‘s,’l,#
Hinico  HyBex

Hydrogen Belgian
Exchange:
Creating a H2 & derivative
market for commodities
and certificates (TBC)

AEA - Establishing the market for
low-emission ammonia:
Connecting the customer, from
first movers to global adoption

New Orleans - November 2024



@icio

e
]
=

-
-
-
-

VULCAIN

ARDIAN

I ) TIKEHAY amZ? bpi

ABOUT HINICIO

STRATEGY AND TECHNICAL
CONSULTING FIRM SPECIALISED
IN HYDROGEN & DERIVATIVES
Founded in 2006, we are recognized as a Leader
in the hydrogen and derivatives industry. In our
vision, we see hydrogen playing a central role in
the future energy and process systems to achieve
climate objectives. We focus in the hard-to-abate
sectors.

It is our mission to advise our clients and support
the building of successful strategies, projects,
investments and public policies. By doing so, we
strive to be their preferred partner and attract
best-in-class human capital.

We have offices in Brussels, Paris, Rotterdam,
Washington DC, Bogota, & Santiago, and
commercial representation in Mexico.

Part of the Vulcain group since December 2022
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Hinicio is positioned on all H, energy carriers & leads the way on
certification & market creation
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H, scheme development Policy / GHG / Certification Mutual Recognition H, commodity & Certificate
Gaps for LOHC technology Framework of Certification Trading Plafform in Netherlands
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Ties along global PiX value chains: Our experts have supported key US, EU and Japanese players in the hydrogen and renewable derivatives value chains.
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H. . FROM MOLECULES TO PRODUCTS
INICIO

It is not just the H, /PtX molecule , but its environmental attributes that
determine the market value

Renewable feedstock ETS: carbon intensive

Renewable transport industry, built environment,

heavy transport

Market Maritime fuel Aviation fuel fuel: RENBO

for industry: RENBO

Any product that falls

Applicable molecules NH3z, MeOH, e-diesel e-kerosene H2, NHs, MeOH, e-diesel H, / Derivatives Fertilizers (incl. NH3) under ETS
Th it ) REDII compliant, REDIII compliant, Any product that falls
Product classification low carbon fuel e-fuel renewable transport fuel renewable transport fuel NHo under ETS
Industrial Hp users
(excl. conventional fuel
production): A i | A . |
. . . . - MeOH, NH; producers ny conventiona ny conventiona
Clients Ship operators Fuel suppliers Transport fuel suppliers - Glass manufacturers oroduct off-taker oroduct ofi-taker
- Semiconductor manufacturers
- Steel making
- Biofuel Refining
Tvoe of market Incentivized voluntary Mandatory market Mandatory market Mandatory market Incentivised voluntary Incentivized voluntary
yp market Y Y Y market market
Applicable regulation FuelEU Maritime, ETS ReFuel aviation (RED Il Art. 25-30) (RED Il Art. 220) ETS and CBAM interplay ETS

Benefit from carbon
Client business model Avoid Carbon Penalty Compliance Compliance Compliance penalties in domestic
production of ammonia

Benefit from carbon
penalfies in ETS industries

50% of fuel for it eKerosene sub-mandate:

shipping: - 29% of EU (inland)
; -0,7% in 2030
: - 2% in 2025 - 5%in 2035 fransport fuels by 2030, | 400 ¢ Fs industrial Ho
Market size - 6% in 2030 _ 8% in 2040 with sub-quota of Usade by 2030
- 13% in 2035 > 1% for RENBO & ge By
. 5.5% for RFNBO+AB
- 75% in 2050 - 28%1n 2050

Product premium
compared to fossil-based
alternative

Product premium price / Willingness to Pay depends on regulatory drivers relevant of the market segment & Country (Transposition into MS legislation &
availability of competing solutions): there is no reference today for any market segment



H. . FROM MOLECULES TO PRODUCTS
INICIO

It is not just the H, /PtX molecule , but its environmental attributes that
determine the market value

: carbon intensive
+, built environment,
avy transport

Renewable transport | Renewable feedstock

Market Maritime fuel Aviation fuel fuel: RFNBO for industry: RFNBO
duct that falls

Applicable molecules NH3z, MeOH, e-diesel e-kerosene H2, NHs, MeOH, e-diesel H, / Derivatives P o ETS

Product classification low carbon fuel o-fuel REDII compliant, REDIII complia Any product that falls
v renewable fransport fuel renewable trgg \¢ under ETS
Clients Ship operators Fuel suppliers Transport fuel sia Any conventional Any conventional
P op PP P product off-taker product off-taker

facturers

Incentivized voluntary
market

Lox M
Applicable regulation FuelEU Maritime, ETS - § Rrt. 25-30) (RED Il Art. 22a) ETS and CBAM interplay ETS

Incentivised voluntary Incentivized voluntary

Mandatory market market market

Type of market

Benefit from carbon
Compliance Compliance penalfies in domestic
production of ammonia

Benefit from carbon

Client business model penalties in ETS industries

gsene sub-mandate: 29% of EU (inland)

~0,7% in 2030
- 5% in 2035 fransport fuels by 2030, 4oq ¢ Bl indlustrial H
Market si _ 8% in 2040 with sub-quota of Usade by 2030
o 1% for RFNBO & ge by
L 5.5% for RENBO+AB
- 75% in 2050 - 28%1n 2050

Product premiu
compared to fossil-based
alternative

Product premium price / Willingness to Pay depends on regulatory drivers relevant of the market segment & Country (Transposition into MS legislation &
availability of competing solutions): there is no reference today for any market segment



HyBex marketplace will bring together the producers, consumers, importers
and exporters to exchange certificates, commodity and balancing products

[ Market players ] [ Infrastructure provider & Exchange platform ] [ Market products ]
Different technologies and P ff ducts and
Ifrerent tecnnologies an Different products an
[ flexibilities ] A [ vanrFi)zations ]
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In The context of the ETF, the consortium has defined four main workstreams

Phase 1 analysis and Phase 2 design and Phase 3 develop and
feasibility requirements deploy

* Market design commodity exchange - Market size

Market place § Market design GO and certificate market _MB on H2 backbone
design e Roadmap for phase 2 and phase 3 _ ~RR.C

, ® Build simulation model for balancing market
e |dentification of scenarios (production, import, off-take, grid)
-~ * Simulation of scenarios with dispatching model

_ * Identification of system solutions to

Balancing Needs

* Exploration of existing marketplaces and providers
Bl=aaelalqi-iilein. @ Defining requirements for pilot within existing system solution

by pilot * Developing pilot and deploying the marketplace for Product Definition
demonstration

® Coordination of the project

e Interaction with external stake holders
e Dissemination and project report

* Roadmap for Belgium

Coordination,
dissemination,
roadmap
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Belgium will need H2 (derivative) imports to meet its EU RFNBO Target (and
will need more for LC H2 & Derivatives and RFNBO / LC throughput to DE)
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cracked
ammonia



The Belgian Hydrogen network will be more sensitive to imbalance
events than the natural gas network

% - ;

Properties important for

b . Natural gas network Hydrogen network Power network
alancing
stable Mixed Unstable
Stability of supply (pipelines, LNG regasification] mix of stable (cracking of ammonia, Mix of intermittent renewables and
PP ' 9 SMR) and unstable (electrolysis) sources baseload assets

Lot of storage

: Medium storage
for geostrategic reasons

Limited storage

Storage 9.1 TWhin BE, 1139 TWhinthe EU " dOJPe'é"iﬁEg‘;';'o r;f’rleorrr%eir;sgglleium Pumped sforage and batteries
(1/4 of the annual EU consumption) 9

Size of the linepack Larae linepack ?

(volume of gas in the network 4000 km + gis’rribu?ion network (unspecified but less than 4000km, and No linepack

that can serve as buffer) a much smaller distribution network)

Energy density

(volume, atmospheric 10,1 kWh/m? > 3.3 kWh/m? N.A.

pressure, HHV)

g™

No balancing assets or
mechanisms are needed.
Every 24h, offsets between

? v

* Ancillary services (balancing

The balancing mechanism needs to services) are in place to ensure
be investigated that supply and demand remain
balanced

injections and nominated volumes
are compensated the next day

X kHinIcio (by the causer)
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The hydrogen network is likely able to cope with reactions from electrolysers
on power market price signals, yet needs balancing (either NH3 crackers or
demand response) and suggest Capacity Reservation Mechanism

Linepack State of Charge [%, starting af 50%)]

Start of the event: the electrolysers start to
deviate from their nominations, and follow
the pattern of the power imbalance price

Mt s T g powy s

On average, the electrolysers will
produce less than anficipated, leading
to a gradual depletion of the linepack.

Electrolysers are producing according to
their nominations (i.e. they are injecting
the same volumes as planned/
communicated with the HNO).

Some are producing baseload, others
follow infra-day power prices.

>24 hours in all simulations Time

This simulation shows that the linepack is able to cope with unexpected events

Before event After end of event



An outage of a large ammonia cracking unit can lead to a system failure
within T hour and 15 minutes, suggesting the need for multiple crackers (+

demand response)

Linepack State of Charge [%, starting af 50%)] Start of the event: the

cracker shuts down
and stops injecting Theoretical linepack level
without a shutdown

In case of a shutdown of the largest cracking unit, the

linepack will be empty after only an hour.

As the cracker stops producing hydrogen and stops its
A injection in the grid, and other consumers keep on

withdrawing as usual, the pressure on the network will

start to drop. In this case, the event is severe, and could

lead to unacceptable linepack levels within ~1 hour.

HyBex



Evolving towards a balancing model for hydrogen in Belgium
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Approach towards Code of Conduct

p
Further elaborate the result of the model W
and possibly run more scenario’s e
Develop evolutive answer to the basic
question relevant for balancing
N
Discuss the proposal with the regulator for
approval and consult with market )
s N
Set-up the necessary tools and systems for
. balancing a.o. a balancing market Hg’bfex

35



In a next phase of the project, a market pilot will be launched, including
definition of fradable product

To be defined

Definition Examples Proposed starting point for discussions Commodity Certificate
. . Time at which energy will be + to be assessed based on simulation
L delivered 15700 el * Interaction with market required v
Amount of product for buy & sell *  €/MWh H2 (HHV)

Unit & price

orders

Ton H2, €/MWh

Interaction with market required

Bid definition

Delivery zone

Area or region where energy is
physically delivered

Antwerp, Bruges (or
inferconnected Belgium)

Depending on the physical grid inferconnections

Product
granularity

Time interval of product delivery

15, 30", 60, yearly, monthly,

quarterly, etc.

15" for spot markets (similar to spot markets) but
to be assessed based on simulation

Interaction with market required

Unit

Sl unit used to measure the
quantity of product that is traded

Kg H2, Ton H2, MWh (HHV),..

€/MWh (HHV)
Interaction with market required

Min & max price

Maximum and minimum allowed
prices for orders. Typically coming
from regulations.

€2000 MWh in DA markets

no caps
Interaction with market required

Bid rules

Smallest allowable change in

€/MWh H2 (HHV)

LIS S price U2 Interaction with market required
Volume Minimum quantity of energy that MWh H2 (HHV)
increment can be traded at one time Gl MR [P ey Interaction with market required

Block orders

Linking several delivery periods
together to form a larger order
encompassing several hours at
the same price.

6 hours at specified price
(€/kg H2)

Block orders should be allowed
Interaction with market required

Trading
procedure

Set of protocols governing the
process of buying and selling
energy.

Continuous, auction

DA & IDA should be continuous at first

Interaction with market required

exch. rules

ﬁ Market

Gate closure
time

nicio

Deadline for market participants
fo submit their bids / offers for the
next trading period.

12:00pm CET

Should be aligend with power/NG markets

Interaction with market required

\/ (PoS only)
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Join us at our webinar presenting the piloft
market platform tool by registering through

the link below: Hybex: Pilot Demonstration

Material from previous webinars:
e HyBex: Hydrogen market design
e HyBex: Hydrogen market balancing
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me

With the support of the Belgian
energy transition fund (ETF)



https://web.message.portofantwerpbruges.com/hybex-pilot-demonstration
https://www.portofantwerpbruges.com/en/hybex-hydrogen-market-design
https://www.portofantwerpbruges.com/en/hybex-hydrogen-market-balancing
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