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Aurora’s hydrogen offering

Aurora is already providing hydrogen market analysis to major
players across the value chain
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Aurora’s hydrogen offering

Our European Hydrogen Market service offers regular insights,

policy/market updates & roundtable discussions

Hydrogen Market
Attractiveness Report
(HyMAR)

= Summary of policy developments and
incentives across Europe

= Global electrolyser project database

= Hydrogen market sizing: demand
¢ scenarios by country and sector

= Analysis of demand and supply drivers

Access

= Regular insight reports on topical anytime
issues in the evolving European via EOS
hydrogen market covering country, online
policy and technology deep dives platform

= Upcoming reports on next slide

= Regular updates on European

Policy updates & thought Hydrogen policies and incentives across

leadership power, heat, transport and industry

= Thought leadership on required policies
and incentives to grow hydrogen sector

Investment case analysis

Group Meetings

Q‘ﬂ

Workshops and analyst
support

AURSRA

Hydrogen production economics based
on Aurora’s in-house power, gas and
carbon price forecasts

Granular electrolyser business cases,
including optimised grid-connected and
renewables co-located models

For use in strategy formulation,
transactions and JV negotiations

Presentation of Market Attractiveness
reports and Strategic Insight reports

Networking opportunity with
developers, investors and Governments
- the ‘go-to’ roundtable to discuss
hydrogen developments in Europe

Bilateral workshops to discuss Aurora’s
analysis and specific implications

Ongoing analyst support to answer
guestions about our research

For more information, please contact >4  alan.jabbour@auroraER.com
Alan Jabbour, Commercial Associate - Hydrogen & Global Commodities &  +44(0) 07425 647505

Source: Aurora Energy Research CONFIDENTIAL 4



Hydrogen production - business models

We have identified four business models to produce hydrogen via
electrolysers

5.

Inflexible Electrolyser

o

Flexible Electrolyser

Co-located (Island)

AURSRA

Co-located (Grid)

Description = Grid electricity only and runs = Grid electricity only and ability to Electrolyser connected to Electrolyser connected to grid
at 95% load factor choose operating hours to renewable asset only (no grid plus direct connection to RES

minimise LCOH?2 connection) asset
Key drivers Can decouple electrolyser » ‘Smart’ operation avoids periods Availability of zero carbon, low Combines the benefits of grid

location from RES location to
be closer to demand

Possible to ‘green’ power via
GoOs/PPAs?

High load factor achievable
Produces regular output of
hydrogen

of high power prices and high grid
charges, accessing lower LCOH
Can decouple electrolyser
location from RES?®location to be
closer to demand

Possible to ‘green’ power via
GoOs/PPAs

marginal cost renewable energy
Benefits from decreasing
renewable LCOEs

Can optimise capacity ratio of
electrolyser:RES in order to
minimise LCOH

connected and co-located
business models

Availability of zero-carbon, low
marginal cost renewable energy
Option to ‘top up’ electrolyser
with grid electricity, or to sell
renewable energy to the grid to
increase revenues

Constraints

Access to power grid

Capital cost of grid
connection

Electrolyser subject to costly
grid charges

Uncertain carbon intensity of
hydrogen output

Lower average load factor results
in less hydrogen production

Due to smart operation, hydrogen
production is less regular

Intermittency of RES results in
inconsistent hydrogen production
Lower average electrolyser load
factors

Often located away from demand
Optimal electrolyser:RES size can
result in significant spilled power

Electrolyser subject to grid
charges

Carbon intensity of grid electricity
Capital cost of grid connection
Must be located near to RES -
often far from demand

Markets
modelled

GB, IR, FR, ES, PT, IT, DE, NL,
BE, PO, DK, NO, SE, FI

GB, DE, ES

GB, IR, FR, ES, PT, IT, DE, NL, BE,
PO, DK, NO, SE, FI

GB (offshore wind), DE (onshore
wind), ES (solar)

1) GoO: Guarantees of origin, PPA: Power purchase agreement 2) LCOH: Levelised cost of hydrogen 3) RES: Renewable energy systems

Source: Aurora Energy Research

CONFIDENTIAL

5



Agenda

Agenda

Agenda

Research questions - model specific

AURSRA

Research Questions - general

Hydrogen Production
Introduction

Electrolyser Business Models

Inflexible

Electrolyser is grid-connected and
operates constantly

What is Aurora’s approach to comparing hydrogen production cost?

What is the cost of producing blue hydrogen?

What is the minimum possible LCOH achievable in this scenario?

What is the impact on network charges and environmental levies on the
hydrogen cost?

Flexible

Electrolyser is grid-connected and
operates according to power price
signals

What is the optimal load factor for each country/year?

Co-located (island)

Electrolyser is connected only to a
renewable generator and takes
electricity directly

What is the optimal ratio of electrolyser size to renewable generator?

Co-located (grid)

Electrolyser is connected to both a
renewable generator and the grid,
and can operate based on price
signhals from both

What is the optimal ratio of electrolyser size to renewable generator?

Does adding a grid connection make economic sense?

What is Aurora’s approach to assessing
carbon intensity of hydrogen?

Can electrolyser produced hydrogen
compete with blue hydrogen?

- If so, when?

What are the key sensitivities for each
model?

What are the carbon intensities of
each model?

- Does this meet the EU’s
taxonomy requirements?

Source: Aurora Energy Research
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Hydrogen Production - Introduction

In order to be cost competitive with blue hydrogen in Europe, green AURSRA
hydrogen needs to beat a target of ~2.5 EUR/kg H,

Blue Hydrogen

LCOH breakdown (large scale SMR+CCS1in Great Britain, 95% load factor)
EUR/kg H,

3.0

2.5

2.0

1.5

1.0

0.5

0.0
2020 2025 2030 2035 2040 2045

Year of entry

Il SMR capex SMR VOM3 ccsvom: I co, cost?
B sMRFOM2 [ CCS capex Gas cost

ﬁ
-

Decentralised blue hydrogen production has higher cost because of higher SMR
capex, and centralised production requires hydrogen transport

LCOH grey and blue hydrogen (SMR+CCS) in Great Britain in 2030
EUR/kg H,

3.0

2.5 S S S S
20 . . . .
1.5 S S S S
1.0 . . . .
0.5 R R R R
0.0
Grey H, Centralised Decentralised Centralised Centralised
production production production production
## co,cost M Grey H, + 500 km + 1,000 km
I Pipeline transport Blue H, pipeline pipeline

1) Carbon capture & storage. 2) Fixed operation & maintenance costs (4% of CAPEX of SMR, 5% of CAPEX from CCS). 3) Variable operation & maintenance costs. 4) Cost arising from the taxation of residual emissions (currently ~5%)

Source: Aurora Energy Research
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Hydrogen Production - Introduction

Appropriate carbon accounting and classification of low carbon
hydrogen is important for developing a hydrogen economy

Carbon intensity of hydrogen production

As well as cost, carbon intensity is a vital metric to evaluate

AURSRA

Lifetime CO, intensity of hydrogen production methods

tCO,/tH,

= Nearly all hydrogen produced globally today is made from methane via steam

methane or autothermal reformation (SMR or ATR). While cost effective, these 14

. . . . 12.32

production methods have a high carbon intensity (see chart). 13
= There are several ways of making low carbon hydrogen, all with different lifetime 12

carbon intensities?!. Lifetime carbon emissions are important, since they account

for both direct emissions (during hydrogen production) and indirect emissions (e.g. 11

manufacture and transport of equipment), which can be significant for certain 10 930

renewable technologies 9 -

g -

The EU has recently published their first taxonomy of sustainable hydrogen 7
= |nJune 2021, the EU finalised the Delegated Act for Sustainable Finance 6 _

Taxonomy, setting a carbon intensity limit of 3 tCO,/tH, for sustainable hydrogen 5
» |mportantly, this limit includes lifecycle emissions, which could exclude some blue = = = = = = = = = = = = — — e e e e e = = e = = ==

hydrogen, and possibly even some green hydrogen from solar, from the definition M e I 2 85T = =
* The limit is lower than stipulated in the EU’s Renewable Energy Directive for 3 = S — EE— - — 2.69: = = 260 = = = = — - - =

hydrogen used in transport, and lower than CertifHy’s proposed limit of 4.37 2 i T

tCO,/tH, that would form the basis of a proposed trading system for low carbon L 078

Guarantees of Origin L

SMR ATR SMR+CCS ATR+CCS  Wind + Solar +
Electrolysis Electrolysis
= == CertifHy = == RED?2 = == Delegated Act

1) When calculating lifetime emissions, all emissions are counted, including those during manufacturing, transportation and production; 2) EU Renewable Energy Directive

Sources: Aurora Energy Research
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Agenda

Agenda AURSRA

Agenda Research questions - model specific Research Questions - General
. ) . . o) . )
Hydrogen Production What is Aurora’s approach to comparing hydrogen production cost? What is Aurora’s z.approa.\ch to
Introduction assessing carbon intensity of
What is the cost of producing blue hydrogen? hydrogen?
Inflexible
. What is the minimum possible LCOH achievable in this scenario?

Electrolyser is grid-connected and

operates constantly Can electrolyser produced

Flexible hydrogen compete with blue
% hydrogen?
3 Electrolyser is grid-connected and What is the optimal load factor for each country/year? - If so, when?
% operates according to power price
& signals e s
= . What are the key sensitivities
§ Electrolyser is connected only to a What is the optimal ratio of electrolyser size to renewable generator?
S renewable generator and takes What are the carbon
*8' electricity directly intensities of each model?
W Co-located (grid) - Does this meet the EU’s

. . . . taxonomy requirements?
?

Hletiallysar s cemneaied fo et 6 What is the optimal ratio of electrolyser size to renewable generator:

renewable generator and the grid,
and can operate based on price

signhals from both

Does adding a grid connection make economic sense?

Source: Aurora Energy Research CONFIDENTIAL 9



(1) Inflexible Electrolyser

Power costs for grid electrolysers include wholesale costs plus AURSRA
additional charges; exemptions apply in some countries
Electricity price components for non-household consumers in 20191 Wholesale electricity prices do not reflect the full power costs of grid-
EUR/MWh connected electrolysers
150 200 250 = The chart data presents electricity price components for industrial (non-
DNK household) consumers, assuming that no exemptions are applied. In some
countries there are specific exemptions in place or planned for electrolysers
GBR which reduce these costs
DEU = Additional charges are aggregated at annual granularity. In reality they do
vary with time (i.e. higher charges in peak periods) and in some cases location
ITA (i.e. higher charges in demand-dominated network areas)
POL = For our inflexible modelling we have assumed that additional charges remain
RE constant year to year, and no exemptions to taxes or charges are applied
= Aurora has modelled flexible and inflexible electrolysers based on power
PRT market modelling for fourteen countries covered by Aurora’s power market
ESP forecast
BEL Four components make up the cost of power for an electrolyser in this model:
1. Energy and Supply - energy, customer service, and after sales management
NLD 2. Additional Charges
FIN a) Network Costs - grid connection fees and associated taxes, paid by
FRA anyone drawing from or feeding into the distribution grid
b) VAT - Value added tax, or Goods and Services Tax, typically applied
SWE around 20% in the EU
NOR c) Other Taxes/Fees - includes renewable, capacity and environmental

taxes
I Energy and supply B8 Network costs [l VAT Other Taxes/Fees

1) Consumers are filtered by their annual consumption between 70-150 GWh (Band IF), this corresponds to 8.5-18 MW electrolyser capacity working with 95% load factor.

Sources: Aurora Energy Research, Eurostat CONFIDENTIAL 10



@ Inflexible Electrolyser

The least carbon intensive electricity grids also produce the cheapest

AURSRA

hydrogen, when electrolysers are operated inflexibly

1 Inflexible

LCOH, Inflexible PEM electrolyser in late 2020’s Carbon intensity of hydrogen

EUR/kg H, tCO,/tH,

16 o 16
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2
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¥ LCOH (minimum) LCOH (additional Charges) @ Carbon Intensity {__: Blue H, benchmark

The lowest LCOH is driven by renewables or nuclear dominated grids

The lowest LCOH'’s found in this study are in the Nordic countries, and France.
This is driven by low LCOE of renewables production and limited additional
environmental or capacity charges.

The countries where it is cheapest to operate an electrolyser inflexibly have the
secondary benefit of being able to produce the least carbon intensive hydrogen
in Europe.

The highest LCOHs are a result of fees and taxes, and the carbon intensities
vary

Additional charges added on top of wholesale power prices make it impractical
to produce hydrogen inflexibly in certain countries such as Germany and
Denmark.

Of the countries we looked at Denmark is the most expensive because of high
taxes and levies applied to electricity - however the resultant hydrogen is
extremely low in carbon intensity. Conversely, in Germany, the premium paid
for electricity does not yield the benefit of low carbon hydrogen being
produced.

Removing additional charges would level the playing field

Additional charges force Denmark and Germany into an uncompetitive position,
if hydrogen producers were compensated for some or all of these additional
charges, inflexible production would become more viable.

1) Minimum LCOH consists of electrolyser capex, opex and wholesale power prices 2) Additional charges include taxes, levies and fees

Source: Aurora Energy Research
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Agenda

Agenda

Agenda

Research questions - model specific

AURSRA

Research Questions - General

Hydrogen Production
Introduction

Electrolyser Business Models

Inflexible

Electrolyser is grid-connected and
operates constantly

What is Aurora’s approach to comparing hydrogen production cost?

What is the cost of producing blue hydrogen?

What is the minimum possible LCOH achievable in this scenario?

Flexible

Electrolyser is grid-connected and
operates according to power price
signals

What is the optimal load factor for each country/year?

Co-located (island)

Electrolyser is connected only to a
renewable generator and takes
electricity directly

What is the optimal ratio of electrolyser size to renewable generator?

Co-located (grid)

Electrolyser is connected to both a
renewable generator and the grid,
and can operate based on price
signhals from both

What is the optimal ratio of electrolyser size to renewable generator?

Does adding a grid connection make economic sense?

What is Aurora’s approach to
assessing carbon intensity of
hydrogen?

Can electrolyser produced
hydrogen compete with blue
hydrogen?

- |If so, when?

What are the key sensitivities
for each model?

What are the carbon
intensities of each model?

- Does this meet the EU’s
taxonomy requirements?

Source: Aurora Energy Research
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(2) Flexible electrolyser

We have investigated Germany, Spain and Great Britain in detail for
the flexible electrolysers, because of their interest in hydrogen

2 Flexible

Germany, Great Britain and Spain have different power price
components, some of which also depend on location, time and
capacity

= Germany is the best country to invest in according to our
HyMAR report?, and it has many compensations for electrolysers
such as exemptions of EEG levy, CHP surcharge, offshore levy
and grid charges. German grid charges are time-independent, yet
they vary by location/DSO?, total power consumption and peak
power of the industrial consumer. Additional charges such as
taxes and levies are consumption based flat rates

= Great Britain (especially Scotland) communicated its interest in
exporting hydrogen produced via offshore wind energy. Grid
charges vary by DNO? zone and peak power consumption, as
well as being time-varying. Remaining charges are consumption
based flat rate charges

= Spain expressed their interest in being a green hydrogen
producer to export it to Europe. Spanish grid charges vary
depending on peak power consumption and time of use, but do
not vary between regions. Remaining charges are consumption
based flat rate charges

AURSRA

Non wholesale power price components for industrial users

-

= Network fee (capacity, peak)
= Concession fee

= CHP surcharge

= StromNEV surcharge

= Offshore surcharge

= EEG surcharge

= abLAV surcharge

= Electricity tax

N L
=== GBR

= Final Consumption Levies:
FiT, CfD, RO, CCL

= Capacity Market Supplier
Charge (CMSC)

» Grid charges: TNUoS
(transmission only), BSUoS,

DUoS and fixed grid charges

(fixed meter charge and
fixed capacity charge)

= Supplier operating cost

= Cost of adjustment services
= Capacity payments

= Cost of system operator

= Cost of market operator

= Transmission fee

= Distribution fee

* Removable remuneration

= Non-peninsular production
surcharge

= Deficit annuities
= CNMC

1) Hydrogen Market Attractiveness Rating report is released in April 2021, available in EOS; 2) Distribution system operator; 3) Distribution Network Operator 4) The components are expressed in cost per unit consumption i.e. EUR/MWh

Sources: Aurora Energy Research, BNetzA, CNMC
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(2) Flexible electrolyser

Flexible electrolysers have significantly lower costs and carbon
emissions than inflexible electrolysers in Great Britain

AURSRA

2  Flexible —— Flexible electrolysers in Great Britain have a falling LCOH through our time
Z1 S horizon, however it remains above the LCOH of both grey and blue H,
= When the electrolyser responds to power price signals, it can reduce its = The levelised cost of hydrogen that is produced by flexible electrolysers
running cost by reducing its wholesale power cost halves from now until 2050, but in the 2030s and 2040s remains above blue
= At very low load factors, the electrolyser capex becomes the most expensive = The carbon intensity declines until 2035 as more renewable generation
component of its LCOH, as there are fewer units of hydrogen to levelise the comes online. Flexible electrolysers have ~90% lower carbon emissions
cost over. At high load factors, the power cost makes up 85% of the LCOH. compared to the inflexible operation in Great Britain
The additional charges make up 20-30%
LCOH! by electrolyser load factor in Scotland in 2030 Average LCOH in Scotland (by year of entry) Carbon emissions in Scotland
EUR/kg H, EUR/kg H, tCO,/tH,
7 ° 0.7
For this example, the optimum load 6 0.6
factor to minimise LCOH is 45%
5 0.5
4 04
3 0.3
2 ¢ o 0.2
1 0.1
0 0.0
10 20 30 40 50 60 70 80 90 100 Late 2020s Late 2030s Late 2040s
Load factor
I Electrolyser capex B Electrolyser FOM2 Wholesale power price B Additional charges? ® Carbon emissions LCOH

1) LCOH figures are available to subscribers of our European Hydrogen Service
2) Fixed operation and maintenance costs 3) Additional charges consist of final consumption levies (FiT, CfD, RO, CCL), capacity market supplier charge (CMSC), grid charges and supplier operating cost
Source: Aurora Energy Research
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(2) Flexible electrolyser

Flexible production and exemptions from environmental levies will AURSRA
be key to keeping grid-powered hydrogen costs low

2  Flexible -SZ As well as accessing a lower LCOH, operating an electrolyser flexibly drastically
Z1 S reduces the carbon intensity of hydrogen production

= |n Great Britain and Germany, the LCOHs for flexible electrolysers in 2025 = This is unsurprising, since the most expensive hours of power are often
are significantly lower than for their non-compensated inflexible electrolyser related with the highest carbon intensity, therefore avoiding these hours
counterparts. In Spain, the difference is much slighter as Spain already has reduces both operating cost and carbon intensity for flexible electrolysers

low baseload i . .
ow baseload power prices = Hydrogen produced by flexible electrolysis may be below the threshold to be

= Of the three countries, Germany has the lowest LCOH until 2030, due to low considered sustainable by the EU. But it will almost certainly not meet
priced bottom hours?! and fee exemptions and compensations. After 2030 additionality requirements for RED-II, which require special and temporal (at
Great Britain and Spain become more competitive as Germany’s exemption 15 minutes intervals) correlation with production and renewable generation

from EEG levy for electrolysers is due to end or be revised

Average LCOH for flexible and inflexible operation? Carbon intensity of hydrogen
tCO,/tH, year of entry of electrolyser

EUR/kg H, @
ST
10

v
v
l I

Late 2020s Late 2030s Late 2020s Late 2030s

1) The hours at the lowest part of the retail price duration curve, in other words the cheapest hours during the year; 2) Flexible LCOH includes compensation and exemption from certain taxes, levies and fees. Inflexible LCOH does not include compensation
or exemption 3) GoO: Guarantees of Origin, PPA: Power Purchase Agreement
Sources: Aurora Energy Research CONFIDENTIAL 15
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Hydrogen Production
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Electrolyser Business Models

Inflexible

Electrolyser is grid-connected and
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What is Aurora’s approach to comparing hydrogen production cost?

What is the cost of producing blue hydrogen?

What is the minimum possible LCOH achievable in this scenario?

Flexible

Electrolyser is grid-connected and
operates according to power price
signals

What is the optimal load factor for each country/year?

Co-located (island)

Electrolyser is connected only to a
renewable generator and takes
electricity directly

What is the optimal ratio of electrolyser size to renewable generator?

Co-located (grid)

Electrolyser is connected to both a
renewable generator and the grid,
and can operate based on price
signhals from both

What is the optimal ratio of electrolyser size to renewable generator?

Does adding a grid connection make economic sense?

What is Aurora’s approach to
assessing carbon intensity of
hydrogen?

Can electrolyser produced
hydrogen compete with blue
hydrogen?

- |If so, when?

What are the key sensitivities
for each model?

What are the carbon
intensities of each model?

- Does this meet the EU’s
taxonomy requirements?

Source: Aurora Energy Research
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@ Co-located (island)

Electrolysers can be co-located with renewables; reducing the AURSRA
relative size of the electrolyser increases its utilisation
3 Co-located (island) ‘F Zg am For this analysis we made the following assumptions
» “Co-located (island)” business model describes an PEM electrolyser co- = We looked at solar, onshore wind and offshore wind
located with a renewable asset. It has no grid connection and thus operates = The size of the electrolyser was optimised for minimum LCOH
as an ‘island’

= We assumed the electrolyser used all the power generated by the

= The key consideration for this business model is the size of the electrolyser renewable asset up to its capacity, any excess generation is curtailed

relative to the renewable asset: too large and the electrolyser is under-
utilised. Too small and excess renewable generation is unused » To account for curtailment, we assume the electrolyser bought the power
from the renewable asset at its LCOE. We have assumed LCOE is

proportional to the total RES power utilisation; hence, as renewable power
1. What size of electrolyser relative to the renewable asset would result in is curtailed the effective LCOE of RES asset increases

the lowest LCOH?

2. How would this relative sizing be influenced by renewable asset type
and region?

3. How the LCOH of the optimally sized co-located arrangement compared 100
to the other business models?

= The questions that we investigated are as follows:

Example electricity generation profile for a 100MW wind park
MW

oY
)V,

Decreasing electrolyser size results
in more curtailed power (green area

above orange line) 60
. . . 40 -
= An electrolyser size 1:1 to the onshore wind asset (100 MW) in GBR
has a load factor of 39% 20 -
= A smaller electrolyser (60 MW) for the same wind park would have a
higher load factor of 55% but spill 15% of the wind production 0
Week1 Week2 Week3 Week4
mmm RES generation ----- 100 MW electrolyser —--80 MW electrolyser —— 60 MW electrolyser

Source: Aurora Energy Research CONFIDENTIAL 17



(3) Co-located (island)

Finding the optimum capacity ratio reduces the levelised cost of

AURSRA

hydrogen; for GBR solar in 2030 the ideal ratio is 1:3

3 Co-located (island) 12%"",
ag

LCOH for electrolyser co-located with solar energy in GBR in 2030
EUR/kg H,!
I Electrolyser FOM!? RES electricity cost [ Electrolyser capex

TP
Z-40%
1 2 = 3

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Electrolyser to RES capacity ratio

0
10 -
20 1 A

30 - /
40 4 —

50 A

60 A
70 -

= Electrolyser Load Factor Proportion solar generation spilled

Optimising the size of the electrolyser relative to a solar asset can reduce the
LCOH by ~40% compared to a 1:1 set-up

1 When the electrolyser size to RES size ratio is low, the electrolyser load
factor is high but more solar production is curtailed. The high curtailment
results a higher LCOE of the RES asset and therefore a higher ‘RES
electricity cost’ contribution to the LCOH (i.e. cost per unit of solar
increases as useful production declines) is high. In contrast, because of the
high electrolyser load factor, the electrolyser capex’s share in the LCOH is
low because there are more units of hydrogen to average your costs over

2 The optimum ratio for co-located electrolyser with solar in Great Britain in
2030 is approximately a 0.3:1 (i.e. 30MW electrolyser to 100MW solar).
This ratio represents the optimum trader off between solar generation
spilled and a higher electrolyser load factor

3 When the electrolyser size to RES size ratio is high, the electrolyser load
factor is also low but no solar production is curtailed. The LCOE is
therefore low and the cost of power to the electrolyser is low. However,
because of the low load factor, there are fewer units of hydrogen
production to levelise the capex costs over, resulting in a large
contribution to the LCOH from the capex

1) LCOH figures are available to subscribers of our European Hydrogen Service

Source: Aurora Energy Research

CONFIDENTIAL 18



@ Co-located (island)

With optimally sized electrolysers, onshore wind energy gives the AURSRA
lowest LCOH at ~4 EUR/kg H, in 2030
3 Co-located (island) 1° Across Europe, onshore wind consistently gives the
g BE Norway onshore wind co- lowest LCOH, followed by offshore wind then solar

located electrolyser has

1 . . _ . .
LCOH?1 for optimally sized co-located electrolyser built in 2030 cheapest LCOH in 2030

EUR/kg H,

= Electrolysers co-located with onshore wind have
the lowest LCOH for all regions except France and
the Netherlands where offshore wind is marginally
cheaper

= Electrolysers co-located with solar can compete
with wind-based schemes in sunnier parts of
Europe such as Spain, Portugal and France. In more
northerly locations, the lower average load factor
and greater seasonality result in more RES
curtailment and lower electrolyser load factors,
both increasing LCOH

BEL DEU DNK ESP FIN FRA GBR IRX ITA° NLD NOR POL PRT SWE

Optimal electrolyser size ratio for electrolyser built in 2030, range across Europe
MW(electrolyser)/MW(RES) Offshore wind energy has the highest

‘ optimal electrolyser-to-renewable capacity
I ratio varying between 0.71 and 0.98
I
\
I

\

0.0 0.2 0.4 0.6 0.8 1.0

I Solar ¥ Onshore wind M Offshore wind [ Blue H, benchmark Optimal relative electrolyser size

1) LCOH figures are available to subscribers of our European Hydrogen Service

Source: Aurora Energy Research CONFIDENTIAL 19



(3) Co-located (island)

Hydrogen produced by a ‘right’ sized electrolyser co-located with AURSRA
renewables is always cheaper than grid-connected electrolysers

3 Co-located (island) 10 S Additional charges for grid electricity increase the
‘g +1-] levelised cost of hydrogen
LCOH for optimally sized co-located electrolyser vs inflexible and flexible built in 2030, European average * The average LCOH for co-located represents the
EUR/kg H, average of the lowest LCOH in each region
T 153
10 » Co-located electrolysers have lower LCOH

compared to the flexibly operating electrolysers
when comparing between the same regions;
however, the highest LCOH from co-located is
higher than lowest LCOH from flexible or
inflexible business model

» |nflexible operation can produce cheaper
6 hydrogen if there were some compensation
schemes on the additional charges

If governments apply compensations or
exemptions for grid-connected electrolyser, costs
would fall. However, it is important to keep in
mind that grid connected electrolysers might
have a considerable amount of carbon emissions,
whereas hydrogen production via renewable co-
0 location does not involve any direct emissions.
Co-located island Flexible3 Inflexible (inc additional charges)
(optimal configurations)

Blue H, benchmark

1) According to EEG 2021, electrolysers commissioned after 2030 have to pay the EEG surcharge. It is unclear if the exemption will end, or be reduced. 2) Minimim LCOH components of the inflexible electrolyser include electrolyser capex, opex and power
price 3) Flexible business model only modelled for 3 regions: GBR, DEU and ESP

Source: Aurora Energy Research CONFIDENTIAL 20
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Agenda
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Research questions - model specific

AURSRA

Research Questions - General

Hydrogen Production
Introduction

Electrolyser Business Models

Inflexible

Electrolyser is grid-connected and
operates constantly

What is Aurora’s approach to comparing hydrogen production cost?

What is the cost of producing blue hydrogen?

What is the minimum possible LCOH achievable in this scenario?

Flexible

Electrolyser is grid-connected and
operates according to power price
signals

What is the optimal load factor for each country/year?

Co-located (island)

Electrolyser is connected only to a
renewable generator and takes
electricity directly

What is the optimal ratio of electrolyser size to renewable generator?

Co-located (grid)

Electrolyser is connected to both a
renewable generator and the grid,
and can operate based on price
signhals from both

What is the optimal ratio of electrolyser size to renewable generator?

Does adding a grid connection make economic sense?

What is Aurora’s approach to
assessing carbon intensity of
hydrogen?

Can electrolyser produced
hydrogen compete with blue
hydrogen?

- |If so, when?

What are the key sensitivities
for each model?

What are the carbon
intensities of each model?

- Does this meet the EU’s
taxonomy requirements?

Source: Aurora Energy Research
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@ Co-located (grid)

Adding a grid connection to a co-located electrolyser allows it to AURSRA
increase its load factor during times of low RES output

4 Co-located (grid)

» This section explores a fourth electrolyser business model: co-location with The grid connection allows the electrolyser to purchase grid electricity
renewables and a grid connection. For this business model, the only grid
connection is for the electrolyser (and not the RES asset) = With a grid connection, the electrolyser can choose to purchase grid

electricity to top up its production when the renewables asset is not

= This business model complements a purely co-located electrolyser, allowing generating enough to fill up’ the electrolyser

for greater flexibility in hydrogen production, however there are additional
complexities to consider, such as grid charges and carbon intensity of = However, any power purchased from the grid will have associated grid
imported grid electricity charges, which vary by capacity, time of use and region, as well as an

. . associated carbon intensit
= According to Aurora’s global electrolyser database, most electrolyser projects Y

state the source of power as being wind, solar or grid, but not a combination

of RES and grid. It is unclear how popular this business model will be Example electricity generation profile for a wind park

MW

Schematic of co-located electrolyser with grid connection to electrolyser 100~

- © | @
.F

02
g 40 -
| |
L = 20
power from grid —-=> 1

Ol= P

Electrolyser imports
power from RES

Electrolyser imports

S
A

Week1 Week2 Week3 Week4
August 2015

I RES Load factor Grid electricity ----80 MW electrolyser —— 60 MW electrolyser

© ® & &

RES spills power
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(4) Co-located (grid)

Our modelling examines how an electrolyser behaves when it can AURSRA
take power from RES and the grid; we look at GB, DE and ES

4 Co-located (grid) .K 5 {F‘ﬂ % Example opera.tion for 190 MW solar with 40 MW electrolyser

o and 20 MW grid connection
. : . MW Retail power cost
= |n order to capture the behaviour of different renewable technologies, we P
model three different combinations of location and RES technology: offshore 1 EUR/MWh
wind in Great Britain; onshore wind in Germany; and solar in Spain 80 . 120
= |n each case, we model an optimal renewable location, and include all relevant 70 7
non-wholesale power components (grid charges, taxes, supplier margin etc.) 40 100
= For each country, we fix the RES capacity at 100 MW and vary the electrolyser . ] 80
capacity between 0-100 MW. At the same time, we vary the grid connection 50 . *
capacity between 0-100 MW 40 - 60
= We model the this three-way system using a bespoke electrolyser dispatch AT 1 "
model which interacts with Aurora’s power market model 30 ' 2 1 e . 140
= |n the model, the electrolyser decides when to produce hydrogen, how much 20 .
hydrogen to produce, and whether to take power from the RES or from the 10 { °, 20
grid. It makes these decisions based on the interplay of the power price (plus " *eecane }\L/\it .
any additional costs, e.g. grid charges), the marginal cost of hydrogen 0 i S - o , e o LI0)
production and any potential revenue from hydrogen production 01 03
Sat Sun Mon
1 RES s generating, hydrogen is being produced, some RES power is spilled Hours
2 Electrolyser imports grid electricity when power is cheap and RES is not generating = RES production Grid power purchased by electrolyser
== RES power to electrolyser ¢°* Retail power price
3 No power imported when price is high — RES power spilled

Source: Aurora Energy Research CONFIDENTIAL 23



(4) Co-located (grid)

Adding a grid connection to a RES + electrolyser model can offers a

AURSRA

slight reduction in LCOH compared to island mode

Adding a grid connection marginally reduces the LCOH for solar co-located
electrolyser with grid connection in Spain

Adding a grid connection enables the electrolyser to produce hydrogen using
grid electricity when the renewable asset is not generating. However, it will
only do so if the retail power price is cheap

Adding a grid connection also adds additional capex to project which scales
with the grid connection size

These counterbalancing factors result in the LCOH being reduced as the grid
connection is increased only for solar in Spain, and not for onshore wind in
Germany or offshore wind in Great Britain

Representative LCOH of solar co-located electrolyser in Spain with

variable electrolyser and grid connection size

. LCOH,
Electrolyser size, MW EUR/kg H,
100 _ 11
90 o -
OH minimised when -
80 . - 10
70 electrolyser and grid i
1 connection are 50% of - 9
60)] RES capacity — "
50 : {.9 8
1 Optimal spot Mz -~
40| P
- 7
30] _-
20| 6
10_ .
30 40 90 100

Grld connectlon size, MW

When in their optimum configuration, higher electrolyser load factors are
correlated with lower LCOH values

* In the optimum configuration for the three co-located grid connected

arrangements we modelled, GBR-offshore wind resulted in the highest
electrlyser load factor, follwed by DEU-onshore wind, then ESP-solar

* A higher electrolyser load factor resulted in the RES asset and electrolyser

capex being levelised over more units of hydrogen, leading to a lower overall
LCOH

» The GB and DEU case both had zero direct emissions as they did not choose

to take power from the grid. The ESP-solar case had very low CO, emissions
because it only imported grid electricity during low price hours: a time when
grid CO, intensity is typically at its lowest

Optimum LCOH, 2025 Electrolyser load factor, 2025
EUR/kg H, %

ESP - solar DEU - onshore wind GBR -

offshore wind

Source: Aurora Energy Research
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Takeaways SRR

...

...

Source: Aurora Energy Research

Grid connected, inflexibly operated electrolysers typically have the highest LCOH out of all the business models tested
because of capturing high average power prices and high non-wholesale costs, such as grid connections and environmental
levies. Hydrogen cost could be halved if electrolysers were exempted from these additional charges. The cheapest region is
Norway where both the average power price and the non-wholesale costs are low. This business model also has the highest
CO, intensity, reaching up to 15 tCO,/tH, in Poland and Germany.

Grid connected, flexibly operated electrolysers achieve a ~50% reduction in LCOH (vs. inflexible), since high power price
periods are avoided. In some countries flexible electrolysers decrease the carbon intensity by 90% vs. inflexible operation
because the avoided high power price periods are also the most carbon intensive.

Co-located electrolysers without grid connection (island) become cost competitive with blue hydrogen in late 2030s. If
electrolysers become cheaper and more efficient and RES assets attain lower LCOEs, this could be substantial brought
forward to roughly year 2030. Hydrogen produced in an island mode co-location is cheaper than grid connected
electrolysers after 2025, and would have zero direct emissions

Co-located electrolysers with RES and grid connection can purchase grid electricity to top-up their load factors when there
is no RES production and power prices are low. In Spain, a solar co-located electrolyser can reduce its LCOH by adding a
grid connection and taking advantage of low power price periods caused by wind power. However, electrolysers co-located
with wind energy in Great Britain and Germany do not see a reduction in their LCOH by adding a grid connection due to the
additional cost of the grid connection and few low power price hours to take advantage of when the wind asset is not
generating.

25



Disclaimer and Copyright AURSRA

General Disclaimer

This document is provided "as is" for your information only and no representation or warranty, express or implied, is given by Aurora Energy Research Limited and its
subsidiaries Aurora Energy Research GmbH and Aurora Energy Research Pty Ltd (together, "Aurora"), their directors, employees agents or affiliates (together, Aurora’s
"Associates") as to its accuracy, reliability or completeness. Aurora and its Associates assume no responsibility, and accept no liability for, any loss arising out of your use
of this document. This document is not to be relied upon for any purpose or used in substitution for your own independent investigations and sound judgment. The
information contained in this document reflects our beliefs, assumptions, intentions and expectations as of the date of this document and is subject to change. Aurora
assumes no obligation, and does not intend, to update this information.

Forward-looking statements

This document contains forward-looking statements and information, which reflect Aurora’s current view with respect to future events and financial performance. When
used in this document, the words "believes", "expects”, "plans”, "may", "will", "would", "could", "should", "anticipates", "estimates", "project”, "intend" or "outlook" or other
variations of these words or other similar expressions are intended to identify forward-looking statements and information. Actual results may differ materially from the
expectations expressed or implied in the forward-looking statements as a result of known and unknown risks and uncertainties. Known risks and uncertainties include but
are not limited to: risks associated with political events in Europe and elsewhere, contractual risks, creditworthiness of customers, performance of suppliers and
management of plant and personnel; risk associated with financial factors such as volatility in exchange rates, increases in interest rates, restrictions on access to capital,
and swings in global financial markets; risks associated with domestic and foreign government regulation, including export controls and economic sanctions; and other

risks, including litigation. The foregoing list of important factors is not exhaustive.

Copyright
This document and its content (including, but not limited to, the text, images, graphics and illustrations) is the copyright material of Aurora, unless otherwise stated.
This document is confidential and it may not be copied, reproduced, distributed or in any way used for commercial purposes without the prior written consent of Aurora.
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