feature

What does it take to develop a climate-resilient mine site?
(Short answer: good climate data models and a willingness to accept them)
By Cecilia Keating

A

summer storm that struck the northern Ontario town
of Timmins in 1961 has served as the benchmark that
Canadian tailings dams have been designed to withstand.
The late-night downpour, which killed a family and ripped up
roads, foundations and homes, breached the tailings dam of the
Coniaurum gold operation, spewing waste into a local river. The
48-year-old gold mine closed soon after.
Despite the severity of the storm and its harrowing implications, the increased incidence of floods and storms across northern Ontario has rendered the decades-old environmental design
storm benchmark obsolete. Over the last decade, there have been
numerous examples where the so-called “one-in-100-year
storm” event has been trumped.
“Everyone’s favourite [regulatory storm], the Timmins storm
event of 1961, is no longer appropriate to establish intensityduration-frequency (IDF) curves for designing a dam,” explained
Marc Butler, director of regulatory affairs at Glencore.
To cater to this new and changing climate, a narrow dam
being developed at Glencore’s Strathcona operation just outside
Sudbury is being designed “to a future standard,” relying on IDF
curves that account for multiple climate models, he said. IDF
curves are graphical representations of the probability that a
given average rainfall intensity will occur and are used to inform
dam design. The dam will be constructed with these principles
in mind, resulting in a larger structure.
The new design is just one way that Glencore is future-proofing its operations in an increasingly wet, hot and flood-prone
Sudbury basin. Working closely with environmental consultancy
Golder, the miner has overhauled its underground ventilation
and water management systems to prepare them for future climate projections.
“People in mining need to accept the fact that the world
is going through climate change, and that if we don’t adjust our
operations, we’re putting our facilities at risk,” explained
Butler.
Temperatures in Canada have increased by 2.3 degrees Celsius
in Canada since the mid-20th century, with the northern parts of
the country warming at nearly double the global rate, according
to Natural Resources Canada. Over the decades to come, precipitation is set to get heavier and more frequent, shifting from snow
to rain. Droughts and heatwaves are expected to multiply and
snow cover, sea ice and permafrost coverage to wane.
This has major repercussions for the Canadian mining sector.
The seasons for ice roads and air strips needed for transport are
becoming shorter and less reliable. Permafrost melt could cripple tailings retention structures, slope stability and other mine
site infrastructure. Increased rainfall, snowmelt, floods and
droughts will test water drainage and diversion structures.
Warmer temperatures will strain underground ventilation systems and hasten evaporation and erosion from waste ponds.

Brendan Marshall, vice-president of economic and northern
affairs at the Mining Association of Canada (MAC), is confident
that the mining industry has the tools it needs to step up to the
challenge.
“At the end of the day, risk management is a fundamentally
ingrained reality of the mining industry. This is adding another
lens on a core operational reality of the industry. It’s hardly a revelation,” he said. “Mining companies have always had to manage
water, precipitation and weather variability. With climate
change, we are now seeing accelerations and decelerations in the
rate of those weather patterns and changes.”

“THE KNOWLEDGE IS THERE, AND THE
DETERMINATION IS THERE TO
CREATE THE KIND OF RESILIENT
MINE SITES AND RESILIENT
STRUCTURES THAT WE NEED,
BECAUSE THE POTENTIAL COST OF
NOT DOING IT IS SO SUBSTANTIAL.”
– Charles Dumaresq, MAC vice-president of science and
environmental management

MAC is completing a climate adaptation guidance document,
with help from a number of industry stakeholders and a
$325,000 NRCan grant. To be released later this year, the guidanceis designed to help mining companies understand climate
change’s potential impacts, advise on how to measure those
impacts, identify how those impacts may affect site infrastructure and operations, and suggest how and when to apply adaptive management measures.
“It will help members prioritize actions and activities they
are already undertaking to manage risk and, in some instances,
bolster them further,” Marshall said.
Charles Dumaresq, MAC vice-president of science and environmental management, said the readiness of the industry to
acknowledge climate change as a problem and undertake adaptation work sits “on a spectrum.” But for the most part, “people
are increasingly recognizing that this absolutely needs to be
done. The knowledge is there, and the determination is there to
create the kind of resilient mine sites and resilient structures
that we need, because the potential cost of not doing it is so substantial,” he said.
With the industry facing increasing pressure, including from
regulators, investors and insurers to demonstrate comprehensive
and appropriate climate change adaptation and mitigation strategies, even the stragglers will need to adapt, Dumaresq added.
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MAC is not the only group rallying the industry to shore mines
and supply chains against climate change. In a report published
in November, the International Council of Mining and Metals
warned that “no company or geography is immune” to the impacts
of extreme weather and climate change. It noted that climate
change had already “led to reduction in or shut-down of production, increases in capital expenditure, health and safety impacts
and made vulnerable communities more prone to social unrest.”
Indeed, BHP admitted in a trading update in late January that
smoke and dust from bushfires in Australia had affected production at its coal mines in December. Closer to home, mid-tier
miner Centerra Gold’s Mount Milligan copper and gold mine in
British Columbia has been plagued by weather-related water
issues, operating at reduced capacity in recent years. (When
asked for comment, a Centerra representative said that “2017
and 2018 were very dry years, and the area where the mine is
located was experiencing drought conditions, which reduced the
amount of water provided by the spring melt and runoff.”)

Potential logistics challenges
A slow response to the threat climate change poses to operations “could materially affect the survival of a lot of smaller
mining companies,” according to Ross Polis, Newmont’s regional
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director of environmental planning. “As the world’s largest gold
miner, we have a lot of advantages. We have a lot of people and
a lot of resources,” he said. “But it could really be a project
killer, or a company killer, for juniors out there who aren’t as
prepared.”
Newmont has partnered with the National Center for Atmospheric Research (NCAR) in Boulder, Colorado, to produce climate
models for the years 2040 and 2100 at each of its global operations. The results are expected in the spring, and site-specific
risk assessments will follow, with a view to rolling-out sitespecific climate adaptation approaches in 2021.
While hesitant to speculate on the specific climate impacts to
operations ahead of the official risk assessments, Polis mused
that increased incidence of storms and hurricanes could pose a
threat to Newmont’s transport networks. “A lot of our operations, specifically in the Americas, rely on sea transportation,
whether that’s to supply cyanide, explosives or just food and
resources,” Polis said. “To get in a place like Suriname, ships have
to travel through the Caribbean or the Panama Canal. A changing
climate that has more intense storms and hurricanes is recognized as a risk to the business.”
In Canada, blizzards and inclement weather could disrupt
flights that shuttle staff and goods between Toronto and remote

mines in northern Ontario
and Quebec, he said. This
could present a human
resources challenge.
“If [a storm] passes in a
day or two, that’s not a critical issue, you can still get people in. It is, however, a cost
issue and a disruption, and
from an employment perspective, people may start
looking for jobs elsewhere
because they don’t want to
deal with that delay. From a
family point of view, people
may say: If I can’t reliably get
on this flight, I don’t want to
work at a place like that,”
Polis said.
Climate change might also
force the company to
redesign its water management systems or its social Categories of climate change impacts on businesses (based on Freed and Susmann, 2008, cited in ICMM, 2013).
contracts with local Indigenous communities.
“Cover with capillary barrier effects, or CCBE, is a cover
“If the seasons become shorter – if the frozen season gets made of several materials, where fine-grained material is sandshorter – we will need to manage water more frequently. We may wiched between coarse-grained material layers,” explained
need to have more maintenance of pumps, pipes and infrastruc- Thomas Pabst, scientific director of the RIME at Polytechnique.
ture, and more infrastructure to handle volumes of melted water. “It works even in the summer if the permafrost melts on surface,
We would need to increase our programs, for both water moni- so it’s a double security system. The more frost the better, of
toring and surveillance of water facilities,” he explained.
course.”
At its Musselwhite site in Ontario and its Éléonore site in QueAll the materials for the CCBE method can be recycled from
bec, Newmont’s social contract with local Indigenous communi- the mine site, he added, making the approach even more envities might evolve to include providing assistance on how to ronmentally friendly. The method has been used in mines in
navigate the impact new weather patterns will exact on local southern Quebec in the past.
resources, wildlife and livelihoods, according to Polis. “It potenWhether or not RIME’s industry partners will apply and scale
tially has a social and community component. How are we a good its research – which also investigates how reclamation and water
neighbour helping communities through this?”
management practices will be affected by climate change – is up
to them, said Pabst. “We’re just trying to develop new
Rethinking tailings dams
approaches and new solutions. It’s the job of consulting compaThe warming of Canada’s North poses a major threat to the nies to take this into account in the design.”
security of tailings dams, where miners have long relied on insuPabst said he was encouraged by the enthusiasm for trialing
lation covers (or “thermal covers” or “freeze back” covers) on climate adaptation approaches from operators at Quebec mine
waste ponds to prevent acid mine drainage.
sites.
“Leftover waste [in Canadian Shield mines] tends to react
“As important as what executives are doing in head office, it’s
with oxygen and water and produce sulfuric acid, and the most the people on site who are driving this change,” he said. “It’s the
cost-effective way to prevent that from happening is to cap people on site, the people in communities who are actually there
them,” said Vincent Le Borgne, research and development man- and who want their family and their neighbours to have a nice
ager for Montreal-based GKM Consultants. “When [tailings dam living environment … There are so many examples where people
covers] are frozen, it means that no water gets in and chemical on the mine site have found the money for these tests, even
reactions are very slow. But if the climate starts warming and though they don’t have the official budget.”
there’s rainfall, the chemical reactions happen faster, water gets
RIME recently clinched $11.2 million of investment from
in and generates sulfuric acid and that can leach into the envi- industrial partners, Agnico Eagle Mines, Canadian Malartic
ronment. That’s a major, major concern for a lot of Arctic mines Mine, Iamgold, Glencore’s Raglan mine, Newmont Goldcorp’s
right now.”
Éléonore mine and Rio Tinto Fer et Titane, to continue researchThe Research Institute on Mines and Environment (RIME), ing and developing new solutions to current environmental
comprised of researchers from Polytechnique Montréal and the issues in the mining sector.
Université du Québec en Abitibi-Témiscamingue, has been testing alternative solutions to insulation covers at Agnico Eagle Realistic data models
operations in Nunavut and at Glencore operations in northern
While there is no one-size-fits-all approach to climate adapQuebec at the Raglan Mine.
tation, Pabst noted that all mining operations stand to benefit
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“NOTHING ABOUT CLIMATE CHANGE
ADAPTATION IS ONE-AND-DONE.
WHAT WE KNEW IN 2011 IS ALREADY
BEING CHALLENGED IN TERMS OF MOST
APPROPRIATE SOLUTIONS FOR THE
LONGER TERM. WE WILL BE
IN ADAPTIVE MANAGEMENT FOREVER.”
– Marc Butler, director of regulatory affairs at Glencore
from using site-specific climate change models instead of “rough
estimates.”
When evaluating existing approaches to surface water management, RIME found that Quebec-based operations were relying on values that were “too conservative,” in their estimates of
how much the climate and weather patterns are changing Pabst
said. “Climate change needs to be considered in a much more
realistic way; working with climatologists is much more efficient
than just multiplying the existing precipitation rates by 30, 40
or 50 per cent.” RIME collaborated with Montreal-based climatology consortium Ouranos to develop climate scenarios for
2050 and 2100 at each of its research locations.
“The consequences of climate change will change from one
place to another,” Pabst explained. “There is no general conclusion what to do, apart from that it should be incorporated in a
realistic way into design.”
Sean Capstick, a principal with Golder, also said that accurate climate data was key to developing climate-resilient

mines. For nearly a decade, the firm has worked to ensure
Glencore’s two nickel operations and its smelter in Sudbury
are shored against climate change. Its starting point for the
project all those years ago was climate datasets published by
the United Nations Intergovernmental Panel on Climate
Change (IPCC).
“It started as a water problem,” Capstick said. “And now
they’re saying, we should be considering climate change anytime we make a capital decision or a long-term operational
issue.”
Golder’s GoldSim climate software (which is freely licensed
for anyone to use) has been incorporated into the company’s
broader Sudbury risk register and has materially impacted site
design. Installed at the smelter, the water balance model now
generates daily, monthly and annual records and considers
global climate modelling for air and water and seasonal variations like rain-on-snow events. Glencore’s Butler said that the
GoldSim model has pushed the miner towards greenlighting a
project that will increase groundwater flow to a surface water
wastewater treatment system. It has also been applied to road
and culvert maintenance, seasonal discharge scenarios and dam
maintenance – “a whole multitude of plans from those less serious to critical,” he said.
Glencore’s Butler mused that climate adaptation is going to
involve a radical mindset shift for the industry and will have multiple iterations. “Nothing about climate change adaptation is
one-and-done. What we knew in 2011 is already being challenged
in terms of most appropriate solutions for the longer term,” he
said. “We will be in adaptive management forever.” CIM
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Zeroing
in on

CO2

As miners commit to reducing their
carbon footprints, the scope of that
commitment continues to grow
By Cecilia Keating

O

ver the past year, BHP, Rio Tinto, Vale and Teck have
pledged to reach “net-zero” emissions by 2050. Now, the
race is on: in Canada and farther afield, miners are decarbonizing by deploying electric fleets, sourcing greener power
and developing cleaner strategies for smelting and shipping
processes.
“Going green used to be nice-to-have. Now it’s become mainstream, with the likes of [mutual fund company] BlackRock coming out to say that environmental, social, governance (ESG)
[accountability] forms a major part of its decisions on whether
to invest in mining stocks,” said Julian Kettle, vice-president of
metals and mining at energy consultancy Wood Mackenzie.
Decarbonization efforts by miners thus far have been “underwhelming,” he said, and promises like Rio Tinto’s recent pledge
to spend US$1 billion (CAD$1.4 billion) on green initiatives are a
“good start, but need to ramp up quickly,” – a course, he noted,
that is now complicated by the outbreak of COVID-19.
Some pathways to decarbonization sites are tried, tested and
cost-competitive. At new mines, renewable energy-sourced electricity often makes business sense, given that clean energy is, by
definition, greener and can also be cheaper than power sourced
from fossil fuels. Other decarbonization strategies require further innovation and investment. The availability and maturity of
electric equipment for surface mining is lagging behind underground mining, and efforts to decarbonize carbon-intensive
processes such as steelmaking and aluminum smelting – increasingly seen as partly the mining sector’s responsibility – are in an
even more germinal stage.
Scrutiny of carbon emissions inevitably begets more scrutiny
and reveals a further challenge to commodity producers. Scope
3 emissions, or emissions incurred off-site and further down the
chain including shipping, smelting and end use of materials, can
40 | CIM Magazine | Vol. 15, No. 3

be as much as 30 to 40 times higher than a mine’s on-site operational and power emissions. For example, in 2019 Teck produced
290 kilotonnes of carbon emissions from off-site electricity,
2,936 kilotonnes at its operations, and 73,000 kilotonnes later
down the supply chain. In other words, 96 per cent of carbon
emissions were incurred after the materials left operations. Similarly, in 2018 Vale’s scope 3 emissions were responsible for 96
per cent of the company’s total emissions. These were primarily
split between shipping vessels (two per cent) and clients (93.9
per cent). As such, a growing number of investors and consumers are calling on the industry to expand “net-zero” pledges
to include scope 3 emissions.
Miners have so far omitted supply chain emissions from their
2050 commitments, noting that they are hard to measure and
shared among a myriad of companies, but attitudes are changing, with major industry associations acknowledging the need
to report scope 3 and the advent of a growing number of collaborations between mining companies and downstream customers
that set out to better count and tackle supply chain emissions.
Moreover, a more holistic and easy accounting regime for the
mining sector beckons, thanks to a new carbon accounting
framework being developed by a Rocky Mountain Institute-led
coalition.

Electric dreams
While Canada is home to many of the underground mines that
are deploying battery electric equipment – including Newmont
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Goldcorp’s Borden operation, Kirkland Lake Gold’s Macassa
operation and Glencore’s under-construction Onaping Depth
project – electric surface mining is much earlier on the development curve, both at home and abroad. Nouveau Monde Graphite
released a feasibility study for its Matawinie open-pit graphite
project in 2018 that conceived a fully electric mine.
Progress is constrained by the limits of low-carbon surface
equipment, according to Verónica Martinez, senior program officer for innovation and climate change at the International Council of Mining and Metals (ICMM). “We’ve seen huge progress in
terms of electric vehicles and trucks in the past few years, but
the scale of what is needed in the mining industry – for example,
a 400-tonne haul truck – is quite different,” she said, explaining
that 80 per cent of operational emissions on mine sites emanate
from mobile equipment. “Even if companies want to adopt technology or buy off-the-shelf technology right now to cut [operational emissions], the technology is not available,” she added.
The ICMM’s Innovation for Cleaner Safer Vehicles (ICSV)
connects its 27 members with leading original equipment
manufacturers (OEMs) to encourage the adaptation of existing
technologies and the creation of pilot projects for newer

technologies. The initiative is designed to promote the commercialization of zero-carbon surface mining vehicles by 2040.
“If we want to have the technology commercially available by
2040, that means that between now and 2030, we have to
develop and test the technology before we can incorporate it at
scale. So, it may seem like 2040 is a long [time away], but actually we don’t have that much time,” Martinez said.
Peter Wan, technology and innovation lead at Teck, an ICSV
contributor, emphasized the urgency of trialling and deploying
electric mobile equipment to delegates at the SME MineXchange
Conference and Expo in February – the same month that Teck
unveiled its new target: to be a carbon-neutral operator by 2050.
“If we buy a fleet of trucks today, we’re only one fleet cycle away
from 2050,” Wan said.
Teck is taking a staged approach to deploying zero-carbon
equipment, Wan explained. Given that first movers typically pay
a “capital premium,” the plan is “identify those sectors that have
maturity, where prices are already coming down to ‘early majority’ prices,” he said. (Early majority refers to the first sizable
chunk of the market to invest in an innovative solution, following
brave early adopters. Early majority pricing is typically lower
than introductory pricing but higher than when the item is more
of a commodity.) Then, Teck will adopt the technology those
industries use and “help drive the mining market.”
An example of this is a pilot project at its Elk Valley operations, where two Lion Electric buses have been introduced for
crew transport. Saint-Jérôme, Quebec-based Lion has existing
school bus customers across North America and it also offers
Class 8 OTR trucks and garbage trucks, so Teck can benefit from
that experience, even if mining applications are a new usage for
the vehicles.
Introducing electric vehicles on site involves overhauling
operating philosophies, Wan added. For example, the recent trial
of a 15-tonne autonomous electric haul truck made by Volvo
demonstrated that the miner could reduce truck sizes but maintain productivity. An electric-first mindset also throws open the
door to alternative approaches such as in-pit crushing and conveying and reimagines how material is handled.
Wan noted that a lot of the surface equipment used by Teck
today, including 300-tonne haul trucks, Caterpillar D11 dozers
and Caterpillar 24 motor graders, are “simply not available” as
electric models.

Powering up
Renewables are already the cheapest source of electricity in
many parts of the world, and they are predicted to become even
more affordable. The International Renewable Energy Agency
forecasts that electricity generated by onshore wind and solar
photovoltaic (PV) technologies will be “consistently” cheaper
than electricity by fossil fuels worldwide in 2020. Financial savings are one of the reasons why mining is fast becoming one of
the biggest corporate buyers of renewable energy. Anglo American signed a US$190 million (CAD$273 million) deal with Atlas
Renewable Energy in March for 15 years of solar power from a
to-be-constructed 330 megawatt solar plant. In late 2019, BHP
signed four deals for renewable power that would reduce power
costs at its Chilean copper mines by 20 per cent while fully transitioning their electricity supply off fossil fuels. The economics
of the switch were so rosy that BHP set aside a provisional
US$780 million (CAD$1 billion) in its financials to nix preexisting coal deals.
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Market challenges are the primary barriers to the full decarbonization of power at mine sites, according to ICMM’s Martinez,
with many miners committed to long-term fossil-fuel-power
agreements signed before renewables became competitive.
At remote mines, developing an on-site clean energy powerplant backed by energy storage is more feasible than inking a
clean energy deal with a utility or renewables developer. At Glencore’s Raglan nickel mine in northern Quebec, six megawatts of

Breakdown
of scope emissions
SCOPE 1: DIRECT GHG EMISSIONS
• Direct GHG emissions occur from sources that
are owned or controlled by the company, for
example, emissions from combustion in owned
or controlled boilers, furnaces, vehicles, and
other sources, as well as emissions from
chemical production in owned or controlled
process equipment
• Direct CO2 emissions from the combustion of
biomass shall not be included in scope 1 but
reported separately
• GHG emissions not covered by the Kyoto
Protocol, e.g. CFCs, NOx, etc. shall not be
included in scope 1 but may be reported
separately

SCOPE 2: ELECTRICITY INDIRECT GHG
EMISSIONS
• Scope 2 accounts for GHG emissions from the
generation of purchased electricity consumed by
the company. Purchased electricity is defined as
electricity that is purchased or otherwise brought
into the organizational boundary of the company
• Scope 2 emissions physically occur at the facility
where electricity is generated

SCOPE 3: OTHER INDIRECT GHG
EMISSIONS
• Scope 3 is an optional reporting category that
allows for the treatment of all other indirect
emissions
• Scope 3 emissions are a consequence of the
activities of the company, but occur from sources
not owned or controlled by the company
• Some examples of scope 3 activities are
extraction and production of purchased
materials; transportation of purchased fuels; and
use of sold products and services
Source: World Resources Institute and World Business
Council for Sustainable Development, Greenhouse Gas
Protocol – A Corporate Accounting and Reporting Standard –
Revised Edition
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wind energy with three megawatts of energy storage displaces
some four million litres of diesel annually. The four-turbine 9.2
megawatt wind farm at Rio Tinto’s Diavik mine has been in operation since 2012.
The most ambitious on-site renewables projects, however, are
happening outside of hydroelectricity-rich Canada, in remote
locations where diesel is expensive, supply chains precarious
and electricity grids strained. Rio Tinto is investing US$98 million (CAD $140 million) on a battery-backed 34 megawatt solar
array to power its Koodaideri iron ore mine in Western Australia,
which will satisfy 65 per cent of the mine’s power needs. Canadian miner B2Gold is building a 30 megawatt solar plant at its
Fekola gold operation in Mali (see page 36) – powerful enough to
save 13.1 million litres of heavy fuel oil a year.
As the clean energy industry matures, new financing models
are making on-site renewables deployment less onerous. In Mali,
Resolute Mining has enlisted British renewables and microgrid
developer Aggreko to build a hybrid power plant at its Syama
gold operation that includes 20 megawatts of solar and a 10
megawatt storage system.
Aggreko sells the power to Resolute through an “extendable”
15-year power deal. Resolute’s CEO John Welborn described it
as a “compelling” offer for an operation with decades of potential beyond its official 15-year life. Aggreko remains the owneroperator and financier of the power project and capital
expenditures remain off Resolute’s balance sheet. “It’s a longterm offtake agreement, with a significant capital demand
that’s met by Aggreko. That’s something that certainly as a
miner is new,” Welborn said. “It’s the perfect fit for the solution
we’re looking for.” The plant will cut energy costs from the current US$0.23 - 0.28 per kWh to US$0.15 per kWh and reduce carbon emissions by 20 per cent.
The energy transition offers Resolute an opportunity to bolster its relationship with nearby communities. The miner has
signed a separate agreement with Aggreko to explore ways to
provide electrical power to locals.
“Instead of trying to access power infrastructure that is either
not there or going to struggle to be financed, we are actually
reversing that by bringing financing, operating and development
of power infrastructure that can create microgrids in and around
the mine site,” Welborn said. “The downstream impacts on
health, on education, and on quality of life will actually come from
the electrification of emerging economies. That’s potentially a
more immediate benefit than the environmental one.”

The challenges of scope 3
While there is little debate over miners’ responsibility to cut
down operational and electricity emissions, downstream emissions, or scope 3 emissions, are more contentious. In March, Rio
Tinto chairman Simon Thompson rejected proposals to set scope
3 emissions targets, claiming that they are “primarily the emissions of our customers, mainly steelmakers in China, over which
we have very limited control.”
Others contend that the inclusion of scope 3 emissions is
imperative and their omission renders mining companies’ 2050
‘net zero’ targets meaningless. “Decarbonizing on the site level
is within miners’ control and they’ve made that commitment,
but in the grand scheme of things it won’t change the world.
When it comes to emissions, the issue is in the smelting stage,”
explained Wood Mackenzie’s Kettle.
Andrew Grant, head of oil and gas at financial think tank Carbon Tracker, said that the omission of scope 3 emissions “has an
impact on how relevant the targets are.”

A McKinsey report published in January noted that 28 per
cent of global carbon emissions are scope 3 emissions from mining, with coal combustion and steel and aluminum production
the biggest contributors. Scope 1 (operational) and scope 2 (offsite electricity) combined are estimated at one per cent.

“Decarbonizing on the site level
is within miners’ control
and they’ve made that commitment,
but in the grand scheme of things
it won’t change the world.
When it comes to emissions,
the issue is in the smelting stage.”
Julian Kettle,
Wood Mackenzie vice-president
of metals and mining

There is growing industry recognition that scope 3 must be
included. ICMM updated its climate change position in late 2019
to include a commitment to collective engagement with third
parties to determine the best approach to reporting scope 3. Vale
and BHP have vowed in the last six months to set public scope 3
reduction goals in 2020. It’s no small feat: the former’s scope 3
emissions make up 95 per cent of the company’s carbon footprint, while the latter’s make up 97 per cent.

Collaborating for mutual benefit
“Scope 3 is the hot topic right now,” ICMM’s Martinez said,
adding that the increased scrutiny will prompt “more collaborations between companies and customers to develop strategies
around how to invest in [clean] technologies and engage in carbon accounting across the supply chain.”
One example is ELYSIS, a Montreal-based joint venture from
Rio Tinto and Alcoa that has successfully managed to decarbonize an aluminum smelting process that has remained essentially unchanged since its invention in 1886. ELYSIS is working
with the partners, together responsible for 10 per cent of global
aluminum production, and Apple. “It’s the biggest breakthrough
in [the aluminum industry] in history,” explained ELYSIS’s CEO
Vincent Christ. “It’s mind boggling. We sometimes call it the holy
grail because of its uniqueness.”
Traditional methods of aluminum production – which
account for one per cent of annual greenhouse gas emissions,
according to research from Columbia Center on Sustainability
Investment – involve passing an electrical current through a
large carbon anode, which burns off and emits carbon dioxide
into the atmosphere. The new technology uses an inert anode
instead, and emits oxygen.
ELYSIS intends to commercialize the technology by 2024 and
sold its first batch of carbon-free aluminum to Apple in December. Construction of a research facility in Saguenay, Que., is
underway. It is scheduled to open in the second half of 2020.
“This is one of the rare cases, where a breakthrough technology also brings increased productivity, a decrease in production
costs, and immunization against tariffs linked to any carbon
pricing mechanism,” Christ explained. He added that having “an
investor like Apple brings an angle of customer view into what
we are doing, which is very useful.”

The initiative – which has benefitted from investments of $13
million from Apple, $55 million from Rio Tinto, $55 million from
Alcoa, and $120 million in total from the federal and Quebec governments – is one of a number of cross-sector partnerships
borne out of a collective need to limit the carbon intensity of supply chains. Chilean copper miner Codelco is working with BMW
to develop and introduce new sustainability standards to the
copper supply chain, Europe’s biggest iron ore miner LKAB has
joined forces with steelmaker SSAB and utility company Vattenfall to develop what they call fossil-free steel. And while Rio Tinto
maintains it has “limited control” over scope 3 emissions, the
company signed an agreement in the fall with China’s largest
steelmaker Baowu Steel Group and Tsinghua University to
explore ways to curb carbon emissions in steelmaking.

But whose responsibility is it, anyway?
Questions about the responsibility of scope 3 emissions are
not unique to the mining sector, according to Suzanne Greene,
manager of the sustainable supply chains program at the Massachusetts Institute of Technology (MIT).
“It’s across the board. What part of your scope 3 do you actually control? What part do you procure? What part can you dictate what happens? Which part is out of your hands? […] To me,
it opens a larger philosophical discussion about who is responsible for which parts of the supply chain,” she said.
Greene recommended that miners sink efforts into measuring
and reducing the scope 3 emissions within their reach. “The
most power [miners] have is in low-carbon procurement of their
own supply chain. Transportation could be one of those things.
They pay directly for their iron ore or copper to go on a ship to
China, and that’s something they can really get reliable numbers
on. What type of ship did it go on? Where did it port? How far did
it travel? How much weight did it carry?” she said. “Those are
more reliable numbers than, for example, what happens after
[the material] leaves China.”
Greene coauthored the Global Logistics Emissions Council
(GLEC) Framework for logistics emissions and is now working
on a new methodology, dubbed the Coalition on Materials Emissions Transparency (COMET) framework, which will allow
stakeholders across the mining supply chain to evaluate and
compare the embodied carbon emissions of different products.
COMET was launched by MIT’s sustainable supply chains initiative, the Rocky Mountain Institute (RMI), the Colorado School
of Mines and the Columbia Center for Sustainable Investment at
the World Economic Forum in January 2020. It is aiming to
establish a universal, standardized approach to measuring supply chain emissions in mining within 12 to 18 months.
The framework will shy away from averages found in other
carbon reporting approaches, and make reporting “easier to deal
with and more accessible,” according to Greene. “Right now, it is
just so complicated. You need a PhD to even think about it. We
want to take it out of that zone,” she said.
The push for corporate scope 3 accountability is relatively
new, RMI’s director of materials initiatives Paolo Natali
explained, having emerged in a somewhat unmethodical manner due to pressure from two very different stakeholder groups:
downstream companies looking to clean up their procurement
processes, and heavy industry investors concerned with climate risk.
“Methodological rigour has only recently started to become an
issue, and all the implications – primarily the problem of enabling
actual traceability versus industry averages – are a relatively
recent thing. That’s why we’re getting to it now,” Natali said. CIM
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Five 5.6-megawatt, high-efficiency Wärtsilä generators provide power to Agnico Eagle's Meliadine mine in Nunavut. Heat recovered from the generator engine
exhaust is circulated through the mine site, providing heat to surface buildings and underground operations connected to the hot-water loop.

Taking heat
High-efficiency gensets, fuel flexibility and smart load-shedding help cut diesel needs
at Agnico Eagle’s Meliadine cogeneration plant
By Herb Mathisen

T

he construction and commissioning of Agnico Eagle’s
Meadowbank mine – the gold miner’s first foray into the
Far North – was an educational experience with a steep
learning curve. Logistical, operational and human resource challenges tested the company’s ingenuity and taught it a lot of lessons about how to bring a mine into production and keep it
operating: lessons that Agnico Eagle applied to Meliadine, its
second mine in Canada’s Low Arctic.
Those learnings extended to the powerplant as well. Meadowbank’s heat recovery system – using by-product thermal
energy from electricity-producing generators to heat operations
– worked well in theory, but not so much in practice. “Mostly,
people design as if the gensets are going to be running full
steam, super hot, whereas we know that, in general, they always
run a bit lower to keep some reserve and make sure there are no
30 | CIM Magazine | Vol. 15, No. 3

blackouts,” said Nicholas Allen, a mechanical engineer at BBA.
The engineering firm was brought in to optimize the plant
between 2012 and 2014. “As soon as you go off of that perfect
operation, it’s not efficient at all.”
But getting the most out of heat recovery systems is crucial in
Nunavut, where Agnico Eagle relies on diesel for all of its energy
on site. “We have other mines in southern Quebec and more
down south in other countries. At those mines, we’re thinking
about energy optimization but we take it to another level in
Nunavut,” said Éric Lavoie, an electrical engineer with Agnico
Eagle who worked closely with Allen on the design of the plant at
Meliadine (which was commissioned in November 2018; the
mine began commercial production in May 2019). “In Nunavut,
we’re counting every kilowatt that is available, and we’re saying,
‘Okay, what can we do with that energy?’”

energy efficiency
Steps to recovery
To maximize heat recovery at Meadowbank, BBA focused on
small, specific measures – like developing cleaning procedures
to improve recovery rates from generator engine exhaust –
while also looking at the bigger picture. They [had] never officially formalized their risk tolerance for blackouts, said Allen.
This is important because powerplant operators do not pay for
fuel but can feel responsible for outages, so it is common that
they run all engines at lower loads. Although this burns more
fuel, it gives operators an immediate reserve to tap into if the
load spikes or a generator unexpectedly shuts down. Allen and
his team put a question to Agnico Eagle’s brass: “How many
blackouts do we want per year and how much money are we losing during these blackouts? Is this better than running all the
engines lower?” As a result, generators were run hotter, at a
higher load factor, improving heat recovery rates.
These and other changes cut diesel use by roughly two million
litres per year at Meadowbank, without any substantial equipment improvements or upgrades. When it came time for detailed
design of the cogeneration plant at Meliadine, Agnico Eagle’s
next project in Nunavut, the company again turned to BBA, asking the company to incorporate the lessons of Meadowbank.
Right away, Agnico Eagle wanted to involve operations in the
design process and commissioning of the power plant, so Meliadine staff knew how to run the systems properly to achieve the
desired heat recovery rates. “It’s a hard one because the more we
want to recover, the more the systems become complex,” said
Allen. “If the users don’t operate the systems correctly, we can
design the greatest powerplant, but it will not be as efficient as
it’s supposed to.”
The system BBA designed injects thermal energy recovered
from the gensets into a hot-water loop that heats the processing
plant and all other surface buildings connected to the network.
A second loop continues on to heat air in the underground mine
to roughly two or three degrees Celsius, before returning to the
plant, where the cooled water is heated up again. The entire heat
distribution system runs more than five kilometres in total.
Allen said it reliably heats the surface buildings but requires
some help to heat the underground mine when the temperature
drops below -25 Celsius.
The total efficiency of the cogeneration plant is about 80 per
cent, according to Allen. “In other words, each kilogram of diesel
contains about 43 Megajoules. From that, about 19 Megajoules
are converted to electricity, and another 16 Megajoules into heat
during the winter,” said Allen.

Reliability is huge
A crucial factor to consider with off-grid powerplants is reliability. A generator failure can shut down production operationwide, and that can get expensive. To minimize this problem,
Agnico Eagle implemented load-shedding, which allows the
operator to run the engines at optimal loads to get the most efficient performance from the generators. “If one engine instantly
stops for some problem, then you can load-shed, for example,
the cafeteria or the lodging, or a certain part of the process you
know you can stop without affecting productivity,” said Allen.
“There was no additional investment. It was just thinking about
the network in a smart way. If something does go wrong, you just
load-shed a sector that you’ve chosen in advance.” This gives the
operator time to start up a back-up generator and power returns
to affected areas minutes later.

Agnico Eagle also built reliability into the Meliadine plant by
purchasing five 5.6 megawatt, high-efficiency Wärtsilä generators. These 720-r.p.m. gensets run at a low speed, meaning less
wear and tear on the engine and better reliability. They are also
five per cent more efficient than the 900-r.p.m. generators at
Meadowbank. This gain in efficiency translates to roughly 2.5
million litres of diesel saved every year.
But it’s more than that, explained Allen. Agnico Eagle can
ship in fuel only four months each year when the ice goes out of
Hudson Bay, so this reduction means fewer storage tanks, less
fuel to transport to site by ship and fewer trucks on the road. It
also translates to a decreased risk of spills and fewer greenhouse
gases emitted. “There are a lot of advantages to reducing diesel
consumption when you’re up North.”
BBA made the business case for the more expensive gensets.
There was more than diesel savings to consider with each behemoth, 100-tonne generator, too. “Lower speed for the same
power means a bigger engine. That’s why it’s more expensive,”
said Allen. “You also need more space in your building, a bigger
foundation.” Agnico Eagle made the investment because the
payback on what these generators cost, versus the generators at
Meadowbank, was only about two years – Meliadine’s current
projected mine life is 12 years.
Getting the generators to site posed a few logistical challenges, considering Nunavut lacks a deep-water port. Each generator was moved off a ship anchored in deep water and onto a
multi-axel trailer sitting on a barge. When this barge came to
land the trailers were towed onto the beach and then travelled
35 kilometres to Meliadine. Five generators as well as eight 50tonne, prefab cogeneration plant buildings were moved this way.
A late summer in 2018 pushed back the schedule.

Fuels for the future
From the very start, Agnico Eagle insisted on de-risking
Meliadine by ensuring its plant could be compatible with liquid
natural gas (LNG) and renewable power. The rationale made
sense: if the mine uses many tens of millions of litres of diesel
per year and that price goes up by even $0.50, the company is
stuck and operating costs increase by tens of millions.
Dual-fuel generators that run on both diesel and LNG already
existed on the market, said Allen. “But the problem is if you’re
using dual-fuel but running on diesel, you’re actually three per
cent less efficient while waiting for [the possible incorporation
of] natural gas [at a later date].” After speaking to many manufacturers, Finnish company Wärtsilä proposed an option where
Agnico Eagle could easily convert its generators to LNG at a
later date. “They are efficient as diesel engines, but if you do
want to convert them to dual-fuel, then you only take two
weeks, you pay that money at that time for conversion and
you’re ready to operate on them,” said Allen. The company
could stagger the genset switchovers so the operation would
not be affected.
The plant can also integrate renewable energy. “We’ve been
doing internal studies on a wind farm and we have been working
on that for a couple of years now,” said Lavoie. “We’re saying
that we need to again keep our minds open and look for opportunities.”
That flexibility to alter course with the winds of change
means the longer Meliadine produces gold, the more Agnico
Eagle is rewarded for the up-front investment and planning it
put into its cogeneration plant. CIM
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