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ABSTRACT

The world faces a complex challenge. The combustion of coal continues to be the single largest
contributor to global CO, emissions driving climate change and yet the pathway away from coal is
obstructed by technical, economic and social difficulties. To constructively address this challenge,
the coal industry and the climate change movement must align as collaborators, both working to
solve the same problem, to overcome the same constraints and to realise the same outcomes.

Scope 3 emissions from coal operations (generated upon coal combustion) typically represent some
95% of an operation’s total emissions. This means a 1% reduction in scope 3 emissions is equivalent
to a 19% reduction in scope 1 and 2 emissions combined. Improvements in coal quality can have a
significant impact on the resultant CO, emissions from both thermal power plant and metallurgical
coking and ironmaking processes.

Considering that scope 3 emissions from the combustion of coal represent 40.3% of global

anthropogenic CO, emissions and that the world’s withdrawal from coal dependency will take

some time yet, this paper argues that the coal preparation industry should focus significant efforts 2A
on the reduction of CO, emissions through optimisation of coal quality. Two recommendations are

proposed. Firstly, the quantification and inclusion in coal product specifications of CO, emissions per

unit useful output (per MWh in the case of electrical generation and per tonne of hot metal in the

case of ironmaking) will leverage market forces to drive utilisation of the most emissions efficient

coals. Secondly, coal producers quantify and directly pursue reduction of scope 3 CO, emissions

through targeted coal quality improvements, most notably by reducing product moisture and ash.

Keywords: Coal emissions reduction, CO, intensity factor, CO, emissions factor, adjusted NCV, coal
moisture reduction, coal ash reduction
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A COMPLEX CHALLENGE

Climate Change

Climate change is arguably the single greatest challenge facing mankind. Rising average global
temperatures will drive a range of deleterious outcomes to our species and our planet - many of
which, if they progress beyond a certain point, will be irreversible (IPCC, 2022a). For thousands of
millennia prior to the period of industrialisation, the planet’s natural carbon cycle has been in a state
of fine balance as described by CSIRO (2021). Approximately 190.2 billion tonnes of carbon every
year is released into the atmosphere by natural processes including respiration, decomposition,
wildfires and volcanic eruptions. Every year, the same amount of carbon - 190.2 billion tonnes - has
been absorbed from the atmosphere by plants, the oceans and the land maintaining the cycle in
perfect balance. Over the last 250 years, however, humankind has begun to disrupt this balance. Ever
accelerating levels of industrialisation have caused an additional 9.1 billion tonnes of carbon to be
released into the atmosphere annually. A portion of these additional industrialised carbon emissions
(approximately 5.0 billion tonnes) are absorbed by the land and the oceans, however the 4.1 billion
tonne balance remain unabsorbed, increasing atmospheric carbon concentration (CSIRO, 2021).
Lindsay (2022) reports that since pre-industrialisation, global concentrations of carbon dioxide (CO,)
have increased by 48%, rising from a baseline of 277 ppm in 1750 to 415 ppm in 2021 as shown in
Figure 1.
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Figure 1: Atmospheric carbon dioxide amounts and annual emissions 1750-2021
(Lindsay, 2022)
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Lindsay (2022) also notes the rate of increase since 1960 is approximately 100 times greater than that
which has occurred as a result of previous natural processes over the last 800 millennia.

Approximately 10% of the sunlight incident upon the surface of the earth is reflected back into the
atmosphere. Atmospheric gases such as nitrogen and oxygen permit the relatively free passage of
this reflected radiation back into space, however other gases, which include carbon dioxide, tend
to absorb, and then re-radiate this energy — some of which is returned back to the earth’s surface.
Such gases are referred to as greenhouse gases (of which carbon dioxide is the most plentiful)

as their re-radiating action contributes to higher global temperatures. Without carbon dioxide in
our atmosphere, the earth would not be able to sustain an average global temperature above 0°C,
however as concentrations of carbon dioxide climb with increasing rates of emission, the proportion
of re-captured reflected energy also continues to rise resulting in human induced global warming.
Figure 2 shows the steady increase in global average temperatures since 1880 compared to the
mean over the period 1880-2022 (Lindsay and Dahlman, 2023). Taking decade averages, global
temperature rise has been in the order of 1.1°C from pre-1900 to now.
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Figure 2: Global average surface temperature 1880-2020
(Lindsay and Dahlman, 2023)
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The extent to which temperatures will continue to trend upward is highly dependent on the
trajectory of future industrialised CO, emissions. IPCC (2022c) “Technical Summary” presents the
respective projections for CO, emissions and consequential atmospheric concentrations in Figure

3 (as adapted by Lindsay, 2022) and resultant global temperature rise in Figure 4 under a range of
plausible socioeconomic pathway models through to 2100. The range of possible outcomes is broad
with only the most urgent action (requiring an immediate decline of emissions from 2023 levels)
able to limit likely average global temperature rise to below 2°C relative to the 1850-1900 average.
Given that in 2022, global CO, emissions rose by a full 1.0%, more than twice the average growth rate
of the preceding decade (Tollefson, 2022), this immediate turnaround does not appear likely.
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The impacts of rising CO, emissions and the resultant global warming are dramatic, wide-ranging
and sobering; polar ice melt, reduced snow cover, sea level rise, land inundation, ocean acidification,
coral bleaching, increased severe weather events, more frequent drought, heightened food supply
shortages, accelerated spread of vector-borne disease, biodiversity loss, increasing poverty, people
displacement and geopolitical conflict; and impacting every corner of the globe (IPCC, 2022b).
Surely, climate change is the single greatest challenge of our time.

Climate change and the combustion of coal

In 2021, the CO, emissions from coal combustion totalled 15.3 Gt, significantly exceeding the
emissions from rival fossil fuels; oil at 10.7 Gt and natural gas at 7.5 Gt (IEA “Global Energy Review’,
2022a). According to the Intergovernmental Panel on Climate Change (IPCC), the proportion of all
industrialised CO, emissions since industrialisation generated by the combustion of coal exceeds
30%. As a result, the combustion of coal is directly responsible for over 0.3°C increase in the average
temperature of the earth thus far, and this contribution is not going down. In fact, in 2021, coal was
the largest contributor to the increase in global emissions, accounting for over 40% of the annual
rise (IEA, 2022a).

Not only is the historical contribution of the combustion of coal to CO, emissions greater than any
other source, but it is also the leading driver of ongoing increases. If climate change is the single
greatest challenge of our time, then the combustion of coal is the single greatest contributor to it.

This is the distilled argument of those that would advocate for the immediate cessation of the
combustion of coal. This argument is logical, it is robust and it is compelling.

Impediments to rapid transition

As urgent and compelling as the case against ongoing coal combustion may be, there are practical
impediments limiting the rate at which we can reduce our coal dependence. Several of these are
broadly overviewed below.

Lack of steelmaking alternatives

As of 2023, there is no economically viable method to produce new steel at scale other than by

blast furnace combustion of metallurgical coal. Emerging alternative steelmaking technologies

including the use of direct reduction, hydrogen, bio-carbon and electrolysis (Straterra, 2022) have

each shown early promise on a small scale but are yet to provide an economically viable solution

for mass production. In 2020, recycled steel constituted only 34.8% of global crude steel production 2A
(Worldsteel Association, 2021) as demand for new steel significantly exceeds total quantities of

recycled scrap. Without the ongoing generation of new steel, the energy transition stalls as steel is an

essential material in the construction of renewable energy generators and the infrastructure which

supports them.

Electrical network availability

The replacement of coal fired electrical generation with renewables presents energy authorities
with a variety of technical challenges that will take time to address. Of these challenges, the issue of
availability is perhaps most widely understood. On an electrical distribution system without storage,
electricity can only be consumed at the very moment it is generated. This instantaneous matching
of power generated with power consumed on a network is a primary responsibility of the managing
authority. Unlike coal fired generators which can reliably supply electricity on a 24 hour / 7 day basis,
the weather dependency of renewable wind and solar generation means there is no guarantee that
generation can be synchronised with demand. Electrical storage systems, which include grid scale
batteries and pumped hydrogeneration schemes, can assist however a constraint is their capacity
compared with that of the grids they support. In 2021, global installed capacity of pumped-storage
hydropower was 160 GW and grid-scale battery storage was 16 GW (IEA, 2022b). This is respectively
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6% and 0.6% of average global electrical power consumption (of 2.68 TW). Additionally, whilst the
capacity of the hydropower storage systems is typically many days, the capacity of battery systems is
on average only 1 to 4 hours.

Given their weather dependency, scenarios in which the total renewable generation falls short of
total electrical demand on a given grid system by more than 6.6% (and for periods greater than 1

to 4 hours) are not difficult to foresee. At such times, this power shortfall can only be provided by a
source of generation offering continued availability. Coal-fired power is the technology on which
many electrical grids rely to ensure availability, and these cannot be decommissioned until suitably
available replacements (gas, nuclear, hydro) or substantially expanded electricity storage facilities are
established.

Electrical network transient stability

A second challenge faced by energy authorities in the removal of coal fired generators from
electrical networks is the threat this poses to network reliability — in particular a network’s resilience
to ride through unexpected switching conditions or system faults. Coal fired generators are large
machines with high rotational inertia which resist frequency deviations during transient stress
events. Wind turbines by contrast tend to be buffeted by such disturbances. Retirement of coal fired
generators from networks can only be progressed as appropriate replacement infrastructure (such
as battery systems with sufficient transient stabilising capacity) can be installed lest the stability of
power networks be compromised.

Infrastructure inertia

As of January 2023, Global Energy Monitor (2023) estimates the global installed capacity of coal fired
generators to be 2.083 TW across some 2,458 power stations. In 2021, this enormous quantity of coal
fired generation infrastructure delivered approximately 10,100 TWh of electrical energy (Our World
in Data, 2023), approximately 43% of total global electrical energy consumed. Planning, funding,
construction and commissioning of the extraordinary amount of new infrastructure required to
replace the global coal fired generation installed capacity will take time.

Future availability of energy transition minerals

Over the coming decades, the energy transition is forecast to drive huge increases in demand for a
range of base, critical and rare-earth minerals — many times the current levels of supply. Concerns as
to how the extraction sector can meet expected demand levels are continuing to grow given mine-
life projections of existing projects and headwinds to bringing new projects online. Across multiple
commodities, mine depths are increasing, grades are diminishing, jurisdictions are becoming more
challenging and ESG barriers all the more difficult to negotiate. Analysis of major mines that have
entered production since 2010 reveals an average time from exploration to production of 16 years
(IEA, 2022c) raising serious questions as to the potential for sufficiently rapid ramp-up. Minerals
availability may become a constraining factor to the rate at which the energy transition can proceed
and that may extend our dependence on coal for longer than is ideal.
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Developing Nation Pathways

According to Global Energy Monitor (2023), of the total 515 new coal fired power plants worldwide
(either planned or under construction) only 6.4% of new stations, constituting only 3.2% of the
intended new capacity, lay outside of the developing world. OECD countries enjoy the benefits of
robust power systems, access to technology and an ability to invest in the infrastructure necessary
to support renewable generation systems. In the developing world, however, coal offers a cheap to
build and reliable to operate pathway to electrification for the nearly 1 billion people who still live
without access to electricity. Coal is more secure than gas, technically simpler than nuclear, and more
predictable than renewables and current trends would indicate that coal will remain an important
source of energy for the developing world for some time to come (Kemp, 2021).

RESPONDING TO THE CHALLENGE

As has been an increasing trend in political discourse in recent decades, the debate over climate
change and the coal industry’s response to it has become highly polarised and lacking in nuance.
Those that oppose the industry tend to focus only on the arguments as to why coal combustion
must cease. Those that support the industry tend to focus only on the arguments as to why it cannot.
In actuality, the arguments of each ‘side’ are robust and reasonable, even if their natural conclusion

is contradictory. It is a deeply complex problem without easy solution; and such problems can never
be resolved through tribal debate. If humankind is to address this challenge, as the science suggests
we must, then every corner of industry must step forward and deliver the greatest contribution
possible from the pathways available. The position of this paper is that in order to maximise the
contribution from the coal industry, the following changes must occur:

(i) Cease characterisation of the coal industry and the climate change movement as archenemies,
and recast them as collaborators; both working to solve the same problem, to overcome the
same constraints and to realise the same outcomes.

(i) Reject oversimplification, biased promotion of personally convenient arguments, and
consideration of only a subset of the available information, and rather give full and proper
weighting to all dimensions of the problem. The solution of problems only commences once
they are understood in their entirety.

(iii) Focus on doing what we can, and not why we cannot. Every reduction in emissions contributes
to addressing this challenge in accumulation.

For those that work in the coal preparation industry: rather than viewing ourselves as part of
the problem, how do we take the opportunity to be part of the solution? After all, we have our
hands on the lever of the single greatest contributor to humankind’s single greatest problem.

(iv

The role of the coal preparation industry

So, what meaningful contribution can the coal preparation industry make toward reduction of CO,
emissions?

Scope 1, 2 and 3 emissions are a recognised method of categorising greenhouse gas emissions
generated by an enterprise as defined by World Business Council for Sustainable Development, 2004.
Most Australian coal producers have made commitments to reduce or achieve net zero scope 1 and
scope 2 emissions over the coming decades. Important scope 1 emissions reductions initiatives
include minimisation of carbon intensive materials (steel, concrete) in the construction of plant,
elimination of site diesel and other site fossil fuel consumption, reduction in consumables use, and
capture and containment of fugitive mine emissions. Reduction of scope 2 emissions is primarily
achieved through transitioning to low emissions electrical energy suppliers.
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Scope 1 and scope 2 emissions savings make valuable contributions to global reduction targets,
however the scope 3 emissions of coal producers are many times larger than the scope 1 and

2 emissions combined. Typical estimations of Australia’s coal producers that report on scope 3
emissions are that they constitute between 93% and 96% of their total emissions. This means that a
1% saving in scope 3 emissions is equivalent to as much as a 19% saving in scope 1 and 2 emissions
combined.

Some coal producers maintain that the resultant scope 3 emissions arising from the utilisation of
their product lies beyond their control and therefore outside of their responsibility. This is true, but
only to an extent. What is also true is that coal producers have the greatest ability to optimise the
quality of their product, and coal quality is a determinant of resultant CO, emissions.

On the basis that scope 3 emissions from the combustion of coal represent 40.3% of global CO,
emissions (Ritchie and Roser, 2022), and that the world’s withdrawal from coal dependency will take
some time yet, this paper argues that the coal preparation industry should focus significant efforts
on the reduction of emissions through the optimisation of coal quality.

THE EFFECT OF COAL QUALITY ON CO, EMISSIONS

The following section details the specific aspects of coal product quality that impact on the

CO, emissions produced upon combustion. These are different in the case of thermal coal and
metallurgical coal; however high product moisture and ash are contributors to higher emissions in
both instances.

Thermal Coal

Currently, the principal marketable measure of a thermal coal is its calorific value - the amount of
energy it yields upon combustion per unit mass. The gross calorific value (GCV) is determined by
combustion in a bomb calorimeter under laboratory conditions and measures the total energy
yielded by the combustion process. This total energy, however, is not practically accessible to an
industrial power plant as some is lost when hot matter exits the process before its thermal energy
can be recovered. The net calorific value (NCV) is given by subtracting from the GCV the latent heat
of vaporisation (LHV) of the water and hydrogen (which converts to water) content of the coal that is
lost up the stack as steam. NCV is commonly used as a proxy for useable energy. There are, however,
other losses associated with the departure of hot matter that the NCV does not take into account
which include:

(i) Energy lost in raising coal moisture from ambient to vaporisation temperature;

(i) Energy lost in raising steam from vaporisation to boiler exit temperature;

(iii) Energy lost as other product gases (including CO,) depart at boiler exit temperature; and
(iv) Energy lost in raising ash from ambient to boiler exit temperature.

Whilst each of these is less significant than the loss associated with LHV, in accumulation they
represent a non-trivial wastage of energy, no longer available for the generation of electricity.
Accounting for these additional losses, each of which are a function of various dimensions of coal
quality, provides an adjusted NCV which is a more accurate representation of the useable energy
available to a thermal power plant.

None of these measures, however, provide an accurate quantification of the CO, that the same

coal will generate upon combustion. Carbon, hydrogen and sulphur all contribute to the energy
released during combustion however only carbon oxidises to form CO,. Varying ratios of hydrogen,
in particular, affect the combustion energy to CO, ratio. For a given coal, total CO, emissions per unit
mass can be determined by ultimate analysis of the carbon content.

Combination of the adjusted NCV and CO, emissions per unit mass (both measures being a function
of coal quality) enable determination of the ratio of CO, emissions per useable thermal energy (gCO,
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/ kcaladjusted). This ratio is referred to as the CO, emissions factor and enables direct comparison of
the emissions resultant from one coal against another per unit of useable thermal energy available
to an industrial power plant. Coal quality differences between coals can result in CO, emissions
factors varying by as much as 13% (Hong and Slatick, 1994).

Conversion of the available input energy (the adjusted NCV) into generated electricity is dependent
on the thermal efficiency of the power plant which is heavily informed by the generation technology
employed. Traditional sub-critical power plants operate at an efficiency in the order of 33% which
means that only one third of the available input energy is converted into electrical energy. So

called High Efficiency Low Emissions (HELE) generation technologies improve upon this conversion
efficiency with typical values shown in the Table 1 below (IEA, 2012).

Table 1: Typical thermal efficiency by generation technology

Thermal generation technology Typical efficiency
Subcritical up to 38%
Supercritical up to 42%
Ultra-supercritical up to 45%
Advanced-ultra-supercritical 45-50% +

Multiplication of the adjusted NCV by the thermal efficiency of the power generator enables
determination of the amount of electrical energy that a given coal, through a given power plant will
generate on an energy per mass basis (MWhelec / tcoal).

Combination of the electrical energy generated and CO, emissions per unit mass enable
determination of the ratio of CO, emissions per unit electrical energy generated (tCO, / MWhelec).
This ratio is referred to as the CO, intensity factor and enables direct comparison of the emissions
resultant from one coal against another per unit electrical energy generated.

Relationships between the above terms are set out in Figure 5.
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Figure 5: Relationship between coal quality, CO, emissions factor and CO, intensity factor
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Metallurgical Coal

An approach to the estimation of CO, emissions from coke and iron-making processes is set out

in the Australian Government Department of Industry, Science, Energy and Resources - National
Greenhouse Accounts Factors (2021). This enables determination of total CO, emissions which can
then be expressed either as per tonne of hot metal (thm) or per tonne of coal feed.

The marketable qualities of a metallurgical coal are described by a host of metrics; each important
determinants of a coal’s behaviour during the coking and blast furnace processes. Just as for thermal
coal, alteration to the ash and moisture content of metallurgical coal impacts on the ultimate CO,
emissions resultant from the coke ovens and blast furnace processes. The ash and moisture content
of coking and pulverised coal injection (PCl) coal are largely superfluous to the ironmaking process,
however their inclusion results in increased emissions as a result of multiple interactions described
below.

Coke ovens - energy loss from ash and moisture content

Along with the carbon content of coking coal, the moisture and ash content of coal charged

into coke ovens must also be heated to coke ovens exit temperature. The additional energy this
requires must be delivered by the combustion of volatile gases released by the coal. The chemical
composition of these volatiles determines the additional CO, emissions that result from delivery of
this required energy. Following quenching, the coke then becomes a charge to the blast furnace.

Blast furnace - energy loss from coke ash

Whilst the moisture content of the coking coal has been driven off during the coking process, much
of the ash content is retained. This ash content, inherent within the coke, is then charged into the
blast furnace, and therein must then be raised to the temperature for slag formation.

Blast furnace - energy loss from PCl coal ash and moisture

PCl coal is direct injected into the blast furnace via the tuyeres. The moisture content in the PCl coal
is raised to blast furnace exhaust gas temperature at which point this energy is lost. The ash content
of PCI coal must be raised to the temperature for slag formation.

Blast furnace - energy loss from limestone addition and slag formation

Limestone addition to the blast furnace is necessary to enable formation of slag from the sand/ash
content of the iron ore, the coke and the PCl coal. To avoid unnecessary cooling of the furnace, only
as much limestone is added as there is sand/ash to remove. The temperature of the limestone must
be raised to the point at which it undergoes thermal decomposition. This is an endothermic reaction
as the limestone (CaCOs) separates into calcium oxide (CaO) and CO,. The temperature of the calcium
oxide must then be raised to the point at which it undergoes a neutralisation reaction with the sand/
ash (exothermic) to form slag. The slag is then discharged from the furnace and the heat energy

of the slag at that point is lost from the process. The entire slag formation process represents a net
energy loss to the furnace.

Blast furnace — CO, from ash and moisture generated energy losses

Totalisation of the above blast furnace energy losses resultant from the inclusion of ash and
moisture in the coke and PCl coal reveals the net additional energy required to be delivered by the
combustion of additional carbon within the furnace. The result of this additional combustion is an
increase in CO, emissions from the furnace.
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Blast furnace — CO, emissions directly result from limestone addition

Limestone addition (as required by the ash content of the coke and PCl coal) also results in the direct
generation of CO, which is a product of the thermal decomposition of that limestone as described
above.

Relative impact of ash and moisture reductions on CO, emissions

As demonstrated, reduction of moisture and ash content in coking and PCl coal directly reduces the
CO, emissions resultant from coking and blast furnace processes. The percentage CO, emissions
savings for reductions in moisture and ash constituency are relatively greater than is the case for
thermal coal on account of:

- By estimation, approximately 8.5% of the carbon content of metallurgical coal is captured
and retained in the iron product (meaning not all carbon is converted into CO, and thus in
metallurgical coal, changes in ash and moisture are with respect to a smaller CO, base).

« The ash content of coking coal is heated and the energy subsequently lost twice during the
successive coking and blast furnace processes (but only once in a thermal power plant).

+ Energy losses as a result of the slag making process to remove coke and PCl ash through the
addition of limestone are unique to ironmaking.

« CO, produced by the thermal decomposition of limestone for the slag making process described
above is unique to ironmaking.

Transport Emissions

CO, emissions occur as a result of the transport of coal product from mine to point of end use.
Transport emissions are reduced in direct proportion to the percentage mass of moisture and ash
removed from thermal and metallurgical coal product at source.

PROPOSED INITIATIVES

Having demonstrated that coal quality materially impacts on the resultant CO, emissions, this paper
proposes two actions by coal operators to assist in driving down CO, emissions from the combustion
of coal (and therefore their own scope 3 emissions).

(i) Quantification and publication of CO, emissions of coal product per useable output. For thermal
product this is publication not only of GCV or NCV, but also of the CO, emissions factor (gCO, /
kCaladjusted) of the product. Where the power plant efficiency of the end user(s) is known, this 2A
could also be reported as CO, intensity factor (tCO, / MWhe) of the product. For metallurgical
coal, extend categorisation beyond that which describe coke making properties to include CO,
per tonne of hot metal produced (tCO, / thm). It is argued that quantification and publication
of the CO, emissions per useable output will not only drive competition between producers
to lower resultant emissions through coal quality improvement but will also generate a
price premium for coal products with greater CO, efficiency. As global pressure on emissions
reduction continues to intensify, such market forces will ultimately drive consumers toward
utilisation of the most efficient coals.

(i) Direct reduction of scope 3 CO, emissions through coal quality improvement. Quantify current
emissions efficiency of coal product and understand what CO, savings could be achieved
through coal quality improvement. Such quality improvement initiatives tend to return a price
improvement even in the current market, however promotion of associated CO, emissions
savings has the potential to offer further price uplift.
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SOME PRACTICAL INITIATIVES

Ausenco QCC has developed a suite of capabilities and has been working with our coal operations
clients to support and assist them to identify, quantify, report and reduce their product scope 3
emissions outcomes.

Our work has included:

+ Modelling of coal quality impacts on emissions under thermal power plant conditions;
- Determination of thermal coal CO, emissions factors (gCO, / kcaladjusted);

- Determination of thermal coal CO, intensity factors (tCO, / MWhelec);

+ Modelling of coal quality impacts on emissions under coke and iron making conditions;

- Quantification of CO, emissions savings through coal quality improvement initiatives (thermal and
metallurgical); and

- Design of plant improvements to achieve such outcomes (thermal and metallurgical).
The above work has applied the emissions calculation principles outlined in this paper.

For thermal coals, calorific value losses associated with not only the latent heat of vaporisation of
water and hydrogen, but also with the exit of hot material and gasses from the thermal power plant
process are calculated. Ultimate analysis enables determination of CO, emissions per unit mass and
therefore determination of CO, emissions and intensity factors where power plant efficiencies are
known.

In the case of metallurgical coals, work has included quantification of the relative changes in CO,
emissions as a result of coal quality differences between coals, and also emissions savings that can
be achieved through ash and moisture reductions in a given product.

Modelling has also included carbon emissions related to transportation enabling a totalisation of
Scope 3 CO, emissions associated for a given product sold to a given consumer.

OTHER INDUSTRY OPPORTUNITIES

In addition to the initiatives described above, there are other ongoing opportunities that stand
to enable further reduction of emissions from coal combustions. Two of these are briefly outlined
below.

Carbon capture and storage (CCS) which seeks to capture and store industrialised CO, emissions

in geological formations before they enter the atmosphere has tremendous potential for emission
reduction during the period of the energy transition. There are, however, also a range of concerns
associated with economic viability, poor historical project performance, geological security and
monitoring and accountability risks (Robertson and Mousavian, 2022) associated with CCS that the
industry must still address.

Further investigation into coal quality (specifically mineral content) drivers for ash slagging and
fouling in high efficiency low emissions coal fired generators is required. Common slagging and
fouling indices serve as a proxy for observed outcomes however do not yet enable them to be
accurately predicted. HELE plants produce far lesser emissions per unit electrical output than their
subcritical counterparts but also tend to be more significantly impacted from the deleterious effects
of slagging and fouling within the boiler. Further research into the coal quality determinants of
slagging and fouling will be an enabler for improved selection of coal feed types for HELE coal fired
generators and thus a driver for lower emissions.
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CONCLUSION

The immediate cessation of the combustion of coal is both an urgent imperative, and an utter
impracticality. As such, mitigation of CO, emissions from the unavoidable immediate-term
combustion of coal becomes the urgent responsibility of all those who have ability to influence. It is
a challenge that requires industry’s best minds to work together to formulate smart solutions that
deliver real world outcomes.

Climate change is a challenge like no other the world has faced before, and for those of us in the
coal industry, we are uniquely positioned to be able to influence the single greatest contributor to
it. Firstly, through analysis and publication of CO, emissions per useable output for both thermal
and metallurgical coal, we enable market drivers that will promote purchase of coal on the basis of
greatest CO, efficiency. Secondly, through understanding how coal quality improvements reduce
emissions upon combustion, we can drive down emissions through product quality optimisations
that will not only increase premium product values and lessen scope 3 emissions but will reduce the
pressure on our planet as well.
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