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Abstract  

 The implementation of solar shelters over top of parking spaces has the potential to make 

the production of renewable energy a secondary function of parking lots without impeding their 

ability to function as parking locations. This has the capacity to reduce the amount of natural 

space converted to solar farms as solar energy becomes more common. In addition, if these 

shelters are outfitted as charging stations for electric vehicles, they could serve as a driver for a 

cultural shift towards a more sustainable vehicle fleet. Implementation of this technology has 

begun on a small scale in San Diego, California and this project assessed the feasibility of 

implementation in Kingston, Ontario. This study set out to determine how much energy could be 

produced by a solar shelter over one parking space and how many parking spaces would be 

required to produce 1% of Kingston’s total electricity consumption. An insolation model was 

written in C, which used past climate data and mathematical models to incorporate the effects of 

latitude, cloud cover and snow. This model was compared to the current production in San Diego 

to check for validity. Since the insolation model was deemed to be valid, the results were used in 

conjunction with typical solar panel efficiencies in Kingston to calculate the potential energy 

production per structure. This was then used to determine the number of structures that would be 

required to provide 1% of Kingston’s electricity. Through literature review, it was determined 

that although snow on the panels would have a drastic effect on power production, it would not 

remain on the panels long enough to cause a significant effect. It was found that a single parking 

space in Kingston would be capable of generating 5500±800
1000 𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 using the single-axis tracking 

model that is currently being implemented in San Diego, although a dual-axis tracking model 

would be capable of generating 11% more energy. Using the current prototype, Kingston would 

require implementation across about 2750 parking spaces in order to provide 1% of its electricity 

and it has ample locations which would be suitable. However, due to the current $40,000 price 

tag per structure, the current buy-back period is about 55 years which makes the current 

technology not economically feasible without lowering the cost or increasing the efficiency. 
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Introduction 

 

 Climate change, with all of its far-reaching consequences, is one of the most pressing 

issues of the 21
st
 century. In order to slow the effects of climate change, it will be necessary to 

convert from the current system which burns fossil fuels an increasing reliance on renewable 

energy sources such as solar, wind, geothermal etc. While the entire system needs to convert, this 

study will focus on how solar energy can be harnessed and distributed to allow the transportation 

in Kingston to convert from fossil fuel power to renewable energy. It was found that in 2013, 

only 11% of Canada’s primary energy production (67% of Canada’s electricity production) was 

produced by renewable sources and of this, only about 1% is provided by solar photovoltaics 

(Nyboer et al. 2014). This means that in 2013, only 0.12% of Canada’s energy was provided by 

solar photovoltaics, which accounts for only 0.72% of Canada’s electricity. Luckily, the 

implementation of photovoltaics is on the rise. Solar generation in Canada in 2014 alone 

increased by 500MW, up to a total of 1710MW, which is an increase of 41% in one year (IEA 

2015). 

  In 2012, fossil fuel-powered road transport was responsible for nearly 15% of the carbon 

dioxide emissions in Canada (IEA 2012) and the proportion of transport in Canada’s total 

emissions has been growing steadily for decades. Since carbon dioxide is the main greenhouse 

gas responsible for climate change, reducing the amount of fossil fuel-powered cars and 

replacing them with electric cars that run on renewable energy is an important step in slowing 

climate change.  

 This paper will look at the possibility of installing autonomous solar shelters over single 

parking spaces in Kingston, Ontario in order to generate energy which can power electric 

vehicles. Since the solar shelters are stand-alone, they can be implemented more cheaply and 
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easily than normal solar panels because there is no need for digging, trenching or permits. 

Therefore, they could be readily implanted by businesses and cities. The basic structure of a solar 

shelter would be a solar panel array which occupies the same dimensions as a single parking 

space and has a mechanism which tilts the panels such that the surface is always orthogonal to 

the current insolation. This will ensure that the maximum amount of solar energy is being 

produced at any given time. According to Vorobiev et al., this can increase the amount of energy 

produced by solar panels by 30% to 40% (2004).  

 As a case study, the effectiveness of a similar existing technology which has already been 

implemented in San Diego will be analyzed. This technology is called the Electric Vehicle 

Autonomous Renewable Charger (EV-ARC) and is produced by Envision Solar. Using the 

difference in climate when compared to San Diego, the per-structure energy production for 

Kingston will be estimated. 

 The overall objective is to determine what the potential is, in terms of annual power 

production, associated with these parking space solar shelters in the Kingston, Ontario climate. 

Based on some precursory calculations, the implementation of 2500 solar shelters across the city 

of Kingston should be sufficient to provide energy equal to a significant portion of Kingston’s 

total electricity or gasoline consumption, which will be defined as 1% for the purpose of this 

study. Potential barriers to solar uptake will be assessed and parking spaces in Kingston that are 

optimized for solar power will be located. Finally, the total amount of energy that could be 

produced using these shelters in Kingston will be calculated and the impacts this implementation 

could have on greenhouse gas emissions will be assessed.  

 The importance of implementation of this technology in Kingston and other cities in 

similar climatic locations would be twofold. First, it is a way of converting a parking lot, which 
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is idle and has a very low albedo, into a solar energy farm. This produces renewable energy and 

thereby decreases the amount of energy that has to be produced by the typical method of burning 

fossil fuels. Since the energy that is produced is consumed at the source, there will be 

significantly less transmission losses than if the energy were produced elsewhere and transported 

to the charging location. Second, this increases the commuter feasibility and practicality of 

electric vehicles. The practicality of having a vehicle that charges while it is parked at a location, 

free of charge, will be enticing to the consumer. It is conceivable that this will cause an increase 

in the number of electric vehicles on the road. An increased interest in electric vehicles could 

cause an increase in research done on electric vehicles and, over time, contribute to a shift from 

fossil fuel powered vehicles to electric vehicles. 

Review of Literature 

The Electric Vehicle Autonomous Renewable Charger (EV-ARC) 

 The idea of putting up solar panels above parking lots in order to collect solar energy for 

powering electric vehicles is fairly new and has been principally implemented by one company 

as of 2015. Envision Solar has two main products which are designed to do this; the solar tree 

and the EV-ARC. The solar tree is designed to cover a large portion of a parking lot whereas the 

EV-ARC is designed to cover a single parking space and thus will be the focus of this study. 

Since the EV-ARC is a very new product and is being modified continuously, the data for this 

section is subject to rapid change. The EV-ARC is currently split between two models; the older 

EV-ARC 3 and the newer EV-ARC 4. 

 The EV-ARC 3 fits in a standard parking space which is 4.88m long and 2.74m wide 

(Envision Solar 2015). At 30° to the ground, the array is 5.65m long which corresponds to a total 

power-generating area of 15.5m
2
. The EV-ARC 3 currently has 2 different options for solar 
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arrays. The first is an array of nine 275W panels which combine to form a 2.5kW array. The 

second is an array of twelve 275W panels which are combined to form a 3.3kW array. Based on 

the size of the array, the panels used are 0.91m in width and 1.41m in length. One of the major 

benefits to this system is that it is autonomous so it does not require hooking up to the grid (since 

its purpose is to deliver energy where it is produced). Since it does not need to be hooked up to 

the grid, it can be readily implemented in any parking lot because no trenching is required 

(Envision Solar 2015). With the absence of trenching and the energy being consumed at the 

source, a solar shelter is movable, as long as its support system doesn’t require it to be anchored 

to the ground. The EV-ARC accomplishes this by having a 5 tonne ballasted base with a special 

coating on the bottom to increase the friction with the surface it is on. Using this, EV-ARC is 

certified to remain upright in winds up to 180km/h (Envision Solar 2015a). 

 

Figure 1-EV ARC™ – courtesy Envision Solar 

 The array itself is capable of generating 3.3kW DC (Envision Solar 2015) which means 

that if the panels are receiving enough energy to generate at their full potential, 2500 units would 

be capable of producing 8.25MW. In order to maximize the amount of energy produced, the EV-

ARC uses a technology which tracks the sun and reorients the solar panels in order to ensure that 
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the sun rays always strike nearly perpendicular to the surface of the array. If the deviation from 

perpendicular is minimal, then the diminution of efficiency is minimal but for large deviations, 

the efficiency is greatly diminished (Noble & Adelson, 2010). Since the entire solar panel cannot 

swing due to the constraints of the system, the EV-ARC uses a technology which causes the 

whole solar panel to bow in the direction of the sun as it goes through the sky. Since this bowing 

motion does not cause the entire panel to swing in any way, it takes up roughly the same area 

throughout the entire process and thus, better meets the constraints of a parking lot; multiple 

solar panels swinging to face the sun in close quarters would not work due to the changing area 

occupation by each structure (Wheatly & Noble 2014).  This system effectively tracks the sun 

horizontally as it moves through the sky and can be set vertically at an angle ranging from 5 

degrees to 30 degrees from the horizontal (Noble & Wheatly 2014). This may allow for small 

deviations from perpendicular due to the changing of the angle of the sun in the sky (especially 

when the sun is lower in the sky since the panel only reaches 30 degrees from the horizontal), but 

eliminates large deviations, thus largely increasing the efficiency. Although technology that 

varies both angles has been found to increase the energy produced by 30% to 40% (Vorobiev et 

al., 2004), Envision Solar estimates that their particular mechanism for the EV-ARC increases 

power output by 20% to 30% (Envision Solar, 2015b) which is less than theoretically possible 

but works under the constraints of a parking space structure. Based on these numbers, failing to 

limit the vertical angle fully (due to the physical constraints of the structure) is only about 8% 

less efficient than a module which would vary both the vertical and horizontal angle to always 

track the sun precisely. According to a study by Li et al. in 2011, if the vertical angle is set at the 

optimal value for the latitude, the unit will produce 95%-96% of the energy of a system that 

tracks both the vertical and horizontal movement. For a latitude of 44.2° (corresponding to 



8 
 

Kingston), this angle was found to be 58° from the horizontal and was found to be ~96.5% as 

effective as a dual tracking panel. For a latitude of 33.7° (corresponding to San Diego), this angle 

was found to be 49° and was found to be ~96.2% as effective as a dual tracking panel. However, 

due to the maximum slant angle of 30°, neither of these panels will be able to be positioned at 

the correct angle; Kingston will be 28° off and San Diego will be 19° off. According to Li et al. 

in 2011, due to this discrepancy, the EV-ARC in San Diego will only be ~95.5% as effective as 

it would be with optimally angled panels and the EV-ARC in Kingston will only be ~92% as 

effective. By combining the loss due to not varying the horizontal angle and not having the 

optimal horizontal angle, it can be found that the EV-ARC in San Diego will be about 8% less 

efficient than a model which varies both angles fully (which agrees with the empirical numbers 

provided by Envision Solar) and Kingston will be about 11% less efficient than a model which 

varies both angles fully. Using either the 2.5kW or 3.3kW arrays, Envision solar estimates that 

the EV-ARC 3 can generate between 3,800
𝑘𝑤ℎ

𝑦𝑒𝑎𝑟
 and 7,000

𝑘𝑤ℎ

𝑦𝑒𝑎𝑟
, which corresponds to up to 

17.5
𝐺𝑊ℎ

𝑦𝑒𝑎𝑟
 for 2500 units. 

 The EV-ARC can be set up for two different types of charging style; a set of two Level 1 

chargers, or one Level 2 Charger. Level 1 chargers transfer up to 2kW (Yilmaz & Krein 2013) of 

power to a car at a time and thus, by equipping the EV-ARC with two Level 1 chargers, up to 

4kW of power can be delivered to vehicles. With this configuration, it would take just over 5 

hours to drain a full battery provided there were two cars to every charging station. This is an 

effective way to provide energy if there are more cars than charging stations, and the cars are all 

parked for long periods of time (which is the case at many workplaces where the employees 

work regular hours). However, if the car is only intending on parking for a short period of time, 

it is almost not worth the driver’s time to plug the car in as this will generate less energy than it 
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would take to travel 10km (Fairly 2010). Although that number is subject to change if cars 

become more efficient, it still remains relatively unhelpful to plug in for short periods of time. In 

order to make the EV-ARC useful in a short term scenario, one would have to use a single Level 

2 charger configuration. A Level 2 charger can deliver 4kW to 20kW of power depending on the 

configuration (Yilmaz & Krein 2013). With the current configuration, the EV-ARC delivers 

3.8kW at 240V but has been de-rated from the factory setting of 7.2kW (Envision Solar 2015c). 

If the factory settings were used, this is almost four times the charging rate of a level 1 charger 

and it is nearly double the charging rate of two level 1 chargers charging 2 cars. This ensures that 

even if the car is only parked in a location for a short period of time, it is worthwhile to plug into 

the station. However, this has the drawback that if there are more cars than there are stations, 

some cars will not be charged.   

 In the EV-ARC 4, they increase to a 4.1kW array, so an extra 2MW of electricity would 

be produced at peak production per 2500 units and will result in an overall increase in energy 

production per year. However, this means that each of the twelve solar panels used in this array 

must have a power rating of 340W or they have increased the number of solar panels in the 

array. In addition to the increase in power production potential, they also increase the battery 

storage from 21.6kWh to 30kWh (Envision Solar 2015d). This means that if the structure isn’t 

used as often, it will be less likely that energy will be lost due the battery not being able to take 

any more charge. 

 Unfortunately, due to the novel nature of this product, there is little to no research on the 

success of its current implementation. It is currently being implemented on a small scale in many 

places such as Google Headquarters, a community centre in Boulder, Colorado, the San Diego 

Airport and others (Envision Solar 2015b). It seems to have been well received with most 
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scepticism around how the low amount of energy produced on a daily basis (although free 

energy is better than no free energy, regardless of the quantity). The major drawback to the EV-

ARC is that it costs $40,000 per unit. Unfortunately, Envision Solar is the only company 

currently marketing this type of product so it is unclear whether or not a similar version could be 

sold for a lower price. 

Climates 

 In this section, the climactic features of both San Diego and Kingston will be discussed 

and compared. However, much of the weather data for the two regions is provided in the form of 

raw numbers. Thus, the overall trends will be discussed in this section and the quantitative 

analysis will be provided in the results and discussion section. 

San Diego Climate 

 San Diego, California is located 32.7°N and 117.2°W. According to the Western 

Regional Climate Office report in 2015 and data from San Diego International Airport (as 

provided by Cedar Lake Ventures), San Diego receives 14.3 hours of sunlight on the longest day 

of the year and 10.0 hours of sunlight on the shortest day of the year due to the tilt of the Earth’s 

rotational axis. The rainiest time of the year is the winter, when roughly 60% out of the 257.3mm 

of total precipitation falls. Although the winter is the rainiest time of year, the summer is the 

cloudiest time of year. Due to the low latitude of San Diego, the temperatures remain high 

enough year-round such that all of the precipitation falls as rain. 

Kingston Climate  

 Kingston, Ontario is located at a latitude of 44.2°N and a longitude of 76.5°W. Since this 

is a higher latitude than San Diego, the sun is lower in the sky at its maximum solar elevation 
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than San Diego. According to Environment Canada (2015) and data from Norman Rodgers 

Airport (as provided by Cedar Lake Ventures), Kingston gets a maximum of 15.5 hours of 

sunlight on the summer solstice and a minimum of 8.9 hours of sunlight on the winter solstice. 

This shows that in the winter, Kingston will have less hours of sunlight than San Diego in 

addition to having the sun lower in the sky. However, in the summer, Kingston will partially 

make up for having the sun at a lower elevation in the sky for the middle of the day by having 

more hours of sunlight in total. Kingston receives an average of 951.4mm of precipitation 

annually. The major difference between the precipitation of Kingston and San Diego is that 

while San Diego receives all of its precipitation as rain which will not affect solar panels, 

Kingston receives 159.9cm of snow annually. Snow can accumulate on solar panels and block 

them from absorbing solar radiation. In addition to this, Kingston’s cloud seasonality differs 

drastically from San Diego’s as it is very cloudy in the winter and clear in the summer.  

Data from Strathcona Energy International and the National Renewable Energy 

Laboratory 

 Using data from Strathcona Energy International, the panels that they produce 

commercially are rated to about 16% to 18.5% efficiency. Two types of panels that will be 

considered for use in this design are the Standard 275W, 60 cell Mono-Crystalline panels which 

are rated to 16.8% efficiency and the 260W, 60 cell Mono-Crystalline Bifacial panels which are 

rated to 18.2% efficiency (Strathcona Energy International, 2016). The standard model is very 

similar to the panels which are used in the EV-ARC; however, their footprint per 60 cell panel is 

slightly bigger at 0.93m x 1.59m, with a total extra area of 0.2m
2
 per panel (Strathcona Energy 

International, 2016a).  The bifacial panels are slightly bigger still at 0.93m x 1.9m, but since both 

the front and back have the ability to capture light, they can harness energy from ambient light 
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reflected off of other panels and the ground. Due to this, they can harness up to 30% more energy 

in optimal conditions (Strathcona Energy International, 2016).  Either panel type would perform 

adequately in Kingston. However, since the EV-ARC will be situated in parking lots where the 

pavement has a low albedo, little light will be reflected from the surface (slightly more can be 

expected in the winter due to snow, but it is assumed that parking lots will be at least partially 

cleared). Therefore, the standard panels would be more likely to be used simply in terms of cost 

and durability. 

 Once the 11% decrease from not varying the vertical angle is factored in, the Standard 

panels will have an efficiency of roughly 15.1% and the Bifacial Panels will have an efficiency 

of about 16.4%. However, these are under Standard Test Conditions which is an irradiance of 

1000
𝑊

𝑚2, spectrum AM of 1.5, and module temperature of 25°C (Strathcona Energy International, 

2016).  Upon conferring with a Strathcona employee, the author was informed that the National 

Renewable Energy Laboratory (NREL) website produces performance estimates of different 

types of solar panels which match very closely with actual performance in several installations 

he had performed. Using this data, the NREL estimates solar panel efficiency of a 15.5m
2

, single 

axis tracking, 3.3kW Standard array in Kingston Ontario to be roughly 17.5% (NREL, 2015). 

Based on the recommendation from the Strathcona employee, this number will be used for the 

efficiency of the panels used in the solar shelter. However, it must be noted that the values 

obtained will be estimates since the efficiency of the solar arrays has too many variables to be 

stated to a high degree of precision. 

Potential Societal Impacts of Implementation 

 While the implementation of these solar shelters clearly has direct benefits for the 

environment in terms of renewable energy production, the other main benefit to this technology 
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is that it has the potential to impact society in an environmentally beneficial way. While current 

implementation of solar and wind farms in many places have received some negative media, this 

is mainly due to political reasons. However, it focusses on the negative side effects that come 

with the typical implementation of this technology on a large scale (Jones et al. 2015). This 

negative media usually focusses on skewing the representation of the industry by emphasizing 

high amounts of land use, which usually involves the clearing of large tracts of land (especially 

for solar) and negative impacts on wildlife, rather than focussing on the environmental benefits 

of green energy (Jones et al. 2015). This negative coverage of renewable energy technologies can 

cause many individuals to associate negative connotations with clean energy. However, solar 

shelter technology has the potential to remove some of those negative connotations because these 

solar shelters will use space that is already developed into parking lots and transform it into a 

renewable energy space. Since most individuals place negative connotations on solar farms 

based on media coverage, having solar farms which are not causing these negative effects on 

natural spaces in locations where they see them as benign on a daily basis could cause people to 

view this technology in a more positive way. 

 Aside from the effects of individual’s opinions, it can also be expected that there will be 

behavioural differences as well. One of the main problems currently surrounding electric 

vehicles is the issue of charging location and charging times. A drawback of having an electric 

vehicle is that it takes a long time to charge and can be difficult to find a charging location. By 

implementing these solar shelters and having them available for electric vehicles so that people 

can have their car charge while they are at work or inside a store, the city can increase the 

percentage of people who are willing to buy electric vehicles. It can be expected that a greater 
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availability of charging locations will result in a wider acceptance of electric vehicle 

technologies (Kisacikoglu et al. 2010).  

 In fact, Kingston would be the ideal city for a transition to an electric vehicle fleet. While 

a transition would be beneficial in any city, Kingston is ideally suited because according to a 

Statistics Canada article in 2012, it was found that Kingston has the highest per capita vehicle 

emissions of all the census metropolitan areas in Canada. It was found in this article that over 

3000kg of CO2 per capita were produced from vehicles. This means that in Canada, the effects of 

implementing these solar shelters would have the greatest effect in Kingston because for every 

person that switched to electric vehicles due to the availability of free charging technology, an 

average of 3035kg of CO2 would be averted per year. In other cities, this may be as low as 

1200kg of CO2 per capita. 

 Finally, assuming this technology will cause electric vehicles to become more widely 

used by individuals in the city, cognitive dissonance theory predicts that it will cause these 

individuals to make more environmentally conscious decisions in their lives (Stem 2000). 

Cognitive dissonance refers to the theory that the human mind changes its attitudes to match its 

actions and its actions to match its attitudes. The way this theoretically works is that by buying 

an electric vehicle, one is buying a car that is beneficial for the environment. Therefore, in order 

for their attitude to match their actions, they now believe (whether or not they did before) that 

they are a person who does things that are good for the environment. Now that they have a pro-

environment attitude, it is more likely that their future actions will conform to that attitude. 

Therefore, if someone asks them to perform a pro-environmental action in the future, they are 

more likely to comply. This is similar to how implementation of a recycling program in a city 
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can be used to get citizens to perform other environmentally conscious tasks (possibly 

composting is the next step). 

Power Consumption of Kingston, Ontario 

 According to the City of Kingston Community Greenhouse Gas Emission Inventory for 

2011, Kingston’s average energy consumption of all forms is 7.66*10
9
kWh. However, 50% of 

this is natural gas, which is not the target reduction of this system. For this study, the focus will 

be on providing a significant portion of the target sources. The initial target of these solar 

powered structures is the electricity consumption of the city. This report describes the average 

annual electricity of Kingston to be 1.39*10
9
kWh with an average annual emission of the 

equivalent of 209,997 tonnes of CO2.  

 If the shelters are successful in enacting a societal shift to solar powered vehicles, the 

target of these solar powered shelters can be shifted from electricity to gasoline. The average 

energy consumption due to gasoline in Kingston is 1.55*10
9
kWh. This is almost the same as 

electricity, so whether or not the target is electricity or gasoline, the amount of energy necessary 

to produce a significant portion of the target will be about 1.5*10
7
kWh. However, although both 

use roughly the same amount of energy, gasoline consumption produces 384,385 tonnes carbon 

dioxide (equivalent) which is 1.8 times the amount of emissions of electricity.  

 Finally, it should be noted that this inventory is of the City of Kingston which includes 

Kingston and a large area north of Kingston (Figure 2). This large area includes small towns 

such as Glenburnie, Elginburg, and extends all the way up to Seeley’s Bay. This means that the 

consumption area is much larger than the region which is being considered for parking structure 

implementation. While most of the consumption may happen in the City of Kingston, it is 

important to consider that the numbers for consumption for the city alone would be lower than 
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reported. Finally, it is important to note that some of the other towns may have locations which 

could be used to implement solar structures as well.  

 

Figure 2-The City of Kingston 

Methods 

Comparison of Climate 

 A review was conducted of the weather data from both Kingston and San Diego. From 

this review, it was apparent that there are significant differences between the climates of San 

Diego and Kingston. Due to these differences, it is evident that there will be a need for 

mathematically comparing the two climates in order to find exactly how they differ throughout 

the year. This data will be necessary in modelling the amount of solar energy which makes it 

through the atmosphere. When integrated into the model, this will allow for a more accurate 

comparison of the potential power output of a solar shelter in both cities. The main aspects which 

were to be analyzed were that of the cloud cover in both cities and the snowfall characteristics in 

Kingston as these factors will have the greatest effect on the amount of solar radiation which 

reaches the panels. 
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 By taking the raw data from Norman Rogers Airport in Kingston and San Diego 

International Airport (as provided by Cedar Lake Ventures), it was possible to create plots or 

both cities which show the time spent under different cloud cover conditions in each city. These 

measurements consisted of five different values of cloud cover which are specified according to 

the National Weather Service. Clear refers to a sky which has no clouds in it (in Kingston, 

missing data was also taken to mean clear skies because many weather stations simply do not 

report the cloud data if there are no clouds [Cedar Lake Ventures 2016]). Mostly clear refers to 

1-2 octas (where one octa is an eighth of sky covered by opaque clouds (Garcia et al. 2008). 

Partly cloudy refers to 3-5 octas. Mostly cloud refers to 6-7 octas and overcast refers to the sky 

being completely covered by opaque clouds (8 octas). The calculation of average cloud cover 

conditions was done on a monthly basis for ease of calculation without the loss of differences 

due to annual climate fluctuations. In the future, this could be refined to a weekly or daily scale 

but the increase in accuracy by a sharpening in temporal scale is limited in comparison to the 

improvement in accuracy that would occur if more accurate measurements of cloud cover could 

be found.   

 As San Diego never experiences snowfall, the fact that Kingston receives about 17% of 

its precipitation (159.9cm) as snow each year (Environment Canada 2015), indicates that the 

snow cover in Kingston could be a very large factor in whether or not it is feasible to implement 

the solar shelters as they do in San Diego. The snow cover in Kingston was analyzed using the 

weather data from the Kingston Pumping Station (Climate ID: 6104142) and from Kingston 

Climate (Climate ID: 6104175) from 2000 until present. Although this is less than 15 years of 

data, climate change is occurring at such a rate that most of the warmest years on record were in 

the past few decades (Rahmstorf and Courmou 2011) so going back much further may not 
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provide any more accurate data. In order to analyze how the snow cover differs, the year was 

split up into monthly or semi-monthly intervals. Months which remain largely constant with 

regards to snow (December, January and February) were analyzed on a monthly basis whereas 

months which were highly variable across years and within a given year (March, April and 

November) were analyzed on a semi-monthly basis. In order to get an accurate likelihood of 

there being snow on the ground on a given day, the total of number of days with snow on the 

ground were counted for each of the monthly and semi-monthly periods and the percentage of 

days with snow on the ground was found for each of the periods. This was done for all of the 

years of data (taking the percentage of days which were recorded when there was missing data) 

and then averaged across the years in order to get an estimate for the total percentage of days 

with snow cover that one can expect for each of the time periods. Then, in each given year, the 

mean and median snow depths were calculated for each of the time periods. Finally, the averages 

for each time period were averaged across the years in order to find the average snow depth on a 

day with snow cover in each of the 6 different time periods. From this data, it was possible to 

create plots of the probability of there being snow on the ground in any time period and the 

amount of snow that could be expected if there were snow on the ground. This corresponds to 

snow on the ground and does not directly match with the amount of snow on the solar panels 

(due to differences in melting rates and snow sliding off the solar panels). However, it is 

assumed to be similar and in later sections a more accurate estimate and ways to deal with the 

snow will be addressed. 

 Arguably the most important difference in climate that will affect the efficacy of the solar 

shelters is the latitudinal differences between the two cities which will cause significantly 

different levels of solar insolation at different times of the year and an overall difference in 
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absolute solar insolation. These differences are a combination of two different aspects of sun 

position throughout the year. The first is the elevation of the sun in the sky at any given point in 

time. Using mathematical modelling, the azimuthal angle and elevation of the sun can be 

calculated for any time given only the latitude and longitude (and thus the time zone as well) of 

the city. Using an algorithm described by Walraven in 1978, a function was written in C to 

calculate the position of the sun in the sky as a function of time for the year 2015 (although this 

program could be altered to work for any year). This code can be found in an appendix and is 

called “Sun Position Calculator.” According to Walraven, this algorithm should be accurate to 

within 0.01° for any given measurement (1978). This code was used to create a plot of the solar 

elevation at noon for every day of the year for both San Diego and Kingston in order to compare 

the differences of sun elevation for both cities. The second aspect of insolation due to latitudinal 

differences is the number of hours of sunlight that a location receives. Although this data was 

obtained through the literature review, a more important question might be when the sun dips 

below a certain angle in the sky (10° was used for this project). This is a more important 

measurement because although the sun may be up a little longer, many of the parking spaces 

which are used as solar shelter locations for this project will not have direct insolation after the 

sun dips below a certain angle. Since they are located in cities, many sites will have buildings 

around which will block the sun once it dips below a certain level. The data for how long it takes 

for the sun to reach a certain angle in the sky was calculated using a derivative of the code used 

in the aforementioned “Sun Position Calculator”. In order to do this, the position calculator was 

run for a full year and then the values of the times when the sun went from above the chosen 

angle to below the chosen angle or when the sun went from below the chosen angle to above the 

chosen angle were printed. Each time when the sun came above the specified angle was 
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subtracted from the subsequent time when the sun dipped below the specified angle in order to 

find the hours in each day when the sun was above the specified angle in the sky. This method 

was checked for validity by comparing the values obtained when the specified angle was set to 

zero with the literature values for the total hours of sunlight for each city. 

Modelling of Power Output 

 The modelling of power output was split into two different steps. The first step was to 

identify the total amount of solar radiation that would reach a solar panel in a year. The second 

step was to use that data and the data cited by Envision Solar along with general solar panel data 

in order to draw a conclusion about the overall percentage of San Diego’s power production that 

could be expected in Kingston.  

Modelling the Incoming Radiation in Both Cities  

 The modelling of how much incoming solar radiation would be incident on the panels 

was completed in three main steps. The first step was to calculate the incident solar radiation that 

would fall on the panels if every day were a clear day and there were no snow on the panels; that 

is, calculate the incident radiation based on latitude and longitude alone. Since it is proposed that 

the panels track the sun, the sun’s ray would always strike the panel perpendicular to the surface 

which means that the flux will always be equal to the amount of radiation incident on the 

location. Using the data collected for the elevation of the sun using the algorithm from Walraven, 

the insolation can be calculated from the formula 

                                                 𝐼 = 1.353 ∗ 0.7𝐴𝑖𝑟 𝑀𝑎𝑠𝑠             (1) 

as shown by Hu and White (1983) where I is insolation in 
𝑘𝑊ℎ

𝑚2
. In this equation, Air Mass 

represents the proportion of the atmosphere that the beam travels through and is given by the 

equation 
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      𝐴𝑖𝑟 𝑀𝑎𝑠𝑠 = (
1

sin(𝛼)
)

0.678
                           (2) 

according to Meinel and Meinel (1976). The alpha in this equation refers to the elevation of the 

sun in the sky (sometimes referred to as the solar altitude). This means that in the case where the 

sun is directly overhead in the sky, the atmosphere absorbs or reflects 30% of the incoming solar 

radiation and this amount increases when the sun is lower in the sky. Using this equation, another 

C program was written which calculates the insolation for a given value of solar altitude and 

therefore can be used in conjunction with the first program in order to calculate the instantaneous 

insolation at any point in the year. By using the programming language C to integrate the 

instantaneous insolation over every day, a plot was created of the daily insolation in clear 

conditions for any day of the year for either city. Then, by integrating the insolation over the 

entire year, the cumulative insolation for either city was found. 

 The second step was to add in the effects of clouds into the model. Using the cloud cover 

data found in the climate comparison, it was possible to find the amount of time that was spent in 

each cloud cover type for each city and for each month.  

 The data in Figure 3, produced by Cede et al. (2002) was used to determine the percentage 

of incoming radiation that would reach the solar panels. They also state that this data can be 

applied to northern hemispheric mid-latitudes (Cede et al. 2002) which means that it is 

transferable to Kingston and San Diego. 

 In this figure, the bottom line represents the percentage of the total radiation that 

penetrates through the different cloud coverage types (measured in octas), which would be 

incident on the solar panel.  
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Figure 3 -Transmission of Radiation for Differing Cloud Coverage (Cede et al. 2002) 

 Since the accuracy of cloud cover data is limited in that each measurement corresponds to 

a range of 2-3 octas (with the exception of clear and overcast), the percentage of radiation 

penetration is estimated to be the median value of that range. While the estimation may not be 

completely accurate, the inaccuracy of this measurement is due to the inaccuracy of the cloud 

cover measurements which would need to be taken more precisely in order to obtain a more 

accurate percentage. By taking the sum of the product of the percentage of time spent in each 

cloud cover range and the percentage of radiation which passes through the clouds in that range, 

the average percentage of radiation which penetrated the clouds could be found for each month. 

This was then input into the cumulative insolation calculator on a per month basis in order to 

calculate a more accurate estimate of how much solar radiation is incident upon each square 

meter in each city per year. 

 In the event that snow is allowed to sit on the panels without having some system in place 

for clearing it off (see discussion for possible ways of keeping snow off of the panels), the snow 

will block out most of the radiation from the sun while it is sitting on the panels.  
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 Using the data of O’Neil and Gray (1972), the below figure was constructed and details 

the amount of radiation that can be expected at a given depth under snow. By interpolating 

between the points, a more accurate estimation can be made. It was assumed that at a depth 

greater than 15cm, no radiation would be transmitted through the snow. 

 

Figure 4-Transmission of Insolation through Snow 

 Using the percentage of time spent with snow on the ground and the relative frequencies 

of amounts of snow that would be on the ground if there were snow (as calculated from the raw 

snow cover data), the average amount of radiation that would be let through by the snow could 

be calculated. The number of days spent with each given snow depth over the years (for each 

month) was multiplied by how much radiation would be transmitted at each of the corresponding 

snow depths as found from Figure 4. By dividing that number by the number of days over the 

years which had snow in the given month, one gets average percentage of insolation that would 

be blocked on a day with snow in that month. Subtracting this value from 100% gives the 

amount of radiation that would be transmitted on a day with snow in that month. Finally, by 

multiplying that number by the percentage of days in the month which had snowfall, one obtains 
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the average percentage of insolation per month that will be transmitted if snow is allowed to sit 

on the solar panels. 

  The percentage of radiation that is received in each month was then factored into the 

cumulative insolation calculator (used in conjunction with the cloud percentage) to calculate the 

expected total insolation for the year if the snow was left to sit on the panels. The code for the 

cumulative insolation calculator can be found in the appendix section. 

Modelling the Total Power Output in Kingston 

 Once the cumulative solar radiation that falls on one square meter per year has been 

found, the total energy output of a solar shelter can be calculated. The first step will be to 

calculate the total amount of incoming solar radiation in San Diego per solar structure (which has 

approximately 15.5m
2
 of solar panels), and compare that output to the rated output of the EV-

ARC. Since the typical efficiency of a solar panel is between 15%-20% (Rizk and Chaiko 2011) 

the efficiency of the EV-ARC as theoretically determined through this study will be a basis for 

comparison to use as a check of the predictive usefulness of this model. If the calculated 

theoretical efficiency of the EV-ARC is in agreement with the typical efficiency of solar panels, 

the model for solar insolation will be said to be sufficient. If the calculated efficiency does not 

agree with the typical efficiency of solar panels, the model which is used for the calculation of 

cumulative solar insolation will need to be modified to determine why the theoretical and 

experimental efficiencies differ. 

 If the model is deemed to have predictive power, the energy output in Kingston will be 

calculated in both a rough estimate model and a more accurate model. In order to get a rough 

estimate of the amount of energy that will be produced in Kingston, the theoretical efficiency as 

calculated for the EV-ARC will be applied to the Kingston model for cumulative energy. This 
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should give the power output in Kingston to about the same degree of accuracy as is given in the 

specifications of the EV-ARC. In order to get a more accurate estimation for how much energy 

could be produced yearly in Kingston, the research on Strathcona’s solar panels will be used to 

determine the efficiency of solar panels that would most likely be used for the solar structure 

project. By applying this efficiency to the cumulative yearly insolation, the total amount of 

energy produced per parking structure will be found. Along with the reported number for the 

theoretical amount of energy that would be produced if all of the light is incident normal to the 

solar panel surface, a second number will be reported that is 11% less than this amount. This 

11% accounts for the amount of energy lost due to inability of the EV-ARC to track the vertical 

component of the sun’s path as shown by Li et al (2011). 

 The amount of energy produced per parking structure will be compared to Kingston’s 

total energy consumption in order to deduce whether or not 2500 solar structures will be 

sufficient to produce a significant portion of Kingston’s total consumption (>1%). If 2500 

structures are not sufficient, the number of structures that would be needed would be calculated 

and the yearly reduction of carbon dioxide emissions that can be expected for this much 

renewable energy production will be calculated from literature values. 

Selection of Parking Spaces 

 In order to ensure the largest production of usable energy per solar shelter, the locations 

of the parking spaces which should be used need to be chosen with care to satisfy different 

requirements.  

Access to Direct Sunlight 

 Firstly, it is necessary to choose parking spaces which will be exposed to direct sunlight 

for all or most of the day on any given day of the year. For this to be satisfied, parking spaces 
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should be preferentially selected from the middle of large parking lots. By choosing parking 

spaces in the middle of large parking spaces, one ensures that throughout the day, there will be 

little to no blockage of the sun by surrounding buildings or trees. However, there is the 

possibility that if there is a large enough building at the side of a parking lot, the sun will be 

blocked for portions of the day. For this reason, parking lots which have very tall buildings (such 

as apartment buildings) will have to be examined with care to make sure that the sun is not being 

blocked for a significant part of the day. This does not apply for buildings on the north side of 

the parking lots because due to Kingston’s latitude, the sun shines from the south so the north 

building will not cause any blockage of insolation. However, this case is especially important if 

the large buildings are on the east or west sides of the parking lots because this could result in 

much of the morning or afternoon insolation being lost. It is also an important consideration if 

the building in question is located to the south of the parking space and is very tall because in the 

winter when the sun does not rise as high in the sky, it is possible the building will block the 

midday insolation which is vital because there is very limited insolation in the winter and much 

of it occurs around midday.  

Regular Parking Space Use 

 The idea of the parking space solar shelter is for it to be a non-trenched, stand-alone 

system which provides energy at the same location where it is produced so that there is very little 

energy lost to transmission and the structure does not need to be collected to the grid. While it 

would be possible to connect the structures to the grid or to a specific building for business use, 

it would be ideal if the parking spots were chosen so that the structures could be used to charge 

electric vehicles. For this reason, the selection of parking spaces will be aimed towards business 

parking spaces where people are expected to park for long periods of time or parking spaces 



27 
 

which will have a lot of vehicle traffic. Due to the finite energy storage of the module battery, 

parking spaces will have to be used regularly in order to maximize the useful energy output of 

the structure. If the structure is never used, it will sit in a parking lot with a full battery and 

therefore, will not generate any more energy until the battery is drained. Thus, it is ideal if the 

structure is constantly in use so that the battery never reaches full charge. 

Suitability Ranking 

 For the purpose of this thesis, two different classes of parking spaces will be selected 

based on how well they satisfy the requirement of regular use; ideal parking spaces and 

alternative parking spaces.  

 Ideal parking spaces will be those which are likely to be used regularly by cars which will 

remain in the parking space for lengthy periods of time. These will be mostly taken up by places 

such as offices and other workplaces. Ideal parking spaces will also be preferentially selected on 

the basis of their likelihood to be used on both weekends as well as weekdays. Based on the 

average energy output that can be expected from the solar shelter (see results section), a solar 

shelter will be able to fill half to all (just over full charge) of its 21.6kwh battery on a summer 

day. Therefore, if the parking spaces are not used over the weekend, it can be expected that there 

will be some loss of useable energy once the battery reaches its full charge capacity. In the 

winter months, this loss will be little to none (expect no losses for 100-150 days of the year) but 

in the summer months, up to 28kwh of energy loss (the equivalent of about one 7
th

 of the total 

energy production) could occur per week if no cars are being charged on either Saturday or 

Sunday. For this reason, workplaces which conduct business on the weekends as well as the 

weekdays will be preferential for solar shelter implementation. However, if ways can be found to 

use the energy that is produced on the weekend so that the battery does not ever reach its full 
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capacity and stop collecting energy (see discussion of barriers and shortfalls), there will be less 

of a need to preferentially select ideal parking spaces based on this factor.  

 Alternative parking spaces will be in parking lots which have a large volume of cars that 

will be parked there at any given time but that do not retain any given car for a long period of 

time. These spaces will be in places such as malls, grocery stores etc. These parking spaces have 

the potential for success because of the sheer number of cars which frequent them, however due 

to the charging time of the Level 2 Chargers, will require a very large number of visitors to plug 

into them for the short period of time which they are shopping in order to deplete their batteries 

at the same rate they are being charged. Despite their short visit time per customer, these parking 

spaces have potential because they are used by many different cars on any day of the week 

including the weekends. 

Selection Process 

 The selection process first involved a visual sweep of Kingston using satellite imagery 

from Google Earth in order to determine parking lots which are suitable from an insolation 

standpoint. This involved perusing satellite imagery to find which lots are at least partially 

shade-free. From there, the number of parking spaces with cars in each parking lot are counted. 

This is used to get a rough estimate of how full each parking lot may be. The parking lots that are 

selected will be given a precursory examination to see if there are any tall buildings to the east, 

south and west and to determine what businesses operate out of that parking lot.  

 On multiple dates, the parking lots were examined in person to determine if the number 

of cars pictured in the satellite imagery were consistent with the number of cars present in the 

parking lot on any given day. These visits also consisted of a visual check to see of the parking 

spaces in question would have their insolation affected by the presence of any large buildings.  
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 Using the data collected from the visits and the satellite imagery, the number of parking 

spaces that could be used in each parking lot was estimated in order to determine where solar 

shelters should be located and if the hypothesized 2500 solar shelters could have parking spaces 

provided for their use. 

 Finally, the business hours were researched for each business which had a parking lot 

with suitable parking spaces and the suitability of the parking spaces for solar shelters were 

ranked based on the hours of operation in accordance with criteria outlined above. 

 It is important to consider that the solar shelters are portable and therefore the selection 

process is only important to see if there are enough potential spots for solar shelters and to get a 

rough estimate of how many parking spaces are used in each parking lot. Data on the use of each 

individual solar structure and on the average use of solar structures in a given parking lot could 

be collected a few months after implementation in order to determine which solar shelters are 

being used to the least and those shelters could be moved to a new location or to a location which 

is being used the most. 

Results and Discussion 

Comparison of Climate 

Latitudinal Insolation Differences 

 As shown in Figure 5, since San Diego is at a lower latitude than Kingston, it will 

consistently have a higher solar altitude at noon. While this gives an indication that the solar 

output is higher in the middle of the day in San Diego, it is not necessarily reflective of the entire 

day. Depending on the number of hours in the day, the sun may come up and go down much 

faster in San Diego on certain days in the year. Since it may rise and fall faster than in Kingston, 

at certain times in the day, the sun may be higher in the sky in Kingston than it would be in San 
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Diego. This key point is why it is important to look at the hours of sunlight as well as the hours 

which the sun is in the sky for. 

 

Figure 5-Differences in Highest Solar Altitude over the Year 

Hours of Sunlight 

 Using the ‘Hours of Sunlight’ Calculator for a solar angle greater than 0°, the data 

calculated agreed with the data found in the literature. Therefore, the calculator appears to be a 

valid way of calculating the number of hours of in a day that the sun is above a given angle. 

 While the solar elevation at noon in San Diego is consistently ~10° higher than in 

Kingston, this does not mean that there is always more insolation per day. With Kingston being 

at a much higher latitude, its climate is much more seasonally dependent than San Diego’s 

climate. It can be seen from Figure 6 that there are almost 150 days in the years when Kingston 

receives more hours of sunlight than San Diego does. While the sun will be higher in the sky in 

San Diego for part of those days, Kingston’s insolation will be comparable to San Diego’s and 

may in fact be higher. In contrast, due to Kingston’s higher seasonality, it experiences much 

shorter days than San Diego in the winter. When compounded with the lower solar altitude, this 
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will result in significantly less sun during the winter months which will be reflected in power 

output. 

 

Figure 6-Hours of Usable Sunlight 

Frequency of Snow Cover 

 The biggest climatic difference between San Diego and Kingston is that of snowfall. 

During the winter months, Kingston has snow on the ground for more than half of its days. As 

can be seen from Figure 7, the days with light snow cover are mostly constant through the months 

with snow but the big difference is seen in the late winter months where 30% to 40% of the time 

is spent with greater than 10cm of snow on the ground. This will serve to further increase the 

seasonal difference in the amount of solar radiation reaching the ground. 
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Figure 7 - Kingston Snow Cover 

Cloud Cover 

 As can be seen from Figure 8 and Figure 9, both Kingston and San Diego have very 

seasonal cloud cover. However, their seasonality is the opposite; San Diego experiences most of 

their days with greater than 5-8 octas cloud cover in late May and early June but have just over 

half as many overcast days in the winter months as in May. This means that their seasonality of 

insolation due to their latitude will be balanced out slightly by the reverse seasonality of their 

cloud cover which blocks a higher percentage of insolation in the summer months. Kingston is 

the opposite of this trend and although they have similar (slightly cloudier) overall trends, they 

have the cloudy season in the winter and the less cloudy season in the summer. Although 

Kingston has a fairly consistent number of clear days year round, they have much more overcast 

weather in the winter. In stark contrast to San Diego, this means that Kingston’s seasonal 

insolation differences will be accentuated by their cloud cover. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

P
e

rc
e

n
ta

ge
 T

im
e

 

Time Period 

Average Snow Cover Frequency 
No Snow

1 cm

2 cm

3 cm

4 cm

5 cm

6 cm

7 cm

8 cm

9 cm

10 cm

Greater Than 10 cm



33 
 

 

Figure 8-San Diego Cloud Cover 

  

Figure 9-Kingston Cloud Cover 

Potential Power Production 

 Using the data calculated based on the elevation of the sun and the insolation calculations 

as detailed in the methods section and implemented in the code found in the appendices, the 

following figures were produced. From Figure 10, it can be seen that even before cloud cover 
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and snow cover are factored into the model, the increase in latitude from San Diego to Kingston 

results in a greater variance in daily insolation in Kingston. However, despite having a much 

greater variance, it can be seen from the cloudless case in Figure 11 that Kingston’s cumulative 

insolation over the year is quite similar to that of San Diego. In fact, Kingston receives 

approximately 94% of San Diego’s radiation which is extremely encouraging for the possibility 

of similar solar shelter implementation in Kingston. This may seem like a very small discrepancy 

considering the large differences in latitude and climate however, this model assumes that the 

solar shelter will orient itself so that the sunlight will always be normal to the panels which 

makes the numbers drastically different than if the panels were always horizontal.  

 

Figure 10-Daily Insolation with Equator for Comparison 

 When clouds are factored into the model, it can be seen in Figure 11 that the insolation 

rate in San Diego becomes almost linear throughout the entire year due to the cloud cover 

patterns moderating the effects of seasonal solar altitude differences. In contrast, Kingston’s 

insolation becomes even more seasonal with very different insolation rates at different times of 

year. However, once again, the cumulative insolation over the entire year in both locations is 

very similar with San Diego receiving 2127
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟∗𝑚2 and Kingston receiving 2013
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟∗𝑚2.  
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Figure 11-Cumulative Insolation with and without the effects of cloud cover  

 In fact, despite having similar overall cloud cover, due to San Diego having greater cloud 

cover when it is receiving higher amounts of insolation and Kingston receiving greater cloud 

cover when it is receiving low amounts of insolation, the difference in cumulative insolation 

between the two locations decreases when cloud cover is factored in. With clouds factored in, 

Kingston receives about 95% as much insolation as San Diego. However, as mentioned before, 

Kingston’s insolation is highly variable with a maximum insolation of approximately 8
𝑘𝑊ℎ

𝑑𝑎𝑦∗𝑚2
 

and a minimum of approximately 2.5
𝑘𝑊ℎ

𝑑𝑎𝑦∗𝑚2 while San Diego only varies from 4
𝑘𝑊ℎ

𝑑𝑎𝑦∗𝑚2 to 

7
𝑘𝑊ℎ

𝑑𝑎𝑦∗𝑚2. While this would cause issues for Kingston if it were to try to power the entire city on 

solar energy, this study is only looking at powering approximately 1% of the city on these 

structures so other forms of energy could be used in the winter to create a balanced energy 

portfolio for the city. 
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 Turning to the San Diego case and the study of the EV-ARC, this model for solar 

insolation will now be checked for predictability. If the solar insolation in San Diego is 

2127
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟∗𝑚2 and the EV-ARC with a 3.3kW array has a surface area of 15.5m
2
, each EV-ARC 

with a 3.3kW array would receive 32,900
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
. For the 2.5kW array EV-ARC, it has a surface 

area of 11.6m
2
 and thus will receive 24,600

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
.  Since the EV-ARC is rated to produce 

3800
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 to 7000

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 in San Diego, assuming the former bound refers to lower bound of the 

2.5kW array model and the latter refers to the upper bound on a 3.5kW array model, the 

efficiency of the panels ranges from 15.5% to 21.3%. This number likely incorporates both 

variations in direct solar radiation (due to cloud cover and other locational differences) as well as 

panel efficiency. However, this does show that the model has predictive power because solar 

panel efficiency is typically between 15%-20% (Rizk and Chaiko 2011) which matches very 

well with the range of efficiencies predicted. Therefore it would be expected that the typical 

efficiency of the EV-ARC solar panels are about 18.4% and thus, the EV-ARC with a 3.3kW 

array will likely produce 6050
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
  on average. This number is quite possible for the efficiency 

of a solar panel so it can be seen that the solar insolation model as used in this study is a valid 

predictive tool for San Diego and therefore, it is reasonable to use this tool to analyze Kingston 

as well. 

 As discussed in the literature review of the EV-ARC, the EV-ARC stationed in San 

Diego will lose 8% of its energy by failing to completely track in both direction but the EV-ARC 

in Kingston will lose approximately 11% of its energy due to the same problem. Therefore, in 

this model, the efficiency of Kingston would better be predicted as 17.8% instead of the 18.4% 

efficiency predicted by the model in San Diego which corresponds to roughly 5600
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 as a 
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typical scenario with an upper limit of 6560
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 . However, in order to get an even more accurate 

estimate on the energy output in Kingston, it is necessary to use more precise numbers as 

provided by Strathcona. 

 Using the 15.1% efficiency calculated using numbers from the Strathcona website and 

factoring the loss due to not using a dual-tracking system, the energy output in Kingston would 

amount to 4700
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
  per solar structure using an array of Standard solar cells. However, upon 

discussion with the staff at Strathcona, a more realistic number may be provided by the NREL 

which estimates 17.5% efficiency for a 3.3kW, 15.5m
2
 single axis tracking array in Kingston, 

Ontario. This would result in 5460
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
  per solar structure which is consistent with the value 

calculated using the comparison with the EV-ARC in San Diego. 

 Based on the numbers calculated above, a conservative estimate for the amount of energy 

that could be produced by 2500 structures would be 11.75
𝐺𝑊ℎ

𝑦𝑒𝑎𝑟
 with a more likely estimate of 

13.65
𝐺𝑊ℎ

𝑦𝑒𝑎𝑟
 and an upper bound of 16.4

𝐺𝑊ℎ

𝑦𝑒𝑎𝑟
. Since a significant portion was defined as 15

𝐺𝑊ℎ

𝑦𝑒𝑎𝑟
, it is 

clear that 2500 structures will not be enough to meet that demand consistently. Instead, it will 

likely be necessary to have 2750 structures and a conservative estimate would be 3190 

structures. 

 If the implementation of solar parking shelters could provide 15
𝐺𝑊ℎ

𝑦𝑒𝑎𝑟
 to offset the 

electricity consumption of Kingston, it could reduce the greenhouse gas emissions by the 

equivalent of 2270 tonnes of CO2 since Kingston produces the equivalent of 150 tonnes of CO2  

per GWh of electricity on average (TriEdge and Associates 2012). If the same energy was used 

to offset the gasoline consumption of Kingston, it could reduce the greenhouse gas emissions by 
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the equivalent of 3720 tonnes of CO2 since Kingston produces the equivalent of 250 tonnes of 

CO2  per GWh of gasoline on average (TriEdge and Associates 2012). 

 In either case, there is a cost associated with electricity and gasoline and by reducing the 

consumption of either by 1%; approximately $2 million could be saved by the city every year. 

Due to the $40,000 cost of each EV-ARC, this would take 55 years to cover the start-up cost of 

purchasing these units.  However, this amount of time is within the realm of technical feasibility 

assuming the structures last that long (there are currently no studies on this due to the short 

amount of time this technology has been available). The full calculation of how much it would 

cost to construct a basic model of this structure is beyond the scope of this project but it may be 

possible to create a cheaper model since the solar panels themselves amount to less than $5000 

per unit (Strathcona Energy International 2016) and by decreasing the cost by even $1000 per 

unit can decrease the time required to break even by approximately 16 months.  

Availability and Location of Suitable Parking Spaces 

 Upon doing non-comprehensive scans of Kingston parking lots, it became apparent that 

Kingston has more than 2500 parking spaces which could be considered ideal or semi-ideal for 

implementation of solar shelters. If alternative parking spaces are also considered (as these are 

just as effective at creating energy), Kingston has a vast number of parking spaces of varying 

suitabilities that could be used quite successfully. A list of possible sparking spaces of each 

suitability ranking can be found in a table in the appendix. This list was compiled using only the 

percentage of spaces which are likely to be used on a regular basis assuming the structures were 

to be used for charging electric vehicles and not tied into the grid. For most parking lots 

(especially the larger ones), the number show represents only a small percentage (20% to 40%) 

of the total available spaces in the lot. Therefore, if the city wanted to implement half as 
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electricity producers and half as electric vehicle charging stations, roughly twice the number of 

listed parking spaces per lot could be used for implementation. It is also important to note that 

this is in no way a comprehensive list of all the potential parking spaces in Kingston. This 

represents a small subset of each suitability type which serves to show that enough parking 

spaces could be located to use for solar shelter implementation allowing a significant proportion 

of Kingston’s total energy consumption could be produced. If there was demand for the 

implementation of more than 2500 solar shelters, suitable parking spaces could certainly be 

located.  

 Some of the parking spaces located would be ideal in certain months but not in others due 

to their differences in use over the year. In order to achieve maximum use, it may be prudent to 

move some of the panels around to different locations throughout the year. Examples where 

moving the panels might be advantageous would be for both the Royal Military College and St 

Lawrence College. In the summer, many parking spaces in these lots will go largely unused 

because there are far fewer students and staff around. However, in the other three seasons, these 

would be highly productive spaces because they are very large parking lots and thus have very 

little chance of being significantly shaded at any point in the year. 

 One issue that was encountered during this scan is that most parking spaces in Kingston 

will have some form of shading due to buildings at some point during the year (especially during 

winter). However, this does not change the potential energy value obtained via comparison with 

San Diego because parking lots in San Diego are also blocked from the sun at certain points of 

the year due to buildings. However, since there are much more than 2500 parking spaces to 

choose from, it is possible to select the most productive parking spaces from each parking lot 

(those which would rarely or never be in the shade) for implementation. 
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Overcoming Potential Barriers and Shortfalls 

Angle of Incidence 

 One of the shortfalls of the mathematical model used is that it assumes the sunlight to 

always be normal to the surface of the solar panel (provided the solar elevation is above the 

minimum specified angle). The literature review of the EV-ARC specifications revealed that the 

solar panels in the existing solar shelter model can only rotate to a maximum of 30° from the 

horizontal. This is problematic because as can be seen in Figure 5, the maximum solar elevation 

for both locations is less than 60° for a large part of the year. Although the EV-ARC is capable 

of tracking the sun horizontally across the sky, it will be unable to orient itself so that the sun is 

always perpendicular due to the inability to track the sun vertically. Despite this shortfall, the 

estimates for the current tracking system were calculated by way of comparison with the 

available data as found in the review of the literature surrounding the EV-ARC. Although the 

engineering of such a system is beyond the scope of this paper, if the current device could be 

modified such that the panels could be continuously re-angled with respect to the horizontal 

rotating system, it may be possible to construct a similar system which orients the panels both 

horizontally and vertically while meeting the constraints of a parking space shelter. This could 

result in an 11% increase in energy output in Kingston (Li et al. 2011). As discussed below, 

varying the vertical angle may have another equally important use. 

Snow Cover on Panels 

 As shown in Figure 12-Effects of Snow on Kingston InsolationFigure 12, if all the 

precipitation that falls as snow were to sit on the solar panels as long as it remains on the ground, 

13% of the incoming solar radiation would be lost on average. As this is a significant percentage, 
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it is imperative that the snow is not left to sit on the panels for as long as it remains on the 

ground.  

 

Figure 12-Effects of Snow on Kingston Insolation 

 Luckily, since the solar panels are to be positioned at an angle of ~30°, there is the 

possibility that the snow will fall off due to gravity. Since the panels on a solar shelter are to be 

raised above car height, any snow that falls off of the panels will end up on the ground and will 

not cause a build up at the bottom of a panel. Townsend and Powers (2011) found that tilting a 

panel at 35° angle from the horizontal with no ground effects would result in to a 60% to 95% 

reduction in energy loss due to snow cover. Values of 80% to 85% reduction in energy loss were 

found to be typical. This was confirmed by a Strathcona employee who stated that at a tilt greater 

than about 20°, snow will not stay on panels for any length of time. However, to be thorough, the 

effects of increasing the angle were studied in order to determine if increasing the angle could 

result in even less energy loss. A second study showed that by increasing the angle from the 

horizontal even further, the time to shed snow can be further decreased as one would expect. 
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This further reduces the energy losses due to snow cover (Andrews et al. 2013b). This is 

evidence that if the EV-ARC were designed to be able to vary the vertical angle as well as the 

horizontal, the shedding time for snow would be reduced. Thereby the energy loss would also be 

released. In addition to the ability to shed snow, this mechanism could be used to reduce the 

amount of snow which settles on the panels. By setting the panels at a greater tilt at night, less 

nightly snowfall would be able to settle on the panel. Since the panels do not have to point at the 

sun overnight, this function would not affect the amount of energy being collected. The need for 

a system which allows for vertical tilt past 30° from the horizontal is further supported by 

Brench (1979) who found that a panel at 40° from the horizontal has only half the amount of 

energy loss per snowfall as a panel oriented at 30° from the horizontal.  

  In addition to the shedding ability of stationary panels, it has also been stated that having 

the system rotate (like the EV-ARC) would be likely to lessen the effect of snow even more as 

the vibration and movement of the tracking panels would likely cause a decrease in shedding 

time (Townsend and Powers 2011). This means that in addition to the effects of having the EV-

ARC tilted from the horizontal, the tracking movement should also benefit the system because it 

will help to vibrate the snow off the panels as it pivots. 

 The possibility of changing the nature of the surface (by way of hydrodynamic coatings) 

was considered to try to decrease the coefficient of static friction for the snow on the panels. If 

such a coating could be used, the snow would have a higher tendency to be shed from the panels. 

However, Andrews et al. (2013a) found that existing hydrodynamic coatings have no appreciable 

positive impact on snow shedding. In fact, they found that in some cases, coatings actually 

increased the shedding time of snow and in all cases, they had a slightly negative impact on the 

energy production of the panels due to increased reflection of incoming solar radiation. 
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 Instead of using a hydrodynamic coating to increase the probability of snow being shed, 

there is also the possibility that a small layer of water between the snow and the panel could act 

as a lubricant which would result in an increased probability that snow will slide off of the 

smooth panels (Glenne 1987). This is similar to what is seen when snow slides off of a metal 

roof on a warm day. In the past, this has been done as a passive system which harnesses energy 

from light reflected off of the ground incident on the bottom of the panels (Ross 1995). However, 

any system which can cause the surface of the panel to heat and thereby melt the snow directly 

on the solar panel (whether it be passive or active) should serve to produce similar effects. In 

1995, Ross modelled that by using a passive heating technology, 8cm of snow would be shed in 

roughly 5% of the time that it would take a non-heated panel to shed the same amount of snow. 

He also modelled that 8cm of snow would melt off of the panels in approximately 15% of the 

time that it would take for non-heated panels. This modelling was supported by a short term 

experiment which showed passively-heated panels partially clearing in a matter of hours while 

control group panels remained totally covered long after the snow had melted off of the heated 

panels (Ross 1995). However, although the passive system has the merit of requiring no energy 

input to remove the snow, there is the downside that the system does not function overnight 

which is the ideal time to remove the snow (so that it is not present during the day). If the panel 

were to also be heated using energy from the on-board battery, it could continue 

melting/shedding snow overnight so that it would be snow-free in the morning. However, it is 

not guaranteed that the on-board battery will have any charge so it may be prudent to have 

another smaller on-board battery which is to be used for heating. The real downside to this 

method is that heating uses a lot of energy and therefore this should only be used overnight and 
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only if necessary (needs to have some method of control via sensors) since the passive heating 

system has been modelled to reduce snow cover time (and hence energy loss) by 85% to 95%. 

 In addition to the removal of snow, it is imperative that any ice that forms on the panel 

(by way of refreeze of melting snow or by way of freezing rain) is cleared off. If the ice is left on 

the panels, it will block some incoming radiation but more importantly, it will create a rougher 

surface so any snow that lands on the frozen-over panels will be unlikely to be shed. Although 

the passive heating system described by Ross (1995) is highly effective at removing snow, it 

only increases ice removal rate by 20% to 40%. Since it is so important to ensure the panels 

remain ice-free, an active heating mechanism may be necessary to remove built up ice. However, 

a more proactive approach would be to have an active heater run during any freezing rain 

episode in order to ensure that the surface is a high enough temperature during the event that the 

rain does not freeze on the panels in the first place. This would likely reduce the necessary 

energy output as melting the resulting layer of ice formed from an event would take a great deal 

of energy. However, this would require that the structure either receive weather updates or have 

an onboard freezing rain sensor to indicate when the heater should be activated. The design of 

such a sensor is beyond the scope of this project. 

 Beyond these hands-off approaches, there is a possibility that a hands-on approach could 

be used to remove snow and ice. As Kingston residents stand to gain by having the panels clear 

(energy they get from the solar structure is energy they don’t have to consume at home), it is in 

their best interests to keep the panels clear. Therefore, providing each solar structure with 

brush/scraper that is modified to allow it to reach the panels may be a sufficient method for 

keeping the panels reasonably clear or at least to increase the time of clear panels. If the panels 

have already been heated to form a small layer of water, the snow should brush off relatively 
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easily. Even the freezing rain should be fairly easy to remove since the layer of water should 

remove the bond with the panel (similar to scraping a car that has been defrosted). 

 While each of these methods has its own merits, none of them are guaranteed to keep the 

panels clear. By using a combination of snow removal precautions to their fullest extent, it 

should be possible to make the energy loss due to snow cover negligible in comparison to other 

sources of model error. Further research needs to be done to identify the optimal combination of 

techniques for the climate of Kingston Ontario. 

Charging Speeds 

 As mentioned in the literature review, one of the logistical issues with the EV-ARC is 

whether to use one Level 2 charger or to use two Level 1 chargers. Since both classes of charger 

have their benefits, it would be beneficial to offer both types of chargers in different ratios based 

on the location. For example, at a place of business where the cars are expected to be parked for 

long periods of time every day (especially where there are more parking spaces than there are 

solar shelters), it may be prudent to have most of the shelters equipped with two sets of Level 1 

chargers. However, since one Level 2 charger can deliver more energy than two Level 1 

chargers, the same outcome could be achieved if one level two charger was used and one of the 

drivers were to simply go out to the parking lot on their lunch break and transfer the charger 

from one vehicle to another. Using this strategy, it would be possible for 3 vehicles to share the 

charge from one solar shelter whereas it would be difficult to do so equally with two Level 1 

chargers. While businesses may be a good candidate for Level 1 chargers, places such as stores 

where people will only be inside for a half hour or so would not be. Such locations would require 

more charging stations with Level 2 chargers so that it is worthwhile for people to plug in their 

vehicles even if they are only inside for a half hour. However, in high volume areas where there 
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are more cars than there are panels most of the time, it may be necessary to legislate that cars 

may only park at fast chargers for certain lengths of time so that people choose which type of 

charging station they go to depending on how long they will be parked. This will help to ensure 

all electric vehicles have access to charging at speeds which suits their length of stay at a parking 

location.  

Excess Energy 

 In order to endure that the system is producing as much energy as possible, it is important 

that the energy which is being stored in the battery is used before the battery reaches a full 

charge. If there is regular use of the solar shelters, this will not be a problem because even at its 

maximum charging rate (3.3kW), the EV-ARC is not capable of producing as much power as 

can be drained by two Level 1 chargers (~4kW) and can produce roughly half of what is capable 

of being drained by one Level 2 charger (7.2kW). Thus, if cars are being charged at the stations 

regularly, all of the solar energy being generated can be transferred to the cars. However, if sites 

are chosen where the employees that use the solar structure are not present on weekends, the 

battery may charge fully and then be unable to store anymore energy until the batteries begin 

charging cars on Monday morning. It was modelled that approximately 20kWh can be produced 

on an average summer day and over 25kWh on a clear summer day. This means that on a 

weekend in the summer, an average of 18kWh and up to 28kWh of energy would be lost per 

solar structure due to the capacity of the battery.  

 This section will focus on a few possible solutions to this problem and the benefits and 

shortfalls of each solution. As mentioned in the section on selecting parking spaces, the ideal 

solution would be to only use the parking spaces which correspond to businesses which are open 

seven days a week. However, in order to increase the scale of this infrastructure, it will 
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eventually be necessary to use less ideal parking spaces, in which case, other solutions will have 

to be examined. The most obvious solution is to simply increase the size of the battery; the EV-

ARC 4 is already moving to a 30kWh battery which would result in 8kWh less energy wasted 

per weekend. However, the solar structure would have to have a 50kWh battery in order to 

ensure no energy is being lost. This is a much bigger battery than currently implemented on the 

EV-ARC and would result in a much bulkier system. Therefore, although this is the simplest 

solution to the problem, it will be costly and is not an overly elegant solution. Another possible 

solution is to collect the energy from the batteries over the weekend or whenever they reach full 

capacity. This could be done by having the batteries hooked up to the business or the grid. 

Hooking the structures up to the grid would be possible, however it would be far from ideal 

because one of the major benefits of the solar structures is that they are stand-alone and do not 

require any digging or trenching. Instead of providing energy to the grid (another major benefit 

of these structures is providing energy at the source); they could be paired with parking lot lights 

so that energy could be consumed at the source without needing to be trenched. This would 

allow for the lights to be run without drawing as much energy from the grid and uses the energy 

as the battery reaches full capacity. While the lights may not draw as much energy as would be 

forfeited by an entire parking lot full of solar shelters over a weekend, it could be used in 

addition to slightly larger batteries to reduce the amount of energy lost in non-optimal shelter 

locations. 

Early Stages of the Project 

 As mentioned in the literature review, Kingston does not currently have a large number 

of electric cars on the roads. This means that although the implementation itself could cause a 

societal shift towards more electric vehicles; in the current state, using these structures solely for 
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electric vehicles is not feasible. This means that in the early stages of project implementation, 

structures would have to be tied into the grid in some way whether it is a line straight to a 

business or directly into the grid in order to ensure that large amounts of potential energy output 

are not lost to the full-charge issue. It is conceivable that after the initial stages of 

implementation, more people would purchase electric vehicles to tap into the free charging 

provided (which will be plentiful since few people would have electric cars at that point) and 

then more units could be implemented which are not tied into the grid.  

Conclusions 

 By using a solar structure of similar size and capabilities of the EV-ARC that is currently 

produced in San Diego by Envision Solar, it would be possible for each structure to produce 

4700
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
  to 6500

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
, with 5500

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 being a typical value. It was found that 2500 structures 

would not be sufficient to provide 1% of the city’s electricity consumption, but 2750 structures 

would likely suffice with a conservative estimate being 3200 structures. Kingston was found to 

have much more parking spaces which could host such structures than would be required for the 

required amount of energy production. While there would be some additional barriers to the 

implementation of these structures in Canada’s climate and in a city with very little current 

electric vehicle technology, all barriers examined were either deemed to have an insignificant 

effect on the implementation decision or could be solved with modifications to the system or 

implementation strategy. By applying the methods used in this study to other locations, the 

suitability for implementation could be determined for other cities across Canada in order to 

determine the feasibility of widespread implementation. If successful, it is possible that the 

implementation could provoke pro-environmental behaviours in addition to providing direct 

environmental benefits. 
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Summary of Main Points 

 The current model of the EV-ARC could produce 5500±800
1000 𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
  per unit although a 

model which tracks elevation as well could produce about 11% more energy 

 2750 units should provide a significant portion of Kingston’s electricity consumption and 

a conservative estimate would be 3200 units 

 Snow should not provide a significant barrier to energy production 

 Kingston has ample locations suited to implementation 

 Implementation may enact a cultural shift in environmental attitudes and behaviours 
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Appendices 

Appendix A – Sun Position Calculator 
void sunposition(int year, int day, int hr, int min, int sec,int zone,double lat, double lon,double *A, double 

*E){ 

    int deltay; 

    double time; 

    double theta; 

    double g; 

    double L; 

    double epsilon; 

    double alpha; 

    double delta; 

    double ST; 

    double S; 

    double rad; 

    double H; 

    double phi; 

    rad=0.017453293; 

    deltay=year-1980; 

    time=day-1+(hr+(min+sec/60.)/60)/24; 

    theta=2*M_PI*time/365.25; 

    g=-0.0311271-(3.67474E-7)*time+theta; 

    L=4.900968+(3.67474E-7)*time+(0.033434-(2.3E-9)*time)*sin(g)+0.000349*sin(2.*g) + theta; 

    epsilon = 0.409140 - 6.2149E-9*time; 

    alpha=atan(cos(epsilon)*tan(L)); 

    if (alpha<0.){ 

        alpha=alpha+2.*M_PI; 

    } 

    delta=asin(sin(epsilon)*sin(L)); 

    ST=6.720165+24*(time/365.25-(year-1980))+0.000001411*time; 

    if (ST>2.*M_PI){ 

        ST=ST-2.*M_PI; 

    } 

    S=ST-lon*rad+ 1.0027379*(zone+(hr+(min+sec/60.)/60.))*15.*rad; 

    if (S>2.*M_PI){ 

        S=S-2.*M_PI; 

    } 

    H=alpha-S; 

    phi=lat*rad; 

    *E = asin(sin(phi)*sin(delta)+cos(phi)*cos(delta)*cos(H)); 

    *A = asin(cos(delta)*sin(H)/cos(*E))/rad; 

    if (sin(*E)<sin(delta)*sin(phi)){ 

        if(*A<0){ 

            *A=*A+360; 

        } 

        *A=180.-*A; 

    } 

    *E=*E/rad; 

} 
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Appendix B – Cumulative Insolation Calculator 
#include <math.h> 

#include <stdlib.h> 

#include <stdio.h> 

void sunposition(int year, int day, int hr, int min, int sec,int zone,double lat, double lon,double *A, double 

*E); 

double insolationpertime(double E,double day,int choice,char snowchoice); 

void snow(double *insolation,double day); 

void sandiegoclouds(double *insolation,double day); 

void kingstonclouds(double *insolation,double day); 

main(){ 

    FILE *Data=fopen("Daily Kingston Clouds and Snow.txt","w"); 

    double lon; 

    double lat; 

    double A; 

    double E; 

    double insolation=0.; 

    int zone; 

    int sec; 

    int min; 

    int hr; 

    int day; 

    int year; 

    int choice; 

    char snowchoice; 

    printf("Press 1 for Kingston and 2 for San Diego\n"); 

    scanf("%d",&choice); 

    sec=0; 

    min=0; 

    year=2015; 

    zone=2; 

    if (choice==1){ 

        printf("Snow? (y/n)\n"); 

        scanf(" %c",&snowchoice); 

        lat=44.2333; 

        lon=76.5; 

    } 

    else if (choice==2){ 

        lat=33.715; 

        lon=117.1625; 

    } 

    for (day=1;day<=365;day=day+1){ 

        for (hr=1;hr<=24;++hr){ 

            for(min=1;min<=60;++min){ 

                for (sec=1;sec<=60;++sec){ 

                    sunposition(year,day,hr,min,sec,zone,lat,lon,&A,&E); 

                    if (E>10.){ 

                        insolation=insolation+(insolationpertime(E,day,choice,snowchoice))*(1/3600.); 

                    } 
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                } 

            } 

        } 

        fprintf(Data,"%d\t%lf\n",day,insolation); 

        printf("%d\t%lf\n",day,insolation); 

    } 

   fclose(Data); 

} 

void sunposition(int year, int day, int hr, int min, int sec,int zone,double lat, double lon,double *A, double 

*E){ 

    int deltay; 

    double time; 

    double theta; 

    double g; 

    double L; 

    double epsilon; 

    double alpha; 

    double delta; 

    double ST; 

    double S; 

    double rad; 

    double H; 

    double phi; 

    rad=0.017453293; 

    deltay=year-1980; 

    time=day-1+(hr+(min+sec/60.)/60)/24; 

    theta=2*M_PI*time/365.25; 

    g=-0.0311271-(3.67474E-7)*time+theta; 

    L=4.900968+(3.67474E-7)*time+(0.033434-(2.3E-9)*time)*sin(g)+0.000349*sin(2.*g) + theta; 

    epsilon = 0.409140 - 6.2149E-9*time; 

    alpha=atan(cos(epsilon)*tan(L)); 

    if (alpha<0.){ 

        alpha=alpha+2.*M_PI; 

    } 

    delta=asin(sin(epsilon)*sin(L)); 

    ST=6.720165+24*(time/365.25-(year-1980))+0.000001411*time; 

    if (ST>2.*M_PI){ 

        ST=ST-2.*M_PI; 

    } 

    S=ST-lon*rad+ 1.0027379*(zone+(hr+(min+sec/60.)/60.))*15.*rad; 

    if (S>2.*M_PI){ 

        S=S-2.*M_PI; 

    } 

    H=alpha-S; 

    phi=lat*rad; 

    *E = asin(sin(phi)*sin(delta)+cos(phi)*cos(delta)*cos(H)); 

    *A = asin(cos(delta)*sin(H)/cos(*E))/rad; 

    if (sin(*E)<sin(delta)*sin(phi)){ 

        if(*A<0){ 

            *A=*A+360; 

        } 
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        *A=180.-*A; 

    } 

    *E=*E/rad; 

} 

double insolationpertime(double E,double day,int choice,char snowchoice){ 

    double insolation; 

    double AM; 

    AM=1/(cos((90.-E)*M_PI/180.)); 

    insolation=1.353*pow(0.7,pow(AM,0.678)); 

    if (choice==1){ 

        if (snowchoice=='y'){ 

            snow(&insolation,day); //use this line for including the effects of snow for kingston 

        } 

        kingstonclouds(&insolation,day); 

    } 

    else if (choice==2){ 

        sandiegoclouds(&insolation,day);//for san diego. 

    } 

    return insolation; 

} 

void snow(double *insolation,double day){ 

  if (day>=1.&&day<32.){ 

    *insolation=*insolation*0.2962; 

  } 

  else if (day>31.&&day<60.){ 

    *insolation=*insolation*0.1829; 

  } 

  else if (day>59.&&day<75.){ 

    *insolation=*insolation*0.4207; 

  } 

  else if (day>74.&&day<91.){ 

    *insolation=*insolation*0.8372; 

  } 

  else if (day>90.&&day<106.){ 

    *insolation=*insolation*0.9339; 

  } 

  else if (day>303.&&day<=318.){ 

    *insolation=*insolation*0.9835; 

  } 

  else if (day>318.&&day<=333.){ 

    *insolation=*insolation*0.8927; 

  } 

  else if (day>333.&&day<=365.){ 

    *insolation=*insolation*0.5651; 

  } 

} 

void kingstonclouds(double *insolation,double day){ 

  if (day>=1.&&day<32.){ 

    *insolation=*insolation*0.678; 

  } 

  else if (day>31.&&day<60.){ 
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    *insolation=*insolation*0.695; 

  } 

  else if (day>59.&&day<91.){ 

    *insolation=*insolation*0.709; 

  } 

  else if (day>90.&&day<121.){ 

    *insolation=*insolation*0.722; 

  } 

  else if (day>=121.&&day<152.){ 

    *insolation=*insolation*0.735; 

  } 

  else if (day>=152.&&day<182.){ 

    *insolation=*insolation*0.755; 

  } 

  else if (day>=182.&&day<213.){ 

    *insolation=*insolation*0.779; 

  } 

  else if (day>=213.&&day<244.){ 

    *insolation=*insolation*0.782; 

  } 

    else if (day>=244.&&day<274.){ 

    *insolation=*insolation*0.766; 

  } 

  else if (day>=274.&&day<305.){ 

    *insolation=*insolation*0.727; 

  } 

  else if (day>=305.&&day<335.){ 

    *insolation=*insolation*0.689; 

  } 

  else if (day>=335.&&day<=365.){ 

    *insolation=*insolation*0.664; 

  } 

} 

void sandiegoclouds(double *insolation,double day){ 

  if (day>=1.&&day<32.){ 

    *insolation=*insolation*0.773; 

  } 

  else if (day>31.&&day<60.){ 

    *insolation=*insolation*0.748; 

  } 

  else if (day>59.&&day<91.){ 

    *insolation=*insolation*0.734; 

  } 

  else if (day>90.&&day<121.){ 

    *insolation=*insolation*0.717; 

  } 

  else if (day>=121.&&day<152.){ 

    *insolation=*insolation*0.661; 

  } 

  else if (day>=152.&&day<182.){ 

    *insolation=*insolation*0.658; 
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  } 

  else if (day>=182.&&day<213.){ 

    *insolation=*insolation*0.702; 

  } 

  else if (day>=213.&&day<244.){ 

    *insolation=*insolation*0.727; 

  } 

    else if (day>=244.&&day<274.){ 

    *insolation=*insolation*0.735; 

  } 

  else if (day>=274.&&day<305.){ 

    *insolation=*insolation*0.749; 

  } 

  else if (day>=305.&&day<335.){ 

    *insolation=*insolation*0.781; 

  } 

  else if (day>=335.&&day<=365.){ 

    *insolation=*insolation*0.784; 

  } 

} 
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Appendix C - Parking Lot Spaces 
Ideal to Semi Ideal 

Location Spaces Weekend Use Notes 

St Lawrence College 200 yes potential for 400 more (not in summer) 

RMC 100 yes potential for 250 more (not in summer) 

Tindall parking lot 211 yes  

farm credit Canada/SunLife 

financial/southeast community care 

access centre 

158 yes  

Ministry of Transportation 138 yes  

Queen’s Clergy St Parking 54 Yes  

Miller Parking lot 30 Yes  

office building and storage solutions 28 yes  

Cataraqui golf and country club 20 yes  

Holiday Inn and surroundings 120 yes  

Kingston Ferry Terminal 90 yes  

Downtown Kingston business lots 230 yes  

Hanson Memorial Parking Garage 

roof 
68 yes  

Kingsdale Ave and Armstrong Rd 

Subdivision Parking Lots 
225 yes  

Utilities Kingston 156 no -have  vans which stay there on the weekends 

Kingston Public Health 98 no  

Sydenham public school 98 no  

Family and children’s services 98 no  

Kingston Correctional Services-

Regional headquarters 
80 no  

KCVI 60 no  

Limestone District school board office 38 no  

Cleremont property management 11 no  

Ministry of Labour 96 no  

Intercall 60 no  

Haakon Industries 46 no  

Realty source Inc. brokerage 24 no  

*Total Identified with Weekend Usage= ~1700 

*Total Identified Ideal to Semi Ideal = ~2500 

Alternative Spaces
+
 

Location Spaces 

Kingston Centre 800 

Food Basics (Princess) 80 

Food Basics (by K-ROCK 

centre) 
100 

Canadian Tire 200 

Food Basics Plaza (Bath Road) 500 

 

*Total Identified Alternative Spaces = ~1680 
+ 

A very limited sample to show the vast number of alternative parking spaces available using a limited number of parking lots  


