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While we import carbon, we export climate change with  enebiedrure timites
human impact on a scale we never could have envisioned




EFL offers consulting in a modern environment to help s e e
clients achieve Optimised Technology Portfolios
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The Enabled Power Market Vertical delivers projects on Enabled Future Limitec
sustainable energy storage and renewable power systems

Pollution Control Catalysts

Batteries t Fuel Cells

EnabledPower

Power-To-X l Electrolysers

Circularity Strategy
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Carbon footprints are global — and are traded: we are
responsible for both our domestic and imported carbon
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415 ppm in the air, everywhere!

Source Data: Global Carbon Atlas (2015)
Graphic: The Catalyst Group Resources (TCGR), CO2 Start-ups for Venture Capital; 2017; CO2CC Program, Author: Dr M.K. Lynch, Enabled Future Limited
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Visible adverse climatic events are costing big money and
fossil fuels are becoming an ever bigger financial liability

© This article is more than 5 months old

World's biggest i Ith fund : :
to(()iritcﬁ f(l)%gﬁs%use(i:ermgn i A 24-Year-0ld Is Suing Pension Fund for Not

Being Green Enough

FINANCE - ESG INVESTING

Norway'’s Government Pension Fund Global gets go ahead to divest

$13bn of investments By Matthew Burgess and Bloomberg November 13,2019
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6 Latest on Sveriges Riksbank
Riksbank set to exit negative rates v. # Norwegian krone and Swedish E‘;-,E';o:ﬂ Krona extends fall against the euro 3 Most Popular Post:s
with December rise e @0 r krona lose ground , h | as trade tensions bite !
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Sveriges Riksbank BU.SinESSGreen

Riksbank dumps Canadian and Australian debt
in green push

In-depth Opinion

Energy Policy Yy Net Zero Now

Swedish central bank to avoid regional bonds with ‘large climate footprint’ for reserves

A North Sea oil companies such as Premier and T —
The world’s largest sovereign we % Tommy Stubbington TESTEROAY hw»a European Investment Bank: "We will stop financing
Norway’s assets, has been given = '
iuestment{owalehy, dropcping ! l Listen to this article » 0000 0301 foss“ fuels
SEL Experimental feature Report a mispronounced word “ ’
59 Sweden’s central bank has ditched bonds issued by Australian and Canadian An zerial photo lakepr_m Nov. 11, 2019 shows burnt bushs r

regions on the grounds that their carbon emissions are too high, as part of its

push to use monetary policy in the battle against climate change.

Sveriges Riksbank has sold debt from the Australian states of Queensland and
Western Australia, and the Canadian provinee of Alberta from its portfolio of

Multilateral bank says world's ‘most ambitious climate investment strategy’ will unlock €1tr of

climate action and i il through to 2030

The Furanean Investment Bank (FIR) Iast ninht annraved nians fa half lendina to fossil
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Life after fossil fuels...
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Power-To-X tackles “hard to abate” sectors and enables
the move towards the smart, circular city of the future

“By 2020 the number of smart cities will reach 600 worldwide, and 5 years later almost 60 percent
of the world’s GDP will be produced in them”

Source: McKinsey, Smart Cities, June 2018
“The future will adopt Above Ground Carbon” to create products using Circular Carbon Pathways”

Source: Enabled Future Limited, Circular Carbon Pathways for a Sustainable Future, June 2019

© 2019 Enabled Future Limited



The future Is green electrons with a busy day swinging through

the branches of sectors from residential, to ground transport to  fresis fotvre timites

aviation — needing PGM in some shape or form at each stage
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Source: Modified from original Smart City figure on Arcweb.com
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New modes of chemistry are Power-To-X modalitiesand , "
we are set to see a redistribution of PGM demand

g ™S

CO. & Water ° CO. Catalysis L Acids & Alkal
% o % D | Near 100% Recycle

Blomass . tlectrolcatallysis [ Fine Chemicals

. Near Zero-\Waste
Carbon Neutral/
Carbon Negative

° Mineralisation ° Plastics & Polymers

SIS

Source: Enabled Future Limited



Near term opportunity for new PGM is electrolysis hydrogen
and longer term adoption of new catalysis modalities

Enabled Future Limited

Concrete Carbonation
DME, Olefins, Aggregates
MEG CH;OH T
4 +Alkali/Alkaline solutions
Acetone — Isopropanol
SNG
«— (CO < co,
F-T Fuels 2,3-BDO
+Ethylene Oxide Ethanol
5 "I' . n-Butanol
— Propiolactone
l +Glucose Z-BUtanOI
Succinic PHA PAC Algae
Anhydride/ P CH;0H
Succinate — PBS SAP X T \
l l/ HCOOH Oxalic Syngas
THF, GBL, \
1,4-BDO L /
Diethyl Maleate Acrylch Acid Ethylene MEG

Source: The Catalyst Group Resources (TCGR), CO2 Start-ups for Venture Capital; 2017; CO2CC Program, Author: Dr M.K. Lynch, Enabled Future Limited
ed Future Limited



The move to decentralisation and Power-To-X will create
new PGM demand, sales and refining opportunities

Model for Future Production of Chemicals and Fuels with PGM Opportunities
CoO, Gas CO,
Capture Purification Supplier Customer

Electrolysis
H,/CO, Chemicals
Conversion Fuels

Off-Gas
. H,/CO, Chemicals
Biomass Conversion Fuels

Enabled Future Limited

Chemical Plants

Gas
Supplier

Petroleum

. ; H
Refineries -

PGM REFINING

& SUPPLY
Gas
Purification

Industrial

Manufacturing Capture

Power Plants

Source: Enabled Future Limited
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Much new Information is required to leverage opportunities ... ruwe imie
and to be included in the evolving Power-To-X supply chain

C) Map out the new Power-To-X projects and associated PGM supply opportunities

C) Map the industrial micro-emitters with a view on their CO, Utilisation options and future plans

decentralisation and the size of the PGM refining opportunity

C) Create a forecast for the attrition in large-scale chemicals, fuels and industrial product

Examine the pipeline for new catalysis modalities e.g. photo-, plasma-, electro-catalysis and
associate PGM opportunities

Examine opportunities to become partners in new Power-To-X and CO utilisation project consortia
and the best fits for particular organisations to each type of project

C) Consider the new opportunities in the Smart/5G Circular Carbon/Carbon Neutral Cities of the Future




Forthcoming reports from EFL and partners will answer
the key questions for CO2U and Power-To-X in detall

Enabled Future Limited

“PGM Supply Chain Opportunities Resulting from Chemicals and Fuels
Manufacturing Decentralisation, Power-To-X Projects and CO, Utilisation from
Industrial Micro-Emitters”

Enabled Future Limited, 2020

“Intelligence Report: Business Shifts in the Global Catalytic Process
Industries, 2019-2025.” including the Special Feature: “Climate Change Impacts
on the Catalytic Process Industries” The Catalyst Group Resources (TCGR) &
Enabled Future Limited, 2020

“Power-to-X: Techno-Economic, Commercial and Strategic Developments for
Production of Energy Carrier Chemicals, Petrochemicals and Sustainable
Fuels!” TCGR/EFL, 2020

Please get in touch for brochures and further info!
Email: michelle.lynch@enablefuture.com
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www.enabledfuture.com



