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Feedstock Feedstock Feedstock transportation Fuel

: _ . : Feedstock-to-fuel _ Fuel
harvesting, collection processing to processing and fuel = : transportation =

: : S conversion T combustion
and recovery and extraction production facilities and distribution

Feedstock
cultivation
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material, biogenic L
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G i Catalyzed .
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H:  Catalyst H, Catlyst H.O H, Catalyst €O, H; Catalyst &CO
Biomanss lipidic ¢ ¢ ¢ # i ¢ ¢ f ?

feedstock FFA :
4b[ Hydrogenation ] Hydlodeaxygenatim} /| Decarboxylation I /| Decarbonlylation
\ ﬂ: lCuH,. /:2}[”

H: —» Hydro-isomerization
Caralyst —# |8 Hydrocracking

Naphta  Jet fuel
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Carbon Intensity Values of Certified Pathways

Last updated: January 24, 2025 EER-Adjusted
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-900 -700 -500 -300 -100 100 300

EER-Adjusted Cl (gCO2e/MJ)
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DEVELOPING AND DELIVERING RENEWABLE LIQUID GAS

LPG-equivalent production (kt)
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Global LPG demand in 2023: 358mm tonnes
Global LPG demand for energy in 2023: 209mm tonnes

Global Renewable Liquid Gas Pathways to 2050
Scenarios for Future Supply
& WLGA Annual Statistical Review of Global LPG
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WHAT IS DME?

* Dimethyl Ether (UN 1033)
* Physical properties are similar to propane

« Used as an aerosol propellant for 50+ years

* Multiple, proven production pathways,
Including via methanol, syngas (H2 + CO2)

« Can be blended with LPG up to 12% and
used as a drop in replacement for 100% LPG

<) oI

e Can be produced from organic waste,
methanol, syngas (H2 + CO), or H2 & CO2

WLGA www.worldliquidgas.org
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RDME AND EDME PRODUCTION PATHWAYS

o
Wet feedstocks fr====- » Anaerobic digestion t====-= > 0 : | ------ P Methanol mmm———
]
=
il ! II

Solid feedstocks f====-~ g Gasification  p===== B Catalysis  fp======esemccccccccana=- & DME

: PN
i

WLGA www.worldliquidgas.org
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WLGA MEMBER LED TECHNICAL PROJECTS

Renewable Liquid Gas Steering Committee

Renewable Liquid Gas

Working Group Renewable DME Working Group

Carbon
Carbon :
Pathways & Credits & Capture, Non-Drop-In Equipment &

Projections Utilization, Blends Appliances
and Storage

Storage and Materials

Transportation Operations Compatibility

Certificates

www.worldliquidgas.org



ESTABLISHING THE RDME/LPG DROP-IN BLEND OF MAX 12%
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THE WLGA APPROACH

» To assess the safety concerns with drop-in blends

 To better understand, in parallel, the non-drop-in blends

 To investigate what blend controls may be required
 To facilitate alignment and if needed, amendment of regulations and standards

 To provide guidance where needed

RESEARCH

WLGA www.worldliquidgas.org
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STARTED WITH — DEVELOPED A COMPREHENSIVE RISK REGISTER

Key — Critical Path Activity
* |IRM recognised procedure, workshop based, led by Risktec/TUV

 Initial existing literature review

« 5 Workstreams, more than 100 participants and contributors:
« WS1, Materials Compatibility

« WS2, Storage and Operation - : ®
« WS3, Transportation TU.VRhemland
« WS4, Appliances and Equipment Risktec
« WS5, Non-drop-in
« Comprehensive full supply chain assessment ° -
- 367 Risks identified, all important ones have been closed klw(a!

* Prioritised actions/testing to support UN & ADR requests
* Process review, results endorsed by Risktec/TUV and KIWA

WLGA www.worldliquidgas.org
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KEY RISK AREAS, MATERIALS TESTING AND OTHERS

Prioritization of testing

« Elastomers— Pressurized testing, Specific materials

5- « Jointing Compounds — Compatibility testing
;:; « Brazing/Bronze materials
§ « Auto-ignition testing - ATEX classification
= * Preferential evaporation
« Jet-Flame and Dispersion
 Appliance testing
T % « Blend/mixing guidance
g: ,%  Downstream materials (ZAMAK, MDPE)
< % « Change in vaporization capacity

WLGA www.worldliguidgas.org

nnnnnnnnnnnnnn



KEY RISK AREAS — OPERATING PRACTICES

* PRV sizing methodology, current sizing good also for DME

« Hazardous areas (on release rates and LFL) - are equivalent

« Jet-Flame/dispersion (FRED) — DME reduces consequences

« Tanker weights and loading assessment
« (Gas Group and Auto-ignition reviewed

* Freezing in valves was checked

WLGA www.worldliquidgas.org
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OTHER RESEARCH AND TESTING INCLUDING APPLIANCES

A large array of testing on

* Appliances — Burners and equipment

« Engines — Autogas

« Compatibility of gas detectors

* Purging procedures

« Filling and Blending (including metering)
 Laminar Flame Speed

« Hydrate formation phenomena

e Solublility in water (deluge/sprinkler systems)

« Odorant strength and character (including stability and fade)
 Medium Density Polyethylene pipes compatibility
« Hard/Silver solder compatibility

AERE T RN

-
@ N

WLGA www.worldliquidgas.org
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EXAMPLE: DOMESTIC FULLY PREMIXED CONDENSING BOILER TEST

Tested blends of DME and propane (with a max. 20% DME) for:
« Reduction in heating capacity
« CO and NOx emissions

* [gnition, cross-lighting and flame stability at thermal equilibrium
and limit conditions

« CO at reduced air flow rates
« Safety with low gas pressure

T

L 0 lR'

oot . TR 3
@ T |
T
b

N
e AR
Pl -

ol

Excellent results with no adjustments from the LPG settings:

* No operational problems whatsoever

« Heating capacity reduction proportional to fuels heating value

e Large reduction in CO emissions plus a small reduction in NOx

WLGA www.worldliquidgas.org

eeeeeeeeeeeeee



HOWEVER: NOT ALL USER EQUIPMENT AND APPLIANCES WILL BE SUITABLE

FOR DROP-IN 12% DME/LPG BLEND

« Similarly as propane is not suitable for use in butane only systems (causing combustion
safety problems)

« Similarly as not all gases that can be assigned to UN 1075 or UN 1965 are suitable for

use as LPG (ethane/propene mixtures assigned to UN 1075 or UN 1965 are unsuitable
for use as LPG).

 LPG s not traded on a UN number, but on its fuel specification
« Downstream control measures used for LPG remain necessary also for blends as:
* Product QA/Fuel Specifications
« Supply pressure differentiation

* Cylinder/hose connections

WLGA www.worldliquidgas.org
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STILL OUTSTANDING WORK AND 2025 PLAN

* Further elastomers testing
* Hose testing
« Legacy/old Appliances and Equipment testing

* New Appliances and Equipment testing

« Engine testing and components

« Regulatory and standardization work

WLGA www.worldliquidgas.org
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METHODOLOGY AND RESULTS ENDORSEMENT

"Risktec confirms that the WLGA report ‘Drop-in Blend Ratio Determination
Considerations, Issue 1.2 March 2024 presents an rDME blend ratio which is
justified, based on identification and assessment of potential risks and uncertainties. This

work has been completed using a structured and systematic approach, which has been TUVRheinland®
adopted to identify all reasonably foreseeable risks, with participation from a large humber :
of subject matter experts. Where risks have been identified, suitable work has been RISkt@C

carried out, or has been actioned, to reduce uncertainty and implement controls such that
risks are managed to As Low As Reasonably Practicable (ALARP). Risktec endorses the
approach taken by the WLGA for this work, which aims to ensure the safety of the
industry it represents, as it attempts to find suitable low carbon solutions to address
climate change in an ethical manner."

"We would hereby like to pronounce my(our) endorsement of the technical findings

and conclusions as described in the technical paper titled “Drop-in’ DME Blend Ratio

Determination Considerations”, written by the World Liquid Gas Association (WLGA) and its ® -
members. We have carefully evaluated the contents of this paper and its technical sources kl wa
and agree with the conclusions drawn. The technical findings of the work Kiwa has been

directly involved in, have been correctly summarized and written down. To the best of our

understanding, the work by other parties and the WLGA has also been correctly

represented. Any comments we had regarding the contents of the paper have been dealt
with in a satisfactory manner."

WLGA www.worldliquidgas.org

eeeeeeeeeeeeee



SUPPORTING INNOVATION THROUGH INTERNATIONAL REGULATIONS

Proposal ST/SG/AC.10/C.3/2024/48

Addition of a new special provision to UN
1075 and UN 1965 for current and future
products in the Liquified Petroleum Gas
(LPG) industry.

Natlons

Resulting from the WLGA work, in July 2024, the UN Sub-Committee

of Experts on the Transport of Dangerous Goods approved the WLGA
request for UN numbers UN 1075 and UN 1965 to be able to “contain
not more than 12% by mass of dimethyl ether.”

WLGA www.worldliquidgas.org
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RENEWABLE LIQUID GAS PROJECTS
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DME PRODUCTION & TESTING
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DEVELOPING ADDITIONAL PRODUCTION PATHWAYS

~SCIENCE
= CONFERENCE

The Global Science Council is a collaborative group of researchers and
scientists developing new pathways to produce renewable Liquid Gas.

The Global Science Conference is an annual conference showcasing early-
stage scientific developments, technologies, and pathways to produce
renewable Liquid Gas.

WLGA www.worldliquidgas.org
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GLOBAL SCIENCE CONFERENCE 2023 & 2024 PARTICIPANTS

QD » FURUKAWA

CTI ENERGY GREEN FUTURES INC ELECTRIC

Keep The Engine Change The Fuel

UFBA

e Lniversidade
cow’  Federal da Bahia

solutions that transform

PennState

v

Aston University

UNIVERSIDADE FEDERAL BIRMINGHAM UK
DE SANTA CATARINA

® siNTErF LI\VE L|P£AT TNO

Laboratério de Intensificagdo de Processos e Catilise

WLGA www.worldliquidgas.org
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DEVELOPING AND DELIVERING RENEWABLE LIQUID GAS

Commercial
Deployment

Market
Technology - Collaboration
Development &
Competition

Government
Policy
Support

Jd“u;h"j

Competition

Feedstocks for Product

WLGA www.worldliquidgas.org
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Thank you!

James Rockall

CEO and Managing Director
jrockall@worldliguidgas.org
www.worldliquidgas.org
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CONFIDENTIAL

Kanadevia

Technology for people and planet
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