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ABSTRACT

CO2 emissions are pointed to as the main cause of Global Warming, and countries
around the world are working to reduce their domestic emissions. Canada set to get to
zeronet emissions by 2050 and is taking action on different fronts. Although the emissions
per capita are reducing, the absolute emissions of the country are still increasing over the
years. As part of the country's efforts, the Government of Calgary has set the same goal. We
analyzed the Calgary corporate buildings data, which contains energy consumption from
different types of municipal facilities and pointed that the overall electricity consumption
in the city is declining, while natural gas consumption seems to be following an opposite
trend. As a decision-making tool, forecasting models can predict what will be the future
energy consumption. However, for that, more complete data is required, containing not
only the energy consumption of each building but as well structural information about the
same. We performed forecasting of global electricity and natural gas consumption using
three different models: SARIMA + XGBoost, Facebook Prophet, and MARS. The �rst one
showed to behave better with the seasonality and outliers, predicting a steady reduction of
electricity consumption for the next three years, while the natural gas consumption will,
if no action is taken, continue at the same level. Lastly, we did the impact analysis of the
reduction of electricity consumption of the Calgary streetlights since 2016, due to an action
of the Government of Calgary to change the light bulbs to more energy-ef�cient ones and
estimated that the savings are feeding the equivalent of more than 5000 houses in Alberta.

INTRODUCTION

Global warming is strictly correlated withGreenhouse Gas Emissions, and countries
need to take action to reduce such waste release to the atmosphere. According to the
Emissions Gap Report 2021(UNEP and UNEP-DTU, 2021) from theUnited Nations
Environmental Programme(UNEP), if all the countries continue their current climate com-
mitments, global temperature will rise at least2:7� C by the end of the century. To achieve
the 1:5� C goal of the Paris Agreement, emissions need to be cut in half in the next eight
years, a reduction in 28 gigatonnes of CO2 (GtCO2) equivalent in annual emissions. To
reach a2� C target, a drop of 13 GtCO2 in annual emissions is needed by 2030. Buis (2019)
shows that at1:5� C warming, around14%of Earth's population will be regularly exposed
to severe heatwaves, and the this number jumps to37%if warming is at2� C. Adding this
to other catastrophic effects such as droughts, wild �res, decrease in availability of drink-
able water, increase on extreme precipitations in some areas (Western Canada included),
impacts on biodiversity and ecosystems, and ocean impacts (sea level rise, marine ecosys-
tems, acidity, and oxygen levels), we need to take actions on different levels to mitigate
global warming effects.

Canada has committed to reduce GHG emission by 40-45% below 2005 levels by 2030,
and to moving to net-zero emissions by 2050 (Canada, 2020a). For this goal, the Govern-
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ment of Canada is investing on different fronts: improve energy ef�ciency in homes and
buildings, changing to electric transportation by 2040, taxing emissions and improving
energy ef�ciency of the industrial structures, reducing oil and gas methane emissions to
40-45% by 2025, investing on renewable energy generation, and methane and CO2 cap-
ture. Macquet et al. (2019) and Lawton et al. (2019) show the possibility and importance
of injecting captured CO2 into old oil and gas reservoir, and this technology can be imple-
mented to any "stationary" GHG emitter, such as industrial complexes. However, more is
still needed and we need to be clear where to focus.

FIG. 1. Canada's CO2 emissions by sector in 2016.

Our World in Data(Ritchie and Roser, 2020) gathered different datasets, including
worldwide GHG emissions. Figure 1 shows how the CO2 emission is distributed into
Canada's economic sectors in 2016:Electricity & Heat andTransportationare the two
largest emitters in Canada, and the �rst one is the focus of this project. Electricity and
heat need an optimization effort: how can we maintain the same output and reduce the
energy consumption? One action would be improving buildings heat ef�ciency, as well
understanding the constructions characteristics and how to optimize electricity usage. Part
of the decisions lays on the consumption forecasting. Bourdeau et al. (2019) and Wei et al.
(2019) make a compilation of conventional (such as ARIMA and MARS) and machine
learning (gradient boosting, deep learning) models for energy consumption forecasting.
Somu et al. (2021) use a combination of clustering and deep learning algorithms to forecast
energy consumption of a four store building in Bombay, India. Robinson et al. (2017) uses
commercial buildings characteristics to feed a gradient boosting model to predict energy
consumption. An̄delkovíc and Bajatovíc (2020) include historical weather information to
predict gas consumption in Serbia, while Vinagre et al. (2015) uses external data, such as
temperature and solar radiation, to guide a neural network model. Yu (2018) proposes a
two-step approaches that that uses buildings engineering estimators and demand to come
with a corrected consumption prediction. Kumar and Jain (2010) focus on Markov based
methods to predict energy consumption from different sources in India.
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In this project, we will use data from Calgary's municipal buildings historical energy
consumption to understand the energy consumption of different types of structures, and
how Calgary's efforts to GHG emission reductions are represented in the data. Using the
historical energy consumption, we try different algorithms to forecast future consumption
from different sources. We also use amultivariate adaptive regression splines(MARS)
model (Friedman, 1991) to study the impact analysis of the change of light bulbs of street
lighting from 2016.

CANADA ON THE WORLD'S CO 2 EMISSIONS SCENARIO

Using data gathered by Ritchie and Roser (2020), we can analyze and identify where
Canada is in the world's CO2 emissions scenario. Figure 2 is the world's annual CO2 emis-
sions from 1750 to 2019. Each colored area represents a period of trend of the emissions.
The �rst trend change seems to happen after the end of the industrial revolution (1840), fol-
lowed by a noisy low trend period during the two great wars. The two next periods (1945
to 1980 and 1980 to 2011) show the highest increase of CO2 emissions, but the second one
(starting from 1980) shows a small drop of the trend. The last period, from 2011 to 2019,
is the post Paris agreement (2005, blue vertical line), and a strong drop of the trend started.
However, the emissions are still the highest ever recorded.

FIG. 2. World's annual CO2 emissions. Each colored area represents a period of trend of the
emissions.

Checking the cumulative CO2 top 10 emitters countries or groups from 1980 to 2019
(Figure 3), where each color is the percentage for each emission source, it's populated by
the industrialized countries and the European Union. In the top 3, United States (�rst)
and European Union (third), the source of the emissions is dominated by oil, followed by
coal. For China (second), the dominant source is coal. Canada is in the 8th place, and the
dominant sources are oil and gas, respectively.

Looking at mode recent years, 2018 (left) and 2019 (right) in Figure 4, the top 3 emitters
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FIG. 3. Cumulative CO2 top 10 emitters countries or groups from 1980 to 2019. Each color is the
percentage for each emission source.

are the same, but China tops the charts, following the economical surge that started when
they opened up their market in the 80's (Xiong and Xu, 2021). Canada �gured in the top 10
(9th in 2018, leaving the charts in 2019, with a drop of the absolute value on CO2 emissions,
and still dominated by oil and gas, respectively.

FIG. 4. Top 10 CO2 emitters countries in 2018 (left) and 2019 (right).

To understand how the CO2 emissions evolved in Canada over the years, Figure 5 shows
the annual relative changes in CO2 emissions per capita production-based (green, domes-
tically produced emissions), consumption-based (red, related to transportation of imports),
and the GDP per capita. As GDP per capita increases, emissions per capita decrease, indi-
cating on a higher ef�ciency economic system.

Looking at absolute numbers, Figure 6 annual emissions discretized by source. They
shifted from coal to oil dominant economy and emissions in the 1950's decade. This comes
from the observation in Figure 1 of the top emitter sector in Canada, with thetransportation
(second) being dominated by burning of oil derivatives, while for theelectricity and heat,
even though most of electricity generation comes from hydro and nuclear plants (Canada,
2020b), around 18% of generated electricity comes from burning oil, gas, and coal, and the
main source of heating in Canada is natural gas and electricity.

This suggests that Canada's strategy to reduce CO2 emissions needs to tackle those two
sectors �rst. Transportation's reductions can be achieved by replacing oil burning autos to
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FIG. 5. Canada's annual CO2 emissions and GDP per capita.

FIG. 6. Canada's annual CO2 emissions discretized by source.

electric ones, and the dependency would be transferred to the electricity sector. This brings
us to the main target of this project: understanding energy generation and usage is essential
to forecast future demands and decision make. We are doing the analysis for municipal
buildings in Calgary for this purpose.

Calgary is just a city in Canada, and therefore a "small" contributor to the country's
GHG emissions, we need to optimize and increase ef�ciency in all fronts, and everybody
need to do their part.
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CALGARY MUNICIPAL BUILDINGS' ENERGY CONSUMPTION

Raymond (2018) gathered information of monthly energy consumption and genera-
tion (in kWh) over time (from 2014) of Calgary's municipal buildings. The data contains
columns that allow the table to be divided in different categories for the data analysis: type
of energy, type of business (of�ces, roads and transit, waste, etc.), facility name, year, and
month. By grouping the data over different classes, we can summarize the data in different
ways. However, it only contains the consumption and no information of the building itself,
and such data can be important to understand and forecast future energy usage. It is a quite
complex and rich dataset, so we can start to analyse it more globally and then re�ne to more
local observations.

Overall Energy Consumption

FIG. 7. Annual Calgary's municipal buildings consumption by energy type.

Figure 7 is the total Calgary's annual municipal buildings consumption by energy type
from 2014 to 2020. There are 5 different sources of energy in the data: district energy
(for heating a group of buildings using mainly natural gas), electricity (from the grid),
natural gas (mainly for heating), solar power, and solar thermal (for heating). Electricity
and natural gas are the main source of energy for the municipal buildings. In a quick
observation, the electricity consumption looks to be following a reduction trend, while the
opposite seems to happen for the natural gas consumption (the exception is 2020, but it is
an unique year due to the COVID pandemic).

Flipping to to monthly consumption (Figure 8), it becomes clear the high seasonality
of the energy consumption. It is more evident on the natural gas consumption, when the
demand increases drastically during the Winters (due to heating). Such seasonality is also
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FIG. 8. Monthly Calgary's municipal buildings consumption by energy type.

observed, in a lower amplitude, for the electricity consumption, that can be a combination
of heating and lighting during shorter daylight periods.

FIG. 9. Time series decomposition of Natural Gas usage.

Figure 9 is the time series decomposition of natural gas consumption. On the top is the
original time series, followed by the estimated seasonality, showing higher consumption
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during the winters. The third plot shows the calculated trend, which tries to compensate for
the local events on different years, such as the lower consumption during the 2015-2016
Winter. Lastly is the remainder (or the residuals), and outliers become more visible, as the
higher values in the 2018-2019 winter (due to lower temperatures, as shown in Figure 10),
as well the lower consumption during "warmer" winters of 2014-2015 and 2015-2016.

FIG. 10. Correlation of natural gas consumption and temperature.

Natural gas consumption seems highly correlated with temperature (Figure 10), with
higher consumption connected to colder winters and lower consumption inversely con-
nected to warmer summers, pointing that natural gas consumption is largely dominated by
heating.

FIG. 11. Time series decomposition of Electricity usage.

Electricity consumption also presented some seasonality in Figure 8, and Figure 11
shows its time series decomposition. On the top, the observed consumption shows an
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apparent descent trend over the years combined with a seasonality behavior. The second
plot is the decomposed seasonality, while the third one is the trend, con�rming a decrease
in the consumption. The residuals look relatively well behaved until 2020 and 2021, during
the COVID pandemic, though outliers years.

FIG. 12. Time series decomposition of Solar Power usage.

As part of Canada's reduction of CO2 missions, investment on renewable energy is a
promising reality. Figure 12 is the time series decomposition of solar energy consump-
tion. Until the beginning of 2016, consumption was virtually zero by Calgary's municipal
buildings, and the trend decomposition shows a increase of solar power usage over the
years. There is also the seasonality that is inverse of the electricity and natural gas: higher
consumption happen during the Summer, when the days are longer.

Top Consumers

The next step is to start digging deeper into the data and check the consumption of
different classes. First, we will analyze thebusinesscategories, as it is divided by groups of
buildings of similar characteristics, such as management facilities, water treatment, roads,
and others. There are a total of 20 different business classes.

Business classes consumption is shown in Figure 13, considering all sources of energy.
The seasonality is strongly observed in every business, and it's clear that some business
consume more energy than others, which could be explained by the type of facilities inside
each business class, as well the number of facilities for each class. Most of the classes have
stable over time, without any clear trend, except for the decreased consumption ofRoads,
and increased consumption ofWaste - Recycling Services.

Figure 14 shows the top 10Businessconsumers of electricity, which is dominated by
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FIG. 13. Total monthly energy consumption of each business class.

FIG. 14. Top 10 Business consumers of electricity.

Water Services(water treatment), followed by theCalgary Transit, that are the CTrains,
stations, etc.RoadsandFacility Management(of�ce and entertainment buildings) are tied.
The colors represent the total consumption of each year from 2014 to 2020. It's interesting
to observe as yearly consumption of Roads is decreasing since 2016, and this class will be
further analysed later on.

Observing the top 10Businessconsumers of natural gas (Figure 15 points Facility Man-
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FIG. 15. Top 10 Business consumers of natural gas.

agement as the top consumer, followed closely by Water Services, while Calgary Transit
is not far behind. Roads has relatively low natural gas consumption. For Facility Manage-
ment, note the drop of consumption in 2020, probably due to the COVID pandemic, and
workers were at home of�ce mostly of the year. As the top Business consumer, we will
analyzeFacility Managementdeeper later in this report.

FIG. 16. Top 10 facilities consumers of electricity.
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Analyzing consumption deeper, Figure 16 shows the top 10 facilities consumers of
electricity. Calgary Street Lightingis in the top of the chart, with the observation of the
drop in consumption starting in 2016. According to Raymond (2018), this drop is related
to changing of more ef�cient light bulbs, and seems to have effectively made positive effect
to the reduction of CO2 emissions. The top-6 is completed with water treatment facilities,
and the last 4 are a combination from different business.

FIG. 17. Top 10 facilities consumers of natural gas.

At last, Figure 17 show the top 10 facilities that consumed more natural gas from 2014
to 2020, which is topped by theBonnybrook Wastewater Treatment Plant. The top-5 is then
completed byBus Maintenance Garagesand theVillage Square Leisure Centre.

Facility Management

As the top natural gas consumer type of business, we will go deeper in theFacility
Managementclass by analyzing top consumer facilities, for both electricity and natural
gas, and understand how City's actions are impacting the consumption.

Starting with the top 10 electricity consumers from 2014 to 2021, we can check how the
consumption behaves in time in Figure 18. The top consumer is theMunicipal Complex,
which follows a decreasing trend. Seasonality is less clear for most of the buildings, but for
the municipal complex, higher consumption seems to happen during the Summer, probably
due to AC. Looking at theVillage Square Leisure Centre, there is a big drop in consumption
from mid 2016 to mid 2017, moving it to the second highest consumer to the last one of the
top 10. According to the City of Calgary, the building went through renovations in 2017 to
increase energy ef�ciency, as well adding a new NHL size rink, which affected the natural
gas consumption (Figure 19).
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FIG. 18. Top 10 facilities consumers of electricity in Facility Management.

FIG. 19. Top 10 facilities consumers of natural gas in Facility Management.

Natural gas consumption, that is mostly used for heating, has a different order in the top
10 consumers (Figure 19). Village Square Leisure Centre was among the top 3 consumers
until the Winter of 2015-2016, and then jumped to a solitary top consumer. As pointed
before, the building went through renovations that included an extension by adding a NHL
size rink. A drop is observed in 2020 and 2021, due to the COVID pandemic. Interestingly,
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