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Abstract. Electrification of Quebec’s industrial sector is a key decarbonization pathway in the
context of its already low-carbon electricity supply. This study assesses the electrification po-
tential of thirteen energy-intensive sub-sectors: primary aluminum, pulp and paper, steel, ce-
ment, alumina, lime, petroleum refining, iron ore mining and pelletizing, gold and silver mining,
chemicals, agrifood, non-ferrous metals refining and smelting, and wood products. Based on
a bottom-up analysis of fossil fuel consumption by process and equipment based on 2019
data, and an evaluation of electro-technology applicability as a function of process tempera-
ture, two scenarios are examined: a techno-optimistic scenario assuming full electrification
regardless of technology maturity, and a high-TRL scenario limited to commercially available
or near-commercial solutions. Low- and medium-temperature processes (<700 °C) show high
electrification potential using mature technologies such as heat pumps, electric boilers, and
resistance heating, whereas high-temperature processes depend on more capital-intensive
and process-specific solutions, including electric furnaces, plasma technologies, and hydro-
gen-based pathways. In the techno-optimistic scenario, fossil fuel consumption, GHG emis-
sions, and electricity use change by -85%, -51%, and +53%, respectively for the thirteen sub-
sectors, while in the high-TRL scenario they change by -44%, -21%, and +28% respectively.
The associated annual energy cost increases are estimated at C$656 million and C$254 mil-
lion for the two scenarios, respectively. Overall, electrification requires major investments in
electro-technologies and their process integration, and electricity generation and transmission
infrastructure; it can substantially reduce GHG emissions but cannot eliminate a significant
share of process emissions.
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1. Introduction

The industrial sector in Quebec accounted for more than 39% of the province’s total energy
consumption in 2019, contributing 35% of its GHG emissions for that year [1], [2]. Therefore,
decarbonization of this sector plays a crucial role in meeting the provincial net-zero emissions
goal for 2050 [3]. Industrial decarbonization strategies in Quebec include energy efficiency,
electrification, use of renewable energy sources like bioenergy and green hydrogen, and car-
bon capture and storage technologies [4]. However, implementing these measures may face
challenges including technical and process-specific barriers, high capital costs and investment
risks, biomass availability, electricity availability and increased peak demand, technology read-
iness limitations, and infrastructure and supply-chain constraints [5], [6].

Given that electricity production in Quebec is mainly hydroelectric (94% of total production
in 2021) and therefore has no significant impact on emissions, it is highly advantageous to
prioritize electrification as a major decarbonization strategy in this province [7]. In general,


https://doi.org/10.52825/isec.v2i.3352
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:soseh.zadoorian@nrcan-rncan.gc.ca
https://orcid.org/0009-0006-5634-9844
https://orcid.org/0009-0002-9764-8649
https://orcid.org/0009-0004-6689-1050
https://orcid.org/0009-0007-0995-0327

Zadoorian et al. | Int Sustain Ener Conf Proc 2 (2026) "ISEC 2026 — 4th International Sustainable Energy Confer-
ence”

electricity-powered energy systems are more efficient than those powered by fossil fuels. Thus,
electrifying end-use energy demand would have the dual benefit of reducing future energy
demand and reducing GHG emissions.

However, there is scarce provincial-level data on what fraction of industrial fossil fuel con-
sumption could be replaced through electrification, how much GHG emissions would be re-
duced, and how much electricity would then be consumed, be it using commercially available
electro-technologies, or less mature ones longer-term. Such data, even with limited accuracy,
would be useful to provide policymakers, utilities and other stakeholders with a quick assess-
ment of the industrial electrification potential and the possible consequences on the provincial
energy system. Thus, there is a need to provide such estimates without requiring engineering
studies to estimate capital expenditures, or energy systems modelling to predict emissions
trajectories in detail.

This study assesses the electrification potential of various industrial processes in thirteen
industrial sub-sectors in Quebec using publicly available data for 2019. Collectively, these thir-
teen sub-sectors accounted for more than 72% of Quebec's total industrial energy consump-
tion, more than 68% of its total GHG emissions, over 61% of its total industrial fossil fuel con-
sumption, and over 62% of its total GHG emissions from fossil fuels in 2019. They represent
even larger percentages of what is generally understood as heavy industrial. [2], [7], [8], [9],
[10]

Estimating a sectoral electrification potential involves quantifying the annual consumption
of fossil fuel that could be replaced by electricity, as well as the corresponding annual electricity
demand. This quantification depends on a detailed breakdown of energy consumption by the
type of equipment, the type of fuel, operating temperature, and end-use category.

Electrification faces inherent constraints in applications where fossil fuels serve as non-en-
ergy feedstocks or where combustion is fundamental to the underlying process. Nonetheless,
emerging technologies, including molten oxide electrolysis, electrolytic hydrogen, and inert-an-
ode aluminum production, offer promising pathways for overcoming these limitations [11].

It should be noted that this study quantifies the potential for electrification independently
of other decarbonization measures (e.g., energy efficiency or bioenergy use). The practical
potential for electrification depends on the relative merits of each measure for each process,
which is beyond the scope of this study.

2. Methodology

The methodology used to assess the electrification potential of industrial processes is based
on a set of simplifying assumptions, at it aims only at quantifying the annual energy consump-
tion effects of electrifying Quebec’s industrial sector as it currently operates. The analysis does
not consider variations in production levels, the deployment of new infrastructure or capital
investments, or prospective improvements in technological efficiency. The performance pa-
rameters assigned to fossil fuel-based processes and candidate electrical technologies reflect
current technological knowledge. In addition, Quebec’s electricity supply is assumed to be en-
tirely decarbonized. As illustrated in Figure 1, the electrification assessment framework is
structured around four main steps, which are described in the following sections.
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Figure 1. Methodology
2.1 Energy and GHG emissions inventories

Energy consumption and GHG emissions inventories for each industrial sub-sector are com-
piled from publicly available sources, such as annual reports from relevant agencies and or-
ganizations [1], [2], [8], [9], [10]. Energy consumption data are broken down by energy carrier,
namely electricity, bioenergy, and fossil fuels. GHG emissions data are broken down by emis-
sion type, namely fossil emissions, process emissions, and biogenic emissions.

An additional step is to further break down the total fossil fuel consumption of each sub-
sector into specific fuel types, such as diesel, natural gas and others.

2.2 Sub-process fossil fuel breakdown

The next step is to determine the breakdown of fossil fuel consumption by end-use category
(e.g., industrial process heat, mechanical work, non-energy use) for each industrial sub-sector.
To do this, each sub-sector is examined individually to identify its process steps and the distri-
bution of fuels between these steps. The results of the analysis of fossil fuel breakdown for
nine Canadian industrial sub-sectors are available on the Natural Resources Canada website
[12]. A comprehensive data set was developed using a similar methodology for the thirteen
targeted sub-sectors in Quebec, detailing their process steps and the amount and type of fuel
consumed at each step. This data is used as the main input for the electrification potential
calculations.

For industrial process heat applications, the applicability of the replacing electro-technol-
ogies depends heavily on the operating temperature [8]. Therefore, to enable a reliable as-
sessment of electrification options, the use of fossil fuel for industrial process heat is divided
into three temperature levels: low-temperature heat (<200 °C), medium-temperature heat
(200-700 °C), and high-temperature heat (>700 °C), the two thresholds representing the max-
imum practical temperature of heat pumps and nichrome heating elements, respectively.

2.3 Electro-technologies

A set of electrical technologies (or electro-technologies) is evaluated, and the corresponding
data on conversion efficiency and fossil-fuel substitution capability are compiled. Then, for
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each process or equipment, one or more suitable electro-technology options are identified
qualitatively to replace fossil fuel-based ones based on the specific application and thermal
compatibility. When multiple options are suitable, the final choice of technology is based on a
logical multi-criteria approach, which gives primary importance to energy efficiency while con-
sidering factors such as reliability, ease of integration, maintenance needs, and technology
maturity.

The resulting analysis reports the expected reductions in GHG emissions and fossil fuel
consumption, as well as the additional electricity demand required to enable these substitu-
tions. The additional annual electricity (AE,;) is formulated by Equation 1.

n
AEq = EX (B Brueri X 01) (1)

Where Ef,.,,; is the fossil fuel consumption before electrification, o; is the fossil fuel substitution
rate, defined as the fraction of energy used by this fuel that is replaced by the electrified sys-
tem. These variables are summed for each of the fuels used in the processes before electrifi-
cation, from i = 1 to N, where N is the total number of fossil fuels. The term 7, is the conversion
efficiency of the fossil fuel equipment and 7., is the conversion efficiency of the electrical tech-
nology. These conversion efficiencies are defined as the energy transferred to a specified de-
livery point relative to the consumption of fossil fuels or electricity, respectively.

Based on energy prices in Quebec [13], the net additional energy cost is calculated for
each electro-technology by deducting the savings on fossil fuel costs from the cost of the ad-
ditional electricity demand, as formulated by Equation 2.

Caqa = _(Zﬁv=1 Efuel,i X 0; X FCi) + (4E, X EC) (2)

Where C,,44 is the annual net additional energy cost, FC; is the unit fuel cost, and EC is the unit
cost of electricity.

Using Equations 1 and 2, the electrification potential and net additional energy cost can
be estimated at the process or equipment level. To assess the electrification potential of an
entire industrial sub-sector, it is necessary to examine a portfolio of electro-technologies that,
together, replace fossil fuel-consuming processes and equipment within that sub-sector. To
this end, electrification scenarios combining several electro-technologies are proposed and
examined in the following section.

2.4 Electrification scenarios

To assess the electrification potential of an industrial sub-sector, two scenarios are considered
based on the technology readiness level and the technically feasible fossil fuel substitution rate
associated with each electro-technology. The first includes only commercially mature, high
technology readiness level (high-TRL) technologies, and relatively lower substitution rates for
each process or equipment, to estimate a conservative (lower-bound) electrification potential,
while the second incorporates emerging, low technology readiness level (techno-optimistic)
technologies, and relatively higher substitution rates, to capture a more ambitious (upper-
bound) potential.

In the techno-optimistic scenario, electro-technologies are always selected so that 100%
substitution is achieved, or at least reasonably achievable under some future combination of
similar-performance technologies [14], [15], [16], [17]. This includes the substitution of process
gases that are inherent by-products of industrial operations, such as refinery fuel gas. This
implies that alternative sustainable utilizations, beyond their current process-related uses,
would be found in each case.
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In the high-TRL scenario, substitution rates reflect the more conservative approach. This
includes a 0% substitution rate for process gases across all end-use categories, reflecting the
significant challenge of establishing those alternative sustainable utilizations without reemitting
carbon. It also includes partial substitution rates for high-temperature process heat applications
in cement, lime, and similar industries, where there is evidence that technically, partial electri-
fication is significantly more straightforward than full substitution.

3. Results

3.1 Energy and GHG emissions inventories for Quebec’s thirteen indus-
trial sub-sectors in 2019

Figure 2 illustrates the aggregated data on energy consumption and GHG emissions for thir-
teen industrial sub-sectors in Quebec (2019), in accordance with the methodology. The com-
bined production of wood pulp and primary aluminum dominates the energy landscape due to
its already large consumption of electricity and biomass, while fossil fuel usage is more evenly
split across sub-sectors.
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Figure 2. Energy consumption and GHG emissions inventories of thirteen industrial sub-sectors in

Quebec in 2019
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Figure 3 shows the breakdown of total fossil fuel consumption for each sub-sector by fuel
type. Natural gas is the dominant fuel, followed by petroleum coke, which is used in large part

as a feedstock to bake anodes for the aluminum sub-sector.
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Figure 3. Fossil fuel consumption (per fuel type) of thirteen industrial sub-sectors in Quebec in 2019
(PJ)

3.2 Sub-process fossil fuel breakdown for thirteen industrial sub-sectors
in Quebec in 2019

Figure 4 illustrates the distribution of fossil fuel consumption by end-use, in accordance with
the methodology. Process heat is the dominant fossil fuel consumer for the studied thirteen
sub-sectors, accounting for more than 62% of the total fossil fuel consumed by these sub-

sectors.
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3.3 Electro-technologies selected for thirteen industrial sub-sectors in

Quebec

Table 1 presents the list of technologies selected for the thirteen industrial sub-sectors studied,

with their respective conversion efficiencies.

Table 1. Identified electro-technologies for fossil-fuel processes and their characteristics

End-use Fossil-consuming N Electro- TRL Ne References
category process or technologies
equipment
Process heat | Conventional boiler | 85% High- High 133% [18]
(<200°C) temperature
heat pump
Process heat | Process heating 85% Electric High 98% [16]
(200 — 700°C | such as cement resistance
& kiln heating
>700°C)
Process heat | Process heating 85% | Plasma heating | Medium | 75% [19]
(> 700°C) such as cement
kiln
Process heat Carbon anode 85% Inert anode Low 234% [20]
(> 700°C) baking preparation
(in aluminum
production)
Non- Carbon anode 100% Inert anode Low 164% [21] ,[20]
energetic electrolysis electrolysis
input (in aluminum
production)
Non- Steam methane 100% Molten oxide Low 97% [22]
energetic reformer electrolysis
input (For natural gas
direct reduced iron
or
NG-DRI)
Non- Steam methane 100% Water Medium | 60% [23], [24]
energetic reformer electrolysis for — High
input (For natural gas H. production
direct reduced iron (For hydrogen
or direct reduced
NG-DRI) iron or
H>-DRI)
Non- Steam methane 100% Water High 70% [25]
energetic reformer electrolysis for
input H. production
Mechanical Diesel truck 35% | Hybrid (battery High 83% [26]
work + catenary)
truck
Mechanical Diesel train 35% Hybrid (battery High 86% [27]
work + catenary) train
Mechanical | Diesel drills (mining | 35% Electric drills High 85% [29] ,[28]
work equipment)
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For most end-users utilizing process heat from fossil fuels, a uniform average conversion
efficiency of 85% has been assumed, which corresponds to reasonably efficient industrial
equipment [30]. It should be noted that this represents the efficiency of combustion at deliver-
ing heat, not the effectiveness of the process at using heat. The same delivery point then
applies to the corresponding electro-technology, which preserves the validity of Equation 1
regardless of process-specific definitions of energy efficiency. One drawback of this method is
that if the recovery of waste heat from combustion gases plays an irreplaceable role in the
process energy efficiency, which is difficult to determine in the absence of detailed process
knowledge, then Equation 1 will underestimate the electricity demand.

As shown in Table 1, a 100% conversion efficiency is assigned to non-energetic input
end-use categories when estimating their electrification potential using Equation 1. This sim-
plifying assumption treats the energy content of chemical inputs (e.g., natural gas used as a
reducing agent or carbon in anodes) as fully contributing to the corresponding process require-
ment. The corresponding electro-technology is then assessed with respect to the same re-
quirement. (This may lead to efficiencies above 100% on such basis, which would only imply
that the process requires less cooling after electrification.)

For low-temperature process heat, heat pumps are identified as replacing all conventional
boiler systems across the thirteen industrial sub-sectors considered in this study. For medium-
temperature process heat, electric resistance heating is proposed as a substitute for conven-
tional fossil-fuel-based furnaces in all studied sub-sectors. For high-temperature process heat,
plasma heating is proposed for iron ore pelletizing furnaces. For all other high-temperature
furnace applications, electric resistance heating is considered as the replacement technology.
For the diesel-consuming equipment, the electro-technologies considered always include
some combination of battery-driven and catenary-driven electric motors.

For the aluminum sub-sector (carbon anode preparation and electrolysis), projects involv-
ing inert anode preparation and electrolysis are treated as electro-technologies with artificially
high effective efficiencies to maintain consistency with Equation 1. These efficiency values
have no thermodynamic significance; they are used solely to calculate the additional electricity
demand associated with the combined implementation of inert anodes [20].

Only two non-energetic input end-use categories, namely pelletizing furnaces in the iron
ore mining and pelletizing sub-sector, and electric furnaces in the steelmaking sub-sector, are
processes with some fossil fuel requirements that cannot be electrified, and therefore, no elec-
tro-technologies are assigned to those categories.

3.4 Electrification scenarios for thirteen industrial sub-sectors in Quebec

Table 2 presents the list of electro-technologies selected for the techno-optimistic scenario.
This scenario models the potential for complete fuel substitution for all fuel types in all pro-
cesses or equipment.
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Table 2. Electro-technologies in the techno-optimistic scenario

Electro- Fossil- Fossil fuel types o Saved Additional
technologies consuming fossil fuel | electricity
process or (PJlyr) (PJlyr)
equipment
High-temperature Conventional Natural gas 100% 49.7 31.7
heat pump boiler Refinery fuel gas
Heavy fuel oil
Diesel
Electric Medium- and Natural gas 100% 60.4 52.4
resistance high- Refinery fuel gas
heating temperature Heavy fuel oil
process heat Coal (or coal-derived
gas)
Petroleum coke
Metallurgical coke
Other
Plasma heating High- Heavy fuel oil 100% 3.5 4.0
temperature
process heat
Inert anode Carbon anode Natural gas 100% 4.5 1.7
preparation baking Heavy fuel oil
Inert anode Carbon anode Petroleum coke 100% 37.5 22.8
electrolysis electrolysis
Molten oxide NG-DRI Natural gas 100% 14.4 14.8
electrolysis (steam methane
reformer)
Water electrolysis | Steam methane Natural gas 100% 7.6 10.7
for Hs production reformer Refinery fuel gas
Hybrid (battery + Diesel trucks Diesel 100% 4.5 1.8
catenary) truck
Hybrid (battery + Diesel trains Diesel 100% 1.5 0.6
catenary) train
Electric drills Diesel drills Diesel 100% 3.1 1.3
(mining
equipment)

Figure 5 presents the techno-optimistic electrification scenario results. In this scenario,
fossil fuel use in thirteen sub-sectors decreases by 85%, corresponding to a 51% reduction in
associated GHG emissions. To achieve these reductions, annual electricity demand increases
by 53% (about 39 TWh), resulting in an estimated additional annual energy cost of approxi-
mately C$656 million.
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Figure 5. Energy consumption and GHG emissions of thirteen sub-sectors after techno-optimistic
electrification

Table 3 presents the list of electro-technologies selected for the high-TRL scenario. For
the H2-DRI process in the steelmaking sub-sector, a 30% substitution is considered due to the
process constraints and infrastructure compatibility [23], [24]. For iron ore pelletizing, the fur-
nace air can be preheated significantly using electricity, and only this application is considered
high-TRL, resulting in a substitution rate of 30% for heavy fuel oil and 0% for coal [19]. For
high-temperature process heat applications in cement, lime, and similar industries, a conserva-
tive fuel substitution rate of 30% is selected, reflecting partial electrification of the primary com-
bustion heat sources without full process redesign. This value is used as a structured scenario
assumption in the absence of standardized substitution factors in the literature, and it could
later be subject to a sensitivity analysis.

10



Zadoorian et al. | Int Sustain Ener Conf Proc 2 (2026) "ISEC 2026 — 4th International Sustainable Energy Confer-

ence"

Table 3. Electro-technologies in the high-TRL scenario

Electro- Fossil-consuming Fossil fuel types o Saved Additional
technologies | process or equipment fossil fuel electricity
(PJlyr) (PJlyr)
High- Conventional boilers Natural gas 100% 41.2 26.0
temperature Heavy fuel oil
heat pump Diesel
Electric High-temperature Natural gas 30% 6.4 5.5
resistance process heat Heavy fuel oil
heating (In cement, lime and Coal (cement)
(partial Iron ore pelletizing Petroleum coke
substitution) sub-sectors) Metallurgical coke
Other
Electric Medium- and high- Natural gas 100% 30.6 26.6
resistance temperature process Heavy fuel oil
heating heat Other
(full
substitution)
Water Steam methane Natural gas 30% 4.3 7.3
electrolysis for | reformer for NG-DRI
H. production
for Ho-DRI
Water Steam methane Natural gas 100% 4.0 5.6
electrolysis for reformer
H. production
Hybrid (battery Diesel trucks Diesel 100% 4.5 1.8
+ catenary)
truck
Hybrid (battery Diesel trains Diesel 100% 1.5 0.6
+ catenary)
train
Electric drills Diesel drills (mining Diesel 100% 3.1 1.3

equipment)

Figure 6 presents the high-TRL electrification scenario results. In this scenario, fossil fuel
use in thirteen sub-sectors decreases by 44%, corresponding to a 21% reduction in associated
GHG emissions. To achieve these reductions, annual electricity demand for these sub-sectors
must be increased by 28% (about 21 TWh), resulting in an estimated additional annual energy

cost of approximately C$254 million.

11
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Figure 6. Energy consumption and GHG emissions of thirteen sub-sectors after high-TRL electrifica-
tion

Figure 7 shows the types and combinations of electro-technologies selected for the thir-
teen industrial sub-sectors under the two electrification scenarios. In both scenarios, resistance
heating accounts for the largest increase in annual electricity demand, as it replaces medium-
and high-temperature industrial process heat from fossil fuels. These heating needs collec-
tively represent the largest consumption of fossil fuels among the thirteen sub-sectors, as
shown in Figure 4.
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Figure 7. Additional electricity demand for techno-optimistic scenario (above) and high-TRL scenario
(below) in TWh

4. Discussion

The previous section presented the theoretical potential for electrification of thirteen industrial
sub-sectors in Quebec, based on fossil fuel consumption in 2019. Many factors will limit the
integration of these electro-technologies in industry in practice:

Some electro-technologies, such as resistance heating, present integration chal-
lenges specific to each sub-sector. Even if the technology is simple, the engineering
and implementation can be complex. It should be noted that highly integrated facili-
ties such as oil refineries and chemical plants rely extensively on heat recovery. Elec-
trification significantly alters the process heat balance (i.e., composite curves), re-
quiring careful thermal and operation redesign due to the dynamics of electrical ver-
sus thermal systems.
The electrification of the steel and oil refinery sub-sectors, as illustrated in the techno-
optimist scenario results, implies that new uses will be found for by-product gases.
Until such uses are identified and technically feasible, it may be more realistic to limit
the expected electrification of these sub-sectors to the smaller amount sufficient to
eliminate discretionary fuel purchases, in line with the high-TRL scenario.

13
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In some cases, the long intervals between industrial equipment replacement cycles,
combined with company-specific dynamics, create circumstantial opportunities for
electrification at certain sites rather than others. It is therefore difficult to predict on
what time horizon any specific electrification scenario can be realistic or not.

The electrification of heavy industry will require flexible management of new electrical
loads that effectively replace fossil fuels. This applies primarily to grids with a high
proportion of intermittent renewable energy. Energy management solutions such as
demand response are critical to reducing peak demand, managing renewable energy
intermittency, and avoiding grid overload. This flexibility can also limit the need for
grid capacity expansion, enabling a more resource-efficient transition to a decarbon-
ized industrial sector. In Quebec specifically, where most renewable energy is not
intermittent, process flexibility to interrupt for up to four hours is nevertheless highly
valued for managing winter peaks. However, most heavy industrial processes are
continuous and rigid in their operation. Depending on the configuration of the mod-
ernized equipment, flexibility after electrification will likely be more limited for direct-
fired applications than for indirect-fired applications, which benefit from the parallel-
ization of multiple boilers and the possibility of heat storage.

Comprehensive scenario planning for industrial decarbonization requires arbitrating be-
tween different decarbonization measures, which is beyond the scope of this work, and re-
quires considering several aspects, including the following key elements:

The availability of biomass as an alternative could encourage companies to forego
electrification where bioenergy offers greater comparative advantages, such as cur-
rently low prices per kilowatt-hour, minimal fuel upgrading requirements in some
cases such as cement kilns, and the possibility of combining it with carbon capture
and storage (BECCS) for negative emissions.

CCS appears inevitable for the deep decarbonization of industrial sub-sectors that
generate process COy, notably cement & lime production. This expected reliance on
CCS paves the way for the deployment of BECCS in these sectors, which could re-
duce the role of electrification as well as more energy-intensive negative emissions
technologies such as direct air capture. Given Quebec’s relatively abundant biomass
resources, particularly forest residues, such an approach could be particularly ad-
vantageous. As a result, some Quebec industries could delay their investments in
electrification, anticipating that BECCS could offer a more economically attractive
path, combining the avoidance of electricity cost increases with the potential reve-
nues from negative emissions.

However, for most industrial sub-sectors, which generate no process CO,, electrifi-
cation remains a realistic, low-regret pathway to full decarbonization, especially after
first reducing their energy usage through process-level energy efficiency measures
(not considered in this work).

5. Conclusion

This article examines the potential of electrification to decarbonize thirteen industrial sub-sec-
tors in the province of Quebec, which account for approximately 70% of Quebec’s industrial
emissions and an even larger share of those considered heavy industrial. It focuses on map-
ping fossil fuel consumption by equipment category, on estimating the suitability of electro-
technologies for each category, and on estimating the corresponding energy efficiency gain
after electrification. It finds that most fossil fuel consumption in most sub-sectors can be re-
placed by electricity, significantly reducing GHG emissions, even in a scenario limited to tech-
nologies with high-TRL and conservative substitution rates. The increase in annual electricity
consumption ranges from 21 to 39 TWh between scenarios, representing approximately 10 to
20% of the province’s current electricity consumption.
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However, even under the most optimistic scenario, a significant portion of GHG emissions
remains, primarily due to COz-generating process chemistry. Thus, comprehensively decar-
bonizing Quebec’s industry would require some reliance on pathways other than electrification,
which in turn would reduce the electrification achieved in practice.
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