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ELECTRIFICATION OF CHALLENGING TO ABATE 
INDUSTRIAL SECTORS 
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Summary: The Canadian energy system is endowed with abundant renewable electrical generation 
capacity, deriving over 80% of it’s consumed electricity from low emitting sources. However Canadian 
industry derives less than 30% of it’s energy from electricity, primarily depending on natural gas and 
fuels for heat and mechanical energy. Within mining, oil, and gas production, less than 10% of energy 
is derived from electricity. Achieving low GHG intensities is essential for these industries to remain 
competitive and for Canada to meet its emission reduction targets.

Electrification involves replacing technologies that use fossil fuels for ones that use electricity and is 
an essential lever in the energy transition and pathway to reduced emissions. This article examines 
opportunities for electrification within intensive industries and measures for which low carbon electricity 
may be supplied to meet the increased electrical demand. This involves identification of enabling 
technologies, grid measures, abatement costs, and policy recommendations.

ARTICLE 1

Electrification has the potential to reduce 
GHG emissions through two main attributes, 
which must be assessed and ultimately used 
to contextually determine the viability of its 
implementation as a GHG reducing practice:

In some applications, the electric end use is more 
efficient than the fossil fuel end use, meaning 
that less units of electricity compared to units of 
fossil fuel energy are required to deliver the same 
energy service.

Depending on the generation technology used to 
supply the electricity required for electrification, 
GHG emissions from electricity import may 

be lower than emissions from end use fuel 
combustion, noting that electrification with 
renewables is the lowest emitting solution. 

2   Background

Evaluation of the potential for electrification 
requires a consideration of diverse industrial 
sectors and facility types within each sector. Within 
Canada, facilities with substantial GHG emissions 
report annually to the Federal Greenhouse Gas 
Reporting Program (GHGRP), which represents 
over 40% of total Canadian GHG emissions from 
over 1,500 facilities nationwide. These emissions 
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generally fall within the categories shown in the figure below, with extractive industries accounting for 
over half of these emissions, as further broken down in the following figure.

Figure 1 – GHG Contribution Proportions within the Federal Greenhouse Gas Reporting Program (2017)

Figure 2 – GHG Contributions by Facility Type within Oil & Gas, and Mining Sectors

Emissions arising from these sectors are often categorized as hard to abate. Applying and assessing 
available and emerging electrification technologies provides insight on the GHG reduction potential 
within these key industries.

3   Industry Baselines

The first step in this assessment includes identifying and establishing a techno-economic baseline for 
typical facilities within these industries, which serve as a means of examining and demonstrating the 
feasibility of the various electrification opportunities. Each facility type is further defined as a baseline 
facility according to the unit processes used within, energy sources, capacity, and location. These aspects 
determine the quantitative performance metrics that are modelled in the analysis including capital 
costs, operational costs, energy inputs, feedstock volumes, product volumes, and GHG emissions.

The main difference between facilities within each industry category is related to scale and the associated 
emission rates, which vary widely. The base facility size chosen is generally similar to the average facility 
size and emissions, as shown below. The description and subsequent modelling of each baseline facility 
must be sufficient to apply electrification concepts and estimate the impacts.

Article 1 continuedArticle 1 continuedArticle 1 continued
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Table 1 – Baseline Facility Types Assessed

These facilities consume energy in different forms, resulting in GHG emissions both from direct sources 
(fossil fuel combustion) and indirect sources (heat and electricity import). In a further complication, 
within some processes the fossil fuel energy source is also often an integral part of the process, as in 
refineries and steel mills. The energy forms that contribute to emissions across these industries are 
shown in the figure below.

Figure 3 – Energy Consumption within Base Facilities for Intensive Industries
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4   Electrification Methods

A listing of opportunities for end use electrification addressing heat and mechanical energy generation 
was developed through a market survey and applied project experience, as summarized in the table 
below. In many cases, achieving substantial electrification requires the concurrent application of 
technologies.

Table 2 - Technology Shifts Creating End Use Electrification

In facility electrification, there are also options 
available to the developer for how the changed 
electricity or power demand will be satisfied. 
Electrification poses significant additional 
challenges when a large capacity connection to 
a local or distant grid is required. The grid may 
require additional electrical generation capacity 
which poses a significant challenge, particularly 
when that additional capacity is required to be 
renewable. However, within the context of this 
article, the focus is on assessing the effectiveness 
of the end use electrification, so those assumptions 
should be noted as an uncertainty when an actual 
project is undertaken.

As an alternative, cogeneration is also available 
for meeting the heat and electricity demands 
while achieving substantial GHG reduction. Fossil 
fuel powered cogeneration is well established 
within the majority of the baseline facility types, 
particularly those with overall and proportionally 
high heat loads. Within most of these facilities 
the heat to power ratio is not ideal, however 
facilities with cogeneration systems are typically 
grid connected. This allows the facilities to 
export excess electricity generation and operate 
the cogeneration systems at more optimal 
efficiencies, in addition to producing revenue. 
However, cogeneration represents a compromise 
between substantial decarbonization and other 
objectives.

Article 1 continued
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5   Case Study – Steel Mill Electrification

5.1   BASELINE

Pathways to electrification may be identified for all of the facility types highlighted above. To illustrate 
how this may be accomplished, steel mill electrification is presented as a case study involving an 
emerging method by which the steelmaking process may be electrified.

Integrated iron and steel plants are complex, staged, intensive processes. They have large energy and 
material inputs with intermediate forms of energy produced and by-products. The primary process 
used by these mills is the blast furnace/basic oxygen furnace (BF/BOF) route for production of steel 
using iron ore and coal inputs. These facilities are important for providing raw materials that support 
manufacturing activities, typically concentrated in the region. Steel production in Canada is done both 
using the BF methods as well as using mini mills that use electric arc furnaces to recycle scrap steel. The 
BF type accounts for the great majority of the GHG emissions from steel mills within the Iron and Steel 
Mill category, with the balance of the emissions coming from a larger number of electric arc furnace, 
rolling, and forming mills. 

The context for the baseline facility is an integrated steel production mill located in southern Ontario. 
There are three facilities within this area (although one facility is only partially active) and one other 
facility in Sault St. Marie. Steel production has been occurring within these areas for around a century 
with older processes being replaced by current processes in more recent decades. 

The baseline facility consists of the following operations:

	� Import and handling facilities for feedstocks arriving by ship or rail including iron ore pellets, coke 

The coal feedstocks to the facility both 
provide heat and are integral to the process. 
Supplementary heat is provided using the coke 
oven gas with supplementary natural gas. These 
inputs account for over 98% of the GHG emissions 
with the balance provided by relatively minor 
contributions from:

Fuel used within vehicles and equipment.

	� Electricity imports from the grid for ventilation, 
other electricity driven equipment, and 
general uses.

	� Fugitive emissions from distribution and 
incomplete combustion.

5.2   ELECTRIFICATION

The changes to the facility integrate a disruptive 
technology, including a change in process 
technology with the emerging hydrogen-

and/or coal, and limestone.

	� Coke oven operation where coal is heated 
to produce coke and coke oven gases, both 
of which are used within the downstream 
process. 

	� Blast furnace (BF) operation where reduction 
of iron ore takes place through the addition of 
carbon (coke) and removed as a molten metal, 
with additional impurities removed through 
the addition of limestone and removed as slag.

	� Basic oxygen furnace (BOF) where oxygen 
is blown into the molten metal to oxidize 
remaining impurities such as carbon and 
silica, with additional addition of scrap steel 
(for recycling) and lime or dolomite to remove 
additional impurities.

	� Casting of liquid steel exiting the BOF into 
form for export from facility (slabs, billets, 
strips, etc.). 
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based direct reduction process (Mayer, Bachner, & Steininger, 2018). This has been under accelerating 
development within Europe in recent years with recent piloting in Austria and Sweden (Gielen et al, 
2020). This technology requires a large amount of hydrogen supply, which is satisfied using polymer 
electrolyte membrane-based water electrolysis, another key process in the electrification transformation. 

The measures applied include:

	� Fundamental and extensive changes to process facilities from BF/BOF to the emerging hydrogen 
based direct reduction process (Mayer, Bachner, & Steininger, 2018);

	� Elimination of coal/coke import, storage, and coal oven facilities;

	� Partial change to pelletized iron ore feed;

	� Addition of hydrogen production by polymer electrolyte membrane-based water electrolysis;

	� Elimination of coal and natural gas inputs;

	� Replacement of substation with higher capacity facility; and

	� A large (800%) increase in grid electrical demand of 13,000 GWh/y or a 1,500 MW supply.

The resulting GHG emissions reduction of 95%, as shown in the figure below, demonstrates the large 
emissions reduction potential of displacing coal and natural gas. The majority of post-electrification 
emissions are associated with the increased electricity demand from the Ontario grid with low GHG 
intensity.

Figure 4 – Absolute and Relative Changes in Emissions Following Electrification

The resulting estimated changes in capital and operating costs between the conventional facility and 
the electrified option are shown within the figure below. 

Article 1 continued
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The trade-offs associated with achieving 
electrification are illustrated including a 60% 
increase in capital costs and 40% increase in 
operating costs due to dramatically higher 
electricity and iron ore costs. The increased costs 
are offset by lower coal/coke feedstock, natural 
gas derived heat, and reduced tax on the resulting 
GHG emissions.

Due to the early TRL of this process, these costs 
are uncertain but tend to be conservative. As seen 
in the following section, this results in a relatively 
high cost of abatement. Without the requirement 
for coal and natural gas import, the relocation of 
these facilities to the areas with closer proximity to 
iron ore production and additional hydro-electric 
power resources is possible, potentially reducing 
supply chain costs and lifecycle emissions.

6   Performance Evaluation

6.1   GHG REDUCTION

As illustrated in the example above, the GHG reduction effectiveness of electrification applied across 
the considered baseline facilities is shown in the figure below.
Figure 6 – GHG Abatement Potential through Electrification for Baseline Facilities

Figure 5 – Cost Difference from Baseline Facility for Steel Mill Scenarios
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For almost all of the facilities, electrification with 
a low GHG grid connection results in a dramatic 
reduction in GHG emissions of over 90%. The 
strongest overall electrification performance 
was estimated for gas pipelines, in-situ heavy 
oil, and LNG. Particular challenges reduced the 
performance of some facilities. For example, the 
remote nature of offshore oil and gas platforms 
increases capital and operating costs while 
ongoing flaring and gas re-injection requirements 
limit the overall GHG reduction potential. Offshore 
oil platforms and natural gas processing achieved 
reduced GHG reductions of 75% with residual 
emissions associated with flaring and fugitives 
(as CO2 and CH4). Coal mining had the lowest 
GHG reduction performance due to unabated 
methane fugitives from the ore body and residual 
diesel fuel use within specialized equipment.

Electrification considers the implementation of 
the end-use opportunities in combination with 
a connection to a low GHG grid (i.e. renewable 
energy powered). Where the existing local grid 
does not satisfy this, a high voltage transmission 
link to a low GHG grid is envisaged, although the 

costs of this link are assumed as shared amongst 
multiple users where they are proximate. For 
example, the Heavy Oil and Refinery facilities 
contemplate a high voltage transmission link to 
hydro facilities in northern Manitoba.

6.2   ABATEMENT COSTS

The relative cost effectiveness for the application 
of the electrification schemes is presented in 
the figure below. This shows the cost curve for 
reducing GHG across all of the current production 
capacity within the bespoke sector in Canada. 
This is a hypothetical scenario which considers 
the relative cost difference for replacing all of 
the current facilities in Canada with electrified 
alternatives compared to replacing them with 
facilities with the same technology. It is important 
to note that this analysis is dependent on 
complex inputs and the output is dependent on 
varying contexts, each with inherent uncertainty. 
Attention should be given to the relative positions 
and abatement potential rather than the absolute 
values.

Figure 8 - Marginal Abatement Cost Curve Across Full Sector

Article 1 continued
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The figure shows that overall value positive 
economic opportunities with large scale GHG 
reduction through electrification are available 
within in-situ heavy oil, gas pipelines, and LNG. 
The abatement costs of electrification of the 
remaining baseline facilities are within the range 
of projected carbon pricing, so may be perceived 
as value positive within a low GHG future 
scenario, and economically superior to many 
GHG abatement options pursued within other 
segments of the economy. 

7   Conclusions

Considering the pan-industry scenario 
represented above, it is unreasonable to assume 
that full electrification can occur within a short 
period of time across all of these facilities, which 
would represent approximately US$ 300 billion in 
capital investment. It would further require 290 
TWh/y renewable energy baseline generation, 
representing a 50% increase in the total Canadian 
low GHG energy generation. Notably, Canada 
currently exports 60 TWh/y of predominantly 
low GHG energy to the United States (Statistics 
Canada 2020).

Additional overall barriers to GHG abatement 
through electrification include:

	� Industries that have co-evolved over decades 
with a historically fossil fuel dependent 
economy, infrastructure, technology, and 
supply chains resulting in a perceived carbon 
lock-in.

	� Policy, regulatory frameworks, and stakeholder 
perspectives that maintain a specific and 
understood way of doing things within 
existing and new facilities.

	� Material technical and economic barriers 
related to availability of low carbon electricity 
or green hydrogen supply and connections.

	� Challenges for industries present in northern 
and remote territories where they operate 
off-grid, capital and operational costs are 
escalated, and technologies must have 
additional reliability.

	� Broader techno-economic barriers that inhibit 
the ability of industries to transition, such as:

	− Long operational life of facilities with 
large amounts of sunk capital and major 
reinvestments only occurring every 20 to 
40 years.

	− High barriers to market entry for 
innovative technologies where 
established technology providers 
dominate supply to the multi-nationals 
that dominate production.

	− Competitiveness of industries with high 
fixed costs of production in open, cyclical 
global markets where lowest price 
governs commodities.

Despite the high number of barriers, there are 
a range of positive trends building urgency and 
conditions where the status quo is undermined 
including:

	� Emergence of green investment, where an 
unprecedented shift in long term investment 
is shifting from conventional to green 
alternatives;

	� Companies operating in intensive sectors 
within Canada enhancing their practices 
in response to investor pressures including 
commitments to net-zero pathways; 

	� Proving of electrification technologies in the 
global context, particularly the EU; and

	� Supportive shifts in national and provincial 
government policy including financial 
incentives.
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In the electrification scenario shown in Figure 
8, replacement of conventional with electrified 
technology would result in less than a 10% 
increase in capital cost for over a 90% GHG 
reduction. The scenario highlights important, 
underlying opportunities for GHG abatement 
through electrification including:

	� Application of electrified technology for 
greenfield facilities representing expansions 
or planned capital replacements within these 
sectors;

	� Replacement of units within existing facilities 
which may reach replacement age ahead of 
the overall facility (ex. boilers); 

	� Simultaneous accelerated implementation 
of low-carbon energy sources in areas where 
it is currently unavailable, representing a 
disincentive to electrification including;

	− Low GHG generation sources such as 
next generation nuclear and renewables; 
and 

	− Interprovincial high-voltage connections.

The major difference between the technology 
shifts needed for the energy transition and 
major historical shifts is that past shifts in these 
industries were largely driven by economic and 
productivity gains. In this case the transition is 
driven by implementation of global policy in line 
with the Paris agreement and net-zero objectives. 
As shown in this article, there are technically 
and economically possible options for achieving 
GHG reduction within large, intensive industries 
through electrification, which can substantially 
contribute to the energy transition, but impose 
large scale requirements and changes to the 
Canadian electrical system.
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