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CHAPTER 1 ::
1.1

David Gundrum

INTRODUCTION

REPORT INTRODUCTION
This report attempts to measure the benefits of incorporating solar technologies into

urban residential land uses and identifies challenges to their widespread use by comparing
implementation among three distinct residential neighbourhoods common to Canadian cities.
The City of Kingston, Ontario is used as the location for this study.
Photovoltaic (PV) systems offer a way to generate electricity locally in an urban
setting while avoiding the environmental impacts of more widely used energy sources such
as oil, coal, nuclear and natural gas. PV systems generate electricity from a renewable
resource that can be found abundantly anywhere on the planet while requiring minimal effort
to collect using existing technologies. They are mechanically simple, possess few moving
parts and do not produce harmful atmospheric pollutants when generating electricity
(McIntyre, 2008). Most importantly, they can be generally blended or adapted to existing
built forms across a wide spectrum of urban settings.
A residential built-form very common to Kingston and one that widely characterizes a
large proportion of residential development throughout Canada is the single-detached family
home. Commonly associated with the concept of urban sprawl, these dwelling types are often
embodied by large yards, multi-car garages and supposedly safe, quiet neighbourhoods.
While offering residents a persuasive sanctuary of peace and quiet, these developments have
the unintended consequence of facilitating monotonous urban design, disproportionately
large per capita infrastructure servicing costs, car dependency and elevated public health
risks (Hasse and Lathrop, 2003).
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While the detractions of widely-spaced, low-density urban forms are quite well
documented, they are arguably better suited for solar energy collection due to the large
amount of land area (and consequently, solar energy) available per dwelling unit versus
higher density developments such as row-houses and apartment blocks (Pogharian, 2008).
The use of photovoltaic technologies to power our cities on a meaningful scale may
one day become a reality as many of the resources we currently depend on for our electricity
needs are either limited with respect to economically recoverable quantities, create pollution
on a mass scale or both.

1.2

RESEARCH QUESTIONS & OVERVIEW OF METHODOLOGY
For PV arrays to fulfill their potential for widespread local energy generation, the

adaptability of the technology to urban built forms must be better understood by land-use
planners. Transforming buildings and whole neighbourhoods into energy producers first
requires an assessment of local solar resources (Li, 2015). Precise solar electricity generating
potential for residential settings in Canada remains largely unknown due to the fact that data
concerning candidate sites and roof coverage is simply not tracked in a standard, centralized
fashion by local governments and planning authorities (Wiginton, 2010).
To bridge this gap, this study will explore the following questions in the context of
urban residential land use:

I.

To what extent can deployment of PV technologies satisfy the electricity demands of
residential neighbourhoods given existing built forms and their physical layout?
AND

II.

How do built-form typologies and urban residential density impact on the viability of
deploying PV technologies in residential areas?

2

Measuring Solar Energy Potentials in Residential Environments:
A Comparative Study of Three Neighbourhoods in Kingston, Ontario

David Gundrum

To assist with these questions, three neighbourhoods found in the City of Kingston
have been selected to provide a comparative analysis of PV generation potential that reflects
a general range of residential development types found in similar urban areas in Canada.
Identifying and assessing the potential of urban areas to generate electricity locally using
solar technologies constitutes an important analytical tool that can assist in directing the
design and implementation of urban energy planning strategies and policies (Santos, 2014).

1.3

BACKGROUND
Energy planning in Canada emerged out of the oil shocks of the 1970s after which

time, municipalities began to introduce and adopt energy conservation strategies. In 1978, the
Town of Millet (Alberta) passed the first by-law in Canada to protect local access to solar
energy resources. During the following year in 1979, the City of Brampton (Ontario),
introduced a by-law requiring that buildings and street orientations for proposed housing
developments be designed in such a way as to maximize passive solar gain (Nicol, 1987).
As Ontario municipalities have the ability to influence zoning controls and use
economic incentives to encourage urban development, they similarly have the ability to
influence how higher-level government policies (eg. Provincial, Federal) manifest
themselves in a local context. In the case of a few Ontario municipalities, the municipality
itself also owns and operates the local utility that delivers electricity to customers (eg. City of
Kingston). Application of energy management concepts at the neighbourhood level can allow
local governments to exploit the synergies between urban design objectives for liveable cities
and energy management principles for a given standard of living. In cases where the local
municipality is also the owner of the local utility, this dual role may allow for unique

3

Measuring Solar Energy Potentials in Residential Environments:
A Comparative Study of Three Neighbourhoods in Kingston, Ontario

David Gundrum

efficiencies with respect to new policy development whereby local planning authorities can
access the information they require with greater speed and ease (Jaccard, 1997).
Exercising these concepts forms the basis for a model of urban planning known as
Community Energy Management (CEM). The CEM model presents a way to direct decisions
concerning urban design and infrastructure at the scale of the local community using primary
data sets and evidence-based research. Superceding any local CEM plans or policies, the
Planning Act also requires that energy efficiency be considered in the approval of new
residential subdivisions. With urban form defined in part, by density, and with density
affecting the level of energy services required by a community to meet its energy
consumption demands, a better understanding of the intricacies of these relationships at the
community-level can help determine the viability of incorporating alternative energy supply
systems such as solar PV arrays into existing or proposed urban developments and help to
satisfy requirements of the Planning Act in a given context (Rizi, 2012).
Understanding the geographic distribution and characteristics of the optimum
locations for integrating solar collection technologies in urban environments can help to
effectively facilitate the expansion of renewable energy generation in urban areas. Focusing
on optimum locations and characteristics in residential areas is important as these areas often
account for a third to a half of all urban electricity consumption (Santos, 2014).

1.4

POLICY ACKNOWLEDGEMENTS
In December of 2013, the Ministry of Energy released an updated version of its Long-

Term Energy Plan (LTEP), providing updated targets from the 2010 LTEP for energy and
electricity production across Ontario. Of particular note, the Ministry communicated an
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intent that half of Ontario energy production must come from renewable sources by the year
2025 (Ministry of Energy, 2013).
As part of a desire to promote enhanced regional planning and inter-jurisdictional
engagement regarding energy production, the Ministry also outlined in the 2013 LTEP that it,
along with regulatory partners must engage with municipal governments in Ontario to ensure
that they achieve “early and meaningful involvement in energy planning.” To achieve the
aims of the LTEP, the Ministry of Energy also launched the Municipal Energy Plan (MEP)
program in 2013 to provide financial assistance for Ontario municipalities, helping them to
create their own MEPs that tie together energy, infrastructure and land-use planning.
(Ministry of Energy, 2013).

1.5

RESEARCH PRECEDENTS
A recent study by McIntyre using the City of Guelph as a test area found that the

amount of electricity that could be theoretically generated within its municipal boundaries by
photovoltaic collection systems possessing two different standards of conversion efficiency
(15% and 42.8%, respectively) was an entire order of magnitude higher or 10 times more
than that required by all households in the city (44,710 dwellings) provided that the entire
geographic footprint of the municipality (88.66 km2) be covered with solar collection
systems. While an inconceivable scenario, the author of that study uses this baseline to
demonstrate that an immense solar electricity resource exists for the City of Guelph and by
extension, similar urban areas across the Province of Ontario (McIntyre, 2008). This estimate
agrees with other studies conducted along national scales (Denholm, 2008).
By focusing exclusively on residential rooftops and eliminating locations where
shading or inadequate south-facing roof exposure exists, McIntyre reports that in the City of
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Guelph, 30,984 dwellings or approximately 70% of all housing stock remain as potential
candidates for solar PV collection systems. Using systems with a standard rated capacity of
2kW and average individual rooftop coverage area of 16.9 m2, it is estimated that only 0.524
km2 or 0.6% of the total land area of the City of Guelph would be required if all 30,984
rooftops were utilized. This scenario would provide for 6% of the total electricity demand of
the residential sector of the City of Guelph using panels with a 15% efficiency rating while
17% of total residential electricity demand could be supplied using higher (42.8%) efficient
panels provided their siting is restricted to only 70% of available residential rooftops
(McIntyre, 2008).
In a scenario that ignores siting restrictions (eg. rooftops), it is estimated that between
3.08 km2 (42.8% efficient panels) and 8.80 km2 (15% efficient panels) of land coverage
would be required to satisfy total electricity demands for all residential properties located
within the City of Guelph. These ranges correspond to between 3.56% and 10.15% of the
total land coverage of the municipality (McIntyre, 2008).
It is important to note that while these estimates appear promising, they were not
developed in the context of local land-use policies such as the City of Guelph Official Plan
and associated zoning controls. Land tenure arrangements are not discussed either in the
context of this study which can significantly affect deployment of the technology given the
associated up-front capital costs.
The next section of this report expands on the methods used by the McIntyre case
study and applies them to three distinct neighbourhoods found in the City of Kingston.
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METHODOLOGY

INTRODUCTION
Before presenting the results of this report, it is important to provide clarity on the

methods that were used to generate these details as well as recognition of the scientific
relationships that help provide context to the selection of these methods.
A review of contemporary literature indicates that there exists an inverse relationship
between housing density (how many people living per square area unit of land) and the
availability of solar energy per capita. Essentially, the quantity of solar energy available per
person decreases as urban density rises. However, as urban density increases, perhaps as the
result of policy-driven intensification and incremental infill development, the amount of total
energy required on a per capita basis for transportation and household functions generally
decreases (O’Brien, 2010).
Single-detached homes have historically been portrayed in North America as symbols
of a prestigious middle-class lifestyle characterized by large yards, multicar garages and safe,
quiet neighbourhoods. Unfortunately, this concept of the city has also perpetuated a model of
architectural monotony, car dependency, inefficient land-use, high per-capita infrastructure
costs, increased health risks and a general lack of community social cohesion (Hasse and
Lathrop, 2003). These and other residential built-forms have been selected for the purposes
of this study as residentially-zoned land represents the single largest urban land use in
Canada and therefore possesses great potential for deployment of solar technologies
(Millward, 2008).
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METHODS
This study applies the methods for measuring urban solar resources developed by

McIntyre to three neighbourhoods located within the City of Kingston (McIntyre, 2008). At
the time of this study, the City of Kingston is subdivided into forty-three neighbourhoods
based on the 2011 Canadian census. Of the forty-three neighbourhoods, three were selected
for analysis in this study based on measureable differences in their population density,
periods of construction and street layouts. Figure 1 shows the relative location of each
neighbourhood included in this study within the City of Kingston.

Figure 1 – City of Kingston key map with neighbourhood locations and boundaries.
Adapted from 2011 Census, Statistics Canada.
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The methodology adapted from McIntyre to analyze the three neighbourhoods is
essentially a two-step process. The first step is an estimation of the total electrical generating
capacity of available rooftops in each neighbourhood using current PV technologies. These
figures are calculated based on the incoming sunlight on each qualifying rooftop. Qualifying
rooftops include only those belonging to single-family dwellings. Multi-family dwellings or
those falling into other categories are assumed to be unable to support rooftop PV systems
due to the complicating factor that these systems cannot be qualified on a per-dwelling basis.
Qualifying criteria do not take into account dwellings which are either partially or fully
shaded or for those that do not allow for installation of south-facing PV arrays on account of
other factors (McIntyre, 2008).
The second step is an estimation of the population of each neighbourhood using
Canadian census data. This is done in order to gauge overall neighbourhood electricity
demand. By combining these two steps and calculated outputs, a model of solar resource
electricity supply is created for energy planning purposes in the context of actual demand
(Santos, 2008).
The feasibility of meeting the energy needs of the residential sector of the City of
Kingston forms the basis for the application of PV technologies in this study. Specific to this
is estimating the area footprint of the physical PV panels needed to meet this energy demand.
The solar insolation model described herein has been translated from the work of McIntyre to
determine the optimum slope of PV panels located in Kingston. Similar to McIntyre’s work
in Guelph, this model is further utilized to provide estimates for energy generation potential
of PV panels at this optimum slope (McIntyre, 2008).
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The solar insolation model developed by McIntyre utilizes the following variables:

θ

-

angle of incidence of the sunlight striking the panel which is a function of:

β

–

slope or tilt of the panel surface with respect to the horizontal plane.

γ

–

azimuth angle, represents the deviation from the south (for northern
hemisphere locations where East is positive).

Φ

–

latitude of the site (where degrees north are positive).

δ

–

declination, represents the angle of the sun relative to the equatorial plane.

ω

–

hour angle (angular displacement of the sun east or west of local meridian).

The declination (δ), is a function of the Julian calendar day (n), with the hours of the day
represented by fractions of (n). The hour angle (ω) represents an angular deviation of 15
degrees for every hour from solar noon (negative before solar noon, zero at solar noon, and
positive after solar noon) and is described by the following equation:

𝛿 = 23.45 sin[360

(284+𝑛)
365

]

(1)

To properly apply the model, it is necessary to recognize when the sun is in front of the
modeled surface. This only occurs when the angle of incidence,

θ

from equation (2)

described below is less than or equal to 90° otherwise the sun would be positioned behind the
PV panel surface and it would not receive any sunlight.
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cos 𝜃 = sin 𝛿 sin 𝜙 cos 𝛽 − sin 𝛿 cos 𝜙 sin 𝛽 cos 𝛾
+ cos 𝛿 cos 𝜙 cos 𝛽 cos 𝜔 + cos 𝛿 sin 𝜙 sin 𝛽 cos 𝛾 cos 𝜔
+ cos 𝛿 sin 𝛽 sin 𝛾 sin 𝜔

(2)

The total irradiation (I(θz)D+S) is equivalent to:

I(θz)D+S = (Io + Ios)𝑒 −𝑐(sec(𝜃z))𝑑

(3)

where (D) represents direct and (S) represents scattered or diffuse sunlight. The following
noted variables are held as empirical constants:
(c) = 0.357
(d) = 0.678
Where Ios = 214 W/m2 is the accepted value for solar flux due to scatter.

cos 𝜃𝑧 = sin 𝜙 sin 𝛿 + cos 𝛿 cos 𝜙 cos 𝜔
= 1/sec 𝜃z
360n

Io = Ic (1 + 0.333)cos(

365

)

(4)

(5)

Where Ic = 1367 W/m2 is the accepted value for exoatmospheric flux.

Ii = I(θz)D+S cos(θ)

(6)

The incident irradiation, Ii striking the surface of the panel from equation (6) is the
product of the total irradiation and the cosine of the angle of incidence of the panel. In this
model, the total irradiation (I(θz) D+S) is set to zero when the zenith angle (θz) is less than 0°
and also when the incidence angle (θ) was greater than 90°. An important limitation of this
model is that it does not account for the effects of shading, clouds or any other factors related
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to weather conditions that can affect the amount of sunlight contacting the surface of the
panels. More complex models do exist that account for diffuse and indirect sources of light
which could find application in altered iterations of this study (McIntyre, 2008).
The analysis also compares the three neighbourhoods in terms of gross density and
attempts to draw correlations among density and estimated solar resources. As with many
comparative surveys involving population density, this study uses gross population density as
the preferred measure (i.e. population divided by the geography’s total area) over that of net
residential population density (population divided by the sum area of all residential lots
found within the geography). The reason for this is that gross density can be readily
calculated for geographic census units based on their published areas whereas calculation of
net residential densities require very detailed and accurately documented land use mapping
data that may be proprietary in nature and therefore difficult to access. While net residential
densities would be the preferred option for the nature of this study, the financial costs
associated with collecting this data were found to be excessive. Gross densities were
therefore selected given this constraint (Leung, 2003).
Despite the advantages of availability and comparability, there exist clear
disadvantages to using gross density as a correlative metric in this study. With approximately
60% of developed urban areas composed of housing and connected local streets, the net
residential density of a given area will often be 60% higher on average than the associated
gross density. In the case where data areas have the same proportion of residential land as the
surrounding city, the same gross-to-net ratio will be rather consistent across each area and
therefore net densities can be accurately estimated from gross densities. Realistically though,
residential proportions vary around a mean value with differences from the mean increasing
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as the size of the associated spatial unit is decreased. All neighbourhoods examined in this
study are derived from individual census tracts (CTs). An important reason for choosing
census tracts as the unit of spatial measure in this report versus using the smaller
dissemination area or the much smaller dissemination block units is that larger spatial units
yield higher correlation among gross and net density while smaller spatial units exhibit
higher variation and therefore much lower correlation. By using CTs, the results of this study
can be more accurately correlated to net densities and thereby have potential for wider
application by planning professionals (Millward, 2008).
Another important reason for choosing CTs as the unit of spatial measurement is that
many Canadian municipalities and their planning departments use them to represent the
spatial extents and boundaries of local neighbourhoods. By applying the research methods
used here to census tracts, this allows for a high level of reproducibility of these methods by
other Canadian municipalities that have tied their planning research and by extension, their
local planning policies to this key spatial unit. Considering the fiscal resources and expertise
of many planning departments, CT net densities could be used instead of gross densities to
provide higher levels of accuracy. Since CT boundaries remain fairly constant between
census periods, using these as the base spatial unit for the analytical methods outlined in this
report allows for reliable comparability of similar data sets over different periods of time.
In addition to estimating solar potentials in the identified neighbourhoods, this study
also attempts to address additional points of interest from wider literature by drawing
correlations among these estimates and other variables including neighbourhood household
income, dwelling type, dwelling tenure and dwelling age of construction (Santos, 2014).
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ANALYSIS

INTRODUCTION
With the global position of Kingston being 44.14°N 76.30°W, data provided by

Natural Resources Canada estimates that the average annual solar insolation for this area is
1,679 kWh/m2. The optimum surface slope to maximize incident sunlight on the surface of
solar panel was found to be 37.4° using McIntyre’s model. These figures form the basis for
the analysis and evaluation of the solar potentials of the three selected Kingston
neighbourhoods. Each neighbourhood profile is based on custom area tabulations generated
by Statistics Canada containing data from both the 2011 Census and 2011 National
Household Survey (NHS). Descriptive profiles and solar potential analyses of each
neighbourhood are described in the sections that follow (McIntyre, 2008).

3.2

NEIGHBOURHOOD #1 – Strathcona Park
The Strathcona Park neighbourhood is located in central Kingston, encompassing

residential lots contained within the boundaries of John Counter Boulevard to the north, Sir
John A. Macdonald Boulevard to the east and Princess Street to the south as per the red area
of Figure 2. Selected due to its incremental development history, one-third of occupied
dwellings in this area were constructed before 1960 with two-thirds constructed after 1960.
In Strathcona Park, 78% of all residential properties are owned while 22% are rented. Gross
population density here is 20 persons/ha or 1,962 persons/km2. Of particular note with
respect to available solar resources per capita, almost two-thirds (62.1%) of all dwellings in
this neighbourhood are single-detached homes while the remaining third comprise a mix of
row houses and apartment buildings. (City of Kingston 19, 2011).
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Figure 2 – Strathcona Park neighbourhood boundaries. Neighbourhood Population: 3,140
Adapted from 2011 Census, Statistics Canada.

Occupied dwellings by structural type
of dwelling
Total occupied dwellings
Single-detached house
Apartment building (5 or more storeys)
Semi-detached house
Row house
Apartment, duplex
Apartment (fewer than 5 storeys)
Other single-attached house
Movable dwelling

# of Occupied
Dwellings
1,345
835
130
55
215
40
70
0
0

% of Total in
Neighbourhood
100%
62.1%
9.7%
4.1%
16.0%
3.0%
5.2%
0%
0%

Table 1 – Strathcona Park dwelling built-forms. Neighbourhood Population: 3,140
Source: 2011 Census, Statistics Canada.
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Periods of Construction of Occupied
Dwellings
Total occupied dwellings
1960 or before
1961 to 1980
1981 to 1990
1991 to 2000
2001 to 2005
2006 to 2011

# of Occupied
Dwellings
1,345
475
525
315
30
0
0

David Gundrum

% of Total in
Neighbourhood
100%
35%
39%
23%
2%
0%
0%

Table 2 – Strathcona Park dwelling periods of construction. Neighbourhood Population: 3,140
Source: 2011 National Household Survey (NHS).

3.3

STRATHCONA PARK – SOLAR ANALYSIS
With the geographic footprint of the Strathcona Park neighbourhood being 160

hectares or 1.6 km2, assuming panel efficiency of 15% having slope of 37.4° and average
annual solar insolation of 1,679 kWh/m2., this results in theoretical annual electricity
generation of 4.03x108 kWh. This figure is equivalent to the total amount of power available
if the footprint of the PV array were set to that of the entire neighbourhood.
As per Table 1, there are 1,345 occupied dwellings in Strathcona Park as of 2011
(Statistics Canada, 2011). Multiplying that value by 107 GJ, the average annual energy
consumption per household in Ontario (Natural Resources Canada, 2007), results in an
estimated annual residential energy demand in Strathcona Park of 3.99x107 kWh. The
amount of electricity that could be theoretically generated by PV arrays having 15%
conversion efficiency covering the same area as the Strathcona Park neighbourhood is
thereby an order of magnitude greater than that estimated to be required by all households in
this area. While inconceivable, it demonstrates presence of an immense solar resource.
To determine a more accurate figure for PV generation potential in this
neighbourhood, borrowing from McIntyre, the case is used whereby all dwellings capable of
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supporting a 2 kW PV system are equipped. The selection of a 2 kW system is based on the
conservative assumption that the typical single-family home would only be capable of
accommodating generating capacity equivalent to 1/5 th of the maximum (10 kW) allowed
under the current Ontario solar Feed-in Tariff (microFiT) program targeted towards
residential homes (McIntyre, 2008).
For this application of PV technology, houses of any type are assumed to be capable
of supporting a PV system while apartments of any type or dwellings falling into other
categories are assumed to be unable to support one. These assumptions do not take into
account the presence of homes which are either partially or fully shaded or do not allow for
installation of south-facing PV arrays on account of other factors. The number of dwellings
that meet these criteria in Strathcona Park was found to be 1,106 or 82.2% of all dwellings.
Assuming an average PV system area of 16.9 m2 and multiplying the number of
available dwellings by this typical system area, it is estimated that 0.0189 km 2 of PV panels,
or roughly 1.17% of the land area of the neighbourhood could be installed on local dwellings.
Assuming 15% panel efficiency, these panels would generate 4.76x106 kWh of electricity on
an annual basis, thus providing for roughly 12% of the total annual electricity demand of this
neighbourhood (McIntyre, 2008).

3.4

NEIGHBOURHOOD #2 – Sunnyside
The Sunnyside neighbourhood is located in central Kingston, including residential

lots contained within the boundaries of Princess Street to the north, Albert Street to the east,
Union Street to the south and Palace Road to the west as per the red area of Figure 3.
Selected due to its consistent north-south street grid orientation and mix of mature buildings,
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nearly 80% of residential structures in this area consist of single-detached homes with two or
more storeys and small apartment buildings with fewer than five storeys. Approximately
85% of occupied dwellings in this area were built prior to 1980. In Sunnyside, 49% of all
residential properties are owned while 51% are rented. Gross population density is 34
persons/ha or 3,396 persons/km2 (City of Kingston 33, 2011).

Figure 3 – Sunnyside neighbourhood boundaries. Neighbourhood Population: 5,605
Adapted from 2011 Census, Statistics Canada.

Occupied dwellings by structural type
of dwelling
Total occupied dwellings
Single-detached house
Apartment building (5 or more storeys)
Semi-detached house
Row house
Apartment, duplex
Apartment (fewer than 5 storeys)
Other single-attached house
Movable dwelling

# of Occupied
Dwellings
2,785
1,300
325
75
10
175
890
5
5

Table 3 – Sunnyside dwelling built-forms. Neighbourhood Population: 5,605
Source: 2011 Census, Statistics Canada.

18

% of Total in
Neighbourhood
100%
46.7%
11.7%
2.7%
0.4%
6.3%
32.0%
0.2%
0.2%
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Period of Construction of Occupied
Dwellings
Total occupied dwellings
1960 or before
1961 to 1980
1981 to 1990
1991 to 2000
2001 to 2005
2006 to 2011

# of Occupied
Dwellings
2,785
1,710
650
220
135
0
15

David Gundrum

% of Total in
Neighbourhood
100%
62%
24%
8%
5%
0%
0.5%

Table 4 – Sunnyside dwelling periods of construction. Neighbourhood Population: 5,605
Source: 2011 National Household Survey (NHS).

3.5

SUNNYSIDE – SOLAR ANALYSIS
With the geographic footprint of the Sunnyside neighbourhood being 165 hectares or

1.65 km2, assuming panel efficiency of 15% having slope of 37.4° and average annual solar
insolation of 1,679 kWh/m2., this results in theoretical annual electricity generation of
4.16x108 kWh. This figure is equivalent to the total amount of power available if the
footprint of the PV array were set to that of the entire neighbourhood.
As per Table 3, there are 2,785 occupied dwellings in the Sunnyside neighbourhood
as of 2011 (Statistics Canada, 2011). Multiplying that value by 107 GJ, the average annual
energy consumption per household in Ontario (Natural Resources Canada, 2007), results in
an estimated annual residential energy demand in Sunnyside of 8.28x107 kWh. Similar as in
the case of the Strathcona Park neighbourhood, the amount of electricity that could be
theoretically generated by PV arrays having 15% conversion efficiency covering the same
area as the Sunnyside neighbourhood is an entire order of magnitude greater than that
estimated to be required by all residential households found here.
To determine a more accurate figure for PV generation potential in this
neighbourhood, again borrowing from McIntyre, the case is used whereby all dwellings
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capable of supporting a 2 kW PV system are equipped. The selection of a 2 kW system is
based on the conservative assumption that the typical single-family home would only be
capable of accommodating generating capacity equivalent to 1/5 th of the maximum (10 kW)
allowed under the current Ontario solar Feed-in Tariff (microFiT) program targeted towards
residential homes (McIntyre, 2008).
For this application of PV technology, houses of any type are assumed to be capable
of supporting a PV system while apartments of any type or dwellings falling into other
categories are assumed to be unable to support one. These assumptions do not take into
account the presence of homes which are either partially or fully shaded or do not allow for
installation of south-facing PV arrays on account of other factors. The number of dwellings
that meet these criteria in Sunnyside was found to be 1,395 or exactly 50% of all dwellings in
this neighbourhood.
Assuming an average PV system area of 16.9 m2 and multiplying the number of
available dwellings by this typical system area, it is estimated that 0.0236 km2 of PV panels,
or roughly 1.43% of the land area of the neighbourhood could be installed on local dwellings.
Assuming 15% panel efficiency, these panels would generate 5.94x106 kWh of electricity on
an annual basis, thus providing for roughly 7.2% of the total annual electricity demand of this
neighbourhood (McIntyre, 2008).

3.6

NEIGHBOURHOOD #3 – Greenwood Park/St. Lawrence South
The Greenwood Park/St. Lawrence South neighbourhood is located in east Kingston

and includes all residential lots contained within the boundaries of Middle Road to the north,
Abbey Dawn Road to the east, Highway 2 to the south and the Rideau Canal to the west as
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per the red area of Figure 4. Selected as this area represents some of the newest residential
construction in the City of Kingston, built-forms are highly uniform with over 90% of
residential structures being single-detached homes. Approximately 85% of occupied
dwellings in this area were built after 1980 with 98% being owned while only 2% are rented.
Gross population density is very low in Greenwood Park as compared to the other two
neighbourhoods with 2.7 persons/ha or 270 persons/km2 (City of Kingston 40, 2011).

Figure 4 – Greenwood Park/SLS neighbourhood boundaries. Neighbourhood Population: 5,120
Source: 2011 National Household Survey (NHS).
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Occupied dwellings by structural type
of dwelling
Total occupied dwellings
Single-detached house
Apartment building (5 or more storeys)
Semi-detached house
Row house
Apartment, duplex
Apartment (fewer than 5 storeys)
Other single-attached house
Movable dwelling

# of Occupied
Dwellings
1,730
1,600
0
60
50
10
5
5
0

David Gundrum

% of Total in
Neighbourhood
100%
92.5%
0%
3.5%
2.9%
0.6%
0.3%
0.3%
0%

Table 5 – Greenwood Park/SLS dwelling built-forms. Neighbourhood Population: 5,120
Source: 2011 Census, Statistics Canada.

Period of Construction of Occupied
Dwellings
Total occupied dwellings
1960 or before
1961 to 1980
1981 to 1990
1991 to 2000
2001 to 2005
2006 to 2011

# of Occupied
Dwellings
1,730
80
40
110
365
545
560

% of Total in
Neighbourhood
100%
4.7%
2.3%
6.4%
21.3%
31.8%
32.7%

Table 6 – Greenwood Park/SLS dwelling periods of construction. Neighbourhood Population: 5,120
Source: 2011 National Household Survey (NHS).

3.7

GREENWOOD PARK/ST. LAWRENCE SOUTH – SOLAR ANALYSIS
With the geographic footprint of the Greenwood Park/St. Lawrence South

neighbourhood being 1,897 hectares or 18.97 km2, assuming panel efficiency of 15% having
slope of 37.4° and average annual solar insolation of 1,679 kWh/m2., this results in
theoretical annual electricity generation of 4.78x109 kWh. This figure is equivalent to the
total amount of power available if the footprint of the PV array were set to that of the entire
neighbourhood.
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As per Table 5, there are 1,730 occupied dwellings in this neighbourhood as of 2011
(Statistics Canada, 2011). Multiplying that value by 107 GJ, the average annual energy
consumption per household in Ontario (Natural Resources Canada, 2007), results in an
estimated annual residential energy demand in Greenwood Park/St. Lawrence South of
5.14x107 kWh. Similar as in the case of the previous two neighbourhoods, the amount of
electricity that could be theoretically generated by PV arrays having 15% conversion
efficiency covering the same area as the Greenwood Park/St. Lawrence South neighbourhood
is an entire order of magnitude greater than that estimated to be required by all residential
households.
To determine a more accurate figure for PV generation potential in this
neighbourhood, as again per McIntyre, the case is used whereby all dwellings capable of
supporting a 2 kW PV system are equipped. The selection of a 2 kW system is based on the
very conservative assumption that the typical single-family home would only be capable of
accommodating generating capacity equivalent to 1/5 th of the maximum generation capacity
(10 kW) allowed under the current Ontario solar Feed-in Tariff (microFiT) program targeted
towards residential homes.
For this application of PV technology, houses of any type are assumed to be capable
of supporting a PV system while apartments of any type or dwellings falling into other
categories are assumed to be unable to support one. These assumptions do not take into
account the presence of homes which are either partially or fully shaded or do not allow for
installation of south-facing PV arrays on account of other factors. The number of dwellings
that meet these criteria in Greenwood Park/St. Lawrence South was found to be 1,715 or
99.1% of all dwellings.
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Assuming an average PV system area of 16.9 m2 and multiplying the number of
available dwellings by this typical system area, it is estimated that 0.0289 km2 of PV panels,
or roughly 0.15% of the land area of the neighbourhood could be installed on local dwellings.
Assuming 15% panel efficiency, these panels would generate 7.28x106 kWh of electricity on
an annual basis, thus providing for roughly 14% of the total annual electricity demand of this
neighbourhood (McIntyre, 2008).

3.8

NEIGHBOURHOOD COMPARATIVE ANALYSIS
Population density is an important indicator of urban structure as it reflects the

combined outcomes of land value, land use, transportation systems and planning policies.
Given its importance and impact on the entire urban system, population density has become a
major focus of urban planning policy particularly since broad density patterns within urban
geographies can take decades to change (Millward, 2008).
In the context of urban solar potentials for electricity generation, population density
in a given geography has a direct impact on the total local energy production gained from
solar technologies. Comparative results from the neighbourhood analyses for Kingston reveal
a negative correlation among population density and annual solar energy production per
capita (Tables 7 & 8). With conventional solar technologies, the results of this study reveal
that higher urban population densities translate to lower energy production potential on a per
capita basis. Applying these relationships to larger urban geographies with variable densities
could give planning professionals the necessary data to help accurately prioritize which
neighbourhoods and by extension, which census tracts, are most suitable to policies that
encourage deployment of solar technologies.
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Total # of
Dwellings

Qualifying
Dwellings

(1) Strathcona Park

1,345

1,106

82.20%

3.99E+07

4.76E+06

11.93%

(2) Sunnyside

2,785

1,395

50.09%

8.28E+07

5.94E+06

7.17%

(3) Greenwood Park/SLS

1,730

1,715

99.13%

5.14E+07

7.28E+06

14.16%

Neighbourhood

Annual Neighbourhood
Electricity Demand
(kWh)1

Estimated Annual Solar
Energy Production
(kWh)2

% of Total
Annual
Electricity
Demand
Satisfied

% of
Dwellings
Qualifying

Table 7 – Neighbourhood Comparative Analysis: qualifying dwellings & annual electricity demand results.
1𝐴𝑛𝑛𝑢𝑎𝑙 𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟ℎ𝑜𝑜𝑑 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐷𝑒𝑚𝑎𝑛𝑑 = (𝑇𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝐷𝑤𝑒𝑙𝑙𝑖𝑛𝑔𝑠) × (𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑) × (277.78𝑘𝑊ℎ)
𝐺𝐽

2𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝐸𝑛𝑒𝑟𝑔𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = (𝑄𝑢𝑎𝑙𝑖𝑓𝑦𝑖𝑛𝑔 𝐷𝑤𝑒𝑙𝑙𝑖𝑛𝑔𝑠) × (𝐴𝑣𝑔. 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝐼𝑛𝑠𝑜𝑙𝑎𝑡𝑖𝑜𝑛) × (𝐴𝑣𝑔. 𝑃𝑉 𝑆𝑦𝑠𝑡𝑒𝑚 𝐴𝑟𝑒𝑎) × (𝑃𝑎𝑛𝑒𝑙 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦)

Population
(persons)

Land
Area (ha)

Density
(persons/ha)

Annual Electricity
Demand per capita
(kWh/person)1

Estimated Annual
Solar Energy
Production per capita
(kWh/person)2

(1) Strathcona Park

3,140

160

20

1.27E+04

1.52E+03

11.93%

(2) Sunnyside

5,605

165

34

1.48E+04

1.06E+03

7.17%

(3) Greenwood Park/SLS

5,120

1,897

3

1.00E+04

1.42E+03

14.16%

Neighbourhood

% of Total
Annual
Demand
Satisfied

Table 8 – Neighbourhood Comparative Analysis: population density & annual electricity demand results.
1𝐴𝑛𝑛𝑢𝑎𝑙

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐷𝑒𝑚𝑎𝑛𝑑 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 =

2𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑

(𝑇𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝐷𝑤𝑒𝑙𝑙𝑖𝑛𝑔𝑠)×(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑)×(277.78𝑘𝑊ℎ )

𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝐸𝑛𝑒𝑟𝑔𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 =

𝐺𝐽

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
(𝑄𝑢𝑎𝑙𝑖𝑓𝑦𝑖𝑛𝑔 𝐷𝑤𝑒𝑙𝑙𝑖𝑛𝑔𝑠)×(𝐴𝑣𝑔.𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑜𝑙𝑎𝑟 𝐼𝑛𝑠𝑜𝑙𝑎𝑡𝑖𝑜𝑛)×(𝐴𝑣𝑔.𝑃𝑉 𝑆𝑦𝑠𝑡𝑒𝑚 𝐴𝑟𝑒𝑎)×(𝑃𝑎𝑛𝑒𝑙 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦)
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
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4.1

David Gundrum

CONCLUSION

RECOMMENDATIONS
It is recommended that the following limitations and points of concern be addressed

by planning professionals in the event that future iterative studies and practical applications
for other municipalities and geographies incorporate the methods used by this report:
1. Net residential densities be used in place of gross densities where available.
2. Shading from trees and buildings be accounted for where practical.
3. That local land use controls be reviewed and considered to account for
unique and contextual policy constraints.
4. That census data be updated from year 2011 figures to account for changes
in population and dwelling statistics as recorded by future census reports.
5. That further study be done on how to accurately apply the research methods
used here to analysis of multi-family residential dwellings.
6. That solar electricity generation potential be analyzed and calculated as part
of all new residential development proposals for Ontario municipalities.

4.2

CONCLUSION
The results of this report have demonstrated that in a typical Canadian residential

setting, higher population densities translate to lower energy production potential for
conventional solar technologies on a per capita basis. Applying these relationships to larger
urban geographies with variable densities could give planning professionals the necessary
data to help accurately prioritize which existing neighbourhoods and by extension, which
census spatial units located within their jurisdictions are most suitable to policies that
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encourage the deployment of solar technologies. The primary data sets found in this report
help support the Community Energy Management (CEM) model by allowing planners to
prioritize which neighbourhoods yield the greatest potential for deployment of solar PV
technologies and thereby the greatest potential for local electricity generation.
While the results of this report find that existing solar PV technologies have an
overall more positive impact in residential areas characterized by low-density suburban
sprawl versus higher-density areas, this does not imply that these results should inspire
further construction and expansion of new suburban areas characterized by low-density
developments. Rather, the theoretical model and results of this report point to an untapped
opportunity to help mitigate and to some degree, reverse the negative environmental impacts
of existing residential developments that fit the commonly recognized definition of ‘sprawl’
within the professional planning community.
It should be noted that lower density neighbourhoods were selected as the focus of
this study over that of higher density areas due to the widespread frequency of lower-density
urban sprawl in the Canadian context and their potential for improved energy performance
through retrofit.
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