theory, "...if we can provide opportunities for
people to engage in sustainable behaviours, the very act of engaging will shape their attitudes"
(McKenzie-Mohr, 2011)'°. Pallack and Cummings (1976) have identified that private
commitment is more effective than public commitments. In addition, verbal commitments are
more effective that written commitments (Katzev & Johnson, 1983). However, Katzev &
Johnson (1983) and Pallack and Cummings (1976) suggest that in order for commitment to be
effective it must be coupled with other strategies. McCalley and Midden (2002) tested the

effectiveness of combining feedback and goal setting to 100 residents. They found that self-set

®Jacobson et al. (2006) - pp.256-263
1% McKenzie-Mohr (2011) - pp. 45-60
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goals and feedback save more energy (21.9%) than those who are assigned a goal (19.5% energy
savings).

Social norms are behavioural expectations that are sought to be acceptable in society; in this
case, environmental behaviour. There are two types of norms (Jacobson et al., 2006)™, injunctive
and descriptive norms. Injunctive provides information on what behaviours are acceptable and
unacceptable. Whereas, descriptive norms indicate which behaviours individuals should engage
in. Allcott (2011) tests social norms and their effects on electricity use on 600,000 households
for 12 months. The study found that the change in social norms reduced electricity consumption
by 2%.

Feedback monitoring is informing oneself of their energy consumption. This involves tenants
using an energy monitoring mechanism that calculates their energy consumption for a period of
time. These feedback devices are so familiar in today's world that many studies have investigated
the effect of feedback monitoring on household energy consumption. Furthermore, there are
many types of feedback monitoring. Ehrhardt-Martinez et al. (2010) created a comprehensive
review of feedback studies in nine countries, including Canada. Based on 36 feedback-related
studies between 1995 and 2010, Ehrhardt-Martinez et al. (2010) found that the average annual
household electricity savings could range from 3.8% to 12.0%. Table 8.2 gives a summary of
Ehrhardt-Martinez et al. (2010) comprehensive review of different feedback types and average

household electricity savings.

11 Jacobson et al. (2006) - pp. 63-65
103



Table 8.2: Ehrhardt-Martinez et al. (2010) summary of feedbacks effect on household
electricity consumption based on 36 studies

Feedback Type Indirect/Direct Description Annual Percent
Feedback? Savings
Enhanced Billing Indirect Feedback - Household 3.8%
provided after information and
consumption advice
Estimated Indirect Feedback Web-based tools 6.8%
Daily/weekly Indirect Feedback Household 8.4%
information and
advice
Real-Time Direct Feedback - Real-time information 9.2%
provided real time to household
consumption
Real-Time Plus Direct feedback Real-time information 12.0%

and consumption
down to appliances
and devices

In a recent study by Gronhoj and Thorgersen (2011), a LCD feedback monitor was tested with

20 households for a period of five months (see Table 8.4). On average, they found that the

potential energy savings with the direct feedback is 8.1%. It is also important to note that the

LCD monitoring system empowered the tenants to lower their energy consumption, especially

households with teenage children.

Faruqui et al. (2010) conducted a review of continuous feedback through In-Home Displays

(IHDs) and found that on average IHDs could reduce electricity consumption of about 7%. IHDs

provide direct feedback to the household, informing them of their cost and energy consumption.

Farqui et al. (2010), Mountain (2006), and Mountain (2010) have identified four Canadian IHDs

monitoring feedback programs, listed below, that are all utility company-led programs.
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Table 8.3: In-Home Display (IHD) feedback monitoring pilot programs in Canada

(Farqui et al., 2010)

Pilot programs Feedback Type Number of Energy conservation
customers impact

Hydro One real-time IHD 382 - test 6.5%

feedback pilot 42- control group

BC Hydro and IHD 200 2.7%
Newfoundland power

pilot

Woodstocks Hydro's IHD plus prepay for 2500 15%

Pay as you go electricity use
Hydro One time-of- | IHD plus varying time 234 - Test 6.71t0 7.6%

use pilot

of use rates

150 - control group

Siero et al. (1996) found that comparative feedback could change behaviours and energy
consumption but hardly changed the participant's attitudes and intention to reduce energy
consumption. Another finding was that receiving feedback of others' consumption is more
effective than receiving one's own consumption information. Similarly, Alahmad et al. (2012)
found that feedback monitoring is an effective way to inform, exhibit change in behaviour, and
foster awareness within a short timeframe, 30 days.

Incentives and disincentives are another intervention that have been shown to be effective. An
incentive is implemented by rewarding individuals who adhere to the behaviour. Disincentives,
on the other hand, is the opposite approach - individuals are fined or punished. Midden et al.
(1983)

incorporated a monetary reward and other interventions to encourage reduce

consumption.

8.5.3 Informational Interventions
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Informational interventions involve sending out a specific message to occupants on
environmental issues such as posters, brochures, signs, and giveaways (e.g., magnets and
stickers). Informational tools include either providing information to increase knowledge on
energy-related issues (e.g., energy crises, oil prices, or global warming) or providing information
to show behavioural options to deal with the energy-related issues (e.g., turning off their lights,
purchasing energy efficient appliances, etc.) (Jacobson et al., 2006)*%. Studies have shown that
informational tools reduce energy consumption (Kurz et al., 2005; Abrahamse et al., 2007,
Midden, 1983). For example, Kurz et al. (2005) found that informational leaflets and brochures
significantly reduced tenant's water consumption by 23% as well.

An informational campaign held in Toronto called Walpole is Reducing Energy (WiIRE)
provided 85 households with educational brochures and flyers, which resulted in 90% of the
tenants reportedly learning about and reducing energy consumption (LIEN, 2011). Similarly,
McMakin et al. (2002) carried out a similar approach and found that tailored information could
reduce energy consumption by 10% using campaign messages, themes, visuals, and focus
groups. Informational interventions, however, are only found effective if combined with other
strategies such as goal setting or feedback (Abrahamse et al., 2007). In addition, these

informational tools must be tailored to target specific behaviours to the households.

8.5.4 Technological Interventions

Technological interventions such as radio, television, and the Internet are also effective and
efficient ways to reduce energy consumption. Staats et al. (1996) tested the effectiveness of a
mass media campaign using national television, national newspapers, and billboards to increase

households to perform environmental behaviours. After two months, the study found that

2 pp. 63-70
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households were more willing to perform environmental behaviours. Staats et al. (1996),
however, were not able to quantify the energy savings from the campaign; they only accounted
for knowledge, attitude and behavioural (qualitative) variables.

Web-based tools were tested in a study conducted by Benders et al. (2006). The study
targeted 190 households for four months, where the web-based tool allowed the households to
calculate their energy consumption through their daily activities (e.g., driving their car,
shortening shower time, etc.). The study had found direct energy reduction of 8.5% compared to

the control group.

8.6 Tenant Engagement Strategies: Discussion and Conclusion

Creating environmental groups and tenant-led programs have been effective. The BEST
project in Toronto and Staats et al. (2004) are good examples of networking interventions that
encourage reductions in energy consumption. It is also important to note the long-term effects of
these interventions. The BEST program showed reductions of 6.6% at the end of the year. Long-
term effects are crucial, as the intervention may slowly lose its effect after it has been
implemented; Staats et al. (2004) shows a reduction in energy consumption after two years.

Feedback is also an effective intervention to encourage energy reductions. Real-time feedback
has been shown to have the most effective type, especially when physically displayed to the
individual (Ehrhardt-Martinez et al., 2010). In addition, comparative feedback has shown to be
not as effective as individual feedback (Brandon and Lewis, 1999).

Overall, informational interventions are not effective. However, combinations of interventions
plus information interventions are more effective (Abrahamse et al., 2005). Technological
interventions have evolved from informational techniques and have truly revolutionized energy

conservation education and awareness (Jacobson et al., 2006). Technological interventions

107



communicate more effectively to younger generations. As computers are more prevalent within
households, web-based tools and Internet resources have shown to be an effective measure in
educating and informing people about their energy consumption (Benders et al., 2006).
Ultimately, the purpose of implementing tenant engagement strategies is to change the
behaviours in order to reduce consumption. Behaviour, in the context of this thesis, means
adopting energy efficient actions and manners within a household setting; such as turning off the
light, unplugging appliances after use, purchasing energy efficient appliances, and more.
Behaviour is the basis of an energy efficient house; residents ultimately choose how intensive
and what type of equipment used. The Theory of Planned Behaviour (TPB) was developed in
1986 and introduced by Icek Ajzen (1991). The theory is an extension of the Theory of Reasoned
Action (Jacobson et al., 2006; Ajzen, 1991). Figure 8.1 illustrates the Theory of Planned

Behaviour:

Perceived
behavioral
control

Figure 8.1: Theory of Planned Behaviour (Ajzen, 1991)

It is important to acknowledge this theory as it identifies key issues in conservation
intervention studies aimed at household energy use. First, behaviours are influenced by various

components such as attitudes, norms, and personality traits of a human. In addition, everyone is

108



different in the type of behaviours they perform. Abrahamse et al. (2005) suggests that the
evaluation of an intervention should be based on changes in the behavioural determinants and
changes in the behaviour. Only a few studies have investigated the effects of interventions on
behavioural determinants (Abrahanse et al., 2007; Midden et al., 1983). TPB suggests that
studying attitude and personality traits is more effective in predicting behavioural aggregates
rather than exhibiting specific behaviours (Ajzen, 1991).

Second, the theory explains that behaviour is linked to knowledge. If there is more knowledge
on an issue, then behaviours in saving energy are more inclined to occur. Many interventions, as
previously outlined, have shown to increase knowledge and positive attitude to reduce energy
consumption. However, individuals learn or obtain knowledge in different ways. Therefore,
many studies have combined interventions in order to accommodate individual receptivity to
information and learning.

Although combined interventions have shown to reduce consumption significantly, one of the
recurring problems in the literature is discerning the individual impact of an intervention
(Abrahamse et al., 2005). For example, incentives are effective tools to reduce a tenant's energy
consumption. McClelland and Cook (1980) simultaneously combine three interventions
(feedback, information, and reward) and found reductions in gas consumption (6.6%); however,
they did not find impacts for individual interventions.

Thirdly, the TPB also distinguishes between ‘actual behaviour' to individuals who are
psychologically interested in doing the action. This means that individuals will/may perform a
behaviour if they have the feeling they are being “experimented” on or pressured to do so.
During the implementation of the intervention, individuals may perform the behaviour but once

the intervention is removed, they would return back to their ‘old behaviour’. Another recurring
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problem in the literature is the intervention's long term effects on behaviour. Many studies have
focused on short-term effects and have not attempted to conduct a follow up investigation of
participants' behaviour and consumption use. In a review of interventions by Abrahamse et al.
(2005), only a few studies have attempted to investigate the long-term effects. It is evident that
the interventions did not have any significant impact on participant's long-term behaviour or
consumption use.

Lastly, the TPB teaches us that human behaviour is a complex topic. The theory gives
evidence and explains how behaviour is linked to one's beliefs, attitudes and norms. It does not,
however, sculpt the exact form of behaviour. A stepping-stone to forming an understanding of
behaviour is to identify the individual's needs and barriers to a certain action. In doing so, it will
allow programmers and educators to formulate interventions tailored to one's needs. As a result,
it will effectively overcome an individual's barriers compared to generic information or irrelevant
tools. Kurz et al. (2005) and Abrahamse et al. (2007) are examples of tailoring information in
order to successfully reduce energy consumption and change behaviours.

In conclusion, the intent of this review is to update previously published reviews and identify
effective intervention measures for reducing energy consumption. Despite the very small sample
size of this review, twenty studies were identified and correlated with similar trends to the other
intervention reviews - Abrahamse et al., 2005; Cook and Berrenberg (1981) ; Ehrhardt-Martinez
et al. (2010); and Fischer (2008). Studies have shown the effectiveness of these interventions but
have not addressed identifying the households'/individuals' needs or barriers to achieve energy
consumption. In addition, only a few studies such as McClelland and Cook (1980) have

investigated a multi-unit residential building environment.
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Tenant engagement strategies can be implement in this Toronto MURB. However, the first
step is to understand how occupants currently use their energy and motivating for them. This
thesis provides an understanding of how 48 occupants use their energy. The next steps are to
create a tenant engagement program that is tailored, led by occupants, and informative for

occupants to achieve energy conservation.
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Table 8.4: Studies on Household energy conservation strategies; author/organization, intervention(s), targeted behaviours,
number of people in the study, design, duration, and the effect (behaviourally and energy consumption)

Author(s)/ Intervention Target Number of Design Duration Behavioural Changes and Effect
Organization | (s) Behaviour households/pa Other
rticipants
Abrahamse et | 1.Tailored Energy-related 1.71 1. Information, 5 months | Individuals exposed to Experimental groups (Exp):
al. (2007) information, behaviours (e.g. | 2. 66 individual goal setting, interventions have shown to have | reduced energy by 5.1%
2.Goal setting, | thermostat, Control: 53 and tailored individual greater knowledge and change 1. Reduced by 5%
3.Tailored water use, feedback behaviours. 2. Reduced by 5.3%
feedback lighting use, 2. Tailored Control groups used 0.7%
heating/cooling information, individual more energy
use, appliance goal setting, individual
use) - website feedback, group goal
calculation tool and group feedback
Control: No
interventions
Alamhad et 1.Feedback Electricity use 151 1.50 AZI 16 Surveys provided insight that Insignificant reduction of
al. (2012) (real-time 2.50 AZII months residences have the desire to 12% in mean electrical
monitoring) 3.51 PCMs conserve energy because of the consumption with PCM
In-home monitors.
display (IHD) No reduction in the mean
Power Cost consumption in homes using
Monitors IHD
(PCM)
Allcott Social norm Electricity use 600,000 Home Energy Reports | 12 The social norm approach has On average, the program
(2011) comparison households (Social norm months shown to be cost-effective. The reduced electricity
(Home Energy comparison) effect is equivalent to that of consumption by 2.0%.
Report letters) It has two components: short-run electricity price increase | Households in the highest
1. Descriptive norm - of 11 to 20%. decile of consumption
comparing households Cost-effective compared to other | decrease their consumption
to the mean of programs. by 6.3%; whereas,
electricity use households in the lowest
2. Efficiency standard - decile decrease their usage
injunctive norm by by 0.3%.
categorizing the
household has "Great,
Good, or below
average".
Benders et al. | Web-based Energy Total: 190 1. Web-based tools 4 months | In direct behavioural changes 1. Direct energy reduction
(2006) tools consumption - households 2. Control group were not significant. However, about 8.5% compared to the
natural gas, top successful saving options control group.
electricity and were using different mode of
motor fuel transportation than the car,
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shortening showering time, etc.

Brahms Energy saving Electricity use 2 rental 1. Energy saving team | 6 months | 75% participation rate. Tenants Annual energy savings of
Energy team apartment (tenant-led, animators) led the energy program and the 226,928 kWh ($25,000)
Saving Team | 1. Information buildings (342 | Items 1to 4 (in money was reinvested back into A 6.6% reduction in energy
(BEST) 2. Tenant led units) - over intervention section) the community. consumption.
(Gorrie, (focus groups) 800 tenants
2008; TEA, - animators
2008) 3. Workshops
(education
program)
4. Energy
saving kits
Community Community Energy 850 residential | 1. Community Varies Not measured. Energy reduction of
Champion champion consumption (in | unitsin 11 champion program Weblink: 1,331.51 kW
Program by program general) - social housing | empowering http://www.globeservices.ca/inde
Globe - Educates and | electricity, properties individuals to take the x.php/our-services/community-
(Toronto, trains residents | water, gas lead and empower champion-program/;
Ontario) to become other residents to save http://www.globeservices.ca/inde
(2011) actively energy. X.php/globe-and-shsc-finalist-in-
involved in energy-conservation-at-2011-
their green-toronto-awards/
community
Gronhoj and Feedback Electricity Total: 1. Feedback 5 months | Empowered the households to 1. On average, energy
Thorgersen monitoring consumption 20 households | monitoring take action in lowering their savings of 8.1%.
(2011) (with LCD 2. Control group energy consumption. Households | 2. On average, energy
monitor) with teenage children are more savings of 0.8%.
receptive to this type of feedback.
Kurz et al. 1. Information | Water and Total: 1667 1. Information 14 weeks | Percentage of respondents There were no significant
(2005) 2. Labels Energy use 1.23 2. Information and indicating that the program cause | effect of three-way
3. Social (electricityand | 2.21 labels behavioural change: interactions between the
comparative natural gas) 3.19 3. Information, labels, 85.7% using less water in the variables for either water or
feedback 4.18 and social comparative garden; 68.8% not leaving the energy consumption.
5.22 feedback lights on; 62.3% reducing shower
6.19 4. Social comparative time; 55.8% not leaving the
7.21 feedback fridge door open; and more.
8.23 5. Labels
6. Labels and Social
comparative feedback
7. Information and
social comparative
feedback
8. Control group
McCalley and | 1. Feedback Water Total: 100 1. Feedback with no 30 Self-set participants saved more 2. Energy savings of 21.9%
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Midden 2. Goal setting | consumption residents goal manipulation minutes/ | energy and more inclined to save | 3. Energy savings of 19.5%
(2002) (commitment) (laundry 1.25 2. Feedback with self- | 20 energy than all the others. (compared to the control)
washing trials) 2.25 set goal washings
3.25 3. Feedback with an
4.25 experimenter assigned
goal
4. Control group (no
interventions)
McMakin et 1. Tailored 1. Gas and Total: 1406 1. Information 1.1year | Not measured but discussed in 1. Energy savings of 10%
al (2002) information electricity 1.1231 2. Information 2.4 literature review the link between | (compared to baseline)
(Study 1) (heating- 2.175 Tailored information - | months knowledge, attitude and 2. No energy savings - used
2. Tailored related) campaign messages, behaviour. 2% more electricity
information 2. Electricity themes, visuals, compared to baseline.
(Study 2) use (for interviews, and focus
cooling) groups
Midden etal. | 1. Feedback Gas and Total: 91 1. Individual feedback | 12 weeks | Attitude factors that are most 1. Electricity 18.8%
(1983) 2. Information | electricity and information important are those that cause Gas 18.4%
3. Incentive consumption 2. Comparative people to feel guilty about their 2. Electricity 18.4%
(Reward) feedback and consumptions levels and where Gas 5.8%
information people blame the industry and 3. Electricity 19.4%
3. Comparative government. Gas 17.5%
feedback and 4. Electricity 7.6%
information, and Gas 0%
incentive (reward) 5. Electricity 5.6%
4. Information Gas 11.6%
5. Control: no
interventions
Mountain 1. Real time Electricity Total: 552 1. Real-time monitors 2.5 years | 60.5% of the customers felt that Overall, the average
(2006) feedback consumption 1. 500 2. Control group the monitor made a difference in reduction in energy
monitors 2.52 their home. 65.1% also planned to | consumption across the
continue to use the monitor once | whole sample was 6.5%.
the pilot was complete. Non-electric heating
household reduction in
energy consumption of
8.2%.
Mountain 1. Real-time Electricity Total: 1. Real-time feedback 15 Participants were very positive During the summer months
(2010) feedback consumption 1.180 (power) monitors months with the performance and (July to August), there was a
monitors 2.40 2. Control group usefulness of the real-time reduction of 3% for non-

monitors.

86% said that the monitors were
easy to use.

66% felt that that monitors made
a difference in their electricity

electric water heating
participants and 16% for
electric water heating
participants.

For all electric participants
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use.
63% said they would use the
monitors even after the pilot was
over.

(heating and water heating),
the reduction was 2%. For
the participants with non-
electric heating and water
heating resulted in a 2%
reduction as well.

15% reduction is observed
for electric water heating
participants without electric
heating.

Staats et al Mass media Knowledge, 704 1. Information >2 Increase in willingness to perform | Not measured - only
(1996) campaign problem National television, months environmental beahaviours. knowledge, attitude and
1. Information | awareness, national newspaper, (not behavioural variables were
willingness to billboards. really measured.
show specified
ecologically )
sound
behaviours
Staats et al Eco-Team Garbage, gas, 150 1. Eco-team (includes 8 months | Using another mode of Gas: savings of 20.5%
(2004) 1. Information | electricity, Note: No 1t03) transportation other than the car Electricity: savings of 4.6%
2. Individual water, attempt to 2. Control group when travelling less than 5km Water use: 2.8% savings
feedback transportation collect data away. Waste: 32.1% savings
3. Comparative | and consumer from the Increased pro-environmental
feedback behaviour control group behaviour.
(documentation) | after the Eco-
team
Walpole is Informational Energy 118 units Information and Not 70% participation rate (85 Not measured.
Reducing campaign consumption in education campaign specified. | households).
Energy (educational) general 90% of the tenants learned and
(WIRE) saved energy; there was no
Program energy consumption data,
(LIEN, 2011) however, on how much energy

was saved.
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Chapter9 Impact of the Survey on Household

Energy Consumption using ANN

9.1 Overview

As discussed in Chapter 8, tenant engagement strategies have shown to affect occupant's
energy behaviour and potentially reduce their consumption significantly. By the implementation
of the survey, all occupants became aware and informed of the Ryerson University project on
energy efficiency in Toronto MURBs. This may have increased occupant's knowledge or
empowered occupants to conserve energy. This chapter investigates the possible impact on
occupant's energy consumption due to the implementation of the survey in the Toronto MURB.

As mentioned in Chapter 3.5, the survey was conducted from April 16 to May 4. There was a
month notification period prior to the survey. The month of April was used as a "buffer" period
and was not used to compare energy consumption data. To measure the impact of the survey, two
methods were used:

1. Comparison of the actual energy consumption before (May to September 2011) and after
the survey (May to September 2012).

2. Creation of an ANN model before the survey. This model was referred to as the Before
Survey (BS) model. This model includes energy consumption from October 2010 to
March 2012, weather conditions, and survey data. This model then predicted the energy
consumption from May to September 2012. Afterwards, the predicted values were
compared with the actual energy consumption data. A similar approach in Chapter 5.

The second method, creation of the ANN model, was used to take into consideration of

external parameters such as weather conditions, orientation of the apartment units, and so on.
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ANN modeling has the ability to normalize all parameters. Table 9.1 illustrates the timeline of

implementation of the survey and energy consumption data that was used for the model.

Table 9.1: Timeline of the implementation of the survey and the start/end of energy

consumption data for the model

Date

Activity

October 2010

Start of Energy Consumption Data

April - May 2012

Implementation of Survey

Buffer Period for Models - April 2012

September 2012

End of Energy Consumption Data

9.2 Method #1: Comparison of Actual Energy Consumption

The first method used to compare the impact of the survey is the actual household energy

consumption before and after the survey. This is done by examining months before the survey

was conducted (May to September 2011) to the same months after the survey was conducted

(May to September 2012). The comparison only used the 48 households that were surveyed.

Table 9.2 shows the sub-metered energy consumption before and after the survey. The results

indicated that the actual energy consumption dropped 8.3% after the survey was introduced.

Table 9.2: Comparison of energy consumption data between May to September 2011
(before the survey) and May to September 2012 (after the survey)

Total energy consumption Total energy consumption
before the Survey (2011) after the Survey (2012)
May 6951 5540
June 6134 5691
July 6797 6691
August 6838 6272
September 6333 6103
Sum of energy 33054 30299
consumption:
Difference between before and after survey (kWh): - 2754
Percentage difference: -8.3%

9.3 Method #2: Before Survey (BS) Model
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The intention of the second method was to create an ANN model before the survey and
predict the energy consumption after the survey. The predicted energy consumption values were
then compared to the actual energy consumptions after the survey. If the predicted energy
consumption is less than the actual energy consumption, then this suggests that energy
consumption has increased after the survey. However, if the predicted energy consumption
forecasts more than the actual energy consumption, then this suggests that the energy
consumption has decreased after the survey.

To measure the impact of the survey on household energy consumption, the following
procedure was conducted:

1. Creating the Before Survey (BS) model (using date data from October 2010 to March

2012).
2. Using the BS model to predict energy consumption from May to September 2012.
3. Compare the predicted consumptions to the actual energy consumption from May to
September 2012.

4. Calculate the percent difference between the predicted and actual energy consumption.

To develop the BS model, a similar approach was adopted from Chapter 5. The next section

will describe the process in developing the BS model.

9.3.1 Development of the BS Model

Development of the Network Datasets. The same inputs were used to create the network
datasets - 48 surveys and 24 months of monthly energy consumption data. In addition, the same
procedure and inputs in Chapter 5 were similarly applied to the development of the BS model.

The only difference between the developed model in Chapter 5 and the BS model is the data
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collection period is October 2010 to March 2012 rather than October 2010 to September 2012. In
this way, the BS model excludes the data during the implementation of the survey.

Analysis and Preprocessing of the Network Datasets. Since the same inputs were used, the
network data set consisted of a total of 24 categorical columns, 10 numeric columns, and one
output column. During the preprocessing of the network dataset, all columns were scaled to
numeric values between -1 and +1.

Determination of Architecture Search and Activation Functions. Since the same inputs were
used from Chapter 5.4, similar parameters were taken during the architecture search and
activation function procedure. Only logistic hidden activation function and logistic output
activation functions were considered because it was the most suitable activation functions in
Chapter 5.4. Table 9.3 shows a summary of the architecture search and activation functions for
the BS model.

Table 9.3: Summary of the architecture search and activation functions of the Before
Survey (BS) model

Hidden layer O.Utpl.Jt . Number .
o . activation Architecture of R? Correlation
activation function . .
function weight
Logistic Logistic [34-87-50-1] 7496 0.9999 0.9999
Logistic Logistic [34-82-50-1] 7071 0.9962 0.9984
Logistic Logistic [34-86-49-1] 7323 0.9998 0.9999
Logistic Logistic [34-84-49-1] 7239 0.9999 0.9998
Logistic Logistic [34-84-1] 3025 0.9985 0.9999
Logistic Logistic [34-81-1] 2917 0.9908 0.9962

Training of the Network. Similar to the model developed in Chapter 5, the training of the BS
model used the same training algorithm, termination criterion (when to stop the training), and

overtraining controls. The best network found for the "before survey" model was using the Quick
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Propagation training algorithm with 301 iterations. Table 9.4 shows a summary of the network
used for the BS model.

Table 9.4: Summary of Training of the Network - BS Model

Training Number R®

Architecture . of .. o .
Algorithm iterations All Training | Validation | Testing

[34-87-50-1] | Quick Propagation 301 0.821 0.932 0.489 0.709

Query of the network. Prior to predicting the energy consumptions between May 2012 and
September 2012, a total query of the network was conducted from October 2010 to March 2012.
Table 9.5 shows that the prediction and the actual energy consumption. It is important to note the
resulting value is close to zero, which suggests that the BS model is very accurate in predicting
occupant's energy consumption.

Table 9.5: Comparison of the prediction and actual energy consumption from October
2010 to March 2012

Prediction from | Actual Energy Difference Percent
""Before Consumption (Predicted - Difference
Survey" Model From October Actual)
From October 2010 to March
2010 to March 2012
2012
Total Energy 116867 116243 +623 +0.54%
Consumption
(KWh)

Figure 9.1 shows the comparison between the predicted energy consumption and the actual

energy consumption from the query of the BS model. The comparison is found to have a high R?

of 0.92.
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Figure 9.1: Comparison between predicted energy consumption and actual energy
consumption from the query of the Before Survey (BS) network

9.3.2 Comparison between Predicted Values and Actual Energy
Consumption

This section presents the comparison between the predicted values for May to September
2012 using the "Before Survey" model to the actual energy consumption from May to September
2012. A query of the model was conducted by inputting the respective weather conditions and
occupant's information into the model. The query of the model included the period between May
to September 2012. The predicted values were compared to occupant's actual energy
consumption. Table 9.6 shows the difference between the actual energy consumption and energy
consumption prediction using the BS model.

Table 9.6 indicates that the prediction from the BS model overestimated compared to the
actual energy consumption. This suggests that the respondents consume less after the
implementation of the survey (May to September 2012). Appendix H presents a detailed

comparison between energy consumption averages of the BS model and actual energy
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consumption. It can be inferred that by using the BS model, the survey may have some influence
to decrease occupant's energy consumption by 7%.

Table 9.6: Difference between Prediction from BS Model to Actual Energy Consumption

- May to September 2012
Prediction from | Actual Energy Difference Percent
BS Model Consumption (Predicted - Difference
Actual)
Total Energy 32329 30170 +2159 +6.7%
Consumption
(kWh)

9.4 Closing Remarks

This chapter presents the potential impact of the survey on household energy consumption
using two methods. The purpose of using two methods is reinforce the reduction that there was a
reduction in energy consumption after the survey. However, there are many factors that may
have influenced this reduction that the ANN model did not consider. The first method compared
the actual energy consumption from May to September 2011 and May to September 2012. This
method found a reduction in energy consumption of 8.3%. The second method, BS model
method, used artificial neural networking to model months prior to the implementation of the
survey, forecast energy consumption after the survey, and compare with actual energy
consumption after the survey (May to September 2012). This method found that the BS model
overestimated compared to the actual energy consumption by 6.7%. Furthermore, the literature
review presented in Chapter 8 has shown that information and conservation awareness can
reduce occupant's energy consumption. Thus, the survey implemented at the Toronto MURB

may have influence occupant's reduction in energy consumption.
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Chapter 10 Conclusions and Recommendations

10.1 Conclusions

This thesis investigates occupant's household energy use behaviour and consumption of 48
households in a high-rise multi-unit residential building in Toronto. A survey was conducted by
ways of mail-in, interviews, and on-line. The survey of household energy use incorporated many
elements of demographics, appliance ownership, type, usage, indoor environment satisfaction,
and social aspects. Occupant's energy consumption was collected by ways of sub-meters, which
captured the electrical draw of each apartment unit from October 2010 to September 2012. A
total of 49 surveys were collected out of 136 households in the Toronto MURB. This results in a
thirty-six percent response rate. In order to analyze the data, the ANN modeling approach was
applied using survey data, energy consumption and weather conditions. The purpose of the
model was to examine the effects of demographics on household energy consumption. The
survey and ANN methodologies used in this thesis can be applied to other Toronto MURBS in
order to investigate occupant's household energy use.

In general, males were found to consume more energy per month than females. During winter
months (December to February), males consume a mean difference of 5 kWh per month over
199 kWh per month. Middle-aged males (31 to 45 years old) consumed the least out of all the
other age groups. Middle-aged males consumed approximately 26 kWh/month less compared to
the other age groups. The highest income households ($30,000 to $49,999) consumed 18% less
than all the other incomes. Eastern-oriented apartment units consumed more energy than
Western-oriented units. There was not much of a distinction between the number of years living

in the Toronto MURB and household energy consumption throughout the 24-month period.
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However, from June 2012 and onwards, occupants who live more than 7 years in the Toronto
MURB were found to consume almost 4% more energy than those who recently lived in the
Toronto MURB (0 to 1 year). During the winter months (December to February), occupant's
who have grown up in Canada consumed 12.5% more energy than other geographical
categories. Occupants who have grown up in South and Central America consumed 21.6% less
energy during the winter months. Occupants who spend 9 to 13 hours in their apartment unit are
found to spend 3% less energy compared to the other categories.

After the implementation of the survey, respondent's household energy consumption had
reduced. Using ANN approach, the survey may have influenced the reduction in respondent's
energy consumption by 6.7%. By comparing the actual energy consumption, an overall 8.3%

reduction is found.

10.2 Limitations
Some limitations in this research are as follows:

e This thesis focuses on a single MURB located in downtown Toronto. Thus, the results
found in this thesis are not generalizable or yield the same results for other Toronto
MURBs.

e Because of limited access to personal information, mail-in, interviews, and on-line
survey collection methods were used. Other methods such as telephone could increase
the survey response rate to have a greater representation of the pilot site.

e The ANN model developed in this thesis is representative of the 48 surveys during a
24 month period. It cannot be generalizable to the whole building. However, by
applying a similar survey and ANN methodology to other buildings, a model can be

developed to investigate occupant's household energy use.
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10.3 Recommendations for Future Research

Recommendations for future research on occupant's household energy use in other Toronto

MURB:s are as follows:

1.

The survey and artificial neural network methodology can be applied to other high-rise
MURB in developing a larger database on occupant's household energy use. A larger
dataset would improve the prediction performance of the ANN model. Additionally, a
larger dataset will provide a greater knowledge and evaluation on occupant's
household energy use in Toronto.

The study site, Toronto MURB, was used to acquire information about occupant's
energy use. The survey included questions from asking information on demographics,
appliance type, usage, indoor environment, etc. To improve and strengthen the validity
of the survey questions, more stringent "usage time" options should be considered,
such as questions relating to oven and stove usage.

The survey collected information by ways of mail-in, interviews, and on-line. Other
survey methodologies such as telephone interviews can be used to potentially improve
and test the response rate of the survey.

Chapter 2.4 presented various energy modeling techniques such as CDA and
engineering modeling; other energy modeling techniques can be used to develop
occupant's household energy use in a high-rise MURB.

Different combinations of learning algorithms and activation functions can be used to
develop a different model and enhance its prediction performance. In addition,

different neural network software may offer different learning algorithms and
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activation functions; therefore, using different software may also enhance the

performance of the model.
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Appendix A: The Survey
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Toronto MURB:

sehold Energy Use Survey

Sponsors

& o
UNIVERSITY slle. Tenant Survey

MITACS

27~ 1 Toronto

Code Location - Survey




Dear Toronto MURB tenant,

Ryerson University team supported by the sponsors listed on the cover page is launching a
project to look at tenant's energy/water usage and their attitude towards energy/ water use. How
can tenants save energy and water? Do tenant engagement strategies really work? The purpose of
this study is to see whether tenant engagement strategies will conserve energy and water in
Toronto's Toronto MURB building. Tenants will have the opportunity to participate and be
exposed to various tenant engagement strategies such as informational tools (e.g. poster and
brochures), workshops, and energy- water--saving commitments. For more details, please see
the posters throughout the building.

Confidentiality will be maintained and only general non-identifying data will be disclosed in
any report and research publication. Further details regarding the protection of your privacy are
in the "Ryerson University Consent Agreement" included with the survey.

Ryerson University Team has Research Ethics Approval for this project.

If you have any questions about the research study, please contact Miles Roque -

milesl.roque@ryerson.ca

Please take the time to complete the survey and SUBMIT
it to:

DROP BOX is located in the MAIN LOBBY, near the

Front Entrance Door
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Remember:

As a token of appreciation, $5.00 will be given to you for taking part in the survey.
Please enter your apartment unit number in Question 1 of the survey so that we know

which mailbox to put the $5.00 in.

We hope you enjoy participating in our research. We truly appreciate your time to complete
the survey!

THANK YOU FOR YOUR COOPERATION!
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Instructions
Please complete all questions below. CHECK OFF M the appropriate option.

Part 1: General Information

1. What is your apartment unit #?

You will receive $5.00 in your mailbox when entering your apartment unit #.
2. Are you male or female?

O Male

O Female

3. What is your age?

O 18-30 years old
O 31-45 years old
O 46-60 years old
O Over 60 years old

4. What part of the world did you grow up in?

Canada

USA

Europe

South or Central America or Caribbean

South Asia (e.g. India, Pakistan, Sri Lanka)

East Asia (e.g. China, Japan, Korea)

Southeast Asia (e.g. Vietnam, Philippines, Malaysia)
West Asia & Middle East (e.g. Lebanon, Iran)
Africa (e.g. Ethiopia)

OO0 0000D0DO

132



O Austrailia, New Zealand or the South Pacific

O Other, please specify.

U Prefer not to answer.

5. How many years have you been living in the Toronto MURB?

U Oto1lyear

O 2to 4 years

O 5to 7 years

O More than 7 years

6. How many people live in your household?

O 1 person
U 2 persons

Q 3 or more persons

7. On an average day, how many hours do you spend in your apartment (includes sleeping)?

O 8 hours or less
O 9to 13 hours
O 14 to 18 hours

O more than 18 hours

8. What is your total household income?

O $0to 14,999
O $15,000 to 29,999
O $30,000 to 49,999
O over $50,000

O Prefer not to answer.
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Part 2: Electrical Devices
TELEVISION

9. How OLD is your TELEVISION?

| DO NOT HAVE A TELEVISION.
5 years or less

6 to 10 years

11 to 15 years

0O 000 0Od

16 years or more

10. How many hours a day do you leave your TELEVISION turned ON?

1 hour or less
1to 3 hours
4 to 8 hours
9to 13 hours

0O 0000

14 hours or more

11. What TYPE of TELEVISION do you have?

O Regular (tube)

O Plasma

Q Liquid Crystal Display (LCD/LED)

Q Other

CABLE BOX (DIGITAL ANALOG BOX)

12. Do you turn off the cable box when you are done watching TV?

| DO NOT HAVE CABLE - NO CABLE BOX.
Always turn off my digital analog box after using the TV

Sometimes turn it off
Leave it ON all the time
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COMPUTERS - DESKTOP AND/OR LAPTOP
13. Do you have a laptop, desktop, or both? (Check all that apply.)

O 1 DO NOT HAVE A COMPUTER.
Q Laptop
O Desktop (regular computer)

14. How many hours a day do you use your computer?

1 hour or less
1 to 3 hours
4 to 8 hours

9 hours or more

15. How OLD is your COMPUTER?

Q 5yearsor less

O 6to 10 years

Q 10 years or more
INTERNET CONNECTION

16. On an average day, how long do you spend on the Internet?

I DO NOT HAVE AN INTERNET CONNECTION.
1 hour or less

1 to 3 hours

4 to 8 hours

9 to 13 hours

a
a
(]
(]
a
Q 14 hours or more

135



OTHER ELECTRICAL DEVICES

17. What appliances do you have at home?

Please CHECK OFF M all electrical devices that you have at home.

(Check off all devices that you have at home.)

Cell phone charger
Home phone

VHS player

DVD player

Game console (e.g. Nintendo, Xbox, Play Station)
Printer

Speakers

Clock

Radio/stereo

Slow cooker

Rice Cooker

Iron

Vacuum cleaner

Humidifier/dehumidifier

Other? Please specify:

[ WD Ty Iy Iy Iy Iy Iy [y Sy N Ry My
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Part 3: Heating and Cooling

18. During the winter, what temperature do you set your heating/cooling equipment at?

O Temperature setting during the winter. | (specify)|

19. During the summer, what temperature do you set your heating/cooling equipment at?

O Temperature setting during the summer. | (specify)|

20. Which of the following do you use to adjust you thermal comfort? (Check all that apply)

O Open/close windows

O Open/close doors
Close blinds/drapes
Adjust the thermostat
Turn on personal heater

Turn on personal fan

OO0 000

Put on/remove clothing

Other? Specify:
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Part 4: Energy Behaviour

21.

For each item listed below, circle the number on HOW LIKELY YOU ARE TO DO the

following. Use the scale shown on top to select the behavioural scale from 1 (Always)

to 5 (Never).

| Scale

Do you... x

> 2 3 z
d .
1. ...turn off the lights when you are not at home 1 2 € . e
2. ...turn off the lights when not in use 1 2 € . e
3. ...turn off electronics when you are not at home 4 2 . : 2
4. .. .turn off electronics when not in use 1 2 8 . .
. . . . 1 2 3 4 5

5. ...use timer controls to control your electrical devices/electronics
6. ...turn off (shut down) computer when not in use 1 2 € . €
7. ...turn off (shut down) computer when you are not at home 1 2 ¢ . 5
. . L 1 2 3 4 5

8. ...buy green appliances/devices (e.g. energy saving light bulbs,

ENERGY STAR)
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Part 5: Lighting

22. How many COMPACT FLUORESCENT (CFL) (Energy Saving) light bulbs do you
use in your apartment?

O Please write down how many CFL light bulbs you use. (NUMBER)

23. How many INCANDESCENT (regular) light bulbs do you use in your apartment?

O Please write down how many INCADESCENT light bulbs you use.
(NUMBER)

24. On an average day, how many light bulbs are turned on longer than 3 hours or more?

O 1to 2 bulbs

O 3to5bulbs

O 6to 10 bulbs

Q More than 10 bulbs

25. How many hours are the light bulbs turned on during the winter?

O Lessthan 3 hours
O 3to5hours
O 6to9 hours
0 More than 9 hours

26. How many hours are the light bulbs turned on during the summer?

Less than 3 hours
3 to 5 hours
6 to 9 hours

0 0O 0 0

More than 9 hours
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27. How many lamps, floor lamps, or any other light fixtures do you have?

O Please write down how many Ilamps or any other light fixture you
have. (NUMBER)

Part 6: Water Usage

28. Do you run the tap (faucet) while brushing your teeth, shaving, etc.?

O Yes
ad No

29. Do you leave the sink/tap running while washing the dishes?

Q Yes
Q No

30. How many times do you flush your toilet in a day? (Number)

31. Do you prefer taking a shower/bath? (Please choose one)

Q Shower
Q Bath

32. In a week, how many times do you shower/bathe?

1+ per day (More than once a day)
Once a day

Every other day

Once a week

Other? Specify.

O U0 0D
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Part 7: Household Activities

Cooking

33

0O 00 0O

35.

U000 0Od

. On an average day, for how long do you use your stove?

| do not use the stove at home
1 hour or less
1 to 3 hours

more than 3 hours

On an average day, for how long do you use your oven?

| do not use the oven at home
1 hour or less
1 to 3 hours

more than 3 hours

On an average day, what is the total time spent using your microwave?

| do not have a microwave
Less than 3 minutes

3 to 9 minutes

9 to 15 minutes

15 minutes or more
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Part 8: Indoor Environment Satisfaction and Thermal Comfort

36.

For each item listed below, circle the number on HOW SATISFIED YOU ARE ABOUT THE

FOLLOWING, listed below. Use the scale shown on top to select the satisfaction level from 1

(Very satisfied) to 7 (Very dissatisfied).

Scale
How satisfied are you with... é é
< Z =
@ 2 A
7 S 2
o o
A. The amount of space available for 1 2 3 4 5 6 7
individual daily activities
B. The apartment unit layout 1 2 3 4 5 6 7
C. The quality of water in your apartment 1 2 3 4 5 6 7
D. The appliances in your apartment (i.e. 1 2 3 4 5 6 7
stove, refrigerator, etc.)
E. The cleanliness of the building 1 2 3 4 5 6 7
F. The maintenance of the building 1 2 3 4 5 6 7
G. The air quality in your apartment (e.g. 1 2 3 4 5 6 7
stuffy/stale air, odours, cleanliness, etc.)
H. The sound privacy between apartments? 1 2 3 4 5 6 7
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Part 8: Indoor Environment Satisfaction and Thermal Comfort cont'd...

Circle the appropriate number according to your level of satisfaction/thermal comfort.

37.0n a scale from 1 to 7, 7 being very dissatisfied and 1 being very satisfied, how satisfied are you with...
The temperature of your apartment unit during the SUMMER (Very satisfied) 1 2

3 4 5 6 7 (Very dissatisfied)

38. On a scale from 1 to 7, 7 being interferes and 1 being enhances. ..
Overall, does your thermal comfort in the apartment during summer enhances or interfere with your
comfort?

(Enhances) 1 2 3 4 5 6 7 (Interferes)

39. How satisfied are you with...
The temperature of your apartment unit during the WINTER

(Very satisfied) 1 2 3 4 5 6 7 (Very dissatisfied)

40. Overall, does your thermal comfort in the apartment during winter enhances or interfere with your
comfort?

(Enhances) 1 2 3 4 5 6 7 (Interferes)

41. How satisfied are you with...
The temperature of your apartment unit during SPRING/FALL

(Very satisfied) 1 2 3 4 5 6 7 (Very dissatisfied)

42. Overall, does your thermal comfort in the apartment during spring/fall enhances or interfere with your

comfort?

(Enhances) 1 2 3 4 5 6 7 (Interferes)
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43. How satisfied are you with...
The air quality in your apartment (e.g. stuffy/stale air, odours, cleanliness, etc.)

(Very satisfied) 1 2 3 4 5 6 7 (Very dissatisfied)

44. Overall, does your air quality in the apartment enhances or interfere with your comfort?

(Enhances) 1 2 3 4 5 6 7 (Interferes)

45. How satisfied are you with...

The sound privacy between apartments?

(Very satisfied) 1 2 3 4 5 6 7 (Very dissatisfied)

46. Overall, does the acoustic guality in the apartment enhances or interfere with your comfort?

(Enhances) 1 2 3 4 5 6 7 (Interferes)

Please answer Question 46 ONLY if you have lived in the building for longer than 3 years.

47. How satisfied are you with the building upgrade? (i.e. individual apartment thermostat, new windows,
draft proofing, etc.)

(Very satisfied) 1 2 3 4 5 6 7 (Very dissatisfied)

48. Do you have other comments, concerns, or questions about your indoor environment satisfaction,

thermal comfort, or energy behaviour?
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Part 9: Your Neighbourhood

49. How would you describe your sense of belonging to your local neighbourhood? Would
you say it is...

Q Outstanding
Very strong
Somewhat strong
Somewhat weak

Very weak

U 000D

| don't know

50. In general, how do you feel about living in the Toronto MURB?

51. In what ways has living in the Toronto MURB changed your life (financial, sense of

security, well-being, etc.)?

Thank you for your time to complete this survey!

For more information, please contact: milesl.roque@ryerson.ca
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Appendix B: Research Ethics Approval

RYERSON UNIVERSITY

RESEARCH ETHICS EDARD

To: Vera Straka

Architecture
Re: REB 2011-312: Towards energy efficient MURBs
Date: March 5, 2012

Dear Vera Straka,

The review of your protocol REB File REB 2011-312 1s now complete. The project has been
approved for a one year peniod. Please note that before proceedmg with your project. complhance
with other required University approvals/certifications, mstitutional requirements, or governmental
authonizations may be required.

This approval may be extended after one year upon request. Please be advised that if the project 1s
not renewed, approval will expire and no more research mvolving humans may take place. If this 1s
aﬁmdedpmject,acc&;st{}rueamhﬁmdsmayalsobeaﬁhﬂed

Please note that REB approval policies requare that you adhere sirctly to the protocol as last
reviewed by the REB and that any modifications must be approved by the Board before they can be
implemented. Adverse or unexpected events must be reported to the REB as soon as possible with
an incdication from the Principal Investigator as to how, m the view of the Pnincipal Investigator,
these events affect the continuation of the protocol.

Finally, if research subjects are in the care of a health facility, at a school, or other mstitution or
community orgamzation, it 1s the responsibility of the Prnncipal Investigator to ensure that the ethical
guidelines and approvals of those facilities or mstitutions are obtained and filed with the REB prior
to the mitiation of any research.

Please quote your REB file number (REB 2011-312) on future correspondence.
Congratulations and best of luck in conducting your research.

/ [A QA_L%@L o

Nancy Walton, Ph.D.
Chaur, Research Ethics Board
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Appendix C: Energy Consumption Data

There are two components of Appendix C. The first component presents the energy
consumption data of surveyed and non-surveyed occupants from October 2010 to September

2012. The second component analyzes the energy consumption.
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Energy Consumption of Surveyed Occupants

Suite # Oct-10
1 99.6
2 208.1
3 152.7
4 120.6
5 79.9
6 129.3
7 97.7
8 107.7
9 207.3

10 124.7
11 783
12 153.1
13 83.5
14 201
15 36.7
16 75.2
17 114.5
18 54
19 123.9
20 141.9
21 75.5
22 92.1
23 72.8
24 329.3
25 47.6
26 125.7
27 206.9
28 3.4
29 330.5
30 114.1
31 107.5
32 72.9
33 180.8
34 158.1
35 81.8
36 1323
37 121
38 159.6
39 46
40 68.4
41 124.5
42 184.1
43 161.5
44 97.4
45 140.5
46 70.8
47 783
48 1234

Nov-10
109.5
182.4
137.2
112.2

70.7
137.6
98.2
111.6
218.8
110.1
67.8
146.2
82
256
35.5
70
140.7
65.8
130
132.3
81
95.1
89.2
235.1
44.1
149.8
189
42.1
215.4
77.2
87.6
86.6
182.3
169.3
86.7
123.4
114.2
154.3
59.6
90.2
123
186
189
89.9
174.3
69.8
67.8
125.5

Dec-10
101.1
196.8
159.2
120.3

74.8
150.4
99.1
119.9
218.6
113.9
178.3
150.8
71.6
346.9
34.1
66
153.7
65.5
130.4
127.3
95.7
98.8
296.3
257
54.5
186.3
176.9
82.7
210.1
127.9
113.8
105.8
204.3
183.7
71
169.8
125.8
146.2
42.3
78.7
115.9
175.8
189.4
113.6
190.2
59.4
178.3
205.6

Jan-11
127.8
194.7
161.7
129.2

91.5
130.8
101.9
115.6

209

89.8
241.8
166.5

70.6
334.1

40.2

76.7

73.4

70
98.3
153
124.1
95
127.6

1107

61.5
335.9
208.3

75.4
330.3
161.7
102.8
108.9
217.7
196.8

87.6
147.3

122
158.6

50.9
114.2
117.6
129.3
193.5
130.4
202.4

78
241.8
203.4

Feb-11
109.5
193.2

139
113.8
80.6
97.6
89.5
114.9
194.4
81.9
227.5
137.3
83.4
2383
37.1
66.4
26.3
65.9
127.2
132.9
85.2
84.9
171.2
1003.7
57
235.9
198.4
80.4
185.8
142.6
96.6
118.6
202.4
154.2
85.7
131.6
118.8
139.3
47.6
96.3
104.4
191.4
176.9
131.5
163.3
79.2
227.5
152.7

Mar-11
116.9
199.4
160.5
126.3

89.5
97.1
91.4
106.9
213.7
82.1
47.2
138.7
125.8
213.5
42.7
73.9
325
69.1
101.8
130.4
124
92.1
147.4
1000
59
190
215.7
83.6
236.1
127.9
108.5
165.6
211.3
173.9
76.5
128.1
170.4
159.8
50.4
96.3
120.5
29.8
196.1
138.1
136.3
80.1
47.2
229.7

Apr-11
106
188.3
147.2
131.9
82.1
90.8
833
116.7
234.9
83.4
29.6
140.2
124.8
177.5
443
78.3
132.2
57.1
47.1
124.2
187.9
87.2
68.9
547.5
49.8
156.8
206.3
72.6
246.4
138
94.7
79.9
194.2
183
70.4
141.4
182.4
172.8
50.8
86.1
120.5
122.2
180.8
128.6
169.4
80.7
29.6
189.6

May-11
1313
188.8
139.7
132.4

734
95.9
84.9
119.3
287.6
126.7
64.5
143.5
136.7
196.4
42
79.2
117.4
49
66.9
121
225.2
76.2
86
747.4
57.7
194.1
216.7
63
277.4
172.1
107.5
95.8
158
165.7
69.7
127.8
183.4
224.9
54.9
107
121
162.3
162.3
127.3
182.1
81
64.5
243.5

Jun-11
124.9
190.5
136.7
121.5

75.1
95.1
83.9
115.9
223.1
160.1
87.7
133.9
1433
204.2
37.1
75.4
106.3
46.5
79.4
101.4
155.5
70.6
68.6
283.8
63.3
173.4
198.9
79.8
304.9
159
117.4
79.9
244
135.1
83.2
133.6
116.9
234.8
54.8
161
138.2
175.9
129.4
114.8
191.8
83.8
87.7
172.2

Jul-11
103.3
229
122.7
137
113.8
118.3
86
153.1
228.6
182.7
110.2
142.2
179.5
257.4
50.5
80.1
160.9
71.2
131.3
157.7
82.6
83.2
80
255.2
81.5
156.8
206.3
89.8
352.5
169.9
138.8
107.7
92.7
56.9
95.5
129.3
112.7
281.1
81.6
127
153.5
186.8
160.1
115.5
206
94.6
110.2
174.1

Aug-11
91.2
222.6
126.6
126.2
93
1315
84.4
151.4
187.2
198.5
87.4
127.7
177.4
273.9
54.5
85
118.7
80.5
137.9
206.2
%0.6
77.3
85.5
267.1
114.1
1221
200.7
87.9
347.1
180.9
131
932
92.1
83.2
102.4
152.8
134.7
296.9
0
1313
152.7
186.2
164.2
137.4
198.6
84.4
87.4
184.4

Sep-11
123.2
184.9
100.4
103.6

85.7
109.5
80.1
126.8
206
171.8
122
93
127.4
277
51.5
78.2
93.1
63.8
105
130.6
105.4
68.4
74.6
624.5
108.6
168.6
102.6
52.1
282.3
148.7
119.3
81.1
121.3
73.4
78.7
172.8
110.9
2313
57.2
87
128.4
165.3
131.4
101.7
188.7
65.6
122
128

Oct-11
125
184.9
103
108.8
73.4
141.5
89.1
116.1
195.5
116.9
1421
811
120.8
248.6
53.6
78.7
813
58.9
117
137.5
124.7
76.4
97.4
3318
86
126.9
1335
60
281.4
1516
93.3
174.2
194.1
67.1
82.6
159.7
1343
272.7
75.7
85.5
122
118.2
141
106.5
165.1
67.7
1421
178.7

Nov-11
108.1
1783

84.8
97.3
83.7
130.7
82.7
1134
163
1115
146.5
66.5
137.6
248.7
53.1
79.5
38.9
69.4
108.5
117.8
76.5
87.2
68.8
342.6
63.4
112.7
189.2
106.4
258.2
115
93.5
89.6
183.1
60.2
79.8
137.6
1514
58
76.5
145.8
119.9
88
136.3
1013
169
68.9
146.5
159.5

Dec-11
101.5
186.1

98
101.1
89.2
120.1
100
115
171.7
138.1
186
106.4
143.7
196.9
51.6
70.9
36
48.8
112.5
127.4
96.9
84.1
69.8
829.8
75.7
124.5
249
94.6
253.3
152.2
91.4
98.7
217.2
66.2
79.5
165.7
173.3
43.1
69.9
157.2
128.9
84.8
138.6
121.8
145.5
73.9
186
196.6

Jan-12
113.7
195.1
125.3

93.9
82.6
151.3
9.1
117.5
173.1
113.8
178.5
91.1
137.3
166.4
54
84.3
68.6
41.5
110.8
104.2
101.4
82.1
72.5
977
82.8
168.1
248.1
120.9
274.1
132.4
96.9
109.2
209.9
73.2
93.4
144.9
177.6
43.7
56
115.3
118
102
127.5
128
162.3
73.1
178.5
230.6

Feb-12
103.6
182.5

121
96.9
80.9

111.7
90.2
98.1
164.2
90.2
118.4
76.4
124
158.5
47.9
70.4

117
63.5

115
75.8
84.1
76.9
69.9

495.9
63.6
107.9
237.6
102.6
260.9
173.8
92
100.4
169.8
75.3
74
108.5
131.2
68.8
46.7
124.1
109.5
92.8
126.6
118
187.8
51.8
118.4
210.7

Mar-12
109.5
177.1
127.2

94

85
835
83.7
100.6
173.5
88.5
141.8
79.5
142.3
168.7
52.3
77.4
101.8
67.8
98.4
84.5
91.8
77.3
72.5
179
77
135.2
262.9
108.6
2933
197.3
95.3
93
147.8
70.6
833
99.6
100
81.9
66
120.9
120.5
89.2
134.5
117.3
181
60.5
141.8
189.1

Apr-12
96
174
137
93.9
78.9
96.1
82.9
105.7
167.3
83.3
111.2
71.8
139.4
151.6
45.9
69.8
111.6
48.7
109.2
84
78.4
80.5
68.9
195
67.8
94.6
213.1
83.5
252.6
124.9
80.2
85.4
144.6
71.4
68.7
113.9
86.7
75
54.8
132.7
119.8
105.3
117.7
119.7
183.9
70
111.2
166.3

May-12
123.7
186.5
1253

94.7
76.7
9.1
82
108
218.5
137.6
89.4
73.2
134.3
153.3
50.6
74.8
93.7
57.2
97.3
85.5
76.1
81.1
69.9
312.8
83.4
83.1
187.8
105.4
272
165.4
108.1
81.9
119.1
68.9
74.2
1714
102
%0.5
65.8
144.1
120.4
119.8
82.9
114.8
161
79.6
89.4
148.6

Jun-12
152
194.9
1131
98.7
57.8
93.9
80.9
116.8
196
143
90.7
74.8
125.1
169.6
51.7
72.4
92.9
63.3
101.1
85.5
92.1
72.8
69.9
388.6
82.2
105.9
181.1
112.4
309.6
134
98.9
155.6
112.8
76.6
72.4
148.6
83
86.8
58.5
147.6
129.5
121.3
81.9
107.6
169.1
72.1
90.7
155.4

Jul-12
127.7
211.2
132.5
102.8

44.5
166
100.7
201.5
164.6
180.6
148.3
103.9
163
215.2
60.1
74.1
169.5
82.9
143.4
105.6
69.1
81.3
88
237
123.6
145.7
164.7
100.8
344.6
154.4
144.5
236.7
86.6
104.2
77.1
168.2
116.5
123.2
56.5
182.7
159.8
135.1
138.8
143.6
193.9
97.8
148.3
171.1

Aug-12
110.1
205.6
108.1
101.5
105.4
154.4

89.6
206
169.9
192.3
161
106
136.6
217.4
57.3
67.5
133.6
80.2
104.1
95.1
73.1
89.1
86.2
351.9
99.8
130.9
148.3
110.2
342.2
72.3
119.6
175.1
78.4
72.4
68.6
152.7
131
226
30.3
166.5
160.9
140
146.7
153.2
162.1
97.3
161
108.7

Sep-12
159.9
181
125.9
101.1
89.3
128.3
81.4
166.1
220.5
146.1
149.3
86.4
108.4
162.8
53.2
75.1
97.2
64.2
86.6
87.6
93
88.9
75.3
628
89.1
130.5
128.9
103.8
349.8
117.4
65.2
113.4
97.8
73.9
63
175.4
91.1
63
36.7
152.3
131.6
129.8
139
132.9
146.1
81.8
149.3
85.7

Average: 122.8438 121.0854 140.3021 164.7208 146.2458 142.7875 130.3833 144.8146 127.8063 141.6125 142.4583 131.9479 129.6667 118.8521 136.8583 141.6375 120.5375 117.1729 108.8521 115.4354 118.5667 139.4146 130.6833 127.1479
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Energy Consumption of Non-surveyed Occupants

Suite #

)

Oct-10
108.8
106.7

75.8
244.2
110
69.5
102.1
85.9
80.3
75.8
115.6
74.2
102.2
122.1
1113
933
112.1
67.3
97.3
154.7
516
75.9
276.1
94.4
85.1
166.6
58.7
261.2
96.3
4.1
158.6
98.7
274.6
82

57
101.7
1116
923
116.8
1883
134.8
453

Nov-10
1133
97.1
84.7
294.7
112.8
24.2
90.4
100.2
97.2
56.4
124
789
102.4
112.1
99.4
94.9
69.8
73.1
106.9
147.5
60.5
80.7
257.5
88.6
1113
80.7
60
268.8
79.5
426
167.8
142.2
280.2
102.7
52.4
87.1
1313
93.2
103.3
196.1
130.3
435

Dec-10
290.7
95.8
91.8
399.6
158.3
22.7
98.8
130
82.1
61
132.4
96.9
95.6
126.5
102
91.4
79.3
724
109.9
161.6
718
88.2
2722
39
114.7
56.3
55.1
328.6
74.7
54.3
176.3
150
294.2
68.9
56.9
97.7
118.6
50.9
85.8
210.8
150.4
40.8

Jan-11
402.4
103.1

9%
447.8
182
25.5
110.6
135.5
101.6
100.8
135.3
120
101.2
145.7
108.4
95.8
123.9
71.1
111.8
174.7
91.2
98.4
285.8
70.7
1193
78.7
53.1
305.6
96.1
55.2
156.6
153.4
303.4
57.5
76.4
102.6
1293
50.8
135.1
192.7
163.7
56.2

Feb-11
275
9.1
82.8
359.2
161.1
24.8
92.5
108.4
100.6
69.8
139.4
85
96.1
127
99.4
83.2
75

78
93.1
1493
79.6
93
259.3
77
135.4
80.5
475
278.9
170.6
55.2
148.8
140.4
284.7
73.1
89
105
138.2
46.9
137.1
132.8
169.9
30.6

Mar-11
123.8
115.6

87.3
4374
175.1
108.9

103
117.4
85

813
109.3

817
122.4
139.4
107.7

79.3

783

85.9
117.8
151.1

54.3

785

271

713
105.2

813

60
3727
180.1

54.8
154.5
145.7
301.9

54.9

81
104
157.7

82.7
145.6
178.5
184.6

39.7

Apr-11
78
125.8
96.2
361.9
109.1
29.2
829
120.2
93.3
57
116.2
87.3
114.2
155.8
102
827
88.9
83.6
94.7
119.7
49.8
103.9
262.4
47
94
87.4
613
334
95.4
47.2
128.7
58.5
258.8
85.6
68.4
65.3
151.9
829
140.1
162.8
126.7
434

May-11
52
101.5
130.9
375.1
102.6
65.9
94.7
127.9
99.1
56.4
134.1
87.2
85.8
149.9
103.5
89.9
60.8
89.3
89.8
134.9
85.2
92.8
263.5
30.8
87.5
101.2
67
356.9
75
40.6
125.5
115.9
301.2
55.1
717
3.7
153
89.6
142.5
173.1
154.1
46.8

Jun-11
57.8
132.7
100.5
284.7
107.7
69.9
89.5
148.3
105.9
76.1
128.7
68.7
98.6
135.6
115.5
117.1
94.1
76.4
89.2
130.5
35.6
118.2
248.1
93.4
729
87.7
75.5
324.5
165.7
483
1234
121
276
73
86.1
40.4
150.7
83.9
147.7
220.4
140.6
48.8

Jul-11
76.3
122.3
141
298.7
120.1
85.5
103.7
203.6
127.2
817
174
70.1
118.8
156.3
134.2
1159
93.5
78.1
1212
155.5
31.2
123.6
2489
145.7
106.3
87.6
84.8
360.2
190.5
88.8
185.7
142.3
265.1
109.9
51.2
423
180.4
100.8
189.1
190.6
140.2
66.9

Aug-11
75.2
98
130.2
416.5
137.2
76.4
106.2
186
140.6
86.7
169.6
61.2
119.8
159.9
136.5
126.3
165.8
75
123.8
170.4
30.4
132
250.6
139.8
1231
88.3
83
329.8
183.4
85.9
209.8
127.2
234.8
136.6
75.6
47.5
201.1
108.6
215.3
2313
155.3
75

Sep-11
41.7
85
125.5
428.6
96
69.8
75.7
152.8
85.1
613
140.7
66
9
129.6
122.2
85.2
110.5
76.9
63
145.5
26.2
124.6
239.8
107.2
100.4
89.1
69.1
315.9
168.7
55.1
171.3
120.5
275.7
110.1
70.7
126
171
94.7
127
215.1
161.5
49.5

149

Oct-11
52.7
79.1

112.7
447.9
110.2
26.8
81.4
141.2
106.8
613
136.2
94.3
75.5
154.5
134.9
93.1
789
85.9
40.5
124.8
763
100.8
272.9
82.4
83.7
108.6
71.8
3014
192
50.7
191.4
80.7
76.5
1185
75.6
152.8
148.6
80.4
129
263.4
141.2
50.1

Nov-11
46.8
69.3

87
323.8
97.2
24.5
85.2
1417
619
44.9
151.5
8.8
65.6
145.3
121.8
85.9
78.2
86.7
67.4
136
92.5
94.8
234.7
824
118
91.2
62.5
260.5
183.3
58.2
194.4
135
1183
89.6
72.9
109.4
120.6
773
107.5
256
127.3
44.6

Dec-11
42.9
70.6

102.4
289.9
146.9
25.2
104.5
162.4
103.9
50.9
146
1115
819
167.6
129.7
80.1
76.1
86.5
9.1
176.8
73.6
90.4
249.7
75.5
124.7
811
62.3
286.1
177.4
59
170.1
101.8
135.1
79.6
82.1
110.1
133.2
9.8
9.9
274.9
152.3
44

Jan-12
52
713
914
2111
194.7
24.3
85.1
158.8
102.2
389
146.6
84.1
85.2
160
123.9
63.1
75.6
86.4
97
182.5
67
1187
2427
82.9
129.6
82.5
39.4
2781
1785
29.5
170.2
85.1
1121
60.5
88
1215
1411
101
74.4
327.9
146.8
42.6

Feb-12
45
68.9
72.8
176.5
179.9
233
94.6
130.2
183.4
44.7
135
73.9
81.4
152.4
1314
70.6
152.2
92.5
77.5
147.6
43.6
83
239.5
85.4
115.8
85
42.8
255.6
153.7
55.6
147.2
75.7
1183
58.9
86.4
1311
1414
100.1
823
279.1
146.4
57.4

Mar-12
49.8
80
815
180.1
135.8
254
100.2
102.1
142.8
45.9
146
64
74.6
145.6
128.6
88.7
149
94.1
84.4
176.4
55.3
86.8
262.3
98.3
100.9
87.4
65
179.3
165.5
716
138.7
76.8
151.1
58.4
87.4
129.1
154.6
103.7
113.7
2115
141
463

Apr-12
44.4
74.7
90.5

206.8
140.9
439
62.2
4.7
139
515
137.4
64.8
94.5
128.7
117
86.8
423
789
73
188.1
57.6
94.2
235.5
88
108.7
90.2
60.8
255.8
127.6
100
148.9
69.7
68.7
41.2
79.8
179.9
156.2
435
117.3
196.6
121.4
388

May-12
49
80.2
829
180.7
100.8
76.3
94.3
83.4
151.5
49.3
140.7
76.3
83.6
107.3
136
97.5
59.3
816
719
155.6
67.3
90.5
262.5
93.8
104.6
86.8
65
249.8
1287
102
141.1
816
70.3
35.8
84.1
250.1
142.6
Y/
1111
197.4
131.7
435

Jun-12
33.9
85.5

116.9
208.9
114.9
74.1
97.3
96.8
138.6
66.4
148.4
62.4
63.1
108
139.3
103.4
80.6
76.2
75
65.6
108.2
100.2
256.5
112.7
74.5
82.7
75.6
261
145.3
93.6
151
152.2
79.5
63.6
89.2
289.1
125.2
67.2
133.8
160.3
141.6
443

Jul-12
793
97.9

109
460.4
135.2

79.8
94.8
92.1
158.2
84.4
187.1
60.4
816

121
130.4
130.6
1511

722
104.4

96.9
117.2
157.2
256.5
124.2

773
103.8

93.6
337.8
184.6
116.2
200.7
159.5
120.9
1325

116
247.9
203.5

72
153.5
220.6
149.1
74.8

Aug-12
793
109.7
106.9
395.4
116.6
84.4
92.8
756
168
79.3
214.2

77.1
117.6
1335
185.7
129.6

714

97.6
100.1
127.7
135.1
255.6
134.3

70.4

79.8

81.6
3385
197.4

921
196.3
158.7
129.7

113
112.5
234.8

192

71.7
163.4
284.5
180.7

63.8

Sep-12
59.3
95.9
96.5

2727
100.7
78.1
84.8
108.3
146.1
65.9
186.8
90.6
58
109.6
118.4
163.7
133
68.3
78.7
0
102
101.2
248
125.5
78.6
73.2
74.1
261.3
139.5
106.5
159.5
148.9
120.2
114.8
84.8
223.1
116.2
74.2
137.7
263.2
173
47.1



43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
Average:

1321
100.1
81
715
1383
98.8
248.8
85.6
80.9
90.3
108.1
98.7
109.7
80.1
74.7
158.3
75.6
115.5
121.3
154.1
2113
143.5
173.3
86
181.8
31
267.1
82.5
120.1
109.1
121.6
55.3
113.3
202.6
97.2
238.8
916
207.6
153.3
129.6
135.8
258.5
98.5
3163
199.8

132.9
138.9
87
734
140.1
111.3
209.4
137.4
74.8
719
132.6
110.9
104.7
384
83.4
143.1
71.2
1181
120.9
137.2
208.3
144.7
164
84.3
142.1
37.8
3317
815
117.4
713
135.3
63.2
131
176.8
89.2
3195
82.8
301.9
144.5
306.9
289
354
98.5
305.7
185.7

135.6
177.2
85
82.8
168.3
915
220.5
316.5
88.2
97.8
150.6
140
90.4
34.7
79.1
158.7
65.4
152.1
1293
139.8
208.9
131
167
98.9
153.2
77.1
492.8
65.8
127
66.5
152.1
51.9
1384
202
99.7
329.6
70.1
400.1
139.6
126.1
273.1
648.4
108.7
3324
160.2

179.4
162.6
82.4
84.5
1153
95.7
230.8
382.7
109.8
101
159.4
1293
89.6
34.9
89.9
1833
45.4
1344
127.6
146.7
2333
149.3
1935
1154
148.6
114.6
378.7
56.6
155.4
90.9
160.1
59.6
146.1
191
90.1
294.8
102.2
589
159.4
414
296.1
639.2
103.3
380.5
147.7

145.9
129.2
90.5
785
774
106.4
212.6
520.4
104.2
95.4
154.8
97.1
825
28.6
85.4
152.8
30.7
109
1234
132.6
2159
1232
172.5
915
148
91.9
373.2
74
150.7
1284
102.7
49
134.1
130.7
62
262.2
109
470.3
188.4
23.8
280.8
669.1
91.9
272
774

185.4
1111
1131
84.4
776
126
230.4
322.8
80.5
80.8
1439
1115
811
319
94.1
181.1
823
1111
1343
152.7
250.9
137.6
177.5
76.7
154.9
1163
3317
823
1329
1314
142.8
76.8
1417
154.6
94.3
3411
138.2
456.9
223.6
269.3
284.5
507.9
96.4
304.4
59.2

169.1
117.6
817
79.2
75.4
79
207.6
151.2
76.5
73.6
1159
113
75.8
30.1
111.8
174.8
74.6
1221
129
149.4
213.7
124.6
167.6
29.4
124.1
93.7
290.6
66.1
120.1
91.2
200.8
69.9
127.8
143.1
80.8
267.9
106
406.9
237
3393
276.3
370.4
119.7
3227
913

151.5
93.7
66.5
68.5

106.8
86.9

226.1

124
77.1
733

115.1

149.6
733
64.4

119

216.9
85.7

114.1

139.1

148.8

218

128.2

158.5
65.5

137.6

1314

357.8
883
60.6

89
184
67

124.2

1335
917

304.4

1217

306.8

196.8

202.2

265.8

273.6
85.9

365.4

124.1

523
99.8
66.6
71.2
1147
109.9
422.5
146.4
79.4
74.8
116
141.5
76.3
163.3
110.5
196.3
824
79.6
172.8
151.2
219.5
124.9
150
68.8
155.6
101.4
319.2
90
57.5
933
201.4
69.3
92.1
128.6
80.7
484
1189
191.4
175
1417
109.2
1283
813
3333
171.6

75.5
1235
88.1
86.5
149.1
108.9
476.6
1349
96.7
101.8
127.6
1143
100
186.8
108.4
186
82.2
89.7
193.4
177.4
255.2
135.8
148.9
73.9
179.4
120.9
393.1
112.4
188.9
99.6
243.4
83.1
98.1
148.4
106.8
889.2
149.3
197.9
156.3
150.8
815
1415
98.9
3373
189.5

86.7
121.5
1203

75.7
148.8
121.3
468.7
117.1

97.3

91.6

84
135.1
90.7
209
108.8
230.2
89

78.1
170.8
201.7
247.8
133.8
148.8

78.9
2154
144.3
3325
1195

148
121.4
186.4

81.2

94
176.1

99.9

654.4

156
184.8
174.5
182.5

76.7
145.4
100.7
3353
158.7

104.9
103.8
67
115.2
128.4
418.4
117.8
85.3
711
63.2
139.8
76.5
172.7
94.3
236.3
74
727
176.1
163.8
316.1
139.3
139.4
85.8
174.5
141
281.9
80.4
158
89.8
125.4
67.1
94.7
155.8
94.5
376
138
213.7
167.6
252.6
66.3
192.5
77.9
334.6
86.4

733
83.6
105.9
69.4
82.1
84.2
2923
72.9
84.7
93.9
67.5
137
79.3
155.1
96.5
249.1
94.8
815
150.5
159
304.6
140.3
140.3
92.4
120.7
87.7
272.1
74.4
148
87.2
141.5
66.1
110.1
147.4
86.2
415.1
132
3129
148.4
195.1
120.5
343
111.5
3511
87.1

124.4586 130.4023 144.5874 154.6103 140.4529 148.1345 131.5241 132.0276 131.3092 152.8425 153.6678 136.0103 133.7448

150

63.9
87.3
110.2
74.7
92.5
89.3
205.5
66.3
80.4
117.8
82.4
155.5
72.9
150.7
90.8
193.7
90.7
95.1
174.1
149.5
269.7
126.7
129.7
82.5
154.4
52.1
2353
72.9
144
127.5
133.4
70.5
105.6
154.7
79.2
391.8
123.4
266.1
102.2
217
258.9
421.6
88.4
3811
95

76.3
100.8
114.4

84.6

86.5

814
209.3

62.4

83.1
113.8

94.7
114.6

70.4
150.8

98.7
225.9

97.8

813
148.1
159.1
326.2
159.5
126.4

55.3
144.3
104.1
231.8

82.7

139
147.9
126.4

57.5

99.7
169.3

82.4
368.4
127.7
289.2
106.7
400.2
306.3
416.3

82.2
497.7
114.2

87.8
1713
85.9
75.2
87.5
2103
61.2
85.1
150.4
122.7
120.9
68.5
147.8
97.4
228.8
100.9
84.4
160.3
156.8
3433
172.8
166.2
58.1
170.1
126.4
221.8
78
172.9
130.2
125.9
60.6
1017
1517
817
3719
125
324
1347
405.6
7144
385
92.3
613.7
99.4

68.2
125.2
1273

80.3

76.5

84
194.9

513

80.7
156.7

843
120.7

73.9
1175

92.2
206.8

93.5

86.3
1383
1429

320
1455
145.7

43.7
1483

95.9
177.7

69.5
1515
137.8
1357

76.6
103.4
110.2
107.7
349.3
1225
295.8
160.4
400.8
237.2
349.6

93
491.5
84.7

76.5
132.2
113
74.9
76.4
69
203.5
74.9
88.4
170.9
61.2
127.8
77.1
138
100.9
199.5
87.2
119.1
153.4
167.5
258.3
1483
1324
329
151
84.6
192.9
80.2
142.5
144.8
139.6
145.4
1115
107.9
87
416.9
137.9
310.2
125.7
295.2
232.2
1833
79.8
328.9
99.4

55.3
156.4
132
66.4
75.7
718
194.7
62.5
94
169.2
60
102.5
84
35.2
96.1
198.1
96.6
99.4
145.9
148.9
235.2
144.3
164.8
313
162.4
90.1
1755
74.6
147.8
128.4
37.5
46.3
9
72.1
99.5
364.5
109.7
221.9
121.2
125
224.1
163.7
80.1
327.8
90

76.2
174
105.6
66.4
90.8
834
2314
75.8
1131
168
60.1
1131
100.1
103.7
99.6
188.3
125.8
80.7
163.1
57.1
2113
137
121.6
583
197.4
89.8
226.1
37.9
79.8
120.1
60.4
63.6
109.3
81
89.9
608.3
133.7
185.4
140.6
1193
209.3
164.3
87
346.8
94.3

51.6
212.8
1249

77.4
130.9

85.1
305.7

98
117.4
1453

74.9
114.4

84.3
290.9
100.4

176

89.1

435
189.9

66.7
200.4
1353
121.8

82.8
231.8
105.8
316.9

921
149.6
147.7

112

65.3

713

84.8

94.3
830.5
1263
179.6
134.4
125.6
174.2
1253

80.3
344.1
106.2

129.454 138.1609 145.4471 131.9379 128.3437 115.7471 122.0609 133.1057

39.3
196.9
133.4

91.4
132.4
115.2
425.6
134.9
127.6
165.4
112.9
146.8
100.5
322.7
117.6

183
102.5
1115
179.9

77.7
2334
142.4
144.4

86.6
2433
149.2
286.7
158.1
1773
1203
140.3

78.8

89.2
124.5
142.4
957.1
1383
166.1

140
134.1

77.2
155.1

823
357.5
156.3

40.9
219.4
122
793
142.4
112
422.9
138.7
119.5
156.5
97.1
124.5
1103
234.2
1221
158.7
98.1
176.3
162.8
90.5
206.1
141.6
135.9
107.3
2255
154.1
283.2
178.4
165.6
40
1111
80.5
121.6
120.1
88.9
838.1
140.2
137.2
153.4
178.3
81.2
144.7
71.2
316.2
144.1

74
207.6
98.4
69.4
104
85.3
269.1
132.9
1117
137.7
87.9
101.2
102
177.5
113.4
1747
96.5
153.5
150.1
783
183.9
125.4
137.3
84.2
190.7
124.9
301.6
154.5
169.2
815
91.2
613
125.3
85.6
911
664.4
128.8
157.2
141.8
216.6
102
160.1
70.6
330.2
83.5

156.831 151.8517 135.2425



Analysis of Energy Consumption Data

The analysis consists the following comparison scenarios:

1. Surveyed and non-surveyed occupants
2. East and West (surveyed occupants)

3. East and West (non-surveyed occupants)

The purpose of the analysis to evaluate any potential bias between the samples; whether
surveyed/non-surveyed occupants and orientations. If there is a significant difference between
the samples, then the surveyed occupants are not representative of the Toronto MURB. The
figure below shows that a majority of the time, surveyed occupants consume less energy than the
non-surveyed occupants. The overall average of surveyed occupants is 131.74 kwh/month. The
overall average of non-surveyed occupants is 137.58 kwWh/month.
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Monthly mean energy consumption between surveyed and non-surveyed occupants

The figures below is the comparison of monthly mean energy consumption between the
orientation of surveyed occupants. It is evident that a majority of the time, West oriented
apartments consume less energy than East.
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Monthly mean energy consumption of surveyed occupants by orientation
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The figure below shows a similar trend is found (like surveyed occupants) when comparing
orientations between non-surveyed occupants. However, there are some months where the West
consumes more than East.
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Monthly mean energy consumption of non-surveyed occupants by orientation

Overall, surveyed occupants consumed less energy than the non-surveyed occupants. When
comparing energy consumption by orientation, a majority of the time, West-orientated units
consumed less than East-oriented units. There is a significant difference between energy
consumption by orientation found between surveyed occupants. Non-surveyed occupants,
however, had fluctuations in energy consumption and does not show a strong pattern. Thus, the
surveyed population is not representative of the whole population in the Toronto MURB because
the surveyed occupants pattern is not prevalent in the other groups. The surveyed population

consume significantly less energy than the non-surveyed occupants and the Toronto MURB, as a

whole.
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Appendix D: Coded Dataset
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October 2010 99.6 1 1 4 1 4 1 4 2 10.2 57.2 18.16 31.29 0.136 3 3 1 1 0 4 0 0 0 3 1 1 1 3 1 1.25

October 2010 208.1 2 1 4 2 4 1 4 1 10.2 57.2 18.16 31.29 0.227 3 1 2 1 1 2 1 1 1 2 1 1 1 3 1 1.875

October 2010 152.7 2 1 1 3 2 1 2 1 10.2 57.2 18.16 31.29 0.273 2 2 2 2 2 0 2 1 3 0 3 il i 3 0 2.625

October 2010 120.6 2 1 2 4 4 1 2 1 10.2 57.2 18.16 31.29 0.273 0 0 0 1 1 0 2 1 2 4 0 1 3 3 0 1.125

October 2010 79.9 2 2 2 4 3 1 1 1 10.2 57.2 18.16 31.29 0.091 1 3 0 1 0 0 0 0 0 4 1 1 3 3 0 1.75
October 2010 129.3 1 1 4 4 3 1 1 4 10.2 57.2 18.16 31.29 0.182 1 3 i il 0 0 0 0 0 i 2 il 3 3 0 1.875
October 2010 97.7 2 1 3 3 4 1 2 3 10.2 57.2 18.16 31.29 0.5 2 1 1 il il 2 2 1 2 3 0 il 2 i il 5
October 2010 107.7 2 1 2 4 4 1 3 4 10.2 57.2 18.16 31.29 0.364 1 1 1 1 1 4 2 1 2 2 1 1 1 1 1 75
October 2010 207.3 1 1 4 1 4 1 3 4 10.2 57.2 18.16 31.29 0.227 3 1 1 1 0 0 0 0 0 5 0 1 2 3 5) 1
October 2010 124.7 2 2 1 4 2 2 2 2 10.2 57.2 18.16 31.29 0.136 2 2 2 1 1 0 4 1 3 0 3 1 3 3 3 2
October 2010 78.3 2 2 2 4 2 1 2 2 10.2 57.2 18.16 31.29 0.318 0 0 0 1 0 0 0 0 0 0 B 1 i 3 0 .75
October 2010 153.1 2 1 2 1 1 1 2 1 10.2 57.2 18.16 31.29 0.182 3 1 1 1 0 2 3 1 3 2 B 1 i 3 0 2
October 2010 83.5 2 1 2 1 4 2 i 2 10.2 57.2 18.16 31.29 0.227 2 3 0 2 2 0 0 0 0 3 2 1 i i 0 .75

October 2010 201 2 2 4 1 4 1 4 1 10.2 57.2 18.16 31.29 0.227 1 2 0 3 0 0 0 0 0 0 4 1 4 2 0 1.875

October 2010 36.7 1 1 2 5 2 1 2 2 10.2 57.2 18.16 31.29 0.455 0 0 0 1 1 0 3 1 4 1 3 0 1 3 0 1.875
October 2010 75.2 2 1 3 1 4 1 2 2 10.2 57.2 18.16 31.29 0.364 2 1 0 3 0 2 0 0 0 3 1 2 2 3 1 225)
October 2010 114.5 2 2 3 4 2 1 2 1 10.2 57.2 18.16 31.29 0.227 1 3 0 2 0 0 2 1 2 3 1 1 1 3 0 2
October 2010 54 1 1 g 4 2 1 2 2 10.2 57.2 18.16 31.29 0.045 0 0 0 0 0 0 0 0 0 4 0 1 3 3 0 0.375
October 2010 123.9 1 2 1 6 1 1 2 4 10.2 57.2 18.16 31.29 0.182 0 0 0 1 0 4 2 1 1 1 1 1 1 3 1 1
October 2010 141.9 1 1 2 4 1 1 2 2 10.2 57.2 18.16 31.29 0.136 0 0 0 0 1 0 3 1 3 3 0 1 2 2 3 2
October 2010 75.5 2 1 4 3 4 1 3 2 10.2 57.2 18.16 31.29 0.318 3 1 0 2 1 0 0 0 0 5 0 2 2 1 6 1.125
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October

2010

92.1

10.2

57.2

18.16

31.29

0.091

1.375

October

2010

72.8

10.2

57.2

18.16

31.29

0.227

i3

October

2010

329.3

10.2

57.2

18.16

31.29

0.227

1.25

October

2010

47.6

10.2

57.2

18.16

31.29

0.227

October

2010

125.7

10.2

57.2

18.16

31.29

0.136

October

2010

206.9

10.2

57.2

18.16

31.29

0.045

October

2010

3.4

10.2

57.2

18.16

31.29

0.318

October

2010

330.5

10.2

57.2

18.16

31.29

0.409

October

2010

114.1

10.2

57.2

18.16

31.29

0.318

October

2010

107.5

10.2

57.2

18.16

31.29

0.227

October

2010

72.9

10.2

57.2

18.16

31.29

0.273

0.75

October

2010

180.8

10.2

57.2

18.16

31.29

0.136

1.25

October

2010

158.1

10.2

57.2

18.16

31.29

0.182

1.75

October

2010

81.8

10.2

57.2

18.16

31.29

0.318

0.625

October

2010

132.3

10.2

57.2

18.16

31.29

0.182

1.875

October

2010

121

10.2

57.2

18.16

31.29

0.545

2.25

October

2010

159.6

10.2

57.2

18.16

31.29

0.136

October

2010

46

10.2

57.2

18.16

31.29

0.045

October

2010

68.4

10.2

57.2

18.16

31.29

0.227

October

2010

124.5

10.2

57.2

18.16

31.29

0.364

October

2010

184.1

10.2

57.2

18.16

31.29

0.182

October

2010

161.5

10.2

57.2

18.16

31.29

0.136

October

2010

97.4

10.2

57.2

18.16

31.29

0.091

October

2010

140.5

10.2

57.2

18.16

31.29

0.182

1.25

October

2010

70.8

10.2

57.2

18.16

31.29

0.136

1.25

October

2010

78.3

10.2

57.2

18.16

31.29

0.136

1.25

October

2010

123.4

10.2

57.2

18.16

31.29

0.318
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Appendix E: Survey Results (Raw Data)

The following figures in this appendix are the raw survey results tabulated from the 49 surveys.

Part 1: General Information

2. Are you male or female ?
50
40
= 30
>
(@}
O 20
. B
0
Male Female
3. What is your age ?
16
14
12
= 10
32 8
O 6
4
2
0
Between 18 and 30 years Between 31 and 45 years Between 46 to 60 years Over 60 years old
old old old
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4. What part of the world did you grow up in ?

25
20
€15
3
O 10
5
1 1
0 —_— i
Canada USA Europe South or East Asia West Asiaand  Africa
central Middle East
America
5. How many years have you been living in the Green Phoenix ?
25
20
= 15
>
(@}
O 10
5
0
0to 1 year 2to 4 years 5to 7 years more than 7 years
7. On average day, how many hours do you spend in your apartment
(includes sleeping) ?
30
25
. 20
[
§ 15
10
5
0

8 hours or less 9to 13 hours 14 to 18 hours more than 18 hours
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8. What is your total household income ?
20
15
c
310
O
5
0
0
Between $0and  Between $15,000 Between $30,000 Over $50,000  Preferred not to say
$14,999 and $29,999 and $49,999

Part 2: Electrical Devices

9. How old is your television ?

30
25
20
15
10

Count

1

I don'thave a TV 5 years or less 6 to 10 years 11to 15years 16 years and more

10. How many hours a day do you leave your television turned on ?
20

15

10

Count

1

I don'thave a 1 hour or less 1 to 3 hours 4 to 8 hours 9to 13 hours 14 hours or
TV more
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11. What type of television do you have ?

I don'thave a TV LCD/LED Plasma Regular (tube)

Count

30
25
20
15
10

12. Do you turn off the cable box when you are done watching television
?

2

I haven't cable box Always turn off Leave on all the time Sometimes turn it off

Count

30
25
20
15
10

13. Do you have a laptop, desktop, or both?

None Laptop Desktop Both
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30
25
20
15
10

Count

14. How many hours a day do you use your computer ?

2

2

| don't have a 1 hour or less 1 to 3 hours 4 to 8 hours 9 hours or more

computer or | don't
use it

30
25
20
15
10

Count

15. How old is you computer ?

| don't have a computer 5 years or less 6 to 10 years

30
25
20
15
10

Count

16. On an average day, how long do you spend on the Internet ?

0

é_

I haven't internet 1 hour or less 1 to 3 hours 4 to 8 hours 8 to 14 hours

14 hours or
more
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Count

40

35

30

25

20

15

10

17. What appliances do you have at home ?

& &L 5 5 & 5
O\oo %@5 QOS&’ oo& N \Q}&@ {,&6\&@ &o‘bé &&\&
. Q& L CS &
SRS > & &

.g@
&
Qvé&
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Part 3: Heating and Cooling

18. During the winter, what temperature do you set your
heating/cooling equipment at ?

0 0-16 16-20 over 20 other

19. During the summer, what temperature do you set your
heating/cooling equipment at ?

30

25

20

15

10

Count

0 0-16 16-20 over 20 other

20. Which of the following do you use to adjust your thermal comfort ?
50
40

30

20

: m__mEE
0 I

Open/ close Open/close  Adjust Turnon Turnon Puton/ Close blinds  Other
windows doors thermostat  personal personal fan  remove / drapes
heater clothing

Count
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Part 4: Energy Behaviour

50
40
€ 30
S
/<3
O 20
10

21.1 Do you turn off the lights when you are not at home ?

1 1 1

No reponse Always Between always and | don't know Never
I don't know

40
35
30
25
20
15
10

Count

21.2 Do you turn off the lights when not in use ?

Always Between always and | I don't know Never
don't know

50
40
30

Count

20
10

21.3 Do you turn off electronics when you are not at home?

1 2 1

No reponse Always Between always and | don't know Never
I don't know
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40
35
30
25
20
15
10

Count

21.4 Do you turn off the electronics when not in use ?

Z

No reponse Always Between always and | don't know Never
I don't know

21.5 Do you use timer controls to control your electrical devices ?

30
25
20
15
10

Count

X __-_—_- .

No reponse Always Between always | don't know Between I don't Never
and | don't know know and never

21.6 Do you turn off (shut down) computer when not in use ?

25
20
15

Count

10

| don't know

Between | don't
know and never




21. 7 Do you turn off (shut down) computer when not at home ?

30

25

. 20
[

§ 15

10

- - i
No reponse Always Between always and | don't know Never
I don't know
21.8 Do you buy green appliances/devices (e.g. energy saving bulbs and
EnergyStar appliances) ?

30

25

= 20
[

215

© 10

> 1
0
No reponse Always Between always and | don't know Never
I don't know

Part 5: Lighting

22. How many COMPACT FLUORESCENT (CFL) (Energy Saving)
light bulbs do you use in your apartment ?

jlllkl;

0CFL 1CFL 2CLF 3 CFL 4 CFL 5CFL 6 CFL

14
12
10

Count

oON B OO
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23. How many INCANDESCENT (regular) light bulbs do you use in
your apartment ?

20

Count
[5=Y
o

o o

0 1 2 3

4 5 6
Incandescent Incandescent Incandescent Incandescent Incandescent Incandescent Incandescent

24. On an average day, how many light bulbs are turned on longer than
3 hours or more ?

50

40

€ 30
S

3 20

10

0 1 to 3 bulbs 3to 5 bulbs

25. How many hours are the light bulbs turned on during the winter ?
25

20

15

Count

10

0 less than 3 hours 3to 5 hours 6 to 9 hours more than 9 hours
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26. How many hours are the light bulbs turned on during the summer ?
35
30
25
€20
>
815
10
1 2
0 less than 3 hours 3to 5 hours 6to 9 hours more than 9 hours
27. How many lamps, floor lamps, or any other light fixtures do yo have
?
20
15
€
210
O
5
N i B
0
0 1 2 3 4 5 6

Part 6: Water Usage

28. Do you run the tap (faucet) while brushing your teeth, shaving, etc.?
30
25

20

15

10

5

0
No Yes

Count
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Count

40
35
30
25
20
15
10

29. Do you leave the sink/tap running while washing the dishes ?

Yes

Count

O N b OO ©

14
12
10

30. How many times do you flush your toilet in a day?

Count

31. Do you prefer taking a shower/bath ?

|

Bath Shower
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32. In a week, how many times do you shower or bathe?
30
25
2 20
315
© 10
; R
= —— A —
I don't 0 More than Once aday Every Twotimes Three Oncea  Takea
keep track once per otherday aweek  timesa week  shower at a
day week pool after
swimming

Part 7: Household Activities

33. On an average day, for how long do you use your stove ?
35
30
25
20
15
10

Count

0 1 hour or less 1 to 3 hours more than 3 hours

34. On an average day, for how long do you use your oven ?
25

20

15

Count

10

1

0 1 hour or less 1 to 3 hours more than 3 hours
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35. On an average day, what is the total time spent using your
microwave ?
30
25
- 20
[
315
© 10
1 1
0 Less than 3 minutes 3 to 9 minutes 9to 15 minutes 15 minutes or more
Part 8: Indoor Environment Satisfaction and Thermal Comfort
36.a How satisfied are you with the amount of space available for
individual daily activities ?

14
12
_ 10
§ 8
8 6
4

2 . . EE
0

1 (Very 7 (Very
satisfied) dissatisfied)
36.b How satisfied are you with the apartment unit layout ?

16
14
12
2 10
3 8
O 6
4

2 _I
0

1 (Very 7 (Very
satisfied) dissatisfied)
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30
25
20
15

Count

10

36.c How satisfied are you with the quality of water in your apartment ?

5
03---_ ——

1 (Very 6 7 (Very
satisfied) dissatisfied)

36.d How satisfied are you with the appliances in your apartment (i.e.
stove, refridgerator, etc.) ?

_

1 (Very 5 6 7 (Very
satisfied) dissatisfied)

40
35
30
25
20
15
10

Count

36.e How satisfied are you with the cleanliness of the building ?

1--&-hlll

1 (Very 5 6 7 (Very
satisfied) dissatisfied)
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36.f How satisfied are you with the maintenance of the building ?

30
25
20
[
§ 15
10
5 B R ————
0 ke Emla
1 (Very 5 6 7 (Very
satisfied) dissatisfied)
36.g How satisfied are you with the air quality in your apartment (e.g.
stuffy/stale air, odours, cleanliness, etc.) ?
15
= 10
[
>
(@}
- -:_. . . I
0 -I
1 (Very 7 (Very
satisfied) dissatisfied)
36.h How satisfied are you with the sound privacy between apartments?
20
15
=
210
o
5 ﬁ_ﬁ_-:
; -
1 (Very 7 (Very
satisfied) dissatisfied)
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37. How satisfied are you with the temperature of your apartment unit
during the summer ?

14
12
10
§ 8
8 6
4
0
1 (Very 7 (Very
satisfied) dissatisfied)
38. Overall, does your thermal comfort in the apartment during the
summer enhances or interes with your comfort ?

14
12
10
€ s
8 6
4
2
0

1 ( Enhances) 2 7 (Interferes)

39. How satisfied are you with the temperature of your apartment unit
during the winter?
20
15
€
210
O

5 . - - —___I

0

1 (Very 7 (Very
satisfied) dissatisfied)
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40. Overall, does your thermal comfort in the apartment during the
winter enhances or interes with your comfort ?

15
= 10
[
3
© 5
H .=
0
0 1( 2 3 4 5 6 7
Enhances) (Interferes)
41. How satisfied are you with the temperature of your apartment unit
during the spring/fall ?
15
= 10
[
3
© 5
O .
0
1 (Very 2 3 4 5 6 7 (Very
satisfied) dissatisfied)
42. Overall, does your thermal comfort in the apartment during the
spring/fall enhances or interes with your comfort ?
14
12
_ 10
S 8
E .
4
; N i
: N
0 1( 2 3 4 5 6 7

Enhances) (Interferes)
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43. How satisfied are you with the air quality in your apartment (e.g.
stuffy/stale air, odours, cleanliness, etc.)?

15
= 10
[
>
(@}
- _:_. . . I
0 -I
1 (Very 7 (Very
satisfied) dissatisfied)
44. Overall, does your air quality in the apartment enhances or
interfere with your comfort ?
14
12
10
§ 8
8 6
4
: B  ——
0
0
Enhances) (Interferes)
45. How satisfied are you with the sound privacy between apartments ?
20
15
=
210
o

i I-ﬁ_ﬁ_I

1 (Very 7 (Very
satisfied) dissatisfied)
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46. Overall, does your acoustic quality in the apartment enhances or
interfere with your comfort ?

15
= 10
[
>
(@}
- . I .
; B e M
0 1(
Enhances) (Interferes)
47. How satisfied are you with the building upgrade ?
14
12
10
€ 8
8 6
4
; -
0
1 (Very 7 (Very
satisfied) dissatisfied)
48. Do you have other comments, concerns, or questions about your
indoor environment satisfaction, thermal comfort, or energy behaviour
?
35
30
= 25
315
© 10
5
0

Q v Q = ) S & S ) )
<~ 04@‘\ 4@\0 ' §o° Q‘Z}{\ 66& S & &0 O Q‘DS"
S S » & & & > & & 5
&S s & ¢S 2° N & +°
R & & s
o <&
&0
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20
15
10

Count

49. Would you describe your sense of belonging to your local
neighbourhood?

I don't know Oustanding Very stong Somewhat ~ Somewhat weak  Very weak
strong

50. In general, how do you feel about living in the Green Phoenix ?

Count

51. In what ways has living in the Green Phoenix changed your life
(financial, sense of security, well-being, etc.) ?

20
— 15
c
310
© 5
2 1 1 1 1 1 1
0
Q ) @ A% e N N ) > 9 O
Qo& &00 “OQ’\Q q:?o\ ¥ o%e\ \0\0 \&‘Z’& '04%0 O\@ 68@ &
& =3 N < a9 > & © < DL Jd
eO O CJ\O &
6 \0

177




Appendix F: Correlation - Indoor Environment Satisfaction and Thermal

Comfort
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204
082
500"
002
578"
456"
005
4517
005
506"
001
568"

22
156
354°

02
121
439

464"
002

494"
001

435"
003
259

151
304
255

08
173
239

387"
006

422"
003

420"
003
305

477"
001
466"
001
327
028
344"
019
457"
001
350°
017
4117

378"
.009
384"
.008
360"
011
289"
046
286"
049
259
075
324"

430"
003
418"
003
451"
001
443"
002
412"
004
292"
044
414"

406"
004
418"
003
460"
001
409"
004
373"
008
245

.09
481"

486"
001
330°
025

386"
008
371"

01

420"
003

400"
005
330°

319"
027
136
355
255

08
102
484
275
055
155
287
351°

354"
014
404"
004
475"
001
193
183
369"
009
204"
884"

378"
008
434"
002
385"
007
243
093
296"
039
410"
003

376"
.008
480"
001
429"
002
602"
722"
410"

318’
028
308"
005
351
015
545"
722"
296

179

429"
002
581"
483"
001
545"
602"
0
243

426"
0.003
484
483"
0.001
351
0.015
429
0.002
.385

775"
484"
581"
398"
0.005
480"
0.001
434"

775"
426"
003
429"
002
318"
028
376"
008
378"

Sig. (2-

Sig. (2-
tailed)

Sig. (2-
tailed)

Sig. (2-
tailed)

Sig. (2-
tailed)

Correlation
Coefficient
Sig. (2-

tailed)

Correlation
Coefficient
tailed)

Correlation
Coefficient
Correlation
Coefficient
Correlation
Coefficient
Correlation
Coefficient
Correlation
Coefficient

Spearson’s correlation

the
the
the

with
with
with

you
you
you

are
are
are

satisfied
satisfied

How satisfied are you with the apartment
satisfied

unit layout?
How satisfied are you with the appliances

in your apartment (i.e. stove, refrigerator,

How satisfied are you with the quality of
etc.)?

How satisfied are you with the amount of
water in your apartment?

space available for individual daily activities?
How

maintenance of the building?

How
cleanliness of the building?

How
temperature of your apartment unit during the




summer?

Sig. (2- 0 0 0 0 0 0 0 0 0 0 0
tailed) .008 0.002 0.007 .093 .039 .003 0 .013 .024 0 .003 .025 .005 .033 .09 0
Correlation : 404" 475" 0 . “ .; 1 : 0 : : L ‘; : 0 L
Overall, does your thermal comfort in the | Coefficient 354 : : .193 369 494 884 308 .263 429 360 422 474 306 275 642
apartment during the summer enhances or
interferes with your comfort? Sig. (2- 0 0 0 0 0 0 0 0 0 0 0
tailed) 014 0.004 0001 | 483 | 009 0 0 031 | 074 | o002 | 012 | 003 | 001 | .033| .071 0
Correlation : 0.136 0.255 0 0 0 : : 1 " y y : ¥ 0 0 0
How satisfied are you with..The | Coefficient 319 ’ . .102 275 .155 351 308 749 634 577 338 424 .228 .105 157
temperature of your apartment unit during the
winter? Sig. (2- 0 0 0 0 0 0 0 0 0 0 0
tailed) 027 0355 008 | 484 | 055 | 287 | .013 | .031 0 0 Ol o019 | 003 | 114 | 497 | .353
Correlation o 330" 386" H = . H 0 . 1 = o H o 0 0 0
Overall, does your thermal comfort in the Coefficient 486 . . 371 420 400 330 .263 749 672 714 330 551 237 167 223
apartment during the winter enhances or
interferes with your comfort? Sig. (2- 0 0 0 0 0 0 0 0 0 0
tailed) .001 0.025 0.008 .01 .003 .005 .024 .074 0 0 0 .025 0 .108 .284 .198
Correlation . 418 460" . . 0 .; : “ L 1 . L . . L L
How satisfied are you with the Coefficient 406 : : 409 373 .245 481 429 634 672 937 457 554 468 422 432
temperature of your apartment unit during the
spring/fall? Sig. (2- 0 0 0 0 0 0 0 0 0
tailed) 1004 0.003 0001 | 404 | 008 09 01 o002 0 0 O o001 01 o001 | .004 | .008
Correlation . 418" 451" = : : .: ; 0 0 . 1 : . . " :
Overall, does your thermal comfort in the Coefficient 430 : : 443 412 292 414 360 577 714 937 342 541 452 474 412
apartment during the spring/fall enhances or
interferes with your comfort? Sig. (2- 0 0 0 0 0 0 0 0 0 0
tailed) 003 0.003 0001 | 5op | 004 | 044 | 003 | .012 0 0 0 019 Ol o001 | .01 | .013
Correlation . 384" 369" : : 0 : “ : ; “ : 1 o o o o
How satisfied are you with the air quality | Coefficient 378 : ' 289 286 .259 324 422 338 330 457 342 794 395 475 451
in your apartment (e.g. stuffy/stale air, odors,
cleanliness, etc.)? Sig. (2- 0 0.008 0.011 0 0 0 0 0 0 0 0 0 0 0 0 0
tailed) .009 : : .046 .049 .075 .025 .003 .019 .025 .001 .019 .005 .001 .006
Correlation o 466" 327" H o H o o o o o o o 1 o o .
Overall, does your air quality in the Coefficient 477 : : 344 457 350 411 474 424 551 554 541 794 478 571 562
apartment enhances or interfere with your
comfort? Sig. (2- 0 0 0 0 0 0 0 0 0
tailed) 001 0.001 0028 | 419 | o001 | 017 | .005 | .001 | .003 0 0 0 0 001 O o1
Correlation 0 0.255 0.173 . . L : : 0 0 . L . . 1 L L
How satisfied are you with the sound Coefficient 151 . . 387 422 420 305 306 .228 .237 468 452 395 478 922 448
privacy between apartments? Sig. (2- 0 008 0239 0 0 0 0 0 0 0 0 0 0 o o 0
tailed) .304 . . .006 .003 .003 .033 .033 114 .108 .001 .001 .005 .001 .005
Correlation 0 354" 0.121 i i N 0 0 0 0 - N N - - 1 .
Overall, does your acoustic quality in the | Coefficient .22 . : 464 494 435 .259 275 .105 .167 422 474 475 571 922 408
apartment enhances or interfere with your
comfort? Sig. (2- 0 0 0 0 0 0 0 0 0 0 0 0
tailed) .156 0.02 0439 .002 .001 .003 .09 .071 497 .284 .004 .001 .001 0 0 .018
Correlation 0 500" 578" o . o . o 0 0 o H o - - H 1
How satisfied are you with the building Coefficient 294 : ) 456 451 506 568 642 157 .223 432 412 451 562 448 408
?
upgrade? Sig. (2- 0 0,002 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tailed) .082 . .005 .005 .001 .353 .198 .008 .013 .006 .001 .005 .018
*. Correlation is
**_Correlation is significant at the 0.01 level (2-tailed). significant at the 0.05 level
(2-tailed).
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Appendix G: Occupant Predictors of Household Energy Use — Gender,

Age, Income, Hours per day
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Title of the survey

INTERPRETING CROSS-TABULATIONS
Percentage of the

Number of
respondents of the

respondents of

section . i
P / question / the question
Gender Age / Income Hours per day
. o Between | Between | Between /| Over Between Between | Between 8 9to 1410 | More
Questions #l % 18and | 3land | 46t060/| 60 $15,000 | $30,000 | Preferred | hours than
Male | Female $0 and 13 18
30 years | 45years years years $14.999 and and not to say or hours | hours 18
old old old old ' $29,999 | $49,999 less hours
Part 2: Electrical
Devices 1
LdonthaveaTy |0 D20% | 80% | 20 | 1096 | 5096 (309 | 10% | 10% | 70% | 10% | 10% | 209% | 60% | 20% | 0%
5 years o less 28| 57% | 75% | 25% 11% 25% 29% | 36% | 36% 25% 18% 21% 20% | 399 | 14% | 18%
.

& now OLD S your 6 0 10 years 6120 | 83% | 17% | 179% | 33% | 33% | 17% | 33% | 33% 0% 3% | 336 67% | 0% | 0%
11 to 15 years 4| 8% [ 100% | 0% 0% 25% 25% | 50% | 25% 25% 25% 25% 0% | 75% | 0% | 25%
16 years and more 1| 2% | 100% | 0% 0% 0% 0% | 100% [ 0% 100% 0% 0% 0% | 0% | 0% | 100%
§- ng marl‘y hours a | don't have a TV 10 | 20% | 80% | 20% 10% 50% 30% | 10% [ 10% 70% 10% 10% 20% | 60% | 20% | 0%

ay do you leave your
TELEVISION turned 1 hour or less 6 | 120 | 500 (C50% 0% 33% 17% | 50% | 67% 0% 0% 33% | 50% | 17% | 17% | 17%

on?
1 to 3 hours 16 | 33% | 88% | 13% 19% 38% 31% | 13% | 19% 44% 31% 6% 25% | 75% | 0% | 0%
4108 hours 12 | 24% | 83% | 17% 8% 17% 17% | 58% | 25% 33% 0% 42% 17% | 33% | 25% | 25%
90 13 hours 4| 8% [ 75% | 25% 0% 0% 75% | 25% | 50% 0% 25% 25% 25% | 25% | 0% | 50%
14 hours or more 1| 2% | 100% | 0% 0% 0% 0% | 100% | 100% 0% 0% 0% 0% | 0% | 0% | 100%
Surve>question

This means that 50% of the people who reply “I use my TV 1 hour or a less a day” are female.

O This means that 67% of the people who reply “My TV is 6 to 10 years old” spend 9 to 13 hours in their apartment per day.
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Gender Age Income Hours per day
. Between Between Over Between Between more
0,
Questions # % 18and | 3tand | BeWween | g4 Between | ¢15000 | $30,000 | Preferred | & 9t | 1410 | o
Male Female 30 years 45 years 461060 years $0and and and not to say hours 13 18 18
old old years old old $14,999 $29,999 $49.999 or less | hours hours hours
Part 1: General
Information
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
2Areyouamaleor | Male 39 | 80% 8% 33% 31% 28% | 23% 38% 18% 21% 28% | 46% | 15% | 10%
X
female 7 Female 10 | 20% 20% 20% 20% 40% | 50% 30% 0% 4% 10% | 60% | 0% 30%
Between 18 and 30 years old 5 | 10% | 60% | 40% 40% 20% 0% 40% 20% | 80% | 0% 0%
Between 31 and 45 years old 15 | 31% | 87% 13% 20% 53% 13% 13% 33% 60% 7% 0%
3. What is your age
Between 46 to 60 years old 14 | 29% | 86% | 14% 29% 36% 29% 7% 21% | 64% | 7% 7%
Over 60 years old 15 | 31% | 3% | 27% 33% 27% 7% 33% 20% | 13% | 21% | 40%
Canada 15 | 3% | 3% | 27% 0% 13% 21% 60% | 27% 40% 7% 27% 20% | 33% | 13% | 33%
USA 1|2 | 100% | 0% 0% 0% 0% 100% | 100% 0% 0% 0% 0% 0% 0% 100%
Europe 4 | 8% | 100% | 0% 25% 0% 50% 25% | 50% 25% 25% 0% 0% 50% | 25% | 25%
4. What part of the
\lilvgrl.:?’ did you grow | ooth or central America 4 | 8% | 100% | 0% 0% 0% 50% 50% | 25% 25% 25% 25% 50% | 0% 50% | 0%
East Asia , | 4% | 50% | 50% 50% 0% 0% 50% | 0% 0% 50% 50% 0% 100% | 0% 0%
West Asia and Middle East 1|2 | 100% | 0% 0% 100% 0% 0% 0% 100% 0% 0% 0% 100% | 0% 0%
Africa 0 | 45% | 7% | 23% 14% 550 21% 5% 21% 41% 14% 18% 32% | 64% | 5% 0%
0to1 year 6 | 129% | 83%6 | 17% 33% 509% 17% 0% 17% 33% 0% 500 17% | 83% | 0% 0%
f’]é\'jeo)"/‘;m:g'nyﬁiﬁg 2104 years 16 | 33% | 75% | 25% 19% 38% 31% 13% | 25% 50% 25% 0% 5% | 63% | 13% | 0%
:\’/‘Ibhég oronto 507 years 5 | 10% | 60% | 40% 0% 20% 60% 20% | 60% 20% 0% 20% 40% | 40% | 0% 20%
more than 7 years 22 | 45% | 86% | 14% 0% 23% 23% 55% | 27% 32% 14% 27% 23% | 32% | 18% | 27%
6. On an average 8 hours or less 12 | 24% | 2% | 8% 8% 42% 25% 25% | 25% 42% 17% 17%
day, how many
hours do you spend | 9 to 13 hours 24 | 49% | 759% | 25% 17% 38% 38% 8% 25% 42% 17% 17%
in you apartment
Uit includes 1416 18 hours 6 | 129 | 1000 | 0% 0% 17% 17% 67% | 0% 33% 17% 50%
i ?
sleeping)? more than 18 hours 7 | 14% | 57% | 43% 0% 0% 14% 86% | 71% 14% 0% 14%
Between $0 and $14.999 14 | 29% | 64% | 36% 14% 21% 29% 36% 21% | 43% | 0% 36%
7. Whats your total | _Between $15,000 and $29,899 18 | 37% | 83% | 17% 6% 44% 28% 11% 28% | 56% | 11% | 6%
i ?
Income Between $30,000 and $49,999 7 | 14% | 100% | 0% 0% 29% 57% 14% 29% | 57% | 14% | 0%
Preferred not to say 10 | 20% | 80% | 20% 20% 20% 10% 50% 20% | 40% | 30% | 10%
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Gender Age Income Hours per day
. Between Between Over Between Between more
0,
Questions # % 18and | 3land | Between | g, Between | 15000 | $30,000 | Preferred | 8 9to 1410 1 han
Male Female 30 years 45 years 4610 60 years $0 and and and not to say hours 13 18 18
old old years old old $14,999 $29,999 $49.999 or less hours hours hours
Part 2:
Electrical
Devices
| don't have a TV 10 20% | 80% 20% 10% 50% 30% 10% | 10% 70% 10% 10% 20% | 60% | 20% | 0%
6. How OLD is | 5 years or less 28 57% | 75% 25% 11% 25% 29% 36% | 36% 250 18% 21% 20% | 39% | 14% | 18%
YFOEquEVI sion | 6010 years 6 12% | 83% 17% 17% 33% 33% 17% | 33% 33% 0% 33% 33% | 67% | 0% 0%
5
' 11 0 15 years 4 8% | 100% 0% 0% 25% 25% 50% | 25% 25% 25% 25% 0% 5% | 0% 25%
16 years and more 1 2% | 100% 0% 0% 0% 0% 100% | 0% 100% 0% 0% 0% 0% 0% 100%
I don't have a TV 10 20% | 80% 20% 10% 50% 30% 10% | 10% 70% 10% 10% 20% | 60% | 20% | 0%
o Howmany | 1 hour or less 6 12% | 50% 50% 0% 33% 17% 50% | 67% 0% 0% 33% 500% | 17% | 17% | 17%
;gﬁi:‘vgay do 1103 hours 16 33% | 88% 13% 19% 38% 31% 13% 19% 44% 31% 6% 25% 75% 0% 0%
¥0EU|IEV|S| on | 4108 hours 12 24% | 83% 17% 8% 17% 17% 58% | 25% 33% 0% 2% 17% | 33% | 25% | 25%
? 4 8% | 75% 25% 0% 0% 75% 25% | 50% 0% 25% 25% 25% | 25% | 0% 50%
turned on 9 to 13 hours
0 (1] 0 (] 0 0 (] (] 0 (] (] (] 0 (] 0
14 hours or more 1 2% 100% 0% 0% 0% 0% 100% | 100% 0% 0% 0% 0% 0% 0% 100%
I don't have a TV 10 20% | 80% 20% 10% 50% 30% 10% | 10% 70% 10% 10% 20% | 60% | 20% | 0%
#%p\f\éhgft LD/ LED 16 33% | 106% 6% 0% 38% 31% 31% | 25% 38% 13% 25% 13% | 50% | 25% | 13%
gf'y—o'i\/’: f\:g“ Plasma 9 18% | 56% 44% 33% 11% 22% 3% | 67% 22% 1% 0% 3% | 4% | 0% 22%
Regular (tube) 14 29% | 79% 21% 7% 21% 29% 3% | 21% 21% 21% 36% 36% | 43% | 0% 21%
11. Do you I haven't cable box 28 57% | 75% 25% 7% 39% 32% 21% | 25% 43% 14% 18% 21% | 57% | 11% | 11%
E‘;L'I’eoggihe Always turn off 12 24% | 100% 0% 0% 25% 33% 42% 17% 25% 25% 33% 2% | 5% | 5% | 8%
when you are 7 14% | 57% 43% 43% 0% 14% 43% 57% 29% 0% 14% 14% 57% 0% 29%
done watching | Leave on all the time 0 0 ° ° ° 0 ° ° 0 0 0 0 0 0 0
e
television 7 Sometimes turn it off 2 4% | 100% 0% 0% 50% 0% 50% | 50% 50% 0% 0% 0% 50% | 0% 50%
None 26 53% | 77% 23% 4% 23% 23% 500% | 19% 42% 12% 27% 21% | 38% | 19% | 15%
ﬁi‘veDg }’;’;‘top Laptop 16 33% | 81% 19% 25% 50% 25% 0% 31% 38% 13% 19% 25% | 69% | 6% 0%
ggiﬁtfp' or Desktop 5 10% | 100% 0% 0% 0% 80% 20% | 40% 20% 40% 0% 20% | 40% | 40% | 0%
Both 2 1% | 50% 50% 0% 50% 0% 50% | 100% 0% 0% 0% 0% 50% | 0% 50%
13 Howmany | | 4ot have a computer o | don't use it | 28 57% | 79% 21% 4% 25% 25% 6% | 18% 43% 14% 25% 20% | 39% | 18% | 14%
hours a day do
you use your 1 hour or less 3 6% | 67% 33% 33% 33% 0% 3% | 33% 0% 33% 33% 33% | 33% | 0% 33%
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COMPUTER?

7 14% 86% 14% 0% 57% 43% 0% 43% 14% 14% 29% 0% 86% 14% 0%
1 to 3 hours
410 8 hours 9 18% 78% 22% 33% 22% 33% 11% 56% 33% 11% 0% 33% 44% 22% 0%
9 hours or more 2 4% 100% 0% 0% 50% 50% 0% 0% 100% 0% 0% 0% 100% 0% 0%
14 How old i I don't have a computer 26 53% 77% 23% 4% 23% 23% 50% 19% 42% 12% 27% 27% 38% 19% 15%
you computer 5 years or less 21 43% 86% 14% 19% 38% 38% 5% 33% 33% 19% 14% 24% 62% 5% 10%
?
6 t0 10 years 2 4% 50% 50% 0% 50% 0% 50% 100% 0% 0% 0% 0% 50% 0% 50%
| do not have internet 28 57% 79% 21% 4% 25% 25% 46% 18% 43% 14% 25% 29% 39% 18% 14%
1 hour or less 3 6% 67% 33% 33% 33% 0% 33% 33% 0% 33% 33% 33% 33% 0% 33%
15.Onan
average day, 1103 hours 7 14% 86% 14% 0% 57% 43% 0% 43% 14% 14% 29% 0% 86% 14% 0%
how long do
you spend on 4108 hours 9 18% 78% 22% 33% 22% 33% 11% 56% 33% 11% 0% 33% 44% 0% 22%
the Internet ?
8 to 14 hours 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2 4% 100% 0% 0% 50% 50% 0% 0% 100% 0% 0% 0% 100% 0% 0%

14 hours or more
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Gender Age Income Hours per day
Questons o [ sotesn | Sen | canen | S| monen | B | St | e | | o
Male Female 30 years 45 years 46 to 60 years $0 and and and not to say hours hours 18 than 18
old old years old old $14,999 $29.999 $49,999 or less hours hours

Cell phone charger 36 | 73% | 72% 28% 14% 36% 28% 22% 33% 33% 14% 19% 25% 56% 8% 11%
Home phone 19 | 39% | 84% 16% 5% 11% 47% 37% 37% 16% 21% 21% 21% 371% 21% 21%
VHS player 6 12% 83% 17% 0% 33% 33% 33% 17% 50% 17% 17% 67% 17% 0% 17%
DVD player 25 | 51% | 100% | 20% 8% 32% 32% 28% 28% 36% 20% 16% 20% 52% 12% 16%
Game console 1 2% 100% | 0% 100% 0% 0% 0% 100% 0% 0% 0% 0% 100% 0% 0%
Printer 10 | 20% 100% 0% 30% 30% 40% 0% 40% 20% 30% 10% 40% 50% 0% 10%
Speakers 13 | 27% 85% 15% 8% 54% 23% 15% 23% 38% 23% 15% 31% 46% 8% 15%
Clock 17 | 35% 100% 0% 12% 18% 41% 29% 29% 29% 24% 18% 24% 47% 18% 12%
Radio / stereo 25 | 51% 84% 16% 4% 28% 32% 36% 16% 40% 24% 20% 16% 44% 20% 20%
Slow cooker 5 10% 80% 20% 0% 20% 40% 40% 0% 20% 40% 40% 40% 40% 0% 20%
Rice cooker 6 12% 67% 33% 17% 50% 17% 17% 17% 33% 17% 33% 0% 83% 0% 17%

16. What appliances Iron 21 | 43% 62% 38% 10% 24% 43% 24% 38% 33% 10% 19% 14% 67% 5% 14%

do you have at home

? Vacuum cleaner 12 | 24% 92% 8% 0% 8% 33% 58% 42% 25% 8% 25% 17% 25% 25% 33%
Humidifier / Dehumidifier 3 6% 67% 33% 0% 33% 33% 33% 33% 33% 33% 0% 33% 33% 0% 33%
Toaster 5 10% | 80% 20% 20% 40% 20% 20% 20% 60% 0% 20% 0% 80% 0% 20%
Coffee maker 1 2% 100% 0% 0% 100% 0% 0% 0% 100% 0% 0% 0% 100% 0% 0%
Fan 2 4% 100% 0% 0% 0% 50% 50% 100% 0% 0% 0% 0% 0% 0% 100%
Air conditioner 1 2% 100% 0% 0% 0% 100% 0% 0% 100% 0% 0% 0% 100% 0% 0%
Battery clock 1 2% 100% 0% 0% 0% 0% 100% 0% 100% 0% 0% 0% 0% 0% 100%
Broiler 1 2% 100% 0% 0% 0% 100% 0% 0% 100% 0% 0% 0% 100% 0% 0%
Microwave 1 2% 100% 0% 0% 0% 100% 0% 0% 100% 0% 0% 0% 100% 0% 0%
Electric kettle 1 2% 0% 100% 0% 0% 0% 100% 0% 100% 0% 0% 0% 100% 0% 0%
Refrigerator 1 2% 100% 0% 0% 0% 100% 0% 0% 0% 0% 100% 0% 100% 0% 0%
Teapot 1 2% 100% 0% 0% 0% 0% 100% 100% 0% 0% 0% 0% 0% 0% 100%
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Gender Age Income Hours per day
. o Between | Between | Between | Over Between Between | Between 8 9to 1410 | mMore
Questions L % | vale | Femate | 18and | 3tand | 46t060 | 60 | PO | $15000 | $30000 | Preferred | hours | o 1g. | than
30 years | 45years years years $14.999 and and not to say or hours | hours 18
old old old old ' $29,999 | $49,999 less hours
Part 3: Heating
and Cooling
0 19 [ 39% [ 68% | 26% 5% 47% 26% 16% | 21% 37% 11% 26% 21% | 63% | 0% | 11%
17. During the
winter, V\?hat 0-16 7 | 14% | 86% | 14% 0% 14% 57% | 29% | 29% 43% 29% 0% 71% | 14% | 0% | 14%
te}’/’;ﬂeg:tt;ngo 16-20 9 | 18% | 78% | 22% 11% 33% 33% | 22% | 33% 44% 11% 11% 22% | 56% | 11% | 11%
heat_inglcooling over 20 14 | 29% | 86% | 14% 21% 14% 7% 57% | 36% 21% 14% 29% 7% | 36% | 36% | 21%
equipment at 7
other 1| 2% [100% | 0% 0% 0% 100% | 0% 0% 100% 0% 0% 0% | 100% | 0% | 0%
0 24 | 49% | 75% | 25% 8% 38% 21% | 33% | 29% 38% 13% 21% 38% | 46% | 0% | 17%
18. During the
summer, %hat 0-16 6 | 12% [ 100% | 0% 17% 0% 50% | 33% | 50% 0% 33% 17% 17% | 50% | 17% | 17%
te%ﬁ’]esr:tt;‘ngo 16-20 13]27% | 69% | 31% 8% 38% 31% | 23% | 31% 46% 8% 15% 8% | 54% | 23% | 15%
hea'fingfcoolinrg) over 20 5 | 10% | 100% | 0% 20% 20% 20% | 40% 0% 40% 20% 40% 20% | 40% | 40% | 0%
equipment at ?
other 1| 2% [100% | 0% 0% 0% 100% | 0% 0% 100% 0% 0% 0% | 100% | 0% | 0%
Open / close windows | 39 | 80% | 77% | 23% 13% 33% 31% | 23% | 31% 33% 15% 21% 23% | 56% | 8% | 13%
Open / close doors 14 [ 29% [ 86% | 14% 14% 36% 21% | 29% | 43% 29% 29% 0% 21% | 64% | 0% | 14%
19. Which of Adjust thermostat 13| 271% | 77% | 23% 8% 31% 31% | 31% | 46% 8% 15% 31% 8% | 54% | 23% | 15%
the following do
you use to Turn on personal heater | 3 | 6% | 67% | 33% 0% 67% 0% 33% | 33% 33% 33% 0% 0% | 100% | 0% | 0%
adjust your
tJh errxal Turnon personal fan | 14 | 29% | 93% | 7% 0% 0% 43% | 57% | 36% 29% 14% 21% 7% | 36% | 29% | 29%
comfort ? Puton / remove clothing | 23 | 47% [ 74% | 26% 13% 17% 35% | 35% | 26% 35% 22% 17% 17% | 48% | 13% | 22%
Close blinds / drapes | 21 | 43% [ 76% | 24% 5% 14% 38% | 43% | 38% 29% 10% 24% 14% | 48% | 14% | 24%
Other 1 2% | 0% | 100% 0% 0% 0% 100% | 100% 0% 0% 0% 0% | 0% | 0% | 100%
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Gender Age Income Hours per day
X o Between | Between | Between Over Between Between | Between 8 9to 1410 more
Questions 1% | vate | Female | 18and | 3land | 461060 | 60 somnd | 15000 | $30000 | Preferred | hours | 3 1g | than
30 years | 45years years years $14.999 and and not to say or hours | hours 18
old old old old ! $29,999 $49,999 less hours
Part 4:
Energy
Behaviour
No response 1 2% | 100% 0% 0% 0% 0% 100% 100% 0% 0% 0% 100% 0% 0% 0%
20-'3tD° Always 42 | 86% | 79% 21% 10% 29% 31% 31% 26% 38% 14% 21% 21% 52% 12% 14%
you turn
off the Between always and | don't know 4 8% 75% 25% 25% 25% 25% 25% 50% 25% 25% 0% 50% 25% 0% 25%
lights
when you I don't know 1 2% | 100% 0% 0% 100% 0% 0% 0% 100% 0% 0% 0% 100% 0% 0%
a;e not ;’ﬂ Between 1 don't ki g 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
ome 7 etween | don't know and never
Never 1 2% | 100% 0% 0% 100% 0% 0% 0% 0% 0% 100% 0% 0% 100% 0%
Always 35| 711% | 7% 23% 6% 31% 29% 34% 17% 46% 14% 23% 23% 51% 14% 11%
20.b Do
you turn Between always and | don't know 10 | 20% | 90% 10% 20% 20% 40% 20% 50% 10% 20% 20% 40% 30% 10% 20%
(:If;rt]?; I don't know 3 6% | 100% 0% 33% 67% 0% 0% 67% 33% 0% 0% 0% 100% 0% 0%
V\_/hen ngt Between | don't know and never 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
in use 7
Never 1 2% 0% 100% 0% 0% 0% 100% 100% 0% 0% 0% 0% 0% 0% 100%
No response 1 2% | 100% 0% 0% 0% 100% 0% 0% 100% 0% 0% 0% 100% 0% 0%
ZO-CtDO Always 40 | 82% | 75% 25% 10% 30% 23% 38% 33% 33% 13% 23% 18% 50% 15% 10%
you turn
elec'[c’:cfnics Between always and | don't know 5 | 10% | 100% 0% 0% 40% 60% 0% 0% 40% 40% 20% 40% 60% 0% 0%
when you I don't know 2 4% | 100% 0% 0% 50% 50% 0% 0% 100% 0% 0% 100% 0% 0% 0%
aLe notoat Between | don't k J ol 0w | 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
ome? etween | don't know and never
Never 1 2% | 100% 0% 100% 0% 0% 0% 100% 0% 0% 0% 100% 0% 0% 0%
No response 2 4% | 100% 0% 0% 0% 50% 50% 0% 100% 0% 0% 0% 50% 50% 0%
20.d Do Always 37 | 76% | 78% 22% 8% 35% 24% 32% 27% 35% 14% 24% 24% 49% 14% 14%
you turn
off the Between always and | don't know 5 | 10% | 80% 20% 0% 20% 60% 20% 20% 20% 40% 20% 20% 60% 0% 20%
eleﬁtronicts I don't know 3 6% | 100% 0% 33% 33% 33% 0% 33% 67% 0% 0% 33% 67% 0% 0%
when no
in use ? Between | don't k p 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
' etween | don't know and never
Never 2 4% 50% 50% 50% 0% 0% 50% 100% 0% 0% 0% 50% 0% 0% 50%
20.e Do No response 3 6% | 100% 0% 0% 0% 67% 33% 0% 33% 33% 33% 33% 67% 0% 0%
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you use
timer Always 8 [ 169% | 88% 13% 13% 38% 25% 25% 2504
controls to i 0 38% 13% K
control Between always and | don't know 3 6% | 100% 0% 0% 33% 67% 0% 33% ° 25% 50% 25% 13% 13%
o ) 33% 0
your | dort Know o 1129 | 1000t " - (o 33% 0% 67% 33% 0% 0%
| % 0% 50%
electrical 0 17% 33% 0% 33% 17% 509
devices ? Between | don’t know and never 1] 2% [ 100% 0% 100% 0% 0% 0% 0% ° S | 0% | TP | %
° 0 0% 0% 100% 0%
1009
Never 28 | 57% 68% 32% 11% 29% 25% 36% 39% 39% 11 0 - “ o
0 %
) No response 23 | 47% | 74% 26% 0% 22% 26% 520 : — - o il e
o(:jftl?u? Always 17 | 35% | 82% 9 ° 2% 22% 39% 17% 22% 22% | 39% | 22% | 17%
)(;f‘f (shur': 6 | 18% 24% 47% 29% 0% 29% 35% 12% 2 °
Between always and | don' 4 | 8% | 759 - i A% | % | &% 0%
Codfg\[,)vLTt)er y on't know o | % | 25% 0% 50% 25% | 25% | 50% 50% 0% 0% 0% :
I don't know 3| 6% 9 ° > °0% 0% 509
V\_/hen not o 100% 0% 33% 0% 33% 33% 33% 0% 33% 0 .
in use ? Between | don't know and never | 0 | 0% 0% 0% 0% 0% 0% 0% 0% 0% - > D% | % % 0%
0 () 0% 0% 0% 0%
0% 0%
Never 2 | 4% | 100% 0% 0%
0% 50% | 50% | 50%
50% 0% 0% 0
2 No response 24 | 49% | 75% 25% 0% 21% 25% 54% 219 0 = = - ks
29 00 - e Do I B = 6 1% 38% 17% 5% | 25% | 38% | 21% | 17%
0 b 45% 9
offshut | g i 25% 5% 35% 35% 10% 20% 250 9
down) etween always and | don't know | 1 | 2% | 100% 0% 0% 100% 0% 0% o | 5% o 10%
(! (] 100% 09 9
computer I don’t know 1] 2% | 100% | 0% 0% . ° 0% 0% 0% | 100% | 0% | 0%
when not ° 0% 100% 0% 0% 0% 100% 0%
athome? | Between I don't know and never | O | 9% 0% 0% 0% 0% 0% 0% 0% - kel o %
0 0% 0% 0% o
; 0 0% 0% 0% 0%
6% | 100% | 0% 0%
0% 67% 33% 33% 9
0 67% 0% 0% 0% | 67% | 0% | 33%

Never
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Questions
GEnder
# 0,
20. h D %
h Do A
greggu buy N Male | F Between 9€
appliance 0 respo emale | 18 and Betwee
s/devi nse n B
(e.g. en vices 30 ye 31 and etwee
ergy savi Alw 1 29 ars | 4 6 nl owv |
b vin ays % ol 5ye to 6 er ncom
ulbs and g | Between 100% d ars 0 60 B e
EnergySt always ai 24 | 499 0% old years ctween | BEtwe
applian ar 1 don' nd I don't ki % | 83% 0% old years $0 and $15 Oen Betwe
ces) ? Betw n't know now 10% 17% 0% old $14,999 arv]dOO $30 o&? Hours per d
een ' 10 4% 09 : ay
I don't kno 12% 0% 0% ° 17% % 100% $29,999 and Preferred 8
2 w and 0 ° 0 ° $4 not ho
- How N neve 100% 0% 389 100% 9,999 to sa urs 9to
. COMPX]Cany ever r| O 0% 0%0 0% () 0% % 2% (] 0% y or 13 1410 | More
LUORESCET 0 CFL 3 | 279 0% 0% = 40% 21% 0% or | hours | 1g | than
(CFL) (E NT 1C 1 % | 54% 0% % 1 0% 42% 0% ours | 18
Saving) i nergy FL 1] 22% 0 | 46% 0% 1% 40% 21% 0% hour
d ight b 2C 6 | 559 i 0% 17% 40% 179 0% s
0you use i ulbs FL 5 | 100 % 455 31% b 09¢ 17% 0 200 % 5 0%
apart In your 3CFL % | 80% % 189 31% ? 09 33% % 5% | 429 1009
ment ? 4 CFL 7 1129 | 8 0 20% 8% Py 15% - ) 00/0 7% 0% - % | 21% (
= CFL 12 | 24% 6% 1% 40% y 0 15% 3% = 0 0% 33% % | 40% 13%
6 CFL § | 16% 83% | 17% 0% % 0% 21% | 36 G 0% 0% | 83% 0% | 20%
5 88% 0 43% 0 % 09 0% o | 179 0
2 ; 10% 0 8% 0 20% Yo 0 7%
IchAH(l))Vémany 0 incandescent L 2%0 100% 103;/0 00/2 33% > 57; 20% :z% 0% el 31% I 8?
i 009 2 42% 0 % () %
(regul SCENT 1incand 16 | 339 o | 09 0% 25% 0 43% 0 18% 54%
. 0/ () 17% (0] OQ/ 0 0
bulbs da“) light escent % | 94% 0 09 0% 63% o | 3 29% 0 9% 0%
. o 2i 0 7 0 139 3% ° 609% 559 15%
i your apartmen Incandescent 10 | 20% | 60% % | 0% o009 T % | 2w 25% 20% 80; TR
? nt 3inc 9 0 409 2 % 0 09 38% % 0 2 ) ()
: an 1 0 5% 09 % 0 304 0%
4i descent 8% | 100% o | 10% ° 50% % | 0% 40% 25% 10[? 25(; 29% 14(; 0%
incandesce 9 [ 18% 0% 20% 25% | 199 0% 20% 3% 38 6 | 50% 6 | 14%
23 5i nt 78% 11% 20% % 3 100% 40% % | 50% 8% 1
.Onan ave incandesci 3 6% 22% 44% 50% 8% 0% 0% m o 13% 7%
day. how many 6 inca ent 33% 33% 11% 30% 31% 000 0% 15 0%
light bulbs are ndescent 1| 2% 67% 56% 33% 40% 13% 6 | 0% 0% | 0%
turn bs are ° 0% 0% 11% 11% 0% 2504 0% o
ed on lon 0 1| 2% 100% 0% 0% 56% 30% 56% 0%
than 3 hOursger 1t o | 100% o 0% ) 239% 0 4% o 0% b 0% 13% ”
more s D 3 bulbs 2 | 4% [ 1009 0% 09 0% o | 67% 33% 33% 40% | 300 ik
| 40 | 82% o] 0% L 0% 0% | 10 o 0% 1o 1 56% | 44% 0% | 20%
0,
24. H 3to 5 bul 0 78% 0% 100% 0% 09 () 339 1% 1 o 0%
nours are the g = 1 2% | 1 1oo%e b | O ~ 0% > 0% 1% | 78% 0%
re the li 4% 3% 0% 10 ° 0 o | 1
bulbs e light 0 ! o | 869 0 0 0% 09 339 1%
tur % 33% 0% 09 Yo 3% 0%
durin ned on less 149¢ (Y 0 % 10 0% o
- tl 1 0 239 0% 0% (
g tr;e winter han 3 hours 206 | 1000 0% o % 33% 0 100% 0% — ° 0% ” % | 67%
- 3105 hours 14 | 29% 0| 0% 5 % 210 35% = 0% ” 6 0% % | 0% |1
64% % ° 2 % % 0% 00%
25.H 609 20 | 410 o | 36% 100% 9% | 09 10% 50% o | 0% >
hotrs are the i 109 hours 1% | 85% 14% 0% % 299 20% 50% 100%
b are the ligh an 9 hou 9 | 189 o | 15% 29% 0% /o 25% 0% | 09
ulbs turned ght rs 8% 899 15% 299% 0% 43% 50% Yo
= 0 5 | 10% o | 1% ’ 45% o | 29% 100% 29% 149 10% | 15%
less tha 1 N 80% > 0% 15% 36% 0% % | 43% 0
n 3 hours 2% | 100% 0% | 0% 11% 25% 36% 0% o | 29%
30 | 619 o | 0% ° D 56% 30% 14% 100% 14%
Yo | T0% 0% % 2 33% 45% 14% 0% | 09
o | 30% 100% 0% | 6 11% 5% 29% % | 0%
b 1394 ) 0% 0% 209 33% 20% 57% - o
> 27% ° 0% ; % 0% 22% 23 30% | 55% % | 7%
27% % 4 % (
b | 33% 100% 0% 0% 5% | 109
o 20% 569 Yo
33% 0% 0 209 % | 220
40% 0% o | 0% o | 22%
7% 100% 40%
20% 0% 40%
o | 30% % | 0o
50% 20 Y0
%
13%
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during the
summer 2 30 5 hours 12 | 24% | 100% 0% 8% 42% 25% 25% 17% 33% 25% 25% 8% 58% | 25% 8%
0, 0,
- fetfhi :gur:s 4 | 8% 75% 25% 0% 25% 50% 25% 25% 25% 25% 25% 25% | 50% 0% 25%
ou 0, 0,
rs 2 4% | 100% 0% 100% 100% 50% 50% 50% 0% 50% 0% 0% 0% 50% | 50%
0,
0 18 | 37% | 67% 33% 6% 44% 33% 17% 39% 33% 17% 11% 28% | 61% 6% 6%
0, 0,
2:3' Howfrlnany 1 14 | 29% | 86% 14% 7% 14% 36% 43% 21% 29% 21% 29% 29% | 43% 7% 21%
amps, flo
|amp2 M ;nry 2 4 | 8% 75% 25% 25% 0% 25% 50% 75% 0% 0% 25% 25% 0% 0% 75%
. . 0, 0,
Othg; I;,%h; ;&’;“;ms 3 6 | 12% | 83% 17% 33% 50% 0% 17% 0% 83% 0% 17% 17% | 67% 17% 0%
: 1 29 0 9
g = Ojn igg o//o g oj: 0% 0% 0% 100% 0% 0% 0% 100% 0% 0% 100% 0%
0,
> : 2 0/2 - (yo 2 (yo 8 O;o 5(3)% 25% 25% 25% 50% 0% 25% 0% 75% | 25% 0%
(0 o () 0% 50% 50% 0% 50% 50% 0% 50% 0% 50% 0%
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Gender Age Income Hours per day
. Between Between Over Between Between more
0,
Questions Bl % wiale | Femate | 18and | 3land Egtxegg 60 3;(}";?13” $15000 | $30,000 | Preferred hoirs 91t3° l‘ism than
30 years 45 years ears old years $14.999 and and not to say orless | hours hours 18
old old Y old ’ $29,999 $49,999 hours
Part 6: Water
Usage
ZZHeDt‘;g?A‘,‘hEI‘;“ No 25 | 519% | 72% 28% 8% 36% 20% 36% 32% 24% 16% 28% 24% | 48% | 12% | 16%
tg’ert‘f*;',:‘agv}’g;ro Ves 24 | 49% | 88% | 13% 13% 25% 8% | 25% | 25% 50% 13% 13% 250 | 50% | 13% | 13%
zgﬂ';‘)s?/rﬂ:‘n';;"e No 3 | 69% | 8% | 12% 9% 32% 26% 32% 18% 44% 15% 24% 26% | 50% | 12% | 12%
running while
washing the 15 | 31% | 60% 40% 13% 27% 33% 27% 53% 20% 13% 13% 20% | 47% | 13% | 20%
dishes ? Yes
0 4 | 8% | 75% 25% 0% 0% 75% 25% 25% 25% 0% 50% 50% | 50% 0% 0%
1 3| 6% | 100% 0% 0% 33% 0% 67% 0% 67% 0% 33% 67% 0% 33% | 0%
) 5 | 10% | 100% 0% 0% 60% 20% 20% 20% 20% 40% 20% 40% | 40% 0% | 20%
3 5 | 10% | 100% 0% 0% 40% 40% 20% 20% 60% 20% 0% 60% | 40% 0% 0%
29. How many 4 13 | 27% | 69% 31% 8% 38% 31% 23% 38% 23% 8% 31% 8% 62% | 15% | 15%
ﬂ:llsnl;le;O(le?’ {gﬁe . 5 7 | 14% | 71% 29% 29% 14% 14% 43% 43% 43% 14% 0% 14% | 57% | 14% | 14%
ina day? 6 5 | 10% | 60% 40% 20% 20% 20% 40% 20% 40% 0% 40% 0% 60% | 20% | 20%
; 1| 2% | 100% 0% 100% 0% 0% 0% 100% 0% 0% 0% 0% | 100% | 0% 0%
8 2 | 4% | 100% 0% 0% 0% 0% 100% 50% 50% 0% 0% 0% 0% 0% | 100%
5 1| 2% | 100% 0% 0% 100% 0% 0% 0% 100% 0% 0% 0% | 100% | 0% 0%
10 3| 6% | 67% 33% 0% 33% 67% 0% 0% 33% 67% 0% 33% | 33% | 33% | 0%
30. Do you Bath 5 | 10% | 80% 20% 0% 0% 60% 40% 40% 0% 20% 40% 20% | 20% | 20% | 40%
prefer taking a
shower/bath ? Shower 44 | 90% | 80% 20% 11% 34% 25% 30% 21% 41% 14% 18% 5% | 529% | 11% | 11%
0 1| 2% 0% 100% 0% 0% 0% 100% 0% 0% 0% 100% 0% 0% 0% | 100%
I don't keep track 1| 2% | 100% 0% 0% 0% 0% 100% 100% 0% 0% 0% 0% 0% 0% | 100%
More than once per day 5 | 10% | 80% 20% 40% 20% 20% 20% 40% 60% 0% 0% 80% | 20% 0% 0%
31 Inaweek Once a day 27 | 55% | 81% 19% 7% 41% 41% 11% 33% 26% 22% 19% 19% | 59% | 15% 7%
hg;"y’;‘jg%;\'ﬂ/’gfs Every other day 8 | 16% | 75% 25% 13% 38% 13% 38% 13% 50% 0% 38% 25% | 50% 0% | 25%
or bathe? Two times a week 2 | 4% | s50% 509% 0% 0% 0% 100% 0% 50% 0% 50% 50% | 50% 0% 0%
Three times a week 1] 29% | 100% 0% 0% 0% 0% 100% 100% 0% 0% 0% 0% 0% 0% | 100%
Once a week 3| 6% | 100% 0% 0% 0% 67% 33% 0% 100% 0% 0% 0% 33% | 67% | 0%
Take a shower at a pool after swimming 1| 29% | 100% 0% 0% 0% 0% 100% 0% 0% 100% 0% 0% | 100% | 0% 0%
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Gender Age Income Hours per day
. o Between | Between | Between | Over Between Between | Between 8 910 1410 more
Questions L% | vate | Femate | 18and | 3land | 46t060 | 60 soand | $15.000 | $30,000 | Preferred | hours | 3 1g | than
30 years | 45years years years $14.999 and and not to say or hours | hours 18
old old old old ' $29,999 | $49,999 less hours
Part 7: Household
Activities
0 5 | 10% | 100% 0% 20% 40% 40% 0% 20% 60% 20% 0% 40% | 60% 0% 0%
32. On an average 1 hour or less 33| 67% | 79% 21% 9% 36% 21% 33% 30% 33% 12% 24% 21% | 48% | 12% | 18%
day, for how long do
yOU Use your stove ? 1to 3 hours 8 | 16% | 75% | 25% 13% 13% 50% 25% 25% 38% 25% 13% 25% | 50% | 25% | 0%
more than 3 hours 3| 6% 67% 33% 0% 0% 33% 67% 33% 33% 0% 33% 33% | 33% 0% 33%
0 23 | 47% | 74% 26% 4% 35% 26% 35% 22% 35% 17% 26% 26% | 52% 9% 13%
33. On an average 1 hour or less 22 | 45% | 82% 18% 14% 27% 32% 27% 36% 41% 9% 14% 14% 50% 18% 18%
day, for how long do
yYOU USe your oven ? 1 to 3 hours 3 | 6% | 100% 0% 33% 33% 33% 0% 33% 33% 33% 0% 67% | 33% 0% 0%
more than 3 hours 1 2% 100% 0% 0% 0% 0% 100% 0% 0% 0% 100% 100% 0% 0% 0%
0 2g | 57% [ 68% 32% 7% 36% 21% 36% 25% 46% 4% 25% 29% 46% 14% 11%
34. On an average Less than 3 minutes g | 16% [ 88% | 13% 13% 38% 13% | 38% | 25% 38% 13% 25% 0% | 63% | 13% | 25%
daz'm"ghsfe'rfttﬂsi;‘;ta' 3109 minutes 1 | 22% | 100% | 0% 9% 18% | 55% | 18% | 36% | 18% | 36% 9% | 18% | 55% | 9% | 18%
your microwave ? 9 to 15 minutes 1 | 2% | 100% 0% 100% 0% 0% 0% 100% 0% 0% 0% 100% | 0% 0% 0%
15 minutes or more 1| 2% | 100% | 0% 0% 0% 100% | 0% 0% 0% 100% 0% 100% | 0% | 0% | 0%
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Gender Age Income Hours per day
. Between Between Over Between Between
o more
Questions #l % 18and | 3land | CEWeeN | “gp | Between 115000 | $30,000 | Pref 8 9to | lato
Male | Female 46 to 60 $0 and ' ' referred h 13 than
30years | 45years years old years $14.999 and and not to say O:Jrs 18 18
old old old ’ $29,999 | $49,999 orless | ‘hours | hours | o ¢
Part 8: Indoor Environment
Satisfaction and Thermal Comfort
0 1| 2% | 100% 0% 0% 100% 0% 0% 0% 0% 0% 100% 0% 100% 0% 0%
35.a How 1 (Very satisfied) 12 | 24% | 83% 17% 17% 17% 33% 33% 0% 58% 25% 17% 25% | 42% | 25% 8%
;2335\;"1?1 fti;‘; 5 5| 10% [ 80% | 20% 0% 80% 0% 20% 20% 60% 0% 20% 40% | 20% | 20% | 20%
amScI:JL;rg(te of 3 7 | 14% | 100% 0% 0% 14% 43% 43% 29% 14% 29% 29% 14% | 71% | 14% 0%
aya(; |'ap(|je f(l)r 4 12 | 24% | 83% 17% 0% 17% 33% 50% 42% 25% 8% 25% 17% | 42% 8% 33%
Indiviaua
daily 5 1 2% 0% 100% 0% 100% 0% 0% 0% 100% 0% 0% 0% 100% 0% 0%
ivities ?
activities * 6 4 8% [ 50% | 50% 50% 0% 5% | 25% | 75% 0% 0% 25% % 9 0 9
0 75% 0% 25%
7 (Very dissatisfied) | 7 | 14% | 71% | 29% 14% 57% 29% 0% 43% 43% 14% 0% 57% | 43% | 0% | 0%
0 1 2% 100% 0% 0% 100% 0% 0% 0% 0% 0% 100% 0% 100% 0% 0%
1(Very satisfied) | 14 | 29% | 79% | 21% 14% 21% 29% 36% 14% 50% 21% 14% 29% | 36% | 21% | 14%
35.b How 2 11 | 22% | 82% 18% 0% 45% 36% 18% 18% 55% 18% 9% 18% | 73% 9% 0%
;zﬂsxiet?] irr](: 3 4 8% 50% 50% 0% 25% 25% 50% 25% 25% 0% 50% 0% 50% 25% 25%
apartment 4 13 | 27% 7% 23% 8% 23% 31% 38% 46% 8% 15% 31% 23% 38% 8% 31%
unit layout ?
5 1 2% 100% 0% 0% 0% 0% 100% 100% 0% 0% 0% 100% 0% 0% 0%
6 1| 2% | 100% 0% 100% 0% 0% 0% 100% 0% 0% 0% 0% 100% 0% 0%
7 (Very dissatisfied) | 4 | 8% | 100% | 0% 25% 50% 25% 0% 25% 75% 0% 0% 50% | 50% | 0% | 0%
0 1 2% 100% 0% 0% 100% 0% 0% 0% 0% 0% 100% 0% 100% 0% 0%
1 (Very satisfied) | 24 | 49% | 75% | 25% 13% 17% 33% 38% 17% 38% 25% 21% 25% | 46% | 21% | 8%
35.c How 2 8 | 16% | 100% 0% 0% 50% 38% 13% 38% 38% 0% 25% 13% | 63% | 13% | 13%
satisfied are
you with the 3 5 10% 40% 60% 0% 40% 0% 60% 60% 20% 0% 20% 20% 40% 0% 40%
Wgtl;ﬁr"i'ntyy%fur 4 7 | 14% | 8% | 14% 29% 29% 4% | 29% | 57% 14% 14% 14% 20% | 43% | 0% | 29%
apartment ? 5 2 | 4% | 100% 0% 0% 50% 50% 0% 0% 100% 0% 0% 0% 100% 0% 0%
6 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
7 (Very dissatisfied) 2 | 4% | 100% 0% 0% 50% 50% 0% 0% 100% 0% 0% 100% 0% 0% 0%
. :gétfii::joe\i\;e 1 (Very satisfied) 26 | 53% | 69% 31% 12% 27% 27% 35% 19% 46% 15% 19% 27% | 38% | 19% | 15%
you with the 2 10 | 20% | 100% 0% 0% 50% 30% 20% 30% 30% 20% 20% 10% 70% 10% 10%
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i i () (o] 0 0 (] (] (] (] (] () (o} () (] (] ()
appliances in 3 o | 4% | 100% 0% 0% 50% 50% 0% 50% 50% 0% 0% 0% | 100% | 0% 0%
your
apartmen () (o] () (o) (o) (o) (o) () () (] () (o} (o} (] (]
tment 4 10 | 20% | 80% 20% 20% 20% 30% 30% 50% 20% 10% 20% 30% | 50% | 0% | 20%
(i.e. stove,
i (o] (o] (o] (o] (o] (o] () (o] (o] (o] (o] (o] (o] (o] (o]
refrigerator, 5 o | 0% | 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
-
6 0 () () (4 (4 () () (o} () (o) (o) (o] () () (o] ()
ete.) - 0% | 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
7 (Very dissatisfied) | 1 | 2% | 100% | 0% 0% 0% 0% 100% 0% 0% 0% 100% 100% | 0% 0% | 0%
1 (Very satisfied) | 35 | 71% | 80% | 20% 6% 31% 29% 34% 20% 49% 11% 20% 29% | 40% | 17% | 14%
2 5 | 10% | 80% | 20% 0% 60% 20% 20% 80% 20% 0% 0% 0% | 60% | 0% | 40%
S:t?é%e"('f{‘;"re 3 3| 6% | 67% | 33% 33% 0% 33% 33% 0% 0% 67% 33% 0% | 100% | 0% | 0%
)1‘)“ Vl‘{ith thef 4 3 | 6% | 100% | 0% 0% 33% 33% 33% 33% 0% 33% 33% 67% | 33% | 0% 0%
cleanliness o
the building ? 5 1] 2% | 100% | 0% 100% 0% 0% 0% 0% 0% 0% 100% 0% | 100% | 0% | 0%
6 1] 2% | 0% | 100% 0% 0% 100% 0% 100% 0% 0% 0% 0% | 100% | 0% | 0%
7 (Very dissatisfied) | 1 | 2% | 100% | 0% 100% 0% 0% 0% 100% 0% 0% 0% 0% | 100% | 0% | 0%
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Gender
Questions , Age
%
(] Between Inco
Male | Female | 182nd Between me
30 years 31and | Between Over o
1 old 45years | 461060 60 Between | Between | Betw urs per day
(Very satisfied) 97 | 55% old years old years go and $15,000 330 ;gcr)]
0 ]
35f How 2 78% 2204 0 old 14,999 $2a9nd and Preferred 8 9to .
satisfied are g | 16% | 88% Yo 26% 999 | $49,099 nottosay | ours | 13 14to thore
you with the 13% 0% 30% 41% orless | hours 18 an
maintenance s | 6% | 679% | 33% > 38% oy b | 2% 2% hours | 18
of the 4 ° 33% 0 38% 15% ours
- 6 | 12% 0 339 ° 38% 19%
building ? 5 83% 17% o 3% 33%% - ° 25% oy 0 30% 33%
1 2% 100% 7% 33% S ° 67% 0% ° 13% 13% 19% 19%
6 0% | 100% 8% | 17% ° 0% o | 500 | 13%
; > | 4% | s0% 6 0% - 17% o 33% .y o | 25%
(Very dissatisfied) 2 1% 0% 0% 500 o 0% 0% > 0% 33% ? 100% 0% 09
35. o | 100% | 0% 0% 50% > 0% ° 33% . 7
>.g How 0 () 50% 0% 0% 67% 0%
satisfied are 1 1 | 2% [ 100% - 50% 00 50% 0% 100% 0% 0%
you with the (Very satisfied) 0% 0% Yo 0% 50% 100% | 0%
air U 10 | 20% | 1000 0 0% 50% 0% 0 0%
quality in 5 %o 0% 0 100% 50% 09 50% 50%
your 6 | 12% 10% 109 0% 0% ” 0% 6 | 0% | 0%
apartment 67% 33% 0% 40% ° 0% ° 0% | 1 °
(e.0. 8 o | 18% | 679 ° 17% 179 ° 40% 20% 0% 100% 00% | 0% 0%
stuffy/stale 4 Yo 33% s 0 33% 339 40% 20% 0% 100%
air, odours 14 | 29% | 86% . 0% 4% . 3% 17% >y 0 20% ~oon 0% 0%
cleanliness, 5 4% 1% o 6 179 o | 40w
Etc_)ngss' 6 1 | 2% [ 100% 0% 14% 36% 1% a4% 11% 33% % 17% 17% | 5 6 | 10% | 30%
' 0 o | 29% 11% 0% .
3 | 6% 0% 0 439 g 449 33% )
7 (Very dissatisfi o | 33% | 67% 0% 100% % 29% ¥ 11% ) 0%
ry dissatisfied) 5 10% 0 0% -y (] 0% 0% 14% 149 44% 2204 2904
80% 0 ° 10009 ° 299 0
1V i ° 209 339 0% %
— (Very satisfied) s | 7% | 8% 0% 20% 0% % 33% 7% 0 0% 0% : 64% 7% -
>-N FOW 0 220 ° 20% 33% 00% o,
satisfied are 2 il 11% 0 0% 0% 0% 0%
: 6 12% (o 40% 0% () 09
you with the 3 0 83% 17% 17% 39% ° 40% 209 0 0% 33% %
sound 12 | 24% 0% 33% 289 % 00 0% 679
betWee);] 4 8% 100% ° 8% 50% 33% 17% 679 17% 17% 29 % 0% 0%
apartments ? > 2 | 4% - o 25% 0 17 25% 3304 7/0 17% 0% 2 44% 11% | 22
° 50% % (] 339 () 179 %
6 50% 50% % % | 679
] 5 | 4% | s00% 0% 50% S 2% | 25% 25% ke 25% 2504 o | 0% | 17%
36 (Very dissatisfi 50% 00 0% | 50% ° 25% o | 42% | 179
. Overall ied) 109 Yo ° 1009 259 17%
d , 5 % | 80% 50% 0% 0% 5% 2504 17%
oes your 0 20% 200 50% 0% (] 0% (0] 75% 0
acoustic 5 [ 10% | 100% » 40% . 50% 0% 0% 50% 0% | 0%
quality in the 1 ( Enhances) 0% 20% 0% 40% > 0% 0 | 50% | 0%
apartment 14 | 29% | 79% | 219 ° 20% 200 0% 40% 50% 0% o | 0%
enhances or : 6 | 12% | 50 0 0% 29% % 40% 20% 20% 40% 50% | 50% | 0%
interferes % | 5 o 369 ° 40% 40%
X 3 0% 6% 0 0, ° 409%
with your 10 | 20% | 90% 1 17% 33% . 36% 29% " 0% 40% oo ° 20% 0%
4 0% % (] ) (0] 609
10% 33% 14% 6 | 20%
5 | 10% | 1000 ° 409 0% 0% ° 0%
% Yo 309 0 33% ° 21% °
20% 40% 50% 29%
40% 30% 0% 8304
40% | 40% 20% 10% o | 0% | 179
0 20% 0 40% %
20% 30% 10%
20% 0% 6 | 20%
60% 0%
0%
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comfort ? 8% | 75% 25% 25% 25% 25% 25% 50% 25% 0% 25% 0% 75% | 25% 0%
5 4
6 o | 4% | 50% 50% 0% 50% 50% 0% 50% 0% 0% 50% 0% 50% | 50% 0%
7 (interferes) 3| 6% | 67% 33% 33% 33% 0% 33% 0% 33% 33% 33% 67% | 33% 0% 0%
1 (Very satisfied) 7 | 14% | 71% 29% 0% 29% 14% 57% 29% 29% 29% 14% 29% | 14% | 29% | 29%
. How 5 7 | 14% | 86% 14% 0% 43% 14% 43% 14% 43% 14% 29% 14% | 43% | 29% | 14%
satisfied are
; 20% | 80% 20% 10% 20% 40% 30% 20% 30% 30% 20% 30% | 50% | 10% | 10%
you with the 10
temperature 12% | 67% 33% 33% 17% 33% 17% 67% 17% 0% 17% 17% | 67% | 0% | 17%
of your 4 6
ap_aerE_nt 5 3 | 6% | 100% 0% 0% 33% 33% 33% 67% 0% 0% 33% 33% | 67% 0% 0%
unit uring
the summer ? 6 4 | 8% | 75% 25% 25% 25% 25% 25% 75% 0% 0% 25% 0% 50% 0% 50%
N 24% | 83% 17% 8% 42% 33% 17% 0% 75% 8% 17% 33% | 58% 8% 0%
7 (Very dissatisfied) 12
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Questions
Gender
#
2 %
8.0 A
. Overall Mal B ge
your therr does 1 e | F etwe
COmetrrle_rmal (Enhances) emale | 18 an?jn Betwe
apartm in the 30 yea 31 en | Be
the ent duri 2 7 | 14% old rs | 45 and | 4 tween
summ ng 719 years 6 to 6 Over Inco
~ enha er 7 |t % old ye 0| 6 me
interfer nees or 4% | 1 290 ars 0 Betwe
oo es with y 4 12 5 00% 0% old years $0 a en Between
mfort ? our 1% | 750 0% 2004 old | 814 ;d $15,000 Betwe
5 10 % 0% ° 99 | AN $3 en Hours
20% 25% 5 14% 42 d 0,000 per da
809« 89 9% 579 9,999 and Pref y
6 4 | 8% 0 % % $4 erred 8
S % | 1009 20% 5% 43% 5 20% 9,999 not to say hours 9t
(interferes | 2% Y 20% - 9% | 1 29% or 130 o | m
39 1(Vi ) 1000 o 20% o 4% 9 s | D ore
. How satisf ery satisfi 8 16% % 0% 2504 o 20% 42% 5 43% 9% ours h(;|-8 than
. i ied o () o 0 1 u
emaerature fied are ) R % | 2 0% 2596 | 259 30% % | sa% 29% e | 299 s |28
ure % % 1 % 700 0 1 o rs
apar of 789 00% Yo 4% 149
durin tment Ur?/_OUr 3 9 189 % 229 13% (s} 0% 25% 2004 17% 2004 % 299
g the Wintlt % | 89 % 1 50% 0 0 25% 0 0% 42% 6 | 29% 6 | 29%
er? 4 6 | 129 0 1% Yo 250 0 179 6 | 299 °
2% 11% 33 38% 1009% % 10% %o 9%
100% 0% % 0% 0 0% (0] 67% 14%
S 7 | 14% 0% 0 179 0 0% 30% 8%
6 | 86% o | 17 11% % | 399 13% 0% 50% o | 50% 6 | 8%
; 6 3 6% 14% Y% 3 67% %o . 75% 0 09 0% 0%
(Very dissati 1| 20 3% 14% % 22% % | M0 13% % | 0% 5% | 259 20%
40.0 0 atisfied) v | 100% 67% | 33% 29% 17% | 33% 44% * 110 0% o | 100% % | 0%
. Ove 5 (0} 1 (0]
your tra||’ does 1 10% | 6 0% 0 - 29% 17% 1% -y 38% | 5 0%
comfo hermal ( Enhance 2 | 49 0% | 4 0% ° 09 29% - 509 33% > 69 0% | 09 0%
i palrtmerrf in the 2 e 1 % | 100% a 09 100% %o | 67 S7% - 0% 11% % | 6% % | 13%
e wint t durin 41 299 ° 09 Yo 0% Yo 29% ° 119% o | 179 °
ori eren g % % 609 o 339% 0 339 o %
rinterf hance 3 9 64% 09 %o 0% 0 0% Yo 44% 17%
you ares wi S 18% 360 % 400 ° 0% 0 509 220«
oomfort? 6 | 1000 % 0% % 0% 3 14% 6 | 33% 6 | 229
re? 4 6 % 7% 0% 10 3% 4 6 %
12% | 1 0% 149 0% 20% 0% 33% 3% | 4 17%
5 9 00% 0% Yo 100% ° 0% 0 3% 0%
18% 0% 0 20 36% o | 0% 60% oy 0% 0%
6 = | 100 67% | 3 17% % . 43% 0 " 20% 6 | 100 67% | 00 14%
41. How sati 7 (interf 1 % | 100% 3% 22 33% % 119 29% ° 0% 0% % | 0% % | 33%
you atisfied eres) 2% o | 0% % 17% % 43% o 60% 0% 0
tempe with th are 1(v 6 | 1000 o 2206 b 3 290 b . 100% o | 209 o >
ratur e ery satisfi 3 % 20% 3% 290 49 10 ) ) ()
Apartmen of you tisfied) 6% 0% 209 22% 33% % 149 0% 0%
durinent unit ' 2 14 | 29 33% | 6 0% * 40 33% ’ 50% 33% % % 0% 09 0%
0, 0,
Spfing/gf,:lre % | 719% 7% " 100% % 209 44% 0 0% 2294 0 50% % 0%
1? 3 12 | 24% 2904 % 0% 0 20 33% ° 11% 21%
83% > 79 100% 0% % 0% 17% 56% 21%
4 11 | 229 179 Yo 09 0 40% ° 33% 22%
Y0 % 2 % 0% 0 2204 ( o
91% 50 9% 09 0 209 6 33% 11%
5 4 | 8% o | 9% % 219 % 100% % 33% 6 | 17% °
(] 750 () 1 33% % 230 33% (¢ 0% 20% (! 44% ) 179%
5 | 10% o | 25% 8% 42% % | 2 33% > 0 0% 0% i
80% i 250, 27% i 17% 1% 33% %6 100% 22%
209 % 279 6 50% 0 100% 0%
% 09 % 25% 0 0% o | 0 i
0% Yo 27% 0 14% ° % 0%
o () 259 0 679 09
209 25% 27% & 149 % | 3 %
% 50% 0 250 Yo 3% 0%
0 279 o 219 09
40% 759 % 2 % %
400 % 0% 5% 36% 0%
% 2 (o (] (]
5% 17% 21%
40% 36% 6 | 7 0 | 2
0% 0 5% 1%
40% 189 89
o 09 % %
0% Yo 45% 0%
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6 5 | 4% | 50% | 500% 0% 100% 0% 0% 0% 100% 0% 0% 50% | 50% | 0% | 0%
7 (Very dissatisfied) 1| 2% | 100% | 0% 0% 100% 0% 0% 0% 0% 100% 0% 100% | 0% | 0% | 0%
0 1| 2% | 100% | 0% 0% 0% 0% | 100% [ 0% 0% 0% 100% | 100% | 0% | 0% | 0%
1 (Enhances) 13 | 27% | 69% | 31% 8% 23% 31% | 38% | 23% 54% 15% 8% 15% | 38% | 23% | 15%

42. Overall, does
your thermal 2 10 | 20% | 80% | 20% 0% 40% 40% | 20% | 30% 30% 30% 10% 20% | 80% | 0% | 0%
a;ﬂ’;ﬂ;gj&f’ng 12 | 24% | 9206 | 8% 17% 33% 17% | 33% | 33% 25% 8% 33% 25% | 33% | 25% | 17%
the rjloring/fa” 4 7 | 14% | 71% | 29% 14% 0% 57% | 29% | 43% 29% 0% 29% 14% | 57% | 0% | 29%

ennhances or
interferes with your 5 3| 6% | 100% | 0% 33% 33% 0% 33% | 33% 33% 0% 33% 33% | 67% | 0% | 0%
comfort ?

6 2 | 4% | 50% | s50% 0% 100% 0% 0% 0% 100% 0% 0% 50% | 50% | 0% | 0%
7 (interferes) 1| 2% | 100% | 0% 0% 100% 0% 0% 0% 0% 100% 0% 100% | 0% | 0% | 0%
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you with the 1 (Very satisfied) 2% | 100% | 0 ol o | old NS $15000 | $30000 il
) e 10 % old 14,999 a ,000 8
air quali 209 09 ' nd Prefe
h quality 2 % | 100% 0 Yo 0% $29,999 and not rred | hours 9to " m
in your 6 %6 100% $49,9 to say 4to ore
apartment 3 12% | 67% | 3 10% | 10% o | 0% | 0% 1999 N I e than
(eg 9 | 18% 3% | 17% 40% | 40% ° 0% less | OUrs | hours 18
stuffy/s 4 67% | 339 17% o | 20% 0% ho
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air, odours 5 0| 86% | 149 0 44% 33% | 17% 20% % | 1004
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4 0 80% | 209 3% 339 0% 0 i 14% 4% | 22%
4. Overall 3 | 6% Yo | 20% % | 33% 100% 0% 29% | 6 22%
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Appendix H: Difference between Prediction and Actual Energy

Consumption
Appendix H contains the detailed energy consumptions of 48 households (Case #). The
appendix shows the difference between the predictions of the "Before Survey" model and actual

energy consumption from May 2012 to September 2012.

Case # Month Year Prediction Actual Difference
May 2012 101.62 123.70 -22.08
June 2012 105.53 152.00 -46.47
1 July 2012 109.20 127.70 -18.50
August 2012 119.89 110.10 9.79
September | 2012 115.39 159.90 -44.51
May 2012 111.39 94.70 16.69
June 2012 116.50 98.70 17.80
2 July 2012 146.78 102.80 43.98
August 2012 153.03 101.50 51.53
September | 2012 108.05 101.10 6.95
May 2012 90.82 82.00 8.82
June 2012 91.09 80.90 10.19
3 July 2012 92.68 100.70 -8.02
August 2012 92.97 89.60 3.37
September | 2012 98.33 81.40 16.93
May 2012 129.97 137.60 -7.63
June 2012 123.06 143.00 -19.94
4 July 2012 128.16 180.60 -52.44
August 2012 135.95 192.30 -56.35
September | 2012 138.62 146.10 -7.48
May 2012 103.82 73.20 30.62
June 2012 109.54 74.80 34.74
5 July 2012 110.14 103.90 6.24
August 2012 121.32 106.00 15.32
September | 2012 114.93 86.40 28.53
May 2012 49.61 50.6 -0.99
June 2012 53.03 51.7 1.33
6 July 2012 64.71 60.1 4.61
August 2012 70.35 57.3 13.05
September | 2012 49.59 53.2 -3.61
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May 2012 61.50 57.2 4.30
June 2012 69.91 63.3 6.61
7 July 2012 84.11 82.9 1.21
August 2012 101.84 80.2 21.64
September | 2012 59.72 64.2 -4.48
May 2012 115.98 76.1 39.88
June 2012 124.21 92.1 32.11
8 July 2012 155.21 69.1 86.11
August 2012 140.62 73.1 67.52
September | 2012 113.74 93 20.74
May 2012 217.98 312.8 -94.82
June 2012 245.43 388.6 -143.17
9 July 2012 295.70 237 58.70
August 2012 217.90 351.9 -134.00
September | 2012 244.80 628 -383.20
May 2012 149.80 187.8 -38.00
June 2012 198.01 181.1 16.91
10 July 2012 257.47 164.7 92.77
August 2012 178.37 148.3 30.07
September | 2012 151.70 128.9 22.80
May 2012 114.99 114.8 0.19
June 2012 99.59 107.6 -8.01
11 July 2012 113.70 143.6 -29.90
August 2012 152.10 153.2 -1.10
September | 2012 120.22 132.9 -12.68
May 2012 157.71 161 -3.29
June 2012 163.91 169.1 -5.19
12 July 2012 164.49 193.9 -29.41
August 2012 163.11 162.1 1.01
September | 2012 163.40 146.1 17.30
May 2012 71.12 79.6 -8.48
June 2012 76.12 72.1 4.02
13 July 2012 86.78 97.8 -11.02
August 2012 89.09 97.3 -8.21
September | 2012 73.13 81.8 -8.67
May 2012 111.88 89.4 22.48
June 2012 108.30 90.7 17.60
14 July 2012 121.48 148.3 -26.82
August 2012 122.55 161 -38.45
September | 2012 115.96 149.3 -33.34
15 May 2012 194.48 148.6 45.88
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June 2012 204.41 155.4 49.01
July 2012 239.84 171.1 68.74
August 2012 226.11 108.7 117.41
September | 2012 202.85 85.7 117.15
May 2012 70.81 65.8 5.01
June 2012 68.11 58.5 9.61
16 July 2012 84.02 56.5 27.52
August 2012 109.18 30.3 78.88
September | 2012 72.04 36.7 35.34
May 2012 121.86 144.1 -22.24
June 2012 116.86 147.6 -30.74
17 July 2012 113.10 182.7 -69.60
August 2012 122.16 166.5 -44.34
September | 2012 145.02 152.3 -7.28
May 2012 115.35 120.4 -5.05
June 2012 118.13 129.5 -11.37
18 July 2012 127.59 159.8 -32.21
August 2012 154.90 160.9 -6.00
September | 2012 115.69 131.6 -15.91
May 2012 116.50 119.8 -3.30
June 2012 121.55 121.3 0.25
19 July 2012 115.46 135.1 -19.64
August 2012 118.35 140 -21.65
September | 2012 137.67 129.8 7.87
May 2012 157.34 82.9 74.44
June 2012 163.35 81.9 81.45
20 July 2012 166.87 138.8 28.07
August 2012 167.15 146.7 20.45
September | 2012 168.07 139 29.07
May 2012 177.81 105.4 72.41
June 2012 217.34 112.4 104.94
21 July 2012 245.40 100.8 144.60
August 2012 220.30 110.2 110.10
September | 2012 183.98 103.8 80.18
May 2012 139.20 272 -132.80
June 2012 135.78 309.6 -173.82
22 July 2012 153.76 344.6 -190.84
August 2012 164.51 342.2 -177.69
September | 2012 142.64 349.8 -207.16
93 May 2012 94.50 165.4 -70.90
June 2012 99.25 134 -34.75

203




July 2012 114,91 154.4 -39.49
August 2012 104.64 72.3 32.34
September | 2012 111.22 117.4 -6.18
May 2012 88.96 108.1 -19.14
June 2012 90.43 98.9 -8.47
24 July 2012 104.44 144.5 -40.06
August 2012 111.01 119.6 -8.59
September | 2012 84.79 65.2 19.59
May 2012 95.64 81.9 13.74
June 2012 96.53 155.6 -59.07
25 July 2012 119.40 236.7 -117.30
August 2012 135.73 175.1 -39.37
September | 2012 101.51 113.4 -11.89
May 2012 120.38 119.1 1.28
June 2012 111.71 112.8 -1.09
26 July 2012 123.63 86.6 37.03
August 2012 134.31 78.4 55.91
September | 2012 114.18 97.8 16.38
May 2012 103.79 68.9 34.89
June 2012 96.94 76.6 20.34
27 July 2012 101.07 104.2 -3.13
August 2012 107.87 724 35.47
September | 2012 93.30 73.9 19.40
May 2012 91.13 74.2 16.93
June 2012 113.76 72.4 41.36
28 July 2012 133.84 77.1 56.74
August 2012 101.47 68.6 32.87
September | 2012 92.46 63 29.46
May 2012 158.26 171.4 -13.14
June 2012 147.39 148.6 -1.21
29 July 2012 165.48 168.2 -2.72
August 2012 192.08 152.7 39.38
September | 2012 209.98 175.4 34.58
May 2012 318.36 102 216.36
June 2012 330.81 83 247.81
30 July 2012 323.82 116.5 207.32
August 2012 285.33 131 154.33
September | 2012 336.15 91.1 245.05
May 2012 85.39 90.5 -5.11
31 June 2012 86.55 86.8 -0.25
July 2012 88.44 123.2 -34.76
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August 2012 89.08 42.6 46.48
September | 2012 93.94 63 30.94
May 2012 113.70 186.5 -72.80
June 2012 120.21 194.9 -74.69
32 July 2012 122.06 211.2 -89.14
August 2012 121.65 205.6 -83.95
September | 2012 124.05 181 -56.95

May 2012 131.24 125.3 5.94

June 2012 128.08 113.1 14.98

33 July 2012 132.30 132.5 -0.20
August 2012 165.95 108.1 57.85
September | 2012 142.35 125.9 16.45

May 2012 79.52 76.7 2.82

June 2012 90.14 57.8 32.34

34 July 2012 142.95 44.5 98.45
August 2012 125.13 105.4 19.73
September | 2012 84.52 89.3 -4.78

May 2012 103.32 94.1 9.22

June 2012 105.63 93.9 11.73
35 July 2012 108.62 166 -57.38
August 2012 117.35 154.4 -37.05
September | 2012 115.75 128.3 -12.55

May 2012 122.39 108 14.39

June 2012 133.12 116.8 16.32
36 July 2012 136.93 201.5 -64.57
August 2012 143.74 206 -62.26
September | 2012 136.71 166.1 -29.39

May 2012 213.43 218.5 -5.07

June 2012 205.52 196 9.52

37 July 2012 208.46 164.6 43.86
August 2012 205.47 169.9 35.57
September | 2012 232.96 220.5 12.46

May 2012 92.46 89.4 3.06
June 2012 72.43 90.7 -18.27
38 July 2012 75.00 148.3 -73.30
August 2012 118.40 161 -42.60
September | 2012 95.12 149.3 -54.18

May 2012 152.00 134.3 17.70

39 June 2012 185.72 125.1 60.62
July 2012 218.78 163 55.78

August 2012 185.75 136.6 49.15
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September | 2012 150.37 108.4 41.97
May 2012 280.59 153.3 127.29
June 2012 286.17 169.6 116.57
40 July 2012 291.75 215.2 76.55
August 2012 266.71 217.4 49.31
September | 2012 304.20 162.8 141.40
May 2012 78.94 74.8 4.14
June 2012 87.94 72.4 15.54
41 July 2012 107.98 74.1 33.88
August 2012 103.72 67.5 36.22
September | 2012 82.25 75.1 7.15
May 2012 115.40 93.7 21.70
June 2012 124.38 92.9 31.48
42 July 2012 132.52 169.5 -36.98
August 2012 148.79 133.6 15.19
September | 2012 122.91 97.2 25.71
May 2012 105.95 85.5 20.45
June 2012 100.53 85.5 15.03
43 July 2012 118.20 105.6 12.60
August 2012 121.78 95.1 26.68
September | 2012 114.75 87.6 27.15
May 2012 149.49 76.1 73.39
June 2012 154.11 92.1 62.01
44 July 2012 173.99 69.1 104.89
August 2012 180.96 73.1 107.86
September | 2012 136.91 93 43.91
May 2012 69.35 81.1 -11.75
June 2012 71.12 72.8 -1.68
45 July 2012 85.63 81.3 4.33
August 2012 96.50 89.1 7.40
September | 2012 64.35 88.9 -24.55
May 2012 76.29 69.9 6.39
June 2012 77.23 69.9 7.33
46 July 2012 86.30 88 -1.70
August 2012 94.74 86.2 8.54
September | 2012 78.87 75.3 3.57
May 2012 82.85 83.4 -0.55
June 2012 88.89 82.2 6.69
47 July 2012 107.52 123.6 -16.08
August 2012 103.46 99.8 3.66
September | 2012 85.03 89.1 -4.07
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May 2012 154.74 88.1 66.64
June 2012 182.08 105.9 76.18
48 July 2012 211.40 145.7 65.70
August 2012 236.24 130.9 105.34
September | 2012 157.13 130.5 26.63
Sum of the Predicted
Energy Actual Energy
Consumption Consumption
32328.93 30170.80 7%
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