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Executive Summary

Multi-unit residential buildings (MURBs) represent the most significant component in the Toronto
residential building inventory. Over half (56%) of the dwellings in the City of Toronto consist of
apartment buildings. Thirty-nine percent of all Toronto dwellings are either mid-rise or high-rise
apartment building of five or more storeys. The combined electricity and natural gas consumption of
Toronto MURBs is responsible for 2.5M tonnes eCO, emissions annually. Given the large number of
MURBs, determining an accurate benchmark of energy intensity and developing an understanding of
how to reduce energy use is an important step in reducing the greenhouse gas emissions associated
with this sector. In establishing benchmarks, a standardized process that categorizes buildings into
groups with similar potential for improvement in energy-efficiency is needed. This potential for energy-
efficiency can then be used to prioritize the energy retrofit needs for certain typologies and so, inform
policy makers.

This study builds upon a previous project conducted by the authors, which was funded by the Toronto
Atmospheric Fund (TAF) and is entitled “Meta-Analysis of Energy Consumption in Multi-Unit Residential
Buildings in the Greater Toronto Area” (the Meta-Analysis). The aim of this study is to address the data
limitations of the Meta-Analysis by examining a refined data set composed of 40 buildings with more
complete energy consumption and building characteristics data.

The 40 MURBs in the refined data set account for 1.9% of the mid and high-rise MURB population in
Toronto. The buildings had construction dates ranging from 1960 to 2003, had heights ranging from five
to 28 storeys, and had between 24 and 250 suites in each building. Overall, the distribution of building
height and age in the refined data set was comparable to the actual distribution of building height and
age of Toronto mid and high-rise MURBs with two exceptions. The data set did not contain any
buildings constructed prior to 1960 or any buildings taller than 28 storeys.

The weather-normalized total energy intensities ranged from 90ekWh/m? to 510ekWh/m? and averaged
292ekWh/m?. The energy intensities for the 40 buildings in this study, split up by variable natural gas
intensity, base natural gas intensity, variable electricity intensity and base electricity intensity, are
shown in the figure below.
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These data were then used to examine correlations between energy consumption and building
characteristics in order to find which variables had the greatest influence on energy consumption. In
addition, anomalous buildings, identified during the correlation analysis, were explored with an aim to
improve the correlation analysis results and to examine the factors that contribute to such a large
variation in energy consumption.

Prior to conducting the correlation analysis, predictions were made regarding the variables that were
believed to have the most significant effect on different components of energy use. The variable natural
gas intensity was thought to be influenced by the thermal conductance of the glazing, the air tightness
of the glazing, the glazing area, and the boiler age and efficiency. In buildings with air conditioning, the
variable electrical intensity was thought to be governed by the glazing characteristics listed above as
well as the solar heat gain coefficient (SHGC) of the glazing and the cooling capacity of the air
conditioning system. The natural gas base load was expected to be governed by the number of
occupants; the base electrical intensity was predicted to be related to the building age and the number
of occupants.

The results of the correlation analysis revealed that many of the predictions of variables governing
energy use held true. However, in most cases, the correlations were weaker than expected. For some
of the variables such as boiler efficiency and fenestration ratio, the R”> was thought to be low because
the data did not always reflect the actual conditions of the building as closely as required. For other
variables such as the thermal conductance of the glazing, it was speculated that a different building
characteristic such as glazing air tightness governed the relationship. However, this hypothesis could
not be tested since no data relating to glazing air tightness were available.

In order to determine whether these correlations can be improved when more than one explanatory
variable is considered at a time, a multi-variable linear regression was conducted. The R*values
remained low in the multi-variable linear regression models conducted for components of energy
intensity. Similar to the correlation analysis, the multi-variable regression analysis was also limited by
the type and quality of data available. The analysis of anomalies revealed that although there was not



one particular factor that could explain a large group of the anomalies, information on the special
facilities included in the buildings aided in the explanation of a number of the anomalies.

The findings of this report indicate that heating system efficiencies and glazing characteristics, including
fenestration ratio in particular, as well as glazing U-value, are the variables that are most closely linked
to energy intensity. The lower-than-expected correlation coefficient between variable natural gas and
boiler efficiency could indicate that efficiency estimates of existing boilers are either not accurate or that
boiler efficiency does not inadequately describe the performance of the heating system as a whole. The
actual efficiency of the whole heating system should be assessed before retrofit decisions are
prioritized. Relatively strong correlations between fenestration ratio and variable natural gas intensity
were found. However, the fenestration ratio is a variable that cannot be easily altered in an existing
building. Thus, this finding could be used to influence design guidelines for new buildings in that lower
fenestration ratios should be encouraged. However, different coefficients in the correlation between
energy use and the fenestration ratio of single- and double-glazed units suggest that air-leakage may be
more prevalent in single-glazed windows. Though further investigation of the air tightness of various
existing window systems would be required to confirm this hypothesis, this finding could indicate the
importance of window air-sealing measures particularly in buildings with single-glazing. Additionally, the
estimated number of occupants in a building, obtained from census data, was found to be an important
variable influencing the base natural gas intensity. Census data were used because the actual number of
occupants was not readily available.

The analyses and conclusions from this study will be used to inform the next phase in this research
project. The next phase includes creating a database with the ability to add new buildings, generating
suggestions for typology-specific building upgrades and producing energy models of four buildings to
assess the effect of certain upgrades.
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1 Background

Multi-unit residential buildings (MURBs) represent the most significant component in the Toronto
residential building inventory. Over half (56%) of the dwellings in the City of Toronto consist of MURB:s.
As shown in Figure 1, a large proportion of all Toronto dwellings, 39%, are either mid-rise or high-rise
MURBs of five or more storeys. Low-rise MURBs of four storeys or fewer represent 17% of the dwellings
in the City of Toronto (Appendix A: Section 1).

Number of Dwellings by Type in Toronto

B MURBs less than 5 storeys
436,756 , 44%
B MURBSs 5 storeys or more

Other dwelling types

Figure 1: Number of Dwellings by Type in Toronto

Figure Source: (City of Toronto, 2012)

Since MURBs are the most common form of dwelling in Toronto, it is not surprising that they are also a
significant source of greenhouse gas (GHG) emissions. On an annual basis, combined electricity and
natural gas consumption of Toronto MURBs result in an estimated 2.5M tonnes of eCO, emissions
(Appendix A: Section 3). Mid- and high-rise MURBs are responsible for 68% of these emissions and low-
rise MURBSs are responsible for 32% (Appendix A: Section 2). This is in line with another published
estimate that Toronto MURBs erected between 1945 and 1984 are responsible for between 2.0M and
2.2M tonnes of eCO, (Stewart, 2010).

Despite the significant contribution of MURBs to GHG emissions, there are conflicting data on the
energy intensity of this building stock, particularly between two groups of studies: supplier-sides studies
using data from utility providers and studies using data directly from energy consumers. The energy
intensity of MURBs in consumer-side studies was found to be consistently higher than the MURB energy
intensities derived from the supplier-side studies. Given the large number of MURBs, determining an
accurate estimate of energy intensity and developing an understanding of how to reduce energy use is
an important step in reducing GHG emissions associated with this sector.



The first step toward the goal of reducing energy use is to generate reliable and consistent benchmarks
that characterize current energy use profiles. In determining consistency, new data must be compared
against existing data based on a similar method of data collection. For example, the data collected for
this study could be classified as a consumer-side study rather than a supplier-study. Thus, the data in
this study were only compared with consumer-side energy intensity figures. In establishing benchmarks,
a standardized process that categorizes buildings into groups with similar potential for improvement in
energy-efficiency is needed. This potential for energy-efficiency can then be used to prioritize the energy
retrofits for certain typologies and inform the development of policies and programs to address GHG
emissions in this sector.

1.1 Context and Structure of the Report
This document is an interim report in the TAF-funded grant project called “The Energy Study of Toronto
Multi-Unit Residential Buildings” (the Energy Study). Conclusions and findings from this report will be
used to determine which building upgrades will be examined in the detailed typology-specific energy
study of the final phase of this project.

This study builds upon a previous study conducted by the authors, which was funded by the Toronto
Atmospheric Fund (TAF) and is entitled “Meta-Analysis of Energy Consumption in Multi-Unit Residential
Buildings in the Greater Toronto Area” (the Meta-Analysis). In the Meta-Analysis, energy consumption
information for 108 buildings in and around the Greater Toronto Area was analysed and correlations of
energy-use with building size, age and ownership type were sought. The Meta-Analysis was limited, in
part, because of the extent and completeness of the data.

The aim of this study is to address the data limitations of the Meta-Analysis by examining a refined data
set composed of buildings with more complete energy consumption and building characteristics data.
The following section describes the characteristics of the refined data set and identifies the sources of
data. Next, the methods used to weather normalize and analyze the data are presented. A discussion of
the established correlations is then provided followed by the results from a multi-variable regression
analysis. Anomalies revealed during the analysis are explored with an aim to better understand the
correlations and multi-variable regression results. The report then identifies four building categories
that will be the subject of a more detailed energy study in the next phase of this project. Finally the
conclusions are summarized and recommendations are put forth.

1.2 Data Collection and Data Sources
The refined data set consists of 40 buildings and is composed of both newly acquired data as well as
select data from the Meta-Analysis. The methods used to choose these 40 buildings are outlined below.

Twenty new buildings were added to the data set. Two of the newly added MURBs were the focus of a
study by Tzekova et al. (2011) and three were the subject of a community energy plan for the City of
Toronto (Arup, 2010). Information on the remaining 15 newly added MURBs was obtained from energy
audit reports conducted by engineering consulting firms for projects being carried out by the Toronto
Atmospheric Fund.



Twenty buildings from the original Meta-Analysis data set were also used in this report. The Meta-
Analysis data source that showed the greatest potential for inclusion in this investigation was TAF's
Green Condo Champions Project. This data included four years of monthly natural gas consumption
information as well as energy audit reports for 40 buildings. However, electricity consumption
information was not contained within the original data set. To obtain this electricity data, contacts at
each of the 40 buildings were sent a letter asking for permission to acquire electricity consumption
information directly from Toronto Hydro. A sample of the letter seeking permission to access the data
as well as a Frequently Asked Questions (FAQs) sheet provided later in the process can be found inThe
number of MURBs in Toronto has been estimated based on the number of dwellings in the City of
Toronto as given in Appendix A: Section 1. The number of dwellings per building has been taken as the
median number of suites in the MURBs included in this study and the Meta-Analysis. The median
number of suites in MURBs less than four storeys was 36 and the median number of suites in MURBs
five storeys or greater was 181.

162,985

Estimated number of MURBs less than five storeys: = 4,600

Estimated number of MURBs five storeys or greater: % = 2,100

The information on the number of Toronto mid- and high-rise MURBs in certain height and vintage
categories was obtained by searching the TObuilt database and limiting the query ranges to fit the
categories as listed. Table A9 and Table A10 summarize the information obtained from TObuilt. The
number of buildings in Table A9 totals to a higher number than in Table A10 because information on
building height is available for more buildings than the date of construction.

Table A9: Number of Toronto MURBSs in Height Categories Based on TObuilt Data

Number of Floors Number of Buildings % of Mid and High-Rise
Population
5-8 125 6.5%
9-12 276 14%
13-16 480 25%
17-20 348 18%
21-24 200 10%
25-28 98 5.1%
29-32 66 3.4%
33-36 30 1.6%
37-40 18 0.9%
41-44 5 0.3%
45-48 6 0.3%
49 -52 6 0.3%

Table A10: Number of Toronto MURBs in Vintage Categories Based on TObuilt Data

Time Period Number of Buildings % of Mid and High-Rise




Population
Before 1946 155 8.8%
1946 - 1960 67 3.8%
1961 -1970 435 25%
1971 -1980 476 27%
1981 —-1990 205 12%
1991 -2000 143 8.1%
2001 -2010 283 16%

The TObuilt data provided in Table A9 and Table A10 was adjusted to more accurately reflect the actual
population of Toronto MURBs. Within the residential sector, the database is focused on high-rises and is
estimated by the authors of TObuilt to be 95% accurate. There are entries for a total of 1,530 high-rise
MURBs, and 125 mid-rise MURBs (TObuilt, 2012). The total mid- and high-rise MURBs in Toronto is
2,100, however the split between mid-rise MURBs and high-rise MURBs in unknown. Since the focus of
TObuilt is on high-rise buildings, this sector was considered 95% complete, while the mid-rise sector was
assumed to be incomplete. Therefore, after the number of high-rise buildings was adjusted, the
remaining buildings were added to the mid-rise buildings to bring the total number of mid-rise and high-
rise MURBs to 2,100. The calculation for this adjustment is shown below:

1,530 high rise MURBs in TObuilt

95% = 1,610 high rise MURBs in Toronto

2,100 mid and high-rise MURBs in Toronto — 1,610 high-rise MURBs = 490 mid-rise MURBs



Appendix B. Permission to access electricity consumption information for nine of the 40 buildings was
eventually obtained. In four of these nine buildings, residents were metered individually and only
permission for access to common electricity consumption could be obtained. Therefore, only five
buildings in the refined data set come from the Green Condo Champions Project.

To obtain more buildings for this study, some of the High Rise Building Statistically Representative
(HiSTAR) buildings (Liu, 2007) used in the original Meta-Analysis were selected. Although the HiSTAR
data contained electricity and natural gas consumption information for 55 Ontario buildings, quality and
completeness of the data were found to be variable. As well, not all of the buildings were located in the
City of Toronto. Only HiSTAR buildings that met the following criteria were included in this study:

o The building had to be located in the City of Toronto;

e More than eight months of natural gas and electricity consumption data had to be available;

e When weather normalization was carried out, a coefficient of determination (R?) greater than
0.8 had to be achieved for the energy source providing the primary heating (usually natural gas).

Upon examining the HiSTAR data, 15 of the 55 buildings used in the Meta-Analysis were considered
adequate for inclusion in this study.

2 Description of Data Characteristics
This section summarizes characteristics of the data with respect to general building characteristics and
introduces some limitations which must be considered when reviewing the results of this study.

2.1 Summary of Data
The refined data set of 40 MURBs includes only mid and high-rise MURBs, defined as five stories and
above. The City of Toronto contains an estimated 2,100 mid and high-rise MURBs and 3,900 low-rise
MURBSs (Appendix A: Section 4). Therefore, the refined data set represents 1.9% of the mid and high-
rise population and 0.7% of the total MURB stock in Toronto. Table 1 contains a summary of the size
and date of construction of the buildings examined in this study. More detailed information about
these buildings can be found in Appendix C.

Table 1: Buildings in the Refined Data Set by Size and Date of Construction

Minimum Maximum | Median
Number of Storeys 5 28 13
Number of Suites 68 339 156
Date of Construction 1960 2003 1979
Gross Floor Area (m?) 3,340 35,900 13,600
Attributed Suite Size (m?) | 24 250 96

In order to understand whether the refined data set is representative of the MURB population in
Toronto, the refined data set has been compared with information taken from an online database called
TObuilt. The database is focused on high-rise buildings and there are entries for a total of 1,530 high-



rise MURBs, and 125 mid-rise MURBs (TObuilt, 2012). The raw data taken from TObuilt is provided in
Appendix A: Section 4. As well, an explanation as to how the TObuilt data has been weighted to account
for its limited data on mid-rise buildings and represent the actual number of MURBs (the population) in

the City of Toronto is provided in Appendix A.

In Figure 2 and Figure 3, “% of sample” means the number of buildings in the refined data set that fall
within a given category divided by the total number of buildings in the refined data set. Similarly, “% of
population” means the number of buildings in Toronto that fall within a given category divided by the
total number of buildings in Toronto. The data for the number of Toronto buildings in each height and
age category has been calculated by adjusting data derived from the TObuilt database. If the numerical
percentage of the sample is similar to the numerical percentage of the population, the category in the
sample is represented in equal proportion to that of the actual population. If the % of sample is larger,
then that category is over-represented in the sample. Finally, if the % of sample is smaller, then that

category is under-represented in the sample.

Distribution of Building Height in the Sample
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Figure 2: Distribution of Building Height in the Sample Compared with the Population



Distribution of Building Construction Date in the

Sample Compared with the Population
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Figure 3: Distribution of Building Construction Date in the Sample Compared with the Population

Upon comparing the age and height of the sample with the actual age and height of the population,
weaknesses in the distribution of the refined data set are revealed. The refined data set does not
include any buildings greater than 29 storeys or those constructed before 1946. Additionally, buildings
constructed in the 1990s are over-represented. Aside from these limitations, the distribution of building
height and age in the sample are similar to the distribution of building height and age in the population.
This is important since it shows that sample reflects the population that is being characterized in this

study.

Frequency distributions for year of construction, height, gross floor area and number of suites for the
refined data set can be found in Appendix C.

2.2 Limitations of Data
Most of the building characteristics used in the correlation analysis are based on information collected
in building energy audit reports for each building. Building information was collected by at least 12
different individuals as part of at least seven different engineering consulting firms. The practices and
the assumptions made by each firm vary, and the judgment of each individual may contribute to
inconsistencies and variability in the data. Since the energy audits were not collected specifically for this
study and since information was not necessarily recorded with the aim of being directly comparable
with other data sources, the data must be scrutinized for inconsistencies. It is possible that some of the
data, such as fenestration ratio and boiler efficiencies, were estimated as opposed to actually observed.
Unfortunately, no distinction is made between data actually observed and estimated data in the audit

reports.

Photographs of the buildings obtained from the audit reports and internet searches were used to verify
information such as the fenestration ratio, the presence of balconies and through-wall slabs, the general
type of wall construction and the number of floors. Photographs were also used to confirm the



presence of window unit air conditioners and roof equipment such as make-up air units. Searches on
the building address were used to obtain more information about the ownership type (seniors’ home,
hospice, co-operative housing organization) and the presence of amenities such as a pool or fitness
facility. Finally, census information combined with the number of suites was used to estimate the
number of occupants. The effect of the limitations of the data will be discussed further as each variable
is examined in the correlations analysis.

3 Methodology

This section outlines how the data were processed to allow for comparison between buildings. It also
discusses how the methodology in this report differs from the Meta-Analysis and how extreme outliers
have been considered and resolved. For each of the 40 buildings, monthly natural gas and electricity
data were weather normalized using a standard weather year as determined from the Canadian
Weather for Energy Calculations (CWEC). At this point, outliers were identified for further investigation
in Section 5. Following the weather normalization, the base (weather independent) component and the
variable (weather dependent) component of the natural gas and electricity consumption were
identified. To ensure buildings with the same heating systems were compared against one another,
buildings were allocated to one of three groups: natural gas heating, electric heating or a combination
system. Then, using the normalized energy data organized in these groups, functional relationships
between the variables relating to the mechanical and the electrical system, the building envelope, and
the occupancy characteristics of the building were sought. These individual variables were tested
against various measures of energy use to determine where correlations existed. Then a multi-variable
regression analysis was conducted to determine the influence of a combination of variables. Finally,
buildings that appeared to be anomalies from the identified trends were examined in greater detail.

3.1 Weather Normalization
Since heating and cooling demands vary from year to year, the energy consumption data had to be
‘weather normalized’ in order to compare the natural gas and electricity data from different years. By
weather normalizing this consumption data, fluctuations in energy consumption due to weather
variations can be eliminated.

The weather dependency of natural gas use is only related to heating and was therefore weather
normalized using heating degree days (HDDs) only. However, electricity consumption can be related to
air conditioning loads as well as heating loads depending on the heating energy type. As such, electricity
use data were weather normalized considering both HDDs and cooling degree days (CDDs). Therefore,
three weather normalization processes were completed on the electricity data. One normalization
process used HDDs only, one normalization process used CDDs only, and one normalization process
used HDDs for the winter months (October to March) and CDDs for the summer months (April to
September). The normalization process that yielded the highest coefficient of determination (R value)
was the normalization process that was selected for use in this study. A full description of the weather
normalization process and assumptions is provided in Appendix D.



The CWEC standard weather year is based on the average weather data in Toronto for a 30-year time
period from 1960-1989. The standard weather year is substantially colder than the weather from 1998
to 2011, which are generally the years for which the energy consumption data in this data set apply.
Since the standard weather year is colder, the heating load for each building increases after the data are
weather normalized. Therefore, energy consumption data from this study may appear higher than
energy consumption in other studies and cannot be directly compared since the data may not have been
weather normalized or it may have been weather normalized using a different base year.

3.2 Rejection of Outliers
The natural gas and electricity consumption data were obtained from the billed energy use for each of
the buildings in the data set. Prior to weather normalization, outliers in the energy use data were
removed. Outliers can sometimes occur when the billed energy use does not reflect the actual energy
use in the period. A common circumstance in which billed data does not align with actual energy use is
when meter readings are estimated by the utility companies. In such cases, outliers can arise,
particularly where the actual meter reading and the billing correction is not made for a few months.
Outliers can also occur when building systems are shut down for replacement or maintenance. In some
cases, occupant behaviour can be responsible for outliers in the energy consumption data. Finally,
errors in data entry can also be a source of outliers.

Outliers were removed when energy consumption was plotted against HDDs or CDDs in the weather
normalization process. Removal was based on the following criteria:

e When an electricity consumption datum was more than 20% different from the predicted
electricity consumption as determined by the equation for the line of best fit, it was removed.

e When a natural gas consumption datum was more than 30% different from the predicted
natural gas consumption as determined the equation for the line of best fit, it was removed.

A few of the buildings had energy consumption data that appeared to contain outliers for the same two
to four months of the year for every year of data. To avoid removing too many outliers and leaving a
gap in the data, each calendar month where the data showed the lowest error was preserved and
included in the weather normalization. Therefore, a rule was developed that a monthly datum was only
removed as long as all 12 calendar months were still represented after its removal.

3.3 Determination of Energy Load Types
When energy consumption is examined on a monthly basis, it can be separated into two components as
illustrated in Figure 4: the base loads (weather independent) and the variable loads (weather
dependent). Although lighting use, domestic hot water use and plug-loads can show minor seasonal
fluctuations and although these energy uses contribute to heating the building, these seasonal
fluctuations are considered negligible compared with the seasonal variations resulting from operating
the heating and cooling systems.
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Figure 4: Natural Gas Consumption of Sample MURB Showing Variable Load and Base Load

The energy consumption data throughout this report will be divided into four components: variable
natural gas, base natural gas, variable electricity and base electricity. The variable natural gas load was
separated from the base natural gas load during the weather normalization process. The monthly base
load was determined by taking the y-intercept of the equation for the linear regression of the monthly
natural gas consumption versus the monthly HDDs, as shown in Figure D25, Appendix D. The y-intercept
represents the natural gas consumption at zero HDD when no heating should be required.

The base electrical load was determined using either the y-intercept from the weather normalization
linear regression equation or from an average of the lowest months of electricity consumption. For
buildings that were weather normalized using HDDs or CDDs only, the y-intercept was used. For
buildings that were normalized using a combination of HDDs and CDDs, the average of the two lowest
months of electricity consumption from every year of data was used to determine the base electrical
load. Generally, the months with the lowest electricity consumption were April or May, and September

or October because these months are part of the shoulder seasons when little heating or cooling is
required.

3.4 Separation of Building Types
The majority of the buildings in the data set use natural gas boilers as their primary heating system;
however, some of the buildings are heated primarily with electricity or with a split between electricity
and natural gas. To ensure that like-to-like comparisons were made, buildings within the data set have

been grouped by the type of heating system before variable natural gas energy and variable electricity
were correlated with other variables.
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Figure 5 shows a plot of annual variable natural gas intensity versus annual variable electricity intensity.
Buildings with more than 100ekWh/m? of variable natural gas intensity and less than 30kWh/m? of
variable electricity intensity, which occupy the upper left quadrant in Figure 5, were considered to have
natural gas boilers as their primary heating system. The delineations of 100ekWh/m? and 30kWh/m?
were chosen after the graph was plotted based on the cluster of buildings that appeared to be heated
with natural gas boilers. The three buildings in the lower right quadrant were buildings that were most
likely heated with electricity. Finally, the eight buildings in the lower left quadrant have both low
variable natural gas intensity and variable electricity intensity. This low intensity led to the preliminary
conclusion that the energy information from these four buildings were anomalous, which warranted
further examination in Section 5 of this report. The other four buildings in the lower left quadrant were
confirmed as being heated with a combination of natural gas and electricity based on information from
the building energy audit report.
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Figure 5: Method Used to Separate Buildings by Primary Heating Systems

Whether or not a building had air-conditioning was determined based on the results of the correlation
between electricity use and CDD. If the R? value of the plot between electricity use and CDD was greater
than 0.5, it was assumed that the building had air conditioning. Table 2 summarizes the number of
buildings assigned to each category.

Table 2: Summary of Building Space Conditioning Categories

Building Space Conditioning Category # of Buildings Assigned
to the Category

Primarily Natural Gas Heating 29

Primarily Electrical Heating 3

Combined Natural Gas and Electrical Heating 4
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Air Conditioned Buildings 11

Buildings with Undetermined Heating Systems | 4

3.5 Regression Analysis
With the data weather normalized and organized into groups of buildings with similar heating system
types, variables related to building characteristics were plotted against base and variable natural gas
consumption and total electricity consumption. A discussion of the particular variables correlated with
each load type can be found in Section 4.2. The coefficient of determination, or R? value, was used as a
means of evaluating how well the linear regression line explains the variation in the energy consumption
data.

3.6 Multi-variable Regression Analysis
The multi-variable regression analysis was completed in Microsoft Excel using the regression function
from the Analysis ToolPak Add-In. A stepwise forward-selection approach to maximize the adjusted R’
value was used for each regression analysis.

The adjusted R? value derived from the multi-variable regression analyses is the same as the R* value in
the single variable regression analysis except that a correction has been made to account for the
number of variables involved. As variables are added, more of the variation in the data should
automatically be explained; therefore, to account for the advantage of having additional variables, a
reduction factor is applied to the R® value. This means that the adjusted R* value is equal to the R value
in a single-variable regression, but is less than the R” value when more than one variable is involved.

Each stepwise forward-selection approach to multi-variable regression analysis results in a linear
equation relating the selected variables to coefficients as follows:

y=Clxmax1+C2Xmax2+C3Xmax3+--- CnXmaxn
where:
y = The component of energy use or energy intensity being examined
¢ = The coefficient resulting from the multi-variable regression analysis
x = The variable selected to maximize the R* value
The multi-variable regression analysis involves the following steps:

1. All of the variables to be considered in the analysis are chosen. These variables are called x4,x,,
X3,...,Xn and each analysis includes n variables. The variable “y” is the component of energy
consumption for which the regression is being completed.

2. Asingle-variable linear regression of y versus x; is completed for all n variables. The variable that
yields the highest adjusted R* value for in the single-variable linear regression is designated

Xmax1-
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3. Adouble-variable linear regression of y versus Xn.x1 and all remaining x;is completed for all n-1
variables. The variable that yields the highest adjusted R” value in the double variable linear
regression is designated Xa,. If the new maximum adjusted R? value is smaller than the
maximum R*value in the previous step, then the regression is complete and Xmax is the only
variable involved in the final regression results. If the new maximum adjusted R* value is larger
than the maximum R’value in the previous step, then a triple variable regression must be
completed.

4. Variables continue to be added one at a time until the R* value is maximized.

5. The final result is a linear equation relating the selected variables (Xmaxt, Xmax2,---,€tC.) to y using
coefficients.

An additional approach, based on the logic of which variables should govern each energy consumption
component, was also used to select the order in which variables were added for some of the regression
analyses.

4 Results and Discussion

In the sections that follow, an overview of building energy intensity has been presented, followed by a
discussion of the variables that influence energy use. Then, energy consumption components (base and
variable natural gas and total electricity consumption) are correlated with these variables to show the
apparent influence. Finally, the results of the multi-variable regression analysis are presented.

4.1 Energy Intensity
Within the refined data set, which is focused on only mid- and high-rise MURBs, the total annual energy
consumption ranges from 1,125 eMWh to 12,190 eMWHh. In order to facilitate comparisons between
buildings, it is helpful to normalize the data based on building size. Figure 6 and Figure 7 show the
annual energy consumption on a per gross floor area (energy intensity) and a per suite basis,
respectively. The gross floor area is considered to be the total conditioned floor area within a building.
Generally, this includes the common areas, the corridors, and the individual suites. It typically does not
include underground parking, even if the parking area is conditioned to some degree. Although the
definition was not specified in the original building reports, it has been assumed that the gross floor
areas provided in energy audit reports is the total conditioned floor area.

13
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Figure 6: Natural Gas and Electricity Components of Total Annual Energy Use per Gross Floor Area
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Figure 7: Natural Gas and Electricity Components of Total Annual Energy Use per Suite

Figure 6 and Figure 7 show that even after being normalized for building size, there is still a great deal
of variation. The relative standard error is a statistical measure that indicates dispersion of data. Itisa
normalized measure of standard deviation calculated by dividing the standard deviation by the sample
mean. The relative standard error in the sample of values for total annual energy consumption is
reduced from 62% to 50% when normalized by number of suites and reduced to 31% when normalized
by gross floor area. Therefore, the industry practice of normalizing by floor area is supported by this
statistic.
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The average energy mix of the data set is 33% electricity and 67% natural gas which is almost the same
as the reported energy mix of apartment buildings in Ontario: 34% electricity and 66% natural gas
(NRCan, 2008).

The average energy intensity for the data set is 292ekWh/m?. This intensity is just slightly lower than the
average intensity of the Meta-Analysis data set which was 295ekWh/m?. These values were compared
with a number of other studies and a large range of values for the average energy intensity of were
found. Reasons for this variation include how the data were sourced (from consumers or suppliers and
from what types of consumers) and how the data were processed (weather-normalized or not and the
floor area used to determine intensity).

Before using these values for comparison, it is important to determine what data have been used to
establish energy intensity. Most MURB energy studies can be classified as either consumer-side studies
or supplier-side studies. In a supplier-side study, aggregate energy consumption data are collected from
energy providers such as natural gas utility companies or electricity suppliers. Analysis techniques are
then applied to process the aggregate data and split it into more useful categories. In a consumer-side
study, energy consumption data are collected from individual households or MURBs. Generally, the
energy intensities derived from the supplier-side studies tend to be lower than the average energy
intensities from the consumer-side studies as shown in Appendix A: Section 2. Further investigation is
required to determine why these two methods of estimating energy intensity do not align.

As the data used in this study were collected in a similar manner to the consumer-side studies, only
consumer-side studies were used for comparison. The weighted-average energy intensity determined
from consumer-side studies based on the number of buildings in each study, 305ekWh/m?, appears to
be in agreement with the findings of this study. But, it is important to consider the way in which the
data from the different studies have been processed. In the consumer-side studies examined, where
data collected from various buildings were from the same time period, there was no need for weather
normalization to allow for comparison between the buildings within that data set. There is no evidence
that any of the data from the consumer-side studies have been weather-normalized to CWEC or another
particular year. Therefore the average consumer-side, non-weather-normalized energy intensity
(305ekWh/m?) is understated compared with the energy intensities in this study (292ekWh/m?) which
have been normalized to CWEC.

In Figure 7, the attributed suite size has been plotted above the energy use per suite for comparison.
Attributed suite size was calculated by dividing the gross floor area by the total number of suites in the
building, and is therefore an overestimate when compared to the actual suite size. Generally, larger
suite sizes can be used to explain higher per suite energy use. In most cases, the reason a building has
larger attributed suite sizes is because the building has significant common facilities whose floor area
has been attributed to each suite. Energy intensity values are affected by the size and use of this
common area space.

Some of the buildings used in this study were included because detailed building information was
available from pre-retrofit energy audits. Therefore, the sample may be biased towards buildings with
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lower energy efficiency since building energy audits are typically sought by building owners or managers
who might be concerned with energy efficiency.

To summarize, the average energy intensity resulting from this study must be considered in the context
of the weather normalization. Weather normalization is necessary to compare building data from
different years so it is not possible to directly compare these results to other non-weather normalized
studies. As well, the size and use of common areas and the attitude of the participant building owners
and managers to energy efficiency can also affect energy intensity calculations.

4.2 Selection of Variables
As normalization by building size does not fully explain the variation in energy use, the purpose of this
section of the report is to determine what other variables have a correlation with the energy
consumption data. There are many variables that could contribute to the energy consumption within a
building. Variables related to occupant behaviour, mechanical and electrical systems, control systems,
building envelope, site environment, building management or demographics could all be involved. In
this study, the variables examined have been limited to physically measureable or observable variables
that were available in the building energy audit reports. Additionally, variables that would normally be
expected to have the greatest effect on the variation in energy consumption were investigated. Figure 8
provides a summary of possible variables and an indication of the data availability. Thermal glazing
characteristics, the efficiency of the space heating system and the number of occupants are the three
variables with the highest level of expected importance. In this figure, the expected importance of the
variables has been based on the initial belief that variables which affect heat loss and heat generation in
buildings should be well correlated with energy use.
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Figure 8: Variables Categorized by Ease of Measurement and Predicted Importance

4.2.1 Variables Related to Heating Loads

The heating energy requirements for a building are a function of:

(a) Transmission heat losses through the building envelope;

(b) Air leakage and controlled ventilation heat losses;

(c) The efficiency of the heat generation and distribution system.

Based on equations for conduction heat loss and air leakage provided in Appendix E, the glazing type
and glazing area are expected to be the variables that most significantly govern heat loss. The overall
conductance of a window is denoted by its U-value, while the air tightness of a window is generally
determined by whether the window is fixed or operable; the type of operable window (sliding, awning

or casement); and the condition of the window.

In the case of natural gas-heated buildings, the variable that is expected to affect heat generation is the
boiler plant efficiency. Although estimates of boiler efficiency and age were available in this data set,
there are many other factors such as operation and maintenance that contribute significantly to the
overall plant efficiency which have not been captured.

Figure 9 summarizes the main contributing factors to heat loss and generation for which data were

available.
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Figure 9: Variables Dominating Building Heating Requirements

4.2.2 Variables Related to Cooling Loads

Similar to heating, cooling loads are affected primarily by heat gain through the building envelope, heat
gain through both ventilation and air leakage, and the efficiency of the cooling system. In addition to
being influenced by conduction and air leakage through the glazing, solar heat gains due to radiation
through the glazing are also expected to have a significant effect. Based on the equation for radiation
heat transfer found in Appendix E, the two variables with the greatest effect are the glazing area and the
solar heat gain coefficient (SHGC) of the glass. With a higher SHGC, more radiation can penetrate the
building and heat it up so there is a higher cooling load.

4.2.3 Variables Related to Base Loads

Base loads are generally expected to be a function of the number of occupants, the gross floor area and
equipment efficiencies. Domestic hot water use and plug loads are most closely related to the number
of occupants because the activity of each occupant defines the magnitude of these loads. Lighting, fan,
and pump loads are most closely related to the gross floor area because the size of the interior space
defines the magnitude of loads. Since heating and cooling equipment efficiencies are often difficult to
obtain, building age may be used as a proxy so long as the building has not undergone any significant
renovations. Therefore, the following relationships were expected:

Base natural gas load = f (Number of occupants)

Base electrical load intensity = f (Building age, Number of occupants)

4.3 Regression Analysis Results
This section presents a selection of correlations between the weather-normalized energy use data and a
number of building characteristics. Only significant findings have been presented in the body of this
report. For completeness, however, the results of the investigations which did not yield a reasonable
correlation have been presented in Appendix F.

4.3.1 Window Characteristics

The first variables examined in the correlation analysis were related to the window characteristics. As
explained in Section 4.2, window area, air tightness, thermal conductance, and SHGC of windows are
expected to influence both heating and cooling loads.
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Some of the plots include buildings which have been identified as outliers. These anomalies will be
examined in Section 5 of the report. The line-of-best-fit plot applies only to data points that are not
considered outliers.

4.3.1.1 Fenestration-to-Wall Ratio
The fenestration-to-wall ratio (fenestration ratio) is the area of the exterior walls of the building covered
in glazing divided by the total wall surface area. Although the fenestration ratio for each building was
stated in many of the audit reports, it was often based on an estimate. Estimates of the fenestration
ratio were checked and modified as necessary by comparing the stated fenestration ratio with building
photographs. By comparing photographs of the various buildings, fenestration ratios were corrected so
that similar buildings had similar fenestration ratios.

Since much of the building information obtained for this study was provided on the condition that the
building identity remains confidential, full building photographs could not be provided in this report.
However, close-up photos which maintain the anonymity of the buildings have been provided in
Appendix G. In addition to the photographs, the originally estimated fenestration ratios as well as the
revised estimate of the fenestration ratios have been provided for each building. Figure 10, Figure 11,
and Figure 12 are all based on the revised estimate of fenestration ratios.

Since the majority of heat loss and solar heat gain through the building envelope is often through the
glazing, it is expected that the larger the fenestration ratio, the higher the heating and cooling loads will
be. This relationship was shown to be stronger in buildings with double-glazed windows and natural gas
heating (Figure 10), than for buildings with single-glazed windows and natural gas heating (Figure 11).
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Figure 10: Variable Natural Gas Intensity versus Fenestration Ratio for Double-Glazed Windows
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The Influence of Fenestration Ratio on Variable Natural
Gas Intensity - Single Glazed (U=5.7W/mZK)
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Figure 11: Variable Natural Gas Intensity versus Fenestration Ratio for Single-Glazed Windows

The R? value shown in Figure 11 is lower than the R? value shown in Figure 10 perhaps because buildings
with single-glazed windows are generally older and the glazing is in worse condition. Thus, the air
tightness of the glazing assemblies may be the factor that governs heat loss for these buildings, not just
the fenestration ratio. However, without more detailed data on window air leakage it is not possible to
tell whether fenestration ratio is the governing factor or rather if fenestration ratio is good proxy for
window air leakage in buildings in this data set. Since no information was available on the air tightness
of the glazing assemblies for the buildings in the data set, it might be helpful to field examine the
windows in question. In such a field review, the type of window and the proportion of operable to fixed
windows should be determined since operable windows greatly affect the air leakage of buildings and
ultimately energy losses. Further, air barrier elements are often discontinuous at window assemblies as
windows are isolated from structural loads. Recording window age and any resealing that may have
occurred would also be helpful in any future data collection efforts in order to determine an estimated
air leakage contribution.

Cooling loads are also affected by the fenestration ratio because of the potential for solar gains through
glazing in addition to conductive and convective heat gains from the outdoors. Figure 12 shows that a
higher fenestration ratio leads to greater air conditioning loads as expected. Of the 11 buildings
identified as having air conditioning, nine had double-glazed windows and were included in Figure 12.
For most of the buildings, information on the SHGC of the windows was unavailable and could not be
considered. However, the correlation between electrical intensity and fenestration ratio is reasonably
strong, so the effect of the SHGC may not be as important as the fenestration ratio.
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Figure 12: Electricity Intensity versus Fenestration Ratio for Air Conditioned Buildings

4.3.1.2 Window Conductance
The glazing of each building has been assigned an overall thermal conductance value (U-value) that was
either provided in the audit report or is based on a physical description of the windows. Higher U-values
mean more heat transfer and thus heating and cooling loads will presumably be higher. Both Figure 13
and Figure 14 show the expected correlation. In Figure 13, the trend is weak, so the average variable
natural gas intensity of the data for each of the three U-values has been plotted to show the trend
instead of a line of best fit. The considerable variation in the data shows that glazing U-value
contributes to heat loss in a building, but is not the governing factor.

The Influence of Glazing U-Value on
Variable Natural Gas Intensity
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Figure 13: Variable Natural Gas Intensity versus Glazing U-Value
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Figure 14: Electrical Intensity versus Glazing U-Value for Air Conditioned Buildings

This variability shown in Figure 13 and Figure 14 may be due to the fact that the glazing U-value
estimates are not an accurate indicator of heat loss. For example, window frames are typically the
weakest part of a glazing unit in terms of thermal conductance and performance values of frames vary
widely. The glazing U-value estimates were based on whether the windows were single- or double-
glazed and did not take into account the type of frame used. Also, on an area basis, smaller windows or
those with proportionally more mullions are more greatly affected by the thermal bridging effect of
frames than larger windows. This, of course, is counteracted by the fact that larger windows lose more
heat. A stronger correlation shown with fenestration ratio suggests that glazing area has a more
significant effect on heating intensity than window thermal conductance does.

4.3.2 Heating Efficiency and Cooling Equipment

The second factor affecting building heating loads is the efficiency of the heating system. It is expected
that the more efficient the heating system is, the lower the variable natural gas intensity will be.
Although the R? value is low, Figure 15 does show the expected relationship.
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Figure 15: Variable Natural Gas Intensity versus Boiler Efficiency

As shown in Figure 15, the relationship between variable natural gas intensity and boiler efficiency is not
as strong as expected. This weaker-than-expected relationship has possibly occurred because the boiler
efficiencies provided in the audit reports may not reflect the actual efficiency of the heating system.
Therefore, while there is a relationship, it could be stronger with more accurate data. The provided
efficiencies are either rated or estimated efficiencies. The rated efficiency is the efficiency of the boiler
when it was new, but this efficiency declines as the boiler ages. The rate of decline depends on
maintenance practices, the boiler use patterns, the type of boiler, and the boiler and pipe configuration.
The only way to determine the actual efficiency of a boiler in service is to run a diagnostic test of natural
gas input versus heat output. This was not part of the energy audit for any of the buildings in this data
set.

As a proxy for actual boiler efficiency, the boiler age was estimated based on information provided
about building renovations and replacements in the audit reports. As expected, Figure 16 also shows
that the variable natural gas intensity increases as the boiler age increases; however, the R value was
actually lower than anticipated. This may be due to inaccuracies in the original estimate of the boiler
age or because boiler age may not be an appropriate proxy for heating system performance.

23



The Influence of Boiler Age on
Variable Natural Gas Intensity
350
.g 200 y =1.0x + 150
< R?=0.065
£ 250
'
& E 200
T £ 150
ER
5 8 100
= 50
s
E 0 T T T T 1
= 0 10 20 30 40 50
Boiler Age (years)

Figure 16: Variable Natural Gas Intensity versus Boiler Age

In order to further investigate the poor correlation between boiler efficiency and variable natural gas, a
comparison between boiler capacity and gross floor area was made as shown in Figure 17.
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Figure 17: Total Boiler Capacity versus Gross Floor Area

The expected trend of increasing boiler capacity with building size is shown. Though many factors affect
the heating load of a building, the correlation between building size and boiler capacity appears lower
than expected. This could indicate the presence of over or under-sized equipment in some buildings.
This hypothesis was further explored by examining the relationship between boiler capacity and variable
natural gas intensity as shown in Figure 18. Ideally, if the boiler is sized appropriately there should
minimal variation in the variable natural gas intensity with increasing boiler size. Though there is a slight
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trend showing increasing variable natural gas intensity with increasing boiler size, the trend is not
significant enough to draw a general conclusion.
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Figure 18: Variable Natural Gas Intensity versus Total Boiler Capacity

The primary cooling system information that was available from the energy audit reports was the
cooling capacity. The electricity intensity shows a strong correlation with cooling capacity for the 11
buildings with air conditioning as revealed in Figure 19.
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Figure 19: Electrical Intensity versus Cooling Capacity
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This relationship could indicate that larger buildings require proportionally more cooling due to higher
internal loads. However, to test this hypothesis, more detailed information about building dimensions
would be required to determine the surface area-to-volume ratio.

4.3.3 Number of Occupants

While the number of bedrooms in each suite was sometimes specified, and the number of suites in the
building was always specified, the estimated number of occupants in each building was found in only
two of the 40 audit reports. Since the number of occupants is the most important variable affecting
base natural gas loads, the number of occupants was estimated from census data. The average number
of people per household (for all dwelling types) for the census neighbourhood was obtained for each
building. If the building had suites that included three bedrooms or more, 0.5 people per household
were added on to the census average. If the building was a seniors’ home, 0.5 people per household
were subtracted from the census average. The number of people per household was then multiplied by
the number of suites in the building to estimate of the number of occupants.

Figure 20 shows a strong correlation between the base natural gas consumption and the estimated
number of occupants. This figure supports the conclusion that domestic hot water energy is a function
of the number of occupants.

The Influence of Estimated Number of Occupants
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Figure 20: Base Annual Natural Gas Consumption versus Estimated Number of Occupants

4.3.4 Base Electricity Intensity

Correlations with all four components of energy use have been provided except for base electricity
intensity. There are many components that contribute to base electricity consumption and these
components vary widely from one building to another and cannot be reflected in one variable. The
hypothesis stated in Section 4.2, that base electricity intensity could be related to building age, was
tested, but no relationship was found.
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Additional correlations are provided in Appendix H. These correlations were not included in this section
of the report for three basic reasons: if they did not yield a strong enough R* value; if they were already
examined in the Meta-Analysis; if the correlations were not directly related to a component of energy
consumption.

4.4 Multi-Variable Regression Analysis Results
The correlation analysis showed that there are minor correlations between variable natural gas intensity
and glazing properties as well as boiler efficiency. The purpose of the multi-variable regression analysis
was to determine whether these correlations could be improved when more than one explanatory
variable was considered simultaneously. The variables considered in the multi-variable regression
analyses were selected based on whether data were generally available for most of the buildings and if
the variable was expected to affect energy consumption.

The two results discussed here were chosen to compare the systematic forward-selection method with
the logical method examining the variable natural gas intensity, since this is the foremost component of
energy use discussed in this study.

4.4.1 Variable Natural Gas Intensity: Systematic Forward-Selection

The variables considered include: the number of floors, the number of suites, the building vintage,
heating boiler capacity, heating boiler efficiency, MAU ventilation capacity, the presence of balconies
and through-wall floor slabs, wall R-value, glazing U-value, fenestration ratio, boiler age. Although not
all of these variables were expected to govern variable natural gas intensity, any variable that was
thought to have a possible affect was included.

Table 3 shows a summary of the results from the analysis. As expected, the variable natural gas
intensity is related to heat loss in the building through the glazing U-value and is related to heat
generation in the building through the boiler capacity. Additionally, the number of suites was negatively
correlated with the variable natural gas use but this addition improved the adjusted R? value minutely so
it was not considered an important variable.

The relative weighting was calculated as follows:

Average value of variable X Coefficient
Y (Average value of variable x Coef ficient)for all variables

Table 3: Variables in Order of Selection for Variable Natural Gas Intensity Systematic Forward-Selection

Order Relative Adjusted R-Squared at Time
Selected Variable Coefficients Weighting Variable was Added
Intercept 126
1 Glazing U 68.5 51% 0.099
Boiler Capacity 1.61 18% 0.181
# of Suites -0.16 31% 0.193
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4.4.2 Variable Natural Gas Intensity: Logical Method
Based on a logical approach the variables considered in the systematic forward-selection were reduced
to only include: glazing U-value, fenestration ratio, boiler efficiency, boiler capacity, and boiler age.

Table 4: Variables in Order of Selection for Variable Natural Gas Intensity Logical Method

Order Relative Adjusted R-Squared at
Selected Variable Coefficients Weighting Time Variable was Added
Intercept 102
1 GlazingU 67.5 81% 0.099
2 Boiler Capacity 1.09 19% 0.181

The two approaches resulted in governing variables that agree with one another. However, the
adjusted R? values in both cases were quite low.

4.4.3 Other Multi-Variable Regression Analyses

Table 5 provides a summary of all of the regression analyses undertaken, the variables that were
selected and the final adjusted R* value. More detailed results of each of the regression analyses are
available in Appendix H.

28



Table 5: Summary of Forward-Selection and Logical Regression Analyses Undertaken

Component of
Energy
Consumption

Stepwise Forward-Selection

Logical Approach

Variables Selected Adjusted Variables Selected Adjusted
R’ Value R’ Value
Total Annual Boiler Efficiency 0.85
Energy MAU ventilation capacity
Consumption | Gross Floor Area
Balconies and Floor Slabs
S Annual Wall R-value 0.81
2| Variable Gross Floor Area
g Natural Gas MAU Ventilation Capacity
g Consumption
ti Annual Base DHW Boiler Efficiency 0.17
&o| Natural Gas Gross Floor Area
..% Consumption
= | Annual No variables selected All R?
g Variable values
<C| Electricity were less
Consumption than 0.1
Annual Base MAU Ventilation Capacity | 0.67
Electricity Gross Floor Area
Consumption | Cooling Capacity
Total Annual Fenestration Ratio 0.57 Glazing U-value 0.10
2| Energy MAU Ventilation Capacity
% Intensity Number of Suites
IS Year Built
& Wall R
E Number of Floors
{fu Annual Glazing U-value 0.19 Glazing U-value 0.18
2| Variable Boiler Capacity Boiler Capacity
£ | Natural Gas Number of Suites
Intensity

The highest adjusted R? value was achieved for the analysis based on total annual energy use. These

findings are similar to the correlation analysis findings - obvious correlations were possible with total

annual energy use. Generally, the multi-variable regression analyses performed with components of

total annual energy consumption resulted in the selection of variables whose magnitude is closely linked

to building size, which was expected. Similarly, the types of variables affecting certain components of

total energy use such as base or variable natural gas were as expected. The poor correlation between

base natural gas consumption and the selected variables is likely because the number of occupants,

thought to be closely linked to DHW use, was unavailable. The lack of variables selected for annual

variable electricity consumption is likely due to the fact that variable electricity consumption is highly
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variable as shown in Figure 6. Though highly variable, this component is a very small proportion of total
building energy use.

Once the energy use component was normalized by gross floor area, the adjusted R” value was greatly
reduced and the variation became more difficult to explain. For example, it was surprising that boiler
efficiency did not appear as one of the selected variables for total annual energy intensity. However,
the correlation between boiler efficiency and variable natural gas intensity was also very weak which
could explain the reason for the absence of this variable.

The findings of the multi-variable regression analysis suggest that, although these variables such as
glazing U-value and boiler efficiency may govern when considered together, they do not govern in equal
proportions for all buildings. The energy use of one building may be influenced far more by glazing U-
value, while another may be more significantly affected by an inefficient boiler. Furthermore, as
discussed in Section 4.3, there is a lack of detailed data about components of some buildings that relate
to energy use such as air leakage and the overall efficiency of the heating system. This lack of detail
could explain the low correlation coefficients. Considering these limitations, the single-variable
regression analyses provide a clearer picture of how energy consumption is affected by each variable. In
the multi-variable regression, however, the results are potentially obscured by the difference in
governing variables between individual buildings.

5 Investigation of Anomalies

Within the correlations analysis, a number of buildings were identified as “anomalies” either because
they were revealed as outliers in the correlations analysis or because they had abnormally high or low
components of energy use. In the sections that follow, the buildings identified as anomalies based on
total energy intensity will be discussed first, followed by the outliers in variable natural gas intensity and
then in base natural gas intensity. Finally, buildings with different heating systems are highlighted as
well as buildings with extra facilities. The buildings will be referred to by their energy intensity ranking
number as shown in Figure 6, where Building 1 has the lowest energy intensity and Building 40 has the
highest energy intensity.
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Figure 6: (Reproduced from Page 12) Gas and Electricity Components of Total Annual Energy per Gross Floor Area

5.1 Energy Intensity
The nine buildings with the lowest energy intensity were all derived from the HiSTAR database, which
was also used in the Meta-Analysis. The energy intensity values for these nine buildings range from
90ekWh/m? up to 210 ekWh/m?. Although these energy intensities are physically possible in high-
performance, low-energy buildings, the building envelope and mechanical characteristics of these
buildings would suggest that these are not particularly high-performance buildings. Therefore, Buildings
1 through 9 were immediately considered to be outliers if they were significantly below the expected
energy use in a correlation.

The building with the lowest energy intensity, Building 1, is a six storey building built in the 1980s, and
has an award-winning green roof. The green roof can only account for very minor reductions in heat
loss. Other factors that were not specified in the energy audit are likely to be responsible for the low
energy intensity. Having a green roof is an indicator that other aspects of the building may be managed
in an energy-conscious manner that could contribute to the low energy intensity.

The two buildings with the highest energy intensities, Building 39 and 40, were identified prior to this
study as being energy inefficient. Both buildings have significant upgrades planned. Therefore, these
buildings are both anomalies since their energy intensity is far higher than the average; however, this is
likely not due to an error in the data. These are just poor performing buildings that fall far below the
performance of the other buildings. Therefore, Building 39 and 40 were also automatically accepted as
outliers.

Overall, there was not a particular factor that could account for the presence of a large group of
anomalies. The anomalies did not arise because a variable was neglected or because information about
the variable was not available for the correlation analysis. The anomalies are generally a result of a
special circumstance that applies to one or two buildings in the data set
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5.2 Variable Natural Gas Intensity
Buildings involved in variable natural gas intensity correlations that were designated as outliers were
identified in the Figure 10 and Figure 11, which show the correlation between variable natural gas
intensity and the fenestration ratio for double-glazed and single-glazed windows. These figures have
been reproduced below for convenience.

In Figure 10, there were four outliers in the data. The two outliers above the line of best fit were
Buildings 34 and 35. As both of these were constructed in the 1960s, they are more likely to have single-
glazed windows rather than double-glazed windows. Upon examination of photographs of the

buildings, it was not evident that any window replacement has taken place. Therefore, these two
buildings may have been incorrectly assigned as double-glazed. Buildings 6 and 7 were both below the
best fit line, but they have already been identified as anomalous based on their energy intensity.

The Influence of Fenestration Ratio on Variable Natural
Gas Intensity - Double Glazed (U=2.8W/mZK)
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Figure 10: (Reproduced from Page 17) Variable Natural Gas Intensity versus Fenestration Ratio for Double-Glazed Windows

In Figure 11, a cluster of five buildings with lower than expected variable natural gas intensities were
considered outliers. Three of these buildings were Buildings 5, 8, and 9 and were rejected as discussed
previously. The other two buildings were Building 18 and Building 20. Building 18 had lower variable
natural gas energy intensity because it is one of the few buildings with a high efficiency boiler and a new
make-up air unit system. Building 20 is a subsidized housing project. It does not have a particularly
efficient heating system. However, the audit report does acknowledge that there is a very high
occupancy density with six to eight people living in a two bedroom apartment. Therefore, internal gains
may account for the relatively low variable natural gas use relative to the fenestration ratio. The
hypothesis that Building 20 has a very high occupancy density is reinforced by the fact that it has a
higher-than-average base natural gas consumption both on an area basis and on a per occupant basis.
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The Influence of Fenestration Ratio on Variable Natural
Gas Intensity - Single Glazed (U=5.7W/mZK)
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Figure 11: (Reproduced from Page 18) Variable Natural Gas Intensity versus Fenestration Ratio for Single-Glazed Windows

5.3 Base Natural Gas Intensity
In Figure 20, Building 2, 4, and 6 are identified as being below the line of best fit and Building 27 and 40
as being above the line of best fit. Buildings 2, 4, 6 and 40 were already discussed as being anomalies
because of their high or low energy intensities. Building 27 includes an indoor pool as well as two
laundry rooms with gas-fired dryers, which could explain the higher outlying natural gas base loads.

The Influence of Estimated Number of Occupants
on Base Natural Gas consumption
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Figure 20: (Reproduced from Page 24) Base Annual Natural Gas Consumption versus Estimated Number of Occupants

The MURBs designated as seniors’” homes tend to exhibit lower energy use and most of the MURBs
designated as subsidized rental housing were above the line of best fit as shown in Figure 20. The
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reason for this trend is probably because the estimate of the number of occupants in the building was
not accurate. The number of occupants in each apartment is probably higher than the census average in
subsidized housing and below the census average in senior housing. An attempt to account for the
lower occupancy in seniors’ housing was made by subtracting 0.5 from the average number of people
per household leaving about 1.8 people per household for most neighborhoods where the seniors’
housing was located. In fact, the average number of people per household is probably just above one.

5.4 Alternative Heating Systems
Buildings 10 and 11 had below average energy intensity and buildings 37 and 38 had above average
energy intensities. One of the reasons for this may have been because these buildings had a unique
aspect to their heating system compared with the other buildings in the data set.

Building 10 has a radiant heating system consisting of electrical resistance coils in the floor slabs.
Radiant heating systems are more efficient than other systems because radiant heating systems can
heat a room to a lower set point air temperature while allowing the occupants to still feel comfortable.
Since the indoor air is cooler, less heat is lost through air leakage and transmission through the building
envelope. Further, the building has also had new windows installed, which is an additional factor that
accounts for the building’s relatively low energy intensity since the new windows reduce the conductive
heat losses and losses through air leakage .

Building 11 does not have heating provided by a central boiler. Instead, each suite has a separate boiler
that provides domestic hot water and heating. This type of configuration can lead to reduced energy
use for a few reasons. First, less heat is wasted as it is being distributed from the boiler around the
building. Second, it is likely that occupants are billed individually for their hot water and heating so they
are more conscious of wasting hot water and have a motivation keep the thermostat at a lower
temperature. Finally, the smaller individual boilers may manage demand more efficiently than central
boiler that have to keep large quantities of water heated even if they are not being used.

In Buildings 37 and 38, the domestic hot water is generated by the heating boilers. Generally, this
configuration should be more efficient. However, in the case of Buildings 37 and 38, there are two large
heating boilers in each building which both have a much greater capacity than a domestic hot water
boiler would. Even with just one boiler running, the heating output could be much greater than
required and therefore, the heating system may be operating inefficiently and using more energy.

5.5 Additional Facilities
Building 38 has the highest per suite energy use as shown in Figure 7. This is likely due to the fact that
the building contains a child care centre that is not accounted for separately in the energy bills.
Therefore, while the attributed suite size is large, this is because a significant portion of the building is
taken up by the child care centre. In combination with the inefficient domestic hot water system, the
child care centre may also contribute to the high energy intensity of Building 38.

Swimming pools included in the building facilities probably contribute to the above average energy
intensity in Buildings 29 and 39. Buildings 28, 29, 35 and 36 all have heated underground parking
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garages that could contribute to their above average energy intensity. Since the parking garage has not

been included in the gross floor area for each of the buildings, any energy consumed by heating,

ventilation or lighting of the parking garage is added directly to the building energy use without any

differentiation that the energy is actually being consumed outside of the gross floor area.

6 Conclusions

A number of important conclusions emerge from this study. This section includes conclusions regarding

the correlation between energy use and building characteristics. As well, a number of other important
findings that were not anticipated at the outset of this study are summarized here.

1) The average energy intensity of the buildings in this study was found to be 292ekWh/m?. This

finding is similar to the findings of the Meta-Analysis (295ekWh/m?). These energy intensities
were compared to a weighted average of various consumer-side studies of energy use in
Toronto and Ontario MURBs (305ekWh/m2). However, the data from these studies have not
been weather-normalized. It is interesting to note that there is a difference in MURB energy
intensities between supplier and consumer-side studies. The supplier-side studies were found
to be consistently lower than the consumer-side studies. The reason for the lower supply-side
values requires further investigation. Thus, when making a comparison between energy
intensity statistics, the data source must be identified in order to allow for direct comparison.
As the data in this study were collected directly from building utility bills, it is only appropriate
to compare the results to other consumer-side studies.

The average energy mix of the refined data set is 33% electricity and 67% natural gas which is
almost identical to the reported energy mix of apartment buildings in Ontario, 34% electricity
and 66% natural gas (NRCan, 2008).

Two variables related to the building envelope were tested for correlation with variable natural
gas and total electricity use: fenestration ratio and glazing U-value. The fenestration ratio was
shown to affect energy use related to heating and cooling as expected. The correlation was
shown to be stronger in buildings with double-glazed windows than in buildings with single-
glazed windows. The considerable variation in the data correlating the glazing U-value with
heating and cooling loads suggests that other window-related considerations are affecting
energy usage.

One hypothesis that may explain the weaker correlation between single-glazed windows and
variable natural gas and total electricity may be the underlying effects of air leakage around and
through operable windows. However, this hypothesis could not be tested since no data on the
air tightness of assemblies, and operable window air tightness in particular, were available.
Further, the division of windows into single-glazed and double-glazed categories may not
capture other underlying variables such as the overall U-value of the window. The overall glazing
U-value estimates were based on whether the windows were single- or double-glazed but the
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6)

7)

estimates did not take into account the type of frame used. The type and proportion of frames
greatly affects the overall U-value of the windows since frames, particularly aluminum frames,
represent significant thermal bridges. Unfortunately, the data set did not contain particulars
concerning the type of window frames.

Boiler efficiencies were found to be weakly correlated with variable natural gas consumption.
This rather surprising finding can be explained in two ways. First, boiler efficiency estimates
reported in the data sets may be inaccurate. Secondly, boiler efficiency alone is not a sufficient
indicator of the overall level of heating system performance. An oversized heating system that
frequently cycles on and off may have a seasonal efficiency that is much lower than the rated
operating efficiency. It was also found that boiler age was poorly correlated with variable
natural gas use. This could be due to the approximate nature of the boiler age estimates or,
more likely, that boiler age is not a good proxy for heating system performance.

The number of occupants was shown to be the governing variable related to base natural gas
consumption as expected. However, this result was based on only an estimate of the number of
occupants from census data and could be refined with improvements in the estimate of the
actual number of occupants.

The analysis of anomalies revealed that there was not one particular factor that could explain a
large group of the anomalies. However, information on special facilities such as the existence of
a swimming pool or daycare facility included in the buildings aided in the explanation of a
number of the anomalies.

7 Recommendations
This section contains recommendations concerning improving the quality and extent of building data.

Recommendations concerning the methods used to analyze and normalize data will be highlighted here

as well.

1)

Throughout this study, the issue of data quality often arose. The refined data set that was
gathered for this report was an improvement on the data set used in the Meta-Analysis report.
The Refined Data set contained more complete energy consumption information and detailed
building characteristics for all of the buildings. As well, this data set more closely reflected the
population characteristics of mid- and high-rise MURBs in Toronto. Although the refined data
set was an improvement, there were still limitations in the building characteristics data for this
data set. The building characteristics data were collected by many different parties and
collection practices varied. This introduced inconsistencies in the data, which perhaps resulted
in the weaker-than-expected correlations such as those involving the fenestration ratio and the
boiler efficiency. Therefore, the authors recommend that a uniform data set template be
established with prescribed means of determining the necessary building variables.

36



2)

Information about a number of building characteristics, such as estimates of envelope air

leakage, window and heating system details and number of occupants, thought to have a

potentially significant impact on energy use, should be included in the data set template. With a

more complete set of building characteristics, a truer picture of how energy is lost from these

buildings could be developed.

(i)

(ii)

(iii)

(iv)

Air leakage is commonly recognized as a significant source of heat loss. Due to a lack of
data, this study did not include a correlation between energy use and air leakage. With
air leakage test data and accompanying window characteristics collected (such as age
and condition including sealant condition), it may be possible to develop generalized air
leakage assumptions about certain window types (e.g. single, double, fixed, operable,
age windows and seals). Therefore, the authors recommend that air leakage
characteristics of various windows systems be quantified and incorporated into default
values in the database in the absence of specific blower door test data.

With respect to windows, information about the type of frame should be collected. An
estimate of the total heat loss associated with a typical window can be determined
using two-dimensional heat transfer calculation software provided information about
frame type, dimensions and glazing characteristics are known. As many of the windows
in MURBs are very similar, an on-line tool could be developed with the data from the
most common window types so that only dimensions would be required. This could aid
in retrofit decision-making by helping to determine whether window replacement is
required or if air sealing measures alone would provide sufficient energy savings.

With respect to heating systems, this study also found that boiler efficiency and age
estimates are not well correlated to variable natural gas use. This is reasonable because
there are many factors affecting heating system performance such as maintenance,
operation, controls, configuration and the appropriateness of the system size.
Therefore, the authors recommend that more information be collected about heating
system performance to determine if there is a way to estimate the aggregate effect of
these factors in order to quantify the impact on energy performance. Similar to testing
for air leakage, it may be necessary to conduct diagnostic tests on a number of boilers in
service to determine the natural gas input for heat output. Once again, after enough
have been tested, a correlation between one or more system characteristics such as
maintenance or operational practices and energy use could reveal what indicators
should be captured in an audit.

The number of occupants for each building was estimated using census data. The
authors recommend that the actual number of building occupants be collected during
an energy audit. This relatively easy step could be used to benchmark the efficiency of
the DHW system against other buildings given the seemingly high correlation with base
natural gas use.
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3)

(v) The presence of particular common area facilities was used to explain many of the
anomalous building energy findings. It is important to collect this type of information
during an audit. Therefore the authors recommend that information including area use,
square footage, lighting and equipment would be gathered. For underground parking
garages, the size, degree to which is it conditioned and presence of demand controlled
lighting or ventilation should be captured. However, if the parking garage energy use is
not included in the building energy bill, this information is unnecessary.

The energy intensities found in the Meta-Analysis and Refined Data set were normalized to the
Standard Weather Year or CWEC. The CWEC, developed by the National Research Council of
Canada, is based on data selected from a 30 year time span (Environment Canada and NRCan
2008). Using CWEC data resulted in a 20-30% increase in total annual energy consumption from
the actual building energy use data which ranged from 1998 to 2011. Other studies cited here
do not appear to have been weather normalized. Though normalizing to a standard weather
year is very important in order to make comparisons between different buildings and studies,
the challenge with using CWEC is that it overstates the actual energy intensity of the building
stock. When using this information to make assessments about the impact of energy retrofits,
the impacts of heating energy retrofits may be overstated while those affecting cooling loads
may be understated. Thus, using CWEC data as a normalization base may no longer be
appropriate for Toronto. Given this belief, the authors recommend that a new normalization
base be established that provides a more realistic estimate of energy savings.

The industry practice involves normalization by the conditioned floor area of the building to
allow for comparison of energy intensities between buildings of different sizes. The results from
this study agree with industry practice in that the relative standard error of the sample values
was reduced significantly by normalizing to gross floor area as opposed to number of suites.
Therefore, based on this finding, the authors recommend the continued use of normalizing
energy use data based on the gross conditioned floor area.

As discussed in Section 4.1, it was assumed that the area of the parking garage was not included
in the gross floor area of the building. However, sometimes this space is conditioned to some
degree and is therefore contributing to the heating load of the building. Regardless of whether
an underground parking area is conditioned, it can also contribute to the building electrical load
because of lighting and ventilation requirements. To include the area of this space in the gross
floor area would understate the energy intensity of the building but, by not including it,
buildings with conditioned parking garages would appear to have a higher energy intensity than
those with unconditioned parking areas. ldeally, parking garages should not be included in the
gross floor area calculations because they are often not conditioned to the same extent as the
rest of the building. However, if the energy use of this space is metered with the rest of the
building, the total annual energy use must be reduced before calculating the energy intensity of
the non-parking areas. Therefore, the authors recommend that parking garages and energy use
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should be dealt with in a standard way. One way to accomplish this might be to determine
estimated energy use factors for each of energy end uses. For example the ENERGY STAR®
Portfolio Manager has established these factors for parking garage lighting and ventilation
(Energy Star, 2007) but heating load must also be taken into account. With this information it
may be possible to estimate the energy intensity of the parking garage and remove it from the
total building consumption.
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