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Abstract 
As climate change concerns and electricity costs continue to 
rise, the financial incentive increases for homeowners to 
generate their own electricity from renewable sources such 
as photovoltaic solar panels. Not all provinces in Canada 
compensate customers for excess energy generated, thus 
some homeowners may benefit from self-consumptive solar 
energy systems which store excess energy for later use. The 
objective of this study was to determine the effectiveness of 
reducing greenhouse gas (GHG) emissions for two types of 
solar energy storage systems. Several configurations of 
solar energy storage systems were modelled in TRNSYS to 
compare the energy consumption and greenhouse gas 
emissions of systems using either battery storage with either 
a furnace or heating coil (with 12-, 24-, or 48-kWh batteries) 
or sensible storage (the latter using a hot water tank). The 
operational greenhouse gas emissions of each scenario were 
analysed for twelve Canadian cities, with the largest 
reduction of 67.7% occurring when the sensible storage 
system was used in Yellowknife, with the second-largest 
reduction of 74.6% in Halifax.  
Introduction 
With the increasing concern over the environmental impacts 
of greenhouse gas emissions, governments including 
Switzerland, Canada, and the United States have created 
incentives for homeowners to adopt renewable energy 
technologies, such as solar panels. Switzerland’s Energy 
Act offers a feed-in tariff with a grid fee of 2.3 ct/kWh to 
incentivize solar energy growth (Grantham Research 
Institute on Climate Change and the Environment, 2022). 
The United States offers a federal tax credit to offset some 
of the cost of installing solar panels (Office of Energy 
Efficiency & Renewable Energy, 2022), and other 
incentives are available regionally, such as feed-in tariffs, 
rebates, and net metering (U.S. Energy Information 
Administration, 2013). In Canada, some incentives are 
available provincially, such as tax exemptions for solar 
energy use in British Columbia (British Columbia Ministry 
of Finance, 2020) and tax credits in Manitoba (Province of 
Manitoba, 2022). Additionally, some provinces offer net 
metering, including British Columbia, New Brunswick, and 
Quebec (BC Hydro, 2022; NB Power, 2021; Hydro Quebec, 
2022). The province of Manitoba offers net billing, which 

offers monetary credit rather than power credits to 
customers who generate excess energy (Manitoba Hydro, 
2022). These incentives are beneficial to the government in 
helping them meet their emission reduction targets.  
In 2021, the Canadian federal government committed to a 
40-45% reduction in GHG emissions from the 2005 baseline 
of 741 megatonnes of CO2e by 2030 (Environment and 
Climate Change Canada, 2022). The government is aiming 
for less than 445 Mt CO2e emitted in 2030, where GHG 
emissions since 1990 are shown in Figure 1.   

 
Figure 1. Annual Greenhouse Gas Emissions in Canada 

from 1990 to 2020, labelled starting from 2005 (base year 
for the 2030 reduction target). Data from Environment and 

Climate Change Canada (2022).  
In Figure 1, the period from 2005 to 2020 had a 9.3% 
reduction in GHG emissions, much of which is associated 
with the 2020 pandemic (Environment and Climate Change 
Canada, 2022). To continue reducing emissions and to 
achieve the 2030 goal, further strategies will need to be 
adopted, including renewable energy technologies such as 
solar panels. In buildings, solar energy can be harnessed to 
power some heating, cooling, domestic hot water, and 
electricity applications, which account for about 18% of 
Canada’s GHG emissions (Environment and Climate 
Change Canada, 2021). Figure 2 illustrates the proportion of 
Canada’s emissions by economic sector, including 
buildings and electricity.  
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Figure 2. Annual Greenhouse Gas Emissions in Canada by 

Sector, from 1990 to 2020. Data from Environment and 
Climate Change Canada (2022).  

Figure 2 shows that buildings and electricity play a 
significant role in Canada’s greenhouse gas emissions, even 
though they are not the most prominent sectors. Although 
the electricity sector has decreased its emissions since 1990, 
the buildings sector’s emissions continue to increase. 
Energy demand in Canada has outpaced increases in energy 
efficiency, and climate change is predicted to increase 
heating and cooling demands further (Natural Resources 
Canada 2024; Isaac and van Vuuren 2009). Therefore, using 
renewable energy sources to power buildings, rather than 
the combustion of fossil fuels, is an area of interest when 
considering these reduction targets. These targets are one 
motivation for the financial incentives, discussed above, for 
the home installation of solar panels.  
Within larger metropolitan areas such as Toronto and 
Vancouver, the residential sector can be responsible for 
close to 25% of a city’s GHG emissions (Mohareb and 
Mohareb, 2014), making it advantageous to replace the grid 
power used in residential buildings with power generated 
from a renewable source such as solar energy. However, 
some countries are beginning to remove solar incentives, 
such as Switzerland, whose subsidy program will end in 
2022 (Grantham Research Institute on Climate Change and 
the Environment, 2022). In Ontario, the feed-in tariff 
program stopped taking applications in 2016 (Government 
of Canada, 2022). Ontario now uses a net-metering 
program, which offers credits to offset electricity costs 
through Hydro One, rather than paying customers directly 
for the energy they generate (Hydro One, 2022). The 
province of Nova Scotia has even considered charging users 
an access fee to return excess energy to the grid (Tisheva, 
2022). In this case, returning excess energy to the grid 
becomes less beneficial and it may be preferable to have a 
self-consumptive system, a system which consumes the 
energy that it generates while minimizing the energy that it 
takes from or returns to the grid (Mehta et al., 2019). This 
can be achieved by effective storage of the excess energy 
generated (Clift and Suehrcke, 2021).  

Previous work by McNally et al. (2022) studied the self-
consumption and energy benefits of two different methods 
for storing solar energy, battery storage and sensible storage 
as heat in a hot water tank, in a Canadian climate using 
TRNSYS models. This paper will build on this previous 
work by modifying and using these TRNSYS models to 
understand the potential implications of each system on the 
GHG emissions of homes in twelve Canadian cities. 
Literature Review 
A similar system model was tested by Thygesen and 
Karlsson (2014), who found that while solar energy storage 
in batteries was well-documented, there was no prior study 
comparing battery storage to sensible storage of solar 
photovoltaic energy in a hot water tank. They used 
TRNSYS to compare two systems to store photovoltaic 
energy: a lead acid battery storage system with a 48-kWh 
capacity, and a sensible storage system with a 185 L hot 
water tank. They found that while the battery storage system 
was slightly more self-consumptive (at 89% self-
consumption, compared to the hot water tank with 88%), it 
also had double the levelized cost of electricity compared to 
the hot water tank system. They found that the optimal 
battery size for the system would be 10 kWh, because any 
further battery capacity would cause less of an increase in 
the self-consumption. Using a 10-kWh battery would 
decrease the battery system’s levelized cost of electricity by 
half, but it would also reduce the self-consumption to 74%. 
Factors that may affect these results include the batteries’ 
lifespan, the effect of the heat pump in the building, and the 
effectiveness of converting electricity directly into heat. 
Renaldi and Friedrich (2019) used a TRNSYS model to 
quantify the performance of a solar energy system with both 
a 240 m3 hot water tank and 144 boreholes as thermal 
storage to be used for district heating in the UK. They found 
that the system was technically feasible, though the 
properties of the hot water tank had little effect on the 
technoeconomic performance; the driving factors were the 
properties of the solar collectors and the boreholes. Their 
TRNSYS model was based on the Drake Landing Solar 
Community in Alberta. The DLSC provides district heating 
to 52 homes using primarily solar energy, which is similarly 
stored in boreholes and hot water tanks. While the borehole 
storage provides the long-term, seasonal storage, the short-
term thermal storage tanks are important for accepting and 
dispensing heat. The system’s performance has been higher 
than expected based on the TRNSYS model that was used 
in design. It was designed to yield a solar fraction of at least 
90%, and after ten years of operation, the solar fraction over 
the period of 2012-2017 was 96%, including a year in which 
the solar fraction was 100% due to low heating loads, 
demonstrating the feasibility of solar energy as a substitute 
for fossil fuel combustion when it is stored effectively. 
(Sibbitt et al., 2012; Mesquita et al., 2017).  
Clift and Suehrcke (2021) also studied the storage of excess 
solar energy for water heating, using a 315 L hot water tank 
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as a thermal battery for a system with an electrical water 
heater or heat pump water heater. Five scenarios were tested 
in TRNSYS: a base case with only thermostat controls, a 
thermostat and element timer controls, daytime controls to 
use any excess PV power during the day and grid power at 
night, a dual element tank with the daytime controls to 
prioritize heating one part of the tank, and finally a heat 
pump water heater (the other four scenarios used electric 
heaters). They found that an electrical hot water tank can 
achieve about 80% self-consumption if appropriate controls 
are used; without controls, it only achieves about 13% self-
consumption, while a heat pump with simple timer controls 
can achieve approximately 90% self-consumption.  
McNally et al. (2022) used TRNSYS models to examine the 
self-consumption of solar energy storage systems using 
batteries or sensible storage in a Canadian climate. Four 
scenarios were tested in ten-year simulations in Toronto: a 
base case with an electric furnace and no solar energy 
generation, a battery storage case using an electric furnace 
for heating, a hybrid storage case using a battery in 
combination with a hot water heating coil in an air handler 
which receives water from an auxiliary heating tank, and a 
sensible storage case using a hot water tank for thermal 
storage. The battery storage case and hybrid case included 
two sub-cases with increased battery size. It was found that 
the most self-consumptive case was the hybrid storage 
system with the largest battery size, closely followed by the 
sensible storage system. The sensible storage system may 
be more advantageous in cost and in cases of high domestic 
hot water use, while the hybrid system is advantageous in 
terms of self-consumption and in cases of high electrical or 
plug loads.  
The literature discussed above has modelled solar energy 
storage systems and studied them in terms of self-
consumption, economic benefit, and energy savings. There 
is a literature gap around the analysis of greenhouse gas 
emissions and embodied carbon for these systems. This 
paper will expand on previous work by McNally et al. 
(2022) by modifying the TRNSYS models and running 
simulations in various cities to examine the reduction in 
GHG emissions resulting from the solar energy systems 
modelled, and the effect of the systems’ location on the 
GHG reductions.   
Methods 
Because climate conditions and the provincial energy grid 
will affect the emissions levels, the various configurations 
of solar energy systems were modelled in twelve different 
Canadian cities using TRNSYS (Transient System 
Simulation) software. The models from McNally et al. 
(2022) were used and modified as necessary (the 
modifications will be discussed below). Weather data from 
each city, including solar radiation data, was fed into the 
simulation using CWEC weather files from 2016. The 
various solar energy systems provided power to a two-story 
single detached house with an attic and basement and a floor 

area of 110 m2, occupied by four people. This was 
represented by a house model developed by Baldwin and 
Cruickshank (2016).  
Each model uses seasonal controls and a thermostat on the 
first floor of the house to control the heating and cooling of 
the house. The heating mechanism differs between cases, 
while the cooling is performed by a standard air conditioner 
rated for 2.5 kW for all cases. The simulation accounts for 
the energy used for heating and cooling, as well as for plug 
loads and domestic hot water draw, both of which are 
determined with randomized variations on standard load 
profiles. The domestic hot water load profile was obtained 
from literature (Edwards et al., 2015) while the plug load 
profile was obtained by combining a standard profile from 
literature (Zipperer et al., 2013) with known baseline 
consumption values (Natural Resources Canada and Strack 
& Associates, 2012; Natural Resources Canada, 2017; 
energyrates.ca, 2022). All cases, except for the base case, 
draw energy from a photovoltaic array with a total area of 
37 m2 (24 modules with areas of 1.54 m2).  
Four configurations were tested, some of which had sub-
cases with additional battery storage. The base battery 
storage was 12 kWh, based on the typical battery capacity 
of commercially available products (Tesla, 2022; SolarEdge 
Technologies, 2021). The four primary cases include a base 
case, two cases with battery storage (one using a furnace for 
heating and the other using a hot water coil), and a case with 
sensible storage. The cases are summarized in more detail 
in Table 1. 

Table 1. Summary of cases.  
Case Description 

1 (base 
case) 

Standard AC, electric or natural gas furnace, no 
PV.  

2a 
 

2a2 
2a4 

Standard AC, electric or natural gas furnace, PV 
and 12 kWh of battery storage.  

24 kWh battery storage.  
48 kWh battery storage.  

2b 
 
 

2b2 
2b4 

Standard AC, electrical heating using a hot water 
coil and auxiliary heating tank, PV and 12 kWh 

of battery storage.  
24 kWh battery storage.  
48 kWh battery storage.  

3 Standard AC, electrical heating using a hot water 
coil, sensible storage in a 900 L hot water tank 

with a 1.2 kWh backup battery.  
 

Schematics of cases 2a and 3 are included in Figures 3 and 
4. A schematic of case 2b is not provided as it is very similar 
to case 2a, but rather than a furnace the heating is provided 
by an auxiliary heating tank and a heating coil in an air 
handler, a heating method which is also used in Case 3.  
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Figure 3. Schematic of Case 2a (McNally et al., 2022 

modified). 
Case 2a draws power from the PV array, which is stored in 
the battery and used to power the air conditioner and 
furnace. The furnace has been altered from the original 
model so that it runs on electricity or natural gas, depending 
on the location. Natural gas furnaces are more common in 
Ontario, Manitoba, Saskatchewan, Alberta, British 
Columbia, and the Northwest Territories (Northwest 
Territories, 2011; Statistics Canada, 2011), while electric 
furnaces are more common in Newfoundland and Labrador, 
New Brunswick, and Quebec (Statistics Canada, 2011). In 
Prince Edward Island and Nova Scotia, oil is most 
commonly used for heating and Statistics Canada reported 
no reliable results for the difference in natural gas and 
electric heating in these two provinces (Statistics Canada, 
2011). The house in Halifax was modelled with a natural gas 
furnace, since the energy grid in Nova Scotia is more 
emissions intensive (this will be discussed below), while the 
house in Charlottetown was modelled with an electric 
furnace, since the energy grid in Prince Edward Island is less 
emissions intensive. The electric furnaces were assumed to 
have an efficiency of 100%, while the natural gas furnaces 
were modelled with an efficiency of 98.5% after the Carrier 
Infinity 98 gas furnace (Carrier, 2020).  
The solar energy that is collected in the PV array is passed 
to the inverter, which controls the battery’s charge and 
distributes energy to the furnace and air conditioner when 
necessary. The inverter has an efficiency of 90% and is 
configured to limit the battery to a state of charge between 
20% and 90%. The battery itself has a charging efficiency 
of 90%. When PV-generated power is not available from the 
battery or from the array, the building’s power demand will 
be drawn from the grid. 
Case 2b is similar to Case 2a in that the primary solar energy 
storage method is a battery, but it uses a hot water coil in an 
air handler rather than a furnace to heat the house. The hot 
water is obtained from a 300-litre buffer tank with an 
auxiliary water heater that is powered by the solar energy 
from the PV array or the battery, or, if neither of these are 
available, it will be powered by the grid. 

 
Figure 4. Schematic of Case 3 (McNally et al., 2022 

modified).  
Case 3 uses a sensible storage system to store solar energy 
as heat in a 900 L hot water tank. The tank’s thermostat 
controls keep it at a setpoint of 40°C. Using a heat 
exchanger, the heat from the sensible storage tank is 
transferred to the hot water coil. This system’s 
modifications from the original model include the addition 
of a small battery to power some of the electrical loads and 
the removal of the instant water heater as it was overheating 
the water in the summer. Additionally, the earlier version of 
this model used the sensible storage tank to provide hot 
water to the heating coil and domestic hot water. This has 
been modified so that the system includes a separate 
domestic hot water tank, because it was observed that the 
water in the very large storage tank takes some time to mix, 
leaving some regions colder than others. This makes it 
difficult to supply hot water on demand, whereas the hot 
water for the heating coil will just take some additional 
power to heat if it has not been adequately heated by solar 
energy. The PV-generated energy first powers the house’s 
cooling and plug loads if needed, then heats up the sensible 
storage tank, and any excess energy is stored in the 1.2-kWh 
battery as backup, as controlled by the inverter, which has a 
regulator efficiency of 90% and an inverter efficiency of 
98%. As with the other cases, the battery is kept between 
charge states of 20% and 90%.  
A VBA module was created to run 10-year TRNSYS 
models for each city and case. The data was post-processed 
using a Python script and another VBA module. The data 
obtained from the simulations was used to perform a 
greenhouse gas emissions analysis on the various system 
configurations that were modelled. To conduct this analysis, 
the grid intensity of each province was calculated using data 
from an IPCC report. The IPCC data for the carbon intensity 
of various energy sources is shown in Table 2 
(Intergovernmental Panel on Climate Change, 2012).  
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Table 2. Greenhouse gas emissions intensity of various 
energy sources, where negative intensity indicates avoided 

emissions from waste products. Data from 
Intergovernmental Panel on Climate Change (2012).  

  
GHG emissions intensity by source  

(g CO2e/kWh) 

Source Min 25th p 50th p 75th p Max 

Hydro 0 3 4 7 43 

Wind 2 8 12 20 81 

Biomass -633 -360 18 37 75 

Solar 5 29 46 80 217 

Nuclear 1 8 16 45 220 

Coal 675 877 1001 1130 1689 
Natural 

Gas 290 422 469 548 930 

Oil 510 722 840 907 1170 
 

The provincial energy use by source was obtained from a 
2021 report from Canada Energy Regulator (2021). The 
projections for energy use in 2022 were used to calculate the 
grid intensity of each province. See Table 3 for the 
calculated grid intensities. 

Table 3. Greenhouse gas emissions intensity of each 
province modelled. 

  
GHG emissions intensity by province  

(g CO2e/kWh) 

Province Min 25th p 50th p 75th p Max 

NL 4.32 9.189 11.01 14.91 54.80 

PEI 24.74 41.607 52.31 63.30 134.31 

NS 390.76 531.99 621.60 705.55 1079.44 

NB 154.29 229.82 280.66 325.06 540.20 

QC -2.16 3.15 6.81 10.39 48.51 

ON 28.81 49.71 61.70 86.95 233.90 

MN -0.15 3.98 6.02 9.46 47.39 

AB 259.15 375.61 431.37 500.09 826.26 

BC -20.90 -4.15 13.56 18.69 61.35 

SK 248.09 357.48 401.71 467.44 784.77 

NWT 333.18 474.63 548.50 600.59 824.68 
 

Nova Scotia was shown to have the greatest grid intensity, 
followed by the Northwest Territories, Alberta, and 
Saskatchewan, as these are the provinces which obtain most 
of their energy from coal, oil, or natural gas (Canada Energy 
Regulator, 2021). The provinces with the lowest grid 
intensity are Manitoba, Quebec, Newfoundland and 
Labrador, and British Columbia, all of which run primarily 
from hydro power (Canada Energy Regulator, 2021).  
For each case and city modelled, the energy drawn from the 
grid was output by the simulation (for the base case, this is 
the total energy used since there was no PV power). The 

average annual grid energy was multiplied by the grid 
intensity of the province in which the relevant city is 
situated. This provides a range (by percentile, as given in 
Table 3) of annual greenhouse gas emissions in kilograms 
of carbon dioxide equivalent. 
Results 
Ten-year simulations were run in TRNSYS for the base case 
and the three systems described above, including the sub-
cases with increased battery size. Each case was run twelve 
times with a different city’s weather data to simulate 
installing the systems in homes in twelve different Canadian 
cities. The simulations for each case and city reported the 
amount of energy that was used for heating, cooling, plug 
loads, and domestic hot water. The total energy 
consumption for each city and case (not including sub-
cases) is shown in Figure 5. 

 
Figure 5. Total energy consumption for each city and case 

over 10-year simulation. 
Figure 5 shows that Cases 1 and 2a consume similar 
quantities of energy, as they are both heating the house using 
an electric or natural gas furnace. Case 2b uses an auxiliary 
tank heater and an air handler with a heating coil, which 
consume more energy in total according to Figure 5. Case 3 
is shown to use less energy than the others, likely due to the 
sensible storage tank providing adequate heat for the hot 
water within the heating coil, and thus more efficiently 
providing heating, which is an important concern in the 
Canadian climate.  
In most of the cases shown in Figure 5, Vancouver 
consumes the least energy. This is expected, as Vancouver 
experiences warmer winters and cooler summers than the 
other cities that were modelled. According to the World 
Meteorological Organization, over a 30-year period from 
1971-2000, Vancouver’s mean daily minimum temperature 
in its coldest month (January) was 0.5°C. Comparatively, 
Toronto’s mean daily minimum temperature was -7.3°C in 
January, and Winnipeg’s was -22.8°C. Vancouver’s greatest 
mean daily maximum temperature in the summer was 
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21.9°C, while in Toronto and Winnipeg, summer 
temperatures were as high as 26.4°C and 25.8°C, 
respectively (World Meteorological Organization, 2022). 
Therefore, a house in Vancouver would require less heating 
and cooling power than houses in the other cities that were 
modelled.  
In Cases 1, 2a, and 2b, Yellowknife is shown to consume 
the most energy, having used over 200 MWh more than any 
other city. The energy consumption in Yellowknife was 
analysed separately and the application of the energy usage 
is shown in Table 4.  
Table 4. Energy consumption by use in Yellowknife for all 

cases.  
Portion of Energy Used (%) 

Electricity Plug Loads/ 
Domestic 

Water Heating 

Cooling Heating 

Case 1 25.3 14.1 11.1 49.6 
Case 2a 25.2 14.1 11.1 49.5 
Case 2b 27.5 13 10.2 49.3 
Case 3 28.4 25.7 20.2 25.7 

Table 4 shows that, for Cases 1, 2a, and 2b, most of the 
energy consumed is used for heating. This is reasonable as 
Yellowknife is situated further North than the other cities 
modelled, and it experiences much colder winters. 
Yellowknife’s mean daily minimum temperature in its 
coldest month (January) is -30.9°C, which is significantly 
colder than the next-coldest mean daily minimum 
temperature for January out of the cities modelled, which is 
-22.8°C in Winnipeg (World Meteorological Organization,
2022). Therefore, the large energy consumption in
Yellowknife is due to its cold climate and consequent need
for more heating than the other cities. However, the decrease 
in energy consumption when using the sensible storage
system modelled in Case 3, seen in Figure 6, demonstrates
the increase in heating efficiency due to the system using
sensible storage to heat the hot water for the heating coil.

Figure 6. Total annual energy consumption in Yellowknife 
for Case 3, by use. 

Figure 7 shows the greenhouse gas emission reductions, 
compared to Case 1, for each city and case. 

Figure 7. Annual greenhouse gas emission reductions from 
Case 1 for each city and case. 

Figure 7 demonstrates that every solar energy system that 
was modelled can reduce the greenhouse gas emissions 
relative to the base case. Case 3 appears to yield the greatest 
reduction in GHG emissions, likely due to the increased 
heating efficiency which was discussed above. Case 2b 
reduces less emissions than Case 2a, due to the increased 
energy used to operate the heating coil and to heat the buffer 
tank in Case 2b. Case 2a and 2b each have two subcases 
with increased battery size, and Figure 7 shows that GHG 
emission reduction increases with battery size, meaning that 
the increased battery size does make more solar energy 
available; however, it may be worth investigating the 
significance of the improvement with increasing battery 
size, and whether it is worth the cost of the larger battery.  
It can be seen in Figure 7 that location plays an important 
role in GHG emissions. Yellowknife has the highest GHG 
emissions in the base case, and therefore the highest 
reduction in emissions when the solar energy systems are 
installed. The Yellowknife home’s median annual GHG 
emissions could be reduced by an average of 44,593 kg 
CO2e per year, or 67.7% of its initial emissions, by installing 
the system modelled in Case 3, compared to the base case. 
This is equivalent to removing the emissions of 12 cars 
annually, per household in which the sensible storage 
system is used (University of Michigan Center for 
Sustainable Systems, 2021).  
Conversely, Vancouver’s GHG emissions are very small 
even in the base case, so the addition of a photovoltaic array 
and solar energy storage to a Vancouver home would cause 
a less drastic reduction in emissions. Installing the sensible 
storage system in Case 3 would reduce the Vancouver 
home’s median annual GHG emissions by an average of 602 
kg CO2e per year, though this encompasses 74.6% of its 
emissions. This is only equivalent to removing about 17% 
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of one car’s annual emissions (University of Michigan 
Center for Sustainable Systems, 2021). However, there are 
over one million private dwellings in Vancouver, and only 
around 7700 private dwellings in Yellowknife (Statistics 
Canada, 2021a; Statistics Canada, 2021b). So, if a large 
proportion of homeowners in Vancouver were to adopt this 
technology, this would result in a 75% greater reduction in 
emissions than adoption by the same proportion of 
homeowners in Yellowknife.  
Natural gas and electric furnaces were used in different 
cities for Cases 1 and 2a (including sub-cases). However, 
this difference had a minimal effect on the GHG emissions 
and energy consumption. The cities which used electric 
furnaces are St. John’s, Fredericton, Montreal, and 
Charlottetown, but no trend was observed that differentiated 
these four cities from the other eight, which used natural gas 
furnaces.  
In most cases, the difference in GHG emissions was due to 
the grid intensity. The cities with the lowest GHG emissions 
for all cases are Vancouver, Winnipeg, Montreal, and St 
John’s. These are cities with varying climates and energy 
consumption (for example, while Vancouver has the 
warmest winters and consumed the least energy, Winnipeg 
has the coldest winters after Yellowknife, and Figure 5 
showed that it was one of the cities with the highest energy 
consumptions), but their commonality is that these are the 
four cities in the provinces with the lowest grid intensities. 
The cities with the highest GHG emissions are Yellowknife, 
Edmonton, Halifax, and Saskatoon, the four cities in the 
provinces with the highest grid intensities. The only 
exception to this trend is Yellowknife, which produced the 
most GHG emissions in all cases except for Case 3, despite 
being situated in the Northwest Territories, which has the 
second-greatest grid intensity, after Nova Scotia. This is due 
to Yellowknife’s climate requiring significantly more 
heating energy than the other cities, as discussed above, but 
in Case 3, when the heating is more efficient, Yellowknife 
produces fewer emissions than Halifax, following the trend 
of increasing GHG emissions with increased grid intensity. 
Conclusions 
The base case and three configurations of a solar energy 
storage system were modelled in TRNSYS to simulate the 
systems’ performance in a home in twelve different 
Canadian cities. The homes’ energy consumption and 
greenhouse gas emissions were analysed. It was found that 
using a photovoltaic array and a battery or sensible storage 
system for solar energy would reduce the GHG emissions 
by up to 44,593 kg CO2e per year, the equivalent of 
removing 12 cars’ emissions annually. The reduction in 
GHG emissions depends heavily on the location of the 
building loads, the climate, and the grid intensity where it is 
situated. Greater reductions can be achieved by installing a 
solar energy system in a very cold climate or in a province 
with an emissions intensive grid. The use of a sensible 

storage tank can even improve the heating efficiency in cold 
climates.  
There are certain factors that were not considered in this 
analysis, such as the effect of peak times on the grid 
intensity. In some cases, renewable energy sources will be 
used to power the baseline demand, and coal, oil, or natural 
gas will be used to power the peak demand. If more energy 
usage occurs during peak hours, this could increase the 
GHG emissions compared to the assumption that the grid 
intensity does not vary throughout the day. Future work may 
examine this in greater detail. It may also examine the 
effects of occupants within the building, who may open 
windows or change temperature setpoints. Future work may 
also optimize the systems to be more self-consumptive, as 
they currently generate an excess of power at times and use 
some grid power at others. 
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