Mining Ashes: The Emerging Global Demand for Ash Mining and Beneficiation Technologies

lvan Skidmore
MHEA, BULKEX Conference, 12th October 2021, Chesford Grange — Warwickshire, UK

EP Power Minerals



Introduction
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Power Minerals - UK Sales, Distribution & Finance team
based at Drax Power Station in Yorkshire.

EPPM

Ilvan Skidmore
UK Sales & Technical Director, Power Minerals Limited (PML)

EP Power Minerals

* Part of the EP Power Minerals (EPPM) group, we are at the centre of an
international network of experts in the management of power plant by-
products and blasting abrasives, along with industrial wastes.

ecobq

* Board Member of European Coal Combustion Products Association (ECOBA)
+10yrs, President from 2015-2019.

I QUALITY ASH

ASSOCIATION

* Executive and Technical Committee Member of UK Quality Ash Association
(UKQAA) +14yrs, Chair from 2012-2017.



EP Power Minerals group
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How do you talk about climate change?
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Unavoidable disaster or something we can master?
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EPPM Fight Decarbonisation
In a panic or systematic?



The UK has acted to end coal fired power generation ‘“ L
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Press release. UK Government:

End to coal power brought forward to October 2024

The deadline to phase out coal from Great Britain's energy
system has been brought forward by a whole year, highlighting
the UK’s leadership to go further in driving down emissions and

tackling climate change.
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No more coal power means no more coal ash! ) 8
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FLY ASH WITHIN

Long history of beneficial use of ash
(since Roman times!) FI_Y ASH IN INFRASTRU;TRE PRO..IECTS...

* Engineering / Technical CONSTRUCTION

Coal derived fly ash makes a significant
Contribution to housebuilding

WALKIE TALKIE BUILDING

* Economical / Abundant
USAGE

* Environmentally friendly / Sustainable Void Stabilisation
Concrete Steps
Concrete Foundations
Roof Tiles

The future will see an increased demand () conerere Paving Slabs
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Source: UKQAA



UK Concrete and Cement Industry Roadmap to Beyond Net Zero
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Increased use of pozzolanic ashes in low carbon cements and concretes is a vital technology lever

Contribution to net zero from each technology lever by 2050

Indirect emissions
from decarbonised
electricity

Saving

27.05

Transport

Saving

44.45

Low carbon cements

and concretes

Saving

76.28

Saving

99.45

Contribution to beyond net zero

Thermal mass

-4,
CO:z reduction

Decarbonising the
electricity grid encourages
the electrification of the
industry. Decarbonising
technologies that require
electricity include plasma
energy and CCUS. Using
technologies such as these
could increase electricity
use by 80% to 130%.

Advanced manufacturing
techniques, such as
artificial intelligence (Al)
and automation, will
deliver efficiencies in the
operation of concrete and
cement plants.

-7%
€Oz reduction

Decarbonising delivery
transport is realised
through a move away
from petrol and diesel.
Investment in new
fleet and reducing road
transport miles reduces
carbon emissions.

Through investment in
Infrastructure, the industry
has increased its use of

rail freight, supporting
amodal shift from road

to rail and a reduction in
transport emissions.

-12%
CO: reduction

Innovations in concrete
mix design, to utilise
lower emission
constituents, are enabled
by revisions to product
and building standards.
These low carbon
products are adopted and
used increasingly in our
built environment.

Research and
development in clinker
content, alternative
binders and cement
formulations reduce
carbon emissions.

-16%
CO:z reduction

The availability of biomass
wastes is sufficient to
generate over 70% of

the heat used for cement
production.

UK investment in hydrogen
production, delivery
networks and successful
Industry research enables
the use of hydrogen, plasma
or other new heating
technologies.

0
O

CO: reduction

UK investment in
infrastructure and successful
industry research enables the
use of CCUS technologies.
This transformative
technology represents

the most significant and
technically disruptive
investment in the roadmap.

The COz reduction of 61%
enables the industry to
achieve net zero manufacture
by 2050. The use of CCUS and
biomass have the potential to
make a greater contribution
to the roadmap and achieve
net negative emissions.

-12%
Further CO:z reduction

Carbonation, the process
where concrete absorbs
CO: from the atmosphere
throughout its lifetime,

Is recognised in UK
accounting of greenhouse
gases,

When the global average
carbonation rate of 23%

Is applied to the UK

this means that it can
contribute to a further 12%
CO: reduction. By 2050,
techniques to optimise
and accelerate carbonation
could be used to increase
its contribution.

-4 40,
Further CO: reduction

Thermal mass is a property
of heavyweight materials

like concrete and masonry
where heat can be absorbed,
stored and released, reducing
the energy needed to heat
and cool buildings. The use
of lifecycle assessment and
post-occupancy evaluations
demonstrate the carbon and
energy savings from smart
thermal mass contributing

to the demand side response
to climate change.

The cumulative deployment
of concrete’s thermal mass
produces a building stock
which has an estimated

14% saving of 2050 UK
electricity consumption
from avoided heating and
cooling. This equates to 44%
of 2018 concrete and cement
emissions levels.

Source: Mineral Products Association
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sustainable solutions
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So, where are we going to get the ash from? Imports?

Europe is also facing major challenges in the supply of
ash due to coal phase out

* UK has supplemented reduced local production of dry cementitious
’ fly ash with imports from Europe in recent years

= * Im- and export relations are changing

* Increase of imports currently limited by 2021 extreme sea freight
conditions

* * Lacking import infrastructure




Cross border transport of ashes in Europe 2008-2020
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2008:
2009:
2010:
2011:
2012:
2013
2014;
2015:
2016: 2.9 million tonnes
2017: 2.6 million tonnes
2018: 2.5 million tonnes
2019:
2020:
4
w 4
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Source: ECOBA




Global Ash Flows
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Europe:

Still some domestic volumes /
~available. East Europe to West {
. Europe flows growingy ‘

hA ica:
North America Aus/NZ:

Domestic volume in the Mid-
West and Central part of US.
Imports of India Ash found in
Florida and Gulf of Mexico.
Bulk shipment to California
and Florida

‘ FA available inland in

P Aus. Coastal cities
A import FA from India. NZ
L _“K" has small imports from

India. -
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Long history of coal power has led to vast ash reserves in UK
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e e R B e

THE RESERVES STRATEGIC
Locations of single | " SECONDARY

use deposits of coal

derived fly ash in MINERAL

currently operating

or recently.closed . ¥ RESOURCE
P

power stations

CURRENTLY OPERATING
PLUS RECENTLY CLOSED...

Longannet Minerals Plans should recognise coal
Cockenzie >

Kilroot ‘ ‘ derived fly ash in single use depositsas.a
Lynemouth i potential source of secondary minerals, the

Ferrybridge role it may play in supply, gnd fo safeguard

Eggborough ) this for the future
Drax

Fiddlers F: = A

V:,es,egrfmirnry : Planning Practice Guidance should be
Cottam i S“——.._amendedo reflect properly the
Ratcliffe-on-Soar availability and potential of coal derived
g‘i’dgjfy fly ash in single use deposits as a
Aborthaw . secondary mineral resource
Tilbury
Kingsnorth

All are consistent with:

¢ The circular economy

¢ Sustainable construction

¢ Low embodied carbon cements,
mortars and concretes

Source: UKQAA



Safeguarding ash reserves is now recognised by UK GOV.
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Minerals resources of local and national importance: Minerals which are necessary to
meet society’s needs, including aggregates, brickclay (especially Etruria Marl and fireclay), silica sand

(including high grade silica sands), coal derived fly ash in single use deposits, cement raw
materials, gypsum, salt, fluorspar, shallow and deep-mined coal, oil and gas (including conventional and
unconventional hydrocarbons), tungsten, kaolin, ball clay, potash, polyhalite and local minerals of importance
to heritage assets and local distinctiveness.

Source:

National Planning Policy Framework
From:

Ministry of Housing, Communities & Local Government
Published

27 March 2012

Last updated

20 July 2021




Greater than 100Mt of accessible reserves in the UK
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COAL
DERIVED
FLY ASH IN
SINGLE USE
DEPOSITS

FROM WASTE

TO SECONDARY
MATERIAL

Preserving Coal Derived Fly

Ash for Future Generations

UKQUALITYASH
ASSOCIATION

>60
MILLION
TONNES

SECONDARY MINERAL
APPLICATIONS

O] AutocLaveD CONCRETE
N Al BLOCKS PRODUCTS

GROUTS — STABILISATION
E =

SPECIALITY @ LIGHTWEIGHT
FILLERS 5550 AGGREGATE

PRIMARY
SCREENING

>100 MILLION TONNES os

>40
MILLION
TONNES

CEMENTITIOUS
APPLICATIONS

BULK PACKED

CEMENTS CEMENTS
. . PRE-BLEND PRE-BLEND
I MORTARS GROUTS

READY MIXED CONCRETE
CONCRETE PRODUCTS

Source: UKQAA



There’s a huge opportunity for technology providers globally
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US deposits of coal ash are in the region of 2 Billion cubic yards!

Landfill

Operating
767,976,569

Surface Impoundment

Closure in Process
403,664,314 767,590,386

Closure Likely

| Closed
Closure in Process 37,406,871
36,342,459

Source: FirmoGraphs, LLC. www.firmographs.com




Majority of U.S 2 Billion cubic yards of deposits are in the East
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U.S locations of landfilled and
ponded coal combustion products

* Source: FirmoGraphs Ash Mart Data WASHINGTON
Analytics Tool

* EPA-regulated sites ORECON iAo

Drive to harvest driven by
regulation and also reductions in
fresh coal ash production

ONTARIO

SOUTH BAKOTA SIN VERMONT
NEW YORK NEW HAMP §

NNECTICUT

OKLAHOMA

-~

© OpenStr;eetl\qap contributors,

esri

Source: FirmoGraphs, LLC. www.firmographs.com



Global move away from coal, hence an emerging need to mine HI L
and beneficiate ashes around the world (eventually) POWER MINERALS -

Bloomberg Green

Energy & Science

UN LaunchesPledge to Stop
Building New Coal Power Plants

Seven countries, including Sri Lanka and Chile, have agreed to stop using the dirtiest

fossil fuel
E B e skidmore Q. Home News Sport Weather iPlayer S
By Akshat Rathi + Follow

i+
""" REUTERS World v Businessv Legal v Markets Breakingviews v  Technology v  Investigatior N E WS

Home | Coronavirus | Climate | UK | World | Business | Politics | Tech | Science | Health | Family & Education

Asia | China | India

eeeeeeeeeeeeeeee

Sustainable Business

Sri Lanka to cease building China pledges to stop building new

coal-fired plants, aims to be
net-zero emitter by 2050 coal energy plants abroad
® 22 September

By Uditha Jayasinghe P
Climate change




Innovations and investments needed in plant and technology
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Source deposit characterisation (quality and quantities) will determine the level of processing required.

PROCESS
FLOW FOR
SECONDARY
MINERAL AND
CEMENTITIOUS
APPLICATIONS

- DRYING &
DEAGGLOMERATION 2
) = o

CARBON REMOVAL
ELECTROSTATIC CARBON REMOVAL

CommerCia I IY 3 Y THERMAL PROCESSES FOR
proven technologies Rk S CARBON REMOVAL
exist for Drying, et g e :
Deagglomeration :

and Carbon CUSTOMER FLL ASH'Z CUSTOMER
SPHERES "
Removal S o 7

Source: UKQAA



Process steps in Ash Mining — Pick and Mix
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Ash Deposit Characterisation

Quantity, Quality, Condition

Bulk Tipper
Transport to
Customer

Bulk Tipper Initial Screening /

Excavation .. :
Sizing / Preparation

Transport to
Customer

! Electrostatic
=

Wet Beneficiation / Thermal / Physical separation / & —
) = ) o N Beneficiation /
Separation e Combustion classifier / sieving )
& = Separation

- i L B i M A - == B T s

= Drying

Bulk Powder Tanker
Transport to
Customer

Physical separation Bulk Powder Storage Pneumatic transfer /

Sl / classifier / sieving / Flat Store / Silo loading




The U.S are standardising Ash Mining and Beneficiation
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 ASTM E3183 — the new “Standard Guide for Harvesting Coal Combustion Products Stored in

Active and Inactive Storage Areas for Beneficial Use” has been finalized and will be officially
published in approximately five weeks.

* A second ASTM standard entitled “New Standard Sampling and Analytical Methods Used in

Characterization of CCPs in Storage Units for Beneficial Uses” is currently under development
in the E50.03 subcommittee.

SEFA ‘STAR' System — Winyah Boral Dry Stack Harvesting —
EPPM Station, South Carolina Washingtonville, Pennsylvania

Source: American Coal Ash Association (ACAA)




Long history of Ash Mining and Beneficiation in France
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SURS CHISTE

< Establishment
y 7 of

1959

SURSCHISTE |

/

HORNAING

Dryer
ST AVOLD

Import
of ashes

Mixing Unit 3
MEYREUIL
Mixing Unit 2
MEYREUIL //j
Trademarks Ash /
Certification /
Mixin i _— /
g Unit 1 / e
ST AVOLD e
/
gl L 2020
/ /
— s 2015
/ sy 2012
// 2010
e 2006
2003

2001 2002

1999 2000

1990

Source: Surschiste



Long history of Coal Ash Mining and Beneficiation in France
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SURSEHISTE

Mixing Unit-1 : 2000

75 tons / hour
2 Silos 430 m3

Mixing Unit-2 : 2001

15 tons / hour
2 Silos 2 500 m3
Capacity for an important
construction site

Mixing Unit-3 : 2016 Carling Dryer 1990

Hornaing Dryer 1989

L

80 tons/ hour 50 tons/ hour 80 tons/ hour
3 Silos 2 500 m® +120 000 Tons / year +150 000 Tons / year
Capacity for an important Silo 1400 m3 Silo 5 000 m?

construction site

Source: Surschiste



It’s not just about coal ash — natural pozzolans emerging
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Natural Pozzolan is a CARBON NEUTRAL high-performance substitute for fly ash, with easy bulk handling properties
It will serve the cement industry's objectives as an alternative raw material

EPPM




In Summary L
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Fresh coal ash availability in decline in future, albeit at a different pace around the globe.
 driven by action to reduce green house gases and combat climate change.

Demand for coal ash (and similar pozzolans) will remain and increase.
* driven by action to reduce green house gases and combat climate change!

Demand for innovative technologies in mining and beneficiation will therefore increase.

Ongoing demand for Storage, logistics and global shipping of ashes to balance supply —
from sources to demand points.
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Thahk_;}o;for your attention.

Any questions?

lvan Skidmore EP Power Minerals
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